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Disclaimer

Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 207962 are owned by SCILEX Pharmaceuticals or are 
data for which SCILEX Pharmaceuticals has obtained a written right of reference.
Any information or data necessary for approval of NDA 207962 that SCILEX 
Pharmaceuticals 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 207962.
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1 Executive Summary
1.1 Introduction
Scilex originally submitted NDA 207962 on July 10, 2015 to seek marketing application 
of ZTlido™ (lidocaine patch 1.8%) for the treatment of pain associated with post-
herpetic neuralgia (PHN) via the 505(b)(2) pathway relying on the Agency’s previous 
determination of safety and efficacy of the listed drug Lidoderm® Patch 5% (NDA 
20612; Teikoku Pharma; approved on March 19, 1999) as well as scientific literature 
and Applicant-conducted studies.  ZTlido patch consists of a non-aqueous adhesive 
system containing 1.8% lidocaine (36 mg/patch) layered to a 10 cm x 14 cm nonwoven 
cloth backing and covered with a polyethylene terephthalate film release liner.  ZTlido 
was designed to achieve comparable lidocaine systemic exposure to Lidoderm, but with 
less drug per patch (i.e., 36 mg/patch versus 700 mg/patch).  Three patches may be 
applied at a time, for up to 12 hours within a 24-hour period, which is consistent with the 
maximum recommended daily dose (MRDD) of Lidoderm.  The NDA was not approved 
during the first review cycle due to deficiencies from numerous disciplines.  The 
complete response letter dated May 10, 2016 included five nonclinical deficiencies, 
which are briefly summarized below:

1. Inadequate safety justification was provided for the proposed drug product degradant 
specification of 2,6-xylidine, a known rat carcinogen.  

2. Inadequate safety justification was provided for the drug product degradants, 
Impurities  and  which exceeded the qualification threshold per the ICH 
Q3B(R2) guidance. 

3. Inadequate data were provided to support the systemic safety of the dipropylene 
glycol, isostearic acid, SIS block copolymer, and terpene resin excipients based on 
the intended clinical use of the product. 

4. Inadequate information was provided regarding polyisobutylene in the drug product 
formulation in to permit a complete safety evaluation of this excipient.

5. Inadequate leachables NDA data were submitted with the original NDA to permit 
adequate review. 

In addition, the complete response letter reminded the Applicant that given the change 
in duration of the indication during the development of this product, chronic toxicology 
(6-month rat and 9-month minipig) and carcinogenicity studies in two species (at least 
one dermal) would be required for any new excipients.  Although the Applicant was 
encouraged to initiate those studies as soon as possible, if they were not completed by 
the time of the resubmission, the Division noted that they may be completed as PMRs.

With this resubmission, the Applicant addressed each deficiency with sufficient 
information for review.   
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1.2 Brief Discussion of Nonclinical Findings
The outstanding deficiencies (Items 1 and 2 above) regarding the drug product 
specifications have been adequately addressed via new genetic and general toxicology 
studies and the Applicant’s risk assessment for 2,6-xylidine.  Therefore, the drug 
substance and drug product specifications are acceptable from a pharmacology 
toxicology perspective.

Outstanding Deficiencies 3 and 4 above focused on the safety assessment of the “new” 
(i.e., novel use) excipients.  To address these deficiencies, the Applicant submitted a 
literature-based toxicological risk assessment to address the systemic safety of 
dipropylene glycol, isostearic acid, SIS block copolymer, terpene resin, and 
polyisobutylenes.  Adequate data have been provided to justify the safety of the drug 
product formulation excipients.  This safety assessment was bolstered by an adequate 
leachable assessment.  In brief, adequate data were provided to characterize the levels 
of compounds that can be leached from the patch and presumably absorbed by the 
patients.  Review of the risk assessment and the leachable data addressed most of the 
concerns.  However, the data do suggest significant levels of  
can be released from the patch.  Existing toxicity data in the published literature address 
the general toxicity and carcinogenicity of the compound.  In terms of reproductive and 
developmental toxicity, definitive embryo-fetal development studies were completed by 
the National Toxicology Program.  In addition, a multigenerational study in rats has 
been reviewed by the Organization for Economic Co-operative Development (OECD) 
that includes many of the standard endpoints in modern fertility and early embryonic 
development studies and includes some post-natal development endpoints as well.  
Given the use of  in other transdermal drug products at comparable levels and 
based on a weight-of-evidence approach, no further studies are necessary to qualify 
this excipient for this drug product.  

As noted in previous reviews, the Division concluded that post-herpetic neuralgia was 
no longer viewed as a subchronic indication based on clinical use data.  Because this 
change occurred near the time the Applicant was intended to originally submit their 
NDA, the Division agreed to allow chronic toxicology and carcinogenicity studies for new 
excipients to be completed post-marketing.  To address the systemic safety of the new 
excipients, the Applicant submitted a toxicological risk assessment based on literature, 
proposed to conduct the requested 9-month minipig study with the to-be-marketed drug 
product, and requested a waiver of the 6-month rodent toxicology study and the 
systemic  rodent carcinogenicity studies.  Upon review, the review team 
concluded that adequate data exist to support a waiver of the 6-month and systemic 
carcinogenicity studies; however, the 9-month minipig study  

 cannot be waived.  These may still be completed as PMRs, as 
previously agreed.  Deficiencies 3 and 4 above have been adequately addressed.  The 
remaining concerns with excipients may be addressed via PMRs.

As noted in the complete response letter, adequate leachable studies were required to 
support the safety of ZTlido.  The studies were reviewed this cycle and determined to be 
adequately completed from a CMC perspective.  The submitted toxicological risk 
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assessment for the compounds that detected above the requested qualification 
threshold of 5 mcg/day was deemed adequate with one exception.  The compound 

 contains a structural alert for mutagenicity (  
).  The compound was detected in the pilot leachable study, but 

the limit of detection in the pivotal leachable study could not confirm that levels would be 
below the ICH M7 threshold of toxicological concern of NMT 10 mcg/day for a drug 
product with expected duration of use between 1 and 10 years.  Based on the data, it is 
possible that a person would be exposed to up to  mcg/day of this compound.  The 
Applicant supplied data on a surrogate molecule suggesting that the surrogate, which 
also contained an  moiety has been reported to be negative in an Ames assay.  
These data are supportive.  However, definitive data via an in vitro bacterial reverse 
mutation assay (Ames test) should be submitted to refute the QSAR prediction of 
potential mutagenic concern.  Because this is a theoretical concern based on limits of 
detection in the assay, the worst-case level being at most  mcg/day, and given the 
data on the surrogate, the definitive study may be complete as a PMR.  Otherwise, the 
Applicant adequately addressed Deficiency 5 listed above.

Due to the deficiencies noted in the first cycle, labeling was not discussed at that time.  
The Applicant submitted a literature review for lidocaine to meet the requirements 
outlined by the Pregnancy and Lactation Labeling Rule (PLLR).  Review of these 
studies identified several publications that have been used to inform lidocaine labeling 
in the past.  The labelling recommendations are summarized below.  

1.3 Recommendations  
1.3.1 Approvability

From a nonclinical pharmacology toxicology perspective, NDA 207962 may be 
approved with the recommended labeling revisions and with the recommended 
postmarketing requirements (PMRs) listed below.
 

1.3.2 Additional Nonclinical Recommendations

The following PMRs are recommended:

1. Conduct a 9-month minipig study using the to-be-marketed drug product.  The 
study should mimic the clinical use of the drug product with repeated applications 
to the same location as per the product labeling.  

2. Conduct a 2-year dermal carcinogenicity study to evaluate the carcinogenic 
potential of terpene resin, dipropylene glycol, SIS block copolymer, isostearic 
acid, and polyisobutylene.   

3. Conduct an Ames assay for  or provide adequate 
data based on validated analytical methods that the levels of this compound that 
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can leach from the patches at the maximum daily dose (3 patches per day) 
remain below 10 mcg/day.

1.3.3 Labeling
Because lidocaine patch 1.8% is bioequivalent to Lidoderm® Patch 5%, it confers the 
same overall efficacy and safety profile. Therefore, the labeled safety profile for 
lidocaine patch 1.8% is based on the Lidoderm® Patch 5% label.

Table below summarizes this reviewer’s comments on the Sponsor’s proposed 
language and highlights specific issues that will need to be addressed.  The final label 
will be based on further internal discussion and negotiations with the Applicant. 

Lidoderm® Labeling Applicant’s Proposed 
Labeling

Reviewer’s 
recommended changes

Reviewer’s comments 

8.1 Pregnancy

Teratogenic Effects 
Pregnancy Category B.
LIDODERM (lidocaine 
patch 5%) has not been 
studied in pregnancy. 
Reproduction studies 
with lidocaine have been 
performed in rats at 
doses up to 30 mg/kg 
subcutaneously and 
have revealed no 
evidence of harm to the 
fetus due to lidocaine. 
There are, however, no 
adequate and well 
controlled studies in 
pregnant women. 
Because animal 
reproduction studies are 
not always predictive of 
human response, 
LIDODERM should be 
used during pregnancy 
only if clearly needed.
Labor and Delivery 
LIDODERM has not 
been studied in labor 
and delivery. Lidocaine 
is not contraindicated in
labor and delivery. 
Should LIDODERM be 
used concomitantly with 
other products 
containing lidocaine, 
total doses contributed 
by all formulations must 
be considered.

8.1 Pregnancy
Risk Summary

 
 

 
 

 
 

 
 

 
 

 
 

 

Data
Reproductive studies 
with lidocaine have been 
performed in rats at 
doses up to 30 mg/kg 
subcutaneously and 
have revealed no 
evidence of harm to the 
fetus due to lidocaine 
(2.7  

 
 

ZTlido on a 
mg/m2 basis).

In another study, 
lidocaine was 
administered to pregnant 
rats by continuous 

8.1 Pregnancy
Risk Summary
In a published animal 
reproduction study, 
pregnant rats 
administered lidocaine 
by continuous 
subcutaneous infusion at 
doses approximately 45 
times the maximum 
recommended daily dose 
(MRDD) of 108 mg in 
ZTlido during the period 
of organogenesis 
resulted in lower fetal 
body weights.  In a 
published animal 
reproduction study, 
pregnant rats 
administered lidocaine, 
containing 1:100,000 
epinephrine, injected into 
the masseter muscle of 
the jaw or into the gum 
of the lower jaw at 0.5 
times the MRDD on 
Gestation Day 11 
resulted in 
developmental delays in 
neonates [see Data].

Data
Reproductive studies 
with lidocaine have been 
performed in rats at 
doses up to 30 mg/kg 
(2.7 times the maximum 

Clinical language will be 
edited by clinical review 
team and the Maternal 
Health Team.  Therefore 
these sections are 
omitted from this labeling 
review.

Language in Risk 
Summary is edited to be 
in accordance with 
PLLR.

The risk summary 
includes information from 
two published studies 
that are described in 
more detail in the animal 
data section below.
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subcutaneous infusion at 
100, 250, and 500 
mg/kg/day,  

 
 

 
 

 
 

 

 

 

Lidocaine containing 
1:100,000 epinephrine at 
a dose of 6 mg/kg 
(approximately  

 
 

on a mg/m2 
basis)  injected into 
the masseter muscle of 
the jaw or into the gum 
of the lower jaw of 
pregnant Long-Evans 
hooded rats on 
Gestation Day 11.  

 
 

 
 

 result in 
developmental delays in 
the neonates.

 
negative geotaxis, static 
righting reflex, visual 
discrimination response, 
sensitivity and response 
to thermal and electrical 
shock stimuli, and water 
maze acquisition. 

The developmental 
delays of the neonatal 
animals were transient, 
with responses 
becoming comparable to 
untreated animals  

recommended daily dose 
[MRDD] of 108 mg from 
ZTlido on a mg/m2 basis) 
subcutaneously and 
have revealed no 
evidence of harm to the 
fetus due to lidocaine.

In a published study, 
lidocaine administered to 
pregnant rats by 
continuous 
subcutaneous infusion 
during the period of 
organogenesis at 100, 
250, and 500 mg/kg/day, 
did not produce any 
structural abnormalities, 
but did result in lower 
fetal weights at 500 
mg/kg/day dose 
(approximately 45 times 
the MRDD on a mg/m2 
basis) in the absence of 
maternal toxicity.  

In a published study, 
lidocaine containing 
1:100,000 epinephrine at 
a dose of 6 mg/kg 
(approximately 0.5 times 
the MRDD on a mg/m2 
basis) injected into the 
masseter muscle of the 
jaw or into the gum of 
the lower jaw of pregnant 
Long-Evans hooded rats 
on Gestation Day 11 
resulted in 
developmental delays in 
the neonates.  
Developmental delays 
were observed for 
negative geotaxis, static 
righting reflex, visual 
discrimination response, 
sensitivity and response 
to thermal and electrical 
shock stimuli, and water 
maze acquisition.  The 
developmental delays of 
the neonatal animals 
were transient, with 
responses becoming 
comparable to untreated 

This information is from 
the reference product 
label.  Minor 
recommended changes 
are recommended with 
regard to PLLR 
formatting.

We agree with the 
Sponsor’s proposal to 
add published 
information from 
Fujinaga and Mazze 
(1986).  

 

 

Human equivalent dose 
(HED) = 500 mg/kg ÷ 6.2 
x 60 kg = 4839 mg 
Exposure margin (EM) = 
4839 mg ÷ 108 mg =45

We agree with the 
Sponsor’s proposal to 
add published 
information from 
Smith et al. (1986 & 
1989).
 
HED = 6 mg/kg ÷ 6.2 x 
60 kg = 58 mg 
EM = 58 ÷ 108 mg = 0.5
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animals later in life.  The 
clinical relevance of the 
animal data is uncertain.

12.1  Mechanism of 
Action
Lidocaine is an amide-
type local anesthetic 
agent and is suggested 
to stabilize neuronal 
membranes by inhibiting 
the ionic fluxes required 
for the initiation and 
conduction of impulses.

12.1  Mechanism of 
Action
Lidocaine is an amide-
type local anesthetic. 
Lidocaine blocks sodium 
ion channels required for 
the initiation and 
conduction of neuronal 
impulses 

 

 

 

 

12.1  Mechanism of 
Action
Lidocaine is an amide-
type local anesthetic. 
Lidocaine blocks sodium 
ion channels required for 
the initiation and 
conduction of neuronal 
impulses  

 

 
 

12.3 Metabolism
It is not known if 
lidocaine is metabolized 
in the skin. Lidocaine is 
metabolized rapidly by 
the liver to a number of 
metabolites, including 
monoethylglycinexylidide 
(MEGX) and 
glycinexylidide (GX), 
both of which have 
pharmacologic activity 
similar to, but less potent 
than that of lidocaine. A 
minor metabolite, 2, 6-
xylidine, has unknown 
pharmacologic activity 
but is carcinogenic in 
rats. The blood 
concentration of this 
metabolite is negligible 
following application of 
LIDODERM (lidocaine 
patch 5%). Following 
intravenous 
administration, MEGX 
and GX concentrations 
in serum range from 11 
to 36% and from 5 to 
11% of lidocaine 
concentrations, 
respectively.

12.3  Metabolism
It is not known if 
lidocaine is metabolized 
in the skin. Lidocaine is 
metabolized rapidly by 
the liver to a number of 
metabolites, including 
monoethylglycinexylidide 
(MEGX) and 
glycinexylidide (GX), 
both of which have 
pharmacologic activity 
similar to, but less potent 
than that of lidocaine. A 
minor metabolite, 2,6-
xylidine, has unknown 
pharmacologic activity. 
The blood concentration 
of this metabolite is 
negligible following 
application of ZTlido. 
Following intravenous 
administration, MEGX 
and GX concentrations 
in serum range from 11 
to 36% and from 5 to 
11% of lidocaine 
concentrations, 
respectively.

12.3 Metabolism
It is not known if 
lidocaine is metabolized 
in the skin. Lidocaine is 
metabolized rapidly by 
the liver to a number of 
metabolites, including 
monoethylglycinexylidide 
(MEGX) and 
glycinexylidide (GX), 
both of which have 
pharmacologic activity 
similar to, but less potent 
than that of lidocaine. A 
minor metabolite, 2, 6-
xylidine, has unknown 
pharmacologic activity. 
The blood concentration 
of this metabolite is 
negligible following 
application of 
LIDODERM (lidocaine 
patch 5%). Following 
intravenous 
administration, MEGX 
and GX concentrations 
in serum range from 11 
to 36% and from 5 to 
11% of lidocaine 
concentrations, 
respectively.

The Applicant’s 
language is consistent 
with the reference 
product label but they 
propose to remove the 
statement “but is 
carcinogenic in rats” in 
reference to the 2,6-
xylidine metabolite.

We concur that the 
statement may be 
removed here  
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13.1 Carcinogenesis, 
Mutagenesis, 
Impairment of Fertility
Carcinogenesis
A minor metabolite, 2, 6-
xylidine, has been found 
to be carcinogenic in 
rats. The blood 
concentration of this 
metabolite is negligible 
following application of 
LIDODERM.

13.1 Carcinogenesis, 
Mutagenesis, 
Impairment of Fertility

13.1 Carcinogenesis, 
Mutagenesis, 
Impairment of Fertility
Carcinogenesis
Long-term studies in 
animals to evaluate the 
carcinogenic potential of 
lidocaine or ZTlido have 
not been conducted.

A metabolite, 2,6-
xylidine, has been found 
to be carcinogenic in 
rats.  The clinical 
significance is not 
known. 
 

 
 

 
 

 

 

 
 

 

Mutagenesis
Lidocaine HCl is not 
mutagenic in 
Salmonella/mammalian 
microsome test nor 
clastogenic in 
chromosome aberration 
assay with human 
lymphocytes and mouse 
micronucleus test.

Mutagenesis
Lidocaine HCl was not 
mutagenic in the 

 
in vitro reverse 
mutagenicity assay, 

 
 

 
Lidocaine HCl was not 
clastogenic in the 
chromosome aberration 
assay with human 
lymphocytes or in the in 
vivo mouse 
micronucleus test.

Mutagenesis
Lidocaine HCl was not 
mutagenic in the in vitro 
bacterial reverse 
mutation assay (Ames 
test). 
Lidocaine HCl was not 
clastogenic in the in vitro 
chromosome aberration 
assay with human 
lymphocytes or in the in 
vivo mouse 
micronucleus test.

 
 

  
Minor modifications are 
recommended to be 
consistent with current 
labeling practices.

Impairment of Fertility
The effect of LIDODERM 
on fertility has not been 
studied.

Impairment of Fertility
In a published study, 
female Sprague-Dawley 
rats were treated 
subcutaneous with 
lidocaine via osmotic 
pumps starting two 
weeks prior to mating, 
and reproductive effects 
were assessed. Rats 
dosed up to the high 
dose of 500 mg/kg/day 

 

 
 

 on a 
mg/m2 basis) showed no 
effects on copulatory 
rate, pregnancy rate, or 
the numbers of corpora 
lutea or implantations.

Impairment of Fertility
In a published study, 
female Sprague-Dawley 
rats were treated 
subcutaneously with 
lidocaine via osmotic 
pumps starting two 
weeks prior to mating, 
and reproductive effects 
were assessed. Rats 
dosed up to the high 
dose of 500 mg/kg/day 
(approximately 45 times 
the MRDD on a mg/m2 
basis) showed no effects 
on copulatory rate, 
pregnancy rate, numbers 
of corpora lutea, or 
implantations.

Fertility: The nonclinical 
changes are supported 
by literature reference 
shown below. Fujinaga 
and Mazze (1986) 

The studies have been 
reviewed by the Division 
previously and deemed 
acceptable for labeling.
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2 Drug Information
2.1 Drug
CAS Registry Number: 137-58-6

Generic Name: Lidocaine

Code Name: LIDT-185

Chemical Name: 2-(diethylamino)-N-(2,6-dimethylphenyl)acetamide

Molecular Formula: C14H22N2O

Molecular Weight: 234.34 g/mol

Structure or Biochemical Description:

Pharmacologic Class:  amide local anesthetic (FDA Established Pharmacological Class)

2.2 Relevant INDs, NDAs, BLAs and DMFs
ZTlido was developed under IND 111537.  The only referenced drug product for this 
505(b)(2) application is NDA 20612 (Lidoderm).

NDA Drug Name Route Strength Status/
Date

Indication

20612
Lidoderm

(Lidocaine patch 
5%)

Topical 
patch

700 mg 
lidocaine/patch Approved

3/19/1999
Relief of pain associated with 

post-herpetic neuralgia

DMF Subject Holder Status Comment
Active since 
9/28/1998

Referenced by numerous FDA 
approved drug products. 
Reviewed by CMC reviewer for 
this application.  Adequate to 
support NDA per CMC review.

Active since 
7/10/2012

 
 Outstanding issues 

resolved by NDA holder.  See 
CMC review by Dr. Englund.
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Active since 
7/9/2009

Reviewed by CMC reviewer for 
this application.  Adequate to 
support NDA per CMC review.

Active since 
4/10/2006

Reviewed by CMC reviewer for 
this application.  Adequate to 
support NDA per CMC review.

Active since 
12/5/2012

Reviewed by CMC reviewer for 
this application.  Adequate to 
support NDA per CMC review.

Active since 
1/25/2008

Reviewed by CMC reviewer for 
this application.  Adequate to 
support NDA per CMC review.

2.3 Drug Formulation
The drug product comprises an adhesive material containing 1.8% lidocaine applied to 
a nonwoven cloth and covered with a polyethylene terephthalate separator.  The 
release liner is removed prior to application to the skin.  The size of the patch is 10 cm x 
14 cm.  Each adhesive patch contains 36 mg of lidocaine (18 mg per gram adhesive or 
1.8%) in an anhydrous base.  The maximum recommended daily dose (MRDD) is 3 
patches for up to 12 hours.

Drug product composition

Total weight/patch = 2000 mg

2.4 Comments on Novel Excipients
The ZTlido drug product contains several excipients that are considered new for the 
topical route per the FDA excipient guidance and therefore warranted safety 
qualification from a local perspective.  With the original NDA submission, the Applicant 
submitted a 3-month dermal toxicity study in minipig to address the local safety of new 
excipients.  Although the proposed PHN indication was once not considered a chronic 
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indication, it is now considered chronic.  During the earlier period of this IND 
development program the requirements for a PHN drug development program and the 
advice given were not consistent with a chronic program.  However, clinical use was re-
evaluated in this patient population during this development program and it indicated 
that PHN patients may receive treatment for over a year.  Consequently, the regulatory 
requirements changed during this development program.  Because the change occurred 
late in this development program, we informed the Applicant that it would be acceptable 
to submit nonclinical studies typically required for a chronic program, including chronic 
and carcinogenicity studies, as post-marketing requirements.  The submitted 3-month 
dermal study was considered adequate to qualify the local safety of the drug product 
during the first review cycle.

However, we determined that the drug product formulation was not adequately qualified 
for systemic safety.  In the CR letter dated 05/10/2016, we informed the Applicant that 
they did not provide adequate information to justify the systemic safety of dipropylene 
glycol, isostearic acid, SIS block copolymer, and terpene resin based on the intended 
clinical use of their product.  In addition, the original NDA submission did not provide 
adequate information regarding the specific polyisobutylene subtype.  Specifically, it 
was not clear how the molecular weight range of the low and high molecular weight 
polyisobutylenes used in the drug product formulation compared to specific subtypes 
listed in the FDA Inactive Ingredient Database (IID).

In this resubmission, the Applicant justified the systemic safety of dipropylene glycol, 
isostearic acid, SIS block copolymer, and terpene resin by conducting a leachables 
study (Study 10287C) using placebo and drug product patches and targeting specific 
compounds related to these excipients using validated quantitative methods in order to 
assess whether they are released from the patch, and if so, to determine the levels that 
are released.  A toxicity risk assessment was also conducted by the Applicant to justify 
the levels that were detected in these leachables studies.  The reader is referred to 
Section 10.2.2.4 for toxicity risk assessment of dipropylene glycol, isostearic acid, SIS 
block copolymer, and terpene resin.  The Applicant also provided ification that each 
ZTLido patch contains mg of 55,000 MW polyisobutylene and mg of 1,100,000 
MW polyisobutylene.  

See summary table and detailed discussion below regarding adequacy of the 
information submitted to justify the safety of the excipients dipropylene glycol, isostearic 
acid, SIS block copolymer, terpene resin, and polyisobutylene.  Note that butylated 
hydroxytoluene, silicon dioxide, mineral oil, polyethylene terephthalate release liner, and 
the nonwoven cloth backing film will not be discussed further here since they were 
considered adequately qualified during the first cycle review.  Refer to the nonclinical 
review for NDA 207962 dated 4/22/2016 for a discussion on the safety of these 
excipients in the ZTlido formulation.
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ADEQUACY OF DRUG PRODUCT FORMULATION

Ingredient Quantity
(mg/patch)

Quantity
(% w/w)

IID Maximum 
Potency (topical 
or transdermal)

Comment on Adequacy

Lidocaine, USP 36 1.8% NA Covered by referenced drug Lidoderm
Butylated 
hydroxytoluene

Adequate for local concentration 
based on use in FDA-approved drug 
products with comparable duration of 
use and risk:benefit.  Chronic dermal 
studies will be completed as a PMR 
as per agreement with the Division 
(see history).

Adequate for systemic safety based 
on ADI for food intake.

Silicon dioxide Adequate for local and systemic 
safety based on the results of the 3-
month minipig study and the use in 
other oral and topical drug product 
formulations at comparable doses 
and concentrations.
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Dipropylene 
glycol

Adequate for local tissue safety as 
per use in a comparable FDA-
approved drug product and toxicology 
studies submitted by the Applicant.  
Chronic systemic support is 
acceptable as PMR studies.  

Adequate safety justification for 
chronic systemic exposure in terms of 
general toxicity.  

 

 

is below the PDE 
calculated (see section 10.2.2.4).

 

 
studies can be 

completed as PMRs.
Isostearic acid Adequate for local safety based on 

the results of the 3-month minipig 
study.  As concentration in ZTlido 
exceeds that in any approved chronic 
use topical product, chronic dermal 
studies will be needed and can be 
completed as a PMR as per 
agreement with the Division (see 
history).

Adequate safety justification for 
chronic systemic exposure as 
isostearic acid was not detected in a 
leachables studies with an LOD of 

 mcg/patch (  mcg/day for x 3 
patches/day).  The potential systemic 
exposure is far lower than the 
exposure from approved chronic use 
gel products.  Therefore, no additional 
systemic assessments, including 
reproductive and developmental 
studies, are needed. 

Mineral Oil Adequate, not novel for this route
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Polyisobutylene 
(low MW) 55,000

Adequate for local safety based on 
the results of the 3-month minipig 
study.  It is unclear if concentration in 
ZTlido is covered by approved chronic 
use topical product.  Therefore, 
dermal chronic and carcinogenicity 
studies will be needed and can be 
completed as a PMR as per 
agreement with the Division (see 
history).

Adequate for systemic safety as 
excipient is too large to allow skin 
permeation and neither excipient nor 
monomers were detected in leachable 
studies. 

Polyisobutylene 
(high MW) 
1,100,000

Adequate for local safety based on 
the results of the 3-month minipig 
study.  It is unclear if concentration in 
ZTlido is covered by approved chronic 
use topical product.  Therefore, 
dermal chronic and carcinogenicity 
studies will be needed and can be 
completed as a PMR as per 
agreement with the Division (see 
history).

Adequate for systemic safety as 
excipient is too large to allow skin 
permeation and neither excipient nor 
monomers were detected in leachable 
studies.

Styrene/isopren
/styrene block 
copolymer

Adequate for local tissue safety 
based on results of 3-month minipig 
study.  Chronic support not covered 
by approved products so dermal 
chronic and carcinogenicity studies 
may be submitted as PMRs.

Adequate for systemic safety as 
leachables data showed that the 
potential for SIS block polymer and 
related compounds to leave patch are 
minimal. Moreover, physical 
properties (primarily large molecular 
weight of determined at ~  
Daltons Da and lack of aqueous 
solubility) not sufficient to achieve 
skin permeation.
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Terpene resin Adequate for local safety based on 
the results of the 3-month minipig 
study.  However, as terpene is new 
for the proposed route, dermal 
chronic and carcinogenicity studies 
will be needed and can be completed 
as a PMR as per agreement with the 
Division (see history).

Adequate for systemic safety as 
leachables data showed that the 
potential for terpene resin and related 
compounds to leave patch are 
minimal and would be well below 
systemic levels achieved through 
approved chronic use oral products.   

Polyethylene 
terephthalate 
release liner

Adequate for local and systemic 
safety as this is a standard material 
used for release liners of 
transdermal/topical patches.  E/L 
assessment addresses safety as well.

Nonwoven cloth 
backing film

Adequate for local and systemic 
safety assessment based on results 
of the leachable study.  

Dipropylene glycol (DG):  Dipropylene glycol is used as an excipient  in the 
ZTlido drug product.  One ZTlido patch contains  mg of dipropylene glycol ( % by 
weight).  According to the IID, DG has been used in FDA-approved transdermal patches 
and one buccal film.  DG is currently listed in the IID with a max potency of 49 mg for 
the topical route, specifically in a transdermal patch, which exceeds the amount from 
the MRDD of  mg from 3 patches of ZTlido.  The approved product with 49 mg DG is 
a generic 72 hour chronic-use patch with a comparable risk:benefit profile to ZTlido.  
Evaluation of the ANDA formulation indicates  

.  Therefore, use in the ZTlido 
formulation is not novel from a local tissue perspective.  From a systemic perspective, it 
is not entirely clear if the systemic exposures to dipropylene glycol via this drug product 
exceed that of the previously approved drug products.  There is one dental product 
approved for the buccal route, but it is only for acute use.  In the complete response 
letter, we acknowledged that the proposed use of DG in the ZTlido patch is acceptable 
from a local safety perspective, but we required the Applicant to provide a safety 
justification for the systemic safety. 
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The Applicant conducted leachables studies to determine if DG is released from the 
patch.   

 
 

 
 

  
The Applicant provided a risk assessment for DG that addressed the general chronic 
toxicity, genetic toxicity, reproductive and developmental toxicity, and carcinogenic 
potential of the material as we recommended in the complete response letter.

Genotoxicity and Carcinogenicity
DG is not identified as a mutagen or clastogen.  It was negative in the Ames assay, in 
vitro mutation assay in L5178Y mouse lymphoma cells and in an in vivo micronucleus 
study in mice at oral doses from 500 to 2000 mg/kg (ECHA, 2017)1.

No carcinogenic activity was observed in dietary studies in rats and mice conducted at 
doses from 2500 to 40000 ppm (~129 to 516 mg/kg/day in males and 144 to 576 
mg/kg/day in females)(National Toxicology Program, 2004).

Reproductive and Developmental Toxicity
The NTP conducted embryo-fetal development studies in pregnant rats and rabbits.  
The Applicant did not provide the study reports; however, abstracts of these study 
results have been posted online and the study reports have been found by the review 
team via NTIS.  Rats were administered dipropylene glycol by oral gavage at doses of 
0, 800, 2000, or 5000 mg/kg from Gestation Days 6-15.  Maternal lethality was noted in 
the MD and HD animals.   The NOAEL for maternal and developmental toxicity was 
reported to be dose of 800 mg/kg/day2.  This dose is x the MDD of DG via this drug 
product based on body surface area comparisons.  As reported in the online abstract, 
pregnant rabbits were administered DG via oral gavage at doses of 0, 200, 400, 800, or 
1200 mg/kg from Gestation Day 6-19.  No clear maternal toxicity was noted.  The report 
states that a NOAEL for maternal and developmental effects was the high dose of 1200 
mg/kg3.  This dose is x the MDD of DG via ZTlido based on body surface area.  
These studies are adequate to address the embryo-fetal development study 
requirements for this excipient.

There are no fertility and early embryonic development studies or pre- and postnatal 
development studies for DG in the literature.  The Applicant’s safety justification notes 
that there are oral reproductive toxicology studies with the structurally-related 
substances propylene glycol (PG) and tripropylene glycol (TPG) and that tripropylene 

1 [ECHA] European Chemicals Agency: Registration Dossier (2017): Toxicological Information. [online]. 
Available at: https://echa.europa.eu/. Updated 13 Dec 2017.
2 https://ntp.niehs.nih.gov/testing/types/dev/abstracts/ter91013/ter91013.html 
3 https://ntp.niehs.nih.gov/testing/types/dev/abstracts/ter90014/ter90014.html 
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glycol is metabolized to DG.  According to their summary review, “Tripropylene glycol 
was administered by gavage from premating through Day 3 of lactation at doses of 0, 8, 
40, 200, and 1000 mg/kg/day to groups male and female rats. There were no 
differences in estrus cycle, mating, pregnancy rate, length of gestation, gestation index, 
mean litter size, mean live litter size, pup survival through Day 4, sex ratio, or external 
abnormalities. The NOAEL for reproduction and developmental effects was >1000 
mg/kg/day (OECD SIDS 2001).”  OECD SIDS stands for Organization for Economic Co-
operation and Development Screening Information Dataset.  The U.S. is part of OECD.  
The SIDS document4 indicates that the sponsor of the review for DG was the U.S. EPA.  
According to the OECD review, Tanaka et al.5 administered 0, 8, 40, 200, or 1000 
mg/kg tripropylene glycol via oral gavage from premating through Day 3 of lactation to 
12 male and 12 female CD rats.  The HD animals demonstrated increased liver weights 
and HD males also demonstrated increased kidney weights.  The summary document 
indicates that there were no differences in estrus cycle, mating, pregnancy rate, length 
of gestation, gestation index, mean litter size, mean live litter size, pup survival through 
Day 4, sex ratio, or external abnormalities.  These endpoints are consistent with many 
of the typical fertility and early embryonic endpoints with the potential exception of the 
analysis of sperm count and motility assessments.  The NOAEL for paternal effects was 
200 mg/kg.  The NOAEL for reproductive and developmental effects was >1000 mg/kg.  
The citation provided suggests the OECD reviewed a research report from the Hatano 
Research Institute, Food and Drug Safety Center, in Japan.  The OECD report also 
suggests that because tripropylene glycol is “rapidly hydrolyzed to dipropylene glycol, 
which is further rapidly hydrolyzed to propylene glycol” the data for tripropylene glycol 
inform the risk assessment for dipropylene glycol.  The report further concludes that 
“Thus based on reproduction studies with tripropylene glycol and propylene glycol and 
developmental toxicity studies in rats and rabbits with dipropylene glycol, dipropylene 
glycol represents a low hazard potential for developmental or reproductive effects in 
humans.”  We concur that these data suggest a low hazard potential for DG.  The 
description of the Japanese study with tripropylene glycol does not provide adequate 
detail to conclude that the study adequately evaluated all standard fertility and early 
embryonic development study endpoints or pre- and post-natal development study 
endpoints.  Exposure margins for DG cannot be determined from the tripropylene glycol 
study report; however, they are likely large assuming significant metabolism of 
tripropylene glycol to dipropylene glycol occurs.    

Reviewer’s conclusions regarding reproductive and developmental toxicity data
Although DG is present in numerous approved products for the transdermal and buccal 
route, the daily exposure to DG via the ZTlido drug product appears to exceed that of 
any previously approved drug product.  However, given the previous use of this 
compound in FDA-approved transdermal drug products, the estimate that only 9% of 
dermally applied DG is likely absorbed in the skin (hence only  mg/day in this case) 
(Fasano et al., 2011), the use of propylene glycol in many FDA-approved transdermal 

4 http://www.inchem.org/documents/sids/sids/25265-71-8.pdf
5 Tanaka N, Yamakage K, Kusakabe H, Hashimoto K, Shibuya T, Hara, T, Kato, M, and Ishihara N. (no 
date). Toxicity studies with tripropylene glycol.  Research Report; Hatano Research institute, Food and 
Drug Safety Center, Hadano, Kanagawa, Japan, pp. 253-276.
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products, the similarity of the toxicological profile of PG, DG, and TPG suggesting low 
hazard potential (Fowles et al., 2013) for DG based on existing information, the lack of 
modern fertility and early embryonic development study and a pre- and post-natal 
development study will not be considered an approval issue.

Repeat dose toxicity
The National Toxicology Program (NTP) conducted 2-year toxicology and 
carcinogenesis studies on DG in F344/N rats and B6C3F1 mice (NTP, 2004).  In this 
study, 50 male and 50 female F344/N rats were exposed to 0, 2,500, 10,000, or 40,000 
ppm dipropylene glycol (equivalent to average daily doses of approximately 115, 470, or 
3,040 mg/kg to males and 140, 530, or 2,330 mg/kg to females) in drinking water for 2 
years.  Survival of 40,000 ppm males was significantly less than that of the control 
group.  Mean body weights of 40,000 ppm males and females were less than those of 
the controls throughout the study. Water consumption by 40,000 ppm males was 
greater than that by the controls.  The incidences of nephropathy were significantly 
increased in 10,000 and 40,000 ppm males, and the severities were greater than that in 
the controls.  Increased incidences of focal histiocytic and focal granulomatous 
inflammation of the liver in males, bile duct hyperplasia of the liver in males and 
females, olfactory epithelium degeneration of the nose in males and females, and 
olfactory epithelium atrophy and thrombosis of the nose in males were considered 
related to dipropylene glycol exposure.  The incidence of minimal to mild suppurative 
inflammation of the salivary gland was significantly increased in 40,000 ppm males.  
There were no increased incidences of neoplasms that were attributed to exposure to 
dipropylene glycol.  The NOAEL was considered the low-dose of 115 mg/kg to rats up 
to 2 years based on findings in kidney and liver with observation of biliary hyperplasia at 
higher doses.  The human equivalent dose is 1113 mg/day which provides a -fold 
safety margin for total daily intake of  mg based on the level released from the MRDD 
of 3 patches.
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Human exposure
In the registration dossier for dipropylene glycol for industrial chemicals in the European 
Union, a dermal dose of 51 mg/kg/day (2550 mg/day for 50 kg adult) was reported for 
the general population for chronic exposure.  An Adjustment Factor (AF) was reported 
to be 20 from a NOAEL of 470 mg/kg/day with an adjustment for dermal intake applied, 
assuming 86% bioavailability via the oral route and 40% from dermal exposure (ECHA 
2017, page 5). 

The WHO Health organization has established an ADI for propylene glycol, a major 
metabolite of dipropylene glycol of 25 mg/kg/day.  However, the comment says: 
“Evaluation not finalized, pending definition of "flavouring agent" (JECFA, 2001).

Dipropylene glycol is systemically absorbed to only a limited extent following dermal 
application (Fasano et al, 2011).  When neat dipropylene glycol was applied to human 
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cadaver skin in vitro, dermal absorption amounted to 0.075% of applied dose into 
receptor fluid over 24-hours.

Reviewer’s conclusion on general toxicity and carcinogenicity
Based on the information from the public domain, there is adequate justification for the 
systemic safety of DG based on the proposed clinical use and no further systemic 
evaluations, including chronic or carcinogenicity assessments, appear warranted for this 
excipient.  In addition, the local safety is adequately qualified as there are higher 
concentrations of DG in topical product approved for chronic use.

Isostearic acid (ISA):  ZTlido contains  mg of isostearic acid per patch ( % by 
weight).  ISA is a blend of branched chain saturated isomers of octadecanoic acid.  ISA 
consists of approximately 80% branched chain C18 isomers of octadecanoic acid and 
20% of straight chain isomers C14, C16, and C18 fatty acids.  It is used as an emollient 
in topical creams, but appears to be used as a  in this patch product.  ISA is 
listed in the IID for the topical route in cream, ointment and transdermal products.  The 
maximum potency listed is 25% for a subchronic dermal indication for use for up to 16 
weeks.  ISA is also in an approved transdermal gel formulation at 0.2% for a chronic 
indication.  The potential TDI of ISA from the MRDD of this product is  mg, which is 
lower than the TDI of  mg from the MRDD of ZTlido.  
Importantly, neither leachable study detected ISA.  Study 10287C targeted ISA with 
validated methods and did not detect ISA with an LOD of  mcg/patch.  Therefore, 
the worst-case exposure to isostearic acid is  mcg/day, which falls well below the 
level from the approved transdermal gel, which ensures % topical exposure, at  
mg as mentioned above.  

Reviewer’s conclusion
Since ISA was not detected in any leachables studies and the potential exposure based 
on the LOD of these studies is far lower than the exposure from approved chronic use 
topical gel products, the systemic safety of ISA is considered justified.  No further 
systemic assessments, including reproductive and developmental studies appear 
warranted for this excipient.  However, since the concentration of ISA in ZTlido exceeds 
that in an approved chronic use topical product, dermal chronic and carcinogenicity 
evaluations will be needed and can be submitted as PMRs.

Terpene resin (TR):  The ZTlido patch contains  mg % by weight) of terpene 
resin.  TR is an organic compound produced by several varieties of plants and insects 
and it is used as a tackifying resin since it displays adhesive properties.  According to 
the Applicant, “  

 

”  They state that  
should not penetrate the skin 

Reference ID: 4219959

(b) 
(4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4) (b) 
(4)

(b) (4)

(b) (4)

 

(b) 
(4)

(b) 
(4)

(b) (4)

(b) (4)



NDA 207962 ZTlido                                                                  Reviewer: Armaghan Emami, PhD                 

23

barrier.   this material has been confirmed by Dr. Englund in her 
review of .  As such the safety assessment is focused on the dermal safety 
and the safety assessment of any lower molecular weight entity that could leach from 
the patch and be absorbed through the skin.  Terpene resin has never been used in any 
FDA-approved topical or transdermal patch and is therefore considered a new excipient 
as per the guidance.  The dermal safety is supported by the 3-month minipig study 
completed to date; however, there are no long-term dermal toxicology studies or dermal 
carcinogenicity studies.  
Terpene resin is listed in the FDA Inactive Ingredient Database (IID) as being used in 
two previously approved oral drug products (capsules) though no maximum potencies 
are listed in the IID.  One approved product that contains TR is indicated for chronic use 
with a comparable risk:benefit perspective to ZTlido; however, the total daily intake 
(TDI) based on approved use could not be identified. 
Terpene resin is listed in 21 CFR 172.280 as a permitted food additive for direct addition 
to food for human consumption (Subpart C:  Coatings, Films and Related Substances).  
It may be safely used “as a moisture barrier on soft gelatin capsules in an amount not to 
exceed 0.07 percent of the weight of the capsule” and as a moisture barrier on powders 
of ascorbic acid and its salts in an amount not to exceed 7 percent of the weight of the 
powder.”  It is not clear how these exposures compare to the exposures that could 
occur via use of the ZTlido patch at the maximum daily dose.
A review of the preliminary leachables study 0269 using ZTlido placebo patches at 
T=0 and 24 months did not indicate that terpene specifically was released from the 
patch.  In the pivotal leachables study 10287C, terpene related compounds including 

 were 
targeted using validated methods on ZTlido drug product patches at T=18, 38, and 55 
months.  None of these compounds were detected with LODs that were approximately 

 mcg/patch.  This translates to a worst-case topical exposure of  mcg/day based 
on 3 patches, which is  the acceptable daily intake for a mutagenic 
impurity per ICH M7 and is presumably well below the level in the approved chronic use 
oral product noted above.  

Reviewer’s conclusion
The data suggests that there is not likely any systemic absorption of the terpene resin 
from the patch and systemic general toxicology and reproductive and developmental 
toxicology studies are not necessary to support this application.  As the levels that may 
potentially be exposed through use of ZTlido are expected to be far below the levels 
ingested orally in an approved chronic product, no additional systemic assessments, 
including chronic and carcinogenicity studies, appear warranted.  However, dermal 
chronic and carcinogenicity studies will be needed to adequately qualify the local safety 
of terpene and can be submitted as PMRs.

Styrene isoprene styrene (SIS) block copolymer (SIS BC):  A total of  mg of SIS 
BC is present in the ZTlido patch at a concentration of % by weight.  SIS BC is a 
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thermoplastic elastomer.  It is listed in the IID as being present in one FDA-approved 
topical patch product; however the maximum potency is not listed in the IID.  Via cross 
reference to product labeling, the Sponsor states that this is used in the Salonpas patch 
(NDA 22029; approved 2/20/2008), approved for the temporary relief of mild to 
moderate aches and pains of muscles and joints associated with strains, sprains, simple 
backache, arthritis, and bruises.  The Salonpas patch was developed for an acute 
indication and therefore, there are no chronic dermal toxicology studies or 
carcinogenicity studies.  However, it was approved as an over-the-counter drug product 
by the Division of Nonprescription Clinical Evaluation (DNCE) for this indication; 
therefore, the Agency apparently has concluded that adequate data have been provided 
to support the use of this material in a topical patch for that indication.
The Sponsor submitted a 90-day minipig study with the clinical formation containing the 
SIS BC to support the safety in the ZTlido drug product.  A review of the preliminary 
leachables study 0269 using ZTlido placebo patches at T=0 and 24 months did not 
indicate that SIS BC or any related components were released from the patch.  In the 
pivotal leachables study 10287C, SIS BC-related compounds including  

 were 
targeted using validated methods on ZTlido drug product patches at T=18, 38, and 55 
months.  None of these compounds were detected with the highest LOD for a related 
compound of  mcg/patch.  This translates to a worst-case topical exposure of  
mcg/day based on 3 patches.  Because the SIS BC excipient has a molecular weight 
that is greater than 500 Da (i.e., ~  Da), percutaneous absorption of the intact 
polymer is not expected (Bos, J. D., 2000).  Therefore, additional systemic 
assessments, including chronic and carcinogenicity studies, do not appear warranted.  
Although SIS block copolymer is too large to be absorbed through skin, the potential for 
respective monomers (i.e., ) to be absorbed is plausible since that 
their molecular weights are below 500 Da.  A risk assessment to justify the monomers 
and degradants of the excipient was provided by the Applicant and the adequacy of the 
justification discussed in Section 10.2.2.4 Toxicological Risk Assessment of Leachables 
from a Packaging System for: Lidocaine Drug Product (Study 0269 and Study 
10287C) of this review.  

Reviewer’s conclusion
No additional studies to justify the systemic safety of SIS DC are warranted.  However, 
supportive evidence for chronic local safety of SIS BC will be needed and will come 
from the planned chronic 9-month minipig study and dermal carcinogenicity study, 
which are planned as PMRs.

Polyisobutylenes (PIB):  Each ZTLido patch contains mg of the 55,000 MW 
polyisobutylene and mg of the 1,100,000 MW polyisobutylene.  Polyisobutylenes of 
comparable weights have been used in other transdermal and topical products 
approved by the FDA.  For example, the maximum potency listed in the IID for the 
55,000 MW PIB is 238.44 mg for a chronic use transdermal patch product.   In addition, 
the maximum potency listed in the IID for the 1,000,0000 MW PIB is 69 mg for a chronic 
use transdermal film.  The challenge is it is unclear whether the levels exposed at the 
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MRDD of ZTlido would be covered by use of these approved product.  Notably, the 
Applicant provided reference showing that high molecular weight polymers such as 
polyisobutylenes are too large to pass through the stratum corneum layer of the skin 
(Bos and Meinardi 2000).  Moreover, the data from leachables studies 0269 and 
10287C show that the exposure potential of the polyisobutylenes is very low.  
Therefore, there is little potential for dermal or systemic exposure to the monomers.  
The theoretical MDD determined from leachables studies is <  mcg/patch (based on 
polyisobutylene not being detected), is within the calculated PDE, and does not raise 
any safety concerns.  

Reviewer’s conclusion
No additional studies to justify the systemic safety of PIB appear warranted.  However, 
as the theoretical maximum daily dose (MDD) for the high molecular weight (1,100,000) 
polyisobutylene mg) and for the low molecular weight (55,000) polyisobutylene 

 mg) is above its respective IIG maximum potency for a topical or transdermal 
product, the planned 9-month post-marketing minipig study is necessary to fully 
characterize the safety of this excipient.  

2.5 Comments on Impurities/Degradants of Concern
Drug Substance
The specifications for the lidocaine drug substance manufactured by  

 are shown below.  The appropriate qualification threshold per ICH Q3A(R2) based 
on the maximum recommended daily dose of lidocaine of 108 mg is NMT 0.15% or 1.0 
mg per day intake.  Therefore, the proposed specifications for Impurities and H are 
acceptable.  Impurity A, or 2,6-dimethylaniline, is a known rat carcinogen.  Based on the 
proposed specification of NMT  ppm ( %), the potential daily exposure is  
mcg/day, which is  of the acceptable daily intake limit for a mutagenic 
impurity for a drug product intended to be administered for up to 10 years per the ICH 
M7 guidance document.  The proposed specification for other unspecified impurities is 
acceptable.

The proposed specification for the residual solvent  is well within the PDE of  
ppm listed in the ICH Q3C document.
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Drug Substance Specifications

Drug Product
The proposed specifications for the drug product are shown in the table below.  The 
appropriate qualification threshold per ICH Q3B(R2) based on the MRDD of 108 mg is 
NMT 0.2% or 3 mg total daily intake (TDI) (whichever is lower).  The appropriate 
identification threshold is NMT 0.2% or 2 mg TDI (whichever is lower).  The proposed 
specifications for Impurity A (2,6-dimethylaniline), Impurity  and Impurity  
exceed ICH Q3B(R2) qualification thresholds, and therefore the Applicant provided 
additional information to qualify their safety as discussed below.
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The Applicant’s summary table below shows all six potential related substance 
impurities/degradants with DS and DP specification limits as well as potential maximum 
daily exposure based on these limits and the MRDD.  
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 are controlled as unspecified degradants in the 
DP at an appropriate limit of NMT %   

Impurity  As noted above, the proposed specification of Impurity exceeds the ICH 
Q3B(R2) qualification threshold.  To qualify this compound, the Applicant submitted two 
in vitro genotoxicity studies (bacterial reverse mutation and mammalian cell 
chromosome aberration) and a rat 13-week dermal toxicity study testing the isolated 
impurity in accordance with ICH Q3B(R2).  The genetox studies (refer to Section 7 
Genetic Toxicology) demonstrated that Impurity  was negative for mutagenicity and 
clastogenicity based on the conditions of the assays.  A 13-week repeat-dose 
percutaneous toxicity rat study that tested the isolated impurity (refer to Section 6.2.2) 
showed no evidence of local or systemic toxicity at up to the highest dose tested of  

.  From a systemic safety perspective, this NOAEL provides a -fold safety 
margin relative to the potential daily exposure to this degradant from clinical use based 
on body surface area comparison.  From a local safety perspective, the concentration 
tested at the NOAEL of the rat study was fold higher than the clinically relevant 
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concentration on a mcg/cm2 basis.  In addition, based on results of a leachables study 
10287C, the levels delivered by the patch are actually below the ICH Q3B(R2) 
qualification threshold of 3 mg TDI.  A comparative leachable study was also conducted 
against Lidoderm® Patch 5% and associated generics for further qualification of 
impurity  and the levels of Impurity  released from the ZTlido patch were within or 
comparable to the levels released from these approved lidocaine products.  Refer to 
Section 12.2.2.3 for a discussion regarding the justification of this impurity by the 
leachables evaluations.

Impurity :  As noted above, the proposed specification of Impurity  exceeds 
the ICH Q3B(R2) qualification threshold.  To qualify this compound, the Applicant 
submitted two in vitro genotoxicity studies (bacterial reverse mutation and mammalian 
cell chromosome aberration) and a rat 13-week dermal toxicity study testing the isolated 
impurity in accordance with ICH Q3B(R2).  The genetox studies (refer to Section 7 
Genetic Toxicology) demonstrated that Impurity  was negative for mutagenicity 
and clastogenicity based on the conditions of the assays.  A 13-week repeat-dose 
percutaneous toxicity rat study that tested the isolated impurity (refer to Section 6.2.1) 
showed no evidence of local or systemic toxicity at up to the highest dose tested of  
mcg/day.  From a systemic safety perspective, this NOAEL provides a -fold safety 
margin relative to the potential daily exposure to this degradant from clinical use based 
on body surface area comparison.  From a local safety perspective, the concentration 
tested at the NOAEL of the rat study was -fold higher than the clinically relevant 
concentration on a mcg/cm2 basis.  In addition, based on results of a leachables study 
10287C, the levels delivered by the patch are actually below the ICH Q3B(R2) 
qualification threshold of 3 mg TDI.  Refer to Section 12.2.2.3 for a discussion regarding 
the justification of this impurity by the leachables evaluations.

Impurity A (2,6-xylidine):  The specification for Impurity A is established at NMT % 
or  mcg/day which is above 10 mcg/day (0.01%) of ICH M7 threshold for genotoxic 
compounds.  Several analyses were performed to qualify the safety of the Impurity A 
specification limit (NMT %) including a leachable study and Comparative analysis 
of Impurity A levels in lidocaine patch 1.8%, Lidoderm® Patch 5%, and a generic 
lidocaine patch. Overall, the leached levels of Impurity A are  mcg/day (≤ %) 
for patches within expiry which is close to 10 mcg/day ICH M7 threshold.  However, as 
there are actual data for 2,6-xylidine (see Carcinogenicity Section of this review), an 
acceptable level for the drug product degradant exposure can be based on actual data 
rather than the general TTC.  As discussed in the carcinogenicity section, based on the 
carcinogenicity study conducted by NTP for 2,6-xyldine, a TD50 can be estimated in 
female rats which suggests that levels below ~124 mcg/day would only result in an 
increased incidence of tumors of 1 in 100,000 patients.   This value is consistent with 
the No Significant Risk Level proposed by the State of California EPA of 110 mcg/day 
lifetime exposure6.  In addition, leachable data confirmed that the exposure level of 
impurity A in the lidocaine patch 1.8% is similar to the level observed for Lidoderm® 
Patch 5% for similarly aged patches (within 4 months of expiry) and lower than the level 
observed for the Watson generic lidocaine patch 5% at the end of expiry. See toxicity 

6 https://oehha.ca.gov/media/downloads/proposition-65/chemicals/26xylidinensrlaug2002.pdf 
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risk assessment for leachables/impurities.  Collectively, the proposed specification for 
2,6-xylidine as a drug product degradant is acceptable.

2.6 Proposed Clinical Population and Dosing Regimen
The proposed indication and dosing regimen is the same as that established for the 
listed drug Lidoderm® Patch 5%.  The proposed indication is for the relief of pain 
associated with post-herpetic neuralgia (PHN) in adults.  The maximum recommended 
daily dose of ZTlido (lidocaine patch 1.8%) is three patches, only once for up to 12 
hours within a 24-hour period.

2.7 Regulatory Background
NDA 207962 was submitted on July 10, 2015 for marketing approval of ZTlido for the 
treatment of pain associated with PHN. 
A complete response letter was sent to the Applicant on 05/10/2016.  From the 
pharmacology and toxicology perspective the NDA was not approvable based on 
inadequate justification to support the safety of proposed impurity specifications that 
exceed qualification thresholds per ICH Q3B(R2) and ICH M7, inadequate justification 
to support the local or/and systemic safety of several excipients for the intended clinical 
use, and use of information in the proposed drug product labeling that the Applicant 
does not own or have right of reference to.  In addition, an adequate 
extractables/leachables evaluation was not completed and submitted with sufficient time 
for review.  
For more detail refer to the NDA 207962 Pharmacology Toxicology Review dated 
02/22/16.
Deficiencies in CR letter:

5. Your proposed specification for the drug product degradant 2,6-xylidine, which is 
a known rat carcinogen, exceeds the acceptable daily intake level of 10 mcg per 
day per the ICH guidance for industry: M7 Assessment and Control of DNA 
Reactive (Mutagenic) Impurities In Pharmaceuticals To Limit Potential 
Carcinogenic Risk.  We acknowledge that you have provided data to justify that 
the proposed specification of NMT % would limit the impurity level in your 
product to be within levels observed in the listed drug.  However, your 
justification does not take into consideration the level of impurity that will be 
released from the patch and consequently exposed to the patient.  We note that 
your product was designed to achieve comparable systemic exposure to 
lidocaine as the listed drug despite containing nearly 19-fold less lidocaine per 
patch, indicating that a much higher proportion of lidocaine and its associated 
impurities/degradants will be released from your product in comparison to the 
listed drug.  Therefore, your justification is unacceptable. 
To address this deficiency, either reduce the specification of the drug product 
degradant 2,6-xylidine to NMT 10 mcg per day or provide data to demonstrate 
that the level released from ZTlido under conditions of use is within the level 
released from the listed drug.
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6. Your proposed specifications for Impurities  and  exceed the qualification 
threshold of 0.2% or 3 mg TDI, whichever is lower, per the ICH guidance for 
industry: Q3B(R2) Impurities in New Drug Products.  We acknowledge that you 
have provided a toxicological risk assessment to support the proposed 
specifications based on a permissible daily exposure approach as outlined in the 
ICH guidance for industry: Q3C on Residual Solvents.  However, we note that 
this approach is unacceptable since adequate qualification of drug product 
degradants must be performed in accordance with ICH Q3B(R2).  
To address this deficiency, either reduce the proposed specifications for 
Impurities  and  to NMT 0.2% or 3 mg TDI, whichever is lower, or 
adequately qualify the safety of the impurities in accordance with the ICH 
Q3B(R2) guidance. The following studies are required to provide adequate 
qualification:
a. A minimal genetic toxicology screen (two in vitro genetic toxicology studies, 

e.g., one point mutation assay and one chromosome aberration assay) with 
the isolated impurity, tested up to the limit dose for the assay.

b. A repeat-dose toxicology study of appropriate duration to support the 
proposed indication. In this case, a study of 90 days should be completed.
Refer to Guidance for industry: Q3B (R2) Impurities in New Drug Products 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInforma
tion/Guidances/ucm073389.pdf 
and
Guidance for industry: Q3C Impurities: Residual Solvents 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInforma
tion/Guidances/UCM073394.pdf 

c. Alternatively, you may be able to justify the safety of these drug product 
degradants via comparative analytical studies that demonstrate that the levels 
of the degradant in your drug product are equal to or below the levels found in 
and released from the referenced drug product. As noted in Deficiency 1 
above, you must determine the level that is released from the patches. If you 
elect to pursue this approach, refer to the FDA guidance for industry: ANDAs: 
Impurities in Drug Products, available at, 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInforma
tion/Guidances/UCM072861.pdf .

7. There is inadequate information to justify the systemic safety of dipropylene 
glycol, isostearic acid, SIS block copolymer, and terpene resin based on the 
intended clinical use of your product. Specifically it is not clear how the currently 
accepted uses of these excipients in FDA-approved products compare to the 
exposure that would occur with use of ZTlido when used at the maximum 
recommended daily dose.
To address this deficiency, submit a toxicological risk assessment that supports 
the systemic safety of dipropylene glycol, isostearic acid, SIS block copolymer, 
and terpene resin based on the maximum recommended daily dose of your 
product. Such a justification can include data to show that these compounds are 
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not released from the patch via a leachables study, do not get absorbed into the 
systemic circulation when the patches are used at the maximum daily dose, or 
include a discussion of the molecular weight of the excipient to justify the lack of 
systemic exposure. The risk assessment should address the general chronic 
toxicity, genetic toxicity, reproductive and developmental toxicity, and 
carcinogenic potential of the material. However, we acknowledge that we 
previously stated we would allow chronic toxicology and carcinogenicity 
evaluations to be submitted as post-marketing requirements due to the
unique situation of the change in duration of the indication for this drug product
development program.  Therefore, to support approval of the product, provide 
adequate safety justification supporting at least 3 months of treatment along with 
an assessment of the reproductive and developmental effects of these 
excipients. If there is inadequate nonclinical information to support chronic use of 
your product, it may be possible to defer completion of definitive studies to the 
post-marketing period.

8. There is inadequate information regarding polyisobutylene in the drug product 
formulation in to permit a complete safety evaluation of this excipient or to permit 
extrapolation of safety via comparison to its use in an FDA-approved drug 
product formulation. Specifically, it is not clear how the molecular weight range of 
the low and high molecular weight polyisobutylenes used in ZTlido compare to 
the materials listed in the FDA Inactive Ingredient Database.
To address this deficiency, submit the specific molecular weight range for the low 
and high molecular weight polyisobutylene materials in ZTlido and submit a 
toxicological risk assessment that includes a discussion of what, if any, of the 
materials can be absorbed by the body.

9. An adequate leachables evaluation was not submitted to the NDA with sufficient 
time for review during this review cycle.  

Additional Nonclinical Recommendations
We remind you that as per our pre-NDA comments, chronic toxicology studies and 
carcinogenicity studies will be required for any new excipients that have not been 
adequately qualified per the FDA guidance for industry: Nonclinical Studies for the 
Safety Evaluation of Pharmaceutical Excipients, available at: 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guida
ances/UCM079250.pdf.  Based on our review of your submission to date, the following 
studies will be required to be completed as post-marketing requirements unless justified 
otherwise:

1. A 6-month repeat-dose toxicology study in the rodent that evaluates the systemic 
safety of terpene, SIS block copolymer, isostearic acid, polyisobutylene, and 
dipropylene glycol, unless adequately justified otherwise.  Such a justification can 
include data to show that these compounds are not released from the patch via a 
leachables study or do not get absorbed into the systemic circulation when the 
patches are used at the maximum daily dose.  This justification could also 
include a discussion of the molecular weight to justify the lack of systemic 
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exposure and reference to the leachable studies.  The 6-month study can be 
completed via a parenteral route of administration in order to assure systemic 
delivery of these excipients.

2. A 9-month repeat-dose dermal toxicology study in the minipig testing the final to-
be-marketed drug product formulation.

3. A carcinogenicity assessment in a single rodent species via the dermal route 
testing isostearic acid, SIS block copolymer, terpene, and polyisobutylene, 
unless adequately justified otherwise.

4. A carcinogenicity assessment in a second rodent species via a systemic route 
testing isostearic acid, SIS block copolymer, terpene, polyisobutylene, and 
dipropylene glycol, unless adequately justified otherwise.
 We encourage you to initiate these studies as soon as possible and submit them 
as soon as final study reports are completed.  If these studies are not completed 
by the time of your planned complete response to the deficiencies noted above, 
they will be required to be completed as post-marketing requirements.

On December 20, we send an IR to the Applicant
We note that in your toxicological risk assessment report for extractables/leachables (  
Leachable Report March 2016,  Leachable report Aug 2017), your PDE calculations are 
based on values, which in many cases no references were provided. In addition, risk 
assessments for some compounds reference “Leadscope hosted client version 3.3.4-1: FDA 
nonclinical data portal. Accessed July 12, 2016”, but it is not clear where the underlying data are 
from. Provide copies of all referenced studies upon which a safety assessment (e.g., PDE) is 
based and note the following:

 If you employ a Permissible Daily Exposure (PDE) assessment as described in ICH 
Q3C, provide justification for all safety factors employed.

 Published literature to support the safety of any compound rarely provides adequate 
detail of the study design and study results to permit a thorough independent 
evaluation of the data. Summary reviews, (e.g., BIBRA, CIR, HERA), although 
potentially useful to identify original source material, are not acceptable as the 
source material is not provided and the conclusions cannot be independently 
verified. Submission of any published study reports must be accompanied by a 
detailed comparison to modern toxicology study endpoints and any shortcomings of 
the study must be discussed and justification must be provided to support your 
assertion that these data are adequate to support the safety of your container 
closure system.

 Safety justifications based on analogous compounds are also not acceptable unless 
you can provide adequate data to support your conclusions that a risk assessment 
based on one compound can be logically interpolated to represent an adequate 
safety evaluation for your leachable/extractable. This should include a detailed 
understanding of the absorption, distribution, metabolism, and elimination of the 
compounds and an adequate scientific bridge to interpolate a NOAEL for the 
extractable/leachable compound.
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3 Studies Submitted
3.1 Studies Reviewed  

1. 13-week repeated percutaneous dose toxicity study and 4-week recovery study 
of impurity  in rats

2. 13-week repeated percutaneous dose toxicity study and 4-week recovery study 
of  (Lidocaine Impurity 

 in rats
3. A Bacterial Reverse Mutation Test of Impurity  

4. A Chromosomal Aberration Test of Impurity  
 in Cultured Mammalian Cells

5. A Bacterial Reverse Mutation Test of  
(Lidocaine Impurity 

6. A Chromosomal Aberration Test of  
 (Lidocaine Impurity  in Cultured Mammalian Cells

7. Extractable Study on a Lidocaine Transdermal Patch ( 0047)
8. Extractable study of a  striped foil pouch ( 0353)
9. Leachables stimulation study on a lidocaine topical patch ( 0269)
10.Leachables Assessment of ZTlido™ (Lidocaine Patch 1.8%) (Study 10287C)
11.Risk Assessment for Leachables from ZTildo™ Lidocaine Topical Patch (1.8%) 

(for Study 0269 and Study 10287C prepared by )

3.2 Studies Not Reviewed 
N/A

3.3 Previous Reviews Referenced
 Nonclinical review in DARRTS dated 4/22/2016 (Combined 28-Day and 90-Day 

repeated dose dermal toxicity study with placebo patch in Gottingen minipigs 
followed by a 2-week recovery period (260433-B) – Complete response to Hold 
NDA review.

 Extractable Study on a Lidocaine Transdermal Patch ( 0047) – preliminary 
review (Complete response to Hold NDA review, dated 4/22/2016)

 Leachables Simulation Study On A Lidocaine Topical Patch ( 0269) –
preliminary review (Complete response to Hold NDA review, dated 4/22/2016)

4 Pharmacology
No new nonclinical pharmacology studies were conducted as the pharmacologic 
properties of lidocaine have been extensively researched and provided in the literature.

Reference ID: 4219959

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) 
(4)

(b) 
(4)

(b) 
(4)



NDA 207962 ZTlido                                                                  Reviewer: Armaghan Emami, PhD                 

36

5 Pharmacokinetics/ADME/Toxicokinetics
No new nonclinical pharmacokinetic or ADME studies have been conducted.

6 General Toxicology
A 3-month repeat-dose toxicity study was performed by the Applicant, which was a 
dermal irritation study in pigs.  Note that the Applicant was asked to consider submitting 
chronic toxicity studies and carcinogenicity studies with the NDA if possible.  However, 
given the late change in policy, if these studies were not completed by the time of 
original NDA submission, they would be required as a PMR since PHN fits the 
requirement for a chronic indication.  The Applicant did not provide chronic toxicology or 
carcinogenicity studies with this NDA, but rather they proposed a 9-month dermal 
toxicity study in minipigs as a PMR study and a waiver request for a 6-month systemic 
study in rats and systemic carcinogenicity study.

In this NDA submission, the Applicant conducted two 13-week toxicology studies in rats 
to qualify Impurity  and Impurity  respectively.
 

6.1 Single-dose toxicity
No single-dose toxicity studies were submitted with this NDA.

6.2 Repeat-dose toxicity

6.2.1 Rat 3-month study with placebo patch
Refer to nonclinical review (Study 260433-B) in DARRTS dated 4/22/2016 

6.2.2 Rat 6-month study with placebo patch
The Applicant did not provide chronic toxicology studies with this NDA, but rather they 
proposed a waiver request for a 6-month systemic study in rats.  Below see their 
justification:

The physicochemical properties and leachable study results demonstrate that SIS block 
copolymer, terpene resin, polyisobutylene, and isostearic acid do not present risks of 
systemic exposure.  was the only excipient observed to leach from the 
drug product at ~  mg/patch. Given the IIG database maximum potency limit of  
mg/day, the amount of  released from the patch, and therefore an 
exposure risk, is considered safe. The chronic local and systemic toxicity of these 
excipients will also be evaluated in the 9-month repeat-dose dermal toxicology study. 
Given the physicochemical characteristics of these materials, the leachable testing 
results, and the Phase 4 commitment the 9-month dermal toxicity study, it is considered 
justified to waive the 6-month toxicity study completed via a parenteral route of 
administration. 
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Reviewer’s note: The Applicant did demonstrate that the potential for SIS block 
copolymer, terpene resin, polyisobutylene, and isostearic acid to be released from the 
patch is minimal through their leachable studies.  However, the study showed that 

 was released from the patch with a total exposure of ~  
mg/day (see Section 10.2.2.4).   is currently listed in the IID with a max potency of 

 mg for the topical route for chronic use, specifically in a transdermal patch, which is 
exceeds the amount from the MRDD of  mg from 3 patches of ZTlido.  However, the 
approved patch is worn for 72 hours, so it is unclear if the daily exposure to  is 
covered by this approved product.  Nevertheless, the Applicant provided adequate 
rodent chronic data to justify the systemic safety of .  In addition, they are conducting 
a 9-month study with evaluation of full histopathology as a PMR.  Therefore, we agree 
with the Sponsor for waiving a rat 6-month study to address the systemic safety of the 
excipients noted above.

6.2.3 Rat 9-month study with Lidocaine patch
The Applicant submitted a draft protocol for the 9-month dermal toxicity in minipig under 
IND 111537 on April 4, 2016 and under this NDA on August 28, 2017.  Per agreement 
during development, we will allow this study to be submitted as a PMR.  

6.2.4 Rat repeat-dose study with 
Study title:  13-week repeated percutaneous dose toxicity study and 4-week 
recovery study of impurity  in rats
Study no.: 16143
Conducting laboratory and location:  

Date of study initiation: December 2, 2016
GLP compliance: Yes
QA statement: Yes
Drug (test article), lot #, purity Impurity  

 Lot WLZLM, purity=100%

Key findings
 There was no evidence of either local toxicity at the application sites, or systemic 

toxicity for the test article. 
 Systemic Safety:  NOAEL is considered high dose of  mcg/day which 

provides X safety margin based on BSA comparison and a limit of % in the 
drug product   

 Local safety: NOAEL of  mcg dose qualified dermal exposure levels of  
mcg/cm2, which is -fold the highest patient exposure of  mcg/cm2 based on 
a limit of % in the drug product.

o Human: 
o Rat:
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Dose 
mcg/kg/day

HED
mcg/kg

Human SM 
based on BSA

Human
 mcg

Rat 13-week 
Impurity 
NOAEL 

 mcg/day

Methods
Doses: Control: 

Low dose:  mcg/day
High dose:  mcg/day

Volume:  mL/animal
Frequency of dosing: Once a day for 13 weeks

Route of administration: Percutaneous (back skin)

Formulation/Vehicle: Test article/ 

Species/Strain: Rats, Crl:CD (SD)
Number/Sex/Group: 10/sex/group (see below)
Age: 6-week old rats
Weight: Male: 207-236 g, Female: 131-160 g
Satellite groups (TK): N/A
Unique study design: N/A
Deviation from study protocol: None of the deviations impacted the overall 

integrity of the study or the interpretation of the 
study results and conclusions.
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Open application was performed on the back skin (13.4 cm2 of a rectangle area, see 
figure below).  1 to 2 drops of administered substance were pushed through a 
micropipette onto the administration site once a day.  Prior to the administration on the 
following day, the administration site was wiped with absorbent cotton that was 
moistened with distilled water.

The Applicant’s reason for set up:
The maximum potential exposure to this degradant based on the proposed specification 
of NMT % and the MRDD of 108 mg is  mcg/day and this would be administered 
over a surface area of 420 cm2/3 sheets (140 cm2/sheet), which translates to  mcg 
per 1 cm2.  The following calculation was applied in order to match the amount of study 
substance per unit area with that used for human.  Assuming the body surface area of a 
human to be 16000 cm2, administration area ratio would be 420 cm2 ÷ 16000 cm2 ×100 
= 2.6%.  Body surface area of a rat is calculated as 9.5×400 g2/3 = 516 cm2, assuming 
the average weight of males and females during the administration period is to be 400 
g.  The administration area on a rat would be 516 cm2×2.6(%) = 13.4 cm2. However, it 
would be 13.5 cm2 based on the administration site mentioned later (3 cm×4.5 cm) and 
this administration area is multiplied by  mcg, which is the calculated amount per 1 
cm2  mcg/day is for low dose and  mcg/day was set for the high dose, which is 5-
fold higher than the low dose amount.

Parameter Time point
Skin evaluation Twice daily for main study animals (before and after 

administration), daily for recovery animals.  The 
Draize scoring system was used: score 0-4 (No 
erythema & edema - severe erythema & edema)

Clinical signs:  Daily
Body weights/feed consumption:  Weekly

Ophthalmology Week 13 for main study and Week 4 of the recovery

Urinalysis/ hematology/Clinical 
pathology:  

Week 13 for main study and Week 4 of the recovery

Toxicokinetics: N/A
Necropsy:  Last day of the administration period and the last day 

of the recovery period
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Observations and Results

Mortality 
No deaths were observed during the treatment period or the recovery period.

General Clinical signs:
No treatment related findings

Clinical observations on application sites:
Erythema or edema was not observed in any of the skin application sites during the 
treatment period or the recovery period.

Body Weight 
No treatment related findings 

Food consumption:
No significant treatment related findings

Ophthalmology: 
No treatment related findings

Hematology and Coagulation:
In main study:  Relative to controls, significantly higher monocyte ratio was observed in 
differential leukocyte counts in females from the low-dose group, a significantly lower 
eosinophil ratio was observed in differential leukocyte counts in females from the low-
dose group, and significantly higher mean corpuscular hemoglobin was observed in 
females from the high-dose group.

In recovery:  Relative to controls, significantly lower monocyte ratio in differential 
leukocyte counts were observed in males from the high-dose group.

However, there were no adverse histological correlates; therefore, none of these 
changes were considered toxicologically significant treatment-related findings.  

Urinalysis:
There were no treatment-related urinalysis findings.

Clinical chemistry:
There were no significant treatment-related clinical chemistry findings.  
Gross Pathology:
There were no treatment-related changes in gross pathology endpoints.

Organ weight changes:
In the necropsies after the administration period, there were no treatment-related 
findings in absolute or relative organ weights.  In the necropsies after the recovery 
period, a significantly high value was observed in the relative weight of the livers in 

Reference ID: 4219959
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males from the high-dose group; a significantly high value was observed in the absolute 
weight of the brain; significantly low values were observed in the absolute and relative 
weights of the pituitary glands in the females from the high-dose group.

Selected absolute organ weight
Control High doseGroup
M F M F

Liver g 14.5 7.0 16.1 7.4
Brain g 2.15 1.76 2.06 1.9
Pituitary mg 12.3 18.6 12.6 15.1

Selected relative organ weight
Control High doseGroup
M F M F

Liver g/100 g 2.3 2.4 2.6 2.4
Brain g/100 g 0.34 0.6 0.33 0.62
Pituitary mg/100 g 1.9 6.3 2 4.9 

Histopathology findings:

Adequate Battery: Yes 
A paraffin section was made of each of the organs/tissues from each rat, stained
with hematoxylin and eosin, and examined with a binocular microscope BHS.
Brains, pituitary glands, salivary glands (sublingual glands and submaxillary
glands), thyroid glands (including the parathyroid glands), thymi, hearts, lungs, livers,
spleens, kidneys, adrenal glands, testes, seminal vesicles, prostate glands, ovaries, 
uteri were tested.

Peer Review: No 

Histopathology findings: The sporadically observed histopathological test findings did 
not show clear differences in incidence between the control groups and the high dose 
groups, and the low incidence indicates that they are natural occurrences or incidental 
changes; they are considered to have no toxicological changes.

Reference ID: 4219959
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Reference ID: 4219959
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Reference ID: 4219959
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Toxicokinetic data: N/A

6.2.5 Rat repeat-dose study with Impurity 
Study title:  13-week repeated percutaneous dose toxicity study and 4-week 
recovery study of impurity 
(Lidocaine Impurity  in rats
Study no.: 16148
Conducting laboratory and location:  

Date of study initiation: December 2, 2016
GLP compliance: Yes
QA statement: Yes
Drug (test article), lot #, purity Impurity 

 (Lidocaine 
Impurity  Lot 2360-012A4, purity: 
99.9%

Reference ID: 4219959
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Key findings
 There was no evidence of either local toxicity at the application sites, or systemic 

toxicity for the test article.
 Systemic Safety: NOAEL is considered high dose of  mcg/day which provides 

X safety margin based on BSA comparison and a limit of % in the drug 
product (  mcg).    

Local safety: NOAEL of  mcg dose qualified dermal exposure levels of  
mcg/cm2, which is fold the highest patient exposure of  mcg/cm2 based on a 
limit of % in the drug product.
o Human: 
o Rat: 

Dose 
mcg/kg/day

HED
mcg/kg

Human SM 
based on 
BSA

Human
 mcg

Rat 13-week
Impurity 
NOAEL 

 mcg/day

Methods
Doses: Control: water for injection

Low dose:  mcg/day
High dose:  mcg/day

Volume: 0.05 mL/animal
Frequency of dosing: Once a day for 13 weeks

Route of administration: Percutaneous (back skin)

Formulation/Vehicle: Test article/ water

Species/Strain: Rats, Crl:CD (SD)
Number/Sex/Group: 10/sex/group (see below)
Age: 5-week old rats
Weight: Male: 100-160 g, Female: 80-130 g
Satellite groups (TK): N/A
Unique study design: N/A
Deviation from study protocol: None of the deviations impacted the overall 

integrity of the study or the interpretation of the 
study results and conclusions.
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Design of the study

Open application was performed on the back skin (13.4 cm2 of a rectangle area, see 
figure below).  1 to 2 drops of administered substance were pushed through a 
micropipette onto the administration site once a day.  Prior to administration on the 
following day, the administration site was wiped with absorbent cotton that was 
moistened with distilled water.

 
The Applicant’s reason for set up: The estimated clinical application amount for this 
study product is  mcg/day (assuming body weight of 60 kg, maximum amount of use 
per day would be  cm2/3 sheets (  cm2/sheet) -  mcg), and would be  mcg
per 1 cm2.  According to the Sponsor’s instructions, the following calculation was 
applied in order to match the amount of study substance per unit area in human use.
Assuming the body surface area of a human to be 16,000 cm2, administration area ratio 
would be  cm2 ÷ 16,000 cm2 × 100 = %.  A comparable % of total body surface 
area in rat would be 516 cm2 × (%) =  cm2.  Therefore, the Applicant 
administered test article to an area of 13.5 cm2 (3 cm × 4.5 cm).  
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Parameter Time point

Skin evaluation Twice daily for main study animals (before and 
after administration), daily for recovery animals.  
The Draize scoring system was used: score 0-4 
(No erythema & edema - severe erythema & 
edema)

Clinical signs:  Daily
Body weights/feed consumption:  Weekly
Ophthalmology Week 13 for main study and Week 4 of the 

recovery
Urinalysis/ hematology/Clinical 
pathology:  

Week 13 for main study and Week 4 of the 
recovery

Toxicokinetics: N/A
Necropsy:  Last day of the administration period and the last 

day of the recovery period

Observations and Results

Mortality 
No deaths were observed during the treatment period or the recovery period.

General Clinical signs:
No treatment-related clinical signs were observed.

Clinical observations on application sites:
Erythema or edema was not observed in any of the skin application sites during the 
treatment period or the recovery period.

Body Weight 
No treatment-related changes in body weights were observed. 

Food consumption:
No significant treatment-related changes in food consumption were observed.

Ophthalmology: 
No treatment-related ophthalmic changes were observed.

Hematology and Coagulation:

Main study:  Significantly higher neutrophil ratios and significantly lower lymphocyte 
ratio in the differential leukocyte count were observed in the male low-dose group.  
Since there was no dose-related response, the findings were not toxicologically 
significant.

Reference ID: 4219959
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Recovery:  There were significant reductions in prothrombin time and activated partial 
thromboplastin time in the male high-dose group, and significant increases in 
reticulocyte ratio and mean corpuscular hemoglobin levels, and significant decreases
in platelet count in the female high-dose group.  According to the Applicant, this is an 
incidental change unrelated to the development of toxicity since there were no
similar significant differences in any of the test substance administration groups in 
regards to the evaluations performed at time of necropsy at the end of the 
administration period
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Urinalysis:
There were no treatment-related changes in urinalysis parameters.

Clinical chemistry:
There were no significant treatment-related changes in clinical chemistry parameters.  
Gross Pathology:
There were no treatment-related gross pathology changes.

Organ weight changes:
Recovery:  Significant increases were observed in the absolute and relative weights of 
the pituitary gland and the relative weights of lungs of the male high-dose group. 
According to the Applicant, this is an incidental change unrelated to the development of 
toxicity since is not observed at time of necropsy at the end of the administration period.

Histopathology findings:
Adequate Battery:  Yes 
A paraffin section was made of each of the organs/tissues from each rat, stained with 
hematoxylin and eosin (H&E), and examined with a binocular microscope.  Brains, 
pituitary glands, salivary glands (sublingual glands and submaxillary glands), thyroid 
glands (including the parathyroid glands), thymi, hearts, lungs, livers, spleens, kidneys, 
adrenal glands, testes, seminal vesicles, prostate glands, ovaries, uteri were tested.

Reference ID: 4219959
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Peer Review: No 
Histopathology findings: 
In main study, acanthosis was observed in 4 of the 10 males and 1 of the 10 females in 
the control groups, and 2 of the 10 males and 3 of the 10 females in the high-dose 
groups.  In the recovery arm, acanthosis was observed in 1 of the 5 females in the high-
dose group.
The sporadically observed histopathological test findings did not show clear differences 
in incidence between the control groups and the high-dose groups, and the low 
incidence indicates that they are natural occurrences or incidental changes.  Therefore, 
they are not considered to be toxicologically significant changes.  
In addition, there were no systemic microscopic changes that were considered to be 
test article related.
See tables below copied from the NDA submission.
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Reference ID: 4219959
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Toxicokinetic data: N/A

7 Genetic Toxicology
Two Ames assays and two chromosomal aberration tests were conducted to qualify 
Impurity  and Impurity 
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7.1 In Vitro Reverse Mutation Assay in Bacterial Cells of Impurity 

Study title: A Bacterial Reverse Mutation Test of Impurity 

Study no.: 029-002

Study report location: eCTD 4.2.3.7.6

Conducting laboratory and location:  

Date of study initiation: 16 December 2016

GLP compliance: Yes

QA statement: Yes

Drug, lot #, and % purity:  Impurity  

Lot WLZLM, Purity=100%

Key Study Findings
 Dose-finding test was performed at the dose levels below:
o With and without metabolic activation: 

, and  mcg/plate

 Main test was performed at the dose level below:
o With and without metabolic activation:

, and  mcg/plate

 No growth inhibition was observed at up to  mcg/plate in any test strain with 
or without metabolic activation.

 No precipitation was observed in any tester strain used on the plate with or 
without metabolic activation up to the highest concentration.

  did not cause increase in the number of revertant colonies in any of the 
test strains, with or without metabolic activation when compared with the 
negative control.

 Under the conditions of the study,  is negative in the bacterial reverse 
mutation assay.  These negative results were obtained for the pre-incubation 
version.
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Methods
Strains: TA100, TA1535, WP2uvrA, TA98, and TA1537

Concentrations in mutagenicity 
study 

, and  mcg/plate

Basis of concentration 
selection:

Cytotoxicity and precipitation

Negative control: DMSO

Positive control:

Formulation/Vehicle: DMSO

Incubation & sampling time: incubated at 37°C for 48 hours

Protocol Deviation: no deviations from the approved protocol

Study Validity
All vehicle control values were within the range of the control background data of  

, and all criteria for a valid study were met. Positive 
controls produced expected results.  Appropriate strains were used.

Results
The test article did not produce any increases in the number of revertants in any tester 
stain under the conditions of this study in the absence and in the presence of a rat liver 
metabolic activation system (S-9).  These negative results were obtained the pre-
incubation version.  This is in concurrence with the Applicant’s conclusions.  See the 
Applicant’s summary tables below.  
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1. Results of dose range finding test
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2. Results of main test

Reference ID: 4219959
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7.2 In Vitro Chromosomal aberration assay of impurity 

Study title: A Chromosomal Aberration Test of Impurity 
 in Cultured Mammalian Cells

Study no.: 029-003
Study report location: eCTD 4.2.3.7.6

Conducting laboratory and location:  

Date of study initiation: 9 December 2016

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Impurity  
 Lot WLZLM, 

Purity=100%

Key Study Findings
 Lidocaine-related Impurity  was tested in the Chromosomal Aberration 

assay in CHL/IU cells (a fibroblast-like cell line derived from the lungs of female 
newborn Chinese hamsters).

 No test article precipitation in the treatment medium was observed at up to  
mcg/mL at the start or end of treatment.

 No significant increase in the number of cells with structural or numerical 
chromosomal aberrations was noted when compared with the negative control 
group under any treatment condition.

 The cell proliferation ratio determined from population doubling (PD) did not 
decrease under any treatment condition.

 The test article, , was considered negative for inducing chromosomal 
aberrations in CHL/IU cells without and with metabolic activation.
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Methods
Cell line: CHL/IU cells

 Concentrations in definitive study:  and  mcg/mL
Basis of concentration selection: Cell growth inhibition 

Negative control: DMSO

Positive control:

Formulation/Vehicle:  DMSO
Incubation & sampling time: Short term with activation & without metabolic 

activation: 6-hour treatment + 18-hour additional 
incubation (37°C)
Continuous without metabolic activation: 24-hour 
treatment (37°C)

 The treatment period was in short-term treatments with and without metabolic 
activation and in continuous treatment for 24 hours without metabolic activation.

 Dose-finding test was performed at the dose levels below:
o , and  mcg/mL
o The highest dose was set at  mcg/mL in accordance with the ICH guidance 

for industry S2(R1) Genotoxicity Testing and Data Interpretation for 
Pharmaceuticals Intended for Human Use and the 50% cell growth inhibition 
dose was estimated to be greater than  mcg/mL.

o No precipitation was observed up to  mcg/mL.

 In the chromosomal aberration test, the dose levels for all treatment conditions 
were set at  and  mcg/mL based on the results of the dose-
finding test. Chromosomal aberrations were analyzed at  and  
mcg/mL to determine the numbers and incidences of cells with structural and 
numerical chromosomal aberrations.

Study Validity
The following criteria for a valid assay were met:  1) the dose selection based upon 
solubility and cell growth inhibition was acceptable for both non-activated and activated 
system; 2) the percentage of cells with aberrations in the negative and vehicle control did 
not exceed 5%, 3) the positive control produced significant chromosomal aberrations of 
the cells; 4) a minimum of 200 metaphase spreads (100 per duplicate treatment 
condition) were examined and scored for chromatid-type and chromosome-type 
aberrations
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Results
 Results of dose-finding test (cell proliferation) was shown in table below

 Results of chromosomal aberration test (short-term treatment without metabolic 
activation):

Reference ID: 4219959

(b) (4)

(b) (4)

(b) (4)

(b) 
(4)

(b) 
(4)

(b) (4)

(b) 
(4)

(b) (4)

(b) (4)



NDA 207962 ZTlido                                                                  Reviewer: Armaghan Emami, PhD                 

61

 Results of chromosomal aberration test (short-term treatment with metabolic 
activation)

 Results of chromosomal aberration test (continuous treatment for 24 hours 
without metabolic activation)

Reference ID: 4219959

(b) (4)

(b) 
(4)

(b) (4)

(b) 
(4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) 
(4)



NDA 207962 ZTlido                                                                  Reviewer: Armaghan Emami, PhD                 

62

7.3 In Vitro Reverse Mutation Assay in Bacterial Cells of Impurity 

Study title: A Bacterial Reverse Mutation Test of Impurity 
 (Lidocaine Impurity 

Study no.: 029-005

Study report location: eCTD 4.2.3.7.6

Conducting laboratory and location:  

Date of study initiation: 26 December 2016

GLP compliance: Yes

QA statement: Yes

Drug, lot #, and % purity: Impurity  
(Impurity 

Lot 2360-012A4, Purity=99.9%

Key Study Findings
 Dose-finding test was performed at the dose levels below:
o With and without metabolic activation: 

, and  mcg/plate

 Main test was performed at the dose level below:
o Without metabolic activation:

, and  mcg/plate
o With metabolic activation: 

, and  mcg/plate

 Growth inhibition was observed at  mcg/plate and greater in all test strain 
with metabolic activation. 

 No precipitation was observed in any tester strain used on the plate with or 
without metabolic activation up to the highest concentration.

 Impurity  did not cause increase in the number of revertant colonies in any of the 
test strains, with or without metabolic activation when compared with the negative 
control.

 Under the conditions of the study, Impurity  is negative in the bacterial reverse 
mutation assay.  These negative results were obtained for the pre-incubation 
version.
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Methods
Strains: TA100, TA1535, WP2uvrA, TA98, and TA1537

Concentrations in mutagenicity 
study 

Without metabolic activation: , 
and  mcg/plate
With metabolic activation: , 
and  mcg/plate

Basis of concentration selection: Cytotoxicity 
Negative control: DMSO

Positive control:

Formulation/Vehicle: Impurity DMSO

Incubation & sampling time: Incubated at 37°C for 48 hours

Protocol Deviation: No deviations from the approved protocol

Study Validity
Vehicle control values were within the range of the control background data of  

., and all criteria for a valid study were met.  Positive 
controls produced expected results.  Appropriate strains were used.

Results
The test article did not produce any increases in the number of revertants in any tester 
stain under the conditions of this study in the absence and in the presence of a rat liver 
metabolic activation system (S-9).  These negative results were obtained the pre-
incubation version.  This is in concurrence with the Applicant’s conclusions.  See the 
Applicant’s summary tables below.  
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1. Results of dose range finding test
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2. Results of main test
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7.4 In Vitro Chromosomal Aberration Assay of Impurity 

Study title: A Chromosomal Aberration Test of lmpurity 
 (Lidocaine Impurity  in 

Cultured Mammalian Cells
Study no.: 029-006

Study report location: eCTD 4.2.3.7.6

Conducting laboratory and location:  

Date of study initiation: 12 December 2016

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Impurity  
(Lidocaine 

Impurity  Lot 2360-012A4, 
Purity=99%

Key Study Findings
 Lidocaine related Impurity  was tested in the chromosomal aberration assay in 

CHL/IU cells (a fibroblast-like cell line derived from the lungs of female newborn 
Chinese hamsters).

 No test article precipitation in the treatment medium was observed at up to  
mcg/mL at the start or end of treatment.

 No significant increase in the number of cells with structural or numerical 
chromosomal aberrations was noted when compared with the negative control 
group under any treatment condition.

 The cell proliferation ratio determined from population doubling (PD) showed 
dose-dependent decrease under continuous treatment for 24 hours without 
metabolic activation. 

 The test article, Impurity  was considered negative for inducing chromosomal 
aberrations in CHL/IU cells without and with metabolic activation.

Reference ID: 4219959

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) 
(4)

(b) 
(4)

(b) (4)

(b) 
(4)

(b) 
(4)



NDA 207962 ZTlido                                                                  Reviewer: Armaghan Emami, PhD                 

67

Methods
Cell line: CHL/IU cells

 Concentrations in definitive study:  Short term with & without metabolic activation: 
, and  mcg/mL

 Continuous without metabolic activation:  , 
, and  mcg/mL

Basis of concentration selection: Cell growth inhibition 

Negative control: DMSO
Positive control:

Formulation/Vehicle: Impurity  / DMSO
Incubation & sampling time:  Short term with & without metabolic activation: 

6-hour treatment + 18-hour additional 
incubation (37°C)

 Continuous without metabolic activation: 24-
hour treatment (37°C)

 The treatment period was in short-term treatments with and without metabolic 
activation and in continuous treatment for 24 hours without metabolic activation.

 Dose-finding test was performed at the dose levels below:
o , and  mcg/mL
o The highest dose was set at  mcg/mL in accordance with the ICH guidance 

for industry S2(R1) Genotoxicity Testing and Data Interpretation for 
Pharmaceuticals Intended for Human Use and the 50% cell growth inhibition 
dose was estimated to be greater than  mcg/mL.

o No precipitation was observed up to  mcg/mL.

 Based on the results of the dose-finding test, the dose levels for the chromosomal 
aberration test were set at  and  mcg/mL in the short-term 
treatment with and without metabolic activation, and  and  
mcg/mL in the continuous treatment for 24 hours.

Study Validity
The following criteria for a valid assay were met:  1) the dose selection based upon cell 
growth inhibition was acceptable for both non-activated and activated system; 2) the 
percentage of cells with aberrations in the negative and vehicle control did not exceed 5%, 
3) the positive control produced significant chromosomal aberrations of the cells; 4) a 
minimum of 200 metaphase spreads (100 per duplicate treatment condition) were 
examined and scored for chromatid-type and chromosome-type aberrations.
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Results
 Results of dose-finding test (cell proliferation) are shown in table below.

 Results of chromosomal aberration test (short-term treatment without metabolic 
activation)
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 Results of chromosomal aberration test (short-term treatment with metabolic 
activation)

 Results of chromosomal aberration test (continuous treatment for 24 hours 
without metabolic activation)
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8 Carcinogenicity
Proposed waiver of  carcinogenicity studies

No new carcinogenicity studies were submitted with this NDA.  Long-term animal studies 
to evaluate the carcinogenic potential of lidocaine have not been conducted.  No studies 
were required in 1999 for lidocaine when it was first approved for topical use for post 
herpetic neuralgia (PHN).  However, a carcinogenicity evaluation is required for 
excipients considered to be “new” as defined by the excipient guidance and intended for 
chronic use, and the Division has determined that PHN meets the S1A duration of use 
criteria for carcinogenicity assessment.  The Applicant was informed at the pre-NDA 
meeting that this evaluation may be submitted as a post-marketing requirement (PMR).  

 
 

 
 

 
  Subsequently, a draft protocol for a 

chronic 9-month dermal toxicity study in minipigs was submitted on April 4, 2017 under 
IND 111537 by the Applicant.  Note that the 9-month minipig study was also allowed to 
be submitted as a PMR.  Neither of these studies have been completed.

The Applicant requested a waiver request for systemic  carcinogenicity 
studies.  The justification for the waiver is based on a combination of physical properties; 
leachables studies confirming lack of exposure potential, and toxicology assessment. 
See below their justification:
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We cannot waive the dermal carcinogenicity study for the above compounds.  A waiver 
would be considered if there were adequate carcinogenicity data via the systemic route 
and there were no preneoplastic findings in a 9-month minipig study.  We do not have 
the results of the 9-month minipig study to even base a waiver request on.

Carcinogenicity potential of lidocaine

The carcinogenicity section of the referenced drug product label (Lidoderm) does not 
contain any information for lidocaine.  It currently states “A minor metabolite, 2,6-xylidine, 
has been found to be carcinogenic in rats.  The blood concentration of this metabolite is 
negligible following application of LIDODERM.”  Note that carcinogenicity studies were 
not required for Lidoderm presumably because PHN was not considered a chronic 
indication at the time of approval.  Nevertheless, the Applicant has submitted a 
publication from the literature  regarding the 
carcinogenicity of lidocaine .  The article is entitled ““26-Week dermal 
oncogenicity study evaluating pure trans-capsaicin in Tg.AC hemizygous mice (FBV/N) 
(Chanda et al., 2007).  The study was a GLP-compliant 26-week dermal study that 
evaluated the carcinogenic potential of trans-capsaicin in the Tg.AC transgenic mouse 
(FBV/N) model.  According to the Applicant “Lidocaine was applied on the mice as an 
anesthetic pre-treatment before capsaicin treatment.  The lidocaine-alone control 
animals received a 4% (w/w) lidocaine cream daily at 1.01 mg/cm2 once a week (25 
mice/sex).  This corresponded to a systemic dose of 162 mg/kg/wk (486 mg/m2).  Blood 
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levels of lidocaine were not measured.  After 26 weeks of dermal dosing there was no 
evidence of increased dermal masses in the lidocaine-alone treated animals.  The 
human local dose of lidocaine is 0.26 mg/cm2/day (36 mg/140 cm2) and the daily 
systemic dose of 1.8 mg/kg/day (66.6 mg/m2/day).  Though the mice received treatments 
weekly, and in the form of a cream, the data suggest that a local dose about 3-fold over 
the lidocaine patch 1.8% local dose, and about 7-fold over the systemic dose of lidocaine 
patch1.8%, was not carcinogenic in Tg.AC transgenic mice.”

However, this carcinogenicity information is not considered acceptable  
since the dosing regimen for lidocaine in the published study was different from the 
intended clinical regimen as it was administered weekly compared to daily for ZTlido.  In 
addition, only one dose of lidocaine was included in this study which is not considered 
adequate. 

Carcinogenicity potential of 2,6-Xylidine

The history of lidocaine and 2,6-xylidine (aka 2,6-dimethylaniline) is complicated.  
Lidocaine (aka xylocaine or lignocaine) was “discovered” (patented) in 1943 by the 
Swedish chemist Nils Lofgren whose efforts were initially funded by Astra 
Pharmaceuticals7.  To our knowledge, the first FDA approval occurred in 1948 
(Xylocaine NDA 6488) with the indication of acute local anesthesia.  

Lidocaine is metabolized in the liver primarily into two active compounds:  
monoethylclycinexylidine (MEGX) and glycinexylidine (GA).  MEGX reportedly has 
similar activity as lidocaine and GX has approximately 25% of the activity of lidocaine.  
Both compounds are then metabolized to 2,6-xylidine, which can be further metabolized 
to 2-amino-3-methylbenzoate or 4-hydroxy-2,6-dimethylaniline.  The 4-hydroxyxylidine 
metabolite accounts for most the lidocaine administered based on levels in urine.  It is 
not known if lidocaine is metabolized in the skin.

The metabolite 2,6-xylidine has been the subject of significant toxicological investigation 
as this metabolite of lidocaine is also a chemical intermediate in the production of dyes, a 
breakdown product of aniline based pesticides, and can also be found in tobacco smoke.  
As such, it was nominated for further study by both the EPA and the National Toxicology 
Program.  NTP published the results of a 2-year dietary pre- and postnatal administration 
study in rats these investigations in 1990 (NTP TR 278)8.  In their report, they noted that 
“Under the conditions of these 2-year feed studies, 2,6-xylidine was clearly carcinogenic 
for male and female Charles River CD rats, causing significant increases in the 
incidences of adenomas and carcinomas of the nasal cavity. A rhabdomyosarcoma, a 
rare tumor of the nasal cavity, was observed in dosed rats of each sex. In addition, the 
increased incidences of subcutaneous fibromas and fibrosarcomas in male and female 

7 http://www.histansoc.org.uk/uploads/9/5/5/2/9552670/vol_43.pdf 
8 National Toxicology Program (1990) NTP Toxicology and Carcinogenesis Studies of 2,6-Xylidine (2,6-
Dimethylaniline) (CAS No. 87-62-7) in Charles River CD Rats (Feed Studies). Natl Toxicol Program Tech 
Rep Ser 278:1-138.
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rats and the increased incidence of neoplastic nodules of the liver in female rats may 
have been related to the administration of 2,6-xylidine.”  

Based on the results of the NTP study, U.S. FDA CDER convened a full meeting of the 
Carcinogenicity Assessment Committee (CAC) on December 14, 1992.  The CAC noted 
that the study design (including transplacental exposure), although potentially relevant 
for the EPA needs, was not generally used to study pharmaceuticals.  As such, even 
though the CAC agreed with the conclusions of the report, they questioned the clinical 
relevance of the findings for local anesthetic agents.  It should be noted that in the 
context of this discussion, the only approved NDAs for lidocaine were for acute local 
anesthesia and topical over-the-counter medicines.  The CAC also noted that the 
relevance of the nasal tumors to chemical exposure via the oral route (dietary study) was 
unclear because the animals were likely exposed both orally as well as possibly via 
inhalation of volatilized material; as such, the exposures by either route were not clear 
despite the estimates from food intake.  The CAC noted that the results in the nasal 
tissue were potentially relevant to pharmaceutical use, but that rats apparently have 
significant drug accumulation in nasal turbinates even after solely oral administration.  
Further, 2,6-xylidine is only found in limited levels in urine, although based on the 
metabolic pathways, may be formed at higher levels as an intermediate because the 4-
hydroxyxylidine metabolite is the primary metabolite found in urine.  As noted in the 
minutes of this meeting, “Because of the considerations given above (2 generational 
design, oral/ inhalational exposure, lack of relevant pharmacokinetic and metabolism 
data to estimate 2, 6-xylidine exposures in humans), a majority of the committee (8/14) 
found that the bioassay data on 2,6-xylidine could not be appropriately applied to the 
human pharmaceutical use of lidocaine or related xylidine anesthetics.”

In October of 1992, the World Health Organization’s International Agency for Research 
on Cancer (IARC) met to discuss the safety of occupational exposures to hair dyes and 
industrial dyestuffs, including 2,6-xylidine.  In the monograph published in 1993 they 
noted that the genetic toxicology data on 2,6-xylidine was conflicting.  Although generally 
negative in the Ames assay, there are data suggesting that the compound is clastogenic 
in vitro, can bind to DNA in rat tissues.  The current IARC evaluation concludes that 
although there is inadequate evidence in humans for the carcinogenicity of 2,6-xylidine, 
there is sufficient evidence in animals and categorized the compound as Group 2B 
(possibly carcinogenic to humans).   

On August 23, 1993, the U.S. FDA held a public advisory committee meeting of the 
Anesthetic and Life Support Drugs Advisory Committee (ALSDAC) to further discuss the 
results of the study, the draft IARC monograph conclusions, and the implications for U.S. 
drug product labeling.  For many of the same concerns raised by NTP and the CAC, the 
committee concluded that although the data were sufficient to conclude that 2,6-xylidine 
was carcinogenic in rodents under the conditions of the assay, and possibly carcinogenic 
in humans, the Committee concluded that the risk was low enough that lidocaine should 
be continued to be marketed for the indications approved at the time (ventricular 
arrhythmia, local injection anesthesia, Rx topical anesthesia, and OTC topical analgesia.  
At that time, the Committee also concluded that the findings do not need to be included 
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in the product labeling; however, they were apparently also going to reconvene in 
November of that year to learn about results from ongoing studies to determine if 2,6-
xylidine was found in human liver samples and reserved final labeling recommendations 
until that time.  The results of the liver studies have been published and clearly 
demonstrate that 2,6-xylidine forms in human liver (Parker et al., 1996).  We have not 
been able to locate transcripts of any of these meetings; however, historically we have 
omitted any statements regarding the carcinogenicity findings for 2.6-xylidine in acute-
use lidocaine drug products. 

In 1999, FDA’s Division of Anti-Inflammatory, Analgesic and Ophthalmic Drug Products 
approved the referenced NDA for Lidoderm.  In that approval action, the carcinogenicity 
section of the labeling included the statement “A minor metabolite, 2, 6-xylidine, has 
been found to be carcinogenic in rats. The blood concentration of this metabolite is 
negligible following application of LIDODERM.”  We have reviewed the historical records 
of that approval and cannot determine why this statement was included in this product 
only that it was included in the approved labeling.  This statement is also in subsequent 
generic drug product labels that reference the Lidoderm NDA.  One possible explanation 
for the inclusion is that the Lidoderm drug product has a duration of use that is longer 
than any other previously approved lidocaine product under an NDA.  At the time of 
approval, the duration of use was not believed to be “chronic” and therefore 
carcinogenicity studies of lidocaine were not required.  Clinical use of the product; 
however, appears to fulfill the actual requirements outlined by ICH S1 dictating the need 
for carcinogenicity studies.  As 2,6-xylidine is likely formed as a metabolite at 
considerable amounts in the body (maybe even up to 70% of the administered 
lidocaine), a carcinogenicity study with lidocaine would help address the potential 
significance of the rat findings to date.  As Lidoderm has been approved for the same 
indication, as long as the exposure to lidocaine is not altered by a (b)(2) or generic drug 
product, carcinogenicity studies will not be required.  However, if a product does result in 
a significant alteration in the exposure of patients to lidocaine, the need for 
carcinogenicity studies will be reconsidered.

 
 

 
 

 

9 Reproductive and Developmental Toxicology
No new reproductive and developmental toxicology studies were submitted with the 
NDA.  As part of the requirement under the Pregnancy Lactation and Labeling Rule 
(PLLR), the Applicant conducted a review of the literature to determine if there were new 
reproductive and developmental toxicity data for ZTlido.  Eight studies were identified via 
an adequate search of relevant databases and the articles were submitted to the NDA 
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(Morishima et al., 1981, Teiling et al., 1987, Morishima et al., 1990, Barat and Turkall, 
1996) . (Ramazzotto et al., 1985) See table below.

The Applicant believes that of the reproductive and developmental toxicology studies in 
the literature, the Fujinaga and Mazze (1986) study is an adequate and appropriate 
study for including in the label for ZTlido (lidocaine patch 1.8%), and provided a risk 
assessment for potential effects on fetal development (Fujinaga and Mazze, 1986).  After 
a closer examination of the study findings, although the data are considered relevant by 
this reviewer, there are no significant findings to warrant changes to the ZTlido label.
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In addition, the Applicant added some findings from Smith et al. (1989) study to the label 
which may be considered appropriate in the label.  The Agency has previously reviewed 
these studies and deemed them adequate to be included in other lidocaine drug product 
labels.

1. Reproductive and teratogenic effects of lidocaine in Sprague-Dawley rats. 
Anesth. (Fujinaga and Mazze 1986).

The reproductive and teratogenic effects of lidocaine were studied in pregnant 
Sprague-Dawley rats implanted with osmotic mini pumps at 100, 250, and 500 
mg/kg/day.  Continuous exposure for the 100 and 250 mg/kg/day groups began two 
weeks prior to mating and throughout pregnancy to Gestation Day (GD) 21.  
Pregnant females in the 500 mg/kg/day group were exposed during the period of 
organogenesis, from GD 3 to GD 17.  Group sizes were 34, 24, 23, and 25 for 
controls, 100, 250, and 500 mg/kg/day, respectively.  Cesarean sections were done 
on GD 21.  Teratology endpoints included weight and sex of live fetuses, and 
external, skeletal and visceral abnormalities.  Mean fetal weight were significantly 
lower than controls at the high dose of 500 mg/kg.  A subsequent study, the lower 
fetal body weights were shown to be secondary to slightly delayed fetal development.  
No external, skeletal or visceral abnormalities were observed.

The copulatory rate (per cent of females in which sperm were found in the vaginal 
smear), pregnancy rate in copulated rats, and the overall pregnancy rate (per cent of 
females whose pregnancy was confirmed by Cesarean section or by laparotomy) are 
shown in Table 2, reproduced from the publication.  There were no significant 
differences among the groups.

Reference ID: 4219959



NDA 207962 ZTlido                                                                  Reviewer: Armaghan Emami, PhD                 

78

The number of corpora lutea, implantations, and indices of fetal wastage are shown 
in Table 3 from the publication.  There were no differences among the groups, except 
for those that occurred in the positive control group.  Mean fetal weight was 
significantly lower than control in the high-dose lidocaine and in the positive-control 
groups.

There were no significant teratogenic findings, except in the positive control group.  
Among lidocaine-treated rats, the only morphologic finding was an increased 
incidence of incomplete ossification of the sternebrae in the high-dose group.
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Delivery was significantly delayed in the lidocaine group at all observation periods 
compared to the control.  Mean duration of gestation was 21.7 days in the control 
group and 22.0 days in the lidocaine-treated group, a difference of 7 h and 12 min. 
However, there were no differences in postnatal survival and weight gain after birth 
(Table 5).
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The NOAEL for teratogenic effects was the high-dose of 500 mg/kg/day dose which 
is 45-fold higher than the total dose of 108 mg of lidocaine resulting from the highest 
proposed daily dose of three lidocaine patches 1.8% on a mg/m2 basis.  Mean fetal 
weights were significantly lower than controls at the high-dose of 500 mg/kg, with no 
effects at 250 mg/kg/day (23-fold safety margin on a mg/m2 basis).

2. Behavioral effects of mid-pregnancy administration of lidocaine and 
mepivacaine in the rat. (Smith et al., 1986)

Pregnant Long-Evans rats were administered 6 mg/kg of lidocaine contained 
1:100,000 epinephrine via injection to the jaw muscles on GD 11.  Negative geotaxis 
was assessed on Postnatal Days 6-12.  At 60 days of age, one male and one female 
were tested in the open field, discrimination task, and shuttle box.  There were no 
effects on litter size, birth weights, or shuttle box acquisition.  Offspring of treated rats 
showed longer latencies than controls on the first day of negative geotaxis training, 
and were more sensitive to electric footshock.  Offspring also responded less in the 
presence of the correct cue in the visual discrimination task.  These data show that 
midgestational exposure to lidocaine (approximately half the level of lidocaine in the 
highest approved dose of ZTlido on a mg/m2 basis) produces significant behavioral 
changes in the offspring.

3. Behavioral effects of prenatal exposure to lidocaine in the rat: Effects of 
dosage and of gestational age at administration. (Smith et al., 1989)

Long-Evans rats were dosed in the gums of the lower jaw on GD 4, or GD 11, or GD 
18.  Dosing groups included three doses of lidocaine (3, 6, and 9 mg/kg), an 
uninjected control, and a vehicle-injected control (containing 1:100,000 epinephrine).  
Offspring (8-11 litters/group) were tested on a variety of tests of behavioral 
development and adult behavior.  No effects of any dose at any time of administration 
were found upon maternal weight gain in gestation, litter size, or initial birth weight or 
weight gain of the pups.  GD4: only foot shock showed an effect.  GD11: slight 
alteration of sex ratio.  GD18: alterations in visual discrimination, shuttle box 
avoidance, tail flick and water maze errors.  These data suggest that lidocaine may 
be a behavioral teratogen and administration in later gestation in the rat may alter a 
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broader range of behaviors than earlier in gestation.  In this study, lidocaine exposure 
levels were measured.  See below. 

10 Special Toxicology Studies
Two extractable and two leachable studies have been submitted with this NDA as 
summarized in table below.
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10.1  Extractable studies
Two extractable studies have been conducted on the drug product components.  Study 

0047 was performed on all materials comprising the drug product (i.e., pouch, 
nonwoven backing cloth, release liner, and adhesive) without lidocaine. Because the 
pouch in Study 0047 was performed on the pouch striped with only a single ink , 
Study 0353 was performed on the pouch with al  inks used for commercial product 
labeling.

The analytical evaluation threshold (AET) for reporting extractables for safety 
assessment in both studies was calculated based on a safety concern threshold (SCT) 
value of 5 mcg/compound/day. A SCT of 5 mcg/day is considered acceptable because 
post-herpetic neuralgia is expected to not last longer than 10 years and therefore a SCT 
of 1.5 mcg/day is not required for this indication.  The AET calculation is shown below, 

 

10.1.1. Study 0047
Study title:  Extractable Study on a Lidocaine Transdermal Patch 
Extractables Study 0047 was conducted in May 2015 at  
located in . The associated toxicology assessment was performed 
by .
This study was performed semi-quantitatively on the placebo patch.  Four essential 
components of the lidocaine patch including the nonwoven cloth backing, the  
pouch, the polyester release liner, and the placebo gel adhesive  
were evaluated to determine the amounts of chemical substances that are extracted 
from the materials.  To avoid interference from the drug (lidocaine) in the adhesive 

, the adhesive component was tested as a placebo formulation (drug product patch 
manufactured without lidocaine). The pouch was striped with  ink to assess for 
potential ink migration across the pouch material.
Methods:  
The samples were prepared as follows: 

• Nonwoven backing cloth: Cloth was cut into four 10 cm × 14 cm pieces.  Each piece 
then cut into 4 portions and extracted at approximately 6 cm2/mL ratios in each 
solvent matrix 

• PET release liner: Liner was cut into four 10 cm × 14 cm pieces.  Each piece then 
cut into 4 portions and extracted at approximately 6 cm2/mL ratios in each solvent 
matrix 

• Pouch: four pouch equivalents  were cut and extracted at 
approximately 25 cm2/mL ratios in each solvent matrix 
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• Adhesive: the adhesive  was immersed in solvent to free the 
adhesive. The liner was removed from the solvent after a few minutes.  Four 
patches were extracted giving an 8 g/95 mL ratio of 0.08 g/mL.

Direct analysis of the test articles was performed as well as analysis of extracts.  For 
extracts, representative components of the cutaneous product were prepared to allow for 
an appropriate test article to solvent ratio and then extracted in an oven for 48 hours at 
40ºC in two separate solvent systems: (1) saline solution (0.9% w/v) and (2) a mixture of 
isopropyl alcohol (IPA) and 0.9% saline (70/30 v/v).  The analytical methods and type of 
substances that each can identify are summarized in table.

Results: The results of the extractable study were reviewed by  
 determined the maximum amount of each compound detected in the test 

article extracts and compared to the safe daily exposure level.  The maximum limit for 
this evaluation assumed what would leach from three patches over 48 hours.  A 
summary of extracted compounds and summary of extracted elements are provided in 
tables below.
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Reviewer’s note: Since there were many unknown compounds detected in the 
extractable study and numerous compounds were unidentified and were observed at 
levels potentially exceeding 5 mcg/day based on the maximum recommended daily dose 
of ZTlido, a review of leachable study is considered necessary as this would provide 
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more “clinically relevant” data rather than the extractable assessment safety justification 
submitted by the Applicant (see below, Section 10.2) 

10.1.1. Study 0353
Study title:  Extractable study of a  striped foil pouch
Extractables Study 0047 was conducted in March 2016 at  
located in .  The associated toxicology assessment was performed 
by .

The study was performed on the pouch striped with excess amounts of all  colors 
used in the commercial packaging to semi-quantitatively determine the amounts of 
chemical substances that may be extracted and to fully understand the potential 
leachables profile of the primary packaging.  The study design was the same as that 
used for Study 0047.  A summary of the extractable substances found in the   
striped pouch are shown in table below.

The saline extracts showed a low level of extractable compounds, while the treatment 
with isopropanol-saline mixture was able to extract more compounds at higher levels.  

Risk Assessment for Lidocaine Topical Patch (1.8%) Extractable Study of the  
Striped Foil Pouch
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The results of the extractable study on the striped pouch were evaluated to 
determine the safety of the extracted substances.  The results of these extractable 
analyses have been summarized and the maximum levels are reported in table below.

Table below summarizes the amount and safe daily exposure level of the “new”
compounds.
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Note that no elemental impurity analysis of the drug product was completed.  Based on 
the CMC review of the extractable leachable study, no further studies are required to 
comply with ICH Q3D.

It is suspected that there was some contamination of the test samples and blanks with 
 because there are unusually high levels present in the blanks.

The daily exposure of  mg/kg which is within the ICH Q3D parental PDE limit 
of  mcg/day.

10.2   Leachables Studies

Two leachable studies were conducted on the drug product pouch.  Study 0269 was 
performed as a follow-up study to extractables studies 0047 and 0353 since there 
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were multiple unknown compounds warranting a leachable study.  Study 10287C is a 
complement study to Study 0269. 

10.2.1 Study 0269
Study title: Leachables stimulation study on a lidocaine topical patch

Study 0269 was performed was conducted March 2016 at  located in 
.  This study was designed to simulate worst-case patient use using 

a simulated sweat solution (exercise conditions), 40ºC (body temperature at exercise), 
and an 18-hour duration (six hours after labeled administration of 12 hours).  The study 
was performed on placebo patches (without lidocaine) with one lot representing Time 0 
of the product expiry period and the second lot representing Time 24 months.   This is 
considered a pilot study rather than a definitive study.

Patches were placed in food contact cells so that the adhesive portion (portion in 
prominent contact with the skin) is in contact with the media.  The cells were placed in an 
incubation oven and withdrawn at the sampling time points.  There was a solvent 
replacement after the 5-hour sampling.

Samples from the study were analyzed by GC-MS and LC-MS.
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An analytical evaluation threshold (AET) of  mcg/compound/patch was applied per 
the following calculation, based on the assumed Safety Concern Threshold of 5 
mcg/compound/day.  This includes a % uncertainty factor to account for the fact that 
the methods were not validated and to allow for variability in the analytical responses of 
the leached substances compared to the calibration standards.

Results: 
The tables below provide identification for peaks, where this was possible, the mass 
spectral ions generated for those peaks which were not identified and the estimated 
amounts of extracted substances as calculated from the Total lon Count (TIC) peak area. 
These results is considered as semi-quantitative.  Calculation of the semi-quantitative 
amounts for the observed substances (peaks) was based on the average response of 
the reference standards used.  The concentration of each substance in the standards 
was approximately  mcg/mL.

a) Direct Injection Gas Chromatography Mass Spectrometry of Solvent Extracts 
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The qualitative and quantitative results of this leachable study in comparison to the 
results of the extractables study was shown in table below.

 
Note that there was one set of compounds measured in the extractables evaluation at a 
significant level that were not seen in leachables,  

so it is not completely 
unexpected that they were not seen at any level in this leachable evaluation.

The levels of the  isomers were higher in the leachable study than the 
extraction study.  Likewise, , was not detected in the extraction study but was 
detected in the leachable study.   As noted below, there appears to be a logical 
explanation for the  discrepancy that does not call into question the validity of the 
study.  Although a clear explanation for the  discrepancy is not obvious, 
the CMC review team has concluded that after careful review of the extractables data 
and the leachables data, they are not concerned with the validity of the leachable 
assessment and results reported.

A toxicity risk assessment was provided by the Applicant submitted on March 2016. 
However, due to fact that key references used to determine the PDE were not provided 
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in the risk assessment, as noted by the reviewer, the Applicant submitted a new toxicity 
risk assessment on January 2018 for two leachables studies: Study 0269 and Study 
10287C.  The new toxicity risk assessment is reviewed in Section 10.2.3.  

10.2.2 Study 10287C
Study title: Leachables Assessment of ZTlido™ (Lidocaine Patch 1.8%)
Study 10287C was performed by  located in  
between March and May 2017 with additional compound identification extending through 
July 2017.
This study was performed as a complement study to Study 0269 based on FDA 
recommendation in complete response letter. 
This study 1) used drug product lots (versus placebo lots) consisting of a newly 
manufactured lot, a lot that was about 18 months within the 24-month expiry and four lots 
that were past the 24-month expiry (38 and 55 months); and (2) used validated analytical 
methods for quantification of target analytes.  The study was also designed to quantitate 
leached levels of lidocaine-related specified impurities (Impurities  to 
evaluate their overall safety qualification. The target analytes were those leachables 
observed in Study 0269 ( ); extractants from Study 0047; 
lidocaine-related specified impurities; and, while not observed in previous 
extractable/leachable studies, theoretical compounds related to excipient components 
(isostearic acid, SIS block copolymer, and terpene resin). 
The design was the same as used in the previous leachables study using simulated 
sweat at 40°C for 16 hours to mimic worst-case exposure conditions.

The methods were validated for the target compounds at either the AET level or their 
respective preliminary screening PDE.

An analytical evaluation threshold AET of  mcg/compound/patch was applied per the 
following calculation, based on the assumed Safety Concern Threshold of 5 
mcg/compound/day.

Summaries of the drug product lots are provided in Table below. The patches (without 
release liners) were fully immersed in the medium in a glass dish with an inert lined
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lid with continuous agitation (25 rpm) at 40ºC. Sample aliquots were taken at 0.5, 12, 
and 16 hours.

The methods were validated for the quantification of targeted compounds, which were 
targeted based on their detection in extractables Study 0047 and leachables Study 

0269 (at levels above  mcg/patch); and/or excipients used in the drug product 
formulation (i.e., SIS block copolymer and terpene resin).  The HPLC-DAD method was 
additionally validated at an LOD corresponding to 5 mcg/day safety concern threshold 
(≤ mcg/patch).  While intended for the quantification of target compounds, all 
compounds detected by the DI-GC/MSD and HS-GC/MSD were reported and identified.

Calculations for Content of Target Analytes in Patch

Results:
Tables below show samples results for Lot 17701A (3-month stability) and Lot 21510A 
(18-month stability) in details.  Note that the proposed expiration is 24 months.
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Except for the lidocaine-related specified impurities and , none of the 
target analytes were observed above their respective LOD; and the only non-targeted 
and non-lidocaine related impurities detected were  and . 

 Lot 17701A (3 month) 
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Risk assessment for leachable stimulation study on a lidocaine topical patch conducted 
by  on August 2017. The target analytes; lidocaine-related specified 
impurities; and theoretical compounds related to key excipient components (isostearic 
acid, SIS block copolymer, and terpene resin) were evaluated in this risk assessment. 
Due to lack of the risk assessment providing key references used to determine the PDE 
as noted by the reviewer, the Applicant submitted a new toxicity risk assessment on 
January 2018 for two leachables studies: Study 0269 and Study 10287C. However, 
the new toxicity risk assessment (see Section 10.2.3) does not include evaluation of 
lidocaine-related impurities. Therefore, in this section lidocaine-related impurities are 
evaluated.
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Summary Risk Assessment of lidocaine-related impurities
Compound Highest Total 

Daily Exposure 
based on MDD 
(mcg/day) 
(unexpired lot)

PDE 
(mcg/day)

Safety 
Margin

Adequately
Justified?

Impurity A (2,6-xylidine) Yes, leachable studies showed 
that the level is within the level 
released from the listed drug 

Impurity Yes, qualified with two in vitro 
genotoxicity studies and 13-
week toxicology study in rats 
per ICH Q3B(R2).  In addition, 
leachables study showed the 
level released from patch was 
below ICH Q3B(R2) 
qualification limit of 0.2% (216 
mcg/day)

Impurity Yes, qualified with two in vitro 
genotoxicity studies and 13-
week toxicology study in rats 
per ICH Q3B(R2).  In addition, 
leachables study showed the 
level was below ICH Q3B(R2) 
qualification limit of 0.2% (216 
mcg/day) and below the level 
released from the referenced 
product.

API related RRT

API related RRT  

API related RRT 

Yes, below ICH Q3B
of 0.2% (216 mcg/day)

* For the two different analytical methods, the worst-case scenario would be the results from the 
DI-GC/MSD ( ) and, per the CMC drug product reviewer, it is not appropriate to add the 
values together from the different methods.  Amu = atomic mass units

10.2.2.3 Lidocaine-related impurity toxicity assessment
1. Impurity A:  Impurity A [2,6-xylidine or 2,6-dimethylaniline (CAS # 87-62-7)] is a 

metabolite of lidocaine 
 

  The Applicant has 
performed three analyses to qualify the safety of Impurity A specification limit 
(NMT %, or  mcg/day) which is above 10 mcg/day of ICH M7 threshold. 
a) literatures b) leachable studies c) comparison analysis with Lidoderm.

(a) A literature-based toxicology assessment to determine a conservative
safe maximum exposure level:
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The Applicant provides a report by  based on ICH M7 principles to 
assess the safe levels of 2,6-xylidine in ZTlido™.  There are conflicting results on 
genotoxicity of 2,6-xylidine and it was found to be carcinogenic in rodents (NTP, 
1990).  Oral exposure to high levels of 2,6-xylidine caused nasal tumors 
(adenomas / carcinomas) in rat 104-week chronic study.  The relevance of these 
tumors to humans is unknown.  The California Environmental Protection Agency 
(CalEPA) performed a carcinogenic risk assessment for 2,6-xylidine (CalEPA, 
2002).  A dose-response assessment was performed to determine a cancer 
potency estimate for 2,6-xylidine using the tumor data reported by NTP, 1990, see 
tables below.

The cancer response in the more sensitive sex, female rats, produced a cancer 
potency estimate of 0.0063 (mg/kg-day)-1.  This estimate included adjustments for 
the less than lifetime study duration (102 versus 104 weeks) and rat-human 
differences in body size and was used to determine the No Significant Risk Level 
(NSRL) of 110 mcg/day.  This NSRL is the intake associated with a lifetime 
cancer risk of 10-5, or 1 in 100,000.

(b) Leachable studies discerning the level of impurity leaching from the patch:
Impurity A leached at levels (  mcg/patch) for all drug product lots.  The 
maximum level of leached Impurity A observed for drug product lots within the 24-
month expiry was  mcg/3 patches, which is above 10 mcg of ICH M7 
threshold.  
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(c) Comparative analysis of Impurity A levels in lidocaine patch 1.8%, Lidoderm® 
Patch 5%, and Watson generic lidocaine patch 5%:
To compare the Impurity A levels in the product towards the end of shelf-life with 
the Lidoderm® Patch 5% and lidocaine patch 5% generic products a leachable 
study was performed using a Franz cell system.  Patches were extracted with 
methanol and tested by LC/MS/MS. 

The data from this study suggest that the worst-case exposure level of Impurity A is not 
significantly different between lidocaine patch 1.8% (  
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mcg/patch) and Lidoderm® Patch 5% (  mcg/patch), and is 
significantly lower relative to the exposure level observed for the Watson generic 
lidocaine patch 5% (  mcg/patch).  Note that in this study ~ % Impurity A 
are leached from all three products.

This analysis shows that the maximum exposure to Impurity A from the lidocaine 
patch 1.8% is similar to other approved lidocaine patch products;

d) Stability Studies 
Levels of Impurity A at the 24-month time point ranged from  to %. The 
maximum level of Impurity A observed at 6-months under accelerated stability 
conditions is %.
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The Applicant’s conclusion for safety qualification of Impurity A: 
“The drug product specification limit is established at NMT %, which is ~
fold less than the conservative safe exposure level determined in the toxicology 
assessment (conservative safe exposure level established at  mcg/day, 

%). The data from Leachable Study 10287C and the comparator product 
studies provide supportive qualification of the specification limit by demonstrating 
that the overall worst-case exposure level of Impurity A is % for lidocaine 
patch 1.8%, which is comparable to the exposure level observed for Lidoderm® 
Patch 5% for similarly aged patches (within 4 months of expiry) and lower than the 
level observed for the Watson generic lidocaine patch 5% ( %) at the end of 
expiry. The stability data show that the drug product can meet the specification 
limit with a level of  to % observed for drug product at 24 months under 
long-term stability conditions. While a maximum level of % Impurity was 
observed at 6 months for drug product maintained under accelerated stability 
conditions, the data do not correlate with long-term stability for the impurity.”

Reviewer’s evaluation:
The drug product specification limit is established at NMT % or  mcg/day 
which is above 10 mcg/day (0.01%) of ICH M7 threshold for genotoxic 
compounds.  Impurity A levels in the lidocaine patch 1.8% have been shown to 
increase over time. The leached levels of Impurity A are  mcg/day (≤ %) 
for patches within expiry (Study 10287C) which is above 10 mcg/day ICH M7 
threshold.  However, comparative leachable data indicate that the exposure level 
of Impurity A ( % or  mcg/day) from the ZTLido lidocaine patch 1.8% is 
similar to the level observed for Lidoderm® Patch 5% for similarly aged patches 
(within 4 months of expiry) and lower than the level observed for the Watson 
generic lidocaine patch 5% at the end of expiry under the conditions tested. 

Note that the bioequivalence studies show that despite the difference in drug load 
(36 mg vs 700 mg), lidocaine patch 1.8% and Lidoderm® Patch 5% result in 
similar plasma levels of lidocaine. 

According to the Applicant, When ZTlido is used according to the recommended 
dosing instructions, % of the dose applied is expected to be absorbed.  At 
least % (  mg) of lidocaine will remain in a used patch.  Therefore, in the 
leachable studies which employed rigorous conditions, the level leached lidocaine 
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is  the bioavailability of the drug product (~ %) determined by the 
Sponsor’s pharmacokinetic studies. It is possible that the human exposure level of 
impurity A is less than the leached in the leachable studies which reduces the 
concerns of risk to a genotoxic compound.

Reviewer’s Conclusions on 2,6-Xylidine:  The levels of 2,6-xylidine in the 
proposed drug product are within that of other FDA-approved drug products.  The 
Applicant’s risk assessment using the principles outline in ICH M7 where 
carcinogenicity data exist provide adequate justification for the specifications 
proposed.  

2. Impurity :  Impurity  is formed as a degradation 
product throughout shelf-life.  To qualify a drug product specification limit of NMT 

%, Impurity  was tested in two genotoxicity studies (bacterial reverse 
mutation and mammalian cell chromosome aberration) and a rat 13-week dermal 
toxicity study.  The worst-case exposure level for the impurity was evaluated in a 
leachable study of lidocaine patch 1.8%.  Although a safe specification limit of 
NMT % was qualified, the specification limit was reduced by half (NMT %, 
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 mcg/patch) based on maximum levels of the impurity observed over 24 
months in long-term stability studies.
a) Genotoxicity Studies:  In the bacterial reverse mutation assay (Study 029-

002) and the chromosome aberration study (Study 029-003), Impurity 
 was not genotoxic. See genotoxicity section for the full review.

b) 13-Week Dermal GLP Toxicity Study in rats (Study 16143): 
Systemic Safety: NOAEL is considered high dose of  mcg/day which 
provides X safety margin based on BSA comparison and a limit of % in 
the drug product (  mcg).

Local safety: NOAEL of  mcg dose qualified dermal exposure levels of  
mcg/cm2, which is -fold the highest patient exposure of  mcg/cm2 based 
on a limit of % in the drug product.  See general toxicity section for the full 
review.

NOAEL for Impurity  was the high dose of  mcg/day (  mcg/cm2) 
qualifying a limit of NMT % which is -fold higher than established limit of 
NMT %. 

c) Leachable Study (Study 10287C):  Overall, the level of Impurity  leached 
from all patches was ≤  mcg/patch, which is well below the ICH Q3B(R2) 
threshold of 0.2% (72 mcg/patch) for safety qualification.

d) Stability data:  Levels of Impurity  at the 24-month time point ranged 
from  to %.  The level of Impurity at 6 months under 
accelerated conditions was  to %.

Reviewer’s Conclusions on :  Impurity  was appropriately 
qualified for safety in accordance with ICH Q3B(R2).  In addition, based on 
the results of the leachable study, the levels delivered by the patch are 
actually below the ICH Q3B(R2) qualification threshold.  The specifications 
are acceptable.

3. Impurity  : 
Impurity  

  To qualify a 
drug product specification limit of NMT % (  mcg/patch), Impurity  was 
tested in two genotoxicity studies (bacterial reverse mutation and mammalian cell 
chromosome aberration) and a rat 13-week dermal toxicity study.  The worst-case 
exposure level for the impurity was evaluated in a leachable study of lidocaine 
patch 1.8% and in a comparative leachable study against Lidoderm® Patch 5% 
and associated generics.
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a) Genotoxicity Studies: in the bacterial reverse mutation assay (Study 029-
005) and the chromosome aberration study (Study 029-006), Impurity  
was not genotoxic.  See genotoxicity section for the full review.

b) 13-Week Dermal GLP Toxicity Study in rats(Study 16148): See general toxicity 
section for the full review.

NOAEL for Impurity  was the high dose of  mcg/day (  mcg/cm2) 
qualifying a limit of NMT % which is -fold higher than established limit of 
NMT %. 

c) Leachable Study (Study 10287C):  Impurity  leached at levels ≤  
mcg/patch ( %) for drug product lots within expiry, which is below the ICH-
Q3B(R2) limit of 0.2% mcg/patch) requiring safety qualification.  The level 
of Impurity  was  higher for the expired lots, but all below the 
qualified safe level for the impurity established per ICH Q3B(R2).

d) Analysis of Impurity  Levels in Lidocaine Patch 1.8% and Comparator 
Products:  A comparative leachable study was performed between lidocaine 
patch 1.8% and Lidoderm® Patch 5% and the associated Watson generic 
lidocaine patch 5% using the same methods and lots described for Impurity A 
analysis.

Leached levels of Impurity  observed for Lots 20510A and 21510A ranged 
between  to  mcg, which is several fold below the leached levels 
observed for Lidoderm® Patch 5% (  mcg) and the Watson generic 
lidocaine patch 5% (  mcg/patch).  These data provide further qualification 
of the specification limit.
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e) Stability data: The data from long-term stability studies show that the 
maximum levels over the 24-month expiry period is %; therefore, a limit of 
NMT % also covers levels from stability studies.  While higher levels of 
Impurity  were observed over 6 months under accelerated conditions (up to 

%), these conditions do not appear to be predictive of degradation levels 
over 24 months under long-term stability conditions.

Reviewer’s Conclusions Regarding Impurity   the specifications are 
acceptable as they are within that of the referenced product and the levels 
released in the leachable study are technically below the ICH Q3B(R2) 
qualification threshold.

4. RRT , RRT , RRT  (API related compounds): these lidocaine-related 
impurities were all well below levels that would require safety qualification in 
accordance with ICH Q3B(R2). The lidocaine patch 1.8% contains 36 mg of 
lidocaine per patch, or 108 mg/day for three patches. Therefore, the safe level for 
these API related unknowns is
PDE = mcg/day

10.2.2.4 Toxicological Risk Assessment of Leachables from a Packaging 
System for: Lidocaine Drug Product (Study 0269 and Study 10287C)
This toxicology risk assessment was prepared by . and 
submitted on January 12, 2018.  Note that lidocaine and/or lidocaine-related impurities 
were observed in these leachable studies, but are not subject to this toxicology safety 
assessment as the Applicant separately qualified safety of the drug and the related 
impurities in previous toxicity risk assessment (see above).
Study 10287C is considered the pivotal study as it targeted specific compounds using 
validated quantitative methods.  Study 0269 is considered a staging study that 
preceded Study 10287C.  Study 0269 was a simulation study and did not use 
validated methods for quantification.
The results of the leachable studies and the PDEs are summarized in Table below  

.  Except for , none of the target analytes were observed 
above their respective LOD.
The Applicant’s summary table for exposures from a single patch and PDEs are provided 
below (for maximum daily dose we must multiple by 3 for 3 patches/day):
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The leachable compounds are assessed for their toxicological properties based on the 
following:

 Safety concern threshold of 5 mcg/day as recommended by the Division an 
consistent with the current PQRI recommendations for Ophthalmic and Intra-Nasal 
Drug Products (OINDPs). 

 Acceptable intakes of 10 mcg/day for genotoxic compounds for clinical duration of 
>1-10 years based on ICH M7 threshold.

 Targeted compounds as observed in extractables studies
 Targeted compounds related to novel excipients including: styrene-isoprene-styrene 

(SIS) block copolymer, terpene resin, dipropylene glycol, and isostearic acid.
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The permitted daily exposure (PDE) calculation is used to determine a safe level for daily 
exposure of compounds as described in ICH Q3C(R5) Impurities: Residual Solvents. 
Table below summarizes the amount and safe daily exposure level of each compound. 
Only in the highest amount from the results in sample is included here which was then 
used for the safety evaluation taking into account the predicted exposures following the 
maximum daily dose (MDD) of the drug product as labeled (up to three patches per day).  
When the LOD was above the AET, this risk assessment must assume there could be up 
to the LOD in the leachable solution.
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Summary Risk Assessment Targeted Leachables ≥ 5 mcg/daily
Compound Highest Total Daily 

Exp. based on MDD 
(mcg/day)

PDE
(mcg/day)

Exposure
Margin

Adequately
Justified?

Yes, based on 
existing toxicity 
studies and risk 
assessment using 

 
as a surrogate.
Yes, IID, GRAS, 
use in household 
dermal products.
Yes. based on PDE 
for surrogate (see 
below).  However, 
this compounds 
contains a 
structural alert for 
mutagenicity.  
Recommend an 
Ames assay as a 
PMR to confirm.   
Yes, surrogate (see 
below)
Yes below PDE

Yes, each below 5 
mcg/day

Total is also within 
TTC of  mcg.  
see below the 
Applicant 
justification based 
on M7
Yes, close to M7 
threshold and 
below PDE
Yes

Yes, below PDE
Yes, below PDE
Yes, below PDE
Yes, below PDE
Yes, below PDE
Yes, surrogate 
below PDE

All compounds listed in table above were observed in the previous extractable study 0047 
except for  (see discussion below).
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Permissible Daily Exposure values were calculated per the ICH Q3C guidance (from 
Attachment 4) using the following formula.

PDE =            Effect Level x Weight Adjustment  (50 kg)
                              F1 x F2 x F3 x F4 x F5

Where:
F1= Extrapolation for species difference from human
F2= A factor of 10 to account for variability between individuals
F3= A variable factor to account for toxicity studies of short-term exposure
F4= A factor that may be applied in cases of severe toxicity
F5= A variable factor that may be applied if the NOEL was not established

Toxicity Assessment of Leachables
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1 Executive Summary

1.1 Introduction

Scilex has submitted NDA 207962 for marketing approval of ZTlido™ Patch for the 
treatment of pain associated with postherpetic neuralgia (PHN) via the 505(b)(2) 
pathway relying on the Agency’s previous determination of safety and efficacy of the 
listed drug Lidoderm® Patch 5% (NDA 20612; Teikoku Pharma; approved on March 19, 
1999).  ZTlido patch consists of a nonaqueous adhesive system containing 1.8% 
lidocaine (36 mg/patch) layered to a 10 cm x 14 cm nonwoven cloth backing and 
covered with a polyethylene terephthalate film release liner.  ZTlido was designed to 
achieve comparable lidocaine systemic exposure to Lidoderm, but with less drug per 
patch (i.e., 36 mg/patch versus 700 mg/patch).  Three patches may be applied at a 
time, for up to 12 hours within a 24-hour period, which is consistent with the maximum 
recommended daily dose of Lidoderm.
As part of their nonclinical support, the Applicant submitted one minipig 90-day toxicity 
study conducted with the inactive ingredients of the patch (i.e., placebo patch), and is 
relying on the Agency’s previous determination of safety and efficacy of the listed drug 
Lidoderm and a review of literature related to the use of lidocaine as a topical 
application for the treatment of pain to support current product labeling of ZTlido.  
Although all of the excipients in the ZTlido formulation are listed in the FDA Inactive 
Ingredient Database, several excipients are considered new per the FDA excipient 
guidance.  Terpene resin and styrene-isoprene-styrene (SIS) block copolymer were 
initially flagged when the IND was originally submitted since the intended topical use of 
this product represented a new route of administration for terpene resin and PHN 
represented a longer dosing duration for SIS block copolymer relative to their inclusion 
in FDA-approved products.  Also of note, PHN was not considered a chronic indication 
when this development program was initiated and during pre-IND discussions the 
Applicant was informed that a minipig 90-day dermal toxicity study would be needed to 
qualify the excipients for the PHN indication.  However, prior to a pre-NDA meeting held 
with the Applicant on February 18, 2015 (see meeting minutes dated March 20, 2015), 
the Division noted that we had re-evaluated clinical-use data and found that there is a 
subset of PHN patients that require treatment for longer than 6 months and therefore 
determined that PHN fits the requirement for a chronic indication.  Based on this change 
in regulatory position, it was conveyed to the Applicant at the pre-NDA meeting that 
chronic toxicology and carcinogenicity studies would be required to qualify the 
excipients in accordance with the excipient guidance.  However, because this change 
occurred late in this drug development program, the Division stated that we would 
consider accepting these studies as post-marketing requirements (PMR).  Note, the 
Applicant did not provide chronic toxicology or carcinogenicity studies with this NDA, but 
rather they have noted their intention to submit a 9-month dermal toxicity study as a 
PMR study 

  However, the NDA did not 
contain adequate information to justify the local and/or systemic safety of several 
additional excipients, which may result in the need for additional studies unless 
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otherwise justified.  Specific deficiencies and comments are included in the 
recommendations section below.
There are also several deficiencies with respect to the Applicant’s proposed impurity 
specifications that constitute approvability issues.  The Applicant proposed a 
specification of NMT % for a drug product degradant, 2,6-xylidine, which has been 
demonstrated to be a rat carcinogen.  The Applicant was informed via an information 
request (IR) to reduce the drug product impurity specification to NMT 10 mcg/day (e.g., 
NMT 0.01%) to be in accordance with ICH M7 acceptable daily limits for a genotoxic or 
carcinogenic impurity or demonstrate that the xylidine impurity is within the specification 
of the listed drug, Lidoderm.  In response to our IR, the Applicant provided new stability 
data showing that the levels of the xylidine impurity from batches of ZTlido were within 
the levels found in batches of Lidoderm.  The Applicant proposed a revised specification 
of NMT % with justification based on the highest level of xylidine found in Lidoderm 
batches at  mcg divided by the amount of lidocaine in a ZTlido patch at 36 mg (e.g., 

).  However, the Applicant’s justification is not 
considered acceptable since it relies on the amount of impurity in the patches and not 
the level that is actually released from the patch and absorbed into the skin.  As noted 
above, the systemic exposure to lidocaine is comparable from the ZTlido and Lidoderm 
patches despite the ZTlido patch containing 19-fold less lidocaine per patch (e.g., 36 mg 
vs 700 mg), which indicates that a large quantity of lidocaine and its associated 
impurities are not released from the Lidoderm patch.  Therefore, at the proposed 
specification of NMT %, the actual skin exposure to the xylidine degradant may be 
considerably higher from a ZTlido patch compared to a Lidoderm patch.  As the xylidine 
degradant has already been demonstrated to be a rodent carcinogen, the only apparent 
option is to reduce the specification.  
In addition, the Applicant submitted new impurity data very late in the review cycle (on 
March 24, 2016) in which they added two impurity specifications for degradants that 
were not previously identified when the NDA was originally submitted.  The new 
specifications included Impurity  with a proposed specification of NMT % and 
impurity  at NMT %, both of which exceed the qualification threshold of 0.2% 
or 3 mg TDI, whichever is lower, per the ICH Q3B(R2) guidance.  The Applicant 
provided a toxicological risk assessment to support the safety of these proposed 
specifications based on the permissible daily exposure (PDE) approach outlined in ICH 
Q3C for residual solvents.  Although this approach is sometimes acceptable to justify 
the safety of leachables, for which there is no clear regulatory guidance, it is not 
acceptable to justify the safety of drug product degradants since the appropriate 
approach is outlined in ICH Q3B(R2).  According to the guidance, adequate qualification 
includes an in vitro genetox battery and a general toxicity study with duration of 90 days 
for a chronic indication. 
An extractables study was submitted to the NDA with a toxicological risk assessment to 
justify the safety of every extracted compound associated with the patch.  Since the 
extractables study was based on exaggerated conditions, there were numerous 
compounds that were detected and many that the Applicant could not identify.  Some of 
these unidentified extractable compounds levels were observed at concentrations that 
could lead to total daily intakes exceeding 5 mcg/day, which is the requested general 

Reference ID: 3921433

(b) (4)

(b) (4)

(b) (4)

(b) (4) (b) (4)

(b) (4)

(b) 
(4)

(b) (4)

(b) 
(4)



NDA 207962 ZTlido Reviewer: Armaghan Emami, PhD

5

toxicity qualification threshold for leachables, based on the maximum recommended 
daily dose of ZTlido.  Notably, a dedicated leachables study was not conducted as to 
determine if any of the compounds detected under the exaggerated extractables study 
conditions actually leaches out of registration drug product patches over the proposed 
expiry period.  In the 74-day filing letter, we strongly recommended that the Applicant 
conduct a dedicated leachables study as soon as possible and submit the results with a 
revised toxicological risk assessment during this review cycle.  In a follow-up 
teleconference, the Applicant agreed to conduct the leachables study and subsequently 
the Division and Applicant had several correspondences regarding the design of the 
leachables study.  The Applicant submitted the leachables study report on March 24, 
2016 (SDN 14).  In light of the numerous deficiencies that have been identified by 
multiple disciplines in the course of this review cycle, the review team decided that the 
NDA will not be approved and no clock extensions would be granted upon receipt of a 
major amendment.  Therefore, the new impurity data as well as the leachables study 
have not been fully reviewed during this review cycle, but rather will be reviewed when 
the NDA is resubmitted.

1.2 Brief Discussion of Nonclinical Findings
A combined 28- and 90-day repeat-dose dermal toxicity study with a 2-week recovery 
period was conducted with a placebo patch in minipigs, specifically to support the safety 
qualification of the excipients, primarily terpene resin and SIS block copolymer.  In this 
study, there was no evidence of either local toxicity at the application sites, or systemic 
toxicity for the test article, placebo patch, following dermal application over a 12-hour 
period for 5 days per week for 13 consecutive weeks in minipigs.

1.3 Recommendations  

1.3.1 Approvability
From the pharmacology and toxicology perspective, this NDA 207269 may not be 
approved at this time based on inadequate justification to support the safety of 
proposed impurity specifications that exceed qualification thresholds per ICH Q3B(R2) 
and ICH M7, inadequate justification to support the local or/and systemic safety of 
several excipients for the intended clinical use, and use of information in the proposed 
drug product labeling that the Applicant does not own or have right of reference to.  In 
addition, an adequate extractables/leachables evaluation was not completed and 
submitted with sufficient time for review.  The following deficiencies and 
recommendations should be conveyed to the Applicant.

Deficiencies:

1. Your proposed specification for the drug product degradant 2,6-xylidine, which is 
a known rat carcinogen, exceeds the acceptable daily intake level of 10 mcg per 
day per the ICH guidance for industry: M7 Assessment And Control of DNA 
Reactive (Mutagenic) Impurities In Pharmaceuticals To Limit Potential 
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Carcinogenic Risk.  We acknowledge that you have provided data to justify that 
the proposed specification of NMT % would limit the impurity level in your 
product to be within levels observed in the listed drug.  However, your 
justification does not take into consideration the level of impurity that will be 
released from the patch and consequently exposed to the patient.  We note that 
your product was designed to achieve comparable systemic exposure to 
lidocaine as the listed drug despite containing nearly 19-fold less lidocaine per 
patch, indicating that a much higher proportion of lidocaine and its associated 
impurities/degradants will be released from your product in comparison to the 
listed drug.  Therefore, your justification is unacceptable. 

2. Your proposed specifications for Impurities  and  exceed the qualification 
threshold of 0.2% or 3 mg TDI, whichever is lower, per the ICH guidance for 
industry: Q3B(R2) Impurities in New Drug Products.  We acknowledge that you 
have provided a toxicological risk assessment to support the proposed 
specifications based on a permissible daily exposure approach as outlined in the 
ICH guidance for industry: Q3C on Residual Solvents.  However, we note that 
this approach is unacceptable since adequate qualification of drug product 
degradants must be performed in accordance with ICH Q3B(R2).  

3. You have not provided adequate information to justify the systemic safety of 
dipropylene glycol, isostearic acid, SIS block copolymer, and terpene resin based 
on the intended clinical use of your product.  Specifically it is not clear how the 
currently accepted uses of these excipients in FDA-approved products compare 
to the exposure that could occur via your drug product formulation when used up 
to the maximum recommended daily dose.

4. You have not provided adequate information regarding polyisobutylene in the 
drug product formulation in order to complete the safety evaluation of this 
excipient or to extrapolate safety via comparison to its use in an FDA-approved 
drug product formulation.  Specifically, it is not clear how the molecular weight 
range of the low and high molecular weight polyisobutylenes used in your drug 
product formulation compare to the materials listed in the FDA Inactive Ingredient 
Database.

5. An adequate leachables evaluation was not submitted to the NDA with sufficient 
time for review during this review cycle.  We acknowledge that you submitted a 
dedicated leachable study on March 24, 2016.  However, as the study was not 
submitted with the NDA to permit adequate time for review, the study will not be 
reviewed at this time, but rather it will be reviewed when the NDA is resubmitted.

  
6. You have not submitted adequate justification for the use of information in your 

proposed drug product labeling that you do not own or have right of reference to.  
Specifically, your annotated labeling includes information from the  label, 
but you have not submitted adequate patent certification to this drug product or 
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an adequate scientific bridge to support your use of these data via the 505(b)(2) 
pathway.

Information Needed to Resolve Deficiencies:

1. Either reduce the specification of the drug product degradant 2,6-xylidine to NMT 
10 mcg per day or provide data to demonstrate that the level released from your 
patch under conditions of use is within the level released from the listed drug. 

2. Either reduce the proposed specifications for Impurities  and  to NMT 
0.2% or 3 mg TDI, whichever is lower, or adequately qualify the safety of the 
impurities in accordance with the ICH Q3B(R2) guidance.  In order to provide 
adequate qualification:  

a. You must complete a minimal genetic toxicology screen (two in vitro 
genetic toxicology studies, e.g., one point mutation assay and one 
chromosome aberration assay) with the isolated impurity, tested up to the 
limit dose for the assay. 

b. In addition, you must conduct a repeat-dose toxicology study of 
appropriate duration to support the proposed indication.  In this case, a 
study of 90 days should be completed.

c. Alternatively, you may be able to justify the safety of these drug product 
degradants via comparative analytical studies that demonstrate that the 
levels of the degradant in your drug product are equal to or below the 
levels found in and released from the referenced drug product.  As noted 
in Deficiency 1 above, you must determine the level that is released from 
the patches.  If you elect to pursue this approach, refer to the FDA 
guidance for industry: ANDAs:  Impurities in Drug Products, available at,   
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInfor
mation/Guidances/UCM072861.pdf.

3. Submit a toxicological risk assessment that justifies the systemic safety of 
dipropylene glycol, isostearic acid, SIS block copolymer, and terpene resin based 
on the maximum recommended daily dose of your product, unless adequately 
justified otherwise.  Such a justification can include data to show that these 
compounds are not released from the patch via a leachables study or do not get 
absorbed into the systemic circulation when the patches are used at the 
maximum daily dose, or include a discussion of the molecular weight of the 
excipient to justify the lack of systemic exposure.  Your risk assessment should 
address the general chronic toxicity, genetic toxicity, reproductive and 
developmental toxicity, and carcinogenic potential of the material.  However, we 
acknowledge that we previously stated we would allow chronic toxicology and 
carcinogenicity evaluations to be submitted as post-marketing requirements due 
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to the unique situation of the change in duration of the indication for this drug 
product development program.  Therefore, to support approval of the product, 
you must provide adequate safety justification for at least 3 months of treatment 
and reproductive and developmental effects of these excipients.  If there are 
inadequate nonclinical information to support chronic use of your product, the 
Division will consider allowing definitive studies to be completed post-marketing.  

4. Submit the specific molecular weight range for the low and high molecular weight 
polyisobutylene materials in your drug product formulation and submit a 
toxicological risk assessment for these materials that includes a discussion of 
what, if any, of the materials can be absorbed by the body.

5. Your NDA resubmission must contain adequate information on potential 
leachables and extractables from the drug product formulation.  The evaluation of 
extractables and leachables from your drug product should include specific 
assessments for residual monomers, , etc.  The results of 
the extraction studies should be used to assure that you are adequately 
monitoring the drug product stability samples for potential leachables.  Your 
leachables study should evaluate at least three batches of your drug product 
over the course of your stability studies and base the final safety assessment on 
the levels of leachables identified to determine the safe level of exposure via the 
label-specified route of administration.  The approach for toxicological evaluation 
of the safety of leachables must be based on good scientific principles and take 
into account the specific patch, drug product formulation, dosage form, route of 
administration, and dose regimen (chronic or short-term dosing).  As many 
residual monomers are known genotoxic agents, your safety assessment must 
take into account the potential that these leachables may either be known or 
suspected highly reactive and/or genotoxic compounds.  The safety assessment 
should be specifically discussed in Module 2.6.6.8 (Toxicology Written 
Summary/Other Toxicity) of the NDA submission.  For additional guidance on 
extractables and leachables testing, refer to the FDA guidance for industry:  
Container Closure Systems for Packaging Human Drugs and Biologics, available 
at, 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation
/Guidances/UCM070551.pdf and the FDA guidance for industry: Nasal Spray 
and Inhalation Solution, Suspension, and Spray Drug Products – Chemistry, 
Manufacturing, and Controls Documentation, available at, 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation
/Guidances/UCM070575.pdf.  Submit a toxicological risk assessment for any 
leachable that exceeds 5 mcg/day.  From a genetic toxicology perspective, any 
leachable that contains a structural alert for mutagenicity must not exceed 10 
mcg/day total daily exposure for this indication, or be adequately qualified for 
safety.  The risk assessment should be based on the maximum level of each 
leachable detected in long-term stability samples that include any intended 
secondary container closure system(s) unless otherwise justified. 
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6. Revise the drug product labeling to remove data that you do not own or have 
right of reference to, such as the labeling you submitted that refers to data in the 

drug product labeling.  Alternatively you may leverage these data via the 
appropriate 505(b)(2) process.

1.3.2 Additional Non Clinical Recommendations

We remind you that as per our pre-NDA comments, chronic toxicology studies and 
carcinogenicity studies will be required for any new excipients that have not been 
adequately qualified per the FDA guidance for industry: Nonclinical Studies for the 
Safety Evaluation of Pharmaceutical Excipients, available at: 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guida
nces/UCM079250.pdf.  Based on our review of your submission to date, the following 
studies will be required to be completed as post-marketing requirements unless justified 
otherwise:

1. A 6-month repeat-dose toxicology study in the rodent that evaluates the systemic 
safety of terpene, SIS block copolymer, isostearic acid, polyisobutylene, and 
dipropylene glycol, unless adequately justified otherwise.  Such a justification can 
include data to show that these compounds are not released from the patch via a 
leachables study or do not get absorbed into the systemic circulation when the 
patches are used at the maximum daily dose.  This justification could also 
include a discussion of the molecular weight to justify the lack of systemic 
exposure and reference to the leachable studies.  The 6-month study can be 
completed via a parenteral route of administration in order to assure systemic 
delivery of these excipients.

2. A 9-month repeat-dose dermal toxicology study in the minipig testing the final to-
be-marketed drug product formulation.

3. A carcinogenicity assessment in a single rodent species via the dermal route 
testing isostearic acid, SIS block copolymer, terpene, and polyisobutylene, 
unless adequately justified otherwise.

4. A carcinogenicity assessment in a second rodent species via a systemic route 
testing isostearic acid, SIS block copolymer, terpene, polyisobutylene, and 
dipropylene glycol, unless adequately justified otherwise.  

We encourage you to initiate these studies as soon as possible and submit them as 
soon as final study reports are completed.  If these studies are not completed by the 
time of your planned complete response to the deficiencies noted above, they will be 
required to be completed as post-marketing requirements.

1.3.3 Labeling
The Applicant’s proposed label language is shown in the left column of the table below.  
Note, there were no labeling meetings for this NDA and there were no negotiations with 
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the Applicant since the review team concluded that the NDA will not be able to be 
approved during this review cycle.  The right column summarizes this reviewer’s 
preliminary review of the Sponsor’s proposed language and highlights specific issues 
that will need to be addressed.  The final label will be based on further internal 
discussion and negotiations with the Applicant that will occur when the NDA is 
resubmitted.  

Applicant’s Proposed Labeling Reviewer’s comments regarding the proposed 
labeling

8.1 Pregnancy

Risk Summary

 
 

 
 

 
 

In the U.S. general population, the estimated background 
risk of major birth defects and miscarriage in clinically 
recognized pregnancies is 2% to 4% and 15% to 20%, 
respectively.

 
 the use of lidocaine for labor neuraxial analgesia 

has not been associated with an increased incidence of 
adverse fetal effects either during delivery or during the 
neonatal period. Should ZTlido be used concomitantly with 
other products containing lidocaine, total drug doses 
contributed by all formulations must be considered.

 
 
 

 
 

 
 

 

Lidocaine containing 1:100,000 epinephrine at a dose of 6 
mg/kg (approximately  

 on a mg/m2 basis) 
injected into the masseter muscle of the jaw or into the 
gum of the lower jaw of pregnant Long-Evans hooded rats 
on gestation Day 11,  developmental delays in 

. Developmental delays 
were observed for negative geotaxis, static righting reflex, 
visual discrimination response, sensitivity and response to 
thermal and electrical shock stimuli, and water maze 
acquisition. The developmental delays of the neonatal 
animals were transient, with responses becoming 
comparable to untreated animals later in life. The clinical 
relevance of the animal data is uncertain.

The Applicant uses publications and language from the 
 label (high lighted text to the left).  However, 

they did not provide patent certification to  which 
is not acceptable.  Patent certification will need to be 
provided if they plan to use any language in their label 
from 

Per PLLR, nonclinical Segment 3 reproductive and 
development toxicity data is moved to Section 8.1 and 
information from 8.3 Nursing Mothers is moved to new 
Section 8.2 Lactation.

Per PLLR, Section 8.3 is for information on females and 
males of reproductive potential, including data 
indicating risk for infertility.  Therefore information from 
13.1 Impairment of Fertility should be moved to new 
Section 8.3 Females and Males of Reproductive 
Potential (Infertility).

These data are from the  labeling.  Adequate 
patent certification will be required in order to leverage 
these findings.  Otherwise, this must be removed.
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The literature will be reviewed in the second cycle.

12.1  Mechanism of Action

Lidocaine is an amide-type local anesthetic. Lidocaine 
blocks sodium ion channels required for the initiation and 
conduction of neuronal impulses

 

From the  labeling.  Adequate patent certification 
required.  Otherwise this must be removed.

12.3  Metabolism

It is not known if lidocaine is metabolized in the skin. 
 lidocaine is

metabolized rapidly by the liver to a number of 
metabolites, including monoethylglycinexylidide (MEGX) 
and glycinexylidide (GX), both of which have 
pharmacologic activity similar to, but less potent than that 
of lidocaine. A minor metabolite, 2,6-xylidine, has unknown 
pharmacologic activity. Following intravenous 
administration, MEGX and GX concentrations in serum 
range from 11 to 36% and from 5 to 11% of lidocaine 
concentrations, respectively.

13.1 Carcinogenesis, Mutagenesis, Impairment of 
Fertility

Carcinogenesis

 
 

 

The Applicant believes that  the current wording in the 
metabolism section of the Lidoderm
Package Insert referring to 2,6-xylidine being 
“carcinogenic in rats” should be removed.
A minor metabolite, 2,6-xylidine, has unknown 
pharmacologic activity  

 
Following 

intravenous administration, MEGX and GX 
concentrations in serum range from 11 to 36% and from 
5 to 11% of lidocaine concentrations, respectively.”

This reviewer believes that 2,6-xylidine is a potential 
carcinogen. A GLP carcinogenicity study has been 
conducted with the lidocaine metabolite 2,6-xylidine 
(Kornreich and Montgomery 1990). The overall 
conclusion from the study was 2,6-xylidine was clearly 
carcinogenic under the conditions of this study. Tumor 
types included papillomas, carcinomas, 
adenocarcinomas and malignant mesenchymal tumors 
of the nasal cavity, rhabdomyosarcomas, subcutaneous 
fibrosarcomas, and neoplastic nodules of the liver.
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Comments for this part: Long-term studies in animals 
have not been performed to evaluate the carcinogenic 
potential of lidocaine

Mutagenesis

 

 

 

The Applicant uses publications and  label (high 
light). However, they did not provide a patent 
certification to  which is not acceptable. Patent 
certification will need to be provided if they plan to use 
any language in their label from 

Impairment of Fertility

 
 

 
 

 
 

 
 

 

 

Per PLLR, Section 8.3 is for information on females and 
males of reproductive potential, including data 
indicating risk for infertility.  Therefore information from 
13.1 Impairment of Fertility should be moved to new 
Section 8.3 Infertility.

2 Drug Information

2.1 Drug
CAS Registry Number: 137-58-6

Generic Name: Lidocaine

Code Name: LIDT-185

Chemical Name: 2-(diethylamino)-N-(2,6-dimethylphenyl)acetamide

Molecular Formula: C14H22N2O

Molecular Weight: 234.34 g/mol
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Structure or Biochemical Description:

Pharmacologic Class: local anesthetic agent 

2.2 Relevant INDs, NDAs, BLAs and DMFs
ZTlido was developed under IND 111537.  The only referenced drug product for this 
505(b)(2) application is NDA 20612 (Lidoderm).

NDA# Drug Name Route Strength Status/
Date

Indication

20612 Lidoderm
(Lidocaine patch 5%)

Topical 
patch

700 mg 
lidocaine/patch Approved

3/19/1999
Relief of pain associated with post-herpetic 

neuralgia

2.3 Drug Formulation
The drug product comprises an adhesive material containing 1.8% lidocaine applied to 
a nonwoven cloth and covered with a polyethylene terephthalate separator.  The 
release liner is removed prior to application to the skin.  The size of the patch is 10 cm x 
14 cm.  Each adhesive patch contains 36 mg of lidocaine (18 mg per gram adhesive or 
1.8%) in an anhydrous base.  The maximum recommended daily dose (MRDD) is 3 
patches for up to 12 hours.

Drug product composition

Reference ID: 3921433

(b) (4

(b) (4)

(b) (4)



NDA 207962 ZTlido Reviewer: Armaghan Emami, PhD

14

2.4 Comments on Novel Excipients
Early in this development program, we told the Applicant that a 3-month dermal toxicity 
study in minipig must be conducted to qualify the safety of the excipients terpene resin 
and styrene isoprene styrene (SIS) block copolymer, which they submitted to the IND.  
Note, this study showed there was no evidence of either local toxicity at the application 
sites, or systemic toxicity for the test article (placebo patch), following dermal application 
over a 12-hour period for 5 days a week for 13 consecutive weeks in minipigs.  At the 
pre-NDA meeting, we informed the Applicant that chronic toxicity studies and 
carcinogenicity studies would be required since PHN is now considered a chronic 
indication.  Since the change in regulatory position occurred late in the development 
program, we informed the Applicant that it would be acceptable to submit these studies 
as post-marketing requirements.  The Applicant did not submit these studies with the 
NDA,  

 
 

 
  Subsequently, 

the Applicant informed the Division that a 9-month dermal minipig study would be 
submitted as a PMR.  Note, a leachables study was conducted with new and aged 
placebo ZTlido patches to determine if any of the components of the patch are released 
in simulated conditions of use.  The study was not fully reviewed since it was submitted 
to the NDA near the end of the review cycle and since there are numerous deficiencies 
from numerous disciplines that will preclude approval of the NDA during this review 
cycle.  Nevertheless, a preliminary review of the leachable study was conducted and 
considered with all of the information available to support the safety of the excipients as 
discussed below.  Some of the concerns regarding the excipients may be addressed, at 
least in part, by the result so the leachables study, which will be reviewed formally 
during the second cycle.
TABLE 1:  ADEQUACY OF DRUG PRODUCT FORMULATION

Ingredient Quantity 
(mg/patch)

Quantity
(% w/w)

IID Maximum 
Potency (topical 
or transdermal)

Comment on Adequacy

Lidocaine, USP 36 1.8% NA Same as RLD
Butylated hydroxytoluene Adequate for local 

concentration based on use 
in FDA-approved drug 
products with comparable 
duration of use and 
risk:benefit.  

Adequate safety from 
systemic perspective based 
on ADI for food intake.
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Silicon Dioxide Adequate based on the 
results of the 3-month minipig 
study and the use in other 
oral and topical drug product 
formulations at comparable 
doses and concentrations.

Dipropylene glycol Adequate for local tissue 
safety as per use in a 
comparable FDA-approved 
drug product.  
Inadequate safety 
justification for chronic 
systemic exposure.  At least 
subchronic systemic support 
must be provided for 
approval with chronic 
systemic support acceptable 
as PMR studies.  The 
leachables study may be of 
use to put these findings into 
perspective.

Isostearic acid Inadequate safety 
justification for both chronic 
local concentration and 
systemic exposure.  3-month 
dermal study acceptable for 
local safety for NDA. At least 
subchronic systemic support 
must be provided with 
resubmission.     
Chronic data required as a 
PMR.

Mineral Oil Adequate, not novel for this 
route

Polyisobutylene (low 
MW)

Unclear based on the IID as 
the MW is not specified.  
Additional information 
required.

Polyisobutylene (high 
MW)

Unclear based on the IID as 
the MW is not specified.  
Additional information 
required.

Reference ID: 3921433

  

  

  

  

  

 

 

  

 

 

(b) (4)



NDA 207962 ZTlido Reviewer: Armaghan Emami, PhD

16

Styrene/isoprene/styrene 
block copolymer

Unacceptable.  Although 
there is a previous FDA 
finding by DNCE, the IID 
does not indicate the 
maximum potency in the 
approved drug product.  
Inadequate safety 
justification for chronic 
systemic exposure. 
3-month dermal study 
acceptable for local safety for 
NDA. At least subchronic 
systemic support must be 
provided with resubmission. 
Chronic data required as a 
PMR.

Terpene resin Inadequate safety 
justification for chronic 
systemic and local exposure. 
3-month dermal study 
acceptable for local safety for 
NDA.  At least subchronic 
systemic support must be 
provided with resubmission. 
Chronic data required as a 
PMR.

Polyethylene 
terephthalate release 
liner

Adequate.  This is a 
standard material used for 
release liners of 
transdermal/topical patches.  

Nonwoven cloth backing Safety assessment pending 
review of the results of the 
leachable study.

Terpene resin (TR):  The ZTlido patch contains  mg % by weight) of terpene 
resin.  TR is an organic compound produced by several varieties of plants and insects 
and it is used as a tackifying resin since it displays adhesive properties.  Terpene resin 
has never been used in any FDA-approved topical or transdermal patch and is therefore 
considered a new excipient as per the guidance.  The dermal safety is supported by the 
3-month minipig study completed to date; however, there are no long-term dermal 
toxicology studies or dermal carcinogenicity studies.  
Terpene resin is listed in the FDA Inactive Ingredient Database (IID) as being used in 
two previously approved oral drug products (capsules) though no maximum potencies 
are listed in the IID.  One approved product that contains TR is indicated for chronic use 
with a comparable risk:benefit perspective to ZTlido; however, the total daily intake 
(TDI) based on approved use could not be identified. 
Terpene resin is listed in 21 CFR 172.280 as a permitted food additive for direct addition 
to food for human consumption (Subpart C:  Coatings, Films and Related Substances).  
It may be safely used “as a moisture barrier on soft gelatin capsules in an amount not to 
exceed 0.07 percent of the weight of the capsule” and as a moisture barrier on powders 

Reference ID: 3921433

  

  

(b) 
(4)

(b) (4) (b) 
(4)

(b) (4)



NDA 207962 ZTlido Reviewer: Armaghan Emami, PhD

17

of ascorbic acid and its salts in an amount not to exceed 7 percent of the weight of the 
powder.”  It is not clear how these exposures compare to the exposures that could 
occur via use of the ZTlido patch at the maximum daily dose.
A preliminary review of the leachables study conducted using new and aged ZTlido 
placebo patches did not indicate that terpene specifically was released from the patch.  
This suggests that there is not likely any systemic absorption of the terpene resin from 
the patch and systemic general toxicology and reproductive and developmental 
toxicology studies are not necessary to support this application.  The leachable study 
results will be reviewed in the second cycle, as these data were submitted late in the 
review cycle.  However, the Applicant has not provided adequate chronic toxicology or 
carcinogenicity data for terpene.  These data will be required to be completed post-
marketing for this product due to the unique history of this product, as discussed 
previously.

Styrene isoprene styrene (SIS) block copolymer (SIS BC):  A total of  mg of SIS 
BC is present in the ZTlido patch at a concentration of % by weight.  SIS BC is a 
thermoplastic elastomer.  It is listed in the IID as being present in one FDA-approved 
topical patch product; however the maximum potency is not listed in the IID.  Via cross 
reference to product labeling, the Sponsor states that this is used in the Salonpas patch 
(NDA 22029; approved 2/20/2008), approved for the temporary relief of mild to 
moderate aches and pains of muscles and joints associated with strains, sprains, simple 
backache, arthritis, and bruises.  The Salonpas patch was developed for an acute 
indication and therefore, there are no chronic dermal toxicology studies or 
carcinogenicity studies.  However, it was approved as an over-the-counter drug product 
by the Division of Nonprescription Clinical Evaluation (DNCE) for this indication; 
therefore, the Agency apparently has concluded that adequate data have been provided 
to support the use of this material in a topical patch for that indication.
The Sponsor submitted a 90-day minipig study with the clinical formation containing the 
SIS BC to support the safety in the ZTlido drug product.  A preliminary review of the 
leachables study conducted using new and aged ZTlido placebo patches suggests that 
no compounds likely related to SIS BC were released from the patch.  The study will be 
reviewed formally with the resubmission.
Supportive evidence for chronic safety of SIS BC will come from the planned chronic 9-
month minipig study and carcinogenicity study, which are planned as PMRs. 

Butylated hydroxytoluene (BHT):  ZTLido drug product contains a total of  mg ( % 
by weight) butylated hydroxytoluene.  BHT is an organic compound that is used in the 
food, cosmetic, and pharmaceutical industry as an antioxidant.  It is currently listed in 
the IID with a max potency of 0.4 mg for a generic oral tablet formulation approved for a 
chronic indication with a similar risk-benefit perspective.  The TDI of BHT from the 
MRDD of that drug product is only 0.4 mg, which does not support the systemic safety 
of this excipient at the levels in ZTlido.  Notably, BHT was evaluated by the Joint 
FAO/WHO Expert Committee on Food Additives (JECFA) and based on their review of 
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available human dietary data and animal data from rat dietary reproductive toxicology 
and carcinogenicity studies, the committee established an acceptable daily intake (ADI) 
of 0-0.3 mg per kg of body weight for BHT.  This translates to 18 mg of BHT for a 60 kg 
human, which by the oral dietary route would be expected to achieve much higher 
systemic exposures to BHT than from ZTlido at the MRDD.  Therefore, our concern for 
the systemic safety of BHT from chronic use of this product is minimal. 
BHT is currently listed in the IID with a max potency of 0.1% for the topical route, which 
is below the concentration of % in ZTlido.  Note that there was a maximum potency 
of 2% for butylated hydroxytoluene (BHT) in the IID in 2011, but it is apparently no 
longer listed in the IID as of the date of this review.  A Mercado search has identified 
additional approved drug products that are used topically that contain higher levels and 
concentrations of BHT.  For example, up to 5% concentration can be found in a 
dermatological drug product formulation indicated or the treatment acne vulgaris.  
Although no generally used chronically, there is no maximum duration of use defined in 
this drug product labeling, and the product does contain carcinogenicity studies, 
suggested that the product was developed with the understanding that prolonged use 
was expected.  Likewise, higher concentrations of BHT can be found in over the counter 
antifungal drug product preparations.  Although not technically chronic indications, these 
products support the general lack of safety concerns for the BHT in the ZTlido patch.  
A preliminary review of the leachable study conducted with ZTlido placebo patches 
indicated that BHT is not released from the patch, and this is in light of the study using 
BHT as a reference compound for analysis.  Although the leachables study will not be 
fully reviewed until the NDA is resubmitted, this provides further confidence that there is 
minimal concern for both the local and systemic safety of BHT in ZTlido.  The proposed 
use of  mg ( % BHT) does not appear to be novel and the use in this product is 
acceptable.  The 9-month dermal toxicology study in the minipig testing the final to-be-
marketed formulation will provide further supporting data regarding the safety of the 
drug product formulation for chronic use.

Silicon dioxide (SD):  The ZTlido patch contains  mg ( %) SD.  SD is listed in the 
IID with a max potency of 170 mg for an oral delayed-release tablet formulation of 
indicated for chronic use.  Additionally, SD is listed in the IID with a max potency of 49 
mg for the topical route in a transdermal patch product indicated for chronic use.  This 
exceeds the  mg from the MRDD of ZTlido suggesting no safety concerns from a 
systemic toxicity perspective.  There is an approved topical drug products that contain a 
7.5% concentration of silicon dioxide suggesting a lack of concern for local tissue 
toxicity.  Furthermore, there were no adverse local effects in the 3-month dermal 
toxicology study in the minipig.  Additionally, a preliminary review of the leachables 
study indicated that SD is not released from the patch.  The proposed use of SD in the 
ZTlido patch is acceptable.

Dipropylene glycol (DG):  The ZTlido patch contains  mg of dipropylene glycol 
( % by weight).  DG is currently listed in the IID with a max potency of 49 mg for the 
topical route, specifically in a transdermal patch, which is exceeds the amount from the 
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MRDD of  mg from 3 patches of ZTlido.  The approved product with 49 mg DG is a 
generic drug product is a chronic-use patch with a comparable risk:benefit profile to 
ZTlido.  Evaluation of the ANDA formulation indicates  

  Therefore use in the ZTlido 
formulation is not novel from a local tissue perspective.  

 
 This level is covered by the TDI that would be exposed 

from use of approved products.  The proposed use of DG in the ZTlido patch is 
acceptable from a local safety perspective, but the Applicant should provide a safety 
justification for the systemic safety.

Isostearic acid (ISA):  ZTlido contains  mg of isostearic acid per patch ( % by 
weight).  ISA is a blend of branched chain saturated isomers of octadecanoic acid.  ISA 
consists of approximately 80% branched chain C18 isomers of octadecanoic acid and 
20% of straight chain isomers C14, C16, and C18 fatty acids.  It is used as an emollient 
in topical creams, but appears to be used as r in this patch product.  ISA is 
listed in the IID for the topical route in cream, ointment and transdermal products.  The 
maximum potency listed is 25% for a subchronic dermal indication for use for up to 16 
weeks.  ISA is also in an approved transdermal gel formulation at 0.2% for a chronic 
indication.  The potential TDI of ISA from the MRDD of this product is mg, which is 
lower than the TDI of  mg from the MRDD of ZTlido.  
Importantly, the leachables study ( 0269) conducted with the ZTlido placebo patch did 
not detect any compounds that would indicate release of ISA.  Together, the weight of 
evidence argues there is minimal concern for potential local or systemic effects from this 
excipient at the levels in ZTlido.  Nonetheless, the proposed concentration is higher 
than in other dermal products indicated for chronic use.  Therefore, chronic toxicity data 
and carcinogenicity assessment in two species (at least one dermal) will be required as 
a PMR, unless otherwise justified.

Mineral oil:  The ZTlido patch contains  mg of mineral oil ( % by weight).  This 
excipient is currently listed in the IID for numerous routes including oral, topical, rectal, 
transdermal, ophthalmic, and vaginal.  The max potencies listed are 95% for the topical 
(ointment) route, 50 mg for the oral route, and 162 mg for the transdermal (film) route.    
Mineral oil is covered by the 21 CFR Part 347 —Skin protectant drug products for over-
the-counter human use.  The CFR notes that an over-the-counter skin protectant drug 
product in a form suitable for topical administration is generally recognized as safe and 
effective and is not misbranded if it meets each condition in this part and each general 
condition established in §330.1 of this chapter.  An OTC product may contain mineral oil 
at 50 to 100 percent; 30 to 35 percent in combination with colloidal oatmeal in 
accordance with §347.20(a)(4).  Taken together, there is a reasonable weight of 
evidence to argue that the level of mineral oil in ZTlido is safe from a local and systemic 
perspective and that no further studies are required to support the safety of this drug 
product formulation.
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Polyisobutylene (PIB):  The drug product formulation contains both high and low 
molecular weight (MW) PIB.  The certificate of analysis for the “low” MW PIB does not 
indicate what the MW is, rather, it lists a viscosity specification only.  Therefore, the MW 
of this material is not clear from the submission.  PIB is a vinyl polymer that is made 
from the monomer isobutylene (IB).  PI Bs are considered to be relatively inert 
molecules and are commonly used for transdermal delivery systems (TDS).  Since they 
are high-molecular weight molecules and have low solubility in water they have very 
slow absorption (less likely pass through the skin barrier).  Therefore, the concern for 
systemic safety is minimal.  
PIB is listed in the FDA IID with various subtypes indicated, including low or medium 
MW or more specifically MWs ranging from 2300 to 1100000 MW.  It is also listed as 
polyisobutylene without an MW descriptor.  The highest potency listed for PIB with a 
high MW for a topical patch is mg (  MW) and for a transdermal product 
is 159 mg (800,000 MW).  High potencies listed for PIB with a low MW for transdermal 
products are 238 mg (55,000 MW) and 8.13 (low MW).  Therefore, it appears that the 
proposed levels of both the low and high MW PIBs in ZTlido are covered by the levels in 
approved topical and transdermal products.  

2.5 Comments on Impurities/Degradants of Concern
There are four potential related substance impurities with specification limits as 
summarized in table below copied from toxicology written summary provided by the 
Applicant:
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  However, the level of 2,6-xylidine (2,6-dimethylaniline) which is a potential 

carcinogen should be reduced.  At the time of NDA submission, the Applicant did not 
provided the levels of 2,6-xylidine (2,6-dimethylaniline) in their batch analysis.  
Therefore, on December 10, 2015, the Applicant was asked to provide information 
regarding 2,6-xylidine as follows:

According to the ICH guidance for industry: M7 Assessment and Control of DNA Reactive 
(Mutagenic) Impurities in Pharmaceuticals to Limit Potential Carcinogenic Risk, impurities 
with potential carcinogenic risk should be limited to the levels well below those 
recommended for the ordinary impurities.  2,6-xylidine has been demonstrated to be a rat 
carcinogen and therefore should be limited to as low levels as achievable.  Based on the 
proposed indication of PHN for ZTlido, the acceptable daily intake level of this impurity 
should not exceed 10 mcg/day per the M7 guidance.  Therefore, reduce the drug product 
specification for 2,6-xylidine to 10 mcg/day or demonstrate that xylidine is within the 
specification of the listed drug, Lidoderm.

In addition, provide the levels of 2,6-xylidine and impurity  in the drug product batch 
analysis and stability studies.

The Applicant’s Response (02/03/2016) as follows: 

2,6-xylidine levels were evaluated in the three Registration Lots and in two lots of the reference 
listed drug (RLD), Lidoderm®, using the method described in Section 3.2.P.5.2.2.4.  As shown in 
table below, the highest level observed was  per patch (700 mg of lidocaine) in the RLD.  This 
level corresponds to % w/w ( %) level in the ZTLido drug product (  μg / 36 mg * 100%).  
Section 3.2.P.5.1 has been updated with this revised specification (NMT %) and Section 
3.2.P.5.6 has been updated with the justification based on the levels observed in the RLD.  The 
method will be validated for determination of the impurity and the updated validation report is 
planned for submission by the end of February 2016.
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This reviewer disagrees with the Applicant’s justification.  The Applicant’s justification for 
the proposed specification is based on the amount of lidocaine in the patch instead of 
using the amount of absorbed lidocaine which would be comparable for both patches 
based on clinical comparative bioavailability data.  A Lidoderm patch contains 19.44 
times more lidocaine compared to a ZTlido patch (700 mg/36 mg), yet the systemic 
exposure was comparable.  Assuming that the level of xylidine impurity that gets 
absorbed into the systemic circulation is proportional to the level of lidocaine that gets 
absorbed, the level of the xylidine impurity in ZTlido should not exceed  mcg (e.g.,  
mg/ ) to be within that of the listed drug.  The proposed specification should 
therefore be reduced to NMT .  At this 
specification, the potential total daily exposure to 2,6-xylidine will be within 10 mcg per 
day based on the maximum recommended daily dose of 3 patches, and this is in 
accordance with the acceptable daily intake for a genotoxic impurity per the ICH M7 
guidance.

Based on the Applicant’s data (see table above), the maximum level of 2,6-xylidine 
observed in ZTlido patch was  mcg.  This is  times higher than  mcg and is 
therefore not acceptable. 
                                                                                                                                                       
According to Dr. Erika Englund, the CMC reviewer, the levels of xylidine increased from 
about % to % during the 24 months of long-term stability testing of the 
registration batches and from a CMC perspective they wouldn’t be able to limit it below 

% based on the preliminary data.  Moreover, during OPQ inspection of the drug 
product manufacturing facility, a 483 citation was issued since there were discrepancies 
with the actual impurity data with the reporting data.  Therefore, it is not clear if the 
values reported are accurate.  The CMC review team has noted that there are 
numerous deficiencies from their perspective, and they will recommend that the NDA 
not be approved.  For more details see Dr. Englund’s CMC review.  

In addition, on March 24, 2016, the Applicant submitted new impurity data.  Specificallly, 
they added two impurities that were no identified previously which included Impurity  
with a proposed specification of NMT % and impurity  at NMT %.  The NDA 
amendment also indicated that the proposed specification for Impurity A was lowered to 
NMT %.  Note that the proposed specifications for impurities  and  exceed 
the qualification threshold of 0.2% or 3 mg TDI, whichever is lower, per the ICH 
Q3B(R2) guidance.  The Applicant provided a toxicological risk assessment to support 
the safety of these proposed specifications based on the permissible daily exposure 
(PDE) approach outlined in ICH Q3C for residual solvents.  Although this approach is 
accepted for residual solvents and sometimes acceptable to justify the safety of 
leachables, for which there is no clear regulatory guidance, it is not acceptable to justify 
the safety of drug product degradants since the appropriate approach is outlined in ICH 
Q3B(R2).  According to the guidance, adequate qualification includes an in vitro 
genetox battery and a general toxicity study with duration of 90 days for a chronic 
indication.
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2.6 Proposed Clinical Population and Dosing Regimen
The proposed indication and dosing regimen is the same as that established for the 
listed drug Lidoderm® Patch 5%.  The proposed indication is for the relief of pain 
associated with post-herpetic neuralgia (PHN) in adults.  The maximum recommended 
daily dose of ZTlido (lidocaine patch 1.8%) is three patches, only once for up to 12 
hours within a 24-hour period.

2.7 Regulatory Background

NDA 207269 was submitted for marketing approval of ZTlido™ Patch, 1.8% (lidocaine 
patch, 1.8%) via the 505(b)(2) pathway with reference to the Agency’s previous 
determination of safety and efficacy for the listed drug (LD) Lidoderm® Patch, 5% (NDA 
20612; approved March 19, 1999).  This product was the subject of a pre-IND meeting 
under IND 111537 (meeting minutes dated May 10, 2011) and a pre-NDA meeting held 
on February 18, 2015 (meeting minutes March 20, 2015).

 At the PIND meeting, Stason (previous Sponsor) was told that a 3-month repeat-
dose dermal toxicology study was needed to support the safety of clinical use of 
more than 2 weeks and the NDA.

 IND 111537 was submitted in March of 2014 and the Sponsor conducted a 
“Combined 28-day and 90-day repeat-dose dermal toxicity study followed by a 2-
week recovery period with placebo patch in Gottingen minipigs”.

 At the pre-NDA meeting held on February 18, 2015, we told Scilex (current 
Applicant) that post-herpetic neuralgia (PHN) fits the requirement for a chronic 
indication and chronic dermal toxicology and carcinogenicity studies are required to 
qualify the excipients.  The Applicant was encouraged to submit these studies with 
the NDA but was informed that it would be acceptable to submit these studies as 
post-marketing requirements (PMRs) since this change in policy occurred late in 
their drug development program.

 NDA 207962 was submitted on July 10, 2015 for marketing approval of ZTlido for 
the treatment of pain associated with PHN. 

o Before the 74-day letter was sent, we had a teleconference meeting with the 
Applicant on September 18, 2016 and explained that a leachables study 
would be needed during this review cycle as this would provide more 
“clinically relevant” data rather the extractable assessment safety justification 
submitted by the Applicant.  We discussed the idea of attempting to mimic 
the worst-case scenario of overlay with exercise and sweat.  They indicated 
that they would do that and would likely prepare a protocol. This was 
reiterated in the 74-day letter sent to the Applicant on September 22, 2015, 
as we stated the following as a potential issue:
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o Regarding PMR requirements, our comment in the 74-day letter was as 
following:

A topical chronic 9-month toxicity protocol in minipigs was submitted on 
December 12, 2016.

3 Studies Submitted

3.1 Studies Reviewed  
 Combined 28-Day and 90-Day repeated dose dermal toxicity study with placebo 

patch in Gottingen minipigs followed by a 2-week recovery period (260433-B) – 
full review

 Extractable Study on a Lidocaine Transdermal Patch ( 0047) – preliminary 
review

 Leachables Simulation Study On A Lidocaine Topical Patch ( 0269) –
preliminary review

3.2 Studies Not Reviewed 
N/A

3.3 Previous Reviews Referenced
 Nonclinical review IND 111537 in DARRTS dated 07/17/2014 (90-day dermal 

minipig toxicity study)
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 Nonclinical review NDA 207962 in DARRTS dated 12/16/2015 (leachables study 
protocol)

4 Pharmacology
No new nonclinical pharmacology studies were conducted as the pharmacologic 
properties of lidocaine have been extensively researched and provided in the literature.

5 Pharmacokinetics/ADME/Toxicokinetics
No new nonclinical pharmacokinetic or ADME studies have been conducted.

6 General Toxicology
One repeat-dose toxicity study was performed by the Applicant, which was a dermal 
irritation study in pigs.  The primary purpose of this study was to qualify the safety of two 
excipients of the patch (styrene-isoprene-styrene block copolymer (SIS), and terpene 
resin), which are considered new excipients per the FDA guidance for industry: 
Nonclinical Studies for the Safety Evaluation of Pharmaceutical Excipients.
Note that the Applicant was asked to consider submitting a chronic toxicity studies and 
carcinogenicity studies with the NDA if possible.  However, given the late change in 
policy, if these studies were not completed by the time of NDA submission, they would 
be required as a PMR since PHN fits the requirement for a chronic indication.  
 

6.1 Single-dose toxicity
No single-dose toxicity studies were submitted with this NDA.

6.2 Repeat-dose toxicity
Study title:  Combined 28-Day and 90-Day repeated dose dermal toxicity study 
with placebo patch in Gottingen minipigs followed by a 2-week recovery period.
(This was excerpted from the IND 111537 nonclinical review dated 7/17/2014)
Study no.: 260433-B
Conducting laboratory and location:
Date of study initiation: May 13, 2013
GLP compliance: Yes
QA statement: Yes
Drug (test article), lot #: Placebo patch (Placebo of LIDT) 

(containing all patch compounds at 
the intended commercial levels 
absent the drug substance, Lidocaine)
Lot LIDTPB2

Drug (known control), lot #: Salonpas® (menthol 3% and Methyl 
salicylate 10%)
Lots MC05A, MC04A and N102A
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Key findings
There was no evidence of either local toxicity at the application sites, or systemic 
toxicity for the test article, Placebo Patch, following dermal application over a 12-hour 
period, 5 days a week for 13 consecutive weeks in minipigs.

o One female animal (Placebo Patch group) was noted to have no interest in food 
or treats in the evening of Day 89 of the study.  This animal appeared ill the next 
morning (which was the necropsy day for the Main Study animals) and showed a 
lack of appetite and labored breathing.  The results of clinical and pathological 
and histopathological findings indicated an acute interstitial pneumonia, which is 
not considered treatment related.

Methods
Doses: Control: no treatment

Salonpas patch: 7x10 cm
Placebo patch: 10x14 cm

Frequency of dosing: 12 hours once daily, 5 days per week (Monday 
to Friday) for 13 weeks

Route of administration: Dermal 
Formulation/Vehicle: Patches
Species/Strain: Sus Scrofa domestica / Gottingen Minipig
Number/Sex/Group: 5/sex/group (see below)
Age: 4-5 month 
Weight: Male: 9.0-11.6 kg, Female: 8.6-10.9 kg
Satellite groups (TK): N/A
Unique study design: N/A
Deviation from study protocol: None of the deviations impacted the overall 

integrity of the study or the interpretation of the 
study results and conclusions.
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Parameter Time point

Dosing 12 hours once daily, 5 consecutive days (on Days 1 to 5, 8 to 12, 15 
to 19, 22 to 26, 29 to 33, 36 to 40, 43 to 47, 50 to 54, 57 to 61, 64 to 
68, 71 to 75, 78 to 82, and 85 to 89), with a 2-day rest period, for 13 
weeks.

Administration Patches were applied to the shaved area of the dorso-lateral 
aspects of the trunk.  In order to cover at least 10% of the BSA, both 
left and right flank were used for patch application.

Skin evaluation Twice daily for main study animals, daily for recovery animals.  The 
Draize scoring system was used: score 0-4 (No erythema & edema 
- severe erythema & edema)

Clinical signs:  weekly
Body weights:  weekly

ECG: Once during the pre-treatment period, on the first day of dosing, and 
the last week (Week 13)

Clinical pathology:  Prior to treatment, on Study Days 29 and 85, blood samples were 
collected.

Toxicokinetics: N/A
Necropsy:  Main study animals:  Day 90 

Recovery animals:  Day 104 
Only main study animals were evaluated histopathologically

Observations and Results

Mortality 
No deaths were observed during the treatment period or the recovery period.

General Clinical signs:
Mild alopecia at the antebrachial region of both forelimbs was noted in several animals 
of all dose groups.  One female animal (ID 030, placebo patch group) showed a lack of 
appetite and labored breathing in the evening of Day 89 of the study.  This animal was 
included in the necropsy of Main Study animals on Day 90.  This reviewer agrees with 
the Sponsor that the results of clinical and histopathological findings indicated an acute 
interstitial pneumonia and are not treatment related.
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Abnormal Findings (the Sponsor’s table)

Clinical observations on application sites:
Erythema or edema was not observed in any of the skin application sites during the 
treatment period or the recovery period.

Body Weight 
No treatment related findings of body weight or body weight changes.  Table below 
copied from IND submission.
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Food consumption:
No treatment related findings

Ophthalmology: 
No treatment related findings

Hematology and Coagulation:
No treatment related findings.  A slightly higher mean hemoglobin value was observed 
in male animals from Group 3 on Day 29 compared to control.

Reviewer’s tables: 
Hb (g/L)
Pre-test

Hb (g/L)
Day 29

Hb (g/L)
Day 85

Group

M F M F M F
Untreated control 138 141 144 155 153 153
Known control patch 134 143 148 150 151 157

Placebo Patch 148 
(+7%)

142 162 
(+12%)

153 158 158

Urinalysis:
No treatment-related findings

ECG:
No treatment-related findings
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Clinical chemistry:

No treatment-related finding.  A mild elevation of cholesterol was observed throughout 
study, including pretest, in placebo patch group.

Chol (mmol/L)
Pre-test

Chol (mmol/L)
Day 29

Chol (mmol/L)
Day 85Group

M F M F M F
Untreated control 2.36 2.63 2.57 2.88 2.45 2.68

Known control patch 2.14 2.73 2.33 2.71 2.27 2.69

Placebo Patch 2.37 3.23
(+22%)

2.40 3.70 
(+28%)

2.06 3.18 
(+18%)

Gross Pathology:
Group 2, one male (ID 008):  Polyp like growth at mucosal surface of stomach and 
hemorrhage at pyloric region of stomach.
Group 2, one female (ID 023):  Right cranial lung lobe, hardening and diffuse 
hemorrhaging
Group 3, one female (ID 030):  Diffuse hemorrhaging in the lungs with bloody mucus in 
the trachea with some punctate and confluent/merging hemorrhaging on the serous 
surface and the stomach was slightly distended with undigested food from the previous 
night.  These findings were supported by histopathological examination which identified 
non-treatment-related interstitial pneumonia.

There were no treatment related changes noted in the recovery animals.

Organ weight changes:
No treatment related findings in absolute or relative organ weights

Histopathology findings:

Adequate Battery: Yes 
Prepared tissues were examined microscopically by a board certified veterinary 
pathologist.  The following tissues and organs were retained from all main study and 
recovery animals.
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Peer Review: No 

Histopathology findings:
Group 2, one female (Main study, ID 021):  Mild focal dermatitis and hyperkeratosis 
seen on 2 of 4 test sites.

Group 2, one female (Main study, ID 023):  Moderate focal pulmonary hemorrhage, 
fibrosis, and emphysema.

Group 3, one female (Main study, ID 030):  Acute (marked) pulmonary hemorrhage and 
interstitial pneumonia. 

 The gross and histopathological findings in the respiratory tract indicated an 
acute hemorrhagic interstitial pneumonia.  According to the Applicant, chronic 
interstitial pneumonias are relatively common in Gottingen minipigs and acute 
interstitial pneumonias have also been reported1.  In addition the Applicant stated 
that Since Gottingen minipigs are free of a wide range of viral, parasitic, fungal 
and bacterial diseases, these conditions could be attributed to stress1 due to the 
intensive handling and restraining (i.e. blood collection, ECG, ophthalmoscopy 
examination) during the last week of study.  So we interpret the statement to 
mean that stress can cause the interstitial accumulation of macrophages and 
infiltrating cells that has a similar profile to a viral or bacterial pneumonia which is 
otherwise common for the species.

Clinical pathology parameters on Day 85 and other study variables examined during the 
last week of the study were normal, therefore it is not likely that the clinical signs noted 

1 Dincer Z, Skydsgard M. Spontaneous/Background Pathology of Gottingen Minipigs. In: McAnulty AP,
Dayan DA et al. The Minipig in Biomedical Research. CRC Press, Taylor&Francis Group; 2012.
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during the last two days (Days 89 and 90) and pathological and histopathological 
findings were related to the test article application.

Toxicokinetic data: N/A

7 Genetic Toxicology
No new genotoxicity studies were submitted with this NDA.  Genotoxicity studies are not 
needed for the novel excipients since they have been included in previously approved 
drug products.  Note that the listed drug Lidoderm label states “Lidocaine HCl is not 
mutagenic in Salmonella/mammalian microsome test nor clastogenic in chromosome 
aberration assay with human lymphocytes and mouse micronucleus test.”

8 Carcinogenicity
No new carcinogenicity studies were submitted with this NDA.  No studies were 
required for lidocaine since it is approved for topical use for PHN.  However, a 
carcinogenicity evaluation was required for excipients considered to be “new” as defined 
by the excipient guidance.  The Applicant was informed at the pre-NDA meeting that 
this evaluation may be submitted as a PMR. 

  
 the Applicant was informed in the 74-day letter that a 9-month minipig study 

would be required
 

.  Subsequently, a topical chronic 9-month toxicity protocol in 
minipigs was submitted on December 12, 2016 by the Applicant.

The carcinogenicity section of the listed drug label does not contain information for 
lidocaine, but rather states “A minor metabolite, 2, 6-xylidine, has been found to be 
carcinogenic in rats.  The blood concentration of this metabolite is negligible following 
application of LIDODERM.”  Note that carcinogenicity studies were not required for 
Lidoderm presumably because PHN was not considered a chronic indication at the time 
of approval. Nevertheless, the Applicant has submitted a publication from the literature 

 regarding the carcinogenicity of lidocaine  
  The article is entitled ““26-Week dermal oncogenicity study evaluating 

pure trans-capsaicin in Tg.AC hemizygous mice (FBV/N) 2.  The study was a GLP-
compliant 26-week dermal study that evaluated the carcinogenic potential of trans-
capsaicin in the Tg.AC transgenic mouse (FBV/N) model.  According to the Applicant 
“Lidocaine was applied on the mice as an anesthetic pre-treatment before capsaicin 
treatment.  The lidocaine-alone control animals received a 4% (w/w) lidocaine cream 
daily at 1.01 mg/cm2 once a week (25 mice/sex).  This corresponded to a systemic dose 

2 Chanda S, Erexson G, Frost D, Babbar S, Burlew JA, Bley K. 26-Week dermal oncogenicity study 
evaluating pure trans-capsaicin in Tg.AC hemizygous mice (FBV/N). Int J Toxicol. 2007. 26(2):123-33.
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of 162 mg/kg/wk (486 mg/m2).  Blood levels of lidocaine were not measured.  After 26 
weeks of dermal dosing there was no evidence of increased dermal masses in the 
lidocaine-alone treated animals.  The human local dose of lidocaine is 0.26 mg/cm2/day, 
with a daily systemic dose of 1.8 mg/kg/day (66.6 mg/m2/day) for a description of the 
human doses with lidocaine patch 1.8%).  Though the mice received treatments weekly, 
and in the form of a cream, the data suggest that a local dose about 3-fold over the 
lidocaine patch 1.8% local dose, and about 7-fold over the systemic dose of lidocaine 
patch1.8%, was not carcinogenic in Tg.AC transgenic mice.”

However, this carcinogenicity information is not considered acceptable by this reviewer 
 since the dosing regimen for lidocaine in the published study was 

different from the intended clinical regimen as it was administered weekly compared to 
daily for ZTlido.  In addition only one lidocaine armed was conducted in this study which 
is not considered adequate. 

9 Reproductive and Developmental Toxicology
No new reproductive and developmental toxicology studies were submitted with the 
NDA.  The listed drug label states “Reproduction studies with lidocaine have been 
performed in rats at doses up to 30 mg/kg subcutaneously and have revealed no 
evidence of harm to the fetus due to lidocaine.”  Note, the Applicant has proposed 
language for Section 8.1 that is derived from the label, but has not provided 
patent certification.  Therefore, the proposed language for Section 8.1 for the draft 
ZTlido label is unacceptable.  See Section 1.3.3 of this review.  In the absence of an 
adequate patent certification for , only the appropriately referenced Lidoderm 
labeling can be utilized to inform this drug product.

10 Special Toxicology Studies
Study title:  Extractable Study on a Lidocaine Transdermal Patch ( 0047)

(Note:  This study was not fully reviewed since the extractables evaluation was 
considered inadequate without a dedicated leachables study.  In the 74-day letter, we 
informed the Applicant that a dedicated leachables study would be needed using 
patches on stability at various timepoints.  The following is a summary of the 
extractables study methods and results along with a summary table provided with the 
toxicologic risk assessment performed by .   

An extractable study (58098) was performed semi-quantitatively on the placebo patch.  
Four essential components of the lidocaine patch including the nonwoven cloth backing, 

, the polyester release liner, and the placebo gel adhesive  
 were evaluated to determine the amounts of chemical substances that are 

extracted from the materials.  To avoid interference from the drug (lidocaine) in the 
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adhesive , the adhesive component was tested as a placebo formulation (drug 
product patch manufactured without lidocaine).
Methods:  Direct analysis of the test articles was performed as well as analysis of 
extracts.  For extracts, representative components of the cutaneous product were 
prepared to allow for an appropriate test article to solvent ratio and then extracted in an 
oven for 48 hours at 40ºC in two separate solvent systems: (1) saline solution (0.9% 
w/v) and (2) a mixture of isopropyl alcohol (IPA) and 0.9% saline (70/30 v/v). The 
analytical methods and type of substances that each can identify are summarized in 
table.

Results: The results of the extractable study were reviewed by  
 determined the maximum amount of each compound detected in 

the test article extracts and compared to the safe daily exposure level.  The maximum 
limit for this evaluation assumed what would leach from three patches over 48 hours. 
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The Applicant conclusion:  Conservative estimates were used for calculation of 
PDEs, which assumed systemic exposure and also factored topical effects.  While some 
of the extractable compound levels from the 48-hour extraction performed at 40ºC are 
higher than the calculated safe daily exposure levels, they are only marginally higher. 
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Some volatile compounds were not quantitated during testing, but all have been 
determined to be safe at significant levels unlikely to be reached in a patient exposure 
scenario.  The total amount of unknowns in saline extracts is below the level which is 
considered to be safe for potentially genotoxic impurities (a conservative limit for 
unknown impurities).

Reviewer’s note: since there were many unknown compounds detected in the 
extractable study and numerous compounds were unidentified and were observed at 
levels potentially exceeding 5 mcg/day based on the maximum recommended daily 
dose of ZTlido, we requested a dedicated leachable study as this would provide more 
“clinically relevant” data rather the extractable assessment safety justification submitted 
by the Applicant. This is also deemed necessary as we have seen peaks in leachable 
studies that were not previously identified in extraction studies.

The Applicant submitted a leachable protocol on November 19, 2015.  We evaluated 
their protocol and had comments to the Applicant as following: 

For more details see Dr. Emami’s review in DARRTS dated 12-16-2015.

The Applicant submitted the leachable study on March 24, 2016.  This would constitute 
a major amendment to the NDA and could have extended the review clock; however, 
the clock was not extended since there were numerous deficiencies identified by 
several review disciplines that will preclude approval of the NDA.  Note, a preliminary 
review of the leachables study results was performed by this reviewer to bolster the 
safety assessment for excipient safety.  The following table is excerpted from the 
toxicological risk assessment that accompanied the leachables study.  It summarizes 
the compounds that were identified as being released from the patch and note the 
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potential total daily exposure based on the maximum recommended daily dose of 
ZTlido.  The adequacy of the leachables study and toxicological risk assessment will be 
evaluated when the NDA is resubmitted.

11 Integrated Summary and Safety Evaluation
See Executive Summary

12 Appendix/Attachments
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Introduction:
This memo provides FDA feedback on a leachable study protocol submitted by the 
Applicant on November 19, 2015.  Comments to be communicated to the Applicant are 
located at the end of the memo.
Leachable study proposal
NDA 207962 was submitted on July 10, 2015 and the NDA was considered fileable. 
However, there was a potential issue regarding the leachable/extractable evaluation 
submitted by the Applicant.  Although the Applicant conducted an extractables study to 
identify potential compounds that may leach from the patch product, they did not 
conduct a dedicated leachables study to determine what actually comes out of the patch 
using products from batches on stability testing.  The submitted extractables study 
revealed several compounds that could not be identified and therefore a safety 
assessment of all potential compounds based on just the extractables study was 
problematic.  In a teleconference call dated September 18, 2015, the Sponsor was 
asked to conduct a leachable study under conditions designed to mimic the worst-case 
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clinical conditions of the skin.  This was reiterated in the Day 74 letter sent to the 
Applicant on September 22, 2015, as we stated the following as a potential issue:

In addition, the letter requested that the following information be submitted: 

On November 19, 2015, the Applicant submitted a response to the Day 74 letter 
pertaining to the extractables and leachables evaluation requested by the Division. 
The Applicant submitted a leachable study protocol and requested 
comments/feedback from the Division.  The Applicant’s response and study protocol 
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entitled “Leachables Screening Assessment for a Lidocaine Patch” are excerpted in 
Attachment 1 for reference.  Key aspects of the study design are discussed below:

 The leachable study will be performed with placebo patch (drug product 
without lidocaine). The Applicant stated “it is better to study the placebo 
product at this time in order to avoid interferences from the lidocaine and any 
related impurities or degradation products. It is not thought that the presence 
or absence of the lidocaine will unduly affect the leachables profile as will be 
assessed here.”   An advantage of conducting the study using product without 
lidocaine is that it would eliminate the large peak that lidocaine and its 
impurities would produce and this may help identify all potential peaks that 
might otherwise be masked by lidocaine.  However, an advantage of using 
drug product with lidocaine is the ability to quantitatively measure lidocaine 
impurity levels that are released from the patch.  After some internal 
discussion, it was agreed that studies with placebo patches would be 
acceptable; however, we will note that it may be useful to study drug product 
with lidocaine to determine the level of lidocaine impurities that are released 
from the patch as part of impurity qualification if needed.

 The protocol stated “This leachables screening/simulation work will be 
conducted on patches from two informal stability timepoints; t=0 and t=24 
months.  During our teleconference with the Applicant held on September 18, 
2015, we recommended that the study evaluate batches on long-term stability 
at several timepoints including at least an early, middle, and late time point.  
However, the two proposed timepoints are acceptable.  We will recommend 
including an additional time point if it is possible.

 At least ten patches from each of the two ‘time-point’ lots will be used.  This is 
acceptable.

 Patches will be subjected to single sided extraction on the adhesive side of 
the lidocaine placebo patches with flask agitation.  Although full immersion is 
preferred, single sided extraction is acceptable since agitation will mimic the 
worst case clinical condition and both sides of the patch are expected to be in 
contact with the extraction buffer.

 The leachables screening/simulation study will utilize a simulated sweat 
formulation (pH 4.5) composed of the following:  

  Appropriate references to 
characterize the chemical composition of sweat were provided by the 
Applicant.  The proposed solution appears to be a reasonable attempt to 
mimic the salt content of sweat.

 The protocol stated “based on results of the previous extractables evaluation 
and associated risk assessment, and the complex artificial sweat , an 
ICP-OES analysis will not be performed as a component of leachables 
testing.”  Inductively Coupled Plasma Optical Emission Spectrometry (ICP-
OES) is used to detect metallic and amphoteric elements present in the 
sample (e.g., those related to fillers, catalysts, etc).  The extractable study 
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entitled “Extractables Study on a Lidocaine Patch” submitted with the NDA 
employed ICP-OES to detect elements from the individual components of the 
patch.  A safety assessment entitled “Assessment of Safety and Tolerability of 
Extractables from a Lidocaine Cutaneous Patch” was performed by  

.  The following table shows the amount of elements that 
could be exposed per day based on the maximum recommended dose of 
three patches per day and the safe daily exposure level determined by the 
safety assessment.   The acceptability of the Applicant’s proposal to not 
include ICP-OES can only be determined upon review of the extractables 
evaluation and safety assessment.

 Extraction will be conducted at 40°C for 16 hours. This is acceptable as it will 
provide a slightly exaggerated extraction, since skin temperature is nominally 
32°C and wear time is between 8 and 12 hours per day.

 The protocol indicated that the study will apply an Analytical Evaluation 
Threshold (AET) of  mcg/compound/patch, which is based on a safety 
concern threshold of 5 mcg/compound/day, 3 patches per day, and an 
additional uncertainty factor of  as shown in the calculations below.  This 
appears acceptable.  
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Reviewer evaluation: The proposed leachable protocol appears reasonable with 
additional comments for the Applicant to consider. 

Comments should be communicated to the Applicant
We have reviewed the submission dated November 19, 2015 that included a leachables 
study protocol entitled “Leachables Screening Assessment for a Lidocaine Patch”.  The 
design of the proposed leachable study appears reasonable.  However, we have the 
following comments for your consideration.

 The use of placebo patches is acceptable.  However, you may also consider 
using drug product with lidocaine to determine the level of lidocaine impurities 
(e.g., 2,6-xylidine) released from the patch to help justify your proposed drug 
product impurity specifications.  

 Although the proposed timepoints for leachables evaluation at t=0 months 
and t=24 months is acceptable, we recommend that the study include at least 
one additional timepoint at approximately t=12 months as we discussed 
during our teleconference held on November 19, 2015.

 We acknowledge the study entitled “Extractables Study on a Lidocaine Patch” 
that was submitted with the NDA employed ICP-OES analysis to detect 
elements that could potentially leach from the individual components of the 
patch and that a risk assessment was performed to justify the element levels 
based on the highest recommended daily dose of the drug product at three 
patches per day.  Therefore, the acceptability of your proposal to not include 
ICP-OES analysis for the leachables study can only be determined after the 
extractables evaluation and safety assessment have been fully reviewed.

Reference ID: 3861797

8 Page(s) have been Withheld in Full as b4 (CCI/TS) immediately following this page



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

ARMAGHAN EMAMI
12/16/2015

JAY H CHANG
12/16/2015

RICHARD D MELLON
12/16/2015

Reference ID: 3861797


	Structure Bookmarks



