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ABSTRACT
PHARMACEUTICAIL COMPOSITION FOR TREATMENT OF DRY FYE SYNDROM{.

The invention provides novel pharmaceutical compositions for the treatment i
keratoconjunctivitis sicca comprising liquid vehicles which include onc or mo: -
semifluorinated alkanes. The compositions incorporatc an active ingredient selecto |
from the group of macrolide immunosuppressants. They can be administered topical!y
into the eye. The invention further provides kits comprising such compositions.
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A pharmaccutical composition comprising:

(a) a therapeutically effective amount of an active ingredicnt selected from
the group of macrolide immunosuppressants useful in the prevention or
therapy of keratoconjunctivitis sicca or a symptom associated therewith, and

(b) a liquid vchicle comprising a semifluorinated alkane.

The composition of claim 1, wherein the active ingredient exhibits a water
solubility of less than about 1 mg per ml, as measured at room temperature and

neutral pH.
The composition of claim 2, wherein the active ingredient is ciclosporin A,

The composition of claim 3, whercin the concentration of ciclosporin A is from

about 0.01 wt.-% to about 0.5 wt.-%.

The composition of any preceding claim, wherein the semifluorinated alkane is
acompound of formula
RFRI

or of formula

RI'FRHRF
wherein RF is a perfluorinated hydrocarbon segment with 20 or less carbon
atoms, and
whercin RI1 is a non-fluorinated hydrocarbon segment with 3 to 20 carbon

atoms.

The composition of claim 5, wherein the semifluorinated alkane is a compound
of formula

RJ'RH
wherein R is a linear perfluorinated hydrocarbon segment with 3 to 10 carbon
atoms, and

wherein RH is a lincar alkyl group with 3 to 10 carbon atoms.

The composition of claim 6, wherein the semifluorinated alkane is selected from

FAHS, FALL6, F61H6 and F6118.
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The composition of any preceding claim, being formulated as a solution.
The composition of any preceding claim, being substantially free of water.

The composition of any preceding claim, (urther comprising an organic
cosolvent.

The composition of claim 10, wherein the organic cosolvent is cthanol.

The composition of claim 11, comprising cthanol at a concentration of about 1

wt.~% orless.

The use ot a pharmaceutical composition of any preceding claim for the
prevention or therapy of keratoconjunctivitis sicca or a symptom associated

therewith.

The use of claim 13, wherein the composition is adapted for topical

administration to the eye of a patient,

A pharmaceutical kit comprising the composition ot any of claims 1 to 12 and a
container holding the composition, whercin the container has a dispensing

means adapted (or topically administering the composition to the eye of a

vz
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TITLE: PHARMACEUTICAL COMPOSITION FOR TREATMENT OF DRY EYE
SYNDROME

Description
BACKGROUND

Keratoconjunctivitis sicca, also known as dry cye disease or dystunctional tear
syndrome, is today understood as a multifunctional disorder of the tear film and of
the ocular surface which results in discomfort, visual disturbance, and often even in
ocular surtace damage caused by tear film instability. lts prevalence differs widely by
regions and is estimated to range from about 7.4% in the USA to about 33% in Japan
(J. L. Gayton, Clinical Ophthalmology 2009:3, 405-412). According to another
estimate, approximately 3.2 million women and 1.05 million men suffer from
keratoconjunctivitis sicca in the USA alone. If symptomatically mild cases are also

considered, there could be as many as 20 million atfected people in the USA.

The main physiological function of the tear film is the lubrication of the ocular
surface and the inner eyelid. In addition, it supplies the ocular surface with the
nutrients which it requires, provides a smooth and regular optical surface for the eye.
Morcover, it protects the ocular surface against pathogens by various mechanisims,
including mechanical removal of foreign particles but also through antimicrobial

substances which it contains.

The tear film is composed of a mucous component, an agueous component, and
alipid component. The inner layer of the film is the mucous layer or component,
which is bound to the ocular epithelium via the interaction of mucin molecules which
arc produced by conjunctival goblet cells and by stratified squameous cells of the
conjunctiva and the cornea. The lubricating effect of the tear {ilm is substantially

hased on the mucous layer and its composition.

On top of the mucous layer is the aquecous Jayer which is produced by the main
and accessory lacrimal glands. Its primary function is to hydrate the mucous
componcent and contribute to the transport of nutrients, electrolytes, antibacterial

compounds, and oxygen to the ocular surface. The aqucous component contains



water, clectrolytes, lysozyme, lactoferrin, immunoglobulins (in particular 1gA),
retinol, hepatocyte growth factor, epidermal growth factor as its important

constituents.

The lipid layer which covers the aqueous layer is produced by the tarsal glands
which are positioned at the tarsal plates of the eyelids, and to some degrece also by the
glands of Zcis which open into the eyclash follicles. Its functions include the
enhancement of the spreading of the tear film, decrease of water loss from the

aqucous layer by reducing evaporation, and preventing tear {ilm contamination.

Itis today acknowledged that keratoconjunctivitis sicca is a complex,
multifunctional disorders involving several interacting pathophysiological
mechanisms which are only beginning to be understood (H. D. Perry, Am. |. Man. Care
13:3,579-887, 2008). The two mechanisms that are heing discussed as pivotal in the
etiology of the disease and which also appear to reinforce cach other mutually are
tear hyperosmolarity and tear film instability. Hypcrosmolar tear fluid can result
from excessive tear film evaporation or reduced aqueous flow. It activates an
inflammatory cascadce and causes the release of inflammatory mediators into the tear
fluid, with muitiple pathophysiological effects cventually leading to increased tear
film cvaporation and tear [ilm instability. Thus, tear film instability can be a
consequence of hyperosmolarity. Alternatively, it can develop as the original
ctiological pathway, c.g. via abnormalities of the lipid layer composition, such asin

tarsal gland diseasc).

Once keratoconjunctivitis sicca has become manifest, inflammation is onc of the
key processes that maintain and potentially progress the discase. Depending on the
severity of the condition, patients often develop a reversible squameous metaphase
and punctate crosions of the ocular epithelium. Secondary discases whose
development may be triggered by keratoconjunctivitis sicca include filamentary
keratitis, microbial keratitis, corneal ncovascularisation, and ocular surface

keratinisation.

Two major categories of keratoconjunctivitis sicca or dry eye disease (DED) are

distinguished today, which are aqucous-deficient DED and evaporative DIED. Within



the class of aqueous-deficient forms of DED, two major subtypes are differentiated,
Sjogren and non-Sjogren. Sjogren syndrome patients suffer from autoimmune
disorders in which the lacrimal glands are invaded by activated T-cells, which leads
not only to keratoconjunctivitis sicca but also to a dry mouth condition. The Sjogren
syndromec can be a primary disease or result from other autoimmunc discases such
as systemic lupus erythrematosus or rheu mathroid arthritis. Non-Sjogren patients
suffering from an aqucous-deficient DD usually have a lacrimal gland insufficiency,
lacrimal duct obstruction or reflex hyposceretion. The second major class,
evaporative DED, is also somewhat heterogencous and can develop as a result of
diverse root causes. One of the major causes is meibomian gland disease, cyclid
aperturce disorders, blink disorders (as in Parkinson discase) or ocular surface

disorders (as in allergic conjunctivitis).

Among the many risk factors for keratoconjunctivitis sicca that are known
today, some of the best studied ones arc advanced age and female sex. [t appears that
in particular postmenopausal women have a reduced tear production, probably
related to hormonal effects which are not very well understood as yet. Further risk
factors include dicts with Jow omega-3-fatty acids, occupational factors (e.o.
associated with reduced blink frequency), environmental conditions, contact lens
wearing, certain systemic (anticholinergics, beta-blockers, isotretinoin, interferons,
hormones) and ophthalmic medications (any frequently administered eye drops
including artificial tears; especially formulations comprising preservatives), and a
number of primary discases such as Parkinson discase, hepatitis C, 11V infection, and

diabetes mellitus.

The management of keratoconjunctivitis sicca relies on both non-
pharmacological and pharmacological approaches and the therapeutic options
depend significantly on the severity of the discase state (M. A. L.emp, Am. J. Man. Care
14:3,588-5101, 2008). Non-pharmacological approaches may be used initially when
only mild symptoms occur, or as palliative measures to support medical
interventions. They include the avoidance of exacerbating factors such as dry air,

wind and drafts, tobacco smoke, modification of working habits; cyc lid hyusiene; tear



supplementation, and physical tear retention by punctal plugs or therapeutic contact

Jenses.

The mainstay of non-pharmacological DIiD treatment is the use of artilicial tears
for tear substitution. Most of the available products are designed as lubricants. In
addition, they may function as carricrs for nutrients and clectrolytes (importantly,
potassium and bicarbonate), and some products attempt to correct physical
parameters such as an increased osmolarity in certain forms of DED. The major
functional component of artificial tear compositions is an agent which increases or
adjusts the viscosity and which at the same time exhibits lubricant functionality.
Common compounds used for this purpose include carboxymethylcellulose and its
sodium salt (CMC, carmellose), polyvinyl alcohel, hydroxypropyl methylcellulose
(HPMC, hypromellosc), hyaluronic acid and its sodium salt, and hydroxypropyl guar
gum. However, compositions with a relatively high viscosity, and in particular gel

type formulations, have a tendency to cause visual blurring.

Some artificial tears comprise lipids to substitute for the lipid component of the
natural tear film. Unfortunately, the commonly used lipids are physically and
biochemically poorly related to native lipid compositions: they are based on castor oil
orcven mincral oil. It is intended to thercby decrease the rate of tear fluid
evaporation. The same effect may perhaps also be achicved by hydrocolloids which
exhibit some degree of bioadhesiveness, such as hydroxypropyl guar gum or

hyaluronic acid.

Atleastin carlier years, multi-dose tormulations for ophthalmic administration
had to be prescrved using a physiologically acceptable preservative in order to
reduce the risk of microbial contamination and infection. Most preservatives are
however problematic for DED patients in that they have a potential to negatively
aftect the ocular surtace, thus counteracting the therapeutic intent. As an alternative,
single-dose containers for the administration of non-preserved formulations were
developed. These are however less convenicnt to handle than the conventional multi-

dose bottles.



For moderate to scvere forms of keratoconjunctivitis sicca, non-
pharmacological approaches are not normally sufficient to manage the symploms
adequately, However, there are presently not many pharmacological therapies
available which have proven to be effective and/or which have been authorised by

the regulatory agencices.

Cholinergic agents such as muscarinic acctylcholine receptor antagonists may
be used in aqucous deficient patient as sccretagogucs to stimulate tear production.
An agent that has heen tested successfully in several clinical studies with Sjogren
syndrome patients is pilocarpine. The drug given orally at doses of 5 1o 7.5 mg QID
(Lemp, ditto.) significantly improved DED symptoms. However, the product has not
been approved by any major regulatory agencies for the usc in keratoconjunctivitis
sicca, neither as an oral formulation nor in the form of eye drops as they arc available

for the treatment of glaucoma.

Cevimeline is another parasympathomimetic drug and muscarinic agonist. It
acts particularly on muscarinic M3 receptors. It is available in a few countries as an
oral formulation and used in the treatment of dry mouth associated with Sjogren's
syndrome. Clinical studics indicate that itis also cffective in the management of
symptoms associated with keratoconjunctivitis sicca of the Sjogren type, for which it

is being used off-label like pilocarpine.

Anti-inflammatory agents may be used to intervene in the viscous circle of
symptoms causing inflammatory response which in turn increase symptom severity.
The rationalc of using such agents is not restricted to aqucous deticient or even
Sjogren syndrome patients. Both topical corticosteroids and topical non-steroidal

anti-inflammatory (NSAID) compounds have been proposed as treatment options.

From the clinical studies that have been conducted so far (L.emp, ditto.) it
appears that corticosteroids such as loteprednol etabonate and prednisolonc acetate
are more elfective in the control of several DD symptoms than NSAIDs such as
diclofenac and ketorolac. However, they are gencerally recommended only for short
term use. In the long term, they may cause or support the development of ocular

infections, glaucoma, and cataracts. Both loteprednol ctabonate and prednisolone
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acctate are poorly water-soluble and thus formulated as a suspension, which may be

considered a disadvantage in view of the symptoms of keratoconjunctivitis sicca.

Morcover, clinical studies with, and the off-label use of, oral tetracyclines such
as doxycyclin, minocycline and oxytetracycline for keratoconjunctivitis sicca have
been reported (Lemp, ditto.). Itis assumed that they are not primarily cffective on the

basis of their antibacterial properties, but due to their anti-inflammatory activity.

At least in the USA, the major pharmacological treatment option for moderate to
severe keratoconjunctivitis sicea is ciclosporin {i.e. ciclosporin A, also known as
cyclosporine A), which is an approved medicine in the form of an ophthalmic
emulsion (Restasis ") for increasing "...tear production in patients whose tear
production is presumed to be suppressed due to ocular inflammation associated with
keratoconjunctivitis sicca.” (Restasis prescribing information). According to the
evidence that is available, topical ciclosporin is probably discase-modifying rather
than only palliative. It acts as an antagonist in various inflammatory processes and
cascades. For example, it reduces conjunctival interleukin-6 (11.-6) levels, decreases
activated lymphocytes in the conjunctiva, suppresses other conjunctival
inflammatory and apoptotic markers, and increases the number of goblet cells in the

conjunctiva (Lemp, ditto.).

Ciclosporin (JUPAC name: (/)-14,17,26,32 tetrabutyl-h-ethyl-8-(1-hydroxy- 2
methylhex-4-enyl) -1,3,9,12,15,18,20,23,27-nonamethyl-11,29-dipropyl-
1,3,6,9,12,15,18,21,24,27,30- undeccaazacyclodotriacontan-
2,4,7,10,13,16,19,22,25,28,31-undecaone; Caxtli11N11012; MW1202.61) is a cyclic
nonribosomal peptide of 11 amino acids, originally discovered as a product of the
fungus Beauveria nivea. ltis an immunosuppressant drug widely used in post-
allergenic organ transplant to reduce the activity of the paticnt's immune system and,

so, the risk of organ rejection.

Ciclosporin is thought to bind to the cytosolic protein cyclophilin
(immunophilin) of immunocompetent lymphocytes, especially T-lymphocytes. This
complex of ciclosporin and cyclophilin inhibits calcincurin, which, under normal

circumstances, is responsible for activating the transcription of interleukin 2. It also

yd



inhibits lymphokine production and interleukin releasc and, therefore, leads to a

reduced function of effector T-cells.

Other immunosuppressant drugs with similar activity include tacrolimus,
pimecrolimus, everolimus, sivolimus, deforolimus, temsirolimus, and zotarolimus,
abetimus, gusperimus, and mycophenolic acid. Based on pharmacological
considerations, it is presumed that these compounds would also be beneficial in the
management of diseases or symptoms which are controlled by ciclosporin, such as

dry eye diseasce or keratoconjunctivitis sicea.

Macrolide immunosuppressants such as ciclosporin, tacrolimus, sirolimus,
everolimus and the like, while being highly active once they have been effectively
dclivered into the organism or to the target tissue, arc challenging compounds to
formulate and deliver to the site of action, in particular due to their extremely poor
solubility and relatively large molecular size. For systemic therapy via the oral or
intravenous routes ot administration, they are typically presented as solubilised
formulations comprising substantial amounts of solubilising excipients, such as

surfactants and organic solvents.

The ophthalmic product, Restasis, which comprises ciclosporin at a
concentration of 0.05 %, is formulated as a sterile, preservative-free oil-in-water
(o/w) emulsion. The formulation is white opaque to slightly translucent presented in
single-use LDPE vials filled with 0.4 ml. liquid. As inaclive ingredicnts, it contains
glycerine, castor oil, polysorbate 80, carbomer 1342, purified water and sodium
hydroxide to adjust the pH to 6.5 to 8.0. The active ingredient is dissolved in the
dispersed oily phasc of the emulsion consisting of castor oil. It is assumed that the
amphiphilic polysorbate 80 and probably also the carbomer act as stahilisers ol the
emulsion. The major adverse effects of Restasis include ocular burning and stinging,
occurring in a phasc Hl trial at a frequency of 14.7 % and 3.4 %, respectively. Other
events reported in 1 1o 5 % of the patients include conjunctival hyperacmia,
discharge, epiphora, eye pain, forcign body sensation, pruritus, and visual

disturbance which is typically blurring (Restasis Prescribing Information).



Other ophthalmic formulations of ciclosporin are known from US 5,411,952 and
US 4,839,342. The latter discloses a 2 % solution of ciclosporin in olive oil, whereas

US 5,411,952 also describes solutions of ciclosporin in corn oil.

One of the disadvantages of all oil-based formulations for ophthalmic
administration is that inherently have a negative impact on vision. Whether used as
oily solutions or oil-in-water emulsions, they exhibit a refractive index which differs
substantially from that of physiological tear fluid, which lecads to visual disturbances

and blurring.

Maoreover, oil-based formulations do not readily mix with tear fluid to form a
homogenous liquid phase. Oily solutions are altogether immiscible with the aqueous
tear fluid, and the exact fate of an emulsion mixed with tear fluid in a physiological

setting is not completely predictable.

Oil-in-water emulsions of poorly water-soluble drugs like ciclosporin further
exhibit the disadvantage that they have a limited drug load capacity. While the active
ingredient may have some solubility in the oil phase, this phase is only dispersed in
the (zo(hcrent aqucous phase of the emulsion so that the maximum overall drug

concentration in the formulation is very limited.

In contrast to single phase systems such as aqueous or oily solutions, oil-in-
water emulsions are also more complex and difficult to manutacture, especially in
sterile form. Frequently, emulsions are not readily sterilisable by thermal treatment
without negative impact on the physical properties of the emulsion. On the other
hand, aseptic processing is complex, costly, and is associated with higher risks of

failure, i.e. microbial contamination of the product.

Furthermore, oil-in-water emulsions are like agqueous solutions prone to
microbial contamination during use. If they were to be presented in multi-dose
containers which are in principle more cost-efficiecnt and convenient for patients than
single-use vials, they would have to be preserved in order to ensure their
microbiological quality. At the same time, preservatives which can be used in
ophthalmic formulations are potentially damaging to the eye, in particular to the

ocular surface, and should be avoided in the context ot dry eye discase.



W0 2005/123035 discloses hydrophobic compositions which may be usclul as
ophthalmic drug formulations. The compositions may be used to treat various
ophthalmic discases and conditions including dry eye syndrome and may comprise a
therapeutic agent selected from various different therapeutic categories such as
antibiotics, antimicrobials, antifungal agents, antiviral agents, antiparasitic agents,
antiallergic agents, anti-inflammatory agents, alkylating agents, beta-blockers,
cholinergic agents, vasoconstrictors, pupil size management agents, glaucoma agents,
macular degencration agents, and agents to arrest the development of cataracts. The
hydrophobicity of the composition is achicved by selecting a hydrophobic liquid
vehicle, selected in particular from silicon polymers, fluorinated silicon polymers,
perfluorocarbons, fluorinated alcohols, and perfluorinated polycthers, and mixtures
thereof. However, the only specific composition disclosed in the document doces not
incorporate an active ingredient, but is mercly a vehicle consisting of a mixture of two
silicon polymers, namely dimethicone and cyclomethicone, which have been

combined so as to yicld a viscosity of about 8,000 centistokes.

US 6,262,126 discloses semifluorinated alkanes and their preparation, and
proposcs their use as vehicles in ophthalmic preparations. However, it does not
disclose any specific compositions comprising a semifluorinated alkane and an
incorporated active ingredient. Neither does it mention the treatment of dry cye
syndrome or the incorporation of a macrolide immunosuppressant. It is also silent
about ophthalmic vehicles comprising mixtures of semifluorinated alkanes and

cosolvents.

Itis there an object of the present invention to provide a novel pharmaceutical
composition which is useful in the treatment of keratoconjunctivitis sicca, and which
at the same time addresses these issues and overcomes at least one of the limitations
or disadvantages associated with prior art formulations. In a specific aspect, it is an
object of the invention to provide an ophthalmic composition which has the capacity
to incorporate substantial amounts of poorly water-soluble drug substances useful in
the management of keratoconjunctivitis sicca. In a further aspect, it is an object of the
invention to provide a pharmaccutical kit comprising a composition for the treatment

of keratoconjunctivitis sicca which does not exhibit one or more of the disadvantages
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of prior art. Further objects of the invention will become clear on the basis of the

following description, examples, and patent claims.
SUMMARY OF THE INVENTION

The present invention provides a pharmacecutical composition comprising an
active ingredient useful in the prevention or therapy of keratoconjunctivitis sicea or 4
symptom associated therewith. The active ingredient is sclected from the group of
macrolide immunosuppressants. The composition further comprises aliquid vehicle

comprising a semifluorinated alkane.

In one of the preferred cmbodiments, the composition comprises a
therapeutically effective amount of a poorly water-soluble macrolide with
immunosuppressant activity such as ciclosporin, in particular ciclosporin A. It is
furthermore preferred that the composition is in liquid form and adapted to be

administered locally into the eye of a patient.

In a further aspect, the invention provides the use ol such composition in the
prevention or therapy of keratoconjunctivitis sicca or any symptom associated
therewith, wherein the prevention or treatment is preferably performed by

administering the composition into the eye of a patient.

In yeta further aspect, the invention provides a pharmaceutical kit comprising
such composition in a container which has a dispensing means adapted for topically

administering the composition to the eye of a patient.
DETAILED DESCRIPTION Ol THE INVENTION

In a first aspect, the invention provides a pharmaccutical composition
comprising a therapeutically effective amount of an active ingredient useful in the
prevention or therapy of keratoconjunctlivitis sicca or a symptom associated
therewith . The active ingredient is selected from the group of macrolide
immunosuppressants. The composition is further characterised in that it comprises a

liquid vehicle comprising a semifluorinated alkanc.
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As used herein, a pharmaceutical composition is a composition comprising at
lcast one pharmacologically active ingredient or diagnostic agent in combination with
at least one pharmaccutical excipient. A therapeutically effective amount refors to a
dose, concentration or strength which is useful for producing a desired

pharmacological effect.

Keratoconjunctivitis sicca is a complex, multifaceted discasc or condition as
described above. Itis also known as dry eye syndrome, dry eye discase (DED), or
dyslunctional tear syndrome. Aqueous-deficient DED, evaporative DD, Sjogren
syndrome, lacrimal gland insufficiency, meibomian gland diseasc and other
conditions are all within the scope of keratoconjunctivitis sicea and form specilic
subtypes thereof, Symptoms of keratoconjunctivitis sicca include a dry, scratchy,
gritty, or sandy feeling in the eye; foreign body sensation; pain or soreness; stinging
or burning; itching; increased blinking; cye latigue; photophobia; blurry vision;
redness; mucus discharge; contact lens intolerance; excessive reflex tearing. It is
understood that not all patients suffering from keratoconjunctivitis sicca exhibit all
symptoms simultancously. Hence, there is currently no uniform set of criteria for
diagnosing the discasc. 1tis however important to note that, within the scope of the
presentinvention, any of the aspects, symptoms or pathophysiological consequences

of DED may be addressed.

The active ingredient used in the composition of the invention may thus be an
agent known to be effective against the diseasc itself, such as ciclosporin which is
belicved to intervenc in the inflammatory cascades associated with DED, or it may be
an agent effective against one or more of the symptoms associated with it, without
curative activity. As will be discussed in more detail below, the active ingredient is
selected from macrolide immunosuppressants such as ciclosporin, tacrolimus,
pimecrolimus, everolimus, sirolimus, deforolimus, temsirolimus, and zotarolimus,

abetimus, gusperimus, and mycophenolic acid.

Some of the key advantages of the present invention are brought about by the
presence of a semifluorinated alkance in the composition. Semifluorinated alkanes are
linear or branched alkanes some of whose hydrogen atoms have been replaced by

fluorine. In a preferred embodiment, the semifluorinated alkanes (SFA's) used in the
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present invention are composed of at least one non-fluorinated hydrocarbon segment
and at least onc perfluorinated bydrocarbon segment. Particularly useful are SI'A's
which have one non-fluorinated hydrocarbon segment attached to one perfluorinated
hydrocarbon segment, according to the general formula F(CF:),(CH)mll, or two
perfluorinated hydrocarbon segments separated by one non-fluorinated hydrocarbon

segment, according to the general formula F(C12)a(CH2)w(CF2)F.

Another nomenclature which is used herein refers to the above-mentioned
SKA's having two or three segments as RFRH and RIFRHRF, respectively, wherein Ry
dcsignates a perfluorated hydrocarbon segment, Ry designates a non-fluorinated
segment. Alternatively, the compounds may be referred to as IFnllm and FnlimFo,
respectively, wherein I means a perfluorated hydrocarbon segment, Hmeans a non
fluorinated segment, and n, m and o is the number of carbon atoms of the respective
segment. For example, F313 is used for perfluoropropylpropane. Moreover, this type
of nomenclature is usually used for compounds having linear segments. Thercfore,
unless otherwise indicated, it should be assumed that F3H3 means 1-
perfluoropropylpropanc, rather than 2-perfluoropropylpropane, 1-

perfluoroisopropylpropanc or 2-pertluoroisopropylpropanc.

Preferably, the semifluorinated alkanes according to the general formulas
F(CF2)n(CH2)mH and F(CF2)u(CH2)m(CF2)oF have segment sizes ranging from 3 Lo 20
carbon atoms, i.c. n, m and o are independently selected in the range from 3 to 20.
SFA's which arc uscful in the context of the present invention ave also deseribed in
1P-A 965 334, EP-A 965329 and EP-A 2110126, the disclosure of which documents is

incorporated herein.

In a further cmbodiment, the semifluorinated alkanc is a compound according
to the formula RFRI, whose segments Ryand Ry are linear and each - but
independently from one another - have from 3 to 20 carbon atoms. In another
particular embodiment, the perfluorinated segment is lincar and comprises from 4 (o
12 carbon atoms, and/or the non-fluorinated segment is linear and comprises from /|
to 8 carbon atoms. Preferred SFA's includce in particular the compounds FA1S, FALG,
F6H4, 6116, F618, and F6H10. Presently most preferred for carrying out the

invention are FAIS, F6l116 and I'6118.
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Optionally, the composition may comprise more than one SFA. It may be useful
to combine SFA's, for example, in order to achicve a particular target property such as
a certain density or viscosity. Il a mixture ol SFA's is used, itis furthermore preferred
that the mixture comprises at lcast one of FAHS, FAH6, F6LI4, 1°6116, I'6118, and 61110,
and in particular one of FAHS5, F6H6 and F6I18. In another embodiment, the mixture
comprises atleast two members sclected from FAHS, FAH6, F6HA, F6H6, F6HE, and

F6H10, and in particular at least two members selected from FAIS, F6H6 and IF618.

Liquid SFA's are chemically and physiologically inert, colourless and stable.
Their typical densities range from 1.1 to 1.7 g/cm?, and their surface tension may he
as low as 19 mN/m. SFA's of the RFRH type are insoluble in water but also somewhat
amphiphilic, with increasing lipophilicity correlating with an increasing size of the

non-fluorinated scgment.

Liquid SFA's of the RERH type arc being used commercially [or unfolding and
reapplying a retina, for long-term tamponade as vitrcous humor substitute (H.
Mcinert et al,, European Journal of Ophthalmology, Vol. 10(3), pp. 189-197, 2000),
and as wash-out solutions for residual silicon oil after vitreo-retinal surgery.
lxperimentally, they have also been used as blood substitutes (H. Meinert et al,,
Biomaterials, Artificial Cells, and mmobilization Biotechnology, Vol. 21(5), pp. 583
95, 1993). Thesc applications have established SFA's as physiologically well tolerated

compounds.

On the other hand, SI'A's have not becen used as excipients in approved drug

products as of today.

It has now surprisingly been found by the inventors that SFA's are particularly
suitable as carricers, vehicles or excipients in ophthalmic compositions for topical
administration. This is based on the fact that SFA's are capable of dissolving many
poorly water-soluble compounds which are of interest in ophthalmology, but also on
the discovery that they are unexpectedly well-tolerated hy the eye, as shown in
preclinical testing. This is very surprising as organic or non-aquecous solvents,
perhaps with the exception of oily compounds, arce typically very irritating or even

highly damaging when administered topically to an eye.
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Compared to oily carricrs or vehicles in ophthalmic compositions for topical
use, SFA's exhibit a refractive index which is much better compatible with the aim ot'a
minimally affected vision: While oily preparation lead to a blurry vision and can
therefore not be administered in any situation in which the patient nceds a clear

vision, SFA's causc little or no blurring.

By illustration, the refractive index of tear tluid is close to that of water, i.c.
1.333 atroom temperature (RT). Oils typically have a substantially higher refractive
index such as about 1.46 (peanutoil), 1.47 (sesame ail), or 1.48 (castor oil). In
contrast, the inventors have determined the refractive indices of various SIFA's of
interest to he in the region of 1.29 to 1.35, i.e. much closer to that of water. In onc off
the specific embodiments, the invention is therefore practised with an SFA whose
refractive index is from 1.29 to 1.35, and in particular from about 1.30 to about 1.35

AL 20°C. The refractive index for selected SFA's is shown in table 1.

Table 1

SFA Refractive index
FAA - 1308
FAHY 1,3204
FAHG 1,334
A7 13357
TS RAE
6l 1,294
FoH4 1,306
F6i6 1,324
F6117 13366
F6HS 13437
16119 13494

Moreover, SEA's exhibit a remarkable wetting and spreading behaviour by
which they deliver an incorporated active ingredient rapidly and effectively o the
corneal surface and conjunctiva. Wetting means the ability of a liquid to establish and
maintain contact with a solid surface, resulting from intermolecular interactions
when the two are brought together. The balance between adhesive and cohesive
forces determines the degree of wetting. The higher the adhesive forces compared (o

the cohesive forces, the more a drop of liquid will spread across the surface of the
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solid material. Conversely, very high cohesive forces within the liquid will cause the
drop to form a sphere, thus avoiding contact with the surface. Similarly, spreading
may also occur at the interface of two liquids which arc broughtinto contact with

cach other.

A measure for wetting and spreading is the contact angle 0. The contactangle is
the angle at which the liquid-vapour interface meets the solid-liquid or liquid-Jiquid
interface. The tendency of a drop to spread out increases as the contact angle

decreases. Thus, the contact angle provides an inverse measure of wettability.

Alow contact angle of less than 90° indicates high wettability and/or spreading,
whereas a higher contact angle indicates poor wettability and spreading. Perfect
wetting and spreading results in a contact angle of 07, also reported as no measurable

contact angle.

The inventors have found that the SFA's used in the present invention, in
particular the preferred SFA's, exhibit an excellent wetting of various surfaces which
are not easily wetted by conventional drug formulations. For example, the contact
angle of both FAH5 and F6H8 on tablets compressed from either trospium chloride or
fenofibrate (150 mg of drug substance compressed at 15-20 kN to tablets of 13 mm in
diameter) was not measurable, i.c. perfect wetting occurred. It is noted that
fenofibrate is an example of a hydrophobic, poorly water-soluble compound, whereas
trospium chloride is hydrophilic and water-soluble. In comparison, the contact angle
ol purified water on the fenofibrate tablet was determined as 92.57, i.e. the tablet was

poorly wetted by water.

A further surprising advantage of SFA's found by the inventors is that they
appear to form very small droplets when dispensed from a dropper such as an eye
dropper. Without wishing to be bound by theory, it is believed that the small droplet
size is a result of an interplay of the SFA's unique properties in terms of their density,
viscosily, and surface tension. In any case, it is belicved that for topical administration
into an cyc a small drop or volume of administration is highly advantageous as the
capability of the lacrimal sac to accept and hold fluid is extremely limited. In fact, it is

very common that the administration of a conventional eyce drop formulation based
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on water or oil immediately Teads to a discharge of a substantial fraction of the
administered medicine as well as some tear fluid. At the saime time, there is a risk that
some of the administered dose will be taken up systemically via the nasolacrimal
duct. Hence, if an cffective dose of an active ingredicnt can be incorporated in a small
volume of liquid which can be dispensed as a very small droplet, this should lead to a
substantially increased dosing reliability and reproducibility, thus enhancing the

safety and effectiveness of the therapy.

A yet further advantage of the invention which is based on the use of SFA's is
that they can be designed or mixed for an optimally adjusted evaporation bebaviour
after administration. Thus it is possible to formulate an ophthalmic composition
which delivers an active compound efficiently to the cye in such a way that the liguid
vehicles is subsequently eliminated via (z\;a;)<)1'ati011. This is in sharp contrast to oily
eyc drop vehicles which do not evaporate and thus form non-physiological residues

at the site of administration, e.g. in the lacrimal sac.

Moreover, the invention provides a means of formulating non-aqueous
ophthalmic compositions which are microbiologically stable. This is due to the fact
that SFA's are not normally prone to microbial contamination. Hence, it is possible to
formulate preservative-free ophthalmic compositions which arc better tolerable for

many patients, in particular patients suffering from keratoconjunctivitis sicca.

As mentioned, the active ingredient to be selected for carrying out the invention
isa macrolide immunosuppressant useful in the management, prevention or therapy
of keratoconjunctivitis sicca or dry eye discase, or of any symptom associated with

this discase.

It is believed that the invention is particularly uscful it the active compound is
selected from poorly water-soluble drug substances which are otherwise challenging
to formulate for ophthalmic use. As used hercin, a compound is poorly water-soluble
ifit exhibits a solubility falling into the definitions of "sparingly soluble”, "slightly
soluble”, "very slightly soluble”, or "practically insoluble” (according to Ph. Eur, 6th

Id.). Particularly prelerred are active ingredients which are "very slightly soluble” or

“practically insoluble”. In another embodiment, it is preferred that the active
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ingredient exhibits a water solubility of less than about 1 mg per ml, as measured at

room temperature (between 15 and 25°C) and at neutral plf (pll 6.0 and pH 8.0).

An example of a particularly preferred active ingredient is ciclosporin A, which
has been discussed in more detail above. Ciclosporin is practically insoluble in water.
Ciclosporin may be incorporated at any therapeutically useful concentration, such as
from about 0.001 wt.-% to about 5 wt.-%. In a further embodiment, the concentration
of ciclosporin is at least about 0.01 wt.-%, such as from about 0.01 wt.-% to about 2
wt.-%, or from about 0.01 wt.-% to about 1 wi.-%, or from about 0.01 wt.-% to about
0.5 wt.-%, respectively. Therapeutically useful concentrations of ciclosporin also

include 0.02 wt.-%, 0.05 wt.-%, 0.1 wt.-%, and 0.2 wt.-%.

Itis also preferred that the active ingredient is incorporated in the dissolved
state. This allows the composition to be formulated as a clear solution. Alternatively,

the composition may also be designed as a suspension or emulsion.

It has been found by the inventors that certain SFA's have a surprisingly high
capacity to dissolve even extremely challenging poorly soluble compounds such as
ciclosporin A. In some of the preferred embodiments, ophthalmic solutions comprisc
an SFA selected from FAILS, FAIG, F6U6, and I'6118 and ciclosporin A as active
ingredient. Within these embodiments, it is preferred that the concentration of

ciclosporin A is about 0.01 wt.-% to about 0.5 wt.-%.

Depending on the active ingredient, its dose and the SFA or mixture of SFA's
selected as carrier, it may be uselul to add anotherliquid excipient in order to ensure
that the active compound can be incorporated in completely dissolved form. Such
other liguid excipient is preferably an organic cosolvent, such as an oil selected from
glyceride oils, liquid waxes, and liquid paraftin, or an organic solvent exhibiting a high

degree of biocompatibility.

Examples of potentially useful oily excipients which may be used in combination
with one or more SFA's include triglyceride oils (i.e. soybean oil, olive oil, sesame oil,
cotton seed oil, castor oil, sweet almond oil), mincral oil (i.c. petrolatum and liquid

paraffin), medium chain triglycerides (MCT), oily fatty acids, isopropyl myristate, oily
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fatty alcohols, csters of sorbitol and fatty acids, oily sucrose esters, or any other oily

substance which is physiologically tolerated by the cye.

kExamples of potentially useful organic solvents include glycerol, propylene
glycol, polyethylene glycol, and ethanol. However, the concentration of the cosolvent
should preferably be low relative to that of the SFA or SFA mixture. If an organic
solvent such as ethanolis used, it is recommendable to keep it below a level of approx
5 wi.-%. Morce preferably, the content of ethanol is from about 0.1 to about 2 wi-%,
and most preferably not more than about T wt-%. In one ol the specific
embodiments, a solution of ciclosporin (c. g having a concentration of 0.5 mg/ml.) in
a liquid vehicle comprising about 99 wt.-% of FA115 and about 1 wt.-% of ethanol is

provided.

While ethanol, generally speaking, is not very well tolerated by the human eye.
it has surprisingly heen found by the inventors that mixtures ol semifluorinated
alkanes with very small amounts of ethanol, such as 1 wt.-%, arc capable of dissolving
substantially higher amounts of a hydrophobic, poorly soluble compound such as
ciclosporin A, whercas the tolerability of the composition is not negatively affected by

the ethanol content.

The composition may of course comprisc further pharmacceutical exciprents as
required or uscful. Potentially useful excipients include surfactants, in particular
non-ionic surfactants or amphiphilic lipids, acids, bases, antioxidants, stabilisers,

synergists, and - il required in a particular case - a preservative,

Surfactants which are considered potentially useful include tyloxapol,
poloxamers such as Pluronic F68LF or Lutrol 68, Pluronic I.-G2LEF and Pluronic
1.62D, polysorbates such as polysorbate 20 and polysorbate 80, polyoxycthylence
castor oil derivatives, sorbitan esters, polyoxyl stearates, and mixtures of two or more

thereof.

Furthermore, the invention provides a pharmaceutical kit comprising the
composition as described above and a container holding the composition. Preferably,

the container which contains the composition has a dispensing means such as a
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dropping device adapted for topically administering the composition to the eye of a

patient.

The following examples serve Lo illustrate the invention; however, these are not

to be understood as restricting the scope of the invention.

EXAMPLIS
Jixample 1

The droplet size of sclected SFA's in terms of weight and volume of droplets
from three droppers was determined and compared to that of purified water. The
devices used for dispensing the droplets were (a) a 2 ml Pasteur pipette (wall
thickness 0.53 mm; external tip diameter: 1.50 mm; length: 150 mm) made of glass,
(b)a20 G (0,9 mmx 50 mm) injection needle, and (c) a dropper from a commercial

“eyc drops product (lylo-Vision). The droplet weights were measured al 25°C using a
laboratory balance; the volumes were calculated. Fach test was performed 10 times.
The results of the experiments (mean values of droplet sizes and standard deviations)

arc shown in table 2.

Table 2
(,lacqplp(\lt; " Injection needle Eye dropper
Material mg ul. mg pl. mg pl.
Water 302 1.47 3134 14 11.0+0.9 .1 109 30.04 2.2 3001427
FaAh 6.0 + 0.4 47103 2.6 + 0.1 20103 V2.1 0.7 9.6 1 0.2
F6H8 0.6 +0.6 50404 3.4+ 0.7 2.5 1001 13.7+ 0.4 10.3 +0.3

Table 2 shows that droplets ol FAHS5 and F6H8 arc dramatically smaller and
lighter than water droplets dispensed from the same device. Taking into account the
fact that SFA's have a high capacity to dissolve many active ingredients very well, it is
concluded that SI'A’s are highly suitable liguid vehicles for eye drops which are better
retained by the lacrimal sac, produce little spill-over, and thus have a potential to
deliver a dose more reliably and reproducibly to the eye than conventional eye drop

formulations.
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lixample 2

The solubility of ciclosporin A in various scmifluorinated alkanes and was
tested according to Ph. kur. 2.2.29, using a reversed-phase HPLC/DAD method. The

results are given in table 3.

Table 3

SFA Solubility [g/1.]
AN 2554
FAH6 3.60
F6HG 3.61
F6HS 1.56

lixample 3

In the same manner as in example 2, the solubility of ciclosporin A in mixtures
of an SFA with 1.0 wt.-% cthanol (EtOH) was determined. The results are given in
table 1. They indicate that even a small amount of ethanol, such as 1 wt.-%, increases
the solubility of semifluorinated alkanes markedly, and that this effect is particularly

pronounced with FAHS.

Table 4
Solvent Solubility |g/L| Iiffect of KtOH
FALL / 15tOH 5.65 + 122 %
FOHE / 10H 1.77 13 %

lixample 4

Ethanol was mixed with FAHS5 to yicld a solution having an ethanol
concentration ol 1 wt.-%. 2.5 mg of ciclosporin A were dissolved in 5 i of this
solution, resulting in a clear solution having a ciclosporin concentration of 0.5
mg/ml.. The solution was filtered aseptically and filled into sterile vials. The

refractive index at 20°C was 1.321.
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Fxample 5

A solution of ciclosporin A in a mixture of FAHS5 and 1 wt.-% cthanol having a
nominal ciclosporin concentration of 0.5 mg/ml, (as in Example 4) was filled into
sterile glass vials (10 ml.) and stored at 25 “C and 60 % relative humidity. Samples
were drawn at the beginning of the storage period and at certain time intervals
thereafter, and the concentration of ciclosporin A was determined according to Ph.

Fur. 2.2.29, using a reversed-phase HPLC/DAD method. The results are given in table

5.

Table 5
Time Conc. [g/1.] Assay %]
Initial 0.5722, 104.4
2 months 0.522 1044
3 months 0.522, 104.3

Lxample 6

The physiological tolerability of '415 and of the vehicle used in example 4
(1 wt.-% ethanol in FA4H5) was cvaluated in an ex-vivo eyc irritation test (EVEIT)
using rabbit eycs taken from freshly sacrificed animals. The cyes were fastened in
chambers coupled micropump systems which continuously supplied the eyes with
cultivation medium (Minimal Kssential Medium, MEM T031-05) without fetal calf
serum. The vitality of the eyes was mouitored by regularly measuring the
concentration of lactate and glucose in the chamber cluate. The corneal surface of the
eyes was damaged by abrasion, using a dental ceramic abrasive (638XF, Mcisinger).

For each eye, four lesions of 3.0 to 4.5 mm?® were prepared.

To evaluate the effect of FAHS5 and FAHS with T wt.-% cthanol on the cornen,
an amount of approx. 0.25 to 0.50 ul of the respective test substance was dropped
onto the centre of a cornea once every hour over a period of 12 hours, followed by a
12 hour resting period in which the cornea was submersed in culture medium to
simulate a closed lid during a night phase. In addition, an aqucous solution of
hyaluronic acid (0.1 wt.-%) was used as reference (hyaluronic acid is know to

enhance the restoration of the corneal surface after damage), culture medivm was
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used as control, and aqueous benzalkonium chloride solution (0.01 wt.-%) was uscd
as negative control. Each test was performed over a period of 3 days. The effects woere
observed by optical coherence tomography (OCT), by digitally determining the
dimensions of the lesions after staining with fluorescein, and finally by a histological

evaluation of the corneal epithelium and endothelium at the end of cach experiment.

In result, it was found that in particular FAH5 was better tolerated than culture
medium, and that it exhibits a positive effect on the healing of damaged cornea
similar to that of hyaluronic acid. Even when comprising 1 wt.-% of ethanol, FAHS5 is
tolerated very well by the eye. OCT imaging revealed no indication of penetration of

FAHS into the cornea.

Tablc 6
FAIS FAHS + 1% EtOH*

Run | Run 2 Run 3 Run 1 Run ?
Initial size [mm*] 9.95 12.88 12.09 14.68 14,99
Final size [mm?) 0.19 1.01 0.06 0.30 2.26
Change [%] 98.1 -99.0 99.5 98.0 -89
*1it0OH: ethanol
Table 7

HA MEM BAC
Run 1 Run 2. Run 3 Run 1 Run 2 Run 3

initial size fmm?”] 13.2.2 16.03 14.87 15.5 15.57 13,11 16.00
Final size [mm?) 0.36 0.24 0.00 2.51 (.83 0.00 >60)
Change [%] 97.3 -98.5 -100 83.8 =56.1 100 "‘

*HA: hyaluronic acid; BAC: benzalkonium chloride; MEM: minimal essential medium

**Lesion essentially covered the complele corneal surface

In more detail, it was found that the lesions prepared by abrasion became
smaller or larger over time depending on the liquid that was administered (o the
cornea. Substantial healing occurred when FAIS, FAHL with T wt.-% ethanol, or
hyaluronic acid was used. In marked contrast, benzalkonjum chloride administration
lead to a rapid growth of the lesions eventually leading to a complete disintegration

ol the corneal epithelium. Culture medium had an intermediate effect. Tables 6 and 7
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shows the dimensions of the lesions [mm”] before and after the tests with the various

test liquids and controls, respectively.

Morphological and histological evaluation revealed that the corncas treated
with F4H5 or hyaluronic acid had not only healed very well, but were also entirely
clear at the end of the tests, with healthy and smooth surface morphology. Eyes
treated with FAHS with 1T wt.-% cthanol showed a healthy overall morphologay, the
corneas were clear and the epithelia revealed only very minor signs of damage
remaining from the lesions. In contrast, some of the controls treated with culture
medium showed significant surface roughncss, and the cye treated with
benzalkonium chloride showed not only the complete disintegration of the corncal

epithelium, but also a major impairment of the complete cornea even including the

endothelium.
lxample 7

The ex-vivo eye irritation test (EVEIT) according to example 6 was repeated,
this time using F6H8 and F6H8 mixed with 1T wi.-% cthanol as vehicles whose
tolerability was to be cvaluated. Fach of the two vehicles was tested in two separate
runs. In result, all lesions healed {ully during the experimental time (sec table 8).

llistology showed dense stromata with very few clefts and well-arranged keratocytes.

Table 8
F6HE FOHE + 1% EtLOH
Run t Run ? Run 1 Run 2.
Initial size |mm™) 10.54 172.08 16.65 11.29
Final size jmm? 0.00 0.00 0.00 0.00
Change [%] 100.0 -100.0 100.0 100.0

lixample 8

2.5 mg of ciclosporin A were dissolved in 5 ml of a solution of ethanol (1 wt.-
%) in F6H8. The resulting clear solution was aseptically filtered and filled into sterile

vials. The refractive index at 20°C was 1.3440.
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lxample 9

2.5 mg ot ciclosporin A and 20 mg ot a-tocopherol were dissolved in b ml ol
solution of ethanol (1 wt.-%) in FAH5. The resulting clear and slightly yellow solution
was aseptically filtered and filled into sterile vials. The refractive index at 20°C was

1.3225.
lixample 10

2.5 mg of ciclosporin A were dissolved in 5 ml. ot a liquid vehicle consisting off
FAHS5 (49.5 wt.-%), F6H8 (49.5 wt.-%), and cthanol (1 wt.-%). A clcar solution
resulted, which was ascptically filtered and filled into sterile vials. The refractive

index at: 20°C was 1.3310.
lixample 11

2.5 mg of ciclosporin A and 20 mg of olive oil were dissolved in 5 ml. ol a liquid
vehicle consisting of FAHS5 (49.5 wt.-%), 618 (49.5 wt.-%), and ethanol (1 wt.-%). A
clear and slightly yellow solution resulted, which was aseptically (iltered and filled

into sterile vials. The refractive index at 20°C was 1.3431.
lixample 12

2.5 mg of tacrolimus were dissolved in 5 ml, of a liquid vehicle consisting of
F6H8 (99 wt.-%), and ethanol (1 wt.-%). A clear solution resulted, which was
ascptically filtered and filled into sterile vials. The refractive index at 20°C was

1.3421.
lxample 13

2.5 mgoftacrolimus were dissolved in 5 ml. of a liquid vehicle consisting of
FAHS (99 wt.-%), and ethanol (1 wt.-%]). A clear solution resulted, which was
ascptically filtered and filled into sterile vials. The refractive index at 20°C was

1.3218.
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