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Abstract

Onychomyecosis is a common and difficult-to-treat fungal infection of the nail unit that gradually leads to dystrophic changes of
the nail plate and nail bed. If untreated, infection progresses and may lead to discomfort, reduced quality of life, and risk of
complications in patients with comorbid conditions (eg, diabetes, human immunodeficiency virus, peripheral vascular disease).
Onychomycosis treatments are designed to eradicate causative pathogens (most commonly Trichophyton rubrum and
Trichophyton mentagrophytes), restore healthy nails, and prevent recurrence or spread of infection. Given the deep-seated nature
of most cases of onychomycosis, an effective antifungal agent needs to achieve and maintain sufficient drug concentrations
throughout the nail unit for the duration of healthy nail in-growth. Oral antifungal drugs are the most effective available therapy
and are generally well tolerated, but may be limited by safety concerns and the potential for drug-drug interactions (DDIs). Thus,
treating physicians and pharmacists must be cognizant of a patient’s current medications; indeed, it may not be feasible to treat
onychomycosis in patients with diabetes, heart disease, or depression because of the risk for DDIs. Current topical therapy is not
associated with risk of DDIs. Tavaborole and efinaconazole, two recently approved topical agents, have demonstrated good nail
penetration and high negative culture rates in clinical trials of patients with onychomycosis. This article provides the treating
physician and pharmacist with information on the safety and effectiveness of current oral (allylamine, azole) and topical
(ciclopirox, efinaconazole, tavaborole) treatment to aid in making informed treatment decisions based on the unique
characteristics (medication history, comorbidities, nature of onychomycosis) of each patient.
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Introduction

Onychomycosis is a common fungal infection of the nail unit that gradually leads to dystrophic changes of the nail plate and nail
bed, including onycholysis, subungual debris, discoloration, and thickening. The most common type of onychomycosis is
dermatophyte onychomycosis (tinea unguium) [1, 2]. The estimated incidence of onychomycosis is 8% to 14% based on surveys
of adults seeking treatment at primary care or dermatology offices in the United States and Canada [1, 2]. The incidence of
onychomycosis increases with age and may be as high as 50% among individuals older than 70 years [3]. Onychomycosis is
reported to be more common among men than women and among those with diabetes and vascular disease [2]. In most patients,
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onychomycosis affects one or more toenails and, in <5% of patients, it affects only the fingernails [1]. If fingernails are affected
by dermatophytes onychomycosis, toenails (especially the large toenail) are almost always affected as well.

In the most common presentation of onychomycosis, the
infection alters the nail unit, producing distal onycholysis,
subungual hyperkeratosis, and thickening of the nail bed and
nail plate (Figure 1) [3, 4]. If untreated, the infection
progresses and may lead to discomfort related to pressure from
a thickened and dystrophic toenail plate. In some cases, toenail
onychomycosis may involve widespread damage to the nail
plate and matrix, termination of nail plate growth or residual
shortened nail owing to chronic trauma to the nail matrix, and
ultimately detachment of the nail plate from the nail bed [3, 4].
When damage to the toenail becomes this extensive, patients
may require prolonged, repeated courses of treatment in
addition to intermittent debridement of the nail to achieve
successful treatment outcomes [4].

Onychomycosis may be associated with a greater risk of
complications in patients with comorbid conditions including
diabetes, human immunodeficiency virus, and peripheral
vascular disease. Owing to the presence of peripheral
neuropathy, patients with diabetes may not notice injuries to
their toes caused by sharp edges of thick nails or downward
pressure on the nail bed from the nail plate. Such injuries may
serve as an entry point for pathogens and, in some cases, may result in serious complications including digital infections of soft
tissues and/or bone (ie, osteomyelitis), foot ulceration, and limb amputation [3]. In addition, the physical appearance of the
infected nail plate contributes to embarrassment and negative self-image and can adversely affect quality of life [5-7].

Figure 1. Image of patient with toenail onychomycosis

Onychomycosis is caused by a wide array of pathogens, most commonly the dermatophytes Trichophyton rubrum and
Trichophyton mentagrophytes. However, up to 20% to 30% of cases are caused by non-dermatophyte fungi (molds) and yeasts
including Candida species [1, 2, 8]. Candida onychomycosis is more common in fingernails than toenails [1]. Treatment of
onychomycosis is designed to eradicate the causative pathogens, restore healthy nails, and prevent recurrence or spread of
infection. Given the deep-seated nature of most cases of onychomycosis with involvement of the nail bed and nail plate, an
effective antifungal agent needs to achieve and maintain sufficient drug concentrations throughout the complex nail unit during
the duration of in-growth of a healthy nail [9].

Guidelines for the treatment of onychomycosis in the United States (US) were published by the American Academy of
Dermatology in 1996 [10]. Guidelines from other western countries were published more than 5 years ago [11, 12]. Each of these
guidelines recognizes oral and topical antifungal agents as therapeutic options for onychomycosis, although specific
recommendations vary, and more recently developed agents are not included. Given the chronic nature of onychomycosis and the
high incidence (which increases with age) among adults, successful disease management is critical and requires a complete
understanding by health care providers and pharmacists of the treatment options available to affected patients. This commentary
reviews the present day safety concerns associated with current oral and topical treatment approaches and discusses the potential
for topical therapy to obviate potential side effects and drug interactions associated with oral (systemic) antifungal agents
currently used to treat onychomyecosis.

US Food and Drug Administration (FDA)-Approved Treatments for
Onychomycosis

Oral Allylamine Antifungals

Oral antifungal agents are currently the most effective treatment options for onychomycosis, as they are delivered through
systemic distribution into the nail bed, subsequently into the undersurface of the nail plate, and also into the nail plate at the point
of juncture with the nail matrix [9]. Terbinafine (Lamisil®; Novartis Pharmaceuticals Corporation, East Hanover, NJ) is an oral
allylamine antifungal drug that is currently approved by the US FDA for treatment of onychomycosis of the toenail or fingernail
due to dermatophytes [13] (Table 1); it is the most frequently prescribed oral antifungal for onychomycosis in the US [14].



Terbinafine blocks fungal ergosterol biosynthesis through inhibition of squalene epoxidase, which results in the accumulation of
squalene, increased permeability of the fungal cell membrane, and subsequent fungal cell death.

Table 1. Overview of US FDA-Approved Antifungal Agents for the Treatment of Toenail Onychomycosis

Recommended Laboratory
Antifungal Drug Class Mechanism of Indication Dosage and Monitoring and
Agent Action Administration Other Requirements
(Toenails)
Oral treatments
Itraconazole [23] | Triazole antifungal Inhibition of Treatment of ¢ 200 mg once o Liver function
CYP450- onychomycosis of daily for 12 monitoring in
dependent the toenail, with or consecutive patients with pre-
ergosterol without fingernail weeks existing hepatic
synthesis involvement, due | e Capsules should function
to dermatophytes be taken with full abnormalities
(tinea unguium) meal to ensure
maximal
absorption
Terbinafine [13] | Allylamine Inhibition of Treatment of e 250 mg once e Patients with
antifungal ergosterol onychomyecosis of daily for 12 known/suspected
biosynthesis the toenail, with or consecutive immunodeficiency
via inhibition without fingernail weeks should be
of squalene involvement, due monitored for
epoxidase to dermatophytes complete blood
(tinea unguium) counts
e Measurement of
liver enzymes is
advised for all
patients before
initiating therapy
Topical treatments
Ciclopirox [43] | Synthetic Chelation of Treatment of mild | e Once-daily e Unattached infected
hydroxypyridone polyvalent to moderate application to all nail should be
derivative cations onychomycosis of affected nails, removed once a
resulting fingernails and evenly applied month
inhibition of toenails without over entire nail o Filing of excess
metal- lunula involvement plate horny material
dependent due to T. rubrum ¢ Avoid washing should be done by
enzymes that for 8 hours after trained
degrade application professionals
peroxides e If possible, e Patients should file
within fungal medication away loose nail
cell should also be material and trim
applied to nails as directed by

hyponychium and
under surface of
the nail plate
when it is free of
the nail bed

their health care
professional, or
every 7 days after
weekly removal of
medication with
alcohol




Efinaconazole
[48]

Triazole antifungal

Inhibition of
lanosterol 14a-
demethylase in
the ergosterol
biosynthetic
pathway

Treatment of
onychomycosis of
toenails due to T.
rubrumand T.
mentagrophytes

o Once-daily
application for 48
weeks

o Application
should cover
toenail, toenail
folds, toenail bed,
hyponychium,
and the
undersurface of
toenail plate

e Not known whether
nail polish or
cosmetic nail
products will affect
how medication
works

Tavaborole [53]

Boron-based
antifungal

Blocks fungal
protein
synthesis via
targeting of

fungal mentagrophytes should cover how medication
cytoplasmic entire toenail works
leucyl-tRNA surface and under

synthetase, an the tip of each

aminoacyl- toenail being

tRNA treated

synthetase

Treatment of
onychomycosis of
toenails due to T.
rubrumand T.

o Once-daily
application for 48
weeks

o Application

¢ Not known whether
nail polish or
cosmetic nail
products will affect

US FDA, United States Food and Drug Administration

Treatment with oral terbinafine is associated with potential safety concerns. In 3 placebo-controlled clinical trials, commonly
reported adverse events (incidence >1%) associated with treatment were hepatotoxicity, taste change or loss, and hematologic side
effects. Taste disturbance associated with terbinafine can be severe, resulting in substantially reduced food intake, weight loss,
anxiety, and depression; it may resolve weeks after discontinuing treatment, persist for over a year, or be permanent. Some
patients may also experience similar change or loss in sense of smell during treatment [13].

Oral terbinafine is also associated with the risk of drug—drug interactions (DDIs) with drugs that share metabolism by the specific
cytochrome P450 (CYP) enzymes that are inhibited by terbinafine [13]. Studies in human liver microsomes and clinical data
demonstrate that terbinafine is a potent competitive inhibitor of CYP2D6 (Table 2) [13, 15, 16]. The inhibitor rate constant (K;) of
0.03 uM is lower than the plasma and tissue drug concentrations typically achieved during oral treatment with terbinafine [15, 16].
This finding suggests that terbinafine can cause systemic accumulation of drugs that are predominantly metabolized by CYP2D6,
including some beta-blockers, some antiarrhythmics, some tricyclic antidepressants, selective serotonin reuptake inhibitors (eg,
fluoxetine, paroxetine), and certain opioids [16-22].

Table 2. Summary of Potential DDIs With Approved Oral and Topical Antifungal Agents

Antifungal Agent

Metabolism by CYP
Enzymes

Inhibition/Induction of CYP
Enzymes

Examples of Reported DDIs

Systemic therapies

Itraconazole [23, 29-33,

36, 37, 39, 40]

CYP3A4

Potent inhibitor of CYP3A4

¢ Phenytoin

¢ Digoxin, quinidine,
dofetilide

o Nifedipine, felodipine,
nisoldipine, verapamil

¢ Antacids, H,-receptor
antagonists, proton pump
inhibitors

e Corticosteroids

e Pimozide

e Cyclosporine
e Atorvastatin, simvastatin,
lovastatin




e Some beta blockers (ie,

metoprolol)
Tricyclic antidepressants
* CYP2C9 L * - amie
I i Potent competitive inhibitor of (eg, desipramine,
Terbinafine [15,17-22] | ¢ gziéﬁi CYP2D6 imipramine, nortriptyline)
y e Some SSRIs (eg,
paroxetine)
e Codeine
Topical therapies
Ciclopirox [46] None (metabolism by None None identified

glucuronidation)

Oxidation by CYP2C19 and | Inhibitor of CYP2C8, CYP2C9,

CYP3A4 CYP2C19, and CYP3A4 None identified

Efinaconazole [51, 58]

Oxidation by CYP3A5 and

CYP2C18 Inhibitor of CYP2A6 and CYP2E1 None identified

Tavaborole®

CYP, cytochrome P450; DDIs, drug—drug interactions; SSRIs, selective serotonin reuptake inhibitors; TCAs, tricyclic
antidepressants.
8Anacor Pharmaceuticals, Inc., Data on File, Studies 002-NCL PK-047-01 and 002-NCL PK-053-01.

The prescribing information for terbinafine includes a warning that terbinafine alters the metabolism of desipramine. Drug—drug
interactions with cimetidine, fluconazole, cyclosporine, rifampin, and caffeine are also noted [13]; however, clinical relevance is
not always apparent. The administration of terbinafine 250 mg orally for 21 days in combination with desipramine 50 mg to
healthy volunteers resulted in a 2-fold increase in the maximum plasma concentration (C..x) and a 5-fold increase in exposure
(area under the plasma concentration-time curve; AUC) to desipramine, with a corresponding decrease in the CYP2D6 metabolite,
2-hydroxydesimipramine [18]. Increased exposure to desipramine was still evident 4 weeks after discontinuation of terbinafine.
The clinical relevance of this interaction is evidenced by reports of toxicity with similar tricyclic antidepressants when terbinafine
is coadministered (ie, imipramine, nortriptyline, desipramine) [19, 20]. Terbinafine has also been shown to increase exposure to
other CYP2D6 substrates including dextromethorphan and paroxetine [21, 22]. The potential for DDIs with terbinafine is an
important consideration in patients receiving certain concomitant medications for other medical conditions.

Oral Azole Antifungals

The oral triazole antifungal itraconazole is also currently approved by the US FDA for the treatment of onychomycosis of the
toenail due to dermatophytes [23]. The mechanism by which itraconazole blocks fungal ergosterol biosynthesis differs from that
of terbinafine. Itraconazole inhibits CYP-dependent sterol 14o-demethylase, which causes depletion of ergosterol, accumulation
of precursor sterols, impairments in fungal membrane structure and function, and fungal cell death [24]. The oral azole antifungal
fluconazole, despite studies demonstrating efficacy, is not FDA-approved in the US for the treatment of onychomycosis, but is
approved in Europe [25] and may be used by some physicians as an alternative systemic treatment option [26]. Also not approved
by the US FDA, the oral azole ketoconazole was used in the past for treatment of onychomycosis, but use has recently declined
because of low efficacy and safety concerns, including a significant risk of hepatotoxicity [27]. In fact, the US FDA has issued a
strong warning that oral ketoconazole no longer be used for the treatment of superficial mycotic infections owing to hepatotoxicity
risk [28].

As with oral allylamine antifungals, there is a risk of DDIs related to their mechanism of action, as lanosterol 14a.-demethylase is
a member of the CYP family [24]. In addition, itraconazole and its major sequential metabolites are metabolized by CYP3A4, and
each functions as a potent CYP3A4 inhibitor (Table 2) [29]. As a result, itraconazole has the potential to interact with a wide
range of drugs that are metabolized by CYP3A4 (primarily in the liver), including some 3-hydroxy-3-methyl-glutaryl CoA
reductase inhibitors (ie, simvastatin, atorvastatin, lovastatin), some anticonvulsants (ie, phenytoin), pimozide, some
benzodiazepines (ie, triazolam, midazolam), corticosteroids, cyclosporine, calcium channel blockers (ie, nifedipine, felodipine), as
well as interaction with grapefruit juice, which inhibits CYP3A4 within the intestinal lining [23, 30, 31]. In healthy volunteers,
administration of itraconazole 200 mg for 4 days resulted in 3- and 10-fold increases in exposure to single 40-mg doses of
atorvastatin and simvastatin, respectively, reflecting the inhibition of CYP3A4-mediated metabolism [32, 33]. The clinical
relevance of this DDI is illustrated by case reports of serious toxicity due to rhabdomyolysis soon after itraconazole was
administered to patients who were receiving long-term statin therapy without previous difficulty [34, 35].




Clinical toxicity resulting from DDIs has occurred with the concurrent administration of itraconazole with the following drugs:
midazolam and triazolam; calcium channel blockers such as nifedipine, nisoldipine, and verapamil; pimozide, quinidine and
dofetilide; and some opiates such as methadone [23, 30, 36, 37]. Moreover, absorption of itraconazole may be substantially
diminished if patients are ingesting other agents that reduce gastric acidity, including H,-receptor antagonists, antacids, or proton
pump inhibitors [23, 30, 37].

Itraconazole is also an inhibitor of P-glycoprotein (P-gp), a member of the adenosine triphosphate—binding cassette transporter
superfamily located in cells of the gastrointestinal tract, kidneys, liver, and brain, which mediates drug efflux mechanisms in
mammalian cells [38]. Notably, substrates for P-gp are similar to those for CYP3A4, and therefore it is often difficult to
distinguish whether DDIs with itraconazole are mediated by inhibition of CYP3A4 or by inhibition of P-gp. Coadministration of
itraconazole with digoxin has been associated with increased serum levels of digoxin with toxicity as the efflux of digoxin into the
urine by renal tubular P-gp is inhibited by itraconazole. Studies in healthy volunteers show that itraconazole increases serum
concentrations and reduces renal clearance of digoxin [39, 40]. Because digoxin is excreted mainly as unchanged drug in urine,
this DDI may be caused by itraconazole inhibition of P-gp—mediated digoxin secretion in renal tubular cells.

The prescribing information for oral itraconazole includes a boxed warning describing the risks for congestive heart failure,
cardiac effects, and drug interactions. The specific warning for drug interactions indicates that coadministration with cisapride,
pimozide, quinidine, dofetilide, levacetylmethadol, and numerous other drugs is contraindicated, and that plasma concentrations of
drugs metabolized by CYP3A4 are likely to be increased [23, 30]. Itraconazole has the potential to interact with a wide range of
drugs that are metabolized by CYP3A4, including antiarrhythmic agents, antibiotics, antiepileptic agents, antihistamines, calcium
antagonists, corticosteroids, immunosuppressive agents, sedatives/anxiolytics, and statins [30, 41]. In addition to the potential for
DDils, itraconazole is also associated with the possible risk of congestive heart failure and cardiac effects; thus, itraconazole
should not be administered to individuals with ventricular dysfunction, including the presence or history of congestive heart
failure [23, 30]. These potential risks are particularly challenging for elderly patients with onychomycosis, who often require
multiple concomitant medications for comorbid conditions, notably diabetes and cardiovascular disorders. As previously noted,
the incidence of onychomycosis increases with age and is highly prevalent in individuals >70 years of age [3]. A topical agent
without CYP activity and low systemic absorption may often be preferable for this subset of patients, as they are more likely to be
using multiple oral medications that could potentially interact, especially as CYP3A4 is the most common CYP450 enzyme
involved in hepatic drug metabolism.

Ciclopirox 8% Nail Lacquer: A Topical Hydroxypyridone Derivative

Topical therapy is an important option for patients who choose to treat onychomycosis locally or who are unable to use an oral
agent due to comorbid conditions and concomitant drug usage. However, to effectively eradicate the causative pathogen, the
topical medication must penetrate the nail plate and reach the site of infection in the nail bed and matrix (when it is affected) at a
sufficient concentration. The permeability of the nail plate is inherently low, and multiple factors affect drug permeation and
uptake through the nail plate, including properties of the drug molecule (eg, size, polarity) and formulation (eg, vehicle, pH, drug
concentration, presence of penetration enhancers), as well as properties of the nail itself (eg, thickness, hydration) [42]. The
physical-chemical properties of terbinafine and itraconazole, including lipophilicity, high molecular weight, and limited water
solubility do not allow penetration of the hydrophilic, dense keratin network of the nail plate, and thus render them unsuitable for
topical application to the nail plate (Figure 2) [9].

Oral agents

Ketoconazole Itraconazole
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Figure 2. Chemical structures antifungal agents.

Ciclopirox 8% nail lacquer was the first topical antifungal agent approved by the FDA for the treatment of onychomycosis (Table
1) [43]. Ciclopirox is a synthetic hydroxypyridone derivative with broad-spectrum antifungal activity against dermatophytes and
other pathogens involved in onychomycosis. Unlike the oral antifungal agents, ciclopirox does not affect sterol biosynthesis;
rather, it is thought to chelate polyvalent cations in metal-dependent enzymes that are involved in fungal cell metabolism and
growth [43-45].

Ciclopirox demonstrates antifungal activity in a time- and dose-dependent manner [46]; however, the overall nail penetration and
systemic absorption of ciclopirox is very low because of its poor ability to penetrate the nail plate. Because the nail penetration
and systemic absorption of ciclopirox are very low, the drug is unlikely to interact with drugs administered systemically (Table 2)
[46]. No published studies have assessed the potential for ciclopirox to induce or inhibit CYP450 enzymes. In two randomized,
controlled, multicenter trials, ciclopirox 8% applied as a lacquer once daily for 48 weeks for treatment of distal subungual
onychomycosis was determined safe and effective; treatment-emergent adverse events (TEAES) were transient and related to the
application site (Table 2) [47].

Efinaconazole: A Topical Triazole Antifungal

Efinaconazole topical solution, 10% (Jublia®; Valeant Pharmaceuticals, Inc., Bridgewater, NJ) is a triazole antifungal agent
approved by the FDA in June 2014 for the treatment of toenail onychomycosis caused by dermatophytes [48]. Efinaconazole
exhibits broad-spectrum antifungal activity in vitro, with potency similar to or greater than that of drugs currently used in the
treatment of onychomycosis [49]. Like other azole antifungal agents, efinaconazole inhibits lanosterol 14a-demethylase in the
ergosterol biosynthetic pathway [50] and inhibits several CYP enzymes [51].

Plasma concentrations of efinaconazole and its major metabolite (H3) were determined after topical application of efinaconazole
10% solution to all 10 toenails once daily for 28 days in patients with severe onychomycosis [51]. Steady-state plasma
concentrations were achieved by 14 days; the Cy.x of efinaconazole and the H3 metabolite on day 28 were low (0.67 and 2.36
ng/mL, respectively).

In human liver microsomes, efinaconazole inhibited CYP2C8, CYP2C9, CYP2C19, and CYP3A4 (K; = <700 ng/mL), and the H3
metabolite inhibited CYP2B6 (K; = 4840 ng/mL) [51]. The strongest inhibition with efinaconazole was observed against CYP2C9
(K; =91 ng/mL). The K; values for CYP inhibition by efinaconazole and the H3 metabolite are well above the respective Ciax



values observed at steady state in patients with onychomycosis, suggesting a low potential for DDIs with concomitantly
administered drugs. However, no additional studies have assessed inhibition or induction of CYP enzymes with efinaconazole.

Two identical phase 3 studies assessed the safety and efficacy of efinaconazole applied once daily for 48 weeks in patients 18 to
70 years of age with mild to moderate distal lateral subungual onychomycosis involving up to 50% of the target toenail [52]. In
both studies, patients were randomly assigned (3:1) to receive efinaconazole or vehicle; nail debridement was not performed.
Rates of adverse events with efinaconazole, including instances of local application site reactions, were generally similar to those
with vehicle. Most adverse events were generally mild or moderate in severity and not related to treatment; the most common
adverse event resulting in study discontinuation was application site reactions. Complete cure rates, the primary efficacy endpoint
in both studies, were significantly greater for efinaconazole compared with placebo (17.8% vs. 3.3% and 15.2% vs. 5.5%,
respectively, for the two studies; P<0.001 for both) [52].

Tavaborole: A Novel, Boron-Based Pharmaceutical Antifungal

Tavaborole topical solution, 5% (Kerydin®; Anacor Pharmaceuticals, Inc, Palo Alto, CA), is a novel, boron-based pharmaceutical
agent approved by the FDA in July 2014 for the treatment of onychomycosis of the toenails due to T. rubrumor T.
mentagrophytes [53]. Tavaborole is a low-molecular-weight (152 kDa) and highly specific fungal protein synthesis inhibitor that
forms a boron-based bond at the enzyme-editing site to prevent catalytic turnover of leucyl-tRNA synthetase and block fungal
protein synthesis [54]. Tavaborole exhibits broad-spectrum antifungal activity in vitro against dermatophytes and other fungi
recovered from subungual specimens [55, 56]. The low molecular weight of tavaborole allows a high amount of penetration
through full-thickness human nail plates [55].

The systemic absorption of tavaborole was investigated in a phase 1 trial involving 24 patients with distal subungual
onychomycosis in at least four toenails, of which at least one was a great toenail (Anacor Pharmaceuticals, Inc., Data on File,
Study 002-CLN PK-003-01). Steady-state plasma concentrations were achieved within 11 days after once-daily topical application
of a 5% solution to all 10 toenails and the 2 mm of skin surrounding the toenails. The value for observed C,..4 after 18 days of
daily application was low (5.2 ng/mL). Because of the small size and polarity of tavaborole, it is likely that it is quickly
metabolized.

In vitro studies were conducted to evaluate the potential of tavaborole to induce or inhibit CYP enzymes. Tavaborole at
concentrations up to 12.6 uM (1.9 pug/mL) caused no meaningful change (on average, <15% increase or decrease) in the activities
of CYP1A2, CYP3A4/5, CYP2B6, CYP2C8, CYP2C9, and CYP2C19 in cultured human hepatocytes.

The ability of tavaborole to inhibit CYP subtypes was evaluated in human liver microsomes at concentrations ranging from 0.1 to
100 pM (15.2 ng/mL to 15.2 pg/mL) (Anacor Pharmaceuticals, Inc., Data on File, Study 002-NCL PK-053-01). At these
concentrations, tavaborole did not cause direct or time-dependent inhibition of CYP1A2, CYP3A4/5, CYP2B6, CYP2CS8,
CYP2C9, CYP2C19, or CYP2D6. In addition, tavaborole showed some evidence of time-dependent and partial NADPH-
dependent inhibition of CYP2AG6 activity at a concentration >30 uM (Table 2).

The CYP subtypes responsible for tavaborole metabolism were identified using human liver microsomes (Supersomes”, BD
Biosciences, San Jose, CA). Oxidation of tavaborole was primarily mediated by CYP3A5 and CYP2C18, whereas CYP2C19 and
CYP3A4 played minor roles (Anacor Pharmaceuticals, Inc., Data on File, Study 002-NCL PK-047-01).

Two phase 3 clinical trials of identical design evaluated the safety and efficacy of tavaborole compared with vehicle in adults 18
to 80 years of age with distal subungual toenail onychomycosis involving up to 60% of the great toenail [57]. Patients were
randomly assigned (2:1) to receive tavaborole or vehicle; nail debridement was not performed. Rates of adverse events reported
with tavaborole were low, and treatment-related adverse events were localized to the application site; the most common were
exfoliation, dermatitis, and erythema (1.3%-2.7%). Tavaborole was significantly more effective in producing complete cure,
treatment success, and negative mycology compared with vehicle. Respective rates of complete cure with tavaborole vs. vehicle at
week 52 were 6.5% vs. 0.5% in study 1 and 9.1% vs. 1.5% in study 2 (P<0.001 for both comparisons). Negative culture rates with
tavaborole vs. vehicle were 87.0% vs. 47.9% and 85.4% vs. 51.2% in studies 1 and 2, respectively. Mycological cure rates of the
target great toenail with tavaborole vs. vehicle were 31.1% vs. 7.2% and 35.9% vs. 12.2% in studies 1 and 2, respectively.

Conclusion

Onychomycaosis is a difficult-to-treat infection, and becomes more challenging in elderly patients and those with comorbid
conditions who require multiple concomitant medications. Oral antifungal drugs are the most effective available therapy and are
generally well tolerated, but may be limited by safety concerns. The potential risk of DDIs with concomitant medications could



have substantial implications for the treating physician and pharmacist. Managing the treatment of these patients requires a
thorough review and understanding of a patient’s current medications and how they are metabolized. The risk of adjusting,
substituting, or stopping other medications in order to accommodate oral antifungal therapy is a complex challenge. In many
cases, it may not be feasible to treat onychomycosis in patients with diabetes, heart disease, or depression because of the risk for
DDils in these patients requiring therapies that cannot be easily discontinued or substantially altered.

Currently available topical antifungal therapy is not associated with risk of DDIs or systemic toxicity. However, topical
medications must penetrate the nail plate at sufficient concentrations to eradicate the infection and multiple factors can affect drug
penetration (eg, nail permeability, size and ionic charge of the molecule, drug formulation) [42]. Tavaborole and efinaconazole,
two new topical agents recently approved by the FDA, both demonstrate good nail penetration and achieve high rates of negative
cultures in treated patients [57]. With once-daily application over 48 weeks, systemic exposure is negligible, and the possibility
for DDIs is low.
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