CRYSTALLI NE AM FOSTI NE COVPQSI TI ONS AND IVETHOQ H7 F&FZ?AO O-\T AE USE

OF"SAVE 1. FIELD OF THE | NVENTI ON The present Ynvention relates to sterile,
partitul aWO P41 ystal | i ne S-2-(3-am nopropyl ani no) et hyl dP&FAUSRRAT222
phosphorot hioate (am fostine) fornul ations which provide inproved .,
stability. 10 | ' 2.  BACKGROUND OF THE | NVENTI ON The cHi@scusay
S- 2- (3= am nopropyl am no) et hyl di hydrogen phospheor ot hi oate (which is al so
~known as anifostine, ethv8tASLIREN WIFORTINE\COMIVRIE oM ANIR 2721 and
whi'ch will hereinaf tgerhopsefor' ?g gm;@@rg | e v JorEhME he :
am noal kyl di hydrogen phosphorothioates are disclosed in United ates
Patent No. 3,892,824 to Piper et al. This patent also discloses the known
process for making a crystal Li.ne ¥IELD OF M JNVENRTIONIg substance and is

i'ncor porated 20 her g PgéggﬁgwﬁyyﬁﬂéqgﬁsfgiggégIééﬁgééﬁ{& f am fostine

has been sh®wn to he relatively stable at Toomtenperature Tor severa

years as wel | Rariicydplerfres crystalding 12 (SnaninepreryiaRine) e
originally devekagadaihy@itiogeit ipHdsphhdaii Sodterd{ O foLEiN@fS), in
particular to E% us ga ai n%’iﬁ%’{%‘fo‘; ucj ear r%ﬂi .a%aioﬁ ich may be .
encount ered dufCREMHAECAS iRRVide, IpREoYeH sRPH Wity as a
mlitary antiradiation agent, amfostine has denonstrated 30 excell ent
utility as a non-nmilitary badi QRl-HSEAE o YRphelEsiant i.e., as a
prot ect ant 3Por t he undesirabl e a0 & erte Wit cn artse during the use
of radiation therapyhen aampaunsht§ren (Yraniperropytaniao)ethyl

chenot her apeut igd ny@dgen fpHosptividbthicite (Whith NDs 39E86SkALHH ags
cycl.ophospham Qo (Vi werfedor) bthlyofd) WEE' §68:807 hd HRILYZY VoS

' and which will hereinafter be referred to as

35 "amifoétine") and other aminoalkyl dihydrogen _
phosphorothioates are disclosed in United States
Patent No. 3,892,824 to Piper et al. This patent also -
discloses the known process for making a crystalline
form of amifostine dfug substance and is incorporated

20 herein by reference. This crystglline form of '
amifostine has been shown to be relatively stable at
room temperature. for several years as well as at 50°C
for several months. These compounds were originally
developed as antiradiation agents (radioprotectants),

25 in particular to be used against x-ray or nuclear
radiation which may be encountered during military
conflicts.

In addition to its utility as a military
antiradiation agent, amifostine has demonstrated

3p ©xcellent utility as a non-military radioprotectant

. ' _ and chemoprotectant ji.e., as a protectant for the

undesirable adverse effects which arise during the use
Te - of radiation therapy in the treatment of cancer and
- the use of chemotherapeutic égents, for example,

35 alkylating agents such as cyclophosphamide, cisplatin,
carboplatin, doxorubicin and its derivativgs, and
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m tonmycéin and its derivatives. Simlarly, it has been reported that

ami f osMWP8440387%een used experimentally to protect HV inf BCTESY349728 R s
(AIDS) fromthe harnful side effects of 3'-azido-3'-deoxythynm dine 5 (AZT)
therapy. Anifostine.and its derivatives exert their protective effects

wi t hout significantliy affecting the beneficial properties of the

~admi ni st er e, jllgRA% e 308N tder Nt ves ] N SBEi14Ey | Oi¢ heasab&en i Ve

upt ake of the protective thiol into 10 or nal tuisue. As use erein, the
term "ani f o&ERAF YR Frakh & ting A2s (RPN L PRIAPPTRUDr pre-
vacuum dri eceostpatoredt IV sirfetteab/patients "GEIDS) fraemsthe a trihydrate
form Currengl ai rdgd e %?4agu vl tops of

am f osti ne g’ﬁal}-)ﬁfgl\rioéu%g \?ﬁﬁ’lﬁ%‘g%§rde ?r‘re to a:ssj g%%% %ﬁg%ﬂgosti ne",

wher eas Bhe @&Th ChRTARY by AREQFting and it | IR WVatives exXeFted to as

"L'Jclrystallihnq;rﬁm':f Odﬁﬁt_i%\_ﬂe géfiﬂécﬁgxfliammteﬁnbﬁme_ 1yhﬁ It}/vobforms. :
nl ess ot her e 20 specifie uanfities reported perein sha e

cal cul at ed #fffr?taﬁﬂﬂ/(ﬁ sbm%ﬁ%lﬁt%mﬁﬁ??og i "% has many advant ageous

properties, aiamistereld ftherdapeutis dagemtencdlinisr &8 in paytndueo obtain a
conveni ent, , | f | sJheLRERSEE nner of

: o THE st dotive SapCaraiice AT pAOLABE VA LRSI RREBIITCC O

manuf acturing an ( I'ng a stine
pre-sterdq zawprxnxl stiS8¥eri | i zed water solution conprising anmifostine to a

predet erm ned volpuwe;s&d ﬁggéiﬂg the gégﬁs»aagfbggghecaehgnts, and renovi ng
the solvent Dy evfcen' Z8EL00 18 PLOBEE-Vitain a8 i pre-
vacuum dried state which is available on an "“as is"
basis in a trihydrate form. Currently available
15 sterile, vacuum dried fprmulations of amifostine drug-
product will be réferred'to as "amorphbus amifostine",
whereas the form covered by the present invention will
be referred to as “"crystalline amifostine" in order to
. distinguish between the two forms. Unless otherwise
20 specified, quantities reported herein shall be
calculated on an anhydrous basis.
Although amifostine has many advantageous
properties, extensive diffiéulty has been encountered
~ in trying to obtain a convenient, stable, sterile
25 dosage formulation. _

The present'manner of manufacturing and
packaging amifostine comprises the steps of ‘filling
into pre-sterlized'vials a sterilized water solution
comprising amifostine to a predeterﬁined volume,

30 cooling the vials and their contents, and removing the
solvent by lyophilization to produce dried amifostine
of a predetermined amount in each vial. (See L.
Lachman, et él. The Theory. and Practice of Industrial
Pharmacy p 62-63, 1986]. This avoids substantial

35 practical problems :elatéd to the packaging of bulk,

i
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of a predeterhined anount in eadh-vial. tSee L. Lachman, et-all The Theory
and Practice of Industrial Pharmacy p 62-63, 1986]. This gyQi stanti al
35 pr a¥OI¥EP313Pobl ens rel'ated to the packagi ng of bul k, %&%ﬁéﬁz@bsti ne
using the so-called "dry filling" or "powder filling" method. Such problens
include the difficulty in the manual manipul ati on-of powders, the need to

mll the powders to acceptable particle size 5. and flowability, difficulty
i N mai nt ai rEdiPadnitdstihe agsing crihe Cscecdllednsarangdildeénd®f bxcul ty in

| yi ng the pteci lid | f ' LN hal . However,
iggpcﬁLrgntfépég%#:€§+g9$€?§%€é?$%hlo§@€% 8%%%¥§§%i%§sfaégiﬁh%nnrphoug form
that is prothEticwity ybphthe zmanwal manjipulationuaft ppwderss &heesult, this

P Eohedd O A 01 £HE pORaERs S| ReceptabeappRticed BiaOU o

- . shi A ur es ut - 70[. ' ut -

o ol 16 1aney otk Bheei Bher REERL SR ERy Sl n Rt b RARG T hETkIEIYhr | on

teﬁperafurefﬁbfingsebtbpiognapﬁiohsyagndithepdmhfienleyaid.sPortcEning of .
t aval V. u (0] a S | ale agl n an

ST B fe ‘e FLEEIE0 AOLHBeObePTb1 2! L zoBRIRES 4rHAF (20 1O AN

: ved In e shipping Storage of the
product. Meackeviahespitals without freezer storage conditions will be

unabl e to suppl yyagelbes! i eRef ShrréAtly aVRI1aBILI ¢BkRulatdon Id¥ rd world

mar ket s woul d_be extensively hindered fromusjng am fostine However ,
T ee TP o aBifasEiBeos Thik FRPTBRG RCFOTRy EPRLLRE PERRHGEA BY | a1 & wer o

conduct ed upyephiligatoefiuist thermbiRiyeunskabiel.s ashectesunltsyel op a
dosage formy ;e lyophilized formulation must be maintained at
temperatures at about -20°C and shipped at
temperatures at about =-70°C to about -~20°C to avoid
s 'degradation of the formulated product. The need for
low temperature during shipping and storage is an
obstacle and éhortcoming of-currently'available vacuum
dried forms of amifostine. Speciél packaging and
significant expenses are involved in the shipping and
20 storage of the product. Moreover, hospitals without
' freezer storage conditions will be unable to supply
amifostine for use to their patients (e.g., third
world markets would be extensively hindered from using
amifostine). However, since no alternative
25 formulations were available, clinical trials were
conducted using this formulatioh. '

Hence, thefe is a need to develop a dosage form
which has sufficient stability'to provide a long shelf
life at room temperature or under less stfingeht

30 refrigeration, which is not uncommon for many drug
d products.
The present invention describes new and novel
. procedures which produce solid compositions containing
vacuum dried amifostine, with and without
35 pharmaceutically acceptable excipients such as

—_—
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whi eh has sufficient stability to provide a long shelf life at room

t enper ¥@9¢/@317under | ess stringent 30 refrigeration, whi cRCTAUSRIY07232 ommon
for many drug products. The present invention describes new and novel
procedures which produce solid conpositions containing vacuum dri ed

am fostine, with.and w thout 35 pharmaceutically acceptabl e excipients such

as . -4- ﬁﬂolwmmy@vé g&%&téaﬁu%\fweéheherevi ously

avai l abl e conp05|t|on 3. SUWARY THE | NVENTI The present
|nvent|onrwﬂ%ﬁ¥%9?§9%.%Y%k%EE;?cﬁ°??&§¥ﬁ¥ﬁﬁwal|on of crystalline

conposi tions conprising the steps of (a) preparing a formul ation conpr|5|ng
an am noal kyl di hydrogen ghosgﬁgggg@reirigﬁg;k?gg&ipggIa

RHN(CH err])[err] NH(CH erfT) hydrat es or al kal i
metal 10 Ssalts, Thevpresem inventic)orelatesrtd al rybceasdfarand m nmay be

| ndependent | y, hé In%f §B§E1$ﬂ0&2c:§ys€£‘1ﬂﬁé’@$ dﬁaslw%ﬁé SBhpeRkingl ution in .

which the re e amounts of amThoal osphor @t hi oat e,

al cohol and YRecFteps %ﬁcﬁalrEEeEPE%Fgl%uf%f%ﬁ}?gé°§oFBPPSﬁsP§915" obt ai ned
at tenper at ua:esmamyngainparo@@utpnogpmwmmauéeof otneobrkaherr] C, but

bhosphor ot hi BAF EefyRH Bt nReBit 8 Rer pParaBep° B bl BB o on o
a tenper30ursabespwif[ ¢hi¢lt Rois aH20r @eﬂ,odlbirlh apdsnf Andi anmayo ef f ect
the precipitgli 9&18%5&@8 ELysha! iiaes?a@ £pahrylelll B0n3E8Ro1 and
phosphor ot hi oat-€; cuum e resurtlng moxtare to | eave a
solid cryst aNates gpéggpgtsghutlon 1n whxch the relative amounts
of aminoalkyl dihydrogen phosphorothioate, alcohol and
water are such that a particulate-free solution is
15 obtained at temperatures ranging from about room
temperature to about 1o0°C, but which provides a
crystalline prec;pltate of aminoalkyl dihydrogen
phosphorothiocaté upon cooling below 0°C; (b) cqollng
the formulation to a temperature below 0°C for a
20 period of time sufficient to effect the precipitation
of the crystalline aminoalkyl dihydrogen '
phosphorothicate; and (c) vacuum drying the resulting
mixture to leave a solid crystalline preparation
having an enhanced temperature stability. As a
25 further step in the present invention, a sterile inert
gas such as argon, nitrogen and helium can be
introduced over the preparation. Preferably, the
temperéture to which the formulation is cooled to .
initiate precipitation of.thé crystalline aminoalkyl
30 dihydrogen phésphorothioate is in the range of the
eutectic point of the formulation. Optimally, the
formulation may also contain excipients such as
mannitol. | .
Aminoalkyl dihydrogen phosphorothiocates suitable
35 for use in the present invention include, but are not
\\
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havi ng | an enhanced tenperature stability. As a 25 further step in the

present. a sterile inert gas such as argon, nitrogegETan 494 M
can be i ngtﬁég@ over the preparation.=Ppeferably, the tenperat,u?gej)??)‘“

which the fornulation is-cooled to initiate precipitation of the"

crystalline am noal kyl 30 di hydrogen phosphorothioate is in the range of
the eutectic point of the-fornmulation. Optimally, the formulation may al so
contain ex0|p|knmstsGCEOasSnﬂndﬁréﬂlﬂRPFﬁ@Xﬂﬁypﬂﬁ)ﬁﬁﬂﬂiy9+hy rogen

phosphor ot hi oapg8sp Hbi'%b.h@.o%ief Qanigesitine) B-esqrE- i nvention include, but
.are not I|n1ted '

nop pyla t hydr ogen
"phosphor ot hi 0aP&tPRY &?PP% '“2'"(’3 h%q%‘s'\dh#ﬁ g'lpyl ani go) et hyl
d{ﬂyﬁrogen phopnbspnbhbmauea@HR(3&89ﬁ893u2$63’(5-
:et hyl am nopgop '
S-2-(3-am n%préjﬁg am n%)to%ot’?é%n%gopy dﬁ%mgo en hos hor ot hi oat e,
S-2-(2- an1noeph959hpm9FR}Q§ QHﬁﬂé§ﬁﬁ£k E

2L an nobubstape Wﬂ% e 4%3?(2.
X i thioate,.

j

S- 2- (6- ami nohe APRRP ‘1aninqyT2
nethylan1noethskamomaaﬁ&nuﬂquyIhﬂmnbkxkﬁeqnxixﬁthzdtm@ene

S-2-(3-nethyl a inh el hi oat
and S (o i8 o rpEy %ﬁ?‘;ﬂ e noi‘ﬁ %%%%'r %ﬁﬁﬁa"hiﬁaﬁﬁ?& proate
(VMR- 151327) . | dihysinggen ah oRhhiocatec Sme T%’Hna ﬁﬁl 8gdno) -

phosphor ot hi Oatﬁé&ﬁmmwamemmoy&ﬂm gogt (pref erabl y
methylaminoethylamino)~-2-ethyl dihydrogen
_ phoéphorothioate, S$-2-(3-methylaminocpropylamino)-2-

15 ethyl dihydrogen phosphorothioate, and S-3-(3-
methylaminopropylamino)-3-propyl dihydrogen
phosphorothioate (WR-151327). In a preferred
embodiment, the aminoalkyl dihydrogen phosphorothioate
is amifostine, WR-3689, WR-151327, most preferably

20 amifostine. Alcohols suitable to effect crystalline
precipitétion of aminoalkyl dihydrogen
phosphorothiocate for use in the present process
include, but are not limited to, C,=-Cs alkyl'albohols,
such as methanol, ethanol, propanol, isopropanol, n-

25 butanol, sec-butanol, tert-butanol, n-pentanol, 2-
pentanol, and the like, preferably ethanol.

In a particular process of the invention, the
- temperature of the mixture resulting from step (b) is
raised to an annealing temperature that lies about 1
30 to about 20°C above the eutectic temperature of the
. | formulation, followed by cooling the temperature of
the mixture from the annealing temperature back to the
- eutectic temperature or below prior to performing the
vacuum drying of step (c¢). In specific instances, the

35 eutectic temperature may fall in the range of about

'\
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20« amfostine. Alcohols suitable to effect crystalline precipitation of
am noal kwiO eli/b3riwogen phosphor ot hi oate f use in the preserRCT/UISI3HNT22
include, but are not linmited to, CJerrJ- err] al kyl al cohol s, such as

met hanol , et hanol, propanol, isopropanol, n- 25 butanol, sec-butanol,
tert-butanol, n-pentanol, .2- pentanol, and t he i ke, preferably ethanol. In

ticul
Febul ting fr ﬁ?@?ﬁ%ﬁ%%ﬂ QUSTLpQty HiE BRAUGHIY EeRbethRaDe U
about 1 30 tomapofial20far the xBoge Pﬁeabeuecrﬁ9°ﬁeﬁpenbpuﬁeI@Pcbhe

formul ation, foll opgdshy jeogki ag bbset:emoer Btfutﬁeoiarbgﬁn@ Ninwietiilgn t he
anneal i ng tengerature back to the eute§ g % rature Qr below prior to
perform ng t hEOVBERYRAG: §i RGOGLSS: &8 WBEC EFPF& atdSMances, the 35

eutectic tsnpebnpnieesa;bbahlsnntbhabbamgaoofmgbamhnoalk@% 80[err]c to
about Of[err]C e I r range of
about -30[err tﬁ?hks %&tpﬁ%ggic?%gh%ﬁgQﬁ Qfglg%*bbj W#&gﬁ) 't he present
i nvention to pbgvtdé“§53rd@d§§ ad ophiodh pnd #@mmﬂaﬁﬁﬂ@ﬁ*E(VﬂbﬁpriSes about
50 to about 4QQ+gy.anmphed ¢, NsieO go-mil e%%@r Yoiprdlsed Aindilt of

0 [0)
Lo o sl ot Mo e Lo vacer
di hydr ogeno 10phpbpaplmm3]uama @qxeltmlmofoffoﬁ:mmrmlmtarqn ah@%ts-&@;%)ag Y{) \rlr)
glo?rgriolsesaggogw%éogggc g‘rﬁlrfv \Q? %8 %%esr?pphﬁ{) g'lréﬁﬁ*ﬁt ‘oat'e p"'?e1rJ m of
fornul ati on, Rrefera®ly, whe ﬁgnmuiatanuyomnnxsqx)ahout 100 mg
' " aminoalkyl dihydrogen phcsphorothxoate per ml of
formulation, about 10 % (v/v) alcohol, and about 90 %
15 (v/v) water.
The temperatures of the various coollng and
vacuum drying steps can vary widely dependlng on the
specific ratios of aminoalkyl dihydrogen |
phosphorothiocate to alcohol to water. Generally,
20 _however, the temperatures of steps (b) and (¢) fall in
the range of about -40°C to about -5°C, preferably
about =-20°C. _ _
~In a specific embodiment of the present |
invention, the process includes a sterilization step.
25 Sterilization may be effected in any number of ways
well know to those skilled in the art, such as heating
the mixture in an autoclave, treatment with gamma
radiation, aseptic recrystallization, or sterile
filtering a solution, e.g., through a 0.2 um pore size
30 filter. It should be noted further that the
crystalline aminoalkyl dihydrogen phosphorothiocate may
be anhydrous or contain solvents of crystallization.
In particular, crystalline amifostine may be
anhydrous, a solvate, or a hydrate, such as a
3§ monohydrate or a trihydrate. Generaliy, the hydrates

I‘hls Sheet Has Been Replaced

I

SUBSTITUTE SHEET




( /v) water The tenperatures of t he various cooling and ' Lhg
_steps can %W“%@el y dependi ng on the speckfic ratios of am™n W%ﬁ“

di hydr ogen phosphorot hioate to al cohol to water. Generally, 20 however,
the tenperatures of steps (b) and (c) fall in the range of about -40[err]C
to about -5[err]C, preferably about -20[err]C In a specific enbodi ment of
the present inmagt icomtatine abonteds tionabedds Sa Frefidrarly abattep 5
Sterlization EBGuRe 36 hRNedd de VAl WO RryHie iz ataldn know Lo those

~skilled in the art, _suc heating the m xture |n an autoclave .treat nent

with gamma radiat i ofn éé’eﬁtlt@rﬂ?@rly'ﬁ BrocERUns, £oF REeRAYING the | ng a
solution, e.g. fomm_ughoa; Othe @mindalkyd ditydiederd ter. It should be

noted further that | I'i ne,_am_noal k.y dr S i oat e
may be anhydr oB8°5P 5’5&5%/ a%(?l'vgﬁ‘t °aﬁqi1'llqi %g'hcp 4}{? da)%)#zgﬁ?
crystalline anakcaplmusaynrbedardsmm imm Wadlemtfor cin]eectmrat eUSEuch as a

35 hydr at t
it 1 to abo 9[15%‘%“ feraqﬁ about clry J'%)outél.}‘;cg ’“Ieﬁs Oﬁi‘?ﬂefé’&‘ a

about 1 to abou pr e wat er of
crystallizati ofhereagtes.t éirhﬁatrﬁﬂélltﬁ%@d'tﬁ‘@tf #f rﬁ%#ﬁg’ ¢R19br nul ati on,

t he ami noal kyl sﬁbttytirsomzawwmfﬁ hiugs eis %u‘dws:a ierd ite and any
desired excgipients dIS | ved i'n ter f or 2# ction L#?P and t he
t

resulting &8 u PEH"* i4% §4 steﬁ‘ﬁf‘t% ‘&??‘éﬁ’éd R YQuired
anmount of ster cloela]ng)tu:l aginea ldng tswrepse. et hanol, USP is added to yield

the 10 formul ati on ghfiate d,5nSURSRH PHddclP) £5855h 1 16 the
' disclosed proéess may further be comprised of a
pharmaceutically acceptable excipient. Suitable
15 excipients include, but are not limited to, sodium
chloride, propylene glycol, sucrose, dextrose,
sorbitol, inositol, mannitol, glycine, arginine, or
other amino acids, preferably mannitol, and most
preferably mannitol, NF. . _
20 Thus, it is a particular objective of the present
invention to provide a process for the preparation of
a pharmaceutical composition containing crystalline
amifostine comprising the steps of (a) preparing a
formulation comprising about S0 to about 300 mg
25 amifostine per ml of the formulation, about 3 to about
30% (v/v) ethanol, about 70-97% (v/v) water, and,
optionally, about 5 to about 300 mg of a
pharmaceutically acceptable. excipient per ml of the
formulation, such that a particulate-free solution is
- 30 obtained at tempefatures ranging from about room

.. temperature to about 10°C, but which provides a
crystalline precipitate of amifostine upon cooling
.. below 0°C; (b) cooling the formulation to a

- temperature falling in the range of about =-40°C to
35 about -5°C for a period of time sufficient to effect
—_—
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cooting or annealing steps. The fornul ati on produced according to t he

di scl osed may further be conprised of a pharmaceutic SRRl e
exci pi ent“%ﬁ'lflﬁgﬁpe 15 excipients incluade, ~but are not |im ?‘e ltl%,g @ga‘f um

chloride, propylene glycol, sucrose, dextrose, sorbitol, inositol,
manni tol, glycine, arginine, or other am no acids, preferably mannitol, and
nost preferably mannitol, NF.. 20 Thus, it is a particular objective
of the present thevprecdpitaticsy icfe thepcaysss lidne pifostdneii @ndof a
phar maceuti cal (@§nMRATuin® Ary3HA it ¢St iNg miktuld @Y iMaved®ri sing the
ami Fosti ne. per SPLIGH SN TRINe bR P RSTARARS SN AP ot hanot,
about 70- 97% ( ehhaneeide tenpetatuxte atalbilityboutlrd geneatadyt 360 stpps a
B Barti oul apo. FRSATCIRSEY et B CUnd Be gl sndlf (l MES ks in e
about room t empatayer 2 ReIIAd T @hqut G Smhiakeyl AR heRrScrystal | ine
preci pitate of EfeRslHile dbdt OXUd bW 4 Heird C fs€ooling the
f or mul atlon_t'o a tenperat ure falling in th-_e range of abou -40[errJC to 35
about - 5[ or ] CRERERIARGRE grakem At RhaR sk The Aamkyed oyt over a
precipitati on gexrtitel @f sttt e toridmmit k2 houkg c)preterably yabout he
eorh h9 BRI S e 2 LA E UdRED 0N pEedigtaialag,
after step (a) efhdHer of® sisecanyied outat & Aasuwy L aprut oo oko about
0.5 to about 7ZH}4¥ 000 mTorr, preferably 150 mTorr.
‘ Yet another object of the present invention
concerns the preparation of a sterile 'pharmaceuticai
15 composition having an enhanced temperature stability
in which the active ingredient, i.e., the crystalline ,
aminoalkyl dihydrogen phosphorothioate, such as ,
amifostine, remains stable at aboﬁt 4°C for at least 2._. -
years. Preferably, the crystalline aminoalkyl
20 dihydrogen phosphorothioate, such as amifostihe,
remains stable at about ambient temperature for at
least 2 yea;:s_. Thus, a sterile composition having an
enhanced temperature stability is provided, which
composition comprises a crystalline amifostine which
25 can be reconstituted with a pharmaceutically .
acceptab.le vehicle into an injectable p'articulate-free
drug product. Preferably, the sterile composition is
provided as a sterile single dose formulation having
‘an enhanced temperature stability compris'ing about 10
30 to about 10,000 mg crystalline amifostine and,
_optionally, about 10 to about 10,000 mg of a
pharmaceutically acceptable exéipient, which -
formulation can be reconstituted with a
. pharmaceutically acceptabie vehicle into an injectable
35 particulate-free drug product. In a more preferred
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br‘efera}bly about 2 to about 24 hours. Those mani pul ati ons taken at step (c)
are ‘caghd over a period of about 1 to about 72 hours rgé I

about hp@%ﬁﬁg about 20 hours. |In addet+on, the vacuum dfﬁﬁ ﬁgéfép (c)
is carried out at a vacuum of about 10 to about 1000 niforr, preferably 150
mlrorr. Yet another object of the present invention concerns the preparation

of "a sterile pharmaceutical 15 conposition having an-enhanced tenperature
stability i nemhbdhment.athevstenrgledsénglei dose tfloermrlattian i ne am noal kyl

di hydr ogen p, hj : choaananh-f N r&%' Labl e at about
“Alerr] C for g'tgﬁ ggé?gzhﬁ%&}%gr gfoersgg%, Qtahg ?Fyst I ﬁeﬁgﬁbnoal kyl 20
di hydr ogen phBLPREFIDRi % c2boPEL 190 %R PBOMENA000: MY Rf Aipl e at about

.anmbi ent tenpexeipientor Hbskepref2rppays. theusteriYeerdimyXogmsdge on
havi ng ansenggpﬁﬁg#gggeeghgc%gf?%gg\khhg59@ %rgg\#rcei% ch conposition

conprises a crystalli-ne am \ Situted with a
phar maceut i cahifostinpt abde abokitc 580i mgomanniftjodct alithe prehicle atay fr ee

d duct e P, b t i : i i i teri
rug productpe &ﬁ{:ﬁ&a ¥ ont Bewike' Va ﬁegget%'e%.g&-dauﬁg\{%% as a sterile

singl e dose fornulation having an enhancé rature ty conprising
about 10 30 2¢EeRbabLle1Vehdcins andspay inclnder Water &K, optional |y,
about 10 to 2R9EEtiBnQ00sPFy Hormalhsaliseyt USH, BrTSairdde HxCi pient,

ven o e Ht oRakE o BRPAnPE" 3558 RHE ERE SRR 5 S rug product. In a more.
preferred enbodi fertherhebjecti of thegpresent fimventiowmn conpri ses
about 100 t053894kel030 nTEnt 2ltredting a subject in need of
radio- or chemoprotection, which comprises
administering to the subject an effective amount of a
15 pharmaceutical composition containing a crystalline
aminoalkyl dihydrogen phosphorothicate having the |
generic chemical formula described abbvé, such as
amifoétine, which has been reconstituted with a
pharmaceutically acceptable vehicle. The
20 reconstituted pharmaceuticai composition may be
administered parenterally. If desired, the
- reconstituted pharmaceutical composition may be
administered intravenously, inf:amuscularly,
subcutaneously, intracavetarily, and intrathecally.
28 These and other objects of the invention should .
be apparent to one of ordinary skill in the art from a

reading of the general and detailed descriptions
provided herein.

30
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am fostine and about 100 to about 1000 ng of an excipient. Mst preferably,
t he stWwo0 b4703i19gl e dosage S fornul atign conpri ses about SOOT/USIZI2LAI | i ne
am fostine and about 500 ngy nannitor.lfhé vehi cl e may be chosen froma w de
vari ety of pharmaceutically acceptabl e vehicles and may include Water for

I njection, USP, Normal Saline, USP, 5% Dextrose in.10 Water, USP, or
aqueous buffers. A fq{t h%ﬂw i 'é)n I ncl udes a

met hod of treating a subj f = ;Lixggg&notection, whi ch
conpri ses adni ni F¥iguireg 1t oGraphs offj AnifostinecDriuge Syubpstance (FRro

phar maceuti cal conposi ti on228A) afpRBRidityy dnaAANGOUSESANGY di hydr ogen
phosphor ot hi oat e havi ng t h&°dBRaPPE ¥EenTeBPEFZTH®a (I&cri bed above, such

as am fosti ne, i.ch ha% been gec nstituted with a: r e ;ﬂcally
accept abbe vehi cfr@3%fre ©20°78P Ry eg@?ﬂ?%igé cg?ng éﬁ%ion may be
adm ni stered parenterally.cg gg%_ ; qbnfh & %t e \Taceut i ca

conposition -may be adm ni stered rntravenously, intranuscularly, .

subcut aneously, iFjgiaea%et aGhl e kRhR3 e aRilPbstdhe Drug These and

ot her objects of the invenpprgausko 4 atiel FHm th,;or@crggmgq digary skill
in the art froma readi ng ¢fatlele general and detail ed descriptions provided
herein. 30 35 - 10 - 4. BRI EF DESCRI PTION OF THE FI GURES Figure 1 G aph

of Amifastine Dr rgutestsan@sA( W8 Amifostine Drug Substance

Figure 5 DSC of Crystalline Amifostine Drug
_ Product Formulated From 10% Ethanol in
Water - .

Figure 6 DSC of Amifostine Drug Substance
;s Figure 7 PTIR of Crystalline Amifostine Drug
' ' Product Formulated From 10% Ethanol in
Water :

Figure 8 FTIR of Amifostine Drug Substance

Figure 9 X-ray Diffraction of Crystalline _
20 Amifostine Drug Product Formulated From
10% Ethanol in Water

Figure 10 X-ray Diffraction of Amifostine Drug
Substance S

Figure 11 TGA of Crystalline Amifostine and
25 _ _ Mannitol Drug Product Formulated From
' 10% Ethanol in Water

Figure 12 DSC of Crystalline Amifostine and
Mannitol Drug Product Formulated From
10% Ethanol in Water

Figure 13'depicts the melecular and crystal
30 . structure of vacuum dried amifostine

5. DETAILED DESCRIPTION OF THE INVENTION
Prior to the present invention, the available
pharmaceutical formulation of amifostine (Ethyol®) was -
a5 thermally unstable. Because of its instability, the
_ Ethyol® formulation required the use of low
\\
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2721) Solubility in Aqueous/ Ethanol Solutions vs. Tenperatyre ([err]C 5

Fi gure 3xvGoapds1oé t he Dependence of Am fostine Drug Subst an@eISuisobioreiy on
Et hanol Concentration Figure 3 TGA of "G¥sTalline Anifostine Drug Product
For mul at ed From 10% Et hanol in Water 10 Figure 4 TGA of Amifostine
Drug Substance Figure 5 DSC of Crystalline Am fosti ne Drug Producj

For mul at ed FromlO%Ethan in Water Figure S Am fostine,_Drug
‘ii“ ’%t%ﬁ'?ﬁ?? a

Subst ance 15% JI—“H BRFPRY %ﬁ? ot A% ﬁuﬁ"Pr oduct
For mul at ed me Etrha:lmit idegiadat¥omgure 8 FTIR of Amifostine Drug

Subst ance Figure %ﬁé'ﬁ%@é@ﬁgerUéﬂghéﬁ EEOVvidds 1 £¥%e 2Pirst stable,
Am fostine Drug Pr oduct For nul at?eﬁd‘ﬂﬁy{ om 10% Et hanpl i n_Wat er gure 10

X-ray Diffradtacmanifd Rhama stormel ﬁ%?e°{1a?€§9§F Beystal | i ne
Amhf OS]H ng aﬁdu@x can be 2conSvCen1e Ay Haond Dedicant ogtetedoatul at ed Flr om 10%
Et hanol in ter ure 12, D y tin nitol Drug-
Product For %‘Eﬁﬁio@rﬁ h%?]%‘& i;‘g\&%rg#% ég?@, g&%? gfg%[

nmol ecul ar ancfcm' yedred P¥riods of time w;tbvutcswnlﬁicaatupmmc&d

am fostine 5. +§% ?ﬁ; I i Qr t he present

I nvention, theééT pha {ﬂé:égukt’%g[ %r%ﬁqliﬁlg gml o tine

(Et hyol [err] )SW‘BS“Q%f nerh§ tesmabrtiopcwiilcalioy; S‘“P-ﬁgﬁé'-ﬁ-ﬂq ty,
10 drug product to be shipped to and stored in hospitals

around the world which do not have freezer storage
capabilities required for the currently avallable
formulation. '
Unexpectedly,. it has been dxscovered that a
15 sterile and stable product of crystalline amifostine
- with and without excipient(s) such as mannitel can be
prepared from the vacuum drying of an amifostine drug
' substance-containing hydro-ethanolic solution of about
1 to about 35% ethahol.
20 An important aspect of the present invention:
involved preformulation studies that determined
(1) the solubility of amifostine drug substance
(mg/ml) at various concentrations of water/ethanol,
(2) the solubility of amifostine drug substance in
25 water/ethanol at various temperatures, (3) the
appropriate shelf temperature of the freeze-dryer
needed to effect precipitation of amifostine before
vacuum drying and (4) the concentration of ethanol
needed in the formulation to give a super-saturated
30 solution that when cooled to the desired shelf
. ‘temperature in the freeze-dryer results in the
i precipitation of amifostine in a crystalline form.
From the above preformulation studies (see Examples,
. infra) it was determined that the preferred
35 concentration of amifostine, on an anhydrous basis,
\\R
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Et hyol [err] fornulation required the use of |ow -11- tenperatures during
shi pping and storage in order to prevent product degradation. The resent

i nvent i onVPreave31es the first stable, vacyym.dri ed phar maceut PEA{US93/07222
fornul ation of amifostine 5 which can bé& conveniently handl ed and stored
at tenperatures fromabout 4[err]C to about roomtenperature for |ong
periods of tinfne mﬁthout significant product degradation, thus providing a

solution to at"w% hio@e,egl mi’hfnfggga%aﬂ,grhdﬁé&uglé%mf ostine 10

drug product ed to and stored In glta s around the wor | d
whi'ch do not H@W@‘W?Eez rPE?B?EﬁﬁdcﬁbﬂbglF??E%F BUER 124 2BPuthE2@icrently
avai | abl e for nubwid ceffélsexpeettpiyatiénhas amitositinevered that a 15

sterile and stable o) c | [ pe t out
exci pient(s) such agﬂngﬁﬁé % cé%é%gkpég afg%; ? ég?ﬁ2$%§%§§g13$§$ng of an
am fostine ﬁrLgpsmkﬂtaﬂeeoﬁoﬂthﬁnPhglhyUhe ethanellsasexumlsﬁube about 1to

about 35% et hapghgedOsrom abéﬁtl m&taﬁaua%@stvﬂr bPCeBh&ABN! (RO¥ENT i ON
i nvol ved prefornu ?atlon st udi determ SO ub|I of

ami fostine dr.u5%iBsPh nEEh?ﬁﬁinY?tﬁF %a??0u§5c5§£en§%§%}ﬁﬁ
wat er/ et hanol sﬁ&lftbempetabutetpfothenffeeteﬁdryengcanbsangeefrOmz5

vat orl ot hanol BhoyerLeysc! EUPRRBRYT S3q-£2) g BEPERIPLLBHE, “Pabl
ami f osti nel®ef vesu¥bsuafh th¢i pyefnumpiating §§H6635r3388ﬁn§ﬁdenhanol needed
in the formul agh 08 §RvEh¥Soft PYBUiaschH’ #hpbrtant basis for
- _adjustment of the interdependent variables of
amifostine concentration, ethanol concentration and
temperature to provide for multiple container
18 size/fill volume combinations. '
Generally, the freeze-dryer shelf is pre-chilled
to a temperature of about -30°C to about =-15°C,
preferably about ~20°C. The vials are loaded and the
temperature is readjusted to about -30°C to about
20 -15°C and preferably -20°C and the vials'are
maintained at this temperature for about 20 hours.
Depending on the concentration of ethanol and
amifostine or'amifostine and excipient in the
solutions, and depending on ethanol concentration, the
25 temperature necessary to effect precipitation will
vary accordingly. Next, the precipitation of
crystalline amifostine takes place, followed by the
freezing of the formulation. '
_ Once the frozen formulation is observed, the
30 primary drying cycle is initijated to remove bulk water
and ethanol. Generally, the pressure in the chamber
is reduced to about 150 mTorr. The primary drying
cycle is complete when the formulation temperature was
approximately ~20%2°C for more than two hours. During
35 the secondary dryzng process, the formulation is held
M\——_
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30,solution that when cooled to the desired shelf tenperature in the
freeze-dr ts in the precipitation of amfostine in a t £
form Fr o?“rﬁ%‘&sg ve prefornul ation stedi®s-(see Exanpl es, ?ﬁé’%’%
determ ned t-hat the preferred 35 concentration of amfostl ne on an
anhydrous basi s, -12- was about 100 ng/m in about 10% aqueous et hanol .

Further, a preferred shel f tenperature of about -20[err]C would effect
preci pi tati onagf akoutostZafE ton abaisyr I0fGbiprveferakly@amta cake product,

the 5 percent %Qﬂ\}:‘éfr Qt,ﬁ?_ncgbd‘;g t{}pe analy Vﬁtﬁnd”dc‘)*é‘i@ ranges from about |

1 to about 35% v hanol (e rat1 0o qf ‘et ha wat er 1:99; 35:65);
simlarly, th@%rﬁtﬁ’é'r?perfﬁ%raeb%t t4f %9 APRNY 3R DVES 1 TRge from about

-40[err]Cto &lammﬂi:[eerse]dbnquf em;biry;, Ajer rfemovdr df residanay of the .

basi o for g qeuREn e YR, dhed e WA LAY BEgpdRed o T
concent r at i onwadielradgid ethana) a’tn dheyrzhambgre reeaches oa psteady f or
mul tiple contgingle 13hsid@R/ hr‘H :ag%éﬁ@xmn%'ﬂé's ogggg{._gél y, the

freeze-dryer shef |s prec to a_tenperature_o out -30[err]Cto

about - 15] er r [Rhess SUTHHAL IR PTAOIE 3 C’aW\/‘?’é?'SdaPEq’BSBed and the
tenperature i wHikAdhad asedrd Hdind té%QEerar]&j@:@bpﬂhezsmzfaétene] C and

bout 20 Hour S, tamiatai o Snfbled RREL LEEy Copeh Enb ERERBRECY, 101,
am f osti ne ancfammqamn ivhick containssanerphoepcanifigstinet hafbe
concentrati onyid¥s can then be stored and shipped at temperatures
| from about 4°C to about room temperature without
'51gn1f1cant product degradation. |
is Moreover, excipients can be added to increase the
amount of solids present in the formulation. Among
the excipients found useful for this purpose, often in
combination, are sodium or potassium phosphates,
sodium chloride, citric acid, tartaric acid, gelatin
20 and éarbohydrates such as dextrose, sucrose, sorbitol,
inositol, mannitol and dextran. .In addition to those -
mentioned herein others are known to those skilled in
the art. | |
The vacuum dried crystalline amifostine solid
25 compositions of the present invention may be provided
. in single dose container forms by aseptically filling
suitable containers with the sterile pre-vacuum dried
solution to a prescribed amifostine content; preparing
the desired vacuum dried solid composition; and then
30 hermetically sealing the single dose container. It is
. intended that these filled containers will allow rapid
) dissolution of the solid composition upon |
- - reconstitution with appropriate sterile diluents in
situ giving an appropriate sterile solution of desired
35 amifostine concentration for administration. As used

This Sheet Has Been RT

HIIIIH iIIIM i

SUBSTITUTE SHEET



25 :tenpaypiggrgzingcessary to effect precipitation will vary pCITpUso3reyaz?
Next, the precipitation of crystalline &fi ffostine takes place, followed by
the freezing of the fornmulation. Once the frozen fornulation is observed,
the 30 primary drying cycle i's initiated to renove bul k water and et hanol .
Generally, the gressur in the chamber is redyced to_about 150 mTorr. The
primary dryi nje&edne toec&eEMe{'suifahlenconsRiReISs oMeRB & at ure was

appr oxi mat el y codtadnek? tapablleé bdr madheaihdngt @o stexride During 35 the
secondary dryi Nols : f Qromyl ati_qn | | - -31.3-; ;

-20[err]Cto gggt‘} o%&ﬁz‘r%r;] gh%lr gfsg%a%ﬁ?qé}t cgptggr%%eroaft t?:eeel"g?gvle E,te primary
dryi ng cycl e Vappamaaried pIodasdyherpetdcaddyt Ss@hesuby 2o SYRARSE at e '

secondary €ryme@ns.- © AdEEHIGNa1dly," Sulidddled comtiadnedyd igfdanad .~ Wen the

partial pressures of water and _ethanol in the chanmber regches st eady
state, the dr PPRYOPTIALADESS &F 8325 SGFEIlgFg&.ngTﬁS?e aﬂaﬁ ons provide -~ -

a vacuum dri edoliatrdiori twhibeh hedd npom rewothstd tut iorcrofstetd iveewm f ost i ne

10 that denonstr ' . S AN I r tion which-
cont ai ns anor %%o&?-_%?n’%#\éy" ﬁ’tea \?k’%g%\égﬁt{%}rﬁé{fggﬁ%%%fshi pped at
tenper at ures Mmagerdedut gsmendldn Fymsod: HAGA -t efie AUARPEY (RRARS
significadp PleapityedIadal, Hterile rubbd?®AVRIres Gt RNt s can be added

xcl pi ent s 1 o PR LSHANT 1 AP HR ABHRESHALFS PEFAHIGE are sodi um
or potassium presritiissthe aficramdttiionts sud), duwcivhidmrdbsoc acid,
Qe'at'” allows entry for the purpose of introduction of
diluent, e.g., sterile Water for Injection, USP,
1S Normal Saline, USP, or 5% Dextrose in Water, USP, for
‘the reconstitution of the desired amifostine solution.
These and other aspects of the suitébility of
containers for pharmaceutical products such as those
of the instant invention are well known to those
20 skilled in the practice of pharmaceutical arts.

While the physical properties, such as
appearance, were ihproved in the instant solid
compositions, thereby achieving one objective of the
invention, we unexpectedly found that these instant

25 solid compositions also possessed improved thermal
stability compared with currently known formulation.
in practice, expectation for enhancement of chemic$1
stability by vacuum drying relates to a cémparison of
the stability of the vacuum dried solid with the

30 stability of the solution form of the pharmaceutical
composition. In contrast, the instant compositions
demonstrate enhanced chemical stability between Solid
dosage forms, see Examples jinfra.

The pharmaceutical compositions of the present

35 invention are suitable for parenteral administration,
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20 an rates such as dextrose, sucrose, sorbitol, -

manni t(%r dﬁyﬁt ran. In addition to-tbh®se nentioned herel #@?E@? {22
known to those skilled in the art. The vacuumdried crystalline an1fostine
solid 25 conpositions of the present invention nmay be provided i-n single
dose container forns by aseptically filling suitable containers with the
sterile prefwataummmﬁﬂmjknﬂnaﬂenous;znqnmﬁmns¢nihzunfost|ne content;
prepari ng t&%&%dﬁ&awuum&ram&q | h PR L S eoged then 30
~hernetical |y seali.ng thé single dose contail ner. It I's I ntended that these
filled contéPﬁéﬁ?ﬁﬁ% al | ow rapi d dissolution of the solid conposition

upon reconstitut iThe idl1eanprg Exairl e eirré einténdéd stobéi tu giving an’

“sappropri tey t f ost] oncent ion for
o o st Pat AadTeRrRsiYe I bl O SRR {GH 40T FRRRER BBkt ol ner o

means a conb& GeNsEIpias o idT any iMay ity ke aa ckimitation cbhenepfsuch as a

vial, capable of delivering a vacuumdried product hernetically sealed by a

stopper 5 nmeans. Additionally, suitable containers inplies

appropri ateness of size, considerfn ng EﬁéﬂgBﬁéne of solutlon to be held upon -

reconstit ut iBXAMFLE e vacugROUEDURE (B ' wl _

contain mat er i J8 I per enpl oyed,
e.g., ?erl | e rubH § &n@rle% pgwhée%uﬁ?il%ﬁ:l?ce Wt') 5‘gegﬂﬁe%8?ood to be .
‘that which wnmmqmmﬂkﬁn;Qﬁ(ﬁﬁﬂﬁaﬂs(ﬁhﬁbbem¢:ebmesmgneﬁ tbsevalhate entry

f th t ;. Ll e Wat f
|ﬁ,r A Ieogurgg%eaq;pfaﬁf% pitaritéld Uele, CairosStht! © er ftor

concentratlon, ethanol concentration and temperature,
for obtaining a sterile vacuum- dried form of

15 crystalline amifostine with and without
pharmaceutically acceptable excipients uéiﬁg vacuum
drying from a water/ethanol mixture.

A. . P;egafation of §amg;e Solutions
20 In separate test tubes with screw caps add the
following: '

(a) 5000 uL water :

(b) 4750 uL water and 250 uL ethanol

(c) 4500 ulL water and 500 uL ethanol

(d) 4250 ulL water and 750 ulL ethanol
25 (e) 4000 uL water and 1000 ulL ethanol

Add amifostine to each test tube until the solid
remains undissolved. Sonicate for 30 seconds{ If all
the amifostine has dissolved, add an additional amount
of drug substance until particles remain undissolved

30 in the solvent. Vigorously shake the test tubes for
~ 30 minutes at 25°C.
N . B. Preparation of Standard Solutions
Prepare 10 mL of the of the following solutions
of Drug Substance in water:
as (a) 6.05 mg/ﬁL
: (b) 0.1 mg/mL
\
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15 - Normal Saline, USP, or 5% Dextrose in Water, USP, for the -

recongt | ' of the desired am fostine solution. These aspects
of thg‘éé#}t”ég ity of containers fer igharnaceutical produ@?gl"g?gﬁ{ ‘as” t hose
of the instant invention are well known to those 20 skilled in the
practice of pharnmaceutical arts. Wile the physical properties, such as
appearance, were inproved in the instant solid conpositions, therehy

achi evi ng one obggct Pv@ og/mbe i nvention, we unexpectedly found that these
i nstant 25 sol i ¢dxonPebi mysmE al so possessed i nproved thermal stability -

conpared w th Céﬁrsnbbysbaewofaaeauhaiwn stAnPeaehi eB1uiRect ation for

enhancenent of chem cal i vactuum dr yi relates to a conparison
of the staBfRtP§Tof Pﬁée€a§g ﬂ#d%?@é QOFFBgﬁn?ﬁ %8 30480 ity of the .

sol uti op fReocopl the pbavrbancei aal 200nmsori 200 hm.coPersarm t he i nstant

conposi h efieCcal o I bet ey I d dosage
fornms, seeﬂzygﬁgn EEQ%géGRTﬁﬂgfﬁsﬁg gk ?#gngQh h%??t?%ﬁs of§§Le pr esent
35 invention aae Bmlﬂaﬂlebﬁénnpar§AP§FaPn§dﬁﬂﬁP§FF@$|Gﬁlue--15 for
exanpl e, intravenous, intranuscular, intracavitary, intrathecal, and
subcut aneous i nj ectlons .The follomn pl.es are intended to be 5
Illustrative of *the présd e Rt e not "be construed, 'in any
way, %ﬁbe a Ilnehaweoapphemanhteﬁy EXANBLESfEEAHBLEonuﬁERﬁCEBMRE FOR

PR O AT THE S fenter oB11Be2 AL QS 211 € U5

for the
0.45 um filter to remove excess particles if

necessary. Dilute each sample to a working
concentration of 0.3 to 0.4 mg/mL with water. On the
18 uv Spectrophotcmeter'scan each sample over a range of
190 - 290 nm. Obtain a reading for each sample at 200
nm or 210 nm. From the standard slope and intercept
and dilutions, calculate the concentration of-
amifostine in each solution. Cool the solutions to
20 the next lowest temperature and repeat above after
solution is at temperature for 1 hour. Table 1
- provides the results of the solubility runs of
amifostine in ethanol/water mixtures at various
temperatures. This relatiénship is graphically
»5 - demonstrated in Figures 1 and 2.
TABLE 1
Mean Solubility Amifostine Trihydrate in
Ethanol/Water Mixtures (mg/mL)

30 | .
25°C  10°C  5°C  0°C  -5°C  =10°C
Wwater 425.7 264.0 251.2 204.7 199.8 KD
" 1% Etom 396.0 256.3 238.7 195.1 184.2 ND
35 .y ptoH | 370.9 241.7 226.6 189.6 177.2 186.1
_
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‘prefornul ati on studi es which were designed to evaluate the appropriate
par anetWOP4/43129 ani f osti ne concent rat{prn. €ethanol concent RGL/BS9M222
tenperature, for obtaining a sterile vacuumdried formof 15 crystalline
am fostine wth and wi thout pharnmaceutically acceptabl e excipients. using
vacuum drying froma water/ethanol m xture. A Preparati on of Sanpl-e
Solutions 20 In separate test tubes with screw caps add the
following: (3% ESQB0O [er|PBOwAt e22Qb¥ 470M-T er¥§2. atdds ahd 850 [err]L

et hanol (c) 4500 [err]L{water and 500 err L ethanol (d) 4250 [err]L
“-water and 7504FeEFPH et hhABE-85 172.4 % e)13%4ob0o ¥ rIL Met-d¢ and 1000
[err]L ethanol Add am foptine to each test tube until. the solid remins
_undi ssol ved. 5%oFFPHt e fof 388-8ecdRtis’ 134447 t3E5 af fkt i he % Hissol ved,
add an aédrtronal anount | of drug substance_unti/| artrcles remain

undi ssol ved 38% F*PHe so &éﬁr VBoPousl§-2hak®’ the tWBt3tuiFor 3

m nut es at 25 %k Pre aratlon of Standard_ Sol utions Pre are 10 mL
of the of thé o3 ng 5408 on§ of Dr% *Eubst&nke %P vat erd2 (a)

0.05 my/mL (R 1.ng/ nl (c)_0.3 nmo/ nL n. On a W
spectrophotoﬁéﬁe% tO:an p&@h solﬁ?ran aﬁ%rﬁst > ha erl%T%nkngbeﬁ a range of
190 - 290 nm

. 10

This example demonstrates that the sdlubility of
amifostine drug substance is strongly dependent on
both the ethanol co-solvent content and temperature.
Generally, the degree of supersaturation resulting
from a drop'in the temperature of a given amifostine
solution decreases with increasing ethanol co-solvent
content (see Table 1 and Figures 1 and 2). This
dependence is exploited in the following Examples 2
and 3 to achieve crystalline amifostine.

EXAMPLE 2: METHOD OF PRODUCING CRYSTALLINE
0 WITHOUT TOL

15

20

To 130 nL of water at 25°C, add with stirring
21.25 gm of amifostine drug substance trihydrate,

25 Which is equivalent to 17.0 gm of anhydrous amifostine
drug substance. After dissolution of amifostine drug
substance is complete, 17 mL absolute ethanol, USP, is
added to the solution with stirring. Watér is then

added to QS 170 mlL. The resulting solution is sterile

3¢9 filtered through a 0.22 um filter. To each of thirty-
three 10 mL vials, is dispensed 5 mL of the filtered
solution to give 500 mg amifostine, on an anhydrous
basis, per vial in an ethanol:water ratio of 10:90.

Split stoppers are placed on the vials and the samples

a5 are subjeéted to the following vacuum drying cycle:

the samples are placed on the shelves of the freeze
\
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5 Record the absorbance at 200 nmor 210 nm Performkinear regression
anal ysi swol4m3amglard data at 200 nmor_210 nm and obtai n a BCG%Mr222
i ntercept val ue. c. Anal ysi s of Sdﬁp+ Sol utions 10 ' Renove
approximately 0.5 nL of each solution and centrifuge to pellet solids.
Fil-ter each sample with 0.45 ferr]mfilter to renbve excess partjcles if

necessary. .l ute J or ki i i to 0.4

ng/ mL with \%gtyee.rr.' gﬁ{tﬁ%@ &%%bggér)o%ho oér:rgfrge:g%éz‘gén -ceaell_)cfl&'sgn%]‘ e over a
range of 19@bowpEhhowlia #Ath aphient /RF$SFUkSc RERSD | high BPem or 210
nm Fromt I{Q‘es]tccg{gj@‘;% ﬂ@@lﬁﬁh‘ié%@ﬁ&pﬁb@-%ﬁ‘}éﬁ ia;]&hé:m cat ate t htzao
concentration of- stin each s on. o] the solutjons to

the next | oRRQuY e’ar?&"rgtéﬁree%g"?%‘b%‘at' a?ﬁ) 9 gﬁ"s%l%?ﬁ’o%& 51';1'3 . '
t enper at & e dhambehdis . bacbt £illled ovitlesniteogers Land tietvhialkslabel ity runs
of am fosti i ' Wy es ; L ONSaL £OPEE Sin This

rel ati onshi %ls%ﬂa%%‘gfwﬁinﬁ]st rgk'ghégdaé% FI g‘ltl}rees. 1%%%32@TABLE 1
Mean Sol ubi |8 tshexmablytskabie hyireezetdr fed Sbnglnidese  %idtes (ny/nL) 30
25[err] C fﬁuﬁﬁiiﬁin%gﬁﬁgﬁ&ﬁiraé¥rwrﬁéb mg - &f ee¥ysrariDherr] C Vater

425.7 264.0 251.2. . . & e ND, 196 Et OH 396.0 256.3 238.7
195.1 184, ?“i‘\bﬁl%/&’e?ﬁﬂas an -eLagINT S3*%e- 226.6 189.6 177.2 '186.1

17 - 3% OEXAMPLBEG9: 0 220METHOD40F PRGDUQINGSGRYSTRELUINEt CH 308. 8
172.4 161.9 131.1 123.3 "AMYFQSTINE .

Approximately 20 grams of mannitol is added wi;h
stirring to 150 mL of water at 25°C. To this solution
is added, with stirring, approximately 25 grams
amifostine drdg sﬁbstance (trihydrate basis), which is
equivalent to 20 grams of anhydrous amifostine drug
substance. After dissolution is complete, 20 mL of
anhydrous ethanol, USP, is added volumetrically to the

.solution with stirring. Water is added QS to 200 mL.
The resulting solution is .sterile filtered through a
0.2pm filter and 5 mL of solution is transferred to
each of 40 10-mL vials. Split stoppers are placed on
the vials and the Samples are loaded onto the freeze-
dryer shelf at ambient temperatures. The shelf
temperature is decreased at 2°C/min to -25°C and held
at this temperature for 90 minutes to initiate
amifostine crystallization. After this time, the

1s
20

25

‘shelf temperature is raised above the eutectic point
at a rate of 2°C/min to -5°C and held at this
30 temperature for 10 hours to anneal the product.
-Subsequéntly, the shelf temperature is lowered to
-25°C until the product temperature is less than =-18°C
for greater than 60 minutes. After this time, the '
freeze~dryer condenser is turned on and the vacuum in .

35 the chamber is lowered to 150 mTorr. The shelf-
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5%-EtOH-wog4,<ageyge 152.7 144.7 115.0__111.7 101.7 5 10%&611593/0712&;8 0
84.5 76.2 57.6 55.3 52.5 15%EtOH" *® T06.3 36.6 34.7 26.6  25.

22.5 20% Et CH 68.8 19.5 23.4 - 13.4 12.2 11.5 10 This exanple
denonstrat es that the solubility of am fostine drug substance is strongly
dependent on hQ hano ol ven.gQn t d aLure.

Ceneral ly, tHQI%E ree o% g%ﬁ%?%a.%rgglo%orgs%ﬁg tﬁgf?%ﬁgggér%ggln t he
tenperature<ﬁlkp£ﬁ®éﬁ°am¢¢@mm|¢Eysﬁ¢nt1bdh9%t$easb§ this pRéngasi ng

et hanol co- SQINEMokPEGLEd ¥5£Es TRRVE éeaeﬂea QH&EE éeﬁaéraiur‘éhl s

dependence i s, loited in the fo Iomnn and to aghi eve
“crystalline ai'rﬂcfg‘éiﬂ'fég Bt of I\g‘l" r’%ﬁ Brys | NE

AM FOSTI NB W\?I"irﬂﬂ' ARGt Trsaaa'rotroénvxnher-ao=e5§nen}fc:£oadamvi th
stirring 21 Cz)alsci né‘i” {5’5{1 ig&f’%“gosgﬁﬁﬁgcﬁgkr kgﬁg’&é&e f2§o ' Ch s

equi val ent t of "an rous am g ance.
dlssolutlon(ﬂYQW#$%§¥$ﬁ€rdrdﬁhéuﬁbﬂahEE is baghr iéle§7W#Ehabsolute

et hanol , USP, ni@r@é‘é‘ﬁdaﬁ@ the ¢ohysi Qﬂe%ébhshibhmg s%b@hrba then added

to 170 mL._The re I ol on rile ered through a 0.22
[erS?n1f|IteﬁTh1ﬁbP§§€ﬁ B¥ tﬁ??ggéstﬁ#ZES e#Ea&in§ Fé dl§55“§¥%95 nL of

thelflItewmmidmﬂemlsﬂnqmegduse50&ahgcant&dntngeappnoxdmmﬂqu}snn asi s, hper
t 9 oph i LSt t
Crol o, B8 kiYL £k 2Ll b ORap el bl SPECEY alEEden (e

anpres vacuum-dryl ng
cycl e: the soxpletegantpraked on the shel ves of the freeze
o EXAMPLE 4: VACUUM DRIED CRYSTALLINE AMIFOSTINE
TABILITY STING
1s o Several sealed, nitrogen~filled vials of

crystalline aﬁifostine formulated from 10:90
ethénol:water; as described in Example 2 above, are
stressed at 50°C for up to 35 days to determine the
thermal stability of the crystalline amifostine.

20 . The results are tabulated in Table 2 below. All
data are reported as percent (%) of initial '
concentration, which is defined as 100%.

TABLE 2 -

25 TIME AT 50°C :
STUDY {IN DAYS) OF INITI CONCENTRATION
1 0 100.0
3 106.3
35 96.9
T S 1902
7 101.1
. 14 93.9
21 71.1
3s
/// Place .
/////////////////// d SUBSTITUTE SHEET



dryer, which has been pre-cooled to about -20[err]C, for about 17 hours at .
anbi ent pVOMMOB9after which time the_chgnber is evacuated XH’Pﬁ?’E??@Pves
are held at about -20[err]C for 28 hours. Following this period, the 5
chanber is back-filled with nitrogen and the vials are quickly stoppered by
hand. This procedure results in a thermally-stable, freeze-dried single
dose vial containing approximately 500 ng of crystalline amfostine as an
el egant cake. 103 EXAMPLE 3: 0 METHOD OF PRODUM@DNG CRYSTALLI NE AM FOSTI NE
Approxi mately 20 grans of manBitol is added wit®k03t6rring to 150 nL of

wat er. at 25[err]C. To this sofution is added, wtPh-8tirring, approximtely
25 grams 15 anmifostine drugl8ubstance (trihydraPé-Basis), which is.

equi val ent to 20 grams of anB¥drous amifostine dPﬁg7substance. After

di ssol ution®is conplete, 20 nL of anhydrous ethanol, USP, is added
volunetrically to the solution with stirring. Water is added QS to 200 niL.

20 The resulting so i 1Sy i L re h Llter and 5
m. of solution is t#g%sgngéﬁi%gﬁeggﬁgg%E§0 ggkntggggpg.ggéggpggtoppers are
pl aced on the anifestinet fersudptionyis pdgQcgubiesteretor S&¥@Ssdryer shel f
at- anbi ent tenpeseipgesat s0ecsiekf updtol 28PaaFEVr eThe geeudtsrdral
2[err]C/mn to -25[err C,an& ggkd aL kgls tsﬁﬁera ure for. 90 @? utes to
initiate ahPfoBTERENERYsAt FRPAR dnPeAPHar Ats IRERe 2T EPREIRS Bfper at ure
i s rai sed abovpetbentuf{&¢t of pnitiadt cancentratidingr whilch ist definedr | C and
held at this 3$ﬁtgaﬁgrature for 10 hours to anneal the product.

e’s

Subsequent | vy, elf tenperature is lowered to -25[err]C until the

product tenperature is less than -18[err]C for greater than 60 m nutes.
After this time, the

15 | TABLE 3
' TIME AT 50°C S _
STUDY (IN DAYS) % OF INITIAL CONCENTRATION

1 0 7 100.0 -
14 ) . 2.8
28 . 1
20 ) .
2 () 100
14 2
28 b §
3 . 0 100
14 1
25 28 b |
Hence, it is abundantly clear thag, even between
solid formulations, a dramatic increase in thermal
stability is achieved by crystalline compositions

30 obtained from the disclosed process.

35
—_—
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}reeze-dryer condenser is turned on and the vacuumin 35 the chanber is

| ower nmlrorr. The shel f- - 19 - tenperature is

-20[err]C 6‘90 the sanples are all omed@lto vacuumdry for 14 é’ﬁs‘?g d7/%\1!"th
point,'the nDnltored vial s have reached shel f tenperature, indicating the
end of the primary drying cycle. The 5 vials remain at 150 niforr on the
-20[err}C shelf for an additional 13.4 hours to ensure the renoval of non-

hydrat e mdﬂﬁELlﬁk»chanbe?RFEEBEER METHQD QFt ﬁRﬁPPF§§§n and the vials are
mechani cal | y 'st opper ed. ernally st abl e,

‘vacuum 10 dried S|ngle dose vi al contalnlng approxi mately 500 ng of

am fostin [ el egant cake.
.EXAVPLE 4%4 ‘%‘?L‘l E F%ﬁf Lﬁ%ﬂ‘ﬁﬁf%%ﬁﬁﬁﬁﬁ I LI TY TESTING 15
Sever alg s , og i fostine fornul at ed
from 10: 90 ethanol wat er, as described in Exa | e 2 above, are stressed at
50[err]C1@%3LEP%EPESnGa9§°FSdB€?eYﬂFh@r%FEeP Pnﬂﬂeéﬁaﬂrﬁlty of the
crystal | i neiters$ o6£i s6lutfon. The results are tabulated in Table 2
bel ow. Al] dat [ p t ni,t i al centration
which is dLTlne g{ﬂ% %%gtggi gggsp wgf@ 815??&@ %Tw err] C STUDY
(I N DAYS) ST CEing TmAgngngmmwosdtir bar) in abgut 2300
100.0 33 mL Nanopu}Q6w§t§§ at room temperatu?? in a
- stainless steel pressure vessel. '
2. 438.3 grams amifostine trihydrate was added to
this solution. Dissolution was aided with
vigorous stirring.

15 3. After amifostine dissolution were compleﬁe, 525
mlL dehydrated ethanol (USP) was slowly added to
the solution with vigorous stirring. Amifostine
precipitation occurs at the addition site
followed by rapid re-dissolution as the ethanol

20 is diluted by stirring.

4. After the addition of the ethanol is complete,
the solution was diluted to 3500 mL with Nanopure
water. '

5. The solution was filtered under a positive

28 pressure of 10 psi (nitrogen) through a
Mllllpore-40 filter.

6. 5 mL of the resulting solution was transferred to
each of 660 10-mL tubing vials (Wheaton E-2910-
B47B).  The vials were partially seated with grey

- 30 butyl rubber stoppers (Tompkins PT23B0857 F2) and
vacuum dried.

3s
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30. 2, -0 ' 100.0 3

97.2 7
101. WO24/03179 93.9 21 _ ,, . ' 71.1 PET/USYQ723
0] 100.0 3 103.6 7 101.8 14
97.5 21 . = : . '86.7 5 For comnparison purposes, the current

anor phous am fostine formulation is also.subjected to stress testing at

S0ferr] C for “pvé&xg éf"%ngTefci@Sfl&fsAﬁifoéﬁmemsﬁmedll n Table 3 bel ow.
All data are reppps yof initial concentration, which is
??LIHEngf 1000W = AL ' TABLE 3 TI ME AT 50[err]C STUDY
100.0 14 . $1a s aﬁggﬁggéeﬁwgkcﬁh& shelf at agggs 55°C
100.0 14 to insupeQthat amifostine precipjitation is 0
100.0 1 not initidted heterogeneously.
2. The shelf temperature is lowered at 2°C per
' minute to =-35°C. Once this shelf
temperature is obtained, it is held constant
for 240 minutes to insure solution freezing
of all vials. During this stage the samples
pass through a eutectic (approximately
. =16°C). _
3. At the end of the 240 minute hold time, the
shelf temperature is raised at 2°C per
minute to 0°C over 25 minutes. Once this
shelf temperature is obtained;, it is held
constant for 600 minutes.
4. At the end of the 600 minute hold time, the
. shelf temperature is again lowered to -35°C
at 2°C per minute. Once ‘this temperature is
obtained, it is held constant for 180
minutes.

0

10

15

20

§. After this time, the condenser is turned on.
Wwhen the condenser temperature is less than
-40°C, the chamber is evacuated. When the
chamber pressure is less than 150 mT, the .
shelf temperature is raised to -20°C at 2°C
per minute and the chamber pressure is held
at 150 mT with a nitrogen chamber bleed.

6. The product is left in the chamber at 150 mT
for 12 to 24 hours after the monitored
pfoduct temperature has reached shelf

25
30

35
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25 - ‘ . 28 1.4 Hence, it is abundantly clear
that, @xs94/8ieen solid fornulations, a dramatic increasepcfriusysrenh:
stability is achieved-by crystaILiné'dﬁhﬁbsitions,SO obt ai ned fromthe

di scl osed process. 35 -21- EXAMWPLE 5: PREFERRED METHOD OF PRODUCI NG
CRYSTALLI NE AM FOSTI NE Conpoundi ng Procedure for Am fostine/Mannitol (100

ma anydr ous each/ nl) The faollow n rocedure was wiftt o,yield 3.5

liters of solution. 1.§:emp§§5téﬂr§rfs %nl%m%(eﬁsﬁ)s sk (ﬁej;}'slgﬁ‘%/ed with

stirring (magnetic teMisch stitrogen and siheutvi2d@0 skdpperedal Nanopure

water at roomt eggeigat Ure ign g5t g.if”'eﬁfﬁv'%tl%ﬂt RESS WA VEnsEdr o 438. 3
ed to |

grans am fostine tgihydrate was a this solution. D ssolution was
aided with #8g8%o@SSstirring. 15 3.  After anifostine dissolution were
conpl etes 525 nl séahed,atrdd reigen+dilldaP)10van ubing adikells t o t he sol ution
‘Wi th vigorous _sti.rr.i.ng... Am fosii.ne, precipitation occurs. at the addition
site fol l om&&"%?*?‘d-&gg Agtnny Snikd Srvadatiing °§€“§e'_ is diluted by
stirring. 4ebtaiinesr ashelemtitiiiesh iof BxXamperdnolwene catressed ate sol ution
vaﬁzeg' ;ut ggi4{o?\?z§% B ks NGV T ine anifbstfieldrledoaefiftered
P -20°C for 12 hours, 93% of the amifostine remained at
10 the end of the stress test period. For cystalline
‘amifostine dried at -20°C for 24 hours, 84% of the
amifostine remained at the end of the stress test
period.

15 EXAMPLE 6: MOST PREFERRED METHOD OF PRODUCING
CRYSTALLINE AMIFOSTINE

It was fouﬁd that the most stable vacuum
dried, crystalline amifostine was obtained by vacuum-
drying an amifostine/mannitol, ethanol/water solution
containing 15% v/v ethanol. The compbund.procedure is
the same as described in Example S except for the
lesser amount of dehydrated ethanol added to the
solution.

20

- The specific manner of conducting the vacuum
drying‘cycle to produce the mqst stable crystalline '
amifostine was arrived at after several studies were
performed to evaluate effects of changing the final
drying temperature, the time period for final drying,
and the rate of initial cooling to -35°C of the
solution-containing vials. It was found that in
general, the stability of crystalline amifostine is
the greatest when the final drying temperature was at
=-20°C, and the time for the final drying was between
12 and 24 hours. Additionally, the stability of the
crystalline amifostine was higher when the initial

25

30

35
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25 . . pressure of 10 psi (nltrogen) through a MIlipore-40 filter. 6.

5 nl okotgaeo31esul ting sol ution was trapsferred to each of P USF/BT222 ubi ng
vials (Wieaton E-2910- B47B). The vials were partially seated with grey 30
butyl rubber stoppers (Tonpkins PT23B0857 F2) and vacuumdried. 35 - 22
- vacuum drying Cycle for Am fostine/Mannitol (100 ng anhydrous /niL) 1.

Vials are @o%&‘iq\gté hey shelde ath by PRdfiddrhtd Dnifg W ealbabagi f ostine

precipitation s not |n|t|ateq8pete£§ eneously. 2. The shel f
t enper at ur €AEAUGHRS AP A 6O RIRY RS, FATHEK ¢ %ft’?‘?fﬁs Once this shelf -
tenperature i's @Eisediesh the iabdwd Heveixipment cstddiesi nbhesmesti nsure

sol ution fr i aéﬁe vathhR9aPifigStpdtet he

-sanpl es paspsﬁzinrou AR a%,'?)éo%(l tely -16[ errf% d .§ At the end
of the 240 xﬁrﬂﬁef¢kﬁ@ﬁ$¥ne the shel f tenperature is raised at 2[err]C per
25 mnute to O[err]C over 25 mnutes. Once this shelf

tenperature s qbtained

end of the 600 n}m ue L ar gl % hi s ﬁdgl onsﬁn%%%gaxg?ﬁ?ghl S agal n' I ové; etjh'?o

-35[err]C 20 er T Tt e, OTCE TS tenperature Is
obtained, it is held constant for 180 mni nutes.

1. vials are placed on the shelf at about 25°C
to insure that amifostine precipitation is
not initiated heterogeneously.’

30

2. The shelf temperature is lowered from 25°C
to 0°C in 20 minutes, 09 to -20°C in 60
minutes, and then from -20°C to -35°C in 80
minutes. Once the shelf temperature is
oﬁtained, it is held constant for 240
minutes to insure solution freezing of all

1s

vials. 'During this stége'the samples pass
through a eutectic (approximately =16°C).

- 3. At the end of the 240 minute hold time, the -
shelf temperature is raised to 0°C ovgr'zs
minutes. Once the shelf temperature of 0°C
is obtained, it is held constant for 600
minutes.

4. At the end of the 600 minute hold time, the
shelf témperature is again lowered from 0°C
to -15°C in 15 minutes, and then from -15°C
to =-35°C in 120 minutes. Once the
temperature of -35°C is obtained, it is held
constant for 180 minutes.

20

25

30

S. After this time, the condenser is turned on.
When the condenser temperature is less than
-40°C, the chamber is evacuated. When the
chamber pressure is less than 150 mT, the

3s shelf temperature is raised from -35°C to -

- This. Sheet Has Been Rei aced
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"5, After this tine, the condensér is turned on. When the condenser

t enper alyhKghgzhgss than 25 -40[err] C, the chanb cuaged.
When t he ghg érepressure is |less thar 250, the shelf te?§§?§Fﬁ¥@'"' '

raised to -20[err]C at 2[err]C per mnute and the chanber pressure is held
at 150 ml with a nitrogen chanber bleed. 30 6. The product is left
I n the chanber at 150 nﬁ for 12 to 24 hours after _the nmonitored product
tenperature has reached?@h®l#t33°C PeEPRARERENThELEEEhe SBambeg perat ure.

~ The chanber is back-filperdssuté ﬂstnegenaanuist)hnrvwalta at ageeogdn NOTE: .

“1 TJorr is equivalent tog %aﬂ%é} LEX. of Hg at O[err]C. 5 . Seal ed,
nitrogen-filled 10 m tubing vial'S containing vacuumdried crystalllne

.ami fostine, obtairfed asTeeseredeeti kinEkhapréads der defttr dosddeat 40[err]C

for 4 weelss. For CryStaéﬂxéxﬂBe?”&ﬁoiSb“ﬂTdbedlét bZlehraLst Qfehe hours,
93% of the am fostine renaine e streza test period.

For cystalline -anifostFhe ﬂ??%ﬁ°ﬁf8 EEFSPFFCtFHPeEEtHEEr S84% of the
am fostine remai ned at réackhed shelfictempesatucetl. paheodhahberXAPLE 6:

MOST PREFERRED METHCD % gmg@ gﬁF§TéH:L‘QE eﬁI\/EE‘QS'EIhIEE \)J.ta l\gas f ound t hat

the nost stable vacuum drred, Cryst Stine was obtain
vacuum drying an an1fo§§PhE¢ﬁaﬂn|tol et hanol /wat er sol uti.on

10 NOTE: 1 Torr is egquivalent to 1 millimeter of
Hg at 0°C.

ﬁithout wishing to be limited by theory, it
" is believed that above step 2 causes the formation of
1S seed crystals of amifostine in the frozen solution and
' step 3 causes the growth of amifostine crystals around
the seed crystals and ensures completion of the
crystalllzatlon of amifostine from the partlally
frozen solution.

20 Crystalline amifostine-has beeéen produced
using the above vacuum drying cycle, utilizing 12.5%
ethanol solution -- one produced with a final drying
step of 12 hours and another prbduced with a final
drying step of 24 hours. Stress testing of these two

25 products at 40°C for eight weeks 1nd1cate no
perceptible decomposition of amifostine for the
product dried for 12 hours, and a 2% decomposition of
amifostine for the product dried for 24 hours.

30 .
- EXAMPLE 7: PREFERRED MANNER OF CONDUCTING
' CRYSTALLINE AMIFOSTINE STABILITY
IESTING

Sealed, nitrogen-filled 10 ml tubing vials
ss containing vacuum dried crystalline amifostine,

I
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20 contﬁbry,,mn%% v/v ethanol. The conpound procedure i's ipgg/8995 ma
described in Exanple 5 except for the=l @ ser anount of dehydrated et hanol
added to the solution. The specific nmanner of conducting the vacuum 25
drying cycle to produce the nost stable crystalline amfostine was arrived
at after several studies were perforned to evaluate effects of changing the
final dryi ng RFEReR 2%, 9 ?ﬁ%rgPﬁﬁ pBrE¥AMPLR f1 nUPTR§ERESSEA Rt he rate of
initial cooIi«qr¢ofoBE@ﬁrtéCéb@htheeaﬂssolutlon containing vials. It was
found that in gen h b t t he
gr eat est when thee#lna £d€°§ﬁé'%*$£ PQ%HgéX§ gkg?gf§€?1£2%%}g§n éthe tinme
for the final5¥t§ierRused @E&?ﬁﬁﬂslﬂland°24th9uﬁgysﬁadlLhenalIy t he

stability of sm&&:sﬁasiel thaesagl £asiines\an Qlﬂbsﬁei«hﬁattassiﬂyt i al

-24- cooling to - e _solution-containin Is was conducted in
160 ni nut es r%ﬁ?ﬁﬁ 5% %Pﬁuf&gbl é§¥d°g Q%ﬁecﬁﬁ eVEIopnent studies,

t he nost FNeﬁamxfmbnanaeundérctypmcanngtbhageacundndlynsg(myeLeaﬁ IS as
foll hyd /
1? ows: Vacuugy {%éPQtEB €e£§ F#Qh%Q % ?ngﬁnht?k (148.,89eanhy rOUS )

Vials are ed on he S
i nsure that am##%%%snefp$EéPpl#§Y|§ﬁ5#snsoet|ﬁ Pratad ﬁesérsgenbsusly 2.

5o | S sea i maseasioanipl asadisne UL
80 15 i %1%&?%%31 fﬁBEaﬁﬁecgﬁéﬁFlPéﬁperéFuP

approximation, stability for one month at 30°c'
correlates to eighteen months at 4°C; stability for
2~-3 weeks at 40°C correlates to 18 months at 4°C; and
15- stability for 8 - 12 weeks at 40°C correlates to 18
months at 25°C. See L. Lachman, et al. The Theory
and Practice of Industrial Pharmacy pages 766-67 for a
general discussion of stability prediction. N
At the end of the stress period, the crystalline
20 amifostine in the vials was tested for water content,
thiol content, and amifostine content. The water
content was determined by Karl Fischer titration.
- Because amifostine may undergo hydrolysis under stress
to produce 2 -{(3 - aminopropyl) amino] ethane thiol
2S5 and phosphoric acid, determination of the amount of
this thiol gives an indication of the'stability of the
amifostine. Analysis of thiol and amifostihe content’
was conducted using the following procedufe:
1. eparati of Standards and Samg
30 Weight and volumes may be adjusted provided the
final concentrations remain the same. Store
solutions under refrigeration and/or in a
refrigerated autosampler immediately after
preparation.
3s '
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A G
S&Baizﬁeas lte 3 R8I BENEAEt 4PN 240 ninutes to. msuPe sol uti fre z;_;fg es
of all vialWYOMPINY this stage the sanplgs pass through a etf(g'gpﬁ?,:’ /07322
(approximately -16[err]C). 20 3. At the end of the 240 m nute hold
time, the shelf tenperature is raised to O[err]C over 25 minutes. Once the
shélf tenperature of O[err]Cis obtained, it is held constant for 600 '

m nutes. 25 may. con¥iin hebeartd loftot hboﬁ&osm pneﬁei'mbn,' tapomt tthéoshel f

tenperature Is 15 m nutes, and
then from - 15[er?€éflnf'o %r] M%%L‘r% Egyslgig gf 'g temperature of

-35[err] C i s obtai nedinjanalgpunatiye procedure EersPEFRATMII T® ni nut es.

5. After this fbmléﬂiaox@,omlﬂﬁ%@fmos1kyr1nadh9¢ro¢w|en t he condenser

3 I 40 h h d Vh th
chanber pr esshr cohasPReEotRinsta) Syen 8o IBTRBEe ne (PG B e tiEed 1° o,
-35[err]Cto - excipients card @imsolved [iG Peren fior cIndedtEdiarhe USPanber .
pressure is hel d?ﬁété@ P{smsé;mga galmqaﬁnleheﬂﬁrs@éff& ﬁne% product,

in the vials is I N nber at oa¥1 to 24

hours after the TRAYERF &RE o B FeEFSS, éf“&PBthag ?E%’éi'\’e%i
tenperature. TheseE8RN®S'stérilslethanod] wspPhisi aaegenr.aryhéhb thel s

stopper ed. 190 formagggibn thék-Egp%ubsqugh¥§§egﬁb5ecéeénéé'{RHGH of
cooling or annéallng steps.
The formulation produced according to the
disclosed process may further be comprised of a
pharmaceutically acceptable excipient. Suitable
15 excipients include, but are not limited to, sodium
chloride, propylene glycol, sucrose, dextrose,
sorbitol, inesitol, mannitol, glycine, arginine, or
other amino acids, preferably mannitel, and most
_ preferably mannitol, NF. | _ -
- 20 Thus, it is a particular objective of the present
invention to provide a pfocess for the preparation of
a pharmaceutical composition containing crystalline
amifostine comprising the steps of (a) preparing a
formulation comprising about S0 to about 300 mg
25 amifostine per'ml of the formulation, about 3 to about
30% (v/v) ethanol, about 70<97% (v/v) water, and,
optionally, about 5 to about 300 mg-of-é
pharmaceutically aéCeptable excipient per ml of the
formulation, such that a particuiate-free solution is
30 obtained at temperatures ranging from about room

. temperature to about 10°C, but which provides a
crystalline precipitate of amifostine upon cooling
.« _ below 0°C; (b) ceoling the formulatjon to a

temperature falling in the range of about =-40°C to
385 about -5°C for a period of time sufficient to effect
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at err C VVthout wishing to be limted by theory; it is believed that
above‘g 1%uses the formation of 4§ —seed crystals of PRR{¥S¥IRA2i n the
frozen solutron and step 3 causes the gromﬂh of ami fostine crystals around
the seed crystals and ensures conpletion of the crystallization of
ami fostine fromthe partially frozen solution. 20 - C}ystallrne
am fostine has heen Prbaraetish ME G AIXVIMe TOTIMfadui®rcycl e, utilizing
12. 5% et hanol sol uti ofPrug dreoduarjuceEd ssd /Ly MevwHantlyimg step of 12 hours
and anot her produced Hanegxr A SAA801Yrying step of 24 hours Stress testing

of these two 25 products mtsAd rdoggéq{tserdyrtoﬁ@e%gq,%rt%l
o) rred for 12 hours

percepti bl e deconposition of amfaqostine for the pr

and a 2% deconposi tion of VIR S8 BBt h@ly MAReR- dried for 24 hours. 30
EXAMPLE®7: PREFERRED NANNE%&&WNW&:@%\&WH%M&K)&E NEL STABI LI TY

TESTI NG Seal ed, nitrogen-fj 35 ,con ni ng vacuum
dried crystalline am fosti r#el‘s&&olfgf %%‘% @“bteesctﬁ B;eocalj'% Exanpl e -6, )
were stressed at 40[ err] CWigh Water.ci @ranafsks 6 ML wofs thasd t hat previ ous

stability testing at 50l ergdarisab @%ww}ngrw% sigtalline 5

am fostine i'n the sealed vials in nanner not eas| corr ated to the
: st abr | i toy of the crystall iafd 27 f@st‘?%é”%ﬁﬁkra’t‘%/rﬂ@dlt%t‘iﬂa ‘é%dr tions

wzth methanol.
Shelf-Life: 24 hours at 4°C

2. System_Suitability

g Amifostine (Use Standard Solution 1. 1)'
is -

% RSD of 6 Replicate Injectzon
of Amifostine <2
Tailing Factor : <2
20 - Theoretical Plates >1,000
2-((3-aminopropyl)amino] ethanethiol, dichloride
("WR-1065") (Use Standard Solution 1.2)
. % RSD of 6 Injections <4
25 Tailing Factor <2
Theoretical Plates ‘ >7,000
3. Equipment and Materials (As Stated Below or
Equijvalent)
Equipment
30 HPLC System with UV Detector
"Materijals .
Amifostine Standard
Concentrated Phosphoric Acid ugPOJ. HPLC Grade
Methanol (MeOH): HPLC Grade .
as Purified Water: 16 meg-ohm or greater

\
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'refrlgeratlon terrperature of about 4[err]C). However, results of stability
t'est W@ %403 err ] C and | ess can be J9 correlated to t he PETABBII/DY223
crystalline am fostine under typical storage conditions. As an .
- approximation, stability for one nonth at 30[err]C correl ates to ejghteen
nonths at 4[err]C, stability for 2-3 weeks at 40[err]C correlates to 18
nmonths at 4[ er n}-Getaifes\l foriddiddily, fsvditnr skAweadsnpd H¥lerr]C
correlates to &@adenths at 25[err]C. See L. Lachman, et al. The Theory and
Practice of Industrial Pharmacy pages 766-67 for a general discussion of

= stability predighiO ; fo Uil | period, the crystalline 20
amfostine in e via s s §r€(§:§§bnt ent, thiol content, and
am f osti ne conf@dumnr NS H was det er i ned by Karl Fi scher

“titratPon. Because 5@9’6@1‘3 r?%a'-'rﬁaﬁﬂ-%d r@&ﬁ%} stress to
produce 2 -[(3 - a o ro e R ?%‘Q%P LY phosphoric acid,

determ nati on of thé‘?’ﬁﬂﬁ dﬁ’t ves an indication of the

stability of the am St Ef'y5| of thiol and am fostine content was

conduct ed usi ”9& Jcﬁﬂggngggm%ﬂﬁ Pl-"t?é’ Ros$ dﬂé i&t andards and

Sanpl es 30 i ght and 96 Vi the final
concentrations remain the sane. Store sol uti ons under ref ri geration and/or

ina Pri gerated aut,osanpl er D iEEsh vd el Y389 tOSA Pis P800t nbNof 35 - 27 -
1.1 Preparation of Amfosti neachiddtil rghesphor D saéBd npaNB. oMet hanol / Wat er
2. Dilute to 1000 mL with methanol.
3. Filter and degas the mobile phase.

Detection: 220 nm Absorbance
Flow Rate: 1.0 mL/min
15 Injection Volume: 10uL
Column Temperature: Ambient
Sample Temperature: 4°C
Attenuation: Adjust to produce approximately 80%
full-scale amifostine peak.

4. Procedure

20 .
Inject sample and standa;d solutions, record
retention time of the amifostine peak
(approximately 4 minutes). Retention time of the
standard amifostine peak and the sample
28 preparation peak.should agree within 10% to
confirm identification of amifostine in the
sample. '
30
3as _
—
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[ 50/ 50]) Accurately weigh aproximately 30.0 ng of 5 P 7US93/072231 f ost i ne
standarded into a 10-nL volunetric flask. D ssolve in m. of water and
. -dig]a%‘,hgnol umre with nethanal 30Skel f-Life: 24 hours at 4[err]C 10
. reparation of 2-[(3-am no propyl)am no] ethanethiol, dihydrochloride
Standard Sol ution (0.012ng/ L -Free Base, Methanol/VWater [504p9]) Accurately
wei gh approximately 1.85 ng of 2-[(3-am no pr ) am no] et h&net hi ol )
di hydrochl oride standard into a 100 -nL vol unegkfc flask. AﬁgiSOHL of wat er,
then dilute to volune with nethanol. Shelf-Lifmle 24 hour§y&t 4[err]C 20°
1.3 Preparation of Amfostine (Drug Substancéﬂé&
(3nmg/ m., Met hanol / Water [50/50]) 25

Assay Pgeparation

. Accur at elyy wei gh ..
approximately 30.0 ng of amifostine into a 10-nk volunetric fg ask.- Di ssol ve
in 5 nm of water and dilute to volume with nmethanol. Shelf-Life: 24
hours at 4[err]C B. Rel at.ed Supstances (15 ng/rl, Water) 30,Accurately
wei gh approxi mately 150.0 ng of sam fostine intq. I

10-nL volu
Di ssolve and dilute to vol une wgh water. '
4 err] C 35

tric fl ask.
Shel f fe: 24 urs at:
x -E . )
- L
g Sk
- w)
B~ ﬁg ]
Wl ‘G S
GlE o~y
gl “"s
L]
s @ 3
X » S
Q = =
x X %
: i)
E, "’:3 - % N.E
—~ ~ 1
=2 Sk KIS E:
5|2 |3 3 55
Blg Sl a3 ol
Sm il mtn w vy
w|% <\= ol a3
o= - £ 0 i el
= % - - =11 =g
x i3 1 u Ble
v
o v oS <M
Ol @ o © ~ <
qe] s Q - < !!:
%% = 3 % 4 Q
o b7 ] [ =
L7 o 0 L = c e
o L) -l o— o o B o 8
mm m m Aoﬂ u '-‘ .
wi® e Q = = 1R h] E
Q 1 < & Q E o " ~
= < < ot v o St o
ood n 4 U ﬁ IﬂE oo p=S ~
w 3 A £ B A < o Y
- el o E ~ ~ B als ns
< O ong | =~ m‘-a - \D. ou
c ™ - ~|E o ol -0
© o .l 0 u © -3 ) ! o'
2 0 0 l a Q ~ = B
@ 0 < < oy e § u- E
P “a ° -y ] * K3 oe
. g ;‘ s )

5.
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- 28&-_ w0294/03wparation of Anifostine for | nj ection (Drug
(4.8nmg/ nm., - Methanol / Water [50/50]) Dissolve contents of JhgﬂﬁﬁﬁgmB”’

vial with about 9 nL water. Quantitatively transfer sanple to 25
volunetric flask and dilute to volunggiwith water. Transfer 6 niL of this
solution to a 50-nmL volunetric flask, add 19 nL of water and dilute to

vol une 10 wth nethanol Shel f-Life: 24 hours at 4[err]C
2. Systen1SU|tab|I|ty Ani fostine (Use Standard Solution 1.1) 15

% RSD of 6 Replicate Injection of Am fostine [err]2
Tai l i ng Factor [err]2 20 Theoretical Plates
>1, 000 2-[(3-am nopropyl)am no] ethanethiol, dichloride ("WR-1065") (Use

St andard Sol ution 1.2ﬁ%RSD@f 6 I njections : [err]4 Tailing
Fact or © [Brr]2 Théoregical Plates '

>7,000 3. Equi prment f,and Mateeri al s. (As fated Bel ow or Equi val ent)

Eqw pment 30 HPEC Systefwith UV Dfie®or Materials Anifostine

St andard Concentr at ed?hosphoﬁl c Acid (H[g g] Pq err]): HPLC Grade Met hanol:
(MeOH): HPLC Grade :

-Report the total of all the rel

Exclude peaks on the related substance sample chromatogram

found on the blank chromatogram or peaks from'solveht'fron

For each additional related substance detected, report the
Réport the WR-1065 percentage and any additional related su

o
o
-t
X -
™~
O o] .
- 25 <
< ~< 4
: s &7
= CownlO 3-
3 a ae QQ‘
P
x & £ mlw !
s 8% T3
S .o o5 N8 °©
o ] 0 o [
oy Q- [ 1] [ % " ]
1N =4 7] £
Bl ® = o O Y o
mg, 4 o o 1] 0
N 2 ¥ L | PR
o 3 3 - YR
QNSO w 3 & L) a o0
glw - @ @ o o O
ot ¢ T Q g o w
10 + o
-l L)
o @ |
. |
« o 'g :
& ~ .
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35. . WBLgd/6319d Vater: 16 meg-ohm or gpeat er - 29 - 1- BETARSUOTHRI ¢
Aci d, Sodium Salt (O0SA): HPLC Grade HPLC“Chromatrographi ¢ Conditions Col um
Specifications: 5° . Packi ng Material: TosoHaas TSK ODS- 80TM

end- capped (USP L1) Dinensions: 4.6 x 250 mm Particle Size; 5[err]m Mbile

Phase: .= Meth Hegus Phogpheti sre¥Chesupts: 8F vaeuty SREEH70/ 50) 10
L D' Osia k] ﬁj; iz paseone geResBEDi ¢ acid pH 3.0
2. Dilute to 1000 m et oaet anol . 3. Filter and degas the

nmobi | e phase. Detection: 220 nm Absor bance Flow Rate: 1.0 mi/nmin 15 -
I njection Volune: 10[err]L Colum Tenperature: Anbient Sanple Tenperature:
4lerr]C At t enuat i oDypAdplistesulpsodbtainggr byi saresyisguscrystaddine

am f 0Sti NeS Pegly edqrinkl BEEHUEEaZBy! BhEChetABE! BedBEiBEANIA" ExaRp1d ons,
record retentron trIne e amfo tlne

pr oxi . mat el utes).
Retention ting éhdtﬁes§ﬁﬁnéérﬁe§ﬁFFB§Fl E§8&P§ﬁd T RE §§HéFE 3

preparation pgﬁkTabggld agree mﬁthln 10% to confirmidentification of
anlfostlne in the

Table 4.. Stability Results of vacuum dried,
10 " erystalline amifostine at 40°C

Lot 812 812

\ Thiol

Acceptance
15 Criteria
“ Initial 12.1 " 0.5 ' 44.5 “
1 Week 10.5. 0.2 42.6 A;J
2 Weeks 10.1 0.2. 42.5 “
3 Weeks 10.4 0.2 : 42.5 “
- 4 Weeks 10.2 0.2 . 41.2
8 Weeks 11.7 . 0.3 . ) 43.4 l
" NMT = no more than
Lot 815
25 7
A HO A Thiol A Amifostine
Acceptance 10 = 14% w/w NMT 2.0% w/w 38 -~ 467 w/w
Criteria _ K :
30 “ Initial 12.0 0.3 43.3
1 Week 11.7 0.2 a3.6
2 Weeks 0.2 ' ) 43.4
4 Weeks 43.0
The above results clearly indicate the enhanced
35

stability of the crystalline amifostine produced by
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sanpl e., 30 35 - 30- [err] [err] - 32 - EXAMPLE 8: STABI LI TY
RESUL TSMEF94/83139V DRI ED, "CRYSTALLI NE AM JQSTI NE STRESSED ATPED/¥S93fd7222
Typical results obtained by stressing crystalline anifostine produced by
the met hod described in Exanple 6 and tested as described in Exanple 7 is
summari zed in Table 4. Table 4. Stability Results of vacuun1dried, 10

crystal line enefgethea absﬂ:%%d Gl @ixaRbd eTlszE The e r7 varr g 0% w w %
0 0

Thi ol n Accept ance
.38 46%vx/w%:€$if’éﬁ%& ﬁﬁt Byident fr °§‘2"—{‘e low "elghd‘- percent of 44 5 31
“Week - thiol formation(. ¥hich indicatestvargeakttle - 10.1

.9-2 dé@oﬂpng€§5§ of the akitostine by ﬂ}&%olysis to é"S 20
- S5 2-{(3-aminopropyl)amino) ethane thiol. Additionally,

- there is little loss in water content or amifostine
content over time. This is in contrast to the poor
stability of the vacuum dried amorphous amifostine
formulation which exhibits significant decomposition

10 within 14 days at 50°C (See Table 3 of Example 4).

EXAMPLE 9: CRYSTAL STRUCTURE OF VACUUM DRIED
AMIFOSTINE

The molecular and crystal structure of vacuum
15 ~dried crystalline amifostine has been determined.
- Crystal survey, unit cell determination, and data

collection Were_performgd using copper radiation at
room temperature.

20 The structure was solved by direct methods and
refined by full-matrix least-squares and difference
Fourier methods. 2all non-hydrogen atoms were refined
‘anisotropically. The hydrogen atoms attached to the
nitrogen and water oxygen atoms were iocateg from

25 difference Fourier maps and refined isotropiéally.
The positions of the remaining hydrogen atoms were
calculated assuming ideél.geometries. These hydrogen

. atoms were not refined due to the low reflection to
parameter ratio. '

30

The compound crystallizes in the chiral space
group P2,2,2,. The data presented in this example are
from the enantiomeric structure with lower R values
(R=0.036 and R,=0.042). The other enantxomerzc

35 Structure has an R value of 0.042 and R, value of
0.051. A graphxc deplctlon of the molecular and
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4 Veeks. ,10. 2 0.2 41.2 8 Week

0.3 . WO94/0317%. 4 NMI = no nore thap Lpt_815 Tine PWJ!—F%?’P'{@"

% Thi ol % Ami f osti ne Accept ance 10 - 14%ww NMI 2.0%ww 38 -
46% w w Criteria 30 I nitial 12.0 0.3 43. 3
1 Week 11.7 0.2 43.6 2 \Weeks 11.6

0.2 éﬁ% ¥ seMbOksre of Maduum dried amifcdstine 43.0 The
. above resul tsy earl%yl ] ndi cate I he_enhanced stability of the crystalline

ami f ost i ne YidMARRL shown in FAGURe nhir described in Exanple 6. The
enhanced stability is evident fromthe | ow wei ght percent of thiol

formation, which indi-cates very g%?%é;#gﬁ fposi tion of the am fostine by
hydrolysis to form5 2-[(3-amn a o] ethane thiol. Additionally,’
there i$little loss in water content or amifostine content over tine. This
I's in contr t$gﬁiggj%§F stability of the vacuum dried anorphous .
am fostine tornulation I ch exhibits significant deconposition 10 wthin
14 days at ‘50[err]C (See Table 3 of Exanple 4). EXAMPLE 9: CRYSTAL
STRUCTURE OF VAOUUMbIEtIEs@WfIifﬂheéaﬂtmsnmﬁeﬁutaysaaﬂ ofystal structure of

vacuum 15 @heﬁd?i{%t hadilng"a fxg.% 'eRe g Q&%sd%tferdns%%dx Gqystal

survey,. uni t erm at ata c l'ecti on were perfornmed u3|ng
copperNQMMQHQiﬁlé10f66ﬂ1!%nﬁé$a!%¥%ted on a glass fiber. All

measurements were made on a Rigaku AFCSR

diffractometer with graphite monochromated Cu Ka
radiation and a 12KW rotating anode generator.

15 Cell constants and an orientation matrix for data
collection, obtained from a least-squares refinement
usihg the setting angles of 20 carefully'centered
reflections in the range 40.45'< 20 < 52.03°
corxespohded.to an orthorhombic cell with dimensions:

20
. a = 8.456 (2)A
b= 21.553 (2)A
c= 6.758 (2 )
Vv = 1231.6 (5)&
For Z = 4 and F.W. = 268.26, the calculated density is
25
'1.447 g/cm’. Based on the systematic absences of:
h00: h # 2n
0k0: k # 2n
30 001: 1 # 2n
35

| -
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20  woWlwgsyucture was sol ved by direct nethods and refpertisos/o7z22
full-matrix | east-squares and di f f er &nc® Fourier nmethods.: All non-hydrogen
atons were refined anisotropically. The hydrogen atons attached to the
nitrogen and wat er oxygen atons were | ocated from 25 difference Fourier
maps and refined_jsotropically. The _positiqns af, the remai ning hydrogen

at ons were C%PguFéfeﬁuﬁggﬁﬁ%Hé fﬁgaFgago rF&g?n?Wégé dF8§en atons were
not refined e cll t a .ratia. +3Q The conpound
Crystal || zossERERabdt KA EROLECLrale! Bpa0ugRRbiiinld b8 oY cnted Th this
exanple are fromthe enantionmeric structure with | ower R values (R=0.036
and Rl err]=0.042).. The other enantioneric 35 structure has an R val ue of
0.042 andsR[err] val uepaf2,@, 0G#19)A graphic depiction of the nolecul ar and
- 34 - crystal structure of vacuumdried am fostine trihydrate is shown in
Fi gure 13. EXPERI MENTAL DATA COLLECTION A col orless flat needl e-shaped
ctystal of (Jerr]l]Herr]Nerr]gerr]PS having approxi mate di nensi ons of
0.350 X 10 0.050TRe0d8%e Wareasoidected at a Femperfathure of |2hwasurenents
were nade on a Rigaku AFC5R diffractonmeter, with graphite nonochromated Cu
K err] radi atSnugAngdatheckwred: SCARg teThdqen&ca@omaxipun 26 g |
constantggand an orientatiaon trix for data coll ection, obtained froma

| east - squar e¥2LBE; REMEA0-8sirng 3 &3 nﬁeé’fza‘l INYERRK ul Iy cent ered
reflections, madé prior to data collection, had an
average width at half-height of 0.21° with a take-off
: angle of 6.0°. Scans of (0.89 + 0.14 tan 0)° were
18 made at a speed of 8.0°/min (in omega). The weﬁk
reflections (I < 15.00(I)) were rescanned (maximum of
4 reséans) and the counté were accumulated t; assure
20 good'couhting_statistics. Statiopary'background
counts were recorded on each éidé of the reflection.
The ratio of peak counting time to background counting
time was 2:1. The diameter of ﬁhe incident beam

25 collimator was 0.5 mm and the crystal to detector

distance was 400.0 mm.

DATA REDUCTION

30
) A total of 1120 reflections was collected. The
. intensities of three representative reflections which
were measured after every 150 reflections remained
35

constant throughout data collection indicating crystal .

—_—_—
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ref | ect Wen®4/0B17he range 40.45 < 2[err

]3 < 52.03[err] correRCIIYSA3/00222n
orthorhonbic cell with dinensions: 20 a°= 8.456 (2)[err] b =
21.553 (2)[err] c = 6.758 (2)A V = 1231.6 (5) AFor Z =4 and F.W =

268. 26, the

systematic a
1 [err] 2n 3
structure, t

calcul ated density is 25 1.447 g/cnferr].

Based on the

BRE"EE§cetond0clnl $itY PoOkDcal LBEELCRTCROvas 001:

€ succ SO 1on an
Q§p§@aa$;group was deternmned to be: 5

refinement of the
P2, 2, 2,

([err]19) The data were collected at a tenperature of 23 [err] 1l[err]C
using the [err]-2[err] scan technique to a maxi mum 2[err] 10 val ue of

120.0[err].

Orega scans of several intense reflections, nmade prior to data -

col l ecti-of, had athavéiagarwabisbrptibal tokéfjktientt Eo21[cey K vist h a
take-off angle of 6.0[err]. Scans of (0.89 + 0.14 tan [err])[err] were 15
made at a spd3@dlofmB. O] Anreppinical ahsgEptignecorzrctirnecbrssd (I <
15.0[err] (1)) were rescanned (maxi num of _4 rescans) and the counts were
accunul at ed PP a3ippEhad sgapg ofuseveyad: Fefiectdonss: Mas PR 48 kgr ound

counts were

counting ti md3¢

10

1S

20

25

30

as

§hbEER

R Rh e 2 S L2 0 LG 2R ra Tl e PO

0.89 to 1.00. The data were corrected for Lorentz and

polarization effects.
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time was

.t ot al

2
and t hWQPHIBHI9 t 0 detector. distance
of 1120 refl ections was coll ecte

1. The di aneter

of the incident beam 25

collimator was 0.5 mm

s _400.0 nm DATA REPCETAUSII/GTR22
The intensities of three

representative reflections which were neasured after every 150 reflections

remained 35 constant throughout data collection indicating crystal -

- and electronic stability (

Wﬂ@ﬁs appl i ed).
| i near absorption coefficient for err] 1s 37.1 cnerr].

based om.azionyistal Dawes of several
applied which resulted in transm ssion factors ranging from 10 0.89 to

absorption

1.00. The
- 25 30 3%

10

i5

20

25

30

3s

correction,

36

S The

An enpirica
refl ections, was

d for
DETAI

BB PR

Formula Weight
Crystal Color, Habit

Crystal Dimensions (mm)

Crystal System

Lorentz a
LS A Cvy

ggggﬁg%?gzation effects. 15 20

268.26

colorless, flat needle
0.350 X 0.050 X 0.030
orthorhombic

No. Reflections Used for Unit 20 (40.5 - 52.0°)
Cell Determination (20 range) '
Omega Scan Peak Width 0.21
at Half-height
Lattice Parameters: a= 8.456 (2)A
- b = 21.553 (2)4
c = 6.758 (2)4
V= 1231.6 (5)A®
Space Group - . 'P2,2,2. (#19)-
Z value 4
Dea 1.447 g/cm’
Fow 576
*(CuKa) 37.10 cm?
B. Intensity Measurements
Diffractometer Rigaku AFC5R
Radiation CuKa (A = 1.54178 )
Temperature 23°C
Attenuators 2r (foil L factors: 3.8,
13.4, 47.8) :
Takg-off-Angle 6. 0°
Detector Aperture 6.0 mm horlzontal
6.0 mm vertical
Crystal to Detector 40 cm
Distance '
Scan Type w=20
. This Sheet Has Been Repl
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Enpi rical Fornula
VEight

0.030 Crystal System
for Unit
Scan Peak W dth

a =
(5)A[err] Spgg%gé%oup
val ue
1. 447 g/cn[ efeanyedeh

20 (40.5 - 52.0[err]) 10

C[err]H[err]N[err]C{err]PS 5 Formul a
- 268. 26 Crystal Col or,
col orl e0 94,??"? needl e Crystal D nersiz@ns (nmm

Habi t - 7US93/07
0 X 0. %26 X

or t hor honmbi ¢ No. Reflectlons Used
Cell Determ nation (20 range) Onega

0.21 at Half- height Lattice Par anet er s:
21. 553 (2)% Y5

AV = 1231.6
[err] (#19) Z

(0.89 + 0.14 tE?'/"(ﬁ)(T:uK[err])

37.10 cnferrjgB. Intensity Nbasurenentqjﬁio{]ffractoneter

Ri gaku AECSR Ratli ation

Tenper at ure No. of Reflectipggerr]C At (Ratpdor

CuKa ([errJ = 1.54178 A) -
Zr (foil L

factors: 3.Measyred 47 8) 30 Take-off Angle . . 6.0[err]
Det ect or Apeéét'féc.tlons 6.0 mm hor i AXEeitA-poraeyastionl Crystal to
Det ect or 40 cm Di stance Scan Tybsorption [err]-2[err] 35
- (trans. factors:
0.89 ~ 1.00)
10
C. Structure Solution and Refinement
‘Structure Solution Direct methods
Refinement Full-matrix
15 _ _ least-sgquares
'Function Minimized 'S w (IFo! - IFc!)?
Least-squares Weights 4Fo’/c*(Fo?)
p-factor 0.03

Anomalous Dispersion

20 No. Observations
(I>3.000(1))

No..Variables

Reflection/Parameﬁer
Ratio
Residuals: R; R,
Goodness of Fit
Indicator

Max Shift/Error in
Final Cycle

Maximum Peak in Final
Diff. Map

Maximum Peak in Final
Diff. Map

2s

30

3s

All non-hydrogen atoms
856 '

180

4.76

0.036; 0.042

1.37

0.00
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- .38 -,Scan Rate 8. O[érr']/m n (in onega) (4 rescans) Scan

‘W dt h (0.89 + 0.14 tan[err])[err] 2[err]
1.20. O[wiy 94/081790f  Ref | ecti on Total: 1120 Measur ePCTIUSI3¢07202S
"Lorentz-polarization Absorption (trans. factors: 0.89 - 1.00) 10 C :
Structure Solution and Refinement Str3fture Sol ution Di rect net hods
" Ref i nenent - Full -matrix | east-squares Function M nim zed
[err] w ([err]Eo[grr] - [err]Fc[err])[err] Least-squares Weights
4Fo[err]/[err]$oﬁerg] %p“fﬁt@‘l‘ A S oo e s 2983 Anognal ous D|sperS|on
Al non- hydrg}gg_p st o5 0> Qbs-ervatﬂ—on-svvv:a% | >3.80[err] (1))
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A process for the preparation of a

crystalline am fostine conposition conprising the
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steps of; (a) preparing a formulation conprising am fosti ne

.et hanol ‘3934%'@ in which the rel ativeggmounts of am fosti & /UBR3A#22and
water are such that a particulate-free solution is obt ai ned 10

at tenperatures rangi ng fromabout roomtenperature to about 10[err]C, but
- which provides a crystalline precipitate of am fostine upon cooling bel ow

O[err]C, (b) cool i:m:g sa'a:iv.md GBendpparent ocdl dive of ordinary skilknperature

bel ow O[ err] . S i fe eci pitation
of the crysta ?{le am ‘;e”xll ‘ﬁ% rg%g %eggu%ffé%aﬂ% gg’ﬁg‘ergggél ting mxture
to 20 ﬂ°nethele$=‘eaﬁkua ‘S’dl’-hv‘ c‘F!}%t%EF‘PP?IeaBm $Bs¥'i’-§e°§r &heration

havi ng enhant ds%tr&blnwé&;tl?orll. hénd¥ 0Ca%e @ését @p ﬁlén&fhhébefifl”herft
conprises _intro a steri i ne sa reparation after
conpl eti off oﬁhﬁ%%é&ﬁrﬁ%rﬁﬁw& si’e‘g‘“'(%'?g e “FH%“EEBEe%Q‘ BP¥claim2 in
whi ch sai d | nayt, goscept s estated rimn tihe goblwtngscnu.mg of argon, 30
nitrogen and helium 4. The process of claiml1l in which the tenperature

of step (b) is about a eutectic point of said formulation. 35 -43- 5.
The process of claim4 which further

10

15

20

25

30

38
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conprises, after step (b), raising the tenperature of the r |.t{ng mxture
to an aNYfREAMOI7? enperature that |ies_aeut 1 to about 20[e? @%’:@‘?Mﬂd
eutectic 5 tenperature, followed by cooling the tenperature of said m xture

fromsaid annealing tenperature back to said eutectic t ow
prior to performng step (c). 10 _ 6. The processpm[:‘mmuﬂﬂr‘ﬂmi ch
sai d eutecti cWARTPESaCLAEMEBI I's:in the range of about O[err{C4o™abdut”
-80[err]C 7. Theg progess. | ai LN LGk ' nneal i ng
tenperature falls ?h thé égﬁgés%téggggPh-g. g%?féiF§ égqgt_loc and said
eutectic tenperystrdlinel anifoskineargBPesikisit COPPrAF&NTgo thSout

-80[err] C. 8.grepg8egprocess of claiml in which said 20 fornulation

conpri ses about 50 to about 400 ng.anifo tine gn m of fQrnulation, about
1-35% (v/ v} et hanol , and2iboRTeBR*488; py me%é? AONg COMPERELNG cess of

claim1 in which said 25 for emifbstineomethaaslakand: watert dnakuich?50 ny

am fostine per m of fornulatian S aad%n Fleinand about
80-95% (v/v) water. 10. The %P%cgggggﬁbglg%%ﬁ¥Q¥ﬁ%%h%%ﬂ“saig 36.

formul ati on conprises about etbangladndo¥ater 3&e Fuckk W@AY@ ation, about
10% (v/v) ethanol, and about pAP¥iculatesTrdle sPlutidnl V67 d¥bAined -44- 11.

'rl'gﬁggr 8? eigoaz claimlin m'a%h tsézrinipdex:[a% reersatruarn%igg ron (a@ogtalrlosonil n-the
: temperature to about 10°C, but which
provides a crystalline precipitate of
amifostine upon cooling below 0°C;
(b) cooling said formulation to a
15 . . temperature below 0°C for a period of
| " time sufficient to effect the
precipitation of the crystalline
-amifostine; and @ =
(c) vacuum drying the resulting mixture to
20 ' leave a solid crystalline amifostine
| preparation having enhanced stability.

2. The process of claim 1 which further
¢omprises-introducing a sterile inert gas over said
25 preparation after completidn of the vacuum drying of
step (c).

3. The process of claim 2 in which said inert
gas is selected from the group consisting of argon,
30 nitrogen and helium. :

‘4. The process of claim 'l in which the
temperature'of step (b) is about a eutectic,point of
said fdrmulation.

3s
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-Slerr] @ -40[err]C. 5 12. The process of cl g | i.ch
said'tegggsgﬁﬁﬁziof step (b) is about -3 err]C 13. The prgggZés%gngﬁéim
X' 4 or 5 which further conprises a sterilization step. 10 14. The process
of claim 13 in which said sterilization step conprises sterile filtering
said formulation of step (a) prior to cooling. 15 15. The process of
claim1l, 4, 5 or 1% in WRECRregeascPisFaRrimnd WhirbsEpPREhES a hydrate of

anifos}:ne. Lﬁgmﬂﬁfsesopeﬁﬁeﬁfsg?giqb;, ?a;ﬁigg fﬂei§$“b$ﬁa‘392 o d f
crystalline 0 n n.api.fostine tri ate. : rocess o
claim1, 4, gﬁ%% €é#?§ta§?c 1§§}ﬁec#95?ﬂlFpﬂéa;ﬁPgo§FPR§r8§H¥§i%SaFrom
about 1 nole QERQOREQQHt13tﬂnab9ubf2QACeabQ?ecsgidabhtgatﬁcn. 18. The
process ofs clgd éraﬂuré,OfoifohadwﬁycaoéiiﬂgfEEQUEQEFQQaEUEEh%&'Cpnpr'ses
a pharmaceutically acce ta?le exchlent. 30 19. The process of claim18 in
whi ch sai d ex@3HF RAEXFUTefERRB2ERoANPRBLIPGUFCRBRTAFNF Ry PACKs $61 UM
chloride, glysaid edesttbsectenperatarandrnbalowoprid® to petFormitg The
process of clgj 1§cin whi ch said excipient is mannitol. 21. A process for
t he preparation of*a’"

10 6. The process of claim 4 in which said
eutectic temperature falls in the range of about 0°C

. to about -80°C.

7. The process of claim 5 in which said _
1S annealing temperature falls in the range of about
~30°C to about 10°C and said eutectic temperature
fallé in the range of about 0°C to about -80°C.
- 8. The process of claim 1 in which said
20 formulation compriées'about 50 to about 400 ng
amifostine per ml of formulation, about 1-35% (v/v)
ethanol, and about 65-9%99% (v/v) water.

9. The process of claim 1 in which said
25 formulation comprises about 125 to about 250 mg
amifostine per ml of fofmulation,_about_s-zo% (v/v)
ethanol, and about 80-95% (v/v) water. '

10. The process of claim 1 in which saiad
30 formulation comprises about 100 mg amifostine per ml -
of formulation, about 10% (v/v) ethanol, and about 90%
(v/v) water. | | '

3
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5 crystial line am fostine conposition conprising the steps of: (a) preparing
a for magadsamprmonpri si ng about 50 to about 300 ng am fost ipErMASI3M@ IR said
formul ati on, about 3 to 10 = 44 = about 30% (v/v) ethanol, about
70-97% (v/v) water, and,-optionally, about 5 to about 300 ng of a-
pharmaceutically acceptabl e excipient per m of said formulati on such that

a particulate- 1 ree solution..is obtained at
tenperatures ran ln'g ftﬁrbemparbooclﬁssr ooot{nct%eafﬁi'%r t rerlnpoﬂhb%ﬁélo[err] C but

whi ch provi temperatune | df meep cd)pifalils din Lhe ornge ahHEPAWO! i ng bel ow
Olerr]C 20-se¢c to aboutf M40x®0ling said fornmulation to a tenperature-
falling in the range of about -5[err]C to about -40[err]C for a period of
time sufficient to effect the precipitation of the crystalline 25

ami fostise; and (X2. vatheirprboess) dheYaimll iing whithirsaid | eave a solid
crystalline ' ' F@‘%I [ hayyg stability. 22. The .

process of ﬂgﬁdﬁeggr imh lﬁ?he sfgb(s) taken after step (a) -
and before step (¢) are carried out over a period of about 0.5 to about 72

hours. 23. The progessrié proddis oft.chafli 21 4 No¥hs G Bén therehep(s) taken
after step (a) and before stg éct)- are carried out over a period of
éﬁ%ﬂﬂnﬁp ization .

about 2 to s a steri step.
10 _
14. The process of claim 13 in which said
sterilization ste§ comprises sterile filtering said
. formulation of step (a) prior to cooling.’

15 1S. The process of claim 1, 4, 5 or 14 in which
said crystalline amifostine is a hydrate of
amifostine. -

16. The process of claim 1, 4, 5 or 14 in which
20 said crystalline amifostine is an amifostine
trihydrate. '

17. Thé_- process of claim 1, 4, 5 or 14 in which
said crystalline amifostine contains from about 1 mole
25 to about 3 moles of water of crystallization.

lé. The process of claim 1, 4, 5 or 14 in which:
said formulation further comprises a pharmaceutically
acceptable excipient.. '

30 . :

19. The process of claim 18 in which said
excipient is selected from the group consisting of
sodium chloride, glycine, dextrose, sucrose and
mannitol.

35 _—
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."hours.; 24. The process of claim1l1, 4, 5 or 21 in which 5 st {C ’ S
carNW%PQWﬁ Bver a perlod of about 1450.about 72 hours. ess of

claim1l, 4, 5.or 21 in which step (c) is carried out. over a period of about
10 to 10 about 20 hours. 26. The process of claiml1l, 4, 5 or 21 in which
step (c)-is carried out at a vacuum of about 10 to about 1000 mforr. 15 27.
The process ofzdéﬂrmﬁb ptodhsx dﬂ.draﬁﬁﬂxﬂrineuhiéﬁ ssidarried out at a

vacuum of Qg%§H£&§p dg&% A crystalline am fostine

. conposrtlon Vi ng en ance ablllty prepared according to the process of.
claiml, 4, 5 13, 18 or 21. 29. A nethod of treating a subject in need of

25 radl o- or nhenwrﬁ&séggrr&erm{é %mmmﬁt@flag to said subject an

ffect f tal ] f ost t f cl 28 whi ch
has bobn FEVBRE NG A 95 S0 S MRRTAT LSl | SORBELAL A8 ERbeni cl o 30 30

- The net hostedpsclesi:m 29 in which said reconstituted pharmaceuti cal
CTPerns P it rerV PR S b Besn ofdpedbag T L ©
about 50 to about 300 mg amifostine per Co
_ ml of said formulation, about 3 to
10 about 30% (v/v) ethanol, about 70-97%
(v/v) water, and, optionally, about 5
to about 300 mg of a pharmaceutically
acceptable excipient per ml of said
formulation such that a particulate-
1s . free solution is obtained at
' ' temperatures ranging from about room
temperature to about 10°C but which
provides a crystalline precipitate of
amifostine upon cooling below 0°C;
20 . (b) cooling said formulation to a
| temperature falling in the range of
about -5°C to about -40°C for a period
of time sufficient to effect the
.precipitation of the crystalline
2s amifostine; and
' (c) vacuum drying the resulting mixture to
leave a solid crystalline amifostine
preparation having enhanced stability. "o
22; The process of claim 1, 4, 5 or 21 in which
30 the step(s) taken after step (a) and before step (c)
are carried out over a period of about 0.5 to about 72
hours. ' .

23. The process of claim 1, 4, 5 or 21 in which
35 the step(s) taken after step (a) and before step (c)

T —
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-

adm ni stered intravenously, intranmuscularly, subcutaneously,

i Nt r aos@P42@31l7y,  or intrathecally. 5 32. A sterile conposPOTsUSIBIOTI2g an
enhanced stability conprising vacuut #fi &d crystalline am fostine which can
be reconstituted with a pharmaceutically acceptable vehicle into an

i njectable 10 particul ate-free drug product. 33. The sterile copgposition of

claim32 which further conprises a pharimac ' Ci pi,e . 34.
The steril earceorﬁﬂﬁxl"ﬁ P % R ﬂ%h"ﬁ?f;hgss% é%? pa}be%l%t i%?sel ected
fromthe gmmyrsonsi sting of sodiumchloride, glycine, dextrose, sucrose

and mannitol. 20. 35. The sterile conposition of claim32 in which
said vehicle is Water_for Injection, USP, or normal salipe.. 36.. The sterile

conposi tion of 3% mTReiRFFESH 25 SR FystalT itk ahiIRREERi s a _—
hydr at e sof sarépg ogd) nbs Sarriéd cherover conparsiod ovf odbohi M 88 i n which

said crystalline ' Lne is an amfostine 30 trihydrate. 38. The sterile
conpositian?ﬁ£§HZ§2#é§%%h whi ch said crystalline am fostine contains from

about 1 nole to about 3 noles of water of crystallization. 35 - 48 - 39.
A sterile singl eyéloserforgrbeés@oplcyafmulm df | egl 6¢rysiaihi wRiani fostine
havi ng enhanced stabllltx coqgr|5|n about 10't8 a?oug 19,980 nmg vacuum
dri ed step (c) 1s carried out over a period of abou to

10 about 20 hours. :

26. The process of claim 1, 4, 5 or 21 in which
step (c) is carried out at a vacuum of about 10 to
about 1000 mTorr.

1s _ |
27. The process of claim 1, 4, 5 or 21 in which
step (c) is carried out at a vacuum of about 150
mTorr.
20 28. A crystalline amifostine composition having

enhanced stability prepared according to the process
of claim 1, 4, 5, 13, 18 or 21. '

29. A method of treating a subject in need of
25 radio- or chemoprotection comprising administering-to '
said subject ah-effective amount of a crystalline
amifostine composition of claim 28 which has been
reconstituted with a phafmaceutically-acceptable

‘vehicle.
30 - )

30. The method of claim 29 in which said
reconstituted pharmaceutical composition is
administered parenterally.
-

_35
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érystalline am fosti ne and, optional ly, about 10 to 5 about 10,000 ng of a
phar mwewarenahdy acceptabl e excipient, which fornul ation qaiy/@893/07222

reconstituted with a pharnaceutlcalry4aCCeptabIe vehicle into_an injectable-

Fartlfulate f;eeldrug product. 10 . 40. The sterile single dose
ormul ation of c a|n139 conpr|5|ng about 100-1000 ng vacuum%“, E,
crystall e an (get o ang sboytcdobcdogoeyn prgpusel g, BN I

crystalI|naﬁmnﬁsnitumedwuhatmnmeﬁﬂﬂcay composition2is A nethod of treating.
a subj ect uaurﬁ?&@éré@dmﬁrﬁeﬁaemrOiﬁﬁi-axﬁ&seem-ﬁ' ng adm nistering to

20 said subject an effective anount reconsfituted steiile conposition
of claim3 qﬂCQE?"QEPS¥Wrm&*ﬁEPEﬂV?Féﬁiiﬁg or siBFERENERAAAY¥d of radio- or
chenopr &t ection conprising admni'stering to 25 said subject an effective

amount of a rec tityt nu. Lm 39 or 40. 44. A
vacuum dried am Etlﬁ Eﬁ%ﬁ#ﬂ% éﬂﬂgﬁﬁég Paﬁ??#$9 gﬁogﬂgan?ﬁg vacuum dri ed
ami f ost i ne stfakl kity 4compeisingt vecauwnf dviedecrystaliinhedrate. 46. The
VaCUU”‘dr'f&hf{%&ﬁ@ﬁé”@h?éhcéih”hé4r§ H%Eiéhﬂe&hﬁzéﬁ‘LOSt'“e i s

crystalline s Sheet Has Been - 47. ,The vacuumdri éd
am f ost i ne RIRTH3EEMUECIMLY AFCERE ﬁPfB§PFﬁle|§“§°tFPh}HB&F§ah$§

Cryst alie npart { Oclate-fredydiagephodusg.

33. The sterile composition of claim 32 which
further coﬁprises a pharmaceutical excipient.

15 . 34. The sterile composition of claim 33 in which
said excipient is selected from the group consisting.
of sodium chloride, glycine, dextrose, sucrose and

mannitol. . -

20 35. The sterile"composition_of claim 32 in which -
said vehicle is Water for Injection, USP, or normal
saline. '

- 36. The sterile composition of claim 32 in which
2S said crystalline amifostine is a hydrate of
amifostine.

37. The sterile composition of claim 32 in,which'
said crystalline amifostine is an amifostine
30 trihydrate.

38. The sterile ccﬁposition of claim 32 iﬁ which
said crystalline amifostine contains from about 1 mole
to about 3 moles of water of crystallization.

- 38 '
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s, subst ginh 9gjghysd he crystal structure described in Exarrpl e PCI‘A?&%N%:.
.process for the preparation of 'a crysTeﬂﬁ ihe am fostine conposition

~conprising the 10 steps of: (a) preparing a fornulation conprising about
100 ng am fostine per nL of said for rrul ation, about 100 ng of a
phar maceutical |y acceptabl e exci pient n_ of said

. er
f.ormul ati on, and a@fgut A BSHIAS \ﬂ""@tlﬁal‘?tﬂsq ﬁqﬁ"c‘-@rats‘kﬂmt‘&)n AYER hat a
particul at e idrdeds anystallineo kirdifoatine dawing erhdmrae rstabil ityp)

cooling said r dye to about
-35[err]Ci ncfa (ﬁtﬁis??(?o%gn&%renmo% %%r%lltntlg aoo mgalvcf“# or meﬁ%{[ Ion at about
-35[ err] C f ocrassal Lise rﬁ%ﬁ%%’b’— faddm %@"@f Ity ARPYE P HP fostine; 25
(d) war msng apdiut 19, 0dR PR @ qh@ttmaQ{eeftr:]cGn Huvdpedble nutes; (e)

mai nt ai ni ng sai d f.ormul ati.o abaut err]C for about nufes to
anneal the s&XFSBARP rg; é‘h r}ig‘g"ﬁ'ﬁfsﬁ‘éﬂ[ﬁ ‘#é" récinse it dd Witk ostine”
(f) cooling saalpd:afzmanﬂ\a'tmmry @ccdphable arelicYe iabaitan 15[ err] C i n about

15 m nut es; HotoTol ¥ | pe ' }ﬁk&.ﬂ; :15[err] C-to about
©-35[err]Cin g'bout 1 rwé% &Jﬁg@&%égﬁd‘{nﬁ tes, ot (h) maintaining said
formul ati on at about. ' :

10 40. The sterile single dose formulation of claim
39 comprising about 100-1000 mg vacuum dried
crystalline amifostine and about 100-1000 mg mannitol.

41. The sterile single dose formulation of claim
15 39 comprising about 500 mg vacuum dried crystalline
amifostine and about 500 mg mannitol.

42. A method of treating'a subject in need of
radio- or chemoprotection comprising administering to
20 said subject an effective amount of a reconstituted
sterile composition of claim 32 or 33.

43. A method of treating a subject in need of
radio- or chemobrotect-ion comprising administering to
25 . said s{xb'ject an effective amount of a reconstituted
single dose formulation of claim 39 or 40.

44. A vacuum dried amifostine having enhanced
stability.
30
45. The vacuum dried amzfostxne of claim 44
wherein the amifostine is a trzhydrate.

~ 46. The vacuum dried amifostine of claim 44
35 wherein the amifostine is crystalline.
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wherein the amifostine is a trihydrate.
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48. Crystalline amifostine trihydrate having
substaﬁtially the crystal structure described in

Example 9.

49. A process for the preparation of a _
crystalline amifostine composition comprising the

steps of:
(a)

(b
(c)
. (d)

) (9)

(£)

(9)

preparing a formulation comprising
about 100 mg amifostine per mL of said
formulation, about 100 mg of a
pharmaceutically aéceptable excipient
per mL of said formulation, and about
12.5% (v/v) ethanol in water solution
such that a particulate free solution
is obtained at about room temperaturé;

. cooling said formulation from room

temperature to about -35°C in about 160
minutes;

maintaining said formulation at about
-35°C for about 240 minutes to form
seeds of crystalline amifostine;
warming said formulation to about 0°C
in about 25 minutes; '
maintaining said formulation at about
0°C for about 600 minutes to anneal the
seeds and precipitate crystalline
anifostine;

cooling said formulation from about 0°C
to about =-15°C in about 15 minutes;

cooling said formulation from about

-15°C to about =35°C in about 120
minutes;

hours to | eave a crystalline
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(h)

(i)

(3)

(k)

_ s0 - PCT/US93/07222

‘maintaining said formulation at about

~-35°C for about 180 minutes;
evacuating the air around said
formulation to a pressure less than
about 150 microns;

warming said formulation from about
-35°C to about -20°C over about 54
hours; '

maintaining said formulation at about
-20°C for about 12 to about 24
additional hours to leave a crystalline
amifostine composition having enhanced.

stability.
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