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1 Executive Summary 
This application is for Kerydin (tavaborole) Topical Solution, 5%. Tavaborole is a new 
molecular entity (NME). The Sponsor has submitted this NDA via 505(b)(1) regulatory 
pathway, and the proposed indication for Kerydin (tavaborole) Topical Solution is for the 
treatment of onychomycosis. It is intended to be applied to the entire nail surface and 
under the tip of each nail being treated once daily for 48 weeks. 

1.1 Recommendation 

The Office of Clinical Pharmacology/Division of Clinical Pharmacology III finds NDA 
204427 acceptable from a Clinical Pharmacology perspective, pending agreement on 
recommended labeling changes. 

1.2 Phase IV Commitments/Requirements 

Post Marketing Requirement (PMR) for a pharmacokinetic/safety trial of tavaborole 
topical solution, 5% in pediatric subjects age 12-17 years and 11 months with 
onychomycosis of toenails  

1.3 Summary of Important Clinical Pharmacology and Biopharmaceutics 
Findings 

Systemic bioavailability: 
Trial P06118 was a maximal use PK trial to determine the PK of tavaborole 5% solution 
in subjects with toenail onychomycosis following topical administration. A total of 24 
subjects diagnosed with distal subungual onychomycosis involving at least 4 toenails, 
including at least 1 great toenail were treated with a single dose of tavaborole 5% 
solution (approximately 200 μL) on all 10 toenails, including up to 2 mm of the 
surrounding skin on Day 1. All subjects received once daily dosing for 14 consecutive 
days on Days 5 to 18.  
 
After a single topical application on Day 1, the mean Cmax (± standard deviation) in 
plasma was 3.54± 2.26 ng/mL, the mean AUClast was 44.4 ± 25.5 ng*hr/mL, and the 
median Tmax was 12 hours (range 4.03-23.9 hours). After 14 days of repeated daily 
applications, the mean Cmax was 5.17±3.47 ng/mL, the mean AUCτ was 75.8 ± 44.5 
ng*hr/mL, and the median Tmax was 8.03 hours (range 0.47-24.0 hours).  
 
Both the mean Cmax and AUC increased from Day 1 to Day 18, with values of Cmax 
increased from 3.54 ng/mL to 5.17 ng/mL and AUC from 44.4 ng*hr/mL to 75.8 
ng*hr/mL. The accumulation ratio based on AUC was 2.2. Based on the plasma trough 
concentrations, it appears that steady state was reached on Day 11 after 6 days of daily 
dosing.  
 
Based on the NOAEL level of 3% tavaborole solution determined in the 9-month dermal 
minipig toxicity study, the safety margin is 10.1 based on mean human AUCτ and 4.4 
based on maximum human AUCτ. 
 
Effects on QT interval: 
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From the review of Interdisciplinary Review Team for QT Studies Consultation, Dr.Moh 
Jee Ng has concluded that no significant QTc prolongation effects of tavaborole (doses of 
topical solution, 5% q.d. and topical solution, 5% b.i.d.) were detected. For the 
supratherapeutic dose group, tavaborole topical solution, 5% was applied twice daily on 
all 10 toenails and 10 fingernails and approximately 5 mm of skin surrounding all nails 
for 14 days to healthy subjects. Following the supratherapeutic dose, the mean Cmax was 
22.4 ± 14.3 ng/mL. Compared to the Cmax of 5.17 ng/mL in the maximal use PK trial 
P06118 after 14 continuous days of once-daily dosing, the Cmax obtained from 
supratherapeutic dose of this TQT trial was 4.3-times higher (range: 3.3-times to 6.5-
times). With the supratherapeutic dose (applied to healthy subjects) achieving a Cmax 4.3-
times higher than the Cmax observed in the maximal use PK trial, tavaborole does not 
prolong QTc to any clinically relevant extent. 
 
Drug-Drug Interaction: 
The drug-drug interaction potential of tavaborole was assessed in the in vitro inhibition 
and induction studies. The results indicated that tavaborole is not likely to induce the 
activity of CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, and CYP3A4/5 or inhibit 
the activity of CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, 
CYP2E1, and CYP3A4/5. The I/Ki ratio is calculated to be < 0.00068. 
 
Pediatrics: 
The sponsor did not provide any PK data for tavaborole topical solution, 5% in pediatrics. 
The sponsor is requesting a waiver of pediatric trials in pediatrics less than 12 years of 
age and deferral of pediatric trials in age range of 12-17 years and 11 months to be 
conducted post approval. The Division of Dermatology and Dental Products (DDDP) 
agrees with the waiver and deferral of pediatric trials. DDDP proposed a 
pharmacokinetic/safety trial in 40 pediatric subjects age 12-17 years and 11 months with 
onychomycosis of toenails . This reviewer recommends that the trial 
includes assessment of PK under maximal use conditions in a subgroup of at least 16 
evaluable subjects. 
 
Clinical Pharmacology Briefing: 
An optional intra-division level Clinical Pharmacology briefing was conducted on 
February 24, 2014 with the following in attendance: Hae-Young Ahn, Yow-Ming Wang, 
Doanh Tran, Chinmay Shukla, and An-Chi Lu. 
 
 
2 Question-Based Review 

2.1 General Attributes 

2.1.1 What is the proposed indication for Tavaborole Topical Solution, 5%?  

Tavaborole Topical Solution, 5% is proposed for the topical treatment of onychomycosis 
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2.1.2 What is onychomycosis? 

Onychomycosis is a fungal infection of the nail plate and other parts of the nail unit 
including the nail matrix. Dermatophytes are responsible for most finger and toenail 
infections, and Dermatophytic onychomycosis (tinea unguium) occurs in three distinct 
forms: distal and lateral subungual, proximal subungual, and superficial white. The vast 
majority of distal and proximal subungual onychomycosis results from Trichophyton 
rubrum. Superficial white onychomycosis is usually caused by T. mentagrophytes, 
although cases caused by T. rubrum have also been reported. 
The prevalence in the United and States and Europe is up to 10% of adult population, and 
is related to occlusive footwear. The disease is very common in adults, but may also 
occur in children. 
 

2.1.3 What are the highlights of the physicochemical properties of Tavaborole? 

Chemically, tavaborole is 5-fluoro-1,3-dihydro-1-hydroxy-2,1-benzoxaborole, or 
5-fluoro-2,1-benzoxaborol-1(3H)-ol. Tavaborole has a molecular weight of 151.93 
Daltons, and is a white to off-white powder. 
 
The molecular formula of tavaborole is C7 H6 B F O2. The structural formula is as 
follows: 

 
 
Formulation properties: 
Tavaborole Topical Solution, 5% is an alcohol/ based solution 
containing 5% tavaborole (w/w). The solution is filled to a minimum label amount of 10 
mL in a 12 mL, amber USP  glass bottle with an 18-400 neck finish and an 18-400 
black  closure with a  foam liner. Each 
milliliter of Kerydin contains 43.5 mg of tavaborole (5% w/w). For details of product 
composition see section 2.5.2. 
 
Dosage and Route of Administration: 
Apply to affected nails once daily for 48 weeks. It should be applied to the entire nail 
surface and under the tip of each nail being treated. 
 
Mechanism of Action: 
The mechanism of action of tavaborole is inhibition of fungal protein synthesis. 
Tavaborole inhibits protein synthesis by inhibition of an aminoacyl-transfer ribonucleic 
acid (tRNA) synthetase (AARS). Tavaborole has been shown to be active against most 
strains of Trichophyton mentagrophytes and Trichophyton rubrum, both in vitro and in 
clinical infections. 
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2.2 General Clinical Pharmacology 

2.2.1 How was the dose/duration selected for Tavaborole Topical Solution, 5%? 

Dose selection for pivotal clinical trials and commercialization was chosen based on 
safety and efficacy results from Phase 2 trials. 
 
In the Phase 2 double-blind, vehicle-controlled trial AN2690-ONYC-200/200A, three 
strengths of tavaborole solution, 2.5%, 5%, and 7.5%, were compared to vehicle control 
in subjects with onychomycosis (n=187). It was reported that patients treated with 5% 
achieved the highest proportion of clear nails and complete responses (clear nail plus 
negative fungal culture and negative KOH) at the Day 360 assessment. The 7.5% 
treatment group had more application site reactions (ASRs), drug holidays / dosing 
modifications due to ASRs, and discontinuations due to ASRs compared to the 5% 
treatment group. 

2.2.2 What are the design features of the clinical pharmacology and clinical trials 
used to support Tavaborole Topical Solution, 5%? 

The applicant has sponsored the following 12 clinical trials in support of the development 
of Tavaborole Topical Solution, 5%: 
 
Clinical Pharmacology Trials: 
AN2690-ONYC-101: 21 day cumulative irritation test, n =37. The medical reviewer is 
reviewing this trial. 
AN2690-ONYC-103: Definitive repeat insult patch test (RIPT) and cumulative irritation 
trial of Tavaborole Topical Solution, 5% in healthy volunteers, n=279. The medical 
reviewer is reviewing this trial. 
P05577: Absorption, metabolism, and excretion of 14C-tavaborole as a topical solution in 
adult males, n=6.  
P06118: Maximal use Pharmacokinetic (PK) trial of Tavaborole Topical Solution, 5% in 
subjects with onychomycosis (14 days of dosing), n=24. 
AN2690-ONYC-102: Thorough QT/QTc safety and PK trial of Tavaborole Topical 
Solution, 5% in healthy subjects (14 days of dosing), n=55. This reviewer has reviewed 
the PK portion of the result. 
AN2690-ONYC-202: Open-label multiple-dose trial of safety and PK of tavaborole 
solution 7.5% (29 days of dosing), n=15. This PK trial was not reviewed, as tavaborole 
solution 7.5% is not the to-be-marketed formulation. 
AN2690-ONYC-205: Open-label multiple-dose trial of safety and PK of tavaborole 
solution 7.5% (29 days of dosing), n=20. This PK trial was not reviewed, as tavaborole 
solution 7.5% is not the to-be-marketed formulation. 
 
Phase II trials: 
Uncontrolled: 
AN2690-ONYC-201: Open-label rising multiple-dose multi-center trial to evaluate safety 
and efficacy of tavaborole solutions 5% and 7.5% in subjects with onychomycosis (180 
or 360 days of dosing), n=89. 
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AN2690-ONYC-203: Open-label rising multiple-dose multi-center trial to evaluate safety 
and efficacy of tavaborole solutions 1% and 5% in subjects with onychomycosis (180 
days of dosing), n=60. 
Controlled: 
AN2690-ONYC-200/200A: Randomized, double-blind, vehicle-controlled, multi-center 
trial to evaluate the safety and efficacy of topically applied tavaborole 2.5%, 5% and 
7.5% solution vs. vehicle for the treatment of adult subjects with onychomycosis of the 
great toenail (180 days of dosing), n=187. The medical reviewer is reviewing this trial. 
 
Phase III trials: 
AN2690-ONYC-301: Randomized, double-blind, vehicle-controlled, multi-center trial 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), n=594. The 
medical reviewer is reviewing this trial. 
AN2690-ONYC-302: Randomized, double-blind, vehicle-controlled, multi-center trial 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), n=604. The 
medical reviewer is reviewing this trial. 

2.2.3 What trials have been conducted for bioavailability evaluation of the drug 
product? What is the systemic bioavailability of tavaborole topical solution, 5%? 

The systemic exposure of tavaborole topical solution, 5% was evaluated in trial 18143. 
Trial 18143 was a maximal use PK trial to determine the pharmacokinetics of tavaborole 
5% solution in subjects with toenail onychomycosis following topical administration. 
 
A total of 24 subjects diagnosed with distal subungual onychomycosis involving at least 
4 toenails, including at least 1 great toenail were treated with a single dose of tavaborole 
5% solution (approximately 200 μL) on all 10 toenails, including up to 2 mm of the 
surrounding skin on Day 1. All subjects received once daily dosing for 14 consecutive 
days on Days 5 to 18.  
 
After a single topical application on Day 1, out of the 24 subjects, 3 subjects had all 
plasma tavaborole concentrations below the LLOQ (0.5 ng/mL) at the timepoints 
assessed (predose, 0.5, 1, 2, 4, 8, 12, 16, and 24 hours postdose), and 16 subjects had 
measurable concentrations at the 8-hour time point. The mean Cmax in plasma was 3.54 
ng/mL, and the median Tmax was 12 hours. 
 
After 14 days of repeated daily applications, on Day 18, most subjects (n=20) had 
measurable concentrations pre-dose, and all subjects had measurable concentrations at 12 
hours post-dose. At 72 hours, about half of subjects (n=13) had measurable 
concentrations; at 96 hours, 6 subjects still had measurable concentrations. The mean 
Cmax was 5.17 ng/mL, and the median Tmax was 8.03 hours.  
 
Both of the mean Cmax and ACU increased from Day 1 to Day 18, with values of Cmax 
from 3.54 ng/mL to 5.17 ng/mL and AUC from 44.4 ng*hr/mL to 75.8 ng*hr/mL. The 
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accumulation ratio based on AUC was 2.22. Based on the plasma trough concentrations, 
it appears that steady state was reached on Day 11 after 6 days of daily dosing.  
Table 1 shows the mean pharmacokinetic parameters of tavaborole following single dose 
and at steady state. 
 
Table 1: Mean (CV, %) Plasma Pharmacokinetic Parameters of Tavaborole (SCH 900340) 
Following Single (Day 1) and Multiple (Day 18) Once-Daily Topical Applications of 200 µL 
of 5% Solution of Tavaborole to All Ten Toenails and 2 mm of Skin Surrounding Each 
Toenail of Onychomycosis Patients 
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2.2.4 What is the metabolic pathway for Tavaborole Topical Solution, 5%? 

The proposed biotransformation pathway for tavaborole is depicted below in Figure 1: 
 
Figure 1: Proposed Biotransformation Pathway for Tavaborole 

 
The proposed metabolic pathways for tavaborole were established from the results of 
topical administration to the skin of mice. Not all metabolites were confirmed in humans; 
those metabolites confirmed in humans are shown in circles in Figure 1. For humans, 
tavaborole metabolism was studied in the radiolabeled AME (P05577) and maximal use 
PK trial (P06118). In summary, tavaborole undergoes extensive metabolism. By 
qualitative assessment, trace levels of a sulfate conjugate (M5) and a benzoic acid 
metabolite (M6a) were detected at steady-state in plasma. In urine, M5 was the only 
metabolite identified in the radiolabeled AME (P05577) trial, and both M5 and M6a were 
identified after single dose and at steady state in the maximal use PK trial (P06118). 
Below are more details for the two trials on the metabolism of tavaborole. 
 
In Trial P05577, six healthy adult male volunteers (19-35 years of age) were applied with 
a single topical application of 14C-tavaborole (a total of ~200 µL containing a total of 
~100 µCi radioactivity) to all 10 toenails and 5 mm of the surrounding skin of each toe. 
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. The mean cumulative 
total radioactivity excreted in urine over a 10 day period was 17.9% of the applied dose, 
suggesting there is systemic absorption of this topical product. The total radioactivity 
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levels in all the fecal samples were less than the LLOQ (2.58 ng equiv/mL) in all the 
subjects, indicating excretion was primarily via the renal pathway. For metabolite 
profiling, there was not enough radiocarbon present in plasma or fecal samples for 
profiling of metabolites using liquid chromatography-mass spectrometry (LC-MS) with 
in-line flow scintillation analysis (FSA) or off-line microplate scintillation counter 
detection. In urine, M5, the sulfate conjugate metabolite of the benzyl alcohol metabolite 
(M6; AN3019) was the only metabolite identified. The amount of M5 excreted during 0-
120 hr post-dose represented 14.6% of the administered dose applied topically. From the 
radiochromatogram of 0-120 hr pooled urine, three minor metabolites representing less 
than 1% of the dose were also observed, but could not be detected by LC-MS and thus 
were not identified. For further details, see Appendix for individual trial review. 
 
In the maximal use PK trial P06118 (see above Section 2.2.3 for study design), plasma 
samples were pooled (0-24 hours) across all subjects on Day 1 (single dose) and Day 18 
(14 days of multiple dose). Urine was collected at predose on Day 1, and at 0-24 hours as 
blocks post dose on Days 1 and 18.  
 
In pooled plasma by qualitative assessment, no metabolites were detected on Day 1, and 
trace levels of a sulfate conjugate (M5) and a benzoic acid metabolite (M6a) were 
detected at steady-state on Day 18. In urine, M5 and M6a were the only metabolites 
detected on Day 1 and Day 18. 

2.2.5 Does Tavaborole Topical Solution, 5% prolong QT intervals? 

From the review of Interdisciplinary Review Team for QT Studies Consultation, Dr.Moh 
Jee Ng has concluded that no significant QTc prolongation effects of tavaborole (doses of 
topical solution, 5% q.d. and topical solution, 5% b.i.d.) were detected in the Thorough 
QTc Trial AN2690-ONYC-102. 
 
In the Thorough QTc Trial AN2690-ONYC-102, a total of 55 healthy volunteers were 
randomized to one of eight sequences with the following four study treatments: 

 Vehicle (V): Solution vehicle for tavaborole QD on all 10 toenails for 14 days 
 Positive Control (PC): Solution vehicle for tavaborole QD on all 10 toenails for 

14 days, plus a single dose of unblinded moxifloxacin 400 mg administered orally 
in the morning on Day 14 under fasted conditions 

 Therapeutic Dose (DT): tavaborole Topical Solution, 5% QD on all 10 toenails 
for 14 days (nail plates only) 

 Supratherapeutic Dose (DS): tavaborole Topical Solution, 5% twice daily (BID, 
defined as every 12 hours) on all 10 toenails and 10 fingernails and approximately 
5 mm of skin surrounding all nails for 14 days 

 
Because the TQT trials was conducted in healthy volunteers instead of subjects with 
onychomycosis, it is important to evaluate the tavaborole systemic exposure to ensure 
that the exposure achieved in the TQT trial was similar or higher than that expected 
following clinical use. Following the supratherapeutic dose, the mean Cmax was 22.4 ± 
14.3 ng/mL. Compared to the Cmax of 5.17 ng/mL in the maximal use PK trial P06118 
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after 14 continuous days of once-daily dosing, the Cmax obtained from supratherapeutic 
dose of this TQT trial was 4.33-times higher (range: 3.3-times to 6.5-times).  
 
From the review of Dr.Moh Jee Ng, as shown in  
Figure 2, there is a positive and significant relationship between tavaborole plasma 
concentrations and ΔΔQTcF with a positive slope of 0.23 ms per ng/mL (95% CI: 0.036 
– 0.41, p-value =0.05). Dr. Ng noted that at the supratherapeutic concentrations assessed 
in this trial, tavaborole does not prolong QTc to any clinically relevant extent. 
 
Figure 2: Observed Median-Quantile Tavaborole (AN2690) Concentrations and Associated 
Mean (90% CI) ∆QTcF (color dots) Together with the Mean (90% CI) Predicted 
∆QTcF (black line with shaded grey area) 

 
 

2.3 Intrinsic Factors 

2.3.1 What is the systemic drug exposure in pediatrics? 

In this submission, the applicant did not provide information in pediatrics. The applicant 
requested a waiver of pediatric trials of subjects aged 0 to 11 years and 11 months for the 
reason that studies are impossible or highly impractical (e.g. the number of pediatric 
patients is so small or is geographically dispersed) and requested a deferral of studies in 
pediatrics 12 years of age and older.  
 
Onychomycosis  is not prevalent in population younger than 12 
years of age. The Division of Dermatology and Dental Products (DDDP) concludes that 
the product may not be used in a substantial number of patients in this age group and that 
the studies are not feasible.  
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DDDP recommends the applicant to conduct a pharmacokinetic/safety trial of Tavaborole 
topical solution, 5% in pediatric subjects age 12-17 years and 11 months with 
onychomycosis of toenails . There should be 40 male or female 
subjects 12–17 years 11 month of age with at least of 16 evaluable subjects under 
maximal use conditions to adequately characterize the pharmacokinetics in this age 
group. Subjects must have a clinical diagnosis of distal subungual onychomycosis 
affecting at least one great toenail (20% to 60% of the nail after the nail had been 
trimmed), confirmed by a central mycology laboratory to be positive for KOH wet mount 
and fungal culture for a dermatophyte. Subjects included in the PK subgroup should be 
under maximal use conditions (i.e., subjects with ≥50% involvement of both great 
toenails and 4 additional affected toenails). Serial PK assessments should be performed 
after single dose and at steady state. Several trough samples should be obtained to assess 
the attainment of steady state. 

2.4 Extrinsic Factors 

2.4.1 What is the effect of tavaborole on the PK of other drugs? 

In vitro studies for inhibition and induction indicated that tavaborole is not likely to 
induce the activity of CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, and CYP3A4/5 
or inhibit the activity of CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, 
CYP2D6, CYP2E1, and CYP3A4/5. The I/Ki ratio is calculated to be < 0.00068. 
 
In the in vitro inhibition study, 002-NCL PK-053-01, the ability of tavaborole to inhibit 
CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E1 and 
CYP3A4/5 was evaluated at concentrations from 0.1 to 100 μM in human liver 
microsomes. The human liver microsomes from a pool of 16 individuals were incubated 
with marker substrates at concentrations approximately equal to their apparent Km, in the 
presence or absence of tavaborole, to evaluate tavaborole as a direct and time-dependent 
inhibitor of CYP activity. 
 
Tavaborole caused 42% direct inhibition of CYP2E1 with an IC50 value of >100 μM, 
and caused time-dependent and partial NADPH-dependent inhibition of CYP2A6 activity 
at a concentration of tavaborole >30 μM, but no IC50 value was calculated due to 
insufficient inhibition across the range of concentrations examined. 
 
With the estimate of the Ki value of CYP enzymes by tavaborole >50 μM, and the mean 
Cmax at steady state of 5.17 ng/mL (0.034 μM) in the maximal use PK trial P06118, the 
I/Ki ratio is calculated to be < 0.00068. 
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The standard curve range was from 0.5 to 50 ng/mL. Intra-day and Inter-day precision 
and accuracy was assessed at 3 quality control (QC) levels. Accuracy and precision at 
LLOQ was assessed using 6 replicates. A summary of precision and accuracy results is 
shown in Table 6. 
 
Table 6: Precision and Accuracy Results of Tavaborole Assay in Human Citrate Plasma 
Validation in Trial AN2690-ONYC-102 
Standard Curve Range 0.5 to 50 ng/mL 
Lower Limit of Quantitation 
(LLOQ) 

0.500 ng/mL 

Average Recovery of Drug  72.5% (Internal standard: 72.7%)  
Intra-Day Accuracy  1.5-40.0 ng/mL: range: 94.67-99.875% 

0.5 ng/mL (LLOQ): range: 109.2-118.6% 
Inter-Day Accuracy  1.5-40.0 ng/mL: 96-97.75% 

0.5 ng/mL (LLOQ): 112.8% 
Intra-Day Precision Range 1.5-40.0 ng/mL: 1.89-6.90%  

0.5 ng/mL (LLOQ): 3.42-15.3% 

Inter-Day Precision Range  1.5-40.0 ng/mL: 3.08-5.54% 
0.5 ng/mL (LLOQ): 10.6% 
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4 Appendix 

4.1 Individual Trial Reviews 

Note: Tavaborole is referred as SCH 900340 in this section. 

Trial No. P06118 

Title: Evaluation of the Pharmacokinetics of tavaborole in Subjects with Onychomycosis 
of the Toenails 
 
Trial Initiation/Completion Dates: 7/8/2009 to 11/11/2009 
 
Objectives:  
Primary objective: To determine the pharmacokinetics of tavaborole 5% solution in 
subjects with toenail onychomycosis following topical administration.  
Secondary objective: To evaluate the safety and tolerability of tavaborole 5% solution. 
Exploratory objectives: To determine the usage amount of the drug product 5% solution 
in subjects with onychomycosis after a single application and during 14 days of 
treatment; to estimate the variability in product usage rate among these subjects; and to 
characterize the dose/plasma concentration/area under the concentration-time curve 
(AUC) relationships. 
 
Trial Center: Single center  

 
 
Design of Trial:  
Trial Population Demographics: Twenty-four subjects diagnosed with distal subungual 
onychomycosis involving at least 4 toenails, including at least 1 great toenail. 
Age range: 28-82 years; Race: Caucasian (79%), African American (21%), Hispanic or 
latino (13%); Gender: 16 Male (67%), 8 Female (33%). 
 
Diagnosis and main criteria for inclusion: 
 Subjects could be of either sex and of any race and were to be at least 18 years, 

inclusive, having a Body Mass Index (BMI) between 18 and 40.5, inclusive. BMI = 
weight (kg)/height2 (m2). 

 Subjects were to have a “case definition” of distal subungual onychomycosis: 
a) Onychomycosis of at least 4 toenails, including at least 1 great toenail; 
b) The great toenail was to have onycholysis and at least 50-75% involvement; 
c) Combined thickness of the nail plate and hyperkeratosis of the nail bed of each 

great toenail was to be 2 to 4 mm 
d) Positive potassium hydroxide (KOH) wet mount from at least one great toenail 

 
 
Investigational Products:  
Tavaborole 5% solution approximately 200 μL, applied topically QD by rubber bulb 
dropper, Lot No. K-H09856 
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Trial Design: 
Adult subjects with distal subungual onychomycosis involving at least 4 toenails 
(including at least 1 great toenail) were enrolled. On Day 1, all 24 subjects were to 
receive a single dose of tavaborole 5% (approximately 200 μL) on all 10 toenails, 
including up to 2 mm of the surrounding skin. Subjects returned on Day 5 for the 
multiple-dose portion of the trial with once daily dosing for 14 consecutive days on Days 
5 to 18. Sample collection timepoints are shown below in Table 7. 
 
Table 7: Timepoints of Blood Samples 
Day relative to 
First Dose of Study 
Drug 

Day1  Day 5 Day 8 Day 11 Day 16 Day 17 Day 18 

Blood PK 
sampling 

Predose, 0.5, 1, 2, 
4, 8, 12, 16, and 24 
hours  

Predose Predose Predose 
Predose, 
12 hours 

Predose, 
12 hours 

Predose, 0.5, 1, 2, 4, 8, 
12, 16, 24, 36, 48, 72, 
and 96 hours 

Blood samples for 
metabolite 
profiling 

Predose, 0.5, 1, 2, 
4, 8, 12, 16, and 24 
hours 

     
Predose, 0.5, 1, 2, 4, 8, 
12, 16, 24, 36, 48, 72, 
and 96 hours 

Urine samples for 
metabolite 
profiling 

Predose, 24 hours      24 hours 

Adapted from Table 2 in Sponsor’s Report No. 002-CLN PK-003-01 

 
Reviewer’s comments: 
In the clinical pharmacology review dated 12/23/2010 under IND 71206, it was noted 
that “The information included in this submission appears to indicate that the design of 
study P06118 was conducted under maximal use conditions (i.e. maximal dose, 
frequency, duration, disease severity, and application areas) in diseased adult subjects 
with the to-be-marketed formulation. A final determination will be made at the time of 
NDA submission.” 
 
Key Exclusion Criteria: 
 
 Subjects who had received any treatment listed below more recently than the 

indicated washout period prior to Baseline, which, in the opinion of the investigator 
and sponsor, would interfere with their ability to participate in the trial. 

 

 
 
Analytical Methods:  
See Question-Based-Review section 2.6.1. 
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 AUCτ: area under the concentration-time curve during a dosing interval τ at 
steady state 

 Cmax: Maximum observed plasma (or serum) concentration 
 Tmax: Time to maximum observed plasma (or serum) concentration 
 t½: Terminal phase (elimination) half-life 
 λz: Terminal phase (elimination) rate constant 
 CL/F: Apparent total body clearance 
 Vz/F: Apparent volume of distribution during the terminal phase 
 Cmin: Minimum observed plasma (or serum) concentration during a dosing 

interval τ at steady state 
 RA: Accumulation ratio (index) 

 
 
Pharmacokinetic Results: 
A total of 24 subjects were enrolled and treated in the trial, and all 24 subjects completed 
the trial.  
Table 1 shows the mean pharmacokinetic parameters of tavaborole for this trial (See 
Question Based Review section 2.2.3). 
 
On Day 1, 3 of the 24 subjects had all plasma tavaborole concentrations below the LLOQ 
(0.5 ng/mL) at all time points. 16 subjects had measurable concentrations at the 8-hour 
time point on Day 1. The median Tmax was 12.0 hours on Day 1. 
 
On Day 18, most subjects (n=20) had measurable concentrations pre-dose, and all 
subjects had measurable concentrations at 12 hours post-dose. At 72 hours, about half of 
subjects (n=13) had measurable concentrations; at 96 hours, 6 subjects still had 
measurable concentrations. The median Tmax was 8.03 hours on Day 18. Based on the 
plasma trough concentrations (shown in Table 10), it appears that steady state was 
reached on Day 11. Figure 3 shows the individual predose (trough) plasma tavaborole 
concentrations following multiple once daily dose. 
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Table 10: Mean (CV, %) Predose and 12-hour Postdose Plasma Tavaborole (SCH 900340) 
Concentrations Following Multiple Once-Daily Topical Applications of 200 μL of 5% 
Solution of Tavaborole to All Ten Toenails and 2 mm of Skin Surrounding Each Toenail of 
Onychomycosis Patients 

  
After a single topical application on Day 1, the mean Cmax in plasma was 3.54 ng/mL. 
The mean Cmax increased to 5.17 ng/mL on Day 18 following multiple daily applications. 
Similarly, the mean AUClast of 44.4 ng*hr/mL on Day 1 increased to a mean AUCτ of 
75.8 ng*hr/mL on Day 18. The accumulation ratio based on AUC was 2.22. The mean 
half-life of 7.68 hours (range 5.72 to 10.3 hours) on Day 1 was based on 4 subjects who 
had available data. The mean half-life of 28.5 hours (range 14.7 to 47.9 hours) on Day 18 
was based on 10 subjects who had available data. The applicant concluded that the longer 
half-life was probably due to more quantifiable samples on Day 18 and a longer plasma 
sample collection interval. The mean plasma tavaborole concentration-time profiles 
following single and multiple once daily topical applications of tavaborole in this trial is 
shown in Figure 4. 
 
Reviewer’s comments: 
Since the sampling time is longer on Day 18 (at 36, 48, and 72 hours post dose) than on 
Day 1 (only till 24 hours post dose), the elimination phase of tavaborole was better 
captured on Day 18 thus the mean half-life calculated from Day 18 is longer than the 
mean half-life from Day 1. In addition, more subjects had concentrations above LLOQ 
due to accumulation on Day 18. Therefore, the mean half-life of 28.5 hours from Day 18 
would be more representative as the true half-life of tavaborole applied topically. 
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Figure 3: Predose Plasma Tavaborole Concentrations Following Multiple Once-Daily 
Topical Applications of 200 μL of 5% Solution of Tavaborole to All Ten Toenails and 2 mm 
of Skin Surrounding Each Toenail of Onychomycosis Patients (Individual Predose 
Profiles) 

 
* Figure is from sponsor’s clinical report. 
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time points between 0 and 24 hours on Day 18 were above LLOQ, except 3 subjects at 
0.5 and 1 hr, 2 subjects at 2 and 4 hr, and 1 subject at 8 hr post-dose. However, in the 
summary report for metabolite profiling, the applicant stated that the pooled parent drug 
plasma concentration was below LLOQ on both Day 1 and Day 18. It is not clear why 
tavaborole concentrations of each individual on Day 18 were detectable but the pooled 
tavaborole concentration was below LLOQ on Day 18. 
 
For the urine concentration of tavaborole, the validation report indicated that the 
stability at -20°C could not be established. The reason was that at 41 days, the lower QC 
sample exceeded 15%, however, at 95 days, all three QC samples (low, mid, and high) 
were below 15%, and at 188 days, all three QC samples exceeded 15%. The specimen 
handling and shipping instructions in the protocol stated that after urine collection, the 
acidified urine will be immediately frozen to -20°C, but it is not clear from the 
bioanalytical report on the storage condition and storage period before analysis. 
Therefore, the urine concentration of tavaborole is not reliable and maybe there were 
tavaborole present in the urine. However, the amount of tavaborole in urine is probably 
not significant, and the reason is as follows. In the AME trial (Trial P05577), plasma 
tavaoborle/plasma total radioactivity was 0.146, indicating extensive metabolism. The 
mean cumulative total radioactivity excreted in urine over a 10 days period was 17.9% of 
the administered dose.M5, the only metabolite identified in urine in this trial, represented 
14.6% of the administered dose. Three other minor metabolites represented as less than 
1%. Therefore, even if tavaborole, the parent drug, is still in urine, it would be less than 
1.7% (17.9%-1%-14.6%=1.7%). 
 
For the metabolites in both plasma and urine, the sponsor indicated that these 
metabolites were only assessed qualitatively and not quantified, and there were no 
bioanalytical or validation reports for assessment of metabolites in this trial. 
 
Summary of Safety: 
According to the sponsor, Treatment-emergent AEs were reported in 50% (12/24) of 
subjects, and the only TEAEs that were reported in more than one subject were headache 
(3 subjects, 13%) and oropharyngeal pain (2 subjects, 8%). All reported TEAEs were 
mild in severity, except for a TEAE of severe chest pain, which was serious and 
determined by the investigator to be unlikely related to treatment. There were 2 
application site reactions reported in this trial. No deaths were reported. 
 
Reviewer’s comments: For further information on drug safety, please see review by 
Medical Officer Dr. Milena Lolic. 
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Demographic: 

 
 
Applicant’s Conclusion: 
In this trial, following a single dose application of 5% tavaborole to all ten toenails and 2 
mm of skin surrounding each toenail of subjects with distal subungual onychomycosis, 
the mean terminal t1/2 of the parent compound was 7.68 hours on Day 1. Following 
multiple once-daily dose applications, the mean terminal t1/2 of the parent compound was 
28.5 hours on Day 18. The accumulation ratio of AUC for tavaborole was 2.22 after daily 
topical application of tavaborole. The terminal t1/2 values at Day 1 and Day 18 were each 
difficult to assess as more than half of the pharmacokinetic profiles did not have 
sufficient concentrations to meet the criteria for inclusion in the terminal t1/2 portion of 
the analysis and concentrations were often near the LLOQ. Tavaborole plasma 
concentrations appeared to be at steady-state by Day 18. Although the inter- and intra-
subject variability in plasma concentrations of tavaborole remained high, generally the 
mean predose plasma concentrations did not appear to change from Day 11 onward. The 
increase of terminal half-life at steady state was most likely due to more values being 
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above LLOQ as a result of accumulation and a longer sampling time (24 hr on Day 1 vs 
96 hr on Day 18). 
 
At steady state, a sulfate-conjugate (M5) and a benzoic acid metabolite (M6a) were the 
only circulating drug-derived components detected in trace levels in human plasma. M5 
was the major urinary metabolite detected in human urine. Thus it is suggested that the 
compound is systemically available and is slowly absorbed. 
 
 
Reviewer’s Comments: 
The applicant’s conclusion is acceptable. 
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This trial included a screening period (within 20 days of admission) and four in-patient 
treatment periods of 16 days each, separated by three washout periods of at least 7 days 
each. The dosing regimens are shown in 
Table 11. 
 
Table 11: Dosing Regimens 

 
 
PK blood samples were assessed on Day 14 of each treatment period at pre-dose (trough 
level; approximately 5 minutes pre-dose) and 1, 2, 3, 4, 5, 6, 8, 10, 12, 15, 18, and 23 
hours post dose. 
 
This trial is reviewed by the medical reviewer, Dr. Melina Lolic, and the Interdisciplinary 
Review Team for QT Studies (IRT-QT). This reviewer will discuss only the PK results in 
this trial. 
 
Analytical Methods: 
See Question-Based-Review Section 2.6.1. 
 

Reference ID: 3464157



30 
 
 

Table 12: Analytical Method Validation 
Assay Method High-performance liquid chromatography with 

tandem mass spectrometry 
Analytical Site  
Compound Tavaborole in human plasma samples (sodium citrate as 

anticoagulant and 6% citric acid as a preservative) 
Standard Curve Range 0.5 to 50 ng/mL 
Lower Limit of Quantitation 
(LLOQ) 

0.500 ng/mL 

Average Recovery of Drug  72.5% (Internal standard: 72.7%)  
Intra-Day Accuracy  1.5-40.0 ng/mL: range: 94.67-99.875% 

0.5 ng/mL (LLOQ): range: 109.2-118.6% 
Inter-Day Accuracy  1.5-40.0 ng/mL: 96-97.75% 

0.5 ng/mL (LLOQ): 112.8% 
Intra-Day Precision Range 1.5-40.0 ng/mL: 1.89-6.90%  

0.5 ng/mL (LLOQ): 3.42-15.3% 

Inter-Day Precision Range  1.5-40.0 ng/mL: 3.08-5.54% 
0.5 ng/mL (LLOQ): 10.6% 

Freeze-Thaw Stabilitya 4 cycles 
Bench-Top Stabilitya 24 hours (human citrate plasma at room temperature) 
Processed Stability 5 days 
Long Term Stability 95 days (-70°C) 

The trial initiated on 4/18/2012 and completed on 
8/15/2012, and the sample analysis date was between 

6/4/2012 to 9/5/2012.In the response to the information 
request dated 10/1/2013, the applicant indicated that the 

duration of pharmacokinetic plasma samples storage, 
from sample collection to sample analysis, did not 

exceed 85 days. 
Selectivity Six lots were tested for specificity by extracting and 

analyzing one matrix blank from each lot with a freshly 
prepared standard curve. At 0.5 ng/mL(LLOQ), the % 
deviation ranges from -10.6 to 22.8% (one sample was 

more than 20%) 
Reviewer’s comments Method acceptable 
a: values from sponsor’s report IND0009736 and INT00118571, which were the same reports used for 
maximal use PK trial. 
 
Protocol Deviations: 
Five subjects (Subject S004, S050, S067, S072, and S103) were withdrawn from trial due 
to reasons such as illegal drug use or behavior issues. One subject (Subject S116) was 
administered the wrong study drug for 5 of 28 doses during Period 4 (tavaborole 
supratherapeutic treatment). The data of Subject S116 were excluded from ECG and PK 
analyses for the supratherapeutic treatment. Subject S116 was included in statistical 
analysis for the remaining treatment periods (vehicle, positive control, and therapeutic 
dose). 
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Pharmacokinetic Results:  
Fifty-one (51) subjects were included in the PK-PD (ECG) Analysis Population. The four 
subjects (Subjects S050, S080, S099, and S103) excluded from the PK-PD Analysis 
Population were missing tavaborole plasma concentrations. One subject (Subject S116) 
was included in PK analysis for therapeutic treatment but not for supratherapeutic 
treatment (reason see above section), and two subjects (Subjects S041 and S072) were 
included in PK analysis for supratherapeutic treatment but not for therapeutic treatment 
because they did not complete dosing. As a result, 49 subjects had data available for PK 
analysis of tavaborole therapeutic treatment and 50 subjects had data available for PK 
analysis of tavaborole supratherapeutic treatment. 
 
Following multiple topical applications of tavaborole solution, tavaborole was absorbed 
into the systemic circulation from both therapeutic and supratherapeutic doses. For the 
therapeutic dose and supratherapeutic dose, the mean Cmax was 1.63 ± 0.958 ng/mL and 
22.4 ± 14.3 ng/mL, respectively; the mean Tmax was 13.9 ± 5.32 hours and 10.3 ± 6.94 
hours, respectively; the mean AUC(0-last) was 20.5 ± 13.2 ng·h/mL and 263 ± 141 
ng·h/mL, respectively. The mean Cmax ratios following supratherapeutic dose relative to 
therapeutic dose ranged from 9.54 to 21.0 across sequences. Corresponding mean  
AUC(0-last) ratios ranged from 9.17 to 22.3. Pharmacokinetic parameters for therapeutic 
and supratherapeutic doses of tavaborole are summarized in Table 13. The mean 
tavaborole plasma concentration-time profiles are shown in Figure 4. There were no 
significant differences in tavaborole Cmax and AUC(0-last) values among the eight 
sequences following the supratherapeutic dose with p-value >0.05 (Figure 6 and Figure 
7). 
 
The applicant did not calculate half-life by stating there were not enough data in the 
majority of subjects. 
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Trial No. 002-CLN PK-005-01(P05577) 

Title: Absorption, Metabolism, and Excretion of 14C- Tavaborole When Administered as 
a 5% Topical Solution in Healthy Adult Male Subjects 
 
Note: Tavaborole is referred as SCH 900340 in this section. 
 
Summary: 
Six healthy adult male volunteers (19-35 years of age) were included in this study. A 
single topical application of 14C- tavaborole (a total of ~200 μL containing a total of ~100 
μCi radioactivity) was applied to all 10 toenails and 5 mm of the surrounding skin of each 
toe. The 14C- tavaborole was allowed to dry and remain on the toenails and skin for 6 
hours post-administration. A study center designee then wiped the solution from each 
toenail (and surrounding skin) with a water-wetted absorbent pad for five times with a 
total of five separate wipes per toe. Next, a cotton-tipped applicator was used to swipe 
(and dry) each toenail and surrounding skin. The cotton-tipped applicator will then be 
analyzed by the site for radioactivity. 
 
At 24-hours post-administration, a study center designee wiped each toenail (and 
surrounding skin) with an ethanol-wetted absorbent pad five times with a total of five 
separate wipes per toe. Next, a cotton-tipped applicator was used to swipe (and dry) each 
toenail and surrounding skin. The cotton-tipped applicator was then analyzed by the site 
for radioactivity. Starting on Day 3, pooled urine samples were assayed for radioactivity 
on a daily basis. 
 
Blood samples (17 mL) for determination of whole blood and plasma radioactivity and 
plasma tavaborole concentration were collected at the following times: predose at (0 
hour) and at 0.25, 0.5, 1, 2, 4, 8, 12, 24, 36, and 48 hours postdose. Blood samples (8 mL) 
for possible metabolite profiling were collected at the following time points: 0 
(predose), 0.5, 1, 2, 4, 8, 12, 24, 36, and 48 hours postdose. Urine (block) samples were  
collected prior to dose (0 hour) and then in block collections at 0 to 12, 12 to 24, 24 to 36, 
36 to 48, and then every 24 hours until discharge from the study. Selected samples were 
analyzed, if feasible, for metabolite profiling. 
 
The pharmacokinetic results are as follows: 
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Only 10 out of a total of 66 plasma samples were above the LLOQ (0.5 ng/mL). No other 
PK parameters for plasma tavaborole were calculated. For the plasma total radioactivity 
and blood total radioactivity, three subjects had blood total radioactivity values less than 
the LLOQ (1.94 ng equiv/mL) at all times. 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. 
 
The mean cumulative total radioactivity excreted in urine over a 10 day period was 
17.9% of the administered dose and 29.0% of the effective dose. The total radioactivity 
levels in all the fecal samples were less than the LLOQ (2.58 ng equiv/mL) in all the 
subjects. Thus, tavaborole derived radioactivity was primarily excreted in the urine. 
 
A sulfate-conjugate (M5), which was previously detected in the rat and mouse, was the 
only metabolite identified in urine samples in this study. Due to insufficient levels of 
radiocarbon, metabolite profiling was not performed on plasma and fecal samples. 
 
Profiling and Characterization of Metabolites 
Urine samples were pooled across time points (0-120 hr) and used for metabolite 
profiling. There was not enough radiocarbon present in plasma or fecal samples for 
profiling of metabolites using liquid chromatography-mass spectrometry (LC-MS) with 
in-line flow scintillation analysis (FSA) or off-line microplate scintillation counter 
detection. Urine was acidified immediately upon collection by adding approximately 40 
μL of 85% H3PO4 per 1 mL of sample. Plasma was acidified upon separation from blood. 
The samples were stored at -20 ± 10°C until processing and analysis for metabolites. 
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Based on the relative amount (peak area contribution to total radioactivity unless 
otherwise stated) of each metabolite, urinary excretion was expressed as a percent of 
nominal dose (98 μCi), calculated as follows: 
 
Amount of Metabolite (% of Dose) = Fraction of HPLC Column Recovery x % total 
chromatographic radioactivity (%TCR) of metabolite x Fraction of average radioactivity 
excreted in the collection interval achieving greater than 90% of the total drug-related 
material excreted by each subject. 
 
A sulfate-conjugate (M5) of a benzyl alcohol metabolite (M6) was the only metabolite 
identified in human urine. The amount of M5 excreted during 0-120 hr post-dose 
represented 14.6% of the nominal dose applied topically. Three minor metabolites 
representing less than 1% of the dose were also observed in the radiochromatogram of 0-
120-hr pooled urine but they could not be detected by LC-MS and thus were not 
identified. 
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS 
 FILING CHECKLIST FOR A NEW NDA/BLA 

 
NDA/BLA Number: 204427 Applicant: Anacor Stamp Date: 7/29/2013 

Drug Name: Tavaborole 
Topical Solution, 5% 

NDA/BLA Type: Original NDA  

 
On initial overview of the NDA/BLA application for RTF: 
 

 Content Parameter Yes No N/A Comment 
Criteria for Refusal to File (RTF) 
1 Has the applicant submitted bioequivalence data 

comparing to-be-marketed product(s) and those used in 
the pivotal clinical trials? 

  X  

2 Has the applicant provided metabolism and drug-drug 
interaction information? 

X   AME trial P05577 to characterize the 
absorption, 
metabolism, and excretion of 
14C-tavaborole following topical 
administration. No in vivo drug-drug 
interaction information was provided. 
In vitro inhibition/induction 
information was provided. CYP 
enzymes tested for induction were 
CYP1A2, CYP2B6, CYP2C8, 
CYP2C9, CYP2C19, and CYP3A4/5, 
and the enzymes tested for inhibition 
were CYP1A2, CYP2A6, CYP2B6, 
CYP2C8, CYP2C9, CYP2C19, 
CYP2D6, CYP2E1, and CYP3A4/5  

Criteria for Assessing Quality of an NDA 
        Data 
3 Are the data sets, as requested during pre-submission 

discussions, submitted in the appropriate format (e.g. 
CDISC)?  

X    

4 If applicable, are the pharmacogenomic data sets 
submitted in the appropriate format? 

  X  

        Studies and Analyses 
5 Has the applicant made an appropriate attempt to 

determine the reasonable dose individualization 
strategy for this product (i.e., appropriately designed 
and analyzed dose-ranging or pivotal studies)? 

X    

6 Did the applicant follow the scientific advice provided 
regarding matters related to dose selection? 

X    

7 Are the appropriate exposure-response (for desired and 
undesired effects) analyses conducted and submitted in 
a format as described in the Exposure-Response 
guidance? 

  X  

8 Is there an adequate attempt by the applicant to use 
exposure-response relationships in order to assess the 
need for dose adjustments for intrinsic/extrinsic factors 
that might affect the pharmacokinetic or 
pharmacodynamics? 

  X  

9 Are the pediatric exclusivity studies adequately 
designed to demonstrate effectiveness, if the drug is 
indeed effective? 

  X The applicant requested a waiver of 
pediatric data in children ages  
years and a deferral of submission 
of data for use of Tavaborole 
Topical Solution, 5% in children 
ages  years. 
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10 Did the applicant submit all the pediatric exclusivity 
data, as described in the WR? 

  X  

11 Is the appropriate pharmacokinetic information 
submitted? 

X    

12 Is there adequate information on the pharmacokinetics 
and exposure-response in the clinical pharmacology 
section of the label? 

X    

        General 
13 On its face, is the clinical pharmacology and 

biopharmaceutical section of the NDA organized in a 
manner to allow substantive review to begin? 

X    

14 Is the clinical pharmacology and biopharmaceutical 
section of the NDA indexed and paginated in a manner 
to allow substantive review to begin? 

X    

15 On its face, is the clinical pharmacology and 
biopharmaceutical section of the NDA legible so that a 
substantive review can begin? 

X    

16 Are the clinical pharmacology and biopharmaceutical 
studies of appropriate design and breadth of 
investigation to meet basic requirements for 
approvability of this product? 

X    

17 Was the translation from another language important or 
needed for publication? 

  X  

 
IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION 
FILEABLE? _Yes____ 
 
If the NDA/BLA is not fileable from the clinical pharmacology perspective, state the reasons and 
provide comments to be sent to the Applicant. 
 
 
 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter. 
 
See end of filing memorandum. 
 
 
 
 
 
 
Reviewing Pharmacologist      Date 
 
 
Team Leader/Supervisor      Date 

 

Reference ID: 3369107



 3

 

Office of Clinical Pharmacology 

New Drug Application Filing and Review Form 
General Information About the Submission

 Information  Information
NDA Number 204427 Brand Name To-be-determined 
OCP Division Division of Clinical 

Pharmacology 3 
Generic Name Tavaborole 

Medical Division Division of Dermatology and 
Dental Product 

Drug Class Antifungal agent 

OCP Primary Reviewer An-Chi Lu, M.S., Pharm.D. Indication(s) Onychomycosis  
 

OCP Secondary Reviewer Doanh Tran, R.Ph., Ph.D Dosage Form Solution, 5% w/w 
  Dosing Regimen Once daily 
Date of Submission 7/26/2013 Route of Administration Topical 
Estimated Due Date of OCP Review  Sponsor Anacor 
PDUFA Due Date 7/29/2014 Priority Classification Standard 

Division Due Date 3/7/2014   

Clin. Pharm. and Biopharm. Information
 “X” if included 

at filing 
Number of 
studies 
submitted 

Number of 
studies 
reviewed 

Critical Comments If any 

STUDY TYPE                                                                                                                              
Table of Contents present and 
sufficient to locate reports, tables, data, 
etc. 

  X                                                                                                                         

Tabular Listing of All Human Studies    X                                                                                                                          
HPK Summary    X                                                                                                                         
Labeling    X                                                                                                                          
Reference Bioanalytical and Analytical 
Methods 

                                                                                                                             

I.  Clinical Pharmacology                                                                                                                              
    Mass balance:     
    Isozyme characterization:     
    Blood/plasma ratio:     
    Plasma protein binding:     
    Pharmacokinetics (e.g., Phase I) -                                                                                                                              

Healthy Volunteers-                                                                                                                              

single dose:     
multiple dose: X 1  Safety and PK (QT/QTc) trial 

AN2690-ONYC-102 

Patients-                                                                                                                              

single dose:     
multiple dose: X 3  PK trial P06118 

PK trial AN2690-ONYC-202 
PK trial AN2690-ONYC-205 

   Dose proportionality -                                                                                                                              
fasting / non-fasting single dose:     

fasting / non-fasting multiple dose:     
    Drug-drug interaction studies -                                                                                                                              

In-vivo effects on primary drug:     
In-vivo effects of primary drug:     

In-vitro:     
    Subpopulation studies -                                                                                                                              

ethnicity:     
gender:     

pediatrics:     
geriatrics:     

renal impairment:     
hepatic impairment:     

    PD:                                                                                                                              
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Phase 2: X 3  AN2690- ONYC-200/200A 
AN2690- ONYC-201  
AN2690-ONYC-203 

Phase 3: X 2  AN2690-ONYC-301 
AN2690-ONYC-302 
 

    PK/PD:                                                                                                                              
Phase 1 and/or 2, proof of concept:     

Phase 3 clinical trial:     
    Population Analyses -                                                                                                                              

Data rich:     
Data sparse:     

II.  Biopharmaceutics                                                                                                                              
    Absolute bioavailability:     
    Relative bioavailability -                                                                                                                              

solution as reference:     
alternate formulation as reference:     

    Bioequivalence studies -                                                                                                                              
traditional design; single / multi dose:     

replicate design; single / multi dose:     
    Food-drug interaction studies:     
    Dissolution:     
    (IVIVC):     
    Bio-wavier request based on BCS     
    BCS class     
III.  Other CPB Studies                                                                                                                              
    Genotype/phenotype studies:     
    Chronopharmacokinetics     
    Pediatric development plan     
    Literature References                             
Total Number of Studies                               

     

Filability and QBR comments 

 “X” if yes Comments 

Application filable? X Reasons if the application is not filable (or an attachment if applicable) 
For example, is clinical formulation the same as the to-be-marketed one? 

Comments sent to firm? 

 

 Comments have been sent to firm (or attachment included). FDA letter date 
if applicable. 

QBR questions (key issues to be 
considered) 

Systemic availability of tavaborole topical solution 

Other comments or information not 
included above 

 

Primary reviewer Signature and Date  

Secondary reviewer Signature and Date  
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Filing Memorandum 
 

Clinical Pharmacology Review 
 

NDA: 204427 

Compound: Tavaborole Topical Solution, 5% 

Sponsor: Anacor 

  

Date: 7/26/2013 

Reviewer: An-Chi Lu 
 
Background:   
Anacor Pharmaceuticals, Inc. is submitting a New Drug Application (NDA 204-427) for 
Tavaborole Topical Solution, 5% under section 505(b)(1) of the Federal Food, Drug, and 
Cosmetic Act and under the provisions of Title 21CFR§314.50. This application is 
subject to “The Program” under PDUFA V agreement. 
 
The proposed new drug product, Tavaborole Topical Solution, 5%, is an antifungal agent, 
and is indicated for the treatment of patients with onychomycosis  
The proposed dosage and administration is to apply to affected nails once daily for 48 
weeks. It should be applied to the entire nail surface and under the tip of each nail being 
treated. 
 
Clinical development program: 
The clinical development program for Tavaborole Topical Solution included a total of 12 
clinical trials, and among which 4 were conducted in healthy subjects, 6 were in subjects 
with distal subungual onychomycosis, 2 were in subjects with moderate to severe 
onychomycosis.  
 
A total of 3 pharmacokinetics (PK) trials were conducted: 1 multiple dose maximal use 
PK trial in subjects with distal subungual onychomycosis (P06118) and 2 multiple dose 
trials using 7.5% tavaborole solution in subjects with moderate to severe onychomycosis 
(AN2690-ONYC-202 and AN2690- ONYC-205). The applicant conducted thorough QTc 
Trial AN2690-ONYC-102 in healthy subjects dosed under therapeutic and 
supratherapeutic regimens. Both maximal use PK trial (P06118) and thorough QTc trial 
(AN2690-ONYC-102) used the most sensitive bioanalytical method with the LLOQ 
(lower limit of quantification) of 0.5 ng/mL. 
 
Maximal use PK trial P06118 
This trial was to determine the systemic PK of tavaborole following single and multiple 
topical once-daily doses in adult subjects with distal subungual onychomycosis involving 
at least 4 toenails, including at least 1 great toenail. The dosing schedule was a single 200 
μL dose of Tavaborole Topical Solution, 5% on Day 1, with 14 continuous days of once-
daily dosing on Study Days 5-18 following a 3-day washout. Intensive PK sampling was 
conducted on Day 1 (single-dose PK) and Day 18 (multiple-dose PK). This trial also 
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analyzed pharmacodynamic measures of 6β-hydroxycortisol (6β-OHC) and free cortisol 
(FC) in 24-hour urine samples to evaluate the effect of tavaborole administration on 
CYP3A4 activity. 
 
The mean (%CV) plasma PK parameters for tavaborole following single (Day 1) and 
multiple (Day 18, after 14 daily doses) topical applications are shown below: 

 
Based on the trough concentrations from Study Day 11 (Dosing Day 7) to Day 18 
(Dosing Day 14) of 1.20-1.51 ng/mL, mean tavaborole plasma concentrations has 
reached steady state during a 2-week once-daily dosing period.  
 
Thorough QTc Trial AN2690- ONYC-102 
This trial was a randomized 4-arm crossover study in healthy subjects to assess the ECG 
effects of tavaborole following multiple-dose administration of Tavaborole Topical 
Solution, 5% relative to vehicle. Subjects were randomized to one of eight sequences 
with four treatments: vehicle (once daily to all 10 toenails for 14 days), positive control 
(moxifloxacin 400 mg taken once orally on Day 14), therapeutic dose (Tavaborole 
Topical Solution, 5% once daily to all 10 toenails for 14 days), and Supratherapeutic 
Dose (Tavaborole Topical Solution, 5% twice daily to all 10 toenails and 10 fingernails 
and approximately 5 mm of surrounding skin for 14 days). Fifty-five healthy volunteers 
were enrolled and evaluated for ECG analysis, and 51 subjects were evaluable for PK 
analysis.  
 
The applicant reported that the therapeutic and supratherapeutic tavaborole dose groups 
had no clinically relevant changes in hart rate, QRS duration, cardiac repolarization, and 
QTc prolongation. PK exposure (Cmax and AUC0-last) increased with the increase in 
tavaborole dose. Mean Cmax values  ranged from 17.0 ng/mL to 33.4 ng/mL following 
supratherapeutic dose and 1.11 ng/mL to 2.04 ng/mL following therapeutic dose. 
Compared to the mean Cmax of 5.17 ng/mL observed under maximal use conditions after 
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202, and initiated on 3/14/2007 and completed on 5/11/2007 for Trial AN2690-ONYC-
205. The applicant stated that a total of  of long-term storage stability was 
required to cover the storage of the human plasma samples at ). 
 
Recommendation: 
 
The Office of Clinical Pharmacology/Division of Clinical Pharmacology 3 finds that the 
Human Pharmacokinetics and Bioavailability section for NDA 204427 is fileable. 
 
Comments for sponsor: 
For the Thorough QTc Trial AN2690-ONYC-102, provide the duration of 
pharmacokinetic plasma samples storage, from sample collection to sample analysis, to 
ensure that it is within the available long-term stability of 
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