CRYSTALLI NE TOPOTECAN HYDROCHLORI DE PRODUCT AND PREPARATI ON THEREOF FI ELD
. OF THE I NVENTION 5 The present invention relates to a novel crystalline form
of topotecan nonohydrochl oride pentahydrate, correspondi ng pharmaceuti cal
conpositions, nethods of preparation and/or use thereof to treat anti-viral

- and/or cancer-related diseases. 10 BACKGROUND CF THE | NVENTI ON A
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strain gengjabted 20 during such processes. Topoi sonerases are inportant
enzyme conponents in cellular functions capable of altering DNA topology in
eukaryotic cells and cell proliferation processes. Topoisonerases alter the
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Topoisomerases are important énzyme components in cellular functions
capable of altering DNA topology in eukaryotic cells and cell proliferation processes.
Topoisomerases alter the linking number of DNA (i.e., equal to the number of times
that a DNA strand winds in right handed helical axis direction) by catalyzing a three
25  step process: the cleavage of one or both strands of DNA, the passage of a segment
of DNA through such break(s), and the resealing of the DNA break.
Two topoisomerase classes have been associated with eukaryotic cells: Type |
topoisomerase and type |l topoisomerase. Both topoisomerases type | and type |l play
important roles in DNA replication, transcription, and recombination. In general,
30 inhibition of topoisomerase | has been the major target of oncologic, anti-neoplastic,
anti-viral agents, etc. Inhibition of topoisomerase Il is the major target of important
commercial oncolytic agents (e.g., etoposide, doxorubicin and mitoxantrone) as well as
other oncolytic agents still undergoing development.
An example of a class of DNA topoisomerase | inhibiting compounds include
35 camptothecin and its corresponding analog or congener derivatives. Camptothecin is
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WD 2005/ 046608 PCT/ US2004/ 037626 a water-insol uble, cytotoxic al kal oid
produced by plants, such as Canptotheca accum nata trees indigenous to
China and Not hapodytes foetida trees indigenous to India. Canptothecins
generally (such as topotecan) are discussed in Cancer Chenot herapy and
Bi ot her apy0 p¥&@466%y.  463- 484; 2nd edition, Eds. Bruce PAT/US2¢44BH& and Dan
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desi r abl e ehemica}slregtura: phar maceut i cal form of topotecan hydrochl oride that
could be 25 readily and safely manufactured and woul d be useful in the

preparation of a pharmaceutical conposition that coul d be adm nistrable by
patients in any setting, e. g.T”a 2
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{S) - Topotecan

15 Topotecan also is listed in The Merck Index (see 12th Ed., monograph no.
( 9687, Merck & Co., Inc., 1996). Clinical tests have shown that topotecan
' demonstrates efficacy against several solid tumor cancers, particularly ovarian cancer,
esophageal cancer, and non-small cell lung carcinoma in humans.
Hycamtin® (sold by GlaxoSmithKline, Brentford, UK), which contains topotecan
20 hydrochloride, is formulated as a lyophilized mixture, suitable for intravenous
administration after reconstitution. Typically, this product is administered by medical
professionals in a hospital, clinic or doctor’s office setting. This dosing requires
patients to travel to such facilities, sometimes daily, for treatment. 1t would be
desirable to develop a pharmaceutical form of topotecan hydrochloride that could be
25 readily and safely manufactured and wouid be useful in the preparation of a

pharmaceutical composition that could be administrabie by patients in any setting, e.g.
2



WD 2005/ 046608 PCT/ US2004/ 037626 at hone. Generally, such
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forms. SUMMARY OF THE I NVENTION 5 The present invention relates to a
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20  monohydrochloride pentahydrate, characterized by a second derivative solid state
FT-IR (KBr) spectrum having peaks at 1754 + 2 cm™, 1745+ 2 cm™, 1740 £ 2 cm”,
1658 + 2 cm™, 1649+ 2em™, 15968 £ 2 cm™’, 1584 £ 2 em™, and 1507 £ 2em™.

The present invention also relates to pharmaceutical compositions, which

comprise the topotecan monohydrochloride pentahydrate of this invention. The
25 compositions of this invention further comprise one or more pharmaceutically
( acceptable carriers, including adjuvants, diluents, excipients, etc.

This invention relates to a process for preparing the topotecan
monohydrochloride pentahydrate of this invention, wherein the process comprises the
steps of: [a] forming an aqueous organic solvent mixture containing topotecan

30 monohy'drochloride; [b] recrystallizing the topotecan monohydrochloride from and/or
slurrying the topotecan monohydrochloride with the aqueous organic solvent mixture to
precipitate and/or form the topotecan monohydrochloride pentahydrate product; and
[c] collecting, by filtration, the topotecan monohydrochloride pentahydrate.



WO 2005/ 046608 PCT/ US2004/ 037626 The present invention further relates to a
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Figure 1 is an x-ray powder diffractogram of a topotecan monohydrochloride
pentahydrate polymorphic form depicting characteristic peaks substantially identified
from the region 0° degrees 2-theta (° 28) to 35° degrees 2-theta (° 26)

20 Figure 2 is a FT-IR (KBr) spectrum of a topotecan monohydrochloride
pentahydrate polymorphic form.

Figure 3 is an inverse second derivative spectrum of the 1800 cm™ to
1500 cm™ region'of the FT-IR (KBr) spectrum of a topotecan monohydrochloride
pentahydrate polymorphic form.

25
( DETAILED DESCRIPTION OF THE INVENTION

Topotecan (salts, hydrates, and/or solvates thereof) suitable for use in the
present invention, which include starting materials (i.e., such as topotecan
monohydrochloride), intermediates or products, etc. are prepared as described herein,

30 and/or by the application or adaptation of known methods, which may be methods
used heretofore or described in the literature.

U.S. Patent No. 5,004,758 discloses water soluble camptothecin analogs,
which includes topotecan (9-dimethylaminomethyl-10-hydroxycamptothecin),
preferably (S)-topotecan, most preferably as the hydrochloride salt. U.S. Patent No.

35 5,734,056 discloses water soluble camptothecin compound anzlogs (which include
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preferably (S)-topotecan, nost preferably as the hydrochloride salt. U S
Patent No. 35 5,734,056 discloses water sol ubl e canptothecin conpound
anal ogs (which include 4 WO 2005/046608 PCTI US2004/ 037626 topotecan), a
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and/ or net hods &%S.iakentho. 54155.325 generally displasesgaethosisdor makisat No. 5, 674, 872
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Topotecan monohydrochioride, and solvates {particularly, hydrates) thereof,

exhibit polymorphism. As conventionally understood in the art, polymorphism is
defined as an ability of a compound to crystallize as more than one distinct crystalline
or "polymorphic" species. A polymorph is defined as a solid crystalline phase of a
compound with at least two different arrangements or polymorphic forms of that

25 compound molecule in the solid state.

( Polymorphic forms of any given compound are defined by the same chemical
formula and/or compasition but are as distinct in chemical structure as crystalline
structures of two different chemical compounds. Such compounds may differ in
packing, geometrical arrangement of respective crystalline lattices, etc. Accordingly,

30 the chemical and/or physical properties or characteristics vary with each distinct
polymorphic form, which may include variations in solubility, melting point, density,
hardness, crystal shape, optical and electrical properties, vapor pressure, stability, etc.

Polymorphic forms of any given compound may be distinguished from each
other using different characterization or identification techniques. For example,

35 conventional organic chemistry identification techniques méy be used to distinguish
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pol ynmor phic form which may include variations in solubility, nelting point,
density, hardness, crystal shape, optical and electrical properties, vapor
pressure, stability, etc. Polynorphic forms of any given conpound may be

di stinguished from each other using different characterization o
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0.1 ( 28), pa&gm qglgre b rfihe(dlfjgynceph geak positions of the XRPD patterns are not
more than + 0.1 (° 20).

The topotecan monchydrochloride pentahydrate is further characterized by an
XRPD pattern having peak positions at 4.5+ 0.1 (°26), 6.4+ 0.1 (®*26),7.1 12 0.1
(©26),9.0+£0.1(°26),10.1+£0.1(°26), 11.5120.1 (°28), 12.6 £ 0.1 (°28), 13.1 £ 0.1
_ 25 (°26),14.1£0.1(°26),1551+0.1(°26),17.9+£0.1 (°20), 18.7 £ 0.1 (°26), 20.0 £ 0.1
{ (°26),20.3£0.1(°20),21.1+0.1(°20),21.8+0.1(°26),23.0+£0.1 (°26), 24.8+0.1
(°20),256+0.1(°20),26.6+0.1(°26),27.2+0.1(°26), and 28.9+ 0.1 (° 26). The
location (° 26 values) of these peaks was obtained from an XRPD pattern expressed in
terms of 2-theta angles and obtained with a diffractometer using copper Ka
30 X-radiation.
The topotecan monohydrochioride pentahydrate of this invention is also
characterized by substantially the same inverse second derivative solid state FT-IR
(KBr) spectrum for the spectral region of 1800 ¢m™ to 1500 cm™ as Figure 3. It will be
understood by those skilled in the art that an inverse second derivative FT-IR (KBr)
35  spectrum from 1800 to 1500 cm™ wilt be considered to be substantially the same as
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| ocation ( 28 values) of these peaks was obtained froman XRPD pattern
expressed in terns of 2-theta angles and obtained with a diffractoneter
usi ng copper Ka 30 X-radiation. The topotecan nonohydrochl ori de pentahydrate

of this ipvention is also characterized by substanti g| e I nverse
second dé??g‘ﬁ’?)lo% %olid state FT-IR (KBr) spectrum f%ﬁ%&g‘)ﬂ?&%@f?al regi on
of 1800 cm to &goo cm as Figure 3, |t w under st ood by those skilled

M1 be 18
In the art hedakRgBrspeptaim stiugyrg 34tihe differenee rmeakppsitions obtheskstR 1 um f r om
1800 to 15@sbctralara\hdtimdie tiv@nsa eief.ed to be substantially the same as 6 WO

2 4 P 4 762 he ET-IR (K f. Fi If th
BT R AR B 9 A Y |
fcrﬂ : hThe tﬁmmm_d mgfrjadgxtdfd)démhﬂtw;i}?ﬁmsaﬁem (KBF;_s%p:cttm ﬁav;n%g/?éﬁ% Eg i)s
urther_. c cherisz Yo & s,e@ga eri \ﬁg%¥§cso1 | gs}:?te_1 - r
spect r ut héﬁ% §RakE4pE 2 gMyy e, ™89 28I, 2 cmi1, 1658 t 2
cm, 1649 1506 cm?50884 £22 emf', antid807 & 22nchi, and 1507:t 2 cnmi. The topotecan
nmonohydr ochl ori de tah e nj.S. |.O have a water content
range between fﬂﬁ#gé%ﬁ?ryﬂ&%%&}wﬂe&eg%ﬁ&%‘f @ﬂ%ﬁ"’?ﬁ%aym"s cont ent
associ at edwatet toriténd rangedietwessen froomatioptiz 48%Ivewidte apeuttati eineé.cTheawatal so be i n
10 a range : Mt O 0 L L] t tecan
nonohydr oc\“l':ﬁ"(f‘)erﬁ;it gégﬁgn?déﬁlwdt F{ %%o@)o@%hpﬁ%%ﬁ{oﬁ@%ﬁ%é%é mg&v%&oebr%qﬁont ent in
a rangtd o# rangewf an@it 8.5wi% to@batlAMwt¥6 . SpeaifigallyTthe tapstesarcan

nmonohydr oc | G t.hi sl | ; ' in the
cane 2ryat DpAoHyARCAERYE BRSIBURPEOAN Theor' e (kb Obnflin £18nge " I
15 the cryghabout W:hw'% teabot 16.8ath. of the trihydrate, tetrahydrate, and

pent ahydrat e OfTﬁeh%p&@&htﬁ&%ﬁy%m&)@r&ﬁﬁﬁg?rhgf‘prﬁud Qﬂtﬁif'iﬂié[iimd% provi des

. i
ubstantially the same XRPD pattern as Fi gure he t opotecan

monohydr oc®ishin e spmscamialfosnavhethes i bes 3of orGwatgr walervles AsopialedWitlas a

cryst ajg i Nfe lepstall foPmIthiatis edch o Gihydiid) tetRnpdrate, bR Séhtatf/dratd sithé at ti ce
bound water nol ecules therein (the trihydrate state), The topqtecan 20
monohydr oclPeieFAEM Ry diesipHdenf Shig HUE’E“%W‘%H% SubstaiiafpingsamegRPD

coor di nat i pgieyh adBENS Figurd 1), Erhenesbiddan WainehydvBdhistide @entahflhte prédleval from

e e b At ey s e PRk FepierasaiPres oL oy | Y
spect r oscogysthloathel SpIRE watdr nidlstuled IRsrein Athe ok state. ey topeteftant ahydrat e
PT oducio | Smgﬁéh?,'grotcﬁloﬁé]eepénqaih%r%{eaérgdgctt %;[é?f ’a!smr?c% o%tgﬁ tvtvé ggordinatively
bound, labile channel water molecules; their removal from the lattice to form the
trihydrate state does not affect the crystallinity of the material as measured by X-ray
powder diffraction and infrared spectroscopy techniques. If the topotecan
monohydrochloride pentahydrate product is dried to the trinydrate state, then permitted
25  to absorb additional water molecules (e.g., from humid air), it will take up two channel
( water molecules. if the topotecan monohydrochloride pentahydrate product is
incompletely dried, analysis may indicate that the product contains more than five
water molecules. However, of these, three will be crystal lattice bound water
molecules, two will be channel water molecules, and any additional water will be
30 surface water molecules {bound to the surface of the crystal, but otherwise not
affecting the crystallinity of the topotecan monohydrochloride product). The topotecan
monohydrochloride product of this invention is described as a pentahydrate because,
in environments' of about 40 to about 90% relative humidity, this product will equilibrate

to contain 5 water molecules.



25 to absorb additional water nolecules (e.g., fromhumd air), it wll take
up two channel water nolecules. If the topotecan nonohydrochl oride
pent ahydrate product is inconpletely dried, analysis may indicate that the

pr oduct re than five water nol ecul es v e, three
will be c ‘%I%apfﬁﬁgt | ce bound water nol ecul es, vﬁ’lcefﬂ&é&éwféﬁzﬁz wat er
nol ecul es, and an itl naI r wll 30 surface water nol ecul es
(bound to the s?j'f‘%/ '@{%é? ﬁlpf°%fﬁ%5PrﬁB?W%ée potecaRf ecting t he
crystal li nIrtoyiolﬁyfdrdchmnu@pattslmraterpmbgmomhmmda whedglthetprocedfe t opot ecan
nDnohydrochIorIde r duct of this invention is described as a pentahydrate
because, 156F ¢ of about 40 to about 90%relative humdity, this
product wi I I eq]a] forrhing taa agtieous @ndamicsolvenbrhisturercintainihg topolec® 2005/ 046608
PCT/ US2004( 037 This invention also relates to a process for preparing
t he topot @gﬁwﬁé%ﬂ H?%chl ori de pentahydrate product of this invention,

where the pr oce[sb}srecwetaﬂzmg@m topatesanapencbidrogradridedrom and/onshagirgdhe or gani c
I t '

Fecr yat al | {pHisCarf ABhGiyBIRAIch AP RR Boucty RANAKUER AEAGE o bltptats o e

t opot ecan ansierionn beropatecan mqnphyctrmmma@gmhmr@;amﬂusbao@nt mi xt ur eto

precipitate ’I‘]éf & Iﬁtﬁ@{‘biﬁ?ﬁatﬁgﬂﬁé ﬁib%c&ﬁ’%ﬁ&ﬂ}d%hioﬂaég %ﬁé} ydrate

product; and [cC 1'ng, I fration e topote ydrochl ori de
pent ahi/QIr apre@duct) product. Suitable organic solvents for use in the processes

of the present $tﬂfé§l&tdr84h|6§blvei1&rfﬂﬂt?s%qﬁﬂiésprwegééﬁéfﬂ%’é ifVbriidA’tsS 1 ncl ude,

but are not limted to, acetone, tetrahydrofuran, rret anol , ethanol,
n- pr opanol form gagsaus rasinic sevest mixiuses inelude; but asp pot lkpitedde.Aeewpes or mani de, and

m xtures t@ﬁé%ofurg\h%thﬁﬁﬁlvﬁﬁﬁrﬁl hirbpdmBY, isBBro Fﬁﬁ‘cfl LHmla!ﬁyl&élfde% #pcess of

his invention i nclude eth ’I acet'at'e, acet oni and di ch rorret hane,

and/ or mi xN&@@ﬂWW‘%éﬂé mbgiras theeaof..Pther spleents thatimay be usefd imbove- not ed
or gani g5 SMkrRkss oﬁﬁn%ﬁd\@Hﬂuﬁlhdudéséiﬁﬂ Ece‘l%vﬁd&oﬁuth@@nﬂ%hﬁﬁ@rﬁﬁﬁﬁxde

tetrahydrofuran, and n- propanol, nore particularly, acetone an
tetrahydr oANSVQrixtures thergelandior mixtyres with are onBOrg @ Hig abowe-gated ©rgadicy ent

mxture i Ss&\fbnﬁ.ﬂ‘#%‘?ﬁb’i:laﬂ?@s&@l‘éé%htsﬁﬁbﬁlde%&toﬁ@ Wi Erofirafaing@ueous mner al
acid solution. Advantageaqusly, the aqueous organic solvent m xture

conpri ses IHHP%I'I%@?RE%P iRy, aﬁ%‘?@?%’ﬂ‘@t’?*&ﬁ”’“’ﬁ“one enbodi ment, the nineral
aci d sol ution ifhe*AqRsbusosbHidhd] iRCauBbliCorganiclsdivdnt rin@ilve is an agueous

20 solvent that may be water or an aqueous mineral acid solution. Advantageously, the
aqueous organic solvent mixture comprises an aqueous mineral acid solution. In one
embodiment, the mineral acid solution is an aqueous hydrochloric acid solution
(aqueous HCI), wherein the acid solution is 0.05 N aqueous HCH.

For the recrystallization processes identified in step [b], the agueous organic

25 solvent solution mixture may comprise a mixture of an organic solvent and an aqueous

( solvent in a ratio (v/v) from about 1.5:1 to about 3:1, wherein the agueous solvent is
preferably an aqueous mineral acid solution. A preferable range for the ratio (v/v) of
organic solvent to aqueous solvent, for the recrystallization process, is from about
1.5:1 to about 2:1.

30 For the slurrying processes identified in step [b], an aqueous organic solvent
solution mixture useful in an aforementioned process of the present inventioq may
have an organic solvent to aqueous solvent ratio (v/v) from about 2:1 to about 8:1. A
preferable organic solvent to agueous soivent ratio, for the slurrying process, is about
8:1.



(aqueous HCl), wherein the acid solution is 0.05 N aqueous HCl. For the
recrystallization processes identified in step [b], the aqueous organic 25
sol vent solution mxture nay conprise a m xture of an organic solvent and an

‘agqueous vg(%%gm“@n aratio (v/v) fromabout 1.5:1 tpd’%g&tétﬁ?‘%‘@#“zﬁ\g\her ein the

aqueous S preferably_an aqueous m neral aci
pref erabl e range for the ratio (v/v) of organic solvent to agueous sol vent,
for the recryst H9 3B8PUPIORMG ERNaNt splutionaixiuimi§ weed in the pracesseafdhie 2: 1. 30 For

the sl urryingéntidh eGaSHaEhé 8§ drgdricsbivent ﬁl@@nhkmurea(oolaﬂaummme&saﬁm ¢ sol vent
solution m xture useful

forenent one 0Ccess present
i nvention 1PRY! ec-’m‘fh'\‘)gn%{wdwﬁ'aﬂﬁ"ec welghljarams @t'ﬁﬁf&ﬂjgb%ﬁ\ﬂéﬁ@bﬂé&”& A/v) from
about 2:1 ﬁl@fe?dﬂﬂwl tangé lisefdt forﬂh@f@mkﬂlli@ammm@;swén@jﬂor Eﬁlmggg850| vent
ratio, for the s

4
b/ Usgboasdpe TR O ErB iR 31 g er e mnhyahi O AWRBRIEPES) s wused i n
t he proceseatiobf frdm aboutvest 1 orabsutclis: 1, ke prieferatly 1211 gArprefersbleange sol ution

t I 1L h| d ht /
Tt o s 1 restiTies The it frbless i of 4P SRR AR BRCA LR P, o il % or Yt
recrystal Iﬁvnlahjebuﬁlli;ﬂexsl;;Estspotecmmemphydmgjﬂwide (weighégrams) rmatd of fravm aboutt ur e _
(vol unme/ m}%& éﬁo‘%‘i §ﬂ1 @,ég@@nlzqonohydrochl oride (weight/grans) ratio of

f rom about nmore preferably 12:1. A preferable range
usef ul1@or the 'Eheuopqteoag rmrmbwgcmmdarpeaiqhydiafgmduCEmawQﬂﬂrlsi)aftﬁr| on mxture

| / ' : ti f
[ om about Mreloh 7 fslode By FAHIAAG RadHLP KIS IRA] s, Trelgip) 0t 0 ©
nmonohydr ochiPeass gaoyd ke aprdicteddn pmaueftthamipemotdedm the waler/topplecamt i on t o
reénove anyg tS'F‘g&E%A%%%ﬁs Riol Jv&@rl’f ﬁ\%ﬁ‘é?ﬁ@&lﬂ dﬁ@lt iHafisSbvents. The drying

rocess shou cted In manner es not reduce the
wat er / t opovaeriapotagas; %F@%?Wftt@ fopatgcartapnabydrorhiprdepeniahydiate opot ecan HC ;

that ifs thequlistitida8PPiBCRAted mbpzbbaa@énrwcpfeanam WRQicR6@an
nonohydr ochl ori de pent ahydrate product is at |east wat er/ 1 nol

t opot ecan 'PRA° V@!@ﬁ'ﬂ?"éﬁq RP"tachM@’ai%%B‘i"@&ﬁwa'”% by thpdreress ot ‘i"l?é“‘f?@ﬂ‘?'hhydr ate

pr oduct Obéh%LIﬂQﬂt Y dridiFat RFEe628 oPfbsd kS abdlit 8D MR Mg oF APlehfheRirebe dried at
pressures of %@s t han a out 30 mMm Hg or at tenperatures greater than about

37C. In ordfed ‘the process of this invention, the topotecan 20
nonohydr ochl OrIlﬁien@ﬁhbadlmdﬁtaifmeqfroddﬁéSfthi?.\nWbi'lh@ﬂtﬂéatﬁpii@ca?f epared by first

di ssol VI ngmcmohydrochlonde pentahydrate of this invention may be prepared by first dissolving
topotecan monohydrochloride in a heated agueous organic solvent solution mixture.
In a specific embodiment of this invention, the heated aqueous organic solvent solution
mixture is a mixture of acetone and 0.05 N aqueous hydrochloric acid heated to a
temperature of about 58°C and the ratio of the volume of acetone to aqueous
25  hydrochloric acid is about 2:1. Crystallization/recrystallization of the topotecan
( monohydrochloride pentahydrate from the heated solution may be accomplished by
cooling the solution, filtering the resulting recrystallized topotecan monohydrochloride
pentahydrate product and drying. Advantageously, the cooling process may be
conducted by cooling the heated topotecan monohydrochloride solution with stirring.
30  The cooling rate should generally be in the range of about 0.1°C/min to about 1°C/min.
In a specific embodiment, the cooling rate is about 0.25°C/min. In the crystallization
{recrystallization) process, the solution/mixture may be cooled to a temperature of
about room temperature to about 0°C. After filtering the topotecan monchydrochloride
pentahydrate product from the recrystallization solvent, the collectedffiltered product
35 may be dried to remove any remaining traces of the crystallization/recrystaliization

9



t opot ecan nonohydrochloride in a heated aqueous organi c solvent solution

m xture. In a specific enbodinent of this invention, the heated agueous
organi ¢ solvent solution mxture is a mxture of acetone and 0.05 N aqueous
hydr ochl or| c acid heated to a tenperature of about 58C and the ratio of the
vol ume of %5@?8?@8[0 aqueous 25 hydrochl oric acid is apgi>2Ppsreae
Crystallization/recrystallization of fhe tOE‘Ot ecan nopnohydrochl ori de

pent ahydraﬁ@"’?"r%n?’f e iusBfuLYing FANPtioRs INGluds SHIEM 20rR80C 8 1623 i ng t he
sol ution, frinh ngmrn@ tb e dagseH for 28532°€ Gt Y50-200 inretdg top P04 B6Gre, win@hydr ochl ori de
pent ahydrat 5 g‘ and dryi ng. Advantageously, the cooling process may be
conduct ed B@' t he heat ed topotecan nonohydrochl oride solution with
stirring. 30 ThEh:smbhtm@ is alse dizduted td pgemrracalntiopt trenpasitivhecormprigtngthe about

about 00 25 RPRIEREN R aRispiotide Br BBt b (R ABDERL meeRRfonT R LS ” ¢ he
sol ut i on/ ninventioe further bm’npmselmid or onore prampeceatically acteptative carriersoth t enper at ur e

[0 300Ut Ofeeiaht FE philaBLi ok BB SSAL BN A B RNy Or 2t e

product fromt I'on sol ven cte ered pr oduct
35 may be actlveahgrcdlerﬂsm‘ﬂ@ mma@maeaipmgpwtwoegf e present invention may

crystalliz éggég 04/ 037626

sol vent s. E&gﬁ%{@g%ﬁ&@%@?&dﬁﬂas gtgondgg%%gﬂl ncl’ tcl;i?l%g at 20-25C at
165- 3000 nivbrigants suspending gﬂerdwsscwwmdlf@@tha!lkﬂsmvmd tmﬁhtnq; for >24
hours, wi thcﬁnoth fadRAtsRloGRthavt &tﬂlrﬂé’rﬁﬂte‘ﬁgél dn%hé‘ih%?aﬂébﬁce&éu%ﬁ of fle

pharnaceutlca ositions conprising the t opot ecan nonohydr ochl ori de
pent ahydr atnetagt cwm%'tipmﬁ/e?nel femmns of fthe mé@ww gempesitians of thepyesent on f urt her

conprise Oiﬁeerﬂi‘bnrﬂ?;fnﬂe@ﬂﬁérrmu?drMIé}’taﬁlﬁf‘sel%p%bie@ Wdél-ﬁbﬁ:)drfah ggsired, the
bharnaceutlcal conpositions of this Inventio further conprise other

active i nglogmi( 'eﬁi't%‘sPQW@"ﬁkﬁi%MN| eig) WE@J’I?BUEFNP@F%%WWH%V%@H? i nvention
my aj$o bélﬂéh&dfht@fshﬁésehﬂiﬁﬁl@é%lﬁ&hécéﬁl@él cORpSitAh ih tHesdrpstalifetfb@xi dant s,
preservatlvqs E110 | u r|c nts, end ut?ents wscogé% nodi fiers andthe
i ke, provAefigd hrren A g8rPlofiE PR heQmRASHARE OHAG Breseftet r i ment al
el;] f ecL on hbawtbhﬁfeamﬂérbﬁ usifig bme?ﬁonﬁm': knmtrﬂﬁtbnas)am&bhmml wglbl& f OL ms of
t he pharnaceut.i 05| of. .t esen lon inclu either a
ot i 8 1 or gy ingide, 5 Aot pfisfig e tiakeana ne. e I reelaen Sl or (1 o
suspensi onthe twotmulnmmhmoaﬂmdb puuehwrmeﬁmmdnaammcamomwﬂmmﬂhl oride 15
pent ah ratelrﬁgf etH)ent |nthe har ceutlc rrEfsclglon ' Be crystalline
form f | HEEFHEVEMPRSBE eYaﬁ'ea hePY eatdﬁgre% % B 'E%lfon&ﬂ% ftions of
t he pr esensuchitmerapdutically asefupcoapmsitions, suchghatansuitable dosdgeawill bé& obtaimedat eri al s
and techni ques, \M}i q , .
The oﬁo ecan monohydrochloride pentahydrate and/or the pharmaceutical
compositions of the present invention may be useful in treatment methods providing
anti-viral and/or anti-neoplastic activity. For example, various cancers treatable using
25 the topotecan monohydrochloride pentahydrate and/or pharmaceutical compositions of
{ the present invention include solid tumor types {i.e., which may include, but are not
limited to ovarian cancer, breast cancer, endometrial cancer, esophageal cancer, small
and non-small cell lung cancer, cervical cancer, colorectal cancer, neuroblastomas,
glioma and the like) and non-solid tumor types (i.e., which may include , but are not
30 limited to myelodysplastic syndrome, acute myelogenous leukemia, chronic
myeiomonocytic leukemia and the like) in mammais, such as humans.
The topotecan monohydrochloride pentahydrate and/or pharmaceutical
compositions of the present invention have both a human and a veterinary utility. if a
veterinary use is intended, the topotecan monohydrochloride pentahydrate and/or
35 pharmaceutical compositions of the present invention may be formulated with a carrier

10



may include, but are not limted to mxing, blending and the |ike. The
percentage of the topotecan nonohydrochl ori de pentahydrate in
pharmaceutical conpositions of the 20 present invention may be varied to
provi de a desired amount of active conpound in such therapeutically useful
conposi t MEh&OSUGB t hat a suitabl e dosage will be obt arheF20044482% opot ecan

nonohydr ochl ori de pentahydrate and/or_th har maceuti cal conpositions of the
present i n@hTApRe ﬁﬂ?”@e‘%lﬁg@yu‘?r may '?erfeﬁ?‘ﬁﬁ‘ﬁ? "‘rﬁa?ﬁ'ﬂd%""p‘i’%@%" anti-viral

and/ or ant &T]gwdabiﬁ&hﬁ mrmhwiﬁ ﬁr}éthe Ftﬂ?erem@téd carfdrs, (gugh a8 fHose ﬁeéd;r]ieaa abl e |
using 25 e t opot ecan, no rochl ori de penta rate an r pharmaceutica
conposi ti o'%\?e'ﬂf mghbe BW@?@?\‘?% CRANE F‘Bmp‘rsﬂ%?f‘g8%“8%‘%&’&9@?%3%s (i.e., which
may i ncl udesterdnaty asee not |imted to ovarian cancer, breast cancer,
endonetgial canger..e h . I non-snall .cell |ung

cancer ,g cervi ca‘%ccggir@?&'ézg'?%lrhgﬁ?Qa&s%g’nig?!hoﬁgwgﬂnggf'&%s‘?h'&gI Il oma and t he
| i ke) and copmprises administeping to/p egbjédt ireneedwheredf ameeffectivel ambaint dfdbe ar e not 30

limted t ' e LA, chronic
nyel ompnocyPracH R Socfiaid idrplHariafiils UERA° InIGHIEIE. ©71 0

t opot ecan felatestty @rroethodef treating:eanaak which eorpiised administering dai@ sekiect iconposi ti ons
of Lhe DI esgilindBYM drRBNABATUAPST GhaltHaElic EorfpdsRloRivHTcH dbripiskd 4y 1T 2
veterinary use 1s intended, the topotecan nmonohydrochl ori de pentahydrate
and/ or 1335 effestivacaraqunt etihe tpeirsan mosplydirchioride pertatyirate aftbistmentiony  be

formul ated Wi t hriis BrtioR Glso HlaldO PO RIHOAGE nd FEMAQA4/ 037626 that may be

a liquid, or spray, or may be fornulated in g solid, non-degradable or
degr adabl e'“P'EH"'rYP'PSW°T'q%%‘?"¥§|'t¥ﬂ'afen°fttﬂ'é"}"G'N'E’H.a"@’é'l' aeramacavticdbr s, such as those

descri bed cdiffoRition comprisiy tREBAMAY 8¢l alpalligivens bMeld R @hk lor Alofe ake Pt abl e or
édapt able for  veterinary cordi nglgg/ this inventigon relates to a

use. 5 Ac ) / [

met hod of FPRTHAEsCGAEd r“‘!'#‘\ﬁﬁl’%% @EW% administedng 9 A guRieRtin RE%Y; ect i n
need t{er apéreoNarcéffetiid ARountofthé toploteche mohetatctpRAdEPENA/ArNe bt thisi de
pent ahydr at e Bf t@(ﬂ?#"s I nvention. ITh| s _i.nventian ak SO _r el,@%es t|.o g nmet hod of
treating CAYRUEPN QR/eLR RRATHACeUlCal campasitangompgdsing the sams. Joe amelioliany ¢ her eof
an eff ect i ofgy@pwuistasedcistepvith omwetitandmprove theoquialily@f lifetiorgatiestswithses an 10
ef fective amun f t t opot ec hydraochl ori d ent drate of this
nvent i on Mool ule G EXpPES of oraer s PSR e ot ccan
nonohydr oddyl treatrdent pth ttepojeban menohydrédhioride pemntainytinate add/or prarmbeautiealeut | cal (
conposid i o B Sl ] 0, ' | at | ve . I Qf. one or nore of
oo ARSI RRG RO eud R TR fhhe, o1 o,
subj ect i rinsoerdh, interference with daily activity and disease-specific symptoms (e.g., for lung

cancer: dyspnea, chest pain, hemoptysis and hoarseness).

The topotecan monochydrochloride pentahydrate and/or corresponding
pharmaceutical compositions may be used in single agent therapy for any of the
25 above-described treatments or uses or may be used in combination with other active

( treatment modalities such as radiation therapy, conventional anti-neoplastic agents,

which include but are not limited to paclitaxe!, docetaxel, doxorubicin, ara-c

{cytarabine),5-fluorouracil, etoposide and organometallic coordination compounds,

such as cisplatin and carboplatin and targeted biologic therapeutic approaches, which

30 include but are not limited to, gefitinib, erlotinib, lapatinib, bortezimib, elacridar, and
erbitux.
The term "effective amount” means that amount of the topotecan
monohydrochloride pentahydrate and/or a pharmaceutical composition containing the
same, that upon administration to a mammal (such as a human being), in need

35 thereof, provides a clinically desirable result in the treatment of various diseases, i.e.,
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15 thereof an effective anmount of the topotecan nonohydrochl oride

pent ahydrate of this invention and/or a pharmaceutical conposition
conprising the same. The amelioration of synptons associated with cancer
can i rrprove the %ual ity of life for patients with cancer articularly |ung
cancer. BEXQAPFELoYH; cancer syrrptoms that can be i nproF&d"OBY4OPE2E ment " wi t h
t opot ecan m)nohydrochl or ent ahydrate and/or pharmaceutical 20

conposi t i oAYNASHIAITE é’ﬁﬁ"q"ﬂlﬂspﬁﬁfé (i-gy the latier ofwvhich may inglude. pai n,
fatigue, tams@éaua%nc treétmeﬁemmamdudbﬁ bliehdtyimied td{tdrﬁ(or%@ﬂlgmease Speci fic

t I h h t d
hoar sencssThbHRe. BEIRSIBCaS AR SHVERITE. BErt ahydr ate and)or
corr espondl ng piviirbesappreciated thatthe astualipreferrethgouse of Sieskapywitiivayl e agent
t hera [ be ed
- Contf na PSR o A oRERa/Gafer Rt aon, o168 B bR FoobBlerlont L o5 1 on
t herapy, cpentahydrae béingntilized.abpiade obacmgmsttatspn ant it partivedan destioeingar e not

limted to, %ﬂ%]j ! A,% Imal I‘Efﬁyac?éﬁl'se f&l‘%g@& bﬂ:onaﬁlgns[ mpy be ascertained b

(cytarabi ne I uo our ac or ganofme coordrnali on
conpounds, thoseshileddn thesan tamngmoamtloaal lootp‘sepi thelanm deiarrgleatm teste irogew

therapeut'sftﬁ@mmgg&ﬁ%e:wm?eﬁgnatq@m fogbiéh PSPt NBL sl rdg, 0t tini b,

erlotinib g{g ezim acrl |tux
" of f ecl9 ve583H0H, '5.674872, andd 7568420t of the topot ecan monohydr ochI oride

pentahydrate angjf rbe%pBF&faWﬁb’ttthé 8ctus PrENERdd ddRBg &G R BdrisbunB Rse @,  t hat

upon admnjistration to a mammal (such as a human™ bei nqg), |n need 35 thereof,
provi des ainéhe errepasitionsiaag mathods eldeafment af the praseatdpyastien will Ve i ous di seases,

e, 11 a@omewmwﬂbmaamf@m& tmhdasfaunﬁ.ﬁhwmhehatred and/ or

tancer diseases (. he |atter of wh anti - neopl astic

I C
t r eat ment , PHGUAR F?rél“ﬁ'&ié%mﬁﬁéf'd Rior typgibeing t'ieég‘/?‘i’t %Fﬁnhl"%@"ler gPUmR

i nhi bi 48 ongosh féﬁh@ﬁecnﬁ‘dﬂeﬂnolo’y‘@i bd?ﬂm“bhﬁf‘aﬁémt&ﬂéﬂifaﬂ&&,mﬁtéécénalﬁéd w Il be
appr eci at refe our s will var

et?wt a}t éhe ac ?

el o fighe ol ordianafil i the B ieh b i 6 SPBYI PLETEREBIash R e, Sl ecan

o gohﬁdr OC:EHnQéritTiﬁal d@eageadietdmﬁamobmsmgn wielv of mprmemmatmf jnadmni ni stration
an t he partlcu ar

treated. An.o thera ourse for a
gi ven set FFOHBACH ‘P"irh)ﬁg pmn%gv '8%#5‘?&%%!‘*%@ eaf:"ﬁgg ?é@'gl inthe art
usi ng convmmhpoemarh and serlection fof thlaesumqb}e dﬁmmmahamc&mml‘b} adceptiable/ of the
" B B Qo B S AR i g B B < o e
t hat the aadmisibtratioaf erred dosages of t he conpound used

Another embodiment of this invention is directed to the use of the topotecan
monohydrochioride pentahydrate of this invention to prepare of a wide variety of
topotecan-containing pharmaceutical compositions, including solid forms (i.e., tablets,

25 capsules, powders including lyophilized powders, stc.) or liquid forms (i.e., solutions,

( suspensions, or emulsions, etc.). Accordingly, a process for the preparation of such
pharmaceutical compositions comprises using conventional art known materials and
technigues, which may include, but are not limited to, mixing, blending and the like, of
the topotecan monohydrochloride pentahydrate of this invention with one more

30 pharmaceutically acceptable carriers. ‘

The topotecan monohydrochloride pentahydrate, pharmaceutical compositions
of the present invention and/or the topotecan-containing compositions may be
administered by intravenous and intramuscular injection, parenterally, topicaily, orally,
or by inhalation. The topotecan monohydrochlioride pentahydrate, pharmaceutical

35 compositions of the present invention and/or the topotecan-containing compositions
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in the conpositions and nethods of treatnent of the present invention wll
vary according to the particular conposition formul ated, the node of
adm nistration and the particular site, such as host and tunor type bei ng

treated, aﬁ{)%ma)}%rg over, optinal 15 dosages for a spemﬂg@géo 7&? i cal

conditio ticular patient may ascertal ned by I nary

skill in the art, such as in the a vir Qr anti-neoplastic arts, using
convent i onmava&ﬁ@d&m’f’#wﬂﬂm%b@éﬁﬁﬁ V\H“?\W“B‘P“ PHRUISERNSQN ¢fdhASEl data. In

accor dance mskdrialstifi@ physisiegitally Avssptdbasdiluestwithreiatos nre pRarhaBlRicamCeut i cal
conposi tion angg el ection of the suitable one or nore pharnmaceutically

accept abl e acgsP St herefore, will depend upon the treatnent effected
and/ or int endedSummbteqarmfmamm:aﬂy ateeptablecariens tifgudirendipciarndilvehtst hi s

B e e e
t opot ecan- campasitions gf tha gresentdonentiar inclodepthesd krama, in ttl'req.’ohadna@usﬁn d forns

st aPlhfianatsC 2P Yiaihie AHRIRe M\ Reliflra IR bd R 07T S ete) of

I|qU|d forms suspensions, or enu
Accor di ngl well-kngwnohasadestical fmmplaeqmnwulam text boaiesh sughhas Rerviegion'sal

conpositio and

t echni quespﬁmeﬁﬁi’ca'%lwgw&qbut ar@ not@#&m tegn§m&tbmé<ﬁr'1e3, bl endi ng and
the |i k@, welude hut argmot iited terstedieliauidefush pelwales Andpilsd with er withauhthe | nvent i on
wi th one ”E&cﬁlc%%f% Ffé‘aﬁrﬁ'aéh%%th& pHaffRideality Sﬁdi f:hﬁsfo‘f’ogné%?a&&ﬂ%%can

nmonohydrochl ori rate har maceut | cal npositions of the present
i nventi on ﬁﬁfﬂ?r&r'n‘i'%“ﬁ wBY@%ﬁx%?ﬂt%P?ﬁt%"z@&Tﬁﬁs |"i‘ penesalpliguidearmiessini ni st er ed

gy Ibntra\r/]e : Ia’#@%_ls_'ﬁﬂbt? ﬁﬂH,ts&ubla%omrﬁcmpmﬁlluaartgmb@rrah hr)ﬁstedt@fhﬁt%“ y, orally,

r ylnaalon e topotecan nono ori ent ra

phar maceu FaP. 2HeRUR ARSEPR LS aled oM SoLUER PRI 9P he

t opot e¢@mN- GigEti sl s [SIOPPEHE glydan@r pr;g th\ﬂawagﬂﬁéioébﬁﬁﬂs TSRS 87626  may
(0]

al so be adm ru tered in i ect a ol ytion or spensi on of
these mat¥5'8 '? Rriseqt E‘H Nellic( 'E‘i g@%&%ﬂ?‘d’ﬂ]"@gg‘? 'P%@llﬁ”%af‘wagne or nore
phar naceut vegataole ouacareuné ahdynthetid bright (.g. peahaidilcsaybaanToi; eydrogéndted accept abl e

carriers, inc ant s 5 excipients urfactants and the
li ke, contﬁgﬁ*%ge‘ﬁg"f' |e°q ?ﬁ%‘ﬁ%&'ﬁciﬁ% P‘&%ﬂ“a%ﬁﬁ'&gmm DSdP2% he present

i nvention eptiehaliyeohtairsepresavative to preeer ity growthdfiniertborghnismuuades arts. For
exanpl a referenﬁﬁ?to quefuI nmaterials may be found in well-known

phar e ut HELRYP 'Er%;s 6?95”‘? 4S8 t ext books, such as Rem ngton's
if a liquid carrier is used, the pharmaceutical composition can be in the form of

an emulsion, soft gelatin capsule, sterile injectable suspension or solution in an
ampule or vial or nonaqueous liquid suspension.
If a desired pharmaceutical composition is in the form of a solution or
25 suspension (which may also be encapsulated), examples of appropriate
( pharmaceutical carriers include: for aqueous systems, water; for non-aqueous
systems: ethanol, glycerin, propylene glycol, vegetable oils (such as olive oil, corn oil,
cottonseed oil, peanut oil, sesame oil, hydrogenated vegetable oil), liquid paraffins,
glyceryl monostearate, mixtures thereof and mixtures thereof with water; for solid
30 systems: lactose, terra alba, sucrose, taic, gelfatin, agar, pectin, acacia, magnesium
stearate, stearic acid, kaolin and mannitol; and for aerosol systems:
dichlorodiflucromethane, chlorotrifiucroethane and compressed carbon dioxide.
The pharmaceutical compositions that may be prepared using the topotecan
monchydrochloride pentahydrate of the present invention that are suitable for
35 injectable use, may include, but are not limited to, sterile aqueous solutions or
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Phar maceuti cal Sciences (Mack Publishing Co., Easton, PA). Suitable carriers
10 include, but are not limted to sterile liquids, such as water and oils,
with or without the addition of a surfactant and/or other pharmaceutically
and physi ol Oa%l cal Isy acceptable carriers, including aé” uvants, excipients or
stabi | i z&8¥Q2 in general, liquid carriers, partiCSPHPYPIRIT6ed in

I nj ectabl e soI utlons may |ncI ude, but are not linmted to, water, saline,
aqueous desispessiensiand stenla pewdars fps extepPatanests RieRaratinndracopstititionhas ept abl e 15

glycols, sgt@he%ﬁe&ém@yélmsamsﬁ&meﬁsmt}sehmlmqarﬂhsr&é@uuc@nd the like.
Suitable oils for use in IRresent i nvent ] on I ncl ude, but are not

linited tocquﬂpéﬁﬁﬁth'érﬁ"‘ﬁ?m"’" Gudpcttenle dispersigns B’P i steyile,powdats het i ¢ ori gin
(e.g. pea@élﬁpr%!nb thS RybRa3dn ﬁbhohyﬁbﬁéhi@ﬁdﬁ‘ﬁérﬁéﬁydmﬁttﬁg||rﬁ‘«eﬁﬂtdn whergl neral oil,
and the i ke har euti cal rTBOSI tions optionally contain a

o s cr vt | BB QPEEETL AUCR FEPSGH TR 35 POVIRTS BTG RS o kU 6 SR e

Cﬁndl ti ontsmfbr , ShiiNenge.) ad fbrvi esterlid infe cia::lﬁlﬁodxtmmbfdlﬂfersﬁn umes, c:=1§~,ds13<ee.-=|<:r1t | at
phar maceutj ca e 1n the formo e oft gelatin
capsul e, s ap@?rg% ﬁ‘t’t?@ﬁ@ﬁ’ﬁwyg'&%%f?'@hsw %??}F”%ﬁnghegﬁ'ﬁ%ﬁﬁﬁ’ge r vial or
nonagueousthbt easy dyringapittysixists. The phatieceatizdl folmas sheoul tie stalble ondgrosition is in
the formo | . ' encapsul at ed) ,
exanpl es &""?B‘%ﬁoprmg@ég‘{“gﬁﬁﬁé@ga@?{@@?%’g"m %P%% '?CL "Psior agueous
systent] wednéamindting action ofgoicroarganisins t Bieh as dattenirvand fyghgic Eor exampla@y| ene

glycol . vegghag dAr §o|»$e?1‘t‘8|h%|§;§er§i$¢ Pﬁgfllghlwq r)fr%ﬁ ﬂblhge b%?fstr@i‘ﬁﬁ’i‘é% @! |, peanut

oil, sesane oll, enated vege ar af cheryl
monost ear aW%fef ﬁ’tbﬁﬂdr E@VQ‘ Iﬁ%gegwcﬂddpmpyd@nﬁﬂim laod d;qmd WPWﬁhMIU%Q'yCCﬂbr solid 30

syst ens: bR ml&%t.f@bl@lnﬁﬁuré?ﬂ&?éi%ndttﬁéﬁee gel atin, agar, pectin, acacia,

fragnesi um tearate, stearic ac ‘aol’i n and mannltol and for aerosol
systems: di chlRor parentena)agminisiratien, apriniestehie foppiesameeniainiédand conpr essed

car bonqgli d using
The ronot aaahacelfC RO naoRtL Sﬁ‘gihéf'@“% B B o O 1 Pt

are sui t abniectable ligujd; #chéﬁalf#@ﬂﬁ%tedm ifized forrulatisp or aa AAYARUS|OT i t ed t O,
sterile aoypaysects Inql&.a @ﬂéi)eﬁélon Tehd\We n%@%ﬁ%@@&m%%%%.&%?&%

di sperS| ons and steri ers for extenpor aneous prepar.at]on

(reconst i t3RVFHIMRRUNdE P@BP PEcSERY; inention Bay Be prepated inwatgr syiteplyiraked and t he
like. The afred s@faRisnt, @8th ssnmmdybﬁoayleelmosé hggitdbvd@isieraiong gy sdepeterile
di spersions and/ or sterjle ot ecan
monohye# o NERA YD @W&W'&?ﬁpélyﬁ?m{' figuid rTB m%lﬁ"gm?iﬁ- Snd gl mpdges ¢ o
| nj ecti on,thérd6f) ad theaikei ons or powders are reconstituted (e.g., by
dissolving 1N ;o patent No. 5,814,335, No. 5,562,156, No. 5,837,262, No. 5,543,152, and
No. 5,741,516, and U.S. Patent Publication No. 2002/0110586, No. 2002/0119990,
No. 2004/0071768 and No. 2004/0170678 disclose liposomes and/or micelles that
25 may be used with the topotecan monohydrochloride pentahydrate of this invention in
( - the preparation of topotecan~containing liposomal and/or micellular injectable
compositions. A variety of lipids are known in the art which may be used to generate
such liposomes. Generally single-layered liposomes have one membrane and are
defined as "unilamellar’, Multilayer liposomes are referred to as "multilamellar."
30 Suitable lipids include, but are not limited to, neutral and negatively charged
phospholipids or sphingolipids and sterols, such as cholesterol. Specific liposome
compositions comprise various ratios of sphingomyeilin and cholesterol. Other lipids
also may be included in such liposome compositions as may be necessary, such as to
prevent lipid oxidation or to attach ligands onto the liposome surface. Such liposomal
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water, saline, etc.) to forma sterile injectable solution or dispersion. In
all cases, each injectable/reconstituted solution/dispersion should be
sterile and be fluid to the extent that easy syringability exists. The
pharmaceuti cal forns should be stable under conditions of manufacture and
st or age, WiRi2e05/04460811 d be preserved agai nst 10 cont am FETVR0EHET6RN of

m cr oor gani sns, such as bacteria and fungi. For exanple, a carrier nmay be a
sol vent or topaemnsootainingoiompositiorstmayeaiso b lyophilized (as ins not |imted to

water, ethano %I:H/dﬂos %ﬂget di%n?@ﬁpee?f%mcshﬂg E\@%ﬂp@&?ecgllléf&ﬂ Iby S8Rk

qui d
pol yet hyl ene glljy I'e mxtures ereo#) and the
| i ke. For par enfen@uladnﬁhmtogotpaan mmomwopmipwwtaé\ydumewmuamwal ning 15
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of a sterile Injecta I d, ch as a reconstitute | zed
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No. 208/ 0%k Hophilidikeg the QORILIEHLAMBARS to fofva saiilikilge! Mﬁ&naﬂbd phior.to 2004/ 0170678

di scl I 25 b
O oo RPN Bl P il oy e B e s o
t opot ecan- droaddition the sloluporsmlm}re anagt/optionally bé platedt iniviaiscrion bd Igophilizegrsi t i ons. A

varl ety of Aéeplggpﬁ"li%ﬁo 9‘%‘4@54!% ts%ﬁd ﬁfﬁur@ma@egﬁxlegﬁgﬂ@ﬁﬁ%%ls%ner ate such

(i posones. 'ngl e ered rane and are
defl ned as mqnmnmmme as #/sterilel poyder. | | posones are referred to as

mJItiI rrellar 0, neutral
and negatlvel y c ar %CQQEJ Wdf&%[idé&gérﬂﬁﬁﬁw{’)ﬂ‘.ﬁ'% sﬂgonddrs{% éﬁaﬁ such as
chol est er ohydregideride (Uw:anpm 6neslmlrmstmdsn dosages basegondee weightonf dopotecans  of

sphi ngowek@abaéw(nﬁmufamngﬂ{ 4zphm5tarhné%gn ﬁepdi@aén%dong& td!en such

i posone conpositions as necessary, rev

oxi dati on @entabydsate ér@ﬁ!emigrmto‘iﬂﬂ&) Ph@PPE%@ﬁ@WGWPﬁ'@@de @EF&?PUIQ" posomal 14

WO 2005/ 04 ons may al so
be Iyoghl I ?;zég‘@t (ngfﬁﬁ&%é'q 3%821 Odgggggﬁa?ﬁ%%g:@odggrbg of V\?nbt:h S g

i ncor péPat &popeeAR MenBRydrealFidtice) . Particularly, the topotecan
nmonohydr ochl or i Hgr papériteraysinfihistratidl, 26oussecst thetapy generally employed is from

about 0.5 mg topotecan/m? to about 25 mg topotecan/m? of body surface area per day
for about one day to about seven consecutive days. In one embodiment, the course of
therapy employed for a patient is from about 0.75 mg topotecan/m? to about 2 mg

25 topotecan/m? of body surface area per day for about five to seven consecutive days.

( In another embodiment, the course of therapy employed is about 1.5 mg tepotecan/m?
of body surface area per day for about five consecutive days. The course of therapy
may be repeated at least once at about a seven day to about a twenty-eight day
interval (from the date of initiation of therapy) depending upon the initial dosing

30 schedule and the patient's recovery of normal tissues. In one embodiment, the course
of therapy may be repeated at 21 day intervals. If the topotecan monohydrochloride
pentahydrate is used in a combination therapy {e.g., in some combination dosing with
cisplatin, carboplatin, etoposide, paclitaxel or docetaxel), the amount of topotecan
monohydrochloride pentahydrate may be reduced (e.g., by about 0.25 - 0.5mg

35 topotecan/m? of body surface area per day, or potentially more), depending on the
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prepare sterile, |lyophilized formulations, suitable for parenteral
admnistration, after 5 reconstitution with (dissolution in) water or

saline. One enbodinment of this inventionis directed to a process for the
preparation of a |lyophilized conposition conprising, topotecan

hydr ochl O¥9 a@s5/04669thi t ol , and tartaric acid, wherein tRCTHBOBAHI7RONPri ses
the steps of form ng an aqueous solution m xture by dissolving the topotecan
nmonohydr oc héewisi znhd/op ateramgecof dhecthedfapy by theipatientt Odirer usefahddsing regichensairt ari ¢ aci d

opt § onl |y SigBlElor Rl e et amBfomiEefbe atihybtige B s imaii, < oy b

adj ust ed t aregipssibie2. 5 to about 3.5. In addition, the solution nixture may
optionally be | ' b bl ' :
|'yophi | izati onl,o+t gtg'r'éeers"ﬂﬁaféﬁ‘ge@élé?ép}rr@i’k %?ga%ﬂﬁa%éé%;%'?te of fsponseine il s

to mai nf ai eANcRereiAtsd diseasgs. Thespasentpral pdsinistrationanashies bioshoridegn 30 _
monohydr Ocmrﬂié)ﬁﬁpﬁf‘ds?u%;@m’ ] .9&&79fmdrwn§a¢eraw@hmran9reetngpﬂ%,qg%{-ec{%w ochl ori de
i

(Hycantin) 1s adm Cered 1 n dosages based on the wel opotecan free
base (ol e@BPigraneei#ning pharmereuticalcoppositiens Bay,pr adipinis A0

monohydr ochinditd if@aveP8ié MisbhaFer EMBhGsN iravifdus tdmikétiatien, tRE dbsRhecan
nmonohydr ochl ori g&p&ggcliecul ar For exanpl a 4 ng dose of

wei ght: 457, 9). e,
t opot ecan @y e Wbﬂ!‘ls%sﬁ\?tgﬁm%"%(ﬂ?ﬁé?fa%d%ﬁ%ﬁ g8¥%chl ori de. For
pgr etntg:fgl ad{ri F’Br?éﬂiﬁl?%inis&aﬁ%#h?@g?ﬁuﬁd@fdﬁﬁ?hmé/ ngida¥c@ﬁﬁﬂb dsw@dﬁc is from
abou : opot.ecan 0 abo opot ecan of body surface area
per day f’gg pé?i%[]*t'nm%ﬁk?yf%ﬂ'gﬁgl?ﬂt 'ss'?ﬂ;”g'ﬁ&%‘gﬂ?@dﬁ?ifw fALeaN, one
enbodi ment gintient, tinieedt Iation, pdst; spray engiropy suitable forcadpsibisteationits therskim about 0. 75
ng topotecan/ n2 to about gpot ecan/ n2 of body surface area per day

o2 5
for about o &N B°§ee‘?}'§$"'&%'ﬁ§ggﬁle,'ﬁfg- days. In another enbodi nent, the course
of therapy enpllbyedid carridrisused, the prephration caraive tableteuff placelinahdrdce area per

a1 ool " ofbhenicabSuE RTIGIL b e ool o6 ook T idRtae Y 7, CPVSK
(from t he atitionpgolid mbtriegastcianlrbeofsed tesfoamuigte demposiiiong thadcan bahaledt Theé dosi ng
the cour scm Ayt pf g BB i vIGEY BldbrdlbraBibe Gl 28 o el 00 (e dan
nmonohydr och@imam.de pentahydrate is used in a conbination therapy (e.g., in

some conbi nat i . [ y: Lshlat o ' aclitaxel
or docet axel ), 'tgglgr’;‘i[')}& #‘!!tléﬁ% Eog%%ﬁ’b%g?\%nr%ﬁ%@%iogﬁﬁmgf ?@g$§§fﬁ@gdr‘1)§ rate may
be redftedor(nistg whidnymaybies ger@raten by mesnspf 38riausdynescd met@edfiodeody surface area

per day, rs%gﬁggég:‘ hétbddls, TRb @k ers I6Mfdlfatits OPor diffimoniry Y¥hiAREHARDHE

PCT/ US2004
mouth, the particle size of the powder or droplets is typically in the range 0.5 -10uM,

preferably 1-5uM, to ensure delivery into the bronchial tree. For nasal administration,
a particle size in the range 10-500uM is preferred to ensure retention in the nasal

25 cavity. Suitable propellants include certain chlorofluorocarbon compounds, for
example, dichlorodiflucromethane, trichlorofluoromethane, dichlorotetrafiuoroethane
and mixtures thereof. The formulation may additionally contain one or more ¢o-
solvents, for example, surfactants.

For oral administration, the pharmaceutical compositions of the present

30 invention and/or the topotecan-containing compositions may be in a form that includes,
but is not limited to, a tablet, capsule, powder, pellet, troche, lozenge, syrup,
suspension, elixir, liquid, or emulsion and/or other solid unit dosage forms as
conventionally known in the art and the like. For example, the topotecan
monchydrochloride pentahydrate, pharmaceutical compositions of the present

35 invention and/or the topotecan-containing compositions may be orally administered
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needs and/or tolerance of the therapy by the patient. Oher useful dosing
regi mens suitable for use with the topotecan nonohydrochl ori de pentahydrate
of this invention are possible. The course of parenteral therapy may be
repeat ed based on tunor response in 5 cancer related diseases. The

par ent er YO 2ei04668% r ati on nay be by short (e.g., 30 mMRGIELP4H3762¢ ol onged
(e.g., 24-72 hour) intravenous infusion. Generally, the injectable
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ina formo lininment, |otion, paste, spray or drops
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pl aced in mor in the form
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delivery |mg&f8t528%'tw Eo‘ﬁﬁ\agfﬁéﬁo?vﬁﬁﬁéem hﬁé&%ﬁm a particle size

in the range erre 0 ensure r SR The nasal 25
cavity. Sufequirgments. oﬁl&ﬁm%twely the dpsage forer &aaﬂhﬂ"meumﬁl taropasiigniebthisc onpounds,

for exanpieant Qhﬁpé%;ﬁfﬁc%-%eﬁtgﬁmb osntuf g%%%thﬁﬁtﬂ" i ination

dichlorotetra Iuor oet hane an xtu es t Ion may
addi t i onal Wijh efgnaweantaina cempﬁmdethetomp@&es/@mb@avmbb"@mm tepotgeart act ants. For

oral adm nggdrddd &%nﬁﬂﬁnd&ﬁﬁétw P+&ékh&ﬂ%ﬁéﬂ:li@&ﬁo&&eé§ﬁ%€9resent 30

i nvention and/or the fopotecan-contalnin sitions e in a formthat
i ncl udes, dYesgribgdsin rﬁ'@tT/N'quqoéé1 ’tRS'b"ﬂ‘eE’é‘B 00/89399 the d'SE@WdférObe@h iSet, troche,

| ozenge, SiikdtBoratedRRENBY Rifereficd. X1 ', | i qui d or enulsion and/or other solid
unit dosage fornms as conventi onal Iep@known in the art and the |like. For

exanpl € the t dhseliddam syighierHorss imihg prerentjayaniier) may includsnbytisRAut i cal
conposi t i ofitedfito blr@pdUIE NGuch as an ordinary geiatin type) containing the topotecan

monohydrochloride pentahydrate of this invention and one or more pharmaceutically

acceptable carriers. Conventional pharmaceutically acceptable carriers that may be

useful in the pharmaceutical compositions described herein include, but are not limited
25 tolactose, sucrose, or cornstarch and the like, binders (i.e., such as acacia, gum,

{ tragacanth, comstarch, or gelatin, etc.), excipients (i.e., such as dicalcium phosphate),
disintegrating agents (i.e., such as cornstarch, potato starch, or alginic acid),
lubricants, (i.e., such as stearic acid, magnesium stearate, etc.); surfactants (i.e.,
sodium lauryl sulfate, sodium dodecyl sulfate and glyceryl monostearate) and a

30 sweetening agent (i.e., such as sucrose, lactose, or saccharin, etc.). Various other
materials may be present as coatings or to modify physical forms of each dosage unit.
For instance, tablets may be coated with materiais, which may include, but are not
limited to shellac and/or, sugar, a syrup (i.e., which may include, but is not limited to an
active ingredient, a sweetening agent (i.e., such as sucrose), preservatives (i.e., such

35 as methyl and propylparabens), a dye, and flavorings (i.e., such as cherry or orange
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35 invention and/or the topotecan-containing conpositions nmay be orally

adm nistered 16 WO 2005/046608 PCT/ US2004/037626 wth an inert carrier, an
assimlable edible carrier, enclosed in hard or soft-shell capsul es,
conpressed into tablets, and/or incorporated directly with food, etc. In one
enbodi menWO 200f04pM8r maceut i cal conposition of this i nvREEUBW4/EGMSr i si ng t he
crystalline topotecan nonohydrochl ori de pentahydrate described herei nabove,
is in the Havorsinaod the likel Whendhentidsage dmit faims usetbis @ qaab.tletlt also mapsul e. The

solubi lity @ [naﬁ IGRPAREATe. namnfaxqrfagﬂugrewer ity desdpidoped | Der el n

may facilitate provision or devel opne sae orm t he drug
subst ance (@UW@U@&@'&P iprluderane o@mqr%matwalﬁ thgbican P'@Mdﬂlamgﬂ mleaﬁq of As a

result, it o oi&%arﬁ’ﬁ:%ﬁb@d?och@n@@ﬂ&hé}ﬂd?aft@bé&h%ﬁyé@#él@é’seﬁﬁét@ﬁa‘l@a:@o5age

forms, particularly oral ose?:g‘l forms, which contaln the topotecan

nono hyd Boc el kngwn ﬂb‘ﬁ? aRyAae i "SHEYFW' rpefqstearie ar alycesy istearata@iangior
conposi i orinal whl)uiceRiste h,ru(@@bro@ﬂmeir@rcemm RRnyBthadiisEhd 1Nt 1ol | ed

or del ayed ase at i rel ease .re opti m

Cher apy by e ERPRQRABBABNoha PRImBGs5m FaTBES ion o thh VAR AR

rfeq ;JIhr erregtéﬁ;anﬁlcafsura’s\éncaﬁwanng h?il@émﬂfEMtﬁbétEGWGﬁmmthlﬁﬁde conposi tion
o i's i nye Qr. a ot ecan-copt.ai nin

admi ni st er #§M4 y%ﬁ#?tﬂ?ﬁéﬁ 'I"ESPrFt'c’ 1 3, miture ot hyesryl °§g8@?$ﬂlﬂ%?})df%§gatfaﬁpr oves

t he bi agvaivegétabletoyl. of the topot ecan. Exanpl es of conpounds that may

| nprove the bioavai I | re ribed i 00/ 00331,
plrIE| | shed as W)%Bf ge @%"'"'Pﬁ%t'o&l i@Fgéqpﬁ%cagﬁgmp%tﬁorﬁgondemg&%&r{eeo herei n by
ref er ence. thfinterntiini tHlefcoumsﬂihEabygerli&nallytmmpnse&ddmnpsﬂmntofalsmglet I on may

1l ude, bbed 8 RRlopoldeih ol Ardin AR bl ol wiRHBR BB HopP! Y 001 ot
7 1S ki srad e ol

Kype) cont ar ni ng nono or| en ahy this
i nventi on ahqut&@mgrtomn@nmgo abews 26 mmtbpgtecaam etpftbady euwamar@r per day

Conventysongd, Bl JRRIEHHARLAS ASECRIRAR iR doliRes of flbtmBRebEned el Ul 1N the

phar maceuti ca npositions descr erein 1nc ut are not limted 25
to | actose apemnatg mteruaISC by anstembodinan theeoursecef thesamd@n@!oxad fer orakuch as

acacia, guigy urﬁétr%ﬂ&?%’b‘eﬂeraﬁfﬁ&ﬁgﬁ&ﬁh mé’fogt&?bé’ﬁlh”to é’&o‘ﬁ%img%ﬁdté’éﬁﬁﬁs (i

such as di ca clum | SI nt egr %y suc
cor nst ar ch of peslyauFace arﬁamerdﬂyfan ghowt %’ea(»‘@r‘%ﬁcqu Bi Ganerally, the eoursesdich as

stearic aC'tf%ra;B}ﬁQFl%’“éhfé@aﬂe%@tr GHcE at é’éo%t%sev%ﬁrcfaﬁé FBHLR a blverft -e:ghﬁ&&}' Um lauryl
sul fate, sodi um do

sultate and gl yceryl nonostearate) and

sweet eRPng ntepultfrom “éﬂ date gtinitiationaf fekaRy) derepging aiponthednitialidasing et c ).
Various ot laéﬂedu@érfarth@b&|eﬁ?yreeevew S5 Rhald8siERAtThE 86urSé of eripy hfa\ﬁ pahysi cal
forms of e?gpréate%sba Sd gl? Itumor response. in one embodiment, the course of therapy may
be repeated at 21 day intervais. Other useful dosing regimens suitable for use with the
topotecan monohydrochloride pentahydrate of this invention are possible.
25 The Examples set forth below are illustrative of the present invention and are

{ not intended to limit, in any way, the scope of the present invention.

Example 1
Preparation of Topotecan Monohydrochloride Pentahydrate

30 Topotecan hydrochloride (2.9 g) is suspended in a mixture of acetone (23.2
mL, 8 volumes) and 0.05 N HCI (11.6 mL, 4 volumes). The aforementioned reaction
mixture is heated to 58°C to dissolve the solid topotecan hydrochloride. The reaction
mixture solution is cooled, which results in the formation of a topotecan
monohydrochloride pentahydrate slurry. The topotecan monohydrochloride

35 pentahydrate crystallizes at 37°C. The slurry is cooled further to room temperature
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For instance, tablets nay be coated with materials, which may include, but
are not limted to shellac and/or, sugar, a syrup (i.e., which may I ncl ude,
but is not limted to an active ingredient, a sweetening agent (i.e., such

as sucro rvatlves (i.e., such 35 as nethyl a bens) a
dye, and%ﬁ%%\oog)f}?% .e., such as cherry or orange %%T%g%f?gﬁﬁ%%

PCT/ U82004/ 37626 fIavqrsAﬁo and t he | Wien the dosage unit formused is
a capsul e, Wheredpaythigeaction, produdt, the FW&‘GI"E@ toppiecan mopokydrocklodie as a fatty

oi ), etc. pdighydfaeé, sreltddbylfitiatios aepisaked carrier may al so include one or
nore materials that can provide a del ayed rel ease of the topotecan

nmonohydr ochl ori de pent ahydrate. Such del ayed-rel ease naterials are 5 well

known in the art and include glycer m)nostearate or glyceryl distearate
alone or wth a wax, ethylcellulos oxypr opyl met hyl cel | ul ose,

met hyl nft hacr]yl ate amaaidﬂt@nohdﬁetecan maﬂmyar&haﬂb@%ﬁan,fdrété a phalr mtaceutlcal
conposition o is inven el a C ul e encapsul ating a
di rsn;er si on of tﬁ@%%ﬁaf@@aﬁ%ﬁ‘?@ﬁgﬂ i%@ﬂ\‘@gfa@éjt'ssB@ﬁg%rﬂ/@P‘M% Oggcetcmes ]
i nvetnt ib Ion (504& gmbmmspé%@ SENMBAI (281054, awamtes)amdwt éaunbm“@t gde ﬁ|0 ;
veget abl e Qi or. oral a e. t opot ecan rochl ori de
pegt ahydr a"Eeé”IB‘?g sqlyfion VY%\F@HIPQ@EE' rﬁqﬁgp%gﬂi b"B‘P | ?tg?f'yg éﬂen%gﬁa%/ 8%l onpri ses
agm glh st : awith)mpolbc? mongHyerochiodds pﬁntéHydrd@mMe?agrlﬂWQbydng?glggrt] } (rjrg ‘o about
u

D5 g 1bpatee i b Ufinb Bfish BB RBelemzplot SesPhet riusesdfha BB ¥Ehe [
t went y- onecopienidte OfF ava raiegfabaut h25°GImise T hefeatctm‘apm&mnt topgieadned at

iate | i . I d f
or b1 P oAb E(oEeae pehudteal W e ol PR SR S al 0 BB G0l 2
¢ opot ecan/ e2G fof 620malys whitef passing.a srigopes stteam tbnitragruthraugh theo@asaicut | ve days.

Ceneral ly, € 4GH" y i s repeated at | east once at about a seven
day to aboYl'J'Haa %@&gélgﬁ&%gpm interval (fromthe date of initiation of

t her apl® dependihigpropedure nredu'mle‘-ttmealomtesamgondwd@dbibedaamtaﬂydrquaoﬂ ent's
recovery obisRlein i3 StRouTe sEBYY Sdily hOSHARN IBioBRectrcPeat ed based on

tunor response Gurse’ o may be repeated at
21 day |ntmowwg:m®mPMWQnath@pter@gu mens suitable for use with the

t opot ecan nonohydrochl ori de pentahydrate of this invention are possible. 25
The Exanples set forth below are illustrative of the present invention and

are not intended to linmit, in any Exanpladhe scope of the present invention.

Exanplfb 1 Preparation of XTRWBMOW%QFJH@&H@ Pent ahydr at e

Topotecan Monohydrochloride Pentahydrate
X-Ray Diffraction, General Procedure
The x-ray powder diffraction pattern for the topotecan monohydrochloride
pentahydrate, that is prepared according to the procedure of Example 1 or Example 2,
( 25 is recorded or scanned using a Philips X'Pert Pro Diffractometer instrument, where the
following sample preparation procedures and/or techniques are used to obtain the x-
ray diffraction pattern with the following acquisition parameters.
The sample is spiked with a few milligrams of Si powder (internal standard),
and mixed in a mortar and pestle. Approximately 30 mg of the sample is gently
30 flattened on a zero background silicon sample holder. The holder is placed into a
designated position in the 15-position sample magazine and the computer is
programmed with the correct sample information immediately to prevent sample
position mix up. The sample containing the topotecan monohydrochioride
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30 Topotecan hydrochloride (2.9 g) is suspended in a m xture of acetone
(23.2 L, 8 volunes) and 0.05 N HO (11.6 nL, 4 volunes). The
af orenenti oned reaction mnmixture is heated to 58C to dissolve the solid

t opot eca%8¥ﬂk8$()}gb§)ri de. The reaction mxture soluti Qi .fﬁszﬁd?t%b ﬁﬁqs whi ch
e

results in ormati on of a.topotecan nonohydrochl oride pen g ydr at e

The <! ur 1y SPRSRGETEL TAPTHLANAI SO TSP Pr FErEe s B0s.

PCT/ US2004/maBéA26 wher eupon the reaction product, the crystalline topotecan
nonohydrochl ori de pentahydrate, is isolated by filtration and is dried.
Exanple 2 5 Preparation of Topotecan Mnohydrochl ori de Pentahydrate

Topot ecan irableHydr ockiRayiDiffra¢t®nFEqligitionmBaracietess for Edystallire i xt ure of acetone
(50.4L, 8.4 vol unes) %me vol umes) by heating to 58C
The regulti ng sol utT n mc%g%@og%gg&cgﬁ@efgbgh rétgbout 1¢ mn, with stirring,
to 40C, seeded wth topotecan nonohydrochl ori de pentahydrate seed materi al
(5.9 g), an I 0 T O TS dar i LAY 'v:n.l-. 1T B s G e rzat i on
occurred. d 51U 2 00l ed Q‘ 1 [ a about

0. 25C/ mi n. [Theneratatrdwan pr oduct | 40k¥ct0san nonohydrochl ori de pent phydr at e,
was i sol at edginaiakt rom and a3, B aih, 9 2C armd—=0-76 —barGfor—62] hours
whi | e passi ‘%&Héat@tég%&g.s stream (%‘qunf P%aen through the vessel, Yield:
4.597 kg of| Seanitype: powder. 15 ThiGenfinupeedur e produces the topotecan
nmonohydr oc &L entahydrate gf HleSedrd¥ Mt T O W tiror—wttout—t he step
of seeding tﬁﬂ(éab i}o éi?Jt ion with toj gpgggrlﬁédr?gﬁohydr aochlori de penl ahydrate seed
mat eri al . B&ampeRetaionX- Ray Di f{2P&RMi on and FT-Infrared Data for | Topotecan
Monohydr oc HEIEL BB PENM alnyur et € [ 7087 dbhrebs io-thed perelap! & Fr UcedLﬂre The
g(-ray powdegr dll5 raction pattern for th% 0pot ccan nmonohydrochl orijde

pent ahydr at{dnciderhBepr Qptispiar ed adises slitn(@.5 degrercapertued duP4radianEeliatpl e 1 or
Exanple 2, | 25 is recorded or S"%ﬁﬁ% r)é'ﬂn?nagﬁi lips X Pert Pro
Di ffractomgter j [ b _1 D W [  on_jpr ocedur es
and/ or t echriiitfacted Heam Eptigst o oﬂ)tﬁmdrﬁﬁtm(é'okleratwn@mﬂe)r&% rasiansollererin with the
follow ng gcquisition paranetersgydhe sanple is spiked with a fewmlligrans

of Si powddr_(internal standard)
Detector Type: Philips X'Celerator RTMS (Real Time Multi Strip)

The X-ray powder diffraction pattern obtained for a sample of the topotecan
monohydrochloride pentahydrate according to this invention is shown in Figure 1. The
10 diffraction angles (° 20) and d-spacings (Angstroms) calculated from the acquisition
data are provided in Table 2.

, Table 2: X-Ray Diffraction Data for Topotecan Monchydrochloride Pentahydrate
{ (Diffraction Angles (° 20) and D-Spacings (Angstroms))
15
Diffraction angle (° 28)* D-spacing (Angstroms)

4.5 19.7

6.4 13.8

7.1 12.4

9.0 9.8

10.1 8.8

11.5 7.7

12.6 7.0

13.1 6.7
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*Using copper K-alpha 1 radiation.

Infra Red, General Procedure:
The sample for FT-IR analysis is prepared by diluting approximately 2 mg of a
sample of the topotecan monchydrochioride pentahydrate of this invention with 300

mg of dried potassium bromide (KBr). The resulting mixture is subjected to grinding

with a mortar and pestle, then transferred to a die that is placed under high pressure
for 3 minutes. At least 100 scans are collected using a FT-IR spectrometer equipped

10

with a dTGS detector at 4 cm™ resolution.

The full range spectrum for the topotecan monohydrochloride pentahydrate

crystal form of this invention may vary somewhat in the region from 3700 cm™ to

2500 cm™ due to varying levels of water present in the sample. A full range FT-IR

15

spectrum obtained for a sample of the topotecan monohydrochloride pentahydrate
according to this invention is shown in Figure 2.

The second derivative spectrum (or the inverse second derivative spectrum) of

the IR region from 1800 c¢m™ to 1500 cm” may be used for characterization of the
crystalline form. This spectrum can be obtained by converting the ordinate scale to

absorbance units, expanding the spectral region of 1800 cm™to 1500 cm”, and taking

20

a second derivative of the resuiting spectrum. The second derivative spectrum is

multiplied by a factor of negative one to produce an inverse second derivative

spectrum. Figure 3 illustrates the inverse second derivative spectrum for the spectral

region of 1800 cm™ to 1500 cm”' for the topotecan monohydrochloride pentahydrate of
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9.09.8 10.18.8 11.5 7.7 12.6 7.0 13.1 6.7 20 WD 2005/ 046608
PCT/ US2004/ 037626 14.1 6.3 15.5 5.7 17.9 5.0 18.7 4.7 20.0 4.4 20.3
4.4 21.1 4.2 21.8 4.1 23.0 3.9 24.8 3.6 25.6 3.5 26.6 3.3 27.2 3.3

28.9 3.1 __*LUki opper K-alpha 1 radiation. Infra Re I ocedure: 5
The sarrplvg)_:z@?)a% R anal ysis i.s prepared by diluti ng%ggﬁ%@@&#g{y 2 mg of
a sanple of the t opgt ecan rmnqhﬁ:%é)ﬁchl oride pentahydrate of this invention
with 300 P igYeiPne ng ShaRalensie dgdor thestopotesanmppRhNIIQChIgriae xt ure i s
fﬁbjt ect edI bmgrﬁy'dfwlé Bgtﬁiswwdmit&u mehaatfa@afbxwéw ?754&‘"3? 1}7&@6?’“,% B ed to a die
at isp un i 9 essur, Qr m nut es l,ea scans are
col | ected ﬁ‘}eorﬂ"aqgée tR 'gﬁgéfmdr?éggrcmedéaﬁﬁ'@d an%d%f?*ﬁ gm detector at 4
cm’ [1 esol uideﬁmen@@lnrfagbd ofrzaagm‘r’])qs e sbrhel Bades) the bﬁarﬁ&ﬁﬁétb%ﬁgmﬂw_ Y &l ﬁchl oride
pent ahydr at.e r al formof this invention may vary sgonewhat in the region
From 700 tipuides. Biapsosants 8l Shayides Alane priare pUng AbQY PntliPds ent i n t he
sanpl e. A potitions &ngisfadtohyRor copéichatiomobidemtitpyed for a sanpl e of the topotecan

nonohydr ochl ori de pentahydrate 15 according to this invention is shown in
Fi gure 2.

3.
7.

The above description fully discloses how to make and use the present
invention. However, this invention is not limited to the particular embodiments
10  described hereinabove, but includes all modifications thereof within the scope of the
appended claims and their equivalents. Those skilled in the art will recognize through
routine experimentation that various changes and modifications can be made without
( departing from the scope of this invention, such that the right is reserved to illustrated
embodiments and all modifications coming within the scope of the following claims.
15  Each of the various patents, patent applications and patent application publications
that are cited herein are incorporated by reference herein in their entirety, as though
fully set forth.
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The second derivative spectrum (or the inverse second derivative spectrum
of the IRregion from1800 cmi to 1500 cmi nmay be used for characterization
of the crystalline form This spectrumcan be obtai ned by converting the
ordinate scale to absorbance units, expanding the spectral region of 1800
em to 1500 cm', and taking 20 a second derivative of the resulting
spectrum The second derivative spectrumis nultiplied by a factor of
negative one to produce an inverse second derivative spectrum Figure 3
i||UStréé§§m&£e i nverse second derivative spectrumfor the spectral region
of 1800 1500 cm for the topotecan nonohydrochl ori de pentahydrate of
21 WD 2005/ 046608 PCT/|1352004/037626 this invention. The characteristic IR

bands for the topatecan.nmonohydrochl |de nt a drate of this invention
appear at approxi %?%%9”"197@30%{%" mT ﬁFIoP Fﬁ'fg fydrate pogeet aing 1649 cm |
1596 cm anl%34y mowder diffehcliG®Fattant thatis shbamtiabxpersamerdsatigurani ati on of 2 cni ).
In sone cases, the characteristic bands appear as 5 shoul ders. The presence

of a shoul der at one or nore of the above-identified positions is
satisfactory Zor coaistalime iopotecdn mdesHyditoghlordeeparatvarae poxugtiaoingf ul |y

di scl oses_ how t res i nve t| on. ven, this
i nventi o :pgerﬁ%feqopﬁ,'%%@gy%éfﬁ% SB%CBPF]CHT &JF SB?&K ch%Efstcrl bed
her ei nabtBoe,cnbubatiinstbstatiaiiy the smde &b Erjureoms thereof wi thin the scope of the
appended cl ai ns and their equivalents. Those skilled in the art wll
recogni ze through routine experinmentation that various changes and

nmodi fi cati onss. (r:]anr;rble cﬂg&thameiﬁrdfdmt accdeliray tb iclzim fi rop alabhz, vﬂﬁg@etr@f Ejhi s .
t t i t i t
L o P W et e ST B 2 WA B4y 870 e 5"

of the wam®us patents, patent applications and patent appl i cati on
publications that are cited herein are incorporated by reference herein in
their entirety, as though fully set forth. 22 CLAIMS 1. A crystalline

t opot ecan rmnbhydr’l‘dnetmh:stailldxe pp@m:azmodrdatgeto pnp doe bf daimisrgo Snwieremythgpowder

O B S AR i BB e S T s B g o
i nverse second derivati ve FT | R spectrum for the spectral region of 1800
CrystalTine. o oduds SRl RRER e BoRpids B AliEpduncppihe
an X-ray diffraction pattern that is substantially the same as Figure 1,
wherein the crystaliine product is prepared by a process comprising the steps of:
[a] forming an aqueous organic solvent mixture containing topotecan
monchydrochloride, wherein the organic solvent of the aqueous crganic solvent mixture
is selected from the group consisting of acetone and tetrahydrofuran and wherein the
ratio of organic solvent to aqueous solvent in the aqueous organic solvent mixture is
from about 1.5:1 to about 3:1,
[b] recrystallizing the topotecan monohydrochloride from the aqueous organic
solvent mixture to precipitate crystalline topotecan monohydrochloride pentahydrate
product; and

[¢] collecting, by filtration, the crystalline product.

6. The crystalline product according to claim 5, wherein the aqueous mineral
acid solution is a 0.05 N aqueous hydrochloric acid solution.
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product has a water content range between from about ? 10% w W% to about :5
17 wwr 4. The crystalline product according to any one of clains 1 to 3,
wherein the crystalline product has a water content in a range of about
10.5 vt % to about 16.5 % 5. A crystalline topotecan nonohydrochl ori de
pent ahydrate product having an X-ray diffraction pattern that is
substantially the sane as Figure 1, wherein the crystalline product is
prepared by a process conprising the steps of: [a] form ng an aqueous

organi c solvent m_xture containing topotecan nonohydrochloride, wherein the
organi ¢ sol vent ofl g RESRYiIB BIRIUS, IFSRIdINILe CiRER S AF KRy @ Whessig progessed from t he

group codisd Bt édmtpriebs ARARNRINNRE lpbleafly MbRSHERIhRAGe RORR Aqlddgs ratio of
organi € sol vent to agueous sol vent in the agueous or gani c sol yent_ m xture 1S
f r om abdRiganc splvent gixdiye uhios.cpmprisgs gestone and C145A aguaoHs hydpetiericarid,

nonohy drgdhdif tHedgy fatie BF hdtforROY @gUsSo R ML orieAliy RHboli XfUre to precipitate
crystalline topotecan nonohydrochl ori de pentahydrate product; and [c]

collecting, by filtration, the crystalline product. 6. The crystalline

product accorgdi ng The chsaIIRE ProdbeicRbidirghs aRPbROLIdIME 8Mtélr, praparddsol ution is
a 0.05 N aqueous hydrochloric acid solution. 23 7. The crystalline product

according-to clains 5 or claim®6, wherein process step [b] conprises

recrystal | i zi-figst ti3SoNiRg Wipeeadin ARASMMABRRLE I SRedtéPaalddas afgaRUS Organi c
sol vent m xture which conprises acetone and 0.05 N aqueous hydrochloric

acid, \VIPBISPIUIRR MPRYer ati o of acetone to aqueous hydrochloric acid is

about 2:1. 8. cARRilGNYDF fddnfsRRAiANGRHS EdpoReSPdhig/dFsthRiide #OM tAE hedtgd ms S5 to 7,
pr epar ed - - first dissol ving topotecan nonohydrochl oride in a heated

by: . :
aqueous HMYam Py codipg thesoldigmandon mixture; - crystallizing or

recrystalli zi-figerida@nd epstbRa produaany drae)l oride fromthe heated solution by
cooling the solution; and - filtering the crystalline product and drying. 9.

The crystalline product according to claim@8, wherein the heated aqueous

organi ¢ sol vent sqhylchellifieprdduet dcoming t¥ thlne 8 Ohhexia i ReAdfladLedbs N aqueous
hydrochl ori ¢ acid heated to a ten_g@rature of ag)g%t‘f_hﬁc and the v/v ratio of
acet one FERNIGERINGHL AN BHIGIF AMixlrgofiaseiapg ghd 5-0p N aqueous

hydrochloric acid heated to a temperature of about 58°C and the v/v ratio of acetone to
aqueous hydrochloric acid is about 2:1.

10.  The crystalline product according to claim 9, wherein the cooling rate is in
the range of about 0.1°C/min to about 1°C/min.

11. A crystalline topotecan monohydrochloride pentahydrate product having
an X-ray diffraction pattern that is substantially the same as Figure 1,

wherein the crystalline product is prepared by a process comprising the steps of:

[a] forming an agueous organic solvent mixture containing topotecan
monohydrochloride, wherein the aqueous solvent of the aqueous organic solvent mixture
is an aqueous mineral acid solution, the organic solvent of the aqueous organic solvent
mixture is selected from the group consisting of acetone and tetrahydrofuran, and
wherein the v/v ratio of organic solvent to agueous solvent is about 8:1;

[b] slurrying the topotecan monchydrochloride with the aqueous organic solvent
mixture to form crystalline topotecan monchydrochloride pentahydrate product; and

[c] collecting, by filtration, the crystalline product.
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10. The crystalline product according to claim9, wherein the cooling rate
isin the range of about 0.1 Cmn to about 1 Cmn. 11. A crystalline

t opot ecan nonohydrochl ori de pentahydrate product having an X-ray
diffraction pattern that is substantially the sanme as Figure 1, wherein the
crystalline product is prepared by a process conprising the steps of: [a]
form ng an aqueous organi c sol vent m xture containing topotecan
nonohydrochl ori de, wherein the aqueous solvent of the aqueous organic
solvent mixture is an aqueous mneral acid solution, the organic solvent of

the aqueous drganiThessisialine preduet agcerding toslaie fladwhereimthmadusedsip consi sti ng
of acet Afigarisbiieh FMANARBRIpFSEY a BOIN é’éfﬁ%@é H‘del:ﬁloYté‘émH%Bluﬂor@f organi c
solvent t0 aqueous solvent is about 8: slurryi ng the topotecan

nonohydrochl oride with the aqueous organl c soI vent mxture to form

crystal li ne tpot eearROAANKAIORBbANdIRe RREA BN MeRRRAMRL: and [ o]

col l ecti ng by filtration, the crystalline product The crystalline
pr oduct 8@@6‘?%'ﬁ@f‘%df@PHPfﬁelﬂdeé?@M”Q eeany@pe 8hi8iaimsy gianiZanddt vent ni xture

CONPr i S&ShafmBecfcdly agtgMbie Brfgochl oric acid solution. 13. A pharmaceuti cal
conposition prepared by mxing the crystalline topotecan nonohydrochl oride

product according to any one of claims 1 to 12 and a pharmaceutically

acceptabl e cariery pr@aéess%r?r@&é?ﬁ@ af NstdiRREpdEGnInSHokSardkhIbMR t opot ecan
nonohydr ochl ori de ent ah ate product that provides an X-ray powder

di ffr actﬁ’e@‘ﬁﬁhﬁ‘é{?tee‘?rﬁd'#%ﬁiat P@VI®EB§MﬁY P@W‘I’%f dffiection patters thatifure 1, wherein the

process &Bﬂﬁhﬁaﬂ?%ééa%@a@ﬁﬁur{eaﬂ wﬁ@rrem A8 pRRRe SOLRYPIRO5@BOLE SO vent mixture
contai ni ng topotecan nonohydrochloride, wherein the organic solvent of the

aqueous or gar{?HO@TBPQ/E'Pl?Wﬁ%GF@"'Q@'@@‘I raiRUERICHHAING FRPOECAlp consi sti ng of

acet one ABkbhl&LERBNEL, Whifeiitnd RegareoRiht 5frﬂﬁa adud th@fa\m@rsgﬁgthnlﬁl‘Bl'event to
aqueous solvent in the agueous or gani ¢ solvent mxture is fromabout 1.5:1

t o aboutis selgcteq wmrt%awp&pmlsﬂna@ agptoneqhttetcaydiphramaad weeetrthele from t he

agueous r‘éfx&@fﬁr&anné%l\y&ﬂo FuebUs Sollet PIRE hilidoBt BrdahitsbReh MRkiFOROL ecan
nonohydr ochl ori d ent a dr ate product; and [c] collecting, by filtration,

t he crysffcﬁ‘l’ﬁli’%kﬁ' :15 The process according to claim 14, wherein the

agueous or gaflb]%ér%tmﬂhg tHEté&d{éc?ancr%ﬂb'hy&@&|@rfbeé¥ﬂiﬁ€%%qﬁb&%r&barﬁ@' d sol ution.
16. The process according to claim15, wherein the agueous m neral acid
solvent mixture to precipitate crystalline topotecan monohydrochloride pentahydrate
product; and

[c] collecting, by filtration, the crystalline product.

15. The process according to claim 14, wherein the agueous organic solvent

mixture comprises an aqueous mineral acid solution.

16. The process according to claim 15, wherein the aqueous mineral acid

solution is a 0.05 N aqueous hydrochloric acid solution.

17.  The process according to any one of claims 14 to 16, wherein process
step [b] comprises recrystallizing the topotecan monohydrochloride from the aqueous
organic solvent mixture which comprises acetone and 0.05 N aqueous hydrochloric acid,

wherein the vfv ratio of acetone to aqueous hydrochloric acid is about 2:1.

18.  The process according to any one of claims 14 to 17, further comprising:
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solution is a 0.05 N aqueous hydrochloric acid solution. 17. The process
according to any one of claims 14 to 16, wherein process step [b] conprises
recrystallizing the topotecan nonohydrochloride fromthe aqueous organic
sol vent m xture which conprises acetone and 0.05 N aqueous hydrochloric
acid, wherein the v/v ratio of acetone to aqueous hydrochloric acid is
about 2:1. 18. The process according to any one of clainms 14 to 17, further
conprising: 25 - first dissolving topotecan nonohydrochloride in a heated
aqueous organi ¢ solvent solution mxture;, - crystallizing or

recrystal | i zivfgsteifeolipp drstasan moneRYreGhIgAds in 21Be3ledanyenus REZANED  sol ution by

cool i ng ddhenbidtloh@ixuand - filtering the crystalline product and drying.
19. The process according to claim 18, wherein the heated aqueous organic

sol vent sol uti®talizng s éssrstallizngdhe tepotscan moneheraghipride dromina faeisd s

hydr ochl gjiitien 8¢ t6blinh & &futioR; ahd enper ature of about 58C and the v/v ratio of
acetone to aqueous hydrochloric acid is about 2:1. 20. The process

according to cﬂtaﬂrmtmecwﬂawnaprﬁdygtar\%ﬂ@ﬂ@qn the cooling rate is in the range
of about 0.1 Cmn to about 1 Cmn. 21. A process for preparing a
crystalline tgpotecan nonohydrochl oride pentahydrate product that provides
an X-ray powd® diThePseaessACseadingioriaimae: waere@d%%b%mw anyspup REJasiEme as

Fi gure lgonehResdhitdnfiRuR 9 G9RRUFLHTRICLIDRS afd 6§ I\piquebé‘d hio%éﬁldi& @l aqueous
organi c solvent m xture containing topotecan nonohydrochloride, wherein the

agueous @@F&Mﬁ@twp@m@r@aﬁ@%%p@mﬂ@ Yy rafierdf a@ine foeadupsusan aqueous

m neral QeidthRAL Ybil Wabdupg.10r gani ¢ sol vent of the aqueous organic sol vent
m xture i's selected fromthe group consisting of acetone and

tetrahydrofuran, and wherein the v/v ratio of organic solvent to aqueous

solvent is a%Ut Fhdiprodeks §J:éb'i(§|b(§ i&g:léllheISthE%FnqurWHE?&ﬁlﬂY@E&fﬁhé pitd d¢ with the
aqueous organic solvent mxture to formcrystalline topotecan

rmonohy driB & Brgeiel ghowt @hldmin te aBpeidiietMinand [c] col lecting, by filtration,
the crystalline product. 22. The process according to claim 21, wherein the
aqueous organic solvent mxture conprises a m xture of acetone and a 0.05 N
aqueous hydr &2kl o Rrogessdor Repafing Grerystadline topotecan monohydrochloride

pentahydrate product that provides an X-ray powder diffraction pattern that is
substantially the same as Figure 1, wherein the process comprises steps of:

[a] forming an aqueous organic solvent mixture containing topotecan
monohydrochloride, wherein the aqueous solvent of the aqueous organic solvent mixture
is an agueous mineral acid solution, the organic solvent of the aquecus organic solvent
mixture is selected from the group consisting of acetone and tetrahydrofuran, and
wherein the v/v ratio of organic solvent to aqueous solvent is about 8:1;

[b] sturrying the topotecan monohydrochloride with the agueous organic solvent
mixture to form crystalline topotecan monchydrochioride pentahydrate product; and

[c] collecting, by filtration, the crystalline product.

22. The process according to ¢laim 21, wherein the aqueous organic solvent

mixture comprises a mixture of acetone and a 0.05 N aqueous hydrochloric acid

solution.
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