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Onychomycosis recently has become more widely rec-
ognized as a medical condition having importance well 
beyond the cosmetic appearance of nails. Failure to di-

agnose this infection accurately and treat it effectively may lead 
to medical sequelae such as permanent damage to the nail plate 
and its attachments, and the potential for secondary bacterial 
infections, as well as spread of the fungus locally and to other 
parts of the body and transmission of the infection to others. In 
addition, quality-of-life and psychosocial consequences cannot 
be overlooked. However, until the introduction of newer, more 
effective medications over the past 2 decades, most patients with 
onychomycosis remained undiagnosed and untreated or ineffec-
tively managed.

The introduction of terbinafine in 1996 marked the beginning of 
a new era in the diagnosis and treatment of onychomycosis. The 
approval of the first topical antifungal for the treatment of this in-

fection followed soon afterward; in 1999, the topical antifungal 
agent ciclopirox was approved by the US Food and Drug Admin-
istration (FDA). 

Research focusing on a clearer understanding of the underlying 
infectious organisms subsequently led to the introduction of two 
new topical agents, efinaconazole and tavaborole, both approved 
by the FDA in 2014. 

This educational supplement features highlights of a CME/CE 
independent satellite symposium, which was held on November 
6, 2015, at Skin Disease Education Foundation’s 16th Annual Las 
Vegas Dermatology Seminar. It reviews the efficacy and safety of 
onychomycosis treatments, provides an overview of the mecha-
nisms of action of the available antifungal agents, addresses ony-
chomycosis in special patient populations, and discusses strategies 
for improving patient adherence to recommended therapy and re-
ducing the risk for recurrence of infection.
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Onychomycosis prevalence estimates vary widely; based 
on the available studies, the overall prevalence of ony-
chomycosis is probably at least 10% to 12%, possibly 

higher.1-3 The vast majority of cases of onychomycosis involve 
dermatophyte molds, particularly Trichophyton rubrum, which ac-
counts for 90% of infections, and T. mentagrophytes. Candida spe-
cies cause between 10% and 20% of onychomycosis, and a small 
number of cases can be attributed to nondermatophyte molds, such 
as Acremonium, Fusarium, and Scopulariopsis spp.1-3 

Risk Factors for Onychomycosis
Despite the lack of more exact epidemiologic data, climate, popu-
lation, and other risk factors can be helpful in narrowing the di-

agnosis in patients with nail symptoms. Onychomycosis is more 
common in hot, humid regions and is less commonly seen in tem-
perate or cold, dry climates. Other environmental risk factors in-
clude public areas where individuals may walk barefoot—pools, 
spas, gym locker rooms, and hot tubs. In addition, increasing age 
is a risk factor: it is clear that onychomycosis is uncommon in pe-
diatric patients, whereas its prevalence in geriatric populations is 
estimated to be as high as 60%.3 

A number of medical conditions also are associated with an 
increased risk for onychomycosis (Table 1), including several 
comorbid conditions: diabetes, psoriasis, peripheral vascular 
disease, tinea pedis, and diseases that adversely affect immune 
function.4-17 Among these, diabetes is the most common—up to 
one-third of patients with diabetes also have onychomycosis.6-8

Patients with psoriasis also are at increased risk for onychomy-
cosis. In one review of the literature, Klaassen et al10 reported that 
about 18% of patients with psoriasis have onychomycosis, and 
Méndez-Tovar and colleagues11 found onychomycosis in 28% of 
hospitalized patients. 

Tinea pedis increases the risk for nail infection (Figure 1). Al-
though such coinfections are not among the most common, when 
onychomycosis is suspected, examination should be done for 
signs of tinea pedis between the toes (interdigital distribution) 
and on the soles of the feet (moccasin distribution). Individuals 
who share a residence with a patient who has onychomycosis 
also should be asked about and, if possible, examined for fungal 
infections of both nail and skin. This is particularly important 
in cases of pediatric onychomycosis or recurrent nail infections. 
Onychomycosis is uncommon in young children in general but 
is more common among children whose parents or older siblings 
have onychomycosis or tinea pedis. In patients with recurrent in-

n Abstract
No scientifically rigorous, large, prospective studies have 
been done to document the true prevalence of onycho-
mycosis; the reported rates vary mainly by climate and 
by population, but the overall prevalence in the United 
States is estimated to be at least 10%. Advanced age and 
diabetes are the most commonly reported risk factors for 
onychomycosis. The differential diagnosis of onychomyco-
sis is lengthy, and visual inspection alone is not sufficient 
for a definitive diagnosis—direct microscopic examination 
of a wet-mount preparation with 10% to 20% potassium 
hydroxide is the first-line diagnostic test.
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Dermatophyte; onychomycosis; Trichophyton rubrum
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n TABLE 1. Risk Factors for Onychomycosis

• Tinea pedis4,5 

• Nail trauma5

• Diabetes6-8

• Psoriasis9

 – 18% in a systematic review of the literature10

 –   28% in a prospective study of hospitalized patients with 
psoriasis11

• Advanced age12-15

• Peripheral vascular disease5

• Compromised immune function16

• Personal/family history of onychomycosis17

Understanding Onychomycosis:
Resolving Diagnostic Dilemmas 

Linda F. Stein Gold, MD*
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fections, other individuals in the household who have untreated 
tinea pedis may be a source of chronic reinfection.

In addition, any type of nail trauma can increase the risk for 
onychomycosis, as damage to the nail plate—and, consequently, 
disruption of the plate from the nail bed—allows introduction of 
potentially pathogenic organisms. 

Differential Diagnosis
Although onychomycosis is a common nail disease, it is important 
to note that 50% of cases of nail disease can be attributed to causes 
other than fungus or yeast infections.18 As shown in Table 2, a 
number of other conditions can mimic onychomycosis, including 
other infections or diseases and trauma.18-21 Because discoloration, 
brittleness, and other signs of nail dystrophy are common to many 
clinical entities, visual inspection alone is not sufficient to estab-
lish a diagnosis of onychomycosis (Figure 2); objective diagnostic 
techniques should be used. 

Diagnostic Techniques
The first-line diagnostic technique for onychomycosis is direct 
microscopy of a carefully prepared specimen of affected sub-
ungual tissue in 10% to 20% potassium hydroxide (KOH). For 
a more definitive diagnosis—ie, identification of the infecting 
organism(s)—a culture or histopathologic techniques (period-
ic acid–Schiff [PAS] stain or polymerase chain reaction [PCR] 
testing) may be considered. An overview of these recommended 
diagnostic techniques is provided below. [For a more detailed 
discussion of onychomycosis presentations, mycology, and diag-
nostic testing, the reader is referred to the comprehensive article 
published by Elewski.3]

Potassium Hydroxide Preparation:  
Examination and Culture
Microscopic examination of a specimen prepared with 10% to 
20% KOH is a readily accessible technique for determining wheth-
er fungal organisms are present in a sample; however, proper sam-
pling is essential to its value as a first-line diagnostic tool.

To obtain a good subungual sample, it is necessary to trim back 
the nail to access the moist debris that lies behind the dry, flaky 
material at the end of the distal nail. After trimming, the nail and 
surrounding tissue should be cleaned thoroughly to prevent bac-

terial contamination of the sample. In obtaining a sample, a cu-
rette may be more helpful than a blade to minimize bleeding and 
patient discomfort. 

Mycologic Culture
A mycologic culture can be considered if onychomycosis is sus-
pected but KOH findings are negative, or to identify the specific 
organism when hyphae, spores, or other fungal structures are seen 
on direct microscopy. The results usually are available in 4 to 6 
weeks; meanwhile, therapy can be initiated, if indicated. 

Histologic Evaluation
Histologic evaluation of a sample of nail clippings using PAS stain 
also can be ordered to identify the infecting organism. In contrast 
to culture, the results of PAS studies are available in 1 to 2 days. 
Moreover, PAS results are more specific than fungal culture find-
ings. This superior sensitivity was demonstrated in a study of 100 
consecutive cases of suspected onychomycosis in which direct 

n TABLE 2. Differential Diagnosis  
of Onychomycosis18-21

• Nail trauma

• Psoriasis

• Lichen planus

• Paronychia

• Bacterial infection

• Pachyonychia congenita

•  Nail bed tumors (squamous cell carcinoma) and verrucae

• Yellow nail syndrome

• Alopecia areata

• Contact/atopic dermatitis

• Idiopathic onycholysis

• Twenty-nail dystrophy (trachyonychia)

•  Nail changes associated with systemic disease or nail 
cosmetics

n FIGURE 1. Onychomycosis and Tinea Pedis. When onychomy-
cosis is suspected, the skin should be inspected for signs of tinea 
pedis. The reverse is also true—if a patient complains of symptoms 
of athlete’s foot, the toenails should be examined for evidence of 
onychomycosis. Photo courtesy of Theodore Rosen, MD.

n FIGURE 2.  White Superficial Onychomycosis. Several clinical 
signs, including erythema and swelling of the nail folds, make 
visual inspection alone an unreliable diagnostic method. This 
patient has white superficial onychomycosis, confirmed by diag-
nostic testing. Photo courtesy of Theodore Rosen, MD.
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microscopy and fungal culture results were negative. Mayer and 
colleagues22 showed that 38 patients (38%) had positive fungal ele-
ments when the nail clippings were processed with hematoxylin, 
eosin, and PAS.

PCR testing also has been shown to be more sensitive than 
PAS in detecting the presence of mycologic organisms compared 
with direct microscopy with KOH or culture. In one study that 
compared the positivity rates with KOH/microscopy, culture, and 
PCR, the investigators reported rates of 10%, 29%, and 40%, re-
spectively.23 The results of PCR testing usually are available in 
about 3 days.

Conclusion
The accurate diagnosis and early treatment of onychomycosis is 
important to the preservation and function of the nail plate in pa-
tients with early disease and to the prevention of progressive de-
struction and deformity in patients with long-standing disease. In 
addition, onychomycosis represents a reservoir of fungus that can 
seed the skin of other areas of the body, and can be transmitted to 
others with whom the patient comes in contact. Effective therapy 
is available. 
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In selecting an antifungal agent to treat onychomycosis, clini-
cians must consider several factors: efficacy, side effect profile, 
drug-drug interactions, and the presence of comorbid diseases 

and conditions. This article focuses on the efficacy, safety, and 
drug-drug interactions associated with the systemic and topical 
medications used in the treatment of onychomycosis. [The third 
article in this supplement, “Concepts in Onychomycosis Treatment 

and Recurrence Prevention: An Update,” on pages 13-16, address-
es the topic of onychomycosis comorbidities in detail.]

Systemic Therapy: Efficacy Rates
Clinical trials have established the efficacy of terbinafine, itraconazole, 
and fluconazole in dermatophyte infections, using the FDA standard 
of complete cure—ie, negative mycology (both direct microscopy of a 
potassium hydroxide [KOH] wet-mount preparation and negative cul-
ture where shown in red wet-mount preparation and negative culture) 
and normal nail plate appearance as the end point (Table 1).

Terbinafine has been the drug of choice since its introduction in 
1996. The initial clinical trials comparing terbinafine with itracon-
azole showed that terbinafine was more effective. Those studies 
demonstrated a 38% complete cure rate using what became the 
FDA-approved dosage regimen for oral terbinafine—250 mg/day 
for 12 weeks.1,2 Subsequently, Evans and colleagues3 investigated 
the use of pulsed dosing of terbinafine, using either three or four 
pulses of 250 mg/day (ie, 1 week of daily treatment followed by 3 
weeks off, repeated either once or twice). The reported cure rates 
were 49% for the three-pulse regimen and 54% for the four-pulse 
regimen. Pulsed dosing of terbinafine is not approved by the FDA.

Itraconazole, at a dosing schedule of 200 mg/day for 12 weeks, has 
been reported to yield a cure rate of 14%.4 The results of clinical trials 
of pulsed dosing of itraconazole in patients with fingernail onychomy-
cosis—a complete cure in 47% of patients—led to FDA approval of a 
regimen of two pulses of 400 mg/day for this indication (ie, 1 week of 
treatment followed by 3 weeks off, repeated once).3 Studies of pulsed 
dosing of itraconazole in patients with toenail onychomycosis yielded 
efficacy rates of 23% for three pulses and 26% for four pulses.3 Al-
though not approved by the FDA for this indication, pulsed dosing of 
itraconazole frequently is used to treat toenail onychomycosis.

Fluconazole is not FDA approved for onychomycosis, but it is 
used quite commonly to treat both fingernail and toenail fungal 
infections. The typical regimen is a single weekly dose of 150 to 
450 mg, for at least 6 months. Scher and colleagues5 reported ef-
ficacy rates of 37% with 150 mg/week, 46% with 300 mg/week, 
and 48% with 450 mg/week. 

In addition, Gupta and colleagues6 reviewed other clinical trials 
that examined the efficacy of these medications with some smaller 
or noncontrolled trials yielding higher efficacy rates than those 
seen in the phase III trials. Although none of these medications 
is FDA approved for onychomycosis caused by Candida species, 
clinical studies have demonstrated that these oral antifungals do 
have some efficacy.6 

Systemic Therapy: Safety
Oral antifungal agents generally are considered safe, but the pre-
scribing information for each medication should be considered 
with respect to individual patient characteristics, and careful atten-
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n Abstract
In 1996, oral terbinafine joined itraconazole and flucon-
azole on the short list of systemic medications that could 
be used to treat onychomycosis (although fluconazole 
was not approved for this indication by the US Food and 
Drug Administration [FDA], it was commonly used for this 
purpose). In 1999, ciclopirox was the first topical treatment 
to be FDA approved. The addition of the topical antifungal 
agents efinaconazole and tavaborole in 2014 expanded 
the roster of medications available to more effectively 
manage onychomycosis in a wide range of patients, 
including those for whom comorbid conditions, concomi-
tant medications, or patient preference limited the use of 
systemic antifungals.

Keywords
Candidiasis; ciclopirox; efinaconazole; dermatophytosis; 
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tion should be paid to recommendations for baseline and follow-up 
testing and clinical monitoring. 

For example, terbinafine has been associated with hepatic failure, 
and the prescribing information recommends that liver function tests 
be performed both at baseline and periodically during treatment. 
Other adverse events previously reported with the use of terbinafine 
include taste and smell disturbances that may become permanent, 
depression, severe neutropenia, and skin diseases such as Stevens-
Johnson syndrome, drug reaction with eosinophilia and systemic 
symptoms (DRESS), and lupus erythematosus–like illness.1 

The prescribing information for itraconazole contains cautions 
about heart failure, other cardiac effects, including life-threatening 
arrhythmias, and sudden death (especially when itraconazole is 
used concomitantly with certain cytochrome P450 inhibitors—see 
“Drug-Drug Interactions” below). Hearing loss has been reported 
with the use of this medication, and hepatotoxicity rarely has been 
reported to occur as early as the first week of treatment.4 Moreover, 
in vitro drug resistance has been demonstrated with this and the 
other azole drug, fluconazole.4,7

In addition to in vitro drug resistance, fluconazole use has been 
associated with hepatotoxicity, significant skin diseases, and pro-
longation of the QT interval on electrocardiogram. Fluconazole 
also has been associated with congenital defects, and its use should 
be avoided during the first trimester of pregnancy.7

Drug-Drug Interactions
No drug interactions have been reported with the use of any of the top-
ical antifungal agents approved for the treatment of onychomycosis. 

A number of drug-drug interactions—many of which are theo-
retical—are listed for each of the systemic antifungal medications 
(Table 2). The prescribing information for each of these medica-
tions should be consulted before choosing an oral antifungal. A 
detailed description of the mechanisms by which these interactions 
may occur is beyond the scope of this article, so one or two illustra-

tive examples have been chosen for terbinafine, itraconazole, and 
fluconazole.

Terbinafine, which is metabolized by the cytochrome p450 
(CYP450) enzyme 2D6 (CYP2D6), may interact in particular with 
drugs that are also metabolized by CYP2D6.1 Although the class of 
beta-blockers is listed in the prescribing information, not all beta-
blockers may interact to the same degree. Metoprolol—the most 
commonly prescribed beta-blocking agent in the United States—is 
the most likely drug in this class to interact with terbinafine. Terbi-
nafine may inhibit the metabolism of metoprolol, resulting in ex-
cess systemic levels of metoprolol and a risk for bradycardia, low 
blood pressure, and, possibly, cardiogenic shock.8

Itraconazole is metabolized by the CYP3A4 enzyme, a charac-
teristic it shares with several other medications.4 One interaction of 
note is itraconazole’s inhibition of metabolism of statin drugs, par-
ticularly simvastatin and lovastatin; this action can result in rhab-
domyolysis. In addition, a potentially fatal interaction can occur 
when itraconazole is given concomitantly with opioids, particular-
ly methadone; the combination is associated with a high likelihood 
of a fatal arrhythmia.9

Fluconazole has been widely studied and demonstrated to be 
effective against onychomycosis, and, although it is not FDA 
approved for this indication, it is widely used for treating this 
infection. Potential interactions include antiarrhythmic drugs, an-
tipsychotics, and antihistamines7 (although the most problematic 
among these, terfenadine, is no longer marketed). 

However, not on the list derived from the fluconazole prescrib-
ing information is an interaction that has been demonstrated re-
cently with tofacitinib—a medication currently approved for 
rheumatoid arthritis, well studied and likely to be approved for 
psoriasis and psoriatic arthritis, and being used investigationally in 
alopecia areata. Fluconazole inhibits tofacitinib’s metabolism and, 
therefore, may lead to gastrointestinal disturbances, such as severe 
diarrhea. Furthermore, inhibition of tofacitinib’s metabolism may 

n TABLE 1. Systemic Antifungals: Efficacy in Phase III Pivotal Trials

Medication/Regimen Complete Cure Rates Comments

Terbinafine

250 mg/day x 12 weeks1

250 mg/day x 1 week/month2

 Repeated for 3 pulses

 Repeated for 4 pulses

38%

49%

54%

Pulsed dosing of terbinafine is not FDA approved.

Itraconazole

200 mg/day x 12 weeks3

400 mg/day x 1 week/month2

 Repeated for 3 pulses

 Repeated for 4 pulses

14%

23%

26%

Approved regimen for toenail onychomycosis, with/without 
fingernail involvement.

This regimen is not approved for either toenail or fingernail 
onychomycosis.

Fluconazole4

150 mg/week

300 mg/week

450 mg/week

37%

46%

48%

Fluconazole is not FDA approved for use in onychomycosis.
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potentiate tofacitinib-related infections, particularly pharyngitis, 
sinusitis, and bacterial infections; some of these infections may 
be severe.10

Topical Agents: Efficacy and Safety
Currently, three topical agents are approved for the treatment of 
onychomycosis: ciclopirox 8% solution, efinaconazole 10%, and 
tavaborole 5%. No systemic adverse events have been reported 
with these topical agents, and the incidence of serious local reac-
tions generally is quite low. Because the pivotal studies of these 
agents were not conducted using standardized protocols, each 
medication must be considered on its own merits in determining 
which topical agent to choose for an individual patient. The ef-
ficacy rates from the pivotal trials of these three agents are listed 
in Table 3.

Ciclopirox
Ciclopirox has antifungal, antibacterial, and anti-inflammatory ef-
fects. The lacquer is painted on the nail plates of the affected nails 
daily for 48 weeks. It has demonstrated good fungicidal activity in 
vitro against the dermatophytes Trichophyton rubrum, T. mentag-
rophytes, and Epidermophyton floccosum; Candida spp; and the 
nondermatophyte molds Scopulariopsis brevicaulis, Aspergillus 
spp, and Scytalidium hyalinum.6 

The phase III pivotal trial protocol included patients between the 
ages of 18 and 70 years, with distal subungual onychomycosis of 
at least one great toenail (target nail) and positive KOH examina-
tion and culture for dermatophytic onychomycosis. Involvement 
of the target nail was no less than 20% and no greater than 65%. 
The lacquer was painted once daily on the entire nail plate of the 
target nail(s), along with approximately 5 mm of adjacent skin, the 
hyponychium, and the accessible ventral surface of the nail plate. 
The lacquer was removed once weekly with an alcohol wipe. In 
addition, subjects were required to report each month for profes-
sional trimming and debridement of the nails.11 The guidelines for 
use specified in the prescribing information for ciclopirox include 
weekly removal of the lacquer and regular visits to a health care 
professional for debridement.12

In the two phase III pivotal trials, the complete cure rates re-
ported were 5.5% and 8.5%.12

Efinaconazole
Efinaconazole is an azole drug with good potency against T. ru-
brum, T. mentagrophytes, and C. albicans. The formulation has 
a low surface tension, causing a “wicking” action that draws the 
medication around the nail. Studies of in vivo penetration showed 
that daily application of 10% and 5% solutions to all 10 toenails 
for 28 days demonstrated high levels of nail deposition and low 
systemic exposure to efinaconazole and its metabolite.13

In two parallel, 52-week, phase III, multicenter trials of efina-
conazole,14 a total of 1,655 subjects were randomized, in a 3:1 
ratio, to receive either efinaconazole or placebo. Included were 
subjects between 18 and 70 years of age with mild to moder-
ate onychomycosis affecting 20% to 50% of at least one great 
toenail, with at least 3 mm of uninfected nail as measured from 
the proximal nail fold, and a nail plate thickness no greater than 
3 mm. Nail trimming, to any extent, was permitted but not re-
quired. 

The cure rates in the efinaconazole pivotal trials were 15% and 
18%.14,15 

Tavaborole
Tavaborole represents a new class of antifungal agent. It is a low-
molecular-weight, boron-containing compound that specifically 
targets fungal protein synthesis.16 In preclinical studies, tavaborole 
demonstrated excellent and rapid penetration through the nail plate 
and into the nail bed.17 

The inclusion criteria for the two parallel, phase III pivotal trials 
of tavaborole had several of the same or similar inclusion criteria 
as the pivotal trials of the other two topical antifungals: laborato-
ry-confirmed onychomycosis of at least one great toenail; nail in-
volvement of between 20% and 60%; at least 3 mm of uninvolved 
nail, as measured from the proximal nail fold; and nail thickness 
of 3 mm or less.18 

However, these tavaborole studies differed from the ciclopirox 
and efinaconazole trials in three important respects, which should 

n TABLE 2. Systemic Antifungals: Potential  
Drug-Drug Interactions

Terbinafine1

• Beta-blockers
• Antiarrhythmics
• Tricyclic antidepressants
• Selective serotonin reuptake inhibitors (SSRIs)
• Monoamine oxidase inhibitors (MAOIs)

Itraconazole4

• Antiarrhythmics
• Statins
• Antihypertensives
• Benzodiazepines
• Opioids
• Antipsychotics
• Vasoconstrictors (ie, migraine therapy)

Fluconazole7

• Antiarrhythmics
• Antipsychotics
• Antihistamines
• Tofacitinib10 (fluconazole inhibits tofacitinib’s metabolism) 

n TABLE 3. Topical Antifungals:  
Efficacy in Phase III Pivotal Trials

Medication Complete Cure Rates*

Ciclopirox 8%12 5.5% and 8.5%

Efinaconazole 10%15 15% and 18%

Tavaborole 5%16 6.5% and 9.1%

Regimens: All of these medications are approved for daily 
application for 48 weeks.

*Results of two phase III trials, respectively. 
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be considered when comparing cure rates. First, in the tavaborole 
studies, no upper age limit was established (whereas the upper age 
limit in the other two studies was 70 years). Second, in the tava-
borole studies, the medication was to be applied without debride-
ment. Third, the final nail trimming prior to the final assessment 
allowed no less than 1 mm of growth at the distal edge of the target 
nail(s); in the other studies, the nail could be trimmed to the distal 
edge of the nail, which could affect the grading results. 

The complete cure rates in the tavaborole pivotal trials were 
9.1% and 6.5%.16,18

Mechanisms of Action
The antifungal activities of the medications used to treat onycho-
mycosis vary by class (Figure). The systemic agents itraconazole 
and fluconazole and the topical agent efinaconazole are in the 
azole class—specifically, in the triazole category. Triazoles work 
by inhibiting 14α-demethylase of the P450 enzyme, blocking con-
version of lanosterol to ergosterol in fungal cells; ergosterol is es-
sential to fungal cell growth.4,7,15

Terbinafine, in the allylamine class, also inhibits ergosterol bio-
synthesis, but at a different point in the pathway. Rather than affect-
ing P450 and lanosterol-converting enzymes, the allylamines inhibit 
squalene oxidase, resulting in lethal fungal cell membrane changes.1 

Ciclopirox is a synthetic antifungal agent. Its mechanism of 
action has not been clearly established but seems to involve both 
the inhibition of the metal-dependent enzymes responsible for the 
degradation of peroxides within the fungal cell as well as upregu-
lation of fungicidal reactive oxygen formation within the fungal 
cytoplasm.19,20

Tavaborole’s mechanism of action is thought to involve inhibi-
tion of the enzyme leucine aminoacyl-transfer ribonucleic acid 
synthetase. Tavaborole is active against T. rubrum and T. mentag-
rophytes, the two species most commonly found in onychomyco-
sis. No resistance to tavaborole has been observed.16 

Efinaconazole shows in vitro activity against T. rubrum and T. 
mentagrophytes. No clinically significant evidence of drug resis-
tance to efinaconazole has been reported. 

Conclusion 
In the pivotal trials for antifungal therapy for onychomycosis, the 
FDA-mandated criterion for efficacy is “complete cure.” This is 
defined as negative results on both direct microscopic examination 
of samples prepared with 10% to 20% KOH and on mycologic 
culture, plus a substantially clinically improved nail (although not 
necessarily 100% normal appearance). In contrast, what might be 
called “effective treatment” is marked by a negative culture (re-

Chelate Fe3+ and Al3+

Peroxidases

Ergosterol Biosynthesis

Leucyl-tRNA 
synthetase

Allylamines, including 
terbinafine
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and efinaconazole
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n FIGURE. Antifungal Medications: Mechanisms of Action
Source: Theodore Rosen, MD.
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gardless of the result of microscopic KOH examination, as a false-
positive test may occur when nonviable hyphae are present), and 
substantial clinical improvement in the appearance of the nail. 

In some patients, particularly those with early disease and little 
or no nail discoloration or deformity, a complete cure may be a 
realistic expectation. In those with infection of longer duration and 
a moderate degree of discoloration and deformity, a good result—
ie, a clinical cure—is resolution of the infection, documented on 
direct microscopy and culture, and an appreciable improvement 
in the appearance of the nail. Effective treatment should be the 
baseline goal for the majority of patients. Resolution of infection, 
documented by a negative culture, and substantial improvement in 
nail appearance are achievable benchmarks in most cases, assum-
ing that the medication chosen is effective against the infecting 
organism(s) and that the patient uses the treatment as prescribed.
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A number of patient-specific factors must be considered in the 
context of onychomycosis treatment, and these fall into two 
main categories: age related and medically related. Both ex-

tremes of the age spectrum—pediatric and geriatric patients—have 
special problems and needs related specifically to age. (Note that 
no antifungal medication currently available is approved for treating 
onychomycosis in pediatric patients.) In addition, patients with ony-
chomycosis may have medical comorbidities—including diabetes, 
psoriasis, immunosuppression (acquired or drug-related), and organ 
transplantation—that can affect treatment choices. In many of these 
patients, systemic antifungal therapy can be problematic, and topical 
therapy may be a better first-line choice. 

Age-Related Issues in Onychomycosis
Pediatric Population
Among the pediatric population, onychomycosis is seen most 
commonly in those between 12 and 18 years of age; onychomyco-
sis is uncommon in children under 12 years and is relatively rare 
in those under 6 years of age.1-4 The proposed reasons for the low 
prevalence of onychomycosis in younger children include faster 
nail growth, better circulation, less trauma, less exposure to fomi-
tes (eg, in gyms or public pools), and a lower incidence of tinea 
pedis5; however, no scientific evidence exists to directly support 
these theories.

Pediatric patients who develop onychomycosis often have a 
family history of onychomycosis and/or tinea pedis (caused by 
Trichophyton rubrum). The probability is high that children who 
develop onychomycosis have a genetic predisposition to acquire 
the infection, and their risk for developing an active infection is 
increased by exposure to dermatophytes and other organisms—eg, 
wearing occlusive athletic footwear, walking through and shower-
ing in locker rooms without footwear, and sharing a household in 
which others have onychomycosis or tinea pedis.

Geriatric Population
In geriatric patients, an increased risk for onychomycosis arises 
probably in association with multiple comorbidities, decreased 
circulation, and accumulated trauma to the nails. Approximately 
40% of elderly patients have onychomycosis,1 which may cause 
pain or affect gait, increasing the risk for falls in this population. 
Drug-drug interactions are of particular concern in older patients, 
who typically use several medications concomitantly. If it is physi-
cally possible for patients to apply topical antifungals—or if daily 
assistance is available for applying these medications—the use of 
yet another systemic medication can be avoided.

Patients should understand that the changes to nails that are as-
sociated with aging—such as dystrophy and discoloration—and 
that are not related to onychomycosis will persist after successful 
treatment (Figure).6 

Comorbidities
Psoriasis
More than 82% of patients with psoriasis have nail abnormalities7; 
in an estimated 13% to 22% of cases, onychomycosis coexists with 
psoriatic nail involvement.8 Thus, in a patient with psoriasis and 
nail involvement, clinicians should recognize the possibility of co-
existing dermatophyte, candidal, or mixed dermatophyte/candidal 
infection,7-10 and, if clinical signs are consistent with onychomy-
cosis, consider obtaining a specimen for a mycologic culture. This 
is especially important in patients with psoriasis who are being 
treated with interleukin-17 inhibitors which may increase the risk 
for yeast infections.11

n Abstract
In considering therapy for onychomycosis, the most impor-
tant factor to take into account is patient selection rather 
than treatment selection. Patients should be screened 
and evaluated for the extent of nail involvement, the 
amount of subungual debris, the degree of dystrophy, their 
ability and willingness to follow the regimen, and whether 
comorbidities are present that may affect the efficacy 
and/or safety of one or more therapies. Onychomycosis is 
a chronic disease with a high recurrence rate. Common-
sense measures to reduce the risk for reinfection include 
patient education and a clinician-patient team approach 
to long-term management. 
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Two topical antifungal agents, efinaconazole and tavaborole, 
have demonstrated good in vitro activity against Candida species 
and nondermatophyte molds such as Aspergillus and Fusarium 
spp.12 However, caution must be exercised when dealing with fun-
gal pathogens, as in vitro susceptibility does not always correlate 
with in vivo efficacy.

Diabetes
An estimated 46% of patients with diabetes have nail abnormali-
ties, and about 50% of these abnormalities are due to onychomyco-
sis13; thus, the prevalence of onychomycosis in this population may 
be as high as 20% to 30%.14 Onychomycosis also increases the risk 
of diabetic foot syndrome,15-17 a constellation of problems—dia-
betic neuropathy, macroangiopathy, and the combination of those 
conditions—which can lead to serious, limb- and life-threatening 
bacterial infections. 

In patients with diabetes who develop onychomycosis, atypi-
cal organisms (especially yeasts) may be more commonly seen,18 
although some investigators have found no difference in the types 
of fungi in this patient population.19 A mycologic culture is indi-
cated to identify the offending organism in patients with diabetes 
who have signs and symptoms of onychomycosis. Efinaconazole 
and tavaborole have proven efficacy in this population in the  
pivotal trials. 

Onychomycosis also is more common among patients under-
going hemodialysis treatment, not all of whom have diabetes and 
end-stage renal disease. An estimated 81% to 92% have nail ab-
normalities; 20% to 31% of these abnormalities are due to ony-
chomycosis, for an onychomycosis prevalence of about 16% to 
27% in this population.20,21 Duration of hemodialysis is a signifi-
cant predictor of onychomycosis.20 The patterns of isolates in these 
patients seem to mimic what is seen in patients who are not on 
dialysis, ie, predominantly T. rubrum and, occasionally, Candida 
spp, and nondermatophyte molds.

Immunocompromise and Immunosuppression
Immunosuppression for any reason increases the 
risk for nail infections.9 Approximately 40% of in-
dividuals with human immunodeficiency virus in-
fection have nail abnormalities, about half of which 
are due to onychomycosis.22 Patients with a CD4 
count of 370 or less are highly susceptible to ony-
chomycosis.22

The prevalence of onychomycosis in patients who 
have undergone solid organ transplantation is 10% 
to 13%, especially among those using cyclospo-
rine or azathioprine post-transplant.23,24 Similarly, 
patients receiving chemotherapy for cancer (“im-
munodisturbed” patients) also are at increased risk 
for onychomycosis. Onychomycosis in this patient 
population is most likely to occur in those who have 
a history of nail infection or tinea pedis prior to trans-
plant surgery, and in those with a family history of  
these infections.

In these groups of individuals with impaired im-
munity, Candida spp and nondermatophyte molds 
are more common than in normal hosts. Patients who 
acquire such infections are at risk for potentially life-
threatening fungemia. Clinicians should consider 

prophylactic use of topical treatments—efinaconazole and tava-
borole have excellent minimum inhibitory concentrations against 
these organisms—in immunocompromised patients or those who 
are likely to be using long-term immunosuppressants (eg, post-
transplant). (This is an unapproved indication for these medica-
tions, and no particular treatment regimens have been proposed.) 

Strategies for Adherence and  
Preventing Reinfection
The treatment of onychomycosis is both acute and long-term—and 
includes the use of medication and infection risk reduction strat-
egies during the initial and any subsequent reinfection episodes, 
and, long-term, the continuation of risk reduction measures and 
vigilance for signs of recurrence of onychomycosis and/or tinea 
pedis, with prompt initiation of treatment. 

Recurrence of onychomycosis is common because the propen-
sity to develop these fungal infections in the first place is based 
largely on autosomal-dominant inheritance. Thus, patients who 
have had onychomycosis would do well to implement all reason-
able measures to reduce the risk for reinfection. Patients should 
understand that although genetics cannot be changed, behavior can 
be modified.

Clinician-Patient Team Effort
Adherence to onychomycosis treatment can be enhanced with 
measures such as phone calls, automated phone messages, post-
cards, and a website in which patients can log in. 

Attention to Footwear
Patients should absolutely avoid walking barefoot in public areas 
such as gyms, locker rooms, spas, and public showers and pools. 
An inexpensive pair of water shoes or rubber sandals can prevent 
exposure to fungi and other organisms. 

If possible and practical, patients should consider discarding 

n FIGURE. Extensive Dermatophyte Onychomycosis. Successful treatment will re-
sult in the eradication of the infection as well as improvement in the appearance 
of the nails. However, patients should have realistic expectations regarding the 
post-treatment cosmetic outcome. For example, this elderly patient has an exten-
sive dermatophyte infection of long duration; the yellow discoloration is likely to 
have resulted, in part, from aging, and cannot be expected to resolve completely. 
Photo courtesy of Theodore Rosen, MD.
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shoes that have been worn prior to initiation of onychomycosis 
treatment. An alternative to discarding expensive or relatively new 
shoes is disinfection in an ozone cabinet (usually found in sports 
equipment stores) or with the use of ultraviolet C light-generating 
shoe inserts. These devices have been shown to be active against 
dermatophytes and Candida spp.25-27 Other measures include alter-
nating pairs of shoes daily (allowing fungus-promoting moisture to 
evaporate) and using medicated powder daily in shoes and socks.

Application Instructions for Topical Antifungals 
The instructions for applying the different antifungal agents should 
be simple and clear to patients (see “Using Topical Antifungal 
Medications: Instructions for Patients,” page 17). 

Nail Polish and Topical Antifungals
Patients often ask whether they may use nail polish during their 
treatment with a topical antifungal. The use of nail polish is contra-
indicated during treatment with ciclopirox; however, recent stud-
ies demonstrate that the penetration and efficacy of efinaconazole 
and tavaborole are not affected when used over nail polish. The 
penetration studies of efinaconazole were performed with up to 
two coats of nail polish.28 Tavaborole was studied with up to four 
coats of nail polish.29 Advise patients who do want to use polish 
to test the tackiness of the polished nail surface before putting on 
socks, stockings, or shoes; color transfer has been seen with some 
polishes used with these topical antifungals. Thus, although nail 
polish does not affect the medications, the medications may affect 
the cosmetic aspects of nail polish.

Great—But Realistic—Expectations
Because nails grow slowly, at an average of about 3 mm per month, 
patients should understand that although treatment may (and 
should) eliminate the infecting organism, the appearance of the af-
fected nails will not improve until the nail plate grows out. Finger-
nails grow out in 3 to 6 months, but complete growth of toenails 
can take 9 to 18 months. 

During this long treatment process, it helps to use or suggest 
methods for monitoring progress. Pictures taken at regular inter-
vals—such as monthly—can be helpful, particularly if the clini-
cian marks the proximal edge of clear nail, at the start of therapy. 
This allows the patient to more accurately gauge the growth of 
new nail. 

Patients should be told that they can expect improvement in the 
appearance of the affected nails, but many factors—such as the age 
of the patient and the extent of infection—may affect the ultimate 
outcome. However, they must understand that the optimum results 
can only be expected if the recommended therapy is used in the 
manner directed and for as long as directed. 

Conclusion
Onychomycosis is a common fungal infection due principally to 
dermatophytes; Candida spp and saprophytic fungi account for a 
smaller number of cases. Comorbid diseases and conditions may 
affect the prevalence of onychomycosis, and may alter the clinical 
presentation as well as the causative organism(s).

Pediatric onychomycosis is uncommon, but the possibility of 
this diagnosis should not be overlooked, particularly in patients 
with family members who have onychomycosis and/or tinea pedis.

Treatment is feasible with both systemic and topical drugs; the 
newer topical agents, efinaconazole and tavaborole, have broad in 
vivo activity and can provide improved clinical efficacy. 

The treatment goal of “complete cure”—ie, complete eradica-
tion of organisms and a totally normal appearance of the treated 
nail—used in clinical trials is a somewhat unrealistic expectation 
in real-world application.6 Instead, treatment success—that is, 
eradication of the infection, improvement of the appearance of the 
nail, and, when pain is a symptom, resolution of discomfort—is a 
more reasonable and achievable, practical goal.
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Ciclopirox
•  Apply once daily to all affected nails (preferably  

at bedtime or 8 hours before washing). 
•  Apply over the previous coat.
•  Using the applicator brush, apply evenly over the  

entire nail plate and under the tip of the nail. 
•  If the nail has lifted from the nail bed, also apply to  

the tissue under the nail.
•  Every 7 days, remove lacquer with rubbing alcohol.  

Repeat this cycle for 48 weeks. 
•  A health care professional should remove unattached,  

infected nails as frequently as monthly.
•  Do not use nail polish during treatment with this medication.

Efinaconazole
•  Apply to affected toenails, completely covering the toenail  

plate, the skin folds around the nail, and under the tip of the nail.
•  If the nail has lifted from the nail bed, also apply to the tissue  

under the nail.
•  Apply once daily for 48 weeks.
•  You may use nail polish during treatment with this medication.

Tavaborole
•  Apply to entire nail plate and under the tip of each affected toenail.
•  If the nail has lifted from the nail bed, also apply to the tissue under the nail.
• Apply once daily for 48 weeks.
•  You may use nail polish during treatment with this medication.

Using Topical Antifungal Medications: Instructions for Patients

Your clinician has prescribed one of these 
topical medications to treat your nail infection. 

The prescribed medication must be used every day, 
exactly as directed, and for 48 weeks. 

The goals of treatment are: 
1. Resolution of the infection 
2.  Improvement in the appearance of the  

infected nail(s)
3. Resolution of discomfort.
Remember, nails grow slowly, at an average of 
about 3 mm each month—about the width of the 

edge of a nickel. The appearance of nails will 
not improve until the damage from the infection 
grows out. Fingernails grow out in about 3 to  
6 months, but toenails can take 9 to 18 months  
to completely grow out.

     Also, the newly regrown nails should look  
better than before, but not all patients see  
100% improvement with any antifungal 
treatment—whether oral or topical. A number 
of factors can affect the appearance of nails 
following treatment and regrowth. Your clinician 
will explain what you can expect in your case.

This handout developed by Linda F. Stein Gold, MD, and Theodore Rosen, MD, may be freely duplicated and distributed, without charge, to patients and parents.  
Other use, such as inclusion in published materials or presentations, requires proper attribution to the authors and permission from the publisher.  
Copyright © 2016 by Frontline Medical Communications Inc. and Global Academy for Medical Education, LLC.
Supported by an educational grant from PharmaDerm, a Fougera Pharmaceuticals company.✃
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1.  The genus of the most common causative organisms in 
onychomycosis is:
a.  Aspergillus

b.  Candida

c.  Fusarium

d.  Trichophyton

2.  In pediatric patients with onychomycosis, always suspect a:
a.  Compromised immune system

b.  Family history of tinea pedis

c.  High blood glucose level, suggesting type 1  
diabetes mellitus

d.  Previous injury to the affected nail(s)

3. Three of the antifungals are currently approved by the US 
Food and Drug Administration (FDA) for the treatment of 
onychomycosis. The exception is: 
a.  Ciclopirox

b.  Fluconazole

c.  Itraconazole

d.  Terbinafine

4.  In clinical trials of antifungal agents in onychomycosis, 
the FDA’s requirement for a definition of “complete cure” 
is a negative result on a potassium hydroxide (KOH) 
preparation plus:
a.  Completely normal appearance of the target nail(s)

b.  Negative results on fungal culture, as well as a completely 
normal appearance of the target nail(s)

c.  Negative results on fungal culture, as well as clear or 
almost clear appearance of the target nail(s)

d.  Negative results on fungal culture and periodic acid–
Schiff stains, as well as a completely normal appearance 
of the target nail(s) 

5.  Which one of the following statements is true with respect 
to drug-drug interactions in patients with onychomycosis 
who are being treated with antifungal medication?
a.  Fluconazole is the only systemic antifungal that is not 

associated with drug interactions

b.  Itraconazole may inhibit the metabolism of a number of 
biologic medications used for the treatment of psoriasis

c.  No drug interactions have been reported with ciclopirox, 
efinaconazole, or tavaborole

d.  Terbinafine may interact with tofacitinib, one of the IL-17 
inhibitors

6.  Patients who ask about using nail polish during treatment 
for onychomycosis should be advised that:
a.  Nail polish can make fungal infections worse and should 

not be used until nails are clear

b.  Nail polish helps kill the infecting organisms, provided 
onychomycosis is confined to the nail plate

c.  Nail polish may be used with efinaconazole and 
tavaborole, without affecting the efficacy of these topicals

d.  Nail polish should not be used with any topical agent

7.  Which of the following is/are approved by the FDA for the 
“temporary increase of clear nail in onychomycosis”? 
(Choose one response.)
a.  All three FDA-approved topical medications: ciclopirox, 

efinaconazole, and tavaborole

b.  Both of the FDA-approved systemic antifungal 
medications—itraconazole and terbinafine

c.  Laser treatment

d.  Photodynamic therapy

8.  The most frequently recommended, FDA-approved 
antifungal for treating pediatric onychomycosis in 
patients 6 to 11 years of age is:
a.  Any of the topical agents—ciclopirox, efinaconazole, or 

tavaborole

b.  Itraconazole

c.  Terbinafine

d.  No antifungal is currently approved for pediatric use

9.  Of the following, the population with the largest 
prevalence of onychomycosis is:
a.  Patients with diabetes

b.  Geriatric patients

c.  Patients undergoing hemodialysis 

d.  Post-transplant patients

10. Onychomycosis is a very common nail disease, but it’s 
important to remember that causes other than fungal or 
yeast infections are responsible for an estimated ____ of 
nail diseases that must be considered in the differential 
diagnosis.
a.  10%

b.  25%

c.  50%

d.  75%
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