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ORAL FORMULATIONS OF CLADRIBINE

CROSS-REFERENCE TO EARLIER
APPLICATIONS

This application is a continuation of prior U.S application
Ser. No. 10/551,205 filed Nov. 14, 2006, now U.S. Pat. No.
7,888,328, which is the US national stage of International
Application No. PCT/US2004/009387, filed Mar. 26, 2004,
which claims benefit under 35 U.S.C. §119(e) of U.S Provi-
sional Application No. 60/458,922, filed Mar. 28, 2003; of
USS Provisional Application No. 60/484,756, filed Jul. 2,
2003; and of U.S Provisional Application No. 60/541,247,
filed Feb. 4, 2004, all of said applications being hereby incor-
porated by reference herein in their entireties and relied upon.

BACKGROUNDOF THE INVENTION

Cladribine, which is an acid-labile drug, has the chemical
structure as set forth below:

OH

It is also known as 2-chloro-2'-deoxyadenosine or 2-CdA.
Cladribine exists as a white, nonhydroscopic, crystalline
powder, consisting of individual crystals and of crystalline
aggregates.

Cladribine is an antimetabolite which has use in thetreat-

ment of lymphoproliferative disorders. It has been used to
treat experimental leukemias such as L1210 and clinically for
hairy cell leukemia and chronic lymphocytic leukemia 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 autoimmune conditions including
rheumatoid arthritis, inflammatory bowel disease (e.g.,
Crohn’s disease, ulcerative colitis) and multiple sclerosis (see
e.g., J. Liliemark, Clin. Parmacokinet, 32(2): 120-131, 1997).
It has also been investigated, either experimentally or clini-
cally in, for example, lymphomas, Langerhan’s cell histiocy-
tosis, lupus erythematosus, chronic plaque psoriasis, Sezary
syndrome, Bing-Neel syndrome, recurrent glioma, and solid
tumors.

Oral delivery ofdrugsis often preferred to parenteraldeliv-
ery for a variety of reasons, foremost patient compliance, or
for cost or therapeutic considerations. Patient compliance is
enhanced insofar as oral dosage forms alleviate repeated
health care providervisits, or the discomfort of injections or
prolonged infusion times associated with someactive drugs.
At a time of escalating health care costs, the reduced costs
associated with oral administration versus parenteral admin-
istration costs gain importance. The cast ofparenteral admin-
istration is much higher due to the requirement that a health
care professional administerthe cladribinein the health care
providersetting, which also includesall attendant costs asso-
ciated with such administration. Furthermore, in certain
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instances, therapeutic considerations such as the need fora
slow release of cladribine over a prolonged period of time
maybepractically met only by oral or transmucosaldelivery.

However, to date the oral delivery of cladribine has been
plagued by low bioavailability (see, e.g., J. Liliemarkat al., 7
Clin. Oncol., 10(10): 1514-1518, 1992), and suboptimal
interpatient variation (see, e.g., J. Liliemark, Clin. Pharma-
cokinet, 32 (2): 120-131, 1997). See also, A. Tarasuik,et al.
reporting poor absorption and pH dependentlability (Arch.
Immunol. et Therapiae Exper., 42: 13-15, 1994).

Cyclodextrins are cyclic oligosaccharides composed of
cyclic a-(1—4) linked D-glucopyranoseunits. Cyclodextrins
with six to eight units have been named a-, B- and y-cyclo-
dextrin, respectively. The numberofunits determinesthe size
of the cone-shaped cavity which characterizes cyclodextrins
and into which drugs may be included to form stable com-
plexes. A numberofderivatives of a-, B- and y-cyclodextrin
are known in which one or more hydroxyl groups is/are
replaced with ether groups or other radicals. These com-
pounds are thus known complexing agents and have been
previously used in the pharmaceuticalfield to form inclusion
complexes with water-insoluble drugs and to thus solubilize
them in aqueous media.

Recently, Schultz et al., in U.S. Pat. No. 6,194,395 B1, have
described complexing andsolubilizing cladribine with cyclo-
dextrin. The Schultz et al. patent primarily addresses the
problemsinherent in previously described aqueous formula-
tions of cladribine, particularly for subcutaneous and intra-
muscular injection. Schultz et al. have found that cladribineis
not only significantly more soluble in aqueous media when
formulated with cyclodextrin, but also is more stable against
acid-catalyzed hydrolysis when combined with cyclodextrin.
Thelatter finding is taught to be of particular benefit in the
formulation of solid oral dosage forms, where the compound
would normally undergo hydrolysis in the acid pII of the
stomach contents. Schultz at al. do not appear to have
described any actual work in connection with solid oral dos-
age forms. In fact, they describe only one methodofpreparing
the solid dosage form, which is a melt extrusion process, in
which the cladribine and cyclodextrin are mixed with other
optional additives and then heated until melting occurs. Fur-
thermore, the broad dosage ranges of 1 mg to 15 mg of
cladribine and 100 mgto 500 mg of cyclodextrin listed in the
patent suggest no criticality to the particular amountofcyclo-
dextrin to be present with a given amountof cladribine in a
solid oral dosage form. Indeed, 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 amountof cladribine.

The Schultz et al., patent does suggest improving the sta-
bility of cladribine in oral dosage forms by combining/com-
plexing it with cyclodextrin, but does not suggest improving
the drug’s oral bioavailability by such means; in fact, the
patent does not describe or suggest a method for enhancing or
maximizing the bioavailability of cladribine fromasolid oral
dosage formofcladribine and cyclodextrin, or a composition
specially designed to do so.

Many workers have studied the solubility of specific drugs
in water containing various concentrations of selected cyclo-
dextrins in order to demonstrate that increasing concentra-
tions of cyclodextrins increase the solubility of the drugsat
selected temperatures and pH levels, as for example reported
in the Schultz et al. patent. Phase solubility studies have also
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been performedby 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, Haradaet al. U.S. Pat. No. 4,497,803, relat-
ing to inclusion complexes of lankacidin-group antibiotics
with cyclodextrin, and Shinodaet al. U.S. Pat. No. 4,478,995,
relating to a complex of an acid addition salt of (2'-benzy-
loxycarbonyl)phenyl trans-4-guanidinomethylcyclohexan-
ecarboxylate with a cyclodextrin.

While Schultz et al. teach that a cladribine-cyclodextrin
complex improves the water solubility and acid stability of
cladribine, the art does not suggest how to maximize or
enhancethe benefits ofthe complexation in termsofbioavail-
ability and interpatient variation when the complex is to be
administered in a solid oral dosage form.

SUMMARYOF THE INVENTION

It has now been found that amorphous cyclodextrins can be
combinedwith cladribine to form a particularly advantageous
product which can be incorporated into a solid oral dosage
form. This product is a complex cladribine-cyclodextrin com-
plex, and the solid oral dosage form containing it improves
oral bioavailability and/or achieves lower interpatient and/or
intrapatient variation of the drug.

The present invention provides a complex cladribine-cy-
clodextrin complex which is an intimate amorphous admix-
ture of(a) an amorphousinclusion complex ofcladribine with
an amorphouscyclodextrin and (b) amorphousfree cladrib-
ine associated with amorphous cyclodextrin as a non-inclu-
sion complex, and a pharmaceutical composition comprising
said complex, formulatedinto a solid oral dosage form. Thus,
the cyclodextrin itself is amorphous, the inclusion complex
with cladribine is amorphous (and is preferably saturated
with cladribine) and the free cladribine which formsthe non-
inclusion complex is amorphous.

The invention also provides a method for increasing or
enhancing the oral bioavailability of cladribine comprising
orally administering to a subject in need thereof, a pharma-
ceutical composition comprising a complex cladribine-cyclo-
dextrin complex which is an intimate amorphous admixture
of(a) an amorphousinclusion 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 which
maximizes the amount of cladribine in the inclusion and

non-inclusion complexes.
The invention 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 preparation of the pharmaceutical com-
positions of the invention for administration to treat cladrib-
ine-responsive conditions and for enhancing the oral bio-
availability of cladribine is also provided.

Still further, the invention provides a process forthe prepa-
ration of a complex cladribine-cyclodextrin complex which
comprises the steps of:

(i) combining cladribine and an amorphouscyclodextrin in
water at a temperature of from about 40 to about 80° C. and
maintaining said temperature for a period of from about6 to
about 24 hours;

(i) cooling the resultant aqueous solution to room tem-
perature; and

(iii) lyophilizing the cooled solution to afford an amor-
phousproduct.
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In yet a further aspect the invention provides a pharmaceu-
tical composition obtainable by a process comprising the
stepsof:

(1) combining cladribine and an amorphouscyclodextrin in
water at a temperature of from about 40 to about 80° C. and
maintaining said temperature for a period of from about6 to
about 24 hours;

(11) cooling the resultant aqueous solution to room tem-
perature;

(iii) lyophilizing the cooled solution to afford an amor-
phousproduct; and

(iv) formulating the amorphousproduct into a solid oral
dosage form.

BRIEF DESCRIPTION OF THE DRAWING

A more complete appreciation of the invention and its
many attendant advantages will be readily understood by
referenceto the following detailed description and the accom-
panying drawing, wherein the sole FIGUREis a graphical
representation ofthe results of a phase solubility study where
various molar concentrations of hydroxypropyl-B-cyclodex-
trin (HPBCD) are plotted against various cladribine molar
concentrations, with (@) representing the data points
obtained for complexation under conditions specified in
EXAMPLE2 below.

DETAILED DESCRIPTION OF THE INVENTION

Throughout the instant specification and claims, the fol-
lowing definitions and general statements are applicable.

The patents, published applications, and scientific litera-
ture referred to herein establish the knowledge of those with
skill in the art and are hereby incorporated by reference in
their entirety to the same extent as ifeach was specifically and
individually indicated to be incorporated by reference. Any
conflict between any reference cited herein and the specific
teachingsofthis specification shall be resolved in favor ofthe
latter. Likewise, any conflict between an art-understooddefi-
nition of a word or phrase and a definition of the word or
phrase as specifically taught in this specification shall be
resolved in favor of the latter.

The term “inclusion complex” as used herein refers to a
complex of cladribine with the selected cyclodextrin wherein
the hydrophobic portion ofthe cladribine molecule (thenitro-
gen-containing ring system)is inserted into the hydrophobic
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
whichis not an inclusion complex;rather than the hydropho-
bic 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 com-
plex) to the hydroxyls onthe exterior ofthe cyclodextrin torus
(e.g. in the case of hydroxypropyl-B-cyclodextrin, hydrox-
ypropyl and hydroxy] groups on the glucose rings). This is a
more loosely-held association than an inclusion complex.

Asused 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“havingat least” or “includingat least”. When used in
the context ofa process, the term “comprising” meansthat the
process includesat least the recited steps, but may include
additional steps. When used in the context of a composition,
the term “comprising” meansthat the composition includesat
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least the recited features or components, but may also include
additional features or components.

The terms “consists essentially of’ or “consisting essen-
tially 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 described herein, 1.e.,
the process or compositionis limited to the specified steps or
materials and those which do not materially affect the basic
and novelcharacteristics ofthe invention. The basic and novel

features herein are the provision of a complex cladribine-
cyclodextrin complex which is an intimate, amorphous
admixture of (a) an amorphousinclusion complexofcladrib-
ine with an amorphous cyclodextrin and (b) amorphousfree
cladribine associated with amorphouscyclodextrin as a non-
inclusion complex, formulated into a solid oral dosage form,
so as to provide improved bioavailability and/or lowerinter-
patient and/orintrapatientvariation following administration.
Essential to the invention is the combination of the amor-

phous nature of the starting cyclodextrin, and the level of
water solubility exhibited by cladribine (about 5 mg/ml at
room temperature), and consequentlyits capability for hydro-
gen bonding, which can be taken advantage ofunderparticu-
lar conditions described hereinafter, and which afford a spe-
cial amorphous mixture uniquely well-suited for optimizing
the oral bioavailability of cladribine.

The terms “consists of’ and “consists” are closed termi-

nology andallow only for the inclusionofthe recited steps or
features or components.

As used herein, the singular forms “a,” “an” and “the”
specifically also encompassthe plural forms of the terms to
which they refer, unless the content clearly dictates other-
wise.

The term “about”is used herein to means 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
“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 herein to refer to a noncrys-
talline solid. The cyclodextrins encompassed herein them-
selves are amorphous because they are each composed of a
multitude of individual isomers, and their complexes with
cladribine are also amorphous. Further, conditions for com-
plexation can be selected (elevated temperature and pro-
longed complexation times, as described hereinafter) so that
a supersaturated cladribine solution will be formed. When
cooled, because of the amorphousnature of the complex and
the cyclodextrin, some excess free cladribine does not pre-
cipitate but rather is trapped in amorphous form in intimate
admixture, with the (preferably saturated) amorphous
cladribine-cyclodextrin inclusion complex. This excess
cladribine formsa 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 becauseit is in intimate admixture with the amor-

phous inclusion complex, is expected to be somewhat pro-
tected from degradation by stomachacid (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 meansthat
the complex is saturated with cladribine, that is, the complex
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6
contains the maximum amountof cladribine which can be

complexed (by means of both inclusion and non-inclusion
complexes) with a given amount of cyclodextrin under the
conditions ofcomplexation used. A phase solubility study can
be used to provide this information, as described in more
detail hereinafter. (Conditions for the complexation are also
described in more detail below.) Alternatively, a saturated
complex may be arrived at empirically by simply adding
cladribine to an aqueoussolution ofthe selected cyclodextrin
until no more cladribine goes into solution; ultimately, excess
cladribine, if any, is removed(byfiltration or centrifugation)
and the solution lyophilized to provide the dry saturated com-
plex.

The expression “substantially”, as in “substantially free”
meanswithin 20% ofthe exact calculated amount, preferably
within 10%, most preferably within 5%.

The term “interpatient variability” refers to variation
among patients to which a drug is administered. The term
“intrapatient variability”refers to variation experienced by a
single patient when dosedat 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 equalto any integer value ofthe numerical
range, including the end-points of the range. Similarly, fora
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, can be 0, 1 or 2
for variables which 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 singular forms include
plural referents unless the context clearly dictates otherwise.
As used herein, unless specifically indicated otherwise, the
word “or”is usedin the “inclusive” sense of “and/or” and not
the “exclusive” sense of “either/or.”

Technical andscientific terms used herein have the mean-

ing commonly understood by oneofskill in the art to which
the present invention pertains, unless otherwise defined. Ref-
erence is madeherein to various methodologies and materials
knownto those of skill in the art. Standard reference works

setting forth the general principles of pharmacology include
Goodman and Gilman’s The Pharmacological Basis of
Therapeutics, 10Ed., McGraw Hill Companies Inc., New
York (2001).

Reference is madehereinafter in detail to specific embodi-
ments of the invention. While the invention will be described

in conjunction with these specific embodiments, it will be
understood that it is not intendedto 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 spirit and scope of the invention as
defined by the appendedclaims. In the following description,
numerousspecific details are set forth in order to provided a
thorough understanding ofthe present invention. The present
invention may be practiced without someorall of these spe-
cific details. In other instances, well-known process opera-
tions have not been described in detail, in order not to unnec-
essarily obscure the present invention.

There is provided by the present invention compositions,as
well as methods ofmaking and ofusing pharmaceutical com-
positions, useful to achieve desirable pharmacokinetic prop-
erties. Such compositions stem from the discovery that solu-
tions of cyclodextrin and cladribine in which cladribine is in
a high thermodynamic state, when presented to the gastric
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mucosa through which they are absorbedare associated with
improved cladribine absorption, as reflected by higher bio-
availability and/or lower interpatient variation.

It is postulated, without wishing to so limit the invention,
that upon dissolution (e.g., by contact with a fluid, such as a
bodily fluid), dry compositions according to the invention
form a locally saturated cladribine solution in which cladrib-
ine is in the state of highest thermodynamic activity (HTA),
thusfavoring absorption. Cladribine hasa 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 aqueoussolution seeks a morestable activity level
by being absorbed through the gastric mucosa.

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 contact of the
solid dosage forms with body fluid at the mucosa, in which
cladribine is in its HTA state. To provide such a localized
saturated solution in vivo, it is importantto first identify the
optimal ratio of cladribine to amorphous cyclodextrin, which
ratio is referred to herein as the HTAratio, to be used in the
solid dosage form.

The HTAratio is empirically determined andis identified
as the ratio of cladribine to amorphous cyclodextrin which
correspondsto the maximum amountofcladribinethat can be
complexed with a given amountofthe cyclodextrin. The HTA
ratio may be determined using an empirical method such as a
phase solubility study to determine the saturation concentra-
tion of cladribine that can be solubilized with different con-

centrations 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 point on the phase solubility
graph shows how many moles ofamorphouscyclodextrin are
the minimum needed to maintain the drug in the complex,
under given conditions; this may then be converted to a
weight ratio. For example, if a phase solubility diagram
shows that 9 moles of a given cyclodextrin are needed to
maintain the cladribine in a saturated complex, then multi-
plying the number of moles of cladribine by its molecular
weight and multiplying the numberof moles of the selected
cyclodextrin by its molecular weight, one can arrive at the
ratio ofthe products as an appropriate optimized weightratio.
A phase solubility study also provides information about the
nature of the cladribine-cyclodextrin inclusion complex
formed, for example whether the inclusion 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 com-
plexed with 2 molecules of cyclodextrin).

In accordance with the present invention, one can start
using either the selected amorphous cyclodextrin, such as
hydroxypropyl-fB-cyclodextrin (HPBCD) or hydroxypropyl-
y-cyclodextrin, or cladribine as the fixed variable to which an
excess of the otheris addedto identify various solubility data
points (indicating saturated cladribine-cyclodextrin com-
plexes) and draw the resultant line. Typically, cladribine is
added to an aqueoussolution having a known concentration
of amorphouscyclextrin under conditions empirically found
to promote complex formation. Generally, the complexation
is conducted with heating, for example at about 45 to about
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
precipitated cladribine is then removed and the cladribine
concentration is subsequently measured. This concentration

10

15

20

25

30

35

40

45

50

55

60

65

8

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 repre-
sents the concentration ofthe cladribine dissolved ina known

concentration of the selected amorphous cyclodextrin. The
data points are then plotted to show the concentration 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 aqueoussolubility of cladribine is about 5 mg/mlat
room temperature and would be higher at elevated tempera-
ture. Consequently, the data points correspond to the amount
of cladribine dissolved in aqueous HPBCD or other amor-
phous cyclodextrin under the selected conditions; whenlater
lyophilized, the solution yields a complex cladribine-cyclo-
dextrin complex which is an intimate amorphous admixture
of (a) an amorphousinclusion complex of cladribine with an
amorphous cyclodextrin and (b) amorphousfree cladribine
associated with amorphous cyclodextrin as a non-inclusion
complex. If equilibrium conditions are reached during the
complexation, the amorphous cladribine-cyclodextrin com-
plex will be saturated with cladribine.

Oneofskill in the art will appreciate that concentrations at
which saturated complexes of cladribine with amorphous
cyclodextrins are formed (and thus HTA ratios as well) may
be identified by a variety of alternative methodologies.
Accordingly, any method knowninthefield suitable to iden-
tify these concentrations is within the scopeofthe invention.

It has been discovered that desirable pharmacological
properties (improved bioavailability and/or coefficient of
variation as compared to traditional approaches) are associ-
ated with mixtures of inclusion complexes and non-inclusion
complexes of cladribine and cyclodextrin.

Using intrinsically amorphous cyclodextrins, for example
hydroxypropyl-B-cyclodextrin, hydroxypropyl-y-cyclodex-
trin, randomly methylated cyclodextrins, and the like, with
cladribine, which is a somewhat water soluble compound
(capable of H-bonding throughits free hydroxyl and amino
groups), the cladribine provides increased solubility in solu-
tions ofthese cyclodextrins. Not only is there increased water
solubility but also H-bonded association of the cladribine
with the cyclodextrin, separately from the actual inclusion
complexed material.

Oneofskill in the art will appreciate that the phase solu-
bility diagram for each given starting concentrationratio rep-
resentsthe starting point ofone’s investigation on thebasis of
which variables (reactants’ concentrations, temperature and
time) maybealtered to promote inclusion complex and non-
inclusion complex associations favoring a higher or lower
proportion of either type of association in the final product.
Departure from the ratio of cladribine to cyclodextrin, the
temperature and/or the dilution empirically found to promote
equilibrium towards complex formation is then analyzed to
promote the formation of mixtures of inclusion complexes
and non-inclusion complexes of cladribine and cyclodextrin
in various proportions according to the invention.

Thus, for example, by starting with more diluted cyclodex-
trin larger water volumes than that used for solubility plot
analysis) logically will accommodate more cladribine in
solution sequestering more ofthe same from complex forma-
tion. Upon evaporation, some of the solubilized cladribine
will tend to associate with cyclodextrin in a non-inclusion
complex fashion. By altering the initial dilution, one may
shift equilibrium towards inclusion complex or non-inclusion
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complex formation. Similarly, by increasing complexation
temperature, the water solubility of cladribine may be
increased while decreasing the stability of inclusion com-
plexes, thus promoting non-inclusion complexes. Thus, by
altering complexation temperature, one may shift equilib-
rium towards inclusion complex or non-inclusion complex
formation. Finally, complexation time maybealtered to favor
the formation of mixtures of inclusion complexes and non-
inclusion complexesofcladribine and cyclodextrin according
to the invention.

As exemplified hereinafter, it is possible to maximize the
cladribinein solid amorphous mixtures, by forcing additional
cladribineinto solution (using moredilute solutionsofcyclo-
dextrin, higher temperatures and longer complexation times,
as indicated above). When the solution is cooled off, the
extensively amorphousnature ofthese cyclodextrins does not
allow crystallization of an excess amount of cladribine
beyond that which forms an inclusion complex with the
cyclodextrin; and upon freeze-drying/lyophilization, one
obtains an amorphous mixture of cladribine-cyclodextrin
inclusion complex (which is amorphous) and amorphousfree
cladribine, loosely associated with uncomplexed cyclodex-
trin (and even with complexed cyclodextrin) by hydrogen-
bonding,that is, the non-inclusion complex.

As shown in the EXAMPLES,this may be done by maxi-
mizing solubilization by elevating the temperature (for
example, to about 50° to 80° C.), and stirring for many hours
(up to 24 hours) before freeze-drying. The weight/weight
ratios obtained were about 1:14 and 1:11. The apparent opti-
mum weight/weight ratio under these exemplified conditions
is the higher of these, or about 1:14 of cladribine:cyclodex-
trin. If too much excess caldribine is added to the complex-
ation medium,then crystallization of some ofthe cladribine
takes place, which would in turn result in somecrystalline
cladribine in the product; this undesired excess cladribine is
not in solution and is not H-bonded to the amorphouscyclo-
dextrin and lowers the weight ratio. Therefore,it is desirable
to carefully control the amountof excess cladribine beyond
that which will form the inclusion complex to only the
amountwhich will dissolve in the solution. The desired amor-

phous mixture of amorphous inclusion complex and amor-
phousfree cladribine can be termed a “complex cladribine-
cyclodextrin complex,” which includes both inclusion and
non-inclusion/H-bonded complexes. The inclusion complex
is acomplex of cladribine inserted into the hydrophobic cav-
ity of the selected amorphous cyclodextrin, while the non-
inclusion/H-bonded complex is amorphousfree cladribine
loosely hydrogen-bondedto the cyclodextrin.It is estimated
that about two-thirds (60 to 70%) of the cladribine will be in
the non-inclusion complex, with the remaining one third (30
to 40%) being in the inclusion complex whenthe productis
obtained as exemplified hereinbelow (17% HPBCDsolution,
45 to 50° C. complexation temperature for about 9 hours); by
increasing the percentage of cyclodextrin used and/or
manipulating the temperature, products can be readily
obtained in which a much greater proportion of the amor-
phous mixture is in the form of the inclusion complex.In the
case of a representative amorphous cyclodextrin, hydrox-
ypropyl-B-cyclodextrin (HPBCD) a cladribine:cyclodextrin
weight ratio of from about 1:10 to about 1:16 is appropriate
for the exemplified conditions; the ratio is expected to be the
same for hydroxypropyl-y-cyclodextrin under those condi-
tions. The material obtained is characterized by rapid disso-
lution of the cladribine in aqueous media.

Freeze-drying, also known as lyophilization, comprises
three basic stages: first a freezing stage, then a primary drying
stage and finally a secondary drying stage. EXAMPLE 2
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below provides details of lyophilization as conducted on the
batches described therein. This procedure can be furtheropti-
mized by following the principles described by Xiaolin
(Charlie) Tang and Michael J. Pikal in Pharmaceutical
Research, Vol. 21, No. 2, February 2004, 191-200, incorpo-
rated by reference herein in its entirety and relied upon.

The above-described method requires amorphous cyclo-
dextrins rather than originally crystalline cyclodextrins
which haverelatively low water solubilities, such as a-, B- or
y-cyclodextrin, 2,6-dimethyl-B-cyclodextrin and the like,
because these cyclodextrins would allowcrystallization of
cladribine in excess ofthat forming an inclusion complex and
therefore would not afford the desired amorphous mixture.
The method also would not be usefulifcladribine were highly
hydrophobic/lipophilic, because in such a situation the drug
would not have intrinsic aqueous solubility/H-bonding capa-
bility 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
amountof the drug will be simply soluble in the water phase
especially at higher than room temperature; also, as in the
case of HPBCD,for example, some ofthe cladribine will be
associated by hydrogen-bonding to the 2-hydroxypropyl and
free glucose-OH groups in the cyclodextrin via the two
hydroxy functions foundin the deoxyadenosine moiety ofthe
cladribine.

The cyclodextrins within the scope of this invention are
amorphousderivatives of the natural cyclodextrins a-, B- or
y-cyclodextrin wherein one or more ofthe hydroxy groupsare
substituted, for example, by alkyl, hydroxyalkyl, carboxy-
alkyl, alkylcarbonyl, carboxyalkoxyalkyl, alkylcarbonyloxy-
alkyl, alkoxycarbonylalkyl or hydroxy-(monoorpolyalkoxy)
alkyl 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 sub-
stituent groups can be located on various hydroxyls of the
basic cyclodextrin structure. This in turn results in the amor-
phous nature of these cyclodextrins, which is indeed well-
known. Moreover, these cyclodextrins can be obtained in
varying degrees of substitution, for example from 1 to 14,
preferably from 4 to 7; the degree of substitution is the
approximate average number of substituent groups on the
cyclodextrin molecule, for example, the approximate number
of hydroxypropyl groups in the case of the hydroxpropyl-f-
cyclodextrin molecule, and all such variations are within the
ambit of this invention. Substituted amorphous cyclodextrins
which can be used in the invention include polyethers, for
example, as described in U.S. Pat. No. 3,459,731. Further
examples of substituted cyclodextrins include ethers wherein
the hydrogen of one or more cyclodextrin hydroxy groupsis
replaced by hydroxy-C,_,alkyl, carboxy-C,_,alkyl or
C,_salkyloxycarbonyl-C,_;alkyl groups or mixed ethers
thereof. In particular, such substituted cyclodextrins are
ethers wherein the hydrogen of one or more cyclodextrin
hydroxy groups is replaced by C,_,alkyl, hydroxy-C,_,alkyl
or carboxy-C,_,alkyl or more particularly by methyl, ethyl,
hydroxyethyl, hydroxypropyl, hydroxybutyl, carboxymethyl
or carboxyethyl. The term “C,_,alkyl” is meant to include
straight and branchedsaturated hydrocarbonradicals, having
from 1 to 6 carbon atoms such as methyl, ethyl, 1-methyl-
ethyl, 1,1-dimethylethyl, propyl, 2-methylpropy]l,butyl, pen-
tyl, hexyl and the like. Other cyclodextrins contemplated for
use herein included glucosyl-f-cyclodextrin and maltosyl--
cyclodextrin. Ofparticular utility in the present invention are
randomly methylated 6-cyclodextrin and polyethers such as
hydroxypropyl-B-cyclodextrin, hydroxyethy]l-f-cyclodex-
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trin, hydroxypropyl-y-cyclodextrin, and hydroxyethyl-y-cy-
clodextrin, as well as sulfobutyl ethers, especially B-cyclo-
dextrin sulfobutyl ether. In addition to simple cyclodextrins,
branched cyclodextrins and cyclodextrin polymers mayalso
be used. Other cyclodextrins are described, for example, in
Chemical and Pharmaceutical Bulletin 28: 1552-1558

(1980); Yakugyo Jiho No. 6452 (28 Mar. 1983); Angew.
Chem. Int. Ed. Engl. 19: 344-362 (1980); U.S. Pat. Nos.
3,459,731 and 4,535,152; European Patent Nos. EP 0 149
197A and EP 0 197 571A; PCTInternational Patent Publica-
tion No. WO90/12035; and UK Patent Publication GB 2,189,
245.

References describing cyclodextrins for use in the compo-
sitions according to the present invention, and/or which pro-
vide a guide for the preparation, purification and analysis of
cyclodextrins include the following: Cyclodextrin Technol-
ogyby Jozsef Szejtli, Kluwer Academic Publishers (1988) in
the chapter Cyclodextrins in Pharmaceuticals; Cyclodextrin
Chemistry by M. L. Benderet at, Springer-Verlag, Berlin
(1978); Advances in Carbohydrate Chemistry, Vol. 12, Ed.
By M.L. Wolfrom, Academic Press, New York in the chapter
“The Schardinger Dextrins” by Dexter French, pp. 189-260;
Cyclodextrins and their Inclusion Complexes by J. Szejtli,
Adakemiai Kiado, Budapest, Hungary (1982); I. Tabushi,
Acc. Chem. Research, 1982, 15, pp. 66-72; W. Sanger,
Angewandte Chemie, 92, p. 343-361 (1981); A. P. Croft et al.,
Tetrahedron, 39, pp. 1417-1474 (1983); Irie at al. Pharma-
ceutical Research, 5, pp. 713-716 (1988); Pitha et al., Zt. J.
Pharm. 29, 73 (1986); U.S. Pat. Nos. 4,659,696 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-cyclodextrin include
Pitha U.S. Pat. Nos. 4,596,795 and 4,727,064, Miller U.S.
Pat. Nos. 4,764,604 and 4,870,060 and Miiller et al. U.S. Pat
No. 6,407,079.

Amorphous cyclodextrins of particular interest for com-
plexation with cladribine include: hydroxyalkyl, e.g.
hydroxyethyl or hydroxypropyl, derivatives of B- and y-cy-
clodextrin; carboxyalkyl, e.g. carboxymethyl or carboxy-
ethyl, derivatives of B- or y-cyclodextrin; }-cyclodextrin sul-
fobutyl ether; and randomly methylated B-cyclodextrin.
2-Hydroxypropyl-B-cyclodextrin (HPBCD), 2-hydroxypro-
pyl-y-cyclodextrin (HPyCD), randomly methylated B-cyclo-
dextrin, $-cyclodextrin sulfobutyl ether, carboxymethyl-fB-
cyclodextrin (CMBCD) and carboxymethy]-y-cyclodextrin
(CMyCD)are of special interest, especially hydroxypropyl-
6-cyclodextrin and hydroxypropyl-y-cyclodextrin.

Compositions ofan amorphous mixture ofamorphousfree
cladribine and an amorphous, preferably saturated, cladrib-
ine-cyclodextrin inclusion complex for use in the present
invention can be prepared under conditions favoring complex
formation in a liquid environmentas described and as exem-
plified herein. The resultant liquid preparations can be sub-
sequently converted to a dry form suitable for administration
as a solid oral or transmucosal dosage form.

Oneofskill will appreciate that a variety ofapproachesare
available in the field to prepare compositions as described
herein. One available method exemplified herein includes the
steps of mixing the cladribine in an aqueous solution of an
amorphous cyclodextrin, separating un-dissolved cladribine
(e.g., by filtering or centrifugation), and lyophilizing or
freeze-drying the saturated solution to form a solid amor-
phous mixture.

Pharmaceutical compositions according to the invention
may optionally include one or more excipients or other phar-
maceutically inert components. One of the advantages of the
invention, however,is that cladribine drug formsas described
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herein can be prepared with the minimal amountofexcipients
necessary for shaping and producingthe particular form, such
as a tablet or patch. Excipients may be chosen from thosethat
do not interfere with cladribine, with cyclodextrin or with
complex formation.

Dosage formsare optionally formulated in a pharmaceuti-
cally acceptable vehicle with any of the well-known pharma-
ceutically acceptable carriers, diluents, binders, lubricants,
disintegrants, scavengers, flavoring agents, coloring agents,
and excipients (see [f/andbook ofPharmaceutical Excipients,
Marcel Dekker Inc., New York and Basel (1998); Lachman et
al., Eds., The Theory andPractice ofIndustrialPharmacy, 3"4
Ed., (1986); Lieberman et al., Eds. Pharmaceutical Dosage
Forms, Marcel Dekker Inc., New York and Basel (1989); and
The HandbookofPharmaceutical Excipients, 3"" Ed., Ameri-
can Pharmaceutical Association and Pharmaceutical Press,
2000); see also Remington’s Pharmaceutical Sciences, 18”
Ed., Gennaro, Mack Publishing Co., Easton, Pa. (1990) and
Remington: The Science and Practice ofPharmacy, Lippin-
cott, Williams & Wilkins, (1995)). A simple solid oral dosage
form consists of the amorphous mixture of amorphousfree
cladribine and amorphouscladribine-cyclodextrin complex
(preferably saturated) as described above, 1.e. the complex
cladribine-cyclodextrin complex, compressed with a small
amount (e.g. about 1% by weight) of a suitable binder or
lubricant such as magnesium stearate.

In certain instances, oral absorption may be furtherfacili-
tated by the addition of various excipients and additives to
increase solubility or to enhance penetration, such as by the
modification of the microenvironment.

The methods and pharmaceutical compositions described
herein offer novel therapeutic modalities for the treatment of
patients in need of treatment with cladribine. As shown
herein, the invention addressesthe problemsofpoor bioavail-
ability traditionally associated with oral cladribine.

The compositions of the invention are particularly suitable
as modalities for the treatment of any cladribine-responsive
disease. Several disease states responsive to cladribine are
well-documentedin the literature (see infra). For any target
disease state, an effective amount of the complex cladribine-
cyclodextrin comples, i.e. the amorphous mixtureofthe opti-
mized amorphoussaturated cladribine-amorphouscyclodex-
trin complex with amorphous free cladribine as described
aboveis used (e.g., an amountaffective for the treatment of
multiple sclerosis, rheumatoid arthritis, or leukemia).

The term “therapeutically effective amount”or “effective
amount” is used to denote treatments at dosages effective to
achieve the therapeutic result sought. Therapeutically effec-
tive dosages describedinthe literature include thosefor hairy
cell leukemia (0.09 mg/kg/day for 7 days), for multiple scle-
rosis (from about 0.04 to about 1.0 mg/kg/day (see US.Pat.
No. 5,506,214)); for other diseases, see also U.S. Pat. No.
5,106,837 (autohemolytic anemia); U.S. Pat. No. 5,310,732
(inflammatory boweldisease); U.S. Pat. No. 5,401,724 (rheu-
matoid arthritis); U.S. Pat. No. 5,424,296 (malignant astro-
cytoma); U.S. Pat. No. 5,510,336 (histiocytosis); U.S. Pat.
No. 5,401,724 (chronic myelogenous leukemia); and U.S.
Pat. No. 6,239,118 (atherosclerosis).

Further, various dosage amounts and dosing regimenshave
been reported in the literature for use in the treatment of
multiple sclerosis; see, for example: Romineet al., Proceed-
ings ofthe Association ofAmerican Physicians, Vol. 111, No.
1, 35-44 (1999); Selby et al., The Canadian Journal ofNeu-
rological Sciences, 25, 295-299 (1998); Tortorella et al., Cur-
rent Opinion in Investigational Drugs, 2 (12), 1751-1756
(2001); Rice et al., Neurology, 54, 1145-1155 (2000); and
Karlsson et al., British Journal ofHaematology, 116, 538-548
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(2002); all of which are incorporated by reference herein in
their entireties and relied upon.

Moreover, the route of administration for which the thera-
peutically effective dosagesare taught in the literature should
be taken into consideration. While the instant compositions
optimize the bioavailability of cladribine following oral
administration, it will be appreciated that even optimal bio-
availability from oral dosage forms is not expected to
approach bioavailability obtain after intravenous administra-
tion, particularly at early time points. Thus,it is often appro-
priate to increase a dosage suggested for intravenous admin-
istration to arrive at a suitable dosage for incorporation into a
solid oral dosage form. At the present time, it is envisioned
that, for the treatment ofmultiple sclerosis, 10 mg of cladrib-
ine in the instant complex cladribine-cyclodextrin complex in
the instant solid dosage form would be administered once per
day for a period of five to seven days in the first month,
repeated for anotherperiodoffive to seven daysin the second
month, followed by ten monthsofno treatment. Alternatively
the patient would be treated with 10 mg of cladribine in the
instant complex cladribine-cyclodextrin complex in the
instant dosage form once per day for a periodoffive to seven
days per monthfor a total of six months, followed by eighteen
months of no treatment.

Furthermore, one of skill will appreciate that the therapeu-
tically effective amount of cladribine administered herein
may be loweredor increased by fine tuning and/or by admin-
istering cladribine according to the invention with another
active ingredient. The invention therefore provides a method
to tailor the administration/treatmentto the particular exigen-
cies specific to a given mammal. Therapeutically effective
amounts maybeeasily determined, for example, empirically
bystarting at relatively low amounts and by step-wise incre-
ments with concurrent evaluation of beneficial effect.

As noted in the preceding paragraph, administration of
cladribine in accord with this invention may be accompanied
by administration ofone or more additional active ingredients
for treating the cladribine-responsive condition. The addi-
tional active ingredient will be administered by a route of
administration and in dosing amounts and frequencies appro-
priate for each additional active ingredient and the condition
being treated. For example,in the treatment of multiple scle-
rosis, other useful drugs include interferon beta (Rebif®,
Betaseron®/Betaferon®, Avonex®), identical to the natu-
rally occurring protein found in the human body;glatiramer
acetate (Copaxone®), a random chain (polymer) ofthe amino
acids glutamic acid, lysine, alanine andtyrosine; natalizumab
(Antegren®), a monoclonal antibody; alemtuzumab (Cam-
path-1H®), a humanized anti-CD52 monoclonal antibody;
4-aminopyridine (also known as 4-AP and Fampridine), a
drug that blocks the potassium channels in neurons; and
amantadine, an anti-viral agent which improves muscle con-
trol and reduces muscle stiffness and is used to alleviate the

symptoms of fatigue in multiple sclerosis, a purpose for
which pemoline (Cylert®) and L-Carnitine (a herbal product)
may also be useful. In the treatment of hairy cell leukemia,
additional active ingredients may include interferon alpha,
pentostatin, fludarabine, rituximab (an anti-CD 20 mono-
clonal antibody) and the anti-CD22 recombinant immuno-
toxin BL 22; other additional active ingredients may be
appropriate in other types of leukemias. In the treatment of
rheumatoidarthritis, there are many other active ingredients
which maybeselected. These include NSAIDS (non-steroi-
dal anti-inflammatory drugs), which are of three types: sali-
cylates such as aspirin, traditional NSAIDSsuch as ibuprofen
and indomethacin, and COX-2 inhibitors such as celecoxib
(Celebrex®), rofecoxib (Vioxx®), meloxicam (Mobic®),
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valdecoxib (Bextra®), lumiracoxib (Prexige®) and etori-
coxib (Arcoxia®). Other drugs useful in treating rheumatoid
arthritis which may be used in conjunction with the present
invention include DMARDS, glucocorticoids, biological
response modifiers and non-NSAID analgesics. DMARDS
are disease-modifying anti-rheumatic drugs which include
methotrexate, plaquenil, leflunomide (Arava®), sulfasala-
zine, gold, penicillamide, cyclosporine, methyl cyclophosa-
mide and azathioprine. Glucocorticoids include dexametha-
sone, prednisolone, triamcinolone and many others.
Biological response modifiers (which restore the disease-
fighting ability of the immune system), include etanercept
(Enrel®), a tumor-necrosis factor inhibitor, infliximab
(Remicade®), which is also an anti-TNF drug, anakinra (Ki-
neret®), a selective IL-1 blocker, and Humira®, a human
monoclonal antibody which is another anti-TNF drug. The
non-NSAID analgesics include acetaminophen as well as
narcotic analgesics such as hydrocodone, oxycodone and
propoxyphene. Generally speaking, those drugs which work
by a mechanism different from that of cladribine are particu-
larly useful for concomitant therapy with the cladribine com-
position described herein. Those drugs whichare effective by
the oral route of administration and which are compatible
with theinstant cladribine complexesin a single dosage form
maybe incorporatedinto the instant dosage forms; otherwise,
they should of course be separately administered in amounts,
frequencies and via administration routes suitable to them.

As used herein, “treating” means reducing, preventing,
hindering the developmentof, controlling,alleviating and/or
reversing the symptoms in the individual to which a com-
poundofthe invention has been administered, as comparedto
the symptomsofan individual not being treated according to
the invention. A practitioner will appreciate that the com-
plexes, compositions, dosage forms and methods described
herein are to be used in concomitance with continuousclini-

cal evaluations by a skilled practitioner (physician or veteri-
narian) to determine subsequenttherapy. Such evaluation will
aid and inform in evaluating whetherto increase, reduce, or
continuea particular treatment dose, and/or to alter the mode
of administration.

The methodsofthe present invention are intended for use
with any subject/patient 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
humansas well as non-human subjects, particularly domes-
ticated animals.

Any suitable materials and/or methods knownto those of
skill can be utilized in carrying out the present invention.
However, preferred materials and methods are described,
Materials, reagents and the like to which reference are made
in the following description and examples are obtainable
from commercial sources, unless otherwise noted.

The following examples are intended to further illustrate
certain preferred embodiments of the invention and are not
limiting in nature. Those skilled in the art will recognize, or be
able to ascertain, using no morethanroutine experimentation,
numerous equivalents to the specific substances and proce-
dures described herein.

EXAMPLES

Example 1

Phase Solubility Study

A phase solubility study can be carried out as follows.
Excess cladribine is added to cyclodextrin solutions of vari-
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ous concentrations of hydroxypropyl-B-cyclodextrin (HP-
BCD) and allowed to complex as described in EXAMPLE 2
below. The excess, undissolved cladribine is removed by
filtration. The amountofcladribine in the complexation solu-
tion is measured to obtain a data point. This process is
repeated with different known concentrations of HPBCD
until several data points are obtained. These data points are
then plotted graphically, each data point representing the
amountof cladribine that can be dissolved in water with a

specific concentration of cyclodextrin. Points on the line gen-
erated by the data points representratios for the product. One
ofskill in theart will realize the sameresults will be generated
if excess cyclodextrin is added to cladribine solutions of
known concentration.

The molar concentrations of cladribine to cyclodextrin
obtainedare plotted and presented graphically. A representa-
tive phase solubility diagram is shown in the FIGURE. The
plotted lines for cladribine-HPBCDrepresentcladribine solu-
bilization for the conditions tested, that is, the ratio of the
concentration of cladribine to the concentration of cyclodex-
trin. The area above each of the plotted lines represents con-
ditions where excess insoluble cladribineis 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 FIGURE is
approximately linear; this is indicative of a 1:1 complex, in
which one molecule of the drug is complexed with one mol-
ecule of cyclodextrin. The FIGURE also shows that addi-
tional cyclodextrin is needed to maintain the cladribinein the
complex. For example, about 0.14 mole of HPBCD 1s needed
to maintain about 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-inclusion complex). Under the condi-
tions of EXAMPLE2 below, a significant portion of the
cladribine in the product can be expected to be not in the
inclusion complex but rather in amorphousform looselyheld
in intimate admixture therewith by hydrogen bonding as a
non-inclusion complex.

Example 2

Preparation of Cladribine-Cyclodextrin Complex for
Human Trials

Cladribine is complexed with HPBCD by the following
method.

In 825 mL ofdistilled water, 172.5 g of hydroxypropyl-B-
cyclodextrin are dissolved (forming an approximately 17%
solution), then cladribine is added and the mixtureis stirred at
about 45 to about 50° C. for about nine hours. Stirring is
continued for an additional 6 to 9 hours at room temperature.
Any undissolved cladribine is removedbyfiltration and the
solution is cooled to room temperature. To form the amor-
phous mixture of amorphous cladribine-cyclodextrin com-
plex and amorphousfree cladribine, the aqueous cladribine-
cyclodextrin solution is dried by lyophilization prior to
incorporationinto solid oral tablets. The lyophilization pro-
cedure comprises a freezing stage of rapidly bringing the
complexation solution to about -40° C. to about -80° C. (e.g.,
about -45° C.) for approximately 2 to 4 hours (preferably
about 3 to 4 hours), followed by a primary drying stage at
about -25° C. for approximately 80-90 hours, typically under
lowpressure, and a second drying stage at about 30° C. for
about 15-20 hours.
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Product made by the foregoing general procedure can be
analyzed by HPLC (utilizing a Hypersil ODS 3 microncol-
umn and an acetonitrile based mobile phase, with UV detec-
tion at 264 nm) to find the weight ratio of cladribine to
cyclodextrin in the final product. Final product preparations
can be further characterized by methods known in the art,
including, for example by inspecting appearance, ascertain-
ing the overall impurity content by HPLC,ascertaining the
water content using a Karl Fischertitrator, determining the
dissolution profile by a standard method, for example using
USP<711>Apparatus I] equipment and UV detection at 264
nm,inspecting the content uniformity and performing quan-
titative assay by HPLC analysisof the active ingredient.

Twobatches of cladribine/cyclodextrin product, FD04 and
FD05, were made by the foregoing general procedure as
follows:

Purified water (825 mL) was pre-heated at 48° C. (target
range 45°C. to 50° C.) ina 1-liter glass vessel by immersion
in a water bath. The heated water wasstirred to achieve a

controlled central vortex. 2-hydroxypropyl-B-cyclodextrin
(172.50 g) was weighedand slowly addedto the heated water
over a period of40 minutes. The resulting solution wasstirred
for a further 10 minutes to ensure complete dissolution of the
cyclodextrin. Cladribine (12.00 g for FD04 and 18.75 g for
FD05) was weighed and added to the stirred cyclodextrin
solution, which turned cloudy before becoming clear. The
resulting clear solution was maintainedat 48° C. and continu-
ally stirred for 9 hours. Stirring continued for a further 7 hours
while the solution cooled to room temperature.

Useof a larger amount of cladribine in the preparation of
FD05 waspart of an attempt to optimize the procedure; how-
ever, it was foundthat the initial amountof cladribine in that
case was too great and precipitation was observed at the end
of the cooling step for batch FD05. The solution wasfiltered
to remove the precipitate. Analysis of the resultant product
revealed (assay value=87.2%) that 16.35 g of cladribine had
been incorporated into the cyclodextrin complex in the case
of FD0S. Nofiltration was required for batch FD04, indicat-
ing that the amounts used in the preparation of FD04 were
more appropriate and that the FD05 procedure could be opti-
mized by beginning with a smaller amount of cladribine
(16.35 grather than 18.75 g), thus avoiding the filtration step.

After cooling to room temperature and, in the case of
FD05, filtering, the solutions were filled into 100 mL lyo-
philization vials (20 mL solutions per vial), the filled vials
were partially stoppered and lyophilized. The lyophilization
included freezing at —45° C. for about 200 minutes, a primary
drying phase at -25° C. under a pressure of 100 mTorr for
about 5,200 minutes and a secondary drying phase at 30° C.
for about 1,080 minutesas set forth below:

TABLEI

Step Process Temperature Pressure (mTorr) Time (min)

1 Load 4°C.
2 Load Hold 4°C. wa 120
3 Ramp -45°C. wa 120
4 Freezing -45°C. wa 200
5 Ramp 25° ©, 100 120
6 Primary drying -25°C. 100 5200
7 Ramp 30°C. 50 240
8 Secondary 30°C: 50 1080

drying
9 Finish 30°C. Vials closed under vacuum

The FD04 and FDO5 batches of cladribine/cyclodextrin
product made bythe foregoing procedure were analyzed by
HPLC (utilizing a Hypersil ODS 3 micron column and an
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acetonitrile based mobile phase with UV detection at 264 nm)
and empirically found to have the following characteristics:

TABLEII

Cladribine: HPBCD
Lot No. Cladribine:HPBCD w/w Weight Ratio

FD04 12.00 g:172.50 g 1:14.38
FDO5 16.35 g:172.50 g 1:10.55

10

The products were analyzed by DSC thermograms and
X-ray diffraction methods to determine any free crystalline
cladribine in the lyophilized material. Importantly, the
samples exhibited no transitions in the region of 210° C. to
230° C., which is associated with the melting of crystalline
cladribine. In both cases, no significant thermal activity was
recorded in the range of 210° C. to 230° C., suggesting that
the complexes obtainedat the end ofthe lyophilization do not
have any significant amount of free crystalline cladribine,
considering the sensitivity ofthe analytical method (up to 3%
w/w). This conclusion was supported by the absence ofpeaks
for crystalline cladribine from X-ray diffraction traces for
both complexes FD04 and FD05.

The products are amorphous mixtures of amorphous
cladribine-HPBCD inclusion complex and amorphous free
cladribine hydrogen-bonded to the cyclodextrin as a non-
inclusion complex. The cladribine:HPBCD weight ratios
obtained were about 1:14 and 1:11.

Generally speaking, amorphous mixtures within the scope
ofthe present invention have cladribine: HPBCD weightratios
of from about 1:10 to 1:16.

25
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Example 3

Preparation of Oral Tablets 35

Tablets were manufactured using batches of amorphous
mixtures FD04 and FDO5 described in EXAMPLE2 for use

in a clinical study.
Batch NO120 was manufactured using cladribine-2-HP-

BCD complex mixture DFO5 to a batch size of 3,000 tablets
and batch NO126 was manufactured using cladribine-HPBCD
complex mixture FD04 to a batch size of 800 tablets. The
master formulationsfor the two batches are shown in TABLE

Il. Batch NO120 represented 3.0 g tablets and Batch N0O126
represented 10 mgtablets for clinical study. 45

TABLEIII

me/tablet me/tablet
Lot 3.0 mg 10.0 mg

Constituent Number Batch N0120 Batch NO126 50

Cladribine-HPBCD complex mix FDO5 30.60*
Cladribine-HPBCD complex mix FD04 153.75**
Sorbitol powder NF 1007403 68.4 44.25
Magnesium stearate NF 1006280 1.00 2.60

55
Total 100.00 200.00

*Equivalent to 3.0 mg cladribinepertablet.
**Equivalent to 10.0 mg cladribine pertablet.

The following table sets forth the method of manufacture
of the Batch NO120 and N0126tablets.

TABLE IV

1. Pre-mix the magnesium stearate with an approximately equal quantity
ofsorbitol power.

2. Pass the cladribine-HPBCD complex and the remainderofthe sorbitol
powderinto a one-liter glass jar via a 40-mesh screen.

65
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TABLE IV-continued

3. Blend the contents for 10 minutes at 12 rpm.
4. Pass the magnesium stearate/sorbitol 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 mgtablets at a target compression

weight of 100 mg and 200 mg,respectively.

Both the Batch NO120 3.0 mgtablets and the Batch N0126
10.0 mgtablets were round, with oneside flat-beveled edged
and the other side shallow convex. The Batch NO120 3.0 mg
tablets had an average weight of 100 mg,a thickness of 2.7
mm,a friability of 0.2%, a hardness of 4 Kp and a disintegra-
tion time of 3 minutes. The Batch NO126 10.0 mgtablets had
an average weight of 198 mg, a thickness of 4.2 mm, a
friability of 1%, a hardness of2.8 Kp anda disintegration time
of 5 minutes 42 seconds.

The Batch N0120 3.0 mg and N0O126 10.0 mgtablets were
usedin the clinical study summarized in EXAMPLE5 below.

Example 4

Clinical Study

Relative Bioavailability

The objective of this study wasto assessthe relative bio-
availability of three oral cladribine formulations: (1) acyclo-
dextrin-based formulation according to the instant invention
(Tablet 1: complex FDO5, 1.e. Batch No. N0120 tablets
described above); (2) a mucoadhesive formulation (Tablet 2:
containing 3.0 mg cladribine, 10 mg of Carbopol 71G NF,
22.2 mg of dicalctum phosphate, 64.3 mg of lactose and 0.5
mg ofmagnesium stearate, Batch No. NO121); and B) a hard-
gel capsule (Capsule containing 3.0 mg cladribine, 5.0 mg
Carbopol 974P, 91.3 mg Avicel PH101, 100.0 mg Avicel
PH102, 0.2 mg colloidal silicon dioxide and 0.5 mg magne-
sium stearate, Batch No. RD03030) in comparison with one
fixed subcutaneousclardribine administration (reference for-
mulation) in patients with MS (multiple sclerosis).

This study was a 2 center, open-label, randomized, 4-way
crossover single dose study using twelve patients with MS.
Patients received randomly three different fixed oral doses
(3.0 mg) and a fixed subcutaneous dose of 3.0 mg. The four
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 concentration of cladribine was measured by a
HPLC/MS/MS method. Using this method, the relationship
between concentration versus peak area ratio was foundto be
linear within the range of 100 pg/ml to 50,000 pg/ml for
cladribine. The limit of quantification was 100 pg/ml. Analy-
sis of samples wascarried out in 16 runs. No calibrator had to
be excludedfrom fitting of the calibration curve and accuracy
of each quality control sample met the GLP requirements.

576 clinical plasma samples were analyzed and concentra-
tion values of cladribine were determined. The results were

compiled and are summarized in the tables below (Tables V
and VI). In these tables, the following definitions are appli-
cable:T,,,,. 18 the time to reach maximum concentration in the
plasma; T,,,, is the half-life of cladribine in the plasma; Cy,4+
is the maximum concentration of cladribine in the plasma;
AUC,,,is the area underthe curve for the measured data from
zero extrapolated to infinity; AUC,is the area under the curve
for the measureddata (from zeroto thelast time point); Geom
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Meanis the geometric mean; CVis the coefficient ofvariation
(relative standard deviation); LL is the lower limit; UL is the
upperlimit.

TABLE

Summary Statistics for Pharmacokinetic

20

MS. Patients received randomly twodifferentfixed oral doses
(3.0 mg and 10.0 mg) and a fixed intravenous dose of 3.0 mg
(administered as a 1 hour infusion). The three treatment days

Vv

Parameters for Cladribine Study
Obtained via Non-Compartmental Analyses. (n = 12).

3.0 mg subcutaneous 3 mg Tablet 1 3 mg Tablet 2 3 mg Capsule

Pharmacokinetic Geom Mean + CVv** Geom Mean + CVv** Geom Mean + eve" Mean + CV"*
Parameter Mean SD %) Mean SD (%) Mean SD (%) Geom Mean sD (%)

Tynax (hr) N/A 3134.113 362 NA 521 £.167 32.1 NA 1.254.839 67.1 N/A 2.254.622 27.7
Ty(hr) N/A 6.69 42.01 30.1 NA 7.55 £2.50 33.1 NA 6.7342.82 41.9 NA 6.27 +£2.31 36.9
Cae (pg/ml) 23186 N/A 40.1 6597 NA 24.7 5041 N/A 52.6 3818 NA 36.8
AUCi¢ 57254 NA 44.4 24936 NA 28.8 21676 NA 42.7 22604 NA 39.5
(hr - pg/ml)
AUC, 54725 NA 43.8 23182 NA 28.0 20063 NA 42.1 20951 NA 42.0
(hr - pg/ml)

**CV = SD/meanfor Tyg, and Ty. and CV % geometric mean for Cyq, AUC;and AUC,.
20

TABLEVI

Ratios of Oral to Subcutaneous Pharmacokinetic Parameters and
Corresponding Two-Sided 90% Confidence Intervals

for Cladribine Study (n = 12). 25

3 mg Capsule

Pharmacokinetic 3 mg Tablet 1 3 mg Tablet 2 Telos

Parameter Ratio¥ LL,UL Ratio* LL,UL Ratio¥ UL 30

AUCy 43.1 3507, 38.4 31.8, 38.9 32.1,52:1 46.4 47.0
AUC, 41.9 34.6, 37.2 30.7, 37.6 31.0,

50.8 45.0 45.5

35*Ratios (dose normalized) and Corresponding 95% LL obtainedvia inverse transformation
of log-transformed data.

Example 5

Clinical Study 40

Dose Response and Absolute Bioavailability

The objective of this study was to assess the systemic
availability of cladribine after oral administration in two dif-
ferent fixed oral doses, in comparison with onefixed intrave-
nous administration (reference formulation) in patients with
MS(multiple sclerosis), and to evaluate the safety and toler-
ability of cladribine in this population.

This study wasa 3 center, open-label, randomized, 3-way
crossover single dose study using twenty-six patients with

45
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were separated by a drug-free interval of at least 5 days. In
each treatment period blood samples were collected over a
24-hourperiod for evaluation of plasma cladribine.

The plasma concentrations ofcladribine were measured by
a HPLC/MS/MSmethod. Using this methodthe relationship
between concentrations versus peak area ratios was found to
be linear within the range of 100 pg/ml to 50,000 pg/ml for
cladribine. The limit of quantification was 100 pg/ml. Analy-
sis of samples wascarried out in 16 runs. Exceptthefirst run
(which hadto be rejected because of equipmentfailure), all
other runs could be accepted. No calibrator had to be excluded
from fitting of the calibration curve and accuracy of each
quality control sample met the GLP requirements.

 

858 clinical plasma samples were analyzed and concentra-
tion values of cladribine were determined. The results were

compiled and are summarized in the tables below [TABLES
VII through X]. In these tables, the following definitions are
applicable:T,,,,,,. is the time to reach maximum concentration
in the plasma; T,,, is the half-life of cladribine in the plasma;
Cyrax 18 the maximum concentration of cladribine in the
plasma; AUC,,,-is the area underthe curve for the measured
data from zero extrapolatedto infinity; AUC,is the area under
the curve for the measured data (from zero to the last time
point); Geom Meanis the geometric mean; CVis the coeffi-
cient ofvariation (relative standard deviation); LL is the lower
limit; UL is the upperlimit; o* is the mean variance; o,.” is the
mean variance between subjects; o,,~ is the mean variance
within subjects; CVis the total coefficient of variation; and
CV,,1s the coefficient of variation within subjects.

TABLEVII

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

Oral Administration

3.0 mg IV infusion 3.0 mg 10.0 mg

Pharmacokinetic Geom Mean + CV** Geom Mean + CV** Geom Mean + Gye

Parameter Mean SD (%) Mean sD (%) Mean SD (%)

Tina (hr) N/A -8174.397 48.6 N/A 548 +.300 54.8 NA 558.204 36.5
Ty(hr) NA 6.504£1.27 19.5 NA 5.85 41.18 20.2 N/A $.60+£0.75 13.3
Crax (pg/ml) 21425 NA 27.6 5608 N/A 49.5 21242 NA 50.5
AUCyp 58528 NA 24.0 20159 N/A 35.0 76690 NA 30.3
(hr - pg/ml)
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TABLEVI]-continued

22

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

Oral Administration

3.0 mg IV infusion

Pharmacokinetic Geom Mean + CV** Geom Mean +
Parameter Mean SD %) Mean SD

AUC, 56396 NA 24.0 19166 N/A
(hr - pg/ml)

**CV = SD/meanfor Tyg, and Ty. and CV % geometric mean for Cy, AUC;and AUC,.

TABLEVIII

Ratios of Oral to I.V. Pharmacokinetic Parameters and

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

Oral Administration

Pharmacokinetic 3.0 mg 10.0 mg

Parameter Ratio* LL Ratio* LL

AUC, 34.5 31.7 39.1 35.9
AUC, 34.0 31.2 39.4 36.1

*Ratios (dose normalized) and Corresponding 95% LL obtainedvia inverse transformation
of log-transformed data.

TABLE IX

Ratios and Corresponding two-sided 90% Confidence
Intervals for Cladribine Study (n = 26

Pharmacokinetic 10.0 mg/3.0 mg

Parameter Ratio* LL UL

©rca 112.6 95.1 1333
AUCyp 113.3 104.2 123.3
AUC, 115.8 106.1 126.5

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

TABLE X

Variance components for Cladribine Study (n = 26

Source of variation Curax AUC,¢ AUC,

Between(05°) .0380 0487 0492
With (6,7) 1315 .0330 .0357

TOTAL(0,7 + 077) 1695 .0816 0849
CVA%) 43.0 29.2 29.8
CViA%) 315 18.3 19.1

‘Where PK parameters are dose-adjusted and CV = Vexp(o’) -1

The foregoing is consideredasillustrative only ofthe prin-
ciples of the invention. Further, since numerous modifica-
tions and changeswill readily occur to those skilled in the art,
it is not desired to limit the invention to the exact construction

and operation shownand described, and accordingly,all suit-
able modifications and equivalents thereofmay beresorted to
falling within the scopeofthe invention claimed.

3.0 mg
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10.0 mg

cv** Geom Mean + cv**
(%) Mean SD (%)

36.9 74532 NA 30.3

15
Whatis claimed is:

1. A complex cladribine-cyclodextrin complex which is an
intimate amorphous admixture of (a) an amorphousinclusion
complex of cladribine with an amorphous cyclodextrin and
(b) amorphousfree cladribine associated with amorphous
cyclodextrin as a non-inclusion complex.

2. The complex according to claim 1, saturated with
cladribine.

3. The complex according to claim 1, wherein the amor-
phous cyclodextrin is hydroxypropyl-f-cyclodextrin,
hydroxypropyl-y-cyclodextrin, randomly methylated B-cy-
clodextrin, carboxymethyl-B-cyclodextrin or sulfobutyl-B-
cyclodextrin.

4. The complex according to claim 1, wherein the amor-
phous cyclodextrin is hydroxypropyl-B-cyclodextrin or
hydroxypropyl-y-cyclodextrin.

5. The complex according to claim 1, wherein the weight
ratio of cladribine to amorphous cyclodextrin is from about
1:10 to about 1:16.

6. The complex according to claim 5, wherein the amor-
phous cyclodextrin is hydroxypropyl-B-cyclodextrin or
hydroxypropyl-y-cyclodextrin.

7. The complex according to claim 1, wherein from about
30 to about 40 percent by weight of the cladribine is in the
inclusion complex (a) and from about 70 to about 60 percent
by weight of the cladribine is in the non-inclusion complex
(b).

8. A process for the preparation of a complex cladribine-
cyclodextrin complex as claimed in claim 1, which comprises
the steps of:

(i) combining cladribine and an amorphouscyclodextrin in
water at a temperature of from about 40 to about 80° C.
and maintaining said temperature for a period of from
about 6 to about 24 hours;

(11) cooling the resultant aqueous solution to room tem-
perature; and

(111) lyophilizing the cooled solution to afford an amor-
phous product.

9. The process according to claim 8, further comprising a
filtration step followingstep (11).

10. The process according to claim 8, wherein step (i) is
performedat a temperature of from about 45 to about 60° C.

11. The process according to claim 8, wherein step (i) is
performedat a temperature of from about 45 to about 50° C.

12. The process according to claim 10, wherein step (4) is
performed withstirring.

13. The process according to claim 12, wherein step (i)is
performedfor a period of from about 6 to about 9 hours.

14. The process according to claim 8, wherein step (11) is
performedfor a period of from about 6 to about 9 hours.

15. The process according to claim 8, wherein step (ii)
comprises an initial freezing stage in which the solution is
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cooled to from about —40 to about —80° C., and held at said
temperature for a period of from about 2 to about 4 hours.

16. The process according to claim 15, wherein, in the
initial freezing stage of step (111), the solution is cooled to
about -45° C.

17. The process according to claim 10, wherein 12.00 parts
by weight ofcladribine and 172.50 parts by weight ofhydrox-
ypropyl-B-cyclodextrin are introducedin step (1), or wherein
16.35 parts by weight of cladribine and 172.50 parts by
weight of hydroxypropyl-f-cyclodextrin are introduced in
step (i).

18. The process according to claim 17, wherein 825 parts
by volumeofwater are introducedin step (i).

19. The process according to claim 8, wherein the lyo-
philization step (iii) comprises:

(a) an initial freezing stage in which the complexation
solution is brought to from about -40° C. to about -80°
C. for approximately 2 to 4 hours;

(b) a primary drying stage at about -25° C. for approxi-
mately 80 to 90 hours; and

(c) a secondary drying stage at about 30° C. for approxi-
mately 15 to 20 hours.

20. The process according to claim 19, wherein stage (a) of
the lyophilization is conducted at about -45° C. for approxi-
mately 3 to 4 hours.

21. The process according to claim 19, wherein stage (b) of
the lyophilization is conducted undera pressure of about 100
mTorr.

22. A pharmaceutical composition comprising a complex
cladribine-cyclodextrin complex which is an intimate amor-
phous admixture of (a) an amorphous inclusion complex of
cladribine with an amorphous cyclodextrin and (b) amor-
phousfree cladribine associated with amorphous cyclodex-
trin as a non-inclusion complex, formulated into a solid oral
dosage form, said composition comprising no significant
amountof free crystalline cladribine therein.

23. The pharmaceutical composition accordingto claim 1,
wherein the complex is saturated with cladribinc.

24. The composition according to claim 1, wherein the
amorphous cyclodextrin is hydroxypropyl-f-cyclodextrin,
hydroxypropyl-y-cyclodextrin, randomly methylated B-cy-
clodextrin, carboxymethyl-f-cyclodextrin or sulfobutyl-B-
cyclodextrin.

25. The composition according to claim 1, wherein the
amorphouscyclodextrin is hydroxypropyl-f-cyclodextrin or
hydroxypropyl-y-cyclodextrin.

26. The composition according to claim 1, wherein the
weight ratio of cladribine to amorphous cyclodextrin is from
about 1:10 to about 1:16.

27. The composition according to claim 26, wherein the
amorphouscyclodextrin is hydroxypropyl-f-cyclodextrin or
hydroxypropyl-y-cyclodextrin.

28. The composition according to claim 1, wherein the
approximate molar ratio of cladribine to amorphous cyclo-
dextrin correspondsto a point located on the curve of a phase
solubility diagram for saturated complexes of cladribine in
varying concentrations of the cyclodextrin.

29. The composition according to claim 1, wherein from
about 30 to about 40 percent by weight of the cladribine is in
the inclusion complex (a) and from about 70 to about 60
percent by weight of the cladribine is in the non-inclusion
complex (b).
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30. A pharmaceutical composition according to claim 1,
obtainable by a process comprising the steps of:

(1) combining cladribine and an amorphouscyclodextrin in
water at a temperature of from about 40 to about 80° C.
and maintaining said temperature for a period of from
about 6 to about 24 hours;

(11) cooling the resultant aqueous solution to room tem-
perature;

(111) lyophilizing the cooled solution to afford an amor-
phous product; and

(iv) formulating the amorphousproduct into a solid oral
dosage form.

31. The pharmaceutical composition according to claim
30, wherein the process further comprises a filtration step
following step (1) or (ii).

32. The pharmaceutical composition according to claim
30, wherein step (i) of the process is performedat a tempera-
ture of from about 45 to about 60° C.

33. The pharmaceutical composition according to claim
32, wherein step (1) of the process is performed withstirring.

34. The pharmaceutical composition according to claim
33, wherein step (1) ofthe processis performedfor a period of
from about 6 to about 9 hours.

35. The pharmaceutical composition according to claim 3,
wherein 12.00 parts by weight of cladribine and 172.50 parts
by weight of the hydroxypropyl-B-cyclodextrin are intro-
duced in step (i) of the process, or wherein 16.35 parts by
weight of cladribine and 172.50 parts by weight of the
hydroxypropyl-f-cyclodextrin are introduced in step (1) of
the process.

36. The pharmaceutical composition according to claim
35, wherein 825 parts by volumeof water are introduced in
step (i) of the process.

37. The pharmaceutical composition according to claim
30, wherein step (i) of the process is performed at a tempera-
ture of from about 45 to about 50° C.

38. The pharmaceutical composition according to claim
30, wherein step (41) of the process is performed for a period
of from about 6 to about 9 hours.

39. The pharmaceutical composition according claim 30,
wherein step (iii) comprises an initial freezing stage in which
the solution is cooled to from about —40 to about -80° C., and
held at said temperature for a period of from about 2 to about
4 hours.

40. The pharmaceutical composition according to claim
39, wherein, in the initial freezing stage of step (iii), the
solution is cooled to about -45° C.

41. The pharmaceutical composition according to claim
30, wherein the lyophilization step (111) of the process com-
prises:

(a) an initial freezing stage in which the complexation
solution is brought to from about —40° C. to about -80°
C. for approximately 2 to 4 hours;

(b) a primary drying stage at about -25° C. for approxi-
mately 80 to 90 hours; and

(c) a secondary drying stage at about 30° C. for approxi-
mately 15 to 20 hours.

42. The pharmaceutical composition according to claim
41, wherein stage (a) of the lyophilization is conducted at
about -45° C. for approximately 3 to 4 hours.

43. The pharmaceutical composition according to claim
41, wherein stage (b) ofthe lyophilization is conducted under
a pressure of about 100 mTorr.

44. The pharmaceutical composition according to claim
30, wherein the formulationstep (iv) ofthe process comprises
blending the complex with magnesium stearate and com-
pressing into tablets.
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45. The pharmaceutical composition according to claim
44, wherein magnesium stearate is pre-mixed with sorbitol
powder before blending with the complex.

46. A method for enhancing the oral bioavailability of
cladribine comprising orally administering to a subject in
need thereof a pharmaceutical composition comprising a
complex cladribine-cyclodextrin complex which is an inti-
mate 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, said composition comprising no sig-
nificant amountoffree crystalline cladribine therein.

47. The method according to claim 46, wherein the com-
plex is saturated with cladribine.

48. The method according to claim 46, wherein the amor-
phous cyclodextrin is hydroxypropyl-(f-cyclodextrin,
hydroxypropyl-y-cyclodextrin, randomly methylated B-cy-
clodextrin, carboxymethyl-B-cyclodextrin or sulfobutyl-B-
cyclodextrin.

49. The method according to claim 46, wherein the amor-
phous cyclodextrin is hydroxypropyl-B-cyclodextrin or
hydroxypropyl-y-cyclodextrin.

50. The method according to claim 46, wherein the weight
ratio of cladribine to amorphouscyclodextrin is from about
1:10 to about 1:16.

51. The method according to claim 50, wherein the amor-
phous cyclodextrin is hydroxypropyl-f-cyclodextrin or
hydroxypropyl-y-cyclodextrin.

52. The method according to claim 46, wherein the
approximate molar ratio of cladribine to amorphous cyclo-
dextrin correspondsto a point located on the curve of a phase
solubility diagram for saturated complexes of cladribine in
varying concentrations of the cyclodextrin.

53. The method according to claim 46, wherein from about
30 to about 40 percent by weight of the cladribine is in the
inclusion complex (a) and from about 70 to about 60 percent
by weight of the cladribine is in the non-inclusion complex
(b).

54. A methodfor the treatment of symptomsofa cladrib-
ine-responsive condition selected from the group consisting
of multiple sclerosis, rheumatoid arthritis and leukemia in a
subject suffering from said symptoms comprising orally
administering to said subject a pharmaceutical composition
comprising a complex cladribine-cyclodextrin complex
which is an intimate amorphous admixture of (a) an amor-
phous inclusion complex of cladribine with an amorphous
cyclodextrin and (b) amorphousfree cladribine associated
with amorphous cyclodextrin as a non-inclusion complex,
formulated into a solid oral dosage form, said composition
comprising no significant amountoffree crystalline cladrib-
ine therein.

55. The method according to claim 54, wherein the com-
plex is saturated with cladribine.

56. The method accordingto claim 54, wherein the cladrib-
ine-responsive condition is multiple sclerosis.

57. The method according to claim 54, wherein the amor-
phous cyclodextrin is hydroxypropyl-f-cyclodextrin,
hydroxypropyl-y-cyclodextrin, randomly methylated$-cy-
clodextrin, carboxymethyl-f-cyclodextrin or sulfobutyl-p-
cyclodextrin.

58. The method according to claim 54, wherein the weight
ratio of cladribine to amorphouscyclodextrin is from about
1:10 to about 1:16.

59. The method according to claim 54, wherein the amor-
phous cyclodextrin is hydroxypropyl-B-cyclodextrin or
hydroxypropyl-y-cyclodextrin.
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60. The method according to claim 54, wherein from about
30 to about 40 percent by weight of the cladribineis in the
inclusion complex (a) and from about 70 to about 60 percent
by weight of the cladribine is in the non-inclusion complex
(b).

61. A methodfor the treatment of symptomsofa cladrib-
ine-responsive condition selected from the group consisting
of multiple sclerosis, rheumatoid arthritis and leukemia in a
subject suffering from said symptoms comprising orally
administering to said subject a pharmaceutical composition
comprising a complex cladribine-cyclodextrin complex
which is an intimate amorphous admixture of (a) an amor-
phous inclusion complex of cladribine with an amorphous
cyclodextrin and (b) amorphousfree cladribine associated
with amorphous cyclodextrin as a non-inclusion complex,
formulated into a solid oral dosage form, said composition
comprising no significant amountoffree crystalline cladrib-
ine therein, wherein administering cladribine is accompanied
by administering one or more additional active ingredients for
treating the cladribine-responsive condition.

62. The method according to claim 61, wherein the com-
plex is saturated with cladribine.

63. The method according to claim 62, wherein the amor-
phous cyclodextrin is hydroxypropyl-f-cyclodextrin,
hydroxypropyl-y-cyclodextrin, randomly methylated B-cy-
clodextrin, carboxymethyl-B-cyclodextrin or sulfobutyl-B-
cyclodextrin.

64. The methodaccording to claim 61, wherein the amor-
phous cyclodextrin is hydroxypropyl-f-cyclodextrin,
hydroxypropyl-y-cyclodextrin, randomly methylated B-cy-
clodextrin, carboxymethyl-B-cyclodextrin or sulfobutyl-B-
cyclodextrin.

65. The method according to claim 64, wherein the weight
ratio of cladribine to amorphous cyclodextrin is from about
1:10 to about 1:16.

66. The method according to claim 65, wherein the amor-
phous cyclodextrin is hydroxypropyl-y-cyclodextrin.

67. The method according to claim 61, wherein the weight
ratio of cladribine to amorphous cyclodextrin is from about
1:10 to about 1:16.

68. The method according to claim 67, wherein the amor-
phous cyclodextrin is hydroxypropyl-f-cyclodextrin.

69. The method according to claim 68, wherein the cladrib-
ine-responsive condition is multiple sclerosis.

70. The method according to claim 69, wherein one or
more additional active ingredients for treating multiple scle-
rosis is/are selected from the group consisting of interferon
beta, glatiramer acetate, natalizumab, alemtuzumab, 4-ami-
nopyridine and amantadine.

71. The method according to claim 61, wherein the amor-
phous cyclodextrin is hydroxypropyl-f-cyclodextrin.

72. The method according to claim 71, wherein the weight
ratio of cladribine to hydroxypropy!-B-cyclodextrin is about
1:14.

73. The method according to claim 71, wherein the weight
ratio of cladribine to hydroxypropyl-f-cyclodextrin is about
1:11.

74. The method according to claim 71, wherein from about
30 to about 40 percent by weight of the cladribine is in the
inclusion complex (a) and from about 70 to about 60 percent
by weight of the cladribine is in the non-inclusion complex
(b).

75. The method according to claim 71, wherein the cladrib-
ine-responsive condition is multiple sclerosis.

76. The method according to claim 75, wherein one or
more additional active ingredients for treating multiple scle-
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rosis is/are selected from the group consisting of interferon
beta, glatiramer acetate, natalizumab, alemtuzumab, 4-ami-
nopyridine and amantadine.

77. The method according to claim 61, wherein from about
30 to about 40 percent by weight of the cladribineis in the
inclusion complex (a) and from about 70 to about 60 percent
by weight of the cladribine is in the non-inclusion complex
(b).

78. The method accordingto claim 61, wherein the cladrib-
ine-responsive condition is multiple sclerosis.

79. The method according to claim 78, wherein one or
more additional active ingredients for treating multiple scle-
rosis is/are selected from the group consisting of interferon
beta, glatiramer acetate, natalizumab, alemtuzumab, 4-ami-
nopyridine and amantadine.

* * * * *
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