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Abstract

Background: Many onychomycosis treatments have not
been directly compared in head-to-head clinical trials. Ob-
jective: To determine the relative efficacy of onychomycosis
treatments using network meta-analysis (NMA). Methods:
We conducted a systematic review and NMA of mycological
cure rates. Results: Nineteen trials were included in the net-
work. Terbinafine 250 mg was significantly superior to all
treatments except itraconazole 400 mg pulse therapy. The
itraconazole 400 mg pulse regimen was significantly supe-
rior to all topicals except efinaconazole 10% nail solution.
Itraconazole 200 mg was significantly superior to all topical
treatments, while fluconazole 150-450 mg, efinaconazole
10% nail solution, tavaborole 5% nail solution, ciclopirox nail
lacquer 8%, terbinafine nail solution, and amorolfine 5% nail
lacquer were significantly superior to placebo. Conclusions:
Newly developed topicals have improved the odds ratios
(ORs) of mycological cure, yet these ORs were not significant-

ly greater than preexisting topical treatments. Further expe-
rience with these agents will reveal their clinical significance,
and head-to-head trials are warranted.

© 2015 S. Karger AG, Basel

Introduction

Onychomycosis is a progressive fungal infection of
the nail unit and surrounding tissue. It is characterized
by marked thickening and discoloration of the nail and
separation of the nail unit from the nail bed [1]. The in-
fection is frequently caused by dermatophyte fungi but
may also be attributed to yeasts and nondermatophyte
molds [2]. Onychomycosis is the most common nail dis-
ease, with an average prevalence of approximately 4% in
Europe and North America [3]. However, the prevalence
of onychomycosis is >10% in certain patient populations,
such as the elderly, diabetic, and immunocompromised,
who are at a greater risk of infection due to the presence
of preexisting nail deformity, hyperkeratinization, re-
duced peripheral circulation, and impaired immune
function [4].
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Oral antifungals are often the first line of treatment for
onychomycosis, yet these agents are not recommended in
patients at high risk of experiencing drug interactions [5].
Therefore, topical therapies are indispensable in the treat-
ment of onychomycosis, particularly in patients most sus-
ceptible to the disease and where polypharmacy is com-
mon [6]. For years, ciclopirox 8% nail lacquer was the only
topical treatment approved for this indication in North
America [6]. Newer agents have been developed with the
aim of improving nail penetrance and efficacy. In 2014,
efinaconazole topical solution 10% and tavaborole topical
solution 5% received FDA approval as treatments for toe-
nail onychomycosis caused by dermatophytes [7, 8]. How-
ever, neither of these agents has been evaluated against
active comparators. Indeed, onychomycosis treatments
have seldom been directly compared in clinical trials as
pivotal trials often evaluate new agents against placebo.

Network meta-analysis (NMA) enables treatments,
which have not been directly compared in head-to-head
trials to be evaluated against each other via their relation-
ship to a common comparator. For example, if drug A has
not been compared to drug B, yet both drugs A and B have
been compared to drug C (or in many instances, placebo),
then the relative efficacy of drugs A and B can be evaluated
by comparing their efficacy rates when compared to drug
C [9]. In NMA, this type of evidence is known as indirect
evidence (as opposed to direct evidence from a head-to-
head trial). However, the precision of indirect compari-
sons tends to decrease when the treatments involved are
farther apart in the network. When available, both direct
and indirect evidence is considered when evaluating treat-
ments in a NMA. Similarity of the study design, partici-
pant characteristics, and outcome criteria (both definition
and measurement) between trials are essential for NMA to
yield valid results [9]. The objective of this study was to use
NMA to compare the relative efficacy of onychomycosis
treatments for the outcome mycological cure.

Methods

Search Strategy and Selection Criteria

Our previous systematic review of the Scopus, PubMed, Med-
line, OLDMedline, Healthstar, Embase, Embase Classic, and Inter-
national Pharmaceutical Abstracts databases via OVID was con-
ducted up until March 25, 2013 [10]. This search was updated to
include results as of October 31, 2014, using the terms ‘onychomy-
cosis and treatment’ and further refining the results to clinical tri-
als. The clinicaltrails.gov website was also searched for relevant
trials.

Only randomized controlled trials with a parallel-group design
and a minimum of 48 weeks study duration were included. Trials
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must have pertained to oral or topical monotherapy for toenail
onychomycosis caused by dermatophytes and must have reported
mycological cure rates defined as negative potassium hydroxide
mount (KOH) and culture. A previous study by Gupta et al. [11]
found that fluconazole dosages of 150, 300, and 450 mg adminis-
tered for 6 or 9 months were equivalent in efficacy; therefore, these
dosages were combined. All other treatments and dosages were
analyzed separately. For multi-arm trials, only the arms reporting
standard dosages indicated for onychomycosis and the treatment
durations specified above were included in the analyses. Conse-
quently, arms that included terbinafine treatment durations >12
weeks were omitted. Phase II studies were also excluded because
of their narrower inclusion and exclusion criteria.

Two reviewers (D.D. and K.A.F.) performed the title, abstract,
and content review and rated the methodological quality of each
trial. The methodological quality of the studies was determined
with study quality assessment tools based on the Consolidated
Standards of Reporting Trials (CONSORT) statement, which in-
cludes items on the reporting of randomization, blinding, and sta-
tistical analysis in clinical trials [12, 13]. A cutoff score of 11 on this
assessment tool denotes a study of high quality [12]. Data extrac-
tion was performed by one reviewer (D.D.) and entered into the
Aggregate Data Drug Information System (ADDIS) software and
was verified by the second reviewer (K.A.F.). The data recorded
included the study design, number of participants randomized into
each treatment group, baseline characteristics, drug name, treat-
ment duration, length of follow-up, and mycological cure rates.

Statistical Analysis

The degree of inter-rater agreement for the assessment of study
quality was quantified with the kappa statistic in SPSS 20 [14]. Be-
tween-trial heterogeneity was assessed by calculating the 12 from
Mantel-Haenszel random effects pairwise meta-analyses in Re-
view Manager 5.3 [15]. Between-trial heterogeneity was also qual-
itatively assessed based on the study design and participant base-
line characteristics. The node-splitting analyses, which are con-
ducted to assess the inconsistency between the direct and indirect
evidence in the network, were conducted in ADDIS version 1.16.3
software with 0.05 significance levels [16]. The odds ratios (ORs)
of mycological cure between treatments were compared with a
consistency model based on a Bayesian random effects model.
Minimally-informative prior distributions were selected for the
treatment effect parameters and arbitrary starting values for the
Markov Chain were assigned by the ADDIS program and updated
with each iteration [17]. Model convergence was assessed by the
Brooks-Gelman diagnostic [18]. Convergence was reached (a)
when the potential scale reduction factor values approximated 1
and (b) when the iterative potential scale reduction factor graphi-
cally converged [19]. The results of the NMA are presented as ORs
with 95% credible intervals (Crl). A treatment ranking was also
produced based on the probability of mycological cure.

Results

Literature Search and Study Quality
Search results are presented in figure 1. Seventeen tri-
als were included from the previous search [10]. An up-
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Fig. 1. Study selection flow chart.

dated search of the PubMed, Scopus and OVID, and clin-
ical trials.gov databases yielded 7, 72, and 6 articles, re-
spectively, and two clinicaltrials.gov records (n = 85). Of
these, only the two clinicaltrials.gov records met the in-
clusion criteria; thus, a total of 19 trials (n = 5,551 pa-
tients) were included for the NMA (table 1) [20-33]. The
evidence network consisted of five topical treatments
[amorolfine 5% nail lacquer, ciclopirox nail lacquer 8%,
efinaconazole 10% topical solution, terbinafine nail solu-
tion (TNS), and tavaborole topical solution 5%] and four
oral treatment regimens (fluconazole 150-450 mg, itra-
conazole 200 mg continuous dosing, itraconazole 400 mg
pulse, and terbinafine 250 mg continuous dosing; fig. 2).

The inter-rater reliability coefficient for the assess-
ment of study quality was 0.81, indicating a substantial
agreement between raters [34]. Trials included in the
analyses were rated to be of high quality (quality scores
>11) [12]. All trials were randomized and double blind,
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except one open trial by Elewski et al. [20], which com-
pared TNS to amorolfine 5% nail lacquer.

Between-Trial Heterogeneity

Baseline characteristics of trial participants are pre-
sented in table 1. The mean age of the participants was
similar across trials, with most participants being middle-
aged. Efficacy assessments for all trials were performed
between weeks 48 and 60, and the majority of onychomy-
cosis infections presented as distolateral subungual ony-
chomycosis caused by dermatophytes. Severity of disease
was somewhat more difficult to compare across studies
as measures of nail involvement differed between trials.
Overall, trials of topical treatments involved more pa-
tients with milder disease than trials for oral treatments.
The Elewski et al. trial [20], comparing TNS with amo-
rolfine 5% nail lacquer, and those comparing TNS to
placebo, had higher percent nail involvement (~50%) at
baseline than trials of efinaconazole 10% topical solution
and ciclopirox nail lacquer 8% (both with participants
who had ~30% baseline nail involvement) [21, 22]. The
I% values were 0% for all pairwise meta-analyses (efina-
conazole 10% nail solution vs. vehicle, tavaborole topical
solution 5% vs. vehicle, fluconazole vs. placebo, itracon-
azole 200 mg vs. placebo, itraconazole 200 mg vs. terbin-
afine 250 mg, and terbinafine 250 mg vs. placebo), which
indicated an absence of quantifiable between-trial hetero-
geneity. The I* for the pairwise comparison of ciclopirox
nail lacquer 8% versus placebo was 29%; however, this
amount of heterogeneity was negligible [35].

Node-Splitting Analyses

Results from the node-splitting analysis are presented
in table 2. The evidence network (fig. 2) contains one
loop, and each of the three edges in that loop represents
a direct comparison between the treatments that it con-
nects (e.g. terbinafine 250 mg vs. placebo). If the loop is
broken by removing a particular direct comparison, the
two treatments are still connected by the remaining edges
of the loop, and that connection yields an indirect com-
parison between those two treatments. Leaving the net-
work intact also yields a comparison corresponding to
each edge, and the ‘Overall’ column of table 2 reports
these estimates. The absence of significant inconsistency
between the direct and indirect evidence justified the use
of a consistency model for the NMA.

NMA of Mycological Cure
Convergence of the consistency model was achieved
after 20,000 tuning iterations and 100,000 simulation it-
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Table 1. Trials included in the evidence network

Treatment arms Age,years  Clinical % Nail Mycologi- Assess-
type involvement  calcure  ment
rate week

Topical treatment trials

Elewski et al. [20], 2013 terbinafine 10% nail solution 54.0+11.78 DLSO, 49.3+14.48 51/271 52

trial b placebo 53.9+12.09 PSO,TDO 48.4+14.84 14/256

Elewski et al. [20], 2013 terbinafine 10% nail solution 53.0+12.15 DLSO 51.9+17.13 82/507 52

trial ¢ amorolfine 5% nail lacquer 53.0£12.97 50.4%16.32 82/522

Elewski et al. [21], 2013 efinaconazole 10% topical solution 52 (20-71) DLSO 36.7 (20-50)  362/656 52

trial 1 placebo 52 (18-70) 36.8 (20-50)  36/214

Elewski et al. [21], 2013 efinaconazole 10% topical solution 51 (18-71)  DLSO 36.2 (20-60)  311/583 52

trial 2 placebo 51 (18-70) 36.7 (20-50)  34/202

Gupta et al. [22], 2000 ciclopirox 8% nail lacquer 50 (20-70) DLSO 36.6+10.0 30/112 48

trial 1 placebo 49 (18-70) 40.3+9.6 12/111

Gupta et al. [22], 2000 ciclopirox 8% nail lacquer 50 (19-70) DLSO 37.7+10.8 41/119 48

trial 2 placebo 50 (23-70) 38.3+8.6 10/118

NCT01302119 [23] tavaborole 5% topical solution 55.5+11.5  DLSO - 142/396 52
placebo 55.4+11.0 25/205

NCT01270971 [24] tavaborole 5% topical solution 53.6+12.5 DLSO - 124/399 52
placebo 53.4+12.3 14/194

Oral treatment trials

Billstein et al. [25], 1999 terbinafine 250 mg 42-47 - - 11/15 48
placebo 0/16

Drake et al. [26], 1997 terbinafine 250 mg 45+1 DLSO 58+2 99/142 48
placebo 45+2 57+3 6/71

Goodfield et al. [27], 1992  terbinafine 250 mg 44 (19-78) - - 38/70 48
placebo 1/29

Briutigam et al. [28], 1996 terbinafine 250 mg 49 (21-70) DLSO, 65% > 60% NI 70/86 52
itraconazole 200 mg PSO 60% > 60% NI 53/84

De Backer et al. [29], 1998  terbinafine 250 mg - - - 136/186 48
itraconazole 200 mg 85/186

Elewski et al.[30], 1997 itraconazole 200 mg 46 (18-70) DLSO, - 24/35 48

trial 1 placebo 50 (30-68) PSO, TD 2/33

Elewski et al. [30], 1997 itraconazole 200 mg 47 (24-69) DLSO, - 18/38 48

trial 2 placebo 48 (23-69) PSO, TD 3/35

Elewski et al. [30], 1997 itraconazole 200 mg 49 (23-67) DLSO, - 17/37 48

trial 3 placebo 49 (22-69) PSO, TD 1/39

Havu et al. [31], 1997 itraconazole 200mg 45 DLSO - 44/65 48
itraconazole 400 mg (pulse) 41 43/64

Ling et al. [32], 1998 fluconazole 450 mg (weekly) 18-70 DLSO 80% >50% NI 86/192 48-60
placebo 80% = 50% NI 6/96

Scher et al. [33], 1998 fluconazole 150-450 mg (weekly) 48 DLSO 69% >50% NI 139/269 48
placebo 49 66% =50% NI 12/92

Participant age and % nail involvement are presented as mean + standard deviation or (range) when available. NI = Nail involvement;
DLSO = distolateral subungual onychomycosis, PSO = proximal subungual onychomycosis, TD = total dystrophic nail bed disease.

erations. The ORs and 95% CrIs of mycological cure for
pairs of interventions are presented in table 3. The ORs of
mycological cure were significantly higher with terbin-
afine 250 mg than all other treatments except itraconazole
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400 mg pulse therapy. The ORs of mycological cure with
the itraconazole 400 mg pulse regimen were significant-
ly greater than those of tavaborole 5% nail solution, ci-
clopirox nail lacquer 8%, amorolfine 5% nail lacquer,
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150-450 mg 3 250 mg
Itraconazole Itraconazole 2
400 mgpulse [ 1 | 200 mg
Fig. 2. Evidence network showing the
number of trials for each comparison.
Table 2. Results from the node-splitting analyses
Comparison Direct comparison Indirect comparison Overall p value
OR (95% CrI) OR (95% CrI) OR (95% CrI)
Itraconazole 200 mg and placebo -3.09 (-4.05, -2.18) -2.38 (-3.55,-1.49) -2.79 (-3.54, -2.19) 0.32
Itraconazole 200 mg and terbinafine 250 mg 3.55(2.71, 4.55) 4.25(3.12, 5.30) 3.84(3.19,4.62) 0.33
Terbinafine 250 mg and placebo 1.12 (0.54, 1.64) 0.55 (-0.77, 1.89) 1.05 (0.51, 1.53) 0.40

p < 0.05 indicates a statistically significant inconsistency between direct and indirect comparisons.

TNS, and placebo. The ORs of mycological cure with flu-
conazole 150-450 mg, efinaconazole 10% topical solu-
tion, tavaborole 5% nail solution, ciclopirox nail lacquer
8%, amorolfine 5% nail lacquer, and TNS were signifi-
cantly higher than placebo only.

The Markov Chain Monte Carlo process produces a
treatment ranking for each inference sample based on the
probability of mycological cure for each of the treatments.
The treatment ranking presented in table 4 reflects the
proportion of inference samples in which that drug had
that rank; thus, treatments were ranked according to
which treatment had the highest probability for each
rank. The treatment ranking was as follows: (1) terbin-
afine 250 mg, (2) itraconazole 400 mg pulse regimen, (3)
itraconazole 200 mg, (4) fluconazole 150-450 mg, (5) efi-

78 Skin Appendage Disord 2015;1:74-81
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naconazole 10% nail solution, (6) tavaborole 5% nail so-
lution, (7) ciclopirox nail lacquer 8%, (8) TNS, (9) amo-
rolfine 5% nail lacquer, and (10) placebo.

Discussion

This is the first study to compare the relative efficacy
of onychomycosis treatments including recently ap-
proved efinaconazole 10% nail solution and tavaborole
5% nail solution. All treatments showed significantly
greater ORs of achieving mycological cure compared to
placebo. Terbinafine 250 mg and the itraconazole 400 mg
pulse regimen had the greatest relative ORs of mycologi-
cal cure. Terbinafine 250 mg had significantly greater
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ORs of mycological cure compared to oral and topical
treatments, with the exception of itraconazole 400 mg
pulse, while itraconazole 400 mg pulse had significantly
greater ORs only in comparison to topical treatments,
with the exception of efinaconazole 10% nail solution.
The ORs of mycological cure with fluconazole 150-450
mg were not significantly different from either itracon-
azole regimen or any topical treatments. This analysis
confirms that oral treatment for toenail onychomycosis is
superior to topical treatment, with 250 mg terbinafine or
itraconazole 400 mg pulse being the oral treatments of
choice for dermatophyte infections.

Although statistically significant superiority of one top-
ical treatment over another was not observed, efinacon-
azole demonstrated the highest rank probability preceding
oral treatments. Efinaconazole 10% nail solution was also
the only topical treatment to demonstrate ORs of myco-
logical cure not statistically superior to the itraconazole
400 mg pulse regimen. Tavaborole was the next highest
rank for topical treatments. Again, the ORs of mycological
cure with efinaconazole 10% nail solution or tavaborole
5% nail solution were not significantly different from each
other or other topical treatments. Nevertheless, these
rankings and similar ORs of mycological cure between efi-
naconazole 10% nail solution and itraconazole 200 mg are
encouraging for the future of topical treatments. It appears
that the evolution of topical treatments has achieved some
success in improving nail penetrance and efficacy.

Mycological cure rates were used in this NMA. Pa-
tient-centered outcomes, such as clinical cure (improve-
ment in the appearance of the nail), were not considered.
We were unable to perform this analysis for the outcome
clinical cure because it is defined differently across trials,
and homogenous efficacy measures between trials are
necessary for NMA to be valid. It is important to note that
the treatment ranking could change depending on the
choice of outcome.

Although randomization produces a similarity of par-
ticipants between trial arms, participants are not neces-
sarily similar across studies. In this network, oral and top-
ical antifungals were compared despite the variation in
disease severity between trials for these two types of treat-
ment. As illustrated in table 1, participants in trials of
topical treatments typically have less extensive nail in-
volvement at baseline than participants in trials for oral
treatments. We attempted to minimize between-trial
heterogeneity by implementing strict inclusion criteria,
yet this also produced a thin evidence network, which re-
sulted in a lower precision, as reflected in relatively wide
95% CrIs for some comparisons.

Network Meta-Analysis of
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(3.67, 9.67)
4.75

(0.53, 3.76)
1.19

(0.45, 4.74)
1.22

(0.63, 3.08)

1.12

(0.58, 2.48)

(0.29, 1.43)
0.52

(0.1, 0.76)

(0.08, 1.06)
0.29

0.26

(0.05, 0.28)
0.10

10% topical solution

0.80

Tavaborole

(2.86, 8.49)
4.25

(0.43,3.11)
1.04

(0.37, 3.95)

1.09

(0.50, 2.69)

(0.40, 1.72)
0.71

(0.23,1.20)
0.47

(0.12, 0.65)

(0.07, 0.88)
0.26

0.23

(0.04, 0.24)
0.09

5% nail solution

0.89

Ciclopirox

(2.25,8.12)
3.94

(0.36,2.92)
0.96

(0.31, 3.61)

(0.37,1.99)
0.82

(0.32,1.59)
0.66

(0.19, 1.13)
0.44

(0.09, 0.62)

0.23

(0.06, 0.82)
0.21

(0.03,0.23)
0.08

nail lacquer 8%

0.92

Amorolfine

(141, 11.31)

4.03

(0.50, 1.85)

(0.28, 3.23)

0.96

(0.25, 2.70)

(0.21,2.22)
0.68 0.84

(0.13, 1.43)

0.45

(0.06, 0.86)

0.25

(0.04, 0.96)

0.22

(0.02,0.29)
0.09

5% nail lacquer

1.04

Terbinafine

(1.82, 9.57)

(0.54, 1.99)
0.25

(0.34,2.77)

0.24

(0.32,2.31)
0.21

(0.27,1.88)
0.17

(0.15,1.25)

0.11

(0.08, 0.74)

0.06

(0.05, 0.87)
0.05

(0.03, 0.25)
0.02

nail solution

0.25

Placebo

(0.09, 0.71) (0.10, 0.55)

(0.12, 0.44)

(0.12, 0.35)

(0.03,0.11) (0.06, 0.20) (0.10,0.27)

(0.02, 0.16)

(0.01, 0.04)

Significant ORs (i.e. do not include the null value 1) are shown in italics. The OR (95% CrI) in a particular cell is the ratio of the ORs of mycological cure for the treatment in that row to the treatment in that column. Median

of the posterior distribution of the random effects standard deviation in the log-odds scale = 0.17 (0.02, 0.66).
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Table 4. Onychomycosis treatment ranking based on the ORs of mycological cure

Drug Rank1 Rank2 Rank3 Rank4 Rank5 Rank6 Rank7 Rank8 Rank9 Rank10
Terbinafine 250 mg 0.96 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Itraconazole 400 mg pulse 0.04 0.54 0.29 0.09 0.02 0.01 0.01 0.00 0.00 0.00
Itraconazole 200 mg 0.00 0.36 0.59 0.05 0.01 0.00 0.00 0.00 0.00 0.00
Fluconazole 150-450 mg 0.00 0.05 0.10 0.65 0.12 0.05 0.02 0.01 0.00 0.00
Efinaconazole 10% topical solution  0.00 0.00 0.01 0.09 0.45 0.21 0.15 0.06 0.02 0.00
Tavaborole 5% nail solution 0.00 0.00 0.00 0.03 0.13 0.30 0.23 0.18 0.14 0.00
Ciclopirox nail lacquer 8% 0.00 0.00 0.00 0.02 0.10 0.17 0.25 0.16 0.29 0.00
Terbinafine nail solution 0.00 0.00 0.00 0.02 0.09 0.14 0.19 0.36 0.19 0.00
Amorolfine 5% nail lacquer 0.00 0.01 0.01 0.04 0.09 0.12 0.15 0.23 0.34 0.01
Placebo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.99

Each entry denotes the proportion of inference samples in which the drug’s probability of mycological cure had the particular rank.

Values in italics indicate the highest probability for that rank.

Conclusions

Terbinafine 250 mg confers the greatest ORs of myco-
logical cure and is the treatment of choice for toenail on-
ychomycosis. Newly developed topicals have improved
ORs of mycological cure, yet these ORs were not signifi-
cantly greater than those of preexisting topical treat-
ments. Further experience with topical agents will reveal
their clinical significance, and head-to-head trials of ony-
chomycosis treatments are warranted.
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