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TITLE

METHGCD TO TREAT ONYCHOMYCOSTE BY HYDROXYPROPYIL, CHITOSAN

The present inventicn is directed tc¢ a method to treat
onychomycosis by topically administering a composition
which contains hydroxypropyl chitosan as the sole active

ingredient.

BACKGROUND OF THE INVENTION

Cnychomycosis 1s a difficult to eradicate fungal infection
of the nails which requires the use of antifungal agents
either by oral route or by a topical appliication of
compositions suitakle to remain  adherent to  the nail
surface fcr a period cof time sufficient to release the

antifungel agerts to the naii, which is the site of action.

The oral pharmacclcgical treatment is done by terkinafine,
which 1s actualily considered as the golden standard for
onychomycosis worldwide, and is reported to achieve a
complete cure in 38% of patients. Alternatives to c¢ral
terbinafine are itraccnazole and fluconazole, also
administered by oral route, reportedly less effective. None
of those drugs, terbinafine, itraconazcle cor fluconazole,
is devoia of rare but serious, sometimes fatal adverse
events (Ajit €, Suvannasankha A, Zaeri N, Munoz 3J,
Terbinafine-associated hepatotoxicity. Am J Med Sci. 2003;
325:292-5; Slprdal L, Spigset . Heart failure induced by

ion-cardiag drugs, Drug Saf. 2006; 2%:5é7-86).
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To avoid the risk of severe adverse events by oral
antifungal agents, topical treatmenits have been developed,
including ciclepireox, amorolfins and ticconazole: among
them cicloplrox 1is the most effective agent, achieving
12.7% or 5.8% cure rate according to the different vehicles

used.

WC0Z/07683A1 discloses water soluble chitosans as £film
forming agent of nail varnish compositions, which are per
se devoid of any antimycotic activity, but act
synergistically with antimycotic agents to erhance their
antimycotic activity, thus are suitable tc¢ be ingredients
of topical antimycotic compositions with enhancea

antimycotic properties.

A nail solution including ciclopirox as active ingredient,
hydroxypropyl chitesan as film forming agent, ethyl acetate
as penetration enhancer, cetostearyl alcchol as
plasticizer, ethanol and water as solvent system, done
according to the matter disclosed in WC02/07683A%, after
daily application for 48 weeks plus 12 weeks of follow up,
achieved a cure rate cof 12.7% of patients, being superior
beth to the vehicle including hydroxypropyl c¢hitosan, ethyl
acetate, cetcstearyl alcohol, ethancl and water (cure rate
1.3%) and tc & commercial solution of ciclopirex without
hydroxypropyl chitosar (cure rate 5.8%) (Baran R, Tosti A,

Hartmane 1 et al. An innovative waler soluble biopolymer

5

12

improves efficacy of cicleopirox nail lacquer in ©
management of onychomycosis. J Eur Acad Dermatol Veneorol,
2009, 23:773-781).

In very stringent pivotal studies, done to document the

efficacy of topical antimycotic compositions to treat
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patients with onychonycosis, it is needed tc document the
superlority of the test drug against its own vehicle, which
has the same quali-quantitative formuliation of the
ingredients other than the active. In those studies, the
vehicle always results as deveid of any activity, patients
of wvehicle grcups achieving the endpoint “complete cure”

ranging around 0.0% and 0.9%% in patients cof cicleopirox

study  (Goplta AR, Pleokmen P, Baran K. Ciclopirex nail

=

lacguer topical sciuficn 8% in the treatment of toenail
onychomyceosis., J Am Acad Doermatol. 2000;43:70-80), 1.3% in
patients with the aforementioned hydroxypropyl chitosan,
ethyl acetate, cetostearyl alcchel, ethanol and water
soluticen (Baran R, Tosti A, Hartmane I et al. An innovative
water soluble biopolymer improves efficacy of ciclepirox
nail lacauer in the management of onychomycosis. J Eur Acad
Dermatol Veneorol, 200%, 23:773-781), 0.8% and 9.0% in a
topical terbinafine/amorolfine study (Elewski B, Ghanncum
MA, Mayser P et zl. Efficacy, safety and tclerability of
topical terbinafine nail solution in patients with mild-to-
moderate toenaiil onychomycosis: results from three
randomized studies using double-blind wvehicle-controlled
and open—-label active-controlled designs. J Eur Acad
Dermatol Venecrol, 201z, LCI: 10.1111/73.2468~

3083.2011.04373.x.

It has now been surprisingly found that a simple nail
soluticon of hydroxypropyl chitosan as film forming agent
and a proper sclvent system is effective in the treatment
cf conychomycosis despite the lack of any antimycotic agent
into the compesition, when it is administered for at least
6 mcnths to at least cne year, to patients in need of a

treatment for onychomycosis.
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DESCRIPTION OF THE INVENTION

An object of the present invention is a method to treat
onychomycesis by topically administering a composition
which contains hydroxypropyl chitosan as the sole active
ingredient, together with pharmaceutically acceptable
excipients and/or adjuvants.
A nail topical composition which may be used in the method
cf the present invention consists essentially of:

a) hydroxypropyl chitosan,

b) water

¢) at least a lower alkancl.

For the purpose of the present invention, the term “consist
essentially of” is to be construed as a semi-closed term,
meaning that no other ingredients which materially affects
the basic and novel characteristics of the invention are

included (optional excipients may thus be included).

The composition to be used in the method according to the
present invention doces not need to contain an active
ingredient to be effective in eradicating the fungus and
ameliorating the appearance of the nail in a substantive
prepertion of patients. Moreover, the composition to be
used in the method according to the present invention does
nct need the presence of any penetration enhancer to lead
any antimycotic agent efficiently penetrate 1into and
through the nail plate, with the c¢lear advantage of
preventing to expose patients and environment to an
antifungal agent.

The composition to he used in the method of the present

invention comprises hydroxypropyl chitosan, namely a water
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scluble film forming agent, as component a). Film forming
agents are by definition (see e.g. DIN 55945 (12/1988))

components of a bkinder which are essential for forming a

fiim, i.e. a thin layer or cover. The term "water solublie"
rneans in this cortext that the film forming agent is fully

compatible with water so that at 20°C one part of the film
forming agent is scluble in 100 parts or less, preferably
50 parts or less, more preferably 30 parts or less, most
preferabiy 10 parts or less of water.

The amount c¢f the component a) is preferably in the range
from 0.1 tec 10% w/w, more preferably from 0.3 to 2% w/w, of
the total composition; preferably the amcunt of compcnent
&) is higher than 0.3% w/w.

The compcsition to be used in accordance witni the present
invention further comprises water as component b). The
preferred amcunt of compenent b) in accordance with the
present invention is from 10 to 40% w/w, more preferably
from 18 te 3C% w/w, of the total compositicn.

The composition to be used in accordance with the present
invention further comprises a lower alkancl or a mixture of
lewer alkancls as a solvent as component c¢). The lower
alkanol 1s preferably a C;-Cs~ alkanol and may be selected
from ethancl, propanol, isoprcopanol, buthancl.

Preferably, the tLlotal amount o¢f Iower alkanol used ir
combination with water present in the composition in
zccordance with the present invention is such tc provide
acceptakle drying times of the formulation once applied o
the nails. An acceptable drying time, i.e. the time taken
to ke dry by zcouch, is less than about twe minutes.
Component ¢) 1s usually emplcyed in an amount suitable in
order to impart the above ncted properties. If is preferred

that the component c¢} is present in the composition in
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accordance with the present invention in an amount from 45
to 95% w/w, more preferably from 60 to 80% w/w, of the
total composition.
The composition te be used in accordance with the present
invention 1s preferably applied on the surface of the
infected fingernails and/or toenails in a thin layer, by
means of a brush, or of a spatula or any applicator, and
left to dry for 0.5-2 minutes. After applying the
composition, washing the nails shcould be avoided for at
least 6 hours, more preferably for at least 12 hours, most
preferably for 24 hours, in order toc aveoid loss of
medication due to nails’ exposure to water. The application
should be repeated once daily, preferably at bed time,
after shower and drying, for a minimum period of 6 months
to one year. The application period of at least 6 months is
recommended for ftreatment of infected fingernails, the
period of at least one year is recommended for treatment of
infected toenails.
According to a preferred embodiment, the composition to be
used in the method of the present invention consists of:

a) hydroxypropyl chitosan in amount frem 0.3% te 1.0%

by weight,
b) water in amcunt from 18% to 40% by weight,

c) ethancl in amount from 60% to 80% by weight.

The composition to be used in the method of the present
invention is illustrated, but not limited to, the following

o [=]

examples. All amounts in % are w/w %.

EXAMPLE 1
Nail lacquer formulations having the following compositions

by weight are prepared:
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nydroxypropyl chitcesan ! 2.0% 1 1.5% TL.0% 2.5% 0.2%
puritied water 38.0% | 28.5% | 22.0% | -9.5% | 298.7%
Cetharol 60.0% | 70.0% ] 77.0% | &0.0% ] 70.0%

The formuilations are prepared by using a suitable closed
vessel providea with a stirrer. To this vessel are added
ethanol, deicnized water and hydroxypropyl chitosan and the
resulting mixture is stirred until dissolution.

The obtained nail lacquer compositions have a c¢lear and
homecgeneous appearance and are perfectly transparent and

colorless even after prclonged storage.

COMFARATIVE EXAMPLE 2

Comparative neail lacqguer feormulations are prepared:

terbinatine HCL 5% 10.0%
hydroxypropyT chitosan 0,32 G.3%
P prrified water 24 .74 19.7%
ethanol P70, 0% | 7o.cs

R

The formulatiocons are prepared by using a suitable closed
vessel provided with a stirrer. To this vessel are added
ethanol, deionized water and terbinafine HC1 o form a
mixture. Thereafter, hydroxypropyl chitosan 1is added ana
the resulting mixture is stirred until dissclution.

The obtained nail lacquer compoesitions have a clear and
nomogenecus appearance and are perfectly tLransparent and

colcocrless even after prolonged storage.

EXAMPLE 3
A multicentre, randomized, double-blind within frequency of
administration, vehicle controlled, dose-finding, parallel-

group study was completed in patients with mild-to-moderate
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dermatophyte onychomycosis {distal lateral subungual
onychomycosis, defined as 25%-60% clinical involvement of
the Larget toenail, without dermatophytomas or
matrix/lunula involvement) randomized to apply for 52 weeks
cne of the feollowing treatment regimens:

1) 10% terbinafine HCL once daily as per the Comparative
Example 2 for the whole treatment length (P-3058 10% o.d.,
n= 93),

2) 10% terbinafine once daily as per the Comparative
Example 2 for the first month, followed by 10% terbinafine
once weekly until the end of treatment period, (P-3058 10%
o.w., n=91},

3} 5% terbinafine HCl once daily as per the Comparative
Example 2 (P-3058 5% o.d., n=9%4),

4) Hydroxypropyl chitosan once daily or once weekly, at the
concentration of 0.3% as per the Example 1, namely not
containing any terbinafine nor any other antifungal agent
(n= 92),

The treatment period was followed by Z24-weeks of follow-up.
The investigation was aimed at evaluating the effect cof the
different doses of the investigational product P-3058
compared to the vehicle in the treatment of onychomycosis
at the end of follow-up (week 76).

The primary efficacy endpoint was the proportion of
patients achieving “Responder rate” at the end of the wash-
out period (week 76), defined as composite parameter of
£10% «clinical involvement of the target toenail and
mycological cure (negative microscopic KOH examination and
negative culture). The key secondary efficacy endpoint was
the propcrtion of @patients achieving “Complete cure”
defined as composite parameter of 0% clinical involvement

of the target toenail and mycological cure (negative
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microscoplic KCH examination and negative culture) at
different time points during the treatment phase as well as
during the wash-out pericd.

Overall, 370 patients were included in the efficacy
analysis (MITT population). At baseline, the percentage of
the affected target toenail area was in average 40.7% (min:
14, max: 70).

The results were as fcllows: concerning primary efficacy
endpoint, at the end of follow-up (week 76), the rate of
responder patients were: 16.13% in P-3058 10% o.d., 15.9%96%
in P-30538 5% o.d., 23.08% in P-3058 10% o.w., 20.65% in
vehicle group. As a conclusion, the efficacy of the
hydroxypropyl chitecsan solution (= wvehicle) on primary
parameter was supericr to that of both 10% and 5%
terbinafine solutions, and was inferior only to terbinafine
10% once weekly scolution.

As far as the key secondary efficacy endpoint was
concerned, at the end of follow-up (week 76), the rates of
complete cured patients were: 8.6% in P-3058 10% o.d.,
7.45% in P-3058 5% o.d., 10.99% in P-3058 10% o.w., 6.52%
in vehicle group.

Although the rate of complete cure for vehicle was inferior
in this investigaticn to all the active formulations
containing terbinafine in different dosage regimens,
ncnetheless the complete cure for the Thydroxypropyl
chitocsan vehicle was superior to that of other vehicles
reported in the literature o¢f onychomycosis, which do not
contain hydroxypropyl chitesan, or contain it combined with
other ingredients, 1like ethyl acetate and cetostearyl

alcohol, as reported in the following table:

9
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Study Veh.cle composition Rate of
complete '
i cure

Gupta* 1 B Gantrez, isopropyl alcohol 0.9%

Gupta* 1T | Gantrez, isopropyl alcohol 0.0%

Bararn** : hydroxypropyl chitosan, ethyi 1.3%
acetate, cetostearvli alcohol,
ethanoi, water

Elewski® 24 wk | DDAIP, benzyi alcochol, 0.8%
polyvinylpyrrolidone, ethanol

Flewski® 48 wk | DDAIP, beniyl alcchol, 0.0%
polyvinvlipyrrolidone, ethanol

Example 1 hydroxypropyl chitosan, 65.52%
ethanol, water

** Baran R et al.

23:773-781

" Elewski B et al.

J Eur Acad Dermatcl

10.12311/9.14€8-3083.2011.04373.x

As a

efficacy endpoints

vehicle

conclusion,

alone

poth

achieved appreciakle

efficacy to treat onychomycosis.
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Veneorol,

in the primary and in

resualts

* Gupta BAK et al. J Am Acad Dermatcl. 2000;43:70-80
J Eur Acad Dermatol Veneorol,

2009,

2011, DOZ:

the seccndary

the grcoup of patients treated with the

in terms cof
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CLATMS

The use of a composition which contains hydroxypropyl
chitogsan as the sole active ingredient together with
pharmraceutically acceptable exciplents and/oxr
adjuvants, in the manufacture of a formulation for the
treatment of oanychomycosis.
The use according to claim 1, characterized by the
compogition consisting essentially of:

a) hydroxypropy. chitosan,

by water,

c}at ~east a lower alkanol.
The use according to claim 2, characterized in that the
amount of hydroxypropyl chitosan i1s from 0.2 to 210% by
waelght of the total composition.
The use according to claim 3, characterized in that the
amount of hyvdroxypropyl chitosan is from 0.3 to 2% by
welght of the total composition.
The use according to anyone of claims 1 to 4,
characterized 1in that the amount of hvdroxypropyl
chitosan 1is higher than 0.3 by weight of the total
composition.
The ugse according to claim 2, characterized in that the
amount of water is from 10 to 40% by welght of the
total composition.
The uvee according to claim 6, characterized in that the
amount of water 1s from 18 toe 30% by weilght of the
total composition.
The use according to clalim 2, characterized in that

sald at least lower alkanol is a 1-Cy-alkanol.

11
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12.

13.

14.

15.

16.

The use according to claim 8, characterized in that
sald (C1-Cs~alkancl is selected from ethanol, propanol,
igopropanol, butanol.

The use according to claim 2, characterized 1in that
sald C1~-Cs~alkanol 1s ethanol.

The use according to claim 2, characterized 1in that
the amount of said at least lower alkanol is from 45 to
95% by welght of the total composition.

The use according to claim 2, characterized in that
the amount of said at least lower alkanol is from 60 to
80% by weight of the total composition.

The use according to claim 1, characterized by the
composition consisting of:

a) hydroxypropvl chitosan in amount from 0.3% to 1.0%

by weignt,

b} water in amount from 18% to 40% by weight,

c} ethancl in amount from 60% to 80% by weight.

The use according to any of the preceding claimsg,
characterized in that the formulation is to be
administered to a human.

The use according to any of the preceding clains,
characterized in that the formulation is to be applied
to fingernails and/or toenails once daily.

The use according to any of the preceding claims,
characterized in that the formulation 1is to be applied
to fingernails and/or toenaills for at least 6 months to

at least one vear.

12



