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Abstract: Luliconazole is a novel imidazole derivative, which has demonstrated in vitro efficacy
against dermatophytes and Candida. The results from Phase Il trials show that luliconazole 1%
cream applied once daily for 2 weeks successfully resolved the clinical signs and symptoms
as well as eradicated the pathologic fungi, which cause tinea pedis. A 1-week treatment with
luliconazole 1% cream also produced favorable clinical and mycological results in clinical trials
for tinea corporis and tinea cruris. Across trials, adverse events consisted mainly of localized
reactions following application. The development of a new antifungal agent is timely due to
mounting resistance among existing treatments. Because luliconazole requires a short duration
of treatment, it may assist in reducing disease recurrence as a result of patient nonadherence.
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Introduction

Tinea are superficial fungal infections typically caused by dermatophytes.! Common
pathogens include Trichophyton rubrum, Trichophyton mentagrophytes, and Epider-
mophyton floccosum.' Superficial fungal infections are widespread, with an estimated
worldwide prevalence of 20%25%, and include tinea pedis (athlete’s foot), tinea
cruris (jock itch), and tinea corporis (ringworm), among others.? Tinea of the skin
presents clinically as well-demarcated, scaling, and inflamed lesions, which are often
accompanied by an itching or burning sensation.? In the case of tinea pedis, maceration
and vesiculation may also be present. Potassium hydroxide (KOH) microscopy, fungal
culture, or examination under a Wood’s lamp can confirm the diagnosis of cutaneous
dermatophyte infections. Some cases can be chronic and may lead to more extensive
dermatophytosis if left untreated.** Most mild-to-moderate tinea infections can be
treated with topical antifungals, while oral agents are usually reserved for severe or
recalcitrant cases.'

Topical allylamine (terbinafine and butenafine) and imidazole (clotrimazole and
bifonazole) antifungals are popular treatment choices for infections of the feet, body,
and groin. Both allylamine and imidazole antifungals work by inhibiting the synthe-
sis of ergosterol, an essential component of the fungal cell membrane.® Allylamines
block the conversion of squalene into squalene-2,3-epoxide, a precursor of ergosterol
formation, while imidazoles selectively inhibit fungal cytochrome P450 (CYP450)
14 o-demethylase enzyme, which disrupts the conversion of lanosterol to ergosterol.’
Imidazoles also alter the synthesis of triglycerides and phospholipids, which leads to
an accumulation of toxic levels of hydrogen peroxide within fungal cells.” This buildup
of toxic concentrations of hydrogen peroxide may contribute to the deterioration of
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subcellular organelles and to cell death.” Imidazoles have
been shown to inhibit the transformation of blastospores
of Candida albicans into the invasive mycelial form; thus,
rendering them more favorable than allylamines for the
treatment of superficial infections caused by Candida.’®
However, current imidazole antifungals have some limita-
tions: conventional use has produced fungal resistance and
many agents require treatment courses lasting several weeks,
which can contribute to patient nonadherence, and ultimately,
disease recurrence.’

Luliconazole {(-)-E-[(4R)-4-(2,4-dichlorophenyl)-1,3-
dithiolan-2-ylidene] (1H-imidazol- 1-yl) acetonitrile} is
a novel imidazole antifungal.' Luliconazole is uniquely
characterized by its R-enantiomer side chain in addition to
one chiral center.!! The addition of an imidazole moiety into
the ketene dithioacetate structure of the compound augments
its ability to target filamentous fungi, such as dermato-
phytes, without compromising its broad-spectrum antifungal
activity.'? Luliconazole has been shown to have antifungal
activity against dermatophytes and Candida in vitro, and
has been clinically assessed for the treatment of tinea pedis,
cruris, and corporis.

Luliconazole 1% cream

The pharmacokinetics of luliconazole 1% cream were inves-
tigated in 12 participants with moderate to severe tinea pedis
and eight participants with moderate to severe tinea cruris.!!
The participants applied luliconazole 1% cream once daily
for 15 days. Luliconazole plasma concentrations were mea-
surable in all participants on day 15 and varied little within
the 24-hour interval. The mean + standard deviation of the
maximum concentration (C_ ) was 0.40£0.76 ng/mL and
4.91+2.51 ng/mL after the first dose, and 0.93+1.23 ng/mL
and 7.3612.66 ng/mL after the final dose in the participants
with tinea pedis and tinea cruris, respectively. The mean time
toreach C (T ) was 16.9£9.39 hours after the first dose
and 5.8%7.61 hours after the final dose for the participants

max-

with tinea pedis, and was 21.015.55 hours after the first dose
and 6.5£8.25 hours after the final dose in the participants with
tinea cruris. In participants with tinea pedis, exposure to luli-
conazole as expressed by area under the concentration time
curve (AUC, ,,) was 6.88+14.50 ng*hr/mL after the first dose
and 18.74+27.05 ng*hr/mL after the final dose. Exposure to
luliconazole, as expressed by AUC  ,, was 85.1+43.69 ng*hr/
mL after the first dose and 121.74£53.36 ng*hr/mL after the
final dose in the participants with tinea cruris.

The antifungal activity of luliconazole has been compared
to that of other commercially available agents in vitro.!%!213

The minimum inhibitory concentration for luliconazole
was 2—4 times lower than lanoconazole and almost equal to
or marginally lower than terbinafine for 7 rubrum and T.
mentagrophytes strains (Table 1). Luliconazole was shown
to have the highest antifungal activity against Trichophyton
spp. of currently available topical antifungal drugs and was
also highly effective against Candida.'"'>"® Luliconazole
1% was also found to successfully eradicate experimentally-
induced T. mentagrophytes infections in half the time or less
required for 1% terbinafine cream and bifonazole 1% cream.'
Promising findings from preliminary studies lead to the clini-
cal investigation of luliconazole’s efficacy in treating tinea
pedis, tinea cruris, and tinea corporis infections.

Tinea pedis

A randomized, double-blind, multicenter, Phase II trial
examined the efficacy and safety of several doses of luli-
conazole cream for plantar and interdigital tinea pedis.'
A total of 241 participants with interdigital or plantar type tinea
pedis were enrolled into one of three groups: luliconazole 1%
(group A), luliconazole 0.5% (group B), or luliconazole 0.1%
(group C). The participants were instructed to apply luliconazole
once daily for 14 days. Study endpoints included improvement
in cutaneous symptom scores from baseline, clinical efficacy,
defined as the proportion of the participants whose symptoms
were deemed to be “markedly” or “moderately” improved,
the proportion of the participants with negative KOH, and the
rate of global improvement as judged by the study investigator.
Clinical assessments and skin sampling were performed at days
0, 14, 28, and 42 of the study. Adverse event (AE) documenta-
tion, tolerability, hematology, blood biochemistry, and urine
tests were also performed at all visits.

A total of 213 participants were evaluated for efficacy.
Improvement of clinical symptoms, as expressed by the rate
of participants who had markedly or moderately improved,
stabilized for all the participants by week 4. Global improve-
ment rates for groups A, B, and C were 87.8%, 94%, and
88.8% at 6 weeks, respectively (Table 2). Separate analysis
of the negative KOH rates for interdigital and plantar tinea
pedis revealed a trend in the concentration-dependent rela-
tionship in the negative conversion rate of fungi (P=0.038),
with the 1% concentration demonstrating the highest nega-
tive conversion rates. Overall, five AEs were reported and
consisted of eczema and contact dermatitis in one patient
each of group A, one case of pruritus in group B, and dys-
hidrotic eczema, erythema, and pain in one participant each
in group C. Based on the results from this dose-finding study,
the 1% formulation of luliconazole cream was determined

2 submit your manuscript

Dove

Infection and Drug Resistance 2016:9


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

A critical appraisal of once-daily topical luliconazole

Ketoconazole'®
0.016-0.13
0.25-1

Clotrimazole'?
0.031-0.063

0.016-0.5
0.13-0.25

Miconazole'?
0.031-0.025
0.13-2

0.13-1

Bifonazole'>'?
0.0078—>1
0.016-1

0.0078-0.063
0.002-0.031

0.0039-0.031
>16

Butenafine'?

Terbinafine'?"
0.002—>0.25
0.001-0.06

Lanoconazole'?

0.00024-0.016
0.0005-0.004

=0.00012-0.004

Luliconazole'>'?
0.00024-0.002

Table | Minimum inhibitory concentrations (MICs, g/mL) of luliconazole against common pathogens compared to reference antifungals

Trichophyton mentagrophytes

Trichophyton rubrum
Trichophyton tonsurans

0.13-1

0.063-1
0.254

=0.00098-0.016

2->64

0.00024-0.00049
0.031-0.25

0.016-0.063 =0.0039-0.031 =0.002-0.016

0.063-0.25

Candida albicans

Abbreviation: NA, not available.

Table 2 Clinical efficacy* rates from a Phase Il dose-finding study
of luliconazole cream for tinea pedis

Luliconazole 1% Luliconazole 0.5% Luliconazole 0.1%

N=74 N=67 N=72
Week 2 52.7% 44.8% 45.1%
Week 4 79.7% 74.6% 72.2%
Week 6 87.8% 94.0% 88.8%

Note: *Defined as the proportion of participants whose symptoms were deemed
to be “markedly” or “moderately” improved based on the change in investigator
global assessment scores from baseline.

to be the most effective and safe concentration for further
investigation in Phase III trials.

A total of 147 patients with KOH and culture-confirmed
interdigital tinea pedis were enrolled in a randomized,
double-blind, vehicle-controlled, Phase III trial of lulicon-

azole 1% cream.'¢

The participants were randomized in a
2:2:1:1 ratio to 2- or 4-week treatment with luliconazole
1% cream or vehicle once daily. The primary endpoint was
complete clearance, defined as both clinical cure (score of 0
on a 4-point physician global assessment [PGA] scale) and
mycological cure (negative KOH and fungal culture) within
2 weeks following completion of treatment. Secondary effi-
cacy endpoints included effective treatment (defined as the
rate of participants who had a PGA of 0 or 1, and negative
KOH and fungal culture), clinical cure, mycological cure,
and complete clearance, all at the end of treatment, and at
2 and 4-week posttreatment. The AEs were also documented
throughout the course of the study. Complete clearance and
mycological cure rates were measured 2- and 4-weeks post-
treatment. Efficacy rates in both luliconazole 1% groups
were higher than vehicle when measured at 2- and 4-week
posttreatment; however, no P-values were reported. There
were no treatment-related AEs.

Another randomized, double-blind, vehicle-controlled
Phase III study of luliconazole 1% cream was performed
on 209 participants with interdigital tinea pedis.!” The
participants were randomized in a 1:1 ratio to receive
either luliconazole 1% cream or vehicle once daily for
2 weeks. Clinical signs and symptoms, as well as mycol-
ogy (KOH and culture) were conducted at days 28 and 42
of the study. The PGA was performed on days 14, 28, and
42 by an investigator using a 4-point scale (0 [none] to
3 [severe]). The primary efficacy endpoint was complete
clearance, defined as both a clinical (total absence of signs
and symptoms) and mycological cure (negative KOH and
culture) at day 42. Secondary efficacy endpoints included
the proportion of patients achieving clinical cure and myco-
logical cure at day 42, and complete clearance at day 28
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(2-weeks posttreatment). The AEs were also monitored and
documented throughout the trial.

Luliconazole 1% cream was significantly more effec-
tive than vehicle in producing complete clearance at 2- and
4-week posttreatment (P=0.001 and P<<0.001 for 2- and
4-week assessments, respectively). The participants treated
with luliconazole 1% cream also had significantly higher
mycological cure rates compared to vehicle when assessed
at 2 weeks (P<<0.001); however, mycological cure rates at
4-week posttreatment follow-up were not reported. The most
common treatment-related AEs were application-site reac-
tions experienced by less than 1% of participants.

The efficacy of luliconazole 1% cream in treating inter-
digital and plantar-type tinea pedis was evaluated against
an active comparator in a multicenter, randomized, single-
blind, parallel group study.'® A total of 511 participants were
assigned to luliconazole 1% cream once daily for 2 weeks
and 2-week vehicle, or bifonazole 1% cream for 4 weeks by
block randomization method according to the type of tinea
pedis. Skin sampling for KOH wet mount, as well as clinical
ratings of signs and symptoms were performed at each visit.
Study endpoints were evaluated at 4-week posttreatment and
included overall cure (clinical and negative KOH), clinical
efficacy (defined as the rate of participants who exhibited
marked or moderate symptom improvement from baseline),
and mycological efficacy (negative KOH).

Overall cure rates were similar between luliconazole 1%
and bifonazole 1% (74.1% vs 73.4%, P=0.918). Clinical
and mycological cure rates also were comparable between
treatment groups (clinical cure: 91.5% vs 91.7%, P=1;
mycological cure: 76.1% vs 75.9%; P=1, for luliconazole
1% cream vs bifonazole 1% cream, respectively). Treatment-
related AEs were experienced by 5/253 (2.0%) participants
in the luliconazole 1% group and 6/247 (2.4%) participants
in the bifonazole 1% group. The AEs in both groups were
localized reactions and consisted of erythema, itching, pain,
and redness in the luliconazole group and itching, erythema,
skin inflammation, irritation, and redness in the bifonazole

group.

Tinea cruris and tinea corporis

A randomized, multicenter, double-blind, vehicle-controlled
Phase III study was conducted to evaluate the efficacy and
safety of luliconazole 1% cream for the treatment of tinea
cruris.”” A total of 483 participants with KOH-confirmed
tinea cruris were randomly allocated in a 2:1 ratio to receive
luliconazole cream 1% or vehicle cream once daily for 7 days.

A total of 256 were evaluated for efficacy. Efficacy assess-
ments were conducted during each visit at days 0, 7, 14, 21,
and 28 of the trial and consisted of the evaluation of clinical
signs by investigators on a 4-point scale (0 “no symptoms”
to 3 “severe”) and skin scrapings for KOH and culture tests.
The primary efficacy endpoint was complete clearance,
defined as clinical cure (complete resolution of clinical signs
and symptoms) and mycological cure (negative KOH and cul-
ture) at day 28. Secondary efficacy endpoints included clini-
cal cure at day 28, mycological cure at day 28, and effective
treatment (minimal signs and symptoms plus mycologic cure)
at days 7, 14, 21, and 28. The AEs were also monitored.

A significantly higher proportion of participants
treated with luliconazole 1% cream vs vehicle attained
complete clearance at day 28 (21.2% vs 4.4%, P<<0.001).
A significantly greater number of participants treated with
luliconazole 1% also attained clinical cure (24.2% vs 6.6%,
P<0.001), mycologic cure (78.2% vs 45.1%, P<<0.001),
and effective treatment (43.0% vs 18.7%, P<<0.001) at day
28. Two participants in the luliconazole group reported
application-site reactions (general application-site reaction,
pruritus, and pain) and four participants in the vehicle group
reported worsening of tinea cruris. Overall, the safety profile
of luliconazole cream 1% was similar to vehicle.

Luliconazole 1% cream was compared to sertaconazole
2% cream and terbinafine 1% cream in an open-label pilot
study.?’ A total of 83 participants with KOH-confirmed tinea
corporis or tinea cruris infections were randomized ina 1:1:1
ratio to sertaconazole 2% cream twice daily for 4 weeks, luli-
conazole 1% cream once daily for 2 weeks, or terbinafine 1%
cream once daily for 2 weeks. Primary efficacy was the rate
of participants in each treatment group who had clinical signs
and symptoms of tinea infection at the end of treatment and at
2-week posttreatment follow-up. Rates of pruritus, erythema,
vesiculation, and desquamation were graded from “none” =0
to “severe” =3. Mycologic assessment was based on the KOH
wet mount. Secondary endpoints included change in clinical
signs and symptom composite score, and the rate of success-
ful treatment based on a PGA score. Treatment-related AEs
were also documented.

A total of 62 participants completed the study. At the
end of treatment, a higher proportion of participants in the
sertaconazole group had resolution of pruritus, erythema,
and desquamation compared to erbinafine and luliconazole.
The proportion was only significantly higher for pruritus and
only when compared to terbinafine but not Iuliconazole. At
follow-up, 100% of participants in the sertaconazole and
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luliconazole groups and 95.5% of the participants in the
terbinafine group showed absence of pruritus. All the par-
ticipants in all groups showed absence of erythema, vesicles,
and desquamation at follow-up. Furthermore, all participants
in the sertaconazole, terbinafine, and luliconazole groups
were KOH negative at the end of treatment and at 2-week
posttreatment follow-up. At the end of treatment, partici-
pants in the sertaconazole group had a greater reduction in
mean composite score (97.1%) compared to luliconazole
(92.9%) and terbinafine (91.2%). The composite score was
zero for all participants in the sertaconazole and luliconazole
groups and 0.05 in the terbinafine group. At end of treat-
ment, 100% of the participants in the sertaconazole group
were considered to have successful treatment compared to
95% of the luliconazole group and 86.4% of the terbinafine
group. All treatments were well tolerated; yet one participant
in the sertaconazole group withdrew from the study due to
dermatitis.

The efficacy of luliconazole, sertaconazole, ebercon-
azole, terbinafine, and amorolfine in treating superficial
fungal infections was investigated in a head to head trial.?!
A total of 150 participants with tinea pedis, tinea corporis,
and tinea cruris were randomized in blocks of 30 to receive
luliconazole, sertaconazole, eberconazole, terbinafine,
and amorolfine. Tinea infections were confirmed by KOH
microscopy. The participants with tinea cruris/corporis were
instructed to apply their respective agents for 1 week, while
the participants with tinea pedis were instructed to apply
the test agent for 2 weeks. Symptoms were assessed at
baseline and at 1- and 4-week follow-up. Efficacy endpoints
included the mean change in symptom scores from baseline at
2 and 4 weeks, and the proportion of participants with maxi-
mum improvement in signs and symptoms at 4 weeks.

Results showed that at 2 weeks, the participants in the
luliconazole, sertaconazole, and amorolfine groups had a
significant reduction in signs and symptoms, whereas the
participants who received terbinafine or eberconazole did
not. By 4 weeks, participants in all but the eberconazole
group had a significant reduction in symptoms from baseline.
Sertaconazole had the highest rates of participants with maxi-
mum improvement in signs and symptoms (93.3%), followed
by luliconazole (86.6%), amorolfine (83.3%), terbinafine
(80%), and eberconazole (73.3%); however, statistical com-
parisons of these rates were not reported. The AEs consisted
of localized reactions (redness, burning, irritation, peeling,
and itching) and were highest with eberconazole (26.6%)
followed by luliconazole (20%), terbinafine (16.6%), amo-

rolfine (13.3%), and sertaconazole (6.6%). This study suffers
from some disadvantages in that it is not clearly reported,
the randomization scheme and measurement was not clear,
mycological findings were not presented, and the results were
not stratified by site of infection.

Conclusion

Luliconazole is a novel broad-spectrum imidazole antifungal.
Its antifungal ability has also been shown to surpass its
commercial counterparts in vitro. The results from Phase 111
vehicle-controlled studies showed that luliconazole 1% was
significantly more effective than vehicle in rapidly resolving
the signs and symptoms of tinea pedis and tinea cruris, in
addition to successfully eradicating the underlying fungal
infection. When luliconazole 1% was evaluated against
bifonazole 1% for tinea pedis, no significant difference in the
rate of overall cure, resolution of symptoms, or conversion to
negative mycology between agents was found, demonstrating
that short-duration treatment for 2 weeks with luliconazole
was as effective at curing tinea pedis as 4 weeks’ treatment
with bifonazole.

Two studies compared luliconazole 1% cream to sert-
aconazole cream among other topical agents.?*?! Both studies
found that participants treated with sertaconazole had
higher rates of resolution of clinical signs and symptoms
compared to luliconazole; yet the results of these studies are
questionable due to defects with study design and unclear
study conduct and ambiguous reporting. The comparative
effectiveness and safety of luliconazole and sertaconazole
remains unclear and well-designed head-to-head trials of
newer antifungals are warranted to establish these agents’
relative efficacy in treating tinea infections.

Despite limited information on luliconazole’s efficacy
and its efficacy compared to other antifungal medications,
the results summarized demonstrate that luliconazole 1%
cream is effective for the treatment of superficial fungal
infections, with comparable AEs to existing antifungals.
Luliconazole’s short duration of treatment (2 weeks for tinea
pedis, 1 week for tinea cruris/corporis)!! is an advantage
given that patient compliance with longer treatment regimens
is a challenge. Luliconazole 1% cream is currently approved
for the once-daily treatment of tinea pedis, tinea cruris,
and tinea corporis caused by 7. rubrum and E. floccosum."
Furthermore, low minimum inhibitory concentration data
suggest that luliconazole may be effective in treating infec-
tions caused by Candida.”® Luliconazole represents a new
addition to the imidazole antifungal arsenal, which may help
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abate mounting fungal resistance due to the commonplace
use of topical agents and help prevent disease recurrence
due to patient nonadherence.
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