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ORAL FORMULATIONS OF CLADRIBINE

FIELD OF THE INVENTION
The i mvennon relates to a composmon comprising a complex cladribine--
cyclodextrin complex f_ormu]ated into a solid oral dosage form and to a method for
* 5  enhancing the oral bioavailability of cladribine.

_ BACKGROUND OF THE INVENTION
Cladnbme, which is an acid-labile drug. has the chemical structure as set
forth below: i

NHj
N
\ }

;k

OH

It is also known as 2‘(:‘h10r6-2‘-deoxyadenosine or 2-CdA. Cladribine eﬁists asa
10 white, nonhydroscopic, crystalline powder, consisting of individual crystals and of
' crystalline aggregates.

" Cladribine is an antimetabolite which has use in the treatment of
lymphoproliferative disorders. It has been used to treat experimental leukemias
such as L1210 and clinically for hairy cell lenkemia and chronic lymphocytic

15 . Ieuicemia as well as Waldenstrom's macroglobulinaemia. It has also been used as

“ an immunosuppressive agent and as a modality for the treatment of a variety of

Copy provided by USPTO from the PACR Imaae Database on NA/N1/9nna
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autommune condltlons mcludmg rheumatoid arthrms, mﬂammatory bowel dxsease .
(e.g., Crohn's disease, ulcerative colms) and multiple sclerosis (see e. g, L.
Lllxemgrk. Clin. Pkannaco_hner, 32(2): 120-131, 1997). It has also _been_-_ ’

; investigated, either experimentally or clinically in, for example, lymphomas,

Langerhan's cell histiotytosis, lupus erythematosus, chronic plaque psoriasis,
Sezary syndmme Bing-Neel syndrome, rccurrent glioma, and solid tumors.

Oral delivery of drugs is often preferred to parenteral delxvery for a vanety
of rcasons, foremost patient eomphance or for cost or therapeunc considerations.
Patient comphance is enhanced insofar as oral dosage forms allev;a_te repeatcd

health care provider visits, or the discomfort of injections or prolo'nged infusion

' times associated with some active drugs. At a time of escalating health care costs,
the reduced costs associated with oral or transmucosal admmmtrauan versus
.parenteral admimstranon costs gain 1mportance The cost of parenteral

administration i is much higher due to the requlrement that a health care

~ professional administer the cladribine in the health care provider setting, wmch

also includes all attendant costs associated with such administration. Furthermore,

"~ in certain mstances, therapeut;c considerations sueh as the need for a slow release

of cladribine over a prolonged penod of time may be practlcally met only by oral
or transmucosal delivery. ' _

. However, to date the oral delivery of cladribine has been plagued by low
bioavailability (see, e.g., J. Liliemark ef al., J. Clin. Oncol., 10(10): 1514-1518,
1992) and suboptimal interpatient variation (see, e. 8., J. Liliemark, Ckn
Pham:acokmet 32 (2): 120 131, 1997) See also, A. Tarasuik, et al. reponmg
poor. absorption and pH dependent lability (Arch. Immunol. et Therapiae Exper.,
42: 13-15, 1994).

N Cyclodextrins are cyclic oligosaccharides composed of cyclic a-(1—4)
linked D-giucopyranose units. Cyclodextrins with six to elght units have been

named -, B- and y-cyclodextrin, respecnvely A number of derivatives of a-, B-

Copy provided by USPTO from the PACR Imade Databasn rn NAIRT AR
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and y—éyc}ode){trin are known in which one or more hydroxy! groups is/are
replaced with ether groups or other radicals. ‘These compounds are known
complexing agents and have been préviously used inthe iﬁﬁar::ﬁaceutical field to
form inclusion complexes with watzr-msoluble drugs and to t]ms solubﬂlze them
in aqueous media.

Recently, Schultz et al., in U.S. Patent No. 6,194,395 B1, have described

- complexing and solubilizing cladribine with cyclodextrin. The Schultz ef al.

paten{ primarily addresses the problems inherent in previously described aqueous

fonnulatlons of cladnbme, Jparticularly for subcutaneous and mtramuscular
mjectlon Schultz ef al. have found that cladribine is not only mgmﬁcantly more

soluble in aqueous media when formu]at_ed with cyclodextrin, but also is more

-stable against acid-catalyzed hydrolysis when combined with cyclodextrin. The

latter finding is taught to be of particular benefit in the formulation of solid oral
dosage forms, where the compound would normally undergo hydrplysis in the acid
PH of the stomach contents. Schultz ef al. do not appear to have described any
actual work in connection with solid oral dosage forms. In fact, they descnbe
only one method of preparing the-solid dosage form w!'uch isa melt extrusnon
process, in which the cladribine and cyclodextrin are mixed with other opuonai
additives and then heated unnl melting occurs. Furthermore, the broad dosage
ranges of 1 mg to 15 mg of cladribine and 100 mg to 500 mg of cyclodextrm
listed in the patent suggest no criticality to the particular amount of cyclodextrin to
be present with a given amount of cladribine in a solid oral dosage form. Indecd

these dosage ranges include many combinations which may be suitable as mixtures

. but not for complex formation. For example, a ratio of 1 mg of cladribine to 500

mg of cyclodextrin contains too much cyclodextrin, so that the drug would not
readily leave the complex and achieve its therapeutic function. On the other hand,
15 mg of cladribine and only 100 mg of cyclodextrin would not be enough to
complex that amount of cladribine.

Copy provided by USPTO from the PACR Imace Databasn nn AR /9RE
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- The Scﬁultz et al. patent does suggest improving the stability of cladribine
in oral dosage forms by combining/complexing it with cyclodextrin, but does ﬁot
sugéest improving the drug's oral bibavailal_)ility by such meaﬁs; in fact, the patent
does not describe or suggest a method for enhancing or maximizing the _
bioavailability of cladribine from a solid oral dosage form of cladribine and
cyclodextrin, or a composition specially désigﬁed to do so.

Many workers have studied the solubility.- of specific drugs in water

* containing various concentrations of selected cyclodextrins in order to demonstrate

* that increasing concentrations of cyclodextrins increase the solubility of the drugs

at selected temperatures and pH levels, as for e:izimple reported in the Schultz

‘et al. patent. Phase solubility studles have also been performed by various

. workers in order to elucidate the nature of the complex formation, for example,

whether the cyclodextrin and drug form a 1:1 complex or a 1:2 complex, see, for
example, Harada ez al. U.S. Patent No. 4,497,803, relating to inclusion
complexes of lanicacidin-group antibiotics with cyclodextrin, and Shinoda ‘e: al.
U.S. Patent No. 4,478,995, relating toa complex of an acid addition salt of (2'-

' bcnzyloxycarbonyl)phcnyl trans—4~guamdmomethylcyclohexanecarboxylate with a

cyclodextrin.

While Schultz ez al. teach i:hat a dladribine—cyclodextrin complex improves

_ the water solubility and acid stability of cladribiné_, the art does not suggest how to

. maximize or enhance the benefits of the complexation in terms of bioavailability

and interpatient variation when the complex is to be administered i ina solid oral
dosage form. '

SUMMARY OF THE INVENTION o
It has now been found that amorphous cyclodextrins can be combined with
cladribine to form a particularly advantageous product which can be incorporated

into a solid oral dosage form. This product is a complex cladribine-cyclodextrin

Copy provided by USPTO from the PACR Imaae Datahasn nn NRINT/AANE
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complex, and the solid oral dosage form containing it u:uproves oral and/or
transmucosal bioavailability and/or achieves lower i mterpanent and/or i mtrapauent
variation of the drug.

The present invention provides a phormaceurical composition comprising a
complex cladribine—cyclodextrin'complex which is an intimate amorphous
admixture of (a) an amorphous mclusron complex of cladribine with an amorphous
cyclodextrm and (b) amorphous free cladnbme assoclatod with amorphous )
cyclodextrm as a non-inclusion complex, formulated mto a solid oral dosage form.
Thus, the cyclodextrin itself is a.ruorphous, the inclusion complex with cladribine
is amorphous (and is preferably saturated with cladribine) and the free cladribine

. which forms the non-inclusion complex is amorphous.

The invention also provides a method for increasing or enhancing the oral '

bloavaxlabmty of cladribine comprising orally achmmstermg to a subject in need’

- thereof a pharmaceutical composition comprising a complex cladribine-

cyclodextrm complex which is an intimate amorphous admixture of (a) an

_ amorphous inclusion complex of cladribine with an amorphous cyclodextrm and

- (b) amorphous free cladnbme associated w1th amorphous cyclodextrin as a non-

inclusion complex, formulated into a solid oral dosage form which max1m1zes the
amount of cladribine i in the inclusion and non-inclusion complexes

_ The mventlon further provides for treatment of conditions responsive to
administration of cladribine in mammals by administering thereto the composition
of the invention. Use of cladribine in the,lpreparation of the pharmaceutical

compositions of the invention is also provided.

BRIEF DESCRIPTION OF THE DRAWING
A more complete appreciation of the invention and its many attendant
advantages will be readily understood by reference to the following detailed
description and the accompanying drawing, wherein the sole Figure is a graphical

Copy provided by USPTO from the PACR Imaae Database on 06/01/20na
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representation of the results of a phase solubility study where various molar
concentrations of hydroxypropyl-B-cyclodextrin (HPBCD) are plotted against

* various cladnbme molar concentrations, with (@) representing the data points

obtained for complexation under conditions specified in EXAMPLE 2 below.

DETAILED DESCRIPTION OF THE INVENTION

Throughout the instant specification and claims, the followmg deﬁmtlons
and general statements are applicable.

The patents, published applications, and scientific literature referred to
herein establish the knowledge of those with skill in the art and are hereby
incorporated by reference in their éntirety to the same extent as if each was
specifically and individually mdlcated to be incorporated by reference. Any

conflict between any reference cited herem and the specific teachings of this

*.specification shall be resolved in favor of the latter Likewise, any conflict

between an art-understood definition of a word or phrase and a definition of the
word or phrase as spec1ﬁcally taught in this specnﬁcatlon shall be resolved'in favor
of the latter . '

The term mclusmn complex” as used herein refers to a complex of
cladrxbme with the selected cyclodextrin wherein the hydrophobic portion of the
cladribine molecule (the mtrogen—contammg ring system) is inserted into the
hydrophoblc cavity of the cyclodextrin molecule. This is often referred to simply
as a cyclodextrin complex of the drug. ‘

The term "non-inclusion complex" refers to a complex which is not an

inclusion complex; rather than the hydroﬁhobic portion of cladribine being

* inserted in the cyclodextrin cavity, the non-inclusion complex is formed primarily

by hydrogen-bonding of the hydroxyls and amino group on "free" cladribine, (i.e.
cladribine not in the inclusion complex) to the hydroxyls on the exterior of the

cyclodextrin torus (e.g. in the case of hydroxypropyl-B-cyclodextrin,

Copy provided by USPTO from the PACR Imaae Dalahass re AEMTISAAT
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hydroxypropyl and hydroxy groubs on the glucose rings). This is a more loosely-

. held association than an inclusion complex,

As used herein, whether in a transitional phrase or in the body of a claim,

" the terms "comprise(s)" and "comprising"” are to be interpreted as having an

open-ended meaning. That is, the terms-are to be interpreted synonymously with - -
the phrases; "having at least" or "including at least™. When used in the context of
a process, the term "comprising" means that the process includes at least the l |
recited steps, but may include additional steps.. When used in the context of a
composition, the term " compnsmg means that the composition includes at least
the recited features or components, but may also mclude additional features or
components. -

The terms "consists essentially of" or "consisting essentially .of" have a

partially closed meaning, that is, they do not permit inclusion of steps or features

or components which would substantially change the essential characteristics of a
process or composition; for example, steps or features or components which

would significantly interfere with the desired properties of the compositions are

* described herein, . e., the process or éomposition is limited to the specified steps

or materials and those which do not matérially affect the basic and novel
charactensncs of the invention. The basic and novel features herein are the
provnslon ofa complex cladribine-cyclodextrin complex whlch is an initimate
amorphous admixture of (a) an amorphous inclusion complex of cladribine w1th an
amorphous cyclodextrm and (b) amorphous free cladribine associated with
amorphous cyclodextrin as a non-inclusion complex, formulated into a solid oral
dosage form, so as to provide improved bioavailability and/or lower mterpatlent
and/or intrapatient variation following administration. Essential to the invention is-
the combination of the amorphous nature of the starting cyclodextrin, and the level
of water solubility exhibited cladribine (about 5 mg/ml at room temperature), and
consequently its capability for hydroéen bonding, which can be taken advantage of

Copy provided by USPTO from the PACR Imade Dalabase nm ARIATISART
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under particular cbnditions described hereinafter, and which afford a special
* amorphous mixture uniquely well-suited for optimizing the oral bxoavaﬂabxhty of
'~ cladribine. , s

The terms "consmts of" and "consists" are closed terminology and allow
only for the inclusion of the recned steps or features or components.
As used herein, the singular forms "a," "an" and "the" specifically also

‘encompass the plural forms of the terms to which they refer, unless the content

clearly dictates otherwise.
The term "about” is used herein to mean approximately, in the region of,
roughly, or around. When the term "about” is used in conjunction with a

numerical range, it modifies that range by extending the boundaries above and

. below the numerical values set forth. In general, the term "about" or o

"approximately” is used herein to modify a numerical value above and below the
stated value by a variance of 20%.

The term "amorphous” is used heréin to refer to a noncrystalline solid.

"The cyclodextrins encompassed herein themselves are a:ﬁorphous because they are

“each composed of a multitude of individuaﬁsomers, and their complexes with

cladribine are also amorphous. Further, co'nditilon.-s for complexation :c,an,,_be
selected (elevated temperature and pfolonged complexation tini;s, as described .
hereinafter) so that a supersaturated cladribine solution will be formed. When
cooled, becau;e of the amorphous nature of the complex and the cyclodextrin,
some excess free cladribine does not precipitate but rather is trapped in amorphous
forﬁ: in intimate admixture wit}; the (preferably saturated) amorphous cladribine-
cyclodexﬁ'in inclusion complex. This excess cladribine forms a loosely-held
association, or non-inclusion complex, with the cyclodextrin through hydrogen
bonding. This, then, further increases the amount of cladribine in the product;
this additional cladribine, because it is amorphous and also because it is in

intimate admixture with the amorphous inclusion complex, is expected to be
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.somewhat protected from degradation by stomach acid (although it may not be as

-protected as the cladribine which is in the form of the inclusion complex).

The term "saturated” when used in conjunction with a complex of
cladribine in amorphous cyclodextrin mcans. that the complex is samral‘:ed‘with .
cladribine, that is, the complex contains the maximum amount of cladribine which
can be complexed (by means of both mclnswn and non-inclusion complexes) with
a given amount of cyclodextrm under the conditions of complexation used. A
phase solubility study can be used to provide this mformanon, as described in '
more detail hereinafter. (Conditions for the compiexatidn are also described in

more detail below.) Alternatively, a saturated complex may be arrived at

* empirically by simply adding cladribine to an aqueous solution of the selected

cyclodextrin until no more cladribine goes into solution; ultimately, é:&cess
cladribine is removed (by filtration or céngriﬁ.lgatioﬁ)‘and the solution lyophilized
to provide the dry saturated complex.

The expression "substantially”, as'in "substantially free" means WIﬂlm
20% of the exact calculated amount, preferably within 10%, most preferably
within 5%. . 5

The term ;'iﬂterpatient variability" refers to variation among patients to

which a drug is administered. The term "mtrapatlent var1ab111ty " refers to

variation expenenced by a single patlent when dosed at different times.

As used herein, the recitation of a numerical range for a variable is
intended to convey that the invention may be practiced with the variable equal to
any of the values within that range. Thus, for a variable which is inherently
discrete, the variable can be equal to any integer value of the numerical range, —
including the end-points of the range. Similarly, for a variable which is inherently
continuous, the variable can be equal to any real value of the numerical range,
including the end-points of the range. As an example, a variable which is

described as having values between 0 and 2, canbe 0, 1 or 2 for variables which
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are inherently discrete, and can be 0.0, 0.1, 0.01, 0.001, or any other real value
for variables which are inherently continuous. _ _

In the specification and claims, the s'inguia:‘ forms include plural referents
unless the context clearly dictates otherwise. As used herein, unless epcciﬁcally
indicated otherwise, the word "or" is used in t.he "inclusive" sense of and!or" a.ud
not the "excluswe" sense of "either/or."

Technical and scientific terms used herein have the meaning commonly

understood by one of skill in the art to which the present invention pertains, unless

otherwise deﬁned . Reference is made herein to various methodologies and
materials known to those of skill in the art. Standard reference works setting forth
the general principles of plia:macology include Goodman and Gilman's The
Pharmacolog:ca! Basis of Therapeutics, 10" Ed., McGraw Hill Compames Inc.,

. New York (2001)

Reference is made hereinafter in detail to specific embodiments of the
invention. Whilé the invention will be described in conjunction with these specific .
embodiments, it will be understood that it is not intended to limit the invention to
such specific embodiments. On the contrary, it is intended to cover alternatives,
modifications, and equivalents as may be included within the 's;.sirit and scope of
the invention as defined by the appended claims. In f.h‘e following description,

numerous specific details are set forth in order to provide a thorough

: understanding of the present invention. The present invention may be practiced

without some or all of these specific details. In other instances, well-known
process operations have not been described in detail, in order not to unnecessarily
obscure the present invention. '

There is provided by the present invention compositions, as well as
methods of making and of using pharmaceutical compositions, useful to achieve
desirable pharmacokinetic properties. Such compositions stem from the discovery

that solutions of cyclodextrin and cladribine in which cladribine is in a high
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thermodynamic state, when presented to the gastric mucosa through which they

* are absorbed are associated wnh improved cladribine absorpnon, as reﬂected by

higher bloavaﬂabﬂlty andfor lower interpatient variation. o
It is postulated, without wishing to so limit the invention, that upon
dissolution (e.g., by contact with a 'ﬂui'd, such as a bodily fluid), dry compositions -
according to the invention form a locally saturated cladribine solution in which -
cladribine is in the state of highest thermodynamic activity (HTA), thus favoring
absorption. Cladribine has a fairly low, although not insigniﬁcant; intrinsic

aqueous solubility; it is in fact somewhat water soluble. The free cladribine

- formed from dissociation of the inclusion and non-inclusion complexes in a
‘saturated aqueous solution seeks a more stable activity level by being absorbed

‘ through the gastric musoca.

In view of the foregoing, it is apparent that to produce optimal

pharmaceutical compositions, in a solid oral dosage form, these dosage forms

should be formulated to release a localized saturated cladribine solution, upon

Eontact of the solid doszigc forms with bbdy ﬂf:id at the mucosa, in which
cladribine is in its HTA state." To provide such a localized saturated solition in
vivo, it is hnportém to first identify the optimal ratio of cladribine to amorphous
cyclodextrin, which ratio is referred to herein as the HTA ratio, to be used in the
solid dosage form. ‘ -

The HTA ratio is empirically determined and is identified as the ratio of

cladribine to amorphous cyclodextrin which corresponds to the maximum amount

of cladribine that can be complexed with a given amount of the cyclodextrin. The

. HTA ratio may be determined using an empirical method such as a phase

solubility study to determine the saturation concentration of cladribine that can be'

‘solubilized with different concentrations of amorphous cyclodextrin solutions.

Hence, the method identifies the concentrations at which a saturated cladribine-

cyclodextrin complex is formed. It is noted that the molar ratio represented by a
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point on the phase solubility graph sho;vs ho.w many moles of amorphous
cyclodextrin are the minimum needed to maintain the drug in the complex, undet
given conditions; this may then be converted to a weight ratio. For example, if a
phase solubility dlagram shows that 9 moles of a given cyclodextrm are needed to
maintain the cladribine in a saturated complex, then mulnplymg the number of
moles of cladribine by its molecular weight and multlplymg the number of moles
of the selected cyclodextrm by its molecular weight, one can arrive at the ratio of
the products as an appropriate optimized weight ratio. A phase solubility study
also provides information about the nature of the cladribine cyclodextrin inclusion
complex formed, for example whether the mclusmn complex is a 1 1 complex (1
molecule of drug complexed with 1 molecule of cyclodextrin) or a 1 2 complex (1
molecule of drug complexed with 2 molecules of cyclodextrin).

In accordance with the present invention, one can start using either the

selected amorphous cyclodcxtrm such as hydroxypropyl- B—cyclodextrm (HPBCD)

.or hydroxypropyl—y-cyclodextrm or cladrlbme as the fixed variable to which an

excess of the other is added to xdentlfy various solubmty data points (mdlcatmg
saturated cladribine-cyclodextrin complexes) and draw the resultant lme
Typically, cladribine is added to an aqueous solution having a known
concentration of amorphous cyclodextrin under coﬁditions empirically found to
promote complex formation. Generally, the complexation is conducted with _
heating, for example at 45 to 60°C for a significant period of time, e; g. at least
6-9 hours; it is believed that even better results can be obtained by heating at up
to about 80°C for up to 24 hours. Excess preclpxtated cladribine is then removed
and the cladribine concentration is subsequenﬂy measured. This concentration
represents the amount of cladribine solubilized for a given amorphous cyclodextrin
concentration. This process is repeated for a different known concentration of
cyclodextrin until several data points are obtained. Each data point represents the

concentration of the cladribine dissolved in a known concentration of the selected
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amorphous cyclodcxtrm The data pomts are then plotted to show the
concentratlon of cladribine against the various cyclodextrin concentrations used.
The graph is a phase solubility diagram which can be used to determine the
amount of cladribine for any specific concentration of cyclodextrin used to form .
the solution under a given set of complexation conditions. It will be appreciated

that the aqueous solubility of cladribine is about 5 mg/ml at room temperature and

* would be higher at elevated temperature. Consequently, the data points

correspond to' the amount of cladribine dissolved in aqueous HPBCD or other
amorphous cyclodextrin under the oelectcd conditions; when later lyophilized, the
solution yields a complex cladrlbme-cyclodextrm complex which is an intimate
amorphous admixture of (a) an amorphous inclusion complex of cladribine wn:h an
amorphons cyclodextrin and (b) amorphous free cladribine associated with
amorphous cyclodextrin as a non-inclusion complex. If equilibrium conditions are
reached durmg the complexatlon, the amorphous cladnbme-cyclodextrm complex
will be saturated with cladribine. : : "

One of skill in the art will appreciate that concentrations at which saturated

complexes o_f cladribine with amorphous cyclodextrins are formed (and thus HTA

ratios as well) may be identified by a vaﬁcty of alternative methodologies.' 3

Accordingly, any method known in the field suitable to identify these .
concentrations is within the scope of the invention.

Using intrin.oically amorphous.cyclooextrins, for example hydroxypropyl-
B-cyclodextrin, hyclroxypropjd-v—cyclodeﬁuin, randomly methylated
cyclodextrins, and the like, with cladribine, which is a somewhat water soluble ~
compound (capable of H-bonding through its free hydroxy and amino groops), the
cladribine provides increased solubility in solutions of these cyclodextrins. Not
only is there increased water solubility but also H-bonded association of the
cladribine with the cyclodextrin, separately from the actually inclusion complexed

material. Consequently, it is possible to maximize the cladribine in solid
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amorphous miitures, by fc;rcing additional cladribine into solution (using more

dilnte solutions of cyclodextrin, higher temperatures and longer complexation

" times, as indicdted above). When the solution is cooled off, the extensively

amorphous nature of these cyclodextrins does not allow crystallization of an

" excess amount of cladnbme beyond that which forms an inclusion complex with
the cyclodextrin; and upon freeze—drymgf'lyophlhzanon one obtams an amorphous
mixture of cladribine- cyclodextrm inclusion complex (which is amorphous) and

" amorphous free cladribine, loosely associated with uncomplexed cyclodextrm (and _
even with complexed cyclodextrin) by h};drogen-bonding, that is the non-inclusion '_
complex. This is done by maximizing solubilization by elevating the temperature

- (for example to about 50° to 80°C), and stlrrmg for many hours (up to 24 houts) |
before freeze-drymg The apparent optimum weight/weight ratio is about 1:14 of
cladribine: cyclodextrm If too much excess cladribine is added to the
complexation medium, then crystallization of some of the cladnbme takes place,
which would in turn result in some crystalline cladribine in the product; this

undesired excess cladribine is not in solution and is not H-bonded to the

" amorphous cyélodextrin and lowers the weight ratio. Therefore, it is desirable to.

b:ireful]y control the amount of excess cladribine beyond that which will form the

inclusion complex to dnly the amount which will dissolve in ﬂ;e solution. The
desired amorphous mixture of amorphoné inclusion complex and amorphous free |
cladribine can be termed a "complex Cladribine-cyclodexirin complex," which
includes both inclusion and non-inclusion/H bondcd complexes. The inclusion
complex is a complex of cladribine inserted into thc hydrophobic cavity of the

selected amorphous cyciodextr'm, while the non-inclusion/H-bonded complex is

-amorphous free cladribine loosely hydrogen-bonded to the cyclodextrin. In.the

case of a representative amorphous cyclodextrin, hydroxypropyl-B-cyclodextrin
(HPBCD), a cladribine:cyclodextrin weight ratio of from about 1:10 to about 1:16
is appropriate; the ratio is expected to be the same for hydroxypropyl-y-

L4
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cyclodextrin. The material obtained is characterized by rapld dlssolut:lon of the
cladribine in aqueous media. ' _ o _
‘The above-described method requires amorphous cyclodextrins rather than
originally crystalline cyclodextrins whjch. have relatively low water solubilities,
such as -, B- or y-cycln;)dextrin, 2,6-dimethy1-[3~cyclodextr_in and the like,

- because these cyclodextrins would allow crystalliiation of cladribine in excess of

that forming an inclusion complex and therefore would not afford the desired

amorphous mixture. The method also would not be useful if cladribine were

"highly hydrophobic/lypophilic, because in such a situation the drug would not -

have intrinsic aqueous solubility/H-bonding capability and could not provide the
unique mixture obtained herein. However, in point of fact, cladribine has an

aqueous solubility of 5 mg/ml at room temperature, thus a significant amount of

' the drug will be simply soluble in the water phase especmlly at higher than room _

temperaturc also, as in the case of HPBCD, for example, some of the cladribine
will be associated by hydrogen -bonding to the 2-hydroxypropyl and free glucose-
OH groups in the cyclodextrm via the two hydroxy functions found in the

deoxyadenosine moiety of the cladribine.

" The cyclodextrins within the scope of this inventio'n‘are'amomhdus
derivatives of the naturﬂ cyclodextrins a-, B, and y-cyclo;iext_rin wherein one or
more of the hydroxy groups are substituted, for example,.by alkyl, hydroxyalkyl,
carboxyalkyl, alkylcarbonyl, carboxyalkoxyalkyl, alkylcarbonyloxyalkyl,
alkoxycafbonylalkyi or hydroxy-(mono or pblyalkoxy)alkyi groups; and wherein
each alkyl or alkylene moiety preferably contains up to six carbons. Although
commonly referred to as a single entity, an amorphous cyclodextrin is actually a
mixture of many different entities, since the substituent groups can be located on
various hydroxyls of the basic cyclédextrin structure. This in turn results in the
amorphous nature of these cyclodextrins, which is indeed well-known. Substituted'

amorphous cyclodextrins which can be used in the invention include polyethers,
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for example, as described in U.S. Patent No. 3,459,731. Further examples of

" substituted cyclodextrins include ethers wherein the hydrogen of one or more

cyclodextrin hydroxy groups is replaced by C| ¢-alkyl, hydroxy-C, alkyl,
carboxy-C,.¢ alkyl or C,¢alkyloxycarbonyl-C, 4 alkyl groups or mixed ethers
thereof. In particular, such substituted cyclodextrins are ethers wherein the

- hydrogen of one or more cyclodextﬁn hydroxy groups is replaced by C, ; alkyl,

hydroxy C,4alkyl or carboxy-C, , alkyl or more particularly by methyl ethyl,
hydroxyethyl hydroxypmpyl hydroxybutyl, carboxymethyl or carboxyethyl The
term “C, ¢alkyl” is meant to include straight and branched saturated hydrocarbon
radicals, having from 1 to 6 carbon atoms such as ‘methy], ethyl, l-memylethyl,
1,1-dimethylethyl, propyl, 2-methylpropyl, butyl, pentyl, hexyl and the like.
Other cyclodextrms contemplated for use herein include glucosyl -B-cyclodextrin
and maltosyl-B-cyclodextrin. Of particular utility in the present invention are -
randbmly methylated B-cyclodextrin and polyethers su;:h as hydroxypropyl-g-
cyciodextrih, hydroxyethyl-ﬁ-cyclodexu-in,-hydroxjrpmpyl-y—cyclodei!{trin, and
hydroxyethyl-y-cyclodextrin, as we]i as sﬁlfobutyl ethers, especially -
cyclodéxtr’iu sulfobutyl ether. In addition to simple cyclodextrins, branched | _
cycliodextrins and cyclodextrin polymers may also be used. Other cyclodextrins
are described, for example, in Chemical and Pharmaceutical Bulletin 28: 1552-
1558 (i980); Yakugyo Jiho No. 6452 (28 Métrch 1983); Angew. Chem. Int. Ed.

-Engl. 19: 344-362 (1980); U.S. Patent Nos. 3,459,731 and 4,535,152; European

Patent Nos. EP 0 149 197A and EP 0 197 571A; PCT International Patent
Publication No. WO90/ 12035; and UK Patent Pubhcauon GB 2,189,245,
References describing cyclodextrins for use in the compositions according
to the present'invention, and/or which provide a guide for the preparation,
purification and analysis of cyclodextrins include the following: Cyclodexirin
Technology by Jozsef Szejtli, Kluwer Academic Publishers (1988) in the chapter
Cyclodextrins in Pharmaceuticals; Cyclodextrin Chemistry by M. L. Bender er.
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al., Springer-Verlég, Bcriin (1978); Advances in Cdrbohydrate C}'ze}nistry, Vol.
12, Ed. by M. L. Wolfrom, Academic Press, New York in the chapter "The

‘ Schardmger Dextrins" by Dexter French, pp.~189-260; Cyclodextrins and their
Inclusion Complexes by J. Szejtli, Akademiai Kiado, Budapest, Hungary (1982);

L Tabusln Acc Chem. Researck 1982, 15, pp. 66-72; W. Sanger, Angewand:e ]
Chemie, 92, p. 343-361 (1981); A. P. Croft et. al., Tetrahedron, 39, pp. 1417-
1474 (1983); Irie ez. al., Pharmaceuticdl Research, 5, pp. 713-716 (1988); Pitha
et. al., Int. J. Pharm. 29,73 (1986); U.S. Patent Nos. 4,639,696 and 4,383,992;
German Patent Nos. DE 3,118,218 and DE-3,317,064; and European Patent No.
EP 0 094 157A. Patents describing hydroxyalkylated derivative of B- and y-
cyclodextrm include Pitha U.S. Patent Nos. 4,596,795 and 4,727,064 and Muller -

U.S. Patent Nos. 4,764,604, 4,870,060 and 6 ,407,079.

Amorphous cyclodextrins of parucula: interest for complexation with
cladribine include hydroxyalkyl, e.g. hydroxyethyl or hydroxypropyl, derivatives
of - and y-cyclodextrin, carboxyalkyl, e.g. carboxymethyl or carboxyethyl

. derivatives of B- or y-cyclodextrin, B-cyclodextrin sulfobutyl ether and randomly

methylated B-cyclodextrin. ‘2-Hydroxypropyl-B-cyclodextrin (HPBCD), 2-
hydroxypropyl-flcyclodextrin (HPyCD), randomly methylated B-cyclodextrin,
B-cyclodéxtrin sulfobutyl ether,’ carboxymethyl -B-cyclodextrin (CMBCD) and

' carboxymethyl-y-cyclodextrm (CMYCD) are of special mterest especially

hydroxypropyl-f- cyclodqxtrm and hydroxypropy]—y-cyclodextrm.

. Compositions of an,amofphous mixture of amorphous free cladribine and
an amorphous; preferably saturated, cladribine-cyclodextrin inclusion complex for
use in the present invention can be prepared under conditions favoring complex
formation in a liquid environment as described and as exemplified herein. The
resultant liquid preparations can be subsequently converted to a dry form s;xitable

for administration as a solid oral or transmucosal dosage form.
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One of skill will appreciate that a variefy of approaches are available in the
ﬂeld to prepare composmons as described herein. One available method
exemphﬁcd herein includes the steps of mixing the cladribine in an aqueous

solution of an amorphous ccyclodextrin, separating un-dissolved cladrlbme (e.g.,

by filtering or centnﬁlgatnon), and lyophilizing or freeze-drying the saturated

solution to form a solid amorphous mixture.

Pharmaceutical composmons according to the invention may optionally

include one or more excipieﬁts or other pharmaceutically inert components. One

of the advantages of the invention, however, is that cladribine drug forms as

described herein are prepared with the minimal amount of excipients-necessary for_

shaping and producing the particular form, such'as a tablet or patch. ‘ Excipients

may be chosen from those that do not mvz:rferc with cladnbme with cyclodextrm

. or with complex formation.

Dosagc forms are optionally formulated in a pharmaceutically acccptable
vehlcle with any of the well-known pharmaceutlcally acceptable | carriers, diluents,
binders, lubricants, c;mmtegrants, scavengers, flavoring agents, colonng agents,

and excipients (see Handboak of Pharmaceutical Excipients, Marcel Dekker Inc.,

- New York and Basel (1998); Lachman ef al. Eds., The Theory and Pracnce of
" Industrial Pharmacy, 3™ Ed., (1986); Lieberman ez al., Eds. Phanmceuncal

Dosage Forms, Marcel Dekker Inc., New York and Basel (2989); and The

' Handbook of Pharmaceutical Excipients, 3™ Ed., American Pharmaceutical

Association and Pharmaceutical Press, 2000); see also Remington's
Phclzrmaceuxicai Sciences, 18th Ed., Gennaro, Mack Publishing Co., Easton, PA
(1990) and Remington: The Science and Practice of Pharmacy, Lippincott,
Williams & Wilkins, (1995)). A simple solid oral dosage form consists of the

amorphous mixture of amorphous free cladribine and amorphous cladribine-

‘cyclodextrin complex (preferably saturated) as described above, i.e. the complex
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cladnbme—cyclodextrm complex, compressed wu;h a small amount (e. 8 about 1%

| by wezght) of a suitable binder or lubricant such as'magnesium stearate.

In certain instances, oral absorpuon may be further facilitated by the
addmon of vanous excipients and addmves to increase solubility or to enhance
penetration, such as by the modification of the microenvironment. .

The mefhods and pha:msceutical compositions described herein offer novel
therapeutic modalities for the treatmexit of patients in need of treatment with
cladribine. As_ shown herein, the inventionl addresses the probfems of poor
bioavaifability l:raditionaily associated with‘ oral cladribine.

The compositions of the invention are particularly suitable as modalities for
the treatment of any cIadribine—responsive‘d‘isease'. Several disease states

responsive to cladribine are well-documented in the literature (see infra). ‘For any

* target disease state, an effective amount of the complex cladribine-cyclodextrin

complex, i. e. the amorphous mixture of the optimized amorphous saturated

cladribine-amorphous cyclodextrm complex with amorphous free cladrlbme as

" .described above is used (e.g., an amount effective for the treatment of multiple

sclerosis, theumatoid arthritis, or leukemla).

The term “therapeutically effective amount” or "effective amount” is used
to denote treatments at dosages effective to achieve the therapeutic result sought.
Therapeuncally effecnve dosages described in the Ilteraturc include those for hairy
cell leukemia (0.09 mgfkg!day for 7 days), for mulnple sclerosis (from about 0.04
to about 1.0 mg/kg/day (see U.S. Patent No. 5,506,214)); for other diseases, see
also U.S. Patent Nos. 5,106,837 (autohemolytic anemia); 5,310,732
(inﬂalﬁmstory bovse! disease); 5,401,724 (rheumatoid arthritis); 5,424,296
(malignant astrocytoma); 5,510,336 (histiocytosis); 5,401,724 (chromic '
myelogenous leukemia); and 6,239,118 (atherosclerosis). Moreover, the route of
administration for which the therapeutically effective dosages are taught in the

literature should be taken into consideration. While the instant compositions
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optimize the bioavailability of cladribine following oral administration, it will be

_ appreciated that even optimal bioavailability from oral doéage‘ forms is not -

expected to approach bioéyailability obtained after intravenous administration,
particularly at cz.xrly time points. Thus, it is often appr'opriate to increase a doéage
suggested for intravenous administration tdl arrive at a suitable dosage for |
incorporation into a solid oral dosage form. At the present time, it is envisioned
that, for the treatment of multiple sclerosis, 10 mg of cladribine in the mstant
complex cladribine—cyclodextriu complex in the instant solid dosage form-would

be administered once per day for one week in the first month, repeated fm; another
week in the second month, followed by ten months of no treatment. Alternatively, .
the patient would be treated with 10 mg of cladribine in the instanit complex *

cladribiné-cyclodextrin complex in the instant dosagé form once per day for one

~ week per month for a total of six months, followed by eighteen months of no

treatment, . i ,
Furthermore, one of skill will appreciate that the therapcuﬂcally cffecnve
amount of cladribine administered herein may be lowered or increased by ﬁne

tuning and/or by admlmstermg cladnbme according to the invention w1th another

 active ingredient. Thc invention therefore provides a method to failor the

admmlstrat:onftreatment to the particular exigencies specific to a given mammal.
Therapeutically effective amounts may be easily determmed for example,
empirically by starting at relauvely low amounts and by step wise increments Wlﬂ]
concurrent evaluation of beneficial effect. ‘

As used herein, “treating” means reducing, preventmg, hindering the

development of, controlling, alleviating and/or rcversmg the symptoms in the

individual to which a compound of the invention has been administered, as
compared to the symptoms of an individual not being treated according to the
invention. A practitioner will appreciate that the complexes, compositions, dosage

forms and methods described herein are to be used in concomitance with
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continuous clinical e{'aluations by a skilled practitioner @hysicim or veterinarian)
to determine subsequent therapy. Such evaluation will ald and inform in
evaluating whether to mcrease, reduce or continue a parncular treatment dose, "
and/or to alter the mode of administration. '

The methods of the present invention are mtended for use W1t]1 any
sub_}ectfpanent that may experience the benefits of the methods of the invention.
Thus, in accordance with the invention, the terms “subjects” as well as “patients”
include humans as well as non-human subjects, particularly domesticated animals.

- Any suitable materials and/or methods known to those of skill can be

.utilized in carrying-out the present invention. I-Iowever, preferred materials and

methods are described. Materials, reagents and the like to which feference are
made in the following descnptlon and examples are obtainable from commercijal
sources, unless otherwise noted

The following examples are intended to further illustrate certain preferred '
embodunents of the invention and are not limiting in nature. Those skﬂled in the
art will recognize, or be able to ascertain, using 10 more than routine
experimentation, numerous equivalents to the specific substances and procedures

described herein.

EXAMPLES

- EXAMPLE 1
PHASE SOLUBILITY STUDY
A phase solublhty study can be carned out as follows, Excess cladribine is
added to cyclodextrin solutions of various concentranons of hydroxypropyl -B-
cyclodextrin (HPBCD) and allowed to complex as described in EXAMPLE 2
below.- The excess, undissolved cladribine is removed by ﬁltration The amount
of cladribine in the complexation solution is measured to obtam a data point. Tlns _

process is repeated with different known concentrations of HPBCD until several
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' data points are obtained. These data points are then plotted graphically, each data

point representing the amount of cladribine that can be dissolved in water with a

specific concentration of cyclodextrin. Points on the line genérated by the-data
points represent ratios for the product. One of skill in the art will realize the same
results will be generated if excess cyclodextrin is added to cladribine solutions of
known concentration. '

" The molar concentrations of cladribine to. -cyclodextrin obtained are plotted
and presented graphically. A representatwe phase solubility diagram is shown in
the Figure. The plotted lines for cladribine-HPBCD represent cladribine
solubilization for the conditions tested,.that is, the ratio of the concentration of

cladribine to the concentration of cyclodextrin. The area above each of the plotted

lines represents conditions where excess insoluble cladribine is present. The area

_ below each of the plotted lines represents the conditions where cyclodextrin is in

excess. |
The plot for cladribine-HPBCD shown in the Flgure is approxmlately
lmear this 1s 1indicative of a 1 1 complex, in which one molecule of the drug is

complexed with one molecule of cyclodextrin. The Figure also shows that

 additional cyclodextrin is needed to maintain the cladribine in thc'complcx. ‘For

example, -about 0.14 mole of HPBCD is needed to maintain ébou; 0.049 mole of

cladribine dissolved under the selected conditions, which will ultimately provide

‘the amorphous mixture of the amorphous, preferably saturated, cladribine-HPBCD

inclusion complex and amorphous free cladribine (as a non-mclusmn complex).
Under the conditions of EXAMPLE 2 below a significant poruon of the
cladribine in the product can be expected to be not in the inclusion complex but
rather in.amorphous form loosely held in intimate admixture therewith by

hydrogen bonding as a non-inclusion complex.
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. EXAMPLE 2
PREPARATION OF CLADRIBINE-CYCLODEXTRIN CDMPLEX
' FOR HUMAN TRIALS '
Cladribine is complexed with HPBCD by the following method. )
In 825 mL of distilled water, 172.5 mg of hydroxypropyl-B-cyclodextrin
are dis.s_olved_ (forming an approximately 17% solution), then cladribine is added

and the mixture is stirred at about 48°C for about nine hours. Stirring is

 continued for an additional 7 hours at room temperature. Any undissolved

cladribine is removed by filtration and the solution is cooled to room temperature.
To form the amorphous mixture of amorphous cladribine-cyclodextrin complex
and amorphous free cladribine, the aqueous c]adnbme—cyclodextrm solution is
dried by 1y0philization prior to incorporation into solid oral tablets. Thé
lyophilization procedure consists of rapidly bringing the complcxation solution to -

45°C for approximately 200 minutes, followed by lyophﬂlzatwn at -25°C for

'approxlmateiy 80-90 hours.

Two batches of cladnbmcfcyclodextrm product made by the foregomg

general procedure were calculated to have the following charapterlsncs.

TABLEI
‘|- Lot No. Cladribine:HPBCD, Cladribine:HPBCD
. Cowiwe Weight Ratio
FD04 12.00g:172.50g 1:14.38,
FDO5 15.91g:172.50g ©1:10.84

The products are amorphous mixtures of amorphous cladribine-HPBCD .
inclusion complex and amorphous free cladribine hydrogen—bonded to the
cyclodextrm as a non-inclusion complex.

Generally speaking, amorphous mixtures within the scope of the present
invention. have cladribine:HPBCD weight ratios of from about 1:10 to 1:16.
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EXAMPLE 3 .

PREPARATION OF ORAL TABLETS

_ Tablets were manufactured using batches of amorphous mixtures FD04 and
FDO0S5 described in EXAMPLE 2 for use in a clinical study.
. Batch N0120 was manufactured using cladribine-2-HPBCD complex °

.mixture FDO05 to a batch size of 3,000 tablets and batch N0126 was manufz{cmred
-usmg cladribine-HPBCD complex mixture FDO4. to a batch size of 800 tablets.
© % The master formulations for the two batches are shown in TABLE ]] Batch

NO120 represented 3.0 mg tablets and Batch N0126 representod 10 mg tablets for

clinical smdy
- TABLEQI 3
; mg/tablet mg/tablet
Constituent Lot 3.0 10.0
Number | ] L g
. . ‘Batch N0120 { Batch N0126
Cladribine-HPBCD complex mix | _FDO5 , | .30.60%
Cladribine-HPBCD complex mix FD04 153. 750"
Sorbitol powder NF | 1007403 68.4 44.25
Magnesium stearate NF 1006280 | 1.00 2,00
Total 100.00 200.00

*Equivalent to 3.0 mg cladribine per tablet.
**Equivalent to 10.0-mg cladribine per tablet.

The following table sets forth the method of manufacture of the Batch |

. N0120 and NO126 tablets.
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TABLE III

1. Pre-mix the magnesium stearate with an approximately equal
quantity of sorbitol power,

2. Pass the cladribine-HPBCD complex and the remainder of the -
sorbitol powder into a one-liter glass jar via a 40-mesh screen.

-|3.  Blend the contents for 10. minutes at 12 rpm.

4, Pass the magnesium stearate!sorbnol powder pre-mix into the glass
jar via the 40-mesh screen. ; ,

5.  Blend the final mixture for 5 minutes at 12 rpm.

6. ‘Compress into 3.0 mg and 10.0 mg tablets at a térget compression
weight of 100 mg and 200 mg, respectzvcly -

The Batch N0120 3.0 mg and N0126 10.0 mg tablets were used in the
clinical study summarized in EXAMPLE 4 below.

EXAMPLE 4
CLINICAL STUDY
The objective of this study was to assess the systemm avallablhty of
cladribine after oral administration in two chfferent ﬁxed oral doses,
companson with one ﬁxed intravenous admlmstranon (reference formulation) in -
patients with MS (multiple scIerosm), and to evaluate the safety and tolerability of

t

cladnbme in ﬂ‘llS popu’lanon

This study was a 3 center open—label randomized, 3-way crossover

single dose study using twenty-six patients with MS. Patients received randomly

two cl1fferent fixed oral doses (3.0 mg and 10.0 mg) and a fixed intravenous dose
of 3.0 mg (admjnmtcred as-a 1 hour infusion): The three treatment days were
separated by a.drug~free interval of at least 5 days. In each treatment period blood
samples were collected over a 24-hour period for evaluation of plasma cladribine.
The plasma concentrations of cladribine were measured by a
HPLC/MS/MS method. Using this method the relationship between
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concentrations versus p;aak area ratios was-found to be Iinéér within the range of
100 pg/ml to 50000 pg/ml for cladribine. The limit of quantification was 100
.pg!ml. Analysis of sami:les was carried out in 16 runs. Excépt the first run
(which had to be rejected because of eqliipmlent failure), all other runs could be.
accepted. No calibrator had to be excluded from fitting of the calibration curve
and accuracy of each quality contrc.al sample met the GLP requirements.

858 clinical plasma samples were analyzed and concentration values of

cladribine were determined. The results were compiled and are summarized in the

tables below [TABLES IV through VII]. In these tables, the following definitions

are applicable: T,y is the time to reach maximum concentration in the plasma;

Ty, is the half-life of cladribine in the plasma; C,,,, is the maximum concentration

of cladribine in the plasma; AUC;; ¢ is the area under the curve for the measured

data from zero extrapolated to infinity; AUC.[ is the area under the curve for the

measured data (from zero to the last timé point); Geom Mean is the geometric

" mean; CV is the coefﬁcient of variation (relative standard deviation); LL is the

lower 11m1t UL is the upper hrmt 02 is the mean varlance 032 is the mean
variance between subjects; ow is the mean variance within subjects; CVr is the
total coefficient of variation; and CVyy is the coefficient of variation within
subjects. ‘ ' '
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TABLE IV

Summary Statistics for Pharmacokinetic Parameters for Cladribine Study Obtained
via Non-Compartmental Analyses (n=26) '

Pharmaco- ] Oral Administration

kinetic 3.0 mg IV infusion
: : 3.0 mg 10.0 mg

Parameter

Geom | Mean | CV** |Geom | Mean | CV**|Geom | Mean |CV**
Mean | + SD | (%) |Mean|{+ SD| (%) |Mean|+-SD| (%)

T @) | NA-| 817 | 48.6 | N/A | 548 [ 54.8 | N/A | .558 | 36.5

_ +.397 | +.300 +.204
Tyr) | N/A | 6.50 | 19.5 | N/A | 5.85 [20.2 | N/A [ 5.60 | 13.3

| £1.27 [£1.18 +0.75

|Cpax(pe/m)| 21425 | N/A | 27.6 | 5608 | N/A | 49.5 [21242| N/A | 50.5

AUC;,s . | 58528 | N/A | 24.0 [20159| N/A | 35.0 7_'6699 N/A | 30.3
(hr*pg/ml) . :

o

“|aUC, . |56396 | N/A | 24.0 |19166| N/A | 36.9 [74532| N/A | 30.3

(hr*pg/mli) -
**CV =SD/mean for Ty, and Ty, and CV % geometric mean for Cpy,y, AUCipe
and AUC,. : S :

TABLE V

 Ratios of Oral to V. Pharmacokinetic Parameters and Corresponding Lower

Limit (LL) for the one-sided 95% Confidence Interval for Cladribine Study
(n=26) : ;

Pharmacokinetic o Oral Administration
Parameter - 3.0mg 10.0 mg
Ratio* * LL; Ratio* L
AUC;y s 34.5 . 31.7 39.1 35.9
AUC, ; 340 . 31.2 39.4 36.1

*Ratios (dose normalized) and Corresponding 95% LL obtained via inverse
transformation: of log-transformed data,

TABLE VI
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’ Ranos and Corresponding two-sided 90% Conﬁdence,lntervals for
" Cladribine Study (n=26)

Pharmacokinetic 10.0 mg/3.0 mg
Parameter )
Ratio* LL UL
5 - : 112.6 95.1 1333
AUC;¢ |l o133 | 1042 |0 1233
AUC, - 115.8 106.1 - 126.5

*Ratios (dose normalized) and Corresponding 90% CI obtamed via
inverse transformation of log-transformed data.

10 : TABLE VI
" Variance components for Cladribine Study (n=26)

| Sourceofvariation | ‘Cpax | AUCys | AUG

¢ s Between (0p°) 0380 | .0487 0492
With (oy® . | .1315 .0330 0357

15 _ TOTAL (og° + oy?) | .1695 0816 | .0849
Covp® - | @0 | 292 | 208

CVyy(%) 375 | 183 19.1

Whére PK parameters are dose-adjusted and CV=1|}¢xp(02) =

The foregoing is considered as illustrative only of the principles of the
20 invention. Further, since numerous modifications and changes will readily océur
to those skj_lleq in the art, it is not desired to limit the invention to the exact
construction and operation shown and described, and accordingly, all suitable
modifications and equivalence thereof may be resorted to, falling within the scope

of the invention claimed.
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.WHAT IS CLAIMED IS:

1 A pharmac;euticél composition compris_ingl a complex cladribine-

cyclodextrin complex which is an intimate amorphous' admixture of (a) an

. amorphous inclusion complex of cladribine with an ambrphous cyclodextrin and

(b) amorphous free cladribine associated with amorphous cyclodextrm as a non-

inclusion complex, formulated mto a sohd oral dosage form.

2. The pharmaceuucal composmon according to Claim 1, wherem the

complcx is saturated with cladribine.

3..  The composition a:l_ccjording to Claim 1 or 2, wherein the amorphous -
cyclodextfin is hydroxypropyl-B-éyclodexn'in, hydroxypropyl—y—cyclodextrin, :
;'andomly‘r méthylated B-éyclodextrin, carboxymethyl-B-cyclodextrin or sulfobutyl- .
B-cyclodextrin, '

' 4, The composition apcording to Claim 1 or 2, wherein the amorphous

‘ cyclodextrin is hydroxypropyl-ﬁ-cyclodextrin.

3 The.composition according to Claim 1 or 2, wherein the amorphous

cyclodcxtrm is hydroxypropyl-y- cyclodextnn

6. The composition accorclmg to 4ny one of Claims 1 to 3, wherein
thc welght ratio of cladribine to amorphous cyclodextrin is from about 1 10to
about 1:16. '

7.  The composition according to Claun 6, wherein the amorphous
cyclodcxtrm is hydroxypropyl -B-cyclodextrin.
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8. The composition according to Claim 6, wherein ti:e amorphous

cyclodextrin is hydroxypropyl-y-cyclodextrin.

9. The c'ompdsition according to any one of Claims 1 to 5, wherein

the approximate molar ratio of cladribine to amorphous cyclodextﬁn corresponds
. to a point located on a phase solubility diagram for saturated complexes of

* . cladribine in varying concentrations of the cyclodextrin:

, 10. A method for enhancing the .orz;ﬂ'bipavailability of cladribine -
comprising orally administering to a sﬁbject m need thqreof a pharmaceutical
composition comprising a complex cladribine-cyclodextrin c_omp!ei which is an
intimate amorphc‘ms admixture 6f (2) an amorphous inclusion cm.:nplex of ‘
cladribine with an amorphous cycloﬁextrin and (b) amorphous free cladribine
associated with amofphous cyc_lodextrin as a non-inclusion complex, formulated

L

into a solid oral dosage form.

11 The method a(.;cording to Claim 10, wherein the complex is
saturated with ;:ladljibine.

12. The method according to Claim 10 or 11, wherein the amorphous
cyclodextrin is hydroxypropyl-B-cyclodextrin, hydroxypropyl-'y'-cyclodextrin,
randomly methylated B-cyclodextrin, ca;‘lioxymethyl—ﬁ-'cyclodextrin or sulfobutyl-

13.  The méthod according to C"laim 10 or 11, wherein the amorphons
cyclodextrin is hydroxypropyl-B-cyclodextrin.
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.
14. The method according to Claim 10 or 11, wherein the amorphous
-15.  The method according to any one of Claims 10.to 1 2, wherein the
weight ratio of cladribine to amorphous cyclodextrin is from about 1:10, to about
1:16. '

16.  The method accordmg to Claim 15, wherem the amorphous
cyclodextrin is hydroxypropyl- B—cyclodextrm

‘ 7. The met.hod according to Claim 15, wherein the amorphous

‘cyclodextrm is hydroxypropyl—y-cyclodextrm

18. Tﬁé, method according to‘any one of Claims 10 to 14, wherein the

" -approximate molar ratio of cladribine to amorphous cyclodextrin corresponds to a

point located on a phase solubility diagram for saturated complexes of cladribiné

" in varying concentrations of the cyclodextrin.

19. . A method for the tréamient of sympioms of a cladribine-responsive
condition in a subject suffering from said syxﬁptoms comprising oraliy
administering to said subject a pharmaceutical cgfox.ﬁposit'ion comprising a complex
cladribine-cyclodextrin complex which is an intimate amorphous admixture of (a)
an amorphous inclusion complex of cladribine with an’amorphous cyclodextrin |
and (b) amorphous free cladribine associated with amorphous cyclodextrin as a

non-inclusion complex, formulated into a solid oral dosage form.

20.  The method according to Claim 19, wherein the complex is
saturated with cladribine. '
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21. The method according to Claim 19 or 20, wherem the cladribine-

responswe condition is selected from the group cons;stmg of multiple sclerosis, -

_rheumatmd artbrms and leukemia.

22.  The method according to Claim 21, wherein the cladribine-

responsive' condition is multiple sclerosis.

) 23. . The method according to Claim 19, 20, 21 or 22, wherein the
aniorphous cyclodextrin is hydroxypropyl-B-cyclodextrin, hydroxypropyl-y-
cyclodextrin, randomly methylated B—cyclodexn'm carboxymethyl B-cyclodextrm :

-or-sulfobutyl- (3-cyclodextrm

-24. The method according to Claim 19, 20, 21 or 22, wherein the .
amorphous cyclodextrin is hydroxypropyl—ﬁ-cyclddextrin.

- 5 ?

25. The method accordmg to Claim 19, 20, 21 or-22, wherem the

‘ amorphous cyclodcxtrm is hydropropyl-y- cyclodextrm _

26.  Use of a complex cladribine;cjclodfextrin complex which is an
intimate amorbh‘ous admixture of (a) an amorphous cladribine with an amdrphous _
cyclodexirin and (b) amorphous free cladribine associated with-amorphous.
cyclodextrin as a m;n-inclusidn complex, in the formulation of a solid oral dosage

form, for administration in the treatment of symptoms of a cladribine-responsive

cond1t10n

27.  Use according to' Claim 26, wherein the complex is saturated with

cladribine.
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28.  Use according to Claim 26 or 27, wherein the cladnbme-responswe

condmon is selected from the group consisting of multiple sclerosm, rheumatmd

arthritis and leukemia.

29. ' Use according to Claim 28, wherein the cladribine-responsive

' condition is multiple sclerosis.

" 30. Us:c according to Claim 26, 27, 28 or 29, wherein the ambrphous
cyclodextrin is hydrdxyﬁropyi—ﬂ—cyclodéxtrin hydroxypropyl-y-cyclodextrin
randomly methylated B—cyclodext.rm carboxymethyl-B-cyclodextrin or sulfobutyl-
B-cyclodextrm '

31. ~Use accordmg to any one of Claims 26 to 29, whercm the
amorphcus cyclodextrin is hydroxypropyl- ﬂ-cyclodextrm

32. Use aécording to any one of CIaii_ns 26 to 29, wherein the.
amorphous cyclodextrin is hydroxypropyl-y-cyclodextrin.

33. Use of a complex cladnbme-cyclodextrm complex which is an

intimate amorphous admixture of (a) an amorphous inclusion complex of

- cladribine with an amorphous cyclodextrin and (b) amorphous free cladribine

associated with amorphous cyclodextrin asa non-inclusion complex, in the

formulation of a solid oral dosage form for enhancmg the oral or transmucosal
bxoavaﬂablllty of cladnbme

34.  Use according to Claim 33, wherein the complex is saturated with

cladribine.
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35.  Use according to Claim 33 or 34, wherein the amorphous

cyclor.leiuin is hydroxypropyl-B-cyclodextrin, hydroxypropyl-y-cyclodextrin
- random]y methylated ﬁ-cyclodcxtrm carboxymethyl—ﬁ cyclodcxt:rm or sulfobutyl—
-B-cyclodextrin.

36.  Use according to Claim 33 or 34, wherein the amorphous_

cyclodextrin is hydroxypropyl-ﬂ—cyclodeﬁtrin.

37.  Use according to Claim 33 or 34, wherein the a.morphous.

cyclodextrin is hydroxypropylfy-cyolodcxt;in.

- 38. A complex cladribine-cyclodextrin complex which is an intimate
amorphous admixture of (a) an amorphous inclusion complex of ciadribine with an
amorphous cyclodextrin and (b) amorphous free cladribine associated with

amorphous cyclodextrin as a non-inclusion complex.
39. .'I;he‘.oomplex according to Claim 38, saturated with cladribine.

' 40 ‘The complex' according to Clann 38 or 39, _wherein the _amorphous
cyclodextrin is hydroxypropyl B' cyclodextrin, hydroxypropyl—'y—cjrclodextrin,
randomly methylated B- cyclodextrm carboxymethyl-B- cyclodextrln or sulfobutyl-
pB- cyclodextrm

41.  The complex according to Claim 38 or 39, whercm the amorphous ‘

cyclodextrm is hydroxypropyl-B- cyclodextrm

42.  The complex according to Claim 38 or 39, wherein the amoiphous
cyclodextrin is hydroxypropyl-y-cyclodextrin.
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43.  The complex according to any one of Claims 38 to 40, wherein the
weight ratio of cladribine to amorphous cyclodextrin is from about 1:10 to about
- 1:16.

44. The complex according to Claim 43, wherem the amorphous

cyclodextrm is hydroxypropyl—ﬁ cyclodexmn

45. . The complex according to Claim 43, wherem the amorphous

'cyclodextrm is hydroxypropyl-y-cyclodextrin. -
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- ABSTRACT OF THE DISCLOSURE

Provided are compositions of cladribine and cyclodextrin which are

especially suited for the oral administration of cladribine. )
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