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Abstract

This was a randomized, controlled, parallel-group clinical
trial with a blinded evaluator, designed to compare the ef-
ficacy and safety of the nail lacquer P-3051 with amorolfine
5% in the treatment of mild-to-moderate toenail onycho-
mycosis. Patients were treated for 48 weeks with P-3051 dai-
ly, or twice weekly with amorolfine 5%. Out of 120 evaluable
patients, 60 (50.0%) received P-3051 and 60 (50.0%) amorol-
fine 5%. At baseline, the two groups were homogeneous in
terms of race, pathogens, number of affected toenails and
severity of the infected target nail area. The statistical supe-
riority of P-3051 versus amorolfine was achieved after 48
weeks (treatment success: 58.3% for P-3051 vs. 26.7% for
amorolfine, p < 0.001; complete cure: 35.0% for P-3051 vs.
11.7% for amorolfine, p < 0.001). Mycological cure at week
48 was achieved in all patients treated with P-3051 com-
pared to 81.7% of patients treated with amorolfine (p <
0.001). Moreover, fungal eradication by P-3051 was statisti-
cally superior at week 24. The results of this study, and of a
previous pivotal study versus the insoluble formulation of

ciclopirox 8%, led to consider P-3051 as the gold standard
for the topical treatment of mild-to-moderate onycho-

mycosis. © 2015 S. Karger AG, Basel

Introduction

Onychomycosis is a fungal nail infection, affecting
overall 12-13% of the population [1-7]. The disease can
lead to nail dystrophies if not treated, such as onycholysis,
discoloration and thickening due to fungal colonization
of the bed and matrix [8].

Whereas oral systemic therapy is widely used for the
more severe cases of onychomycosis, while not consider-
ing the issue of side effects or drug interactions [9], topi-
cal nail lacquers are recommended for the treatment of
mild-to-moderate onychomycosis as they minimize drug
exposure, drug interactions and adverse events (AEs).

For many years, there have only been two topical prod-
ucts, available as nail lacquer formulations, used in most
European countries: amorolfine 5% and ciclopirox 8%.
Both products are applied in an insoluble vehicle, requir-
ing nail filing before application and an organic solvent
for removal.
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Inrecentyears, an innovative, water-soluble ciclopirox
8% formulation in hydroxypropyl chitosan (HPCH)
technology (P-3051) has been approved and marketed in
more than 40 countries. It does not require nail filing and
is easily removed with water, thereby greatly improving
patient compliance.

HPCH is able to form an invisible film on the nail sur-
face, which may prevent fungal invasion [10]. Further-
more, HPCH allows the composition to remain in contact
with the nail surface long enough for a substantial ci-
clopirox penetration into and through the nail [11].

P-3051 exhibited a better penetration and a higher pre-
dicted efficacy after in vivo multiple application to human
fingernails when compared to the traditional insoluble ci-
clopirox 8% formulation and to amorolfine 5% [11].

In 2009, Baran et al. [12] showed a statistically signifi-
cant superiority of P-3051, in terms of efficacy, versus the
reference insoluble ciclopirox nail lacquer in 454 mild-to-
moderate onychomycotic patients treated for 48 weeks.

Controversial data from controlled studies are avail-
able to assess amorolfine 5% efficacy. In a recent multi-
center, randomized, open-label and controlled study con-
ducted on 142 onychomycotic patients, amorolfine 5%
showed complete cure in 12.7% [13].

In another controlled study aimed at evaluating the ef-
ficacy of a terbinafine nail lacquer, amorolfine 5% was
chosen as comparator [14]; the study, conducted on 1,029
onychomycotic patients, showed a very poor efficacy of
the product [0.96% complete cure, defined as a combina-
tion of both clinical and mycological cure, and 15.7% re-
sponsiveness, defined as a negative direct potassium hy-
droxide (KOH) microscopy and negative fungal patho-
gen culture, with an affected nail area of <10%].

In general, over recent decades, the deployment of a
blinded evaluator has become a common practice in ony-
chomycosis clinical trials in cases of different product fea-
tures. This approach is unanimously regarded as scien-
tifically valid and has become the standard practice when
comparing topical products which cannot be made blind
for obvious reasons. Therefore, Polichem SA decided to
assess the clinical efficacy of P-3051 versus amorolfine
5%, in a comparative clinical trial, using a blinded evalu-
ator.

Patients and Methods

Study Design

This was a randomized, controlled, parallel-group study, under
a blinded evaluator (PM1125 study, EudraCT No. 2011-003087-
70). The trial was aimed at assessing the efficacy and safety of
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P-3051 (Ciclopoli® 8%, Taurus Pharma, Bad Homburg, Germany)
versus amorolfine 5% (Loceryl® 5%, Galderma Laboratorium
GmbH, Diisseldorf, Germany) in patients with mild-to-moderate
toenail distal lateral subungual onychomycosis, caused by derma-
tophytes, yeasts and moulds, of at least one big toenail (target nail),
without the presence of yellow spikes, dermatophytoma or lunula
involvement.

According to the protocol, patients, 18-75 years old, had to sign
an informed consent form before enrolment. Those patients with
an infected target nail area 225 and <75%, and with both positive
KOH and culture for fungal nail pathogens at screening, were en-
rolled in the trial.

Concomitant severe plantar tinea pedis, other nail abnormali-
ties (such as psoriasis or lichen planus) and the use of any system-
ic or topical treatment were not allowed.

After a run-in period of 4-5 weeks, necessary to obtain the cul-
ture result of the nail specimens, patients were randomized at a
1:1 ratio to receive either P-3051 or amorolfine 5% nail lacquer
(randomization visit). The investigator allocated the treatments,
sequentially numbered, to each patient according to a randomiza-
tion list.

Patients were instructed to perform a daily application of the
nail lacquer for a 48-week treatment course with P-3051 or a twice-
a-week application with amorolfine 5%, according to the instruc-
tion in the leaflet.

The study was performed in an open-label fashion, due to the
different time schedules of administration and the technical char-
acteristics of the two formulations (i.e. removal procedures). The
accepted blinded evaluation methodology was used to avoid the
potential bias of an open-label design. The patients underwent a
further five clinical visits at 4, 8, 12, 24 and 48 weeks.

Efficacy and Safety Assessments

The main efficacy variables were complete cure rate, treatment
success and mycological cure, evaluated at different time points in
the intent-to-treat (ITT) population. Complete cure was defined as
a composite of negative KOH microscopy and negative culture for
fungal pathogens with no residual clinical involvement of the target
toenail. Treatment success was defined as negative KOH micros-
copy and negative culture for fungal pathogens as well as <10%
residual involvement of the target toenail. Mycological cure was
defined as both negative direct microscopy and negative culture.
Safety was assessed through the AE recording by the investigator.

Photographs and Planimetry

At the screening visit and at each study visit (except at the ran-
domization visit), before the nail scraping for mycological testing,
two digital photographs were taken by the investigator under stan-
dard conditions using a single-lens reflex camera. The first photo-
graph showed the target big toenail as it appeared. Then, the local
investigator directly traced the outline of the diseased area (if pres-
ent) on the patient’s nail, taking additional photographs.

The images related to visits at weeks 24 and 48, with the outline
of the diseased area drawn by the local investigator, were reviewed
by the blinded evaluator.

Statistical Analyses

A sample size of 120 patients (60 patients per group) was
deemed necessary to detect a 14% difference in success rate be-
tween the two treatment groups based on the results of previous
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studies [12, 15], where P-3051 and amorolfine achieved the effi-
cacy parameter in 80 and 66% of patients, respectively. Assuming
a screening failure rate of 30% of patients displaying negative fun-
gal culture, about 160 patients had to be selected for screening.
Statistical analyses were performed using SAS® 9.2 software (SAS
Institute Inc., Cary, N.C., USA).

The significance level was equal to 5% for all tests, and no ad-
justments were made for multiple testing.

The main efficacy analysis was performed on the ITT popula-
tion, i.e. on all patients enrolled and randomized and those who
had received at least one dose of the study drug.

The z test was used to assess the difference between the two
treatments with respect to the proportion of treatment success and
the proportion of completely cured cases at weeks 12, 24 and 48.

The safety population was defined as all the patients random-
ized and treated at least once.

AEs were based on the safety population. They were coded us-
ing MedDRA version 16, and the incidence rates were tabulated by
Preferred Term and by System Organ Class per treatment group.
Safety analysis included tabulation of the type and frequency of all
AEs. Results were summarized by their relationship to the study
drugs and by their severity (i.e. mild, moderate or severe).

Number Needed to Treat Analysis

The number needed to treat (NNT) is an epidemiological mea-
sure used to assess the effectiveness of health care intervention,
typically treatment with a medication. The NNT is the average
number of patients who need to be treated to prevent one addi-
tional bad outcome (i.e. the number of patients who need to be
treated for one to benefit compared with a control in a clinical
trial). It is defined as the inverse of the absolute risk reduction (in-
tended as a way of measuring the size of a difference between the
efficacy of two treatments), as described in the milestone paper of
Laupacis et al. [16]. The NNT is useful if several treatments are as-
sessed for the same outcome measure in patients with similar base-
line conditions and lengths of treatment [17]. The ideal NNT is 1,
where everyone improves with treatment and no one improves
with control. The higher the NNT, the less effective the treatment.

The NNT and the lower/upper 95% confidence limits are com-
monly obtained by inverting the absolute risk reduction of the ac-
tive drug versus placebo and the associated lower/upper 95% con-
fidence limits.

Results

Demography and Baseline Characteristics

Opverall, 154 patients were screened, and 120 patients
were randomized to one of the treatments. All patients
were Caucasians, and there was a higher proportion of
females compared to males. Both groups were homoge-
neous with respect to sex, age and weight, as well as to the
number of affected toenails, causative pathogens and the
percentage of the infected target nail area. This is consis-
tent with a population of moderate onychomycosis. Base-
line characteristics of the study population and mycolog-
ical results at inclusion are summarized in table 1.
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Fig. 1. Complete cure rate in the ITT population. * p < 0.001.

Table 1. Baseline characteristics of randomized patients

P-3051 Amorolfine 5%
(n =60) (n =60)
Age, years 51.45+11.75 53.85+12.21
Gender
Male 6 (10.0) 10 (16.7)
Female 54 (90.0) 50 (83.3)
Caucasian 60 (100) 60 (100)
Weight, kg 73.00£10.21  73.00+£10.21
Fungal species
Dermatophytes 43 (71.7) 47 (78.3)
Yeast 12 (20.0) 11 (18.3)
Nondermatophyte moulds 5(8.3) 2(34)
Number of toenails with clinical
evidence of onychomycosis 6.8+2.0 7.5£2.0
Percentage of infected target
nail area 44.62+12.93  46.20+13.58

Data are the mean + SD, or n (%).

Efficacy

Figure 1 reports the results observed for the complete
cure rate. The number of patients cured at week 48 was
21 (35.0%) in the P-3051 group and only 7 (11.7%) in the
amorolfine 5% group, resulting in a very high statistical
superiority (p < 0.001) in favor of P-3051. At week 24, 9
patients (15.0%) in the P-3051 group and 6 (10.0%) in the
amorolfine 5% group were already cured. However, the
difference between the groups was not statistically sig-
nificant (p = 0.408) at this time point. The complete cure
of nail infection treated with P-3051 at the end of treat-
ment is documented in figure 2.
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Fig. 2. Complete cure with P-3051 (patient No. 16). a Before treat-
ment (area affected by Trichophyton mentagrophytes). b After
treatment (cured).

Figure 3 represents the results observed in the treat-
ment success parameter: at week 48, 35 patients were con-
sidered successfully treated (58.3%) in the P-3051 group
versus only 16 patients (26.7%) in the amorolfine 5%
group (p < 0.001), resulting in a very high statistical supe-
riority of P-3051. At week 24, 24 patients (40.0%) in the
P-3051 group and 16 (26.7%) in the amorolfine 5% group
showed a clinical benefit. The difference between the
groups was not statistically significant (p = 0.121) at this
time point.

The results at week 48 showed that mycological cure
was observed in all 60 patients (100.0%) in the P-3051
group and in 49 (81.7%) in the amorolfine 5% group,
showing a very high statistically significant effect (p <
0.001) in favor of P-3051. Out of 11 (18.3%) mycological
failures in the amorolfine 5% group, 8/47 (17%) were der-
matophytes and 3/11 (27%) were Candida spp., while
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Fig. 3. Treatment success in the ITT population. * p < 0.001.
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Fig. 4. Mycological cure in the ITT population. * p < 0.001; ** p <
0.05.

moulds were eradicated (2/2). The results are shown in
figure 4.

These results are also consistent with the two param-
eters (KOH microscopy and culture) when taken singly
(data not shown).

The results at week 24 showed that mycological cure
was observed in 58 patients (96.7%) in the P-3051 group
and in 52 (86.7%) in the amorolfine 5% group: in this case,
the difference between the groups was statistically signif-
icant (p < 0.05) in favor of P-3051, also at week 24.

Safety

None of the patients in either group had serious AEs,
AEs of severe intensity, treatment-related AEs or any AEs
that led to definite discontinuation of the treatment. One
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Table 2. Reported cure rates in vehicle control groups in recent studies

First author [Ref.],
year

Test regimen

Treatment

Cure rate in the vehicle

duration, weeks group

Elewski [19], 2013
Elewski [19], 2013
Elewski [14], 2011
Gupta [18], 2000
Gupta [18], 2000

Efinaconazole 10% solution once a day
Efinaconazole 10% solution once a day
Terbinafine solution

Insoluble ciclopirox 8% lacquer once a day
Insoluble ciclopirox 8% lacquer once a day

48 7/214 (3.3%)
48 11/202 (5.5%)
48 0/256 (0.0%)
48 1/109 (0.9%)
48 0/117 (0.0%)

All 5 studies combined

19/898 (2.11%)

patient (1.6%) in the P-3051 group temporary discontin-
ued treatment due to AEs, consisting of trauma of the
right foot. As no serious or treatment-related AEs leading
to temporary or definitive discontinuation of the study
drugs were reported in any patient in either group, it is
possible to confirm that both treatments were well toler-
ated without any safety concern.

NNT Analysis in PM1125

As PM1125 did not include a placebo arm, a ‘putative’
estimate of placebo effect was computed using data gath-
ered from vehicle-controlled studies (without P-3051) re-
ported in table 2 [14, 18, 19]. The pooled estimate of the
cure rate in the vehicle group (2.11%), obtained by com-
bining the five studies, was used as a historical vehicle
control group.

The NNTs computed using complete cure data are dis-
played in table 3. The NNT data clearly show that P-3051
is almost 4 times more effective than amorolfine 5%. In
other words, while it is necessary to treat only 3 patients
with P-3051 to get on average 1 cure, one needs to treat
11 patients with amorolfine 5% to obtain the same clinical
results. Moreover, the nonoverlapping 95% confidence
interval indicates a statistically significant superiority of
P-3051 versus amorolfine 5%.

NNT Analysis in Previous RCT European Studies

A further analysis was performed comparing data
gathered from the pivotal studies of Baran et al. [12] (P-
3051 pivotal trial), Gupta et al. [18] and Elewski et al. [14]
(amorolfine 5% as reference, calculated using placebo of
the test drug, and terbinafine nail solution). The NNTs
computed using complete cure data from pivotal studies
are displayed in table 4.

The NNT data clearly show that P-3051 is almost 6
times more effective than amorolfine 5% in complete
cure. The nonoverlapping 95% confidence intervals indi-
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Table 3. NNTs computed for complete cure

Treatment NNT NNT lower  NNT upper
95% CL 95% CL

P-3051 3 2 5

Amorolfine 5% 11 6 88

CL = Confidence limit.

cate a statistically significant superiority of P-3051 versus
amorolfine 5%. Moreover, P-3051 appears clinically su-
perior compared to the standard insoluble ciclopirox 8%
formulation.

Discussion

This clinical trial compared two of the topical treat-
ments most widely used in Europe in the management of
onychomycosis, P-3051 (ciclopirox 8% nail hydrolac-
quer) and amorolfine 5%.

Although encouraging results had already been ob-
tained in in vitro as well as in in vivo studies using HPCH
technology, in terms of a better active permeation [11] of
P-3051 compared to amorolfine, a comparative clinical
study between the two compounds was still missing, and
for this reason it has been performed.

Mycological cure was chosen as an objective indepen-
dent endpoint for evaluating antifungal agents [20]. In
this clinical study, a large spectrum of nail pathogens has
been treated, revealing a similar effect both of P-3051 and
of amorolfine 5% on mycological findings until the 24th
week of treatment. In the following 6 months of treat-
ment, the antifungal activity of P-3051 increased until
100%, in terms of conversion to negative culture and
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Table 4. NNTs computed for complete

cure of pivotal trials Treatment NNT NNT lower 95% CL NNT upper 95% CL
P-3051° 17 10 43
Amorolfine 5%" 104 55 817
CPX 8%° 21 13 60

CL = Confidence limit.
® NNT and associated 95% confidence limits obtained using the data of Baran et al.

[12].

" NNT and associated 95% confidence limits are only a rough estimate, calculated using
placebo terbinafine nail solution [14].

¢ Pooled NNT and associated 95% confidence limits obtained with a random effect
meta-analysis using the data of Baran et al. [12] and Gupta et al. [18].

KOH microscopy analysis, confirming the antifungal ac-
tivity of P-3051, as already shown by Baran et al. [12].

On the other hand, amorolfine 5% exerted the maxi-
mum effect at 24 weeks, but surprisingly, its antifungal
activity decreased after 48 weeks of treatment.

This issue is explained by the occurrence of strains re-
sistant to amorolfine 5% and the well-known lack of tol-
erance or resistance of fungi to ciclopirox, probably due
to its multiple mechanisms of action; this fact may con-
tribute to the reduction of the relapse rate in the P-3051
group in comparison to the amorolfine 5% group, due to
the possible selection of drug-resistant strains [21] in the
latter case.

After a 48-week treatment, even the clinical efficacy of
amorolfine 5% showed a modest improvement in com-
parison to the results obtained after 6 months of treat-
ment. This finding is in contrast with the recommenda-
tions of experts, suggesting that the length of treatment
with topical drugs in mild-to-moderate onychomycosis
should not be less than 1 year. It was even suggested that
an extension of the duration of treatment to 18 months
could produce a better clinical outcome that reflects true
nail pathology [10].

In our experience, the further clinical benefits expect-
ed in the following 24 weeks of treatment and related to
the normal growth of the nail seemed to be almost zero,
due to the possible occurrence of relapses or resistance.

However, in the present trial, the efficacy of amorol-
fine 5% nail lacquer (with a complete cure rate of about
12%) is higher than the results given in the study of Elew-
ski et al. [14] (where the complete cure rate was 0.96%)
and substantially in line with the data obtained in the
study of Paul et al. [13] (12.7%).

The efficacy rate shown by P-3051 in this trial, with
respect to the previous pivotal study [12], could be a ref-

Ciclopirox 8% HPCH Nail Lacquer in the
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erence to a population at baseline in terms of milder nail
pathogen infections.

Therefore, it is not surprising that higher efficacy rates
were reported with criteria which are less restrictive but
certainly closer to the day-by-day management of the dis-
ease.

Finally, the results obtained in this head-to-head study
between P-3051 and amorolfine 5% are not unexpected.
In fact, the comparison of the NNT analysis indicated a
better clinical efficacy of P-3051 versus amorolfine 5%,
ranging from 4 to 6 times.

Both P-3051 and amorolfine 5% were very well toler-
ated, confirming an excellent safety profile.

Conclusion

The results of this comparative clinical study versus
amorolfine 5% and of the previous pivotal study versus
the insoluble formulation of ciclopirox 8% led to P-3051
being considered as the most effective topical drug for the
treatment of mild-to-moderate onychomycosis.

Its efficacy, different from that of amorolfine 5%, is
maintained in the long term by the well-documented ca-
pability of ciclopirox, which does not induce fungal resis-
tance.

As a consequence, from now on, P-3051 should be
considered as the gold standard for the topical treatment
of onychomycosis.
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Erratum

In the article by Iorizzo et al., entitled ‘Ciclopirox 8% HPCH nail lacquer in the treatment
of mild-to-moderate onychomycosis: a randomized, double-blind amorolfine controlled
study using a blinded evaluator’ [Skin Appendage Disord 2015;1:134-140, DOI:
10.1159/000441569], the following corrections need to be made:

1. The title should be amended to ‘Ciclopirox 8% HPCH nail lacquer in the treatment of
mild-to-moderate onychomycosis: a randomized, amorolfine controlled study using a
blinded evaluator’.

2. The text in table 1, p. 136, line 6, should read as follows:

Table 1. Baseline characteristics of randomized patients

P-3051 Amorolfine 5%
(n=60) (n =60)
Age, years 51.45+11.75  53.85%£12.21
Gender
Male 6 (10.0) 10 (16.7)
Female 54 (90.0) 50 (83.3)
Caucasian 60 (100) 60 (100)
Weight, kg 71.80+12.70  73.20+10.30
Fungal species
Dermatophytes 43 (71.7) 47 (78.3)
Yeast 12 (20.0) 11 (18.3)
Nondermatophyte moulds 5(8.3) 2(3.4)
Number of toenails with clinical
evidence of onychomycosis 6.8£2.0 7.5£2.0
Percentage of infected target
nail area 44.62+12.93  46.20+£13.58

Data are the mean + SD, or n (%).

3. The Acknowledgment on p. 139 should be amended to read as follows: “This project
was funded by Polichem SA. Data management and the statistical analysis were carried
out independently by Sintesi Research SRL, Milan, Italy.’





