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4. Nonclinical Pharmacology/Toxicology 
The following summary is reproduced from Dr. Mellon’s review: 
 

The NDA was submitted via the 505(b)(2) pathway with reliance upon an Agency previous 
finding of safety for intranasal oxymetazoline (21 CFR §341.20 Nasal decongestant active 
ingredients), published literature, a right-of-reference to the data in the Synera (lidocaine and 
tetracaine patch) NDA (21623), and by additional intranasal toxicity studies conducted in the 
dog model with the drug product formulation and reproductive and developmental toxicology 
studies for the combination of oxymetazoline and tetracaine. 
 
As noted by Dr. Xu, the proposed drug substance and drug product specifications are 
acceptable from a nonclinical perspective.  Of note, the original drug product degradation 
specification for  which exceeded the qualification 
threshold per the ICH Q3B(R2) guidance, was not supported by adequate nonclinical data 
with respect to the local tissue safety of the degradant.  However, there are clinical data that 
includes assessment olfactory function and local tissue reaction for a drug product batch 
containing up to   These clinical data were reviewed by Dr. Amelia Luckett and 
found adequate to support a revised specification of NMT %.  The specification of NMT 

% was deemed appropriate by our chemistry, manufacturing, and controls review team 
upon review of the stability data in order to take into consideration the distinct possibility of 
excursions in temperature on stability which could occur when the product is used based.  As 
also noted by Dr. Xu, the container closure system has been adequately characterized for 
safety.   
 
There are several excipients in this drug product formulation that have not been previously 
used in FDA-approved intranasal drug products, including citric acid %), benzyl 
alcohol ( %), and hydroxyethyl cellulose %).  However, the intranasal toxicology 
study in the dog was completed with a vehicle containing comparable or higher levels of these 
excipients; therefore, these studies and the clinical experience with the drug product to date, 
serve to characterize the local tissue effects of these excipients. 
 
In terms of general toxicity, based on the previous clinical experience with the same dose and 
concentration (0.05%) of oxymetazoline as a nasal decongestant and tetracaine as a local 
anesthetic, the repeat-dose intranasal toxicology studies were not required to support the 
proposed clinical studies for this acute-use indication.  However, the Division required a 
repeat-dose intranasal toxicity study and an embryo-fetal development study with the 
combination to support the NDA submission.  The Applicant also completed a fertility and 
early embryonic development, an embryo-fetal development, and a pre- and post-natal 
development studies in the rat model testing the combination.  In addition, the Applicant has 
leveraged the data in the Synera NDA via right of reference to further support their 
application.  Specifically, data from the Synera NDA included basic pharmacology; 
nonclinical absorption, distribution, metabolism, and elimination (ADME) data; genetic 
toxicity; and embryo-fetal development studies for tetracaine.  These data further support the 
proposed drug product labeling, as appropriate. 
 
The 14-day repeat-dose intranasal toxicology study in the dog model characterized the 
toxicological potential of oxymetazoline, oxymetazoline plus tetracaine in a vehicle 
containing citric acid %), benzyl alcohol %), and hydroxycellulose ( %) in water 
(concentrations similar to or higher than the final drug product formulation).  Repeated-
application of tetracaine and oxymetazoline resulted in clear treatment-related clinical signs 
(wobbly gait, salivation, shivering, vocalization, labored breathing, pupil dilation, impaired 
mobility, red swollen gums, nasal discharge, excessive barking, and excessive rolling/rubbing 
on the cage and face.  These findings were observed immediately after dosing and resolved 
quickly.  Microscopic changes were noted after 14-days of treatment, including reversible cell 
infiltration and squamous metaplasia in the nasal cavity.  Although such findings would raise 
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concerns for chronic administration, these changes are not expected to occur when used for 
the proposed acute indication.   
 
The completed reproductive and developmental toxicology studies did suggest the potential 
for adverse effects via these drug substances.  Specifically, in a fertility and early embryonic 
development study, oxymetazoline treatment of pregnant rats resulted in a decrease in the 
number of implantations (high dose), corpora lutea (high dose), and viable embryos (all 
doses).  The effect appears to be largely driven by the oxymetazoline.  A NOAEL was not 
identified in females.  In males, oxymetazoline decreased sperm counts and concentration.  A 
NOAEL of the low dose (0.01 mg/kg oxymetazoline and 7.5 mg/kg tetracaine) in males.  The 
findings will be reflected in the drug product labeling.   
 
An embryo-fetal development studies for the combination of oxymetazoline and tetracaine 
was completed in the rat model.  Malformations were noted in the oxymetazoline alone 
control group (7.6 times the maximum recommended human dose based on AUC 
comparison), including short forelimb digits, fused arches in thoracic vertebrae, fused ribs, 
and irregular number of ribs.  Variations were also reported following oxymetazoline 
treatment, including irregularly shaped arches, an increased incidence of bifid centra in 
thoracic vertebrae, and unossified forelimb phalanx.  There were no clear malformations in 
the oxymetazoline plus tetracaine group.  The effects were noted at doses that also 
demonstrated evidence of maternal toxicity, such as reduced maternal food consumption and 
maternal body weight.  The maternal toxicity occurred with a similar magnitude in both the 
oxymetazoline alone and oxymetazoline plus tetracaine group.  Therefore, it is not clear that 
the malformation can be attributed to maternal toxicity.  These adverse effects will also be 
noted in the product labeling. 
 
In a pre- and postnatal development study, there were reduced implantation sites and live litter 
sizes which were attributed to oxymetazoline (1.5 times the human dose).  Fetal body weights 
were also reduced and there was an increase incidence of pup deaths during the lactation 
period which appear to be attributed primarily to oxymetazoline (6 times the maximum 
recommended human dose based on AUC comparison).  These findings will also be noted in 
the product labeling. 
 
The following table, prepared by Dr. Jay Chang, summarizes the exposure margins for 
oxymetazoline in the reproduction and development studies to appropriately inform the 
product labeling.  These are not the same as reported in Dr. Xu’s review, which this memo 
serves to correct.   
 
Table 1:  Exposure Margins for Oxymetazoline 
 

Doses 
Oxy/Tetra
(mg/kg) 

Segment I (SD 14) Segment II (SD 11) Segment III (SD 30) 

AUC0-24h 
(ng•h/mL) 

Exposure 
Margin*

AUC0-24h 
(ng•h/mL) 

Exposure 
Margin*

AUC0-24h 
(ng•h/mL) 

Exposure 
Margin* 

Oxymetazoline 

0.1/0 27.5 7.5x 28.0 7.6x 22.2 6.0x 

0.01/7.5 2.68 0.7x 2.26 0.6x 1.85 0.5x 

0.03/7.5 7.37 2.0x 5.61 1.5x 5.50 1.5x 

0.1/7.5 29.4 8.0x 19.4 5.3x 22.8 6.2x 

*=Exposure margin based on oxymetazoline AUC0-24h levels from nonclinical reproductive and developmental 
toxicology studies relative to the mean oxymetazoline AUC0-24h (3.67 ng•h/mL) from patients given the maximum 
recommended human dose of Kovanaze (Clinical Study SR-2-06) 
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Outstanding or Unresolved Issues 
I agree with the review team that there are no nonclinical pharmacology/toxicology issues that 
would preclude approval of this application. 
 

5.    Clinical Pharmacology/Biopharmaceutics  
The following is excerpted from the clinical pharmacology review by Drs. Lee and Xu. 
 

The Applicant has submitted results from 3 pharmacokinetic studies: 1) SR 2-02, a 
preliminary pharmacokinetic (PK) study assessing 0.6 and 1.2 mL Kovanaze doses in adults; 
2) SR 2-06, a PK study with 0.6 mL Kovanaze dose, highest Phase 3 adult dose, in adults; and 
3) SR 2-07, a PK study with 0.1, 0.2 and 0.4 mL Kovanaze doses in pediatric subjects from 
3.8 to 15.1 years of age stratified into 3 groups by weight. This review focused results from 
Studies SR 2-06 and SR 2-07. The results from the preliminary study SR 2-02 were briefly 
described. To-be-marketed product was used in all clinical studies.  
 
Tetracaine and its major metabolite, para-aminobenzoic acid (PBBA) information in Synera 
Product Label 
With respect to tetracaine, Synera Product Label indicated under Section 12.3 Clinical 
Pharmacology that ‘plasma levels of tetracaine were below the limit of quantitation (<0.9 
ng/mL) in all subjects tested (n = 12).’ Synera Product Label does not provide PBBA 
exposure information (Note: Synera NDA clinical pharmacology review contains no PBBA 
exposure information). Similar findings for tetracaine were observed from Kovanaze 
administration. Of all samples analyzed for tetracaine, one quantifiable tetracaine 
concentration was observed in a single sample from one subject, which is barely above the 
LLOQ (0.05 ng/mL). As there were not enough samples in which tetracaine was quantifiable, 
tetracaine PK parameters were not obtained for Kovanaze. 
 
Oxymetazoline nonclinical safety and OTC monograph for nasal decongestant (21 CFR Part 
341) 
 
Kovanaze is expected to be used as a  nasal spray 
during a dental procedure. As stated above the Applicant is relying on the OTC monograph 
for nasal decongestant products (21 CFR Part 341) to support the nonclinical safety of 
oxymetazoline in Kovanaze as support for a 505(b)(2) application. For products containing 
oxymetazoline hydrochloride identified in the OTC monograph for nasal decongestant, CFR 
314.80(d)(2), the monograph states that: ‘(A) Nasal drops or sprays: (1) 0.05% aqueous 
solution. Adults and children 6 to <12 years of age: 2 or 3 drops or sprays in each nostril not 
more often than every 10 to 12 hours. Do not exceed 2 doses in any 24-hour period. Children 
<6 years of age: consult a doctor; (2) A 0.025% aqueous solution in a container having either 
a calibrated dropper or a metered-dose spray that delivers no more than 0.027 milligrams of 
oxymetazoline per three drops or three sprays. Children 2 to <6 years of age: 2 or 3 drops or 
sprays in each nostril not more often than every 10 to 12 hours. Use only recommended 
amount. Do not exceed 2 doses in any 24-hour period. Children <2 years of age: consult a 
doctor.’ For a comprehensive overview regarding nonclinical safety of oxymetazoline, the 
reader is referred to review conducted by the Pharmacology/Toxicology reviewer. From a 
clinical pharmacology perspective, the Applicant has conducted adult and pediatric 
pharmacokinetic studies with Kovanaze to provide oxymetazoline exposure information, 
which will be described in the Kovanaze label. 
 

 
With respect to the adult and pediatric pharmacokinetic studies, Dr. Lee noted the 
following in his review: 
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Adults 
Study SR-06 was conducted to evaluate the PKs of Kovanaze intranasal administration of 0.6 
mL [18 mg tetracaine HCl and 0.3 mg oxymetazoline HCl; at the maximum recommended 
dose (highest Phase 3 adult dose)] in healthy adult volunteers (N=24; 13/11 male/female, age 
18.1 to 47.5 years old). Kovanaze 0.6 mL was administered as 3 sprays of 0.2 mL each, 
unilaterally in one nostril for a total dose of 0.6 mL (3 administrations of 1 X 0.2 mL). Each 
unilateral nasal spray (that is, to only one nostril) was separated from the previous one by a 4-
min interval. The total dosing period was 8 minutes (0, 4, and 8 minutes). Tetracaine, PBBA 
and oxymetazoline moieties were analyzed utilizing validated liquid chromatography with 
tandem mass spectrometric detection (LC-MS/MS) methods. 
 
After administration of Kovanaze, it appears that tetracaine was rapidly metabolized to 
PBBA. There were over 500 blood samples analyzed for tetracaine; the lower limit of 
quantitation (LLOQ) for tetracaine was 0.05 ng/mL. Of all samples analyzed one quantifiable 
tetracaine concentration was observed in a single sample from one subject (Subject 116, 0.08 
h (5 min) sample, 0.0501 ng/mL), which is barely above the LLOQ. As there were not enough 
samples in which tetracaine was quantifiable, tetracaine PK parameters were not obtained. It 
is noted that similar findings were reported in Synera Product Label, which the Label 
indicated that ‘plasma levels of tetracaine were below the limit of quantitation (<0.9 ng/mL) 
in all subjects tested (n = 12).’ 
 
Following Kovanaze intranasal administration of 0.6 mL, the observed mean oxymetazoline 
Cmax, AUC0-inf and T1/2 value were 1.78 ng/mL, 4.24 ng h/mL and 5.23 h, respectively. 
The observed median Tmax was 5 minutes. The observed mean PBBA Cmax, AUC0-inf and 
T1/2 value were 465 ng/mL, 973 ng.h/mL and 2.6 h, respectively. The observed median Tmax 
was 20 minutes. 
 
Pediatrics 
Kovanaze development in pediatric population was discussed during end-of-phase 2 meeting 
and pre-NDA meeting, which included dose selection for pediatric patients, evaluation of 
safety and efficacy in patients down to the age of 3 years, plans for the initial pediatric trial to 
start with the older patients first, e.g., 12 to 17 years of age, followed by younger patients, etc. 
As previously stated the Applicant already assessed Kovanaze in pediatric patients 3 to 17 
years of age ( SR 3-04, a Phase 3 safety and efficacy trial, SR 2-03, a Phase 2 dose-ranging 
study, and SR 2-07, a Phase 1 pharmacokinetic study) prior to submitting the agreed initial 
Pediatric Study Plan. 

 
The mean values for the clinically pertinent pharmacokinetic parameters are summarized in the 
table below, adapted from Dr. Lee’s review. 
 
 

 Dose 
mL 

Cmax 
(ng/mL) 

AUCinf 
(ng.h/mL) 

T1/2 
(h) 

Group  
Oxymetazoline 

 

Pediatric (SR 2-07) 

10 to < 20 kg 
 

0.1 0.367 0.992* 1.57* 

20 to < 40 kg 0.2 
 

0.846 2.53 4.32 

≥ 40 kg 0.4 
 

1.20 2.64 3.49 

Adult (SR 2-06)  0.6 1.78 4.24 5.23 
  

PBBA 
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 Dose 
mL 

Cmax 
(ng/mL) 

AUCinf 
(ng.h/mL) 

T1/2 
(h) 

 

Pediatric (SR 2-07) 

10 to < 20 kg 
 

0.1 166 529 2.81 

20 to < 40 kg 0.2 
 

345 826 2.18 

 ≥ 40 kg 0.4 365 665 1.57 
Adult (SR 2-06)  0.6 465 973 2.60 
*N = 1 

 
Dr. Lee noted in his review that pharmacokinetic interactions between tetracaine and 
oxymetazoline are not expected to occur because tetracaine undergoes rapid hydrolysis by 
plasma esterases and oxymetazoline is thought to be metabolized by CYP enzymes. 
 
The following summary about the pharmacokinetic characteristics of the drug product and its 
major metabolite is reproduced from Dr. Lee’s review. 
 

The following information has been obtained from Synera Labeling with respect to tetracaine. 
The systemic exposure information for oxymetazoline is virtually none existent in the 
literature; however, per 21 CFR Part 341, Final Monograph for over-the-counter (OTC) Nasal 
Decongestant Drug Products, oxymetazoline is generally recognized as safe and effective and 
not misbranded. 
 
Mechanism of Action 
Tetracaine is an ester-type local anesthetic agent. Tetracaine block sodium ion channels 
required for the initiation and conduction of neuronal impulses, resulting in local anesthesia. 
 
Distribution 
Volume of distribution and protein binding has not been determined for tetracaine due to 
rapid hydrolysis in plasma. [The reported tetracaine protein binding values range from 75% - 
85% (Altman, 1985; McLure, 2005; Covino, 1984)]. 
 
Metabolism 
Tetracaine undergoes rapid hydrolysis by plasma esterases. Primary metabolites of tetracaine 
include para-aminobenzoic acid (PBBA) and diethylaminoethanol, both of which have an 
unspecified activity. 
 
Elimination 
The half-life and clearance for tetracaine have not been established for humans, but hydrolysis 
in the plasma is rapid. (A description of the routes of excretion of tetracaine in humans was 
not described.) 
 
The following information (from the literature) was submitted by the Applicant with respect 
to oxymetazoline. 
 
Mechanism of Action 
Oxymetazoline is believed to be a mixed α1/α2-adrenoceptor agonist (Haenisch 2010) and to 
exert its local decongestant effects in the nose by stimulating adrenergic receptors, eliciting 
vasoconstriction of dilated arterioles and reducing nasal blood flow. 
 
Distribution 
No information was available. 
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Metabolism 
In vitro oxymetazoline metabolism evaluated in liver fractions (S9 fractions) suggested that 
oxymetazoline undergoes oxidative metabolism possibly via CYP2C19 isoform (Mahajan, 
Drug Metab and Disposition, Vol 39, No.4, 2011). Additionally in vitro oxymetazoline 
metabolism information suggested that oxymetazoline undergoes O-glucuronidation by 
UGT1A9 (Mahjan, J PHARM SCI, Vol. 100, No. 2, Feb 2011). 
 
Elimination 
No information was available. 

 
Outstanding or Unresolved Issues 
I agree with the review team that there are no clinical pharmacology issues that would 
preclude approval of this application. 

6. Clinical Microbiology  
The drug product is not a therapeutic antimicrobial; therefore, clinical microbiology data were 
not required or submitted for this application.   

7. Clinical/Statistical-Efficacy 
The drug development program for this drug consisted of the several clinical trials.  The Phase 
3 trials which were conducted to evaluate the efficacy and safety of the product are 
summarized in the tale below. 
 

 SR 3-01 SR 3-02 SR 3-03 SR 3-04 
Location 2 clinical sites in the  

United States 
2 clinical sites in the  
United States 

3 clinical sites in the  
United States 

2 clinical sites in the  
United States 

Study period August 2012 to  
September 2012 

October 2012 to  
February 2013 

February 2013 to  
May  2013 

April 2013 to  
August 2013 

Study 
population 

Adult patients Adult patients Adult patients Adult patients 

Treatment 
groups 

a. Kovanaze  
b. Tetracaine alone 
c.  Placebo  

a. Kovanaze  
b. Tetracaine alone 
c.  Placebo 

a. Kovanaze  
b. Placebo 

a. Kovanaze  
b. Placebo 

Number of 
patients 

140 planned;  
26 enrolled 

110 (2:2:1 ratio) 150 (2:1 ratio) 90 (2:1 ratio) 

Primary 
efficacy 
endpoint 

Completion of the 
Study Dental 
Procedure without 
need for rescue by 
injection of local 
anesthetic (yes/no). 

Completion of the study 
dental procedure without 
need for rescue by injection 
of local anesthetic (yes/no) 

Completion of the study 
dental procedure without 
need for rescue by injection  

Completion of the study 
dental procedure without 
need for rescue by injection 
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 SR 3-01 SR 3-02 SR 3-03 SR 3-04 
Secondary 
Efficacy 
Endpoint 

Intraoral soft-tissue 
anesthesia (yes/no) 
and the time to onset 
and duration of such 
soft-tissue anesthesia. 

Intraoral soft-tissue 
anesthesia (yes/no) and the 
onset and duration of such 
soft-tissue anesthesia. 
“Onset” shall be defined as 
the time from the 
completion of dosing (T8) to 
the time that the subject 
reports no pain upon soft-
tissue probing. “Duration” 
shall be defined as the time 
from Onset to the time the 
subject reports pain upon 
soft-tissue probing 

Completion of the study 
dental procedure without 
need for rescue by injection 
of local anesthetic (yes/no) 
by age group (≤50 and >50 
years) 

Completion of the study 
dental procedure without 
need for rescue by injection 
of local anesthetic (yes/no) 
by dose (100 μL, 200 μL or 
400 μL). 
 
Completion of the study 
dental procedure without 
need for rescue by injection 
of local anesthetic (yes/no) 
by age group (3-5, 6-11, and 
12-17 years old, inclusive) 

 
Applicant submitted the results from Study SR 3-02, SR 3-03, and SR 3-04 as the key pivotal 
trials in support of the NDA.  A detailed review of the design, objectives, endpoints, conduct, 
and results of the studies can be found in Dr. Luckett’s and Dr. Travis’ respective reviews.  
Below is a brief summary. 
 
Study SR 3-02: “A Phase III, Multi-Center, Randomized, Double-Blind, Parallel-Groups 
Clinical Trial Comparing the Efficacy and Safety of Intranasally Administered Kovacaine Mist 
to Tetracaine Alone and to Placebo for Anesthetizing Maxillary Teeth in Adults.” 
 
The primary objectives of the study were: 

1. To determine whether Kovacaine Mist (3% tetracaine HCl/0.05% oxymetazoline HCl) 
is safe and superior to 3% tetracaine HCl alone in providing local anesthesia sufficient 
to allow completion of an operative restorative dental procedure (the “Study Dental 
Procedure”) on a maxillary tooth (#4 to 13) in adults without need for intra-procedure 
rescue by injection of local anesthetic. 

2. To determine whether Kovacaine Mist (3% tetracaine HCl/0.05% oxymetazoline HCl) 
is safe and superior to placebo in providing local anesthesia sufficient to allow 
completion of an operative restorative dental procedure (the “Study Dental Procedure”) 
on a maxillary tooth (#4 to 13) in adults without need for intraprocedure rescue by 
injection of local anesthetic. 

 
Secondary objectives of the study were: 

1. To determine if Kovacaine Mist provides anesthesia of intraoral soft tissue. 
2. To evaluate the safety and tolerability of Kovacaine Mist. 

 
The following criteria were utilized to determine eligibility for the study. 

Inclusion Criteria: 
1. Male or female 18 years of age or older. 
2. Need for an operative restorative dental procedure requiring local anesthesia for a 

single vital maxillary tooth (other than a maxillary first, second, or third molar) 
with no evidence of pulpal pathology. 

3. Normal lip, nose, eyelid, and cheek sensation. 
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Study 3-03: “A Phase 3, Multi-Center, Randomized, Double-Blind, Parallel-Groups Clinical 
Trial Comparing the Efficacy and Safety of Intranasally Administered Kovacaine Mist to 
Placebo for Anesthetizing Maxillary Teeth in Adults.” 
 
The primary objective of the study was: 

To determine whether Kovacaine Mist (3% tetracaine HCl/0.05% oxymetazoline HCl) 
is safe and superior to placebo in providing local anesthesia sufficient to allow 
completion of an operative restorative dental procedure (the “Study Dental Procedure”) 
on a maxillary tooth (#4 to 13) in adults without need for intra-procedure rescue by 
injection of local anesthetic. 
 

Secondary objectives of the study were: 
1. To assess the safety and efficacy of Kovacaine Mist versus placebo by age group (≤50 

and >50 years) . 
2. To evaluate the safety and tolerability of Kovacaine Mist. 

 
The following criteria were utilized to determine eligibility for the study. 

Inclusion Criteria: 
1. Male or female 18 years of age or older. 
2. Need for an operative restorative dental procedure requiring local anesthesia for a 

single vital maxillary tooth (anterior or premolar tooth #4 to #13) with no evidence 
of pulpal pathology. 

3. Normal lip, nose, eyelid, and cheek sensation.  
4. Able to understand and sign the study informed consent document, communicate 

with the Investigators, and understand and comply with the requirements of the 
protocol. 

5. Patency of the naris ipsilateral to the tooth undergoing the Study Dental Procedure 
(the treatment tooth). 

6. Resting heart rate (HR) between 55 and 100 beats per minute (bpm), inclusive. 
7. Seated systolic blood pressure (SBP) between 95 and 150 mm Hg, inclusive, and 

seated diastolic blood pressure (DBP) between 60 and 100 mm Hg, inclusive. 
 

Exclusion Criteria: 
1. Inadequately controlled hypertension (blood pressure greater than 150/100 mm 

Hg). 
2. Inadequately controlled active thyroid disease of any type. 
3. Frequent nose bleeds (≥ 5 per month). 
4. Having received dental care requiring a local anesthetic within the 24 hours 

preceding study entry. 
5. History of allergy to or intolerance of tetracaine, benzyl alcohol, other ester local 

anesthetics, or para-aminobenzoic acid (as found in PABA-containing sunscreen). 
6. History of allergy or hypersensitivity to articaine, oxymetazoline, epinephrine, or 

sulfite preservatives. 
7. Use of a monoamine oxidase inhibitor within the 3 weeks preceding study entry. 
8. Nursing, pregnant, suspected of being pregnant, or trying to become pregnant. 

(Females of child-bearing potential will be required to take a urine pregnancy test 
on the day of, but prior to, study drug administration to rule out pregnancy.) 
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SR 3-03 Disposition 
 

Disposition 
Kovanaze 
N = 100 

Placebo 
N = 50) 

Total 
N = 150 

Randomized 100 (100.0%) 50 (100.0%) 150 (100.0%)

Treated 100 (100.0%) 50 (100.0%) 150 (100.0%) 
Completed 99 (99.0%) 49 (98.0%) 148 (98.7%) 
Next Day: Phone visit 3 (3.0%) 3 (6.0%) 6 (4.0%) 
Next Day: Clinical visit (if needed) 97 (97.0%) 47 (94.0%) 144 (96.0%) 
Withdrawn 1 (1.0%) 1 (2.0%) 2 (1.3%) 
Primary Reason for Withdrawal    

Adverse Event or Serious Adverse Event 0 0 0 
Use of exclusionary medication or procedure 0 0 0 
Protocol Violation 0 0 0 
Lost to Follow-Up 1 (100.0%) 0 1 (50.0%)a 
Patient Withdrew Consent 0 0 0 
Investigator Decision to Withdraw Patient 0 0 0 
Other* 0 1 (100.0%) 1 (50.0%)b 

*Was also noted to have “insufficient response to treatment.” 
 
The primary efficacy endpoint was the completion of the study dental procedure without need 
for rescue by injection of local anesthetic (yes/no).  The review team was able to reproduce the 
results, which are summarized in the table below. 
 
Success Rates by Treatment Group – SR 3-03 
Anesthetic 
Outcome 
 

Kovanaze  
N=100

Placebo  
N=50

 

n (%) 
 

95% CI n (%) 95% CI P-Value* 

Success  88 (88.0%) (80.0, 93.6%) 14 (28.0%) (16.2, 42.5%) <.0001 
Failure  12 (12.0%)  36 (72.0%)   
* One-Sided Fisher's Exact Test at 2.5% type-1 error 
 
 
 
Study SR 3-04: “A Phase 3, Multi-Center, Randomized, Double-Blind, Parallel-Groups 
Clinical Trial Comparing the Efficacy and Safety of Intranasally Administered K305 to 
Placebo for Anesthetizing Maxillary Teeth in Pediatric Patients.” 
 
The primary objectives of the study were: 

1. Effectiveness 
To determine whether Kovacaine Mist (3% tetracaine HCl/0.05% oxymetazoline HCl) 
is effective for providing local anesthesia sufficient to allow completion of an operative 
restorative dental procedure (the “Study Dental Procedure”) on a maxillary permanent 
tooth (#4 to 13) or a maxillary primary tooth (#A to J) in pediatric patients without 
need for intra-procedure rescue by injection of local anesthetic. 
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2. Safety 
To determine whether Kovacaine Mist (3% tetracaine HCl/0.05% oxymetazoline HCl) 
is safe for providing local anesthesia sufficient to allow completion of an operative 
restorative dental procedure (the “Study Dental Procedure”) on a maxillary permanent 
tooth (#4 to 13) or a maxillary primary tooth (#A to J) in pediatric patients without 
need for intra-procedure rescue by injection of local anesthetic. 

 
Secondary objectives of the study were: 

1. To evaluate the efficacy of Kovacaine Mist. 
2. To evaluate the safety of Kovacaine Mist. 
3. To evaluate the tolerability of Kovacaine Mist. 

 
The following criteria were utilized to determine eligibility for the study. 
 

Inclusion Criteria 
1. Male or female 3-17 years of age inclusive. 
2. Need for an operative restorative dental procedure and requiring local anesthesia on 

a single vital maxillary primary tooth (#A to J) or permanent tooth (#4 to13), with 
no evidence of pulpal pathology. 

3. Normal lip, nose, eyelid, and cheek sensation. 
4. Accompanied and/or represented by a parent or guardian able to comprehend and 

sign the informed consent document. 
5. Subject able to understand and provide assent to an age-appropriate subject assent 

form (as defined by local practice or regulation). 
6. Patient or parent/guardian able to communicate with the investigator and comply 

with the requirements of the protocol. 
7. Patency of the naris on the same side as the tooth undergoing the Study Dental 

Procedure (the Study Treatment Tooth). 
 

Exclusion Criteria 
1. Having received dental care requiring a local anesthetic within the 24 hours 

preceding study entry. 
2. History of allergy to or intolerance of tetracaine, benzyl alcohol, other ester local 

anesthetics, or para-aminobenzoic acid (as found in PABA-containing sunscreen). 
3. History of allergy or hypersensitivity to lidocaine, oxymetazoline, epinephrine, or 

sulfite preservatives. 
4. Use of a monoamine oxidase inhibitor within the 3 weeks preceding study entry. 
5. Nursing, pregnant, suspected of being pregnant, or trying to become pregnant. 

(Females of child-bearing potential will be required to undergo urine testing on the 
day of, but prior to, study drug administration to rule out pregnancy.) 

6. Inadequately controlled thyroid disease of any type. 
7. Having received any investigational drug (including Kovacaine Mist) and/or 

participation in any clinical trial within 30 days of study participation. 
8. Frequent nose bleeds (≥ 5 per month). 
9. History of congenital or idiopathic methemoglobinemia. 
10. Presence of an upper respiratory infection and/or fever defined as body temperature 

≥100.4° (38°C) on the day of and prior to study drug administration. 
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Disposition 

Kovanaze 
N = 60 

Placebo 
N = 30 

Total 
N = 90 

Adverse Event or Serious Adverse Event 0 0 0 
Use of exclusionary medication or procedure 0 0 0 
Major Protocol Violation 0 0 0 
Lost to Follow-Up 0 0 0 
Patient Withdrew Consent* 1 (1.7%) 0 1 (1.7%) 
Investigator Decision to Withdraw Patient 0 0 0 
Other 0 0 0 

 
The primary efficacy endpoint was the completion of the study dental procedure without need 
for rescue by injection of local anesthetic (yes/no).The review team was able to reproduce the 
results, which are summarized in the table below. 
 
Success Rates by Treatment Group – SR 3-04 
Anesthetic 
Outcome 
 

Kovanaze  
N=60

Placebo  
N=30

 

n (%) 
 

95% CI n (%) 95% CI P-Value* 

Success  46 (76.7%) (64.0, 86.6%) 16 (53.3%) (34.3, 71.7%) 0.0231

Failure  14 (23.3%)  14 (46.7%)   
* One-Sided Fisher's Exact Test at 2.5% type-1 error 
 
 
In addition, the review team evaluated the results of the primary efficacy endpoint, based on 
the weight of the patient. 
 
Success rate by weight/dosage Study SR3-04 
 

Dosage 
Strata 

Anesthetic Success rate One-Sided 
Fisher's 

Exact Test 
P-Value 

CMH 
P-value 

Breslow 
Day 

P-value 
Kovanaze (N=60) Placebo (N=30) 

N Count (%) N Count (%) 

10 to <20 kg  

20 to <40 kg  
≥ 40 kg 20 18 (90.0%) 10 4 (40.0%) 0.0072   
 
 
The results of Studies SR 3-02, SR 3-03, and SR 3-04 demonstrate substantial evidence of the 
efficacy of the product.  It is worth noting that the treatment effect that was seen in the 
pediatric trial appeared to be driven by the patient group that weighed ≥40 kg., which per the 
protocol, received two sprays.  Although the results in the 20 to 40 kg dosage strata 
demonstrated a numerical difference in favor of the Kovanaze treatment group, the results 
were not statistically significant.  
 
These findings will be reflected in the package insert, in that the product will be indicated for 
patients who weigh 40 kg or more. 
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pediatric studies are ethically problematic, because by definition there is no scientific need 
for the data. 
 
In the current situation, data have previously been collected that would inform the 
pharmacokinetics and safety of this product. The Agency’s refusal to accept these data would 
necessitate a second pediatric study that would obtain exactly the same information. The fact 
that the second study might enroll a more appropriate pediatric subpopulation is not a 
sufficient ethical justification for a duplicative study. 
 
The Agency’s refusal to accept the data from study SR 2-07 would also render the 
contributions of the pediatric participants meaningless to support a greater public good (i.e., 
approval of the product). Refusing to accept the data means that pediatric participants in SR 
2-07 not only received no benefit to their own health from participating, but also would lose 
any opportunity for the data to benefit others. 
 
I reviewed the IRB-approved parental permission document for this study. All of the required 
elements of consent under 21 CFR 50.25 were included, and the document was generally 
well-written. The form clearly stated that Kovacaine Mist is an experimental drug that has not 
been approved by FDA, that the child’s participation is completely voluntary, and that 
children would receive no direct benefit from participating. However, it is important to note 
that participants were told that their participation may benefit others. “Your child will not 
obtain any benefit from participating in the study other than the knowledge that he/she is 
contributing to the body of knowledge on Kovacaine Mist that may benefit others in the 
future.” The Agency’s refusal to accept the data would render this statement false. 
 
I share the Division’s concern that pediatric participants may have been inappropriately 
enrolled in the study SR 2-07, and recognize the need to educate both the IRB that approved 
the study and the Sponsor about the disorder or condition requirement. However, a refusal to 
accept the data from study SR 2-07 would serve the interests of neither the pediatric 
participants that participated in the study nor the pediatric participants that would be needed 
in a duplicative study. Therefore, the data from study SR 2-07 should be accepted, but the 
Agency should pursue other avenues of educating the IRB, the Sponsor, and the public about 
the situation. 

 

11. Other Relevant Regulatory Issues 
The Division of Division of Clinical Compliance Evaluation conducted inspections of three 
clinical sites, which were primarily selected based on the large enrollment. Information about 
these sites and the outcomes from the inspections are summarized in the table below: 
 

Clinical Investigator Site Study, Site, Enrollment Inspection Outcome 
Adam D. Marberger, D.D.S. 
Family and Cosmetic Dentistry 
4110 South Highland Drive 
Salt Lake City, Utah 

SR 3-02, Site 02 
60 subjects 

February 18 - 26, 2016 
VAI* 

Sebastian G. Ciancio, D.D.S. 
SUNY School of Dentistry 
3435 Main Street 
Buffalo, New York 

SR 3-02, Site 04 
50 subjects 

December 7 - 10, 2015 
NAI 

Yiming Li, D.D.S., M.S.D., Ph.D. 
Loma Linda School of Dentistry 
24876 Taylor Street, Room 122 
Loma Linda, California 

SR 3-03, Site 05 
68 subjects 

SR 3-04, Site 05 
42 subjects 

January 13 - 19, 2016 
NAI 

NAI = No Action Indicated (no significant deviations from GCP regulations) 
VAI = Voluntary Action Indicated (minor deviations from GCP regulations) 
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The final assessments from the inspections were that the data from the clinical sites were 
deemed reliable. 

12. Labeling 
Consultations were obtained from the Division of Medication Error Prevention and Analysis, 
Division of Pediatric and Maternal Health, and Office of Prescription Drug Promotion. 
 
The review team made extensive modifications to the proposed package insert, including, but 
not limited to the following sections: Indications and Usage, Dosage and Administration, 
Warnings and Precautions, Adverse Reactions, Drug Interactions, Use in Specific Populations, 
Clinical Pharmacology, Non-Clinical Toxicology, Clinical Studies, and Patient Counseling 
Information. 
 

13. Decision/Action/Risk Benefit Assessment 
Regulatory Action  

Approval. 
 

Risk:Benefit Assessment 
I concur with the review team that the Applicant has submitted sufficient evidence 
to demonstrate the effectiveness and safety of the product for regional anesthesia 
when performing a restorative procedure on adult teeth 4 through 13 and pediatric 
teeth A through J.  As noted in Dr. Luckett’s review, the benefits include the ability 
for the patient who, for one reason or another, is not able to receive adequate 
anesthesia by the conventional administration through a needle administration and 
the potential for reduction of the usual risks associated with needle administration 
(inadequate placement, inadvertent trauma if there is sudden movement, etc.).  For 
the health provider, there is the benefit of needle-less administration of the 
anesthetic, which could potentially reduce the risk of accidental needle sticks to the 
practitioner,  
 
Adverse events, primarily related to local manifestations, were observed in the 
clinical trials, but their severity and duration make the risk:benefit assessment 
favorable for the use of the product. 
  

Recommendation for Postmarketing Risk Management Activities 
None. 

 
Recommendation for other Postmarketing Study Requirements 
 

None. 
 

Recommendation for other Postmarketing Study Commitments 
None. 
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