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PHARMACEUTICAL COMPOSITIONS OF SIROLIMUS

Field of the Invention

The present invention relates to pharmaceutical compositions of sirolimus or

- pharmaceutically acceptable salts thereof for oral administration. The compositions of

the invention comprise sirolimus or pharmaceutically acceptable salts along with one or
more sugars in a matrix based system. These éomposiﬁons exhibit excellent stability.
The invention also includes processes for the preparation of such compositions.
Backgrbund of the Invention

Sirolimus, also known as rapamycin, an immunosuppreSsant drug used to
prevent rejection in organ transplantation. It is especially useful in kidney transplants.

Sirolimus is a mabrocyclic lactone produced by Streptomyces hygroscopicds.
Chemically, it is (3S,6R,7E,9R,10R,12R,14S,15E,1 7E,19E,21S,23S,26R,27R,34&S’)—
9,10,12,13,14,21,22,23,24,25,26,27,32,33_,34; | 34a-hexadecahydro—9,27—dihydr0xy-3-
[(1R)-2-[(1S,3R,4R)-4-hydroxy-3 -methoxycycldhexyl]-l -methylethyl}-10,21-
dimethoxy-6,8,12,14,20,26-hexamethyl-23,27-epoxy-3 H-pyrido[2,1-
c][1,4]Joxaazacyclohentriacontine-1,5,11,28,29  (4H,6H,31H)-pentone,  having a

structure of Formula 1.

[Formula I} »
U. S. Patent Nos. 5,100,899, 5,212,155, 5,308,847 and 5,403,833 dislcose

methods of inhibiting transplant rejection in mammals usirig sirolimus and derivatives

and prodrugs thereof. )
U. S. Patent No. 5,145,684 discloses dispersible particles consisting essentially

25  of a crystalline drug substance having a surface modifier adsorbed on the surface
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thereof in an amount sufficient to maintain an effective average particle size of less

" than about 400 nm and methods for the preparation of such particles and dispersions

containing these particles. .

U.S. Patent Nos. 5,516,770 and 5,530,006 disclose intravenous sirolimus
formulations. _ _

U.S. Patent Nos. 5,536,729 ‘and 5,559,121 disclose liquid oral sirolimus

- formulations.

U.S. Patent Nos. 5,989,591 and 5,985,325 disclose a solid dosage unit of -

sirolimus comprising a core and a sugar overcoat, said sugar overcoat comprising

sirolimus, one or more surface modifying agents, one or more sugars, and optionally
one or more binders. _

Sirolimus is marketed by Wyeth under the trade name Rapamune® as 0.5 mg, 1
mg and 2 mg oral tablets for the prophylaxis of organ rejection in patients aged 13
years or older receiving renal transplants. It is also available as an oral solution
containing 1 ' mg/ml sirolimus.

Sirolimus is described as BCS Class 2 drug in Pharmaceutical Research, Vo. 22,
No. 1, January 2005 by Chi-Yuan Wu et al. Because of its poor water and oil solubility,
only few formulations of rapamycin have proven satisfactory. Rapamycin is stable but
not bioavailable if it is a crystalline solid with large particle size. Further, rapamycin is
bioavailable but not stable as a micronizéd material. Hence,-the challenge was to design
a bioavailable and stable solid oral dosage form of rapamycin. The solution to this as
known in the aﬁ as of today is nanonization of rapamycin by means of nanotechnology
and to stabilize the nanosized particles and thereby develop a stable and bioavailable
solid oral dosage form.

Nanonization of poorly soluble drug is a complex process and requires

additional step during manufacturing. Nanonization increases the surface area available

for dissolution; however, it also increases the change in free'energy of the system when
exposed to an aqueous solution. This results in particle aggregation and decreases the
dissolution rate. Also, very fine nanosized particles are difficuit to handle due to static
charge that develops on particle surface during processing.

Moreover, sirolimus is kndw_n to have poor oil and water solubility. It is rapidly
but poorly absorbed following“ oral administration wi_th an approximate oral

bioavailability of 15%. It reaches maximum blood concentrations in 0.5-2.3 hours after



WO 2011/135580 PCT/IN2011/000269

10

15

20

25

30

dosing. However oral formulations of rapamycin have restrictions due to their low
solubility.

There is therefore an existing and continual need for stable and therapeutically
equivalent oral solid phannaceutiqal compositions of sirolimus. The compositioné of
the invention overcome all the encountered problems exempliﬁed above.

Summary of the Invention | ‘

In one general aspect, there is provided a stable solid pharmaceutical matrix
composition comprising sirolimus or pharmaceutically acceptable salts thereof along
with one or more sugars. -

_ In another general aspect, there is provided a stable solid pharmaceutical matrix
composition comprising sirolimus or pharmaceutically acceptable salts. thereof along
with one or more sugars in said matrix, wherein the sirolimus or pharmaceutically
acceptable salt thereof have a Dy patticle size less than about 10 pm.

Embodiments of the pharmaceutical composition may include one or more of
the following features. For example, the pharmaceutical composition may further
include one or more pharmaceutically acceptable excipients. The pharmaceutically
acceptable excipients 'may include diluents, disintegrants, binders, solibilizers,
stabilizers and lubricants. ‘

In another general aspect, there is provided a stable solid pharmaceutical matrix
composition in the form of a tablet comprising sirolimus or pharmaceutically
acceptable salts thereof along with one or more sugars in said matrix, wherein the
sirolimus or pharmaceutically aéceptable salt thereof have a Dy, particle size less than
about 10 pm. ' '

In another general aspect, there is provided a process for the preparation of
stable pharmaceutical matrix composition comprising sirolimus or pharmaceutically
acceptable salts thereof. The process includes mixing sirolimus or pharmaceutically
acceptable salts thereof with one or more sugars, wherein the sirolimus or
pharmaceutically acceptable salt thereof have a Doo particle size less than about 10 pm.

Embodiments of the pharmaceutical composition may include one or more of
the following features. For example, the pharmaceutical composition may further
include one or more pharmaceutically acceptable excipients. The pharmaceutically
acceptable excipients may include diluents, disintegrants, binders, solibilizers, _

stabilizers and lubricants.
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In another general aspect, there is provided a process for the preparation of
stable solid pharmaceutical matrix composition comprising sirolimus or
pharmaceutically acceptable salfs thereof. The process includes mixing, grariulating
sirolimus or pharmaceutically acceptable salts thereof with one or more sugars, wherein
the sirolimus or pharmaceutically acceptable salt thereof have a Dy particle size less
than about 10 pm.

In another general aspect, there is provided a stable solid pharmaceutical matrix
composition comprising sirolimus or pharmaceutically acceptable salts thereof along
with one or more sugars in said matrix, wherein the composition retains at least 80% of
the potency of sirolimus or pharmaceutically acceptable salts thereof when stored for
three months at 40° and 75% relative humidity for three montﬁs, characterized in that

sirolimus or pharmaceutically acceptable salt thereof have a Dy particle size less than

about 10 um.

Embodiments of the pharmaceutical composition may include one or more of
the following features. For example, the pharmaceutical composition may further
include one or more pharmaceutically acceptable excipients. The pharmaceutically
acceptable excipients may include diluents,” disintegrants, bindefs, solibilizers,
stabilizers and lubricants. N

- In another general aspect, there is provided a stable solid pharmaceutical matrix
compdsition comprising sirolimus or pharmaceutically acceptable salts thereof having
Dy particle size less than about 10 um along with one or more sugars in said matrix,
wherein the composition exhibits no significant difference in rate and or éxtent of
absorption of sirolimus or pharmaceutically acceptable salts thereof as compared. to
commercially marketed formulation of sifo]imus marketed under the trade name
Rapamune®. | '

In another general aspect, there is provided a stable solid pharmaceutical matrix
composition chprising sirolimus or pharmaceutically’acceptabble salts thereof having

Dgq particle size less than about 10 pm along with one or more sugars in said matrix,

- wherein the composition exhibits dissolution profile such that at-least 80% of sirolimus

is released within 30 minutes when carried out in USP Type I, at 120rpm using 500ml

medium of 0.4% Sodium lauryl sulfate in water. o
Embodiments of the pharmaceutical composition may include one or more of

the following features. For example, the pharmaceuticalr composition may. further

include one or more pharméi‘ceutically acceptable excipients. The pharmaceutically
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acceptable excipients may include diluents, disintegrants, binders, solibilizers,

stabilizers and lubricants.

The details of one or more embbdiments of the invention are set forth in the
description below. Other features, objects and advantages of the invention will be
apparent from the description. ' |
Detailed Description of the Invention -

The inventors of the invention have discovered that stable solid pharmaceutical
compositions of sirolimus or pharmaceutically acceptable salts thereof can be
formulated using simple matrix based system wherein the sirolimus and one or more
sugars are present in the matrix compbsition‘ (e.g., in monolithic form) without |
involving coating procedlires as reported in prior art. The compositions of invention are
bioequivalent to marketed formulation of sirolimus i.e Rapamune®, wherein sirolimus
and sugafs are present in overcoating.

It is possible to use any salts and free base form of sirolimus, including
polymorphs, hyzirates, solvates or amorphous form. |

“Doo particle size of 10 um” as used herein refers to 90% particles having size
less than about 10 pm.

In one embodiment, the composition of the present invention contains sirolimus
having Dgo.particle size of about 5 pm.

In another embodiment, the composition of the present invention contains
sirolimus having Dy particle size of about 4 um.

In another embodiment, the composition of the present invention contains
sirolimus having Dy particle size of about 2 pm. '

The term “matrix”, used throughout the .speciﬁcation refers to a continuous
solid phase of sirolimus or pharmaceutically acceptable salt thereof and .optionally
included excipients, for exampie, matrix is in the form of a monolithic core comprising
said contiﬁuous solid phase.

The term “sirolimus” used throughoixt the specification refers to -not only
sirolimus per se, but also its pharmaceutically acceptable salts, pharmaceutically
acceptable solvates, pharmaceutically acceptable hydrates, pharmaceutically acceptable

enantiomers, pharmaceutically acceptable derivatives, pharmaceutically acceptable

. polymorphs and pharmaceutically acceptable prodrugs thereof.

Sirolimus or a pharmaceutically acceptable salt, or the free base, in the

composition may be present in an amount of about 0.05 mg to about 20 mg.

5
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Suitable “sugars” may include one or more -of lacl:tose,v sucrose, derived from
beet or cane sources or starch, saccharide, or polysaccharide. converted sources,
mannitol, sorbitol, xylitol, dexirosé, fructose, and the like, it is preferred that the sugar
is sucrose. The preferred amount of sugar in the composition ranges from about 20 to
90% wiw. . o '

In an embodiment, the ratio of sirolimus or pharmaceutically acceptable salt
thereof to sugar ranges from about 1: 45 to about 1: 65.

The pharmaceutical composition described herein was found to retain at least
80% of potency of sirolimus or a salt thereof when stored for three months at 40°C and

40% relative humidity.

The compositions of invention can be developed into dosage form to exhibit
immediate release, extended release, sustained release, controlled release, miodified

release and delayed release or combination thereof. Such compositions can be prepared -

~ using rate controlling polymers. Preferably, the composition of the invention is in the

. form of an extended release composition.

The stable pharmaceutical composition of the present invention exhibits a
dissolution profile such that at least 80% of sirolimus is released within 30 minutes

when measured in USP Type I apparatus, at 120rpm using 500ml medium of 0.4%

‘Sodium lauryl sulfate in water.

The pharmaceutical compoéition of the invention may include one or more of
tablets, capsules, granules, powder, pellets, caplets, minitablets, lozenges, capsule filled
with minitablets and/or pellets, multi-layer tablets, granules for suspension, granules or
powder filled in a sachet.

The composition of the present invention can be coated to give film-coated
tablets.

The composition of the invention may be prepared by mixing pharmaceutically
excipients and granulating them with aqueous or alcoholic solution of sirolimus along
with sugars optionally with other pharmaceutically acceptable excipients. The granliles_
may be dried and lubricated and converted into a suitable dosage form.

The stable solid pharmaceutical compositions of sirolimus or pharmaceutically

- acceptable salt thereof may be prepared by processes known to a person having

ordinary skill in the art of pharmaceutical technology such as direct compression, wet
or dry granulation, slugging, hot melt granulation, hot melt extrusion, fluidized bed

granulation, extrusion-spheronization, spray drying and solvent evaporation.

6
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In an embodiment, the stable composition of sirolimus or pharmaceutically
acceptable salt thereof is prepared by dry/wet granulating sirolimus or pharmaceutically
acceptable salt thereof with one or more sugars and one of more pharmaceutically
acceptable eXcipientS, and optionally mixing the granules with other excipients.

" The phan’naceutically acceptable excipients may include ohe or more binders,
fillers, lubricants, solubilizers, stabilizers, disintegrants, glidants, and the like. _

Suitable “diluents” may include one or more of lactose, microcrystalline
cellulose, calcium phosphate, dextrin, dextrose, dextrates, mannitol, sorbitol, sucrose;
and the like. In particular, the diluents aré lactose and microcrystalline cellulose. The
diluent may be present in the extragranular and/or intragranular portions of the
composition.

Suitable “disintegrants” may include one or ~more of crbspovidone
(polyplasdone), low substituted hydroxypropyl cellulose, carmellose, sodium
carboxystarch, calcium carmellose, corn starch, partially-alphatized starch, sodium
croscarmellose, sodium starch glycolate, and the like. In particular, the disintegrant is
croépovidone. The disintegrant may be present in extragranular and/or intragranular
portion of the composition. R ' V

Suitable “binders”'may- include one or more of hydroxypropyl cellulose,
hydroxypropylmethy! cellulose, polyvinyl pyrrolidone (povidone K30), polyvinyl
alcohol, partial saponificates of these, starch, and the like. In particular, the binder is
polyvinyl pyrrolidone. '

Suitable “solubilizers” may include one or more of poloxamer, polyethylene
glycols, polysorbates, sodium lauryl sulfate, glyceryl monostearate, glyceryl
monooleate, lecithin, polyoxythylene alkyl 'esters, polyoxyethylene castor oil
derivatives, polyoxyethylene fatty acid esters, and the like. In particular, the
solubilizers are poloxamer and glyceryl monooleate.

Suitable “stabilizers” may include one or more of ‘citric acid, tartaric acid,
fumaric acid, maleic acid, vitamin E acetate and the like. In particular, the stabilizer is
vitamin E acetate. ‘

Suitable “lubricants/glidants” includes one or more of magnesium stearate,
stearic acid, palmitic acid, calcium stearafe, zinc stearate, sodium stearyl fumarate,
glyceryl behenate, talc, and the like.

| The present invention further provides a method of inhibiting organ or tissue

trarisplaht rejection in a mammal in need thereof, comprising administering to said

7
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mammal a stable solid pharmaceutical matrix composition comprising sirolimus or
pharmaceutically acceptable salts thereof along with one or more sugars.

In the context of the present invention, "Bioequivalency” is determined by a

'90% Confidence Interval (Cl) of between 0.80 and 1.25 for both C,;;x and AUC under

USFDA regulatory guidelines, or a 90% C1 for AUC of between 0.80 to 1.25 and a
90% Cl for Cmax of between 0.70 to 1.43 under the Europeah regulatory guidelines
(EMEA). |

| The term "confidence interval, (CI)" as used herein refers,to the plain meaning
known to one of ordinary skill in the art. The confidence interval refers to a statistical
range with a specified probability that a given parameter lies wiihin the range. -

The term "covariance, (CV)" as used herein refers to the plain meaning known
to one of ordinary skill in the art. It is a statistical measure of the variance of two
random variables that are observed or measured in the same meén time period. This
measure is equal to the product of the deviations of corresponding values of the two
variables from their respective means.

The bioequivalence studies were carried out between Rapamune® (reference)
and compositions of the invention (test) in fasted and fed state. The study was
monitored in terms of Cuax, AUC, Tmax achieved with the test products and the
reference product (Rapamune®). '

- At 90% confidence interval; area under the concentration time .curve (AUCM
and /or AUCy:ing) énd maximum plésma concentration (Cmax) values of composition of
the invention lies between 0.70 and 1.70 as compared to that obtained by sirolimus
formulation marketed under the trade name Rapamune®.
| The results of the relative bioavailability study of sirolimus composition of the
invention and sirolimus formulation marketed under the trade name Rapamune® with
varying dose and frequency of administration as demonstrated in Table 4 concludes that -
the formulation explored in the present invention provides equivalent extent of
absorption compared to sirolimus formulations marketed under the trade name
Rapamune®.

The invention is further illustrated by the following examples which are
provided'to be exemplary of the invention and do not limit the scope of the invention.
While the present invention has been described in terms of its specific embodiments,
certain modifications and equivalents will be apparent to those skilled in the art and are

intended to be included within the scope of the present invention.

8
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Examﬁle 1 :
~ Tablel
Sr. No. Ingfedienfs ’ % wiw

Intragranular

1 Lactose monohydrate 11.18

2 Sucrose 22.87

3 vMic.rocrystalline cellulose 13.21

4 Polyplasdone 3.02
Granulating vehicle

5 Sirolimus: - 0.75

6 Poloxamer 188 0.47

7 Glyceryl mono oleate 0.06

8 Vitamin E acetate (liquid) 0.75

9 Citric acid monohydrate 1.51

10 Sucrose '8.68

11 Povidone K30 1.70

12 Purified water | q.s

» Extragranular

13 Microcrystalline cellulose - 25.98

14 Polyplasdone 2.64

15 Talc 1.51
"Core Tablet Coating

16 Opadry clear 2.83

17 Opadry white 2.83

Procedure: Lactose monohydrate, sucrose, microcrystalline cellulosé and

polyplasdone were blended in the fluid bed granulator. The resulting blend was

granulated with a granulating vehicle containing sirolimus, poloxamer 188, glyceryl

‘monooleate, vitamin E acetate (liquid), citric acid monohydrate, sucrose, Povidone K30

‘and water. Then the granules - were blended with microcrystalline cellulose,

polyplasdone and talc and compressed into tablets. The tablets optionally, film coafed

with Opadry clear and Opadry white.
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Example 2
Dissolution study:

USP, Dissolution apparatus (basket 20mesh) at 120rpm using 500ml medium of
0.4% Sodium lauryl sulfate in water. ’
Table 2

Time (min) | % dissolution Time (rﬁin) % dissolution |
(reference , (test)
innovator)

00 00.00 00.00 00.00
10 98.10 10 _ 93.80
20 101.0 20 | 1000
30 102.7 30 100.4
45 1035 5 100.8
60 103.9 60 100.9
120 104.8 120 101.3

Example 3
Stability study: ,

- The stability was carried out using 40cc heavy weight HDPE bottle with 2g
Silica gel at 40°C/75%RH.

Table 3
Related Limit NMT
: Initial 1M 2M 3IM
, Substance % '
Isomer A 0.50 0.05 0.02 0.14 0.04
Total Impurity !
: 1.00 0.88 0.98 079 | 0.96
[(Excluding Impurity A)|
Unk - RRT (0.29) 0.20 0.16 0.18 0.14 0.18
Unk - RRT (0.40) 0.20 0.04 0.04 0.01 0.05
.Unk - RRT (0.50) 0.20 0.09 0.06 0.06 | 0.05
Unk - RRT (0:57) 0.20 0.14 0.13 012 | 0.10
Unk - RRT (0.70) 0.20 0.12 0.14 0.02 0.08
Unk - RRT (0.82) 0.20 0.03 A 0.11 |- 0.17 0.19
Assay ' 104.4 - - 102.4

10
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Example 4
Invivo study:
Bioavailability study of the Sirolimus tablet (2 mg) prepared‘ according to -

example 1 was carried out on healthy volunteers taking Rapamune® (2 mg) as the

5 reference, the results of which are represented in Table 4.

fI‘ab_le 4
Parameter .- Unit Reference | Test % T/R
| sample ratio
Fasting study: ,
4 'Lh(AUC°-120) Hr ng/ml l 148.23 153.236 103.38
Ln(Cmax) ng/ml 6.096 5.285 | 86.70
Fed study |
Ln(AUC°-120) Hr ng/ml 97.458 97.117 99.65
Ln(Cmax) | ng/ml » 6.‘617 6.157 93.04

While the invention has been described in terms of its specific embodiments,

certain modifications and equivalents will be apparent to those skilled in the art and are

10 intended to be included within the scope of the invention.
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We claim:

1. A stable solid pharmaceutical matrix composition comprising sirolimus or

pharmaceutically accepiable salts thereof along with one or more sugars.

2. The stable pharmaceutical composition as claimed in claim 1, wherein the matrix is

in monolithic form.

3. The stable pharmaceutical composition as claimed in claim 1, wherein the sirolimus

or pharmaceutically acceptable salt thereof have a Dy particle size of less than 10 pm.

4. The stable pharmaceutical composition as claimed in claim 1, wherein the sirolimus

or pharmaceutically acceptable salt thereof have a Dy particle size of about 4 pm.

5. The stable pharmaceutical composition as claimed in claim 1, wherein the sugars

comprise one or more of sucrose, dextrose, fructose, mannitol, xylitol and sorbitol.

6. The stable pharmaceutical composition as claimed in claim 1, wherein the sirolimus

or pharmaceutically acceptable salt thereof is present in an amount from about 0.05 mg

to about 20 mg.

7. The stable pharmaceutical composition as claimed in claim 1, wherein the sugar is

present in an amount from about 20% to about 90% w/w.

8. The stable pharmaceutical composition as claimed in claim 1, wherein the ratio of

sirolimus or pharmaceutically acceptable salt thereof to sugar ranges from about 1:45 to

.about 1:65.

9. The stable pharmaceutical composition as claimed in claim 1 further comprising one

or more diluents, disintegrants, binders, solubilizers, stabilizers and lubricants.

10. The stable pharmaceutical composition as claimed in claim 1, wherein the

composition is in the form of a tablet, a capsule, granules, powder, pellets, a caplet,

12
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minitablets, lozenges, capsule filled with minitablets and/or pellets, multi-layer tablet,

granules for suspension, granules and powder filled in sachet.

11. The stable pharmaceutical composition as claimed in claim 1, wherein the
composition exhibits a dissolution profile such that at least 80% of the sirolimus is
released within 30 minutes when measured in USP Type I, at 120rpm using 500ml

medi_um of 0.4% sodium laury] sulfate in water.

12. The stable  pharmaceutical domposition as claimed in claim 1, wherein the
composition exhibits no significant difference in rate and/or extent of absorption of
sirolimus or pharmaceutically acceptable salts thereof as compared to commercially

marketed formulation c/>f sirolimus marketed under the trade name Rapamune®.

13. A stable solid pharmaceutical matrix composition comprising a core of sirolimus or
pharmaceutically acceptable salts thereof and one or more sugars, wherein the
composition retains at least 80% of the potency of the sirolimus when stored for three

months at 40°C and 75% relative humidity.

14. A stable pharmaceutical composition of sirolimus comprising:
(a) about 0.75% w/w of sirolimus;

(a) about 31.55% w/w of SUCrose;

(c) about ’1 1.18% w/w of lactose monohydrate;

(d). about 13.21% wi/w of microcrysta]line cellulose;
(e) about 5:.66% w/w of crospovidone; |
() about 0.47% wiw of poloxomer 188;

(g) about 0.06% w/w of glyceryl mono oleate;

(h) about 0.75% w/w of vitamin E acetate; '

(i) about 1.51% w/w of citric acid monohydfate;

(j) about 1.70% w/w of povidone K30; and

(k) about 1.51% w/w of talc.

15. The stable pharmaceutical composition as claimed in claim 14, wherein the
crospovidone and/or microcrystalline cellulose are present both in intragranular and

extragranular portions.

13
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. 16. A process for the preparation of stable pharmaceutical solid matrix composition

comprising sirolimus or pharmaceutically acceptable salts thereof, - the process
comprising mixing or granulating the sirolimus or pharmaceutically acceptable salts

thereof with one or more sugars.

17. The process of .preparing the stable pharmaceutical ‘composition as claimed in
claim 14, wherein the process comprising the steps of:

(a) mixing lactose monohydrate, sucrose, microcrystalline cellulose and crospovidone;
(b) preparing a granulating vehicle of sirolimus using poloxamer 188, sucrose, and
water; ‘ ’ '

() granulating the mixture of step (a) using the granulating vehicle prepared in step (b);

(d) blending the resulting granules with microcrystalline cellulose, crospovidone and

talc;'

(e) converting the granules prepared in step (d) into a suitable dosage form; and

(f) optionally, film coating the dosage form.

18. The process of preparing the stable pharmaceutical composition as claimed in
claim 17, wherein the granulating vehicle of sirolimus further comprises glyceryl mono

oleate, vitamin E acetate, citric acid monohydraté and povidone K30.

19. A method of inhibiting organ or tissue transplant rejection in a mammal in need
thereof, the method comprising administering to said mammal a stable solid
pharmaceutical matrix composition comprising sirolimus  or pharmaceutically

acceptable salts thereof along with one or more sugars.
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