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1 Executive Summary 

1.1 Recommendation 
From the Clinical Pharmacology perspective, NDA 209963 submitted on 11/23/2016 is 
acceptable provided a mutual agreement is reached on the labeling language.   

1.2 Phase 4 Commitments 
None 

1.3   Summary of Clinical Pharmacology Findings 
Genus Life Sciences Inc.  
submitted a 505 (b) (2) application seeking U.S. marketing approval of Cocaine 
Hydrochloride Topical Solution for the induction of local anesthesia when performing 
diagnostic procedures and surgeries on or through the mucous membranes of the nasal 
cavities in adults. The clinical development program for Cocaine Hydrochloride Topical 
Solution included a pivotal study (Study 2013011) evaluating the safety and efficacy of a 
single dose of Cocaine Hydrochloride Topical Solution for diagnostic procedures and 
surgeries on or through the mucous membranes of the nasal cavities.  The clinical 
development program also includes 4 Phase 1 studies, which assessed systemic 
pharmacokinetics (PK) in healthy subjects (Study 2015016), PK and safety in subjects 
with renal impairment (Study 2015013), PK and safety in subjects with hepatic 
impairment (Study 2015014), and the cardiac safety potential of Cocaine Hydrochloride 
Topical Solution (Study 2015017). In vitro studies were also conducted by the sponsor to 
evaluate drug interaction potential of cocaine (Studies XT165027 & XT168033). In 
addition to the clinical and in vitro studies used to support the clinical pharmacology 
information in the submission, the sponsor has evaluated scientific literature for cocaine 
and provided a summary of the published data for the clinical and nonclinical 
pharmacology, PK, single- and repeated-dose toxicity, reproductive and developmental 
toxicology, and carcinogenicity potential of cocaine as a part of this NDA.  
 
Prior to submission of the NDA the sponsor was informed of the need to provide full 
articles if literature was used to support any pertinent clinical pharmacology information. 
Additionally, an IR was sent to the sponsor on January 13th 2017, before the filing 
meeting that stated “For all human PK studies you cited and summarized from literature, 
we are unable to locate the bioanalytical validation/performance data and raw PK data in 
your NDA submission. Contact the authors to obtain this information and submit it. Due 
diligence is required to acquire such information about the studies, otherwise you must 
provide adequate justification that the required information is not obtainable and why the 
results from the literature can still be used to support your proposed product.” A total of 
15 articles were identified in the literature that presented single-dose cocaine PK data. Seven 
of these papers involved administration as a topical nasal solution, and were therefore 
considered primary supportive articles, while the remaining eight involved other routes of 
cocaine administration and were considered secondary supportive articles. As such review 
of the submitted publications and the justification by the sponsor reveals that most of the 
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publications submitted in the application do not have adequate bioanalytical information. 
In sponsor’s words “Due to common authorship between some of the papers, information 
was requested from 12 authors across the 15 articles identified. This investigation met 
with limited success, despite a thorough, intensive, and diligent effort put forth over 2 
months.  
Contact information was identified for each of the corresponding authors. In several 
instances, the primary author directed the Sponsor to make the request from a coauthor. 
For the seven primary articles, responses were received for five, in each case confirming 
that the data were no longer available; for the remaining two, multiple and varied 
attempts at contacting the authors were unsuccessful. For the eight secondary supportive 
papers, the author was able to provide the requested information for one article, data for 
two articles were no longer available, and repeated attempts to contact the authors of the 
remaining five articles were unsuccessful.” 
 
However, it appears that most of the information is consistent across different publication 
regardless which analytical methods used. Also most of the clinical pharmacology claims 
the sponsor has submitted and will be populated within the label is being derived from 
the 4 Phase-I studies conducted by the sponsor. The efficacy and safety information is 
also being derived from the pivotal Phase-III study. Hence the review team has decided 
that the safety and efficacy of the proposed dosing regimen has been established.  
 
For decades, cocaine has been used as an anesthetic and vasoconstricting agent by 
physicians. However, despite this prolonged usage of cocaine hydrochloride as a local 
anesthetic for a variety of surgical and diagnostic procedures, there is no cocaine product 
currently approved by the agency for such indications. 
  
Cocaine has the following unique properties that make it a useful anesthetic for 
diagnostic or surgical procedures on highly vascularized areas (i.e., the nose, throat, 
larynx, and lower respiratory passages): 

• Surface anesthetic. Cocaine prevents conduction in nerve fibers by reversibly 
blocking sodium channels and preventing the transient rise in sodium conductance 
necessary for generation of an action potential [1]. Cocaine has no anesthetic 
effect when applied to intact skin, but is readily absorbed from denuded areas and 
mucous membranes [2]. 

• Vasoconstrictor. Cocaine’s vasoconstrictor activity provides decongestion, 
reduces operative bleeding, and shrinks the nasal mucosa to enlarge the nasal 
passage. These effects improve surgical visualization and surgical access to the 
nasal passage [1, 2]. 

• Short time to onset (approximately 10-20 minutes) [2] 
• Short duration of action (approximately 1 hour) [2] 

 
For this NDA, A Pre-NDA meeting was healed on June 15th, 2015. A written response 
only Pre-IND meeting, and A Type-C guidance meeting were held on 08/07/2013, 
01/29/2015 respectively under IND 118527. The clinical development program includes 
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four phase 1 clinical pharmacology studies with TBM formulation (reviewed) and one 
pivotal phase 3 safety and efficacy study using the TBM formulation.  
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Clinical Pharmacology Studies:  
Four clinical pharmacology studies, Study 2015013, Study 2015014, Study 2015016 and 
Study 2015017 were conducted for this application. Two in vitro human biomaterials 
studies were conducted to evaluate the potential for topical cocaine solution to be 
involved in cytochrome P450 (CYP)- or transporter-based drug-drug interactions (Studies 
XT165027 and XT168033, respectively). These studies were conducted with commercial 
scale formulation and the literature provided by the sponsor all together fulfills the 
clinical pharmacology information of the proposed product from regulatory requirement 
perspective.  
      Phase 1 Study 2015013:  
• Phase 1, open-label, single-center, single-dose study to evaluate the systemic PK and 

safety of 4% topical cocaine solution following topical intranasal administration of a 
single dose to subjects with either normal renal function or severe renal impairment. 

 
Phase 1 Study 2015014:  

• Phase 1, open-label, single-center, single-dose study to evaluate the systemic PK and 
safety of 4% topical cocaine solution following topical intranasal administration to 
subjects with normal hepatic function or hepatic impairment 

 
Phase 1 Study 2015016:  

• Phase 1, open-label, single-center, single-dose study of the systemic PK and safety of 
a topical solution of 4% topical cocaine solution following a topical intranasal dose to 
healthy subjects 

 
Phase 1 Study 2015017:  

• Phase 1, active-controlled (i.e., 400 mg moxifloxacin) four-period, four-treatment, 
four-way crossover study to exclude an effect of 4% and 8% topical cocaine solution 
following topical intranasal administration of a single dose on placebo-corrected QT 
by Fridericia's formula (QTcF)   

 
Clinical Studies:  
Sponsor conducted one pivotal Phase 3 clinical study. The Phase 3 study, Study 2013011 
was conducted with commercial scale formulation and serves for assessing the clinical 
safety and efficacy for this product.  

Phase 3 Study (with commercial scale formulation): 
• Study 2013011 randomized, double-blind, dose-controlled study of the efficacy 

and safety of a single topical intranasal dose of either 4% or 8% topical cocaine 
solution versus placebo in subjects undergoing a diagnostic procedure or surgery 
on or through the nasal mucous membranes of either one or both nostrils. The 
proposed dose of topical cocaine solution for labeling is 4% (40 mg/mL); the 8% 
(80 mg/mL) topical cocaine solution dose was included in this study to explore 
the dosing range, but is not proposed for labeling 
 

Next is summary of the key findings in the 4 Clinical Pharmacology Studies. 
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Systemic PK of 4% topical cocaine solution following a topical intranasal dose to 
healthy subjects (Study CTS 2015016): 
The systemic PK of topical cocaine solution following acute, topical intranasal 
administration was studied in 30 healthy volunteers in study CTS 2015016. A single dose 
of topical cocaine solution was administered to both nostrils using cottonoid pledgets. 
Four mL of 4% topical cocaine solution topical solution (40 mg/mL) was poured into a 
standard medicine cup and 4 cottonoid pledgets (approximately 1.3 cm x 4 cm) were 
added to this solution and allowed to saturate for 10 minutes. Each pledget absorbed 
approximately 1 mL of solution (i.e., 40 mg topical cocaine solution). Two topical 
cocaine solution saturated pledgets were placed into each nasal cavity and up against the 
anterior septum for 20 minutes; thus, a total dose of 160 mg topical cocaine solution was 
administered and plasma and urine samples were collected till 12 hours post dose. 
  

• In this study cocaine was rapidly absorbed during the drug exposure period. Cmax 
ranged from 7.93 ng/mL to 70.3 ng/mL with mean Cmax (37.0 ± 17.3 ng/mL) 
observed shortly after the time of pledget removal (Tmax of 0.43 ± 0.34 hours).  

• Plasma concentrations then fell rapidly after pledget removal, with a mean t½ of 1.04 
± 0.35 h. Cocaine concentrations fell below the LLOQ (5 ng/mL) between 1.5 and 4 
h after dosing. 

• There was notable inter-subject variability in the plasma concentration versus time 
profile of cocaine, with the coefficients of variation for some PK parameters ranging 
from approximately 3% for Volume of Distribution to 53% for AUClast. 

• Apparent clearance (CL/F) was 3,096 L/hr. A comparison of CL/F to the systemic 
clearance (CL) of IV cocaine (32 mL/min/kg or approximately 134 L/h) reported 
in the literature suggests that only 4% of the 160 mg dose of topical cocaine 
solution was absorbed intact during the 20-minute exposure period [3].   

• Overall combining data from healthy subjects from studies CTS 2015013, CTS 
2015014 and CTS 2015016 the mean Cmax and AUClast values were 44.7 ng/mL 
and 79.6 ng h/mL respectively (n=49) and AUCinf  value was 92.5 ng h/mL 
(n=44). 

 
Systemic PK of 4% topical cocaine solution following a topical intranasal dose to 
subjects with either normal renal function or severe renal impairment:  
The systemic PK of topical cocaine solution following acute, topical intranasal 
administration was studied in Male and female subjects ≥ 18 years of age with either severe 
renal impairment (n=8), defined as an estimated GFR (eGFR) of 15-29 mL/min/1.73 m2 or 
normal renal function (n=8), defined as an eGFR of ≥ 60 mL/min/1.73 m2. A single dose of 
topical cocaine solution was administered to both nostrils using cottonoid pledgets. Four 
mL of 4% topical cocaine solution topical solution (40 mg/mL) was poured into a 
standard medicine cup and 4 cottonoid pledgets (approximately 1.3 cm x 4 cm) were 
added to this solution and allowed to saturate for 10 minutes. Each pledget absorbed 
approximately 1 mL of solution (ie, 40 mg topical cocaine solution). Two topical cocaine 
solution saturated pledgets were placed into each nasal cavity and up against the anterior 
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septum for 20 minutes; thus, a total dose of 160 mg topical cocaine solution was 
administered and plasma and urine samples were collected till 32 hours post dose. The 
LLOQ of LC-MS/MS method used for this study was 0.1 ng/mL. 
  

• Mean eGFR was 85.25 mL/min/1.73 m2 for the normal renal function group and 
23.85 mL/min/1.73 m2 for the severe renal impairment group.  

• Mean body weight was 94.65 kg for the normal renal function group and 99.5 kg for 
the severe renal impairment group. 

• In subjects with normal renal function, cocaine appeared rapidly in the plasma 
following intranasal application of topical cocaine solution, with measurable levels in 
all subjects at the first time point (7 min) after the start of treatment. Plasma 
concentrations declined in an apparently bi-exponential manner after Tmax 
throughout the remainder of the 32-hour study 

• Following administration of the same topical cocaine solution dose to subjects with 
severe renal impairment, a similar time course was observed, with rapid absorption 
followed by an apparently bi-exponential decline after Tmax. Plasma exposures in the 
severe renal impairment group were about 33% to 34% higher than those in normal 
subjects. 

• Cocaine plasma exposure, as indicated by geometric mean Cmax, AUClast, and AUCinf 

values, was approximately 33% higher in subjects with severe renal impairment. 
CL/F was approximately 25% lower and CLr was approximately 36% lower in 
subjects with renal impairment than in normal subjects. Mean Tmax and t1/2 values 
were similar in the two groups. The magnitude of PK change in subjects with mild or 
moderate renal impairment is not expected to be higher than that in subjects with 
severe impairment.  

• No dosage adjustment of Cocaine Hydrochloride Topical Solution is needed in 
patients with mild, moderate, or severe renal impairment 

 
Systemic PK of 4% topical cocaine solution following a topical intranasal dose to 
subjects with either normal Hepatic function or severe Hepatic impairment:  
The systemic PK of topical 4% cocaine solution following acute, topical intranasal 
administration was studied in Male and female subjects ≥ 18 years of age with either Child-
Pugh Grade B (n=9) or Grade C (n=3) hepatic impairment or normal hepatic function (n=12). 
A single dose of 4% topical cocaine solution was administered to both nostrils using 
cottonoid pledgets. Four mL of 4% topical cocaine solution topical solution (40 mg/mL) 
was poured into a standard medicine cup and 4 cottonoid pledgets (approximately 1.3 cm 
x 4 cm) were added to this solution and allowed to saturate for 10 minutes. Each pledget 
absorbed approximately 1 mL of solution (ie, 40 mg topical cocaine solution). Two 
topical cocaine solution saturated pledgets were placed into each nasal cavity and up 
against the anterior septum for 20 minutes; thus, a total dose of 160 mg topical cocaine 
solution was administered and plasma and urine samples were collected till 32 hours post 
dose. The LLOQ of LC-MS/MS method used for this study was 0.1 ng/mL. 
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• The subjects ranged in age from 27 to 74 years (overall mean, 51.7 years), were 
White or Black (83.3% and 16.7%, respectively), and had an overall mean body 
weight of 91.25 kg. 

• In subjects with normal hepatic function, cocaine appeared rapidly in the plasma 
following intranasal application of topical cocaine solution, with measurable levels in 
all subjects at the first time point (7 min) after the start of treatment. Plasma 
concentrations declined in an apparently bi-exponential manner after Tmax 
throughout the remainder of the 32-hour study 

• Following administration of the same topical cocaine solution dose to subjects with 
hepatic impairment, the time course of plasma cocaine appeared somewhat delayed 
compared to subjects with normal hepatic function, with a later Tmax, a broader 
peak, and slower decline during the initial 12 hours after dosing. After Tmax, plasma 
cocaine exposures in the hepatic impairment group were about 2.5 times higher than 
those in subjects with normal hepatic function. 

• One subject in the Grade B hepatic impairment group had an anomalous cocaine 
concentration value at the 7-min time point that was far outside of the trend of the 
data (40-times higher) and was therefore deemed an outlier 

• Overall exposure of cocaine was elevated somewhat in hepatic impairment. Plasma 
cocaine AUClast was 2.8-times higher in Grade B impaired subjects and 1.8-times 
higher in Grade C impaired subjects compared to normal subjects. Cocaine CL/F was 
correspondingly reduced, by 64% and 45% in subjects with Grade B and Grade C 
hepatic impairment, respectively. There was no substantive change in cocaine t1/2 due 
to hepatic impairment.  

• No dosage adjustment of Cocaine Hydrochloride Topical Solution is advised in 
patients with hepatic impairment since reduction of dose may result in decreased 
local efficacy. Patients should be monitored for adverse reactions associated with 
increased cocaine exposure in these patients. A second dose of Cocaine 
Hydrochloride Topical Solution should not be administered to subjects with 
hepatic impairment within 24 hours of the initial dose.  

 
Overall, adequate information has been provided characterizing the clinical 
pharmacology aspects of Cocaine Hydrochloride Topical Solution. 
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2 Question Based Review  

2.1 General Attributes of the Drug 
 

 What are the highlights of the chemistry and physical-chemical properties of 2.1.1
the drug substance, and the formulation of the drug product?   

  

 
Formulation: 
The proposed cocaine hydrochloride topical solution, 40 mg/mL (4%) is a clear green 
colored liquid, packaged in a 0.5 oz. amber glass bottle with a lined, ribbed closure. The 
fill volume is 4 mL.  
 

 What is the regulatory history of Cocaine Hydrochloride? 2.1.2
There is no cocaine product currently approved by the Food and Drug Administration 
(FDA).  
 

 What is the composition of the to-be-marketed formulation of Cocaine 2.1.3
Hydrochloride Topical Solution, 4%?   

The proposed cocaine hydrochloride topical solution, 40 mg/mL (4%) is a clear green 
colored liquid, packaged in a 0.5 oz. amber glass bottle with a lined, ribbed closure. The 
fill volume is 4 mL. Table 2 provides the quantitative composition of the proposed 
topical solution and the function of each component.   
 
 

Table 1: Physical-Chemical Properties of  Cocaine Hydrochloride 

Drug Name  Cocaine Hydrochloride, USP 
Chemical Name  Ecgonine methyl ester benzoate hydrochloride 

3β- hydroxy- 1αH, 5αH- tropane- 2β-carboxylic acid methyl ester 
benzoate hydrochloride 

Structure  

 
Molecular  Formula C17H21NO4·HCl 

Molecular Weight 339.81 
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Table 2: Composition of Cocaine Hydrochloride Topical Solution, 4% 

Component  
Quality 
Standard  Function  

40 mg/mL 
(mg/mL) (%w/v) 

Cocaine Hydrochloride USP Active pharmaceutical 
ingredient 

40.00 4.000 

Anhydrous Citric Acid USP 

Sodium Benzoate NF 

FD&C Green #3  

D&C Yellow #10  

Purified Water USP 
NF - National Formulary, USP = United States Pharmacopeia 
 

 What are the proposed mechanism(s) of action and therapeutic indication(s)?  2.1.4
Cocaine hydrochloride is a local anesthetic of the ester type and a vasoconstrictor. 
Cocaine hydrochloride prevents conduction in nerve fibers by reversibly blocking sodium 
channels and preventing the transient rise in sodium conductance necessary for 
generation of an action potential. Cocaine’s vasoconstrictor activity is related to its local 
blockade of norepinephrine presynaptic reuptake and subsequent potentiation of 
norepinephrine released by adrenergic nerve terminals onto the local vasculature. The 
proposed indication Cocaine hydrochloride topical solution 4% is indicated for the 
induction of local anesthesia when performing diagnostic procedures and surgeries on or 
through the mucous membranes of the nasal cavities in adults. 
 

 What are the proposed dosage and route of administration? 2.1.5
Cocaine Hydrochloride Topical Solution is for intranasal use only. The recommended 
dose of Cocaine Hydrochloride Topical Solution is two pledgets, each containing 40 mg 
of cocaine hydrochloride, applied to each nasal cavity. 

• Do not apply Cocaine Hydrochloride Topical Solution to damaged nasal mucosa.  
• Soak four pledgets in Cocaine Hydrochloride Topical Solution until the solution 

is fully absorbed. Each pledget absorbs 1 mL of solution, equivalent to 40 mg 
cocaine hydrochloride.  

 

 What is the core studies submitted in this NDA? 2.1.6
The core clinical development program includes four clinical pharmacology studies and 
one Phase 3 safety study using the final to-be marketed formulation. 
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• CTS 2013011: Phase 3, randomized, double-blind, dose-controlled study of the 
efficacy and safety of a single topical intranasal dose of either 4% or 8% topical 
cocaine solution versus placebo in subjects undergoing a diagnostic procedure or 
surgery on or through the nasal mucous membranes of either one or both nostrils. 
The proposed dose of topical cocaine solution for labeling is 4% (40 mg/mL); the 
8% (80 mg/mL) topical cocaine solution dose was included in this study to 
explore the dosing range, but is not proposed for labeling 

• CTS 2015013: Phase 1, open-label, single-center, single-dose study to evaluate the 
systemic PK and safety of 4% topical cocaine solution following topical intranasal 
administration of a single dose to subjects with either normal renal function or severe 
renal impairment. 

• CTS 2015014: Phase 1, open-label, single-center, single-dose study to evaluate the 
systemic PK and safety of 4% topical cocaine solution following topical intranasal 
administration to subjects with normal hepatic function or hepatic impairment 

• CTS 2015016: Phase 1, open-label, single-center, single-dose study of the systemic 
PK and safety of a topical solution of 4% topical cocaine solution following a topical 
intranasal dose to healthy subjects 

• CTS 2015017: Phase 1, active-controlled (ie, 400 mg moxifloxacin) four-period, 
four-treatment, four-way crossover study to exclude an effect of 4% and 8% topical 
cocaine solution following topical intranasal administration of a single dose on 
placebo-corrected QT by Fridericia's formula (QTcF)  
 

2.2 General Clinical Pharmacology 
The clinical efficacy study, CTS 2013011 for in subjects undergoing a diagnostic 
procedure or surgery on or through the nasal mucous membranes of either one or both 
nostrils and the clinical pharmacology studies form the basis to support the dosing for this 
NDA along with some information being derived from the literature. 
 
For final assessment of the safety and efficacy findings, see Clinical review by Dr. Renee 
Petit-Scott (Clinical Reviewer).   
 

 What efficacy and safety information (e.g., biomarkers, surrogate endpoints, 2.2.1
and clinical endpoints) contribute to the assessment of clinical pharmacology 
study data? How was it measured? 

No biological biomarker was assessed in this NDA.  In Phase 3 study the primary 
endpoint was analgesic success. A subject was considered an analgesic success if both of 
the following criteria were met: 

• Had a score of 0 on the Visual Numeric Rating Scale (VNRS) (0=no pain, 
10=worst possible pain) based on the Von Frey filament test prior to the 
diagnostic procedure or surgery 

• Had no need for further medication (with the exception of antibiotics or cardiac 
medications) during the diagnostic procedure or surgery as determined by the 
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investigator/physician based upon his/her clinical impressions of the presence of 
pain or excessive bleeding. 

  

 What are the general PK characteristics of the drug? 2.2.2

Absorption:  
Cocaine was rapidly, but incompletely absorbed (peak plasma levels of 44.7 ng/mL at the 
end of treatment), and then rapidly eliminated (half-life [t½] of 1.04 hours). Based on a 
comparison of apparent clearance after intranasal administration to intravenous clearance 
reported in the literature; only a small percentage (4%) of the administered cocaine dose 
appeared to be absorbed intact. However, it should be noted that this is a cross-study 
assessment and the results of these calculations are only crude estimates. Since in study 
CTS 2015016, the bioanalytical method was not as sensitive and Tlast was around 2.4 
hours, the t1/2 estimates through this study may not be the most accurate. Looking at the 
values from sponsors studies 2015013 (normal renal function only), 2015014 (normal 
hepatic function only) it appears that a more appropriate half-life would be 5 to8 hours. A 
cross-study summary of Cocaine PK parameter values in healthy adult subjects after a 
single intranasal dose of topical cocaine (4%) has been summarized in Table 3. For this 
summary table, data from all healthy volunteers from studies CTS 2015016, CTS 
2015013 and CTS 2015014 were taken.  
 
Table 3: PK parameter values in healthy adult subjects after a single intranasal dose of topical 
cocaine (4%); Source studies CTS 2015016, CTS 2015013 and CTS 2015014 

PK Parameter 
(Units) 

N Mean 
Standard 
Error 

Median 
Upper 
Limit 

Lower 
Limit 

AUCinf  (h*ng/mL) 44 92.5 13.1 75.4 114.6 70.5 

AUClast  (h*ng/mL) 49 79.6 12.1 55.4 100 59.2 

Cmax  
(ng/mL) 

49 44.7 3.3 42.6 50.3 39.2 

Tmax  
(h) 

49 0.5 0.1 0.3 0.6 0.4 

 
The combined data also shows a biphasic elimination profile with a rapid distribution 
phase and a rapid elimination phase (Figure 1). 
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Figure 1: Concentration-Time profile in healthy adult subjects after a single intranasal dose of 
topical cocaine (4%); Source studies CTS 2015016, CTS 2015013 and CTS 2015014 
 
 
The systemic exposure of topical intranasal cocaine (as measured by AUC) was estimated 
to be 4- to 6-times lower than that of an equivalent IV dose based on a comparison to IV 
data from the literature [4]. Following topical intranasal administration of cocaine using 
cotton pledgets, approximately 64-65% of the applied cocaine dose was recovered from 
the pledgets after removal, suggesting that approximately 35-36% of the dose was 
available for systemic absorption [5, 6]. Absorption following intranasal administration 
was rapid with cocaine detected in plasma as early as 5 minutes following the start of 
administration [6] In surgical patients that received 160 mg of a 4% cocaine solution by 
application of soaked cotton pledgets to the nasal mucosa [6], mean plasma cocaine 
concentrations at 20 minutes after the start of administration (166 ng/mL) were 
substantially higher than those in healthy subjects that received cocaine under a similar 
dosing paradigm in Study CTS 2015016 (37 ng/mL). This may be due in part to the fact 
that the surgical patients were under general anesthesia at the time of dosing in contrast to 
the healthy subjects. Since the raw PK data and bioanalytical information was no longer 
available for this publication, further determination for the reason of this discrepancy 
cannot be made.  
Absorption following nasal dosing was faster than following oral dosing [7]. Peak 
absorption occurred at 30 minutes in one study [8] and between 15 to 60 minutes or 60 to 
120 minutes in other studies [9, 10]. Exposure increased linearly with increasing 
intranasal dose [4, 6] and time of peak concentration lengthened with increasing 
intranasal dose [4]. Concentrations decreased gradually following Cmax [10], with 
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cocaine persisting in the plasma for 4 to 6 hours and detectable on the nasal mucosa for 3 
hours 
 

Distribution:  
No studies of the distribution, metabolism, and excretion of cocaine following topical 
intranasal administration of cocaine were identified in the literature. However, the 
distribution, metabolism, and elimination of cocaine have been examined in several 
published clinical studies with different routes of cocaine administration, including IV, 
insufflation, and smoked. 
 
After intake, cocaine was widely distributed throughout body tissues. Volume of 
distribution ranged between 1.5 and 2 L/kg [3, 11, 12], which exceeds total body water 
volume (approximately 0.6 L/kg) [13] Cocaine accumulated in the heart, kidneys, 
adrenals, and liver, with the rate of uptake and clearance varying among organs [14] 
 
The free fraction of cocaine averaged 0.083 (91.7% bound) in serum at 25 ng/mL [15] 
Concentration dependence in binding was observed, with free fraction remaining 
reasonably stable up to 100 ng/mL (free fraction of 0.084 [15] and 0.16 [16]) and 
increasing at higher concentrations. Increases in free fraction were most pronounced at 
concentrations above 5 μg/mL [15]. In another study, cocaine was 62% bound to human 
serum proteins (free fraction 0.38); however, this lower binding was observed at a 
relatively elevated concentration of 2.18 μg/mL, and binding decreased with further 
increases in concentration up to 118 μg/mL (48% bound) [17]. The overall mean 
maximum cocaine concentration in plasma (Cmax) observed in humans after 
administration of a single dose of topical cocaine solution was 43 ng/mL, which is well 
within the concentration-independent range associated with free fractions of 
approximately 0.08 to 0.16. Cocaine is moderately to highly protein bound in human serum, 
primarily to AAG and albumin. 
 

Metabolism:  
Cocaine is eliminated predominantly by metabolism, with little excreted unchanged in the 
urine. The metabolism of cocaine has been evaluated in several in vitro studies with 
either human plasma or human liver microsomes. In these studies, cocaine has been 
shown to be rapidly metabolized by both hydrolytic and oxidative pathways and also by 
non-enzymatic hydrolysis. In humans, cocaine was rapidly metabolized by hydrolytic 
pathways to two major metabolites, BE (Benzoylecgonine) and EME (Ecgonine methyl 
ester), and by oxidative demethylation to form a minor pharmacologically active 
metabolite, norcocaine [18]. Butyrylcholinesterase (also referred to as 
pseudocholinesterase or plasma cholinesterase) is responsible for formation of EME [19-
22] Ecgonine, a metabolite formed after sequential de-esterification steps, has also been 
observed [23, 24]. BE was the major metabolite in plasma after all routes of 
administration [25-29]. BE is formed by both enzymatic and non-enzymatic hydrolysis. 
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In vitro in human plasma at physiological pH, BE is spontaneously formed; esterases 
present in plasma do not catalyze formation of BE in vitro [30]. However, in human 
hepatocytes, BE is formed through the action of esterases, including the hepatic enzyme 
carboxylesterase 1 [21]. A more recent report has suggested that a human 
carboxylesterase expressed in the intestinal epithelium is the more important mediator of 
cocaine hydrolysis to BE [31]. 
In human liver microsomes, cocaine was N-demethylated to produce a minor metabolite, 
norcocaine, which is pharmacologically active [32, 33]. Norcocaine production was 
shown to be a CYP-mediated reaction, specifically involving CYP3A4, in human liver 
microsomes [33, 34] and microsomes prepared from CYP-transfected lymphoblastoid 
cells.  
An additional metabolite, cocaethylene (also known as ethylcocaine), was identified 
when cocaine and ethanol were co-incubated in a crude human liver homogenate [35]. 
Cocaethylene appears to be formed from BE by carboxylesterase via transesterification 
[36]. Cocaethylene was identified in the plasma, urine, and body tissue of people who 
used cocaine and ethanol simultaneously [37]. 
 

Excretion:  
Cocaine is rapidly excreted from the body in humans, with, half-life values reported in 
the literature in the range of 1 hour [11, 38]. Systemic clearance of cocaine after IV 
administration in humans has been reported to be approximately 2 L/min (29 mL/min/kg, 
assuming a 70 kg body weight) [3, 11, 38], which exceeds estimated human plasma flow 
in the liver (approximately 12 mL/min/kg) and kidney (approximately 10 mL/min/kg), as 
well as glomerular filtration rate (GFR; 1.8 mL/min/kg) [13]. This suggests that 
significant routes of cocaine elimination are extrahepatic and extrarenal, which is 
consistent with the role of plasma esterases and non-enzymatic ester hydrolysis in 
cocaine elimination. 
Urinary excretion was the principal route of elimination. BE and EME accounted for 80% 
to 90% of the urinary metabolites and had a t½ of 3 to 6 h and 3 to 4 h, respectively, based 
on urinary excretion rates [12, 39, 40]. Only a small percentage of cocaine was excreted 
as unchanged drug (1% to 9%) [3, 41] and norcocaine (2% to 6%) [18]. The elimination 
half-life for cocaine and its metabolites was generally longer when cocaine was 
administered following insufflation compared to the smoked and IV routes. Cocaine CLr 
has been reported to be 31 mL/min (approximately 0.47 mL/min/kg based on mean body 
weight of 67 kg), or approximately 1.4% of total CL [11]. This is similar to the mean CLr 
observed after administration of topical cocaine solution (47 mL/min or 0.66 
mL/min/kg). These low CLr values are consistent with the minimal recovery of 
unchanged cocaine in urine. 
 

Dose-proportionality of Topical cocaine:  
The sponsor is only seeking approval for only the 4% solution to be dosed as 160 mg. In 
study CTS 2016017 designed to test the potential effect of 4% topical cocaine on cardiac 
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repolarization two doses of intranasal cocaine were delivered (160mg and 320mg) and 
PK measurements were also carried out. Geometric mean Cmax and AUCinf values after 
the 320 mg dose were higher than those observed for the 160 mg dose by slightly more 
than 2 fold. Cocaine t1/2 and CL/F values were similar after the two treatments. These 
data suggest that the increase in cocaine exposure was approximately dose proportional 
from 160 mg to 320 mg. 
   

2.3 Intrinsic factors 
The effect of intrinsic factors (ie, age, gender, body weight and BMI) on the PK of 
cocaine following topical nasal administration of topical cocaine was examined in Study 
CTS 2015016. Additionally the effect of renal impairment of pharmacokinetics of topical 
cocaine was studied in a dedicated study CTS 2015013 and the effect of hepatic 
impairment of pharmacokinetics of topical cocaine was studied in a separate dedicated 
study CTS 2015014 
Studies determining the effect of intrinsic factors following topical nasal administration 
of cocaine were not identified within the literature. However, information on the effect of 
gender and menstrual cycle phase on the PK of IV, smoked, and nasal insufflated cocaine 
is available in the literature. 
 

Gender 
Cocaine exposure (ie, Cmax, AUClast, and AUCinf) was slightly higher in females than 
males whereas Tmax and t1/2 were similar in males and females (Table 4).  
 
Table 4: Cocaine PK Parameters By Gender in Study CTS 2015016 
  Cmax (ng/mL) Tmax (h) AUClast (ng h/mL) AUCinf (ng h/mL) t1/2 (h) 

Male Female Male Female Male Female Male Female Male Female 

n 14 16 14 16 14 16 8 11 12 13 

Mean 34.6 39.0 0.417 0.448 31.5 44.4 47.2 60.6 1.06 1.01 

SD 17.6 17.2 0.322 0.366 12.7 23.7 13.1 29.0 0.346 0.365 

CV 50.9 44.1 77.3 81.8 40.4 53.5 27.7 47.9 32.6 36.1 

Median 31.6 37.0 0.333 0.333 28.5 32.4 46.2 57.6 0.966 1.01 

Geometric 
mean 

30.0 35.5 0.362 0.385 29.1 39.4 45.7 53.9 1.01 0.941 

 

A higher range of cocaine exposure (i.e., AUClast) was seen in females compared to 
males, but this difference was not statistically significant (p=0.084; ANOVA) (Figure 2). 
The difference in cocaine exposure between males and females may possibly be due to 
the higher mean body weight in males (82.6 kg) in the study as compared to females 
(61.8 kg). In literature, no difference was observed between males and females following 
IV, smoked, or nasal insufflation modes of administration. 
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Figure 2: Box and Dot plots of AUClast by Sex 
 

Age 
AUClast for cocaine was similar across the subject age range (22 years to 79 years) in 
Study CTS 2015016 (Figure 3) 

 
Figure 3: Cocaine AUClast Vs Age 
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Body Weight 
There was an interaction between the body weight and cocaine exposure as AUClast for 
cocaine was found to decrease with increasing body weight with a R2 value of 0.0529 
(Figure 4). 
 

 
Figure 4: Cocaine AUClast Vs Body Weight 
 

Body Mass Index (BMI) 
There was no significant change in exposure (AUClast) for cocaine with increase in BMI 
 

Menstrual Cycle Phase 
Peak plasma cocaine levels were similar in the follicular and luteal phases of the 
menstrual cycle in women for both smoked and nasally insufflated cocaine [42] [43]. 
 

Renal Impairment 
Cocaine and its principal metabolites, BE and EME, were observed in both plasma and 
urine after a single intranasal exposure to 160 mg of cocaine HCl, in subjects with normal 
renal function (eGFR ≥ 60 mL/min/1.73 m2) and severe renal impairment (eGFR 15-29 
mL/min/1.73 m2). Norcocaine was not measurable in the plasma of most subjects. Severe 
renal impairment had marginal effects on the pharmacokinetics and excretion of the 
parent drug with close to 33% increase in Cmax and AUC (Figure 5). Severe renal 
impairment was associated with a 76% decrease in renal clearance of BE and EME, 
resulting in notable increases in plasma exposure (Cmax and AUC) to these metabolites 
compared to normal subjects. 

Reference ID: 4141276



 
 
 
 
 
 

22 

 
Figure 5: Cmax and AUC values of Cocaine in Normal Healthy Volunteers and Renal Impaired 
Subjects 
Open circles show outliers. Diamonds represent mean values. Box plots show minimum (excluding outliers), 1st quartile, median,3rd 

quartile and maximum (excluding outliers) 
 
Intranasal cocaine was safe and well tolerated in both subjects with normal renal function 
and subjects with severe renal impairment (Study CTS 2015013). In a thorough QT/QTc 
study, a dose of 320 mg topical cocaine solution (8% Cocaine HCl Topical Solution), 
which resulted in a geometric mean cocaine Cmax of 144 ng/mL (Study CTS 2016017), 
did not elicit clinically significant QT effects. The geometric mean cocaine Cmax value 
in subjects with severe renal impairment (47.9 ng/mL) was well below these values 
[Study CTS 2015013], indicating that the risk of cardiac repolarization effects would be 
negligible in renally impaired individuals. The minimal effect of renal impairment on 
exposure of the active parent drug, cocaine, coupled with the possible loss of efficacy at 
the site of action (if dose is reduced) suggests that dose adjustment is not required in 
subjects with reduced renal function. 
 
According to literature, cocaine is eliminated predominantly by metabolism in humans, 
with little excreted unchanged in the urine. Only 1 -10% of a dose of cocaine is 
eliminated unmetabolized in urine [3, 12, 28, 40]. Consistent with this low urinary 
recovery, cocaine CLr is less than 2% of CL [11]. CLr values are less than 40% of human 
GFR (125 mL/min) [13].  
 

Hepatic Impairment 
Cocaine and its principal metabolites, BE and EME, were observed in both plasma and 
urine after a single intranasal exposure to 160 mg of cocaine HCl, in subjects with normal 
hepatic function and hepatic impairment (Child-Pugh Grades B and C). Norcocaine was 
not measurable in the plasma of normal subjects or in 8 of 12 hepatically impaired 
subjects. Hepatic impairment had a minimal effect on the Cmax of cocaine. Compared to 
subjects with normal hepatic function, a less than 2-fold increase in geometric mean 
Cmax was observed for BE and EME in Grade B hepatic impairment, with no 
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appreciable change in BE and EME Cmax observed in Grade C hepatic impairment. In 
subjects with Grade B hepatic impairment, AUC values for cocaine, BE, and EME were 
2.4 to 2.8 times higher than in subjects with normal hepatic function. The effects of 
hepatic impairment on cocaine, BE, and EME were less marked in the 3 subjects with 
Grade C impairment than in the 9 subjects with Grade B hepatic impairment. Increased 
overall plasma exposures of cocaine (AUC) were consistent with observed decreases in 
both CL/F and CLr; In moderate impaired subjects the clearance was reduced by more 
than half (1735 L/h in normal to 629 L/h in Child-Pugh Grade B subjects). In severely 
impaired subjects the clearance was reduced to half (1735 L/h in normal 959 L/h in in 
Child-Pugh Grade C subjects) cocaine t1/2 was not substantively changed by hepatic 
impairment.  
Overall there was a minimal effect of hepatic impairment on cocaine mean Cmax and a 
greater than two fold increase in mean AUC (Figure 6). This is consistent with the fact 
that early systemic concentrations are driven by rapid uptake via the nasal mucosa, which 
completely bypasses the liver, while prolonged elevations in cocaine plasma 
concentrations after Tmax may be due to reduced hepatic elimination of drug circulating 
in plasma. In addition, the increases in plasma exposure of BE and EME observed in 
subjects with hepatic impairment were accompanied by elevated urinary recovery of the 
metabolites, resulting in a minimal change in CLr for these compounds. This suggests 
that the enhanced systemic levels of the metabolites may be due to reduced liver 
elimination in subjects with hepatic impairment, and is consistent with reports that BE 
and EME are formed in part by hepatic carboxylesterases. 

 
The geometric mean cocaine Cmax value in subjects with hepatic impairment (41.2 
ng/mL) was well below that observed after a 320 mg intranasal dose of cocaine HCl (144 
ng/mL), which did not elicit clinically significant QT effects (Study CTS 2016017; 
Section 4.1). This indicates that the risk of cardiac repolarization effects would be 

Figure 6: Cmax and AUC values of Cocaine in Normal Healthy Volunteers and 
Hepatic Impaired Subjects  
Open circles show outliers. Diamonds represent mean values. Box plots show minimum (excluding outliers), 
1st quartile, median, 3rd quartile and maximum (excluding outliers) 
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negligible in individuals with hepatic impairment. The minimal effect of hepatic 
impairment on cocaine Cmax, coupled with the possible loss of efficacy at the site of 
action (if dose is reduced) suggests that dose adjustment is not required in subjects with 
reduced hepatic function. However, based on the sustained higher exposure of cocaine in 
the post-absorptive phase and the potential for a cumulative increase in systemic 
concentrations, it is recommended that a second dose of topical cocaine solution not be 
administered to subjects with hepatic impairment within 24 hours of the initial dose. 
 

Effect of a Butyrylcholinesterase Deficiency 
Cocaine is rapidly metabolized in plasma by butyrylcholinesterase and thus, its 
metabolism may be diminished in individuals with butyrylcholinesterase deficiency; 
however, whether or not this might have clinically significant effects is not clear. No PK 
evidence of butyrylcholinesterase deficiency was observed among the subjects in Study 
CTS 2015016, but this may reflect the small number of subjects in this study (N=30) and 
the exceedingly rare occurrence of clinically-significant butyrylcholinesterase deficiency. 
A large number of genotypes are possible, depending on the combination of alleles (wild 
type and/or at least 50 variants, four of which are most prevalent) inherited by an 
individual [44-46]. Based on responses of individuals to succinylcholine, a genetically-
determined reduction of 30% or less in butyrylcholinesterase activity is associated with 
minimal clinical significance. The frequency of the homozygous, wild type genotype, 
which confers normal enzyme activity in an individual, is as high as 98% in the general 
population. Of the alternative genotypes, those that may result in moderately to extremely 
enhanced sensitivity to succinylcholine range in frequency from 0.0007% to 0.03% of the 
general population. However, cocaine is administered as a topical intranasal dose instead 
of IV like succinylcholine and has very low systemic exposure. Additionally there are 
several collateral metabolic pathways involved in the biotransformation of cocaine in 
vivo, and serum and liver cholinesterases have been shown to have very high capacities, 
with conservative maximum enzyme velocity (Vmax) estimates of approximately 10 
nmol/mL (~3000 ng/mL) and 115 nmol/g (~35,000 ng/g), respectively, per 30 minutes 
[Stewart et al, 1979], which far exceed the observed mean Cmax in humans (43 ng/mL) 
after an intranasal dose of 4% topical cocaine solution.   With the combination of these 
multiple factors the likelihood of butyrylcholinesterase deficiency exerting a clinically 
relevant effect on the disposition cocaine is low. However cocaine should still be used 
carefully in patients with reduced cholinesterase activity. Plasma cholinesterase activity 
may be diminished in the presence of genetic abnormalities of plasma cholinesterase 
(e.g., patients heterozygous or homozygous for atypical plasma cholinesterase gene), 
pregnancy, severe liver or kidney disease, malignant tumors, infections, burns, anemia, 
decompensated heart disease, peptic ulcer, or myxedema. Additionally, plasma 
cholinesterase activity may also be diminished by chronic administration of oral 
contraceptives, glucocorticoids, or certain monoamine oxidase inhibitors, and by 
irreversible inhibitors of plasma cholinesterase (e.g., organophosphate insecticides, 
echothiopate, and certain antineoplastic drugs). In either case No dosage adjustment of 
Cocaine Hydrochloride Topical Solution is advised in patients. But patients with reduced 
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plasma cholinesterase activity should be monitored for adverse reactions such as 
headache, epistaxis, and clinically-relevant increases in heart rate or blood pressure. 
 

 What is the pediatric plan? 2.3.1
Pediatric Study Plan (PSP) for Topical Solution 4% for the induction of topical nasal 
anesthesia for diagnostic procedures and surgeries on or through the mucous membranes 
of the nasal cavities states that “The Sponsor will study RX0041-002 in all pediatric age 
groups (0 to <17 years of age) and thus, no waiver is requested.” The Sponsor though as a 
part of their general plan, requested a deferral for the initiation of the pediatric clinical 
study in order to complete the nonclinical juvenile toxicity studies. This according to the 
sponsor was necessary to ensure an acceptably low risk for RX0041-002 in pediatric 
subjects. The agency agreed to their iPSP on November 15th 2016. 
 
As a part of their pediatric development program they plan to conduct three clinical 
studies: 

2. A Phase 4 study of the PK and safety of 4% RX0041-002 as a topical nasal anesthetic 
in pediatric patients from >2 years to <17 years of age for diagnostic procedures and 
surgeries on or though the mucous membranes of the nasal cavities;  

 
3. A Phase 4 PK, efficacy, and safety study of 4% RX0041-002 as a topical nasal 
anesthetic in pediatric patients from 0 years to 2 years for diagnostic procedures and 
surgeries on or  though the mucous membranes of the nasal cavities;  

 
 

 

2.4 Extrinsic Factors 

Pharmacokinetic Drug Interactions:  
No in vivo PK DDI studies were conducted with topical cocaine solution and no DDI 
studies following topical nasal administration of cocaine were identified in the literature. 
Two in vitro studies were conducted to investigate the potential for topical cocaine 
solution to be involved in DDI through either CYP inhibition or as a substrate or inhibitor 
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of major human adenosine triphosphate binding cassette (ABC) and solute carrier (SLC) 
transporters. Three in vivo cocaine DDI studies were identified in the literature: one with 
methylphenidate (treatment for attention deficit hyperactivity disorder) [47] and two with 
disulfiram (potential treatment for cocaine dependence) [48, 49]. In these studies, cocaine 
was administered either IV or by nasal insufflation. Methylphenidate did not alter the PK 
of IV cocaine. When administered either IV or by nasal insufflation, disulfiram increased 
the plasma concentrations of cocaine and decreased cocaine clearance. 
 

Study XT165027:  
The potential for cocaine, BE, and EME to inhibit the activity of major drug-
metabolizing CYP isoforms (CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, 
CYP2C19, CYP2D6, CYP2E1, and CYP3A4/5 [using 2 different substrates]) was 
evaluated in vitro in human liver microsomes. Cocaine directly inhibited CYP2D6 with a 
median inhibitory concentration (IC50) value of 1.2 μM (364 ng/mL). This IC50 value 
did not change when cocaine was preincubated for 30 minutes with pooled human liver 
microsomes in the presence or absence of the CYP cofactor nicotinamide adenine 
dinucleotide phosphate (NADPH), indicating that the CYP2D6 inhibition seen was direct 
and not time- or metabolism-dependent. The mean Cmax values over various studies for 
the sponsor ranged from 35 to 50 ng/mL, leading to the 1+ I/Ki to be slightly above or 
below the 1.1 value. Additionally, due to the sharp peak of the PK profile, the time period 
for which what drug concentration will be around Cmax is very small. In addition, since 
this drug will mostly be used in a single dose setting, it does not appear that there is 
significant DDI risk. There was no evidence of direct inhibition of any other tested 
isoforms by cocaine; neither BE nor EME caused notable inhibition of any CYP at the 
highest concentrations tested (40 and 30 μM, respectively). 

Study XT168033:  
Cocaine, BE, and EME were also evaluated as potential substrates for and/or inhibitors of 
several major human transporters. Substrate and inhibition potential was assessed for the 
efflux (ABC) transporters P-glycoprotein (P-gp; MDR1) and breast cancer resistance 
protein (BCRP) with all 3 compounds (inhibition potential was not evaluated for cocaine 
as this has been reported in the literature [50]). Inhibition potential was evaluated with all 
3 compounds for the following uptake (SLC) transporters: organic anion transporter 1 
(OAT1) and 3 (OAT3), organic anion transporting polypeptide 1B1 (OATP1B1) and 1B3 
(OATP1B3), and organic cation transporter 2 (OCT2). Substrate potential was evaluated 
with all 3 compounds for P-gp and BCRP. As the primary route of elimination of cocaine 
is metabolism, it was evaluated as a substrate for hepatic uptake transporters OATP1B1 
and OATP1B3. As the primary route of elimination for BE and EME is urinary excretion, 
they were evaluated as substrates for the renal uptake transporters OAT1, OAT3, and 
OCT2. The P-gp net efflux ratio for BE was 8.85, which was reduced to 1.72 by a 
selective P-gp inhibitor, suggesting that BE is a substrate for P-gp. BE did not appear to 
be a substrate for BCRP; neither cocaine nor EME appeared to be substrates for P-gp or 
BCRP. Cocaine, BE, and EME were shown not to be substrates for the major human 

Reference ID: 4141276



 
 
 
 
 
 

27 

hepatic (cocaine) or renal (BE, EME) uptake transporters. Cocaine inhibited OCT2 with 
an IC50 of 7.85 μM (2380 ng/mL) which is much higher than the Cmax values achieved 
in various in vivo studies. There was no evidence of significant inhibition of the 
remaining transporters tested (uptake or efflux) by cocaine, BE, or EME.  
 
The potential for cocaine to interact with the ABC efflux transporters P-gp and BCRP, in 
human embryonic kidney cells transfected with either human P-gp or human BCRP was 
reported in the literature [50]. Cocaine (100 μM) did not inhibit either P-gp or BCRP. 
 

Other Potential Drug-Drug Interactions:  
The effects of lovastatin (lipid lowering), thioridazine (antipsychotic) [51], amitriptyline 
(antidepressant) [52], and procainamide (antiarrhythmic) [52, 53] on the degradation of 
cocaine in vitro in human serum or human liver homogenates has been examined. These 
drugs were examined because published studies suggested they could inhibit esterases. In 
serum, cocaine degradation was negligibly decreased by lovastatin (cocaine concentration 
decreased by 86% with versus 89% without lovastatin) and inhibited in a concentration-
dependent manner by thioridazine (cocaine concentration decreased by 87% without 
versus 71% and 55% with 5.4 μM and 10.80 μM thioridazine, respectively). 
Amitriptyline (1.8 μM) modestly inhibited the degradation of cocaine in human serum 
(extent of degradation inhibited by 4.2%) whereas procainamide inhibited the 
degradation of cocaine in both human serum (inhibited by 42.7%) and a human liver 
homogenate (inhibited by 42.2% to 61.1%). 
The authors suggested that thioridazine, amitriptyline, and procainamide may therefore 
potentially increase the half-life of cocaine in vivo. However, in vivo interaction studies 
were not performed, so it is unknown how clinically relevant the in vitro findings may be. 
There are several collateral metabolic pathways involved in the biotransformation of 
cocaine in vivo, and serum and liver cholinesterases have been shown to have very high 
capacities, with conservative maximum enzyme velocity (Vmax) estimates of 
approximately 10 nmol/mL (~3000 ng/mL) and 115 nmol/g (~35,000 ng/g), respectively, 
per 30 minutes [30], which far exceed the observed mean Cmax in humans (43 ng/mL) 
after an intranasal dose of 4% topical cocaine solution. Both of these factors may serve to 
temper the impact of pseudocholinesterase inhibition on cocaine disposition in vivo.  
 
Three in vivo cocaine DDI studies were identified in the literature: one with 
methylphenidate (treatment for attention deficit hyperactivity disorder) [47] and two with 
disulfiram (potential treatment for cocaine dependence) [48, 49]. In these studies, cocaine 
was administered either IV or by nasal insufflation. Methylphenidate did not alter the PK 
of IV cocaine. When administered by nasal insufflation, disulfiram increased the plasma 
concentrations of cocaine by several fold (Cmax by 2-3 fold AUC by 3-5 fold) and 
decreased cocaine clearance by 3-4 fold. [48]. When administered by IV disulfiram did 
not impact the Cmax of cocaine but, increased AUC by around 2 fold [49]. Considering 
the several fold increase for both Cmax and AUC with intranasal route of cocaine with 
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September 7, 2016 (200) and September 14, 2016 (480 duplicates). The samples 
were pretreated with 5% of 0.4M Citric Acid Monohydrate and Sodium Fluoride 
0.07 g/mL (w/v). Human urine samples were received on May 11, 2016 (32), June 
8, 2016 (12), July 20, 2016 (13), September 7, 2016 (62 and 1 empty tube) and 
September 14, 2016 (122 duplicates). One duplicate urine sample was analyzed as 
the primary aliquot did not have sample volume. Two other duplicates were 
analyzed per Sponsor request as the primary samples were not received. All study 
samples were received in acceptable condition, frozen on dry ice. Samples and 
QC samples were kept at approximately -80°C. The longest interval from 
individual sample draw date to analysis date was 137 days for plasma samples 
and 145 days for urine samples. Adequate long-term stability (166 days for 
TM.1668 and 146 days for TM.1721) has been established to cover the storage 
period. 
 

 
Four high-performance liquid chromatography (HPLC) with tandem mass spectrometric 
detection (LC-MS/MS) bioanalytical methods (two in human plasma and two in urine) 
were developed and validated to support conduct of the 4 clinical PK studies. 
The initial methods comprised two separate assays for cocaine, BE, and EME: one in 
plasma and one in urine. For the second two methods, the initial assays were modified to 
improve the lower limit of quantitation (LLOQ) for cocaine (5.00 ng/mL to  0.100 
ng/mL), BE (100 ng/mL to  1.00 ng/mL), and  EME (50.0 ng/mL to  1.00 ng/mL) in 
plasma and urine, and to include an additional metabolite, norcocaine, as an analyte in the 
plasma method. All methods were fully validated according to the FDA Guidance for 
Industry: Bioanalytical Method Validation (May 2001). In addition, a Partial Validation 
of the second plasma method was performed to account for a modification in sample 
handling in Study CTS 2016017 [use of 10% (10/1) plasma stabilizing solution rather 
than 5% (20/1)]. 
 

Bio-analytical Validation:  
The assay performance for the two analytical methods for both human plasma and urine 
presented below (Table 6-9). 
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a: Between-run accuracy values for QC samples (% relative error)  
b: Between-run precision for QC samples (% coefficient of variation)  
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8.7 Hepatic Impairment 

No dosage adjustment of Cocaine Hydrochloride Topical Solution is needed in patients 
with hepatic impairment.  for adverse reactions such as 
headache, epistaxis, and clinically-relevant increases in heart rate or blood pressure. A 
second dose of Cocaine Hydrochloride Topical Solution should not be administered to 
subjects with hepatic impairment within 24 hours of the first dose [see Clinical 
Pharmacology (12.3)]. 

8.8 Patients with Reduced Plasma Cholinesterase Activity 

Cocaine has been described in literature to be primarily metabolized and inactivated by 
non-enzymatic ester hydrolysis and hepatic carboxylesterase, and also by plasma 
cholinesterase, hepatic carboxylesterase and CYP3A4 [see Clinical Pharmacology 
(12.3). 

 genetic 
abnormalities of plasma cholinesterase (e.g., patients heterozygous or homozygous for 
atypical plasma cholinesterase gene),  severe liver or kidney disease, 
malignant tumors, infections, burns, anemia, decompensated heart disease, peptic ulcer, 
or myxedema.  Patients with reduced plasma cholinesterase (pseudocholinesterase) 
activity may have reduced clearance and increased exposure of plasma cocaine after 
administration of Cocaine Hydrochloride Topical Solution.  

Pharmacokinetics of Cocaine Hydrochloride Topical Solution in patients with reduced 
plasma cholinesterase activity has not been studied. Since cocaine is metabolized by 
multiple enzymes, the effect of reduced plasma cholinesterase activity on cocaine 
exposure may be limited. No dosage adjustment of Cocaine Hydrochloride Topical 
Solution is needed in patients with reduced plasma cholinesterase. Monitor patients with 
reduced plasma cholinesterase activity for adverse reactions such as headache, epistaxis, 
and clinically-relevant increases in heart rate or blood pressure. 

12 CLINICAL PHARMACOLOGY 

12.3 Pharmacokinetics 
 

Distribution 

Cocaine has been described in literature as approximately 84-92% bound to human 
plasma proteins, binding primarily to alpha-1-acid glycoprotein (AAG) and albumin. 

In studies with Cocaine Hydrochloride Topical Solution, the apparent volume of 
distribution (Vd/F) of cocaine after intranasal administration is 3,877 ± 1,266 L. 
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Elimination 

Metabolism 

Cocaine has been described in literature to be primarily metabolized and inactivated by 
non-enzymatic ester hydrolysis and hepatic carboxylesterase 1 to form benzoylecgonine 
(BE), and by plasma cholinesterase and hepatic carboxylesterase 2 to form ecgonine 
methyl ester (EME). In human liver microsomes, cocaine undergoes CYP3A4 mediated 
N-demethylation to produce a minor metabolite, norcocaine, which is pharmacologically 
active. 

Drug-drug Interactions: 

Cocaine has been found to be a CYP2D6 inhibitor in in-vitro studies employing human 
liver microsomes. In vitro transporter inhibition studies also found cocaine to be an 
inhibitor of OCT2. However, the relatively low plasma concentrations of cocaine 
resulting from therapeutic doses of Cocaine Hydrochloride Topical Solution are not 
expected to raise significant drug-drug interaction concerns. 

Disulfiram 

It has been reported in the published literature that disulfiram treatment increased plasma 
cocaine exposure, including both AUC and Cmax, by several folds after acute intranasal 
cocaine administration. other published literature reported that co-administration of 
disulfiram increased AUC of plasma cocaine by several folds after intravenous cocaine 
administration [see DRUG INTERACTIONS (7.1)]. 

 

Hepatic Impairment 

In a pharmacokinetic study of Cocaine Hydrochloride Topical Solution in subjects with 
normal, Child-Pugh Class B, and Child-Pugh Grade C hepatic impairment, there was a 
minimal effect of hepatic impairment on cocaine Cmax. In moderate impaired subjects 
(n=9) there was a higher than two-fold increase in AUC (79.2ng.h/mL in normal subjects 
to 225 ng.h/mL in Child-Pugh Grade B subjects) and the clearance was reduced by more 
than half (1735 L/h in normal 629 L/h in Child-Pugh Grade B subjects). In severely 
impaired subjects (n=3) there was an eighty percent increase in AUC (79.2ng.h/mL in 
normal subjects to 142 ng.h/mL in Child-Pugh Grade C subjects) and the clearance was 
reduced to half (1735 L/h in normal 959 L/h in in Child-Pugh Grade C subjects). 

[see Use in Specific Populations (8.7)]. 
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4.2 Individual Study Synopses:  
Note: Study synopses in this section were extracted from the NDA submission 

 Study Designs  4.2.1
 
CTS 2015016: Phase 1, open-label, single-center, single-dose study to evaluate the 
systemic PK and safety of 4% topical cocaine solution following topical intranasal 
administration of a single dose to subjects with either normal renal function or severe 
renal impairment. 
 
CTS 2015013: Phase 1, open-label, single-center, single-dose study to evaluate the 
systemic PK and safety of 4% topical cocaine solution following topical intranasal 
administration of a single dose to subjects with either normal renal function or severe 
renal impairment. 
 
CTS 2015014: Phase 1, open-label, single-center, single-dose study to evaluate the 
systemic PK and safety of 4% topical cocaine solution following topical intranasal 
administration to subjects with normal hepatic function or hepatic impairment 
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