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Abstract 
Traditional treatments for onychomycosis, a fungal disease primarily affecting 
the toenails, are associated with poor tolerability or inadequate efficacy. More-
over, because many patients find onychomycosis embarrassing, achieving 
rapid cosmetic improvements is desirable. Kerasal NailTM is a marketed topi-
cal treatment containing propylene glycol, urea and lactic acid. The ability of 
Kerasal Nail to improve the appearance of an affected nail was investigated in 
a 4-week open-label study. Patients aged ≥21 years and with 25% to 75% of a 
big toenail or thumbnail (the “target” nail) affected by clinically suspected 
onychomycosis (n = 65) were instructed to apply Kerasal Nail to all their 
affected nails once daily for 4 weeks. After 1, 2 and 4 weeks of treatment, they 
assessed the appearance of the target nail on a 4-point scale, with a score of ≥2 
indicating a minimum of some improvement. They also assessed the nail for 
improvements in thickening, discoloration, brittleness and softness. Adverse 
events (AEs) occurring between administration of the first dose of Kerasal 
Nail and the end of the 4-week treatment period were recorded. 85% of pa-
tients (95% confidence interval [CI] 74 to 92) achieved some improvement in 
the target nail at 4 weeks. Improvement of the target nail was reported by 65% 
of patients (95% CI 52 to 76) after 1 week of treatment and by 82% of patients 
(95% CI 70 to 90) after 2 weeks. 55% of patients achieved some improvement 
in discoloration in the first week of treatment. After 4 weeks of treatment, 
discoloration, thickening, brittleness and softness were each improved in more 
than half of patients. Treatment-related AEs were limited to two cases of ad-
ministration site pain. Overall treatment compliance was 99%. In summary, 
Kerasal Nail produced very rapid improvements in nail appearance in patients 
with onychomycosis and was well tolerated. 
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1. Introduction 

Onychomycosis, a fungal infection of the toenails and (less frequently) the fin-
gernails, is characterized by discoloration of the nail plate, subungual hyperke-
ratosis/debris and onycholysis (detachment of all or part of the nail plate from 
the nail bed). It has been estimated to affect as many as a fifth of people in Eu-
rope and East Asia [1]. Its prevalence is higher in females than in males [2] and 
increases with age [1] [3]. 

Onychomycosis does not resolve spontaneously and if left untreated it can be 
transmitted to family members [4]. While not dangerous per se, it often causes 
pain and discomfort and can worsen health-related quality of life, particularly in 
patients with persistent symptoms [5]. It can be difficult to cure, with successful 
treatment taking up to 1 year [1]. Moreover, the relapse rate may be as high as 
25% [6]. 

Treatment options for onychomycosis include laser therapy, removal of the 
affected nail by surgery or with chemicals, and various antifungal agents, applied 
topically or consumed systemically. Oral antifungals such as terbinafine and 
itraconazole are effective but cause unpleasant side effects such as headache, 
nausea, diarrhea and skin reactions [7]. They also have the potential for adverse 
liver effects and drug interactions, which may limit their use in the elderly—the 
population that is most likely to suffer from onychomycosis [8]. Conversely, 
topical agents such as amorolfine and ciclopirox, normally applied to the nail 
plate as lacquers, do not generally cause systemic toxicity but have inadequate 
efficacy because of their limited ability to penetrate the nail plate [9] [10]. 

Kerasal NailTM is a marketed topical treatment containing propylene glycol, 
urea and lactic acid. In one early study, a different test solution containing these 
same three ingredients cured or yielded improvements in 21 of 23 patients with 
culture-positive onychomycosis when used for 2 to 6 months [11]. A subsequent 
24-week randomized double-blind placebo-controlled study in 493 patients with 
distal subungual onychomycosis investigated K101, which is similar to Kerasal 
Nail but has a higher urea content (20% vs 9.5%) [12]. The mycological cure rate 
was higher for K101 versus placebo and a greater proportion of patients treated 
with K101 reported improvement in their disease. 

Even after successful therapy with systemic or topical antifungals, affected 
nails may not have a normal appearance because clearance of signs of infection 
typically requires turnover of the nail plate [13]. Patients with onychomycosis 
often suffer from embarrassment and other psychosocial problems [14] [15] [16] 
and would therefore benefit from alternative treatments that rapidly enhance the 
cosmetic appearance of affected nails. Because approximately three-quarters of 
patients treated with K101 in the 24-week study reported at least some im-
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provement by week 8 [12], a further study specifically investigated improvement 
in appearance after 8 weeks of K101 treatment in 75 patients with onychomyco-
sis [17]. The proportion of patients who reported at least some improvement in 
an affected nail was 77% at 2 weeks, 88% at 4 weeks and 92% at 8 weeks. No ad-
verse events (AEs) judged to be related to K101 were reported. 

The aim of the present study was to investigate the effects of Kerasal Nail in 
terms of overall appearance and specific physical attributes during and after 4 
weeks of treatment. 

2. Methods 

An open-label, single-arm baseline-controlled 4-week post-marketing clinical 
investigation to evaluate the ability of Kerasal Nail to provide rapid improve-
ments in nail appearance in patients with onychomycosis was conducted at two 
sites in Singapore (a university hospital and a dermatology clinic) in 2016. Ke-
rasal Nail is a clear colorless solution whose ingredients are propylene glycol, 
urea, lactic acid, disodium EDTA, glycerin, sodium hydroxide and water. It is 
supplied in a plastic tube with a silicone tip to facilitate application. 

The final study protocol (dated 20 Oct 2015) and the patient information and 
consent form (version 1.1, dated 23 Dec 2015) were approved, in writing, by the 
National Healthcare Group (NHG) Domain Specific Review Board (DSRB) on 
08 Jan 2016, before the first patient was enrolled in the study. The study was 
conducted in accordance with the Declaration of Helsinki and ICH E6 Good 
Clinical Practice. 

Male and female subjects who fulfilled the following inclusion criteria were 
invited to participate: i) age ≥21 years, ii) 25% to 75% of a big toenail or thumb-
nail (the “target” nail) affected by clinically suspected onychomycosis and (iii) 
willingness and ability to provide signed written informed consent. The follow-
ing exclusion criteria were applied: i) proximal subungual onychomycosis, ii) 
other conditions known to cause an abnormal nail appearance, iii) topical treat-
ment of the nail with an antifungal medication or systemic use of an antifungal 
treatment in the previous month, iv) participation in another clinical study of an 
investigational drug or device during the previous 4 weeks and v) known allergy 
to any of the ingredients in the study treatment. 

The study comprised a screening visit and follow-up visits at 1, 2 and 4 weeks. 
At the screening visit, patients were assessed for demographics, medical history 
and prior and concomitant medications and underwent a physical examination 
of the hands and feet. They received instructions on how to use Kerasal Nail and 
applied it to all their affected nails under supervision. They were instructed to 
thereafter apply Kerasal Nail to all affected nails once daily at bedtime for 4 
weeks. Compliance was assessed at each follow-up visit by asking patients how 
many days per week on average they had applied the study treatment since the 
previous study visit. 

At screening, the target nail was selected for follow-up assessments. Images of 
the target nail were captured by standardized photography at the screening visit 
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and the 1-, 2- and 4-week follow-up visits. After 1, 2 and 4 weeks of treatment, 
patients assessed the appearance of the target nail compared to baseline using a 
4-point global assessment scale: 1 = No improvement, 2 = Some improvement, 3 
= Clear improvement and 4 = Very good improvement. They were also asked 
whether, compared to baseline, the target nail had become i) less thickened, ii) 
less discolored, iii) less brittle and iv) softer (Yes/No/Cannot determine). 

The primary endpoint was the proportion of patients who experienced at least 
some improvement in the target nail after 4 weeks of treatment, based on a score 
of ≥2 on the global assessment scale. The secondary endpoints were the propor-
tions of patients who experienced i) at least some improvement in the target nail 
at 1 and 2 weeks and ii) improvements in thickening, discoloration, brittleness 
and softness at 1, 2 and 4 weeks. 

AEs that occurred between administration of the first dose of Kerasal Nail and 
the end of the 4-week treatment period, whether judged to be related to the study 
treatment or not, were recorded at each study visit. AEs were classified based on 
severity, seriousness and relationship to study treatment. 

All patients who used the study product at least once were included in the 
safety set; those who additionally underwent at least one post-baseline assess-
ment were included in the full analysis set (FAS). The per-protocol set (PPS) 
comprised patients who had i) at least 80% treatment compliance during the 
4-week study period, ii) no major protocol deviations and iii) a score for the 
global assessment scale at 4 weeks. The primary efficacy analysis was based on 
the FAS; missing values were imputed by the last observation carried forward 
method. If a value for the 1-week follow-up visit was missing, the baseline value 
was imputed. 

Based on previous studies of similar products, it was determined that a success 
rate of 50% with a 95% confidence interval of ±0.123 would be sufficient to con-
firm early visible improvements in target nail appearance (success being defined 
as a score of ≥2 on the 4-point global assessment scale after 4 weeks of treat-
ment). It was calculated that 65 patients would need to be enrolled to achieve 
this. 

Statistical analyses were performed using STATA 14.0 (StataCorp LP, Texas, 
USA). Continuous data are presented as descriptive statistics: number of obser-
vations (n), mean and standard deviation (SD). Categorical data are presented as 
frequency (n) and percentage (%). Two-sided 95% confidence intervals (CIs) were 
computed using the Clopper-Pearson (exact) method. No adjustments were made 
for possible differences according to study site. 

3. Results 

68 subjects were screened and 65 of them were enrolled in the study. The first 
patient was enrolled on 19 Jan 2016 and the last patient completed the study on 
15 Apr 2016. All 65 participants completed the study and were included in the 
FAS and safety set. Eight patients were excluded from the PPS because of inade-
quate treatment compliance (n = 1) or major protocol deviations (n = 7). Mean 
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treatment compliance was 99% overall (median 100%, range 76 to 100) and did 
not deteriorate over the course of the study (Table 1). 

The mean age of participants was 53 years (median 53 years, range 26 to 86) 
and 29 (45%) were female (Table 2). As shown in Table 3, 85% of patients 
(55/65) achieved at least some visible improvement in the target nail at 4 weeks 
(95% CI 74 to 92). 65% of patients (42/65) experienced some improvement of 
the target nail after 1 week of treatment (95% CI 52 to 76) and 82% of them 
(53/65) experienced some improvement after 2 weeks (95% CI 70 to 90). Figure 
1 shows examples of improvements in a big toenail and a thumbnail during the 
4-week treatment period. 

More than half of patients achieved some improvement in discoloration in the 
first week of treatment (Table 4). Approximately half of patients showed re-
duced nail thickening by the end of the second week of treatment. After 4 weeks 
of treatment, discoloration, thickening, brittleness and softness were improved 
in more than half of patients (range 51% for brittleness to 72% for discoloration) 
(Table 4). 

There were 3 AEs in 3 patients (5%). All AEs were mild and none of them 
were serious. Two of the 3 AEs were pain at the administration site assessed as 
probably related to the study product; the other AE was a case of folliculitis 
judged not to be related to the study product. No patients discontinued treat-
ment or were withdrawn from the study because of AEs. 
 
Table 1. Treatment compliance according to information provided at the 1-, 2- and 
4-week follow-up visits (safety set). 

Treatment period Compliance 

Week 1a  

Mean (SD) 99.6 (2.5) 

Median 100 

Range 86 to 100 

Week 2  

Mean (SD) 98.7 (9.0) 

Median 100 

Range 29 to 100 

Weeks 3 to 4  

Mean (SD) 99.8 (1.8) 

Median 100 

Range 86 to 100 

Weeks 1 to 4  

Mean (SD) 99.3 (3.1) 

Median 100 

Range 76 to 100 

aData missing for one patient. 
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Table 2. Demographics and baseline characteristics (full analysis set/safety set). 

 N = 65 

Age (years)  

Mean (SD) 52.7 (13.0) 
Median 53 
Range 26 to 86 

Missing (n) 0 

Sex, n (%)  

Female 29 (45) 
Male 36 (55) 

Race, n (%)  

Asian or Pacific Islander 64 (98) 
Caucasian 1 (2) 

Fingernails/toenails, n (%)  

Normal 0 (0) 
Abnormal 65 (100) 

Skin on hands/feet, n (%)  

Normal 57 (88) 
Abnormal 8 (12) 

 
Table 3. Changes in overall appearance of the target nail based on global assessment scale 
score (full analysis set, last observation carried forward). 

Appearance of target nail compared to baseline 1 week 2 weeks 4 weeks 

 n % n % n % 

1. No improvement 23 35 12 18 10 15 

2. Some improvement 34 52 36 55 29 45 

3. Clear improvement 8 12 17 26 19 29 
4. Very good improvement 0 0 0 0 7 11 

≥2 At least some improvement 42 65 53 82 55 85 

Percentage values are correct to the nearest whole number. The values for 1 week and 2 weeks add up to 99 
(rather than 100) because of rounding. 

 

 
(a) 

 
(b) 

Figure 1. Visible improvements in target nails from baseline to 4 weeks. (a) A left big 
toenail. (b) A left thumbnail. 
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Table 4. Proportions of patients experiencing improvements in individual target nail 
attributes after 1, 2 and 4 weeks of treatment (full analysis set, last observation carried 
forward). 

Target nail attribute 1 week 2 weeks 4 weeks 

 n % 95% CIa n % 95% CIa n % 95% CIa 

Thickening 18 28 17 to 40 34 52 40 to 65 45 69 57 to 80 

Discoloration 36 55 43 to 68 45 69 57 to 80 47 72 60 to 83 

Brittleness 19 29 19 to 42 30 46 34 to 59 33 51 38 to 63 

Softness 23 35 24 to 48 31 48 35 to 60 41 63 50 to 75 

aFor the % values. 

4. Discussion 

In this 4-week open-label study, 85% of patients with onychomycosis reported at 
least some improvement in the appearance of an affected nail after treatment 
with Kerasal Nail for 4 weeks (the primary endpoint). 65% of patients expe-
rienced visible improvement after just 1 week of treatment and 82% after 2 
weeks. These values are comparable to those from the 8-week study of K101, in 
which 77% of patients reported at least some visible improvement at 2 weeks and 
88% at 4 weeks [17]. As with K101 [17], improvements in thickening, discolora-
tion, brittleness and softness were observed at 4 weeks, with discoloration the 
first physical attribute to show improvement in more than half of participants. 

Previous studies have highlighted the embarrassment and stigmatization 
many onychomycosis patients suffer. In a US telephone survey of 258 patients 
with confirmed onychomycosis, 74% of participants reported a feeling of em-
barrassment [14]. Other studies describe low self-esteem and social isolation in 
patients [15]. In a recent online survey, 1017 Hong Kong residents were shown 
photographs of people with and without onychomycosis and asked questions 
about them. Respondents were less likely to engage in sporting or social activi-
ties with onychomycosis patients and more likely to feel uncomfortable in their 
presence [16]. Rapid cosmetic improvements such as those seen here with Ke-
rasal Nail are important for onychomycosis patients to feel better about them-
selves and to avoid being or feeling stigmatized. 

Because sustained treatment is typically needed to cure onychomycosis, adhe-
rence to therapy is very important. While the factors determining treatment ad-
herence in onychomycosis are poorly understood, one study found that fre-
quency of therapy was a key consideration for patients [18]. Another study re-
ported that the main reasons for non-adherence include AEs and patients mi-
sinterpreting visible improvements as evidence that they were already cured [17]. 
In the present study, patient-rated improvements in affected nails were achieved 
with few treatment-related AEs. As with K101 [17], mean overall adherence was 
extremely high (99%). This may both explain the rapid results and reflect the 
convenience and ease of use of Kerasal Nail. 

The only treatment-related AEs in the present study were transient pain at the 
administration site in 2 patients. There were no treatment-related AEs in the 
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8-week study of K101 [17], in which, as with Kerasal Nail in the present study, 
the treatment was applied using a silicone tip. The silicone tip may facilitate ap-
plication to the nail, thereby limiting accidental contact with the adjacent skin. 
This in turn may prevent local irritation and pain such as that seen in 6% of par-
ticipants in the 24-week study of K101 [12], in which K101 was applied dropwise. 

Limitations of the present study include the lack of an active or placebo con-
trol group and the associated lack of blinding. Participants were aware that they 
were receiving an active treatment and this may have affected their scoring of 
the target nail. This is important given that all the study’s efficacy variables were 
subjective. Also, the participants were recruited in Singapore at a single univer-
sity hospital and a single dermatology clinic and may therefore not be represent-
ative of the spectrum of onychomycosis patients in South-East Asia or even Sin-
gapore. Furthermore, 64 of the 65 participants had “Asian or Pacific Islander” as 
their race, so the results of the present study may not necessarily be generalizable 
to patients of other races. However, the results were similar to those obtained in 
the 8-week study of K101 [17], which was conducted in Sweden. This indicates 
that Kerasal Nail is equally effective in populations of different ethnicities. More- 
over, the patient sample in the present study covered both sexes and a wide age 
range (26 to 86 years). 

5. Conclusion 

In conclusion, Kerasal Nail elicited rapid effects in patients with onychomycosis, 
with two-thirds of patients reporting improvements in affected nails after just 1 
week of treatment. The excellent overall treatment compliance suggests that the 
study participants felt motivated to adhere to treatment, possibly because of the 
effectiveness, tolerability and convenience of using Kerasal Nail. This is impor-
tant because achieving optimal therapeutic results will typically take much long-
er compared to the early visible effects seen in this study. Users of Kerasal Nail 
should therefore be cautioned against discontinuing treatment prematurely. 
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