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A B S T R A C T

Background: Onychomycosis affects approximately 5% of the population worldwide without satisfactory
treatment options regarding efficacy and safety. The aim of this first in human study was to compare the
safety and efficacy of the novel compound Mycosinate� against an approved toenail lacquer containing 5%
Amorolfine.
Design: A randomized, single-blinded, controlled parallel group study with allocation concealment was car-
ried out.
Methods: Thirty-eight participants either used the novel compound Mycosinate� or an approved toenail lac-
quer containing 5% Amorolfine for topical application in their own homes. Outcome measures included a) %
change in area of clear visible toenail, b) mycological cure rate and c) safety assessments.
Results: Statically significant differences for % change in area of clear visible toenail (p<0.05) of 39.8, 40.0 and
70.7 in favour of Mycosinate� were noted at time points 6 weeks, 12 weeks, and 6 months respectively
when compared to Amorolfine. No statistically significant differences were noted for mycological cure rates.
No adverse events, serious adverse events or deaths occurred for either treatment.
Conclusion: Mycosinate� is a promising novel topical onychomycosis treatment with high rates of efficacy
and excellent safety profile. Further clinical trials are warranted.
(EU Clinical Trials Register 2018/000294/78)

© 2022 The Authors. Published by Elsevier Masson SAS on behalf of SFMM. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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Introduction

Onychomycosis, or fungal nail infection, is the most common nail
disease worldwide with a prevalence of approximately 5.5% [1].
However, risk factors such as diabetes, increased age, psoriasis,
immunosuppression, or poor peripheral circulation can increase inci-
dent rates to up to 30% [2,3].
The organisms responsible for causing onychomycosis include
dermatophytes and non-dermatophyte moulds and yeasts. While
dermatophytes Trichophyton rubrum and Trichophyton mentagro-
phytes are the predominant pathogens in onychomycosis; non-der-
matophytes such as Candida spp. account for a smaller percentage
(10−20%) [3].

Onychomycosis clinically presents as nail discoloration, nail sepa-
ration from the nail bed, brittleness, nail thickening and subungual
accumulation of scale [1]. More severe cases can also display nail
ridging, vertical lines from the base to the distal end of the nail, and
onychocryptosis or ingrown toenail [4]. Onychomycosis can reduce
the quality of life of patients or cause local pain and paraesthesia,
which in turn can result in difficulties walking or wearing shoes and
can be a source of social embarrassment [1, 4].

Due to the lack of intrinsic immune function and impenetrable
nature, nails are a particularly challenging tissue to cure [5].

http://crossmark.crossref.org/dialog/?doi=10.1016/j.mycmed.2022.101256&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:cboal@nektrtechnologies.com
https://doi.org/10.1016/j.mycmed.2022.101256
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.mycmed.2022.101256
http://www.ScienceDirect.com
http://www.elsevier.com


M. Ehrensberger, C.W.C. Boal, J. Brennan et al. Journal of Medical Mycology 32 (2022) 101256
Individuals with onychomycosis can experience very long-lasting
disease, especially in the absence of effective treatment. An average
disease duration of almost 18 years was recorded among 2761 ony-
chomycosis patients in Poland [6]. The efficacy of current treatments
is limited by the low nail penetration profile for topical drugs, the
slow growth of toenails, and survival of fungi and hyphae in sur-
rounding environments for long periods. Furthermore, systemic side
effects associated with oral antifungals such as feeling sick, diarrhoea,
rashes or severe itching, can lead to patient nonadherence and treat-
ment failure [7]. Unfortunately, complete cure is often unattainable
with currently available treatment options [8].

Mycosinate� (Nektr Technologies) is based on a sustained reactive
oxygen release system which can overcome previously mentioned
barriers to drug efficacy. The well characterised antimicrobial agent
hydrogen peroxide (H2O2) is released at a low and therapeutic dose
and possesses the same dimensional profile and nail penetrating
capabilities as water (H20) [9, 10]. Authors hypothesise that due to
the well-known antimicrobial effects, the low molecular weight and
hydrophilic nature of Mycosinate’s� therapeutic payload, the novel
formulation can easily penetrate the toenail and eradicate the fungal
infection more efficiently than the comparator compound Amorol-
fine. The aim of this first in human study was to compare
Mycosinate’s� efficacy and safety against an approved toenail lacquer
containing 5% Amorolfine when treating onychomycosis of the feet.

Methods

(EU Clinical Trials Register 2018/000294/78)

Participants

Following approved local newspaper and social media advertise-
ment, 88 potential participants (Fig 1) were screened for eligibility
according to the predetermined inclusion and exclusion criteria
(Table 1).

Study design

A randomized, single-blinded, controlled parallel group study was
carried out. The Cork research ethics committee (IE) granted ethical
approval and all participants provided written informed consent. The
study was conducted according to the Declaration of Helsinki and
Irish regulatory requirements. It also conforms to all CONSORT guide-
lines and reports the required information accordingly (see Supple-
mentary Checklist, Supplemental Digital Content 1, http://links.lww.
com/PHM/A753). After baseline assessment, computer generated
block random numbers were used to randomly assign the partici-
pants to either Treatment Group A (Mycosinate�) or Treatment
Group B (5% Amorolfine). An independent statistical assignment was
completed with balanced block randomization (1:1) including strati-
fication for the primary factor participant’s age. When new partici-
pants were ready to commence the trial, the independent statistician
was contacted and would only then send on the individual allocation
per email notification.

Sample size

The sample size determination was based on expected mycologi-
cal cure rates. The trial sponsors hypothesised that 65% of
Mycosinate� treated participants and 25% of Amorolfine treated par-
ticipants would be free of infection at the end of the trial [14, 15]. A
sample size of 60 patients was calculated to be sufficient to detect a
statistically significant difference [16] allowing for a 30% drop out
rate [17]. Due to Covid restrictions, recruitment had to cease after 49
participants were enrolled. This protocol amendment was approved
by the Irish regulatory authority.
2

Treatment

The intervention phase took place between June 2019 − February
2021. Both treatments were presented in plain packaging including
an unbranded PIL and were applied by the participants in their own
homes. Both treatments were used exclusively for the treatment of
onychomycosis of the toenail with the exclusion of patients who pre-
sented with proximal subungual onychomycosis, as per the clinical
trial protocol.

Treatment Group A (Mycosinate�) followed a daily application
schedule (preferably before going to bed) for the first 6 weeks of
intervention which was then reduced to weekly applications until
the 6-month follow-up visit when treatment ceased. The infected
toenail was moistened, the medicine applied and covered by a water-
proof plaster. The plaster was removed the following morning. Treat-
ment Group B used a medicated Amorolfine 5% w/v lacquer for 9
months as per the patient information leaflet which was last updated
in May 2017 (https://www.medicines.org.uk/emc/files/pil.9436.pdf).
Outcome assessment

All assessments were conducted according to the assessment
schedule (Fig 2) by a qualified podiatrist at the Bray Chiropody and
Podiatry Clinic (Wicklow, IE). The pre- and post-trial medical assess-
ment was carried out by a physician at the Carlton Clinic (Wicklow,
IE). The primary outcome measures were a) % change in area of clear
visible toenail and b) mycological cure rate. As previously mentioned,
this was the first in human study applying Mycosinate. Therefore, the
Irish Regulatory Authority restricted the use of the medicine to 6
months. Due to the fact that it takes a toenail at least 12 months to
fully grow out, complete cure rate as outcome measure was not
applicable [11]. As a consequence, % change in area of clear visible
toenail was applied which was assessed using digital photographs
and the ImageJ software package [12]. The trial site was supplied
with a high-resolution camera, a rig, and a marked and scaled back-
ground mat to take standardized photographs which were then ana-
lysed by an independent, blinded statistician. The responsible
statistician marked the total area as well as the infected area of the
toenail which was then reviewed by a qualified podiatrist. This pro-
cess allowed the monitoring and reporting of visual changes (Fig 3).
Mycological cure rate was defined as negative fungal culturing and
negative microscopy analysed using fluorescent calcofluor white
stain in 10% potassium hydroxide (KOH), visualized under ultraviolet
light. Toenail samples were taken and sent to the Fungal Reference
Laboratory Bristol Mycology (UK).

The secondary outcome measure was the analysis of first in
human safety data including adverse events (AE), serious adverse
events (SAE), or deaths. The clinical investigator was instructed to
notify the independent physicians at Carlton Clinic (Wicklow, IE) as
soon as an AE or SAE occurred. The physician then assessed all inci-
dences observed by the clinical investigator or reported by the
patient to class them as either drug related, or non-drug related [13].
Statistical analysis

Statistical Analysis was carried out using IBM SPSS STATISTICS
Version 26. Continuous data were summarised using means and stan-
dard deviations while categorical data was summarised as counts and
percentages. The independent samples t-test was used when com-
paring the groups for % change in area of clear visible toenail at base-
line and at each time point. The z-test for two population proportions
was used to compare mycological cure rates between groups.
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Enrolment
Assessed for eligibility (n=88)

Randomized (n=49)

Excluded (n=39)

Non-compliant with inclusion/ 
exclusion criteria

Alloca�on

Group B (n=24)Group A (n=25)

Follow Up 

Lost to 9 month follow up (n=7)
n=7 nonstarters

Lost to 9 month follow up (n=4)
n=1 nonstarter

n=1 missed > 2 appointments
n=1 personal decision due to 

Covid19 pandemic
n=1 lost to follow-up

Analysis

Analysed (n=21) Analysed (n=16)
n=1 missed 3 appointments

Fig. 1. Flow diagram of study procedure.
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Results

Of the 88 potential subjects, 49 were randomized into either
Group A Mycosinate� (n = 25) or Group B Amorolfine (n = 24). Thirty-
eight participants completed the intervention (mean age § SD = 52 §
10.4 years) which accumulated to 30 assessed toes for Group A and
27 assessed toes for Group B. Results of 37 participants were included
in the statistical analysis, n=1 missed three appoints between
Table 1
Inclusion and exclusion criteria.

Inclusion Criteria E

Aged between 18 and 65 years. D

Confirmed presence of hyphae in nail sample. S

Fungal infection across 20−75% of the nail without lunula involvement as diag-
nosed by a qualified podiatrist.

S

Fungal infection on a maximum of 2 nails per foot. S
In good health overall as assessed by physician. S

S
S
S

3

baseline assessment and 9-month follow-up (Fig. 1). At baseline,
there were no statistically significant differences between groups for
all demographical characteristics or outcome measures (p < 0.05)
(Table 2).

Primary outcome measures

All data in the following section is reported as mean § SD.
xclusion Criteria

iabetics or subjects periungual skin with other chronic conditions such as
immune deficiency, chronic vascular disease, or psoriasis.
ubjects with complete fungal coverage of the nail, with proximal subungual ony-
chomycosis, severe secondary dermal infection or damaged or broken periun-
gual skin.
ubjects on immunosuppressant drugs or with medical condition with risk of
infection or delayed wound healing.
ubjects with other conditions known to cause abnormal nail appearance.
ubjects with known allergies against any of the ingredients of the study
treatments.
ubjects who are pregnant or breastfeeding.
ubjects who have used oral or systemic antifungal therapies in the last 6 months.
ubjects who are currently involved in another clinical trial.



Fig. 2. Assessment and procedure schedule.
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% Change in area of clear visible toenail
Group A Mycosinate� achieved a statistically significant improve-

ment for % increase of clear visible toenail compared to Group B
Amorolfine at time points 6 weeks, 12 weeks, and 6 months.

After 3 weeks, Group A showed a non-significant mean % increase
in clear visible toenail of 17.58 § 53.69 compared to -4.5 1§ 33.65 for
Group B (t (51) =1.750, p=0.086). After 6 weeks, Group A demon-
strated a statistically significant improvement (t (46.847) =2.703,
p=0.010) of 34.55 § 66.53% compared to -5.26% § 40.07% for Group
B. After 12 weeks, the % increase of clear toenail registered 27.32
§48.86 for Group A compared to 12.68 §37.03 for Group B. This was
again a statistically significant difference (t (50.651) =3.388, p=0.001).
After 6 months, Group A registered a statistically significant (t
(41.274) =3.065, p=0.004) improvement of 67.1 § 106.22% compared
to -3.50 § 51.89% for Group B. After 9 months Group A showed a
mean % increase in clear visible toenail of 16.40 § 59.37 compared to
-6.57 §50.77 for Group B, this difference was not statistically
Fig. 3. Patient 011 % change in area of clea
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significant (t (49) =1.475, p=0.147). This set of results is represented
in Fig. 4.
Mycological cure rate
Fig. 5 shows a comparison of the mycological cure rate by treat-

ment type. There was no statistically significant difference between
groups at any timepoint. After 3 weeks 26.7% (n=8) of toes receiving
Treatment A showed mycological cure compared to 11.1% (n=3)
receiving Treatment B (z=1.49, p=0.136). After 6 weeks 20.0% (n=6) of
toes receiving Treatment A showed mycological cure compared to
19.2% (n=5) of toes receiving Treatment B (z=0.07, p=0.944). 17.2%
(n=6) of toes in Group A achieved mycological cure compared to
11.5% (n=5) of toes in Group B (z=0.60, p=0.549) after 12 weeks. After
6 months 4.4% (n=1) of toes receiving Treatment A showed mycologi-
cal cure compared to 20.8% (n=5) of toes receiving Treatment B (z=-
1.69, p=0.091). After 9 months 3.5% (n=1) of toes receiving Treatment
r visible nail assessment at T1 and T5.



Table 2
: Demographical and baseline characteristics of participants.

Characteristic Group A Baseline Group B Baseline Group A vs. Group B Differences p

Age in years (mean § SD) 53.0 § 9.8 54.1 § 11.8 p = 0.758
Sex, male: female 13:8 10:6 p = 0.968
% Toenail infected (mean § SD) 55.4 § 0.3 55.6 § 0.3 p = 0.981

Fig. 4. Mean % change in area of clear visible nail at each time point.
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A showed mycological cure compared to 7.4% (n=2) of toes receiving
Treatment B (z=-0.66, p=0.509).

Secondary outcome measure

Adverse events
No drug-related AEs for either Mycosinate� or Amorolfine were

reported during the trial. Four AEs were recorded, causalities are
noted in Table 3. No SAEs or deaths were reported in either group.

Discussion

This is the first in human trial assessing the safety and efficacy of
Mycosinate� for the treatment of onychomycosis. Mycosinate� was
proven to be superior for % increase in area of clear visible toenail
compared to Amorolfine. Statically significant differences (p<0.05) of
39.8%, 40% and 70.7% in favour of Mycosinate� were noted at time
Table 3
List of non-drug related adverse events.

AE No Description SAE Yes/No

1 Local reaction from inappropriate use of plasters not
prescribed as part of the trial.

No

2 Fracture of right 2nd toe. No
3 Haematoma left 2nd toe following 18 km walk. No
4 COVID-19 No

AE: adverse event, No: number, SAE: Serious adverse event.

5

points 6 weeks, 12 weeks, and 6 months respectively. The short treat-
ment interval to the first revisit (3 weeks) and the secession of
Mycosinate� treatment after 6 months accounts for the lower and
non-significant differences between groups at 3 weeks and 9 months
(22.9% and 23.0%).

Furthermore, Mycosinate’s� excellent safety profile could be
established with no drug-related AEs, SAEs or deaths occurring dur-
ing the trial.

Regardless of the very decisive visual results in favour of
Mycosinate�, mycological cure rates remained non-significant and
therefore inconclusive when comparing the two groups. Several
issues with onychomycotic fungal culturing have been pointed out
over the past 20 years, false negative results reduce the diagnostic
test’s reliability [18]. According to Elewski (1998) [19] almost half of
all specimens taken from onychomycotic toenails fail to yield a path-
ogen in culture. False negatives can occur due to insufficient toenail
material or sample collection too far removed from the site of infec-
tion [20]. Furthermore, when applied to a patient’s toenail, the topical
antifungal must penetrate the toenail structure before it can effec-
tively eliminate the infection. However, this is not a requirement
when a toenail sample is placed in a petri dish for culture analysis.
Combined with the fact that topical lacquers remain active on the
toenail sample for up to 2 weeks, an in-vitro false negative can occur
without in-vivo improvements or cure [21]. It is therefore not sur-
prising that previous reported mycological cure rates for lacquers
have generally been twice or three times as high as clinical cure rates
[21−23]. On the other hand, KOH smear microscopy assessments can
easily result in false positives. A high percentage of positive



Fig. 5. Mycological cure rates at each time point.
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specimens contain damaged and most likely nonviable fungi, further
skewing mycological cure rate outcomes [21, 24]. It was previously
stated that recognised study endpoints should include visual assess-
ments of onychomycosis to define the absence of clinical signs of
infection [21, 25]. To obtain clinically sound onychomycotic mycolog-
ical culturing results, a method must be developed to remove
remaining lacquer before assessment. The use of positive microscopy
as one of the mycological endpoint criteria does not account for non-
viable fungal hyphae in toenail samples and should be revised [21].

As previously mentioned, one of the most important aspects influ-
encing the efficacy of topical onychomycosis treatments is the ability
to permeate the toenail to reach the site of infection [7, 26]. However,
factors intrinsic to the toenail such as its unique barrier properties
obstruct the passage of antifungals to deliver drug concentrations
required to eradicate the deeply seated causative fungi in the toenail
bed [26]. Specific properties of antifungal drugs such as molecular
weight, hydrophilicity, ionisation status and keratin binding capacity
also dictate the ability to penetrate the toenail [26−29]. Previous
studies observed that compounds with higher hydrophilicity showed
higher drug permeation and flux into and through the toenail [9, 30].

Mycosinate’s� sustained release of the therapeutic payload H2O2

satisfies all required attributes for successful toenail penetration as
well as the antifungal capacity to eradicate the onychomycosis caus-
ing pathogens. The molecular weight of H2O2 (34 g/mol) is 10 times
lower than that of the comparator compound Amorolfine (354 g/
mol) and 8 times lower than the next molecularly smallest onycho-
mycosis treatment Ciclopirox (268 g/mol). Furthermore, H2O2 is
highly hydrophilic with the same capacity of toenail permeation as
water itself [9]. Its broad-spectrum antimicrobial activity is undoubt-
ably characterised in the literature [10].

Limitations

The sample size was limited due to Covid 19 restrictions imposed
during the time of the trial. However, this protocol alteration was
approved by the Irish regulatory authority.

Patients with onychomycosis of the toe caused by dermatophytes
were primarily treated in this trial with only one case of saprophytic
6

onychomycosis recorded. No patients with onychomycosis caused by
non-dermatophyte molds or yeasts were treated.

Conclusion

The combination of the presented results strongly suggests that
Mycosinate� is a very promising novel topical treatment for toenail
onychomycosis which demonstrates a high rate of efficacy and an
excellent safety profile. It is noted that further clinical trials are war-
ranted in specific patient groups such as diabetics.

Supplementary materials

Supplementary material associated with this article can be found
in the online version at doi:10.1016/j.mycmed.2022.101256.
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