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Abstract: Onychomycosis, a common fungal nail infection, affects >20% of adults over age 60 and >50% of people over age 70.
Onychomycosis may cause pain, psychosocial problems, and secondary infections, therefore meriting treatment. This review describes
the range of treatment modalities, including FDA-approved systemic drugs and topical therapies. Additionally, new and emerging oral
and topical therapies are discussed. We emphasize the importance of tailoring onychomycosis therapy to individual patient character-
istics, comorbidities, preferences, extent of nail involvement, and fungal species, such that physicians may optimize treatment
outcomes, patient satisfaction, and safety.
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Introduction

Onychomycosis is a fungal nail infection caused by species that consume keratin, as well as non-dermatophyte molds and
yeasts.! Treatment is challenging due to high recurrence rates, patient compliance, thick nail plate barrier, biofilm
formation, and emerging antifungal resistance.” Food and Drug Administration (FDA) approved treatment options for
onychomycosis include systemic and topical antifungals.® As well, many non-FDA-approved and newer treatments have
emerged for treating this condition. Patients with onychomycosis may be apprehensive of treatment due to perceived
risks and long treatment courses. Optimal treatment for individual patients is determined by considerations of efficacy,
safety, comorbidities, compliance, and cost.* In this review we discuss current and novel treatment options for
onychomycosis to assist physicians in informed treatment decisions.

Etiology

Onychomycosis is predominantly caused by Trichophyton rubrum, followed by Trichophyton mentagrophytes and
Epidermophyton floccosum. Dermatophytes account for 90% of toenail and 50% of fingernail infections. Candida
albicans represents 2% of cases, primarily in fingernails.” Nondermatophyte molds, including Fusarium, Aspergillus,
Acremonium, Scytalidium, and Scopulariopsis brevicaulis, make up about 8% of infections.>

Materials and Methods
Searches for peer-reviewed journal articles were conducted on August 8th, 2023 and January 19th, 2024 using the PubMed/
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MEDLINE database with the search terms “onychomycosis treatment”, “itraconazole onychomycosis”, “terbinafine ony-
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chomycosis”, “griseofulvin onychomycosis”, “fluconazole onychomycosis”, “efinaconazole onychomycosis”, “voriconazole
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onychomycosis”, “posaconazole onychomycosis”, “fosravuconazole onychomycosis”, “amorolfine onychomycosis”, “ciclo-
29 G

pirox onychomycosis”, “tavaborole onychomycosis”, and “luliconazole onychomycosis”. Additionally, reference lists from
identified articles were examined to identify further relevant literature. A comprehensive review of over 4000 articles was
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conducted, with a focus on prioritizing randomized clinical trials and pivotal trials. Studies were excluded if they were not
relevant, were overshadowed by more current or larger studies, or were not in English. Studies were not excluded based on
the date of publication.

Oral Therapy

Griseofulvin
Griseofulvin was FDA-approved in 1959, making it the first oral agent available for treating onychomycosis.”® While
once the agent of choice, its use declined due to its longer treatment duration, lower efficacy, and higher recurrence rates
compared to other oral antifungals.”'® Today griseofulvin is now rarely used for onychomycosis treatment.’
Griseofulvin prevents the formation of intracellular microtubules, disrupts the mitotic spindle, and prevents fungal
cell division.” The drug reaches the infection site through uptake by newly produced nail, necessitating continuous
treatment as the nail grows out.® Consequently, griseofulvin is prescribed for extended durations in onychomycosis
treatment, with recommended daily doses ranging from 500—1000mg for 6-9 months for fingernails and 12—18 months
for toenails, aligned with average nail growth rates.'""'? This prolonged treatment duration results in challenges related to

low patient compliance.'""'?

Efficacy

Griseofulvin’s spectrum of activity is limited to dermatophytes, and it is not effective against other species or mixed-organism
infections.®!? In a prospective study with 122 onychomycosis patients treated with griseofulvin, mycological cure rates were
29% for toenails and 80% for fingernails, while clinical cure rates were 3% for toenails and 40% for fingernails."*

Safety

Common side effects of griseofulvin include gastrointestinal disturbance, nausea, vomiting, diarrhea, and headache.
Nausea and rashes occur in 8-15% of patients (Table 1).'* Less common adverse effects include photosensitivity, fixed
drug eruption, petechiae, pruritus, and urticaria.'" Griseofulvin has been associated with relapses of acute intermittent
porphyria in two patients in remission.'® One patient was a 5 1-year-old man who experienced a marked increase of urine
pyrrole excretion on his fifth day of griseofulvin treatment. The second patient was a 43-year-old male who experienced
a marked increase in urine pyrrole excretion on the first day of treatment with griseofulvin.'® Griseofulvin has also been
linked to flares of systemic lupus erythematosus (SLE) and other connective tissue disorders.'” A 22-year-old woman
prescribed griseofulvin for an unknown indication (total dose of less than 1g) experienced a fatal exacerbation of SLE
after 7 days of treatment.'® It is recommended that physicians conduct thorough medication reviews and avoid
prescribing griseofulvin to patients with contraindications.

Special Populations

Pregnancy

Griseofulvin is classified as FDA category C.'' A 1987 paper reported 2 cases of conjoined twins by mothers who had
taken griseofulvin early in pregnancy for fungal infections, though this association has not been confirmed.'® It is
recommended that female patients wait one month after completing treatment before trying to conceive. In the package
insert, caution is advised for men attempting conception within 6 months because griseofulvin was associated with
abnormalities in mouse sperm cells.” However, further studies are required in humans to assess the impact of
griseofulvin on sperm quality.

Children

Griseofulvin is not FDA-approved for onychomycosis treatment in children. In a systematic review of systemic
antifungals in the treatment of pediatric onychomycosis, 6.3% (n=16) of children experienced complete clearance with
griseofulvin with no adverse events reported.?' There are no US guidelines on the treatment of pediatric onychomycosis;
However, it is no longer recommended given its lower efficacy and lower compliance compared to other agents.*>
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Table | Safety of Oral and Topical Onychomycosis Treatment in Specific Patient Populations

of onychomycosis in children
® More data is needed

Treatment Safety in Pediatric Population (0-18 | Safety in Pregnancy Safety in patients Safety in Patients Other
years old) with Diabetes with HIV Populations
Oral Treatments
Griseofulvin ® Not FDA approved for the treatment |® FDA Category C ® More data is needed |[® More data is needed

Itraconazole

® Not FDA approved for the treatment
of onychomycosis in children
® Considered safe

® FDA Category C

® Considered safe

® Considered safe
® Monitor for adverse
reactions

of onychomycosis in children
® More data is needed

Terbinafine ® Not FDA approved for the treatment |® More data is needed |® Considered safe ® Considered safe ® Transplant
of onychomycosis in children ® FDA Category B patients: con-
® Considered safe sidered safe
® Weight based dosing recommended
Fluconazole ® Not FDA approved for the treatment |® FDA Category D ® More data is needed |® More data is needed

Voriconazole

® Not FDA approved for the treatment
of onychomycosis in children
® More data is needed

® FDA Category D

® Considered safe

® More data is needed

Posaconazole

® Not FDA approved for the treatment
of onychomycosis in children
® More data is needed

® FDA Category C

® More data is needed

® Considered safe

Fosravuconazole

® Not FDA approved for the treatment

® More data is needed

® More data is needed

® More data is needed

chomycosis in children 12 and older

L-lysine of onychomycosis in children
ethanolate ® More data is needed
Topical Therapies
Ciclopirox ® FDA approved for treatment of ony- |® FDA Category B ® Considered safe ® More data is needed

Efinaconazole

® FDA approved for treatment of ony-
chomycosis in children ages 6 and older
® Considered safe

® FDA Category C

® Considered safe

® More data is needed =

of onychomycosis in children
® Considered safe

Tavaborole ® FDA approved for treatment of ony- |® FDA Category C ® More data is needed |[® More data is needed
chomycosis in children ages 6 and older
® Considered safe
Amorolfine ® Not FDA approved for the treatment (® Avoid in pregnancy ® More data is needed |® More data is needed

Luliconazole

® Not FDA-approved for the treatment
of onychomycosis in children
® Considered safe

® FDA Category C

® More data is needed

® More data is needed

Drug Interactions
Griseofulvin induces cytochrome-P450 enzymes and interacts with drugs metabolized through this mechanism.'" It may

reduce the therapeutic efficacy of warfarin by increasing its metabolism, necessitating weekly warfarin monitoring.*?

Griseofulvin may decrease the therapeutic efficacy of oral contraceptives and salicylates.**

Itraconazole
Itraconazole inhibits 14a-demethylase in the ergosterol biosynthesis pathway, which disrupts the fungal membrane perme-

ability and causes accumulation of lanosterol and other 14a-methyl sterols.?® It was FDA-approved in 1995 for dermato-

phyte onychomycosis treatment, with oral dosing of 200mg daily for 12 weeks for toenails and two treatment pulses of

200mg twice daily for 1 week separated by 3 weeks for fingernails.**® Ttraconazole demonstrates broad-spectrum activity

against dermatophytes, non-dermatophyte molds, and candida species. The oral formulation of itraconazole has 55%

Infection and Drug Resistance 2024:17

https:

821

Dove:


https://www.dovepress.com
https://www.dovepress.com

Axler and Lipner Dove

bioavailability, though maximal absorption occurs in acidic gastric environments. Therefore, efficacy may be decreased
with histamine H, blockers and proton pump inhibitors, with maximum absorption after a meal.”’*®

Efficacy

Several pivotal trials have evaluated the efficacy of itraconazole for onychomycosis.”* *° Toenail and fingernail complete
cure rates for onychomycosis are 47% and 14% with mycological cure rates of 61% and 54%, respectively.*' A multi-
center study assessed intermittent itraconazole therapy for 683 onychomycosis patients in two groups (group A, 635
patients, 400mg/day for 1 week a month for 3 months) (group B, 48 patients, fingernail involvement, 400mg/day for 1
week a month for 2 months). Group A achieved clinical and mycological cure rates of 91.4% and 85.3% for fingernails,
respectively and 89.0% and 68.4% for toenails, respectively. Group B achieved clinical and mycological cure rates of
84.4% and 77.1% for fingernails respectively.*” In a prospective study by Ramos-e-Silva et al including 72 patients
treated with itraconazole (200mg twice a day for seven days a month) for 4 months for onychomycosis, 77.8% of patients
were culture negative at treatment completion. Group 1 (0 to 5.9 mm of healthy nail) had an average clinical
improvement of 88.36% and group 2 (more than 6mm of healthy nail) had an average improvement of 36.64%
(P<0.001).** In a meta-analysis of 1741 toenail onychomycosis patients treated with continuous itraconazole (200mg/
day for 3 months), 12-month clinical cure rate, clinical response rate, and mycological cure rates were 52%+9, 86%=2,
and 74%+3%, respectively.**

Safety

Common adverse effects of itraconazole include headache (10%), rhinitis (9%), upper respiratory tract infections (8%),
sinusitis, injury (both 7%), diarrhea, dyspepsia, flatulence, abdominal pain, dizziness, rash (all 4%), cystitis, urinary tract
infection, liver function abnormality, myalgia, nausea (all 3%), increased appetite, constipation, gastritis, gastroenteritis,
pharyngitis, asthenia, fever, pain, tremor, herpes zoster, and abnormal dreaming (2%).** In the aforementioned trial by
Ramos-e-Silva et al** including 72 onychomycosis patients, headache, nausea, and abdominal pain occurred in 0.05% of
patients. Another prospective study with 646 onychomycosis patients treated with itraconazole (200mg twice daily for
one week a month for 2-3 months) reported adverse events in 4.6% of patients, most commonly nausea, anorexia,
gastrointestinal upset, malaise, and xerostomia. Two patients had mild, asymptomatic, transient elevations of liver
enzymes that returned to normal after treatment cessation. Two patients developed edema.*® More serious, rare side
effects include hypertriglyceridemia, elevated transaminases, and hepatic injury.*' Liver enzyme monitoring is recom-
mended before treatment initiation and every 4-6 weeks during treatment.

Itraconazole may rarely lead to adverse cardiovascular events and should be avoided in patients with evidence of
ventricular dysfunction, such as congestive heart failure (CHF) or a history of CHFE.*> A retrospective study of adverse
events related to itraconazole using the FAERS database between September 1991-April 2001 identified 58 cases of CHF,
though 43 of these patients had risk factors such as concomitant hypertension, coronary artery disease, or valvular heart
disease that may confound this association.*’ Therefore, it is advisable to consult a cardiologist before initiating
itraconazole in patients with risk factors for heart disease, such as diabetes mellitus, history of a cerebrovascular
event, or hypertension.*!

Special Populations

HIvV

As oral itraconazole absorption is pH dependent, HIV patients with achlorhydria and mucosal damage may experience
decreased absorption.?” Itraconazole should be prescribed with caution in HIV patients taking protease inhibitors due to
the possibility of medication interactions. A 34-year-old HIV patient taking saquinavir and ritonavir who began
itraconazole 100mg twice daily, increased to 200mg twice daily, for disseminated histoplasmosis developed cheilitis,
pruritus, and a widespread eczematous reaction which resolved upon itraconazole discontinuation.*® Itraconazole may be
safe in this population, though monitoring for adverse reactions is warranted.

Diabetics
Onychomycosis affects up to one-third of diabetic patients, particularly those over the age of 65 years.** Itraconazole has
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less than 0.03% renal excretion, and therefore may be prescribed for diabetics with renal impairment. In a prospective,
randomized trial involving 27 diabetic patients with onychomycosis receiving itraconazole 200mg twice daily for one
week a month for 3 months, only one patient experienced itraconazole-associated elevation of liver function tests and
withdrew from the study. Therefore, treatment with itraconazole may be considered safe in the diabetic population with
onychomycosis.*” Of note, most diabetic drugs and insulin are not metabolized by the same cytochrome P-450 enzymes
as itraconazole.*’

Pregnancy

Itraconazole is classified as FDA category C, meaning there were embryotoxic and teratogenic effects in animal studies,
and therefore the human risk is possible. A prospective cohort study of 206 pregnant women exposed to itraconazole vs
207 women not exposed to itraconazole in the first trimester (mean dose 182.23-62.58, mean duration 6.9—-6.4 days)
found no differences in major congenital anomalies in the exposed group vs unexposed group (1.8% vs 2.1%),
respectively. However, differences were noted in the rates of live births, spontaneous abortion, and termination of
pregnancy (79.1% vs 91.8%), (11.2% vs 4.8%), (9.2% vs 3.4%), P<0.05), in exposed vs non-exposed, respectively.50 In
a retrospective study with 229 pregnant women exposed to itraconazole, 198 during the first trimester, there was no
increased risk of fetal malformation.>! Despite these findings, itraconazole should not be prescribed to pregnant women
or women contemplating pregnancy.*> Contraception should be used during and for 2 months following treatment.
Itraconazole is excreted into breast milk and should be avoided in lactating mothers.*’

Children

Itraconazole is not FDA-approved for onychomycosis treatment in the pediatric population but has been used off-label
with good efficacy. In an observational study of 12 children (10-17 years old) with severe, long-standing onychomycosis
treated with itraconazole (200mg daily for 12 weeks), clinical cure was 83% and mycological cure was 83% in 2—4
months. No laboratory abnormalities or adverse events were reported.”” In a retrospective review of 17 pediatric patients
(ages 3—14) treated with itraconazole pulse therapy for onychomycosis (5mg/kg/d for 1 week a month, 3—5 cycles), 94%
of patients achieved clinical cure, with no reported adverse events.”> A systematic review with 77 pediatric onychomy-
cosis patients treated with itraconazole showed complete clearance rates of 82.7% for continuous itraconazole and 68.4%
for pulsed itraconazole.?’ One case of ataxia was reported, although the dose was not specified.?’ Reported adverse
events in pediatric patients taking itraconazole (>1%) include gastrointestinal symptoms (nausea, vomiting, or abdominal
pain), rash, dizziness, sleepiness, headache, and transaminase elevations, though these events are usually mild and
transient and most children can continue their course of treatment.>*

Drug Interactions

Itraconazole inhibits CYP-3A4, and medication interactions should be checked before prescribing. A retrospective
analysis of adverse events associated with itraconazole from January 1993-June 2019 using the FAERS database
found that drug-drug interactions were the most common adverse event.” Life-threatening QT prolongation and death
may occur if itraconazole is prescribed concurrently with the class IA antiarrhythmic quinidine or the class III anti-
arrhythmic dofetilide.* A retrospective study analyzing adverse drug events reported to the World Health Organization
monitoring center between 2015-2019 identified 22 cases of torsades de pointes linked to itraconazole, with 19 of the
cases associated with concurrent use of an interacting medication.’® Therefore, itraconazole should be avoided in patients
with risk factors for QT prolongation or a secondary medication that could potentiate these effects. Itraconazole may
increase concentrations of benzodiazepines alprazolam, diazepam, midazolam, and triazolam, exacerbating sedation.*!
HMG-CoA reductase inhibitors such as atorvastatin, cerivastatin, lovastatin, and simvastatin are metabolized by
CYP34A, and itraconazole may increase their plasma concentrations and potentiate rhabdomyolysis.>

Terbinafine
FDA approved in 1996 for the treatment of onychomycosis, terbinafine is now recommended as first-line onychomycosis
treatment by the British Association of Dermatologists.**” Terbinafine, a synthetic allylamine, competitively inhibits

Infection and Drug Resistance 2024:17 heeps: 823

Dove:


https://www.dovepress.com
https://www.dovepress.com

Axler and Lipner Dove

squalene epoxidase, disrupting ergosterol synthesis and leading to intracellular squalene accumulation, which has
fungicidal effects.”® In vitro, terbinafine has broad-spectrum antifungal activity against dermatophytes and some activity
against yeasts and non-dermatophyte molds.’® Dosing is 250mg once daily for 6 weeks for fingernail onychomycosis and
12 weeks for toenail onychomycosis.®”

Efficacy

Pivotal randomized control trials (RCT) demonstrate the efficacy of terbinafine for onychomycosis treatment,
with mycological and complete cure rates of 70% and 38%, respectively.®” In the IRON-CLAD trial (N=504) of toenail
onychomycosis in patients ages 18—75 years-old treated with terbinafine 250mg for 12 weeks, with or without nail

29-36,61-66

debridement, efficacy was greater in the debridement group; mycological cure was 67.6% vs 62.6% (95% CI-4.0-1.3),
clinical cure was 55.3% vs 52.3% (95% CI —6.0-1.2), and complete cure was 37.8% vs 32.5% (95% CI —3.0-1.4) with
debridement vs without, respectively.®® In a Cochrane review of 10,200 patients with toenail onychomycosis, terbinafine
was superior to placebo for clinical cure (RR 6.00, 95% CI 3.96-9.08) and mycological cure (RR 4.45, 95% CI 2.47—
8.33) (complete cure not reported).”” In a meta-analysis of 20 RCTs on treatment of onychomycosis with terbinafine
250mg for 3—4 months, average mycological cure was 78%+6-76%+3 and average clinical cure was 69%+7-66%+5.7°

Terbinafine showed superior efficacy to other oral antifungal medications in head-to-head trials. In the LION study of
toenail onychomycosis, mycological cure rate (76%) was higher for terbinafine 250mg/day compared to itraconazole
400mg/day (38%) at 72 weeks (P<0.0001).>%%% In a 5-year follow-up study of 151 patients 1875 years old with toenail
onychomycosis, mycological cure for terbinafine was 46% versus 13% for itraconazole (P<0.001).?’ In a meta-analysis
comparing efficacy of continuous terbinafine for 12 weeks with intermittent itraconazole for toenail onychomycosis
(taken 1 in every 4 weeks for 12 weeks), including 1181 patients, terbinafine treated vs itraconazole treated patients had
higher mycological cure rates (OR 2.3, 95% CI, 1.7 to 3.0, P<0.0001).”!

Safety
Terbinafine undergoes hepatic first-pass metabolism followed by renal clearance, necessitating caution in patients with liver
or kidney disease. Common adverse effects of terbinafine include headache (12.9%), gastrointestinal symptoms (5.6%),
dyspepsia (4.3%), abdominal pain (2.4%), nausea (2.6%), flatulence (2.2%), dermatological symptoms including rash
(5.6%), pruritus (2.8%), and urticaria (1.1%). Liver enzyme abnormalities occurred in 3.3% of patients, and taste and visual
disturbances in 2.8% and 1.1%, respectively.” In a retrospective study of adverse effects associated with terbinafine from
January 1993 to June 2019 using the Federal Drug Administration Adverse Event Reporting System (FAERS) database
(11,658 cases), “ageusia/dysgeusia” occurred in 12%, ‘AST/ALT elevations’ in 6%, and ‘pruritus’ in 6%.>

Taste alterations associated with terbinafine use are reported in 0.6-2.8% of patients, which is usually reversible.”*?
Though the exact mechanism is unclear, terbinafine-induced taste disturbance may be related to inhibition of cytochrome
p-450-dependent enzymes, resulting in taste receptor dysfunction.’* In a post-marketing survey of 10,361 onychomycosis
patients treated with oral terbinafine, reversible taste disturbances were reported in 0.6% of patients, with a mean taste
recovery time of 42 days (range 2—186 days).””> A case-control study of 87 patients with terbinafine-induced taste loss
and 362 controls taking terbinafine without taste loss identified low body mass index (BMI) (RR: 12.8, 95% CI 1.9—
88.6), a history of taste loss (P<0.007), and older age (RR: 4.4, 95% CI 1.4-16.1) as risk factors.”®

The mechanism of terbinafine associated hepatotoxicity is not fully understood, though one hypothesis posits that
terbinafine metabolites bind to hepatobiliary proteins, inducing an immune reaction.”” Baseline liver function tests are
recommended for all patients before treatment initiation. In a multicenter, prospective study from 1998-2007, out of 1198
patients with liver failure, only 3 cases were attributed to terbinafine.”® A retrospective analysis of 4309 patients taking
terbinafine from 20062016 identified 4 cases of grade 2 or higher ALT elevations (0.2%) and 1 case of grade 2 or higher
AST elevations (0.1%). Six patients (0.14%) discontinued treatment due to grade 1 to 3 LFT abnormalities, though
transaminase elevations resolved after treatment discontinuation.”’ Therefore, interim laboratory monitoring is not
recommended in healthy adults taking terbinafine.

Although terbinafine induced hepatotoxicity is rare, patient fear and misinformation surrounding the medication is
rampant. Terbinafine-induced liver injury occurs in 1 in 50,000-120,000 prescriptions, which is similar to the lifetime
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risk of an American death from an earthquake (1 in 130,171).%*! In the National Library of Medicine Liver Toxicity
Database, <1% of patients prescribed terbinafine experienced aminotransferase elevations.*® In a study evaluating 35
websites based on the accountability, quality, readability, display, support, and transparency of their terbinafine-related
information, only 51.4% of websites had accurate information regarding terbinafine-related hepatotoxicity, and only
20.0% of websites mentioned that hepatotoxicity was rare.**®** Therefore, understanding misconceptions that patients
may have regarding terbinafine and educating patients to make informed treatment decisions may combat these
falsehoods.

Pulse Dosing

Pulse dosing of terbinafine has been studied as a treatment for onychomycosis. In a randomized trial comparing pulse
dosing (500mg daily, 1 week per month for 3 months) to continuous terbinafine (250mg daily for 3 months) with 306
onychomycosis patients, mycological cure (70.9% vs 58.7%, P=0.03, RR=1.21 (95% CI, 1.02-1.43)), clinical cure
(44.6% vs 29.3%, P=0.007, RR=1.52 (95% CI, 1.11-2.07)), and complete cure (40.5% vs 28.0%; P=0.02, RR=1.45 (95%
CI, 1.04-2.01)) were higher for continuous vs pulse dosing, with no difference in tolerability (P=0.65).%> Two identical,
double-blind trials compared the efficacy of continuous vs pulse dosing of terbinafine for 2005 total onychomycosis
patients. In trial I, complete cure rates for continuous and pulsed regimens were 25.6% vs 19.8% (—5.8%; 95% CI 11.8—
0.07) and mycological cure rates were 57.9% vs 42.8% (—15.2%; 95% CI —22.2-(-)8.2), respectively. In trial II complete
cure rates were 29.6% vs 23.7% (—5.0%; 95% CI —12-0.1) and mycological cure rates were 55.6% vs 50.5% (—5.1%;
95% CI —11.9-1.7) for continuous and pulsed courses, respectively. The rate and types of adverse events were similar in
both groups.* Therefore, since available data suggests higher efficacy for continuous dosing, with a similar side effect
profile, continuous terbinafine dosing is preferred over pulse dosing for the treatment of onychomycosis.

Special Populations

Diabetics

Diabetes mellitus is a risk factor for developing toenail onychomycosis. In a multicenter study of 550 diabetic patients,
there was a 2.77-fold greater prevalence of onychomycosis in diabetics vs the general population.** Since terbinafine is
renally cleared, it is recommended that kidney function is checked in all patients before initiating treatment. In
a prospective randomized trial of patients with diabetes mellitus who had onychomycosis, patients treated with
continuous terbinafine (250mg once daily for 12 weeks) vs pulsed itraconazole (200mg twice daily, 1 week on, 3
weeks off, for 12 weeks), showed mycological cure in 88.2% of terbinafine-treated patients vs 79.3% of itraconazole-
treated patients (P>0.05), with no adverse events or medication interactions reported.®> A review analyzing published
data regarding safety and efficacy of terbinafine in high-risk populations (HIV, diabetes, and immunosuppression) found
no differences in mycological cure (64% vs 73%, respectively) or clinical cure (37% vs 45%, respectively) in diabetic vs
nondiabetic patients (p-value not reported).*® Therefore, terbinafine is a safe and effective treatment option for this
population.

HIV

Based on a multi-center observational study, the prevalence of onychomycosis in HIV-positive patients was 23.2%
(N=500) vs 6.9% in immunocompetent patients (N=2001).*” In a prospective study including ten HIV-positive patients
treated with 250mg terbinafine for onychomycosis over 12 weeks, mycological cure was achieved in 3 patients, with
negative culture in seven patients at 48-week follow-up. One patient withdrew from this study due to a terbinafine-
induced drug rash.®® In a second study, 21 HIV-positive patients with onychomycosis were treated with 250mg
terbinafine for 16 weeks, with clinical cure achieved by 50%, partial improvement by 25%, with 2 therapeutic failures,
and 7 mycological cures (4 withdrawals, 3 deaths due to HIV illness). Ten months following treatment, 13 participants
achieved clinical and mycological cure. No drug-drug interactions, laboratory abnormalities, or serious adverse events
related to terbinafine were reported.® Therefore, if there are no other contraindications to its use, terbinafine may be
safely used in this population.
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Pregnancy and Lactation

There is insufficient data regarding teratogenicity and pregnancy outcomes associated with terbinafine and it is classified
as FDA category B, meaning there are no adequate studies in humans, though animal studies have not demonstrated
teratogenicity. Therefore, its use is not recommended during pregnancy. In a retrospective study of 942 terbinafine-
exposed pregnancies, there was no association between oral or topical terbinafine use in pregnancy and risk of preterm
birth, small for gestational age, low birth weight, or stillbirth.”® In a cohort study of 54 women exposed to terbinafine in
the first trimester (mean duration 32+9 days), there was no increased risk of major malformations above the baseline risk
of 1-3%.”" Terbinafine is excreted into breast milk, and treatment is not recommended while breastfeeding.*

Children

Based on a multicenter survey study of 2500 children, ages 0-18, the prevalence of onychomycosis in the North
American pediatric population was 0.16%.°* Terbinafine is not FDA-approved for the treatment of onychomycosis in
children but is often used off-label. In children, it is dosed by weight (<25kg: 125mg daily, 25-35 kg:187.5mg daily,
>35kg: 250mg daily), with treatment duration identical to adult treatment duration (6 weeks for fingernails and 3 months
for toenails).”® A systematic review with 52 pediatric onychomycosis patients demonstrated 78.8% complete cure rate
with continuous terbinafine. Adverse events were acute urticaria (n = 1), agranulocytosis (n = 1), anorexia (n = 2),
epigastric pain (n = 2), tiredness (n = 1), and vesiculopustular eruption (n = 1).2"** In a retrospective studying assessing
the frequency of abnormal laboratory tests in 1403 pediatric patients prescribed terbinafine for superficial fungal
infections, only 1.7% had abnormal monitoring LFT results, and 4.4% had abnormal monitoring blood count. In all
cases, values normalized within 4 weeks of treatment completion, will all abnormalities being mild (grade 1) and
asymptomatic.”” Therefore, interval monitoring is not necessary for healthy children taking terbinafine for onychomy-
cosis treatment.

Transplant Patients

Immunosuppressed transplant patients are at increased risk for developing onychomycosis, necessitating caution due to
potential drug-drug interactions with terbinafine. Terbinafine influences the metabolism of cyclosporine, and drug level
monitoring is recommended for patients taking these medications concominantly.”® A prospective study assessing
treatment with terbinafine 250mg/day in 30 renal transplant patients with onychomycosis found a mycological cure
rate of 85.7% at 12 weeks with no significant laboratory changes.”’ In a prospective study of 11 transplant patients
(kidney, heart, or lung) treated with 250mg terbinafine daily for 12 weeks for onychomycosis, cyclosporine levels
decreased at 4, 8, and 12 weeks (P<0.05). Terbinafine was well tolerated, with no reported adverse events or signs of
graft rejection.’® In a retrospective analysis of 13 kidney transplant recipients treated with terbinafine 250mg for
onychomycosis for 12 weeks (9, 3, and 1 patients taking tacrolimus, cyclosporine or everolimus, respectively), 8 patients
had 10-20% clinical improvement and 3 patients had 20—45% clinical improvement at 3 months post-treatment. A year
after treatment completion, 9 patients were re-examined, and all had clinical and mycological cure. Three patients
experienced adverse events during treatment including loss of taste (n=1), nausea and vomiting (n=1), and tachycardia
(n=1). No laboratory abnormalities were reported during or following treatment.”® Treatment with terbinafine may be
considered in transplant patients, though cyclosporine medication levels should be monitored throughout treatment.

Drug Interactions

Terbinafine inhibits CPY-2D6, but there are few associated drug-drug interactions and no absolute drug
contraindications.*'"”” Caffeine clearance is decreased by 19% and cyclosporine clearance is decreased by 15% with
terbinafine.®” Terbinafine may increase plasma concentrations of imipramine, desipramine, amitriptyline, nortriptyline,
and paroxetine, and may induce thirst, nausea, and vertigo when taken together with these medications.'? A case report
of an older female prescribed the antipsychotic perphenazine along with terbinafine for onychomycosis developed
extrapyramidal symptoms including akathisia and gait disturbances.'*'" Terbinafine also decreases clearance of beta-
blockers. A 63-year-old man on metoprolol experienced symptomatic bradycardia after beginning terbinafine 250mg for
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onychomycosis.'®® Therefore, it is important for physicians to perform thorough medication reviews prior to prescribing
terbinafine and monitor for adverse drug-drug interactions throughout treatment.

Fluconazole
Fluconazole, an azole antifungal, inhibits lanosterol-14-a-demethylase, an enzyme important for the synthesis of
ergosterol, a component of fungal cell walls.'” Fluconazole is approved for the treatment of onychomycosis in
Europe.'® Although not FDA-approved for the treatment of onychomycosis, it is commonly prescribed off-label in
the USA, Australia, and Canada.

Fluconazole is active against dermatophytes and candida species, but not non-dermatophyte molds, and may be
detected in the nail plate within two weeks of initiating treatment.'®>'*®
Efficacy
Based on a meta-analysis of 5 studies evaluating optimal fluconazole dosing for onychomycosis, taking into consideration
mycological, clinical, and complete cure rates, as well as safety, the efficacies of 150mg, 300mg, and 450mg for 12—48 weeks
duration were comparable, though 150mg for at least 6 months was recommended due to the fewest adverse events
(Table 2)."%7 A prospective study of 74 onychomycosis patients treated with 150mg of fluconazole per week for 312

Table 2 Pediatric and Adult Dosing for Oral and Topical Onychomycosis Treatment

o Fingernails: 1216 weeks

o Toenails: 16-26 weeks

Treatment Pediatric Dosing Adult Dosing
Oral Therapy
Griseofulvin ® Weight based dosing: ® 500-1000mg per day
o Weight 13.6-22.7kg: 125-250mg/day orally o Fingernails: 6-9 months
o Weight>22.7kg: 250-500mg/day orally ® Toenails: 12—18 months
Itraconazole ® Weight based dosing ® Fingernails: 200mg twice daily for | week, then no
o 10-15kg: 100mg every other day treatment for 3 weeks, then repeat
o 16-20kg: 100mg daily ® Toenails: 200mg once daily for 12 weeks
o 21-40kg: 100mg bid
e >40kg: 200mg bid
Terbinafine ® Weight based dosing: ® 250mg once daily
o <25kg: 125mg daily o Fingernails: 6 weeks
o 25-35kg: 187.5mg daily ® Toenails: 12 weeks
o >35kg: 250mg daily
Fluconazole 3—-6mg/kg once weekly ® |50mg weekly for at least 6 months for fingernails

and at least 12 months for toenails

Voriconazole

Dosing not established °

200 mg twice daily for 3 months

Posaconazole

Dosing not established °

Dosing not established

Fosravuconazole L-lysine Ethanolate

Dosing not established .

100 mg daily for 12 weeks

Topical Therapy

Amorolfine 5% Nail Lacquer

Once weekly for 24 weeks .

Once weekly for 24 weeks

Ciclopirox

Once daily up to 48 weeks °

Once daily for 24 weeks

Efinaconazole

Once daily for 48 weeks °

Once daily for 24 weeks

Tavaborole

Once daily for 48 weeks °

Once daily for 24 weeks

Luliconazole

Once daily for 48 weeks .

Once daily for 48 weeks
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months showed a clinical response of 95% after three months and 96% after 11 months, with 52% of patients experiencing
complete clinical cure. Mycological cure was achieved for 88% of fingernails and 79% of toenail.'®® In a prospective study by
Smith et al of 16 onychomycosis patients treated with 100mg of oral fluconazole daily for six months, all subjects had clinical
improvement based on visual assessment score (VAS) (P=0.005)."% The cure rate, defined as improved appearance of nails
and increased VAS score without evidence of relapse, was 64%.'% A prospective study of 11 patients treated with 300mg of
fluconazole once weekly for onychomycosis with concurrent use of a topical antifungal to the feet (econazole nitrate cream
1%, sulconazole nitrate cream 1%, ciclopirox olamine lotion 1%, or terbinafine cream 1%) reported 100% clinical cure in

mean of 6 months for toenails and 3.7 months for fingernails, with concurrent resolution of all cases of tinea pedis.""

Safety

In a clinical trial of 602 patients treated with fluconazole for systemic fungal infections, who were immunocompromised
or receiving multiple concomitant medications, side effects occurring in more than 1% of patients included nausea
(3.7%), headache (1.9%), skin rash (1.8%), vomiting (1.7%), abdominal pain (1.7%), and diarrhea (1.5%).""" In the
aforementioned trial by Smith et. Al of 16 onychomycosis patients treated with 100mg fluconazole for six months, one
patient withdrew from the study due to palpitations. Other reported adverse reactions in this study include facial pruritus,
nocturia, fever, diaphoresis, and nausea. No patients had significant elevations in AST, ALT, or alkaline phosphatase
levels after two months of treatment.'” In LiverTox, an online source for information on liver injury attributable to
prescription and non-prescription medications, 1990-2017, there was only a single case of fatal hepatotoxicity (n=1) with
fluconazole use, with transient, mild elevations of aminotransferases occurring in up to 5% of patients. In LiverTox, ALT
elevations above 8 times the upper limit of normal occurred in less than 1% of patients.*

Special Populations

Pregnancy and Lactation

Fluconazole is categorized as an FDA category D due to evidence of risk in pregnancy.*' Administration of high-dose
fluconazole in animal studies has been associated with congenital malformations.''* There have been 5 reported cases of
newborns with craniofacial and skeletal abnormalities after first-trimester exposure to high-dose fluconazole (400-800mg
daily).""® An analysis of 5382 pregnant women exposed to fluconazole and 13,246 unexposed women at weeks 7-22 of
gestation showed an increased risk of spontaneous abortion compared to unexposed women (HR, 1.48; 95% CI, 1.23—
1.77).""* An analysis of stillbirths (n=7832), congenital abnormalities (226,599), and spontaneous abortions (320,868) using
data from the Quebec Pregnancy Cohort between 19982015 found that use of low-dose fluconazole (< 150mg) and high-
dose fluconazole (>150mg) were both associated with an increased risk of spontaneous abortion (OR 2.23; OR 3.20).'"°
Exposure to low-dose fluconazole during the first trimester did not appear to increase the risk of major congenital

malformations or stillbirth.''> Fluconazole is excreted into human breast milk and should be avoided in lactation.'!!

Children

Fluconazole is not FDA-approved for pediatric onychomycosis treatment, and no clinical trials have specifically assessed
its safety and efficacy in this population. A systematic review including 6 pediatric onychomycosis patients treated with
fluconazole reported that 66.7% of patients had complete cure with no reported adverse events.?'

Drug Interactions

Fluconazole inhibits CYP-2C9 and CYP-3A4, therefore there are many potential drug-drug interactions. In
a retrospective analysis of the FAERS database, the most common adverse event with fluconazole was drug-drug
interactions. It may increase concentrations of sulfonylurea anti-diabetic agents, potentially leading to hypoglycemia.>
Fluconazole may also elevate warfarin levels, increasing the risk of bleeding. A 71-year-old female on warfarin who was
prescribed fluconazole 200mg once daily for a candida wound infection experienced an increase of prothrombin time
from 16 to 65 seconds and developed a sublingual hematoma.''® Fluconazole may cause QT interval prolongation,
potentially causing torsade de pointes, therefore co-administration with any medication that may also prolong the QT
interval is contraindicated.''' A comprehensive review of patient medications is essential prior to treatment initiation.
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Voriconazole

Voriconazole, a synthetic triazole, was FDA-approved in 2002 for treating invasive aspergillosis, nonneutropenic
candidemia, deep tissue candida infections, scedosporiosis, fusariosis, and esophageal candidiasis in refractory or
intolerant patients."'”''* Its mechanism involves the inhibition of cytochrome P450 lanosterol 14a-demethylase
(CYP51), leading to the accumulation of sterol precursors that disrupt fungal cell membrane integrity."'® In vitro and
in vivo studies have demonstrated its efficacy against dimorphic fungi, yeasts, and opportunistic filamentous fungi,

including dermatophytes.'*°

Efficacy

The effectiveness of voriconazole in treating onychomycosis has been supported by case reports. A 52-year-old male
liver transplant patient, unresponsive to itraconazole and terbinafine, received voriconazole (200 mg twice daily) for 3
months, resulting in clinical cure. No recurrence was observed during the 8-month post-treatment monitoring period.'"”
In another case, a 30-year-old female with Scytalidium dimidiatum onychomycosis and cutaneous fungal infection
underwent oral voriconazole therapy (400 mg twice a day loading dose, followed by 200 mg twice a day maintenance

dose) for 3 months, achieving mycological cure at 12 weeks with some residual nail plate hyperpigmentation.'?'

Safety

Common side effects, as per the package insert, include fever (5.7%), nausea (5.4%), and rash (5.3%).'** Additional
adverse effects encompass hepatotoxicity, visual disturbances, and phototoxicity. The overall incidence of transaminases
greater than twice the upper limit of normal across therapeutic studies is noted at 12.4% (20/1655 patients) according to
the manufacturer’s package insert. In a 2010 meta-analysis, transaminases greater than twice the upper limit of normal
occurred in up to 20% of voriconazole-treated patients, which often did not necessitate therapy discontinuation.'?*!??
Visual disturbances, such as altered color discrimination and blurred vision, may manifest in the first week of therapy but
typically diminish over time. Patients starting therapy in an outpatient setting should be cautious about driving due to
potential visual disturbances. Additionally, patients are advised to avoid direct sunlight to prevent photosensitivity
reactions.'** For onychomycosis patients, it is recommended to obtain liver function tests, kidney function assessments,
and complete blood counts before initiating treatment.

Special Populations

Pregnancy and Lactation

Voriconazole is categorized as FDA category D.'*> A case report detailed the successful use of voriconazole in a 28-year-
old pregnant woman at 16 weeks of gestation for invasive aspergillosis without maternofetal adverse effects.'>> However,
the manufacturer reports embryotoxic/teratogenic effects in rabbits and rats at doses 0.3 and 6 times the recommended

human dose, which may result in cleft palate, hydronephrosis, reduced ossification, and fetal mortality.l25

Children

Voriconazole, a broad-spectrum triazole antifungal, is FDA-approved for patients 2 years and older with invasive
aspergillosis, candidemia in non-neutropenic patients, deep tissue candida infections, esophageal candidiasis, and serious
fungal infections or refractory to other therapies. However, its efficacy, safety, and dosing in the pediatric onychomycosis
population have not been established.

Liver Failure
For patients with mild to moderate hepatic impairment (Child-Pugh class A and B), voriconazole dosage should be
reduced by 50%. Close monitoring for potential drug toxicity is advised. In severely hepatic impaired patients (Child-

.. . . 11
Pugh class C), it is recommended to avoid voriconazole.''®

Renal Failure
Metabolism of voriconazole occurs in the liver, and therefore, the oral form does not necessitate dose adjustment in
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patients with renal impairment. However, it is advised to conduct creatinine and renal function tests before and during

treatment.'!'®

Drug Interactions
Since voriconazole undergoes metabolism through hepatic cytochrome P450 enzymes, it is necessary to assess potential
drug interactions before prescribing. Contraindications include coadministration with ritonavir, rifampin, St. John’s wort,

carbamazepine, or long-acting barbiturates.'*®

Posaconazole

Posaconazole, an itraconazole analog with a 1.3-dioxolone backbone, was FDA-approved in 2006 for treating invasive
aspergillosis, oropharyngeal candidiasis, and resistant oropharyngeal candidiasis. It is not approved for onychomycosis or
superficial fungal infections, though it has been used off label.'"®!?” Posaconazole is a synthetic triazole and inhibits
fungal 14a-ergosterol demethylase, exhibiting broad-spectrum activity against various fungi, including strains resistant to

fluconazole, Cryptococcus neoformans, Trichosporon species, Zygomycetes, and dermatophytes.'?’

Efficacy

In a phase 2B RCT with 200 onychomycosis patients aged 18—75 by Elewski et al, six treatment regimens were
randomized, including posaconazole (oral suspension) at 100, 200, or 400 mg once daily for 24 weeks. All posaconazole
arms had a significantly greater proportion of patients with complete cure at week 48 compared to placebo (P<0.012).
Posaconazole 200 mg/24 weeks and 400 mg/24 weeks achieved numerically higher clinical cure rates (54.1% and 45.5%)
than terbinafine (37%), though no statistically significant differences were observed. All posaconazole arms significantly
differed from placebo in achieving negative mycology results at week 48 (P<0.001).'*® In a case report, a patient with
severe dermatophytosis due to CARD9 deficiency, unresponsive to multiple antifungal treatments, achieved complete
clinical remission of skin and nail lesions with 3 months of posaconazole therapy (400mg bid for 1 month, followed by

200mg tid for 2 months), and continued posaconazole for 8 months led to complete clinical remission.'*’

Safety

Common adverse reactions to posaconazole include diarrhea, nausea, fever, vomiting, headache, coughing, and
hypokalemia.'*® In Elewski et al’s RCT, 24% of patients experienced treatment-related adverse events, with diarrhea
(3%), nausea (3%), and dizziness and headache (2%) being the most reported. Eleven patients discontinued treatment due
to treatment-related adverse events, primarily related to liver function (4%), abdominal pain (0.5%), asthenia, dizziness,
and somnolence (0.5%).'?® In a network meta-analysis of 21 studies assessing the efficacy of monotherapy for
dermatophyte toenail onychomycosis, posaconazole at 200 mg daily for 24 weeks had a higher likelihood of disconti-

nuation due to any AE compared to terbinafine and continuous itraconazole therapies.'*'

Special Populations
Pregnancy and Lactation
Prescribing posaconazole (pregnancy category C) to pregnant women or nursing mothers should be avoided unless the

benefits outweigh the risks.''®

Children
Posaconazole lacks FDA approval for children under 13 but has been used off-label for those with cystic fibrosis. Due to

limited data on safety and efficacy in this age group, it is not recommended for onychomycosis treatment in children.'*

Liver Failure
As per Livertox, 2-12% of posaconazole users experience transient, mild, and asymptomatic elevations in serum
aminotransferase levels. These elevations are typically self-limited and rarely necessitate discontinuation of the

medication.® Regular liver function tests should be conducted at the beginning and throughout posaconazole therapy.130
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HIV

A 64-year-old HIV-positive patient, unresponsive to itraconazole and terbinafine, achieved onychomycosis treatment
success with posaconazole 800mg daily for 1 week each month for four months. Clinical and mycological cures were
attained, and the patient remained relapse-free during a 1-year and 4-month follow-up period. No adverse events were
observed.'*’

Drug Interactions
Posaconazole inhibits CYP3A4 and is contraindicated with the following drugs: sirolimus, CYP3A4 substrates (pimo-

zide, quinidine, HMG-CoA reductase inhibitors, and ergot alkaloids).'*’

Fosravuconazole L-lysine Ethanolate
Fosravuconazole L-lysine ethanolate (F-RVCZ), a ravuconazole (RVCZ) prodrug developed for improved pharmacoki-

netics and bioavailability compared to RVCZ, is approved for onychomycosis treatment in Japan (not in the USA).''®

F-RVCZ achieves 100% bioavailability after oral administration, along with excellent skin and nail tissue retention.'**'
The antifungal mechanism of RVCZ involves ergosterol biosynthesis inhibition, potent against a broad spectrum of
dermatophytes and pathogenic fungi, including Trichophyton, Candida, Aspergillus, and Cryptococcus.'>*'3

Efficacy

In a Phase III RCT by Watanabe et al including 153 patients with onychomycosis, F-RVCZ (100 mg) showed a higher
complete cure rate at week 48 (59.4%) compared to placebo (5.8%) (P<0.001), with a mycological cure rate of 82.0% vs
20.0% for placebo (P<0.001)."*® A prospective study including 37 elderly patients using F-RVCZ (100mg) for 12 weeks
resulted in a substantial decrease in percentage nail plate involvement from 86.6% to 28.1% (P<0.01), with a clinical cure
rate of 29.7%."** In a retrospective study by Inoue et al including 36 patients, F-RVCZ (100mg) taken daily for an
average of 11.3 weeks showed clinical cure in 11.1% and 33.3% at 24 and 48 weeks.'*®

Safety

In the study by Inoue et al, adverse events led to treatment discontinuation in 16.6% of cases, with elevated liver enzymes
(13.8%) and nausea/abdominal discomfort (2.7%). Six patients withdrew from treatment due to adverse events.'*® In the study
by Watanabe et al, abdominal discomfort was the most common adverse event (4.0%) with F-RVCZ. Laboratory abnormalities
included increased liver function test values, with y-GT elevations in 15.8%, ALT in 8.9%, AST in 7.9%, and blood alkaline

phosphatase in 2.0%. All laboratory abnormalities were mild to moderate and resolved after treatment completion.'*®

Special Populations
Clinical data are not available on RVCZ use in children, pregnant women, and nursing mothers. No clinical information

is available for dose adjustment in patients with hepatic and renal impairment.''®

Drug Interactions
RVCZ demonstrates decreased inhibition of CYP3A4 compared to itraconazole. Additionally, it exhibits negligible
inhibitory effects on CYP2CS8, CYP2C19, CYP2D6, CYP1A2, and CYP2C9, and therefore has minimal concern for drug

interactions. '3%13°

Topical Therapy

Amorolfine 5% Nail Lacquer

Amorolfine 5% Nail Lacquer, a morpholine derivative that inhibits ergosterol synthesis, gained European approval in 1991
and is approved for onychomycosis treatment in Australia, Brazil, Russia, Germany, and the UK, though it is not approved
for the treatment of onychomycosis in the United States or Canada.'*® The concentration increases from 5% to 27% with
solvent evaporation.'*® Treatment duration varies (6-12 months) based on infection severity, site, and nail plate growth.
Application involves filing and cleansing the nail, and clinical/mycological assessment every 3 months is recommended until

cure is achieved.'*® Amorolfine is dosed weekly and may improve patient compliance compared to daily ciclopirox.'*
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Efficacy
In a retrospective study including 53 Neoscytalidium dimidiatum-related onychomycosis cases treated twice weekly with
5% amorolfine nail lacquer, 89.3% achieved mycological cure, and 50% achieved complete cure in a median time of 112

142
1

and 176 days, respectively.'*" Another prospective study by Reinel et al'** with 456 patients using amorolfine 5% nail

lacquer for up to 6 months for onychomycosis showed complete cure rates of 54.2% (twice weekly) vs 46.0% (once
weekly), with mycological cure rates at 76.1% and 70.6% for twice and once weekly dosing, respectively.'**
Additionally, in a randomized trial of 160 patients comparing once and twice-weekly amorolfine 5% treatment for 6
months for onychomycosis, mycological cure rates were 71.2% and 75.3%, and complete cure rates were 46.1% and
61.8% after 3 months post-treatment, once and twice weekly, respectively.'*’

Safety

Common side effects of amorolfine include burning, itching, redness, irritation, and pain.'*’ In a randomized trial by
Reinel et al,'* only 4 out of 456 patients reported mild local irritation. Plasma levels of amorolfine were undetectable

(below 0.5 ng/mL) in all 19 patients tested.

Special Populations
Pregnancy and Lactation
Amorolfine, at doses >10 mg/kg/day, caused increased resorptions in pregnant rats and rabbits (Category B3), suggesting
embryotoxicity. The impact on human embryotoxicity is unclear, with no ongoing human trials, and the package insert

advises against its use during pregnancy or breastfeeding.'**

Children
Amorolfine is not licensed for children under 12 in Europe. However, a case report describes the successful treatment of
a 16-month-old with onychomycosis, using 5% amorolfine nail lacquer once a week for 12 weeks, then once every two

weeks for another 12 weeks. No recurrence or adverse events were reported during a half-year follow-up.'*

Ciclopirox
Ciclopirox, a synthetic hydroxypyridone, chelates metal-dependent enzymes, interfering with critical metabolic and
energy-producing processes in microbial cells. It has broad spectrum activity against dermatophytes, yeast, and non-
dermatophyte molds, as well as gram-positive and gram-negative bacteria, including resistant staphylococcus aureus
strains.'*® Ciclopirox nail lacquer topical solution 8%, was approved by the FDA in 1999 for the treatment of mild to
moderate onychomycosis without lunular involvement in immunocompetent patients.'*” It is recommended that the
medication is removed weekly with acetone and has higher efficacy when accompanied by weekly clippings and
debridement.* The lacquer’s concentration gradient allows penetration of all nail layers. It exceeds the minimum
inhibitory concentration for fungal species within 24 hours of application, with minimal systemic absorption.'**'*® As
the lacquer evaporates, the concentration gradient increases from 8% to 34%, enhancing penetration. The prolonged
contact period between the nail and the active ingredient contributes to its efficacy.'*’
Efficacy
Two identical RCTs, each with over 200 subjects, evaluated ciclopirox nail lacquer topical solution 8% applied daily for
48 weeks compared to a placebo vehicle for onychomycosis. In study I, mycological cure rates were 29% for active drug
vs 11% for placebo (P=0.002), and in study II the mycological cure rate was for active drug 36% vs 9% for placebo
(P<0.001).">° In an open, non-comparative study of 36 patients with onychomycosis following a 9-month regimen of
ciclopirox, 22% had complete cure of the toenails, while 14% experienced marked clinical improvement with complete
mycological cure.'' Per package insert, mycological cure rates for toenail onychomycosis are 29-36%, with complete
cure rates 5.5-8.5% (Table 3).*

Combination therapy of ciclopirox with a systemic antifungal medication for onychomycosis was evaluated in
a randomized study of eighty patients. Patients received either oral terbinafine 250mg/day for 16 weeks or
a combination of oral terbinafine 250mg/day for 16 weeks plus topical ciclopirox daily for 9 months, with mycological
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Table 3 Toenail Onychomycosis Cure Rates for Oral and Topical Treatment

Reference Treatment Mycological Cure Clinical Cure Complete Cure | Level of Evidence
Oral Therapy

87 Griseofulvin ® 29% ® 3% ® Not established |® [IB

55,70 Itraconazole ® 61% ® 52% ® 47% ® B

21,22 Terbinafine ® 70% ® 52.3% ® 38% * |B

102, 104 Fluconazole ® 79% ® |00% ® Not established |® [IB

Voriconazole ® Not established ® Not established |® Not established

129 Posaconazole ® Not established ® 455-54.1% ® Not established |® [IB

137, 135, 139 | Fosravuconazole L-lysine Ethanolate |® 82% ® |1-33% ® 59.4% ® |IB
Topical Therapy

143, 144 Amorolfine ® 70.6-89.3% ® 46-54.2% ® |IB

4,119 Ciclopirox ® 29%-36% ® 4% ® 55-85% °* B

126 Efinaconazole ® 53.4-61.6% ® |52-31.1% ® |IB

139 Tavaborole ® 31.1-35.9% ® 26.1-27.5% ® 65-9.1% * B

184 Luliconazole ® Not established ® Not established |® 14.9% ® |IB

Notes: Level IA: meta-analysis of randomized controlled trials; level IB evidence: at least one randomized controlled trial; level IlA evidence: at least one controlled study
without randomization; level IIB evidence: at least one other type of experimental study; level Ill evidence: nonexperimental descriptive studies. Level IV evidence: expert
committee reports or opinions or clinical experience of respected authorities.

cure rates of 88.2% for the combination therapy group vs 64.7% for terbinafine-only group (p<0.05). No significant
difference was noted in the complete cure rate (67.6% terbinafine only vs 50% combination, P>0.05)).'>

Safety

Due to minimal systemic absorption, ciclopirox nail lacquer topical solution 8% demonstrates a minimal side effect
profile. In the two aforementioned clinical trials, the most commonly reported mild effect was mild, transient irritation.
Overall, 1.8% of patients using ciclopirox nail lacquer topical solution 8% reported nail changes as an adverse event,
including nail discoloration, nail shape changes, and ingrown toenails.'>* A retrospective study of adverse events due to
ciclopirox using the FAERS database found that 10.2% of patients experienced application site discoloration.”> Other
reported adverse events include localized burning, periungual erythema, and application site reactions.”

Special Populations

Pregnancy and Lactation

Ciclopirox is classified as FDA category B. While animal studies have not reported maternal toxicity, fetotoxicity, or
teratogenicity, there have been no human studies.”’ It should not be used in pregnant women.”' There is limited data
regarding ciclopirox use during breastfeeding, therefore women should not use ciclopirox during lactation.

Children

Ciclopirox is FDA-approved for onychomycosis treatment in children 12 years and older. In a prospective, vehicle-
controlled study of 35 pediatric patients receiving ciclopirox daily for 32 weeks for onychomycosis, 70% of patients in
the ciclopirox group achieved mycological cure (negative culture) vs 20% in the vehicle group (P=0.31), and 60%
achieved effective treatment (IGA score of 2 or less plus negative culture) vs 20% in the vehicle group (P=0.06) at week
12. Those with poor response to vehicle were crossed over to active drug at week 12. Reversible nail discoloration was

the only reported adverse event, which resolved after treatment.'>*
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Diabetic Patients

In an observational study, 215 diabetic patients who applied ciclopirox nail lacquer topical solution 8% daily for up to 6
months for onychomycosis, there was a reduction nail surface area involvement from 64.3% at baseline to 25.7% at 6
months.">> Another study including 49 type II diabetic patients with onychomycosis receiving insulin or oral hypogly-
cemic therapy reported clinical improvement in 63.4% of patients using ciclopirox nail lacquer topical solution 8% for 48
weeks, with mycological cure in 54.3%.'* Ciclopirox may be used in individuals with diabetes and exhibits comparable
efficacy to the general population.

Efinaconazole
Efinaconazole 10% was FDA approved for treatment of onychomycosis in 2014. It is a triazole antifungal that inhibits
ergosterol synthesis by blocking 14a-demethylase.'>” It exhibits activity against dermatophytes, non-dermatophyte
molds, and candida both in vitro and in vivo.* The drug has a 7-fold higher unbound keratin fraction and a higher
release rate from keratin than ciclopirox or amorolfine, which correlates with greater nail penetration and fungicidal
activity,'>%1%9
Efficacy
In a multicenter, open-label study involving 200 patients with onychomycosis treated with efinaconazole 10% daily for
up to 72 weeks, complete cure rates were 31.1% and mycological cure rate were 61.6%."'°® Pooled data from two phase
III clinical trials with 1655 participants showed higher complete cure rates compared to vehicle (study 1:17.8% vs 3.3%,
study 2: 15.2% vs 5.5%, P<0.001), and higher mycological cure rates for active drug compared to vehicle (study 1:
55.2% vs 16.8%, study 2: 53.4% vs 16.9%, P< 0.001).'¢! Patients concurrently treated for tinea pedis and onychomy-
cosis had higher rates of complete and mycological cure rates (29.4% and 56.2%, respectively) compared to those who
were not treated for tinea pedis (16.1% and 45.2%) (P < 0.001).'

Efinaconazole is effective in treating dermatophytomas, defined as subungual hyperkeratotic fungal masses oftentimes
with biofilms. In an open-label study of 19 participants with dermatophytomas treated with efinaconazole daily for 48

weeks, mycological cure rate was 100% at week 52, with mean time to resolution of 16 weeks.'®®

Safety

Efinaconazole has demonstrated a favorable safety profile. In a prospective study of 62 patients receiving efinaconazole
for 48 weeks for onychomycosis, the only treatment-related adverse event was ingrown toenails.'®® In the aforemen-
tioned multicenter study, the most common adverse events were contact dermatitis (5%) and application site erythema

(0.9%)."%° Efinaconazole was not associated with erythema, swelling, burning, itching, or vesiculation.'®'

A retrospective
study of adverse events associated with efinaconazole using the FAERS database 2014-2019 found that the most
common adverse events were nail discoloration (10.6%), and skin erythema (8.6%).>> There were three case reports of

confirmed allergic contact dermatitis due to efinaconazole.'®>'¢’

Special Populations
Pregnancy and Lactation
No clinical trials have evaluated efinaconazole’s efficacy in pregnant patients, therefore it is classified as FDA category

C."? Efinaconazole was detected in the milk of nursing rats in animal studies, warranting caution in lactating patients.'>

Use of efinaconazole should be avoided in pregnancy and lactation.'®®

Children

Efinaconazole is FDA approved for treating onychomycosis in children ages 6 and older. In a multicenter, open-label
study with 52 pediatric onychomycosis patients treated with efinaconazole 10% for 48 weeks, mycological cure rates
were 65%, complete cure rates were 40%, and clinical cure rates were 42%. While there are no head to head studies,

these cure rates are considerably higher than those in the adult cohort (complete cure: 15.2%-17.8%; mycological cure:
53.4-55.2%), which may be attributed to faster nail growth, shorter duration of infection, less nail damage over time, and
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shorter nail length, or trial design.'® The most common adverse events were local and included ingrown toenail (2.3%),
164

application-site dermatitis (2.2%), application-site vesicles (1.6%), and application-site pain (1.1%).
Diabetic Patients

Efinaconazole has shown efficacy for onychomycosis treatment in diabetic patients. A post-hoc analysis with 36 diabetic
patients with onychomycosis reported mycological cure in 58.33% and clinical cure in 11.11%, with no association
between hemoglobin A1C and efficacy endpoints.'’® In a post-hoc analysis of two-phase III studies with diabetic patients
with onychomycosis, efinaconazole demonstrated higher complete cure and mycological cure rates compared to vehicle
at week 52 (13.0% vs 3.7%) and (56.5% vs 14.8%, P=0.016), respectively.'”!

Tavaborole

Tavaborole is a boron-based molecule and a highly specific fungal protein synthesis inhibitor. It targets fungal LeuRS, which
inhibits tRNA function and inhibits fungal protein synthesis.'”? Tavaborole topical solution 5% was FDA approved in 2014
for mild to moderate onychomycosis cases and is applied once daily for 48 weeks.'”* Tavaborole penetrates the nail bed, with
250-fold greater penetration than ciclopirox in a cadaver study (P<0.05).'”* In vitro studies have demonstrated that
tavaborole has efficacy against Trichophyton rubrum, Trichophyton mentagrophytes, Epidermophyton floccosum,
Microsporum audouinii, Malassezia furfur, Candida albicans, Fusarium solani, and Aspergillis fumigatus."”

Efficacy

In two phase III randomized, vehicle-controlled studies (n=1194) for onychomycosis patients aged 18 years or older,
mycological cure rates were 31.1-35.9% vs 7.2-12.2% in the treatment vs vehicle groups and complete cure was 6.5—
9.1% vs 0.5-1.5% in the treatment vs vehicle groups (P<0.001). Completely or almost clear nail cure rate was 26.1—
27.5% with tavaborole vs 9.3-14.6% with vehicle (P<0.001).'”> A post-hoc analysis of a Phase II randomized vehicle-
controlled tavaborole trials for onychomycosis found that of 102 patients with dermatophytomas, 24.4% achieved
complete resolution of dermatophytomas with tavaborole, vs 0% of patients treated with vehicle.'’® A Cochrane review
reported that tavaborole was superior to vehicle for onychomycosis treatment in achieving mycological cure (RR 3.40,
95% CI 2.34-4.93) and complete cure (RR 7.40, 95% CI 2.71-20.24), but noted a higher risk of adverse events compared
to vehicle (RR 3.82, 95% CI 1.65-8.85) based on two studies.'”’

Safety

In the aforementioned phase III clinical trials, the adverse event rate in the tavaborole group was similar to the vehicle
group. Most reported adverse events were mild or moderate in severity, including exfoliation (2.7%), erythema (1.6%),
and dermatitis (1.3%).'”” A meta-analysis of monotherapy treatment for onychomycosis ranked tavaborole 5% and
placebo both as the least likely to cause adverse events.'”® In a retrospective analysis of adverse events with topical
onychomycosis medications using the FAERS database, the most common adverse events were application site erythema
(16.4%), and application site pain (8.3%).'>

Special Populations

Pregnancy and Lactation

Tavaborole is classified as FDA category C. In animal studies, exposure to high doses of tavaborole were associated with
maternal toxicity, embryo-fetal resorption, skeletal malformations, and variations in skeletal ossification in rats and
rabbits.*' Studies examining the risks of tavaborole in human pregnancy are lacking, and there is no data regarding the
excretion of the drug into breast milk. Tavaborole should not be used during pregnancy or lactation.

Children

Tavaborole is FDA-approved for onychomycosis treatment in children ages 6 and older. In an open-label study of
pediatric patients (age 6—17 years old) applying tavaborole for 48 weeks for onychomycosis treatment, 8.5% achieved
complete cure at week 52, and 36.2% of patients achieved mycological cure.'”” The most common adverse events were
erythema (13%), scaling (11.1%), induration/edema (9.3%), pruritus (5.6%), and oozing and crusting (3.7%)."”’
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Luliconazole

Luliconazole, an imidazole antifungal, gained approval in Japan in 2005 and from the FDA in November 2013 for treating
interdigital tinea pedis, tinea cruris, and tinea corporis in individuals aged 18 and above.'® It is not yet approved for
onychomycosis treatment in the US. Its mechanism of action is the inhibition of sterol 14a-demethylase.'®' In both in vitro
and in vivo studies, luliconazole demonstrated broad-spectrum activity against dermatophyte and non-dermatophyte pathogens,
with lower minimum inhibitory concentrations compared to other antifungal drugs including terbinafine, bifonazole, clotrima-
zole, miconazole, and amorolfine hydrochloride.'®* Notably, its low binding affinity for keratin allows easy release from the nail
plate, facilitating penetration into the nail bed.'®*

Efficacy

In a double-blind, randomized study by Watanabe et al, 293 patients with onychomycosis received either luliconazole 5%
nail solution or a vehicle once daily for 48 weeks. At week 48, luliconazole showed a significantly higher complete cure
rate for onychomycosis (14.9%) compared to the vehicle (5.1%) (P=0.012). The luliconazole group also exhibited
a higher rate of negative direct microscopy (45.4%) compared to the vehicle group (31.2%) (P=0.026).'%

Safety
In the randomized trial by Watanabe et a
skin (6.7%), contact dermatitis (5.2%), paronychia (4.1%), and eczema (3.1%). Another open-label study with 24 patients

using luliconazole 10% for onychomycosis for 36 days showed fewer side effects (11.3%) compared to the vehicle

1,'® the most common adverse drug reactions with luliconazole included dry

(16.9%). Application site reactions, including general reactions, pruritus, and pain, were reported in two patients with 1%
luliconazole cream but did not require discontinuation.'®* Additionally, one case of allergic contact dermatitis from
luliconazole in a 59-year-old patient treated for tinea pedis has been reported.'®’

Special Populations

Pregnancy and Lactation

There is a lack of research on luliconazole’s safety during pregnancy and breastfeeding (FDA category C). Therefore, it
is advisable to avoid using this drug in individuals in these populations.

Children

The FDA has expanded the approval of luliconazole cream for patients aged 12 and older with interdigital tinea pedis and
tinea cruris, and for patients aged 2 and older with tinea corporis caused by Trichophyton rubrum and Epidermophyton
floccosum. However, the safety and efficacy of the drug in children for onychomycosis have not been studied.

Conclusion

The landscape of onychomycosis treatment encompasses a range of oral and topical therapies. When a patient seeks
treatment for confirmed positive onychomycosis, a shared dialogue between the patient and the physician is imperative.
Before initiating treatment, a thorough evaluation of medical history and potential medication interactions is required for
all patients. Additionally, patients are informed about the benefits and drawbacks of oral therapy, which commonly
include gastrointestinal upset, rash, or headaches. It is crucial to discuss more serious but rare side effects such as hepatic
injury. Addressing initial hesitations and dispelling misconceptions about the safety of oral therapy, particularly regarding
the perceived risk of liver complications, is an essential aspect of patient education. For patients undergoing oral therapy,
a baseline CBC/CMP should be conducted. Terbinafine is recommended as the first-line oral therapy (Figure 1). Topical
treatment is reasonable for patients with few nails affected and/or limited nail plate involvement or for patients with
contraindications to oral therapy. It is important to communicate the lower efficacy rates compared to oral therapy, along
with potential side effects such as application site erythema. Of the FDA-approved topical treatments, efinaconazole has
high efficacy rates.
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Patients>18 Years

Patients with
Children Comorbidities

— N

Interacting medications with

Healthy Patients

Mild/moderate nail

involvement: Topical or oral Mild nail Moderate/severe terbinafine: Oral itraconazole

treatment involvement: involvement: Topical oral fluconazole. or topical '
Topical treatment or oral treatment trestment '

Severe nail involvement: -

Oral treatment Diabetes: Oral terbinafine

Liver/kidney failure: Oral
terbinafine or topical
treatment®

HIV: Oral terbinafine

Figure | Algorithm of First-Line Therapeutic Recommendations for Confirmed Onychomycosis.

Notes: Data from Lipner et al.>” Mild disease: <20% nail involvement, moderate disease: 21-60% nail involvement, severe disease: 6 |—100% nail involvement. All medication
selections are based on medication with the highest mycological and clinical cure rates along with the lowest side effect profile. In all patients, age, severity of disease,
interacting medications, comorbidities, and patient preferences must be considered. Tinea pedis must be evaluated for and treated in all patients with confirmed
onychomycosis. In pregnant patients, wait until after pregnancy to treat. Avoid in breastfeeding patients.
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