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ABSTRACT

A solid pharmaceutical composition containing AP23573
suitable for oral administration is disclosed.



US 2013/0202702 Al

ORAL FORMULATIONS

BACKGROUND OF THE INVENTION

[0001] This invention relates to solid formulations of the
43-dimethylphosphinate ester of rapamycin (AP23573):

[0002] In in vitro and in vivo xenograft models, AP23573
has potently inhibited proliferation of a variety of human
tumor cell lines, including prostate, endometrial, soft tissue
and bone sarcoma, leukemia, lymphoma and glioblastoma
cell lines.

[0003] Human clinical studies with AP23573 have yielded
promising results in patients with various cancers, including
possible delay in the time to progression or recurrence of
tumors.

[0004] AP23573isalso in studies aimed at the development
of AP23573-eluting stents. The role of AP23573 in that con-
text is to inhibit restenosis following introduction of the stent.
[0005] Based in part on the known biological activities for
other mTOR inhibitors, AP23573 may also be useful for a
range of indications susceptible to treatment with an mTOR
inhibitor, including without limitation, the treatment and pre-
vention of organ transplant rejection and autoimmune dis-
eases, fungal infection, multiple sclerosis; rheumatoid arthri-
tis, systemic lupus erythematosus [see e.g., U.S. Pat. No.
5,078,999], pulmonary inflammation [U.S. Pat. No. 5,080,
899], insulin dependent diabetes mellitus [U.S. Pat. No.
5,321,009], skin disorders, such as psoriasis [U.S. Pat. No.
5,286,730], bowel disorders [U.S. Pat. No. 5.286,731],
smooth muscle cell proliferation and intimal thickening fol-
lowing vascular injury [U.S. Pat. Nos. 5,288,711 and 5,516,
781], adult T-cell leukemia/lymphoma [European Patent
Application 525,960 A1], ocular inflammation [U.S. Pat. No.
5,387,589] malignant carcinomas [U.S. Pat. No. 5,206 018],
cardiac inflammatory disease [U.S. Pat. No. 5,496,832], and
anemia [U.S. Pat. No. 5,561,138].

[0006] One important challenge for the development and
use of AP23573 is the development of storage stable solid
dosage forms suitable for oral administration. More specifi-
cally, we have found that AP23573 tablets prepared by direct
compression of non-micronized AP23573 with standard
excipients and fillers, in the presence or absence of antioxi-
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dants, has thus far provided suboptimal tablets which did not
exhibit desirably high homogeneity or stability.

SUMMARY OF THE INVENTION

[0007] We have made a detailed study of the degradation of
AP23573 and have identified important degradation path-
ways involving the oxidation of the compound’s triene moi-
ety. In addition, we have found that AP23573 also undergoes
aqueous degradation via cleavage of a lactone bond, resulting
in the formation of the ring opened seco-AP23573.

[0008] Because AP23573 is an amorphous solid rather than
a crystalline material like rapamycin or temsirolimus, we
were unable to directly draw upon the reported experiences in
formulating those compounds, and instead, relied upon
empirical studies with AP23573 itself.

[0009] This invention, arising from those studies, over-
comes the aforementioned problems and provides a reason-
ably storage stable, bioavailable oral formulation of
AP23573, suitable for pharmaceutical use, without the need
for micronization.

[0010] The pharmaceutical composition, suitable for oral
administration, comprises 2-35% ot AP23573, 0.01-3% ofan
antioxidant and 70-97% of a carrier material comprising at
least one cellulose polymer, optionally containing one or
more additional pharmaceutically acceptable excipients.
Unless otherwise specified, all percentages in this document
are on a weight/weight basis. Suitable carrier materials
include microcrystalline cellulose, hydroxypropyl cellulose
and lactose monohydrate, which can generally be used in
amounts of 20-55%, 2-15% and 15-70%, respectively. A cur-
rently preferred antioxidant for use in this composition is
butylated hydroxytoluene (“BHT”). Other excipients can
include materials such as croscarmellose sodium and magne-
sium stearate.

[0011] The composition can be prepared in various physi-
cal forms (capsules, tablets, caplets, etc), and those contain-
ing 10-60 mg, typically 10-40 mg, of AP23573 are of greatest
interest. Compressed tablets containing 10 mg of AP23573
are currently of greatest interest. The tablets may optionally
contain a pharmaceutically acceptable film or enteric coating.

[0012] The composition can be prepared using otherwise
conventional mixing technologies and apparatus, with wet
granulation using a high shear type granulator followed by
fluid bed drying being of greatest current interest.

[0013] Inthe process, a solution of AP23573 is provided in
a selected solvent, e.g., an, aqueous ethanolic or aqueous
solution (and other alcohols could be substituted for ethanol).
The solution, which may also contain an antioxidant, is com-
bined with the carrier to form a wet mass. This is typically
carried out in a granulator or other mixing apparatus, e.g., a
high shear granulator. The wet mass is then mixed, e.g. by
granulation, to generate wet granules. The wet granules are
then dried, e.g., in a fluid bed drier, to generate dried granules,
which can be compressed into tablets and coated as desired.

[0014] As noted above, the solution of AP23573 can also
contain an antioxidant. Alternatively, or in addition, an anti-
oxidant can be separately combined with the carrier material
before or after addition of the solution of AP23573, in any
event, being incorporated in the resultant wet mass. Other
excipients may also be added at that step for incorporation
into the wet mass. Excipients can also be added to the wet or
dry granules as well.
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[0015] The solid pharmaceutical composition prepared by
this method has been found to possess suitable storage stabil-
ity and bioavailability for use in human clinical studies.

DETAILED DESCRIPTION OF THE INVENTION

[0016] This invention provides a storage stable, solid phar-
maceutical composition in unit dosage form which comprises
AP23573, an antioxidant and a cellulose polymer. The com-
position may also contain one or more other pharmaceutically
acceptable excipients such as chelating agents, fillers, bind-
ers, surfactants, disintegrants, lubricants, pH modifying
agents and the like. It is prepared using a wet granulation
process as described above.

[0017] Suitable solvents for preparing the solution of
AP23573 and for possible use in the granulation step include
but are not limited to water and organic solvents (e.g., metha-
nol, ethanol, isopropyl, acetone) either alone or in combina-
tion. It is preferred that the wet granulation be performed with
an alcoholic solvent system in which ethanol is currently of
greatest interest as the alcohol. Aqueous ethanol is an
example of a combination granulation solvent system that
includes water and ethanol together.

[0018] It is currently of particular interest that the compo-
sition contain from 1 to 45%, from 2 to 35%, from 5 to 25%,
or from 8 to 15% by weight of AP23573; from 1 to 50%, from
1 to 35%, from 1 to 15%, or from 2 to 15% by weight of
cellulose polymer and from 0.01% to 3%, from 0.05% to 1%
or from 0.05% to 0.5% by weight of antioxidant. However,
various embodiments may contain more, or fess, of these
components.

[0019] Acceptable antioxidants include, but are not limited
to, citric acid, d,l-a-tocopherol, BHA, BHT, monothioglyc-
erol, ascorbic acid, and propyl gallate. It is expected that the
antioxidants of the formulations of this invention will be used
in amounts ranging from 0.01% to 3% wt/wt relative to the
weight of the tablet.

[0020] A chelating agent, or other material capable of bind-
ing metal ions, such as ethylene diamine tetra acetic acid
(EDTA) and its salts, are capable of enhancing the stability of
AP23573 and may be used as an optional excipient.

[0021] Typical cellulose polymers include, but are not lim-
ited to hydroxypropylmethylcellulose (HPMC), hydroxypro-
pylmethyl cellulose phthalate, methyl cellulose (MC),
hydroxyethyl cellulose, and hydroxypropy! cellulose (HPC).
Other pharmaceutically acceptable cellulosic polymers are
mentioned herein in various contexts and many others are
well known in the art.

[0022] Pharmaceutically acceptable excipients include
binders, fillers, disintegrants, pH modifying agents, surfac-
tants, and any combinations of the foregoing.

[0023] Acceptable pH modifying agents include, but are
not limited to, citric acid, sodium citrate, dilute HCI, and other
mild acids or bases capable of buffering a solution containing
AP23573 to a pH in the range of about 4 to about 6. If present
in the composition, the pH modifying agent is usually in
amount of up to 1% by weight relative to the weight of the
tablet.

[0024] Surfactants may be present in the formulation and
include polysorbate 80, sodium lauryl sulfate, sodium dode-
cyl sulfate, salts of bile acids (taurocholate, glycocholate,
cholate, deoxycholate, etc.) which may be combined with
lecithin. Alternatively, ethoxylated vegetable oils, such as
Cremophor EL, vitamin E tocopherol propylene glycol suc-
cinate (Vitamin E TGPS), polyoxyethylene-polyoxypropy-
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lene block copolymers, and poloxamers. If present in the
composition, the surfactant is usually in amount ofup to 20%,
for example 1 to 15% by weight relative to the weight of the
tablet.

[0025] Binders, fillers, and disintegrants such as sucrose,
lactose, microcrystalline cellulose, croscarmellose sodium,
magnesium stearate, gum acacia, cholesterol, tragacanth,
stearic acid, gelatin, casein, lecithin (phosphatides), car-
boxymethylcellulose  calcium, carboxymethylcellulose
sodium, methylcellulose, hydroxyethylcellulose, hydrox-
ypropylcellulose, hydroxypropylmethycellulose phthalate,
noncrystalline cellulose, polyvinylpyrrolidone, cetostearyl
alcohol, cetyl alcohol, cetyl esters wax, dextrates, dextrin,
cyclodextrin, lactose, dextrose, glyceryl monooleate, glyc-
eryl monostearate, glyceryl palmitostearate, polyoxyethyl-
ene alkyl ethers, polyethylene glycols, polyoxyethylene cas-
tor oil derivatives, polyoxyethylene stearates, and polyvinyl
alcohol, and the like may also be incorporated into the for-
mulation.

[0026] Any given formulation of this invention may contain
multiple ingredients of each class of component. For
example, a formulation containing an antioxidant may con-
tain one or more antioxidants as the antioxidant component.
[0027] In an exemplary embodiment, the wet granulation
process includes the steps of mixing, wetting, wet massing,
granulating, drying and sieving. The steps are discussed in
more detail below.

[0028] The wet granulation process begins with the prepa-
ration of a solution comprising AP23573 and an antioxidant.
Suitable solvents include water, methanol, ethanol, isopro-
panol, and the like, where ethanol is of particular interest. The
next step is adding the solution to a mixer containing a
“matrix forming material” and one or more optional intra-
granular excipients, while agitating the contents of the mixer,
resulting in the formation of a wet mass. This step is also
called wet massing the powder intragranular blend. Examples
of' suitable matrix forming materials include a cellulose poly-
mer, and also comprise binders and fillers to promote disso-
Iution enhancement of'the final product. Typical intragranular
excipients may include binders, fillers, disintegrants and any
combinations of the foregoing. An example of cellulose poly-
mer/intragranular excipient mixture includes but is not lim-
ited to, a combination of microcrystalline cellulose, lactose
monohydrate, croscarmellose sodium and hydroxypropyl
cellulose. The wet mass is then granulated in the mixer, gen-
erating a mixture of the various ingredients in the form of wet
granules. The granulation (i.e., mixing/agitation) is continued
until a uniform granulation is achieved (i.e., until the particle
sizes of the granules reach a desired uniformity). The mixer
can be a blender with intensifying bar, a low shear granulator
or a high shear granulator. The wet granules are then dried,
e.g.,in a fluid bed dryer at temperature between 45 and 55° C.
The dried granular material may then be milled using a suit-
able milling device, such as a Fitz mill. The wet granulation
and drying can be done in a fluid bed granulator/dryer. The
wet granules can be dried using a tray drying oven. After they
are dried, the granules can be further sieved, i.e., dry screened,
alone or in combination with one or more additional excipi-
ents. Also, if desired, the dried granules can be further
blended with extragranular fillers and binders, such as micro-
crystalline cellulose, croscarmellose sodium, and magnesium
stearate in a blender such as a V-blender. This typically results
in a more uniform particle size of the granules, which may
then be compressed into tablets.
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[0029] In an alternative process, the solution of AP23573
does not contain an antioxidant. In this approach, the antioxi-
dant is instead present among the contents of the mixer, which
contents also include the cellulose polymer, intragranular
excipients etc.

[0030] In other embodiments, the antioxidant is again
present in the mixer containing the cellulose polymer and
intragranular excipients, and AP23573 is added as a solid and
then mixed with the intragranular excipients. The solvent is
then added to the mixer prior to the granulation step. Other
sequences of addition are possible and permissible under this
invention.

[0031] The oral tablet may further comprise a film-coat to
control the release of AP23573. The tablet may be coated with
a film-coat by spraying, dipping or by deposition using vari-
ous coating solvents. Suitable coating solvents include water,
methanol, ethanol, isopropanol, and the like. The film-coat
includes a polymeric film-forming material such as copovi-
done (i.e a copolymer of polyvinylpyrrolidone and vinyl
acetate), hydroxypropyl methylcellulose, hydroxypropylcel-
Iulose, and acrylate or methacrylate copolymers. Besides a
film-forming polymer, the film-coat may further comprise a
plasticizer, e.g. polyethylene glycol, triethyl citrate, a surfac-
tant, e.g. a Tween® type, an antifoaming agent, e.g. simethi-
cone, and optionally a pigment, e.g. titanium dioxide or iron
oxides. The film-coating may also comprise talc as anti-ad-
hesive. The film coat usually accounts for less than about 5%
by weight of the dosage form.

[0032] In a preferred embodiment, the film-coating mate-
rial comprises copovidone, which allows for rapid release of
AP23573.

[0033] The film coating may also be an enteric layer com-
prising an enteric polymer, for delayed release of AP23573.
An enteric layer is a coating of a substance (i.e a polymer)
which is insoluble in the acid medium of the stomach but
which is soluble at the higher pH encountered in the intestine.
Such materials are used as film coatings on tablets to modity
the release of a drug. Suitable enteric polymers are well
known to those of skill in the art (WO 01/051031) and
include, without limitation, methyl metacrylate polymers,
methacrylic acid co-polymers, cellulose acetate phthalate,
polyvinyacetate phthalate, hydroxypropyl methyl phthalate,
and hydroxypropyl methyl cellulose phthalate. The enteric-
coat may also further comprise a plasticizer, a surfactant, and
anti foaming agent and optionally a pigment as previously
described.

[0034] In a preferred embodiment, the enteric layer com-
prises methacrylic acid co-polymer, e.g. Eudragit [.100,
Acryl-EZE and the like. The following provide representative
examples of the formulations of this invention. The prepara-
tion of AP23573 is described in U.S. Pat. No. 7,091,213
which is hereby incorporated by reference. These examples
are illustrative only, and do not serve to limit the scope of the
invention described herein. The examples are meant only to
suggest a method of practicing the present invention.

EXAMPLES
Example 1

Alcohol Granulation

[0035] Core tablets
[0036] The following procedure was used to prepare a tab-
let containing 10 mg of AP23573 containing the ingredients
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listed below. The tablets are 6 mm diameter, white to off-
white, round, biconvex, coated tablets. The composition of
the core tablet is shown in the following table. In this
example, core tablets are film-coated and may be used as
such, or may be enteric-coated for delayed release.

Component Weight Percent
AP23573 8.00%
Butylated Hydroxytoluene 0.08%
Hydroxy Propyl Cellulose 8.00%
Lactose Monohydrate 50.57%
Microcrystalline Cellulose 30.85%
Croscarmellose Sodium 2.00%
Magnesium Stereate 0.50%

Dehydrated Alcohol (Ethanol)* —

*Removed during processing

[0037] Process

[0038] Hydroxypropyl Cellulose, Lactose Monohydrate,
Microcrystalline Cellulose, and half of the Croscarmellose
Sodium, were mixed in a high shear granulator. The AP23573
and Butylated Hydroxytoluene (BHT) were dissolved in
Dehydrated Alcohol, USP, mixing not less than 45 minutes.
The solution of AP23573 and BHT was added to the granu-
lator and mixed to a wet mass for approximately 3 minutes.

[0039] The granulated mixture was dried in a fluid bed
dryer at 45-55° C. for 60-90 minutes, after which the dried
granulated material was passed through a mill fitted with a
0.045-inch screen opening to remove oversized material. The
milled granulated material was then added to a V-blender and
blended with Magnesium Stearate, NF and the remaining half
of'the Croscarmellose Sodium, NF until uniformly blended.

[0040] The granulated material was pressed into tablets
using a tablet press set up with 6 mm round concave tooling.
The press was adjusted as required for a target tablet weight of
125.0 mg, hardness of 5.5 kp, friability no more than 1%, and
disintegration time less than 10 minutes.

[0041] Film Coating

[0042] The film coating was prepared according to follow-
ing procedure using the following components.

Film Coating Percent of Solution
Copovidone 20.00%
Dehydrated Alcohol (Ethanol)* 80.00%

*Removed during processing

[0043] The tablets were added to a coating pan and were
coated with a solution of Copovidone in Dehydrated Alcohol,
USP, maintaining a product temperature of 20-35° C., until a
weight gain of 5% is achieved. The pan was then cooled and
the film-coated tablets were allowed to dry. Film-coated tab-
lets may be packaged as such, or may be enteric coated.
[0044] Enteric Coating

[0045] The enteric coating was prepared according to fol-
lowing procedure using the following components.

Film Coating Percent of Suspension
Methacrylic Acid Co-polymer 11.03%
Triethyl Citrate 2.16%
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-continued
Film Coating Percent of Suspension Film Coating Percent of Solution
Tale 2.81% Copovidone 7.00%
Dehydrated Alcohol (Ethanol)* 84.00% DI Water* 93.00%

*Removed during processing

[0046] For enteric coating, the tablets are placed in a coat-
ing pan and coated with a suspension of Methacrylic Acid
Copolymer, NF, Triethyl Citrate, NF, and Talc in Dehydrated
Alcohol, USP, maintaining a product temperature of 20-35°
C., until a weight gain of 8% is achieved. The pan was then
cooled, and the enteric-coated tablets were allowed to dry.

Example 2

Aqueous Granulation

[0047] Core tablets

[0048] The following procedure was used to prepare a tab-
let containing 50 mg of AP23573 containing the ingredients
listed below. The composition of the core tablet is shown in
the following table. Core tablets are film-coated and may be
used as such, or may be enteric-coated.

Component Weight Percent
AP23573 25.00%
Butylated Hydroxytoluene 0.20%
Hydroxy Propyl Cellulose 4.00%
Lactose Monohydrate 23.75%
Microcrystalline Cellulose 43.55%
Croscarmellose Sodium 3.00%
Magnesium Stereate 0.50%

DI Water* —

*Removed during processing

[0049] Butylated Hydroxytoluene (BHT) was passed
through a mill fitted with a 0.010 screen and was mixed with
Hydroxypropy! Cellulose, half of the Microcrystalline Cel-
Iulose, and one third of Croscarmellose Sodium in a high
shear granulator. The AP23573 was then added to the granu-
lator and mixed for 5 minutes. The granulation process was
then begun while adding the granulation fluid (deionized
water) over 5 minutes. The AP23573, BHT and excipients
were mixed to a wet mass for approximately 2 minutes.
[0050] The granulated mixture was dried in a fluid bed
dryer at 45-55° C. for 60-90 minutes, after which the dried
granulated material was passed through a mill fitted with a
0.065-inch screen opening to remove oversized material. The
milled granulated material was then blended with Magne-
sium

[0051] Stearate, the remaining two thirds of Croscarmel-
lose Sodium and the remaining half of microcrystalline cel-
lulose.

[0052] The granulated mixture was pressed into tablets
using a tablet press set up with 6 mm round concave tooling.
The press was adjusted as required for a target tablet weight of
200.0 mg, hardness of 8.5 kp, friability no more than 1%, and
disintegration time less than 10 minutes.

[0053]

[0054] The film coating was prepared according to follow-
ing procedure using the following components.

Film Coating

*Use Removed during processing

[0055] The tablets were added to a coating pan and were
coated with a solution of Copovidone in Deionized water,
maintaining a product temperature of 27-31° C., until a
weight gain of 2% is achieved. The pan was then cooled and
the film-coated tablets were allowed to dry. Film-coated tab-
lets may be packaged as such, or may be enteric coated.
[0056] Enteric Coating

[0057] The enteric coating was prepared according to fol-
lowing procedure using the following components.

Film Coating Percent of Suspension
Methacrylic Acid Co-polymer 9.94%
Simethicone 0.06%
DI Water* 90.00%

*Removed during processing

[0058] For enteric coating, the tablets are placed in a coat-
ing pan, The Simethicone was dispersed in deionized water
using vigorous mixing to make a 10% final coating solution.
The Methacrylic Acid Co-polymer was then added and mixed
to the Simethicone/water mixture. The coating pan and tab-
lets were warmed up to a product temperature of 30 to 33° C.
The coating solution was sprayed onto the tablet until a
weight gain of 10% is achieved. The pan was then cooled, and
the enteric-coated tablets were allowed to dry.

[0059] The documents cited throughout the specification
are hereby incorporated by reference. Minor variations and
modifications to the methods and materials set forth in the
foregoing detailed description and illustrative examples will
be readily apparent to those of skill in the art and are encom-
passed within the scope of the invention.

1. A solid pharmaceutical composition suitable for oral
administration which comprises:

2-35% by weight of AP23573,

0.01-3% by weight of an antioxidant and

70-97% by weight a carrier material comprising at least

one cellulose polymer, optionally containing one or
more additional pharmaceutically acceptable excipi-
ents.

2. The solid composition of claim 1 in which the carrier
material comprises microcrystalline cellulose, hydroxypro-
py! cellulose and lactose monohydrate.

3. The solid composition of claim 1 in which the antioxi-
dant is butylated hydroxytoluene.

4. The solid composition of claim 1 containing one or both
of croscarmellose sodium and magnesium stearate as the
optional excipient(s).

5. The solid composition of any of claims 1-4 which further
comprises a pharmaceutically acceptable film or enteric coat-
ing.

6. The solid composition of any of claims 1-5 which con-
tains 10-40 mg of AP23573.

7. A process for preparing a solid pharmaceutical compo-
sition of claim 1, which comprises:

(a) providing a solution of AP23573 in a selected solvent;
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(b) combining the solution with the carrier to form a wet

mass;

(c) granulating the wet mass to generate wet granules;

(d) drying the wet granules to generate dried granules;

(e) compressing said dried granules into tablets; and

(f) optionally coating the resulting tablets with a film-

coating polymer;

wherein the solution in step (a) further comprises an anti-

oxidant, or the carrier in step (b) is combined with an
antioxidant prior to combining with the solution of
AP23573.

8. The process of claim 7, wherein one or more additional
excipients are combined in step (b) and incorporated in the
wet mass.

9. The process of either of claims 7 and 8, wherein one or
more additional excipients are added to the granules before or
after drying in step (d).

10. The process of claim 9 wherein the one or more addi-
tional excipients comprise one or both of croscarmellose
sodium and magnesium stearate.

11. The solid pharmaceutical composition prepared by the
method of any of claims 7-10.

12. The solid pharmaceutical composition of claim 11
which contains 10-40 mg of AP23573.

#* #* #* #* #*
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