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Executive Summary:  
· Luliconazole 1% cream is a topical antifungal agent and belongs to the azole class of antifungals. 
· Luliconazole is indicated in patients 18 years or older for treatment of tinea pedis (athlete’s foot), tinea cruris (jock itch, affecting tissue surrounding and/or including the groin), and tinea corporis (ringworm).
· Luliconazole is applied once daily with duration of treatment of 2 weeks for tinea pedis and 1 week for tinea cruris and tinea corporis.
· In the tinea cruris pivotal clinical trial, 21.2% of luliconazole treated subjects with tinea cruris achieved complete mycologic and clinical clearance compared to 4.4% of subjects treated with vehicle cream (p<0.001).  Two identical pivotal clinical trials were conducted in subjects with tinea pedis.  In one of these trials, 26.4% of luliconazole treated subjects achieved complete mycologic and clinical clearance compared to 1.9% of subjects treated with vehicle cream (p<0.001).  In the other trial, 14.0% of luliconazole treated subjects with tinea pedis achieved complete mycologic and clinical clearance compared to 2.8% of subjects treated with vehicle cream (p<0.001). Tinea corporis is an expanded indication based on the similarity of causative organisms.
· Local site reaction was the most common adverse event reported by less than 1% of subjects who received luliconazole cream. 
· In conclusion, luliconazole is indicated for treatment of tinea pedis (athlete’s foot), tinea cruris (affecting tissue surrounding and/or including the groin), and tinea corporis (ringworm).  Luliconazole has a shorter duration of treatment for tinea pedis (2 weeks), and tinea cruris and tinea corporis (1 week) compared to other commonly utilized topical antifungal agents. In addition, luliconazole is administered once daily.  However, there were no head to head pivotal clinical trials; only vehicle control.     
Introduction

The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating luliconazole 1% cream for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

Pharmacology/Pharmacokinetics1-3
Luliconazole is an imidazole antifungal that inhibits ergosterol biosynthesis by inhibiting lanosterol 14α-demethylase. Ergosterol is a component of the fungal cell membrane, and disruption of its production can alter fluidity and integrity of the cell membrane and cell wall. Additionally, this agent inhibits the production of protease by Trichophyton species. 
Luliconazole is FDA approved to treat tinea pedis, tinea cruris and tinea corporis caused by Trichophyton rubrum and Epidermophyton floccosum. Luliconazole also has in vitro activity against Trichophyton mentagrophytes, Trichophyton tonsurans, Candida albicans, and Malassezia restricta. 
Luliconazole is primarily metabolized by cytochromes CYP2D6 and 3A4, and is greater than 99% bound to protein in serum. The pharmacokinetics luliconazole 1% cream were evaluated in 15 patients with moderate to severe bilateral tinea pedis infections, and 15 patients with moderate to severe tinea cruris infections.  All subjects applied 3.5 grams of luliconazole 1% cream in the morning.  Subjects with tinea pedis applied the cream up to their ankle, and patients with tinea cruris applied the cream on their groin, thighs and abdomen.

Diseased skin has increased absorption compared to healthy skin. Luliconazole appears to have a higher Cmax and AUC in patients with tinea cruris compared to tinea pedis (Refer to Table 1). Overall there is low systemic absorption; the half-life of luliconazole can vary and may be prolonged in some patients.
Table 1.  Pharmacokinetics of luliconazole 1% cream2
	
	Tinea pedis
	Tinea cruris

	Mean Cmax (ng/mL)

	Day 8
	0.57
	5.63

	Day 15
	0.93
	7.36

	Mean AUC (ng*hr/mL)

	Day 8
	10.41
	106.93

	Day 15
	18.74
	121.74


FDA Approved Indication(s)1
Luliconazole 1% cream is indicated for patients 18 years or older for topical treatment of interdigital tinea pedis, tinea cruris, and tinea corporis caused by Trichophyton rubrum and Epidermophyton floccosum.
Potential Off-label Uses2
According to clinicaltrials.gov, luliconazole 10% is currently being evaluated for the treatment of onychomycosis in a phase 2b/3 trial; however, please note that the 10% strength is not available in the US.
Current VA National Formulary Alternatives4-9
	Formulary Alternatives 
	FDA Indications
	Dosing Regimen 
	Duration of Treatment

	Clotrimazole 1% cream, lotion, and solution topical
	Tinea pedis
	Apply to affected area twice daily
	4 weeks

	
	Tinea cruris
	
	4 weeks 
(Solution 2 weeks)

	
	Tinea corporis
	
	4 weeks 

	Miconazole nitrate 2% cream and powder, topical
	Tinea pedis
	Apply to affected area twice daily
	4 weeks

	
	Tinea cruris
	
	2 weeks

	
	Tinea corporis
	
	4 weeks 

	Ketoconazole 2% cream, topical
	Tinea pedis
	Apply to affected area once daily 
	6 weeks

	
	Tinea cruris
	
	2 weeks

	
	Tinea corporis
	
	2 weeks 

	Terbinafine 1% cream, topical
	Tinea pedis
	Apply to affected area once daily
	Minimum of 1 week, not to exceed 4 weeks

	
	Tinea cruris
	
	Minimum of 1 week, not to exceed 4 weeks

	
	Tinea corporis
	Apply to affected area once or twice daily
	7 – 14 days

	Nystatin cream, and ointment, topical
	Treatment of cutaneous and mucotaneous fungal infections normally caused by Candida spp.
	Apply 2 – 3 times daily to affected area
	Not specified

	Tolnaftate powder, topical
	Tinea pedis
	Apply to affected area two times daily
	Up to 4 weeks

	
	Tinea cruris
	
	Up to 2 weeks

	
	Tinea corporis
	
	Up to 4 weeks


Dosage and Administration1
	Indication
	Regimen
	Duration of Therapy 

	Interditital tinea pedis
	A thin layer of cream should be applied to affected area including 1 inch of the immediate surrounding area(s) once daily
	2 weeks

	Tinea cruris or tinea corporis
	A thin layer of cream should be applied to affected area including 1 inch of the immediate surrounding area(s) once daily
	1 week


Efficacy2
The FDA indication for luliconazole was primarily based upon three U.S. phase 3 pivotal trials, and one long-term safety study including patients with tinea cruris, tinea pedis, and tinea corporis. Of the phase 3 clinical trials, one vehicle controlled trial evaluated the efficacy in tinea cruris and two identical vehicle controlled trials evaluated the efficacy in tinea pedis that are summarized together. All 3 pivotal trials utilized the same primary efficacy endpoint of “clinical cure” defined as having no clinical symptoms and mycological clearance. The tinea pedis trials have a longer duration of treatment compared to tinea cruris and tinea corporis. Tinea corporis is an expanded indication based on the similarity of the causative organisms. 
Summary of efficacy findings2 
	Area Affected
	Primary Outcome
	Luliconazole

 1% cream
	Vehicle cream
	P-value

	Tinea Cruris
	Clinical clearance at day 28
	21.2%
	4.4%
	<0.001

	Tinea Pedis
	Clinical clearance at day 42
	26.4%
	1.9%
	<0.001

	
	Clinical clearance at day 42
	14.0%
	2.8%
	<0.001

	Clinical clearance: having no signs/symptoms (erythema, scaling, or pruritis), and mycological clearance (negative potassium hydroxide (KOH) examination and fungal culture 


For further details on the efficacy results of the clinical trials, refer to Appendix:  Clinical Trials.
Adverse Events (Safety Data)2
There were 616 subjects exposed to luliconazole during phase 3 clinical trials. The most common adverse event involved application site reactions occurring in less than 1% of the subjects in both experimental and vehicle arm. Most were noted to be mild in severity. Post marketing experience has demonstrated adverse events to include dermatitis and cellulitis in 1% of patients using luliconazole. 
Deaths and Other Serious Adverse Events 

No deaths or serious adverse events due to luliconazole were documented. 
Contraindications1
None
Warnings and Precautions1
None
Special Adult Populations1,2
· Pregnancy:  Pregnancy category C:  When maternal exposure (subcutaneous administration) to luliconazole in rats and rabbits was limited to the period of organogenesis, there were no fetal malformations or maternal toxicity at animal exposures equivalent to 3 times the maximum recommended human dose (MRHD) in rats and 24 times the MRHD in rabbits.  When pregnant rats received luliconazole subcutaneously from organogenesis through lactation, there was increased prenatal pup mortality, reduced live litter sizes, and increased postnatal pup mortality at a maternal dose equivalent to 3 times the MRHD, which also cause maternal toxicity.  These effects did not occur at lower maternal exposures (0.6 times and MRHD or less).

· Nursing Mothers: Unknown if luliconazole is excreted in human milk. 
· Geriatrics:  The clinical trials had limited number of geriatrics (8% were 65 years or older, and 1.4% were 75 years and older). There were no observed differences in safety or efficacy compared to patients less than 65 years of age. 

Sentinel Events2
No sentinel events have been documented.
Look-alike / Sound-alike (LA / SA) Error Risk Potential

As part of a Joint Commission standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from three data sources (Lexi-Comp, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:
	NME Drug Name
	Lexi-Comp
	First DataBank
	ISMP
	Clinical Judgment

	Luliconazole 1% cream
Luzu
	None
None
	None
None
	None
None
	Lansoprazole
Lyza, Luxiq, Lozol


Drug Interactions1,2
Luliconazole inhibited various CYP isoforms including mostly CPY2C19 and CYP3A4 as well as CYP1A2, CYP2C9, and CYP2D6.  Clinical effect of luliconazole on these enzymes is unlikely due to low systemic absorption.  
Acquisition Costs

Refer to VA pricing sources for updated information.
Pharmacoeconomic Analysis

No information published in the literature at this time. 
Conclusions
In conclusion, luliconazole is indicated for treatment of tinea pedis (athlete’s foot), tinea cruris (affecting tissue surrounding and/or including the groin), and tinea corporis (ringworm).  Luliconazole has a shorter duration of treatment for tinea pedis (2 weeks), and tinea cruris and tinea corporis (1 week) compared to other commonly utilized topical antifungal agents. In addition, luliconazole is administered once daily.  However, there were no head to head pivotal clinical trials; only vehicle control.     
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Appendix:  Clinical Trials2
	Clinical Trial
	Terry M. Jones, M.D., Michael T. Jarratt, M.D., Steven K. Grekin, D.O., Christina C. Smith, Pharm.D., Mandeep Kaur, M.D., M.S.  A Randomized, Multicenter, Double-blind, Vehicle-controlled Study Evaluating the Efficacy and Safety of Luliconazole Cream 1% Once Daily for 7 Days  in Patients > 12 Years of Age with Tinea Cruris. J Drugs Dermatol.Jan  2014, 13(1): 32-38. 

	Study Goals
	Evaluate safety and efficacy of luliconazole cream 1% applied once daily for 7 days in patients with tinea cruris. 

	Study Design
	This study was a multicenter, randomized, double-blind, parallel-group, vehicle-controlled, phase 3 study conducted in the US. 

	Methods
	Treatment:

· Patients were instructed to apply either luliconazole 1% cream or vehicle cream to affected areas (and 2.5 cm surrounding infected area) once daily for 7 days.  Patients were instructed to thoroughly clean and dry the skin prior to application.
Primary Efficacy Endpoint
· Complete clinical and mycologic clearance at 28 days (3 weeks post treatment) in modified intention to treat population
· Clinical cure:  no signs or symptoms of tinea cruris (erythema, scaling, pruritus) (0=none, 1=mild, 2=moderate, 3=severe)

· Mycologic cure: negative potassium hydroxide (KOH) and fungal culture
Secondary Efficacy Endpoint

· Proportion of subjects who achieve clinical cure at day 28 (3 weeks post-treatment)
· Proportion of subjects who achieve mycologic cure at day 28 (3 weeks post-treatment)
· Proportion of subjects who achieve effective treatment at days 7, 14, 21, 28. Defined as negative KOH and fungal culture with mild erythema and/or scaling without pruritus
Randomization

· 2:1 for luliconazole 1% cream or vehicle cream

Data Analysis

· Analysis was conducted on a modified intention to treat population (MITT) defined as all patients who were randomized, dispensed medication, and had a positive baseline KOH and fungal culture result.

· MITT population had > 90% power to detect complete clearance success rates of 45% for luliconazole cream compared to vehicle cream with a two-sided alpha of 0.05 

	Criteria
	Inclusion criteria

· Males and females > 12 years of age with diagnosis of tinea cruris and clinical evidence of tinea infection  (i.e., at least moderate erythema, mild scaling, and moderate pruritus)
· Eligible patients had a mycologic diagnosis of tinea cruris confirmed by potassium hydroxide (KOH) testing

· Women of child bearing potential were eligible if they used contraception
Exclusion criteria

· Active atopic or contact dermatitis in treated area
· Severe dermatophytoses, mucocutaneous candidiasis or bacterial skin infection
· Pregnant and/or nursing; or women planning a pregnancy during the study course
· Immunocompromised patients (ex: HIV or medications)
· Subjects with history of intolerance or hypersensitivity to imidazole compounds or inactive components of the cream 
· Uncontrolled diabetes
· Subjects with life-threatening conditions: autoimmune deficiency syndrome, cancer, unstable angina, or myocardial infarction within the last 6 months
· Use of a topical antifungal within 14 days of study period
· Use of topical terbinafine, butenafine and naftifine within 30 days of study period
· Use of systemic antifungals within 8 weeks (8 months after terbinafine), or 5 half-lives of antifungal prior to baseline visit
· Use of topical or systemic antibiotics within 30 days, or 5 half-lives of antibiotic prior to baseline visit
· Use of antibacterial soaps on affected area within 7 days of baseline visit 
· Use of topical corticosteroids within 14 days of the baseline visit
· Use of systemic or intralesional corticosteroids within 30 days of baseline visit
· Recent or currently known abuse of drugs or alcohol

	Results
	Demographics and Baseline Characteristics in MITT population 
Variable

Luliconazole cream 1% (n=165)
Vehicle cream (n=91) 

Total (n=256)
Age (years), mean (SD)

41.1 (17.7)

39.1 (15.8)

40.4 (17.1)

Gender 

Male, n (%)
137 (83)

75 (82.4)

212 (82.8)

Female, n (%)
28 (17)
16 (17.6)
44 (17.2)
Ethnicity, n (%)
Hispanic or Latino

Not Hispanic or Latino

91 (55.2)

74 (44.8)

47 (51.6)

47 (51.6)

138 (53.9)

118 (46.1)

Race, n (%)

White

98 (59.4)
50 (54.9)
148 (57.8)
Black

52 (31.5)
36 (39.6)
88 (34.4)
Hawaiian/Pacific Islander

1 (0.6)
0 (0.0%)
1 (0.4)
American Indian/Alaska Native

1 (0.6)
0 (0.0%)
1 (0.4)
Multiple/Other

13 (7.9)
5 (5.5)
18 (7)
Geographic Location, n (%)
United States 
Central America 
85 (51.5)

80 (48.5)
49 (53.8)

42 (46.2)
134 (52.3)
122 (47.7)
Fungal organism, n (%)

Trichophyton rubrum

126 (76.4)

65 (71.4)

191 (74.6)

Trichophyton mentagrophytes

19 (11.5)

13 (14.3)

32 (12.5)

Epidermophyton floccosum

27 (16.4)

14 (15.4)

41 (16)

Other dermatophyte

1 (0.6)

1 (1.1)

2 (0.8)

Erythema, n (%)

Moderate

118 (71.5)
68 (74.4)
186 (72.7)
Severe
47 (28.5)
23 (25.3)
70 (27.3)
Scaling, n (%)

Mild 

14 (8.5)

7 (7.7)

21 (8.2)
Moderate

101 (61.2)

61 (67)

162 (63.3)
Severe

50 (30.3)

23 (25.3)

73 (28.5)
Pruritus, n (%)

Moderate

102 (61.8)

50 (54.9)

152 (59.4)

Severe

63 (38.2)

41 (45.1)

104 (40.6)

Efficacy Outcomes for MITT Population
Primary Outcome at day 28
Luliconazole cream 1%

Vehicle cream

Treatment Difference (95% CI)
p-value

Complete mycologic and clinical clearance 
35/165 (21.2%)

4/91 (4.4%)

15.8% 

(7.8%, 24.6%)
<0.001

Secondary Outcomes

Luliconazole cream 1%

Vehicle cream

p-value

Clinical cure 

40/165 (24.2%)

6/91 (6.6%) 

<0.001

Mycologic cure

129/165 (78.2%)

41/91 (45.1%)

<0.001

Effective treatment day 7

25/165 (15.2%)

6/91 (6.6%)

0.056

Effective treatment day 14

43/165 (26.1%)

11/91 (12.1%)

0.012

Effective treatment day 21

64/165 (38.8%)

13/91 (14.3%)

<0.001

Effective treatment day 28

71/165 (43%)

17/91 (18.7%)

<0.001



	Conclusions
	This study concluded that luliconazole cream 1% is more effective than vehicle when treating tinea cruris for 7 days. 


	Clinical Trial
	There are two phase 3 clinical trials evaluating luliconazole cream 1% for tinea pedis. According to the FDA review these trials were identical in design and will be summarized together. 

	Study Goals
	Evaluate safety and efficacy of luliconazole cream 1% applied once daily for 14 days in patients with interdigital tinea pedis 

	Study Design
	Randomized, multi-center, double blind, vehicle-controlled, phase 3 study conducted within the US. Patients were followed for 28 days post-treatment

	Methods
	Treatment:

· Subjects were randomized in a 1:1 ratio to treatment with luliconazole 1% cream or vehicle cream applied to the affected area once daily for 14 days. 

Primary Efficacy Endpoint
· Complete clinical and mycologic cure at day 42 (28 days post-treatment) in the modified intention to treat population 

· Clinical cure: having no signs or symptoms of tinea pedis (erythema, scaling, pruritus) (0=none, 1=mild, 2=moderate, 3=severe)

· Mycologic cure: negative potassium hydroxide (KOH) and fungal culture
Secondary Efficacy Endpoint

· Proportion of subjects who achieved clinical cure at day 42 
· Proportion of subjects who achieved mycologic cure at day 42 
· Proportion of subjects who achieved complete clearance at day 28 (14 days post-treatment)
· Proportion of subjects who achieve effective treatment at day 42; defined as negative KOH and culture and at most mild erythema and/or scaling and no pruritis
Data Analysis

· MITT population consisted of patients who had positive fungal cultures at baseline

	Criteria
	Inclusion criteria

· Subjects aged >12 years with diagnosis of tinea pedis on one or both feet
· At least moderate erythema, moderate scaling, and mild pruritus 

· Mycological diagnosis confirmed by detection of fungal hyphae on KOH wet mount  
· Women of child bearing potential were eligible if they used contraception                                                                                                                                             
Exclusion criteria

· Moccasin (dry type) tinea pedis, concomitant onychomycosis, severe dermatophytoses, or concurrent bacterial skin infection on affected foot

· Received other antifungal medication within 8 weeks of the baseline (or 5 half-lives of antifungal drug), topical or systemic antibiotics or corticosteroids within 30 days of the baseline visit
· Women who were pregnant, nursing, or who planned to become pregnant during the course of the study were excluded 

· Abnormal ECG (QTcB interval >500), CYP3A metabolized drugs that can cause QT interval changes
· Immunocompromised subjects
· Recent history or currently known to abuse drugs or alcohol
· Intolerance to imidazole compounds or active components of cream
· Current significant skin disease that is considered by the investigator to be clinical important that might complicate interpretations of study results

	Results
	Demographic Information and Baseline Characteristics in MITT Population 

Variable

Luliconazole cream 1% (n=213)
Vehicle cream (n=210) 

Age, mean (SD)

41.9 (13.8)

39.2 (13.6)

Gender, n (%)

Men
Female
172 (80.8)
41 (19.2)
173 (82.4)

37 (17.6)
Ethnicity 
Hispanic or Latino

Not Hispanic or Latino

88 (41.3)

125 (58.7)
86 (41.0)

124 (59.0)
Geographic Location
United States 

Central America
182 (85.4)

31 (14.6)
173 (82.4)

37 (17.6)
Race, n (%)

White

116 (54.5)
106 (50.5)
Black

84 (39.4)
87 (41.4)
Asian

1 (0.5)

1 (0.5)
American Indian/Alaska Native

0 (0.0%)
4 (1.9)

Multiple

12 (5.6)

11 (5.2)

Other
0 (0.0%)
1 (1)

Fungal Culture Results, n (%)

Negative 

0 (0.0%)
0 (0.0%)
Positive 

213 (100)

210 (100)

Erythema, n (%) 

Moderate

178 (83.6)

173 (82.4)

Severe

35 (16.4)

37 (17.6)

Scaling, n (%)

Moderate

133 (62.4)
115 (54.8)
Severe

80 (37.6)
95 (45.2)
Pruritus, n (%)

Mild 

41 (19.2)

27 (12.9)

Moderate

118 (55.4)

122 (58.1)

Severe

54 (25.4)

61 (29.0)

Efficacy Outcomes for MITT Population
Primary Outcome*

At day 42
Luliconazole cream 1%

Vehicle cream

Treatment Difference  (95% CI)
p-value

Tinea pedis study (n=209)
Complete mycologic and clinical clearance 
28/106 (26.4%)
2/103 (1.9%)
24.5% 

(15.5%, 34%)

<0.001
Tinea pedis study (n=214)
Complete mycologic and clinical clearance 

15/107 (14.0%)

3/107 (2.8%)

11.2% 

(3.7%, 19.5%)

<0.001

* Primary outcome described separately for two individual tinea pedis studies 
Secondary Outcomes*
Luliconazole cream 1%

Vehicle cream

p-value

Tinea pedis study (n=209)

Clinical cure at day 42

31/106 (29.2%)

8/103 (7.8%)

<0.001

Mycologic cure at day 42

66/106 (62.3%)

18/103 (17.5%)

<0.001

Complete clearance at day 28

15/106 (14.2%)

2/103 (1.9%)

 0.001

Effective treatment at day 42

51/106 (48.1%)
10/103 (9.7%)
<0.001
Tinea pedis study (n=214)
Clinical cure at day 42

16/107 (15%)
4/107 (3.7%)
<0.001
Mycologic cure at day 42

60/107 (56.1%)
29/107 (27.1%)
<0.001
Complete clearance at day 28

10/107 (9.3%)
4/107% (3.7%)
0.055
Effective treatment at day 42
35/107 (32.7%)
16/107 (15%)
<0.001
* Secondary outcome described separately for two individual tinea pedis studies

	Conclusions
	The authors concluded that Luliconazole cream 1% cream applied once daily for 2 weeks was demonstrated to be more effective compared with vehicle cream in subjects with interdigital tinea pedis.


