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WO 2007/039201PC I/EP2006/009383 PHOTOSTABLE

PHARMACEUTICAL COMPOSITION CONTAINING BRIVUDINE FOR

THE TREATMENT OF HERPETIC KERATITIS FIELD OF THE

WY RvbioM1  This invention relates to pharmaceutical copapasiiaBso93s3
containing the antiviral brivudinc, which are useful for the treatment of

ocular inflammatory conditions, particularly stromal keratitis induced by
HeIPOT O'PICE MitUPIP AXREACHEY 10 21 R RIFSIIFRER HORGAINING
Virus (VZV). The compositions allow photo protection of the antviral with
e BRIk IS ORI L6 AR EstifydENUE QIO IHNRRIREIC KERATITIS
BACKGROUND OF THE INVENTION Inflammatory diseases of the eye

can be initiated by viral, bacterial, 10 fungal, or parasitic infection and by
autoimnpy ifypQyR R Aeypaging kind of ocular inflammatory
condition is the keratitis induced by 1-ISV-1 or less commonly by HSV

type 2. Chindabiafiaonmalictosdue thitHidsupariiculamy sevrygsanéheaining the
persist for g/e,ars even when treated. HSV keratitis can confine to the outer

epRHEifa IByrtiBe ¥hiABA (@ pERERRf Kerhtisyats1eatisihg eomicarllagenatory
Wit e gggerpé%kit&hpa fi}(? Lals Iqtlo{geergggrs SIS S.bof tﬁ% B8 Sfmplex _Virus
1| I W fg r&?

(stromal keratitis ich’may lead to cornea necross%neor’g’t?smg omal
kangis)l A@E@RVNON sequeka isvesinanl-vaseetargatighsandiseamingz V). The
Ocular complications of herpes zoster ophthalmicus, caused by Varicella

ZERTR OBiRNS/ZNQ VPl oRipHRsdi B G Prcimt ivarglimathias coldertritittarability

Zg)r(le&)iltgeliglla%(gi%trodgfllvlérerat}til? an 1rigr keratouveitis, retinal hemorrhage
of TEtinItE an n%ay alse affec %e O[ZI)I[IC nerve .  Currently, HSV induced

epithelig kergttirio trsased Wi NV ISV stromal keratitis is

treated by topically applied corticosteroids with an antiviral cover (Sec,
e.g., WilhElanmatoR). disslasSphthtimeloyyahObel 8838|2264 994 yikdywbeeterial,

cqrticosteroid therapy may. prolong and possibly worsen the | .
CORERRTPABN RTINS b DB HTRE)h S BriRy ey damaging
disgass ot aa Mdues-PBS ARG SURD Re:SANANGRMEN JVIRIV.-1 or

replication, cataracts, glaucoma, corneal melting, secondary infection, and
clrsicostenoid ulopdnddhSy. (Spe Lles€yangaIT .ihfivtayoaGbn. Frac.to HSV is
63:1092, 1988). Pharmaceutical compositions containing an antiviral

BB RH R S SHEG AOh CFB rRSESISE topiearEXFReNR hEcalE e ik eratitis
SEARTBORAL'S tnc Blidr SRphLfAPIUS N A0St e L ARRRIRT SliRrivis)
preparation, among others, of eye drop containing ganciclovir sodium

diaydiatecorneal ulcers with the potential to penetrate into deeper structures of

the cornea (stromal keratitis) which may lead to corneal necrosis (necrotising
stromal keratitis). A common sequela is corneal vascularization and scarring.
Ocular complications of herpes zoster ophthalmicus, caused by Varicella
Zoster Virus (VZV), may comprise non-specific conjunctivitis, dendritiform
epithelial or stromal keratitis, anterior keratouveitis, retinal hemorrhage or
retinitis and may also affect the optic nerve .

Currently, HSV induced epithelial keratitis is treated with antivirals while
HSV stromal keratitis is treated by topically applied corticosteroids with an
antiviral cover (See, e.g., Wilhelmus, K.R. et al., Ophthalmology. 101:1883,

1994). However, corticosteroid therapy may prolong and possibly worsen the
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RU2158591 (CAplus, AN: 2002:13230) deals with the treatment of

herpetic eye diseases , in particular, herpetic keratitis, with acyclovir 0.1 g

in 1010 ml soln. of lacrisin.  In W02000004884 topical treatment of
veopmtizdseratitis was achieved with a lotion containing acyokeyiignde/0093s3
adenosine.  JP10287552 (Caplus, AN 1998:693384) describes eye

drop with an acyclovir suspension. 15W096/24367 relates to a
phamnrceticnl o mpeaiitniaeingiiastinentothriReSSMNE Mifeplication,
infections, comprising a quaternary ammonium compound as a first
coatpentsnt glaugmmantivareaent Ming;h sgopedasytoiieatiang, paoxhisiodicosteroid

ven in th fh ' itis,. is brivudi
DRSS A DS Ay OIS G P v s
superiofpi, RA AR EIRVERRFRENGH OB HIRR L Caf thi%i?gpi(é@e}{zl\éuch as

strains: 0.001 pg/nril (brivudine), 0.2 jig/m1 (acyclovir), and 0.91 jig/m
(peycidoidy ogrowriar Gop Snb ack fheReymenl & cHuedliasey Midrphtetts:
Infect.; 14; 318-319; 1995). Furthermore, brivudine is a potent inhibitor of

HSV-1 fePliddrse Wit PheupdNor 30 UikP RS desrribae dhs apsrmatation,
an i Ir: i of zlinical HSVA1 strains, brivudi roved to
o L AR R R e SR e
(brivudiray¥s59592 n@mgiGacysiavinhoantses 6, faveckith, heulskitRent of
Eur, J, Clin. Microbiol. Infect.; 11; WO 20071039201PCUEP20061009383
3hpetm eymdisgassawansipifieesalieipe i phpetsi gondihieaypenited. 1 g in
p?@crilélovi shqwed .a.mean IC50 of 0.6 jig/nil and 0.8 jig/m1 (Weinberg A.,

ate jf), MastetSH'B: Antimicrob. Agents Chemother.; 36; 2037-2038;
1992). Ghapion fu@stietipRsRcateramarily BT HerpetilaReratRly $Hdishieved
demonstrate an even lower IC50 of brivudine between 0.004 p.g/m1 and
0ijiyarldt{depemdanyng thgoliralrstrairedenbthaecell system) (De Clercq
E., Descamps J., Verhelst G., J. Infect. Dis.; 141; 563-574; 1980; De

Clercq EP KASHcRE Geglits ARerhdtfepd BB46desaHbesasic 1draRe Hilh an
oggg;w#ggrl]%lggf;én%gﬁ?_atment of ocular viral diseases was described in
C

several animal and clinical tests: e.g. Antiviral Research (1984 oct) 4(5)
281-29 WOusR3serBasaarch pAMMER LRIl $88Poditibnofeonhineresinent
pharmaceutical composition for topical ocular use has so far appeared on
tid MhERRSE SUBISHNY iRt $BFRBHBDIcPRTIRENENS PtoYaISERASY. fmmonium
Brivudineﬁ&n factﬁhqscreveal%gtparticularly unstable in the conditions

ng?rrnngﬁ)lll tséd for fgplgﬁlg?gparaﬂons. In those conditions brivudine was

found tywndeioaran extansivei shaiggesiadativn whichradusas h&en in the
concentration of the active principle, decreasing the ultimate effect of the

treaatmeen tanef dérsipetisingeratigrsificemt bovaldirtatidit thad e bfisomwiagd)-2 -
2Qfrom using the pharmaceutical compositi Since promisi rugs )

OO HEA e o 0 LA SRR AV T o B FEclovin
aGHEIOiEn Bidt ki 19N thegpitheliven) Shar-ie R PV Uging, ormwgioNSy/mi
are used in selected hospitals (see Krankenhauspharmazie 2002, 23,

1{t) viodi sd3o0t2e pg/fomiv(edipe doim pladibi0sd 1 pg/ml (penciclovir)] (Andrei G.,

Snoeck R., Reymen D. Eur. J. Clin. Microbiol. Infect.; 14; 318-319; 1995).

Furthermore, brivudine is a potent inhibitor of HSV-1 replication with a
superior in vitro efficacy compared to acyclovir and penciclovir: in a panel of
23 clinical HSV-1 strains, brivudine proved to be almost twice as effective as
acyclovir [mean ICso: 0.52 pg/ml (brivudine) vs. 0.92 pg/ml (acyclovir)]
(Andrei G., Snoeck R., Goubau P. Eur. J. Clin. Microbiol. Infect.; 11;
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25 are characterised by a rapid lost of activity due to the degradation of

the active. In W002/056913 topical pharmaceutical formulations (not

for ocular uses) containing brivudine have been described: the antiviral
Sgemoneszhere WO 2007/039201PCT/EP2006/009383 4 sebitismasmnithsa
high percentage of a metal oxide pigmént, preferably Ti02.  When
pigments are used in a pharmaceutical formulations they are normally part

of 4Bwigtey oo (W/Q) tesp. swihitawaisa(@1W) susesiseh 20 clinical isolates
-exceptionally- of a slurry; in these systems the pigments are still solid. 5

JReepRGiS phowetlon Biadmvifdinerhdbbis @malatsd? Sigreant AJY raskerg A.,
2B (N MISEQs gk the J%%HL %0” ge‘h%y ?jﬁé’mcz%ré%ide%‘-g 335993
: iof owatds “ ’

t

sickened eye I1s much more sensitive outer influences; an
opgb‘gthﬁlmic use of this kind of formulation would generate aches and
pains. In a quite similar way, W003051375 describes other topical 10

formuldiieniswhivecsitigaidane coragommprisiivudineglivys stdblioradoagaistseins
photo degradation with an UV-filter, in.particular with one selected in the

T TR Al Y B By ol EoBHERIE DR Ty Rg/mI and
S@.'Q'W%E‘Qéﬂ' Benf%@%‘;lﬁf @f@f'ﬁ’_'@ﬁi@ﬂhéi%ﬂ Q%f@iﬁ?'(@\{'@}@féq E.,
are dissolved within the formulation. In this form this 15 Substances are to

beasgpagied .as/eykelsiténs. S hiefickebac, dyd is5oarkad]lyl9®0¢ Ben€itereq E.,
and arem ffect of the sunscreens is to be observed at

: rkable pratecting, e
c@ﬁ@@ﬁﬁ’éf%nr@?fl%eq}?ﬁﬁ’r?%&ﬁ&ré@é%?é 4287k dissolved sunscreens
should pgavaided REIGRIE HPMQR LHRINY ENOION AU DAIREERs was

surprisingly found that ophthalmic composition containing film-forming
agsisteddeatedfeon palyvinydmy ctihdones(RY R)g palyiivirhhRebed (VAP 84
and polyacrylates ,iPA prevent brivudine photodegradation allowing at the
oFhb 030 & o

Rdefdnht ioiErEpinendiErRATaRINPREal BefvER)of teUrdyit no

25In H)artic ar, it was obseryed that thte filn}foimin gent accordiﬂg to
commercla B’harmaceutlca co e%os 101 0[};] to%%a ocu us s so far
the invention ensure recovery rates of more than o brivudine’(see

TaReabe ABRTHEAHIRIRR Widb8sPALCas {BmeprasldmothardRiskanass solved.
including alginats, xanthane gum, carrageenan, acacia gum, guar gum,

cellulofrierdiatyés facg beoreosszdRGTVERAOBITBEEEM the conditions

normally used for topical preparations. In those conditions brivudine was
found to undergo an extensive photodegradation, which reduces the
concentration of the active principle, decreasing the ultimate effect of the
treatment and determining a significant local irritationkthat can discourage
from using the pharmaceutical composition.

Since promising drugs for the treatment of herpetic keratitis are not yet
available (exception is acyclovir, but it is toxic in the epithelium) short term
brivudine  formulations are used in selected hospitals (see
Krankenhauspharmazie 2002, 23, 174), but also these brivudine formulations
are characterised by a rapid lost of activity due to the degradation of the
active.

In W0O02/056913 topical pharmaceutical formulations (not for ocular

uses) containing brivudine have been described: the antiviral agent was here
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5 and agar gel (best observed result was 70 % recovery of brivudine after
irradiation).  Formulations based on film formers are commonly used as
artificial tear drops. They are approved since decades without any general
srapucievarverse 5 effects published. In additional studies@eremandys
us to investigate the influence of brivudéne on the drug product-tolerability,
no deterioration of the pharmaceutical properties was observed. These

stuslieissals oy Hhaneig lhsd losrtiis o femadhs fox imeta dhavn PrETdBINEIO,.
ocular region without systemic absorption in the blood. 10The invention
therefo HigRE PO EMUSEArdvidinghabraeritisabafuanopttieammtbey are

productcharacterized by a low.c t of active substanc a .
A A Al M R R SR uspension or
cappastsaIthdmewnfsmiatiaes (adhauiiahiisiog agrnEL Insagdition

to the active substance, the composition may contain 15excipients,
adjuvariimeaphets, podtbtiseroihdiesdasiaedesmvanitses! pighuadrditgess
to,a preferred embodiment, the gphthalmic pharmaceutical formulation
cﬂmﬁiﬁeé.% ths koS l%}' &ﬁﬁ BRAlFR e 68 8 5By SiRsgRgothat the
LAOHENNG, RAS i h I 60 LR AL AL BLESRIAH B AR AL S5/ B halmic
content of 20 up to 100% by weight of pharmaceutically acceptable
exstpiéniss &ifulvaf faroartgien solubdigersrneaaparscatarlyapieferred
embodiment of the invention, the ophthalmic formulation contains, besides

the a_cti_% PRinGPIE a S Rrmitey agehPoSiRe iy ﬁorﬁ%@?@up"ther topical
CRANISHANGHVhere 0 0d RAVASIYIAIAR: 2R BIBREMAINCSAISRIEY against

from the group consisting of chlorh Ine,’chlorbutandl and boric acid,

apliepd ddeiradiatéadvram Ahelgvodtennsispagietinutyiataddnal e xytaddense the
(BHT), esters of gallic acid, esters of ascorbic acid and esters of
aBtetppHedsiay trey slitabiseniphsngnptdnaadlavours, buffers, WO

2007/0%%%0{%:\)’%1‘-1'—{6 ggl% 1/81(1)59 %%g gostug{lal%%%sf%gdo%gig? | gprgstilation, since

chemical UV-filters are dissolved within the formulation. In this form this
substances are to be expected as eye-irritant. The sickened eye is markedly
more sensitive and a remarkable protecting effect of the sunscreens is to be
observed at concentrations higher than 5%. Therefore the use of dissolved
sunscreens should be avoided.

DESCRIPTION OF THE INVENTION

It has been surprisingly found that ophthalmic composition containing
film-forming agents selected from polyvinyl pyrrolidones (PVP), polyvinyl
alcohol (PVA) and polyacrylates (PA) prevent brivudine photodegradation
allowing at the same time excellent tolerability and long-lasting local delivery
of the drug.

In particular, it was observed that the film forming agents according to
the invention ensure recovery rates of more than 85% brivudine (see Table 1),
after irradiation with 8.9 J/em? in contrast to other thickeners, including

alginats, xanthane gum, carrageenan, acacia gum, guar gum, cellulose derivatives
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The brivudine content may range from 0.05 to 2%, preferably from 0.05 to
1%, more preferably from 0.05 to 0.3% by the weight of the composition.
The amount of film former is preferably from 0.5 to 10%, more 5 preferably
fsamotod94oby weight of the composition.  The amount of(¥EPSIVAIIESS
- if present - is preferably up to 2%, mose preferably from 0.01 to 1.5% by
weight of the composition.  The amount of antioxidants - if present - is

praterably FemBdi0loesdiednassubrefaiably figm QOPd-jo HE18pibYdine after

weight of the composition. 10 The formulations of this invention may
comdiatiorther carriers/enhancers and adjuvants such as water,

monovalent alcohols such,as ethanol, colorants, thickeners, plasticizers,
et R BUAVTES BEEL VB U DIHESO A o ARG OB S B AERal tear

NGRsROI8T, QUSROS Fe £ ORRIY IS S MM BB B IS RMUiSIon FRBHISE S adverse

15In addition, liposomes can be used to improve the delivery of the active
peiffeipte publiaireiderladpddititmahdtadiiee petfstanedshyaysb pnesestigate the
including for example vitamin A or vitamin-A derivatives; vitamin E or

viihinEe bRV o e itamred ietiinlrsatil bhandireaiprasion of the
egf[&%%c%%]@& p{a‘%B St %’5‘%‘9&’%‘}%85‘ %?’Deg)ee QMH%EO%Q 8BRd that
S [ gle Itiple dose

utions, gels or ointments, package In Sin ose or mu

CBFAIAaTs rem Al i¥PI6Aasd ah MDA INAtROEINAIQdRR RIRSRIdut systemic
invention contains (%w/w): 0.1-0.3% of brivudine 251-7% of a film forming

adfeserDLIow ¥ Bisebdeedore preserving agents 0-2% buffer 0-0.9% NaC1

WO 207/039201PCT/EP2006/009383 7 0-4% 0.In NaQH (up to pH . ..
rangingﬂ}rlgm gng%tg)g) %Ica)ere ors solves ' the prngem RE %rowdmg a

brivudine-based ophthalmic product characterized by a low content of active
substance and a noticeably increased stability against light-induced
degradation in comparison with known formulations (without stabilising
agent). In addition to the active substance, the composition may contain
excipients, adjuvants, carriers, solubilisers and especially preservatives.

According to a preferred embodiment, the ophthalmic pharmaceutical
formulation contains.

0.05 to 2% by weight of brivudine, 0.5 to 10% by weight of film
forming agents, 0 to 2.0% by weight of preservative and a residual content of
up to 100% by weight of pharmaceutically acceptable excipients, adjuvants,
carriers, solubilisers.

In a particularly preferred embodiment of the invention, the ophthalmic
formulation contains, besides the active principle, a film forming agent
selected from the group consisting of PVP, PVA and polyacrylates, a
preservative selected from the group consisting of chlorhexidine, chlorbutanol
and boric acid, an antioxidant selected from the group consisting of butylated
hydroxytoluene (BHT), esters of gallic acid, esters of ascorbic acid and esters

of a-tocopherole. Other suitable excipients include flavours, buffers,
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0-25% surfactant 0-0.003% antioxidant 0.01-0.05% Sodium-EDTA 5ad
100%water  The manufacturing is performed in an aseptic area under
sterile conditions. The formulation is prepared using well known methods
(waxing/stizoing, homogenising, filtering) and with well knowrcingtriensemisss
(homogeniscrs e.g. Ultra Turrax, Silvergon mixer or similar devices, sterile

10 filters) - see, e.g., Remington's Pharmaceutical Sciences, and U.S.
PhamaseRrela aed-Yoigt,Rudolf, Pharmazeutische Technologic flit

Studium und Beruf, 7th revised edition, Berlin (1993). Ophthalmic
formulafibacomtdinimneoBtenidirey cangseftmedid Sreal ¥evareficogblzfrom 0.05

pathologies, in particular HSV-epijthelial keratitis, HSV-stromal 15 ..
k&&%ﬁs,%%mﬁew’aafaﬁg UPhdmis b bipHpLsbtighane orpgosition.
effectiv active-ingred y Ing of faGtor C

as the g%%q%gn% ttg{ %e%?%qaiggg , %ﬁéﬂ&?ong}?eg%%%? ﬁfen%@gagé,gtﬁg o?/%lrmore
hpadferabiyifions bishEpatyertighe &drthe rantepasididnse of administration

and the severity of side effects. As used herein, the phrase_ 20 .
"therapditcAMPBRECHRI eRssEatiEaNs ARIGS S urfit iRt dtheHBr see?de, more

S rSi foc i j ropri oses can be
eég%%%‘étgrnfiﬁgcﬁ u@nﬁﬁﬁﬁ%ﬁﬁ ﬁq%g%&tﬁ Bogtltrggqﬁbropriate
circumstacas dhigtcompasiionaaesordingrigdhe Inkepiidieedybe oi8ed.001 to
combined therapy. Preferably, the combined 25 preparation will contain

biiYuditer anteder iy & o R @lehte 8ldSebyrsr gt adidhs sampakitipn.
prednisglone aéetatiﬁand fluorgmetholone, and non-steroidal

antinflarhnfatofry 3g&td Slch &4 flu ’lBroféI?’l‘,’q‘BPgﬁnulfgﬁ}éou§,°§éﬁil?enti%1rther
OF RERAAR IHDUISHAY 0\ QU D FIIPHEL HBRSPAEMOAE8RHs such as

The invention is further illustrated by the following non-limiting examples.
Estharpibs coloumitsss tthakeviess spplifiediztrs,classtsmnggoupslybls, esters,
compounds 5 menti?ned,throughout the patent descripti%rjuéiland tge

ST RLEIEROURE hel RIS d R RiflowROar PIGvIRHPAdoNLs, Polymers,

copmRpvndsKagyntader e ANGH 1aBasstEthenyl-2-pyrrolidinone
homopolymer and PVP and the marked name Kollidon (BASF), e. g.
Kollidord 2ddititecilpyossigs eapbe2ue0 -3, 0Rp)ole Krllidkivary of the active
(molecular weight appr. 7,000-11,000), Kollidon 25 (molecular weight
aBEﬂCZBl,GOO-M,OOO) and (Kollidon 30 (molecular weight appr.

- 44,000- g@%%&%%gggg 9 %8{%%1 Ay Jg%i Pfge}rya})ﬁ] resent including for

20

25

1,000,0 qualities correspon ceutical
Pharmsteopaeiasinses Ph:Eult 31?005 @G8atinBolMiyhACaOlsE  vitamin-E
compounds known under the INCI names Ethenol homopolymer, PVA and
thiematieesiaramplex Kihinoas(ryFeomsst 0B ASFLcaig Ay 20080tk PVA

L e e S SRR DBATTR S o rops,stions,

gels or ointments, packaged in single dose or multiple dose containers.

A typical ocular preparation according to the present invention contains
(%ow/w):

0.1-0.3% of brivudine

1-7% of a film forming agent

0-2% of one or more preserving agents

0-2% buffer

0-0.9% NacCl
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Polyacrylates: compounds known under INCI names polyacrylic acid 20
and the market name e.g. Carbopol 934P, 941, 971, 940 and 980 or
Carbopol ETD 2001, 2020 and 2050, resp. Noveon AA-1; qualities used

cpuespanskio pharmaceutical Pharmacopoeias, Ph.Eur. (S@@1/er2006/009383
01/2005:1299).  Poloxamers: synthetc block copolymers of ethylene
oxide and propylene oxide. In principal all poloxamers described in

Europegnsdp Hharnaoepeeis (6 pk24adSRg33dn338 396 437) can be

used. The following types were found to be usable in particular:

Poloxarfie} 40 d¢afmtageé molecule mass: 9840 - 14600) and Poloxamer
188 (avgﬁwlecule ass: 7680 - 9510), see Ph.Eur. 01/2005:1464.
WO 20 0 ABETIEPY0061009383 9 Example 1 The following

eye drogiREmyyatiaR yias Bsgppied under aseptic conditions by mixing

the ingredients at a temperature of 20C for two hours, and then adding the
active fizsst Ei@Pbwhsaquently the preservative under 5Smoderate mixing.
Finally the solution is filtered aseptically through a 0.2 um filter. Primary ‘
packagiffcard@ny fassHimBotfe S FEFMTRbI SRR BHGUAIRRS0. Buger sterile

oliAn 52 RONS BRI S 0TI UR ASRIAIR0S Qdfloas (mixing

Hup to pH= 1% Water g.s.a
Exriple, 2 hdhe gyesingps frtaionanas paparecbacCRitdiRgto msdtbuments

procedure similar to example 1 Brivudine0.1% Povidone K 255%
(homogenisers e.g. Ultra Turrax, Silverson mixer or similar devices, sterile
filters) - see, e.g., Remington's Pharmaceutical Sciences, and
U.S. Pharmacopeia and Voigt, Rudolf, Pharmazeutische Technologie fiir
Studium und Beruf, 7th revised edition, Berlin (1993).

Ophthalmic formulations containing Brivudine can be used to treat
several ocular pathologies, in particular HSV-epithelial keratitis, HSV-stromal
keratitis, ocular complications of herpes zoster ophthalmicus.

The effective amount of active ingredient may vary depending on
factors such as the condition to be treated, the progression of the disease, the
overall health conditions of the patient, the form, route and dose of
administration and the severity of side effects. As used herein, the phrase
“therapeutically effective dose” means a dose sufficient to ameliorate a
symptom or sign of ocular inflammation. The appropriate doses can be easily
determined using methods known in the art.

In appropriate circumstances, the composition according to the
invention can be used for combined therapy. Preferably, the combined
preparation will contain brivudine and an active ingredient selected from
steroids, particularly prednisolone acetate and fluorometholone, and
non-steroidal antinflammatory agents such as flurbiprofen, for simultaneous,

sequential or separate administration.
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NaCl0.7% Chlorbutanol0.5% 200.1n NaOHup to pH=5.5
Sodium-EDTAO0,01% Propyl gallate0.002% Water g.s.ad 100%

Example 3 - The eye drops formulation was prepared according to a 25
proceduogsimilar to example 1 Brivudine0.1% Polyvinyl alcebekp006/009383
720000.3% Boric acid1.8% WO 2007/@39201PCT/EP2006/009383 10
Chlorhexidin acetate0.02% Chlorbutanol0.3% 0.1n NaOHup to pH=5.5

Sodiumite TAR S Bytylatect by diauralens)- 0 Ye 8¢ e S limiting

100%  Example 4 - The eye drops formulation was prepared according
toeagmptesdure similar to example 1 Brivudine0.1%

Examples

Unless otherwise specified, the classes or groups of compounds
mentioned throughout the patent description and the examples should be
intended as follows:

Polyvinyl pyrrolidones: compounds known under the INCI names
1-Ethenyl-2-pyrrolidinone homopolymer and PVP and the marked name
Kollidon (BASF), e. g. Kollidon 12 (molecular weight appr. 2,000-3,000),
Kollidon 17 (molecular weight appr. 7,000-11,000), Kollidon 25 (molecular
weight appr. 28,000-34,000) and (Kollidon 30 (molecular weight appr.
44,000-54,000), Kollidon 90 (molecular weight appr. 1,000,000-1,500,000);
all qualities correspond to pharmaceutical Pharmacopoeias, see Ph.Eur.
01/2005:0685.

Polyvinyl alcohols: compounds known under the INCI names Ethenol
homopolymer, PVA and the market name e.g. Kollicoat® Protect (BASF); e.g.
PVA 72,000 or PVA 145,000; all used qualities correspond to pharmaceutical
Pharmacopoeias, see Ph.Eur. 01/2005:1961.

Polyacrylates: compounds known under INCI names polyacrylic acid
and the market name e.g. Carbopol 934P, 941, 971, 940 and 980 or Carbopol
ETD 2001, 2020 and 2050, resp. Noveon AA-1; qualities used correspond to
pharmaceutical Pharmacopoeias, Ph.Eur. (see 01/2005:1299).

Poloxamers: synthetic block copolymers of ethylene oxide and
propylene oxide. In principal all poloxamers described in European
Pharmacopoeia (P 124, 188, 237, 338 and 407) can be used. The following
types were found to be usable in particular: Poloxamer 407 (average molecule
mass: 9840 - 14600) and Poloxamer 188 (average molecule mass:

7680 - 9510), see Ph.Eur. 01/2005:1464.
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10Carbomer 9806% Boric acid1.8% Chlorhexidin acetate0.02%
Chlorbutanol0.3% 0.1n NaOHup to pH= 5.5 15Sodium-EDTAO0.01% Water
g.s.ad 100% Example 5 - The eye drops formulation was prepared
aveosdtingotoia procedure similar to example 1; the primary perkRgingoinsss
this case (not preserved formulation) age single dose containers
20Brivudine0.1% Povidone K 251.4% Na2HP0O40.65% NaH2P040.18%
NaCl02gimpreedium-EDTAQ.01% Water g.s.ad 100% WO
2007/039201PCT/EP2006/009383 11  Example 6 - The eye drops
formulalibe iel prépareayacémindeoauprtioad wesimikaséxamisie dseptic

Brivu j(neO. % Povidone K.252%

conditions by mlxmgr}:%e 1ngrecﬂents at a temperature of 20°C for two hours,
and then adding the active first and subsequently the preservative under
~moderate mixing. Finally the solution is filtered aseptically through a 0.2 pm

filter. Primary packaging are e.g. sterile bottles for multiple dosage:

Brivudine 0.1%
Kollidon 25 2%

Boric acid 1.5%
Chlorhexidin acetate 0.03%

0.1n NaOH up to pH= 6.5
Sodium-EDTA 0.01%

Water q.s. ad 100%

Example 2 - The eye drops formulation was prepared according to a

procedure similar to example 1

Brivudine 0.1%
Povidone K 25 5%

NaCl 0.7%
Chlorbutanol 0.5%

0.1n NaOH up to pH= 5.5
Sodium-EDTA 0.01%

Propyl gallate 0.002%
Water q.s. ad 100%

Example 3 - The eye drops formulation was prepared according to a

procedure similar to example 1
Brivudine
Polyvinyl alcohol 72000

Boric acid

0.1%
0.3%
1.8%
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5Poloxamer 40710% Poloxamer 18815% Boric acid1.5% Chlorhexidin
acetate0.03% 0.1n NaOHup to pH= 6.5 10Sodium-EDTAOQ.01% Water
g.s.ad 100% Example 7 - Photostability test recovered brivudine [%]
feomodatismozorresponding to example 1 Irradiation time (mm)TADrINSIadicHs

without film former 0 99.8 101.5

Chlorhexidin acetate
Chlorbutanol

0.1n NaOH
Sodium-EDTA

Butylated hydroxytoluene
Water q.s.

10

0.02%

0.3%

up to pH= 5.5
0.01%
0.001%

ad 100%

Example 4 - The eye drops formulation was prepared according to a

procedure similar to example 1

Brivudine
Carbomer 980

Boric acid
Chlorhexidin acetate
Chlorbutanol

0.1n NaOH
Sodium-EDTA

Water q.s.

0.1%

6%

1.8%

0.02%

0.3%

up to pH= 5.5
0.01%

ad 100%

Example 5 - The eye drops formulation was prepared according to a

procedure similar to example 1; the primary packaging in this case (not

preserved formulation) are single dose containers

Brivudine
Povidone K 25
Na,HPO,
NaH,POy4
NaCl
Sodium-EDTA

Water q.s.

0.1%
1.4%
0.65%
0.18%
0.23%
0.01%
ad 100%
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10 96,7 99.8 20 87.9 98 30 77.4 93.5 67 33.4 85.5 Table 1: Exemplary
recovery rate of brivudine in film former (PVP) 15 containing solution (25
Wh/m2 = 8.9 J/lcm2 (UVA/VIS) a- 67 min)  Table 1 shows the brivudine
A FIrmulations with and without film forming agent EPEFRINGGUBPS3
the irradiation time. Here can be obseied that after irradiation of one hour
only 33.4% of the starting amount of brivudine is recovered if no film
former Bxaonpdin6d. Th©e20 G039 POIRU R OGE/p0eB8Beli2iccording to a
However, it can be seen that the film forming agent causes a significant
SPASFRANES SiBUIL SRy X BRI degradation. The photo stability
tests thﬁﬁ@@gﬁﬁé have been performggoysing a SUNTEST CPS +
instrument of the company Atlas. The applied irradiation 5energy is

indicatabbiions K 25 2%
Poloxamer 407 10%
Poloxamer 188 15%

Boric acid 1.5%
Chlorhexidin acetate 0.03%

0.1n NaOH ' up to pH= 6.5
Sodium-EDTA 0.01%

Water q.s. ad 100%

Example 7 - Photostability test .

recovered brivudine [%]

Irradiation | Formulation without formulation
time (min) film former Corgisfrg;?;n]g to

0 99.8 101.5

10 96,7 99.8

20 87.9 08

30 77.4 935

67 33.4 85.5

Table 1: Exemplary recovery rate of brivudine in film former (PVP)
containing solution (25 Wh/m? = 8.9 J/em® (UVA/VIS) = 67 min)

Table 1 shows the brivudine amount in formulations with and without
film forming agent depending on the irradiation time. Here can be observed
that after irradiation of one hour only 33.4% of the starting amount of

brivudine is recovered if no film former is contained.
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Irradiation energy (time): 1.3 Jim& (10 min), 2.6 J/cm2 (20 min), 4.0 Pon'
(30 min), 8.9 Rem' (67 min), 26.7 J/cm2(201 min) Wave length
range:320-800 nm Table 2 reports a direct comparison between some
MEprsemetive 10 formulations containing 2% film fol ming &g@mpaced/ 9383
formulation without film former. Just after approx. one hour the protected
formulation contains 50% more brivudine than the unprotected drug.

In Tablg e tecavesy Bthevrding thddimuian soniaining atieynadivaificant
film-forming agents is shown: These film-forming agents did not 15appear

astshilsfadmwygeinsiohgbt thduseskdpgindetioion.  Finally Table 4

reports the results of an.jntra oculay, bioavailability study in rabhit. Th .
orosencblr PP AR REARl R SN B S e, B B Bt o
haursrie SoNtrpst.-thig astiMe MastE@eE sayna in Red. The iﬁ?ﬁ'&% QtthiBation

study indicate that the formulation should be applied 20only 4 to 5 times
dailgrgyd thadibetetiedoiw not absorbed systemically. 25 WO

200 EEIECTCCAEONIRLS ) 1052 OIS o s

) s & o L 8 Bt e M 001 mi

2@@%3@2@@@@@20 0821383834 Biological test Number of Animals

Time Table 2 reports a direct comparison between some representative
formulations containing 2% film forming agent and a formulation without film
former. Just after approx. one hour the protected formulation contains 50%
more brivudine than the unprotected drug.

In Table 3 the recovery of brivudine in formulation containing
alternative film-forming agents is shown: These film-forming agents did not
appear as satisfactory solution for the presenf invention.

Finally Table 4 reports the results of an intra ocular bioavailability
study in rabbit. The presence of the active substance in the cornea was
observed even after 6 hours. In contrast, the active was never found in blood.

The results of this study indicate that the formulation should be applied

only 4 to 5 times daily and that the active is not absorbed systemically.



BVDU in rabbit cornea lug/cornea] BVDU in rabbit aqueous humour
[ng/m1] BVDU in rabbit blood plasma [ng/0.5 mill 15 min 36.15 23.350 4

30 min 21.1 30.97 0 4 60 min

WO 2007/039201 PCT/EP2006/009383
13
recovered brivudine [%)]
formulation fonnulatidgn formulation | formulation
. ... | corresponding corresponding corresponding | corresponding | formulation
irradiation to example 2 C
to example 1 to example 6 | to example 3 | containing
energy (PVP (PVA, | pyp, without|  (PA o film
[J/em?] * .\ | Chlorbutanol, e e 0
Chlorhexidin) s 4 preservative) | Chlorhexidin) | former [%)]
%] Chlorhexidin) o Y
[% o [%] [%]
0 [J/em?] 101.5 100.2 100.4 99 99.8
8.9
J/em?
(Vo] 85.5 83.8 87.3 83.3 33.4
- 67 min
irradiation

Table 2: Comparison of the brivudine photo stability in formulations

with and without film forming agent (PVP)

recovered brivudine [%]
) L formulation formulation formulation .
irradiation . .. .. formulation
containing agar| containing containing .
energy 1 hvd 1 . containing
[J/em?] gel as yaroxy sodium carrageenan
thickener | propylcellulose alginate
0 [J/ecm?] 100,8 100.3 102.4 101,1
8.9
[J/cm?]
) 35,7 70,7 33,8 24,0
- 67 min
irradiation

Table 3: Comparison of the brivudine photo stability in formulations

containing alternative film forming agents



57.5759.55042h 11.9919.62044h 3.815.6046h2.6900 Table
4: Brivudine (BVDU) mean concentration in the cornea, in the agueous
humour and in blood plasma after application of formulation 5

B8 pBiaihg to example 5 PCT/EP2006/009383
14
Biological test
BVDU Bgﬁg . BVDU
Number of i in rabbit in rabbit
. ime aqueous
Animals cornea blood plasma
[ng/corneal humour [ng/0.5 ml]
[ng/ml]
4 15 min 36.15 23.35 0
4 30 min 21.1 30.97 0
4 60 min 57.57 59.55 0
4 2h 11.99 19.62 0
4 4h 3.81 5.6 0
4 6h 2.69 0 0

Table 4: Brivudine (BVDU) mean concentration in the cornea, in the
aqueous humour and in blood plasma after application of formulation

5 corresponding to example S
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MCSLLP 15 CLAIMS 1. Ophthalmic composition containing from 0.05 to

0.3% w/w of brivudine as active ingredient and a film-forming agent as the

sole agent 5preventing brivudine photodegradation, selected from the

group consisting of polyvinyl pyrrolidone (PVP), polyvinyl alcohol (PVA)MCSLLP

and polyacrylate (PA). 2. A compositidi according to claim 1, in which the

amount of the film-forming agent ranges from 0.5 to 10% w/w. 3. A
Cloanpdistion according to claim 2, in which said amount ranges from 10 1

to 5% w/w. 4. A composition according to claim I, further containing a

preservative agent in amounts up to 2% w/w. 5. A composition according

to clag?n 4. in.which said amount ranges from 0.01 to bfﬁﬁw/w. 15
a

L compu ARG dfEBRIEARN , RRIUBRi NG io%ﬂaﬁt%génw/w of
b '@H@tgsfrggﬁigsgﬁﬁ aé_?]e%i%g/ﬂtb )f/u‘{v(f '%hgg%iffog%&?é)igg%'}é?%so 429481 agent

claim 6, in whi ount Is frrom

pESBROFINOP RGN FHBEaNBrA dwiinh) ISR éesm alaYatlkap®up consisting of
20solution, gel, ointment. 9. A composition according to claim 8, which is

pphokiage ¢ irsihiglero &R \OP mpliihte idgde tartaingty, A)Caid qorpasititate (PA).
according to claim 1, containing 0.1-0.3% vv/w brivudine; 1-7% w/w
2 film-féknsinB G EHE0D-206 RN BréQ erlaig dgeitshvbisty s urfepv-0bthe film-

cNacl 0-4% 9.1N NaQH to)gciigeﬁagé], rang)i%ng from 5.5 to 6.5; 0-25%
‘SURfdGtt -0 Bu89% dffidxidant: 0.02-8/05% Sodium-EDIA; and 100%

zwatera MGrbGEH6h according to claim 2, in which said amount ranges from
1 to 5% w/w.

4. A composition according to claim 1, further containing a preservative
agent in amounts up to 2% w/w.

5. A composition according to claim 4, in which said amount ranges from
0.01 to 1.5% w/w.

6. A composition according to claim 1, further containing an antioxidant
agent in amounts from 0.001 to 12% by weight.

7. A composition according to claim 6, in which said amount is from
0.001 to 0.1% w/w.

8. A composition according to claim 1, which is in form of eye-drops,
solution, gel, ointment.

9. A composition according to claim 8, which is packaged in single dose
or multiple dose containers.

10. A composition according to claim 1, containing 0.1-0.3% w/w
brivudine; 1-7% w/w film-forming agent; 0-2% w/w preserving agents; 0-2%
buffer; 0-0.9% NaCl; 0-4% 0.1N NaOH to give a pH ranging from 5.5 to 6.5;
0-25% surfactant; 0-0.003% antioxidant; 0.01-0.05% Sodium-EDTA; and

100% water.
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11. A combined preparation containing an ophthalmic composition in
accordance with any of claims 1 to 10 and a steroidal or non-steroidal
antiinfiammatory drug for simultaneous, sequential or separate use inM&LLP
treatment of ocular diseases. 5U.A combined preparation according to
claim 11, wherein the steroid is
prednisoloneacetateorfluorometholoneandthenon-steroidal
1 antinflamgoaidivi eldugp i Parbibsafetontinthg use obsintphiiialmiomposition in
composition according to any of claims 1 to 10 for the preparation or a
apsedibraentfohthniegimettioiH3Vviepithelrid Okerdtitisi das \ostropmabteroidal

keratjtis, ocular complications, of herpes zoster ophthalmicus. 14. The use,
ST AAGHAN oGEHR A0S I ARERY b BvEGmEparate. 35¢ in the

i from the group consisting of polyvinyl
tr%?ﬁﬁéi%%gégg) { )?%éo %%e?%w alcohol (PVA), polyacrylatcs (PA), for the 15

1 PrepasatiQn{¥iaBP phthairmisaemeasitiancantaining romded Gi8osteroid is
w/w of brivudine as active principle.

prednisolone  acetate or fluorometholone and the non-steroidal
antinflammatory drug is flurbiprofen.

13.  The use of an ophthalmic composition according to any of claims 1 to
10 for the preparation of a medicament for the treatment of HSV-epithelial
keratitis, HSV-stromal keratitis, ocular complications of herpes zoster
ophthalmicus.

14. The use of a film-forming agent as the sole agent preventing brivudine
photodegradation, selected from the group consisting of polyvinyl
pyrrolidones (PVP), polyvinyl alcohol (PVA), polyacrylates (PA), for the

preparation of an ophthalmic composition containing from 0.05 to 0.3% w/w

of brivudine as active principle.



