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REQUEST FOR FILING CONTINUATION / DIVISIONAL
APPLICATION UNDER 37 C.F.R. § 1.53(b)

'Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450 Customer Number 21839

Sir:
M NON-PUBLICATION IS REQUESTED. A CERTIFICATION IS BELOW.
This is a request for filing a continuation  [] divisional application under 37 C.F.R. § 1.53(b) of

the following pending application, Application No. 10/551,205, filed November 14, 2006 entitled ORAL
FORMULATIONS OF CLADRIBINE

by the following named inventor(s):

Nicholas S. BODOR
Yogesh DANDIKER

1 The entire disclosure of the prior application from which a copy of the oath or declaration is
- supplied herewith is considered as being part of the disclosure of the accompanying
application and is hereby incorporated by reference therein.

I Applicant(s) hereby requests that the above-captioned application NOT BE PUBLISHED
under 35 U.S.C. § 122(b) and 37 C.F.R. § 1.211. The undersigned hereby certifies that the
invention disclosed in this application has not and will not be the subject of an application
filed in another country, or under a multilateral international agreement, that requires
publication at eighteen (18) months after filing.

1 This application is being filed by less than all the inventors named in the prior application. In
accordance with 37 C.F.R. § 1.63(d)(2), the Commissioner is requested to delete the name(s)
of the following person or persons who are not inventors of the invention being claimed in this
application.

O

This application is being filed by more than all the inventors named in the prior application. In
accordance with 37 C.F.R. § 1.63(d)(5), a new oath or declaration is enclosed, and the
Commissioner is requested to add the name(s) of the following person or persons who are
inventors of the invention being claimed in this application.

X

Applicant(s) suggests Figure 1 for inclusion on the front page of the patent application
publication and patent.

X

Applicant(s) requests that the published application include the following assignment
information: Ares Trading, S.A., Aubonne, Switzerland.

O

Smaill entity status is claimed.

O

Enclosed is a copy of the prior Application No. as originally filed on
, including copies of the specification, claims, drawings and the executed
oath or declaration as filed.

2. X Enclosed is a revised prior application and a copy of the prior executed oath or declaration as
filed. No new matter has been added to the revised application.
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3. X The filing fee has been calculated as follows [ ] and in accordance with the enclosed
Preliminary Amendment:
FEES
Basic Application Filing Fee (1011) $ 330
Examination Fee (1311) 220
Search Fee (1111) 540
No. of Extra Rate
4 Claims Claims

Total Claims 64 Minus 20= 44 x $ 62 (1202) 2288
Independent Claims 4 Minus 3= 1 x $ 220 (1201) 220
If multiple dependent claims are presented, add 390 $ 0
App. Size Fee (app + dwgs. exceeding 100 sheets) - $270 for each 50 sheets $ 0
(1081)

Total Application Fee $ 3598
] Small Entity Status claimed - subtract 50% of Total Application Fee 0
Add Assignment Recording Fee of $ 40 if Assignment document is enclosed $ 0
TOTAL APPLICATION FEE DUE $ 3598

4, O This application is being filed without a filing fee.
5 | Charge to Deposit Account No. 02-4800 for the fee due.
8 Charge $ 3598 to credit card.
7 < The Director is hereby authorized to charge any appropriate fees under 37 C.F.R. §§ 1.16,
1.17 and 1.21 that may be required by this paper, and to credit any overpayment, to Deposit
Account No. 02-4800.
8 X New drawings are enclosed.
S. Applicant(s) claims priority under 35 U.S.C. §§ 119 of the following application(s):
Filing Date
Country Appl. No. MM-DD-YYYY
MM-DD-YYYY

il The certified copy of the priority application:

O

is enclosed.
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] was filed on in prior Application No. , filed on
, and acknowledged by the Examiner on ,in
Paper No.
1 was filed in the International Bureau and acknowledged by the Examiner on

in

O has not yet been filed.

10. O A Preliminary Amendment is enclosed.
11. An Information Disclosure Statement, Form Substitute PTO-1449 and (2) documents are
enclosed.
12. ™ A General Authorization of Payment of Fees and Petitions for Extensions of Time is
enclosed.
13. An Application Data Sheet.
14, O Also enclosed is
15. X The power of attorney in the prior application is to Customer Number 21839.
] The power appears in the original papers in the prior application.
b. ] Since the power does not appear in the original papers, a copy of the power in the
prior application is enclosed.
C. X Address all future communications to: (may only be completed by applicant,
attorney, or agent of record)
Buchanan Ingersoll & Rooney pc
Customer Number 21839
g ///‘ 4 . g L
Date: January 7, 2011 By / Lty Ko trgat éﬁﬂézﬁgb’
Mary Katherine Baumeéister
Registration No. 26254
Customer No. 21839 []inventor(s)

703 836 6620

[[] assignee of complete interest
X attorney or agent of record
[ filed under 37 C.F.R.§ 1.34(a)
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Atorney Docket No, 033935-021

COMBINED DECLARATION AND POWER OF ATTORNEY
FOR UTILITY OR DESIGN PATENT APPLICATION
As a below named inventor, | hereby declare that:
My residence, post office address and citizenship are as stated below next to my name;
| believe | am the original, first and sole inventor (if only one name is listed below) or an original, first
and joint inventor (if plural names are listed below) of the subject matter which is claimed and for
which a patent is sought on the invention entitled:
ORAL FORMULATIONS OF CLADRIBINE

the specification of which (check only one item below):

] is attached hereto.

[] was filed as United States Patent application Number

on : and was amended on
(if applicable).

X was filed as PCT International application Number
PCT/US2004/009387 on March 26,
2004 and was amended on
(if applicable).

| hereby state that | have reviewed and understand the contents of the above-identified specification,
including the claims, as amended by any amendment referred to above.

| acknowledge ‘the duty to disclose to the Office all information known to me to be material to
patentability as defined in Title 37, Code of Federal Regulations, § 1.56.

| hereby claim foreign priority benefits under Title 35, United States Code, §§ 119 (a)-(d), 172 or
365(a) of any foreign application(s) for patent or inventor's certificate or of any international (PCT)
application{s) designating at least one country other than the United States of America listed below
and have also identified below any foreign application(s) for patent or inventor's certificate or any PCT
international (PCT) application(s) designating at least one country other than the United States of
America filed by me on the same subject matter having a filing date before that of the application(s) of
which priority is claimed:

PRIOR FOREIGN/PCT APPLICATION(S) AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. §§119(a)-(d), 172 or 365(a):

PRIORITY CLAIMED
COUNTRY ‘ DATE OF FILING | yNDER 35 U.S.C.
(if PCT, indicate "PCT") APPLICATION NUMBER | (MM/DD/YYYY) §§119, 172 OR 365(a)
Yes No
Buchanan Ingersoll rc (8/05)

ATICIRNEYE
inchedinn aternays fiom Burns Donne Swecker & Mathis 9



Combined Declaration and Power of Attorney
For Utility or Design Patent Application
Attorney Docket No. 033935-021

Page 2 of 2

| hereby appoint the attorneys and agents associated with the following PTO Customer Number of
Buchanan Ingersoll PC (including attorneys from Burns, Doane, Swecker & Mathis) to prosecute said
application and to transact all business in the Patent and Trademark Office connected therewith and
to file, prosecute and transact all business in connection with international applications directed to .
said invention: ' :

Customer Number 21839

I hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these statements
were made with the knowledge that willful false statements and the like so made are punishable by
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such
willful false statements may jeopardize the validity of the application or any patent issued thereon.

FULL NAME OF SOLE OR FIRST INVENTOR Nicholas S. Bodor

Signature L\.Mﬁv G . vh

Date h-14~0%
Residence (City, State, Country) Bal Harbour, Florida, US
Citizenship United States
Mailing Address 10225 Collins Avenue, Unit 1002/1004
City, State, ZIP, Country Bal Harbour, Florida 33154, US
FULL NAME SECOND INVENTOR, IF ANY Yogesh Dandiker
| Signature W
Date ‘\|7/2. C / o -
Residence (City, State, Country) 7'0, Lores Il Qv ( ArsnnO
Citizenship United Kingdom
Mailing Address SO _Eemm  Averiue

City, State, ZIP, Country T=0n u-—rw
d )

FULL NAME OF THIRD INVENTOR, IF ANY

Signature

Date
Residence (City, State, Country)
Citizenship

Mailing Address
City, State, ZIP, Country

Buchanan Ingersoll pc
ETIORHEYS
duing at{ornuy iinm Burns Doance Swecker & Mathis 10



10

15

20

-
ORAL FORMULATIONS OF CLADRIBINE

CROSS-REFERENCE TO EARLIER APPLICATIONS

This application is a continuation of prior copénding US Application No.
10/551,205 filed November 14, 2006, now allowed, which is the US national
stage of International Application No. PCT/US2004/009387, filed March 26,
2004, which claims benefit under 35 U.S.C. § 119(e) of United States Provisional
Application No. 60/458,922, filed March 28, 2003; of United States Provisional
Application No. 60/484,756, filed July 2, 2003; and of United States Provisional
Application No. 60/541 ,247, filed February 4, 2004, all of said applications being

" hereby incorpoifaied by reference herein in their entireties and relied upon.

BACKGROUND OF THE INVENTION

Cladribine, which is an acid-labile drug, has the chemical structure as

u
NH2
N XN
x)!\):li>\
C N~ TN »

HOCH>

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 the treatment 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
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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. Parmacokinef,

32(2): 120-131, 1997). It has also been investigated, either experimentally
or clinically in, for example, lymphomas, Langerhan’s cell histiocytosis, lupus
erythematosus, chronic plaque psoriasis, Sezary syndrome, Bing-Neel
syndrome, recurrent glioma, and solid tumors.

Oral delivery of drugs is often preferred to parenteral delivery 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 provider visits, or the discomfort of
injections or prolonged infusion times associated with some active drugs. At
a time of escalating health care costs, the reduced costs associated with oral
administration versus parenteral administration costs gain importance. The
cost of parénteral administration is much higher due to the requirement that
a health care professional administer the cladribine in the health care
provider setting, which also includes all attendant costs associated with such
administration. 'Furthermore, in certain instances, therapeutic considerations
such as the need for a slow release of cladribine over a prolonged period of
time may be practically 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 et al., J. Clin. Oncol., 10(10): 1514-
1518, 1992), and suboptimal interpatient variation (see, e.g., J. Liliemark,
Clin. Pharmacokinet, 32 (2): 120-131, 1897). See also, A. Tarasuik, ef al.
reporting poor absorption and pH dependent lability (Arch. Immunol. et
Therapiae Exper., 42: 13-15, 1994).

Cyclodextrins are cyclic oligosaccharides composed of cyclic o-(1—4)
linked D-glucopyranose units. Cyclodextrins with six to eight units have

12
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been named a-, B- and y-cyclodextrin, respectively. The number of units
determines the size of the cone-shaped cavity which characterizes
cyclodextrins and into which drugs may be included to form stable
complexes. A number of derivatives of -, B- and y-cyclodextrin are known
in which one or more hydroxyl groups is/are replaced with ether groups or
other radicals. These compounds are thus known complexing agents and
have been previously used in the pharmaceutical field to form inclusion
complexes with water-insoluble drugs and to thus solubilize them in aqueous
media.

Recently, Schuitz ef al., in U.S. Patent No. 6,194,395 B1, have
described complexing and solubilizing cladribine with cyclodextrin. The
Schultz et al. patent primarily addresses the problems inherent in previously
described aqueous formulations of cladribine, particularly for subcutaneous
and intramuscular injection. Schultz et al. have found that cladribine Is 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. The latter finding is taught to be of particular
benefit in the formulation of solid oral dosage forms, where the compound
would norrﬁally undergo hydrolysis 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 describe only one method of
preparing 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. Furthermore, the broad dosage ranges of
1 mg to 15 mg of cladribine and 100 mg to 500 mg of cyclodextrin 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.
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
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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.

The Schultz et al. patent does suggest improving the stability of
cladribine in oral dosage forms by combining/complexing 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 from a solid oral dosage form of
cladribine 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 cyclodextrins in order to
demonstrate that increasing concentrations of cyclodextrins increase the
solubility of the drugs at selected temperatures and pH levels, as for
example reported in the Schultz et al. patent. Phase solubility studies 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 ef al. U.S. Patent
No. 4,497,803, relating to inclusion complexes of lankacidin-group antibiotics
with cyclodextrin, and Shinoda et al. US Patent No. 4,478,995, relating to a
complex of an acid addition salt of (2-benzyloxycarbonyl)phenyl trans-4-
guanidinomethylcyclohexanecarboxylate with a cyclodextrin.

While Schultz ef 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 enhance the benefits of the complexation in
terms of bioavailability and interpatient variation when the complex is to be
administered in a solid oral dosage form.
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SUMMARY OF THE INVENTION

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 complex, 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-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, and a pharmaceutical composition comprising said
complex, formulated into 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 forms
the 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 pharmaceutical composition 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 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 compositions of the invention for administration to treat
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cladribine-responsive conditions and for enhancing the oral bioavailability of
cladribine is also provided.

Still further, the invention provides a process for the preparation of a
complex cladribine-cyclodextrin complex which comprises the steps of:

(i) combining cladribine and an amorphous cyclodextrin 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;

(ii) cooling the resultant aqueous solution to room temperature; and
(iii) lyophilizing the cooled solution to afford an amorphous product.

In yet a further aspect the invention provides a pharmaceutical
composition obtainable by a process comprising the steps of:.

(i) combining cladribine and an amorphous cyclodextrin 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;

(ii) cooling the resultant agueous solution to room temperature;

(iii) lyophilizing the cooled solution to afford an amorphous product;

and

(iv) formulating the amorphous product 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 reference to the following detailed
description and the accompanying drawing, wherein the sole Figure is a
graphical representation of the results of a phase solubility study where
various molar concentrations of hydroxypropyl-g-cyclodextrin (HPBCD) are

plotted against various cladribine molar concentrations, with (®) representing
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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 following
definitions 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 entirety to the same extent as if each was
specifically and individually indicated to be incorporated by reference. Any
conflict between any reference cited herein 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 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 of
the cladribine molecule (tﬁe nitrogen-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 which is not an
inclusion complex; rather than the hydrophobic 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-8-
cyclodextrin, hydroxypropyl and hydroxyl groups on the glucose rings). This
is a more loosely-held association than an inclusion complex.
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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 recited steps, but may include additional steps.
When used in the context of a composition, the term “comprising” means
that the composition includes at least the recited features or components,
but may also include 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 described herein, i.e., the process or composition is limited
to the specified steps or materials and those which do not materially affect
the basic and novel characteristics of the 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 amorphous
inclusion complex of cladribine with an amorphous cyclodextrin and (b)
amorphous free cladribine aélsociated with amorphous cyclodextrin as a non-
inclusion complex, formulated into a solid oral dosage form, so as to provide
improved bioavailability and/or lower interpatient and/or intrapatient variation
following adminiétraticn. Essential to the invention is the combination of the
amorphous nature of the starting cyclodextrin, and the level of water
solubility exhibited by cladribine (about 5§ mg/m! at room temperature), and
consequently its capability for hydrogen bonding, which can be taken
advantage of under particular conditions described hereinafter, and which
afford a special amorphous mixture uniquely well-suited for optimizing the
oral bioavailability of cladribine.
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The terms “consists of’ and “consists” are closed terminology and
allow only for the inclusion of the recited 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 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 genéra!, 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 noncrystalline solid.
The cyclodextriﬁs encompassed herein themselves are amorphous because
they are each composed of a multitude of individual isomers, and their
complexes with cladribine are also amorphous. Further, conditions for
complexation can be selected (elevated temperature and prolonged
complexation times, as described hereinafter) so that a supersaturated
cladribine solution will be formed. When cooled, because of the amorphous
nature of the complex and the cyclodextrin, some excess free cladribine
does not precipitate but rather is trapped in amorp‘hous form in intimate
admixture with the (preferably saturated) amorphous cladribine-cyclodextrin
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 compleyx, is expected to be
somewhat protected from degradation by stomach acid (aithough it may not
be as protected as the cladribine which is in the form of the inclusion
complex).
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The term “saturated” when used in conjunction with a complex of
cladribine in amorphous cyclodextrin means that the complex is saturated
with cladribine, that is, the complex contains the maximum amount of
cladribine which can be complexed (by means of both inclusion and non-
inclusion complexes) with a given amount of cyclodextrin under the
conditions of complexation 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 aqueous solution of the selected cyclodextrin until no more
cladribine goes into solution; ultimately, excess cladribine, if any, is removed
(by filtration or centrifugation) and the solution lyophilized to provide the dry
saturated complex.

The expression “substantially’, as in “substantially free” means within
20% of the exact calculated amount, preferably within 10%, most preferably
within §%.

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 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 fo 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,
can be 0, 1 or 2 for variables which are inherently discrete, and can be 0.0,
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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 used in the “inclusive”
sense of “and/or’ and not the “exclusive” 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 pharmacology include
Goodman and Gilman's The Pharmacological Basis of Therapeutics, 10"
Ed., McGraw Hill Companies Inc., New York (2001).

Reference is made hereinafter in detail to specific embodiments of the
invention. While 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 spirit and scope of the invention as defined by the appended claims. In
the following description, numerous specific details are set forth in order to
provided 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 pi'ovided 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 thermodynamic state, when presented to the gastric mucosa
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through which they are absorbed are associated with improved cladribine
absorption, as reflected by higher bioavailability 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 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 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 forn.'tizlated 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 important 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 point on the phase solubility graph shows
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how many moles of amorphous cyclodextrin 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 multiplying the number of moles of
cladribine by its-molecular weight and multiplying the number of moles of the
selected cyclodextrin 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 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 complexed with 2
molecules of cyclodextrin).

In accordance with the present invention, one can start using either
the selected anﬁorphoxis cyclodextrin, such as hydroxypropyl-g-cyclodextrin
(HPBCD) or hydroxypropyl-y-cyclodextrin, or cladribine as the fixed variable
to which an excess of the other is added to identify various solubility data
points (indicating saturated cladribine-cyclodextrin complexes) and draw the
resultant line. Typically, cladribine is added to an aqueous solution having a
known concentration of amorphous cyclextrin 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 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
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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 aqueous solubility of
cladribine is about 5 mg/ml at room temperature and would be higher at
elevated temperaturé. Consequentiy, the data points correspond to the
amount of cladribine dissolved in aqueous HPBCD or other amorphous
cyclodextrin under the selected conditions; when later Iyophiliied, the
solution yields 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. If
equilibrium conditions are reached during the complexation, the amorphous
cladribine-cyclodextrin complex will be saturated with cladribine.

One of skill 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 known in the field suitable to
identify these concentrations is within the scope of the invention.

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

Using intulinsicauy amorphous cyclodextrins, for example
hydroxypropyl-B-cyclodextrin, hydroxypropyl-y-cyclodextrin, randomly
methylated cyclodextrins, and the like, with cladribine, which is a somewhat
water soluble compound (capable of H-bonding through its free hydroxyl and

s
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amino groups), 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 actual inclusion complexed material.

One of skill in the art will appreciate that the phase solubility diagram
for each given starting concentration ratio represents the starting point of
one's investigation on the basis of which variables (reactants' .
concentrations, temperature and time) may be altered 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 cyclodextrin (/.e.,
larger water volumes than that used for solubility plot analysis) logically will
accommodate more cladribine in solution sequestering more of the same
from complex formation. 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 complex formation. Similarly, by
increasing complexation temperature, the water solubility of cladribine may
be increased while decreasing the stability of inclusion complexes, thus
promoting non-inclusion complexes. Thus, by altering complexation
temperature, one may shift equilibrium towards inclusion complex or non-
inclusion complex formation. Finally, complexation time may be altered to
favor the formation of mixtures of inclusion complexes and non-inclusion
complexes of cladribine and cyclodextrin according to the invention.
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As exemplified hereinafter, it is possible to maximize thé cladribine in
solid amorphous mixtures, by forcing additional cladribine into solution (using
more dilute solutions of cyclodextrin, higher températures and longer
complexation times, as indicated above). When the solution is cooled off,
the extensively amorphous nature of these 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 amorphous free
cladribine, loosely associated with uncomplexed cyclodextrin (and even with
complexed cyclodextrin) by hydrogen-bonding, that is, the non-inclusion
complex. '

As shown in the EXAMPLES, this may be done by maximizing
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
optimum weight/weight ratio under these exempilified conditions is the higher
of these, or about 1:14 of cladribine: cyclodextrin. If too much excess
caldribine is added to the complexation medium, then crystallization of some
of the cladribine 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 cyclodextrin and lowers the weight
ratio, Therefore, it is desirable to carefully control the amount of excess
cladribine beyond that which will form the inclusion complex to only the
amount which will dissolve in the solution. The desired amorphous mixture

. of amorphous inclusion complex and amorphous free cladribine can be

termed a “complex cladribine-cyclodextrin complex,” which includes both
inclusion and non-inclusion/H-bonded complexes. The inclusion complex is
a complex of cladribine inserted into the hydrophobic cavity of the selected
amorphous cyclodextrin, while the non-inclusion/H-bonded complex is
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amorphous free cladribine loosely hydrogen-bonded to the cyclodextrin. ltis
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 compiex when the product is obtained as exemplified hereinbelow

(17% HPBCD solution, 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 amorphous mixture is in the form of the
inclusion complex. In the case of a representative amorphous cyclodextrin,
hydroxypropy!-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 conditions. The material obtained is characterized
by rapid dissolution 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 below provides details of lyophilization
as conducted on the baiches described therein. This procedure can be
further optimized by following the principles described by Xiaolin (Charlie)
Tang and Michael J. Pikal in Pharmaceutical Research, VVol. 21, No. 2,
February 2004, 191-200, incorporated by reference herein in its entirety and
relied upon.

The above-described method requires amorphous cyclodextrins
rather than originally crystalline cyclodextrins which have relatively low water
solubilities, such as a-, B- or y-cyclodextrin, 2,6-dimethyl-B-cyclodextrin and
the like, because these cyclodextrins would allow crystallization 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/lipophilic, because in such a situation the
drug would not have intrinsic aqueous solubility/H-bonding capability and
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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 especially at higher than room temperature; 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
cyclodextrin via the two hydroxy functions found in the deoxyadenosine
moiety of the cladribine.

The cyclodextrins within the scope of this invention are amorphous
derivatives of the natural cyclodextrins a-, 8- or y-cyclodextrin wherein one
or more of the hydroxy groups are substituted, for example, by alkyl,
hydroxyalkyl, carboxyalkyl, alkylcarbonyl, carboxyalkoxyalkyl,
alkylcarbonyloxyalkyl, alkoxycarbonylalkyl or hydroxy-(mono or
polyalkoxy)alkyl groups; and wherein each alky! or alkylene molety
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 cyclodextrin structure. This in turn results in the
amorphous 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 averége number of substituent groups on the
cyclodextrin molecule, for example, the approximate number of
hydroxypropyl groups in the case of the hydroxpropyl-8-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. 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
Cisalkyl, hydroiy-cpsalkyl, carboxy-Cq.alkyl or Cysalkyloxycarbonyl-
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Cisalkyl 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 Ci.zalkyl, hydroxy-Cz.4alkyl or carboxy-
Ci-zalkyl or more particularly by methyl, ethyl, hydroxyethyl, hydroxypropyl,
hydroxybutyl, carboxymethy! or carboxyethyl. The term “Cq.galkyl” is meant
to include straight and branched saturated hydrocarbon radicals, having from
1 to 6 carbon atoms such as methyl, ethyl, 1-methylethyl, 1,1-dimethylethyl,
propyl, 2-methylpropyl, butyl, pentyl, hexyl and the like. Other cyclodextrins
contemplated for use herein included glucosyl-B-cyclodextrin and maltosyl-B-
cyclodextrin. Of particular utility in the present invention are randomly
methylated B-cyclodextrin and polyethers such as hydroxypropyl--
cyclodextrin, hydroxyethyl-B-cyclodextrin, hydroxypropyl-y-cyclodextrin, and
hydroxyethyl-y-cyclodextrin, as well as sulfobutyl ethers, especially B-
cyclodextrin éuifobutyl ether. In addition to simple cyclodextrins, branched
cyc!odextrins and cyclodextrin polymers may also be used. Other
cyclodextrins are described, for example, in Chemical and Pharmaceutical
Bulletin 28: 1552-1558 (1980); Yakugyo Jiho No. 6452 (28 March 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 lnternationa!' Patent Publication No. wWO080/12035; and
UK Patent Publication GB 2,189,245.

References describing cyclodextrins for use in the compositions
according fo thé present invention, and/or which provide a guide for the
preparation, purification and analysis of cyclodextrins include the following:
Cyclodextrin Technology by Jozsef Szejtli, Kluwer Academic Publishers
(1988) in the chapter Cyclodextrins in Pharmaceuticals; Cyclodextrin
Chemistry by M. L. Bender ef al., 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,
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Adakemiai Kiado, Budapest, Hungary (1982); I. Tabushi, Acc. Chem.
Research, 1282, 15, pp. 68-72; W. Sanger, Angewandfe Chemie, 92, p. 343-
361 (1981); A. P. Croft ef al., Tefrahedron, 39, pp. 1417-1474 (1983); Irie

et al. Pharmaceutical Research, 5, pp. 713-716 (1988); Pitha ef al., Int. J.
Pharm. 29, 73 (1986); U.S. Patent 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. Patent Nos. 4,596,795 and 4,727,064, Miller
U.S. Patent Nos. 4,764,604 and 4,870,060 and Muller et al. U.S. Patent No.
6,407,079. | |

Amorphbus cyclodextrins of particular interest for complexation with
cladribine include: hydroxyalkyl, e.g. hydroxyethyl or hydroxypropyl,
derivatives of B- and y-cyclodextrin; carboxyalkyl, e.g. carboxymethy! or
carboxyethyl, derivatives of B- or y-cyclodexirin; B-cyclodextrin sulfobutyl
ether; and randomly methylated B-cyclodextrin. 2-Hydroxypropyl-g-
cyclodextrin (HPBCD), 2-hydroxypropyl-y-cyclodextrin (HPyCD), randomly
methylated B-cyclodextrin, B-cyclodextrin sulfobutyl ether, carboxymethyl-3-
cyclodextrin (CMBCD) and carboxymethyl-y-cyclodextrin (CMyCD) are of
special interest, .especially hydroxypropyl-g-cyclodextrin and hydroxypropyl-
y-cyclodextrin.

Compositions of an amorphous 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 suitable for administration as a solid oral or
transmucosal dosage form.

One of skill will appreciate that a variety of approaches are available
in the field to prepare compositions as described herein. One available
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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 Iyophilizing or freeze-
drying the saturated solution to form a solid amorphous mixture.

Pharmaceutical compositions according to the invention may
optionally include one or more éxcipients or other pharmaceutically inert
components. One of the advantages of the invention, however, is that
cladribine drug forms as described herein can be 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 interfere with cladribine, with cyclodextrin or with complex formation.

Dosage forms are optionally formulated in a pharmaceutically
acceptable vehicle with any of the well-known pharmaceutically acceptable
carriers, diluents, binders, lubricants, disintegrants, scavengers, flavoring
agents, coloring agents, and excipients (see Handbook of Pharmaceutical
Excipients, Marcel Dekker Inc., New York and Basel (1998); Lachman et al.
Eds., The Theory and Practice of Industrial Pharmacy, 3™ Ed., (1986);
Lieberman ef al:, Eds. Pharmaceutical Dosage Forms, Marcel Dekker Inc.,
New York and Basel (1989); and The Handbook of Pharmacsutical
Excipients, 3" Ed., American 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 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
cladribine-cycloaextrin complex, compressed with a small amount (e.g.
about 1% by weight) of a suitable binder or lubricant such as magnesium
stearate.
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In certain instances, oral absorption may be further facilitated by the
addition of various excipients and additives to increase solubility or to
enhance penetration, such as by the modification of the microenvirionment.

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 addresses the
problems of poor bioavailability traditionally éssociated with oral cladribine.

The compositions of the invention are particular!y suitable as
modalities for the treatment of any cladribine-responsive disease. 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 comples, /.e. the amorphous mixture of the optimized
amorphous saturated cladribine-amorphous cyclodextrin complex with
amorphous free cladribine as described above is used (e.g., an amount
affective for the treatment of muitiple 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 effective dosages described in the literature
include those for hairy cell leukemia (0.09 mg/kg/day for 7 days), for multiple
sclerosis (from about 0.04 to about 1.0 mg/kg/day (see U.S. Patent No.
5,5606,214)), for other diseases, see also U.S. Patent Nos. 5,106,837
(autohemolytic anemia); 5,310,732 (inflammatory bowel disease); 5,401,724
(rheumatoid arthritis); 5,424,296 (malignant astrocytoma); 5,510,336
(histiocytosis); 5,401,724 (chronic myelogenous leukemia); and 6,239,118
(atherosclerosis).

Further, various dosage amounts and dosing regimens have been
reported in the literature for use in the treatment of mulitiple sclerosis; see,
for example: Romine et al., Proceedings of the Association of American
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Physicians, Vol. 111, No. 1, 35-44 (1999); Selby et al., The Canadian
Joumal of Neurological Sciences, 25, 295-299 (1998),; Tortorella et al.,
Current Opinion in Investigational Drugs, 2 (12), 1751-1756 (2001); Rice et
al., Neurology, 54, 1145-1155 (2000); and Karlsson et al., British Journal of
Haematology, 116, 638-548 (2002); all of which are incorporated by
reference herein in their entireties and relied upon.

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 optimize the bioavailability of
cladribine following oral administration, it will be appreciated that even
optimal bioavailability from oral dosage forms is not expected to approach
bioavailability obtain after intravenous administration, particularly at early
time points. Thus, it is often appropriate to increase a dosage suggested for
intravenous administration 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 of multiple sclerosis, 10 mg of cladribine 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 another period of five to seven days in the second
month, followed by ten months of no treatment. Alternatively the patient
would be treated with 10 mg of cladribine in the instant complex cladribine-
cyclodextrin cémplex in the instant dosage form once per day for a period of
five to seven days per month for a total of six months, followed by eighteen
months of no treatment. For further dosing information, see aiso U.S.
Provisional Patent Application No. _[IVAX0021-P-USA/Attorney
Docket No. 033935-011], and U.S. Provisional Patent Application No.

[IVAX0022-P-USA/Attorney Docket No. 033935-012), both
entitled “Cladribine Regimen for Treating Multiple Sclerosis”, both filed on
March 25, 2004 and incorporated by reference herein in their entireties.
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Furthermore, one of skill will appreciate that the therapeutically
effective amount of cladribine administered herein may be lowered or
increased by fine tuning and/or by administering cladribine according to the
invention with another active ingredient. The invention therefore provides a
method to tailor the administration/treatment to the particular exigencies
specific to a given mammal. Therapeutically effective amounts may be
easily determined, for example, empirically by starting at relatively low
amounts and by step-wise increments 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 of one or
more additional active ingredients for treating the cladribine-responsive
condition. The additional active ingredient will be administered by a route of
administration and in dosing amounts and frequencies appropriate for each
additional active ingredient and the condition being treated. For example, in
the treatment of multiple sclerosis, other useful drugs include interferon beta
(Rebif®, Betaseron®/Betaferon®, Avonex®), identical to the naturaily
occurring protein found in the human body; glatiramer acetate (Copaxone®),
a random chain (polymer) of the amino acids glutamic acid, lysine, alanine
and tyrosine; natalizumab (Antegren®), a monoclonal antibody; alemtuzumab
(Campath-1H®), a humanized anti-CD52 monocional 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 control and reduces muscle stiffness and is used to
alleviate the symptoms of fatigue in muitiple 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
monoclonal antibody) and the anti-CD22 recombinant immunotoxin BL 22;
other additional active ingredients may be appropriate in other types of

34



10

156

20

25

30

-25-

leukemias. In the treatment of rheumatoid arthritis, there are many other
active ingredients which may be selected. These include NSAIDS (non-
steroidal anti-inflammatory drugs), which are of three types: salicylates such
as aspirin, traditional NSAIDS such as ibuprofen and indomethacin, and
COX-2 inhibitors such as celecoxib (Celebrex®), rofecoxib (Vioxx®),
meloxicam (Mobic®), valdecoxib (Bextra®), lumiracoxib (Prexige®) and
etoricoxib (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®), sulfasalazine, gold,
penicillamide, cyclosporine, methyl cyclophosamide and azathioprine.
Glucocorticoids include dexarﬁethasone, 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 i'nhibitor, infliximab (Remicade®), which is also an anti-TNF
drug, anakinra (Kineret®), 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
particularly useful for concomitant therapy with the cladribine composition
described herein. Those drugs which are effective by the oral route of
administration and which are compatible with the instant cladribine
complexes in a single dosage form may be incorporated into 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
development of, controlling, alleviating and/or reversing the symptoms in the
individual to which a compound of the invention has been administered, as
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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 continuous clinical evaluations by a skilled practitioner
(physician or veterinarian) to determine subsequent therapy. Such
evaluation will aid and inform in evaluating whether to increase, reduce,or
continue a particular treatment dose, and/or to alter the mode of
administration.

The methods of the 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 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. 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 more than
routine experimentation, numerous equivalents to the specific substances
and procedures 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 various concentrations of
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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 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 amount
of cladribine that can be dissolved in water with a specific concentration of
cyclodextrin. Points on the line generated 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 representative 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 Figure is approximately
linear; this is indicative 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 the complex.
For example, about 0.14 mole of HPBCD is 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 conditions of EXAMPLE
2 below, a significant portion of the cladribine in the product can be expected
to be not in the inclusion complex but rather in amorphous form loosely heid
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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 of distilled water, 172.5 g of hydroxypropyl--cyclodextrin
are dissolved (forming an approximately 17% solution), then cladribine is
added and the mixture is 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 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 cladribine-cyclodextrin solution is dried by iyophilization prior to
incorporation into solid oral tablets. The lyophilization procedure 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 low pressure, and a second
drying stage at about 30°C for about 15-20 hours.

Product made by the foregoing general procedure can be analyzed by
HPLC (utilizing a Hypersil ODS 3 micron column and an acetonitrile based
mobile phase, with UV detection 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, ascertaining the overall impurity content by
HPLC, ascertaining the water content using a Karl Fischer titrator,
determining the dissolution profile by a standard method, for example using
USP<711>Apparatus H equipment and UV detection at 264 nm, inspecting
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the content uniformity and performing quantitative assay by HPLC analysis
of the active ingredient.

Two batches of cladribine/cyclodextrin product, FD04 and FDO0S5, 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) in a 1-liter glass vessel by immersion in a water bath. The heated
water was stirred to achieve a controlled central vortex.
2-hydroxypropyl-8-cyclodextrin (172.50 g) was weighed and slowly added to
the heated water over a period of 40 minutes. The resuiting solution was
stirred 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 resuiting clear solution was maintained at 48°C
and continually stirred for 9 hours. Stirring continued for a further 7 hours
while the solution cooled to room temperature.

Use of a larger amount of cladribine in the preparation of FDO5 was
part of an attempt to optimize the procedure; however, it was found that the
initial amount of cladribine in that case was too great and precipitation was
observed at the end of the cooling step for batch FD0O5. The solution was
filtered 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 FD05. No filtration was required for
batch FD04, indicating that the amounts used in the preparation of FD04
were more appropriate and that the FD05 procedure could be optimized by
beginning with a smaller amount of cladribine (16.35 g rather than 18.75 g),
thus avoiding the filtration step.

After cooling to room temperature and, in the case of FDOS5, filtering,
the solutions were filled into 100 mL lycophilization vials (20 mL solutions per
vial), the filled vials were partially stoppered and lyophilized. The
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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 minutes as
set forth below:

TABLE |
Step Process Temperature Préssure (mTorr) Time (min)

1 Load 4°C

2 Load Hold 4°C n/a 120
3 Ramp : -45°C n/a 120
4 Freezing -45°C n/a 200
5 Ramp . -25°C 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 FDO0S5 batches of cladribine/cyclodextrin product made
by the foregoing procedure were analyzed by HPLC (utilizing a Hypersil
ODS 3 micron column and an acetonitrile based maobile phase with UV
detection at 264 nm) and empirically found to have the following
characteristics:
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TABLE Il
Lot No. Cladribine: HPBCD w/w C‘a\?\lne?énh?:é ?3 Cb
FDO04 12.009:172.509g 1:14.38
FDOS5 16.3590:172.50g 1:10.55

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 obtained at the end
of the lyophilization do not have any significant amount of free crystalline
cladribine, considering the sensitivity of the analytical method (up to
3% wiwy). This conclusion was supported by the absence of peaks for
crystalline cladribine from X-ray diffraction traces for both complexes FD04
and FDO5.

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 of the
present invention have cladribine:HPBCD weight ratios of from about 1:10 to
1:16. '

EXAMPLE 3
PREPARATION OF ORAL TABLETS

Tablets were manufactured using batches of amorphous mixtures
FDO04 and FDO05 described in EXAMPLE 2 for use in a clinical study.
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Batch NO120 was manufactured using cladribine-2-HPBCD complex
mixture DFO5 to a batch size of 3,000 tablets and batich N0126 was
manufactured using cladribine-HPBCD complex mixture FD04 to a batch

size of 800 tablets. The master formulations for the two batches are shown
in TABLE Ill. Batch N0O120 represented 3.0 g tablets and Batch N0126
represented 10 mg tablets for clinical study.

TABLE 1l
mg/tablet mg/tablet
Constituent Lot Number 3.0 mg 10.0 mg
Batch N0120 | Batch N0126
Cladribine-HPBCD complex mix FDO05 30.60*
Cladribine-HPBCD complex mix FD04 163.75**
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

NO120 and N0O126 tablets.

TABLE IV

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

of sorbitol power.

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

Blend the contents for 10 minutes at 12 rpm.

Pass the magnesium stearate/sorbitol powder pre-mix into the glass
jar via the 40-mesh screen.

Blend the final mixture for 5 minutes at 12 rpm.

oo Mwt N

Compress into 3.0 mg and 10.0 mg tablets at a target compression

weight of 100 mg and 200 mg, respectively.
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Both the Batch N0120 3.0 mg tablets and the Batch N0126 10.0 mg
tablets were round, with one side flat-beveled edged and the other side
shallow convex. The Batch N0120 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
disintegration time of 3 minutes. The Batch N0126 10.0 mg tablets had an
average weight of 198 mg, a thickness of 4.2 mm, a friability of 1%, a
hardness of 2.8 Kp and a disintegration time of 56 minutes 42 seconds.

The Batch N0120 3.0 mg and N0126 10.0 mg tablets were used in the
clinical study summarized in EXAMPLE 5 below.

EXAMPLE 4
CLINICAL STUDY: RELATIVE BIOAVAILABILITY

The objective of this study was to assess the relative biocavailability of
three oral cladribine formulations: (1) a cyclodextrin-based formulation
according to the instant invention (Tablet 1: complex FDQ5, i.e. Batch No.
NO0120 tablets described above); (2) a mucoadhesive' formuiation (Tablet 2:
containing 3.0 mg cladribine, 10 mg of Carbopol 71G NF, 22.2 mg of
dicalcium phosphate, 64.3 mg of lactose and 0.5 mg of magnesium stearate,
Batch No. NO121); and (3) 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 magnesium stearate,
Batch No. RD03030) in comparison with one fixed subcutaneous clardribine
administration (reference formulation) in patients with MS (multiple
sclerosis).

This study was a 2 center, open-label, randbmized, 4-way crossover
single dose sfudy 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
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least § 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 found to be linear within the range
of 100 pg/ml! to 50,000 pg/mil for cladribine. The limit of quantification was
100 pg/ml. Analysis of samples was carried out in 16 runs. No calibrator
had to be excluded from fitting of the calibration curve and accuracy of each
quality control sample met the GLP requirements.

5§76 clinical plasma samples were analyzed and concentration 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 applicable: Tnax is the time to reach maximum
concentration in the plasma; Ty is the half-life of cladribine in the plasma;
Cwmax is the maximum concentration of cladribine in the plasma; AUCy 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 time point); Geom Mean is the geometric mean; CV is the coefficient
of variation (relative standard deviation); LL is the lower limit; UL is the upper
limit.
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TABLEV

Obtained via Non-Compartmental Analyses. (n=12).

Summary Statistics for Pharmacokinetic Parameters for Cladribine Study

Pharmacokinetic | 3.0 mg subcutaneous
Parameter
3mg Tablet 1 3mg Tablet 2 3 mg Capsule
Geom | Mean |CV* |Geom |Mean |CV*™ |Geom |Mean |[CV* |Geom |Mean |CV*
Mean |+SD |(%) |[Mean (+SD |(%) |Mean {2+SD |[(%) |Mean |[£SD (%)
Tmax(hr) NA |.313 362 [NA 521 (321 |NA 125 |671 [NA 226 277
+.113 +167 +.839 +.622
Ty(hn) NA |6.69 |301 |NA 755 331 |NA 6.73 1419 |NA 6.27 |36.9
: +2.01 12.50 +2.82 $2.31
Crmax(pg/ml) 23186 | N/A  [40.1 6597 |N/A 247 |5041 |[N/A 526 |3818 |N/A 3638
AUC¢ 57254 {NJA (444 [24936 |N/A ({288 {21676 |[N/A 427 122604 {N/A 1395
(hr-pg/mi)
AUG; - 94725 |N/A  |43.8 (23182 [N/A [28.0 20063 |N/A (421 (20951 |N/A 420
(hr-pg/ml)

**CV=8D/mean for Tymax and Ty, and CV% geometric mean for Crax, AUCis and AUC:.
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TABLE Vi

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

(n=12).
Pharmacokinetic| 3 mg Tablet 1 3mg Tablet 2 3mg Capsule
Parameter
Ratio* | LL, UL | Ratio* | LL,UL | Ratio* | LL, UL

AUCy 43.1 35.7, 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 45.0 455

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

EXAMPLE 5

CLINICAL STUDY: DOSE RESPONSE AND ABSOLUTE
BIOCAVAILABILITY

The objective of this study was to assess the systemic availability of
cladribine after oral administration in two different fixed oral doses, In
comparison with one fixed intravenous administration (reference formulation)
in patients with MS (multiple sclerosis), and to evaluate the safety and
tolerability of cladribine in this population.

This st\udy was a 3 center, open-label, randomized, 3-way crossover
single dose study using fwenty-six patients with MS. Patients received
randomly two different fixed 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 were separated by a drug-free interval of at least 5 days. In

46



10

15

20

-37-

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
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. Analysis of samples was carried out in 16 runs. Except the
first run (which had to be rejected because of equipment failure), 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 concentration 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: Thax is the time to reach maximum
concentration in the plasma; T4, is the half-life of cladribine in the plasma;
Cmax is the maximum concentration of cladribine in the plasma; AUC,y; 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 time point); Geom Mean is the geometric mean; CV is the coefficient
of variation (relative standard deviation); LL is the lower limit, UL is the upper
limit; o2 is the mean variance; og? is the mean variance between subjects;
ow? is the mean variance within subjects; CVr is the total coefficient of
variation; and CVy is the coefficient of variation within subjects.
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TABLE Vil

Summary Statistics for Pharmacokinetic Parameters for Cladribine Study

Obtained via Non-Compartmental Analysis (n=26)

Pharmaco- 3.0 mg IV infusion Oral Administration
kinetic '
Parameter
3.0 mg 10.0 mgo
Geom | Mean | CV™ |Geom]| Mean| CV** |Geom| Mean | CV**
Mean | £SD (%) |Mean| 8D} (%) [Mean| £ SD | (%)
T max(hn) N/A .817 48.6 N/A | .548 | 548 | N/A | .5568 | 36.5
+.397 +.300 +.204
T15(hr) N/A 6.50 19.5 N/A | 5851 20.2 | NA | 5,60 | 13.3
+1.27 : +1.18 +0.756
Cmax(pg/mi)} 21425 N/A 27.6 [ 5608 | N/A | 49.5 |21242] N/A | 60.5
AUCin¢ 58528 1 N/A 24.0 [20159| N/A | 35.0 |76690| N/A | 30.3
(hr-pg/ml)
AUCH 66386 | N/A 24.0 {19166| N/A | 36.9 {74532 N/A | 30.3
(hr-pg/mi)

*CV=8D/mean for Tmax and Ty and CV% geometric mean for Cmax, AUCs

and AUC;.

TABLE VI

Ratios of Oral to 1.V. Pharmacokinetic Parameters and Corresponding Lower
Limit (LL) for the one-sided 95% Confidence Interval for Cladribine Study

(n=26)
Pharmacokinetic Oral Administration
Parameter
3.0mg 10.0 mg
Ratio* LL Ratio* LL
AUC-mf 34.5 31.7 39.1 35.9
AUCt 34.0 31.2 394 36.1

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

Ratios and Corresponding two-sided 20% Confidence Intervals for
Cladribine Study (n=26)

5
Pharmacokinetic 10.0 mg/3.0 mg
Parameter ‘
Ratio* LL UL
Crnax 112.6 95.1 133.3
AUC, 113.3 104.2 123.3
AUC, ' 115.8 106.1 126.5
*Ratios (dose normalized) and Corresponding 90% CI obtained via
inverse transformation of log-transformed data.
TABLE X
10 Variance components for Cladribine Study (n=26)
Source of variation Cmax AUCihf AUC
Between (OBZ) .0380 .0487 .0492
With (g, ) 1315 .0330 .0357
TOTAL (082 + cwz) .1695 .0816 .0849
CV (%) 43.0 29.2 29.8
CV,(%) 37.5 18.3 19.1

Where PK parameters are dose-adjusted and CV = +fexp(a?)—1

The foregoing is considered as illustrative only of the principles of the
15 invention. Further, since numerous modifications and changes will readily
occur to those skilled 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 equivalents thereof may be resorted to, falling
within the scope of the invention claimed. '

20
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WHAT IS CLAIMED IS:

1. A pharmaceutical composition 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, said composition
comprising no significant amount of free crystalline cladribine therein.

2. The pharmaceutical composition according to Claim 1, wherein the
complex is saturated with cladribine.

3. The composition according to Claim 1, wherein the amorphous
cyclodextrin is hydroxypropyl-B-cyclodextrin, hydroxypropyl-y-cyclodextrin, randomly
methylated B-cyclodextrin, carboxymethyl-B-cyclodextrin or sulfobutyl-B-cyclodextrin.

4. The composition according to Claim 1, wherein the amorphous

cyclodextrin is hydroxypropyl-B-cyclodextrin or hydroxypropyl-y-cyclodextrin.

5. The composition according to Claim 1, wherein the weight ratio of

cladribine to amorphous cyclodextrin is from about 1:10 to about 1:16.

6. The composition according to Claim 5, wherein the amorphous
cyclodextrin is hydroxypropyl-B-cyclodextrin or hydroxypropyl-y-cyclodextrin.

7. The composition according to Claim 1, wherein the approximate molar
ratio of cladribine to amorphous cyclodextrin corresponds to a point located on the
curve of a phase solubility diagram for saturated complexes of cladribine in varying

concentrations of the cyclodextrin.
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8. 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).

9. A method for enhancing the oral bioavailability of cladribine comprising
orally administering to a subject in heed thereof a pharmaceutical composition
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, said composition comprising no significant amount of free crystalline

~cladribine therein.

10.  The method according to Claim 9, wherein the complex is saturated
with cladribine.

11.  The method according to Claim 9, wherein the amorphous cyclodextrin
is hydroxypropyl-B-cyclodextrin, hydroxypropyl-y-cyclodextrin, randomly methylated

B-cyclodextrin, carboxymethyl-B-cyclodextrin or sulfobutyl-3-cyclodextrin.

12.  The method according to Claim 9, wherein the amorphous cyclodextrin
is hydroxypropyl-B-cyclodextrin or hydroxypropyl-y-cyclodextrin.

13. The method according to Claim 9, wherein the weight ratio of cladribine

to amorphous cyclodextrin is from about 1:10 to about 1:16.

14.  The method according to Claim 13, wherein the amorphous
cyclodextrin is hydroxypropyl-B-cyclodextrin or hydroxypropyl-y-cyclodextrin.

15.  The method according to Claim 9, wherein the approximate molar ratio

of cladribine to amorphous cyclodextrin corresponds to a point located on the curve
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of a phase solubility diagram for saturated complexes of cladribine in varying

concentrations of the cyclodextrin.

16. The method according to Claim 9, 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).

17. A method for the treatment of symptoms of a cladribine-responsive
condition 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
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 significant amount of free crystalline cladribine therein.

18.  The method according to Claim 17, wherein the complex is saturated
with cladribine.

19.  The method according to Claim 17, wherein the cladribine-responsive
condition is selected from the group consisting of multiple sclerosis, rheumatoid
arthritis and leukemia.

20. The method according to Claim 19, wherein the cladribine-responsive

condition is multiple sclerosis.
21. The method according to Claim 17, wherein the amorphous

cyclodextrin is hydroxypropyl-B-cyclodextrin, hydroxypropyl-y-cyclodextrin, randomly
methylated B-cyclodextrin, carboxymethyl-B-cyclodextrin or sulfobutyl-B-cyclodextrin.
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22. The method according to Claim 17, wherein the weight ratio of

cladribine to amorphous cyclodextrin is from about 1:10 to about 1:16.

23.  The method according to Claim 17, wherein the amorphous

cyclodextrin is hydroxypropyl-3-cyclodextrin or hydroxypropyl-y-cyclodextrin.

24. The method according to Claim 17, 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).

25. 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.

26. The complex according to Claim 25, saturated with cladribine.
27. The complex according to Claim 25, wherein the amorphous
cyclodextrin is hydroxypropyl-B-cyclodextrin, hydroxypropyl-y-cyclodextrin, randomly

methylated B-cyclodextrin, carboxymethyl-B-cyclodextrin or sulfobutyl-B-cyclodextrin.

28. The complex according to Claim 25, wherein the amorphous

cyclodextrin is hydroxypropyl-B-cyclodextrin or hydroxypropyl-y-cyclodextrin.

29. The complex according to Claim 25, wherein the weight ratio of

cladribine to amorphous cyclodextrin is from about 1:10 to about 1:186.

30. The complex according to Claim 29, wherein the amorphous
cyclodextrin is hydroxypropyl-B-cyclodextrin or hydroxypropyl-y-cyclodextrin.
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31. The complex according to Claim 25, 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).

32. A process for the preparation of a complex cladribine-cyclodextrin
complex as claimed in Claim 25, which comprises the steps of:

0] combining cladribine and an amorphous cyclodextrin 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;

(i) cooling the resultant aqueous solution to room temperature; and

iii) lyophilizing the cooled solution to afford an amorphous product.

33.  The process according to Claim 32, further comprising a filtration step
following step (ii).

34. The process according to Claim 32, wherein step (i) is performed at a

temperature of from about 45 to about 60°C.

35. The process according to Claim 32, wherein step (i) is performed at a
temperature of from about 45 to about 50°C.

36. The process according to Claim 34, wherein step (i) is performed with

stirring.

37. The process according to Claim 36, wherein step (i) is performed for a
period of from about 6 to about 9 hours.

38. The process according to Claim 32, wherein step (ii) is performed for a
period of from about 6 to about 9 hours.
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39. The process according to Claim 32, 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 process according to Claim 39, wherein, in the initial freezing
stage of step (iii), the solution is cooled to about -45°C.

41.  The process according to Claim 34, wherein 12.00 parts by weight of
cladribine and 172.50 parts by weight of hydroxypropyl-B-cyclodextrin are introduced
in step (i), or wherein 16.35 parts by weight of cladribine and 172.50 parts by weight
of hydroxypropyl-B-cyclodextrin are introduced in step (i).

42.  The process according to Claim 41, wherein 825 parts by volume of

water are introduced in step (i).

43. The process according to Claim 32, wherein the lyophilization 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 approximately 80 to 90 hours;
and

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

44.  The process according to Claim 43, wherein stage (a) of the

lyophilization is conducted at about -45°C for approximately 3 to 4 hours.

45.  The process according to Claim 43, wherein stage (b) of the

lyophilization is conducted under a pressure of about 100 mTorr.

46. A pharmaceutical composition according to Claim 1, obtainable by a

process comprising the steps of:
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(i) combining cladribine and an amorphous cyclodextrin 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;

(ii) cooling the resultant agueous solution to room temperature;

(iii) lyophilizing the cooled solution to afford an amorphous product; and

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

47.  The pharmaceutical composition according to Claim 46, wherein the

process further comprises a filtration step following step (i) or (ii).

48. The pharmaceutical composition according to Claim 46, wherein step
(i) of the process is performed at a temperature of from about 45 to about 60°C.

49. The pharmaceutical composition according to Claim 46, wherein step
(i) of the process is performed at a temperature of from about 45 to about 50°C.

50. The pharmaceutical composition according to Claim 48, wherein step
(i) of the process is performed with stirring.

51. The pharmaceutical composition according to Claim 50, wherein step

(i) of the process is performed for a period of from about 6 to about 9 hours.

52. The pharmaceutical composition according to Claim 46, wherein step
(i) of the process is performed for a period of from about 6 to about 9 hours.

53. The pharmaceutical composition according Claim 46, 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.
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54. The pharmaceutical composition according to Claim 53, wherein, in the

initial freezing stage of step (iii), the solution is cooled to about -45°C.

55. The pharmaceutical composition according to Claim 48, wherein 12.00
parts by weight of cladribine and 172.50 parts by weight of the
hydroxypropyl-B-cyclodextrin are introduced in step (i) of the process, or wherein
16.35 parts by weight of cladribine and 172.50 parts by weight of the

hydroxypropyl-B-cyclodextrin are introduced in step (i) of the process.

56. The pharmaceutical composition according to Claim 55, wherein 825

parts by volume of water are introduced in step (i) of the process.

57. The pharmaceutical composition according to Claim 46, wherein the
lyophilization step (iii) of the process 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 approximately 80 to 90 hours;
and

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

58. The pharmaceutical composition according to Claim 57, wherein stage

(a) of the lyophilization is conducted at about -45°C for approximately 3 to 4 hours.

59. The pharmaceutical composition according to Claim 57, wherein stage

(b) of the lyophilization is conducted under a pressure of about 100 mTorr.
60. The pharmaceutical composition according to Claim 46, wherein the

formulation step (iv) of the process comprises blending the complex with magnesium

stearate and compressing into tablets.
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61.  The pharmaceutical composition according to Claim 60, wherein
magnesium stearate is pre-mixed with sorbitol powder before blending with the

complex.

62, The method according to Claim 17, wherein the administration of
cladribine is accompanied by administration of one or more additional active

ingredients for treating the cladribine-responsive condition.

63. The method according to Claim 62, wherein the cladribine-responsive

condition is multiple sclerosis.

64. The method according to Claim 63, wherein one or more additional
active ingredients for treating multiple sclerosis is/are selected from the group
consisting of interferon beta, glatirimer acetate, natalizumab, alemtuzumab, 4-

aminopyridine and amantadine.
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ABSTRACT

Provided are compositions of cladribine and cyclodextrin which are especially
suited for the oral administration of cladribine..
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applicability; citations and explanations supporting such statement
Box No. VI Certain documents cited
Box No. VIl  Certain defects In the international application
Box No. VIll Certaln observations on the international application

2. FURTHER ACTION

ooog

If a demand for international preliminary examination is made, this opinion will usually be consldered to be a
written opinion of the International Preliminary Examining Authority ("IPEA"). However, this does not apply where
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the
International Bureau under Rule 88.1b/s(b) that written opinions of this International Searching Authority

will not be so considered.

if this opinion is, as provided above, considered to be a written oplnion of the IPEA, the applicant Is invited to
submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of three

months from the date of malling of Form PCTASALZ20 or before the expiration of 22 months from the priority date,
whichever expires later.

For further options, see Form PCTASARZ220.
3.  For further detalls, see notes to Form PCTASA/Z20.

Name and malling address of the ISA: Authorized Officer et Patan,
[E— Q\\s““ ",
& %
European Patent Office . g H
,Q)) D-80298 Munich Toulacis, C g _)0 » §
—  Tel. +49 89 2399 - 0 Tx: 523656 epmu d %, S
Fax: +49 89 2398 - 4465 Telephone No. +49 89 2398-8638 Forng oo+
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY » PCTAJS2004/009387

Box No.| Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of the international application in
the language in which it was field, unless otherwise indicated under this item.

O This opinion has been established on the basis of a translation from the original language into the following

language , which is the language of a translation furnished for the purposes of international search
(under Rules 12.3 and 23.1(b)).

2. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and
necessary to the claimed invention, this opinion has been established on the basis of:

a. type of material:
O a sequence listing
O table(s) related to the sequence listing
b. format of material:
O  in written format
[J  in computer readable form
¢. time of filingfurnishing:
O contained in the international application as filed.
[0 filed together with the international application in computer readable form.

O furnished subseguently to this Authority for the purposes of search.

3. OO In addition, in the case that more than one version or copy of a sequence listing and/or table relating theretc
has been filed or furnished, the required statements that the information in the subsequent or additional
copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were furnished.

4. Additional comments:
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAUS2004/009387

Box No. il Priority

1. The following document has not been furnished:
copy of the earlier application whose priority has been claimed (Rule 43bis.1 and 66.7(a)).
[0 translation of the earlier application whose priority has been claimed (Rule 43bis.1 and 66.7(b)).

Consequently it has not been possible to consider the validity of the priority claim. This opinion has
nevertheless been established on the assumption that the relevant date is the claimed priority date.

2. O This opinion has been established as if no priority had been claimed due to the fact that the priority claim
has been found invalid (Rules 43bis.1 and 64.1). Thus for the purposes of this opinion, the international
filing date indicated above is considered to be the relevant date.

3. Additional observations, if necessary:

Form PCTAPEA/287 (January 2004) 70



WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCTAJ820041009387
Box No. [l Non-establishment of opinion with regard to novelty, inventive step and industrial
applicability

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non
obvious), or to be industrially applicable have not been examined in respect of:

[0  the entire international application,
claims Nos. 13-35 with regard to industrial applicability
because:

X the said internattonal application, or the said claims Nos. 13-35 relate to the following subject matter
which does not require an international preliminary examination (specify):

see separate sheet

1 the description, claims or drawings (indicate particular elements below) or said claims Nos.  are so
unclear that no meaningful opinion could be formed (specify):

I the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion
could be formed.

X no international search report has been established for the whole application or for said claims Nos.

[J the nucleotide andfor amino acid sequence listing does not comply with the standard provided for in Annex
G of the Administrative Instructions in that:

the written form O has not been furnished
O does not comply with the standard
the computer readable form 1 has not been furnished
0 does not comply with the standard
[  the tables related to the nucleotide and/or amino acid sequence listing, if in computer readable form only, dc

not comply with the technical requirements provided for in Annex C-bis of the Administrative instructions.

[1 See separate sheet for further details
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WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY

International application No.
PCTAS2004/009387

Box No.V  Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement

Novelty (N)

Inventive step (IS)

Industrial applicability (1A)

2. Citations and explanations

see separate sheet

Form PCTAPEA/237 (January 2004)

Yes:
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Yes:
No:

Yes:
No:

Claims
Claims

Claims
Claims

Claims
Claims
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2004/009387

i
Claims 13-35 relate to subject-matter considered by this Authority to be covered
by the provisions of Rule 67.1(iv) PCT. Consequently, no opinion will be
formulated with respect to industrial applicability of the subject-matter of these
claims (Article 34(4)(a)(l) PCT).

For the assessment of the present claims 13-35 on the question whether they are
industrially applicable, no unified criteria exist in the PCT Contracting States. The
patentability can also be dependent upon the formulation of the claims. The EPO,
for example, does not recognize as industrially applicable the subject-matter of
claims to the use of a compound in medical treatment, but may allow, however,
claims to a known compound for first use in medical treatment and the use of such
a compound for the manufacture of a medicament for a new medical treatment.

(N) A cladribine-cyclodextrin complex which is an intimate amorphous admixiure of:
a) an amorphous inclusion complex of cladribine with an amorphous cyclodextrin
and b) amorphous cyclodextrin as non-inclusion complex (claim 58),
is not disclosed in the documents cited in the search report.

The same applies to a pharmaceutical composition comprising said cladribine-
cyclodextrin complex (claim 1), to a method for enhancing the oral bioavailability
of cladribine comprising oral administration of said complex (claim 13), to a
method for the treatment according to claim 25 comprising oral administration of
said complex, to the use of said cladribine-cyclodextrin complex in the formulation
of a solid oral dosage form (claims 36 and 47), to a process for the preparation of
said complex (claim 67), and to a pharmaceutical composition being obtainable by
a process according to claim 67 (claim 82).

(IS) The object of the present application is to provide an oral pharmaceutical
composition showing improved biocavailability of cladribine and inierpatient
variation, when administered orally (description, page 4, lines 22-26).

This object has been achieved, by formulating a cladribine-cyclodextrin complex
as defined in claim 58, i.e. is an intimate amorphous admixture of a) an
amorphous inclusion complex of cladribine with an amorphous cyclodextrin and b)
amorphous cyclodextrin as non-inclusion complex, into a solid oral dosage form
(description; page 33, example 4; page 35, table V; page 36, table VI; example 5,
tables VII-X). .

Form PCT/Separate Sheet/237 (Sheet 1) (EPO-January 2004)
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WRITTEN OPINION OF THE. International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2004/009387

This is not suggested by document US-B-6 194 395 (D1), which only discloses as
an oral dosage form of cladribine, a milled extrudate comprising 1-15 mg
cladribine and 100-500 mg cyclodextrin without giving an exact ratio and being
silent about amorphous forms (D1; column 6).

(IA) The industrial applicability of claims 1-12 and 36-98 is beyond any doubt.

Form PCT/Separate Sheet/237 (Sheet 2) (EPO-January 2004)
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NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Nicholas S. Bodor, Bal Harbour, FL;
Yogesh Dandiker, Toronto, CANADA;
Assignment For Published Patent Application
ARES TRADING S.A., Aubonne, SWITZERLAND
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and claims benefit of 60/484,756 07/02/2003
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Title

ORAL FORMULATIONS OF CLADRIBINE
Preliminary Class

514

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
12/986,310 01/07/2011 Nicholas S. Bodor 0056192-000067
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21839 PUBLICATION NOTICE
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Title:ORAL FORMULATIONS OF CLADRIBINE

Publication No.US-2011-0097306-A1
Publication Date:04/28/201 1

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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PTO/SB/80 (11-08)

Approved for use through 11/30/2011. OMB 0651-0035

U.S. Patenl and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of informalion unless it displays a valid OMB control number.

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

..

I hereby revoke all previous powers of attorney given in the application identified in the attached statement under
37 CFR 3.73(b).

| hereby appoint:
Practitioners associated with the Customer Number: 13974
OR
D Practitioner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used):
Name Registration Name Registration
Number Number

as altorney{s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (1)SPTO) in connection with
any and all patent applications assigned only to the undersigned according to the USPTO assignment records or assignment documents
attached to this form in accordance with 37 CFR 3.73(b).

Please change the correspondence address for the application identified in the attached statement under 37 CFR 3.73(b) to:

The address associated with Customer Number: 13974

OR
Firm or
Individual Name
Address

City ] State Zip

Country

Telephone l Email

Assignee Name and Address:

ARES TRADING S.A.
ZONE INDUSTRIELLE D L'OURIETTAZ
CH-1170 AUBONNE, SWITZERLAND

A copy of this form, together with a statement under 37 CFR 3.73(b) (Form PTO/SB/96 or equivaient) is required to be
filed in each application in which this form is used. The statement under 37 CFR 3.73(b) may be completed by one of
the practitioners appointed in this form if the appointed practitioner is authorized to act on behalf of the assignee,
and must identify the application in which this Power of Attorney is to be filed,

The indj idu)al whose signature and titlé is su pln.d bcféw”s?mt horized to act on behalf of the assignee

Signature /V‘km {/U(f/( (O]fum Date AO.OL(’.Q_O/(?_

Name Bfoem Colin kAR Hb. Telephone

Ltakdo TS B )
PRGLT IR

Title

retain a benefit by the public which is to file {and

This colieclion of information is requirted by 37 CFR 1.31, 1.32 and 1.3, !fﬁ Nt i ;
by the USPTO to process) an application. Confidantiality is governed BFBSV%%II}@ This collection Is estimated to take 3 minutes
o complele, including gathering, preparing, and submitling the compleled apphrztlun form to the USPTO. Time wﬂl vary depending upon the individual case. Any

comments on the amount of time you require to complete this form andfor suggestions for reducing this burden, should be sent o the Chief Informalion Officer,
U.S. Patent and Trademark Office, U.S. Depaniment of Commerce, P.Q. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED

FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-3199 and select option 2.
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(b)

Applicant/Patent Owner: Ares Trading S.A.

Application No./Patent No.: 12/986,310 Filed/Issue Date: 01/07/2011
Titled:

ORAL FORMULATIONS OF CLADRIBINE

Ares Trading S.A. .a CORPORATION

(Name of Assignee)

(Type of Assignee, e.g., corporation, partnership, university, government agency, etc.

states that it is:

1. the assignee of the entire right, title, and interest in;

2. |:| an assignee of less than the entire right, title, and interest in
(The extent (by percentage) of its ownership interest is %); or

3. |:| the assignee of an undivided interest in the entirety of (a complete assignment from one of the joint inventors was made)
the patent application/patent identified above, by virtue of either:
A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in

the United States Patent and Trademark Office at Reel , Frame , or for which a
copy therefore is attached.

OR

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. Erom: Nicholas S. Bodor; Yogesh Dandiker To: Ivax Corporation

The document was recorded in the United States Patent and Trademark Office at

Reel 018337 ,  Frame 0636 , orfor which a copy thereof is attached.
2. From: Ivax Corporation To: Ares Trading S.A.

The document was recorded in the United States Patent and Trademark Office at

Reel 018337 ,  Frame 0696 , orfor which a copy thereof is attached.
3. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel ,  Frame , orfor which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(b)(1)(i), the documentary evidence of the chain of title from the original owner to the assignee was,
or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment Division in
accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Mary Katherine Baumeister/ JULY 30, 2012
Signature Date

Mary Katherine Baumeister, Reg. No. 26254 Agent for Applicant(s)
Printed or Typed Name Title

This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file {and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time
you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.

Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 86
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INFORMATION DISCLOSURE First Named Inventor | Nicholas S. BODOR
STATEMENT BY APPLICANT At Uni
L. nit 1623
( Not for submission under 37 CFR 1.99)
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CERTIFICATION STATEMENT
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information disclosure statement. See 37 CFR 1.97(e)(1).
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That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

[ ] See attached certification statement.
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1.14. This collecticn is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The infarmation on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552} and the Privacy Act (5 U.S5.C. 552a). Records from this system of records may be disclesed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
hegotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of informatioh shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S5.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atemic Energy Act (42 U.S.C. 218(¢c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce)} directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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{11) International Publication Number:

(43) International Publication Date:
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(21) International Application Number: PCT/JP99/02806

(22) International Filing Date: 27 May 1999 (27.05.99)

(30) Priority Data:
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(71) Applicant (for all designated States except US): JANSSEN
PHARMACEUTICA N.V. [BE/BE}; Turnhoutseweg 30,
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(72) Inventors; and
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Published
With international search report.

(54) Title: ACYLATED ALKYLATED CYCLODEXTRIN DERIVATIVES AND THEIR USE AS CARRIERS FOR MEDICAMENTS

(57) Abstract

Cyclodextrin derivatives
having at least one lower alkyl
group and at least one Cz-20
alkanoyl group in the molecule,
are  disclosed pharmaceutical
preparations wherein the
derivative and a medicament are
in such a state that they are closely
compounded, are also disclosed.
The cyclodextrin derivative having
lowered hemolytic activity and its
use as a medicament carrier.
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DESCRIPTION

ACYLATED ALKYLATED CYCLODEXTRIN DERIVATIVES
AND THEIR USE AS CARRIERS FOR MEDICAMENTS

Technical Field

This invention relates to acylated alkylated
cyclodextrin derivatives, and a process for preparing
the same and use of the same as carriers for medica-

ments.

Background Art

Cyclodextrin (hereinafter also referred to as
CyD) is an oligosaccharide wherein glucose residues are
cyclicly bound by a¢—1,4 bond and composed of 6, 7 or 8
glucose residues, and ones called a,p or y-CyD are
known. Further, so-called branched cyclodextrins (here-
inafter also referred to as branched CyD) are also known
wherein glucosyl group(s) or maltosyl group(s) is/are
o«—1,6 bound to one or two of the glucose units of these
CyDs.

These CyDs and branched CyDs have high inclu-
sion ability on certain chemical substances, and are
utilized for various uses such as stabilization of
unstable substances, retention of volatile substances
and solubilization of water—sparingly soluble or insolu-
ble substances, in the pharmaceutical, food and cosmetic
fields.

Further, in order to utilize the physicochemi-
cal characteristics and inclusion ability of the above
CyDs as polyfunctional medicament carriers, etc., vari-
ous CyD derivatives are provided. However, in the
course of these researches, the presence of several
problems in physical properties, inclusion ability,
intracorporeal kinetics, economical efficiency, etc. has

been pointed out, and it has come to be made clear that
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there is some limitation on their use. Particularly,
use thereof as medicament carriers, namely dissolution

“aids (solubilizers) or tissular disorder—-preventing
agents for injections or various preparations to be
applied to the mucosae (e.g., eye drops, suppositories,
etc.), on which low hemolytic activity, low actions to
give topical irritation and low actions to cause tissu-
lar disorder are required, has been extremely inconve-
nient.

On the other hand, «-CyD has a solubility in
water as comparatively high as 14.5 g/100 mL (25°C) and
its hemolytic activity and muscular irritation are lower
than those of B-CyD, but there is a limitation on a—CyD
that the guest compounds of inclusion are limited to
small molecules. Further, its price is 30 times as high
as that of B-CyD and it has a disadvantage point also in
an economical aspect. «y-CyD is the best among a-, PB-
and y-CyD on the aspect of safety such as hemolytic
activity and actions to cause tissular disorder and has
inclusion ability equal to that of PB-CyD, but its price
is about 100 times as high as that of B-CyD and there-
fore it has not so been utilized from economical reason.
Further, glucosylated or maltosvlated branched CyDs
rouse interest partially because their solubilities in
water are increased compared with the corresponding
unbranched CyDs, but they are not always satisfactory in
behavior as carriers for the above medicaments.

Thus, attempts have been made to improve the
physical properties or functionality of B-CyD, which is
easy to obtain, by chemically modifying it. For exam-—
ple, there have been obtained thereby heptakis (2, 6-di-
O-methyl)-B-CyD (hereinafter referred to as DM-B-CyD)
wherein the hydroxyl groups at the 2- and 6-positions of
the glucose are methylated, heptakis (2,3, 6-tri—-0-
methyl) —p-CyD (hereinafter referred to as TM-B-CyD)
wherein all the hydroxyl groups at the 2-, 3- and
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6-positions of the glucose are methylated, 2-hydroxy-
propyl-B-CyD (hereinafter referred to as HP-B-CyD)

~wherein a hydroxypropyl group is introduced in the
hydroxyl group mainly at the 6-position of the glucose,
etc. Szejtili et al. suggest that it is possible to
utilize DM-B-CyD as a dissolution aid for injection (J.
Incl. Phenom., 1(2), 135 (1983)).

However, this DM-B-CyD is extremely easy to
dissolve in water and has strong inclusion ability, but
has a problem that since its solubility and stability
constant strikinly decrease at the side of high tempera-
tures and the dissociation of the medicament from the
medicament inclusion composite becomes easy, the desig-
nation of sterilization conditions for the injection is
hindered. Moreover, DM-p-CyD has a stronger hemolytic
activity than B-CyD, and its action to cause tissular
disorder at the time of intramusclular injection is also
larger than P-CyD. This tendency is the same in TM-f-
CyD, and TM-B-CyD shows intermediate values between
DM-B-CyD and B-CyD. On the other hand, as to HP-B-CyD,
large improvement is made on the lowering of solubility
and the lowering of stability constant at high tempera-
tures, and actions to cause tissular disorder such as
hemolytic activity and muscular irritation are also
considerably improved compared with B-CyD, but they are
equal to those of «-CyD, and it is the state of things
that HP-f-CyD is far inferior to y-CyD which has the
lowest hemolytic activity and muscular irritation among
natural CyDs.

Uwagama et al. disclose a pharmaceutical pre-
paration wherein 2-hydroxyethyl-CyD (hereinafter re-
ferred to as HE-B-CyD) wherein a 2-hydroxyethyl group is
introduced or 2, 3-dihydroxypropyl-CyD (hereinafter
referred to as DHP-B-CyD) is used as a carrier for
medicaments utilizing its low hemolytic activity or

action to inhibit hemolytic activity, low action to
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cause tissular disorder or action to prevent tissular
disorder, low action to give topical irritation or
action to lower topical irritation (Japanese Laid-open
Patent Publication No. 61430/1989). However, the
hemolysis—inhibiting action of HE-B-CyD and DHP--CyD is
almost equal to that of y-CyD, and further improvement
will be desired to provide them for clinical use.

Szejtili et al. propose (carboxy)alkyloxyalkyl
derivatives of CyD and a pharmaceutical composition
comprising such a derivative and a medicament (W092/
14762). However, there is no specific description on
whether they show a sufficient hemolytic activity—in-—
hibiting action or not.

Disclosure of Invention

Under such a situation, it becomes very impor-
tant to provide a low hemolytic medicament carrier.
Namely, this is because if a low hemolytic medicament
carrier, which makes it possible to administer sparingly
soluble medicaments parenterally, can be provided, it
can be expected, also for such a medicament that it has
been thought to be impossible to apply it, to maintain
its high concentration in the blood, and it is thought
to make great contribution to the field of pharmaco-—
therapy. Therefore, the objects of the invention lie in
providing CyD derivatives satisfying the above needs,
and providing the actual use of such a CyD derivative as
a carrier or delivery tool for sparingly soluble medica-
ments.

For solving the above problems, the present
inventors have synthesized various CyD derivatives, and
examined their hemolysis—inhibiting action. As a re-
sult, they found that CyDs having an acyl group and an
alkyl group together in the molecule are CyD derivatives
having a hemolytic activity that is significantly lower
even compared with HE-B-CyD and y-CyD whose hemolytic
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activities have hitherto been recognized to be low. It
was further recognized that these derivatives suffi-
ciently retain the medicament inclusion ability of the
corresponding CyDs.

Therefore, according to the invention are
provided acylated alkylated CyDs useful as solubilizers,
adsorbents or agents having inclusion ability.

The acylated alkylated CyD according to the
invention is, specifically, an acylated alkylated cyclo-
dextrin derivative represented by the formula (I)

(1)

wherein n is any of integers 6, 7 and 8, and
the 1-position and the 4-position of the sugar
residues at the both ends are mutually bound
by a covalent bond,

R', R’

drogen atoms, lower alkyl groups or C,_,,

and R independently represent hy-

alkanoyl groups, or in some case, represent
glucosyl groups or maltosyl groups whose hy-
droxyl group(s) may be replaced with lower
alkyloxy group(s) or C, ,, alkanyloxy
group(s),

provided that any of RI, R” and R’ of the
number of total 3 Xn composed of each n are
simultaneously at least one lower alkyl group
and at least one acyl group, and the residual
groups, when exist, are hydrogen atoms or the
g}ucosyl groups or maltosyl groups of the
number of up to at most 2.

There is a case where such derivatives are
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provided as compounds wherein the degree of substitution
of the acyl group and/or alkyl group is different or
part thereof are epimerized, depending on starting
materials, reaction conditions, etc. for preparing them,
or there is also a case where it is convenient to pro-
vide them as a form of a mixture. Moreover, the acy-—
lated alkyvlated CyD derivatives sufficiently meet the
objects of the invention, even in the form of mixtures,
and thus such mixtures are also provided by the inven-—
tion.

The acvlated alkylated CyD derivatives or
mixtures of two or more of the derivatives can effi-
ciently be prepared by acylation reaction using corre-—
sponding partially alkylated CyD derivatives as starting
materials. Thus, such a process for preparing an acy-—
lated alkylated CyD is also provided by the invention.

The acylated alkylated CyD derivatives or
mixtures of two or more of the derivatives, even if they
are derived from B-CyD, not only show hemolytic activi-
ties significantly lower compared with HE-B-CyD and
y—CyD which have been recognized to have low hemolytic
activity, but sufficiently retain the inclusion ability
on medicaments which parent B-CyD inherently has.
Moreover, rabbit muscular irritation of the acylated
alkylated CyD derivatives is much weaker than that of
DM-B-CyD.

Thus, according to the invention is provided
the above acylated alkylated CyD derivatives or use of
the derivatives as carriers or delivery tools for water
soluble, sparingly water soluble or water insoluble
medicaments. As a specific embodiment of this use is
provided a pharmaceutical preparation which comprises
such an acylated alkylated cyclodextrin derivative or
mixture of two or more of the derivatives and such a
medicament in such a state that they are closely com-

pounded. A process for preparing such a pharmaceutical
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preparation is also provided.

Brief Description of Drawings

Fig. 1 is the mass spectrum (matrix: metha—
nol, glycerol and m—nitrobenzyl alcohol, which is the
same hereinafter) of DMA-B-CyD obtained in Example 1.

Fig. 2 is the 'H-NMR spectrum of DMA-B-CyD
obtained in Example 1.

Fig. 3 is the 'H-NMR spectrum of DMA4-B-CyD
obtained in Example 2.

Fig. 4 is the "H-NMR spectrum of butyrated
DM—B-CyD obtained in Example 3.

Fig. 5 is the "H-NMR spectrum of octanoylated
DM-$-CyD obtained in Example 4.

Fig. 6 is a drawing showing the results of the
hemolytic activity test on various CyD derivatives. In
figure 6, the white square ([J), black triangle (A),
white triangle (A), white circle (O), black circle
(@), white inverted triangle (V), and white diamond
(&) represent DMA-B-CyD, DMA4-pB-CyD, B-CyD, DM-B-CyD,
TM-B-CyD, 2-HP-B-CyD with a degree of substitution
(D.S.) of 4.8 and sulfobutyl ether B-CyD with a D.S. of
3.5, respectively.

Fig. 7 is a graph showing the released amounts
of cholesterol from the intact erythrocytes at the time
when various CyD derivatives are contacted with erythro-
cytes. The vertical axis represents the released amount
(%) of cholesterol supposing that the amount of choles-
terol in all the erythrocytes is 100 %.

Detailed Description of the Invention

The *acylated alkylated” in the invention
means such a state that an acyl group and an alkyl group
exist simultaneously on one molecule. Therefore, in the
acylated alkylated CyD derivative in the invention, at
least one of the hydroxyl groups in the CyD molecule is
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converted to an acyl ester, and at least one of the
other hydroxvl groups is converted to an alkyl ether.
Surprisingly, such a CyD derivative which
simultaneously has an acyl group and an alkyl group on
the CyD molecule has a significantly lower hemolytic
activity than the corresponding CyD, as stated above.
However, in view of significantly lowering hemolytic
activity, in the above formula (I), is preferred a CyD
derivative wherein 50 % (e.g, 7 as to B-CyD) or more of
R' and R’

ﬁ—CyD) are lower alkyl groups, the residual R' and R3

of the number of total 2xn (e.g, 14 as to

and R? are at least one acyl group, and the residual Rl,
0 .

R

of two or more of the derivatives. As a further pre-

3 . .
and R°, when exist, are hydrogen atoms, or a mixture

ferred one, there can be mentioned a CyD derivative
wherein 50 % or more, particularly about 100% of R' and
R3 of the number of total 2Xn are lower alkyl groups,
and 50 % or more, particularly about 100% of R® of the
number of n are C,_,, alkanoyl groups, or a mixture of
two or more of the derivatives.

When harmony between the inclusion ability of
the medicament and economical efficiency is taken into
account, preferred is one which corresponds to n = 7 in
the formula (I), i.e. B-CyD, and does not have a gluco-
syl group or maltosyl group as a branched sugar residue.
Thus, as a still further preferred acylated alkylated
derivative, there cas be mentioned a B-CyD derivative
wherein 7 or more of 14 R's and R’s are lower alkyl
groups and 4 or more of 7 R’s are C,_,, alkanoyl groups,
or a mixture of two or more of the derivatives. As the
mixture, there can, for example, be mentioned a mixture
of two or more of compounds selected from the group
consisting of compounds wherein 7 to 14 of all the R's
and Rgs are alkyl groups. In this occasion, the number
of R” which is a C,_,, alkanoyl group is the same or

different between the two or more of compounds.
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However, most preferably, there can be men-—
tioned a P-CyD derivative wherein all of R's and R’s are

lower alkyl groups and all of R’s are C, ., alkanoyl
2-20

groups, and a mixture wherein such derivatives are
mainly (i.e, exceeding 50 %) contained.

The lower alkyl groups include straight—chain
or branched alkyl groups having 1 to 6 carbon atoms, but
as preferred ones, there can be mentioned methyl, ethyl,
n-propyl, isopropyl, n-butyl, sec-butyl groups, etc.,
and further preferred among them is a methyl group.

As to the C,_,, alkanoyl groups, the alkyl
part may be straight—-chain or branched, and as preferred
ones, there can be mentioned acetyl, n-propanoyl,
n-butanoyl, n-pentanoyl (or valeryl), n-hexanoyl (or
caproyl), n-heptanoyl (or enanthoyl), n-octanoyl (or
capryloyl), n—dodecanoyl (or lauroyl), n-tetradecanoyl
(or myristoyl) and n-octadecanoyl (or stearoyl) groups,
etc., and, above all, acetyl, n—-propanoyl, n-butanoyl
and n—hexanov]l are preferred, and further preferred
among them is an acetyl group.

Thus, as particularly preferred ones among
acylated alkylated CyD derivatives or mixtures of two or
more of the derivatives according to the invention,
there can be mentioned heptakis (2,6-di-O-methyl-3-
acetyl)-p-CyD with a degree of substitution (D.S.) of 7
at the 3-position (hereinafter referred to as DMA-B-CyD,
and the following abbreviations follow this) and mix-—
tures mainly containing this DMA-B-CyD, or a mixture of
acetylated DA-B-CyDs with a lower substitution (D.S.
3.5-6) at the 3-position.

Such an acylated alkylated CyD of the inven-—
tion can be prepared by the following process, as an-—
other embodiment of the invention, which comprises
reacting a partially alkylated CyD derivative repre-
sented by the formula (II)
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(I1)

wherein n is any of integers 6, 7 and 8, and
the 1-position and the 4-position of the sugar
residues at the both ends are mutually bound
by a covalent bond,

R*, R®

drogen atoms, lower alkyl groups, glucosyl

and R® independently represent hy-

groups or maltosyl groups, provided that R4,

R’ and R® of the number of total 3 Xn composed

of each n are, simultaneously, at least one

lower alkyl group and at least one hydrogen
atom, and the number of the glucosyl groups

and maltosyl groups is at most 2,
or a mixture of the derivatives with an activated C,_,,
alkanoic acid in a polar solvent, if necessary in the
presence of a condensing agent.

The partially alkylated CyD derivatives of the
formula (II) themselves are known or available on the
market, but ones prepared according to preparation
processes known per se can also be used. Further, as
the activated C,_,, alkanoic acid, acid anhydrides or
acid halides (chlorides, bromides) of alkanoic acids can
be used, but preferably acid anhydrides can be men—
tioned. When an acid halide is used, it is desirable to
make a basic organic amine such as triethylamine coexist
as a hydrogen halide—capturing agent, but it is advanta-
geous to use pyridine as a solvent and a hydrogen ha-
lide-capturing agent or condensing agent.

When an acid anhydride is used as an acylating
reactant and pyridine is used as a solvent, the acyl
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groups of the desired number can be introduced into a
compound of the formula (II) by using pyridine in an
amount enough to dissolve the CyD reactant and the acid
anhydride reactant and carrying out reaction, usually,
at a temperature around 80°C for several hours to 72
hours. The desired acylated alkylated CyD derivatives
can be isolated and purified from the thus obtained
reaction mixture using solvent extraction, various
chromatographies, and recrystallization per se known,
but as stated above, they can also be separated, in a
state of a mixture of two or more of the derivatives,
from the reaction solvent and the unreacted reactant or
the side reaction products. Usually, after the comple-
tion of the reaction, the reaction mixture is added
dropwise into ice water to decompose the excess acid
anhydride, and the desired CyD derivative is extracted
with chloroform. Sodium carbonate is added to the
extract, and the mixture is desalted and subjected to
separation and purification using silica gel columns,
and if necessary, subjected to recrystallization from an
appropriate solvent. The desired CyD derivative can be
obtained by concentrating the obtained substance to
dryvness. The structure of the obtained substance can be
confirmed by mass spectrum, elementary analysis, etc.

As stated above, the thus obtained acylated
alkyvlated CyD derivatives or mixtures of the derivatives
of the invention have hemolytic activities and muscular
irritation significantly lowered, compared with the
previous CyDs, and have an action to solubilize water-
sparingly soluble or insoluble medicaments at room
temperature, and are useful as carriers or delivery
tools for such medicaments.

Therefore, as another embodiment of the inven-
tion, there is provided a pharmaceutical preparation
which comprises such an acylated alkylated CyD deriva-

tive or a mixture of two or more of the derivatives and
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such a medicament in such a state that they are closely
compounded. The “state that they are closely compound-
ed” means such a state that the CyD derivative and the

medicament are homogeneously mixed or such a state that
the medicament and the CyD derivative form an inclusion
compound.

The preparation in such a state can be pre-
pared by sufficiently kneading the CyD derivative and
the medicament, in an aqueous solvent (including a mixed
solvent between methanol, ethanol, acetonitrile,
dimethylformamide or the like and water), in such a
state that the CyD derivative and the medicament are
suspended or dissolved, using a kneader or the like
regularly used for the preparation of formulations.

The pharmaceutical preparation can be adminis—
tered in an administration form such as parenteral
administration, namely intravenous injection, intramus-
cular injection, subcutaneous injection or topical
administration to the skin or mucosa., but administra-
tion methods are not limited thereto, and it can also be
administered by oral administration.

Medicaments or active ingredients applicable
to the preparation according to the invention may be any
medicaments including water—soluble or sparingly soluble
ones, so long as they meet the objects of the invention,
but there can, generally, be mentioned water—sparingly
soluble or insoluble medicaments, or unstable medica-
ments.

Further suitable active ingredients are those
which exert a local physiological effect, as well as
those which exert a systemic effect, either after pene-
trating the mucosa or in the case of oral administration
— after transport to the gastro—intestinal tract with
saliva. The dosage forms prepared from the compositions
according to the present invention are particularly
suitable for active ingredients which exert their activ-
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ity during an extended period of time, i.e. drugs having
a half-life of at least several hours. Examples thereof
are: analgesic and anti-inflammatory drugs (NSAIDs,
flurbiprofen, fentanyl, indomethacin, ketoprofen,
nabumetone, paracetamol, piroxicam, tramadol); anti-
arrhythmic drugs (procainamide, quinidine, verapamil);
antibacterial and antiprotozoal agents (amoxicillin,
ampicillin, benzathine penicillin, benzylpenicillin,
cefaclor, cefadroxil, cefprozil, cefuroxime axetil,
cephalexin, chloramphenicol, chloroquine, ciprofloxacin,
clarithromyecin, clavulanic acid, clindamycin, doxy-
xycline, erythromycin, flucloxacillin, halofantrine,
isoniazid, kanamycin, lincomycin, mefloquine, mino-
cycline, nafcillin, neomycin, norfloxacin, ofloxacin,
oxacillin, phenoxymethyl-penicillin, pyrimethamine-
sulfadoxime, streptomycin); anti-coagulants (warfarin);
antidepressants (amitriptyline, amoxapine, butriptyline,
clomipramine, desipramine, dothiepin, doxepin, fluoxe-
tine, gepirone, imipramine, lithium carbonate, mian-
serin, milnacipran, nortriptyline, paroxetine, sertra-
line; 3-[2-13,4-dihydrobenzofuro(3, 2-cJpyridin-2(1H) -
yl]-ethyl]-2-methyl-4H-pyridol[l, 2-alpyrimidin—-4-one) ;
anti-diabetic drugs (glibenclamide, metformin); anti-
epileptic drugs (carbamazepine, clonazepam, ethosux-—
imide, phenobarbitone, phenytoin, primidone, topiramate,
valpromide); antifungal agents (amphotericin, clotri-
mazole, econazole, fluconazole, flucytosine, griseoful-
vin, itraconazole, ketoconazole, miconazole nitrate,
nystatin, terbinafine, voriconazole); antihistamines
(astemizole, cinnarizine, cyproheptadine, decarbo-
ethoxyloratadine, fexofenadine, lunarizine, levoca-
bastine, loratadine, norastemizole, oxatomide, pro-
methazine, terfenadine); anti-hypertensive drugs
(captopril, enalapril, ketanserin, lisinopril,
minoxidil, prazosin, ramipril, reserpine, terazosin);

anti-muscarinic agents (atropine sulphate, hyoscine);
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antivirals (acyclovir, AZT, ddC, ddI, ganciclovir,
loviride, tivirapine, 3TC, delavirdine, indinavir,
‘nelfinavir, ritonavir, saquinavir); antineoplastic
agents and antimetabolites (adriamycine, cladribine,
cisplatin, dactinomycin, daunorubicin, doxorubicin,
etoposide, irinotecan, mitomycin, mitoxantrone,
tamoxifen, taxol, taxotere, topotecan, trimetrexate,
vincristine, vinblastine); anti-migraine drugs
(almotriptan, alniditan, eletriptan, frovatriptan,
naratriptan, rizatriptan, sumatriptan, zolmitriptan);
anti-Parkinsonian drugs (bromocryptine mesylate,
levodopa, selegiline); antipsychotic, hypnotic and
sedating agents (alprazolam, buspirone, chlordiaze-
poxide, chlorpromazine, clozapine, diazepam, flupen-—
thixol, fluphenazine, flurazepam, 9-hydroxyrisperidone,
lorazepam, mazapertine, olanzapine, oxazepam, pimozide,
pipamperone, piracetam, promazine, risperidone, selfo—
tel, seroquel, sertindole, sulpiride, temazepam, thio-
thixene, triazolam, trifluperidol, ziprasidone, zol-
pidem); anti-stroke agents (lubeluzole, lubeluzole
oxide, riluzole, aptiganel, eliprodil, remacemide) ;
antitussive (dextromethorphan, laevodropropizine);
beta—-adrenoceptor blocking agents (atenolol, carvedilol,
metoprolol, nebivolol, propanolol); cardiac inotropic
agents (amrinone, digitoxin, digoxin, milrinone):
corticosteroids (beclomethasone dipropionate, beta-
methasone, budesonide, dexamethasone, hydrocortisone,
methylprednisolone, prednisolone, prednisone, triamcino-
lone); disinfectants (chlorhexidine); diuretics {(aceta-
zolamide, frusemide, hydrochlorothiazide, isosorbide)
enzymes; essential oils (anethole, anise oil, caraway,
cardamom, cassia oil, cineole, cinnamon oil, clove oil,
coriander oil, dementholised mint oil, dill oil, euca-
lyptus o0il, eugenol, ginger, lemon o0il, mustard oil,
neroli oil, nutmeg o0il, orange oil, peppermint, sage,
spearmint, terpineol, thyme); gastro-intestinal agents
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(cimetidine, cisapride, clebopride, diphenoxylate,
domperidone, famotidine, lansoprazole, loperamide,
‘loperamide oxide, mesalazine, metoclopramide, mosapride,
nizatidine, norcisapride, olsalazine, omeprazole, panto-
prazole, perprazole, prucalopride, ranitidine, rabe-
prazole, ridogrel, sulphasalazine); haemostatics (amino-
caproic acid); lipid regulating agents (atorvastatin,
lovastatin, pravastatin, probucol, simvastatin); local
anaesthetics (benzocaine, lignocaine); opioid analgesics
(buprenorphine, codeine, dextromoramide, dihydrocodeine,
hydrocodone, oxycodone, morphine); parasympathomimetics
(eptastigmine, galanthamine, metrifonate, neostigmine,
physostigmine, tacrine, donepezil, rivastigmine, mila-
meline, sabcomeline, talsaclidine, xanomeline, meman-—
tine, lazabemide); sex hormones (oestrogens: conjugated
oestrogens, ethinyloestradiol, mestranol, oestradiol,
oestriol, oestrone; progestogens; chlormadinone acetate,
cyproterone acetate, 17-deacetyl norgestimate, deso-
gestrel, dienogest, dydrogesterone, ethynodiol diace-
tate, gestodene, 3-keto desogestrel, levonorgestrel,
lvynestrenol, medroxy—-progesterone acetate, megestrol,
norethindrone, norethindrone acetate, norethisterone,
norethisterone acetate, norethynodrel, norgestimate,
norgestrel, norgestrienone, progesterone, quingestanol
acetate); stimulating agents (sildenafil); vasodilators
(amlodipine, buflomedil, amyl nitrite, diltiazem,
dipyridamole, glyceryl trinitrate, isosorbide dinitrate,
lidoflazine, molsidomine, nicardipine, nifedipine,
oxpentifylline, pentaerythritol tetranitrate).

In the preparation according to the invention,
the compounding ratio between the acylated alkylated CyD
and the medicament can be an any ratio so long as it
meets the objects, but in view of controlling the re-
lease of the medicament from the preparation, the ratio
of the acvlated alkylated CyD : the medicament can be
made to be 1 : 4 to 4 : 1, preferably 1 : 2 to 2 : 1, in
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terms of mole ratio.

In the preparation of the invention, pharma-
ceutically acceptable other auxiliaries or additives
can, if necessary, be incorporated in a range not to
have bad influence on the objects of the invention. As
such auxiliaries or additives, there can be mentioned
stabilizers, dissolution aids, suspending agents, emul-
sifying agents, buffering agents, preservatives,
isotonizing agents, or other proper additives, which are
used regularly in the technical field.

The invention is specifically described below
by examples, but the invention is not limited by these
examples.

Example 1 Synthesis of DMA-B-CyD

DM-B-CyD (12 g) was dissolved in 60 mL of

anhydrous pyridine, and 25 mg of 4-dimethylaminopyridine

was added. Then, 12 mL of acetic anhydride was gradu-
ally added dropwise, and the mixture was subjected to
reaction at 80°C for 24 hours. After the completion of
the reaction, the mixture was added dropwise into ice
water to decompose the excess acid anhydride, and ex-—
tracted with chloroform. Sodium carbonate was added to
the organic phase to desalt it, and the mixture was
subjected to separation and purification using a silica
gel column. The obtained substance was concentrated to
dryness to give the desired DMA-B-CyD (D.S. 7). This
CyD derivative had a melting point of 113 to 117°C, and
its solubility in water at 25°C exceeded 50 mg/dl. The
resulting DMA-B-CyD (D.S. 7) was recrystallized from
water to give white crystals (yield 60%) having a melt-
ing point of 126°C. Its mass spectrum and "H-NMR
spectrum are shown in Fig. 1 and Fig. 2, respectively.
FAB MS (negative mode) m/z 1777 [M+mnitro—
benzyl alcohol (matrix)-H); "H-NMR (CDC1,) d 5.16 (t,
1H, CyD H-3), 5.00 (d, 1H, CyD H-1), 3.91-3.87 (m, 2H,
CyD H-5 and H-6b), 3.79 (t, 1H, CyD H-4), 3.54 (d, 1H,
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CyD H-6a), 3.37 (s, 3H, 6-CH,), 3.33 (s, 3H, 2-CH,),
3.21 (dd, 1H, CyD H-2), 2.04 (s, 3H, 3-CH,).
Example 2 Synthesis of acetvlated DM-B-CyD with a
lower substitution at the 3-position

The acetylated DM-B-CyD was prepared by using
a small amount of the acid anhydride (4.6 g, 45 mmol) to
DM-B-CyD (10 g, 7.5 mmol). The other condition of
preparation was identical to that described in Example
1, except for the recrystallization due to the face that
it was a mixture of components with different D.S.s.
The D.S. value was determined by a peak ratio of the CyD
anomeric proton (H-1) and the methyl proton of acetyl
groups in '"H-NMR spectra (see Fig. 3), and was 3.8. The
mixture is hereinafter referred to as DMA4-3-CyD.
Example 3 Synthesis of butyrated DM-B-CyD

DM-B-CyD (5 g) was dissolved in 25 mL of anhy-

drous pyridine, and 9 mL of n-butyric anhydride was

added, and the mixture was subjected to reaction at 80°C
for 24 hours. After the completion of the reaction, the
mixture was added dropwise into ice water to decompose
the excess acid anhydride, and extracted with chloro-
form. Sodium carbonate was added to the extract to
desalt it, and the mixture was subjected to separation
and purification using a silica gel column. The ob-
tained substance was concentrated to dryness to give the
desired butyrated DM-B-CyD. This CyD derivative had a
melting point of 108 to 111°C. 1Its 'H-NMR spectrum is
shown in Fig. 4.
Example 4 Svnthesis of octanoylated DM-B-CyD

DM-B-CyD (5 g) was dissolved in 25 mL of anhy-
drous pyridine, and 16 mL of octanoic anhydride was

added, and the mixture was subjected to reaction at 80°C
for 24 hours. After the completion of the reaction, the
mixture was added dropwise into ice water to decompose
the excess acid anhydride, and extracted with chloro-

form. Sodium carbonate was added to the extract to
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desalt it, and the mixture was subjected to separation
and purification using a silica gel column. The ob-

tained substance was concentrated to dryness to give the

desired octanoylated DM-B-CyD. This CyD derivative was

an oily substance at 25°C. 1Its "H-NMR spectrum is shown

in Fig. 5.

Characteristic tests
(1) Determination of stability constant of DMA-B-CvD

DMA-B-CyD

In this test, the inclusion properties of
was compared with those of the parent B-CyD

and DM- and TM-B-CyDs.

The stability constant between DMA-B-CyD and

flurbiprofen was determined by the solubility method

i.e., according to the method of Higuchi, T. et al.,

Adv. Anal.
constants

Chem. Instr. 1965, 4, 117-212. The stability
between P-CyD, DM-B-CyD or TM-B-CyD and

flurbiprofen determined simultaneously for comparison

are also shown in Table 1.

Table 1:

Flurbiprofen

Compound Stability constant MY

B-CyD 3613
DM-B-CyD 8055
TM-B-CyD 1655
DMA-B-CyD 1212
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These results suggest that DMA-B-CyD has the
same inclusion ability as TM-P-CyD, although it is

‘inferior in inclusion ability to DM-PB-CyD.

(2) Test on hemolvtic properties of DMA-B-CyD and
DMA4-B-CyD
In this test on hemolytic properties, 6 to 7

mL of blood was taken from the auricular vein of a white
rabbit, 1 mL of a preserved erythrocyte solution was
added, and the mixture was gently mixed. To this was
added 4 to 5 mL of 10 mM isotonized phosphate buffer (pH
7.4), the mixture was gently mixed and centrifuged at
1,000 g for b minutes, and the supernatant was removed.
This washing operation was repeated three times, 10 mM
isotonized phosphate buffer (pH 7.4) was added to 1 mL
of the resultant solution to make the volume 20 mlL, and
thereby a 5 % erythrocyte suspension was prepared.

The CyD derivative of various concentrations
was diluted with 10 mM isotonized phosphate buffer (pH
7.4), and the resultant each dilution was incubated at
37°C. Then 4 mL of this dilution was taken, 0.2 mL of
the 5 % erythrocyte suspension was added, and the mix-
ture was incubated at 37°C for 30 minutes. The mixture
was centrifuged at 1,000 g for 5 minutes, 3 mL of the
supernatant was measured for absorbance at 543 nm, and
thereby its hemolytic activity was determined. Further,
the specimen was observed visually using a microscope.
The obtained results are shown in Fig. 6. To the 5 %
erythrocyte suspension was added 100 mM DMA-B-CyD (D.S.
7), DMA4-B-CyD (D.S. 3.8), Bp-CyD, DM-B-CyD, TM-B-CyD, 2-
HP-B-CyD (D.S. 4.8) (see Shiotani, K. et al. Pharm. Res.
1995, 12, 78-84) or subfobutyl ether B-CyD (D.S. 3.5)
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(see ibid), the above treatment was carried out, and
then observation by a microscope was made.

It is apparent that the hemolytic activity of
DMA-B-CyDs was weaker than those of B-CyD, DM-B-CyD and
TM-B-CyD. For example, the hemolysis began at about 2
mM, 0.5 mM and 1 mM, and the concentrations to induce
50% hemolysis were about 4 mM, 1 mM and 2 mM for B-CyD,
DM-B-CyD and TM-B-CyD, respectively. On the other hand,
the hemolysis of DMA4-B-CyD with D.S. 3.8 began at about
12 mM, and its 50% hemolysis concentration was about 22
mM. In the case of DMA-B-CyD with D.S. 7, no hemolyis
was observed up to 100 mM. The hemolytic activity of
DMA-B-CyDs was weaker than those of 2-HP (D.S. 4.8) and
sulfobutyl ether of B-CyD (D.S. 3.5).

(3) Determination of the released amount of cholesterol

from the intact erythrocytes of rabbits treated
with DMA-B-CyD or DMA4-B-CyD
Each DMA-B-CyD, DMA4-3-CyD, DM-B-CyD was di-
luted with 10 mM isotonized phosphate buffer (pH 7.4),
and the dilution was incubated at 37°C. Then, 4 mL of

the dilution was taken, 0.2 mbL of the 5 % ervthrocyte
suspension was added, and the mixture was incubated at
37°C for 30 minutes. The mixture was centrifuged at
1,000 g for 5 minutes, 5 mL of chloroform was added to 3
mL of the supernatant, and the mixture was shaken for 30
minutes to make extraction. The chloroform layer was
taken, and concentrated to give a specimen. The speci-
men was assaved for cholesterol amount using a Choleste-
rol E-Test Wako (made by Wako Pure Chemical Industries,
Ltd.). The obtained results are shown in Fig. 7.

One of the causes of CyD—induced hemolysis is
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known to be extractions of cholesterol and phospholipids
from erythrocytes through the inclusion complex forma-
tion. Therefore, in this test, the cholesterol release
behavior from rabbit erythrocytes by the addition of
DMA-B-CyD or DMA4-B-CyD was investigated and compared
with the cholesterol release behaviors of a control (an
isotonic buffer without CyDs) and DM-B-CyD. Figure 7
shows the released amounts of cholesterol from the
intact erythrocytes of rabbits treated with B-CyDs in 10
mM phosphate buffer (pH 7.4) at 37°C. DM-B-CyD induced
about 80% release of cholesterol at a concentration of
0.5 mM at which the hemolyis only slightly occurred (see
Figure 6). On the other hand, DMA-B-CyDs induced only
10% release of cholesterol at the same concentration,
and this release was the same as that of the control

experiment conducted in the isotonic buffer.
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CLAIMS

1. An acylated alkylated cyclodextrin derivative

represented by the formula (I)

H (1)

wherein n is any of integers 6, 7 and 8, and
the 1-position and the 4-position of the sugar
residues at the both ends are mutually bound
by a covalent bond,

R', R’

drogen atoms, lower alkyl groups or C,_,,

and R® independently represent hy-

alkanoyl groups, or in some case, represent
glucosyl groups or maltosyl groups whose hy-
droxyl group(s) may be replaced with lower
alkyloxy group(s) or C,_,, alkanyloxy
group (s),
provided that any of Rl, R% and R3 of the

number of total 3 Xn composed of each n are
simultaneously at least one lower alkyl group
and at least one C, ,, alkanoyl group, and the
residual groups, when exist, are hydrogen
atoms or the glucosyl groups or maltosyl
groups of the number of up to at most 2,

or a mixture of two or more of the derivatives.

2. The acylated alkylated cyclodextrin derivative
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or mixture of two or more of the derivatives according
to claim 1 wherein 50 % or more of R' and R° of the
number of total 2Xn are lower alkyl groups, the resid-
ual R' and R® and R® are at least one C,_ ,, alkanoyl
group, and the residual Rl, R? and RS, when exist, are
hydrogen atoms.

3. The acylated alkylated cyclodextrin derivative
or mixture of two or more of the derivatives according
to claim 1 wherein R' and R® arc lower alkyl groups, 50
% or more of R® are C,_,, alkanoyl groups, and the
residual Rz, when exist, are hydrogen atoms.

4. The acylated alkylated cyclodextrin derivative
or mixture of two or more of the derivatives according
to claim 1 wherein R' and R® are lower alkyl groups, and
50 % or more of R® of the number of n are acyl groups.

5. The acylated alkylated cyclodextrin derivative
or mixture of two or more of the derivatives according
to any of claims 1 to 4 wherein the lower alkyl groups
are methyl, ethyl, n-propyl, isopropyl, n-butyl or
sec—butyl, and the alkanoyl groups are acetyl, n—-pro-
panoyl, n-butanoyl, n—-pentanoyl, n-hexanoyl, n-hepta-
noyl, n—octanoyl, n-dodecanoyl, n—tetradecanoyl or
n-octadecanoyl.

6. The acylated alkylated cyclodextrin derivative
or mixture of two or more of the derivatives according
to any of claims 1 to 5 wherein the lower alkyl groups
are methyl groups, and the alkanoyl groups are acetyl
groups.

7. The acyvlated alkylated cyclodextrin derivative
or mixture of two or more of the derivatives according

to any of claims 1 to 6 wherein n is 7 in the formula
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(D).
8. Heptakis (2,6-di-0O-methyl-3-0-acetyl)-p-
~cyclodextrine; heptakis (2,6-di-0O-methyl-3-O-butyryl)-fB-
cyclodextrine; or heptakis (2,6-di-0O-methyl-3-0-octa—
noyl) —B-cyclodextrine.
9. A mixture of acetylated heptakis (2,6-di—-0-
methyl) -B-cyclodextrines having an average degree of
acetyl-substitution of about 3.8 at the 3-position.
10. A process for preparing an acylated alkylated
cyclodextrin derivative represented by the formula (I)
according to claim 1 or a mixture of two or more of the
derivatives which comprises reacting a partially alky-—
lated cyclodextrin derivative represented by the formula
(ID

(ID)

L~

| OR4 0/
H ‘)n

wherein n is any of integers 6, 7 and 8, and

the 1-position and the 4-position of the sugar
residues at the both ends are mutually bound
by a covalent bond,

R*, R®

drogen atoms, lower alkyl groups, glucosyl

and R6 independently represent hy-

groups or maltosv]l groups, provided that R4,
R° and R® of the number of total 3Xn composed
of each n are, simultaneously, at least one
lower alkyl group and at least one hydrogen

atom, and the number of the glucosyl groups
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and maltosyl groups is at most 2,
or a mixture of the derivatives with an activated C,_,,
alkanoic acid in a polar solvent, if necessary in the
presence of a condensing agent to acylate the com-
pound(s) of the formula (II).
11. A pharmaceutical preparation which comprises
the acylated alkylated cyclodextrin derivative or mix-—
ture of two or more of the derivatives according to any
of claims 1 to 9 and a medicament in such a state that
they are closely compounded.
12. The pharmaceutical preparation according to
claim 11 wherein the medicament is selected from the
group consisting of nonsteroidal antirheumatic agents,
steroids, cardiac glyvcosides, benzodiazepine deriva-
tives, benzimidazole derivatives, piperidine deriva-
tives, piperazine derivatives, imidazole derivatives and
triazole derivatives.
13. A process for preparing a pharmaceutical
preparation according to claim 11 or 12 which comprises
kneading closely the acylated alkylated cyclodextrin
derivative or mixture of two or more of the derivatives
according to any of claims 1 to 6 and a medicament in an
aqueous solvent, and then, if necessary, removing the

solvent.
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PHARMACEUTICAL COMPOSITIONS COMPRISING CYCLODEXTRINS

This invention relates to novel pharmaceutical compositions, in particular compositions
and dosage forms providing improved drug release and uptake on administration into
externally voiding body cavities (e.g. the gi tract) or on topical administration, especially
for acid solubilized drug compounds.

Many drug compounds, while possessing desired therapeutic properties, are used
inefficiently due to their poor water solubilities. Thus for example where such
compounds are administered orally, only a small fraction of the drug is taken up into the
blood during transit of the gi tract. As a result, to achieve adequate drug uptake it may
be necessary to administer high doses of the drug compound, to prolong the period of
drug administration or to make frequent administrations of the drug compound. Indeed,
the poor solubility and hence poor bioavailability of a drug may cause an alternative
drug, perhaps one with undesired side effects or one which requires invasive administra-

tion (e.g. by injection or infusion), to be used in place of the poorly soluble drug.

One approach to poor solubility is to derivatise the drug molecule to introduce water
solubilizing groups, e.g. ionic groups such as carboxyl groups or non-ionic groups such
as polyhydroxyalkyl groups, so as to produce a more soluble derivative. This approach
however is not always successful as it may not be possible to maintain adequately high
therapeutic efficacy and adequately low toxicity or other side effects. Thus one example
of a poorly water soluble drug which has not been superseded by a solubilized derivative
is the antifungal agent itraconazole.

Attempts have therefore been made to enhance the uptake of drugs such as itraconazole
by increasing the surface area of the drug compound exposed to saliva or gastric fluid,
and hence promote dissolution of the drug compound, by thinly coating the drug
compound onto essentially inert carrier particles, e.g. sugar beads. This however has the
drawback that the volume of solid composition required to administer a given quantity
of the drug compound is quite high since the carrier contributes significantly to the
overall administration volume. Since administration of large volume capsules or tablets,
or of large quantities of smaller volume capsules or tablets, provides difficulties for the
patient, the drawbacks of this approach are obvious.

Yet another approach has been to administer the drug compound in the form of a
solution of the drug compound and a drug complexing agent such as a cyclodextrin.
This approach has limitations also in that the dosage volume is constrained by the
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solubilizing power of the complexing agent, readily unitized solid dosage forms can not
be used, and there is no gradual release of the drug compound for biological uptake.

However, we have now found that by combining such drug compounds with a cyclo-
dextrin, a water-soluble acid and a water-soluble organic polymer, an administration
form may be produced which surprisingly improves the biological uptake of the drug
compound, in particular a form which can surprisingly improve the time profile for the
drug content of the plasma of the patient (i.e. the pharmacokinetic profile defined by
such parameters as AUC, tma, Chax, €1C.).

Thus viewed from one aspect the invention provides a pharmaceutical composition
comprising a no more than sparingly water-soluble drug compound, a cyclodextrin, a
physiologically tolerable water-soluble acid, and a physiologically tolerable water-
soluble organic polymer.

Viewed from a further aspect the invention provides the use of a no more than sparingly
water-soluble drug compound, a cyclodextrin, a physiologically tolerable water-soluble
acid, and a physiologically tolerable water-soluble organic polymer for the manufacture
of a pharmaceutical composition according to the invention for use in a method of
therapy or diagnosis of the human or non-human animal (e.g. mammalian, reptilian or
avian) body.

Viewed from a still further aspect the invention provides a method of therapy or
diagnosis of the human or non-human animal (e.g. mammalian, reptilian or avian) body
which comprises administering to said body a therapeutically or diagnostically effective
dose of a pharmaceutical composition, the improvement comprising using as said

composition a composition according to the present invention.

The compositions of the invention may if desired be aqueous, but in general will
preferably be substantially water-free, e.g. containing up to 3% by weight, preferably
less than 1% by weight water, and most preferably less than 0.5% water, but may be
mixed with water immediately before administration or may be coated and dispersed in
an aqueous medium whereby the coating is only broken down after administration.
Such aqueous compositions are deemed to fall within the scope of the invention.
Depending on the selection of components, the compositions of the invention may be
liquid, solid or semi-solid - e.g. gel-like. Preferably the compositions are non-
freeflowing at ambient temperature (e.g. 21°C), other than as free flowing particulates.
Thus the compositions at ambient temperature are preferably solids or semi-solids or,
less preferably, highly viscous fluids.
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In the compositions of the invention the drug compound, acid, cyclodextrin and organic
polymer are intimately admixed.

Thus where the composition is particulate, the acid, drug compound, cyclodextrin and
organic polymer are mixed together within the particles (e.g. at the molecular level
following solvent removal from a solution of these components). Granulate mixtures
where individual particles do not contain all four components, or have cores of one or
more components coated with other components are not preferred. This intimate
admixture is important since the effects of the components are complimentary at the

microscopic level during dissolution of the compositions of the invention.

Preferably, all components are dispersed so as to form a system that is chemically and
physically uniform or homogenous throughout, or consists of one phase as defined in
thermodynamics ; such a dispersion will be called a glass thermoplastic phase or system
hereinafter. The components of the glass thermoplastic system are readily bioavalaible
to the organisms to which they are administered. This advantage can probably be
explained by the ease with which said glass thermoplastic system can form liquid
solutions when contacted with a body liquid such as gastric juice. The ease of
dissolution may be attributed at least in part to the fact that the energy required for
dissolution of the components tfrom a glass thermoplastic system is less than that
required for the dissolution of components from a crystalline or microcrystalline solid
phase.

As the cyclodextrin in the compositions of the invention, there may be used any of the
physiologically tolerable water-soluble substituted or unsubstituted cyclodextrins or
physiologically tolerable derivatives thereof, e.g. -, - or y-cyclodextrins or derivatives
thereof, in particular derivatives wherein one or more of the hydroxy groups are
substituted, e.g. by alkyl, hydroxyalkyl, carboxyalkyl, alkylcarbonyl, carboxyalkoxyalkyl,
alkylcarbonyloxyalkyl, alkoxycarbonylalkyl or hydroxy-(mono or polyalkoxy)alkyl
groups, wherein cach alkyl or alkylene moiety preferably contains up to six carbons.

Substituted cyclodextrins which can be used in the invention include polyethers, e.g. as
described in US Patent 3,459,731. In general, to produce these, unsubstituted
cyclodextrins are reacted with an alkylene oxide, preferably under superatmospheric
pressure and at an elevated temperature, in the presence of an alkaline catalyst. Since a
hydroxy moiety of the cyclodextrin can be substituted by an alkylene oxide which itself

can react with yet another molecule of alkylene oxide, the average molar substitution
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(MS) is used as a measure of the average number of moles of the substituting agent per
glucose unit. The MS can be greater than 3 and theoretically has no limit. In the
cyclodextrin derivatives for use in the compositions according to the present invention
the M.S. is conveniently in the range of 0.125 to 10, in particular of 0.3 to 3, or from
0.3 to 1.5. Preferably the M.S. ranges from about 0.3 to about 0.8, in particular from
about 0.35 to about 0.5 and most particularly it is about 0.4. M.S. values determined by
NMR or IR preferably range from 0.3 to 1, in particular from 0.55 t0 0.75.

Further examples of substituted cyclodextrins include ethers wherein the hydrogen of
one or more cyclodextrin hydroxy groups is replaced by Cj.salkyl, hydroxyC, ¢-alkyl,
carboxy-C;.¢alkyl or C;.salkyloxycarbonyl-C; salkyl 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;.4alkyl or carboxy-
Cizalkyl or more particularly by methyl, ethyl, hydroxyethyl, hydroxypropyl,
hydroxybutyl, carboxymethyl or carboxyethyl.

In the foregoing definitions, the term "Cealkyl” 1s meant to include straight and
branched saturated hydrocarbon radicals, having from [ to 6 carbon atoms, such as
methyl, ethyl 1-methylethyl, 1,1-dimethylethyl, propyl. 2-methylpropyl, butyl, pentyl,
hexyl and the like.

Such ethers can be prepared by reacting a cyclodextrin with an appropriate O-alkylating
agent or a mixture of such agents in a concentration sclected such that the desired
cyclodextrin ether is obtained. The reaction is preferably conducted in a solvent in the
presence of a base. With such cthers, the degree of substitution (DS) is the average

number of substituted hydroxy functions per glucose unit, the DS being thus 3 or less.

In the cyclodextrin derivatives for use in the compositions according to the present
invention, the DS preferably is in the range of 0.125 to 3, in particular 0.3 to 2, more
particularly 0.3 to 1, and the MS is in the range of 0.125 to 10, in particular 0.3 to 3 and
more particularly 0.3 to 1.5.

Of particular utility in the present invention are the [-cyclodextrin ethers, e.g. dimethyl-
B-cyclodextrin as described in Drugs of the Future, Vol. 9, No. §, p. 577-578 by

M. Nogradi (1984) and polyethers, e.g. hydroxypropyl-B-cyclodextrin and
hydroxyethyl-B-cyclodextrin. Such alkyl ethers may for example be methyl ethers with a
degree of substitution of about 0.125 to 3, e.g. about 0.3 to 2. Such a hydroxypropy!

cyclodextrin may for example be formed from the reaction between [-cyclodextrin and
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propylene oxide and may have a MS value of about 0.125 to 10, e.g. about 0.3 to 3.

Especially suitable cyclodextrins are 3-CD, 2,6-dimethyl-B-CD, 2-hydroxyethyl-B-CD,
2-hydroxyethyl-y-CD, 2-hydroxypropyl-y-CD and (2-carboxymethoxy)propyl-B-CD,
and in particular 2-hydroxypropyl-f3-CD.

Besides simple cyclodextrins, branched cyclodextrins and cyclodextrin polymers may
also be used.

Other cyclodextrins are described for example in Chemical and Pharmaceutical Bulletin
28: 1552-1558 (1980), Yakugyo Jiho No. 6452 (28 March 1983), Angew. Chem. Int.
Ed. Engl. 19: 344-362 (1980), US-3,459,731, EP-A-0,149,197, EP-A-0,197,571.
US-4,535,152, WO-90/12035 and GB-2,189,245. Other references describing
cyclodextrins for use in the compositions according to the present invention, and which
provide a guide for the preparation, purification and analysis of cyclodextrins include the
following: "Cyclodextrin Technology" by Jozsef Szejtli, Kluwer Academic Publishers
(1988) in the chapter Cyclodextrins in Pharmaceuticals; "Cyclodextrin Chemistry" by
M.L. Bender et al., 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 at p. 189-260; "Cyclodextrins and their
Inclusion Complexes” by J. Szejtli, Akademiai Kiado, Budapest, Hungary (1982);

1. Tabushi in Acc. Chem. Research, 1982, 15, p. 66-72; W. Sanger, Angewandte
Chemie, 92, p. 343-361 (1981); A.P. Croft and R.A. Bartsch in Tetrahedron, 39.

p. 1417-1474 (1983); Irie et al. Pharmaceutical Research, 5, p. 713-716, (1988): Pitha et
al. Int. J. Pharm. 29, 73, (1986); DE 3,118,218; DE-3,317,064; EP-A-94,157,
US-4,659,696; and US-4,383,992.

More recent examples of substituted cyclodextrins include sulfobutylcyclodextrins

(US-5,134,127-A). Their use is also envisaged in the present invention.

The cyclodextrin used is preferably a B-cyclodextrin, in particular hydroxypropyl-
B-cyclodextrin. The most preferred cyclodextrin derivative for use in the compositions
of the present invention is hydroxypropyl-B-cyclodextrin having a M.S. in the range of
from 0.35 to 0.50 and containing less than 1.5% unsubstituted B-cyclodextrin.

M.S. values determined by NMR or IR preferably range from 0.55 to 0.75.

Nevertheless, the choice of cyclodextrin may be directed by the ability of the selected

drug compound to be complexed by a particular cyclodextrin - thus the cyclodextrins
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with greater affinity for the particular drug compound may be preferred.

In the compositions of the invention, the cyclodextrin is preferably present at 5 to 70%
by weight, more preferably 8 to 55%, most preferably 10 to 45% by weight (relative to
the total weight of cyclodextrin, acid, organic polymer and drug). The quantity of
cyclodextrin used however will generally be dependent on the quantity of drug and the
molar ratio of cyclodextrin to drug will preferably lie in the range 100:1 to 1:5,
especially 50:1 to 1:2, more especially 10:1 1o 1:1.

The acid used in the compositions of the invention may be any of the water-scluble
physiologically tolerable acids, in particular any of the inorganic or, more preferably,
organic acids conventionally used in the preparation of acid salts of drug compounds,
e.g. citric, fumaric, tartaric, maleic, malic, succinic, oxalic, malonic, benzoic, mandelic
and ascorbic acids.

Tartaric acid and more especially citric acid are preferred since the salts they form with
drug compounds usually have a reduced tendency to precipitate from aqueous solutions.
In general however, any acid which is not so strong as to cause degradation of the
cyclodextrin and yet which is capable, on the addition of water, of generating a low pH
environment, preferably lower than pH 4 and ideally about pH 2, may be used. The acid
may be in liquid (e.g. solution) or solid form: however acids which are solid at ambient

conditions in their anhydrous or hydrate forms will generally be preferred.

In the compositions of the invention, the acid will preferably be present at | to 95% by
weight, preferably 5 to 90% by weight, more preferably 20 to 80%, and especially
preferably 35 to 60% by weight (relative to the total weight of cyclodextrin, drug
compound, organic polymer and acid). The amount of acid used will be dependent upon
the selected acid and drug compound, but in general an increase in the relative
proportion of acid will result in an acceleration of drug dissolution on contact with
water. The amount of acid used will normally be at least the amount necessary to form

a 1:1 salt with the drug compound.

In general, the acid will form a significant proportion of dosage forms that dissolve
rapidly in body fluids. Typically, they will comprise from 50 to 95% by weight of acid,
preferably 50 to 90% by weight, more preferably 55 to 60% by weight. Thus viewed
from a further aspect the invention provides a pharmaceutical composition comprising
an organic drug compound, a water-soluble physiologically tolerable acid, a water-
soluble physiologically tolerable cyclodextrin and a water-soluble physiologically
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tolerable organic polymer, characterised in that the weight ratios of drug compound to
acid and of drug compound to cyclodextrin are no more than 2:1, preferably no more
than 1.5:1, especially preferably no more than 1:1, and particularly preferably no more
than 0.9:1, especially no more than 0.5:1.

The organic polymer used in the compositions of the invention may be any of the
physiologically tolerable water soluble synthetic, semi-synthetic or non-synthetic organic
polymers.

Thus for example the polymer may be a natural polymer such as a polysaccharide or
polypeptide or a derivative thereof, or a synthetic polymer such as a polyalkylene oxide
(e.g. PEG), polyacrylate, polyvinylpyrrolidone, etc. Mixed polymers, e.g. block
copolymers and glycopeptides may of course be used.

It is believed that the effect of the organic polymer arises from an enhancement in

viscosity which serves to stabilize supersaturated solutions of the drug compound on

dissolution of the composition of the invention. Thus the polymer conveniently has a

molecular weight in the range 500D to 2 MD, and conveniently has an apparent

viscosity of 1 to 100 mPa.s when in a 2% aqueous solution at 20°C. For example, the

water-soluble polymer can be selected from the group comprising

- alkylcelluloses such as methylcellulose,

- hydroxyakylcelluloses such as hydroxymethylcellulose, hydroxyethylcellulose,
hydroxypropylcellulose and hydroxybutylcellulose,

- hydroxyalkyl! alkylcelluloses such as hydroxyethyl methylcellulose and hydroxypropyl
methylcellulose,

- carboxyalkylcelluloses such as carboxymethylcellulose,

- alkali metal salts of carboxyalkylcelluloses such as sodium carboxymethylcellulose,

- carboxyalkylalkylcelluloses such as carboxymethylethylcellulosc,

- carboxyalkylcellulose esters,

- starches,

- pectins such as sodium carboxymethylamylopectin,

- chitin derivates such as chitosan,

- heparin and heparinoids,

- polysaccharides such as alginic acid, alkali metal and ammonium salts thereof,
carrageenans, galactomannans, tragacanth, agar-agar, gum arabic, guargum and
xanthan gum,

- polyacrylic acids and the salts thereof,
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- polymethacrylic acids and the salts thereof, methacrylate copolymers,

- polyvinylalcohol,

- polyvinylpyrrolidone, copolymers of polyvinylpyrrolidone with vinyl acetate,
- polyalkylene oxides such as polyethylene oxide and polypropylene oxide and

copolymers of ethylene oxidc and propylene oxide, e.g. poloxamers and poloxamines.

Non-enumerated polymers which are pharmaceutically acceptable and have appropriate
physico-chemical properties as defined hereinbefore are equally suited for preparing
compositions according to the present invention.

Particularly preferably the organic polymer is a cellulose ether, e.g. methyl cellulose,
hydroxyethylmethylcellulose, or hydroxypropylmethylcellulose (HPMC), for example a
Methocel® (available from Colorcon, England) such as Methocel A, Methocel E,
Methocel F, Methocel K, Methocel J or Methocel HB or a Metolose® such as Metolose
SM., Metolose SH or Metolose SE. Especially preferably the organic polymer is a
hydroxypropylmethylcellulose, e.g. from 5 ¢cps Methocel E to 15000 cps Methocel
K15M.

Even very small quantities of the organic polymer scrve to achieve a beneficial effect in
the compositions of the invention. Thus in the compositions of the invention the organic
polymer is conveniently present at 0.05 to 35% by weight, preferably 0.1 to 20%, more
preferably 0.5 to 15%, and most preferably 2 1o 119 by weight (relative to the total
weight of drug compound, acid, cyclodextrin and organic polymer). The content and
viscosity grade of the organic polymer both affect the dissolution profile for the drug
compound in the compositions of the invention, with increased organic polymer content
and/or increased viscosity grade (e.g. 15000 mPa.s in place of 5 mPa.s (mPa.s values
being at 2% aqueous solution at 20°)) both tending to decelerate drug compound
dissolution). Accordingly the selection of the identity and quantity of the organic
polymer will generally depend upon the dissolution profile that is desired. For example,
a composition that provides sustained release of the drug, will comprise a water soluble
polymer having an apparent viscosity of more than 1,000 mPa.s when dissolved in a 2%

aqueous solution at 20°C.

The drug compound used in the compositions of the invention may be any organic or
inorganic material which is no more than sparingly soluble, i.e. which is sparingly

soluble, slightly soluble, very slightly soluble, or practically insoluble in pure water at
21°C (ie. requiring from 30, from 100, from 1000 or from 10000 parts water to put 1

part by weight drug compound into solution). In particular, the drug is a basic
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compound.

Examples of such poorly water-soluble compounds that may be used in the
compositions of the invention include nifedipine, itraconazole (described in EP-A-6711),
saperconazole (see US-A-4916134), (-)-[2S-[20,40(S*)]]-4-[4-[4-[4-[[2-(4-chloro-
phenyl]-2-{[(4-methyl-4H-1,2,4-triazol-3-yl)thiojmethyl]-1,3-dioxolan-4-ylJmethoxy]-
phenyl]-1-piperazinyl]phenyl}-2,4-dihydro-2-(1-methylpropyl)-3H-1,2 4-triazol-3-one
(Compound 40 in WQO96/13499), cisapride (described in EP-A-76530),
(B)-N-[4-[2-ethyl-1-(1H-1,2.4-triazol- 1-yl)butyl]phenyl]-2-benzothiazolamine
(described in W0-97/49704); methyl 6,11-dihydro-11-[1-[2-[4-(2-
quinolinylmethoxy)phenyl]ethyl]-4-piperidinylidene]-5H-imidazo[2,1-b][3]benzazepine-
3-carboxylate (described in WO-97/34897);
4-[[4-amino-6-[(2,6-dichlorophenyDmethyl]-1,3,5-triazin-2-yiJamino]benzonitrile
{described in EP-0,834,507);
(B-cis)-1-[4-[4-[4-[[4-(2,4-difluorophenyl)-4-(1H-1,2,4-tr1azol- 1-ylmethyl)-1,3-
dioxolan-2-yllmethoxy]phenyl}- I-piperazinyl]phenyl]-3-(1-methylethyl)-2-
imidazolidinone;

(2S-cis)-1-[4-[4-[4-[[4-(2,4-difluoropheny])-4-(1 H-1,2,4-triazol-1-ylmethyl)-1,3-
dioxolan-2-yllmethoxy]phenyl]- I-piperazinyl]phenyl]-3-(1-methylethyl)-2-
imidazolidinone;

3-12-[3,4-dihydrobenzofuro[3,2-c]pyridin-2 (1 f)-yl}ethyl]-2-methyl-4H-pyrido-
[1,2-aJpyrimidin-4-one;

N-[2-[4-(4-chlorophenyl)- l-piperazinyl]ethyl}-2-benzothiazolamine;
(B1)-N-[4-[2-(dimethylamino)- 1-(1H-imidazol- l-yl)propyliphenyl]-2-benzothiazolamine
(described in W0-97/49704)
(B)-6-[amino(4-chiorophenyl)(1-methyl-1H-imidazol-5-yl)methyl]-4-(3-chlorophenyl)-
1-methyl-2(1H)-quinolinone;

(B)-N-[4-[2-ethyl-1-(1H-1,2 4-triazol-1-yl)butyl]phenyl]-2-benzothiazolamine;
3-[6-(dimethylamino)-4-methyl-3-pyridinyl]-2,5-dimethyl-V,N-dipropylpyrazolo[2,3-a]-
pyrimidin-7-amine monohydrochloride;
(S)-[1-[2-[3-[(2,3-dihydro-1H-inden-2-yl)oxy]-4-methoxyphenyl]propyl]- 1 H-imidazol-
2-ylJcyanamide; and

(+)-(B-trans)-4-[ 1-[3,5-bis(trifluoromethyl)benzoyl]-2-(phenylmethyl)-4-piperidinyl}-N-
(2,6-dimethylphenyl)-1-piperazineacetamide (S)-hydroxybutanedioate (1:1).

Further suitable active ingredients are those which exert a local physiological effect, as

well as those which exert a systemic effect, either after penetrating the mucosa or - in
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the case of oral administration - after transport to the gastro-intestinal tract with saliva.
The dosage forms prepared from the compositions according to the present invention
are particularly suitable for active ingredients which exert their activity during an
extended period of time, 1.e. drugs having a half-life of at least several hours.
Examples thereof are :

analgesic and anti-inflammatory drugs (celecoxib, MK966, L-745,337, NSAIDs,
fentanyl, indomethacin, ketoprofen, nabumetone, oxyphenbutazone, paracetamol,
phenylbutazone, piroxicam, tramadol) ; anti-arrhythmic drugs (gallopamil,
procainamide, quinidine, verapamil) ; antibacterial and antiprotozoal agents
(amoxicillin, ampicillin, benzathine penicillin, benzylpenicillin, cefaclor, cefadroxil,
cefprozil, cefuroxime axetil, cephalexin, chloramphenicol, chloroquine, ciprofloxacin,
clarithromycin, clavulanic acid, clindamycin, doxyxycline, erythromycin,
flucloxacillin, halofantrine, isoniazid, kanamycin, lincomycin, mefloquine,
minocycline, nafcillin, neomycin, norfloxacin, ofloxacin, oxacillin, phenoxymethyl-
penicillin, pyrimethamine-sulfadoxime, quinine, streptomycin); anti-coagulants
(warfarin) ; antidepressants (amitriptyline, amoxapine, butriptyline, clomipramine,
desipramine, dothiepin, doxepin, fluoxetine, fluvoxamine, gepirone, imipramine,
lithium carbonate, mianserin, milnacipran, nortriptyline, paroxetine, sertraline ;
3-{2-[3,4-dihydrobenzofuro[3,2-c]pyridin-2(1 H)-yl]ethyl]-2-methyl-4H-
pyrido[1,2-a]pyrimidin-4-one) ; anti-diabetic drugs (glibenclamide, metformin) ;
antiepileptic drugs (carbamazepine, clonazepam, ethosuximide, phenobarbitone,
phenytoin, primidone, topiramate, valpromide) ; antifungal agents (amphotericin,
clotrimazole, econazole, fluconazole, flucytosine, griseofulvin, itraconazole,
ketoconazole, miconazole nitrate, nystatin, terbinafine, voriconazole) ; antigout
(benzbromarone, probenecid) ; antihistamines (astemizole, cinnarizine, cyproheptadine,
decarboethoxyloratadine, fexofenadine, flunarizine, levocabastine, loratadine,
norastemizole, oxatomide, promethazine, terfenadine) ; anti-hypertensive drugs
(captopril, clonidine, cyclizine, diazoxide, dihydralazine, enalapril, fosinopril,
guanethidine, ketanserin, lisinopril, minoxidil, prazosin, ramipril, rescinnamine,
reserpine, terazosin) ; anti-muscarinic agents (atropine sulphate, hyoscine) ; antivirals
(acyclovir, AZT, ddC, ddl, ganciclovir, loviride, tivirapine, 3TC, delavirdine,
indinavir, nelfinavir, ritonavir, saquinavir) ; antineoplastic agents and antimetabolites
(adriamycine, cladribine, dactinomycin, daunorubicin, doxorubicin, etoposide,
mitomycin, mitoxantrone, paclitaxel, taxol, taxotere, trimetrexate, vincristine,
vinblastine) ; anti-migraine drugs (alniditan, naratriptan, sumatriptan) ; anti-
Parkinsonian drugs (bromocryptine mesylate, carbidopa, levodopa, selegiline) ;

antipsychotic, hypnotic, anxiolytic and sedating agents (alprazolam, buspirone,
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chlordiazepoxide, chlorpromazine, chlorprothixene, clozapine, diazepam, flupenthixol,
fluphenazine, flurazepam, haloperidol, 9-hydroxyrisperidone, lorazepam, mazapertine,
melperone, methaqualone, olanzapine, oxazepam, pimozide, pipamperone, piracetam,
promazine, risperidone, selfotel, seroquel, sertindole, sulpiride, temazepam,
thioridazine, thiothixene, triazolam, trifluoperazine, trifluperidol, triflupromazine,
ziprasidone, zolpidem) ; anti-stroke agents (lubeluzole, lubeluzole oxide, riluzole,
aptiganel, eliprodil, remacemide) ; antitussive (dextromethorphan, laevodropropizine,
noscapine) ; beta-adrenoceptor blocking agents (atenolol, bupranolol, carvedilol,
labetalol, metipranolol, metoprolol, nebivolol, oxprenolol, propanolol) ; cardiac
inotropic agents (amrinone, digitoxin, digoxin, milrinone} ; corticosteroids
{beclomethasone dipropionate, betamethasone, budesonide, cortisone, dexamethasone,
fludrocortisone, hydrocortisone, methylprednisolone, paramethasone, prednisolone,
prednisone, triamcinolone) ; disinfectants (chlorhexidine) ; diuretics (acetazolamide,
amiloride, benzthiazide, chlorothiazide, chlorthalidone, dichlorphenamide, ethacrynic
acid, ethoxzolamide, frusemide, hydrochlorothiazide, hydroflumethiazide, isosorbide,
polythiazide, spironolactone, triamterene, trichloromethiazide) ; enzymcs ; ergot
alkaloids (codergocrine, ergotamine, nicergolin) ; essential oils (anethole, anise oil,
caraway, cardamom, cassia oil, cineole, cinnamon oil, clove oil, coriander oil,
dementholised mint oil, dill oil, eucalyptus oil, eugenol, ginger, lemon oil, mustard oil,
neroli oil, nutmeg oil, orange oil, peppermint, sage, spearmint, terpineol, thyme) ;
gastro-intestinal agents (bromopride, cimetidine, cisapride, clebopride, diphenoxylate,
domperidone, famotidine, lansoprazole, loperamide, loperamide oxide, mesalazine,
metoclopramide, mosapride, nizatidine, norcisapride, olsalazine, omeprazole,
pantoprazole, perprazole, pirenzepine, prucalopride, ranitidine, rabeprazole, ridogrel,
sulphasalazine) ; haemostatics (aminocaproic acid) ; immunosuppressants (cyclosporin
A, tacrolimus) ; lipid regulating agents (atorvastatin, lovastatin, pravastatin, probucol,
simvastatin) ; local anaesthetics (benzocaine, lignocaine) ; opioid analgesics
(buprenorphine, codeine, dextromoramide, dextropropoxyphene, dihydrocodeine,
hydrocodone, oxycodone, morphine, papaverine, pentazocine, pethidine) ;
parasympathomimetics (eptastigmine, galanthamine, metrifonate, neostigmine,
physostigmine, tacrine, donepezil, rivastigmine, milameline, sabcomeline, talsaclidine,
xanomeline, memantine, lazabemide) ; sex hormones (androgens : methyltestosterone,
oxymetholone, stanozolol ; oestrogens : conjugated oestrogens, ethinyloestradiol,
mestranol, oestradiol, oestriol, oestrone ; progestogens ; chlormadinone acetate,
cyproterone acetate, 17-deacetyl norgestimate, desogestrel, dienogest, dydrogesterone,
ethynodiol diacetate, gestodene, 3-keto desogestrel, levonorgestrel, Iynestrenol,

medroxy-progesterone acetate, megestrol, norethindrone, norethindrone acetate,
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norethisterone, norethistcrone acetate, norethynodrel, norgestimate, norgesirel,
norgestrienone, progesterone, quingestanol acetate) ; stimulating agents (sildenafil) ;
sympathomimetics (ephedrine, clenbuterol, fenoterol, norfenefrine, pseudoephedrine) ;
vasodilators (amlodipine, amyl nitrite, buflomedil, buphenine, carbocromen, diltiazem,
dipyridamole, glyceryl trinitrate, isosorbide dinitrate, lidoflazine, molsidomine,

nicardipine, nifedipine, nimodipine, oxpentifylline, pentaerythritol tetranitrate).

Other examples include the following:

alpha-Lipoic acid lactose methylxanthine
8-Methoxypsoralen lithium salts phytomenadione
Allopurinacl magnesium salts propylthiouracil
alpha.-Tocopherol menadionc

iron salts methylthiouracil

Drug compounds suitable for use in the compositions of the invention include drugs of
all types conventionally administered topically (e.g. in a gel patch) or into an externally
voiding body duct, e.g. orally, nasally, aurally, rectally or vaginally. Such drugs include
in particular antifungals, calcium channel blockers, antibacterials, antihypertensives,
antivirals, analgesics, apolipoprotein B synthesis inhibitors, and drugs which modify
transit of gi tract contents (e.g. antidiarrhoea agents or motility promoters).

Indeed, the invention is particularly applicable to poorly water-soluble imidazole,
triazole, imidazo-benzazepines, nitrophenyl-pyridine, N.N'-bisphenyl-piperazine, and
N-phenoxyalkyl-piperidine derivatives, e.g. the compounds mentioned above and
compounds as described in EP-A-6711, W096/13499 and EP-A-76530.

The compositions of the invention may conveniently contain the drug compound at
0.001 to 50% by weight, preferably 0.1 to 35%, more preferably 0.5 to 30%, especially
8 t0 25% and most especially 10 to 15% by weight (relative to the total weight of acid,
cyclodextrin, organic polymer and drug compound). The quantity of drug will of course
depend upon the desired dissolution profile, the intrinsic solubility of the drug
compound and the drug dosage required where the drug is to be delivered in dosage
units (e.g. capsules, coated tablets, etc).

Thus the present invention also provides pharmaceutical dosage forms comprising a

therapeutically effective amount of a composition as described hereinbefore.
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For example if the drug is to be delivered in a standard capsule (e.g. with a 900 mg
capacity for a glass thermoplastic system as described in the Examples hereto, and the
desired drug dose is 100 mg/capsule) then the quantities and natures of the other
composition components may be selected to give the desired drug dissolution profile - in
general only a small quantity of organic polymer, e.g. 20 to 50 mg, may be necessary,
and the balance may be made up from acid and cyclodextrin with the ratio of acid to
cyclodextrin being set according to the required dissolution profile, e.g. with 200 to 400
mg cyclodextrin and 450 to 650 mg acid.

Besides the drug compound, the organic polymer, the acid and the cyclodextrin, the
compositions of the invention may contain other conventional pharmaceutical excipients,
e.g. flavours, colouring agents, antioxidants, bulking agents, fats, waxes, coating agents,
dispersants, suspension fluids (e.g. where the composition coated with a gastric juice
resistant coating and dispersed as particles in a suspension fluid such as water or a
syrup), etc. Preferably such components when in intimate admixture with the drug
compound will make up only a minor proportion of the composition, e.g. 0.01 to 10%
by weight (relative to the total weight of acid, organic polymer, cyclodextrin and drug
compound). However where the composition of the invention is encapsulated or
disposed in a carrier (e.g. a fluid or a solid or semi-solid matrix), the further components
not in intimate admixture with the drug compound (e.g. coating or encapsulating
materials, dispersion media, etc.) may of course make up a minor or major proportion,
e.g. 5 to 95% by weight, of the overall composition.

The compositions of the invention may be prepared by making an intimate admixture of
the drug compound, cyclodextrin, acid and organic polymer. This may be effected most
straightforwardly by dissolving these components in a liquid solvent therefor and
subsequently removing the solvent. Thus viewed from a further aspect the invention
provides a process for the preparation of a pharmaceutical composition, said process
comprising: dissolving a drug compound, a water-soluble cyclodextrin, a physiologically
tolerable water-soluble acid and a physiologically tolerable water-soluble organic
polymer in a solvent; removing solvent from the resultant solution; optionally forming
the resultant product into desired shapes; and optionally coating the resulting product
with a physiologically tolerable coating material.

The solvent used in the process of the invention is preferably a physiologically tolerable
material, suitably an organic solvent such as a C.s alkanol (e.g. ethanol), acetone, DMF,
a linear or cyclic ether (e.g. diethyl ether, dimethyl ether, or THF), cyclohexane, DMSO,
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etc. or a solvent mixture that also may comprise water. For an acid with a high melting
point, solvents or solvent mixtures which have high boiling points may conveniently be
used; generally however the boiling point of the solvent or solvent system will be no
more than about 100°C. Such solvents may be used efficiently in the production of the
compositions of the invention and the level of residual solvent will be minimal. The
solvent may conveniently be removed by evaporation, e.g. under reduced pressure, and
as this may leave some solvent residue (e.g. up to 3% by weight) it is particularly
desirable to use a solvent such as ethanol (or an ethanol-water mixture) which is a

permitted pharmaceutical excipient.

If the drug compound is inscluble or poorly soluble in the solvent of choice, the process
of the invention may involve dispersion of microparticles (e.g. nanoparticles having a
particle size of | to 100 nm) of the drug compound in the solvent rather than full
dissolution of the drug compound. If this is done, it is desirable that the drug compound
particles be as small as possible. Nanoparticles of insoluble compounds may be prepared
for example by various precipitation techniques or by milling with physiologically
tolerable inorganic beads, e.g. of zirconia (EP-0,499,299).

The solvent removal may be essentially complete or it may be incomplete, in the former
case to producce a solid or a gel-like solid or semi-solid, and in the latter case to produce
a viscous fluid which can for example be filled into capsules.

In general, essentially complete solvent removal will be preferred as the resultant
product can then readily be shaped. Shaping may be cffected by spray-drying the
solution {to provide the product i particulate form), by evaporation of solvent from
solution disposed in molds, by molding (e.g. injection molding), by extrusion and the
like. In general the product can be formed when hot and allowed to solidify on cooling.
The shapéd product may likewise be produced in film or sheet form by evaporation or
by pouring a heated mass onto a plate and evaporating off the solvent.

In one preferred embodiment the product is shaped by filling into (e.g. by pouring or by
extrusion) capsule shells, e.g. of gelatin.

The product may be hygroscopic, and thus may be "tacky" if touched by hand due to its
absorption of moisture from the skin. Accordingly it is particularly preferred for the
product to be provided with a protective coating to prevent moisture uptake during
handling. Such coatings may for example take the form of capsule casings (as described

above), tablet coatings, protective film or web coatings, and moisture-proof removable
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wrappings. Tablet coatings may be applied in conventional manner and may be such as
to dissolve in the mouth or stomach (e.g. sugar or sugar/beeswax coatings), or
alternatively may be gastric juice resistant polymers (such as the gastric juice resistant
Eudragit® coatings produced by R6hm GmbH) where it is desired that drug uptake
should occur in the intestines. Protective films or webs may for example be used where
the product is to be applied topically, e.g. for uptake across the skin or a toe or finger
nail. In this event a pad of the composition will generally be disposed between an
adhesive upper protective layer and a lower removable layer. An example of a topical
application form for application on nails and adjoining tissue, e.g. for the treatment of
fungal infection, is shown in US-A-5181914.

Where the product is produced in particulate form, e.g. by spray-drying, the particles
can be loaded into water-tight administration devices (e.g. spray devices or powder
dosing devices such as inhalers) for oral, nasal or topical administration of the
particulate. Alternatively particulates may be loaded into capsules or mixed with
bulking agents such as lactose, starch, microcrystalline cellulose and mixtures thereof,
and compressed to form tablets. In any event, the particles may additionally be provided
with one or more coatings, e.g. to provide a delayed or prolonged release administration

forms.

Generally however it will be preferred to shape the product into individual doses and 1o
provide these with a protective coat, e.g. to produce a capsule, coated tablet or film

covered pad single dosage unit.

While not wishing to be bound by theory it is thought that the advantageous drug
compound dissolution profile for the compositions of the invention is achieved as a
result of a combination of the effects of the components of the composition on exposure
to water or aqueous body fluids. The water and the acid provide a highly acidic
microenvironment in which the solubility of the drug compound is increased. This acidic
microenvironment contains the cyclodextrin which 1s capable of complexing the
solubilized drug causing the production of a supersaturated solution of the drug
compound and this supersaturated solution is stabilized by the viscosity enhancing
effects of the organic polymer which hinders precipitation of the drug as the pH

increases as the microenvironment becomes more dilute as more water enters.

Accordingly, in the compositions of the invention, in place of the cyclodextrin it is
considered possible to use other compounds capable of complexing the drug compound,

in particular host complexants capable (like cyclodextrin) of producing host:guest
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complexes with the drug compound may be used. Likewise, for base solubilized drug
compounds, a physiologically tolerable water-soluble base (e.g. an inorganic or organic
base such as an alkali metal carbonate (eg. sodium carbonate) ethanolamine, diethanol-
amine, etc.) may be used in place of the acid, and in place of the organic polymer a
water-soluble physiologically tolerable macromolecular (e.g. of molecular weight

= 1kD) viscosity enhancer may be used; in each case in the quantities specified above for
the cyclodextrin, acid and organic polymer respectively.

While the benefits of the compositions of the invention are most pronounced where the
drug compound is no more than sparingly soluble, the drug dissolution profiles
achicvable using the combination of drug, cyclodextrin and acid (or base) are such that
particularly improved drug uptake profiles may be achieved even where the drug
compound is more soluble. Thus viewed from an alternative aspect the invention
provides a pharmaceutical composition comprising in intimate admixture a drug
compound, a cyclodextrin, a physiologically tolerable water-soluble acid, and a
physiologically tolerable water-soluble organic polymer.

Moreover, where appropriate quantities of cyclodextrin, acid and drug compound are
used, it 1s possible to achieve particularly desirable drug dissolution profiles where the
organic polymer is used in very small quantities or even omitted. Thus viewed from a
further aspect the invention provides a pharmaceutical composition comprising in
admixture a no more than sparingly water soluble organic drug compound, a water-
soluble physiologically tolerable organic acid and a water-soluble physiologically
tolerable cyclodextrin, said acid and cyclodextrin being present at 1.5 to 15 (preferably 2
to 10, more preferably 2.5 to 6) parts by weight and 1 to 7 (preferably 1.1 to 5, more
preferably 1.25 to 4) parts by weight respectively per part by weight of said drug
compound.

As has been mentioned above, the compositions according to the invention can be
produced with particularly favourable drug dissolution profiles. Thus dissolution may be
sufficiently rapid to ensure substantially complete availability of the drug compound for
biological uptake (e.g. from the mouth, nose, stomach or vagina) yet sufficiently slow to
provide a more prolonged plasma uptake profile (see for example Figure 1 of the
accompanying drawings) e.g. by avoidance of drug reprecipitation before the
composition reaches the stomach.

Such a dissolution profile 1s thus novel and advantageous in its own right and viewed

from a further aspect the invention provides a pharmaceutical composition comprising
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an organic drug compound and at least one water-soluble physiologically tolerable
excipient, characterised in that at 5, 15 and 45 minutes after addition of a quantity of
said composition containing 100 mg of said drug compound to 600 mL of 0.1N
hydrochloric acid at 37°C, from 7 to 25 (preferably 10 to 20, especially 12 to 18) %, 45
to 70 (preferably 50 to 65, especially 54 1o 63) % and at least 96 (preferably at least 97,
especially at least 98) % respectively of said drug compound is in solution in said
hydrochloric acid. These figures relate to in vitro dissolution studies conducted in
accordance with the monograph USP 23, <711> Dissolution, pp. 1791-1793.

For example, in determining the dissolution profiles set out above, the composition is
placed without a coating or with a rapidly soluble coating (e.g. a gelatin capsule shell) in
0.1 N HCI (or an other appropriate medium) and the mixture is stirred using the
USP-method with a paddle, apparatus 2, at a speed of 50 or 100 rpm.

The compositions according to the invention may be in any form convenient for topical
administration or administration into an externally voiding body cavity (e.g. nose, lungs.
mouth, ear, stomach, rectum or vagina). Typical administration forms include patches,
tablets, buccal tablets, lozenges, ear-plugs, nose plugs, coated tablets, capsules,
suppositories, chewing gum, gels, powders, granules, syrups and dispersions, although
patches and powders and more especially capsules and coated tablets are preferred. The
drug dosage will depend upon the drug compound as well as the species and size of the
subject being treated. Typically, dosages will be 0.5 to 1.2, preferably 0.8 to 1.05 times
the conventional dasages for the selected drug compound administered by the same

route.

Further, this invention comprioses a pharmaceutical composition or a pharmaceutical
dosage form as described hereinbefore for use in a method of therapy or diagnosis of the

human or non-human animal body.

This invention also relates to a pharmaceutical composition for use in the manufacture of
a pharmaceutical dosage form for oral administration to a mammal in need of treatment,
characterized in that said dosage form can be administered at any time of the day
independently of the food taken in by said mammal.

Or, in other words, the present invention also concerns the se of a pharmaceutical

composition as described hereinbefore for the manufacture of a pharmaceutical dosage

form for oral administration to a mammal in need of treatment, characterized in that said
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dosage form can be administered at any time of the day independently of the food taken
in by said mammal.

This invention also relates to a method of therapy or diagnosis of the human or non-

n

human animal body which comprises administering to said body a therapeutically or
diagnostically effective dose of a pharmaceutical composition according to any one of
claims 1 to 12.

This invention also relates to a pharmaceutical package suitable for commercial sale

10  comprising a container, an oral dosage form as claimed in any one of claims 12 to 17,
and associated with said package written matter non-limited as to whether the dosage
form can be administered with or without food.

The invention will now be described further with reference to the following non-limiting

15  Examples and the accompanying drawings, in which:

Figures 1 and 2 are graphs showing plasma concentrations of the drug (-)-[2S-
[20,40(S*)]]-4-[4-[4-[4-[[2-(4-chlorophenyl]-2-[[(4-methyl-4H- 1,2 ,4-triazol-3-
yhthio]methyl]-1,3-dioxolan-4-yllmethoxy]phenyl]-1-piperazinyl]phenyl}-2,4-dihydro-2-
20  (1-methylpropyD-3H-1,2,4-triazol-3-one administered in a composition according to the
invention and in a conventional administration form (sugar particles coated with the

drug and loaded in a gelatin capsule) [see Example 6 for further details]; and
Figure 3 is a dissolution profile for the three itraconazole compositions of Example 2.

Example 1
Glass thermoplastic system composition preparation

The following ingredients are mixed in a 250 mL glass flask:

Drug compound (e.g. itraconazole) 20 g
30 Citric acid monchydrate 100 g

Anhydrous ethanol (100 mL) is added. The glass flask is placed on a steam bath (bain
marie) and stirred at 70°C until the drug and acid are completely dissolved (about 10
minutes). Thereafter the following ingredients are added:

35 Hydroxypropyl-f-cyclodextrin 50g
Hydroxypropylmethylcellulose (2910.5 mPa.s) 10 g

The flask is placed on the steam bath and stirred at 70°C until dissolution is complete
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(about 70 minutes). The solution is then poured onto cleaned stainless steel plates which

are then placed in a drying oven for 2 hours at 80°C under vacuum and subsequently for

40°C under vacuum overnight. The plates are then heated to 80°C and the gel residue is

scraped off and filled into 900 mg capacity gelatin capsules (size no. 0).

Example 2

Composition preparation

Analogously to Example 1, gelatin capsules having the following relative weights of

components are prepared:

(A) 100mg
500 mg

275 mg

25 mg

(B) 100mg
500 mg

250 mg

50 mg

{C) 100 mg
500 mg

225 mg

75 mg

(D)* 200 mg

650 mg
250 mg

(E) 100 mg

500 mg
250 mg
50 mg

Itraconazole

citric acid monohydrate
hydroxypropyl-B-cyclodextrin
Methocel ES

Itraconazole

citric acid monohydrate
hydroxypropyl-B-cyclodextrin
Methocel ES

Itraconazole

citric acid monohydrate
hydroxypropyl-B-cyclodextrin
Methocel ES

Methyl 6,1 1-dihydro-11-]1-[2-[4-(2-quinolinylmethoxy)phenyliethyl}-
4-piperidinylidene}-5H-imidazo[2,1-b]-[3]benzazepine 3-carboxylate

citric acid monohydrate
hydroxypropyl-B-cyclodextrin

(-)-[2S-[2a,40(S*)]]-4-[4-14-[4-[[2-(4-chlorophenyl]-2-[[(4-methyl-
4H-1,2,4-triazol-3-yl)thiojmethyl}-1,3-dioxolan-4-ylmethoxy]-
phenyl}-1-piperazinyl}phenyl}-2,4-dihydro-2-(1-methylpropyl)-3H-

1,2,4-triazol-3-one

citric acid monohydrate
hydroxypropyl-B-cyclodextrin
Methocel ES
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* For example 2(D) the composition is loaded into 1100 mg gelatin capsules.

The dissolution profiles of the gels of Example 2(A), (B) and (C) are shown in Figure 3
of the accompanying drawings. These were determined by placing one capsule
containing 100 mg of itraconazole in 300 mL of stirred 0.1 N HCI at 37°C and
observing the percentage of dissolved drug compound at times 0, 5, 15, 30, 45 and 60
minutes (stirring was effected using the USP-method with paddle, apparatus 2,

100 rpm). For Example 2(E), with 100 mg drug compound added to 600 mL of 0.1 N
HCI1 at 37°C, the mean percentages of drug compound in solution at 5, 15, 30 and 45
minutes were 17.22, 61.18, 92.73 and 98.67 respectively (stirring was effected using the
USP-method with paddle, apparatus 2, 100 rpm).

The dissolution profile of Example 2(E) was compared with that of a conventional
capsule dosage form in which the gelatin capsule is loaded with sugar particles coated
with 100 mg of (-)-[2S-[2a,40(S*)]}-4-[4-[4-[4-[[2-(4-chlorophenyl]-2-[[(4-methyl-4H-
1,2,4-triazol-3-yl)thioJmethyl]- I ,3-dioxolan-4-yl methoxy]phenyl]-1-piperazinyl]-
phenyl}-2,4-dihydro-2-(1-methylpropyl)-3H-1,2,4-triazol-3-one. The capsules were
placed in 10 ml of 0.1 N HCI at 37°C in glass vials and shaken in a mechanical shaker
(100 strokes per minute) and the pcrcentage of drug compound in solution after O,

30 and 60 minutes was determined. The results are set out in Table 1 below.

Table 1

Percentage of drug compound in solution

Time Example 2(E) Conventional Capsule

0 0 0
30 91.26 15.54
60 101.90 18.39

This clearly shows how much more readily the drug compound is made bioavailable by
the compositions of the invention.

Example 3

Effect of organic polymer on supersaturation stability

Aqueous solutions of hydroxypropyl-p-cyclodextrin (HPBCD) and Methocel E5 in
300 ml1 0.1 N HCI at 37°C were prepared having the concentrations set out in Table 2.
The solutions were stirred using the USP-method with paddle, apparatus 2, 150 rpm.
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Sample  HPBCD (mg) Methocel ES (mg)

1 250 250
2 500 0
3 250 00
4 500 500
5 0 250
6 500 250
7 0 0
8 250 0
9 0 500

To these solutions, with stirring, a concentrated solution of itraconazole in DMFE

(50 mg/mL) was added dropwise until precipitation was observed. Subsequently the
concentration of dissolved itraconazole expressed in mg% (ie. the number of mg
dissolved in 100 mL) was observed at 0, 30, 60 and 120 minutes. The results are set out
in Table 3 below:

Table 3

Percentage of drug compound in solution

Sample 1 2 3 4 5 W) 7 8 9
Time

(minutes)

0 59.52 7210  58.95 7547 4265 75.27  42.60 60.95 42.95
30 62.02 7440 6205 78.12 4485 80.17 4410 62.92 45.20
60 62.52 7037 62350 7947 4540 8040 4497 64.07 46.00

120 6279 4582 63.90 80.77  46.55 81.25 31.32 33.65 47.05

HPBCD: 1:1 2:0 1:2 2:2 0:1 2:1 0:0 1:0 0:2
Methocel ratio

These results clearly demonstrate (i) the solubilizing effect of the cyclodextrin (Samples
2, 6 and 4 show the highest initial itraconazole concentrations, followed by Samples 8,
1 and 3, with Samples 7, 5 and 9 showing the lowest initial concentrations) and (ii) the
stabilizing effect of the organic polymer (Samples 2, 8 and 7 show the greatest drop in
itraconazole concentrations over 120 minutes, etc).

Example 4
Extended release formulation

Analogously to Example 1, gelatin capsules were prepared containing the following:
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This formulation has a much slower dissolution rate than the compositions of Example
2. However the rate of dissolution is much more close to linear with time and shows
much less dependence on the pH of the dissolution medium.

Example 5

Nail gel

A gel for application to nails or hooves to effect antifungal treatment is made with the
following composition:

Itraconazole 250 mg
Citric acid monohydrate 2083 mg
Hydroxypropyl-B-cyclodextrin 333 mg
Hydroxypropylmethylcellulose (Methocel E5) 83 mg
Anhydrous ethanol 2 ml
Example 6
Body uptake

The plasma concentrations of R 103757 were determined in healthy humans at 0, V2, 1,
12,2,3,4, 6, 8 and 12 hours after oral administration of 100 mg (-)-[2S-
[2o,40(S*)]]-4-[4-[4-[4-[]2-(4-chlorophenyl]-2-[[(4-methyl-4/H- 1.2 4-triazol-3-y])-
thio]methyl]-1,3-dioxolan-4-ylJmethoxy|phenyl]-1-piperazinyl]phenyl]-2,4-dihydro-2-
(I-methylpropyD-3H-1,2,4-triazol-3-one as (1) a 5 mg/mL oral solution containing 25%
hydroxypropyl-B-cyclodextrin solution administered under fasting conditions, (i1) a
conventional capsule containing (-)-[2S-[2¢,40(S*)]]-4-[4-[4-[4-[[2-(4-chlorophenyl]-
2-[[(4-methyl-4H-1,2 4-triazol-3-yl)thiojmethyl]-1,3-dioxolan-4-yl]methoxy]phenyl]-1-
piperazinyl]phenyl]-2,4-dihydro-2-(1-methylpropyl)-3#-1,2 4-triazol-3-one coated

onto sugar particles administered under fasting conditions, (iil) a conventional capsule
containing (-)-[2S-[20,40(S*)]]-4-[4-[4-[4-[[2-(4-chlorophenyl]-2-[[(4-methyl-4H-

1,2 ,4-triazol-3-yDthioJmethyl]-1,3-dioxolan-4-ylJmethoxy]phenyl]-1-piperazinyl]-
phenyl]-2,4-dihydro-2-(1-methylpropyl)-3H-1,2,4-triazol-3-one coated onto sugar
particles administered after a standard breakfast, (iv) a capsule according to Example
2(E) administered under fasting conditions and (v) a capsule according to Example
2(E) administered after a standard breakfast.
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The "standard breakfast” comprised four slices of bread, one slice of ham, one slice of
cheese, butter, jelly and two cups of coffee or tea with milk and/or sugar if desired.
The 100 mg dose of (-)-[2S-[2a,40.(S*)]]-4-[4-[4-[4-[[2-(4-chlorophenyl]-2-[[ (4-
methyl-4H-1,2,4-triazol-3-yl)thiojmethyl]-1,3-dioxolan-4-ylmethoxy]phenyl]-1-
piperazinyl]phenyl]-2,4-dihydro-2-(1-methylpropyl)-3H-1,2,4-triazol-3-one was
administered just after such a breakfast.

Blood samples of 10 mL were taken to obtain 5 mL plasma. The blood samples were
taken, collected in heparinized tubes, and centrifuged at 1000g for 10 minutes within

2 hours of collection. Plasma was transferred into plastic tubes, which were sealed and
stored at -70°C until assayed.

The results are shown in Figures 1 and 2 which presents drug concentrations as a
function of time. As can be seen, the conventional capsule performs significantly
worse than the solution even with fasting. However the capsule according to the
invention outperforms the solution after 3 hours whether or not the recipient has fasted
and, most surprisingly, completely outperforms the solution where the recipient has not
fasted.

Example 7
Effect of pH on dissolution rate

Following the procedure of Example 1, a placebo capsule comprising methylene blue
(2,63 mg), citric acid (600 mg), hydroxypropyl-B-cyclodextrin (250 mg) and hydroxy-
propylmethylcellulose (Methocel ES, 50 mg) was prepared. The dissolution of these
capsules was determinated at various pH values according to the USP method (600 ml
medium, 37°C, Apparatus 2 with paddle, 100 rpm). The six media tested were : 0.1N
HCI (pH 1.55), 0.0IN HCI (pH 2.25), 0.001N HCl (pH 2.75), USP pH 4.5 (pH 4.40),
USP pH 6.5 (pH 5.80) and USP pH 7.5 (pH 7.0).
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The results are set out in table 4 below :

Time 0.1IN HCI |0.0IN HC1]0.00IN HC1{USP pH 4.5|USP pH 6.5{USP pH 7.5
(min.)
0 0.00 0.00 0.00 0.00 0.00 0.00
5 16.62 21.85 16.62 21.40 1548 16.62
15 60.77 73.75 74.43 71.93 60.55 62.59
30 95.60 104.25 104.93 100.15 102.20 100.83
45 100.83 104.93 105.39 104.48 103.57 104.25
60 102.43 104.70 104.93 105.16 104.48 104.02
pH 1.55 2.25 2.75 4.40 5.80 7.00
Example 8

Following the procedure of Example 1, various drug containing capsules were made

having the following relative weights of components :

A.

100 mg
500 mg
250 mg

50 mg

200 mg

650 mg
250 mg

100 mg

500 mg
250 mg
50 mg

100 mg

500 mg
250 mg
50 mg

Smg

itraconazole

citric acid
hydroxypropyl-B-cyclodextrin
HPMC ES

methyl 6,11-dihydro-11-[1-[2-]4-(2-quinolinylmethoxy)phenyl]ethyl]-4-
piperidinylidene}-5H-imidazo[2,1-b]{3]bcnzazepine-3-carboxylate

citric acid

hydroxypropyl-f-cyclodextrin
(-)-[2S-[20,40(S*)]]-4-[4-[4-[4-[[2-(4-chlorophenyl)-2-[[(4-methyl-
4H-1,2 4-triazol-3-yDthio]methyl]}- 1,3-dioxolan-4-ylJmethoxy]phenyl]-
1-piperazinyl]phenyl]-2,4-dihydro-2-(1-methylpropyl}-3H-1,2 4-triazol-
3-one

citric acid

hydroxypropyl-B-cyclodextrin

HPMC E5

4-[[4-amino-6-[(2,6-dichlorophenyl)methyl]-1,3,5-triazin-2-yl]amino]-
benzonitrile

citric acid

hydroxypropyl-B-cyclodextrin

HPMC ES

(B)-N-[4-[2-ethyl-1-(1H-1,2,4-triazol- I-yl}butyl]phenyl]-2-benzo-

157




wWO 98/55148

10

15

20

500 mg
395 mg

F. 100mg

500 mg
250 mg
50 mg

PCT/EP98/03189

25

thiazolamine

citric acid

hydroxypropyl-B-cyclodextrin
(B-cis)-1-[4-[4-[4-[[4-(2,4-ditluorophenyl)-4-(1H-1,2 4-triazol-1-y1-
methyl)-1,3-dioxolan-2-yllmethoxyphenyl]-1-piperazinyl}phenyi]-3-(1-
methylethyl)-2-imidazolidinone

citric acid

hydroxypropyl-B-cyclodextrin

HPMCES

The dissolution of these compositions was determined according to the USP method
(600 ml 0.1 N HCI, 37°C, Apparatus 2 with paddle, 100 ppm), except formulation (A)
where only 300 ml medium was used. The results are set out in the following tables 5-10 ;

Table 5 : Formulation (A)

Time (min)

60

sample 1 | sample 2 | sample 3
0.00 0.00 0.00
10.75 9.99 10.69
56.61 57.18 59.61
85.89 88.98 90.24
95.46 990.84 96.87
101.94 102.06 102.87

Table 6 : Formulation (B)

Time (min)

15
30
45

60

0.INHCI | 0.0IN HCI 0.001N HCI
0.00 0.00 0.00
27.00 25.17 21.39
92.13 86.94 84.75
97.11 96.63 93.09
98.64 99.45 94.83
100.29 100.08 95.28
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Table 7 : Formulation (C)

Calculated concentration in % of the active dose

Time (min) | sample 1 {sample 2 | sample 3 | sample 4 | sample 5 | sample 6 | average
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5 13.81 17.28 17.67 19.79 18.56 16.19 17.22

15 58.44 59.10 66.60 63.42 62.46 57.06 61.18

30 92.34 92.94 93.36 92.46 92.52 92.76 92.73

45 98.28 98.94 98.82 99.30 98.52 98.16 98.67

60 100.08 | 99.54 99.66 100.20 | 100.02 | 9996 99.91

Table 8 : Formulation (D)

Calculated concentration in % of the active dose

Time (min) Sample 1
0.00
5 7.41
15 49 .49
30 86.92
45 99.57
60 99.84
90 101.77
120 103.52

150 103.70

Table 9 : Formulation (E)

Calculated concentration in % of the active dose
Time (min) 0.1N HCI 0.01IN HCl 0.001 N HCl
0 0.00 0.00 0.00
5 48.72 26.16 24.96
15 100.92 96.36 94.20
30 102.48 98.76 95.76
45 103.08 102.24 96 .96
60 102.00 102.00 97.80
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Calculated concentration in % of the active dose

Time (min) | sample 1{sample 2 | sample 3 | sample 4 | sample 5 | sample 6| average

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5 12.66 14.76 12.66 12.66 15.36 17.34 14.24

15 54.36 56.82 61.98 64.80 54.78 63.78 59.42

30 94.26 93.96 97.50 98.40 95.58 97.20 96.15

45 10098 | 101.28 | 100.50 | 101.16 | 100.68 | 101.34 100.99

60 101.22 | 101.34 | 101.16 | 101.52 | 100.86 | 101.58 101.28
Example 9

Stability testing of formulation 8 (C)

Capsules of formulation 8(C) were stored for I month and 3 months at 40°C, and for

1 year at room temperature. Dissolution measurements were made according to the
USP method (600 ml 0.1N HCI, 37°C, paddle apparatus 2,100 rpm).

The following results were obtained :

Table 11 : after 1 month at 40°C

Calculated concentration in % of the active dose

Time (min) | sample 1 | sample 2| sample 3 | sample 4 | sample 5 | sample 6| average
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 10.11 10.79 9.94 9.59 14.35 10.33 10.85
15 59.72 55.02 48.97 54.36 66.54 52.38 56.17
30 93.00 90.06 89.70 92.70 95.46 89.16 91.68
45 100.14 98.22 98.94 99.84 99 .48 99.18 99.30
60 100.50 ]100.92 99.36 99.54 |100.56 |100.26 |100.19
Table 12 : after 3 months at 40°C
Calculated concentration in % of the active dose
Time (min) | sample 1| sample 2 | sample 3| sample 4 | sample 5| sample 6 | average
0.00 0.00 0.00 0.00 0.00 0.00 0.00
5.74 5.90 13.93 11.49 7.56 7.78 8.73
43.62 45.00 56.76 48.30 43.14 47.76 47.43
88.80 89.10 89.70 87.96 84.54 84.42 87.42
99 .36 9996 99.54 99.78 99.18 1100.08 99.65
100.32 1100.14 100.92 1100.44 101.70 }{100.50 100.67
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Table 13 : after 1 year at room temperature

Calculated concentration in % of
the active dose
Time (min)j sample 1 | sample 2 | sample 3 average
0 0.00 0.00 0.00 0.00
5 14.94 16.14 15.48 15.52
15 61.98 66.12 67.32 65.14
30 92.52 91.86 96.12 93.50
45 99.72 99.60 98.70 99.34
60 101.10 100.80 99.36 100.42
Example 10

Vanability in bioavailability of Formulation (D)

The variability in the biocavailability of Formulation (D) in beagle dogs was evaluated as
follows. First, two beagle dogs received as single oral administration of a PEG-400
solution comprising 4-{[4-amino-6-[(2,6-dichlorophenyl)methyl]-1,3,5-triazin-2-
ylJamino]benzonitrile at a dose of 10 mg/kg. Plasm levels were measured for 32 hours.
After 7 days, the same dogs were now treated with a single oral capsulc comprising
the formula (D) at 10 mg/kg. Plasm levels were again determined for up to 32 hours

after administration. The individual results are as follows.

Plasma levels (ng/ml)
Formulation Day Time Dog | Dog 2
PEG-400 solution 0 Oh 5.8 NQ
0.5h 141 63.2
1h 247 158
2h 291 141
4h 534 200
6h 368 171
&h 246 141
1 24 h 952 47.4
32h 36.1 20.9
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Plasma levels (ng/ml)

Formulation Day Time Dog 1 Dog 2

GTS capsule 7 Oh NQ NA
0.5h 242 68.5

1h 567 600

2h 850 859

4h 461 492

6h 288 343

8 h 237 207
8 24 h 74.0 329
32 h 32.7 10.1

NQ : not quantifiable by the HPLC method (< 5.0 ng/ml).

Surprisingly, the plasm levels obtained after administration of the capsules comprising
formula (D) are very much more similar to one another in the two test animals than
those obtained after administration of the PEG 400 solution.

Example 11

Permeation and accumulation of itraconazole through and in human skin

A Franz cell was fitted with fresh whole human skin and its receptor filled with a 20%
(w/v) solution of hydroxypropyl-B-cyclodextrin in water. A Finn Chambers patch was
filled with Formulation 8(A) and was then placed on the skin wetted with a small
amount of phosphate buffered saline. Samples of the receptor solution were
withdrawn at regular intervals and the presence of itraconazole in the solution was
measured using high performance liquid chromatography. At no time point could any
trace of itraconazole be detected, indicating that this compound did not penetrate
whole human skin. At the end of the experiment the skin was thoroughly washed and
then extracted in order to determine the amount of itraconazole accumulated in the
skin. A mean value of 12.2 pg/cm? could be calculated from the results of 8
independent experiments.

162



WO 98/55148 PCT/EP98/03189

-30-

Claims

1. A pharmaceutical composition comprising a no more than sparingly water-soluble

drug compound, a cyclodextrin, a physiologically tolerable water-soluble acid, and a

10

15

20

25

30

35

physiologically tolerable water-soluble organic polymer.

. The composition of claim 1 characterised in that the weight ratios of drug

compound to acid and of drug compound to cyclodextrin are no more than 2:1.

. The composition of claim 1 or 2 characterized in that the physical state of said

composition is a glass thermoplastic phase.

. The composition of claim 3 wherein the cyclodextrin is 2-hydroxypropyl-B-

cyclodextrin.

. The composition of claim 3 wherein the acid is selected from the group comprising

citric, fumaric, tartaric, maleic, malic, succinic, oxalic, malonic, benzoic, mandelic

and ascorbic acid.

. The composition of claim 5 wherein the acid is citric acid.

. The composition of claim 3 wherein the polymer is selected from the group

comprising

- alkylcelluloses such as methylcellulose,

- hydroxyakylcelluloses such as hydroxymethylcellulose, hydroxyethylcellulose,
hydroxypropylcellulose and hydroxybutylcellulose,

- hydroxyalkyl alkylcelluloses such as hydroxyethyl methylcellulose and
hydroxypropyl methylcellulose,

- carboxyalkylcelluloses such as carboxymethylcellulose,

- alkali metal salts of carboxyalkylcelluloses such as sodium
carboxymethylcellulose,

- carboxyalkylalkylcelluloses such as carboxymethylethylcellulose,

- carboxyalkylcellulose esters,

- starches,

- pectins such as sodium carboxymethylamylopectin,

- chitin derivates such as chitosan,

- heparin and heparinoids,
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- polysaccharides such as alginic acid, alkali metal and ammonium salts thereof,
carrageenans, galactomannans, tragacanth, agar-agar, gum arabic, guargum and
xanthan gum,

- polyacrylic acids and the salts thereof,

- polymethacrylic acids and the salts thereof, methacrylate copolymers,

- polyvinylalcohol,

- polyvinylpyrrolidone, copolymers of polyvinylpyrrolidone with vinyl acetate,

- polyalkylene oxides such as polyethylene oxide and polypropylene oxide and
copolymers of ethylene oxide and propylene oxide, e.g. poloxamers and
poloxamines.

. The composition of claim 7 wherein the polymer has an apparent viscosity of 1 -

100 mPa.s when dissolved in a 2% aqueous solution at 20°C.

The composition of claim & wherein the polymer is hydroxypropylmethylcellulose.

. The composition of claim 3 wherein the drug is a basic compound.

A composition according to any one of the preceding claims that dissolves rapidly
in body fluids, characterized in that it comprises from 50 to 95 % by weight of
acid.

A composition according to any one of the preceding claims that provides
sustained release of the drug, characterized in that it comprises a water soluble

polymer having an apparent viscosity of more than 1,000 mPa.s when dissolved in
a 2% aqueous solution at 20°C.

A pharmaceutical dosage form comprising a therapeutically effective amount of a

pharmaceutical composition as defined in any one of the preceding claims.

The dosage form of claim 13 adapted for topical administration or administration
into an externally voiding body cavity such as the nose, lungs, mouth, ear,
stomach, rectum and vagina.

The dosage form of claim 13 wherein said composition is filled into a standard

capsule, or alternatively is mixed with bulking agents and compressed into tablets.

The dosage form of claim 13, characterised in that at 5, 15 and 45 minutes after
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addition of said dosage form to 0.1N hydrochloric acid at 37°C in the dissolution
test set forth in USP test <711> in a USP-2 dissolution apparatus equiped with a
paddle, from 7 to 25%, 45 to 70% and at least 96% respectively of drug is
dissolved in said 0.1 N hydrochloric acid.

17. A pharmaceutical composition according to any one of claims 1 to 12 or a
pharmaceutical dosage form according to any one of claims 13 to 17 for use in a
method of therapy or diagnosis of the human or non-human animal body.

18. A pharmaceutical composition according to any one of claims 1 to 12 for use in the
manufacture of a pharmaceutical dosage form for oral administration to a mammal in
need of treatment, characterized in that said dosage form can be administered at any
time of the day independently of the food taken in by said mammal.

19. Use of a pharmaceutical composition according to any one of claims 1 to 12 for the
manufacture of a pharmaceutical dosage form for oral administration to a mammal in
need of treatment, characterized in that said dosage form can be administered at any
time of the day independently of the food taken in by said mammal.

20. A method of therapy or diagnosis of the human or non-human animal body which
comprises administering to said body a therapeutically or diagnostically effective

dose of a pharmaceutical composition according to any onc of claims 1 to 12.

21. A pharmaceutical package suitable for commercial sale comprising a container, an
oral dosage form as claimed in any one of claims 12 to 17, and associated with
said package written matter non-limited as to whether the dosage form can be

administered with or without food.
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U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Application No. Applicant(s)
12/986,310 BODOR ET AL.

Office Action Summary Examiner Art Unit
Jonathan S. Lau 1623

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

)X Responsive to communication(s) filed on 07 January 2011.
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[J An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

5)X Claim(s) 1-64 is/are pending in the application.

5a) Of the above claim(s) ______is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7)0 Claim(s) _____is/are rejected.
8)[] Claim(s) is/are objected to.
9 Claim(s) 1-64 are subject to restriction and/or election requirement.

Application Papers

10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
12)[C] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

13)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[J Al b)[JSome * ¢)[] None of:
1. Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. ____
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) D Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)
2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _
3) [] Information Disclosure Statement(s) (PTO/SB/08) 5) ] Notice of Informal Patent Application
Paper No(s)/Mail Date ______. 6) D Other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 03-11) Office Action Summary Part of Paper No./Mail Date 20121010
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Application/Control Number: 12/986,310 Page 2
Art Unit: 1623

DETAILED ACTION

This Office Action details a restriction requirement and one election of species

requirement.

Restriction Requirement

Restriction to one of the following inventions is required under 35 U.S.C. 121:

Claims 1-8, 25-31, 46-61, drawn to a 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 and pharmaceutical compositions comprising thereof, classified
in class 536, subclass 27.7.

Claims 9-24 and 62-64, drawn to a method for enhancing the oral
bioavailability of cladribine or treatment of symptoms of a cladribine-
responsive condition in a subject suffering from said symptoms comprising
orally administering to a subject in need thereof a pharmaceutical
composition comprising said cladribine-cyclodextrin complex, classified in
class 514, subclass 45.

Claims 32-45, drawn to a method of making cladribine-cyclodextrin
complex which is an intimate amorphous admixture of (a) an amorphous

inclusion complex of cladribine with an amorphous cyclodextrin and (b)
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amorphous free cladribine associated with amorphous cyclodextrin as a
non-inclusion complex, classified in class 536, subclass 55.3.
The inventions are distinct, each from the other because of the following reasons:

Inventions | and |l are related as product and process of use. The inventions can
be shown to be distinct if either or both of the following can be shown: (1) the process
for using the product as claimed can be practiced with another materially different
product or (2) the product as claimed can be used in a materially different process of
using that product. See MPEP § 806.05(h). In the instant case the product as claimed
can be used in a materially different process of using that product such as an in vivo
efficacy study of cladribine as a function of solubility.

Inventions | and Il are related as process of making and product made. The
inventions are distinct if either or both of the following can be shown: (1) that the
process as claimed can be used to make another and materially different product or (2)
that the product as claimed can be made by another and materially different process
(MPEP § 806.05(f)). In the instant case the product as claimed can be made by another
and materially different process such as by melt-extrusion to make a glassy or
amorphous material.

Inventions Il and IIl are directed to related processes. The related inventions are
distinct if: (1) the inventions as claimed are either not capable of use together or can
have a materially different design, mode of operation, function, or effect; (2) the
inventions do not overlap in scope, i.e., are mutually exclusive; and (3) the inventions as

claimed are not obvious variants. See MPEP § 806.05(j). In the instant case, the
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inventions as claimed have a materially different design, function and effect, as the
process of Group Il is drawn to treating a subject suffering from a disease or condition
by adminstering said cladribine-cyclodextrin complex whereas the process of Group I
is drawn to making said cladribine-cyclodextrin complex. Furthermore, the inventions
as claimed do not encompass overlapping subject matter and there is nothing of record

to show them to be obvious variants.

Restriction for examination purposes as indicated is proper because all these
inventions listed in this action are independent or distinct for the reasons given above
and there would be a serious search and/or examination burden if restriction were not
required because at least the following reason(s) apply:

(a) the inventions have attained recognition in the art as a separate subject for

inventive effort in view of their different classification;

(b) the inventions have acquired a separate status in the art due to their

recognized divergent subject matter;

(c) the inventions require a different field of search (for example, employing

different search queries for structural features of a cladribine-cyclodextrin

complex, methods of treatment of a subject suffering from a cladribine-
responsive condition, or processing conditions for making a cladribine-
cyclodextrin complex).

Applicant is advised that the reply to this requirement to be complete must

include (i) an election of a invention to be examined even though the requirement
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may be traversed (37 CFR 1.143) and (ii) identification of the claims encompassing
the elected invention.

The election of an invention may be made with or without traverse. To reserve a
right to petition, the election must be made with traverse. If the reply does not distinctly
and specifically point out supposed errors in the restriction requirement, the election
shall be treated as an election without traverse. Traversal must be presented at the time
of election in order to be considered timely. Failure to timely traverse the requirement
will result in the loss of right to petition under 37 CFR 1.144. If claims are added after
the election, applicant must indicate which of these claims are readable upon the
elected invention.

Should applicant traverse on the ground that the inventions are not patentably
distinct, applicant should submit evidence or identify such evidence now of record
showing the inventions to be obvious variants or clearly admit on the record that this is
the case. In either instance, if the examiner finds one of the inventions unpatentable
over the prior art, the evidence or admission may be used in a rejection under 35 U.S.C.

103(a) of the other invention.

Election of Species Requirement

If Applicant elects the invention of Group II, Applicant is further required to elect

from the following Election of Species.
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This application contains claims directed to the following patentably distinct
species of cladribine-responsive condition treated. The species are independent or
distinct because the different cladribine-responsive conditions treated are characterized
by different symptoms and define different patient populations to be treated. In addition,
these species are not obvious variants of each other based on the current record.

Examples of cladribine-responsive condition treated are:

a) multiple sclerosis disclosed in claims 19 and 20,

b) rheumatoid arthritis disclosed in claim 19, and

¢) leukemia disclosed in claim 19.

Applicant is required under 35 U.S.C. 121 to elect a single disclosed species, or
a single grouping of patentably indistinct species, for prosecution on the merits to which
the claims shall be restricted if no generic claim is finally held to be allowable. Currently,
claims 9-19, 21-24 and 62-64 are generic or subgeneric.

There is a search and/or examination burden for the patentably distinct species
as set forth above because at least the following reason(s) apply:

(c) the species require a different field of search (for example, employing different

search queries for different cladribine-responsive conditions treated

characterized by different symptoms and different patient populations).

Applicant is advised that the reply to this requirement to be complete must
include (i) an election of a species or a grouping of patentably indistinct species

to be examined even though the requirement may be traversed (37 CFR 1.143) and
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(ii) identification of the claims encompassing the elected species or grouping of
patentably indistinct species, including any claims subsequently added. An argument
that a claim is allowable or that all claims are generic is considered nonresponsive
unless accompanied by an election.

The election may be made with or without traverse. To preserve a right to
petition, the election must be made with traverse. If the reply does not distinctly and
specifically point out supposed errors in the election of species requirement, the election
shall be treated as an election without traverse. Traversal must be presented at the time
of election in order to be considered timely. Failure to timely traverse the requirement
will result in the loss of right to petition under 37 CFR 1.144. If claims are added after
the election, applicant must indicate which of these claims are readable on the elected
species or grouping of patentably indistinct species.

Should applicant traverse on the ground that the species, or groupings of
patentably indistinct species from which election is required, are not patentably distinct,
applicant should submit evidence or identify such evidence now of record showing them
to be obvious variants or clearly admit on the record that this is the case. In either
instance, if the examiner finds one of the species unpatentable over the prior art, the
evidence or admission may be used in a rejection under 35 U.S.C. 103(a) of the other
species.

Upon the allowance of a generic claim, applicant will be entitled to consideration
of claims to additional species which depend from or otherwise require all the limitations

of an allowable generic claim as provided by 37 CFR 1.141.
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Due to the complexity of the restriction and species election requirement, no

telephone communication was made. See MPEP 812.01.

Applicant is reminded that upon the cancellation of claims to a non-elected
invention, the inventorship must be amended in compliance with 37 CFR 1.48(b) if one
or more of the currently named inventors is no longer an inventor of at least one claim
remaining in the application. Any amendment of inventorship must be accompanied by

a request under 37 CFR 1.48(b) and by the fee required under 37 CFR 1.17(i).

The examiner has required restriction between product or apparatus claims and
process claims. Where applicant elects claims directed to the product/apparatus, and all
product/apparatus claims are subsequently found allowable, withdrawn process claims
that include all the limitations of the allowable product/apparatus claims should be
considered for rejoinder. All claims directed to a nonelected process invention must
include all the limitations of an allowable product/apparatus claim for that process
invention to be rejoined.

In the event of rejoinder, the requirement for restriction between the
product/apparatus claims and the rejoined process claims will be withdrawn, and the
rejoined process claims will be fully examined for patentability in accordance with 37
CFR 1.104. Thus, to be allowable, the rejoined claims must meet all criteria for

patentability including the requirements of 35 U.S.C. 101, 102, 103 and 112. Until all
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claims to the elected product/apparatus are found allowable, an otherwise proper
restriction requirement between product/apparatus claims and process claims may be
maintained. Withdrawn process claims that are not commensurate in scope with an
allowable product/apparatus claim will not be rejoined. See MPEP § 821.04.
Additionally, in order for rejoinder to occur, applicant is advised that the process claims
should be amended during prosecution to require the limitations of the
product/apparatus claims. Failure to do so may result in no rejoinder. Further, note
that the prohibition against double patenting rejections of 35 U.S.C. 121 does not apply
where the restriction requirement is withdrawn by the examiner before the patent

issues. See MPEP § 804.01.

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Jonathan S. Lau whose telephone number is (571)270-
3531. The examiner can normally be reached on Monday - Thursday, 9 am - 4 pm
EST.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Shaojia Anna Jiang can be reached on 571-272-0627. The fax phone
number for the organization where this application or proceeding is assigned is 571-

273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Jonathan S Lau/ /SHAOJIA ANNA JIANG/

Examiner, Art Unit 1623 Supervisory Patent Examiner
Art Unit 1623
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PATENT
Attorney Docket No.: 20009904-0067

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Nicholas S. BODOR et al. )} MAIL STOP AMENDMENT

Application No.: 12/986,310 ; Examiner: Jonathan S. LAU

Filed: January 7, 2011 ; Group Art Unit: 1623

Title: ORAL FORMULATIONS OF ; Confirmation No.: 6100
CLADRIBINE )

RESPONSE TO RESTRICTION REQUIREMENT
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:
In response to the Restriction Requirement dated November 8, 2012, Applicants

provide the following remarks.
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Attorney Docket No. 20009904-0067
Application No. 12/986,310
Page 2

The Examiner has required restriction to one of the following inventions:

Group | Claims 1-8, 25-31 and 46-61, drawn to a
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
and pharmaceutical compositions
comprising thereof, classified in class
536, subclass 27.7;

Group Il Claims 9-24 and 62-64, drawn to a
method for enhancing the oral
bioavailability of cladribine or treatment
of symptoms of a cladribine-responsive
condition in a subject suffering from said
symptoms comprising orally
administering to a subject in need thereof
a pharmaceutical composition
comprising said cladribine-cyclodextrin
complex, classified in class 51 4,
subclass 45; and

Group Il Claims 32-45, drawn to a method of
making a cladribine-cyclodextrin
complex which is an intimate
amorphous admixture of (a) an
amorphous inclusion complex of

i cladribine with an amorphous
cyclodextrin and (b) amorphous free
cladribine associated with amorphous
cyclodextrin as a non-inclusion complex,
classified in class 536, subclass 55.3.

In response to the Office’s Restriction Requirement, Applicants elect, with

traverse, Group |, Claims 1-8, 25-31 and 46-61, drawn to a cladribine-cyclodextrin

complex which is an intimate amorphous admixture of (a) an amorphous inclusion
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complex of cladribine with an amorphous cyclodextrin and (b) amorphous free cladribine
associated with amorphous cyclodextrin as a non-inclusion complex and
pharmaceutical compositions comprising thereof, classified in class 536, subclass 27.7.

In electing the above invention, Applicants reserve the right to request rejoinder
under M.P.E.P § 821.04 of process claims that depend from or otherwise include all of
the features of an allowable composition claim.

For at least the reasons that follow, Applicants respectfully request
reconsideration and withdrawal of the requirement.

For proper restriction between patentably distinct inventions: (1) the inventions

must be independent or distinct as claimed; and (2) there would be a serious burden on

the Examiner if restriction is not required. See, M.P.E.P. § 803.

Applicants further submit that it is premature to require such restrictions in the
absencev of having first conducted searches on the claimed inventions to determine the
extent of the burden. Absent such searches, it is difficult to maintain that a review of all

of the cited claims would be a serious burden on the Examiner. At the very least, such

initial searches should be conducted for efficiency purposes so that the searches would
not need to be repeated in the event the Applicant was required to file one or more
divisional applications. Applicants therefore believe that such a restriction is not

required.

Accordingly, for the at least the above reasons, the Requirement for Restriction is

improper and should be withdrawn.
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For at least these reasons and to avoid duplicate efforts at the Patent Office and
undue delay and expense to Applicants, reconsideration and withdrawal of the
Restriction Requirement are respectfully requested.
If there are any questions concerning this Response or the application in general,
Applicants invite the Examiner to telephone the undersigned at the below-listed number.
Respectfully submitted,

SNR Denton US LLP

Date January 8, 2013 By: @Wzﬁu@&wzfu

Mary Katherine Baumeister
Registration No. 26,254

Customer No. 13974
202 408 6400
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[] Four month (37 CFR 1.17(a)(4))  $2010 $1005 $__
[] Fivemonth (37 CFR1.17(a)(5))  $2730 $1365 $___

[:] Applicant claims small entity status. See 37 CFR 1.27.
D A check in the amount of the fee is enclosed.
& Payment by credit card. Fee being paid concurrent with the filing of this EOT.

I:] The Director has already been authorized to charge fees in this application to a Deposit Account.

& The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to
Deposit Account Number 19-3140.

WARNING: Information on this form may become public. Credit card information should not be included

on this form.
Provide credit card information and authorization on PTO-2038.

I am the D applicant/inventor.

D assignee of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed (Form PTO/SB/96).

& attorney or agent of record. Registration number _26,254 .

D attorney or agent acting under 37 CFR 1.34.
Registration number if acting under 37 CFR 1.34.

/(M»;/ %7%&/& Ml January 8, 2013

Signature | Date
Mary Katherine Baumeister 202-408-6400
Type or printed name Telephone Number

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are
required. Submit multiple forms if more than one signature is required, see below.

|:| Total of forms are submitted.

This collection of information is required by 37 CFR 1.136(a). The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality is govemed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated
to take 6 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this
burden, should be sent to the Chief information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450,
Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O.
Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
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12/986,310 BODOR ET AL.

Office Action Summary Examiner Art Unit
Jonathan S. Lau 1623

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

)X Responsive to communication(s) filed on 08 January 2013.
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[J An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

5)X Claim(s) 1-64 is/are pending in the application.
5a) Of the above claim(s) 9-24,32-45 and 62-64 is/are withdrawn from consideration.

6)[] Claim(s) ____is/are allowed.

7)X] Claim(s) 1-8,25-31 and 46-61 is/are rejected.

8)[]] Claim(s) ____is/are objected to.

9 Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway
program at a participating intellectual property office for the corresponding application. For more information, please see
hitp:/Avww.usplo.gov/patents/init_events/oph/indsx.jsp or send an inquiry to PPHsedback@uspio.qoy.

Application Papers

10)[] The specification is objected to by the Examiner.
11)[X] The drawing(s) filed on 07 January 2011 is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[J Al b)[JSome * ¢)[] None of:
1. Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. ____
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) IZI Notice of References Cited (PTO-892) 3) D Interview Summary (PTO-413)
Paper No(s)/Mail Date.

2) & Information Disclosure Statement(s) (PTO/SB/08) 4) D Other:

Paper No(s)/Mail Date 7 Jan 2011, 9 Aug 2012.

U.S. Patent and Trademark Office 1
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DETAILED ACTION
This application is a domestic application, filed 7 Jan 2011; and claims benefit as
a CON of 10/551,205, issued as Patent 7,888,328, which is a 371 of
PCT/US2004/009387, filed 26 Mar 2004, which claims benefit of provisional application
60/458,922, filed 28 Mar 2003, and claims benefit of provisional application 60/484,756,
filed 2 Jul 2003, and claims benefit of provisional application 60/541,247, filed 4 Feb

2004.

Claims 1-64 are pending in the current application. Claims 9-24, 32-45 and 62-
64, drawn to non-elected inventions, are withdrawn. Claims 1-8, 25-31 and 46-61 are

examined on the merits herein.

However, the parent provisional applications 60/458,922 and 60/484,756 upon
which priority is claimed fail to provide adequate support under 35 U.S.C. 112 for the
instant claims 1-8, 25-31 and 46-61 of this application since all parent applications are
not seen to disclose the 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 in the independent claims 1 and 25. Written description for a cladribine freeze-
dried cyclodextrin complex may be found in 60/458,922 at page 16-18, and a drug-
cyclodextrin complex in a "highest thermodynamic activity state" may be found in

60/484,756 at page 2, paragraph 2 and cladribine-cyclodextrin complex at page 6,
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however no support is found for the complex which is said intimate amorphous
admixture. Thus, the filing date of the instant claims is deemed to be provisional
application 60/541,247, filed 4 Feb 2004. If applicant disagrees, applicant should
present a detailed analysis as to why the claimed subject matter has clear support in the
earlier priority applications. Applicant is reminded that such priority for the instant
limitations requires written description and enablement under 35 U.S.C. § 112, first

paragraph.

Election/Restrictions

Applicant's election with traverse of Group |, claims 1-8, 25-31 and 46-61 in the
reply filed on 8 Jan 2013 is acknowledged. The traversal is on the ground(s) that there
is no serious burden to examine the different groups of inventions. This is not found
persuasive because while the groups of inventions are related to the 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, the search to examine the different
groups of inventions would involve different fields such as pharmacokinetics in the
treatment of a subject or specific processing conditions to make said complex. Further,
while claims 46-61 recite a product-by-process, determination of patentability is based
on the product itself and the patentability of a product does not depend on its method of

production. Even without having first conducted searches on the claimed invention it is
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clear that searching different fields of art, such as the field of pharmacokinetics or
processing conditions to make a complex, would constitute a serious burden.

The requirement is still deemed proper and is therefore made FINAL.

Claims 9-24, 32-45 and 62-64 are withdrawn from further consideration pursuant
to 37 CFR 1.142(b), as being drawn to a nonelected inventions, there being no
allowable generic or linking claim. Applicant timely traversed the restriction (election)

requirement in the reply filed on 8 Jan 2013.

Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

This application currently names joint inventors. In considering patentability of
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of
the various claims was commonly owned at the time any inventions covered therein
were made absent any evidence to the contrary. Applicant is advised of the obligation
under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was
not commonly owned at the time a later invention was made in order for the examiner to
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g)

prior art under 35 U.S.C. 103(a).
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Claims 1-8, 25-31 and 46-61 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Schultz et al. (US Patent 6,194,395, published 27 Feb 2001,
provided by Applicant in IDS mailed 7 Jan 2011) in view of Baert et al. (WIPO
Publication W0O97/18839, published 29 May 1997, cited in PTO-892).

Schultz et al. discloses a solid pharmaceutical oral dosage form of cladribine
comprising cladribine and cyclodextrin (column 2, lines 31-39). The disclosed product is
substantially identical to the product-by-process. Schultz et al. discloses the use of -
and y-cyclodextrins (column 2, lines 56-58) and derivatives wherein one or more
cyclodextrin hydroxy groups are replaced with groups such as methyl, hydroxypropyl,
carboxymethyl (column 3, lines 26-27) or sulfobutylcyclodextrins (column 4, lines 22-
24). The phrase “one or more cyclodextrin hydroxy groups” combined with the absence
of specific structural details of which hydroxyl group is substituted with a methyl group
meets the limitation of “randomly methylated -cyclodextrins”. Schultz et al. discloses
the solid oral dosage form in the form of a tablet (column 5, lines 37-38) including the
excipients sorbitol and magnesium stearate (column 6, lines 2-7), disclosing a product
that is substantially identical to a product-by-process meeting the limitations of the
instant claims invention. Schultz et al. discloses an oral dosage form comprising up to
15 mg cladribine and cyclodextrin from 100 to 500 mg, which would lead one of skill in
the art to instantly envision a cladribine to cyclodextrin ratio ranging from 15 mg:100 mg
to 15mg:500 mg, or 1:6.67 to 1:33.3 by weight (column 6, lines 23-31). The instant
specification suggests that maximum amount of cladribine which can be complexed

gives a weight ratio of 1:10 for the cladribine:cyclodextrin complex. Therefore a
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composition comprising the cladribine:cyclodextrin complex that contains a cladribine to
cyclodextrin ratio of 1:6.67 describes a composition that comprises a “saturated”
complex and meets the limitations of instant claims 2 and 57. Schultz et al.
incorporates-by-reference the method of making said solid oral dosage form (Schultz et
al.column 5, lines 50-52) disclosed in WIPO Publication WO97/18839, Baert et al.,
which provides evidence in the embodiment wherein the melt-extruded forms consist
essentially of amorphous material (Baert et al. page 8, lines 14-15). Therefore Baert et
al. provides evidence that it was recognized in the prior art that the product disclosed by
Schultz et al. inherently includes amorphous cladribine-cyclodextrin complex in a solid
oral dosage form. Schultz et al. implicitly discloses an oral dosage form comprising up
to 15 mg cladribine and cyclodextrin from 100 to 500 mg, or a cladribine to cyclodextrin
ratio ranging from 1:6.67 to 1:33.3 by weight (column 6, lines 23-31).

To address the scientific issue regarding the equilibrium presence of both the
inclusion and non-inclusion complex, while the equation for the equilibrium of the
cladribine-cyclodextrin inclusion complex and the cladribine-cyclodextrin non-inclusion
complex would be different for cladribine and cyclodextrin in a solvent versus cladribine
and cyclodextrin in a molten state due to the lack of a solvent, the equilibrium and thus
equilibrium products, the cladribine-cyclodextrin inclusion complex and the cladribine-
cyclodextrin non-inclusion complex, would still be inherent in the product disclosed by
Schultz et al.

Schultz et al. does not specifically disclose the complex which is an intimate

amorphous admixture of (a) an amorphous inclusion complex of cladribine with an
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amorphous cyclodextrin and (b) amorphous free cladribine associated with amorphous
cyclodextrin as a non-inclusion complex and the composition comprising no significant
amount of free crystalline cladribine therein (instant claim 1). Schultz et al. does not
specifically disclose the composition corresponding to a point located on the curve of a
phase solubility diagram for saturated complex cladribine-cyclodextrin complexes, said
curve defining complex saturated complexes of cladribine in varying concentrations of
the cyclodextrin (instant claim 7). Schultz et al. does not specifically disclose the
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 (instant claim 25).
Schultz et al. does not specifically disclose the composition comprising a cladribine to
cyclodextrin ratio from about 1:10 to about 1:16 (instant claims 5 and 29). Schultz et al.
does not specifically disclose the complex 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) (instant claims 8
and 31). Schultz et al. does not specifically disclose the product-by-process wherein
12.00 parts by weight of cladribine and 172.50 parts by weight of hydroxypropyl-§-
cyclodextrin are introduced in step (i) of the process, implying a cladribine to
cyclodextrin ratio of 1:14.38, or the product-by-process wherein 16.35 parts by weight of
cladribine and 172.50 parts by weight of the hydroxypropyl-B-cyclodextrin are
introduced in step (i) of the process (instant claim 55), implying a cladribine to

cyclodextrin ratio of 1:10.55.
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Baert et al. discloses a solid mixture comprising one or more cyclodextrins and
an insoluble active ingredient embedded into the cyclodextrin carrier (abstract), and
teaches ratios of active ingredient to cyclodextrin of from about 1:100 to 100:1, from
about 1:5 and 5:1 and from about 1:3 to 3:1 (page 11, lines 1-5). These ratios are
interpreted as mole ratios because Baert et al. teaches the use of different active
ingredients with different molecular weights. A mole ratio of active ingredient to
cyclodextrin of about 1:3 for cladribine (MW 285.7 g/mol) and B-cyclodextrin (MW 1135
g/mol) gives a ratio by weight of approximately 1:11.9. The ratio of 1:11.9 meets the
limitation of both a ratio of about 1:11 and a ratio of about 1:14 according to the non-
limiting definition of “about” as a variance of 20% provided in the instant specification
page 9, lines 6-11. Such a saturated complex would consist of only (a) an amorphous
inclusion complex of cladribine with an amorphous cyclodextrin and (b) amorphous free
cladribine associated with amorphous cyclodexirin as a non-inclusion complex, and
being a saturated complex corresponds to a point located on the curve of a phase
solubility diagram for saturated complex cladribine-cyclodextrin complexes, said curve
defining complex saturated complexes of cladribine in varying concentrations of the
cyclodextrin.

It would have been obvious to one of ordinary skill in the art at the time of the
invention to practice the solid pharmaceutical oral dosage form of cladribine comprising
cladribine and cyclodextrin disclosed by Schultz et al. in the ratios of cladribine and
cyclodextrin taught by Baert et al. One of ordinary skill in the art would be motivated to

combine the Schultz et al. and Baert et al. because Schultz et al. incorporates-by-
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reference Baert et al. and because Baert et al. suggests that improving a similar product
according to the teachings of Baert et al. has beneficial properties such as high
bioavailability and dissolution rate (Baert et al. page 7, lines 25-27). One of ordinary
skill in the art would have an expectation of success because the ratios taught by Baert
et al. fall within the range of ratios that is implicitly disclosed by Schultz et al. Schultz et
al. in view of Baert et al. does not teach the specific cladribine to cyclodextrin ratios of
1:14.38 or 1:10.55, however these ratios are encompassed by the prior art and Baert et
al. suggests optimization of the ratio (Baert et al. page 11, lines 1-5). See also MPEP
2144 .05 II.A, “Generally, differences in concentration or temperature will not support the
patentability of subject matter encompassed by the prior art unless there is evidence
indicating such concentration or temperature is critical.” One of ordinary skill in the art
would be motivated to optimize the cladribine to cyclodextrin ratio to give the
composition comprising no significant amount of free crystalline cladribine therein
because Schultz et al. teaches undesireable recrystallization of cladribine in tissue may
occur and damage the surround tissue and that complexes with cyclodextrin are known
to solubilize the compound (Schultz et al. column 2, lines 1-15). Schultz et al. in view of
Baert et al. does not specifically disclose the complex 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).
However, it is well known in the art that the formation of an inclusion complex from a
non-inclusion complex is an equilibrium process, and the position of this equilibrium is

dependent on the concentrations of the cladribine and cyclodextrin. This molecular
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inclusion equilibrium is a process inherent in the formation of the inclusion complex in
both aqueous solutions and hot melt liquid mixtures, and Baert et al. teaches variation
of the ratio of cladribine to cyclodextrin and hence their relative concentration.

It is noted that In re Best (195 USPQ 430) and In re Fitzgerald (205 USPQ 594)
discuss the support of rejections wherein the prior art discloses subject matter which
there is reason to believe inherently includes functions that are newly cited or is
identical to a product instantly claimed, namely the position of the equilibrium process
governing formation of an inclusion complex and a non-inclusion complex. In such a
situation the burden is shifted to the applicants to "prove that subject matter shown to be
in the prior art does not possess characteristic relied on" (205 USPQ 594, second
column, first full paragraph).

Claims 46-61 are drawn to a product-by-process. The disclosed product is
substantially identical to the instantly claimed product-by-process, an amorphous solid
pharmaceutical oral dosage form comprising cladribine and cyclodextrin. “[E]ven
though product-by-process claims are limited by and defined by the process,
determination of patentability is based on the product itself. The patentability of a
product does not depend on its method of production. If the product in the product-by-
process claim is the same as or obvious from a product of the prior art, the claim is
unpatentable even though the prior product was made by a different process.” Inre
Thorpe, 777 F.2d 695, 698, 227 USPQ 964, 966 (Fed. Cir. 1985) (citations omitted)
(Claim was directed to a novolac color developer. The process of making the developer

was allowed. The difference between the inventive process and the prior art was the
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addition of metal oxide and carboxylic acid as separate ingredients instead of adding
the more expensive pre-reacted metal carboxylate. The product-by-process claim was
rejected because the end product, in both the prior art and the allowed process, ends up
containing metal carboxylate. The fact that the metal carboxylate is not directly added,

but is instead produced in-situ does not change the end product.). See MPEP 2113.

Double Patenting

The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory
obviousness-type double patenting rejection is appropriate where the conflicting claims
are not identical, but at least one examined application claim is not patentably distinct
from the reference claim(s) because the examined application claim is either anticipated
by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29
USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir.
1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422
F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163
USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)

may be used to overcome an actual or provisional rejection based on a nonstatutory
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double patenting ground provided the conflicting application or patent either is shown to
be commonly owned with this application, or claims an invention made as a result of
activities undertaken within the scope of a joint research agreement.

Effective January 1, 1994, a registered attorney or agent of record may sign a
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with
37 CFR 3.73(b).

Claims 1-8, 25-31 and 46-61 are rejected on the ground of nonstatutory double
patenting over claims 1-28 of U. S. Patent No. 7,888,328 since the claims, if allowed,
would improperly extend the "right to exclude" already granted in the patent.

The subject matter claimed in the instant application is fully disclosed in the
patent and is covered by the patent since the patent and the application are claiming
common subject matter, as follows: claims 1-28 of U. S. Patent No. 7,888,328 recite a
narrower genus of cladribine-cyclodextrin complex and composition comprising thereof
wherein said cyclodextrin is hydroxypropyl-B-cyclodextrin and the weight ratio of from
about 1:10 to about 1:16. Claims 12-28 of U. S. Patent No. 7,888,328 recite a product-
by-process encompassed within the product-by-process of instant claims 46-61.
Therefore claims 1-28 of U. S. Patent No. 7,888,328 supports a anticipation-type
nonstatutory double patenting rejection over instant claims 1-8, 25-31 and 46-61.

Furthermore, there is no apparent reason why applicant was prevented from
presenting claims corresponding to those of the instant application during prosecution of
the application which matured into a patent. See In re Schneller, 397 F.2d 350, 158

USPQ 210 (CCPA 1968). See also MPEP § 804.
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Conclusion

No claim is found to be allowable.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Jonathan S. Lau whose telephone number is (571)270-
3531. The examiner can normally be reached on Monday - Thursday, 9 am - 4 pm
EST.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Shaojia Anna Jiang can be reached on 571-272-0627. The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/SHAOJIA ANNA JIANG/ /Jonathan S Lau/
Supervisory Patent Examiner, Art Unit 1623 Examiner, Art Unit 1623
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WO 97/18839 PCT/EP96/05118

-1-
SOLID MIXTURES OF CYCLODEXTRINS PREPARED VIA MELT-EXTRUSION

The present invention involves a process for preparing solid mixtures by melt-extrusion
comprising one or more active ingredients, preferably one or more practically insoluble
active ingredients and one or more cyclodextrins. The invention further concerns

pharmaceutical compositions comprising the above mixture.

WO 94/11031, published on May 5, 1994, discloses a method of manufacturing a high-
quality enclosure compound using extrusion techniques. In this document the
extrusion of cyclodextrins together with an active ingredient is mentioned. However,
the document discloses the use of a wet mixture (i.e. including water or another

solvent) to feed into the extruder.

French patent application 2,705,677 published on December 2, 1994 describes micro-
granules obtained by extrusion-spheronisation containing a cyclodextrin. The
extrusion-spheronisation technique is the combination of an agglomeration technique,
i.e. extrusion, and a shaping technique, i.e. the spheronisation. Said patent application
actually teaches the formation of microgranulates containing 3-cyclodextrin
(Kleptose®) and microcrystalline cellulose (Avicel®) and as active ingredients
ketoprofen and paracetamol. The extrusion technique used in the above-mentioned
patent application consists in preforming a humid mass by forcing said human mass
through a nozzle thus forming long strands of extruded material. The document does
not mention melt-extrusion at all.

EP 0,665,009, published as international application on April 24, 1994, discloses a
method of dislocating the crystalline condition of crystalline medicine by extruding

said crystalline material as such, i.e. without any excipient such as cyclodextrins.

In J. Pharm. Pharmacolog., vol 44, No 2, pages 73-8, Uekama et al show how
amorphous nifedipine powders were prepared by spray-drying with hydroxypropyl-f3-
cyclodextrins. The document does not mention melt-extrusion.

In Pharm. Weekbl. Sci. Ed., 1988, vol 10, No 2, page(s) 80-85, Van Doorne er al , the

complex formation between PB-cyclodextrins and six antimicotic imidazole derivatives

was studied. In said study gels and creams comprising antimicotics were prepared
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whereby a 1.8 % solution of B-cyclodextrin was added instead of purified water. There
is no mentioning of extrusion at all.

In J. Antimicrob. Chemother., 1993, vol 32, No 3, pages 459-463, Hostetler et al
describe the effect of hydroxypropyl-B-cyclodextrin on the efficacy of oral itraconazole
in disseminated murine cryptococcosis. In said document the authors describe how
itraconazole is solubilized in hydroxypropyl-f-cyclodextrin resulting in a 100 ml
solution. There is no mentioning at all of an extrusion process.

In Jpn. J. Med. Mycol., 1994, vol 35, No 3, page 263-267, Mikami et al describe the
effect of carrier solvents on the efficacy of oral itraconazole therapy in aspergilossis in
mice. Again this document discloses itraconazole being solubilized in hydroxypropyl-

f-cyclodextrin. There is no mentioning of extrusion techniques.

In "Effect of 2-Hydroxypropyl-B-cyclodextrin on Crystallization and Polymorphic
Transition of Nifedipine in Solid State”, Pharmaceutical research, vol 11, No 12, 1994,
Uekama et al. describe a glassy mixture of 2-hydroxypropyl-f-cyclodextrin obtained
by heating said mixture and immediately cooling said mixture to O degrees Celsius.
There is no teaching that this mixture can be extruded.

US 5,009,900 describe glassy matrices that are useful for introducing and/or retaining
and/or stabilizing the volatile and/or labile components in cooked and uncooked food
products. These glassy matrices comprise chemically modified starch having a
dextrose equivalent not greater than about 2; maltodextrin, corn syrup solids or a
polydextrose, and a mono- or disaccharide. The document does disclose extrusion to
form glassy matrices. However, there is no specific mentioning of cyclodextrins and of

therapeutically or pharmaceutically active ingredients.
None of the above mentioned documents disclose the present invention.

Although WO 94/11031 and French patent application 2,705,677 disclose extrusion of
mixtures of cyclodextrins and actives ingredients, said documents do not mention the
use of meltextrusion. The technique described in WO 94/11031 and French patent
application 2,705,677 has a main disadvantage, that a humid mass needs to be prepared
which requires adding to the cyclodextrin and the active ingredient a certain amount of
water and in most cases others solvents such as ethanol or methanol. Removing the
water and/or other solvents is often a troublesome production step, which often leads to
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irreproducibility because not all of the solvent can be removed. Moreover, with
practically insoluble active ingredients the amounts of water and/or adjuvant solvents
needed make the above technique unpractical on a production scale. Another
disadvantage of the technique described in the prior art is that the drying step can

5 induce unwanted crystallization of the active ingredient.

These problems are solved in the present invention by the use of a melt-extrusion
process to form solid mixtures comprising one or more cyclodextrins and insoluble
active ingredients.
10
The present process is advantageously applicable when said active ingredient is
sensitive to a solvent such as water or an organic solvent, because it does not require
any solvent. The term "sensitive" used herein means that the active ingredient is
readily (e.g. within about one hour) influenced by a solvent to such an extent that its
15  physical, chemical and/or biological properties are substantially modified or changed.

The present process is further advantageous because it does not require a drying step,
during which insoluble active ingredients often tend to crystallize.

20 The term "insoluble" hereinabove and hereinunder refers to three categories of
compounds, i.e. the "very slightly soluble”, "practically insoluble" and "insoluble".

The terms "very slightly soluble”, "practically insoluble” or "insoluble” are to be
understood as defined in the United States Pharmacopeia 23, NF 18 (1995) page 7, i.e.

25  a'very slightly soluble” compound requires from 1000 to 10,000 parts of solvent for |
part of solute; a "practically insoluble" or "insoluble” compound requires more than
10,000 parts of solvent for 1 part of solute. The solute referred to in these cases are
water or aqueous solutions.

30  Three examples of this type of insoluble compounds are : itraconazole, loviride and
(x)-ethyl (R*,R*)-4-[5-[1-[1 —[(4~chlorophenyl)hydroxymetﬁy]]propyi]- 1,5-dihydro-5-
ox0-4H-1,2,4-triazol-4-yl]-2-pyridinyl]- 1 -piperazinecarboxylate (hereinafter referred to
as compound 1).

35 Itraconazole is an art-known antifungal. Loviride is an art-known anti-retrovirally

active compound, particularly useful in treating HIV-infected patients.
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(£)-Ethyl (R* ,R*)-4-[5-[1-[1-[(4-chlorophenyl)hydroxymethyl]propyl]-1,5-dihydro-5-
oxo-4H-1,2 4-triazol-4-yl]-2-pyridinyl]-1-piperazinecarboxylate is described as
compound No. 3, in WO 95/27704 published on October 19, 1995.

The compounds that are suitable to be used in this technique are compounds that show
no appreciable decomposition at the temperatures needed to melt and extrude the

mixture of said one or more active ingredients with the cyclodextrin or cyclodextrins.

The term "active ingredient” further refers to compounds or mixtures of compounds
which are pharmaceutically or therapeutically or cosmeticallly active for treating
humans or animals.

The present invention provides a process for preparing a solid mixture comprising one
or more cyclodextrins and an (insoluble) active ingredient, comprising a melt-extrusion

step wherein one or more cyclodextrins are combined with the one or more active
ingredients.

Melt-extrusion is a polymer extrusion technique which involves embedding an active
ingredient in one or more carriers. In this technique the active ingredient and
excipients are molten in the extruder and hence embedded in thermoplastic and
thermomelting polymers. The resulting molten mass is then forced through one or

more nozzles resulting in a thermopilastic strand or strands.

An extruder comprises an inlet structure, a cylindrical structure called “barrel”, a die
and a screw or screws. A schematic overview is shown in Figure 1.

The inlet structure mostly is funnel shaped.

The barrel may comprise one or more barrel units and the screw or screws extend
through them.

Extruders are available in two general types, namely a single-screw extruder
comprising one screw and a multi-screw extruder comprising two Or more SCrews.
While this invention can be carried out using either type of extruder, the use of a multi-
screw extruder, particularly a twin-screw extruder is preferred. A twin-screw extruder

(and a multi-screw extruder) is more efficient in that the plural screws interferring with
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each other precludes follow-up movement of the active ingredient and, moreover, the

intermeshing of the screws provides a high energy output physically.
An interesting mode of operating the screws is to operate them in a corotating mode.

The screw or screws may have different shapes such as, for example, a trapezoidal
screw, a trapezoidal cut screw, trapezoidal reverse cut screw, ball screw, kneading
paddle and these may be used in the desired combination.

The load fed into the extruder via the inlet structure is forced by the screw or screws to
advance, shorn and blended by the screw within the barrel and extruded from the
orifice or orifices of the die. The temperature of the barrel or of the barrel units can be

controlled via a heating element or even if necessary by a cooling element.

The rotational speed of the screw can be set within the allowable range of the extruder
used.

A person skilled in the art is able to select the screw geometry and combination of unit
screws. The principal function of the screw is to transport, crush and knead the
material that is being extruded.

The orifice configuration may be circular, elliptical, rectangular or hexagonal.

Hence, said melt-extrusion step comprises the following substeps :

a) mixing one or more cyclodextrins with the active ingredient or active ingredients,
b) optionally mixing additives,

c) heating the thus obtained mixture until melting of one of the components,

d) forcing the thus obtained mixture through one or more nozzles;

e) cooling the mixture till it solidifies.

If desired, as mentioned above, the thermomelting mixture comprising one or more
cyclodextrins and active ingredient(s) may comprise any suitable additive. When, for
instance, the cyclodextrin(s) or the active ingredient(s) or one of the other possible
additives is apt to be oxidized, an anti-oxidizing agent may be incorporated, preferably
in small amounts, such as, for instance 100 to 5000 ppm when compared to the total
weight of the mixture. Furthermore, conventional auxiliary additives such as pigments,

flavors, stabilizers, preservatives and buffers may be added.
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If necessary conventional pharmacologically acceptable plasticizers, such as long chain
alcohols, ethylene glycol, propylene glycol, thriethylene giycol, butanediols, pentanols,
hexanols, polyethylene glycols, aromatic carboxylates (e.g. dialkyl phthalates,
trimellitates, benzoates or terephthalates), aliphatic dicarboxylates or fatty acid esters
can also be added. Preferably however, a plasticizer is not needed.

The term "melting” should be broadly interpreted. "Melting” can also refer to the fact

that some transition is made to a glassy state, in which it is possible for one component
of the mixture to get embedded into the other. In particular cases, one component will

melt and the other component(s) will dissolve in the melt thus forming solid solutions,
which show advantageous dissolution properties.

The possible formation of these solid solutions is one of the further advantages of the
present invention. It will be appreciated by a person skilled in the art that mixing two
or more solids, i.e. one or more cyclodextrins and the active ingredient or ingredients,
and subsequently melting these solids together will give rise to different products than
when the said solids are first brought into contact with water or another solvent and
then extruded.

A characteristic of the melt extruded mixtures of the present invention is the fact that

they contain substantially less water or any other solvent than mixtures being extruded
in an other way.

Preferably the present melt extruded mixtures contain no water or solvent, apart from
the water or solvent that eventually is contained in the crystal structure of the active
ingredient.

It will be appreciated that the temperature inside the extruder is an important parameter.
When different barrel units are present, different temperatures can be applied. A
person skilled in the art is able to establish the required temperatures by taking the
desired type of cyclodextrin or cyclodextrins or even the complete mixture that is going
to be extruded and observing the behaviour as a function of temperature with the aid of
a melting point measuring instrument, such as a Kofler hot bench, a microscope hot

stage type or a differential scanning calorimeter, e.g. type DSC 7 Series - Perkin Elmer.
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The cooling can be performed without using any auxiliary means, i.e. it most often
suffices to let the thermoplastic strand coming out of the extruder cool down to the

ambient temperature of the production site. Of course, cooling aids may be used.

Once these thermoplastic strands are cooled down these strands can be milled to obtain
a powdered form of the mixture of cyclodextrin or cyclodextrins and the active
ingredient.

A person skilled in the art will appreciate that the milling can influence the physical
characteristics of the extrudate. During milling the temperature of the material can rise
because of the friction and also high shear forces are exerted on the material that is to
be milled. Both temperature and mechanical or shear forces can result in a transition of
the physical state of the material that is to be milled. A person skilled in the art has
sufficient means at his disposal to control temperature and shear forces and thus to
control the milling process.

The two processes, i.e. melt extrusion and milling can be combined into one
configuration as is shown in Figure 1. The mixture of one or more cyclodextrins and
one or more active ingredients in combination with possible other additives is feed via
a funnel like inlet. The mixture is then melt-extruded and the mixture is forced through
a nozzle onto a conveyor belt. While being transported on the conveyor belt the
extrudate cools down. The cooled melt extrudate is fed into a chopper which forms
pellets. These pellets may be further milled if required.

This powdered material still has the beneficial properties ¢high bioavailability,
dissolution rate, etc.) and it can be used in the conventional way to prepare

pharmaceutical, therapeutical or cosmetical solid dosage forms.

An additional advantage of the present invention is that the active ingredient as well as

the cyclodextrins may be transformed in a amorphous form or even that a solid solution
is formed. A person skilled in the art will appreciate that this modification of physical

state from crystalline to amorphous or to solid solutions is highly advantageous for the

dissolution.

The fact whether the melt extruded mixture contains amorphous material or contains a

solid solution or consists essentially of amorphous material or a solid solution can be
measured or checked using differential scanning calorimetry. When there is crystalline
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material present in the melt extruded mixture a differential scanning calorimeter will
show an endothermic melting peak. When amorphous material or a solid solution is
mainly present in the melt extruded mixture a differential scanning calorimeter will not
show an endothermic melting peak. Visual inspection of the melt extrudate allows for
a distinction between amorphous material and a solid solution. In case the melt
extrudate is opaque then both the cyclodextrin(s) and the active ingredient are in a

amorphous form. In case melt extrudate is clear then a solid solution was formed.
Curves of differential scanning calorimetry are shown in Figures 2 to 7.

Interesting embodiments of the present invention are these melt extruded mixtures
which consist mainly of amorphous material.

More interesting embodiments of the present invention are these melt extruded
mixtures which consist essentially of amorphous material.

Even more interesting embodiments of the present invention are those melt extruded
mixtures which consist mainly of a solid solution of the active ingredient or active

ingredients in the cyclodextrin or the cyclodextrins.

Preferred embodiments of the present invention are those melt extruded mixtures which
consist essentially of a solid solution of the active ingredient or active ingredients in the
cyclodextrin or the cyclodextrins.

Another advantage of the present invention is that the granulation step in forming
pharmaceutical, therapeutical or cosmetical compositions can be omitted, because the
powdered material can simply be mixed with other excipients and compressed into, for

instance, tablets or another solid pharmaceutical, therapeutical or cosmetical form.

Depending upon the characteristics of the melt extruded mixture, the size of the peliets
of said melt extruded mixture or the mesh of the powder of said melt extruded mixture
and, of course, dependent upon the other auxiliaries that are added to the unit dosage

forms the unit dosage form may give immediate release or sustained release.
If desired, said solid pharmaceutical form may also be provided with a conventional

coating to improve the appearance and/or the flavor (coated tablets) or additionally to

target the release of the active ingredient.
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Suitable tablets may have the following compositions and may be prepared in a
conventional way. The amounts given are of course dependent upon the dose required

for the pharmaceutical, therapeutic or cosmetic activity.

Composition A

milled melt extrudate 100 - 500 mg
microcrystalline cellulose 100 - 300 mg
crospovidone 4 10 - 200 mg
colloidal silicon dioxide l1-5mg
sterotex 2-10mg

Composition B

milled melt extrudate 100 - 500 mg
Microcelac (TM) (1) 200 - 300 mg
crospovidone 70 - 200 mg
talc 20-50mg
sterotex 7-10mg
colloidal silicon dioxide 1-5mg
magnesium stearate 2-10mg

The cyclodextrin to be used in the aforementioned compositions include the
pharmaceutically acceptable unsubstituted and substituted cyclodextrins known in the
art, more particularly o, B or y cyclodextrins or the pharmaceutically acceptable
derivatives thereof.

Substituted cyclodextrins which can be used in the invention include polyethers
described in U.S. Patent 3,459,731. In general, unsubstituted cyclodextrins are reacted
with an alkylene oxide, preferably under superatmospheric pressure and at an elevated
temperature, in the presence of an alkaline catalyst.

Since a hydroxy moiety of the cyclodextrin can be substituted by an alkylene oxide
which itself can react with yet another molecule of alkylene oxide, the average molar
substitution (MS) is used as a measure of the average number of moles of the
substituting agent per glucose unit. The MS can be greater than 3 and theoretically has
no limit.
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Further substituted cyclodextrins are ethers wherein the hydrogen of one or more
cyclodextrin hydroxy groups is replaced by Ci_ealkyl, hydroxyCi-ealkyl, carboxy-
Ci-ealkyl or C].galkyloxycarbonylCj_galkyl or mixed ethers thereof. In particular
such substituted cyclodextrins are ethers wherein the hydrogen of one or more
cyclodextrin hydroxy groups is replaced by C1-3alkyl, hydroxyCp-4alkyl or
carboxyCj1-2alkyl or more in particular by methyl, ethyl, hydroxyethyl, hydroxypropyl,
hydroxybutyl, carboxy-methyl or carboxyethyl.

In the foregoing definitions the term "C_galkyl" is meant to include straight and
branched saturated hydrocarbon radicals, having from 1 to 6 carbon atoms, such as,

methyl, ethyl, 1-methylethyl, 1,1-dimethylethyl, propyl, 2-methylipropyl, butyl, pentyl,
hexyl and the like.

Such ethers can be prepared by reacting the starting cyclodextrin with an appropriate
O-alkylating agent or a mixture of such agents in a concentration being selected so that
the desired cyclodextrin ether is obtained. The said reaction is preferably conducted in
a suitable solvent in the presence of an appropriate base. With such ethers, the degree
of substitution (DS) is the average number of substituted hydroxy functions per glucose
unit, the DS being thus 3 or less.

In the cyclodextrin derivatives for use in the compositions according to the present
invention, the DS preferably is in the range of 0.125 to 3, in particular 0.3 to 2, more in
particular 0.3 to 1 and the MS is in the range of 0.125 to 10