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Onychomycosis is a fungal infection, and, as such, one of the goals of treatment should
be eradication of the infective agent. Despite this, in contrast to dermatologists, many
podiatric physicians do not include antifungals in their onychomycosis treatment plans.
Before initiating treatment, confirmation of mycologic status via laboratory testing (eg,
microscopy with potassium hydroxide preparation, histopathology with periodic acid—
Schiff staining, fungal culture, and polymerase chain reaction) is important; however,
more podiatric physicians rely solely on clinical signs than do dermatologists. These
dissimilarities may be due, in part, to differences between specialties in training,
reimbursement patterns, or practice orientation, and to explore these differences further,
a joint podiatric medicine—dermatology roundtable was convened. In addition, treatment
options have been limited owing to safety concerns with available oral antifungals and
relatively low efficacy with previously available topical treatments. Recently approved
topical treatments—efinaconzole and tavaborole—offer additional options for patients
with mild-to-moderate disease. Debridement alone has no effect on mycologic status,
and it is recommended that it be used in combination with an oral or topical antifungal.
There is little to no clinical evidence to support the use of lasers or over-the-counter
treatments for onychomycosis. After a patient has achieved cure (absence of clinical
signs or absence of fungus with minimal clinical signs), lifestyle and hygiene measures,
prophylactic/maintenance treatment, and proactive treatment for tinea pedis, including in
family members, may help maintain this status. (J Am Podiatr Med Assoc 106(2): 155-

162, 2016)

*Department of Podiatric Medicine and Orthopedics,
Temple University School of Podiatric Medicine, Philadel-
phia, PA.

tDivision of Podiatric Surgery, Department of Surgery,
Roxborough Memorial Hospital, Huntingdon Valley, PA.

f£General Dermatology, Weill Cornell Medical College, New
York, NY.

§Dermatology and Cutaneous Surgery, Leonard Miller
School of Medicine, University of Miami, Miami, FL.

||Professional Foot Care Specialists PC, Chicago, IL.

{Department of Dermatology, Eastern Virginia Medical
School, Norfolk, VA.

#The Leni and Peter W. May Department of Orthopedic
Surgery, Icahn School of Medicine at Mount Sinai, New York,
NY.

Corresponding author: Bryan C. Markinson, DPM, Icahn
School of Medicine at Mount Sinai, 17 E 102nd St, New York,
NY 10029. (E-mail: bryan.markinson@mountsinai.org)

More than merely a cosmetic concern, onychomy-
cosis is an often painful®? fungal infection most
frequently of the toenails that has significant effects
on quality of life>* and has the potential to lead to
serious complications.>® Risk factors include male
sex,” advanced age,”® family or personal history of
onychomycosis,®® tinea pedis,® nail trauma,® and
fomite exposure (eg, communal showers and pool
decks).® Patients with diabetes,®! peripheral vas-
cular disease,”!! immunosuppression,'?!3 or psori-
asis®14 are also at increased risk for developing the
disease. Onychomycosis is currently estimated to
affect 4.3% of the general population in North
America/Europe,!® but as the population ages and
the prevalence of diabetes and peripheral vascular

Journal of the American Podiatric Medical Association « Vol 106 « No 2 - March/April 2016 155



disease increases, the prevalence of onychomycosis
is expected to rise.

In an average month, podiatric physicians see and
treat more than five times as many patients with
onychomycosis as dermatologists,'® yet it seems
that the bulk of the peer-reviewed medical literature
is directed at dermatologists. Likewise, there are
also striking differences between specialties in
approach to diagnosis and treatment, with podiatric
physicians relying on clinical diagnosis'®!” and
using debridement!”!'® much more often than
dermatologists. With the goal of exploring these
differences and how to leverage them to optimize
patient care regardless of which specialty provides
it, a roundtable meeting of experts from dermatol-
ogy and podiatric medicine was convened. This
article highlights the findings of that discussion as it
pertains to practicing podiatric physicians’ manage-
ment of onychomycosis. A companion piece from
the dermatology perspective has also been pub-
lished and underscores the need for greater
understanding and cooperation between the spe-
cialties.!®

Diagnosis

Reports have shown that podiatric physicians
perform confirmatory laboratory testing much less
frequently than do dermatologists,'®17 suggesting
that podiatric physicians base their diagnosis
solely on clinical signs more often than do
dermatologists. The presence of clinical signs is
highly predictive?%2!; however, laboratory testing
should be used to confirm clinical suspicion of
onychomycosis and rule out other potential causes
of nail dystrophy.2224 It is also important to inquire
whether the patient has signs of fungal infection or
lesions elsewhere on the body because these can
be important clues when considering differential
diagnoses. If lesions are not limited to the feet, a
podiatric physician should refer the patient to a
dermatologist for additional evaluation for finger-
nail onychomycosis or other skin and nail disorders
(eg, chronic dermatitis, nail psoriasis, and lichen
planus). Furthermore, if nail discoloration is limited
to one nail, especially if black or brown, it is
essential to rule out localized trauma or neoplasm in
this situation. In addition, consultation or referral to
dermatology or internal medicine may be helpful in
diagnosing underlying or coexisting conditions that
affect nail appearance (eg, psoriasis, peripheral
vascular disease, and diabetes).

Several laboratory tests are available for confirm-
ing fungal infection based on nail samples, including

direct microscopy using potassium hydroxide
(KOH) preparation, histopathology using periodic
acid-Schiff staining, fungal culture, dermatophyte
test medium, and polymerase chain reaction.?® The
tests with the most rapid results (within a few
days), KOH and periodic acid-Schiff, are specific
but are not able to distinguish between dermato-
phyte, nondermatophyte mold, or yeast infections.
With a little more time (1-2 weeks), dermatophyte
test medium can detect dermatophytes, but not
molds, yeasts, or specific fungal species.

Fungal culture and polymerase chain reaction can
be used to confirm the presence of fungi and to
determine fungus type, and they are the only tests
that can identify fungal species. Fungal culture is
sometimes thought of as the gold standard for
onychomycosis diagnosis, but its utility is limited by
a high rate of false-negative results, variable
sensitivity, high cost, and extended time to avail-
ability of results (3-4 weeks). To increase sensitiv-
ity, fungal culture is often combined with KOH or
periodic acid-Schiff.?%2” Currently, molecular tech-
niques such as polymerase chain reaction are fairly
expensive, but as they become more cost-effective,
these techniques may supplant fungal culture as the
gold standard for onychomycosis confirmatory
testing owing to their speed (results available in a
few days), sensitivity, robustness in the presence of
contaminants/less viable fungi, and ability to char-
acterize less common causative agents and mixed
infections.

Definition of Cure

In addition to diagnosis, laboratory tests are used in
conjunction with clinical improvement to evaluate
treatment efficacy. In clinical studies, various
criteria are used to define antifungal efficacy,
including mycologic, clinical, and complete cure.
Mycologic cure most often refers to negative culture
and negative KOH findings, and occasionally it
refers to negative culture findings in addition to
negative periodic acid-Schiff findings. Complete
cure usually refers to completely clinically clear
nail (0% nail involvement) plus mycologic cure; this
end point, as it applies to a single target toenail
(most often the great toenail), is preferred by the US
Food and Drug Administration (FDA) to assess
antifungal efficacy. However, a completely clear nail
may be unattainable in some patients because
onychomycosis frequently occurs in nails that are
already abnormal because of chronic trauma or
other diseases or owing to permanent nail changes
caused by damage or scarring of the nail matrix or
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nail bed with severe, chronic, or long-term infec-
tion.?® A more practical end point may be a
definition where the nail is not 100% clear but there
is significant improvement, so-called clinical cure or
effective cure. This intermediate end point has been
defined differently across clinical trials, but many
have defined it as 10% or less nail plate involvement
plus mycologic cure.

Scher et al?* proposed that the criteria for cure
should be 100% absence of clinical signs (myco-
logic confirmation not required) or negative
mycologic results with minimal clinical signs (ie,
<10% nail area affected by distal subungual
hyperkeratosis or onycholysis, nail plate thicken-
ing that does not improve due to a comorbid
condition, or both). Perhaps just as important is
that they proposed a definition of noncure that
includes positive mycologic findings or 1 or more
of the following clinical signs (even in the
presence of negative mycologic findings): 1)
greater than 10% nail involvement, 2) white/yellow
or orange/brown patches/streaks in the nail plate
or nail bed, 3) lateral onycholysis with debris, or
4) hyperkeratosis on the lateral nail plate/nail
fold.

Treatment

Onychomycosis rarely resolves without treatment,
and, if left untreated, it can spread to other nails
and other parts of the body, as well as to other
people.??3! In addition, onychomycosis is associ-
ated with potentially serious complications, in-
cluding secondary infections and ulcers, particu-
larly in diabetic patients.?®

Oral Antifungals

Currently available oral treatments widely used for
onychomycosis include terbinafine, itraconazole,
and fluconazole, although fluconazole is not FDA
approved for onychomycosis treatment.?® Despite
the efficacy of oral antifungals,?*34 their use is
limited by the potential for serious safety issues,
including hepatotoxicity (terbinafine and flucona-
zole, although concerns about acute liver toxicity
with terbinafine may have been overemphasized®),
cardiac issues (itraconazole), and drug-drug inter-
actions (terbinafine, itraconazole, and flucona-
zole).?23336 Furthermore, some patients have an
exaggerated fear of systemic agents, which may
preclude use. Whether real or exaggerated, these
safety concerns are often greatest in individuals
who are most susceptible to onychomycosis and its

complications, including the elderly and patients
with diabetes, immunosuppression, or peripheral
vascular disease.

Topical Antifungals

Topical treatment minimizes the potential for
systemic adverse effects and drug-drug interac-
tions.?8 However, topical ciclopirox has relatively
low efficacy and a lacquer formulation that is
difficult for patients to use,?” and topical amorolfine
is not approved in the United States.?® Efforts to
develop formulations with improved efficacy have
resulted in recent FDA approval of two new topical
treatments: efinaconazole 10% solution and tavabor-
ole 5% solution.

Tavaborole is a broad-spectrum oxaborole anti-
fungal agent with low molecular weight, permitting
good nail plate penetration.?® In pivotal clinical
trials of tavaborole in patients with mild-to-
moderate distal subungual onychomycosis (20%—
60% nail involvement, >3 mm clear nail, and
positive mycologic findings), the mycologic cure
rate was 31% to 36% versus 7% to 12% with vehicle;
complete or almost complete cure (<10% nail
involvement along with mycologic cure), 15% to
18% versus 2% to 4% with vehicle; and complete
cure, 7% to 9% versus 1% to 2%.3° The only adverse
events that occurred in 1% or more of tavaborole-
treated patients and more frequently with tavabor-
ole than with vehicle were application site exfoli-
ation, erythema, and dermatitis and ingrown
toenail.?”

Efinaconazole, the first triazole antifungal agent
to be specifically developed for topical treatment
of onychomycosis of the toenail, has broad-
spectrum activity against dermatophyte, nonder-
matophyte mold, and yeast species?® and low
systemic exposure.*! In two pivotal phase 3
clinical trials of efinaconazole in patients with
mild-to-moderate distal subungual onychomyco-
sis (20%-50% nail involvement, no dermatophyto-
ma or matrix/lunula involvement, >3 mm clear
nail, <3 mm thick, and positive mycologic
findings), the mycologic cure rate was 53% to
55% versus 17% with vehicle, the complete/almost
complete cure rate (defined as <5% nail involve-
ment along with mycologic cure) was 23% to 26%
versus 7% to 8%, and the complete cure rate was
15% to 18% versus 3% to 6%.2> Adverse events
(>1%) observed for efinaconazole in these trials
included ingrown toenail, application site derma-
titis, application site vesicles, and application site
pain.*2
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Over-the-Counter Treatments

There is little to no clinical evidence supporting the
efficacy of over-the-counter agents and home
remedies, such as foot soaks with bleach or
hydrogen peroxide, salicylic acid, mentholated
vapor rub, and tea tree oil.43

Laser Therapy

Several lasers are FDA cleared for the temporary
cosmetic improvement of nail appearance in
onychomycosis.?®> The mechanism of action for
laser therapy is not clearly understood, but similar
to topical treatment, laser treatment is locally
administered and unlikely to produce systemic
adverse effects.?® Several small, mostly uncon-
trolled studies have demonstrated improved nail
appearance by objective and subjective mea-
sures**®2; however, only one study has reported
mycologic cure rates, and none have reported
complete cure rates. Because data from clinical
studies have not been sufficient to prove benefits
beyond cosmetic effects, laser therapy is not
recommended for eradication of fungal infections
at this time.>3

Debridement

Debridement is the traditional podiatric medical
approach to treating onychomycosis. When used as
monotherapy, it has been shown to markedly
reduce toenail thickness and improve foot-related
quality of life, but it does not impact fungal
disease.’* When used in combination with a
systemic antifungal agent (terbinafine), debride-
ment incrementally and significantly increased
patient-reported treatment satisfaction and reduced
symptom frequency®® as well as numerically (but
not statistically significantly) increased complete,
mycologic, and clinical cure rates compared with
terbinafine alone.?®

Implementing a Treatment Plan

Treatment patterns differ dramatically between
podiatric medicine and dermatology. Podiatric
physicians use debridement much more often than
do dermatologists, and dermatologists are much
more likely to prescribe a systemic antifungal.!”!8
This marked preference for debridement among
podiatric physicians supports the position that they
are especially focused on relieving discomfort and
improving cosmetic appearance. It is important,

however, that mycologic cure be among the goals of
any onychomycosis treatment plan because regard-
less of nail thickness and appearance, without a
mycologic cure, patients will never be cleared of the
infection.

A comprehensive onychomycosis treatment
plan should be designed with the intention to
clear the infection as well as to improve nail
appearance and reduce discomfort (Fig. 1). Sever-
al clinical signs and patient characteristics have
been suggested as helping to guide these treatment
decisions by helping to determine the choice of
therapy, length of treatment, and duration of
follow-up.24%7 These poor prognosis factors have
not been well studied; however, two small clinical
studies have shown that advanced age,”® male
sex,”® matrix/lunula involvement,®® greater than
50% nail involvement,* significant lateral disease/
onycholysis,?® longitudinal streaking (dermato-
phytoma/spikes),?® slow nail growth,”® and infec-
tion caused by nondermatophyte molds or yeasts
or mixed infection® reduced the likelihood of cure
under the particular clinical settings of those
studies.

Basic Treatment

For patients with mild-to-moderate (<50%-60% nail
involvement) onychomycosis, topical therapy
should be sufficient to achieve clinical cure. In
addition, pediatric patients, patients taking multiple
medications, patients with contraindications for
systemic therapy, and pregnant women are good
candidates for topical treatment.?”

For patients with greater than 60% nail involve-
ment, poor prognosis factors, or peripheral vascular
disease, treatment success may be more likely with
systemic treatment given its greater efficacy. In
addition, booster/supplemental treatment®® or com-
bination treatment®%-%2 may be required to achieve
cure in these patients. If the condition still does not
improve, the diagnosis should be reconsidered or
reconfirmed.

Adjunctive Treatment

Debridement should be considered as an adjunct
treatment for any patient with concerns about nail
appearance, pain, or other symptoms. Adjunctive
debridement may be especially beneficial in elderly
patients who have thick nails or who are unable to
maintain proper nail care owing to low flexibility or
poor eyesight.
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Diagnosis Treatment

Clinical Signs

Primary criteria (required) prescribed)

Basic Treatment (=1 antifungal should be

Reassessment and Follow-Up

Cure (1 of the following)
100% absence of clinical signs
(mycologic confirmation not

required)
O <10% nail plate affected by distal

O White/yellow or O Oral
orange/brown patches or
streaks in the nail plate or O Topical

nail bed

Adjunctive Treatment (optional)

Secondary criteria (=2 required) [0 Debridement

O Onycholysis

O Subungual hyperkeratosis/
debris

O Nail-plate thickening O Combination

+

Combination or Booster/Supplemental Treatment
(for severe disease or ‘noncure’)

subungual hyperkeratosis or
onycholysis + mycologic cure
O nail-plate thickening that does not
improve due to comorbid condition
+ mycologic cure
P Consider maintenance treatment for those at
high risk for recurrence

Laboratory Tests (both required)
O Positive KOH or PAS

O Positive fungal culture

[0 Booster/Supplemental

‘Noncure’ (=1 of the following)
Positive mycology
O >10% nail involvement + mycologic cure

Prophylactic or Maintenance Treatment
(for those at high risk of recurrence) O

[0 Topical

O White/yellow or orange/brown
patches/streaks in the nail plate or nail
bed + mycologic cure

O Lateral onycholysis with debris

+ mycologic cure

hyperkeratosis on the lateral nail

[0 Tinea Pedis treatment (as necessary)

plate/nailfold + mycologic cure
P Reconsider/reconfirm diagnosis or, if other
parts of the body may be involved, referral to

dermatology
» Consider combination or booster/supplemental
treatment

Figure 1. Onychomycosis treatment plan. KOH, potassium hydroxide; PAS, periodic acid—Schiff.

Prophylactic/Maintenance Treatment

In patients who have a history of frequent relapse,
the use of a topical antifungal as maintenance
treatment may reduce the risk of recurrence.%3:64

Follow-up: Minimizing the Risk of
Relapse and Recurrence

As in any disease that requires long-term care,
realistic expectations for treatment duration and
outcome, as well as the benefits and risks of various
treatment options, should be clearly discussed with
patients.?® Even after mycologic cure, mycologic
relapse or recurrence occurs in approximately one-
fifth of patients (22%) within 3 years,% increasing to
34% at 5 years® and 43% at 7 years.>®

Lifestyle and hygiene measures can minimize the
risk of recurrence due to new infection or re-
infection,®” and, as mentioned earlier, ensuring
mycologic cure may reduce the risk of relapse of
clinical signs. Similar precautionary hygiene mea-
sures should be taken to avoid the spread of
infection among families and those living in close
quarters owing to increased risk of transmission.3%%7
For patients who are at greater risk for recurrence
due to comorbid conditions (eg, diabetes and
psoriasis), referral to an internist or dermatologist

(as appropriate) should be considered because the
risk of recurrence may be reduced with proper
management of the comorbid condition.

Conclusions

Regardless of specialty, the goals of any onychomy-
cosis treatment plan should include eradication of the
fungal infection because without mycologic cure,
patients are at risk for relapse followed by continued
discomfort and risk of complications. By itself,
debridement has no effect on mycologic status, and
the data for the effect of laser treatment are sparse
and not definitive. Oral antifungals are effective for
achieving mycologic cure and improving nail appear-
ance (ie, percentage of involvement), but their use
may be limited by safety concerns. Newer topical
antifungals, including efinaconazole and tavaborole,
offer safer alternatives without sacrificing efficacy.
When making a diagnosis, it is important to confirm
clinical suspicion of onychomycosis (ie, mycologic
status) before initiating therapy to rule out other
potential causes of nail dystrophy. It is also important
for a podiatric physician to confirm that the disease is
limited to the toenails before proceeding with
treatment; if it is not, patients should be referred to
dermatology for further evaluation. Beyond such
referrals, greater information sharing and collabora-
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tion between podiatric medicine and dermatology will
help optimize patient care for onychomycosis by
highlighting best practices regardless of discipline. We
hope that this paper, along with its companion piece,
serve as the initial steps toward greater cooperation.
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