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- 1-.. RAPAMYCI N FORMULATI ON FOR |V I NJECTI ON The invention discl osed herein
relates to a rapamnmycin formulation for intravenous injection (iv). In one
aspect -the invention conprises a concentrate sokiit §QR (Rf BéAREIREEd N AHP-95 D3

propyl ene glycol, in conbination-with a diluent
pol yoxyet hyl ene sorbitan ester . -polyethyl ene gl yamﬂamlﬁ er, all in
i antiobiotic

gi ven proportions as described bel cf)w. Rapamyktt n
produced by Streptomyces hygroscopi cus which was di scovered first for its
properties as an antifungal agent. It adversely affects 10 the growth of
fungi such as Candi da al bi cans._and M cros Rapamycin, its
preparation and its anti AMYCIN FORMIJ, ATI(Q e RN VDAt ent  No.
3,929,992, issued Decenber 30, 1975 to Surendra Sehgal et In 1977
Martel, R R et al. reported on i munosuppressive properties of rapanycin
agai nst experinental allergic encephalitis and adjuvant arthritis in the
Canadi an Jdur nal of TRhimseoliagdisclbseihereifrhdamntod cagamy&it, forBulation fbe Htdavehaous
1989, Cal ne,  Yeiaflival 1n 4 : | :
and Mei ser, Bﬁnﬁznfﬁn@d|Incd|)ﬁr%aetsa%£ci?ﬁe?nlg qe@rgg)sn e%?nghrgeslgg%&%ﬁ%ﬁggglwg b{gﬁlggfégn
separatel y repdrprogylsactgices ineombingtion with ailuept cansistingnef pipoiyesyethylene
rejection in Vorkitdnestdr, palyaihlylene &yl 300 ahd VaterNUIMRT Siven pfdpois MéScribed
fol |l oned descrlegl ng the I mMmunosuppressive and rejection inhibiting
properties of § P%nycin, and clinical 20 i nvestigati on has begun for the
use of rad@mycin in inhibiting rejection in transplantation in man.

Rapanycin is insol L 1. < d ¥ Sl I lLe | .
sol ubi li zers, su_chugé&_nlrl};(}[%/\?éeggn ag yfé’Sf?“Bgt’ﬁé’é‘grq‘%méﬁ b&céé}" %6(%”); Cgf)%rrolfcfp 1e8d
in preparing parichtwassliscoyenedifst fohiss prapertiesdniap aapfingaAsens olt agverseln affecss
300 and is inspé YRIVANQIT f@givsush hYBkAJide aibicd| 44R|Mick s pSARTRIPs¥uMS ERlaARHRM S
i nj ectabl e co-sofvent .sgstgms, sgch as,. 20% et ag{go.})/x/at ﬁr 0% %/%%9
20% Cr enophor 18 PRRRR@HO% AR SEAPHBICHE Gt %irs Ws69 fecaPed i -3 Halent Nyt 292,
clinical | y5andssuediDecember 30,4078 pd SurerdraiSehgdl2bhle ThdOH Murieh R Rofet ala pepoyted n
have been di ffo'nClﬂntm&noosﬂggxee'ssﬁg HHp%&Hésb lo? Pa%g’ﬁ'&%ﬁr{ 'a%gir%ﬁ experimental allergic
encephalitis and adjuvant arthritis in the Canadian Journal of Physiological
Pharmacology, 55, 48-51 (1977). In 1989, Calne, R. Y. et al. in Lancet, 1989, no. 2, p.
227 and Morris, R. E. and Meiser, B. M. in Medicinal Science Research, 1989, No. 17,
20  P. 609-10, separately reported on the effectiveness of rapamycin in inhibiting rejection in

vivo in allograft transplantation. Numerous articles have followed describing the
immunosuppressive and rejection inhibiting properties of rapamycin, and clinical
investigation has begun for the use of rapamycin in inhibiting rejection in transplantation
in man.

25 Rapamycin is insoluble in water and is only slightly soluble in solubilizers, such
as propylene glycol, glycerin and PEG 400, commonly used in preparing parenteral
formulations. It is only sparingly soluble in PEG 300 and is insoluble or very slightly
soluble in commonly used aqueous injectable co-solvent systems, such as, 20%
ethanol/water, 10% DMA/water, 20% Cremophor EL®/water and 20% polysorbate

30 80/water. For these reasons clinically and commercially acceptable injectable
formulations of rapamycin have been difficult to make. An injectable composition of
rapamycin is described in European Patent Publication No. 0041795, published
December 16, 1981. In this injectable formulation rapamycin is first dissolved in a low
boiling point organic solvent, namely, acetone, methanol or ethanol. This solution is

35 then mixed with a nonionic surfactant selected from polyoxyethylated fatty acids;
polyoxyethylated fatty alcohols; and polyoxyethylated glycerin hydroxy fatty acid esters,
e.g. polyoxyethylated castor oil, exemplified by Cremophor® EL and polyoxyethylated



rapanycin is described in European Patent Publication No. 0041795,
publ i shed 30 Decenbelr iq%G,_ 1981. In this injectable formulation rapamnmycin

is first dissolved in & W#mﬁ?’ I’ﬂTPI fnt organic solvent, nanel y A RESB00E,
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FK506 is provided as a 10 mg/ml solution of FK506 in polyoxyethylated castor oil
(HCO-60, a surfactant) and alcohol. The intravenous preparation must be diluted with
saline or dextrose and administered as an infusion for 1 to 2 hours.

20 One aspect of this invention is an aqueous-based, injectable rapamycin solution

comprising a concentrate solution of rapamycin in propylene glycol in combination with

a diluent solution comprising a polyoxyethylene sorbitan ester, polyethylene glycol 200,

300 or 400 or a combination thereof and water. Specifically, in a first aspect, Applicants’

invention provides an aqueous, injectable rapamycin solution obtainable by mixing 5 to

25 30 volume percent of a concentrate solution of rapamycin in propylene glycol, at

concentrations of rapamycin ranging from 0.5 mg/ml to 10 mg/ml, with a diluent

solution comprising of 0.1 to 10 weight percent of one or more polyoxyethylene sorbitan

esters, 10 to 60 weight percent of polyethylene glycol 200, 300 or 400 or a combination

thereof and 30 to 89.9 volume percent water, wherein the concentration of rapamycin in

30 the combined solution ranges from 0.025 mg/ml to 3 mg/ml. Preferred aqueous,

injectable rapamycin solutions are those wherein one polyoxyethylene sorbitan ester is
present and the polyethylene glycol present is polyethylene glycol 400.

Preferred aqueous, injectable rapamycin solutions of this aspect of the invention

are those in which the concentration of rapamycin in the propylene glycol concentrate

35 ranges from 2 mg/ml to 8 mg/ml. More preferred are those in which the concentration of

rapamycin in the propylene glycol concentrate ranges from 4 mg/ml to 6 mg/ml. Also

preferred aqueous, injectable rapamycin solutions of the invention are those in which the



EP- A- 401747 teaches the preparation of dosage forns of rapamycin in general
ternms specifically exenplifying a suspension of rapanmycin with olive oil as
a carrier. EP-A-444659 teaches the preparation of a non agueous solqugQ[03
containing FK 506 with long termstorage stability which may be di

wi t h physiol ogical saline, 20 glucose solution for injection. One aspect
of this invention is an aqueous-based, injectable rapanmycin solution
conprising a concentrate sol ution of rapanycin in propylene glycol in

conbination with a diluent solution,co ethlene orbita
ester, pol yet h‘iﬂ"@?fgméioffc |“Pzt5’b‘/°”ét5’o‘h8r°n}i‘§ Srsgléfnf?g ¥ glé‘ﬁfman?} ml
wat er. Speci fiandl thpse imbeeeid thespropgioec iglycappbnaeatats’ onﬁpamvcrme:nmpmepHO\wctés
an aqueous, '%&%?@r@erﬁ%l@m&hpsﬁ@&ﬁ'on obt ai nabl e by mxing 5 to 30

vol ume percent of oncentrate solution of rapanycin in propylene glycol,
at concentrations ofurthgsaiglerad agpepusginiecshle rapamyicin selytians afthel inventian are
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AHP- 93 103 - 30r a combination thereof and 42-89 volume percent water, wherein the concentration of
15 rapamycin in the injectable solution ranges from 0.2 mg/ml to 2 mg/ml.

Especially preferred aqueous, injectable rapamycin solutions according to this
aspect of the invention comprise 10 to 20 volume percent of a concentrate solution of
rapamycin in propylene glycol, at concentrations of rapamycin ranging from 4 mg/ml to
6 mg/ml, in combination with a diluent solution comprising 2 to 7.5 weight percent of a

20 polyoxyethylene sorbitan ester, 10 to 50 weight percent polyethylene glycol 400 and
42.5 to 88 volume percent water, wherein the concentration of rapamycin in the
combined solution ranges from 0.4 mg/ml to 1.2 mg/ml. The diluent of example 3A and
the combined injectable solution of example 3B are particularly preferred.

In a second aspect, this invention provides a pharmaceutical product containing a

25  concentrate solution of rapamycin and a diluent, as a combined preparation for mixing
prior to I'V injection to give a solution having a concentration of rapamycin in the range
0.025 mg/ml to 3 mg/ml; said concentrate solution comprising rapamycin in propylene
glycol in the range 0.5 mg/ml to 10 mg/ml; and said diluent solution comprising 0.1 to
10 weight percent of one or more polyoxyethylene sorbitan esters, 10 to 60 weight

30 percent of either polyethylene glycol 200, 300 or 400 or a combination thereof and 30 to
89.9 volume percent water. Preferred and especially preferred embodiments of this
aspect of the invention have the same composition of the concentrate and diluent and
rapamycin in the concentrate and in the injectable solution as those described above for
the first aspect of the invention.

35 In a third aspect of this invention provides an aqueous, injectable solution of
rapamycin, said solution comprising rapamycin in 5 to 30 weight percent propylene
glycol, 0.07 to 9.5 weight percent of one or more polyoxyethylene sorbitan esters, 7 to



concentration of rapamycin in the conbined solution ranges from?O0.2 ng/m
to 4 ng/ M and those wherein the propyl ene glycol concentrate of rapanycin
conprises 10 to 25 wei ght percent of the total solution. Further p Egiﬁ 9
aqueous, injectable rapanycin solutions of the invention are 5 t%@ € |§
whi ch the diluent conprises 1.0 to 8 wei ght percent pol yoxyethyl ene
sorbitan ester, 10 to 50 percent polyethylepe glycol 400, and 42 to 89

vol une percent of water. Al so preferred are aqueous, injectable rapanycin

solutions of the inyention in ich 31 to 80 percent by volume of the total
solution is eV ISRt PEREHt OSWQY\BEWY&P%H&%G&I dﬂ %‘c‘i%&é‘ FURRIAGgMthereof and
sol utions of tHetd Byantdloineagetceh® of tirnee widréinnadblcontntatipn @€espampiprin 2hé1g

m xing 10-25 vol u. J.cent ol raye solution of rapanmycin in
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my/ M, with a dil udtrefesisdiagienuscimetabie rapamycio s9lukioing bf thieaspeet ofghe invention
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300 or 400 or a conbi nation thereof, vol ume percent water,
wherein the céPdemef®i sHsoprefsrred.igdeRradpntly, are dhqss; whsrals be pipRYFes glycol
ranges from Ocdmipgised 10 @o 25 Wluthe p&gpecifahe Yolptieh,ahe palyasyetyiene soybiai aktee
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conbi nat i gg wit(%]tgﬂsq,hg;dngent solution conprising 2 to 7.5 wei ght percent of a
20 pol yoxyet hyl ene sarbitan ester, 10 to 50 wei ght percent  pol yethyl ene
gl ycol 400 and 42. Especiglty prsferrad qaueeusninisriatle solypenseatfapampycin if dhis perechpf

of rapanycin it Mbenmﬂ@ﬁke&@gmy@ﬂ if 20@e35 Wormelbetcdi® bropylene klycolW. 78 to
The diluent o 26«;:“xa. | e 3A atnd t elconb' ned inj ctt abl S9|§JEPi of. anmpl e
3B are particul ﬁeflngﬁr%?rg?? e%lf. 4 BpP go’g'gbyﬁ eag%gb?fl ef%f’s n egsi%ﬂgﬁfgg%%ﬁgts
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rapamyci nyand ' t: q | | f iXi N rior to IV
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Injection to giv uti1on_ havi ng ! :
range 0.025 ng/ni &eRAHEPYH injeeirbic CaprrByRin splutiony of thsnin¥entis are pyeferred for

rapanycin in pd@pdieiRnByysehs infectibe, ratepthal by ififksith, patiddlanPfed suckbslutionsd
diluent sol ut {v?lgrecaxrg)cr:olnscleggatgénl o% ?'apamycin in the combined solution is greater than 0.1
mg/ml. Where infusion is appropriate, an infusion period of less than 24 hours is
20 preferred. An infusion period of one-quarter hour to 6 hours is particularly preferred.
The manufacture of rapamycin iv concentrate comprises adding the rapamycin to
the propylene glycol and mixing until a solution results, which may be accomplished at
room temperatures. The solution is then filtered in a known manner for sterility.
Appropriate volumes of the concentrate solution are filled into ampules which are then
25 sealed in a known manner. In accordance with standard manufacturing procedures for
injectables, sterile conditions are maintained throughout the filtering, filling and sealing
operations. The product rapamycin concentrate is best stored under refrigeration.
The manufacture of each of the rapamycin iv diluent systems comprises weighing
the polysorbate 80 into a suitable container, adding the appropriate amounts of PEG 200,
30 300 and/or 400 and water for injection and mixing until a solution results. Appropriate
volumes of diluent are filled into vials which are then stoppered, sealed and autoclaved.
The completed rapamycin diluent solution may be stored at room temperature or under
refrigeration.
The procedure for constituting the final formulas for administration comprises
35 injecting an aliquot of rapamycin iv concentrate into a vial containing the rapamycin iv
diluent, shaking for approximately one minute or until a clear solution results. The
constituted solution should be administered within the stated use period. The use period



10 wei ght percent of one or nore pol yoxyethyl ene sorbitan esters, 10 to 60
wei ght 30 percent of either polyethylene glycol 200, 300 or 400 or a
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same conposition of the concentrate and diluent and rapamycin in the
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of the PEG in the concentrate solution.
15 Preferred polyoxyethylene sorbitan esters are polysorbate 20, 60 or 80, of which
polysorbate 80 is particularly preferred. Propylene glycol, Polysorbate 80 and PEG 200,
300 and 400 are readily available commercial products for use in pharmaceutical
manufacturing. PEG 300 and 400 may be obtained from J.T. Baker Inc. of Phillipsburg,
New Jersey, and polysorbate 80 may be obtained from ICI America, Inc of Wilmington,
20  Delaware. _

The following examples further illustrate the practice of the invention.



15 of rapamycin in the solution ranges fromO0.2 ng/m to 2.0 ng/m . The
aqueous, injectable rapanycin solutions of the invention are preferred for
adm ni stration by bolus injection, rather than by infusion, partiq&hgg%Mo3
for such solutions where the concentration of rapanycin in the conbine
solution is greater than 0.1 ng/m . Where infusion is appropriate, an

i nfusion period of Iess than 24 hours is 20g. preferred. An infusion period
of one-quarter hour to 6 hours is particularly preferred. The manufacture
of rapamycin iv concentrate conprises adding the rapamycin to the propyl ene
gl ycol and m xing until a solution results, which may be acconplished at
roomtenperatures. The solution is then Exdmpledd in a known manner for

sterility. Appropriggh Yl Fas, Al hiavcenrenih @l e panlik ellyaige tiddsp( 1 nto
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anounts of PEG 200Ra§%‘ ciﬁ% lﬁa%lpr 400 and wat er B injection and m xi ng
until a solution res £ propri ate volunes of dilfuent are filled into
vi al s whi ch are thBropylapsfelyeel, USBal ed af#l aut ocll@Paul orifd.6cgmpl et ed
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peri od AHP.93 18wrilssfilter the solution.

15 5. Package into ampules and seal.

Example 2
Preparation of Rapamvcin IV solution at 1.0 mg/ml.

20 A Diluent for Rapamycin IV at 1.0 mg/ml
Formula (Density - 1.043 gm/ml):

Ingredients Amount
Polysorbate 80, NF 1.2gm
Polyethylene Glycol 400, NF 27.1 gm
25 Water for Injection, USP gs 100 ml or 104.3 gm
Procedure:

Weigh the Polysorbate 80 into a suitably calibrated container.
Add the Polyethylene Glycol 400 to the container in Step #1.
Adjust to final volume with Water for Injection, USP.

30 Mix until uniform.

Filter the resulting solution.

Fill 2.50 ml + 0.1 ml into each 5 ml flint vial, seal and crimp.

Autoclave to achieve sterility.

Ny W



of constituted rapanycin injectable solutions is the period of tine during
whi ch the constituted solution remains clear and col orl ess. The use period
may ramge up to 4 hours, but a use period of 1 hour is preferred. AHP-93103
Accordingly this invention also provides a process for preparing an
aqueous, 5 i nj ectabl e rapamycin solution which conprises mxing 5 to 30
vol unme percent of a concentrate solution of7r-apamycin in propyl ene glycol,
at concentrations of rapanycin ranging fromo0.5 ng/nl to 10 ng/m, with a
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est e/ S 1 . J werl ght percent of polyethylene
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the PEG in the concentrate sol ution ferred pol yoxyet hyl ene
sorbitan esterds ar dnisel @ééﬁﬂﬁ’ﬁt@l’%}’c‘@dvoqo@ent’%?a megrmbintq a yiahspriaiging s
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manuf act uri ng.” PEG 516 an ff”r?g B8 OSH iined fromJ.T. Baker Inc. of
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Anerica, Inc of WImngton, 20 Del awargy ,ﬂ'@jollow ng exanpl es further
illustrate the practice of the |nvent|on 2 - 93 103-6 - Exanple 1

Preparation of Rapamycin |Kepaiatienot RapamycinlV,so 6 ng/ m)
A. Diluent for Rapamycin I'V at 1.0 mg/ml
Formula (Density - 1.043 gm/ml):

15 Ingredients Amount
Polysorbate 80, NF 24 gm
Polyethylene Glycol 400, NF 27.1 gm
Water for Injection, USP gs 100 ml or 104.3 gm
Procedure:
20 1. Weigh the Polysorbate 80 into a suitably calibrated container.
2, Add the Polyethylene Glycol 400 to the container in Step #1.
3. Adjust to final volume with Water for Injection, USP.
4. Mix until uniform.
5. Filter the resulting solution.
25 6. Fill 2.50 ml + 0.1 ml into each 5 ml flint vial, seal and crimp.
7. Autoclave to achieve sterility.
B. Rapamycin IV solution at 1.0 mg/mi (constituted)
Formula (Density - 1.050 gm/ml):
Ingredients Amount
30 Rapamycin IV Concentrate @ 6 mg/ml 0.5ml
Diluent for IV-rapamycin (from Ex. 3A) 25ml
Procedure:
1. Inject 0.5 ml of Rapamycin IV Concentrate at 6 mg/ml into a vial containing

2.5 ml of diluent for IV-rapamycin using good sterile technique.
35 2 Shake until a clear solution results.



5 Rapanmycin |1V Concentrate in Propylene dycol ,6 nmg/m) Formula (Density

- 1.036 g/m): Ingredients Amount Rap b?u@ 100%
0.6 gm Propyl ene d ycol, USP gs 100 M or 103.6 g 0
Procedure: 1. Wi gh the rapamycin i nt® a suitabl y calibrated container.
2. Adj ust volunme to 100 M with Propylene dycol. 3. Mx until a

uni form solution results. 4. Sterile filter the solution. 15 5.

Package i nto anmpul es and seal. Exanple 2 Preparation of Rapanycin IV
solution at 1.0 ng/m . 20 A Diluent for Rapanycin IV at 1.0 ng/m
Formula (Density - 1.043 gnim): Ingredients Anmount
Pol ysor bate 80, NF 1.2 gm Pol yet hyl ene d ycol 400, NF
27.1 gm 25 CLAIMS \wter for Injection, USP gs 100 i or 104.3 gm
Procedure: 1. Wei gh the Pol ysorbate 80 into a suitably calibrated

cont ai ner . 2, Addduebes, Rgeotstleydpangcinl sy)hmion%fhxﬁabld byea pm&éfsldtbﬁfprismgSt ep

M unti1 ofpFBEd toéd VBhogipet e At b oo Rl R FsebRlycin W groiienesy,
+ 0.1 nl i nglofceja@h66tl0¢htrﬂﬂ1¢n$tOf\maamycaeaangmgifrom 0p mgZml to 1Qmglvilawith ao
achi eve st egildrk ¥olution comprising 0.1 to 10 weight percent of one or more polyoxyethylene
sorbitan esters, 10 to 60 weight percent of polyethylene glycol 200, 300 or 400 or a
combination thereof and 30 to 89.9 volume percent water, wherein the concentration
of rapamycin in the combined solution ranges from 0.025 mg/ml! to 3 mg/ml.

2, A product containing a concentrate solution of rapamycin and a diluent, as a
combined preparation for mixing prior to IV injection to give a solution having a
concentration of rapamycin in the range 0.025 mg/ml to 3 mg/ml; said concentrate
solution comprising rapamycin in propylene glycol in the range 0.5 mg/ml to 10
mg/ml, the diluent solution comprising 0.1 - 10 weight percent of one or more
polyoxyethylene sorbitan esters, 10 to 60 weight percent of either polyethylene glycol
200, 300 or 400 or a combination thereof and 30 to 89.9 volume percent water.

3. A product or solution according to claim 1 or claim 2 wherein one

polyoxyethylene sorbitan ester is present.

4 A product or solution according to any one of claims 1 to 3 wherein the

polyethylene glycol is polyethylene glycol 400.

5. A product or solution according to any one of claims 1 to 4 wherein the
concentration of rapamycin in the propylene glycol concentrate ranges from 2 mg/ml
to 8 mg/ml.

6. A product or solution according to any one of claims 1 to 4 wherein the
concentration of rapamycin in the propylene glycol concentrate ranges from 4 mg/ml
to 6 mg/mli.

7. A product or solution according to any one of claims 1 to 6 wherein the
concentration of rapamycin in the injectable solution ranges from 0.2 mg/ml to 2

mg/ml.
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AHP-93 103 -7- B. Rapanmycin |1V solution at 1.0 ng/m (constituted)

Formula (Density - 1.050 gmim): Ingredients Anmount
Rapamycin |V Concentrate @6 ng/ m 0.5mM 5 Di | uedtHP&3103

| V-rapanycin 2.5 mM Procedw9: 1. Inject 0.5 m of Rapanycin
IV Concentrate at 6 ng/m into a vial containing 2.5 m of diluent for

| V-rapanyci n using good sterile technique. 2. Shake until a clear

solution results. 10 Exanple 3 Preparation of Rapanycin IV solution at 1.0
ng/m. A Diluent for Rapanycin IV at 1.0 nmg/m Formula (Density - 1.043
gmm): 15 | ngredi ents Anount Pol ysor bat e
80, NF 2.4 gm Pol yet hyl ene d ycol 400, NF 27.1
gm Water for Injection, USP Qs 100 m or 104.3 gm Procedure: 20
1. Wi gh the Polysorbate 80 into a suitably calibrated container. 2.
Add the Polyethylene G ycol 400 to the container in Step #1. 3. Adj ust

to final vglume hxt?)dm'{ &t sl sélﬂﬁoﬁ Q&S Yo ¥ onelof Claifh X 6 WhetllhfREM -
Filter the resul
propylene glycol concentrate of rapamycin comprises 10 to 25 volume percent of the

injectable solution.

9. A product or solution according to any one of claims 1 to 7 wherein the
diluent comprises 1 to 8 weight percent polyoxyethylene sorbitan ester, 10 to 50
weight percent polyethylene glycol 400, and 42 to 89 volume percent of water.

10. A product or solution according to claim 1 or claim 2 comprising 10 to 25
volume percent of a concentrate solution of rapamycin in propylene glycol, at
concentrations of rapamycin ranging from 2 mg/ml to 8 mg/ml, and a diluent solution
comprising 1 to 8 weight percent of a polyoxyethylene sorbitan ester, 10 to 50 weight
percent polyethylene glycol 300 or 400 or a combination thereof, and 40 to 89 volume
percent water, wherein the concentration of rapamycin in the combined solution
ranges from 0.2 mg/ml to 2 mg/ml.

11. A product or solution according to any one of claims 1 and 3 to 10 wherein
21 to 85.4 percent by volume of the combined solution is water.

12. An aqueous, injectable rapamycin solution, comprising rapamycin in 5 to 30
volume percent propylene glycol, 0.07 to 9.5 weight percent of one or more
polyoxyethylene sorbitan esters, 7 to 57 weight percent of either polyethylene glycol
200, 300 or 400 or a combination thereof and 21 to 85.4 volume percent of water,
wherein the concentration of rapamycin in the solution ranges from 0.025 mg/ml to 3

mg/ml.

13. An aqueous, injectable rapamycin solution according to claim 12 wherein the

polyethylene glycol is polyethylene glycol 400.

14 . An aqueous, injectable rapamycin solution according to claim 12 or claim 13
wherein one polyoxyethylene sorbitan ester is present.
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25 6. Fill 2250 mMm + 0.1 mM into each 5 m flint vial, seal and crinp.

7. Aut ocl ave to achieve sterility. B. Rapanycin |V solution at 1.0
ng/ nt ¢constituted) Forrmula (Density - 1.050 gnim): Ingredi eAHEP-93103
Anmount 30 Rapanycin 1V Concentrgge @6 ng/ m 0.5 mM Diluent for
| V-rapanycin (from Ex. 3A) 2.5 mM Procedure: 1. Inject 0.5 m
of Rapanmycin IV Concentrate at 6 ng/m into a vial containing 2.5 m of

di luent for |V-rapanycin using good sterile technique. 35 2. Shake
until a clear solution results. AHP- 93103 -8- CLAIMS 1. An aqueous,

i nj ect abl e Fapanydnnrqeatust ingectablle mpaméie sbiptian peaardisg (e ompeisofimainisxi2ng 5
to 30 vol ung pPeyfeiin the @o{;&a&sn&{ 8f Gpafl&th '19[1’1eosfolJtﬁﬁqu%'? rﬂrﬁl Op’rr?lp en;aﬂ

gl ycol, at concentrations of rapanyci n ranging fromO 0 ny/
with a dil d8rk™M&Rt i on conprising 0.1 to 10 wei ght percent of one or nore
pol yoxyet hyl ene sorbitan esters, 10 to 60 wei ght percent of polyethylene

glycol 200,300 ot 400, &k i AIN ABlboln SBRES hepina% kS G A0S

sol uti on r andé&svliareimtbe p@pylens glycobe@npnigesil) t@25 volme garcmit of thesntugioni ng a
concentrate solution of rapamycin and a diluent, as a conbined preparation
for mixing prior to IV injection to give a sol ution havi ng a concentration
of rapanycilf-in tfe acuaeus tjestsblegApdmyGn JokstjpRiaccarding oY aREraftd2igsl ut i on

conpri si ng 1aRANy eHerdi thE PBloRPErhglerie @brbifnteirr lcanprises 8.7506M. 2 twidht
percent of the solution.

18. An aqueous, injectable rapamycin solution according to any one of claims 12
to 17 wherein polyethylene glycol 400 comprises 7.5 to 45 weight percent of the

solution.

19. An aqueous, injectable rapamycin solution according to any one of claims 12
to 18 wherein water comprises 31 to 80 percent by volume of the total solution.

20. A process for preparing an aqueous, injectable rapamycin solution,
comprising dissolving rapamycin in one or more components of a solvent system
comprising 5 to 30 volume percent propylene glycol, 0.07 to 9.5 weight percent of
one or more polyoxyethylene sorbitan esters, 7 to 57 weight percent of either
polyethylene glycol 200, 300 or 400 or a combination thereof and 21 to 85.4 volume
percent of water, and mixing with any remaining components to provide an injectable
solution wherein the concentration of rapamycin ranges from 0.025 mg/ml to 3
mg/ml.

21. A process for preparing an aqueous, injectable rapamycin solution, which
comprises mixing 5 to 30 volume percent of a concentrate solution of rapamycin in
propylene glycol, the concentration of rapamycin ranging from 0.5 mg/ml to 10
mg/ml, with a diluent solution comprising 0.1 to 10 weight percent of one or more
polyoxyethylene sorbitan esters, 10 to 60 weight percent of either polyethylene glycol
200, 300 or 400 or a combination thereof and 36 to 89.9 volume percent water,
wherein the concentration of rapamycin in the combined solution ranges from 0.025
mg/ml to 3 mg/ml.
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ng/ M, the diluent solution conprising 0.1 - 10 wei ght percent of one or
nor e pol yoxyet hyl ene sorbitan esters, 10 to 60 wei ght percent of either
pol yet hyl ene gl ycol 200, 300 or 400 or a conbi nation thereof gﬂ@nglég 89.9

vol une percent water. 3. A product orj;golution according to claim 1 or
claim 2 wherein one pol yoxyethyl ene sorbitan ester is present. 4 A
product or solution according to any one of clains 1 to 3 wherein the

pol yet hyl ene gl ycol is polyethylene glycol 400. 5. A product or solution

according to any one of clainms 1 to 4 wherein the concentration of
rapamycin in the propylene glycol concentrate ranges from2 ng/nm to 8

ng/ M. 6. A product or solution according to any one of clains 1 to 4
wherein the concentration of rapanycin in the propyl ene glycol concentrate
ranges from4 ng/m to 6 ng/m. 7. A product or solution according to
any one of clains 1 to 6 wherein the concentration of rapanycin in the

i njectable solution ranges fromO0.2 ng/mM to 2 ng/m. AHP- 93103 -9- 8.
A produéi or solution according to any one of Clains | to 7 wherein the
propyl ene glycol concentrate of rapqgggg%ggggprlses 10 to 25 vol une percent
of the injectable solution. 9. A product or solution according to any
one of clains 1 to 7 mhereln the dil uent conprlses 1 to 8 weight percent
pol yoxyet hyl ene sor IRAZAM A THO INGECAAONt hyl ene gl ycol
400, and 42 to 89 vol une percent of wat er . 10 A product or solution
accordu%g toclaiml1 or claim2 conprising 10 to 25

Disclosed herein is an aqueous, injectable rapamycin solution obtainable by a
process comprising mixing 5 to 30 volume percent of a concentrate solution of
rapamycin in propylene glycol, at concentrations of rapamycin ranging from 0.5
mg/ml to 10 mg/ml, with a diluent solution comprising 0.1 to 10 weight percent of

15  one or more polyoxyethylene sorbitan esters, 10 to 60 weight percent of polyethylene
glycol 200, 300 or 400 or a combination thereof and 30 to 89.9 volume percent water,
wherein the concentration of rapamycin in the combined solution ranges from 0.025
mg/ml to 3 mg/ml.



Y3 /".S' [f’&

vol une percent of a concentrate solution of raparrym Pl’ in. propyl ene g| ycoI
at concentrations of rapanycin ranging from2 nmg/nl to 8 ng/nl, and a SR
di l uent solution conprising 1 to 8 weight percent of a polyoxyethylene . e
sorbitan ester, 10 to 50 wei ght percent polyethylene glycol 300 or 400 or- a
conbi nati on thereof and 40 to 89 vol ume percent water, wherei'n‘the & ..i.r.
concentration of rapanycin in the conbined solution ranges from 0.2 It

to 2 my/nm. 11. A prod e, of cl ai HEM
and 3 to 10 wherein 21 £&488%4 ; ol ' ¥ ned sol ution

Is water. 12. An aqueous, | nj ect abl e rapamycin sol ution, conprising
rapanycin in 5 to vl I e ht
percent of one or rgf[glrc é&po ndg& Qt%gﬂcerﬁ;épez%éﬁg?? a%a%ggln forQnuga iOEq%‘gméaven ‘f%
percent of ei tlh}écthmdl\yeiﬂmcmcgﬁyUbbnt@@@om%@séﬁom@fmSQiUlmrﬂflrmnyom

thereof and 2%,tHoR3% 1k Mf&dﬂ”ﬁ d%{b@f%%n Qsﬂth“@ﬁﬂuom‘é’ﬂ@sﬁﬁln@ 6@;;61999,%}&3?&@&' on
of rapamycin in the solutjon ran fromQ0

aqueous, i nj eCPEBER cHeh R EH RGOS mqléﬂo é’&f’c‘b?tﬁﬁ’ ﬁg?‘i BiveR BHOHP‘&T%“M%?%F%b"the

pol yet hyl ene dleyosol is polyethyl ene glycol 400. 14 . An aqueous,

:ocr)”I 58;;‘2!{ ﬁylr Zggnzg'l{%ﬁﬂ#ﬁ ﬁsoa('m@grgﬁcfedinrt’igbxto@c oﬁgﬁg]lérg@f eg?Jr 693 l%%r&@?ﬁzﬁ'sn one
aqueous, i nj ecthigh way @Wﬁ ﬁ r%cﬁcrrutsmpea@ée?m #gifengabaggnione adverselyaaffests12 to

14/ m\/\hter e |2 1o t hse g@u@teattfﬁagﬂs%h Afcdapaaysidns b Mh_eo@@hmt gﬁﬁemnmaﬁy@ﬁn 0.2
ny (0}

according to dﬁ)Pr‘Eﬁféat’é’fl aBij étls ﬁgtl@?“ct %f”f%g' \(‘i‘;ﬁ‘t@? lf‘%’ gy %p‘%lteéﬁg.] g'L_%$28,|992

conpri ses 10 tisugbDyaimber 3k 18END Sofentifacdebgal estal.ofm. 1977 Martel, R. R. et al. reported
on immunosuppressive properties of rapamycin against experimental allergic

encephalitis and adjuvant arthritis in the Canadian Journal of Physiological

15 Pharmacology, 55, 48-51 (1977). In 1989, Calne, R. Y. et al. in Lancet, 1989, no. 2, p.
227 and Morris, R. E. and Meiser, B. M. in Medicinal Science Research, 1989, No. 17,
P. 609-10, separately reported on the effectiveness of rapamycin in inhibiting rejection in
vivo in allograft transplantation. Numerous articles have followed describing the
immunosuppressive and rejection inhibiting properties of rapamycin, and clinical

20 investigation has begun for the use of rapamycin in inhibiting rejection in transplantation
in man.

Rapamycin is insoluble in water and is only slightly soluble in solubilizers, such
as propylene glycol, glycerin and PEG 400, commonly used in preparing parenteral
formulations. It is only sparingly soluble in PEG 300 and is insoluble or very slightly

25 soluble in commonly used aqueous injectable co-solvent systems, such as, 20%
ethanol/water, 10% DMA/water, 20% Cremophor EL®/water and 20% polysorbate
80/water. For these reasons clinically and commercially acceptable injectable
formulations of rapamycin have been difficult to make. An injectable composition of
rapamycin is described in European Patent Publication No. 0041795, published

30 December 16, 1981. In this injectable formulation rapamycin is first dissolved in a low
boiling point organic solvent, namely, acetone, methanol or ethanol. This solution is
then mixed with a nonionic surfactant selected from polyoxyethylated fatty acids;
polyoxyethylated fatty alcohols; and polyoxyethylated glycerin hydroxy fatty acid esters,
e.g. polyoxyethylated castor oil, exemplified by Cremophor® EL and polyoxyethylated

35  hydrogenated castor oil, exemplified by Cremophor® RH 40 and Cremophor® RH 60.
Cremophor® EL is the primary nonionic surfactant used in the examples.

The primary immunosuppressive agent presently used for inhibiting rejection in
the allograft transplantation of organs in man is cyclosporine (Sandimmune®).

This is the replacement sheet
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17. An aqueous, injectable rapamycin solution according to any one of
clains 12 to 16 wherein the pol yoxyethyl ene sorbitan ester conprises 0.75
to 7.2 weight percent of the solution. 18. An aqueous, injectable
rapamycin solution according to any one of clains 12 to 17 wherein

pol yet hyl ene gl ycol 400 conprises 7.5 to 45 wei ght percent of the solution.
19. “An aqueous, injectable rapanycin solution according to any one of

claims 12 to &ciss mcrsi\waéﬁr,cgeﬁp%;u%@%o?f&stm qxpd%mseg&déoymcoinw@np& the

total .sol ution: ar i fig an_aqueous, Injec

rapamyci n sol Uy¢saple é%ﬁwht@nﬂésam@@muw%w a«paw&li%mml s%alamomyr al, 50
Cfrmolneng Sogf {nar SOEYasp oﬁ}:{@t@ﬂv ﬁﬁ{mrmhmgh&@t EL?a(ad\équHmeplpﬁeﬁlemBz PR %l fne
glyco n Ol. .one. or, . .nore po en I tan
dsters, 7 to kbl ghe-omielim B aiinign gy E s BT 60 505 or

400 or a cfoanmammﬁhtolmdcdmjkcmdorz.‘i%tlocﬂﬁsdImcduunﬂé)cfmr cent (s mﬁgbgkand
m xing Wi th agyelon@l mstﬂ%dcomqng t Boco Q2NN &f E%Qnd&ﬂlagghﬁ]g ﬁ 1 }’“ﬂ%n e

wherein the concentration of cin ran rom

21. A proceBgcrobide gpelpeile rﬁi@mahat LKs0e, w 1ﬁp diag apyrasn lsﬁ‘ﬂfé‘ﬁf?bﬁlﬁm@{ﬂl%ﬁt iOOn

whi ch conpri sggafiyinNg aﬁot&n@ﬁkl%/ﬂ‘ldé@u%%?%mtlnﬂfsuaau@ﬁ)E&Gﬁﬁlblﬁhgr@&hbﬂ inO][l of
rapanycin in ene e concentr ci n_.ranaqi rom
DoAY Lo BbeEi Pl te e Dar e St FTOR PR O ST o kel gt
per cent of0 ongsugubamsi 3pdliy desgabdtdyindihS. Batetti Nard, 8991366 39 Ok@hamem vssiagiht
percent of el iigkygl YSII SRRALYE 200 4080t RioReBARDITR o1

t her eof and percent water rein the concentrati on of
rapanycin in $‘Fi§’1€érPB|5ﬁe5(§ @@PFBW dR9P enspers thet Beintraepgusigiesteble fprmulatone
FK506 is provided as a 10 mg/ml solution of FK506 in polyoxyethylated castor oxl

(HCO-60, a surfactant) and alcohol. The intravenous preparation must be diluted with
15  saline or dextrose and administered as an infusion for 1 to 2 hours.
EP-A-401747 teaches the preparation of dosage forms of rapamycin in general
terms specifically exemplifying a suspension of rapamycin with olive oil as a carrier.
EP-A-444659 teaches the preparation of a non aqueous solution containing FK
506 with long term storage stability which may be diluted with physiological saline,
20  glucose solution for injection.
One aspect of this invention is an aqueous-based, injectable rapamycin solution
comprising a concentrate solution of rapamycin in propylene glycol in combination with
a diluent solution comprising a polyoxyethylene sorbitan ester, polyethylene glycol 200,
300 or 400 or a combination thereof and water. Specifically, in a first aspect, Applicants'
25 invention provides an aqueous, injectable rapamycin solution obtainable by mixing 5 to
30 volume percent of a concentrate solution of rapamycin in propyleric glycol, at
concentrations of rapamycin ranging from 0.5 mg/ml to 10 mg/ml, with a diluent
solution comprising of 0.1 to 10 weight percent of one or more polyoxyethylene sorbitan
esters, 10 to 60 weight percent of polyethylene glycol 200, 300 or 400 or a combination
30 thereof and 30 to 89.9 volume percent water, wherein the concentration of rapamycin in
the combined solution ranges from 0.025 mg/ml to 3 mg/ml. Preferred aqueous,
injectable rapamycin solutions are those wherein one polyoxyethylene sorbitan ester is
present and the polyethylene glycol present is polyethylene glycol 400.
Preferred aqueous, injectable rapamycin solutions of this aspect of the invention
35  are those in which the concentration of rapamycin in the propylene glycol concentrate
ranges from 2 mg/ml to 8 mg/ml. More preferred are those in which the concentration of
rapamycin in the propylene glycol concentrate ranges from 4 mg/ml to 6 mg/ml. Also.
preferred aqueous, injectable rapamycin solutions of the invention are those in which the
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