WD 2011/ 019317PCT/ SE2010/ 050886 1 COVPCSI TI ONS AND METHODS FOR TREATI NG
FUNGAL | NFECTI ON OF THE NAIL Technical field [0001The present invention
rel ates gwoeonaldiysito conpositions and nmet hods for the tpeatsernb/osfssé ungal
nail infections, in particular onychonycosis. Background [0002Fungal
infection of the nail, in particular onychonycosis, is the nost common

di sease of the nail and affects as nuch as 6-8 % of the adult popul ation.
It manifests itself by opaque, white, brittle, thick, and friable nails
caused by the invasion of fungi. [0003 The search for an efficient
treatnment of fungal infections of keratinous structures such as the nai

has been subject to nunerous efforts but so far no satisfactory solution is
at hand. There is a general agreenent that if sufficient anounts of a
potent antifungal conpound can be distributed throughout the nail and in

t he nail bed, j [ ) i t il owill
end. 0004 Al TR Ha A T A A TN P T,
penetration antifungal agents, many ongAdf these products have showed
little effect in clinical testing. One reason is that the m ni num

i nhi bitory concentration (MC) value of antifungals for fungi feeding on a
strict keratin diet has values that are many tines higher than the MC

val ues calculated at in vitr conditions. Therefore, previous estinates

regar di ng tgfecﬁﬁ%ﬁ'?ireld()f drug penetration that was needed were nmuch too | ow

for the tre ave an effect. The result of the treatnent of fungal

WO 2011/ 0193@,68@'{ ﬁléz@%%/éﬁ@s%@n e §@r§eir53§/~°to ebmbb&idiahd nicidls d&r

onychonycosi still on the sticcess I n generating a sufficiently
hi gh penet r athé opatokntest furgal faingiettiaonpgandulay 06QSBmytdsesr , t he treat ment
times using existing therapi es have been long, up to nore than one year,
resulting in poor adherence.

Background
[0002 Fungal infection of the nail, in particular onychomycosis, is the most
common disease of the nail and affects as much as 6-8 % of the adult population. It

manifests itself by opaque, white, brittle, thick, and friable nails caused by the

invasion of fungi.

[0003 The search for an efficient treatment of fungal infections of keratinous
structures such as the nail has been subject to numerous efforts but so far no
satisfactory solution is at hand. There is a general agreement that if sufficient
amounts of a potent antifungal compound can be distributed throughout the nail and

in the nail bed, the infection will be cured and destruction of the nail will end.

[0004  Although many promising attempts have been made with nail penetration
antifungal agents, many one of these products have showed little effect in clinical
testing. One reason is that the minimum inhibitory concentration (MIC) value of
antifungals for fungi feeding on a strict keratin diet has values that are many times
higher than the MIC values calculated at in vitr - conditions. Therefore, previous
estimates regarding the extent of drug penetration that was needed were much too

low for the treatment to have an effect. The result of the treatment of fungal



[ 0006Anot her problemin the field is the stability of the active conponent.
Several of the antifungal agents are not stable, which results in the
active conpaondibpsieaki ng down over tinme. This |imts thecsisekdiohsdises of the
product. [0007A maj or problem associated with topical adm nistration of
antifungal drugs to the nail is the barrier function of the keratinous
|l ayer. One way is to break up the structure-form ng conponent of the nail:
keratin. This can be done by keratolytic conpounds exenplified by
acetylcysteine, thioglycollic acid and urea. However, these conpounds may
further contribute to the breakdown of the active substance. One exanple of
such a conponent is urea, which decreases the stability of terbinafine.
Definitions [0008Before the present invention is described, it is to be
understood that the term nol ogy enpl oyed herein is used for the purpose of
describing p l.cul ar odi nd . i be limtin
since the sc§%%h§ ‘?Hgﬁ%ﬁeggﬂ?@%ﬁvgﬁ 8%ﬂmf¢ﬁﬂ%%5?%ﬂi@gggoﬁ%ﬁnby t he °
appended cl a'g@fser@c_rm? @ﬂﬁicﬁ@ll}ehgﬁ peharagioh of bOBAFligarushphmdnot ed that, as
[

used in this specification and the appended clains, the singular forns "a,
"an," and "the" include plural referents unless the context clearl
di ctates ot h&¥QfiSse Furthiagp t@bqutm@éw&w&e&éim/%é@@%ﬁ%ve[ t@ﬁﬁ‘do'ﬂ'é‘@,tgt he term

"about" is uﬁ@%ﬁ%g@%&@t’%@fﬁqﬁ%" Oherd% of the stated val ue, where

appl i cabl e. rm rmng agent” is used to denote a conpound
or a mxture of conmpounds that is pharmaceutically acceptable and which
i ncreases t hEO0Mi6s c dsbthyr prbbemph dhrenfiede istthesiabitity wh theiactiencampanedied t o be

lied topically. [0012 ddi ti to t h, [ "in th
00 o st at o Seuerdl oL e Tk Carl: Bt =B brpihae sl BB BHOS KR TBPU i f at ed

form as.OppB%%gmé?m@h%%@rlt}ﬁ?@,Thiis'ﬂm}tf‘%e%ﬁémﬁ@ioﬂh@'bfodm@t a conpound is
present in soll tate can be confirnmed by the naked eye where the presence

of visible particles or aggregates confirns the solid state. [0013 As used
herei n, unl eK¥05t atedajot problginsessoaisied diblenies! egminidiepeomehe’ifungal per cent

::g];rgtr)sit ? i gﬁ_r 8@5&{92%9\(1\% g%e t?ar}(rjler ur?cti%%%?%e%@rattipxgustI%t/eall.l O\ﬁvgiv\%r)]/tis Pof brteglg
up the structure-forming component of the nail: keratin. This can be done by
keratolytic compounds exemplified by acetylcysteine, thioglycollic acid and urea.
However, these compounds may further contribute to the breakdown of the active
substance. One example of such a component is urea, which decreases the stability

of terbinafine.

Definitions

[0008 Before the present invention is described, it is to be understood that the
terminology employed herein is used for the purpose of describing particular
embodiments only and is not intended to be limiting, since the scope of the present

invention will be limited only by the appended claims and equivalents thereof.

[0009 It must be noted that, as used in this specification and the appended
claims, the singular forms “a,” “an,” and “"the"” include plural referents unless the

context clearly dictates otherwise.



[0014lt is an object of the invention to address at |east sone of the

i ssues outlined above. It would be desirable to increase the penetration of
ant i f ungavocompuasiwi ons. It woul d al so be desirabl e to iPoTSE2m6/050386
stability and thereby the shelf-life of antifungal conpositions. These and
ot her objects are addressed by a conposition, nmethod, and use according to
the attached clains, incorporated herein by reference. 4 acid conponent, a
vol atile vehicle, an antifungal agent; and one or nore keratol ytic agent;
wherein effective anounts of the active,conpound and said keratol ytic agent
are soluble in the conposition in the a%sence of said volatile vehicle, and
wherein at | east one in the group selected fromthe antifungal agent and
the keratolytic agent is present in the solid state in the conposition in

t he presence of said volatile vehicle. [0016 The inventors have
surprisingly nd IS Ik d Q9% ki f /i [ n

anti f ungal c[gr(r)ggneéisgtaa%??Jg%eﬁtgﬁgp%ﬁjt%a t%nh’ghﬁgt:élaa?@é;/kn 'Ogiirrﬂ(ﬁ gxg%usgl%g/@exhi bits
i nproved st afllg, ihearabplibesi@by | onger shelf-life. Detailed description

[ 0017 The conpositions according to the invention are intended to be
applied topically to the nail of a patient, suffering from,a fungal

i nfection of (4Hd niri‘q ternp of:‘]m&%ﬂ‘r‘fﬂ ég‘gﬁy'él’féerﬂ/ éJseingtga[ ROPRE O\DSI”%Jgﬁufee vehicl e
i s chosen so I i ' Nhcrafds tHaeyidasiat ol yti c
agent are pr%ftcdlagfptog'ﬁdescs%%%%ﬁgg%%ﬂgt#g%dt%%@?ﬁ%V\@?:gsence of the vgl atile
vehi cl e but sfea piematduticdl lromppsitmi ipiehaacei tegaplisd tipgsdyve in the absence of
the volatile vehicle, such as, for exanple, when the volatile vehicle has
evaporated. T , durir t gr age | east . one. of nt if agent and
t he kerat ol ykq%ggag ?d@&@%%&el%)é’g?'atb%?mrf/ssloﬂ ﬂ%tgeé%)'wsc&&& Lstdé_g'@fdn the solid
state, thesej,gRARINAA DrRbEnd BTPeRAOAPrdcihikadebe ALhpRbedl ofdasle@ns and
degradation than in the dissolved state and are thus nore stable. This is

confirmed byingbatinpdsijion.débasa porasemddsipiesert frescig atapd easn be eorfigpadbhort |y
after application, the volatile vehi.cle evaporates |eaving t.he other
conpounds of t%?ﬁék%%ﬁdmeﬁ ﬁpé‘??e'i‘q’f’eo'cr‘(é?ﬁle p%@ﬁ'ﬁﬁgreaqqli%gao{ﬁst&P@”@Sotﬁﬁound and
the keratol yt{gagent are soluble in the conposition in the absence of the
vol atile vehicle, the active conpound and the keratol ytic agent dissolves

upon the evaporation of the volatile vehicle. As the active conpound and
t he ker at ol yld0d 3agénusesrhereiel unissesiated ipgieraise theamewdt (péEOMBOREAE) Bt her

f th ition, f bl it hi ' I
w thin 5 mnerredt qo0sacremy or oMb Fhn et i BTy of fe, 5T °

evapor at es W dtHdditign M nutes, nore preferably within 3 mnutes after
application In roomtenperature (18 - 25C). A volatile vehicle with a vapor
pressure of at least 2 kPa at 20C can be used. [0021Suitable volatile

vehi cl es are generated from polar fluids such as esters,

Summary

[0014 ltis an object of the invention to address at least some of the issues
outlined above. It would be desirable to increase the penetration of antifungal
compositions. It would also be desirable to increase the stability and thereby the
shelf-life of antifungal compositions. These and other objects are addressed by a
composition, method, and use according to the attached claims, incorporated

herein by reference.

[0015 The present inventors make available an antifungal composition for topical

application on a nail, said composition comprising a diol component, an organic



al cohol s, ketones and saturated hydrocarbons with a high vapor pressure
(greater than about 2 kPa at 20 C). Vapor pressures of such volatile

vehi cl es wanohidziand, for exanple, in the CRC Handbook pofi/s€r@miosissy and
Physics, 75th edition (Vapor pressure of organic conpounds), i ncorporated
herein by reference. Exanples of suitable volatile vehicles are ethyl
acetate, butyl acetate, nethyl acetate, isopropanol (isopropyl alcohol),

et hanol , acetone, nethyl ethyl ketone and nmethyl isobutyl ketone. The

vol atile vehicle is preferably chosen fr,omethyl acetate, butyl acetate and
m xtures of these. [0022I n one enbodi nent the m xture of ethyl acetate and
butyl acetate is such that the conposition conprises fromabout 30%to
about 90% of ethyl acetate and from about 5% to about 60% of butyl acetate,
based on the total weight of the conposition. In a preferred enbodi nent the
m xture of e I C ion
conpri ses fr%%ga%ﬂﬁﬁegga)@oﬁ%%md%g& o?ﬁ" éh%lgégcg?%?@é %r; @reﬁ%&@gl !(I)(%.It 20%
to about 35%@int;Heydin aftetiod emo@%@‘dh@actl\/beompmﬁid ar@ ssed kevitobfic algent
conposition. In the nost preferred enbodi ment the m xture of ethyl acetate

and butyl acé&easplgbiesn%mmﬁaﬂomﬁéﬁ%wﬁﬁ%@q ofisgie vaie yahude fAng RNt 55% t o
bout 65% of
ch'g at e, bgsgtﬁé%ﬁb?%@%ﬁeoér% \g\é?{ﬁ %”t'ﬁﬁ“é%osﬁ?e?‘%?ﬂ thﬁggﬁgtﬁdswtabl e

vol atil e vehjsgr@snhaue surPaEtenk &@Sdéh@oﬁtlon?ﬂ(ﬂwé p&terics otspidlvoRtilegr eater to
one or nore of the above nentioned conpounds, and which denonstrate an

equal or |oweshickhility to dissolve an allylanine or other antifungal
conmpound and urea or a another keratolytic agent. [0024Non-limting

exanpl es of ab I i se

ter bi nafi ne @6&}3 L”?e ?éﬂr%hgvfn mr%k‘gﬁlgégﬁ &?ﬁﬁ?gg&ggﬂ%&@gt&l%@@%m cles
that conpri seelRbnyg araa:remtgel eomponEtteffesentd lrmdi tmylnaapatcamulaanetomug yl acetate
resulting in a vehicle that evaporates with mnutes at 20 C . [0025 The
preferred an@(ﬂﬁ'tsdJ’f‘PfOkﬁdaf’(t@t?'kéW\@éﬁ”@F@)’l'@r‘geféfﬂﬁ'fd'[f)%ut 70 to about 99% nore
preferably from about 75%to about 96% nost preferably from about 78%to
about 95% based on the total weight of the conposition. [0026 The di ol
conponent and the organic acid conponent are present in an anpunt to

provi de penetration of the antifungal conponent through the nail in a
phar maceut i cBethilededeseréatiope anount. [0027 The diol component conprises at

| east one diol. Non-limting exanples of the diol corrponent are et hyl ene

gl yool . pr opyleane glaaalao Abanedidla Rt anedhote flekeEXABPLEpikd> PeNt ane

diol), hexan xtures conmponent nmay
be a m xtur etogfcagy ©ltise SaICHT aASati@ntBURENHCE @ apnrcgayirﬁmougbymelnaanm anot her
diol, such as pentanediol. A preferred diol is propylene glycol. 7
[0028 Sui t abbXeMMeRARGTBYCOBR ranges of the diol is fromabout 1%to about
20% nore preferably from about 3% to about 10% even rmre preferably from
about 6%10 ApAY! %Jvc@a%’ 29 is GRORRISG 12 et QA BPIN AAIALLISRRA OF

consi sts ess iral | or conS|s car oxy or a

sol ution t hesgpthe k@é&jml:%@emfar@ﬂareil;@)ltet@dbmmyélcbmpaml@ innicd ptcdaeeraepfmme or nore
of saturated or unsaturated, straight or branched aliphatic nono-, di- and
pol ycar boxy! YQiat&%VQﬂ@'qﬁ#lSﬁ@aithz thys paecipjtatest ag;entsgmssglvg,m the abspnssrof deons,

aral i phatic ronm ica boxylic
acids (e.qg. aY%%tE Yﬁm:] 0§'§/C Eeo éo?%%?#wbll ‘ngﬁélrg@e Vgl)émi%ggdgé‘% g?}%&mg@éar bon
atoms. Exanptigs, dafnngtdﬂotagjél 8t I0AgdNé 6f A6 inbifasdE agemtamditnckaidelygnagen nmore of
formic acid, acetic aci propionic acid, butyric acid, valeric acid,

caproi ¢ aci dare(mmaWparta/on(the &O&@ﬁﬁatﬁ ircthel SOlisbitasE cthessi COMPORENs @redessd, citric
acid, malonic ac succi,ni ¢ | ut pi di c

aci d. pinel i Broa%}odmd&g&l gggtciaﬁreggtfod\s il dgdia a;é%rl %ig [ﬁ{; 8%3 ?%ngt?tgrtari c
aci d, tartrOé‘l‘uocar*%%ﬁ,mdﬂé’glé@@um{{|'s‘éom7r|n€d Y KEHLANY iREO BF3BHtEd ACthd and pyruvi c
acid. A preferred organic acid is lactic acid. T0030 Suitable concentration
ranges of thexampmni c aci d conmponent is from about 0.1%to about 4% nore
preferably from about 0.3%to about 1.25% even nore preferably from about
0.8%to about 1.2% [0031Suitable concentration ratios of the organic acid
conponent and the di ol



are from1:20 to 1:2, nore preferably from1:10 to 1:4. [0032 The total
conbi ned concentration of the diol and the organic acid in the formnul ation
i s preferwblgifmnesrabout 1% to about 50% nore preferablpgTiSEQrmabEes 2% t o
about 25% and nost preferably from about 4%to about 15% based on the
total weight of the conposition. 8 [0033The relation between organic acid
and diol are preferably fromabout 1:20 to about 1:1, preferably from about
1: 15 to about 1:2 and nore preferably fromabout 1:12 to about 1:5, based
on the total weight of the conposition. . [0034 The diol conponent and the
organi c aci d conponent are both charactérized by | ow vapor pressure which
results in an increase of their relative content in the evaporated

formul ation, that is, when the volatile vehicle has evaporated after
application on the nail. The diol conponent and the organic acid conponent
are chosen s at ifungal ; { re
readily di sabiuea Ppotfn Bl PHRen JRE WiaAPUphE SHPAR: e it e
Preferably t&gnguhid shmgatoragshion andhd el Becakothgtactvedismumeantnhd he di ol
conponent and the organic acid conponent within 5 m nutes. [0035The
antifungal akpsaelyiieagenbaeoluble ig tishenMaasEian e pYseEe SEteveadiifount , whi ch
anount may vary., dependi t i - I onent ( s)

sel ect ed. BaSt “%ﬁ&%ﬂﬂ“ﬁﬁ%@ﬁ%@ﬂF@SH@ﬁé%%ﬁ&gﬁégﬁfgggﬁﬁﬁgkﬁﬁ@E?|| in the art

will easily Bgpakdienbbtheebiagle vekitleald Bearmudonpln@ahd thengadiolguarponent (s) .
[ 0036 Preferred concentrations of the antifungal agent are about 0.01 %to

about 10% nagant pregtiepses) ey pohiedisorliecon 20 ether1eswengYs ofitbe e pref er abl y
from about 0.75%t.0 about 5%. more prefe Ly . t 0.8%to about
1.2% based SHRH 'O?’oqr(é#féqu;?@l ‘6‘@” M”f%e{OESH%@@PW%ﬁ%Exam es of

sui tabl e antifungal agents include imdazoles, such as m conazol e,

ket oconazol ejo02oondEDldkatildidhaiaiz ghesenButies dnazpdretes fdthini & mirazes| more
i soconazol e, oxiconazol e, sertaconazol e, sulconazole, and tioconazole;
triazol es, spieferady nitie Srairees altertapabeniand oM Eapeashazti e 2% alftonazol e,

BTyt am nes. "W SRRGR SyaliorbShoREH RS bR loRhE S B Re s, T, O

anorol fine, naftifine, and butenafine; and echi nocandi ns, such as
ani dul af ungi [02das paitabiegiotstiicavetiodseaé getarated dommotdrutugds soth ahesders,
[ 0038AI l yl am ne antifungal agents, in particul ariﬁber bi nafi ne and naftifine,

are pref err edlcehinls KelpraaNd GRHFACDRYArPRarpens Vi NG) SAPP'ON ESSHRIEEASHhi bi t t he
wth of f j | i 0 | i , i
gro 0 U{HQ;H apéﬁga‘ @6k E@ &E%a@ggéﬁéﬁsﬁé} s@éﬁ%oﬁ%’l?@eﬂe‘g\ ks caft HEGYuRNZYMe in

fungal ergostero i osynt hesi es of suit |'ami nes anti f ungal
agents i ncl u@deeramme liy hardReeHandb doung @heagenans ehyat e15'T ediiort f(vapgr oup
consisting of anorolfine, butenafine, terbinafine and naftifine and

m xtures of PIR§SUIARS QBEaDEENRANBEBONCOrTRAIRS ReFain Ry REfRieAre i RPENe Yl es of

al Tyl am ne a&ﬁté%l‘é@%@lne‘?}%%é are ethyl acetate, butyl acetate, methyl acetate,

isopropanol (isopropyl alcohol), ethanol, acetone, methyl ethyl ketone and methyl
isobutyl ketone. The volatile vehicle is preferably chosen from ethyl acetate, butyl

acetate and mixtures of these.

(0022 In one embodiment the mixture of ethyl acetate and butyl acetate is
such that the composition comprises from about 30% to about 90% of ethyl acetate
and from about 5% to about 60% of butyl acetate, based on the total weight of the
composition. In a preferred embodiment the mixture of ethyl acetate and butyl
acetate is such that the composition comprises from about 50% to about 70% of

ethyl acetate and from about 20% to about 35% of butyl acetate, based on the total



[ 00391 n addition, the conposition conprises a pharmaceutically acceptable
keratol yti c agent, which enhances the penetration of the antifungal agent
t hr ough twe 2naidi1931Exanpl es of the keratol ytic agents i necudge2unesissone or
nore sul phur-containing am no acids, and m xtures thereof, with urea being
the preferred keratolytic agent of the present invention. [0040Exanpl es of
sui tabl e sul phur-contai ning am no acids include cysteine, nethionine,
N-acetyl cysteine, honocysteine, nethyl cysteine, ethyl cysteine, Ncarbonyl
cysteine, glutathione, cysteam ne or deéi vatives thereof. [0041A suitable
concentration of the keratolytic agent s fromabout 0.3 %to about 20%
nore preferably fromabout 0,75%to about 2,5 % and nost preferably from
about 1.8%to about 2.2% based on the total weight of the conposition.

[ 00421 n one enbodi nent the conposition conprises fromabout 1% to about 20
% of a diol, fr 0 A% o ; (o] I & om about
0.2% to abou\fvg'gﬁ%fg% %bhnpgﬁ'ﬁ ?%&i@gwgéﬁﬁrréy%@ ggﬁ?tg ® .ng%’(/toafelo(graett)H lI.It 20 % of

a kerat ol yti sceggenhd baychckiagnis alduhat I826dnmpaation to@Pidesfrom abmuabb¥%eo vehi cl e.
10 [ 00431 n one enbodi nent the congosi tion conprises from about 3% to about

10% of a di odbout Pbin Bt acetate 8a¢ KoraEeat 2291 8B 28% BPYYhee@Ri d, from
about 0.75%t0 9 i f.ungal agent, from about 0.75%to
about 2.5 %%qseg%ﬁgﬁreat @f\&vé’gﬁﬂc%@gen%%%waﬁrom about 75%to about 96% of a
vol atile vehicle. [0044ln one enbodi nent the conposition conprises from
about 6% to [@oadt 8thepbuimbidi \@latild vebitieaalhaue vapd phéstwe abd0iC thaRis®qoél an

organic acid, fromabout 0.8%to about 1.2 % of an ntifw&{) agent, from
about 1. 8% t¥ HBJAt 0PN O%]“Sfe%ft'R“e?%QV(?I@?Wt'Eneé%WQOUQ ap out 78%to

about 95% of [ [ Fy i nprove
texture duri %égnaaﬁgtlrrnﬁ%ﬁaét% ggfrbéﬁdmgeﬁgﬁ)g@%?hdé’{sﬁlgfFxﬁ%ﬂfmg@ﬁ gg{é ?rérr]\tzf{}ﬁésatljch as a
filmform ngcagwihd ab@orcber adthethet Rerbfogticagpasi ti on according to

enbodi ments of the invention. Suitable filmformng properties results in
an increased viscosjty at adm nistratign .ch facilitates dosing and the
formation of (092fi | MogHmiing examples ?gkﬁuga@? I@G&Iet\’ﬁ@%ﬁ? Hﬁgwp?%t'qﬁgﬁat t he
surface of t ;ﬂl@é lerbiRa R dnAY 8 Adring dh ChptioRa MY, @F3PAg voRERAHAICRE th® One
enbodi ment of t'he I nvention, the conposition conprises a polynmer having

sui tabl e fi ldonfpiseehg qeamesrtmiesres o rthll atetatsgnaekepcesteofesginghinconmpounds
includes cel lul ose derivatives such as ethyl cellul ose, cellul ose acetate
butyrate and'8i518/het¥aeergleatdling PHUiLs 2kl Sgit. Suitabl e concentrations of
a filmform ng agent can be determ ned by a person skilled in the art.
[00461 f desijpgs t g G0RAESHHOR ITRYIafiIERENEE CPIPRLES 7 BesasdoRfion
agent. Sequestration agents are believed to further enhance the penetration
of an al | yl anbmregrefatabfyfroyakbao mbenerabotr Yivgmeshprefarplly diem aNemu [7BP toi ng
exanpl es of such sequestration ?gvenqtjhs chI ude one or nore of am noacetic
aci ds, phosp?RvhPed, beRESpHEHCR! BE L LAY CAPRINHOEs of these. Sequestration
agents can be netal conplexing agents and thus, may forma conplex with
metal s such ggokher@l &al domponent and the organic acid component are present in an

amount to provide penetration of the antifungal component through the nail in a

pharmaceutically effective amount.

[0027 The diol component comprises at least one diol. Non-limiting examples of
the diol component are ethylene glycol, propylene glycol, butanediol, pentanediol
(for example 1,5-pentane diol), hexanediol, and mixtures thereof. If desired, the diol
component may be a mixture of diols such as a mixture of propylene glycol and

another diol, such as 1,5-pentanediol. A preferred diol is propylene glycol.



11 netals or alkaline earth nmetals. A preferred am noacetic acid is

et hyl enedi am netetraacetic acid (EDTA). Wen included in the conpositions,
exanpl es wb 28uvdtiodile anounts of the sequestrati on agent pcmsER@e/0f0s86n about
0.01 to about 5% by weight, preferably from about 0.03%to about 0.5 %

[ 00471 n one enbodi nent, the conposition further conprises a detergent. A
non- limting exanple of a suitable detergent is Tween 80. Suitable
concentrations of detergent is fromabout 0.1 %to about 5% nore
preferably from about 0.5%to about 3% -even nore preferably from about

0. 7% to about 1.5% [OO048A preferred enbodi nent of the invention consists
essentially of from about 6% to about 8% of a diol, fromabout 0.8 %to
about 1.2 % of an organic acid, fromabout 1.8 %to about 2.2% of a
keratolytic agent, fromabout 0.8 %to about 1.2%of an antifungal agent,

from about 60/ a 0 safgﬁp @%M, g4 to
about 60% of dotz%y %gf(t:%tgtleigon,{%ﬂag%ngébr{g’é%g% oto a outgb%%%/gqt ;tu acetate, a
det er gent angofe Srefpuesy fesrh agoadBhto afdlO40Rnetdnanorppedferabydr@mbbditridat  of

the invention consists essentially of about 7% of a diol, about 1 % of an
organi ¢ aci dio aisgl8%2 % of a keratol ytic agent, about 1 %of an anti fungal
agent, about 8 % of a filmform ng agent, about 56 % of ethyl acetate,
about 24 %o ty &W nt. [0050It
is preferred toth%gt gr&gsﬁ%ﬁr‘g%&& ngigr%gtneﬁ%%g@r éﬁﬁllq%ggesﬁ@wgtoﬁgﬁ This can
be assessed byhsan of re €.t canekiiodcfdor mmthlopemmewfaExammlesF@frC@a(arrpl e, a Franz
cell can be used to study the penetratlo thro rane . froma bovi ne

hoof as descfd'Bew!i r@c‘ldH@eC A1y 6 P EIEP! S ailfa‘[eé%w%?t%t&ijt?tf@ﬁﬂhtpﬁe
conposi tion r HQQ@ Id 1 ny
aci di ¢ conpoun C@%I@hé'%@#ﬁld&% ﬁ SI %052 ILI'% ér'rgtnggzbfjtatfocda 62?// o
accept abl e caror i1ercarfuntht@ns iapal@htisc @rniomgwulsamoxyhcmlcst abj &ndzieydsoxy!
penetration enhancers, and col oring e added to the invented

conposi ti on &beedi aeds %@@aaamdrpw%ﬁaﬂaé'a@é Bf3 & kb Vel Sr3Pean. [ 0053
e nendgREDEmefk of Uab R ARL OO IR RBOAUR hARE R BhBRhr e " ot 1 1Y

a nail di seag si ng m ni osition according to the

i nvention toatifcad2at bu@fpr@pi@ﬂkleﬁm buﬂ]he apiai] baldm@@@@e:apmlclao@ena@mng f ungal
infections of the nail, gresent ed , but not limted to, onychonycosis.

[ 0054 The coﬁ@dﬁaﬂr@@@da&% IEcCtY %@'Ceﬁ?bbdi'tﬁéﬁﬁ’g mﬁIOﬂ'ﬁeaCianﬂ@”CoﬁC'are

preferably admniste di rec e o] osition
is admni ste?%&'ngr?céigﬁé r&ﬁ%é ﬁ’ﬁﬁﬁﬁ%g %@%!r'l%??'g <l3X"ﬂlkéﬁ&r%%’ 'égrgga ﬁtgﬁ %gg‘?ed by a
fungal di seaggjic §¢i§ha@§nc0a%y&hmmesalcﬁj hydoButy@y adi€, r@@rd@pmrwa@@verl ng
each affected nail from about twi ce per day to about once per week with a

| ayer of theambpyosi etidnA preferesbmgesictacishis raejic aFido be applied to the edge

of a nail. Admi nistration of the conposition by a suitable device such as a
drop tip, a II [ (Y r d out at a
temper ot ur o LRAD 2ot EhefutBBh skl S SIGRh e L TROBoR R W thi n s

sui tabl e ti mepouBCty, satsbul 89, MEROpERradly FbMWHHRE: 0.¥WHaD dodet To8poSidr on
conprises a filmform ng agent, the patl ent allows the filmto form [0055

A third aspewpregfreferadly e AbPE. B%Kesbaidi 2%bl e a novel and i mpr oved
conposition for use in treating a nail disease, preferably onychonycosis.

[0031 Suitable concentration ratios of the organic acid component and the diol

are from 1:20 to 1:2, more preferably from 1:70 to 1:4.

[0032 The total combined concentration of the diol and the organic acid in the
formulation is preferably from about 1% to about 50%, more preferably from about
2% to about 25%, and most preferably from about 4% to about 15%, based on the

total weight of the composition.



13 [0056 A fourth aspect of the invention nakes avail able the use of said
conposition for the manufacture of a nedicanent for treating a nai

di sease, woabavabity onychomnmycosi s [ 0057Wi | e t he cl ai nedciriseenbiosissdhas been
described in detail and with reference to specific enbodinents thereof, it
wi ||l be apparent to one of ordinary skill in the art that various changes
and nodifications can be nade to the clained invention w thout departing
fromthe spirit and scope thereof. Exanples [0058 The invention will now be
illustrated by neans of exanples, whichsare intended to show enbodi nents of
the invention, but not tolimt the scope of the inventive concept as set
forth in the description and clains. [0059Precipitation and dissolution in
t he conposition was determ ned as the presence or absence of particles
observed by the naked eye. [0060 In order to evaluate the effect of the

i nvented co ti f | F netration
nmet hod was E@%?Sonqﬁ%oag%nnﬁg%ggérggﬂgg\cﬁj@do({r@g%ﬁ %Bgeléérgblygegﬂaé%%nt for

nai | s. The hoD tb abe@gdar dedfeesbiyafrrlabyutsiut § icasntt 1r2phameremefetasly human
nails. Al in vitr penetration experinents were perforned in triplicate.

[0061The penfEem abpéri:pe bpahay a5, é’ﬁset%@" e toial wein ks theesoaRceiéPed i n a
FDC- 400 Franz cell equipnent from Crown d ass Conpany with 9 cells with the

cel | orificeqpsga %&&g&%@ AU SUEAE ARl @riplEnldie pohP! | cates, unl ess

ot herw se is stated The materi al 'was of bovine origin and
was sliced tchatdifierized by tove kapae pbesaure svhidhtriesiéts in & oteaee offtheir edative menbr anes
were hydrated for 15 m nutes g)rlor to nountlnrgton the diffusion cells. Only

menmbr anes f r iahE e P\@PeFatehorRgaion e isywaa thenglahentsnisifdsused wer e
k f f beh
taken fromthe .3 ?ar%%oggeg%?@ ca Qﬁo#@% napOrr%gﬁ%«;cg@&g@tgpgpgeg&gm .oy behavi or

of the rrenbran e rece 1 ul buffer at

pH 3.7 that &@ﬂadﬂ@@@‘ﬂ@@lﬁbsfer@ﬁo ﬂn@ttmalaumfeSgaMagbnttmbnmqmauom.cbgemee The cel |
volume was 7 nml. performed after hours. [0064 The flux was

n]?r mal i zed t@agihedisso nﬁ&dmthéseﬂWJﬁee@%??F@quﬁ@ %@*ﬁ%%@fﬂ‘i'%rﬁ’r%fératbﬁaﬁf‘et he results
compost £+ on SHieEr BRE i B8 KEAIPIIE PR AT MeloRipotpthe GeRRRT At I no

t er bi nafi ne/%,@f;orh &reht @it Ehendtgsul ts from the penetration experiments has
been cal cul at ed accor ding to the equation: Normalized flux= Am (At*A*% bf)
vhere [0035 The antifungal agent is present in a pharmaceutically effective amount,

which amount may vary depending upon the particular antifungal component(s)

selected. Based on the disclosure herein, one of ordinary skill in the art will easily

be able to select suitable amounts of antifungal component(s).

[0036 Preferred concentrations of the antifungal agent are about 0.071 % to
about 10%, more preferably from about 0.2% to about 5%, more preferably from
about 0.75% to about 2,5%, more preferably from about 0.8% to about 1.2%,

based on the total weight of the composition.

[0037 Examples of suitable antifungal agents include imidazoles, such as
miconazole, ketoconazole, econazole, bifonazole, butoconazole, fenticonazole,
isoconazole, oxiconazole, sertaconazole, sulconazole, and tioconazole; triazoles,
such as fluconazole, itraconazole, isavuconazole, ravuconazole, posaconazole,

voriconazole, and terconazole; thiazoles, such as abafungin; allylamines, such as



Am = mass increase of terbinafine in the receptor fluid in pg At =tine
bet ween observations in hours A = nenbrane surface area in cn2 % bf = the
wei ght pewoentiages1ef terbinafine in the conposition. [0®&FBeEednnsfs8One Was
used in the formof terbinafine hydrochloride. Naftifine was used in the
formof its hydrochloride 15 Exanple 1 [0066 A terbinafine-containing
conposition was prepared by m xing and di ssolving the foll owi ng conponents

in anobunts indicated in Table 1. Table 1 Propyl ene gl ycol
Urea 29 Terbinafine 19 Ethyl acetate 9

79 Lactic acid 1g

terbinafine, amorolfine, naftifine, and butenafine; and echinocandins, such as

anidulafungin, caspofungin, and micafungin, or mixtures of these.

[0038 Allylamine antifungal agents, in particular terbinafine and naftifine, are

preferred antifungal agents of the present invention. These inhibit the growth of

fungi by blocking the enzyme squalene epoxidase, a key enzyme in fungal

ergosterol biosynthesis. Examples of suitable allylamines antifungal agents include

an allylamine antifungal agent selected from the group consisting of amorolfine,

butenafine, terbinafine and naftifine and mixtures of any two or more thereof. These

are non-limiting examples of allylamine antifungal agents.

[0039 In addition, the composition comprises a pharmaceutically acceptable

keratolytic agent, which enhances the penetration of the antifungal agent through

the nail. Examples of the keratolytic agents include urea, one or more sulphur-

containing amino acids, and mixtures thereof, with urea being the preferred

keratolytic agent of the present invention.

[0040 Examples of suitable sulphur-containing amino acids include cysteine,

methionine, N-acetyl cysteine, homocysteine, methyl cysteine, ethyl cysteine, N-

carbomyl cysteine, glutathione, cysteamine or derivatives thereof.

[0041 A suitable concentration of the keratolytic agent is from about 0.3 % to

about 20%, more preferably from about 0,75% to about 2,5 % and most preferably

from about 1.8% to about 2.2%, based on the total weight of the composition.

[0042 In one embodiment the composition comprises from about 1% to about

20 % of a diol, from about 0.1 % to about 4 % of an organic acid, from about

0.2% to about 5 % of an antifungal agent, from about 0.3% to about 20 % of a

keratolytic agent, and from about 70% to about 99% of a volatile vehicle.



89g Total 1009 [0067The resulting conposition appeared as a suspension of
particles consisting of urea and terbinafine. After evaporation for 2

m nut es iwo0200G/0131¢l ear sol uti on was forned, which showectrisabohsosparti cl es
had di ssol ved. Exanple 2 [0068 A terbinafine-containing conmposition was
prepared by m xi ng and di ssolving the follow ng conponents in anmounts

I ndi cated in Table 2. Table Propylene glycol 3.5g Lactic acid 0.59 Urea 1g
Terbinafine I g Ethyl acetate 94g

10

[0043 In one embodiment the composition comprises from about 3% to about
10% of a diol, from about 0.3 % to about 1.25 % of an organic acid, from about
0.75% to about 1.5 % of an antifungal agent, from about 0.75% to about 2.5 % of

a keratolytic agent, and from about 75% to about 96% of a volatile vehicle.

[0044 In one embodiment the composition comprises from about 6% to about
8% of a diol, from about 0.8 % to about 1.2 % of an organic acid, from about
0.8% to about 1.2 % of an antifungal agent, from about 1.8% to about 2.2 % of a

keratolytic agent, and from about 78% to about 95% of a volatile vehicle.

[0045 Furthermore, compounds that improve texture during administration and
on the nail during treatment, such as a film forming agent, can be added to the
composition according to embodiments of the invention. Suitable film forming
properties results in an increased viscosity at administration which facilitates dosing
and the formation of a film on the nail. This allows the product to stay at the surface
of the nail to perform its effect. Preferably, according to one embodiment of the
invention, the composition comprises a polymer having suitable film forming
properties. Nondimiting examples of such compounds includes cellulose derivatives
such as ethyl cellulose, cellulose acetate butyrate and polymethacrylates such as
Eudragit. Suitable concentrations of a film-forming agent can be determined by a

person skilled in the art.

[0046 If desired, the composition may further comprise a sequestration agent.
Sequestration agents are believed to further enhance the penetration of an
allylamine antifungal component trough nail tissue. Non-limiting examples of such
sequestration agents include one or more of aminoacetic acids, phosphonates,
phosphonic acids and mixtures of these. Sequestration agents can be metal

complexing agents and thus, may form a complex with metals such as the alkali



Total 100g [0069The conposition is a suspension of particles consisting of
urea and terbinafine. After evaporation as in Exanple 1, a clear solution
was for mewo 20li®i1anpl e 3 [0070The fol | ow ng comnposi ti ®N3/SER016/050886

manuf actured and tested for ease of application, evaporation, feel of film
and how easy the filmwas to wash off. In 3A cellul ose acetate butyrate
(CAB) was included. In 3B the nethacrylate Eudragit was included. Table
Forrmul ati on 3A 3B Ethyl acetate 85,95 85, 95

11

metals or alkaline earth metals. A preferred aminoacetic acid is
ethylenediaminetetraacetic acid (EDTA). When included in the compositions,
examples of suitable amounts of the sequestration agent include from about 0.01 to

about 5% by weight, preferably from about 0.03% to about 0.5 %.

[0047 In one embodiment, the composition further comprises a detergent. A non-
limiting example of a suitable detergent is Tween 80. Suitable concentrations of
detergent is from about 0.1 % to about 5%, more preferably from about 0.5% to

about 3%, even more preferably from about 0.7% to about 1.5%.

[0048 A preferred embodiment of the invention consists essentially of from
about 6% to about 8% of a diol, from about 0.8 % to about 1.2 % of an organic
acid, from about 1.8 % to about 2.2% of a keratolytic agent, from about 0.8 % to
about 1.2% of an antifungal agent, from about 6% to about 10 % of a film forming
agent, from about 54% to about 60% of ethyl acetate, from about 22% to about

26% of butyl acetate, a detergent and a sequestering agent.

[0049 Another preferred embodiment of the invention consists essentially of
about 7% of a diol, about 1 % of an organic acid, about 2 % of a keratolytic
agent, about 1 % of an antifungal agent, about 8 % of a film forming agent, about
56 % of ethyl acetate, about 24 % of butyl acetate, a detergent and a sequestering

agent.

[0050 Itis preferred that embodiments demonstrate high nail penetration. This
can be assessed by an in vitr - method for nail penetration. For example, a Franz
cell can be used to study the penetration through a membrane from a bovine hoof

as described in the examples below.



CAB 8,00 O Eudragit 0O 8,00 EDTA 0,05 0,05 Terbinafine 1,00 1,00
Pr opyl enegl ycol 3,50 3,50 Uea 1,00 1,00 Lactic acid
WO 2011/019317 PCT/SE2010/050886
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[0051 In addition, the composition may contain buffering compounds in order to

stabilize any acidic compounds in the formulation.

[0052  Other pharmaceutically acceptable carriers and excipients and agents
such as stabilizers, penetration enhancers, and coloring may be added to the

invented composition as desired, based on the knowledge of a skilled artisan.

[0053 A second main aspect of the invention makes available a method for
treating a nail disease comprising administering the composition according to the
invention to the nail of a patient. The nail disease is chosen among fungal infections

of the nail, represented by, but not limited to, onychomycosis.

[0054 The compositions according to embodiments of the invention are
preferably administered directly to the nail. For instance, the composition is
administered on and around a human toe nail or finger nail affected by a fungal
disease, such as onychomycosis. This may be performed by covering each affected
nail from about twice per day to about once per week with a layer of the
composition. The composition may also be applied to the edge of a nail.
Administration of the composition by a suitable device such as a drop tip, a small
brush or a spatula. Preferably, this is carried out at a temperature that allows the
evaporation of the volatile vehicle within a suitable time, such as a few seconds or
minutes. When the composition comprises a film forming agent, the patient allows

the fiim to form.

[0055 A third aspect of the invention makes available a novel and improved

composition for use in treating a nail disease, preferably onychomycosis.



0,50 0,50 [0071Both conpositions contained a suspension of particles that
cl eared upon evaporation of the volatile vehicle. The two conpositions were
found to we2enuab3irn ease of application, time for dryi rgr/SEppeasmece and
feel. 17 Exanple 4 [0072A terbinafine-containing conposition was prepared
by m xi ng and di ssolving the follow ng conponents in anounts indicated in
Tabl e 4. Tabl e Propylene glycol 7g Lactic acid 1g Urea 2g Terbinafine 1g
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[0056 A fourth aspect of the invention makes available the use of said
composition for the manufacture of a medicament for treating a nail disease,

preferably onychomycosis

[0057 While the claimed invention has been described in detail and with
reference to specific embodiments thereof, it will be apparent to one of ordinary skill
in the art that various changes and modifications can be made to the claimed

invention without departing from the spirit and scope thereof.

Examples

[0058  The invention will now be illustrated by means of examples, which are
intended to show embodiments of the invention, but not to limit the scope of the

inventive concept as set forth in the description and claims.

[0059 Precipitation and dissolution in the composition was determined as the

presence or absence of particles observed by the naked eye.

[0060 In order to evaluate the effect of the invented compositions and
formulations, the Franz cell in vitr penetration method was used on hoof
membranes of bovine origin as a replacement for nails. The hoof is regarded as a
fully sufficient replacement for human nails. All in vitr - penetration experiments were

performed in triplicate.

[0067 The penetration properties of the formulations were tested in a FDC-400
Franz cell equipment from Crown Glass Company with 9 cells with the cell orifice

area 2.01 cm?. The experiments are made in triplicates, unless otherwise is stated.



Eudragit 4g Ethyl acetate 85g Total 100g [0073 The conposition appeared as
a suspension of particles consisting of urea and terbinafine. After
evapor at iwo 2as1/(1981Exanpl e 1, a clear filmwas fornmed. EramsEeo1d/os(s8074 The
formul ati ons 5A and 5B were nmanufactured and tested for stability and
penetration. Table Formul ati on 5A 5B Propyl ene glycol 7 g 69g

14

[0062  The hoof material was of bovine origin and was sliced to 100 um thick
membranes with a microtome. The hoof membranes were hydrated for 15 minutes
prior to mounting on the diffusion cells. Only membranes from the sole of the hoof
were used. The membranes used were taken from the same part of the hoof to

ensure similar penetration behavior of the membranes.

[0063  The receptor fluid used was citric acid buffer at pH 3.7 that was degassed
for 10 minutes with helium prior to use. The cell volume was 7 ml. Sampling was

performed after 6 hours.

[0064 The flux was normalized to the flux of a 1% terbinafine composition so that
the results of a evaporating composition can be compared to that of a non-
evaporating composition. Therefore, the flux is here described as pg of

terbinafine/%tbf*h*cm? and the results from the penetration experiments has been

calculated according to the equation:

Normalized flux= Am/(At* A*%tbf)

Where

Am = mass increase of terbinafine in the receptor fluid in pg
At = time between observations in hours

A = membrane surface area in cm?

%tbf = the weight percentage of terbinafine in the compaosition.

[0065 Terbinafine was used in the form of terbinafine hydrochloride. Naftifine

was used in the form of its hydrochloride



Lactic acid 1 g 10 g Urea 2g 20g Terbinafine 1 g 1 g Ethyl acetate 62 g

Butyl acetate 27 g Total 100g 100g
WO 2011/019317

Example 1

PCT/SE2010/050886

[0066 A terbinafine-containing composition was prepared by mixing and

dissolving the following components in amounts indicated in Table 1.

Table 1

Propylene glycol 79
Lactic acid 19
Urea 29
Terbinafine 19
Ethyl acetate 89g
Total 100g

[0067 The resulting composition appeared as a suspension of particles consisting

of urea and terbinafine. After evaporation for 2 minutes in 20°C, a clear solution

was formed, which shows that the particles had dissolved.

Example 2

[0068 A terbinafine-containing composition was prepared by mixing and

dissolving the following components in amounts indicated in Table 2.

Table

Propylene glycol 3.5¢
Lactic acid 0.5¢g
Urea 19
Terbinafine 19

Ethyl acetate 949
Total 100g
[0069 The composition is a suspension of particles consisting of urea and

terbinafine. After evaporation as in Example 1, a clear solution was formed.



18 1, a clear filmwas forned. In hoof penetration studies a flux of 77.9
pg/ % bf *h*cn2was recorded for the 5A conposition. This is 6.8 tines higher
t han t he wbusiiafiozine 1% non-evaporati ng control conposi PCESE2B/0fdkL6 43

pg/ % bf *h*cnR) Exanple 6 [0076 The fornulations in exanple 5 were
subjected to stability studies. The products were stored in glass
containers at 25 C for several nonths . The content of terbinafine and
terbi nafine rel ated substances was determ ned by HPLC at the tines
indicated in table 6. The fraction of tgybinafine-related substances

i ncreased substantially in the control fornulation (fornulation 5B),
indicating the formati on of degradation products of terbinafine. The anpunt
of terbinafine decreased over tine in fornulation 5B. The fraction of
terbi nafine-rel ated substances and the concentration of terbinafine were
essentially over time in formulation 5A, indicating that this
fornulation'?gﬁ%iggFe. Table 6. Result of stability studies 0 nonths 1
nonths 3 nonths 6 nonths Formulation 5 A Terbinafine (%9 1.03 1.00 1.05
1.05 Rel at el030bst ahedsllqwing compgsitions were manufactured and tested for ease of

application, evaporation, feel of film and how easy the film was to wash off. In 3A

cellulose acetate butyrate (CAB) was included. In 3B the methacrylate Eudragit was

included.

Table

Formulation 3A 3B
Ethyl acetate 85,95 85,95
CAB 8,00 0
Eudragit 0 8,00
EDTA 0,05 0,05
Terbinafine 1,00 1,00
Propyleneglycol 3,50 3,50
Urea 1,00 1,00
Lactic acid 0,50 0,50

[0071  Both compositions contained a suspension of particles that cleared upon
evaporation of the volatile vehicle. The two compositions were found to be equal in

ease of application, time for drying, appearance and feel.



0.28 0.22 0.30 0.29 Formulation 5 B Terbinafine (%9 1.00 0.94 0.93 n. a.
Rel at ed substances (% o.l.a.) 0.33 0.67 2.05 n.a. 19 Exanple 7

WO 2011/019317 PCT/SE2010/050886
17
Example 4
[0072 A terbinafine-containing composition was prepared by mixing and

dissolving the following components in amounts indicated in Table 4.

Table

Propylene glycol 79
Lactic acid 19
Urea 24
Terbinafine 1g
Eudragit 49
Ethy! acetate 859
Total 1009

[0073  The composition appeared as a suspension of particies consisting of urea

and terbinafine. After evaporation as in Example 1, a clear film was formed.

Example 5

[0074 The formulations 5A and 5B were manufactured and tested for stability

and penetration.

Table

Formulation 5A 58

Propylene glycol 74 69g

Lactic acid 14 104

Urea 24d 2049

Terbinafine 19 19

Ethyl acetate 62 g

Butyl acetate 27 g

Total 1009 100g
[0075 The composition 5A was a suspension of particles consisting of urea

and terbinafine, whereas 5B was a clear solution. After evaporation as in Example



[0077 A terbinafine-containing conposition was prepared by m xing and

di ssolving the follow ng conponents in anpunts indicated in Table 7: Table
For mul at iwo 26A/0d831Pr opyl enegl ycol 3.5 g 69 g Lactic aci #CO/SEg120s5038drea 1 g
20g EDTA 0.005 g
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1, a clear film was formed. In hoof penetration studies a flux of 77.9
1g/%tbf*h*cm? was recorded for the 5A composition. This is 6.8 times higher than

the flux of the 1% non-evaporating control composition 58, (11.43 Hg/ %tbf*h*cm?)

Example 6

[0076  The formulations in example 5 were subjected to stability studies. The
products were stored in glass containers at 25 °C for several months . The content
of terbinafine and terbinafine related substances was determined by HPLC at the
times indicated in table 6. The fraction of terbinafine-related substances increased
substantially in the control formulation (formulation 5B), indicating the formation of
degradation products of terbinafine. The amount of terbinafine decreased over time
in formulation 5B. The fraction of terbinafine-related substances and the
concentration of terbinafine were essentially the same over time in formulation 5A,

indicating that this formulation is stable.

Table 6. Result of stability studies
O months | 1T months 3 months 6 months
Formulation 5 A | Terbinafine | 1.03 1.00 1.05 1.05
(%)
Related 0.28 0.22 0.30 0.29
substances
(% o.l.a)
Formulation 5B | Terbinafine | 1.00 0.94 0.93 n.a.
(%)
Related 0.33 0.67 2.05 n.a.
substances '
(% o.l.a.)




Terbinafine 1 g 1 g Eudragit 4.1 g Ethyl acetate 62.9 g Butyl acetate
26.95 g Total 100 g 100 g [0078 The conposition 7A appeared as a
suspensi onoah1papircl es consi sting of urea and terbi naf iPo®/SE2F10/850886
evaporation as in exanple 1 a clear filmis fornmed. 7B was a clear
solution. In hoof penetration studies a flux of 54.3 Lig/% brh*cn2 was
recorded for conposition 7A. This is about 5 tinmes higher than the flux of
a 1% terbinafine control formulation, the conposition 7B, (11.43

pg/ % bf *h*cnR) . Exanple 8 [0079 A naftidine-containing conposition was
prepared by m xing and dissolving the follow ng conponents in anpunts

I ndicated in Table 8:

Example 7

[0077 A terbinafine-containing composition was prepared by mixing and

dissolving the following components in amounts indicated in Table 7:

Table

Formulation 7A 7B
Propyleneglycol 3.59 69 g
Lactic acid 0.5g 10 g
Urea 19 209
EDTA 0.005 g

Terbinafine 19 e
Eudragit 4149

Ethyl acetate 62.9 g

Butyl acetate 26.95 g

Total 100 g 100 g

[0078 The composition 7A appeared as a suspension of particles consisting of
urea and terbinafine. After evaporation as in example 1 a clear film is formed. 7B
was a clear solution. In hoof penetration studies a flux of 54.3 pug/%tbf*h*cm? was
recorded for composition 7A. This is about 5 times higher than the flux of a 1%

terbinafine control formulation, the composition 7B, (11.43 pg/%tbf*h*cm? ),

Example 8

[0079 A naftifine-containing composition was prepared by mixing and dissolving

the following components in amounts indicated in Table 8:



20 Table Propylene glycol 7 g Lactic acid 1 g Uea 29 Naftifine 1 g EDTA
0.005 g Eudragit 4 g Ethyl acetate 60 g Butyl acetate to total

WO 2011/019317 PCT/SE2010/050886
20

Table

Propylene glycol 74

Lactic acid 19

Urea 29

Naftifine 19

EDTA » 0.005 g

Eudragit 44

Ethyl acetate 60 g

Butyl acetate to total 100 g
(0080 The composition appeared as a suspension of particles consisting of

urea, EDTA and naftifine. After evaporation as in example 1, a clear film was

formed.

Example 9

[0081 Three formulations were manufactured and tested for penetration
through human nails. The experiment was performed in a Franz cell using dedicated
nail adaptors both from PermeGear Inc., USA. Nails were acquired from
Sciencecare USA and Biopred France. The formulations were applied once daily
and the penetration through the nail was monitored according to schedule during
20 days. The receptor fluid used was a phosphate buffer at pH 7,4 with a

surfactant Brij 20 to improve solubility of terbinafine.



100 g [0080The conposition appeared as a suspension of particles
consisting of urea, EDTA and naftifine. After evaporation as in exanple 1,
a cl ear fwbrmwemaoiior ned. Exanple 9 [0081Three fornul at iPOmSERE0S50886

manuf actured and tested for penetration through human nails. The experi nent
was performed in a Franz cell using dedicated nail adaptors both from
PernmeCGear Inc., USA. Nails were acquired from Sci encecare USA and Bi opred
France. The formnul ati ons were applied once daily and the penetration

t hrough the nail was nonitored accordin?1to schedul e during 20 days. The
receptor fluid used was a phosphate buffer at pH 7,4 with a surfactant Bri
20 to inprove solubility of terbinafine. 21 Table Formul ati on 9A 9B

St andard Propyl ene gl ycol

Table

Formulation 9A 9B Standard
Propylene glycol 74 74 69
Lactic acid 19 19 10
Urea 24 149 20
Terbinafine 19 19 1
EDTA 0.05¢g

MMA » 8¢

Tween 80 0.1g

Ethyl acetate 56.3 g 90 g

Butyl acetate 24.55

Total 100 g 100 g 100 g

[0082 The two evaporating formulations in table 9 (SA and 9B) penetrated 7
to 9 times faster than the nonevaporating control formulation as measured by
normalized flux. This demonstrates the superiority of the invented formulation and
also that the addition of a polymer, a surfactant and EDTA did not hinder
penetration of terbinafine through nail from the invented formulations. Both
formulations generated nail concentrations of more than 200 ug/g after 20 days of

treatment, measured by nail extraction.



(7)87969 Lactic acid 1 g 1 g 10 Urea 29 1 g 20 Terbinafine 1 g 1 g 1 EDTA
.05 ¢

WO 2011/019317 PCT/SE2010/050886
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Example 10
(0083 The compositions in table 10 were tested for penetration.
Table 10
Formulation T0A Control
Propylene glycol 5.69 69
Lactic acid 0.8g 10
Urea 1.69 20
Terbinafine 1g 1
Acetylcysteine 1g
Ethyl acetate 90g

[0084 The flux through hoof in the earlier described model was 3.8 higher for

10A than the control composition which lacked the volatile vehicle.

[0085  Although the invention has been described with regard to its preferred
embodiments, which constitute the best mode presently known to the inventors, it
should be understood that various changes and modifications as would be obvious
to one having the ordinary skill in this art may be made without departing from the

scope of the invention which is set forth in the claims appended hereto.



MVA 8g Tween 80 01 g Et hyl acetate 56.3 g 90 g Butyl acetate 24.55
Total 100 g 1009
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Claims
1. An antifungal composition for topical application on a nail comprising:

a diol component,

an organic acid component,

a volatile vehicle,

an antifungal agent; and

a keratolytic agent;
characterized in that the antifungal agent and the keratolytic agent are soluble in
the composition in the absence of the volatile vehicle, and that at least one in the
group selected from the antifungal agent and the keratolytic agent is in the solid

state in the composition in the presence of the volatile vehicle.

2. The composition according to claim 1, wherein the antifungal agent
and the keratolytic agent are in the solid state in the composition in the presence of

the volatile vehicle.

3. The composition according to claim 1, wherein the antifungal agent is

in the solid state in the composition in the presence of the volatile vehicle.

4. The composition according to claim 1, wherein the keratolytic agent is

in the solid state in the composition in the presence of the volatile vehicle.

5. The composition according to any one of the preceding claims, wherein
the diol component comprises at least one diol selected from the group consisting of
ethylene glycol, propylene glycol, propanediol, butyldiol, butanediol, pentanediol

(such as 1,5-pentanediol), hexanediol, and mixtures thereof.



100 g [0082The two evaporating fornmulations in table 9 (9A and 9B)
penetrated 7 to 9 tinmes faster than the nonevaporating control formulation
as neasurwdby/mesimel i zed flux. This denmonstrates the sepesiEerionsossé the

i nvented fornulation and also that the addition of a polyner, a surfactant
and EDTA did not hinder penetration of terbinafine through nail fromthe

i nvented fornul ations. Both fornul ati ons generated nail concentrations of
nore than 200 pg/g after 20 days of treatment, neasured by nail extraction.
22 Exanple 10 [0083The conpositions in table 10 were tested for
penetration. Table 10 For mul ati on 104 %Contr ol Propyl ene gl ycol 5.6g 69
Lactic acid 0.8g

6. The composition according to claim 5, wherein the diol component

comprises propylene glycol.

7. The composition according to any one of the preceding claims, wherein

the organic acid component comprises at least one C.;, carboxylic acid.

8. The composition according to claim 7, wherein the C.,o carboxylic

acid comprises an alpha-hydroxy carboxylic acid.

9. The composition according to claim 8, wherein the alpha-hydroxy

carboxylic acid comprises at least one of lactic acid and citric acid.

10. The composition according to claim 9, wherein the alpha-hydroxy

organic acid comprises citric acid.

11. The composition according to claim 9, wherein the alpha-hydroxy

organic acid comprises lactic acid.

12. The composition according to any one of the preceding claims, wherein
the combined concentration of the diol component and the organic acid component
is within the range of from about 1% to about 50%, more preferably from about 2%
to about 25%, and most preferably from about 4% to about 15%, based on the

total weight of the composition.

13. The composition according to any one of the preceding claims, wherein

the ratio between the concentration of the organic acid component and the



10 Urea 1.69 20 Terbinafine 1g 1 Acetylcysteine 1g Ethyl acetate 90g

[ 0084The flux through hoof in the earlier described nodel was 3.8 higher
for 10A twernotimadzient r ol conposition which | acked t he vecaiSEb@owsisse! e.

[ 0085 Although the invention has been described with regard to its
preferred enbodi nents, which constitute the best node presently known to
the inventors, it should be understood that various changes and

nodi fications as woul d be obvious to one having the ordinary skill in this
art may be made without departing fromjhe scope of the invention which is
set forth in the clains appended hereto. 23

concentration of the diol component is from about 1:20 to about 1:1, preferably
from about 1:15 to about 1:2 and more preferably from about 1:12 to about 1:5,

based on the total weight of the composition.

14. The composition according to any one of the preceding claims, wherein

the antifungal agent comprises an allylamine antifungal agent.

15. The composition according to claim 14, wherein the allylamine

antifungal agent is selected among terbinafine and naftifine.

16. The composition according to claim 15, wherein the allylamine

antifungal agent is naftifine.

17. The composition according to claim 15, wherein the allylamine

antifungal agent is terbinafine.

18. The composition according to any one of the preceding claims, wherein
the concentration of the antifungal agent is within the range of from about 0.01 %
to about 10%, more preferably from about 0.1% to about 5%, most preferably from

about 0.5% to about 2%, based on the total weight of the composition.

19. The composition according to any one of the preceding claims, wherein
the keratolytic agent comprises at least one selected from the group consisting of

urea, a sulphur containing amino acid, and mixtures thereof.

20. The composition according to claim 19, wherein the keratolytic agent

comprises urea.



Clains 1An antifungal conposition for topical application on a nai
conprising: a diol conponent, an organic acid conponent, a volatile

vehi cl e, woanva1dpauimgal agent; and a keratol ytic agent; ebarsacdiensosed in
that the antifungal agent and the keratolytic agent are soluble in the
conposition in the absence of the volatile vehicle, and that at |east one
in the group selected fromthe antifungal agent and the keratol ytic agent
isinthe solid state in the conposition in the presence of the volatile
vehicle. 2. The conposition according %éﬁ claim1l1, wherein the antifungal
agent and the keratolytic agent are in e solid state in the conposition
in the presence of the volatile vehicle. 3. The conposition according to
claim1l1, wherein the antifungal agent is in the solid state in the
conposition in the presence of the volatile vehicle. 4. The conposition
according to claim1l, wherein the keratolytic agent is in the solid state
in the conposition in the presence of the volatile vehicle. 5. The
conposi tion agcor di nghd @nvdyitiomacaiding e piecediimiee pleadding claime, eihardrme di ol
conmponent conprises at |east one diol selected fromthe grougpconsisting of

et hyl ene gl yibelcongenoaioneah dedieraseltic aaespimadinie ranaeal sl 2bastPanédpP ol |

t anedi ol 1, 5-pent igl), ' her eof .
a6 The coiber e B SREERITRECTSobi R IERATh 5 g RS rBM T U R onent
conprises proegylagpg 196%c@bbout 2.5% NEase@ BRI tbiad WeRMCONtHE benpesitny one of the

precedi ng clains, wherein the organic acid conponent conprises at |east one
Clio carboxylic acid. 8. The conposition according to claim7, wherein the

Cl. 10 carboxylic acid conprises an _al pha-hydro c LG. ACI .9. The
conposi tion é%'cor di nghet‘i? © 'ﬁﬂ’i‘ §?C%ﬁ8529 ﬁn% 3 éﬁ%%é{egé;déﬁ%)k(l%w@sa%g&e& ic acid
conpri ses atk¢aslile 9BRcIOhal AGhH&r Edstre Grédidrthen A2 kPaQt 20k, conposi tion

according to claim9, wherein the al pha-hydroxy organic acid conprises
citric acid.

23. The composition according to claim 22, wherein the volatile vehicle
comprises at least one compound selected from the group consisting of methy!
acetate, ethyl acetate, butyl acetate, ketones (e.g. acetone, methyl ethyl ketone and

methy! isobutyl ketone), ethanol, isopropanol and mixtures thereof.

24, " The composition according to claim 23, wherein the volatile vehicle

comprises methyl acetate.

25. The composition according to claim 23, wherein the volatile vehicle

comprises butyl acetate.

26. The composition according to claim 23, wherein the volatile vehicle

comprises ethyl acetate or a mixture of ethyl acetate and butyl acetate.

27. The composition according to claim 26, wherein the volatile vehicle

comprises ethyl acetate.



11. The conposition according to claim9, wherein the al pha-hydroxy organic
acid conprises lactic acid. 12. The conposition according to any one of

t he precewongiiaigsdins, wherein the conbi ned concentr ati orCwOiSERII6/05li884
conponent and the organic acid conponent is within the range of from about
1% to about 50% nore preferably from about 2% to about 25% and nost
preferably from about 4% to about 15% based on the total weight of the
conposition. 13. The conposition according to any one of the preceding
claims, wherein the ratio between the cgncentration of the organic acid
conponent and the 25 concentration of the diol conponent is from about
1:20 to about 1:1, preferably fromabout 1:15 to about 1:2 and nore
preferably fromabout 1:12 to about 1:5, based on the total weight of the
conposition. 14. The conposition according to any one of the preceding
claims, wherggn the %qufngﬁgi%n ASORdinG WREINSES, iibraih ke @@ vandié f ungal
agent. 15. The conposition according to claim 14, wherein the allylam ne
antifungal agengrisesa seliee béethgreoaigta @ddbutgfaceisteand naftifine. 16. The
conposition according to claim15, wherein the allylam ne antifungal agent
is naftifine. 17. The conposition according to claim 15, wherein the

al |yl ami ne ad?i f ungal"efgsIROSHian BEGORTIRGTq ARy, One1d therpreCeingh6'8 IS BeEt or di ng

L Pl el R IR R O gt

antifungal a I nthe range o rom abo oto about 10%

nor e pref er ajho( BoBIMBROMHEIfLlrbm a8bMB0% % alyous oW efiemall preferaiy about
0.5% to about 2% based on the total weight of the conposition. 19. The

conposi ti on faeebditi®% © aheyt ie, eased i9e Ui b weight el te RRMPAMEei n t he
keratol ytic agent conprises at |east one selected fromthe group consisting
of urea, a sul phur cgntainin

g am no .acid .an;ﬂr m xt.ure thege £, ..20. The
conposi tion #¢cor di nB“etQ?”EOéﬂﬁﬂq ?L@Qor%gertcé@ﬁ'mt EREBI"AT & Q&gér{‘ttoporrpri ses
urea. 26 Zé'bou-[?ﬁ oS QMPAR) Ld n@&?@?&!t@ﬁh b0 MBLONE, Sfard Hi8amteerdi Ng

claims, wherein e concentrdtion of the keratolytic agent is within the
range of frogonsdoneit, Porb abolt®.29%eebbai% %ubre apiifefigal agest, fromrababbd3%d.% t o
about 15 % and nost g)ref erably from about 1.5%to about 2 5% _based on the
total wei ght!ogtoriRO paHBdEratpigic ageph anglomahpb P4 B RPRECHTAI%hE to any one
of the prece .lcﬂﬁ’e elh?cilems’ wherein the volatile vehicle has a vapor pressure
of greater than about 2 kPa at 20C. 23. The conposition according to claim
22, wherein the volatile vehicle conprises at | east one conpound sel ected
fromthe group consisting of nethyl acetate, ethyl acetate, butyl acetate,
ket ones (e. g37Tacet on#e GaEtARyitior aERArdiRg toraiMahdomPY IBHe fosbBkAY P78t one)

et hanol, isopro | .an ' FL cordi ng
o ol ai i 23, Mooy e Rt TathEhE dlRpERL o il 2L8 £ETRPP! 28T
acid component, from about 0.75% to about 1.5 % of an antifungal agent, from

about 0.75% to about 2.5 % of a keratolytic agent, and from about 75% to about

96% of a volatile vehicle.

32. The composition according to claim 1, comprising from about 6% to
about 8% of a diol component, from about 0.8 % to about 1.2 % of an organic
acid component, from about 0.8% to about 1.2 % of an antifungal agent, from
about 1.8% to about 2.2 % of a keratolytic agent, and from about 78% to about

95% of a volatile vehicle.

33. The composition according to any of claims 30 to 32 where the volatile

vehicle is a mixture of ethyl acetate and butyl acetate.



25. The conposition according to claim 23, wherein the volatile vehicle
conprises butyl acetate. 26. The conposition according to claim 23,

wher ei n twe 20olab3tre vehicl e conprises ethyl acetate or paTrsExd0ns0ssd et hyl
acetate and butyl acetate. 27. The conposition according to claim 26,
wherein the volatile vehicle conprises ethyl acetate. 27 28. The
conposition according to claim26, wherein the volatile vehicle conprises a
m xture of ethyl acetate and butyl acetate. 29. The conposition according
to any one of the preceding clains, whejein the concentration of the

vol atile vehicle is wthin the range of Trom about 20%to about 99% nore
preferably from about 50%to about 96% and nost preferably from about 70%
to about 96% based on the total weight of the composition. 30. The
conposition according to claim1, conprising fromabout 1% to about 20 % of
a diol component, about 0.1 %to about 4 % of an organic acid conmponent,
fromabout 0.2%to about 5 % of an antifungal agent, from about 0.3%to
about 20 % og4a ker alid gumpositgeatcoraing td amnorebautaiMO2Et 28 ab3atwiesds of a
vol atile vehicle. 31. The conposition accordi ,ng to cgai m 1 c%%)ri si ng
from about 39§ MuB&hEhYIGmeEte ancPWY! aCBRIEFAEI Y FARPERE 070102 o about
1.25 % of an J j g 5o 9 & % of an
anti f ungal a%%t% ?gq!“?'oaﬁﬁgg‘g%ma%% %toéé@?u@gggb&féﬁ tﬁ’ aé(%éar%é)'to f/(%loéﬁ: agent,
and from abowpt t&@%éi@qt@bmt@o&p%imn,a vol atile vehicle. 32. The conposition
according to claim11, conprising fromabout 6%to about 8% of a diol
conponent, fromabout 0.8 %to about 1.2 % of an organic acid conponent,

(rom about, 0,89% Lo 2ttt o A0ogll LLHnGaL,R08R, HLAR BOBHY 1, 2% Lo

vol atil e vehhghfe andButydtee00masistd Pon abeQrIHME dmuang%aff etlypadeeatd0 to 32
where the volatile vehicle is a mxture of ethyl acetate and butyl acetate.

28  34. Theawbiipoaboit@®%aocahoyl agltod baiyacstase. drased af ke 1ol weighisf thes
wherein the m xture of ethyl acetate and butyl acetate conprises from about
30% t o about ‘Y YP et hyl acetate and from about 5%to about 60% of butyl
acetate, based on the total weight of the conposition. 35. The
conposition according to claim 34, wherein the m xture of ethyl acetate and
butyl acet at e3@&onpri Srescamposiiabectordiogsa daiabdt WDk die @ixkye Oéﬁéﬂate and

he Conposi {18515 38 b GLEBIRTSSI Fon SLEDPAIG: BB Lr hiPah e oi n the
About 655 of BEI ey A Koo S St o batyl
acet ate, basegeign dflte dootpatbitiovei ght of the comnposition.

37. The composition according to claim 1 consisting of: from about 6% to

about 8% of a diol component, from about 0.8 % to about 1.2 % of an organic

acid component, from about 1.8 % to about 2.2% of a keratolytic agent, from

about 0.8 % to about 1.2% of an antifungal agent, from about 6% to about 10 %

of a film forming agent, from about 54% to about 60% of ethyl acetate, from

about 22 % to about 26% of butyl acetate, a detergent and a sequestering agent.

38. The composition according to claim 1 consisting of: about 7% of a diol

component, about 1 % of an organic acid component, about 2 % of a keratolytic

agent, about 1 % of an antifungal agent, about 8 % of a film forming agent, about
56 % of ethyl acetate, about 24 % of butyl acetate, a detergent and a

sequestering agent.



37. The conposition according to claim1 consisting of: fromabout 6%to
about 8% of a diol conponent, fromabout 0.8 %to about 1.2 % of an organic
aci d conpwoeaniio1bziom about 1.8 % to about 2.2% of a ker atwisgkiloosmsent, from
about 0.8 %to about 1.2% of an antifungal agent, from about 6% to about 10
%of a filmformng agent, from about 54%to about 60% of ethyl acetate,
fromabout 22 %to about 26% of butyl acetate, a detergent and a
sequestering agent. 38. The conposition according to claim1l consisting
of : about 7% of a diol conponent, about291 % of an organic acid conponent,
about 2 % of a keratolytic agent, about™1 % of an antifungal agent, about 8
%of a filmform ng agent, about 56 % of ethyl acetate, about 24 % of butyl
acetate, a detergent and a sequestering agent. 29 39. A conposition
according to any one of clainms 1 to 38 for use in treating a nail disease.
40. A netho f treafi . i I nad |, LS4 Ng
adm ni steri g%g&t 0 a n}éicpgg&'ﬁa&%#gﬁrwtgcaﬁ:qg%rgggf %‘?gﬁr}afo!ro ?aé: or ?r%irﬂati on
accor di ng t areaiig @neil@fseddee preceding claims. 41. Use of a conposition
according to any one of clainms 1 to 38 in the manufacture of a nedi canent
for treating a fungal infection of a nail. 42. The nethod, conposition or
use _accor di ngnto ol a Mtk AIRLRIG WGal HRERN & RS LORpRGng he nail 1s
administering to a nail of a patient a composition or a formulation according to any

one of the preceding claims.

41, Use of a composition according to any one of claims 1 to 38 in the

manufacture of a medicament for treating a fungal infection of a nail.

42. The method, composition or use according to claim 41, wherein the

fungal infection of the nail is onychomycosis.



