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based on literature review. For full discussion on the selected age recommended for 
partial waiver see Section 7.6.3.

Given that adult studies are complete and ready for approval, I recommend that a
deferral to conduct studies in pediatric subjects 12-18 years is warranted. Due to similar 
clinical presentation of toenail onychomycosis in adults and adolescents, drug 
effectiveness can be extrapolated from adults; however a safety study is needed to 
address potential differences in systemic bioavailability and local tolerability. Thus, my 
recommendation is that the following PMR be attached to this NDA approval:

1. Pharmacokinetic/safety/tolerability trial in pediatric subjects with toenail 
onychomycosis ages 12 years to 17 years 11 months.

2 Introduction and Regulatory Background

Onychomycosis is a chronic fungal infection of toenails and/or fingernails. It is estimated 
that 15-20% of persons in United States between 40 and 60 years old have 
onychomycosis1. Older age, tinea pedis, and immunodeficiency are some of the risk 
factors for acquiring onychomycosis.

The most common site of infection is the toenail. The most common type of toenail
onychomycosis is distal subungual onychomycosis and the most common 
dermatophytes causing distal subungual onychomycosis are Trichophyton rubrum, and
Trichophyton mentagrophytes. Fingernail onychomycosis is more likely to be caused by 
yeasts, most commonly Candida albicans2.

The clinical manifestations of onychomycosis include separation of the nail plate from 
the nail bed (onycholysis), subungual hyperkeratosis, and changes in the nail plate that 
make it thicker, brittle, and discolored. Symptoms include toenail discomfort when 
walking including pain and social embarrassment. 

Treatment may be indicated from both medical and psychosocial perspectives. Without 
treatment, the disease can cause progressive damage to the nail unit, and can spread 
to infect other nails, the skin, or potentially predispose to secondary bacterial infections 
(in immunocompromised populations).

2.1 Product Information

Tavaborole is a  boronic acid complex (5-fluoro-1, 3-dihydro-1-hydroxy-2,1-
benzoxaborole) with molecular weight of 151.93 Da. Its structural formula is:

Reference ID: 3477657
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2.3 Availability of Proposed Active Ingredient in the United States

Tavaborole is a new molecular entity thus not available in the United States and has not 
been marketed in any other country.

2.4 Important Safety Issues with Consideration to Related Drugs

There are no related drugs to tavaborole as it belongs to a new therapeutic class of 
oxaborols. There are safety issues related to all other approved drugs for 
onychomycosis treatment.

Major concerns with griseofulvin are hypersensitivity and numerous drug-drug 
interactions. Itriconazole and terbinafine may induce hepatotoxicity and require that liver 
function tests be monitored during the treatment. Additionally, itraconazole has a boxed 
warning for multiple drug interactions and CHF.

The only topical agent, ciclopirox may cause irritation of the periungual area, observed 
in 5% of patients.

2.5 Summary of Presubmission Regulatory Activity Related to Submission

Relevant pre-submission regulatory activity for tavaborole (AN2690) was notable for the 
following: 

 Pre-IND Meeting October 3, 2005
 Guidance Meeting June 11, 2007

o The population studied will be reflected in labeling.
 Guidance Meeting August 13, 2008
 End-of-Phase 2 Meeting October 8, 2009. Division comments included:

o Evaluation of the primary endpoints at Week 52 after 48  weeks of 
treatment appears acceptable

o The proposed primary endpoint, complete cure of the target great toenail 
is acceptable

 SPA received August 4, 2010 and the Agreement Letter sent on September 13, 
2010 

 Guidance Meeting November 14, 2012
o The Division will consider a partial waiver from pediatric studies that is 

supported by evidence 
 Pre-NDA Meeting May 13, 2013

Reference ID: 3477657
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Comment: The content of this NDA is consistent with the prior agreements with the 
Division. 

2.6 Other Relevant Background Information

Tavaborole solution 5% was developed by Anacor Pharmaceuticals. The code name 
was designated as AN2690. Schering Plough was also involved with part of the clinical 
development and the code name for that phase was SCH 900340.

Throughout the clinical review, the terms tavaborole, tavaborole solution 5 %, and 
AN2690 reflect the same product and are used interchangeably. 

3 Ethics and Good Clinical Practices

3.1 Submission Quality and Integrity

The overall quality of the clinical information contained in this submission was 
acceptable.

3.2 Compliance with Good Clinical Practices

The applicant affirmed that the studies were conducted in accordance with the ethical 
principles originating from the Declaration of Helsinki and the International Conference 
on Harmonization (ICH) harmonized tripartite guidelines for Good Clinical Practice and 
the compliance with local and FDA regulatory requirements. The protocol and Informed 
Consent Forms were reviewed by the Investigations Review Board (IRB) associated 
with the trial sites or by consulting central IRB. Written informed consents were obtained 
from subjects at the first (baseline) visit.

The Division of Scientific Investigators (DSI) was consulted to review the conduct of 
both clinical trials, and included the inspections of site 301-122 in Baltimore, MD and 
site 302-325 in Evansville, IN. Both sites were selected by the Division based on high 
number of patients enrolled and the high number of treatment responders.

DSI inspections of the trial sites have been completed but the review is pending.

Reference ID: 3477657
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Table 1 List of Investigators for Trial 301
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Source: Applicant’s Table 30 from 5.2
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Table 2 List of Investigators for Trial 302
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Source: Applicant’s table 31 from 5.2.

3.3 Financial Disclosures

Financial disclosure forms were reviewed, and all investigators reported no financial 
interests. The applicant certified in Form 3454 that they had not entered into any 
financial arrangements with any of the clinical investigators. It was also affirmed that 
none of the clinical investigators disclosed any proprietary interest in the product, or 
significant equity interest in the sponsor company. Certification was made that no 
investigator was the recipient of significant payments of other sorts as defined in 21 
CFR 54.2 (f). See 9.4. Clinical Investigator Financial Disclosure.
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Table 6 Tavaborole Susceptibility against Screening Isolates

Source: Agency Microbiology Review, Table 21

The overall MIC range values for tavaborole tested against the viable last culture-
positive samples collected from subjects enrolled in the phase 3 studies is presented 
below:

Table 7 Tavaborole Susceptibility from Last Isolates

Source: Agency Microbiology Review, Table 26
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The microbiology reviewer concluded that “tavaborole topical solution 5% was shown to 
be active against T. rubrum and T. mentagrophytes when compared to vehicle in 
subjects with onychomycosis. No susceptibility testing interpretive criteria for tavaborole 
are recommended.”

Comment: I agree with Dr. Roche’s recommendations.  
as proposed by the applicant is not supported by the data. Therefore I 

recommend that indication, in regard to , reads (deletion is
strikethrough, additions are double underlined):

KERYDIN (tavaborole) Topical Solution, 5% is indicated for the  
 Trichophyton rubrum or Trichophyton 

mentagrophytes.

4.3 Preclinical Pharmacology/Toxicology

All appropriate nonclinical studies were conducted and reviewed by
Pharmacology/Toxicology Review Barbara Hill, Ph.D. Presented below is the summary 
of nonclinical studies:

 Oral repeat dose toxicology studies conducted in rats for up to 6 months 
demonstrated epithelial hyperplasia and hyperkeratosis of nonglandular stomach. 
Given that humans do not have nonglandular stomach Dr. Hill noted in her review 
that the “clinical significance of this finding is unclear.” The effect was reversible after 
stopping the treatment.

 Dermal toxicology studies with tavaborole solution conducted in minipigs for up to 9 
months demonstrated a dose dependent increase in the incidence and severity of 
dermal irritation. The effect was reversible after stopping the treatment.

 In genetic toxicology studies tavaborole was negative in a bacterial mutagenicity 
test, an in vitro chromosome aberration test, and an in vivo micronucleus test.

 Carcinogenicity studies: An oral rat and a dermal mouse carcinogenicity study have
been conducted with tavaborole solution. The Executive Carcinogenicity 
Assessment Committee (ECAC) reviewed results from these two carcinogenicity 
studies on December 10, 2013 and concluded that no signals for carcinogenicity 
were noted in either study.

 Reproductive toxicology studies include an oral fertility study in rats, oral embryofetal 
development studies in rats, dermal embryofetal development study in rabbits, and
an oral pre- and post-natal development study in rats.

o No treatment related effects on fertility were noted in rats at oral doses up 
to 300 mg/kg/day tavaborole. 

Reference ID: 3477657
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o At oral dose of 300 mg/kg/day in rats drug related skeletal malformations 
were noted in fetuses as well as lower fetal body weights and a maternal 
body weight decrease.

o An increase in mortality and significant body weight loss was noted at 150 
mg/kg/day tavaborole in the oral embryofetal development study in 
rabbits. The NOAEL for drug related malformations was 150 mg/kg/day.

o No treatment related effects on pre- and post-natal development were 
noted in rats at doses up to 100 mg/kg/day tavaborole.

o No treatment related effects on fetal evaluations were detected in dermal 
embryofetal development study in rabbits. 

 Special toxicology studies: Tavaborole solution was tested in a primary skin irritation 
study in rabbits and was found to be slightly irritating after a single 24 hour topical 
application under occlusion. An eye irritation study in rabbits was positive, and a
dermal sensitization study in guinea pigs was negative.

 Safety pharmacology studies have been conducted to evaluate the effects of 
tavaborole on the cardiovascular system (hERG assay and in vivo oral dog study) 
and CNS (in vivo oral rat study). As for CV system, tavaborole was classified as low-
potency HERG-channel blocker and did not elicit any cardiovascular effects in dogs 
at the 30 mg/kg dose (NOEL). Similarly, there were no observed neurological effects 
at doses up to 200 mg/kg in rats.

Pharmacology/Toxicology Review Barbara Hill, Ph.D. recommended approval for this 
NDA from a pharmacological/toxicological perspective without nonclinical postmarketing 
requirements. 

Comment: I agree with Dr. Hill that, based on nonclinical data, there are no significant 
safety concerns for tavaborole solution at the proposed clinical dose. I also agree with 
her recommendation that product should be labeled as pregnancy category C. I also 
concur with the recommended edits and additions to the nonclinical sections of Kerydin 
labeling.

4.4 Clinical Pharmacology

The following studies comprise the clinical pharmacology development of tavaborole 5% 
solution:

a. Maximal use PK trial
b. PK portion of Thorough QTc Trial 
c. Absorption, Metabolism, and Excretion of 14C-tavaborole study
d. In vitro inhibition and induction studies

Reference ID: 3477657
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4.4.1 Mechanism of Action

Per applicant, tavaborole inhibits fungal protein synthesis by inhibition of an aminoacyl-
tRNA synthetase (AARS) via an oxaborole-tRNA.

4.4.2 Pharmacodynamics

The effect of a supratherapeutic dose of tavaborole 5% solution on ventricular 
repolarization (QT/QTc interval duration) was assessed in study AN2690-ONYC-102
([see Section 7.4.4 Electrocardiograms (ECGs)].

Cmax obtained from supratherapeutic dose of this TQT study was 4-times higher than 
the one from maximal use PK study P06118, thus sufficient for the assessment. The 
study did not find any significant QTc prolongation effects of tavaborole.

4.4.3 Pharmacokinetics

The pharmacokinetics of tavaborole was investigated in maximal use PK study P06118
and study P0557.

Study P06118 was an open-label, single center, pharmacokinetic study designed to 
quantify the PK profile of tavaborole solution 5% following  single and repeated once 
daily dosing. Total number of days with dosing was 15. Population consisted of 24 adult 
subjects with at least 4 toenails (including targeted great toenail) affected with 
onychomicosis on one or both feet. Treatment consisted of a single 200µL dose of 
tavaborole solution 5% to all toenails and 2 mm skin surrounding followed by daily 
treatment from Day 5-18. PK parameters for tavaborole and its metabolites were 
calculated from the plasma samples collected on Days 1 and 18.
The plasma concentrations of tavaborole solution 5% were relatively low. After a single 
dose Cmax of tavaborole was 3.54 ± 2.26 ng/mL and the mean AUClast was 44.4 ± 25.5 
ng*hr/mL. After 2-week daily dosing Cmax was 5.17±3.47 ng/mL and the mean AUCτ was 
75.8 ± 44.5 ng*hr/mL. The steady state was reached after 6 days of dosing.
Tabular presentation of the pharmacokinetic parameters is presented below:

Reference ID: 3477657
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Table 8 Pharmacokinetic Parameters for Tavaborole Solution 5%

AUC24 = area under the concentration-time curve from time 0 to 24 hours; AUClast = area under the concentration-
time curve from time 0 to the time of the final measurable sample; AUCr = area under the concentration-time curve 
during a dosing interval rat steady state; Cmax = maximum observed plasma concentration; Cmin = minimum
observed plasma concentration; NA: not applicable; RA = accumulation ratio (index); tY:z= terminal phase half-life; 
Tmax = time to maximum observed plasma concentration.
a: Median (range) reported
b: Cmin was calculated over a dosing interval of 24 hours
c: Plasma samples were collected until 24 hours postdose on Day 1 and until 96 hours postdose on Day 18
d: Ratio of AUCr to AUClast on Day 1; both the AUCs were calculated over 24 hr interval
e: Three subjects had all plasma SCH 900340 below lower limit of quantification (0.500 ng/ml) on Day 1
f: Inclusion of 3 subjects with Cmax of 0.00 resulted in mean (CV, %) Cmax values of 3.10
g: The last measurable time point was within 10% of 24 hour for all but one subject, thus AUCiast also represents 
AUC24) on Day 1
h: One subject had the last measurable concentration at 16 hr and was included in the summary statistics
i: n=4, t1/2 could be determined only in 4 subjects
j: n=10, t1/2 could be determined only in 10 subjects
k: n=21
Source: Clinical Pharmacology Review, Table 1

Two metabolites, a sulfate conjugate (M5) and a benzoic acid metabolite (M6a) were
detected at trace levels of on Day 18 in the pooled plasma and pooled urine samples.

Study P0557 titled Absorption, Metabolism, and Excretion of 14C-SCH 900340 when 
Administered as a 5% Topical Solution in Healthy Adult Male Subjects investigated 
pharmacokinetics of tavaborole in 6 healthy men following a single application of 5%
14C-tavaborole. Tavaborole conjugates and metabolites were shown to be excreted 
primarily in the urine. Dr. Lu concluded in her review:

“The ratio of Cmax for plasma tavaborole/plasma total radioactivity was approximately 
0.146, indicating extensive metabolism and that the systemic exposure to tavaborole 
was approximately 15% of the exposure to plasma total radioactivity… Tavaborole 
derived radioactivity was primarily excreted in the urine... A sulfate-conjugate (M5) of 
a benzyl alcohol metabolite (M6) was the only metabolite identified in human urine. 
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The amount of M5 excreted during 0-120 hr post-dose represented 14.6% of the 
nominal dose applied topically. “

In vitro inhibition and induction studies are presented in Section 7.2.3 Special 
Animal and/or In Vitro Testing. In summary, studies demonstrated that is unlikely for 
tavaborole to either inhibit or induce cytochrome P450 enzymes.

Comment: I agree with the conclusion of An-Chi Lu, M.S., Pharm.D that NDA 204427 is 
approvable from a Clinical Pharmacology perspective. Considering the lack of pediatric 
assessments, I agree with recommendation for a PMR-PK/safety trial in at least 16 
evaluable subjects age 12-17 years and 11 months.
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5 Sources of Clinical Data

5.1 Tables of Studies/Clinical Trials

During the tavaborole development program, a total of 1966 subjects were enrolled in 
12 trials: 377 healthy volunteers and 1589 subjects with onychomycosis. See Table 9
for a listing and summary of these trials.

Table 9 Tavaborole Clinical Studies

       
                           

                      Source: Sponsor’s Table 1 from Clinical section 2.5
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Comment: It should be noted that studies AN2690-ONYC-101, AN2690-ONYC-205, 
AN2690-ONYC-202, and P05577 were conducted with different tavaborole formulation 
than the final-to-be-marketed formulation. Reliance on these studies is not intended by 
the applicant, and the clinical trial experience with to-be -marketed formulation is 
adequate to demonstrate safety and efficacy of tavaborole for the labeled indication.

5.2 Review Strategy

Only studies conducted with final-to-be-marketed formulation will be reviewed and those 
include two phase 3 trials, three phase 2 trials, and three phase 1 trials.

A brief review of the protocol for pivotal trials will be presented is this section.

Efficacy evaluation for tavaborole solution 5% based on intent-to-treat (ITT) population 
from phase 3 trials is presented in section 6 Review of Efficacy. Relevant Phase 2 
efficacy data will be presented in section 6.1.8 Analysis of Clinical Information Relevant 
to Dosing Recommendations.

Safety evaluation is presented in section 

7 Review of Safety. Safety was primarily based on the pivotal trials. Raw datasets 
were reviewed in conjunction with the Applicant’s clinical study reports (CSRs) and the 
Integrated Summary of Safety (ISS). Data from the other trials in the development 
program were used as supporting evidence. Phase 2 data are presented separately 
from pooled Phase 3 data in section 7.2.2 Explorations for Dose Response due to 
different dosing regimens.

Review of the pharmacokinetic trial was deferred to Clinical Pharmacology. The key 
review points and safety data from maximal use PK study are presented in section   
7.2.5 Metabolic, Clearance, and Interaction Workup.

The review of the dermal safety trial is provided in section
7.4.5 Special Safety Studies/Clinical Trials.

A summary of thorough TQT study is provided in the section 7.4.4 Electrocardiograms 
(ECGs) .

Published literature, internal FDA data, and Clinical Review of NDA 21-022 were used 
for reference.
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5.3 Discussion of Individual Studies/Clinical Trials

Identical phase 3 protocols AN2690-ONYC-301 and AN2690-ONYC-302 were 
submitted under IND 71, 206. 

Protocol 301 was submitted as a Special Protocol Assessment (SPA) on 8/14/2010, and
an agreement letter was issued on 9/13/2010. The Agency and applicant reached
agreement on the study design and endpoints. 

The protocols were amended two times, in November 2010 and in September 2012. 
The first amendment addressed issues such as providing additional details regarding 
missing data and sensitivity analyses. The second amendment added an additional 8-
week follow-up for subjects with completely clear or almost clears nails. As this 
amendment was added during the study, only a portion of eligible subjects had the 
additional follow-up.

Trials were conducted from December 2010 to February 2013 at 61 sites in USA, 6 in 
Mexico and 9 in Canada.

Trial design(s)

The design of the trials was identical: randomized, vehicle controlled, double blind, 2 
arm parallel trial of approximately 60 weeks duration. Treatment period was for 48
weeks and primary efficacy assessment was at 52 weeks (4 weeks post treatment) as 
presented in Figure 2 below:
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Figure 2 Trial Flow

Source: Applicant’s Figure 1 from section 5.3.5.1

Major inclusion criteria:

o Male or female subjects ≥ 18 years of age at the time of Screening
o A clinical diagnosis of distal subungual onychomycosis affecting at least one 

great toenail confirmed by a central mycology laboratory to be positive for KOH 
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wet mount and fungal culture for a dermatophyte, obtained from the TGT sample 
during the screening period

o Onychomycosis involving 20% to 60% of the TGT after the nail had been 
trimmed, with at least 3 mm clear nail measured from the proximal nail fold to the 
most proximal visible mycotic border at the Screening visit (had to be confirmed 
by independent review of Screening photograph prior to randomization)

Major exclusion criteria:
o Proximal subungual onychomycosis
o Superficial white onychomycosis, dermatophytoma, exclusively lateral disease, 

or yellow/brown spikes
o Screening culture results that demonstrated infection or co-infection with a

non-dermatophyte fungus (e.g., Candida spp., Scopulariopsis spp.)
o Current or past history of chronic moccasin-type tinea pedis (involving the sides 

or dorsum of the foot)
o Active interdigital tinea pedis or exclusively plantar tinea pedis (which did not 

involve the sides or dorsum of the foot) at the Screening and/or Baseline visits
o History of any known immunodeficiency

Prohibited medications:
o Topical antifungals applied to the toenails: 4 weeks
o Topical antifungals applied to the feet and/or toes (not to the toenails): 2 weeks
o Topical anti-inflammatory, corticosteroid, or immunomodulatory agents applied to 

the toes or toenails: 2 weeks
o Systemic corticosteroids (including intramuscular injections): 4 weeks
o Systemic immunomodulatory agents: 4 weeks
o Systemic antifungals for treatment of onychomycosis or with known activity 

against dermatophyte: 24 weeks

Treatment

Treatment was applied by the subject topically once daily for 48 weeks. Subjects were 
instructed to apply a sufficient amount of the investigational product to cover the 
infected TGT and infected non-target toenails with a thin and even layer. The 
investigational product had to be applied on, under, and around each nail being treated.
Subjects were instructed to remove the excess medication on the surrounding skin 
using a tissue. Subjects were encouraged not to trim their TGT between visits. Proper 
nail trimming was to be done within approximately 1 mm distal of the hyponychium or 
distal groove and performed by investigator on the scheduled visits. Toenail 
debridement (i.e., partial or complete removal of the toenail) was not permitted.
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If a persistent Grade 2 or greater burning/stinging or pruritus and/or Grade 2 or greater 
erythema occurred to the target great toe or if another AE that the Investigator 
determined required temporary discontinuation of the investigational product
occurred, treatment was temporarily interrupted and a drug holiday was started for a
minimum of 2 weeks and a maximum of 6 weeks. Following the complete resolution of 
the signs and symptoms, the frequency of treatment was reduced to 3×/week. For

subjects who experienced signs and symptoms of irritation at the reduced application 
frequency of 3×/week, the treatment was completely discontinued.

Trial schedule was as follows:

Table 10 Phase 3 Trial Schedule

Reference ID: 3477657



Clinical Review
Milena Lolic, MD, MS
NDA 204,427
Kerydin (tavaborole) Topical Solution, 5%

44

Source: Applicant’s Table 4 from section 5.3.5.1

Efficacy assessment

Efficacy assessment included clinical evaluation and mycological evaluation. Clinical 
evaluation was performed on the TGT (using the IGA grading scale below) at Weeks 2, 
6, every 6 weeks thereafter through Week 48, and Week 52.
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Table 11 IGA Scale from Phase 3 Trials
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                       Source: Applicant’s Table 4 from 2.7.3

For assessment of clear nail, nail discoloration and nail dystrophy per se were not 
considered to be necessarily indicative of disease. Clinical assessments of non-target 
toenails also were performed.
Samples for KOH wet mount and fungal culture were obtained at Screening, at Weeks 
12, 24, 36, 48 and 52.

Primary endpoint:

•Complete Cure defined as 
o no clinical evidence of onychomycosis of the TGT and
o negative mycology (negative KOH and negative fungal culture) of the TGT

Secondary endpoints:

• Completely clear nail or almost clear nail (≤10% involvement of the nail) of the TGT
• Treatment Success (defined as clear or almost clear nail and negative mycology) of 
   the TGT
• Negative Mycology (defined as negative KOH and negative fungal culture) of the TGT

Statistical analysis plan

Analysis sets were:

o Safety population
All subjects who were randomized, received at least one confirmed dose of 
investigational product, and had at least one post-baseline assessment.

o Intent-to –treat (ITT) population  
All subjects who were randomized and dispensed study drug.

o Per-protocol (PP) population 
All subjects in the ITT without major protocol deviations.

The primary efficacy assessment on the TGT was performed at Week 52, 4 weeks 
following the end of treatment (Week 48). Efficacy analyses were performed for the ITT
and PP populations. The treatment group differences for the primary efficacy endpoint
were compared using the Cochran-Mantel- Haenszel (CMH) test stratified by analysis 
center. To adjust for multiplicity within the efficacy analyses, interpretation of the 
secondary endpoints was performed in a sequential manner beginning with a test for 
the proportion of subjects with completely or almost clear TGT at Week 52, followed by 
the proportion of subjects with treatment success, and then followed by the proportion of 
subjects with negative mycology for the TGT at Week 52. The primary method of 
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handling missing data for the primary efficacy analysis was last observation carried 
forward (LOCF). As a sensitivity analysis, subjects with missing Week 52 complete cure 
assessments were imputed as failures.

Safety assessment

Safety assessment included adverse events (AEs), application site reactions (ASRs), 
clinical safety laboratory tests, physical examinations, vital signs, digital 12-lead
electrocardiograms (ECGs), and pregnancy tests for women of childbearing potential.

Local tolerability was actively assessed by investigator at every visit and was not 
reported as AE unless it resulted in treatment with a medication or a drug holiday. Local 
tolerability was assessed using the following scale:

Table 12 Local Tolerability Scale from Phase 3 Trials
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Source: Applicant’s Table 5 from 2.7.3
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6.1.10 Additional Efficacy Issues/Analyses

Response over time for both trials showed improvement over 52 weeks, however, the 
curves begin to separate after 6 months. 

Figure 3 Complete Cure Rates over Time

Source: Agency Statistical review Figure 1

Efficacy by center was analyzed by the Agency statistical reviewer Kathleen Fritsch, 
PhD. For detailed analysis please see Statistical review. In brief  Dr. Fritsch concluded: 
“Because of the large number of centers and the low overall response rate on the 
vehicle arm no center is overly influential on the overall results…The p-values from the 
Breslow-Day test for homogeneity were 0.008 for Study 301 and 0.706 in Study 302. 
Note that the Breslow-Day test requires a large sample size within each center, and 
thus the assumptions are not met. In Study 301, only 1 vehicle subject in the whole 
study had a complete cure. Thus the significant result for the Breslow-Day test in Study 
301 is not meaningful. “

Reference ID: 3477657



Clinical Review
Milena Lolic, MD, MS
NDA 204,427
Kerydin (tavaborole) Topical Solution, 5%

59

Figure 4 Efficacy by Analysis Center (Trial 301)

Source: Agency Statistical review Fig.5

Figure 5 Efficacy by Analysis Center (Trial 302)

Source: Agency Statistical review, Fig.6
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7 Review of Safety

Safety Summary

The clinical program consists of 12 clinical trials/studies in which a total of 1500 subjects 
received at least 1 dose of tavaborole.

There was one death reported in a phase 2 dose ranging trial. The cause was head 
trauma secondary to a fall. This was judged by the applicant and this reviewer to be 
unrelated to the drug treatment.

The rest of the safety assessments from phase 1 and phase 2 clinical trials 
demonstrated results that were similar to those from phase 3 trials.

Safety assessment was based primarily on two adequate phase 3 vehicle-controlled 
trials conducted in the United States, Mexico and Canada and comprised of 1186 
subjects (791 randomized to tavaborole and 295 subjects randomized to vehicle).

The drop-out rate from safety population was about 13% and similar for both arms. The 
exposure to the drug was adequate to assess safety issues and define language 
appropriate for labeling.

The safety evaluation consisted of reported adverse events, local tolerability
assessments, vital signs, laboratory tests, and EKG data. 

The incidence of SAEs was similar between subjects treated with tavaborole solution, 
5% and vehicle (2.5% versus 2.4%, respectively). None of the SAEs appear to be 
related to the drug.

The most common adverse reactions were application site reactions (7%) and ingrown 
toenail (3%).

 Application site reactions were described by the applicant as mild to moderate 
and resolved spontaneously. The most common were application site exfoliation 
(3%) and application site erythema (2%). Number of subjects with severe 
reactions did not differ between the groups (0.6% and 0.5% for active and 
vehicle, respectively).
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 Ingrown toenail was described as severe in one out of 20 subjects who 
developed ingrown toenails  while exposed to tavaborole

Systemic exposure of tavaborole solution 5% is low and no systemic toxicities have 
been identified. There were no clinically meaningful changes observed in vital signs, 
laboratory values, or EKGs. TQT study was negative.

Dermal irritancy study showed potential of tavaborole to cause irritation.

7.1 Methods

7.1.1 Studies/Clinical Trials Used to Evaluate Safety

Safety data were reviewed from the trials that utilized to-be-marketed formulation: two 
pivotal trials AN2690-ONYC-301 and AN2690-ONYC-302 (referred as 301 and 302 
trials),three phase 2 trials (AN2690-ONYC-200/200A, AN2690-ONYC-201 and   
AN2690-ONYC-203), one pharmacokinetic trial (P06118), one dermal safety trial 
AN2690-ONYC-103 (referred as trial 103), and one QT trial AN2690-ONYC-102 
(referred as 102 trial).

The two pivotal randomized, double-blind, multicenter, placebo-controlled trials utilized 
48 weeks of daily treatment with AN2690. The emphasis of the safety review was on the 
pooled data from these trials (safety population data set). 

Safety data from dose ranging Phase 2 trials utilized several different dosing regimens 
therefore are presented separately from phase 3 trials data.
The pharmacokinetic trial P06118 was an open label trial, utilizing AN2690 daily for two 
weeks under maximal use conditions and, therefore, safety data is presented 
separately.     

One dermal safety study was conducted in healthy volunteers according to typically 
used dermal safety protocols for dermal irritation and sensitization.

The thorough QT study was an open-label, randomized, 4-arm crossover study with a
topical therapeutic and supratherapeutic tavaborole 5% dosing, vehicle control and a 
positive control (oral 400 mg moxifloxacin) conducted in healthy subjects.
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7.1.2 Categorization of Adverse Events

In the opinion of this reviewer, the sponsor adequately categorized the adverse events 
using MedDRA classification Version 13.1 terminology.

7.1.3 Pooling of Data Across Studies/Clinical Trials to Estimate and Compare 
Incidence

Pooling of data across two pivotal trials was done by the applicant. All analysis was
done on safety population.

7.2 Adequacy of Safety Assessments

7.2.1 Overall Exposure at Appropriate Doses/Durations and Demographics of Target 
Populations

A total of 1198 subjects were randomized in phase 3 trials (799 to tavaborole and 399 to 
vehicle). However, safety population comprises of 1186 subjects due to 4 subjects (all 
from tavaborole arm) who did not have documentation of drug applications and 8 
subjects (4 from tavaborole and 4 from vehicle arm) who did not have at least one post-
baseline visit. 
Target population demographics were similar between treatment arms and reflective of 
typical population affected with toenail onychomycosis. 

Table 21 Demographics-Safety Population

Characteristics

Tavaborole
   
(N= 791)

  Vehicle
  
(N=395)

Total  

(N=1186)
   n (%)    n (%)    n (%)

Male 643 (81) 329 (83) 972 (82)
Female       148 (19) 66 (17) 214 (18)
Age (mean)         55 55   55
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      ≥18 to <65 years       641 (81) 316 (80) 957 (81)
      ≥65 years       150 (19)   79  (20) 229 (19)
Race
      White    667 (84) 333 (84) 1000 (82)
      African American      40 (5) 24 (6)     64 (5)
      Asian       13 (2)     2 (1)     15(2)
      Other       71 (9)   36 (9)   107 (11)
Geographic region
      US   652 (82)   325 (82)   977 (82)
      Mexico     59 (8)     30 (8)     89 (8)
      Canada     80 (10)    40 (10) 120 (10)

Source: Data set adsl.xpt and reviewers analysis

Comment: Demographic characteristics between the groups and trials are comparable 
and reflective of prevalence of this condition in general population. Slight numeric 
differences between Table 21 and Table 5 from Statistical review are the result of using 
safety population v. ITT population for analysis in respected tables. 
It should be noted that over 80% of all enrolled subjects were from US. The applicant 
submitted an acceptable rationale for assuming the applicability of foreign data to the 
U.S. population/practice of medicine in the amendment dated October 18, 2013. The 
rationale was based on 1) the overall similarity in subject demographics and the species 
of dermatophytes causing disease 2) standards of care, medical practice, and 
compliance across the countries represented, 3) the standardized diagnostic criteria 
and methodology applied to all enrolled subjects, and 4) the results of sensitivity 
analyses demonstrating similar phase 3 results irrespective of the data contributed by 
foreign sites.

Overall exposure is these trials was affected by several factors including variable 
number of treated toes, drop-out rate and missed doses, however the degree of 
variability did not have significant impact. For example, the total number of expected 
doses during the treatment period was 336 doses and reported median number of 
applications was 330.5 and 331 (tavaborole and vehicle arms, respectively). Also, the 
median amount of product used in both arms was 94 grams (range 1 to 342 grams). 

Comment: Usage and dosing for the vehicle treatment group were similar to those for 
the tavaborole treatment group. Considering a small difference in number of expected 
and applied doses as well as comparable amounts of solution used in active and control 
groups, the exposure was adequate to analyze the safety of tavaborole solution 5%.

Treatment compliance was documented using subject dosing diaries and not by using 
investigational product accountability due to the fact that usage per subject could vary 
significantly (subjects may have treated multiple toes and not just the TGT). Subjects 
were required to have applied at least 80% and not more than 120% of expected doses, 
and not to have missed more than14 consecutive doses to be considered compliant 
with dosing requirements. 
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Comment: It should be noted that compliance based on not validated subjects’
assessment is unreliable. It is somewhat reassuring that despite limitations, the 
applicant’s data show comparable compliance between treatment arms.

7.2.2 Explorations for Dose Response

During development, 1500 subjects were exposed to tavaborole solution in various 
concentrations and dosing regimens (of note 78 subjects used not-to-be-marketed 
formulation in early trials).

Figure 6 Number of Subjects Exposed to Tavaborole

Source: Figure 3 from applicants Section 2.5. Clinical Overview

Comment: Overall exposure in both subject exposure and in total numbers of exposed 
subjects to tavaborole is adequate for a safety assessment.

The applicant conducted three dose ranging phase 2 studies that explored tavaborole 
solutions of 1%, 2.5%, 5%, and 7.5% applied topically once daily or three times per 
week for total of 180 to 360 days. These studies are: AN2690-ONYC-201, AN2690-
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ONYC-203, and AN2690-ONYC-200/200A and safety assessments will be presented 
for each of them separately.

Study AN2690-ONYC-201 

This was an open-label, dose-rising, multicenter study of subjects with distal, subungual 
onychomycosis of one great toenail. Total of 89 subjects were treated as follows:

Cohort 1……tavaborole solution 5% daily for 180 days
Cohort 2……tavaborole solution 7.5% daily for 180 days
Cohort 3……tavaborole solution 5% daily for 360 days

There were no deaths in the study.

There were 3 SAEs: cholecystitis and hernia surgery in Cohort 2 and uterine 
hemorrhage reported in Cohort 3, all assessed by the applicant and this reviewer as not 
related.
Seven subjects had 9 severe reactions, 4 of which were application site reactions [and 
other five were onychomadesis, local reaction, and contact dermatitis (3)]. All were 
considered by applicant and this reviewer as related to the treatment.

Summary of all AEs in this dose-ranging trial is presented below.

Table 22 Summary of AEs-Trial 201

Source: Applicant’s Table 23 from Section 2.7.4
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Study AN2690-ONYC-203

This was an open-label, multi-center study of subjects with distal subungual 
onychomycosis of at least one great toenail. Total of 60 subjects were treated as 
follows:

Cohort 1……tavaborole solution 1.0%, daily for 180 days
Cohort 2……tavaborole solution 5.0%, daily for 30 days followed by 3× weekly for 150     
                     days.

At the end of the 180-day treatment period, subjects classified as complete or partial 
responders were followed until Day 360 (off treatment).

There were no deaths.

There were three subjects with SAEs: prostate cancer and ventricular tachycardia in 
tavaborole 1% group and sternal fracture in tavoborole 5% group –all assessed by the 
applicant and this reviewer as non-related to the treatment.

The case of prostate CA involves a 57 year old man with 2 years history of an 
enlarged prostate treated with terazosin. Subject was enrolled in tavaborole 1% 
arm and was diagnosed with adenocarcinoma of prostate 4 months later. 

There were 2 subjects with severe AEs: sternal fracture and epilepsy in 5% group-both 
assessed by the applicant and this reviewer as not related to the treatment.

There were no reported severe application site reactions.

Summary of all AEs from this trial is presented below.
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Table 23 Summary of AEs-Trial 203

Source: Applicant’s Table 24 from Section 2.7.4

Study AN2690-ONYC-200/200A

This was a multi-center, randomized, double-blind, parallel-group, vehicle-controlled 
study utilizing tavaborole solutions 2.5%, 5.0%, and 7.5% and vehicle in adults with 
onychomycosis of the great toenail. Subjects applied study drug once daily for 90 days 
followed by 3× weekly for an additional 90 days for a total of 180 days. At the end of the 
180-day treatment period, subjects who were classified as complete or partial
responders were followed for an additional 180 days off treatment.

One death occurred during the trial. Subject 01-130 that was treated with 7.5% 
tavaborole died of trauma that was not considered by investigators as related to the 
treatment.

Case presentation: The subject was 61 years old female with previous history of 
high blood pressure, arthralgia of the knees, asthma, diabetes, and obesity. She 
was treated with tavaborole 7.5% from July 26, 2006 until November 6, 2006. On 

 she fell down and, according to the death certificate, died of 
head trauma. 
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Comment: I agree with the investigator’s assessment that event was not likely related to 
the drug.

There were five subjects with 6 serious AEs (in vehicle group: wound infection following 
female sterilization, pneumonia and pleural effusion, left hip joint replacement; in 2.5% 
tavaborole solution group: meningitis, and in the tavaborole solution 5% group inguinal
hernia repair) all judged unrelated to study drug by the applicant as well as this 
reviewer.

There were 10 subjects with severe AE: four subjects in the vehicle treatment group 
(acquired immunodeficiency syndrome, pneumonia, nail dystrophy, and joint 
arthroplasty), 2 subjects in the 2.5% tavaborole solution group (pharyngitis and skin 
infection), and four in the tavaborole solution 7.5% treatment group (bronchitis, 
pharyngitis, head injury, and prostatitis). These were all judged unrelated to study drug 
by the applicant as well as this reviewer. There is no mechanistic likelihood that 
tavaborole would impact the infection rate in 6 subjects, particularly given the level of 
systemic exposure from the topically applied antifungal solution.

There were no severe application site reactions. 

Summary of all AEs is presented below.

Table 24 Summary of AEs-Trial 200/200A

Source: Applicant’s Table 25 from Section 2.7.4
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Comment: Overall, phase 2 studies revealed thirteen SAEs, none of which raises safety 
concerns from this reviewer. There was no clustering of the cases, no reasonable 
mechanism, and there was no apparent dose related trend (1%=2SAEa, 2.5%=1SAE, 
5%=3SAEs, 7.5%=3SAEs, vehicle =4SAEs). 

There were 4 severe application skin reactions (one in 7.5% arm with 180 day dosing, 
and other three in 5% arm with 180 day dosing).

Total of 5 subjects discontinued studies due to AEs (all active treatment groups) and 2 
of those were considered treatment related (local skin reaction in 7.5% arm and contact 
dermatitis in 5% arm).

7.2.3 Special Animal and/or In Vitro Testing

Two in vitro studies have shown that tavaborole solution 5%, at therapeutic 
concentrations, is unlikely to either inhibit or induce cytochrome P450 (CYP450) 
enzymes.

 DM27755: In Vitro Assessment of Human Liver Cytochrome P450
Inhibition Potential of SCH 900340 (AN2690)

This study was designed to evaluate the ability of AN2690 to inhibit the major CYP 
enzymes in human liver microsomes. The conclusion of the study was that tavaborole 
caused insufficient inhibition across the range of concentrations examined. 

 DM27769: In Vitro Evaluation of SCH 900340 as an Inducer of Cytochrome P450 
Expression in Cultured Human Hepatocytes

This study was designed to evaluate the effect of tavaborole on the induction of CYP 
enzymes in primary cultures of human hepatocytes. Tavaborole caused little or no 
change in CYP enzyme activities. 

7.2.4 Routine Clinical Testing

The schedule of clinical safety assessments for each of the studies consisted of vital 
signs, general physical examination, routine laboratory testing, and monitoring for AE 
(local and systemic). The methods and tests used as well as the frequency of testing 
were adequate. 
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7.2.5 Metabolic, Clearance, and Interaction Workup

Routine testing was adequate to identify likely safety issues. Please see Section 4.4
Clinical Pharmacology. Safety overview of that trial is presented below.

There were no deaths in this study.

There was on subject (#000111) who experienced treatment-unrelated chest pain.

Case presentation: An 82-year-old white female suffered chest discomfort on 
Day 10 of dosing. The subject was observed in the ER overnight and was 
discharged the following morning with the primary diagnosis of atypical chest wall 
pain, likely musculoskeletal. The subject completed the study without further 
complication.

There were two subjects with application site reactions (tingling and warmth), none were 
severe.

7.2.6 Evaluation for Potential Adverse Events for Similar Drugs in Drug Class

The only other topical drug for onychomycosis treatment (Penlac®) does not belong to 
the same pharmacological class as tavaborole. However, it is worth mentioning that 
notable adverse events for Penlac® include application site erythema (5%) and 
potential to cause irritation as assessed by 21-Day Cumulative Irritancy Study.

Comment: The applicant’s studies to detect these specific AEs were adequate.

7.3 Major Safety Results

7.3.1 Deaths

There were no deaths in phase 3 trials. There was one death during tavaborole 
development that occurred in study 200/200A in subject treated with 7.5% solution.
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application site scab (right GT) discontinued
application site exfoliation (right 
GT)

interrupted

301 526019 pruritis (above ankles) discontinued
Source: Adapted from applicant’s Table 43 from section 2.7.4

Comment: The proportion of subjects who experienced severe reactions did not differ 
between the groups (0.6% and 0.5% for active and vehicle, respectively) while the 
number of reactions was higher in active (2.1%) then in vehicle arm (1.3%). The 
discrepancy is the result of unbalanced frequency of AR, where more than half of all 
severe reactions in tavaborole arm were reported in a single subject. Severe adverse 
reactions were more likely than not to cause interruptions/discontinuations in dosing.
However, only one subject (526019 from vehicle arm) was discontinued from the trial 
due to severe adverse reaction.

7.3.5 Submission Specific Primary Safety Concerns

More subjects treated with tavaborole experienced application site reactions (52 or 
6.51%) than subjects treated with vehicle (7 or 1.75%). The breakdown of specific 
application site reactions is presented in Table 32.

Table 32 Application Site Reactions

PT Events

Number of

subjects

Proportion

(%) Events

Number of

subjects

Proportion

(%)

Application site exfoliation 33 21 2.65 2 1 0.25

Application site erythema 23 13 1.64 0 0 0

Application site dermatitis 17 10 1.26 0 0 0

Application site pain 14 8 1.01 1 1 0.25

Application site discharge 9 5 0.63 0 0 0

Application site haematoma 7 5 0.63 3 3 0.76

Application site vesicles 5 5 0.63 1 1 0.25

Application site pruritus 8 4 0.51 0 0 0

Application site induration 6 3 0.38 0 0 0

Application site reaction 3 3 0.38 1 1 0.25

Application site hypersensitivity 3 2 0.25 0 0 0

Application site anaesthesia 1 1 0.13 0 0 0

Application site bleeding 1 1 0.13 0 0 0

Application site discolouration 1 1 0.13 0 0 0

Application site dryness 1 1 0.13 0 0 0

Application site fissure 1 1 0.13 0 0 0

Application site infection 1 1 0.13 1 1 0.25

Application site irritation 1 1 0.13 0 0 0

Application site oedema 1 1 0.13 0 0 0

Application site scab 1 1 0.13 2 1 0.25

AN2690 5% TOPICAL SOLUTION (N = 791) VEHICLE (N = 395)

Source: Data sets ade.xpt and adsl.xpt and reviewer’s analysis using MAED
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7.4 Supportive Safety Results

7.4.1 Common Adverse Events

Across both phase 3 studies, 61% subjects in tavaborole group (482/791) and 62% 
subjects in the vehicle group (244/395) reported AEs. Most common AEs are presented 
in Table 35.

Table 35 Most Common AEs Occurring in >1% of Subjects

PT Events

Number of

subjects

Proportion

(%) Events

Number of

subjects

Proportion

(%)

Tinea pedis 160 96 12.14 93 61 15.44

Nasopharyngitis 59 51 6.45 32 26 6.58

Upper respiratory tract infection 47 43 5.44 20 20 5.06

Back pain 26 26 3.29 5 5 1.27

Hypertension 25 25 3.16 17 17 4.3

Headache 29 22 2.78 21 13 3.29

Application site exfoliation 33 21 2.65 2 1 0.25

Ingrowing nail 21 20 2.53 1 1 0.25

Procedural pain 21 20 2.53 5 5 1.27

Muscle strain 21 19 2.4 8 7 1.77

Sinusitis 22 19 2.4 15 10 2.53

Arthralgia 17 17 2.15 6 6 1.52

Influenza 18 14 1.77 16 11 2.78

Application site erythema 23 13 1.64 0 0 0

Limb injury 14 13 1.64 4 4 1.01

Bronchitis 11 11 1.39 10 10 2.53

Pharyngitis 16 11 1.39 2 2 0.51

Application site dermatitis 17 10 1.26 0 0 0

Dermatitis contact 10 10 1.26 4 3 0.76

Nasal congestion 9 9 1.14 2 2 0.51

Application site pain 14 8 1.01 1 1 0.25

Depression 8 8 1.01 4 4 1.01

Hypercholesterolaemia 8 8 1.01 3 3 0.76

Pain in extremity 8 8 1.01 3 3 0.76

AN2690 5% TOPICAL SOLUTION (N = 791) VEHICLE (N = 395)

Source: Data sets adae.xpt and adsl.xpt and reviewer’s analysis using MAED
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Table 37  Laboratory Findings Occurring in >2 Tavaborole –Treated Subjects and 
at the Greater Frequency that Vehicle

PT Events

Number of

subjects

Proportion

(%) Events

Number of

subjects

Proportion

(%)

Hypercholesterolaemia 8 8 1.01 3 3 0.76

Blood creatinine increased 5 4 0.51 1 1 0.25

Blood glucose increased 4 3 0.38 1 1 0.25

Blood urea increased 3 3 0.38 0 0 0

Hyperglycaemia 4 3 0.38 1 1 0.25

Hyperlipidaemia 3 3 0.38 1 1 0.25

AN2690 5% TOPICAL SOLUTION (N = 791) VEHICLE (N = 395)

Source: Data sets adae.xpt and adsl.xpt and reviewer’s analysis using MAED

7.4.3 Vital Signs

Vital sign assessments included temperature, pulse rate, respiratory rate, and blood 
pressure. There was no trend in clinically significant changes in these assessments.

7.4.4 Electrocardiograms (ECGs)

There were no clinically relevant electrocardiogram findings observed during phase 3 
trials.

The effects of a supratherapeutic dose of tavaborole 5% solution on ventricular 
repolarization (QT/QTc interval duration) was assessed in study AN2690-ONYC-102.

This study was randomized, single-site, open-label, 4-arm crossover study in 55 healthy 
adult subjects who were randomized to one of the following treatment groups:

 AN2690 Tropical Solution, 5% q.d.
 AN2690 Tropical Solution, 5% b.i.d.
 Moxifloxacin 400 mg P.O. 
 Vehicle solution q.d.

All topical treatments were applied for 14 days on all 10 toenails and moxifloxacin was 
given as a single dose following AN2690 q.d. dosing.

The bid tavaborole dosing produced mean Cmax values 10- to 21 -fold higher than that 
following the therapeutic dose of tavaborole 5% solution which is sufficient to cover high 
exposure clinical scenarios.
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According to the Interdisciplinary Review Team for QT Studies (QT-IRT) overall 
summary of findings was that “no significant QTc prolongation effects of AN2690 (doses 
of tropical solution, 5% q.d. and tropical solution, 5% b.i.d.) were detected in this TQT 
study. The largest upper bounds of the 2-sided 90% CI for the mean differences 
between AN2690 and placebo were below 10 ms, the threshold for regulatory concern 
as described in ICH E14 guidelines.”

Comment: Considering observed low systemic exposure of tavaborole 5% solution and 
results of supratherapeutic dose of tavaborole 5% solution on ventricular repolarization, 
there is no concern that tavaborole 5% solution may prolong QT interval.

Safety assessment of healthy volunteers from this study includes the following:

There were no deaths or discontinuations from the study.

There were no SAE’s.

One subject had one severe AE (elevated CK) considered non-related to the treatment.

7.4.5 Special Safety Studies/Clinical Trials

Provocative dermal safety was evaluated in study AN2690-0NYC-103: A Randomized, 
Controlled Study to Evaluate the Sensitizing Potential and Cumulative Irritation Potential 
of AN2690 Topical Solution, 5% in Healthy Volunteers Using a Repeat Insult Patch Test 
and Cumulative Irritation Design

Cumulative Irritation Testing

This was a single-site, randomized, single-blind, controlled study conducted in 45 
healthy subjects 18-73 years of age. Forty-two subjects completed the study. Three 
subjects were discontinued from the study: 1 due to an AE (tape reaction) and 2 who 
did not wish to continue for reasons unrelated to study treatment.

The potential of the product to cause irritation was tested using  tavaborole 5% solution, 
vehicle, positive irritant control (lauryl sulfate solution 0.5% w/v) and negative irritant 
control (0.9% saline for injection). 

During the 21 days subjects received semi-occluded treatments daily applied 
simultaneously to the infrascapular area of the back. Approximately 30 minutes (± 10 
minutes) after test article removal on Days 2-22, a trained evaluator blinded to treatment 
allocation observed the application site for any signs of local irritation.
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7.5.2 Time Dependency for Adverse Events

Only those AEs that caused treatment discontinuation were explored and are presented 
in the figures below (courtesy of statistical reviewer Kathleen Fritch, Ph.D.) Each line 
represents duration of treatment for single subject and letter “A” denotes adverse event 
as the reason for discontinuation.
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Comment: Adverse events that lead to the treatment discontinuation occurred mainly in 
the second half of the treatment (8/13).

7.5.3 Drug-Demographic Interactions

Age
As presented in Table 21 Demographics-Safety Population, the majority of the 
population was younger than 65 years of age. However, a sufficient number of subjects 
aged 65 years and older was exposed to tavaborole 5% solution for a safety 
comparison that is sufficient for labeling.
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Ethnicity

Subjects identified as Hispanic/Latino ethnicity had a higher rate of application site 
reactions than non-Hispanic/non-Latino subjects (10% vs. 3% for tavaborole groups; 0% 
vs. 1% for vehicle groups) mostly as result of higher number of Hispanic/Latino subjects 
with application site dermatitis (8 or 5%) then non- Hispanic/Latino subjects (2 or <1%). 

Comment: While the higher rate may reflect random statistical variation, perhaps the 
difference is more influenced by the geographic or environmental factors applicable to 
Mexico, since all of the Hispanic/Latino subjects with application site dermatitis were 
from Mexican investigational sites. It should be noted that the both, the applicant and 
microbiology reviewer Dr. Roche concluded that there were no significant differences in 
the species of dermatophytes causing disease among US and non-US sites.

7.5.4 Drug-Disease Interactions

Drug -disease interaction was not explored due to the findings of pharmacokinetic
studies which suggest very low systemic exposure to tavaborole. It is unlikely that 
decreased renal or hepatic function will affect the low systemic exposure of tavaborole
at the proposed clinical dose.

7.5.5 Drug-Drug Interactions

The drug-drug interaction potential of tavaborole was assessed in the in vitro inhibition
and induction studies (7.2.3 Special Animal and/or In Vitro Testing). The 
conclusion of in vitro testing is that tavaborole is not likely to affect the activity of 
cytochrome P450 enzyme complex. No evaluations of drug-drug interactions in vivo
were conducted.  

Comment: Recommended labeling for Section 7 Drug Interactions (additions are 
underlined): 

 In vitro 
studies have shown that tavaborole, at therapeutic concentrations, neither inhibits nor 
induces cytochrome P450 (CYP450) enzymes.
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7.6 Additional Safety Evaluations

7.6.1 Human Carcinogenicity

No signals for carcinogenicity were noted in pre-clinical carcinogenicity studies. No 
formal clinical trials in human carcinogenicity were neither recommended nor 
conducted.

7.6.2 Human Reproduction and Pregnancy Data

No trials with tavaborole were conducted in pregnant women and women of child-
bearing potential. Subjects who enrolled in any of the clinical trials were required to use 
an effective form of birth control. Pregnancy was reported for three women participating 
in clinical studies (none in pivotal trials):

 Subject 06-048 (AN2690-ONYC-203) became pregnant during 5th month of 
treatment with tavaborole 5.0% solution. Her last application of study drug was 5 
weeks after the reported pregnancy at which point she was discontinued
from the study. Patient was lost to follow up.

 Subject 05-017 (AN2690-ONYC-200/200A)  a 40-year-old female reported her
method of contraception at the time of entry into the study as tubal ligation 
performed 10 years earlier. Therefore, she did not have a pregnancy test during 
treatment. She completed 7 weeks of treatment with tavaborole 7.5% solution 
prior to pregnancy confirmation and discontinued study drug. Pregnancy resulted 
in delivery of a healthy child.

 Subject 03-016 (AN2690-ONYC-200/200A) became pregnant  8 months after
initiation of treatment with tavaborole 5.0% solution. Pregnancy resulted in 
delivery of a healthy child.

Comment: This drug product should be labeled to reflect the lack of data for use in 
pregnant women. I concur with labeling language recommended by the Pharmacology/ 
toxicology reviewer and classification of the product as Pregnancy Category C. I concur 
with the recommendation for labeling in Section 8 that tavaborole solution 5% should 
not be used during pregnancy unless the potential benefit justifies the potential risk to 
the fetus. 
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samples4. Sensitivity increases with larger sample (e.g. 3mm thick nail clipping) which 
may be difficult to achieve in younger age patients.

Therefore, I recommend a partial waiver from conducting studies in pediatric population 
younger than 12 years and a deferral of pediatric studies in subjects 12-17 years 11 
months of age. Review of the referenced literature points that clinical presentation and 
micro-organisms in adolescents are similar to adults, thus tavaborole efficacy can be 
extrapolated from adult studies. However, safety may differ (systemic exposure and 
adverse reactions), thus I recommend that PMR be issued for safety/PK study in 
adolescents to inform the label about safety of tavaborole in this population. Nonclinical 
juvenile animal toxicity studies for tavaborole solution would not be required to support 
clinical studies in this age group.

7.6.4 Overdose, Drug Abuse Potential, Withdrawal and Rebound

There is minimal to no risk of overdose or abuse for tavaborole solution based on 
available data from the trials, as well as the proposed mechanism of action of 
tavaborole.

7.7 Additional Submissions / Safety Issues

The 120 day safety update was submitted on November 25, 2013. Per applicant:
“Anacor has no new nonclinical or clinical safety information to report for NDA 204427, 
as there are no ongoing nonclinical or clinical studies at this time.” 

8 Postmarket Experience

Not applicable; tavaborole is not currently marketed in any country.
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9 Appendices

9.1 Literature Review/References

References are provided at the end of the document.

9.2 Labeling Recommendations

Office of Medication Error Prevention and Risk Management accepted the proposed 
proprietary name Kerydin in January 2014.

Labeling recommendations are under negotiations with the applicant. Key clinical 
recommendations that differ from the applicant’s proposal have been incorporated 
though-out the Review. Agreed upon labeling will be attached to the Approval letter.

9.3 Advisory Committee Meeting

Advisory Committee (AC) meeting was deemed not necessary. Although tavaborole is
an NME, no novel or complex regulatory were raised during the review to warrant AC 
meeting. Information related to safety and efficacy was adequately presented in the 
application to inform a regulatory decision.

9.4. Clinical Investigator Financial Disclosure

Clinical Investigator Financial Disclosure
Review Template

Application Number:  204,427

Submission Date:  07/29/213

Applicant:  Anacor Pharmaceuticals Inc.

Product:  Tavaborole solution 5%

Reviewer: Milena Lolic, MD, MS 

Date of Review: 10/3/2013 

Covered Clinical Study (Name and/or Number):  AN2690-ONYC-301 and AN2690-
ONYC-302
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Was a list of clinical investigators provided:  Yes   No (Request list from 
applicant)

Total number of investigators identified:  80

Number of investigators who are sponsor employees (including both full-time and 
part-time employees):  0

Number of investigators with disclosable financial interests/arrangements (Form FDA 
3455):  0

If there are investigators with disclosable financial interests/arrangements, identify 
the number of investigators with interests/arrangements in each category (as defined 
in 21 CFR 54.2(a), (b), (c) and (f)):

Compensation to the investigator for conducting the study where the value 
could be influenced by the outcome of the study:  

Significant payments of other sorts:  

Proprietary interest in the product tested held by investigator:  

Significant equity interest held by investigator in sponsor of covered study:  

Is an attachment provided with 
details of the disclosable financial 
interests/arrangements:  

Yes   No (Request details from 
applicant)

Is a description of the steps taken to 
minimize potential bias provided:

Yes   No (Request information 
from applicant)

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0

Is an attachment provided with the 
reason:  

Yes   No (Request explanation 
from applicant)

Discuss whether the applicant has adequately disclosed financial interests/arrangements 
with clinical investigators as recommended in the guidance for industry Financial Disclosure 
by Clinical Investigators.1  Also discuss whether these interests/arrangements, investigators 
who are sponsor employees, or lack of disclosure despite due diligence raise questions 
about the integrity of the data:

- If not, why not (e.g., study design (randomized, blinded, objective endpoints), 
clinical investigator provided minimal contribution to study data)

- If yes, what steps were taken to address the financial interests/arrangements 
(e.g., statistical analysis excluding data from clinical investigators with such 
interests/arrangements)

                                           
1 See [web address].  
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Briefly summarize whether the disclosed financial interests/arrangements, the inclusion of 
investigators who are sponsor employees, or lack of disclosure despite due diligence affect 
the approvability of the application.  

Financial disclosure forms were reviewed, and all investigators reported no financial 
interests. The applicant certified in Form 3454 that they had not entered into any 
financial arrangements with any of the clinical investigators. It was also affirmed that 
none of the clinical investigators disclosed any proprietary interest in the product, or 
significant equity interest in the sponsor company. Certification was made that no 
investigator was the recipient of significant payments of other sorts as defined in 21 
CFR 54.2 (f).

                                           
1

Ghannoum MA, Hajjeh RA et all. A large-scale North American study of fungal isolates from nails: The 
frequency of onychomycosis, fungal distribution, and antifungal susceptibility patterns. J Am Acad 
Dermatol 2000;43:641-8.

2
Wade Foster K, Ghannoum MA et all. Epidemiologic surveillance of cutaneous fungal infection in the 

United States from 1999 to 2002. J Am Acad Dermatol 2004;50:748-52.

3
Tosti A,Pirraccini Bm et all. Relapses of onychomycosis after successful treatment with systemic 

antifungals:a three-year follow-up. Dermatology 1998;197(2):162

4
Berker D.  Fungal nail disease. N Engl J Med 2009; 360:2108-16

5
Gupta AK, Chang P et all. Onychomycosis in children: prevalence and management. Pediatric 

Dermatology 1998;15(6:464-471)

6
Gupta AK, Paquet M Systemic antifungals to treat onychomycosis in children: a systemic review. 

Pediatric Dermatology 2012;1-9

7
Finlay GH, Vismer HF et all. The spectrum of paediatric dermatology-analysis of 10,000 cases. British 

Journal of Dermatology 1974;91:379-387

8
Gupta AK, Sibbald RG et all. The prevalence of onychomycosis in children and treatment strategies.J 

Am Acad Derm 1997;36:395-402

9
Lateur N,Mortaki A et all. Two-hundred ninety cases of onychomycosis in children and teenagers: a 10-

year laboratory survey.Pediatric dermatology 2003;20 (5)385-88.

10
Rodriguez-Pazos L,Pereiro-Ferreiros M et all. Onychomycosis observed in children over a 20-year 

period.Mycoses 2010;54:450-53
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NDA Number: 204427 Applicant: Anacor 
Pharmaceuticals Inc. 

Stamp Date: July 29, 2013 

 
Drug Name: Tavaborole Topical       
Solution, 5% 

                                                            
NDA Type: standard 

 

   

 
On initial overview of the NDA application for filing: 
    
 Content Parameter Yes No NA Comment 
FORMAT/ORGANIZATION/LEGIBILITY 
1.  Identify the general format that has been used for this 

application, e.g. electronic CTD. 
X   eCTD format through 

the Electronic 
Submission Gateway 

2.  On its face, is the clinical section organized in a manner to 
allow substantive review to begin? 

X   ISE and ISS are split 
across M2 and M5 

3.  Is the clinical section indexed (using a table of contents) 
and paginated in a manner to allow substantive review to 
begin?  

X    

4.  For an electronic submission, is it possible to navigate the 
application in order to allow a substantive review to begin 
(e.g., are the bookmarks adequate)? 

X   Navigation is 
acceptable but difficult 
because of ISS and 
ISE splitting between 
M2 and M5 

5.  Are all documents submitted in English or are English 
translations provided when necessary? 

X    

6.  Is the clinical section legible so that substantive review can 
begin? 

X    

LABELING 
7.  Has the applicant submitted the design of the development 

package and draft labeling in electronic format consistent 
with current regulation, divisional, and Center policies? 

X    

SUMMARIES 
8.  Has the applicant submitted all the required discipline 

summaries (i.e., Module 2 summaries)? 
X    

9.  Has the applicant submitted the integrated summary of 
safety (ISS)? 

X   Narrative portion is 
included in M2  

10.  Has the applicant submitted the integrated summary of 
efficacy (ISE)? 

X   Narrative portion is 
included in M2 

11.  Has the applicant submitted a benefit-risk analysis for the 
product? 

X    

12.  Indicate if the Application is a 505(b)(1) or a 505(b)(2).  If 
Application is a 505(b)(2) and if appropriate, what is the 
reference drug? 

X 
 

  505 (b)(1) 

DOSE 
13.  If needed, has the applicant made an appropriate attempt to 

determine the correct dosage and schedule for this product 
(i.e., appropriately designed dose-ranging studies)? 
Study Number: AN2690-ONYC- 200/200A 
Study Title: A Randomized, Double-Blind, Vehicle-
Controlled, Multi-Center Study to Evaluate the Safety and 
Efficacy of Topically Applied AN2690 2.5%, 5.0%, and 
7.5% Solutions vs. Vehicle for the Treatment of Adult 

X    
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 Content Parameter Yes No NA Comment 
Subjects with Onychomycosis of the Great Toenail Sample 
Size:  180                                      Arms:4 
Location in submission: 5.3.5.1 

EFFICACY 
14.  Do there appear to be the requisite number of adequate and 

well-controlled studies in the application? 
 
Pivotal Study #1 AN2690-ONYC-301/ 
Randomized, double-blind, vehicle-controlled, multi-center 
study to evaluate the efficacy and safety of Tavaborole 
Topical Solution, 5%, vs.vehicle in the treatment of 
onychomycosis of the toenail in adults (48 weeks 
of dosing) 
Indication: Treatment of onychomycosis of the toenail 
 
 
 
Pivotal Study #2AN2690-ONYC-302/ 
Randomized, double-blind, vehicle-controlled, 
multi-center study to evaluate the efficacy and 
safety of Tavaborole Topical Solution, 5%, vs. 
vehicle in the treatment of onychomycosis of the 
toenail in adults (48 weeks of dosing) 
Indication: Treatment of onychomycosis of the 
toenail 
 
 
 

X    

15.  Do all pivotal efficacy studies appear to be adequate and 
well-controlled within current divisional policies (or to the 
extent agreed to previously with the applicant by the 
Division) for approvability of this product based on 
proposed draft labeling? 

X    

16.  Do the endpoints in the pivotal studies conform to previous 
Agency commitments/agreements?  Indicate if there were 
not previous Agency agreements regarding 
primary/secondary endpoints. 

X    

17.  Has the application submitted a rationale for assuming the 
applicability of foreign data to U.S. population/practice of 
medicine in the submission? 

 X   

SAFETY 
18.  Has the applicant presented the safety data in a manner 

consistent with Center guidelines and/or in a manner 
previously requested by the Division? 

X    

19.  Has the applicant submitted adequate information to assess 
the arythmogenic potential of the product (e.g., QT interval 
studies, if needed)? 

X    

20.  Has the applicant presented a safety assessment based on all 
current worldwide knowledge regarding this product? 

  X This is NME 
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 Content Parameter Yes No NA Comment 
21.  For chronically administered drugs, have an adequate 

number of patients (based on ICH guidelines for exposure1) 
been exposed at the dose (or dose range) believed to be 
efficacious? 

X    

22.  For drugs not chronically administered (intermittent or 
short course), have the requisite number of patients been 
exposed as requested by the Division? 

  X  

23.  Has the applicant submitted the coding dictionary2 used for 
mapping investigator verbatim terms to preferred terms? 

X    

24.  Has the applicant adequately evaluated the safety issues that 
are known to occur with the drugs in the class to which the 
new drug belongs? 

  X This is NME 

25.  Have narrative summaries been submitted for all deaths and 
adverse dropouts (and serious adverse events if requested 
by the Division)? 

 

X    

OTHER STUDIES 
26.  Has the applicant submitted all special studies/data 

requested by the Division during pre-submission 
discussions? 

X    

27.  For Rx-to-OTC switch and direct-to-OTC applications, are 
the necessary consumer behavioral studies included (e.g., 
label comprehension, self selection and/or actual use)? 

  X  

PEDIATRIC USE 
28.  Has the applicant submitted the pediatric assessment, or 

provided documentation for a waiver and/or deferral? 
X    

ABUSE LIABILITY 
29.  If relevant, has the applicant submitted information to 

assess the abuse liability of the product? 
  X  

FOREIGN STUDIES 
30.  Has the applicant submitted a rationale for assuming the 

applicability of foreign data in the submission to the U.S. 
population? 

 X   

DATASETS 
31.  Has the applicant submitted datasets in a format to allow 

reasonable review of the patient data?  
X    

32.  Has the applicant submitted datasets in the format agreed to 
previously by the Division? 

X    

33.  Are all datasets for pivotal efficacy studies available and 
complete for all indications requested? 

X    

34.  Are all datasets to support the critical safety analyses 
available and complete? 

X    

35.  For the major derived or composite endpoints, are all of the 
raw data needed to derive these endpoints included?  

X    

                                                 
1 For chronically administered drugs, the ICH guidelines recommend 1500 patients overall, 300-600 
patients for six months, and 100 patients for one year. These exposures MUST occur at the dose or dose 
range believed to be efficacious. 
2 The “coding dictionary” consists of a list of all investigator verbatim terms and the preferred terms to 
which they were mapped. It is most helpful if this comes in as a SAS transport file so that it can be sorted 
as needed; however, if it is submitted as a PDF document, it should be submitted in both directions 
(verbatim -> preferred and preferred -> verbatim). 
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 Content Parameter Yes No NA Comment 
CASE REPORT FORMS 
36.  Has the applicant submitted all required Case Report Forms 

in a legible format (deaths, serious adverse events, and 
adverse dropouts)? 

X    

37.  Has the applicant submitted all additional Case Report 
Forms (beyond deaths, serious adverse events, and adverse 
drop-outs) as previously requested by the Division? 

  X Division requested 
CRF for deaths, 
serious adverse events, 
and adverse dropouts 
only. 

FINANCIAL DISCLOSURE 
38.  Has the applicant submitted the required Financial 

Disclosure information? 
X    

GOOD CLINICAL PRACTICE 
39.  Is there a statement of Good Clinical Practice; that all 

clinical studies were conducted under the supervision of an 
IRB and with adequate informed consent procedures? 

X    

 
IS THE CLINICAL SECTION OF THE APPLICATION FILEABLE?   Yes 
 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter. 
 
 
Submit a rationale for assuming the applicability of foreign data to U.S. population/practice of 
medicine. 
 
 
 
 
 
 
 
 
Milena Lolic, MD, MS                                                                        August 28, 2013 
Reviewing Medical Officer      Date 
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