1 SEP 2006 Crystalline polynorphic formof irinotecan hydrochloride 5
SUWARY OF THE I NVENTION This invention relates to a novel crystalline
pol ynor phic form of the conmpound (S)-4, 11-Di et hyl -

3,4, 12, 14- t et r ahydr o- 4- hydr oxy- 3, 14- di oxo-1 H - 1 SEP 2006
pyrano[ 3',4':6,7]-indolizino(l,2- blguinolin-9-yl [1,4" 10

bi pi peridine]-1"-carboxylate (irinotecan) hydrochloride. A process for
preparing this novel polynorphic form ~ pharmaceutical conpositions
conprising it as an active ingredient and the use of the sanme and its
pharmaceutical conpositions as a therapeutic agent is also within the 15
scope of the present invention. BACKGROUND OF THE | NVENTI ON .Iri notecan
hydrochl ori de, . the conpound (s)-4,11-

Di et hyl-3, 4,12, 14-tetrahydro- 4- hydr oxy- 3, 14-di axo-1 H 20.

pyrano[ 3', 4" : 6, Ehsidoh izl NS esihd! BOLR s £ - Mibidean

bi pi peri di ne] -1== ; THer , HC1
is a canptothecin anal og and topoi sonerase | inhibitor 25 derived froma
conpound whi ¢h ggttaRynafuted | Mvekrihbg Chi nese tree, Canptot heca acum nat a.
Since its approval in the United States in 1996, irinotecan hydrochl oride

trihydrate (CPT-11, EAMPTOSARERtIOBEPTeb@E=s 2 FAj e@ | ARVEhar REXI RIS |
Peapack, NJ) hag HRASLERYE form of the compound (8)-4,11-Diethyl-
3,4,12,14-tetrahydro~4-hydroxy-3, 14-dioxo-1 H-
pyrano[3',4':6,7)-indolizino{1,2- blquinolin-9-yl [1,4'-

10 Dbipiperidine]-1'-carboxylate (irinotecan) : hydrochloride. A

process for preparing this novel polymorphic form,

pharmaceutical compositions comprising it as an active

ingredient and the use of the same and its pharmaceutical

compositions as a therapeutic agent is also within the

15 scope of the present invention.

" BACKGROUND OF THE INVENTION '
Irinotecan hydrochloride, . the compound (5)-4,11~
Diethyl-3,4,12,14~tetrahydro-4-hydroxy-3,l4-dioxo-1 H-
20 . pyrapo[3',4':6,7}-indolizino[1,2-b]quinolin-9—y1[1,4'—
bipiperidine]-1'-carboxylate hydrochloride, having the

formula:

|

is a camptothecin analog and topoisomerase I inhibitor
25 derived from a compound< which occurs mnaturally in the

Chinese tree, Camptotheca acuminata.

| Since its approval in the United States in 1996,

irinotecan hydrochloride trihydrate (CPT-11, CAMPTOSAR®,



extensive clinical evaluation. In the past five years, the focus of

devel opnent has evolved from eval uati on of single- agent activity in
refractory di sease settings to evaluation 5 of front-line irinotecan-based
combi nati on chenot herapy reginens and integration of irinotecan ined 2008
conbined nodality reginens. Inportant studies have been perforned
clarifying the role of irinotecan treating colorectal and other
gastrointestinal cancers, snmall cell and nor-small to cell lung cancer, and
a variety of other malignancies. CPT-11 has shown activity against a variety
of tunmor types, particularly refractory colorectal tunors, and it is used

for the treatne Vgl ousy £ ok s of cer. r Yy jse LS4l
treat ment of copgﬁﬁ%ghcef, 15 pé%%icuf%?PY'a f%%%gﬁgcoﬁg% cancepidﬁggkggalso

of interest forextesstiventcléfioaheevatmesiay. schims peatcdiveofyetime, khag,

the .stomach and.t he ner T-11 is_usual,l ¥ mnistered in one of two
treatnent regi rrfeonr"s’“}"s I;%% %ﬁggig %%%?haas 8’302—"89 ¥§§m?v %%3691'9%1 Silglggﬁ(')

given i.v. over agdft mictttétpein otkPrrdtomeliteasboset Wheks tAkivan vathiapnse
of two weeks this_ is re%eﬁted, so, that the patient recejvesé%FT-l i n four
weeks out of Jevety FERPETLAREhe DTS ELPRER FRUPHRH- P o SESGPEESE2RY/ np

is given i.V. OMRfinRGisN AWEES ine¥gENt ik I ofeekrinditvant hanebe Zombggaen
operates with a six _week cycle and the other reginmen on a three week c%cle.
CPT-11 is indi cdIPRIasYa TEHIERENt BIPFERSE- |5hriahehafRy PReRoRBEARETS

W th 5-FULV foreidis £ 168! Rt Wfle R I GAMDLMCER Talasiall cofdreLnQagh the
colon or rectum 30 CPT-11 is also indicated for patients with netastatic
carcinoma of t he'dHorBF-TRAERHRGd e afnseaSe R llectRllegand non-small

10 cell lung cancer, and a variety of other malignancies.

CPT-11 has shown .activity against a variety of tumor
types, particularly réfractoryﬂcolorectal tumors, and it is
used for the treatment of various forms of cancer. Its
primary use is "in the treatment of colon cancer;

15 particularly advanced colon cancer. It is alsc of interest
for treaﬁment of other cancers, such as cancers of the
lung, the stomach and the pancreas.

CPT-11 is usually administered in one of two treatment
regimens. In one regimen, a dose of 125mg/m® of CPT-11 is

20 given i.v. over a 90 minute period each week for four
weeks. After a lapse of two weeks this is repeated, so that
the patient receives CPT-11 in four weeks out of every six.
In the other treatment regimen a dose of 350 mg/m? is given
i.v. over 90 minutes, every third week. Thus, the one

25 regimen operates with a six week cycle ‘and the other
regimen on a three week cycle.

CPT-11 is indicated as a component of first-line
therapy in combination with 5-FU/LV for the treatment of
patients with metastatic carcinoma of the colon or rectum.

30 CPT-11 is also indicated for patients with metastatic
carcinoma of the colon or rectum whose disease has recurred

or progressed following initial 5-FU-based therapy. CPT-1l



or progressed following initial 5-FU based therapy. CPT-11 - ) SEP 2006 3
is the first topoisonerase | inhibitor wwth known activity in colorectal
cancer, and the first FDA fully approved colorectal cancer treatnent in
over 40 years. The antitunor activity of CPT-11 is attributed to an

active nmetabolite, 7-ethyl -10-hydroxy 20(S)canptothecin (SN'qBQP ‘ﬁﬁE'Ch IS
produced after enzymatic cl eavage by carboxyl esterases in the Eve2 smal |
intestine and plasma. SN-38 is 100-fold nore cytotoxic than CPT-11. CPT-11
(CAMPTOSAR(r)) is supplied as a sterile, pale 10 yellow, clear, aqueous
solution. It is available in two single-dose sizes; 2 m-fill vials contain
40 ng irinotecan hydrochloride and 5 m-fill vials Contain 100 ng

irinotecan hydfochiorkfgsr Bagh iWokli-hkLer ﬁ'ﬁh%ﬂif%f %&Pﬁ&?&»&f a)%mgtrvrgf of

i ri notecan hydrochloride (on the basis of the trihydrate 15 sa
sorbi tol powderinamplorechylofcangeri c amwd dihe THdrgH HDA héuddy ubipprcoNad been

adj usted to 3. Sﬁéi@‘?%?lﬁtc%ﬁgtgg ?rgg,%ﬂ%ﬁ‘{] %o%ivg hﬁé%% %Ie or hyd_roch! oric

acid. CAMPTCSA "on W rose injection
(D5W, or 0.9% sodi urhe;mmmtdmon:njaen:umny pti ¢PT201t asi pittaibnbad taf aai on.

The preferred diluent is 5% ro e i on. . Yakul t pate
4,604, 463 degcr‘?%@s Ve btf'%%%bojf fetglé(ﬁrpﬁhtﬁ‘éﬁ%qﬁer?gé H"ﬂ‘rﬁ%&&?ing
irinotecan, i tssmrmgmceu&bnalﬂsy _ﬁﬁ@@tﬁ)&&m afsakt emithaiepatbdaiye 2by

t her eof . Phar naci ohn Co. US gatent No. 6, H 451 di scl ose
i nternedi ates aff ETFGF AR ntves s sgpll intestine and plasma.

SN-38 is 100-fold more cytotoxic than CPT-11.

CPT-11 (CAMPTOSAR®) is supplied as!a sterile, pale

10 yellow, clear, aqueous solution. It is bvailable in two

"gingle-dose sizes: 2 mi-£ill vials contain 40 mg irinotecan

hydrochloride and 5 ml-£ill vials contain 100 mg irinotecan

hydrochloride. Each milliliter 6fvsolution contains 20 mg

of irinotecan hydréchloride (on the basis of the trihydrate.

15  salt), 45 mg of sorbitol powder, and 0.9 mg of lactic acid.

The pH of the solution has been adjusted to 3.5 (range, 3.0

~to 3.8) with sodium hydroxide or hydrochloric acid.

CAMPTOSAR® is intended for dilution with 5% dextrose

injection (DSW), or 0.9% sodium chloride injection, prior

20  to intravenous -infusion. The preferred diluent is 5%
dextrose injection.

Yakult US patent No. 4,604,463 describes a broad
family of camptothecin derivatives including irinotecan,
its pharmaceutically acceptable salts and preparation

25 thereof.

Pharmacia - & Upjohn Co. US patent WNo. 6,121,451
discloses intermediates and processes for the synthesis of
camptothecin derivatives, such as irinotecan hydrochloride.

Pharmacia and Upjohn S.p.A. International patent
30 applications No. WO 01/10443 and WO 01/30351 describe oral



canpt ot heci n derivatives, such as irinotecan hydrochloride. Pharnmacia and
Upjohn S.p. A International patent 30 applications No. WO 01/10443 and WO
01/ 30351 describe oral 1 SEP 2006 4 pharmaceutical preparations conprising
irinotecan hydrochloride. . Sawada et al., Chem Pharm Bull. VolEP 288, No.
6, 1446-54 (1991), describes the preparation of irinotecan 5 from natural
canptothecin in five chem cal steps and 20% of overall yields. Sawada
further discloses the crystal structure ofdirinotecan hydrochloride
trihydrate (also known as CPT-11 that is the one that is currently used for
t he manufacturing of the commercially avail able product), 10 as slightly

pal e yel | ow neeplﬂlmnmelm"i)csﬂal | i merepawdeioby crystptdsizat i on friomteeker .
The product is th %chrll ed vacuo) and equilibrated in a 75%relative
hum dity chanbe? 7 rs Crystalline formof irinotecan hydrochloride

trihydrate as descrlgzﬁcgday @awada etcradm. | shdwek.ei Burftewo115 7£f egped gt 0,
for conveni ence, as "For ummary of the physical properties of Form b
are reported betHRT54 nf F-QPEH atS’&ﬁ‘FB’thSﬁ |5 KBF§PREARTAB Pactpietecan

car bonyl ), 15688f]§&@rr&@amtaq canE@EHQEYxll)ln Jfa_@% CR¥h) denes £asbamd J2osCBEL.

Water,solubility Water solubility of Formb is at roomtenperature of about
10 my/ mL. Powdedvetaldy diifeldset i GaweRRRDEuZShenr nibsakesed scheharauseilzed

by its powder >g{fﬁﬁture of irinotecan hydrochloride trihydrate (also
known as CPT-11 that is the one that is currently used for
the manufacturing of the commercially available product),
10 as slightly pale yellow needles or crystalline powdexr by
crystallization from water. The product is then dried (in
vacuo) and equilibrated in a 75% relative humidity chamber
for 70 hours. Crystalline.fbrm of irinotecan hydrochloride
trihydrate as described by Sawada et al. is herein after

15 referred to, for convenience, as "Form b".
A summarf of the physical properties of Form b are

reported below.

Infrared absorbtion

IR (KBr) v: 1748 (lactone carbonyl), 1688 (carbamate
200 carbonyl), 1663 (pyridone carbonyl), cm-1.
' Water solubility

Water solubility of Form b is at room temperature of
about 10 mg/mL.
Powder X-ray diffraction (PXRD)

25 Form b was also characterized by its powder X-ray
diffraction pattern, as shown in the spectrum of FIG. 1,
comprising 20 angle wvalues of about “7.60; 8.30; 9.55;
11.00; and 12.40. ‘

The Relative Intensity (%) of the mentioned

30 characteristics reflection peaks of Form b at the 20 angle

values are reported in TABLE I.



diffraction pattern,

angl e val ues of about *7

Intensity (% of the nmentioned 30 characteristics reflection peaks
val ues are reported in TABLE I
7.60 47.9 8.30 33.4 9.55 36.9 11.00

h at the 20 angle

Angle (20) Relative Intensity (%
100.0 12.40 88.1 Formb was characterized with a principal

5 at 11.0 deg (29).

can be neasured in a
point and differenti al
di ssol ution rate,

absorption spectrum and

properties of pol ynorphs
i nteractions of
pol ymor phs are di stinct
yet have distinct advant

as shown in the spectrumof FIG 1,

.60; 8.30; 9.55; 11.00;

and 12.40. The

Rq

1 SEP 2006 5 TABLE

properties
behavi or,

scanning calorinmetry ("DSC') thernogram

conprising 20

gﬁﬁ‘%ﬁﬁ)rm

refl ection peak
Pol ynor phismis the progerty of some nolecules to
nore than one crystalline formin the solid state.
give rise to a variety of solids having 10 distinct physical
| aboratory like its thernal

adopt
A single nolecule can

that

e.g. nelting

h can

10

15

20

" and differential scanning calorimetry

flowability, X-ray diffmaug an pattern, infrared
. ctrum-. The 15 diff y j - i |
resul tAngkent 2he orienta??%ﬁF%ﬁﬁjQQHﬁQPEgYeé%]:ﬁ
adj acent nol ecules in the bul k |[solid. Accordingly,
50l 1 ds sharing the sane {nol ecul ar fornul a whi ¢
hgeous andf060 47.9
8.30 33.4
9.55 36.9
11.00 100.0
12.40 88.1

Form b was characterized with a principal reflection peak

at 11.0 deg (20).

Polymorphism is the property of some molecules to
adopt more than one crystalline form in the solid state. A
single molecule can give rise to a variety of solids having
distinct physical properties that can be measured in a
laboratory 1like 4its thermal behavior,

e.g. melting point

("D8C") thermogram,
flowability, X-ray diffraction pattern,

and NMR

dissolution rate,

infrared absorption spectrum spectrum. The
differences in the physical properties of polymorphs result
from the orientation and intermolecular interactions of
adjacent molecules in the Dbulk solid. Accordingly,
polymorphs are distinct solids éharing the same molecular
formula which can vyet have distinct advantageous and/or
disadvantageous physical properties compared to other forms
in the polymorph family. One property of.a pharmaceutical
compound that can vary depending upon its polymorphic form
is its rate of dissolution in agueous solvent. The rate of

dissolution can have therapeutic conseguences since it can



20 di sadvant ageous physical properties conpared to other forns in the

pol ynorph famly. One property of a pharnmaceutical conpound that can vary
dependi ng upon its polynorphic form is its rate of dissolution LQ ueous
sol vent. The rate of dissolution can have therapeutic consequencesJtsi e it
can SEP zw 6 affect the rate that an orally adm ni stered pharnmaceutical is
delivered to the bl oodstream of a patient. SUWARY OF THE INVENTION 5 it is
an object of the invention to provide a nove pol ynor phi ¢ form of
crystalline irinotecan hydrochloride, nethods of use of the pol ynorph, and
met hods of manufacture of the polynorph. This and other objects of the
invention are pRbifeedtlEy B ofhaforan giraldy edpoaisbarsddeba¥marsntipgl

bel ow e enbod gealy pferdie Jo\aal LPBRLOM AP A aPPayliohPi ¢ for m of

crystalline, irinotecan hydrochl ori 0 rmul a: N O tyoth . HC1
OH The polyrnorph is characterized by providing an X-ray powder 15

diffraction patt ?@"5%?“53 i e val ues of about 9.15; 10.00; 11.80;
12.20; 13.00 and§ . 40. h?hggﬁynnrp%bﬁcan further provide an infrared

spectrum cont&i ni ng pkakss ab dB5@ct 1812 tard ihGeAttonl toTpeopdkiymar plovedn
W eh that shown PREEREPSE Aot oRBgB ROR O TFREST S PR U e
process methods of use of the polymorph, and methods of manufacture
of the polymorph. This and other objects of the invention
~ are provided by one or more of the embodiments described
10 below. .
One embodiment of_phe invention provides a polymorphic

form of crystalline irinotecan hydrochloride of formula:

JHC1 l

The polymorph is characterized by providing an X-ray powder
15 diffraction pattern comprising 26 angle wvalues of about

9.15; 10.00; 11.80; 12.20; 13.00 and 12.40. The polymorph

can further provide an infrared spectrum containing peaks

at 1757, 1712 and 1667 cm-1. The polymorph can provide an

X-ray powder diffraction pattern. substantially in
20 accordance with that shown in FIG. 2.

Another embodiment of the invention provides a process
for preparing'thé'polymorph. The method comprises stirting
for a time ranging from about 2 to 48 hours a slurry of
irinotecan hydrochloride as Form b or as amorphous, in

25 acetonitrile or in acetone.



for preparing the polynorph. The nethod conprises stirring for a tine
ranging fromabout 2 to 48 hours a slurry of irinotecan hydrochloride as
Form b or as anorphous, in 25 acetonitrile or in acetone. SEP 200b Stil
anot her enbodi nent of. the invention provides a pharnaceutical corgppgilfi on
that conprises a therapeutically effective anount of the pol ynorph as an
active ingredient and a pharmaceutically acceptable excipient. The 5

phar maceuti cal conposition can be suitable flor injectable admnistration,
oral adm nistration and can be provided in an aqueous dosage form Yet
anot her enbodi ment of the invention provides a nethod for the preparation

of a pharnaceutical corpDSi dhéther] Cfodikknot eganHiy dmeehkobhderothgegethod
conprises adm xing a therapeutically effective amount of the pol ynor ph of

the invention wWPERBAGHATIRite FTRAPL YRR CERCaICEPEXERPI RtheTaRrar 15AddHer
enbodi ment _of t hge kayeNbd OBmALLY | sles e BIRAGARN o 68! 1k 18 PalLRAL1RAK Ng

a cancer. The nethod g p g nethod 15 conprises administering a
t herapeutical | y abdectd verhapuaewficehéypolaarepiablFhe axai®densan be &he

gast 1 of nt esti pal o SUGh A% LOLOTEGEA 0806 e Lap AN Ny comhadigzent, af Lhe, o

i nvention provi des a netho or € préeparati on of an aquéous “solution of

irinotecan 20 hydmpristraiden, Theakebbointstmat ises adids seiny ibeg progigellydar ph
room tenperature. The aqueous

of the inventiona£n£ Qleous §8IHPion at (
sol uti on can havé a‘%ﬁ%95$ue ﬁénglﬁg fromabout 3.0 to about 3.8. The final
concentration of irimdtecanohier oehbodimentcantbecta glwevention provides a
method for the preparation of a pharmaceutical composition
10 of irinotecan hydrochloride. The method comprises admixing
a therapeutically effective amount of ‘the polymorph of the
invention with a pharmaceutically acceptable excipient.
Even another embodiment of.the invention provides a
method for treating a patient having a cancer. The method
15 comprises administering a therapeutically effective amount
. of the polymorph. The c¢ancer can be a gastrointestinal
such as colorectal cancer.
Another embodiment of the invention provides a method
for the preparation of an agueous solution of irinotecan
20 hydrochloride. = The method comprises dissolving the
polymorph of the invention into an aqueous solution at room
. temperature. The aqueous solution can have a pH value
ranging from about 3.0 to about 3.8. The final
concentration of irinotecan hydrochloride can be higher
25 than about 10 mg/mL.
BRIEF DESCRIPTION OF THE DRAWINGS
- The invention is illustrated by reference to the
accompanying drawings described bélow-
FIG.1 shows powder X-ray diffractograms of the Form b
30 crystalline polymorph of irinotecan hydrochloride.
FIG.2 shows powder X-ray diffractograms of the Form c

crystalline polymorph of irinotecan hydrochloride.



25 than about 10 ng/nL. BRI EF DESCRI PTI ON OF THE DRAW NGS The invention is
illustrated by reference to the acconpanying draw ngs descri bed bel ow.
FIG 1 shows powder X-ray diffractograns of the Formb 30 crystalline

pol ynmor ph of irinotecan hydrochloride. FIG 2 shows powder X-ray
diffractograns of the Formc crystalline polynorph of irinotecad SEP 200
hydrochl ori de. ? SEP 2006 8 DETAI LED DESCRI,PTI ON OF THE I NVENTION It has
now been found that irinotecan hydrochl ori dg can exi st in another
crystalline polynorphic form This 5 novel crystalline formis fully
characterized herein below and is referred to, for convenience, as "Form

c". Oning toits crystalline properties, the new Formc of _irinotecan’

hydrochl ori de a ' ' nt | i sing advantages with
regard to the c%ﬁﬁ%négéégﬁ?tfgﬁoé# g&%?ﬁgﬂﬁigﬁpr oved solubility
performances. Sol ubi lit yhanhesGepeah Rsmad THeRI g8t @At alechdbrigal y
in terns of, oral delivery of the active dru subst ance, but also in terns

of inproved manuf2Rt GXaBF| PPy 2RATHSRe Parertldiae dRbgerRiA o ndhés

sol ubl e and reor enganl Hryda3$9hyi Bermr Y8 8h114 05 Ll ct@lk130d HeBhAdYel ow

ingredient has a significant _biopharmaceutical advantage for the oral

admi ni strati on oind deugelfepepdgtar nre gruepiedresorat TReEm at'e behavi or of

the active drug sub e.go e | [ t rat Len of

the active drug per ?é&?%r ng 9% h%ry%%{%lﬁgﬁen?gé§¥ﬁg+é§hﬁg o #3081 b8
irinotecan hydrochloride according to the invention has

surprising advantages with regard to the c¢rystalline Form b

10 in terms of improved solubility performances.

Solubility enhancement has a significant advantage not
only in terms of oral delivery. of the active drug
substance, but also in terms of improved manufacturability
of the parenteral ‘dosage form.

15 A more soluble and more zrapidly dissolving crystal
form of an active product ingredient has a significant
biopharmaceutical advantage for the oral administration of
drugs, being a more prompt dissolution rate behavior of the
active drug substance coupled with an improved rate of

20 absorption of the active drug per se through the
gastrointestinal wall.

In particular, when solubility experimental tests
comparing Form ¢ and Form b have been carried out at strong
acidic pH 1.2 (this pH value is representative of the

25 environmental pH of the stomach, where the absorption
processes through the gastrointestinél wall of acidic

‘ moieties starts), it was surprisingly noted that the Form c
of irinotecan hydrochloride was 2 orders of magnitude more
soluble with respect to the already known Form b (42 mg/mL

30 vs 0.45 mg/mb).

Furthermore, in terms of technological advantages

versus the manufacturing of parenteral dosage forms of



In particular, when solubility experinental tests conparing Formc and Form
b have been carried out at strong acidic pH 1.2 (this pH value is
representative of the 25 environnental pH of the stomach, where the
absorption processes through the gastrointestinal wall of acidic nvoieties
starts), it was surprisingly noted that the Formc of irinotecanp 905

hydr ochl ori de was 2 orders of nagnitude nore soluble with respect to the

al ready knowmn Formb (42 ng/nm. 30 vs 0.45 ng/nL). Furthernore, in terns of

t echnol ogi cal advantages versus the manuf&cturing of parenteral dosage
forms of 1 SEP 2006 9 irinotecan hydrochloride, the newly found Form c has
the advantage of sinplifying the current manufacturing procedure. As

stated above, Chfidd:ddcAVRTfEARNIbTide, SepR! ineeh1gs und St i ®NhiOr BYkat i on
where the active _drug substance is 20  ng/nL concentrated in solution at a

pH val ue of abo®dfvVaptRge BePhg tHERIGIVEPEr i tri%ol GHFFPRY ofMamivd aedumipgat

that pH at roogpiesmerature lower than 20 ng/nmb (its actual value, is in

t he order of magnitude of about 10 ng/nl), a heating 10 process is needed

during the manufact s mfatede erolvet, elOPT-30| (OAMPTESARTE dst isveplaedt he a

required concent%ftion. heatingsgéo ess_generates stabl e assqciation
n

of Formb mbl eBoMEs ogq%lrh]’tlﬁgﬁoy(lag Ko Vi s FYFEGCR tRe20
scientific |itenglull cadmiragsdmphesbyudionng: B @t ~allue b7 @ieiical 5.
Pharmaceutical._Bulletin, 40 (,10) 2810-2813), thus _increasjng also the
sol ubility of tReEtTRe %‘?‘{P&’stlf{ié‘f“aﬁ@éubéffﬂﬁoﬂ# t ERpeFaffire &Rdthak| PBwi ng
the manufacturigg Pdom temperature lower than 20 mg/mL (its actual value,

"is in the order of magnitude of about 10 mg/mL), a heating

10 process is needed during the manufacturing to completely
solubilize the active ‘at the required concentration. Such
heatirig process denerates stable association of Form b
molecules in solution (as being known and described in the
scientific literaéure as for example by Aiyama R. et al.,

15 Chemical Pharmaceutical Bulletin, 40 (10) 2810-2813), thus
increasing also the solubility of the active drug substance
at room temperature and. allowing the manufacturing of
physically stable ready to wuse 20 wg/mlL solution
formulations of Form b.

20 It has. now been surprisingly found that the same
formulation, with the same quality and long term physical
stability, can be prepared with the newly synthesized Form
¢ by simply dissolving the active drug substance in the
selected diluent vehicle, thus avoiding any heating step.

25 This fact allows a significant simplification of the
manufacturing procedure of the final dosage form, both in
terms of manufacturing time and manufaEturing process
itself. Manufacture the formulation at room temperature is
likely dependent on the ability of the molecules of the new

30 Form ¢ to self associate in solution already at room

temperature.



physically stable ready to use 20 ng/nL solution fornulations of Formb. 20
It has now been surprisingly found that the sanme fornulation, with the sane
quality and long term physical stability, can be prepared with the newy
synt hesized Form c¢ by sinply dissolving. the active drug substargf@ Wit t he
sel ected diluent vehicle, thus avoiding any heating step. 25 This fact
allows a significant sinplification of the nmanufacturing procedure of the
final dosage form both in terms of manufadturing time and manufacturing
process itself. Manufacture the fornulation at roomtenperature is likely
dependent on the ability of the nolecules of the new 30 Formc to self

associate in solutionp.al rgadypat ke LEAPELAL UsBiadd 1oSEPRQ06 i's
t her ef ore anot her obFectlof ..thg presentHP?nventﬁ%% to U§e E%gn1€r%o?£%he
preparation of amvagbdonmstosuvbet Femmot iEpicnbhecanehgdadidh oofdean hgueous

particul ar, the . For 1S sujt fQr the preparation of an ueous
5 solution of i ﬁ"ﬁ%ﬁe— égén Ohyggflglc Oerc:é e%c\?ﬁoﬁgllgtrﬁﬁle\‘/aﬁ%e S%Ié%g?u;igarf’r o%ﬁ%bout
3.0 to about 3. @seMbEeFpantd cis asuitablleoforcths mregatdtd drooft he pgepansat i on

of an adueous  sehion e 09,aptLual ve tanplan s omabeut 30l o3t of
In a further aspeébingh&romesamiut nyeot k6N Poavi dess a MoPé hedrtoeulfely,
preparation of e adueous sol iR oL, | LhItgean, Ivdreen! ghide; whieh
conpri ses di ssol"¢Fflg & hé PTep qu
solution having a pH value ranging from about 3.0 to 3.8 of
irinotecan hydrochloride at é concentratioh higher than
10 about 10 mg/mL.

In a further aspect, the present invention provides a
method for the: preparation of an acquecus solution of
irinotecan hydrochloride, which comprises dissolving the
required amount of  Form ¢ into an aqueous solution having a

15 pH value ranging from about 3.0 to about 3.8 at zroom
temperature. ‘

No prior art of which applicants are aware describes
Form ¢ as now provided herein. To the best of applicants'
knowledge, Form ¢ of the invention is previcusly unknown

20 and are not suggested by the art.

It is therefore an object of the present invention to
provide a new crystalline form of irinotecan hydroéhloride,
which is referred to as Form c.

One embodiment the present invention provides the Form

25 ¢ of crystalline irinotecan hydrochloride of formula:

-




requi red amount of' Formc into an aqueous solution having a 15 pH val ue
ranging fromabout 3.0 to about 3.8 at room tenperature. No prior art of
whi ch applicants are aware describes Formc as now provided herein. To the
best of applicants' know edge, Formc of the invention is previously
unknown 2a and are not suggested by the art. It is therefore aﬁ7oﬁﬂ@mmiof
the present invention to provide a new crystalline formof irinotecan
hydrochl oride, which is referred to as Formc. One enbodi nment the present

i nvention provides the Form 25 c¢ of crystalline irinotecan hydrochl oride of
formula: O NuO\ \ Il ~ NI o NOH HC1 1" 1 SEP 1006 11 characterized by

providing an X-r 0 . diffraction. pattern conptj sj ,ues of
about 9.15; Aabou@agﬁggﬁl%b%u 911#%\f1d§518utaﬁZ%g@%fabgggd%g. g%géaf%a\ég%ﬂt
13.40. The rel athye-dH eBsinbyi4Phg 0bot hegtharachesi P Cepdutt ebl €61 i aBongaks

of Formc at the 20 angle values are reported in TABLE I1. TABLE Il Angle
(20) Rel ative | nt@ndQtyapoypt dg11.80300akput|pld(Rd2. gbout 13.00 and about

13.40. The relative intensity (%) of the characteristics

5 reflection peaks of Form ¢ at the 20 angle values are

reported in TABLE II.

" TABLE IT
Angle (°20) ' Relative Intensity (%)

9.15 1000
10.00 72.6
11.80 51.6

T12.20 21.8
13.00 31.5
13.40 22.6

10 Form c was characterized with a principal reflAection peak
{100% of relative intensity) at 9.15 deg (20).

In particular, the Form c polymorph is characterized
by an X-ray powder diffraction spectrum substantially in
accordance with that shown in FIG. 2.

15 In a further embodiment, Form c is characterized by an
infrared absorption spectrum comprising the following peaks
(KBr) v: 1757 (lactone carbonyl), 1712 (carbamate carbonyl)
and 1667 (pyridone carbonyl) cm-1.

Form b and “Form ¢ polymoxrphs of irinotecan”

20 hydrochloride can be readily distinguished by X-ray powder
diffraction and infrared ébsorption spectra.

The relative intensities of the X-ray powder
diffraction peaks can vary, depending upon the sample

preparation technigue, the sample mounting procedure and



11.80 51.6 12.20 21.8 13.00 31.5 13.40 22.6 10 Formc was characterized
with a principal reflection peak (100% of relative intensity) at 9.15 deg
(20). In particular, the Formc polynorph is characterized by an X-ray .
powder diffraction spectrumsubstantially in accordance wi th that §6heigh in
FIG 2. 15 1In a further enbodinment, Formc is characterized by an infrared
absorption spectrum conprising the foll ow peaks (KBr) v: 1757(I| actone
carbonyl), 1712 (carbamate carbonyl) and 1667(pyri done carbonyl) cmi. Form
b and Form c pol ynorphs of irinotecan 20 hydrochloride can be readily

di stingui shed by X-ray powder diffraction and infrared absorption spectra.
The rel ative i nttérsipaxsi ofl arheins rmayngiwdenpl aidd.r adoT ervepeak Sneaniamenty

dependi ng up6n t he.sampl e e ation techni que, the sanple unt i
procedure and 1_v§§_l5a§ggﬁ af% t Egﬁﬁﬁr t$ o&F i q% r t?%gﬁf:%eg%%ygg; ﬁ)]p"g?ﬁ/'er ,
instrument var ichlereficogaf théepebRChabsglaentaf fead e, Wy pBhdlas minus

therefore, the peak assignnments can vary by plus or mnus 0.2. 5 The
regi ons of the @P?fraotograns that are nost useful in distinguishing the

Form b and Fgrm ¢ polryBDF&hSors Gi Shel Aikh8as e QMO BROBYe7nfk ansk Adk 000,
wherein all the nentioned characteristic peaks of the two forns are

encl osed. For ex@nsi€tipgrifhing cthel Japrph endi Bprg g polymorphs occurs
in the region of about 7.00° and 14.00°, wherein all the

mentioned characteristic peaks of the two forms are
enclosed. For example, the Form c¢ polymorph exhibits a

10 strong peak at 9.15°, while the diffractogram of the Form b
polymorph is substantially flat in this region, whilst Form
b polymorph exhibits'a strong peak at 11.00°, while the
diffractogram of the Form c polymorph is substantially flat

"in this region.

15 Analysis by infrared (IR) is also an useful procedure
for polymorphic characterization of crystalline irinotecan
hydrochloride, which allows confirmation of the existence
of the two polymorphic forms: Form b and Form c, through
the detection of three different infra red absorption

» 20 peaks, as displayed in the following Table III.



10, strong peak at 9.156, while the diffractogramof the Formb pol ynorph
I's substantially flat in this region, whilst Form b polynorph exhibits a
strong peak at 11.000, while the diffractogramof the Formc polynorph is
substantially flat in this region. 15 Analysis by infrared (IR) is also an
useful procedure for polynorphic characterization of crystalline li §iPnaggecan
hydr ochl ori de, which allows confirmation of the existence of the two

pol ynorphic fornms: Formb and Formc, through the detection of three
different infra red absorption 20 peaks, as displayed in the follow ng
Table 111. SEP 2005 13 TABLE II1 Characteristic Infrared absorption peaks
Lact one Carbamate Pyridone Carbonyl Carbqnyl _Carbonyl group group group
Form b 1747 1687 1662 Formc 1757 17127 é% Yter solubility of Formec is
nore than about 40ng/nl at r[OOGh AIIIAEHEE. Tfddted REEOLpERoAl SP Provi des
a process for preparing theabove Formc, which conprises stirrijng for a
few hours, namely for a ting ranging from atR®@s2 to 48 hours, preferably
fromabout 12 to 24 hours, a |[StHIEEE T TelEarydreshigrrge—(as Form b
or as'anorphous) in 10 acetonitrile or in acetone. The starting naterials
for preparing Formc, can bg oBazbemyl by aCeubémtl df Carbonyl

group group group
Form b 1747 1687 1662
Form ¢ 1757 1712 1667

Water solubility of Form ¢ is more than .about 40mg/mL at
room temperature.

5 The invention &also provides a process for preparing
the above Form c, which comprises stirring for a few hours,
namely for a tiﬁe ranging from about 2 to 48 hours,
preferably from about 12 to 24 hours, a eslurry of
irinotecan hydrochloride (as Form b or as amorphous) in

10 acetonitrile or in acetone. The starting materials for
preparing Form ¢, can be obtained by a variety of
procedures well known to those of ordinary skill in the
art. For example, irinotecan hydrochloride as Form b or as
amorphous can be prepared by the general procedure taught

15 by Henegar X. E. et al., J. Oxrg. Chem., 1997, 62, 6588~

6597.

Owing to its crystalline properties, Form ¢ of
irinotecan hydfpchlorid possesses greater solubility than
‘the previously known form, which makes Form c not only more:
20 suitable for injectable dosage formé, but also for oral

dosage forms with optimal delivery rate in the patient's
bloodstream. ‘

In fact the solubility of Form c¢ versus Form b

measured in the same experimental conditions (this means at



procedures well known to those of ordinary skill in the art. For exanple,

I ri notecan hydrochloride as Formb or as anorphous can be prepared by the
general procedure taught 15 by Henegar K E. et al., J. Org. Chem, @%

62, 6588- 6597. OmMng to its crystalline properties, Formc of |r|n

hydr ochl ori d possesses greater solubility than the previously known form
whi ch makes Formc not only nore 20 suitable for injectable dosage forns,
but also for oral dosage forns with optimaliadelivery rate in the patient's
bl oodstream In fact the solubility of Formc versus Formb neasured in the
sanme experi nment al conditions (this nmeans at SEP 2006 14 roomtenperature at
di fferent pHs) | o] 4 1 / | ter) 00, ti nes
hi gher (42.5 % ofn @%\P%Eggalfé %tt ng#%e’é{f)%t lﬁ’ﬁr]lgpg%?l c%ur}ggnr £t ﬁeggél u%]izl ity
of the Formc |m95nm|mslhmgﬁm din wanexi etg e Utme\esnhugheﬁ bad f 2 roigygnL

system (lactic acid _buffer) curre e n_the nuf cturi r.ocess of
the sterile injedfabl ggfﬁg tr&%}& ir%vmdfih(?aﬁﬁﬂiﬁ ah Gy of

| NJECTI ON (54. 4 &BémFo\tS\ clolswgé Meimebt highthegef %amatfewptehgrtuebj qelt e t he
present 10 invention to provide a pharmaceutical conposition, which

conprises a ther RPEHET LRI |5¥ SFe dtlPFE 1 anBEHE RHELLT) nGRYRBRBAY CufRf Mt tdie
i rinotecan hydroghhQek&enAsh@hradtkisweori PEE e&@ﬂﬂl@aﬁgaceﬁﬁigﬁfﬁ’rﬁﬁ&?&ﬂdﬁ

acceptable excipient. It is still another object of he present invention
to 15 provide aknewt:odncﬂomar}h@técpr@@amwms almmcmutam mg/mL Vs

10 mg/mL) .
It is therefore a further object of the Present
10 invention to provide a pharmaceutical composition, which
comprises a therapeutically effective amount of a
polymorphic Form ¢ of irinotecan hydrochloride as an active
ingredient and a pharmaceutlcally acceptable excipient.

It is still another object of. the present invention to

15 provide a method for the preparation of a pharmaceutical
composition of irinotecan hydrochloride, which comprises
admixing a therapeutically effective amount of Form ¢ with
a pharmaceutically acceptable excipient.

‘Pharmaceutical compositions according to the invention

20 can be prepared, for example, as parenteral, oral,
transdermal, nasal or pulmonary dosage forms.

Compositions of the ~invention containing
pharmaceutically acceptable excipients can be prepared by
any of the well known technigues of pharmacy that comprise

25 admixing the excipients with a drug or therapeutic agent.

For example, Form c¢ may be formulated as an agqueous
sterilé solution for injectable administratioo purposes.

The pharmaceutical compositions accoxrding to the

invention are useful for the prevention, amelioration,
30 and/or treatment of benign and malignant tumors/neoplasias

including cancer, such as, for example, brain cancer, bone



conposition of irinotecan hydrochl oride, which conprises adm xing a
therapeutically effective amount of Formc with a pharmaceutically
accept abl e exci pi ent. -Pharnaceutical conpositions according to the

i nvention 20 can be prepared, for exanple, as parenteral, oral,

transdermal, nasal or pul nonary dosage forns. Cbnp05|t|ons of 1héEHmment|on
contai ning pharmaceutically acceptabl e excipients can be prepared by any
of the well known techniques of pharnacy that conprise 25 adm xing the
excipients wwth a drug or therapeutic agent> For exanple, Formc may be
formul ated as an aqueous sterile solution for injectable adm nistration
pur poses. The pharmaceuti cal conpositions according to the invention are
useful for the qamwenti oapitwel i=dr atdedn,- de&@vadd/mmopﬂaaﬁﬂenuepﬁthenign and

mal i gnant tunors/neopl asi i.ncl udin anc such _as, for, exa

cancer, bone 7 EF ]2'83%5 1%““:Chétn§73r&3 gﬁﬁt ﬁ?ﬁﬁalcacre%noa‘@rnfgﬁnﬁgﬁ Faé?‘aa
(epit hel i al C o 1S Uthcas , bawall 1ceblvetacahBepanddeRerRaEE| BeABer,
- esophageal cancer, snall bowel _cancer and stomach cancer, colon cancer
liver cancer, bFRkRFer GBIRGEr, PaNEFeaSiBCehncdrladfips y CGAREEr, BaRGFeas

cancer, |ung CanGfiesh, Q&%%%Icaﬁégfercé¥V1c§K'Eaﬁé@ferluﬂ§(Eﬂﬂ%kﬁscaﬂfééstre”al
cel | carcinonma, and other known cancers that effect epithelial cel

t hroughout the ®BWET Cander $Kigr FRANERT corpeatiidtens cagicerhe raneht i Qﬁlér e
contenpl at ed t o b F}FHa' C Wy '%Hé%ef}éﬂow}xo A2e2aS Lha lnte‘ﬁélc?alegg?ﬁéfl{%%

especially colorecta cancer, lung cancers, especla
cancer, cerV|ca¢ellsﬂﬂhqﬁnﬂhqmmnnm30éw@wrsCancers for whlch compositions

of the invention aré‘contemplated to‘be particularly useful

10 are gastrointestinal cancers, especially colorectal cancer,
lung cancers, especially small cells lung cancer, cervical
and pancreatic cancers. | '

Further disclosed is a wmethod for treating a patient
having a cancer,liespecially a colorectal cancer, which'

15 comprises administering a therapeutically effective amount
of Form ¢ according to the invention.

It is understood that the specific dose of a cowmpound
administered according to this invention to obtain a
therapeutic effect will, of course, be determined by the

20 - particular circumstances surrounding the administration,
including, for example, the age, weight, condition of the
patient and administration route; specific dosage regimens
can be fit to any particular subject on the basis of the
individual need and the professional judgment of the person

25 administering or supervising the administration of the
aforesaid compounds.

The dosage "range adopted will depend on the routé of
administration and on the age, weight and condition of the
patient being treated. As an example, daily doses of the

30 compounds of the invention, typicélly ‘administered by
parenteral route, for example, intravenously by bolus or

infusion is from 1 to 1000 mg/m2 body surface area, for



Further disclosed is a nethod for treating a patient having a cancer,
especially a colorectal cancer, which 15 conprises adm nistering a

t herapeutically effective anount of Formc according to the inventliggp.200st
i s understood that the specific dose of a conpound adm nistered according

to this invention to obtain a therapeutic effect will, of course, be
determ ned by the 20 particul ar circunstances surroundi ng the
adm ni stration, including, for exanple, theeage, weight, condition of the

patient and administration route; specific dosage reginmens can be fit to
any particul ar subject on the basis of the individual need and the

prof essi onal jud &f rfl}%mp_e%@or\:gS Sq)g,m' H#{ne‘ri ngrAL S&Epﬂélééi gt heg
adm ni stration of the aforesaid conpounds. e dosage 'range adopted w |
depend on the roadwingfsteggd rfitstents onr andnopet i vdged weitghta andmbendpti on
of the patient i r : n_ex I dai f.the 30
conpounds of thegr?%l\r}%r#i%r?%ee ytb‘?i}g% ?%ggﬁ”@ﬁ?% %?e%‘yb%g%’gg?gn%?%?%ﬁt e?‘ for

exanpl e, intraveparisionlay bekaspbs doMf gatioabls faaedhleo A0 pavent ehady
surface area,_ for_.1 SEP 2 stance fram 10 tq 500 ng/.n2. _The dosgges

Q6_ 16 in
can be adni M stEFEFREEEE 0P cg‘ﬁr’Bec d’i%/iadédwleﬁkogas Sfleg R fa
doses to be admimyggt’ergdrent Maryider NErMamsse Aof PahtisidirogeXangl eigkt
suitabl e schedule for_parenteral 5_adm nistration of Formc is a 6-week

6
dosi ng-schedul e GY 125 vigFaplgt veli®i 2pCCBGEr 582 RPFRIt eTTHLTGH Ui BRS8N Ehe
first day of wepks dgfm® | Szamelhelc HBAL BBNgikRG NBR, A SRS 9b m32heW/, M8
of Formc may be given _i.v. over 90 m nutes,
every third week.

10 The term "treating" as used herein, unless otherwise
indicated, weans reversing, alleviating, ameliorating,
inhibiting the.progress of, or preventing the disorder or
condition to which such term applies, or one or more
symptoms of such disorder or condition. The term

15 ‘'"treatment", as used herein, refers to the act of treating,

as "treating® is defined immediately above.

ANALYTICAL METHODS

X-Ray Powder Diffraction

20 X-ray powder diffraction, data wexe obtained with a
‘Siemens DS00 apparatus, irradiating powder samples with a
CuKo. graphite-monochromatic (40 kV 40 mA) source between 5°
‘and 35° of 20 angle at room temperature. The scan was made

of 0.05° steps and the count time was 7 seconds per step.

25 Infrared absorption

The infrared absorption spectra were obtained using on

a Perkin-Elmer FT-IR PAﬁAGON 1000 gpectrometer at 4,0 cm-1
resolution. Data were digitised at 2 cm-1 intervals.

The following examples illustréte but do not limit the

30 scope of the invention. 211l cited references are herein

incorporated by reference in their entirety.



every third week. 10 The. term"treating" as used herein, unless otherw se
i ndi cated, neans reversing, alleviating, aneliorating, inhibiting the
progress of, or preventing the disorder or condition to which §Lf%rfg tlfﬁfﬁm
applies, or one or nore synptons of such disorder or condition. g erm 15
"treatnment”, as used herein, refers to the act of treating, as "treating"
is defined i medi ately above. ANALYTI CAL METHODS X-Ray Powder Diffraction
20 X-ray powder diffraction data were obtailhed with a Sienens D500
apparatus, irradiating powder sanples with a CuKa graphite-nonochromatic
(40 kV 40 mA) source between 50 and 350 of 20 angle at room tenperature.
The scan was megeamPip®. 05 steps and the count tinme was 7 seconds per step.
25 Infrared absorption The infrared absorption spectra were obtained using
on a Perkin- El Beamplie IR PARAGON 1000 spectroneter at 4,0 cm1 resol ution.
Data were digitfs 2 S0l sLaheryal s e fql Loyl mpl es illustrate
but do not | i m¥+=—fFhre—30—scope 0 e RveRt oA c+ted—Fef erences are
herein incorporat edihy refel émdaocicrchhaiq] aH,0r Bbym A &ER: 200penfiddEXAMPLES
Exanple 1 _ Pre ation of irinotecan hydrochloride (Formc) 10.0 g of

i ri not ecanHCL. 3|£§(§)ri‘—llor°% @%P@esﬁgpﬁﬂ%&q"}?er %EEG'm of acetone at room
tenperature. The m Xthy e oaesdel r vt f etiZ2deHOUEsrat 2000Mours at room

temperature and then filtered. The product was dried in

vacuo at 45°C for 18 hours and then placed in a chamber in
presence of humidity for 24 hours. 9.4 g of Form ¢ was

10 obtained.

Example 2

Preparation of irinotecan hy‘drochlori'de (Form c)
10.0 g of ir;.'notecan-HClﬁHzO Form b '~ were suspended
15 in 150 ml of acetonitrile at room temperature.

The mixture was stirred for 48 hours at room
temperature and t;.hen filtered. The product was dried in‘
vacuo at 45°C for 18 hours and then placed in a chamber in
presence of humidity for 4 hours. 9.1 g of Form ¢ was

20 obtained.

Example 3

Preparation of irinotecan hydrochloride (Form c)

10.0 g of irinotecan-HCl amorphous were suspended in
25 200 ml of acetone at room temperature.

The mixture was stirred for 24 hours at room
temperature and then filtered. The product was dried in
vacuo at 45°C for 18 hours and then placed in a chamber in
presence of humidity for 3 hours. 10.0 'g of Form c was

30 obtained.



tenperature and then filtered. The product was dried in vacuo at 450C for
18 hours and then placed in a chanber in presence of humdity for 24 hours.
9.4 of Formc was 10 obtained. Exanple 2 Preparation of irinotegc

hydrochl oride (Formc) 10.0 g of irinotecan-Hcl 3H20 Form b wer Qﬂéﬁ@nded
15 in 150 m of acetonitrile at roomtenperature. The m xture was stirred
for 48 hours at room tenperature and then filtered. The product was dried
in vacuo at 45C for 18 hours and then plaagd in a chanber in presence of
hum dity for 4 hours. 9.1 g of Formc was 20 obtained. Exanple 3
Preparati on of i;aRp ec%n hydrochl oride (Formc) 10.0 g of irinotecan-HCl
anor phous were susp@n&e in 25 200 m of acetone at roomtenperature. The
m xture was sti Pregakatidd bOulsimitecaahyieopRlatide @oamt Ben filtered. The
product was dried In_ _vacuo %t,450 for 18 hours. and then placed i n_a_chanber

3

in presence of humi &Pt§ BoPT3iRsRetecamy Hrly aoRErHs: WaEe SDSBRRGSGetn 1

SEP 2006 18 Exqulﬁl4oErg@§E@5igyly@fakrgagheggﬁggmgﬁggnloride (Formc) 10.0
g of irinotecanHC1 anorphous were suspended in 50 m of acetonitrile at

roomtenperafure. 5 The nHEhrEewaasti PEEEFTdr 48 hoth s keurpomt xoom
tenperature andchga bthier eda THRPrLOUGH- S BhéedrbBuct was dried in

vacuo at 45°C for 24 hours and then placed in a chamber in

presence of humidity for 5 hours. 8.8 g of Form ¢ was
obtained.

10
Example 5

Solubility determination of irinotecan hydrochloride Form ¢

in comparison with Form b

Solubility determination of irinotecan hydrochloride Form ¢

15 in comparison with Form b has been carried out in the
following dissolution media: a) deionized water; b) pH 1.2
buffer (2 g NaCl + 7 mL HCl 37% w/w to 1 Liter); c) Lactate
buffer pH 3.5 (this is the formulation currently used for
the manufacturing of the parenteral dosage form; 45 mg/ml

20 D-Sorbitol 0.9 mg/ml Lactic Acid in water at pH 3.5. The pH
is adjusted to the final value with NaOH 1IN). An excess
solid was put in glass flasks in the presence of the
appropriate dissolution media and the suspensions were
shaken at room temperature for 24 hours. Samples were

25 withdrawn after 15, 30, 45, 60 min and 24 hours, filtered
and analyzed by means of HPLC assay.

The results are summarized in the following Table IV.

“



vacuo at 45C for 24 hours and then placed in a chanber in presence of
humdity for 5 hours. 8.8 g of Formc was - obtained. 10 Exanpl e 51§ﬁ#z@i lity
determ nation of irinotecan hydrochloride Formc 1in conparison wt tﬁm b
Solubility determ nation of irinotecan hydrochloride Formc 15 in
conmparison with Formb has been carried out in the follow ng dissolution
nmedi a: a) deionized water; b) pH 1.2 buffer (2 g Nad + 7 nL HC1 37% ww to
1 Liter); c) Lactate buffer pH 3.5 (this s the formulation currently used
for the manufacturing of the parenteral dosage form 45 ng/m 20 D Sorbitol
0.9 mg/mM Lactic Acid in water at pH 3.5. The pH is adjusted to the final
value with NaCH 1N). An excess solid waggpgtz¥n glass flasks in the
presence of the _appropriate dissolution nedia and the suspensions were
shaken at room tlenpbims ur ¢ f ofrixp tenans hySapphabrmiaie c@Beanthatiom affter 15,
30, 45, 60 min and 24 hours, filtered and aqmggli/mzle)d by neans of HPLC [assay.
The results are |summarized in the foll ow ng |
D

e’lV. SEP 2006 19 TABLE IV

Time |rinotecan fhydrochol ori de coreemtw ati on ng/m) PRemked FOrmc ja b c a
b c 15 MN 11.03 0.45 102742764 QZ.SP SEAST S0 MIN 125166421638
41.50 42.05 55. 23 ‘

15 MIN 11.03 0.45 10.27 42.04 42,53 54.45

30 MIN | 12.10 0.42 10.38 41.50 42.05 55.23

60 MIN | 12.12 | 0.4a 10,17 40.62 20.68 | 52.81

120 MIN | 11.80 0.40 11.13 41.15 | 37.95 54.80

24 HOURS | 11.15 0.26 | 11.06 35.05 |i 0.70 | 41.95

a = deionized water; b.= pH 1.2 buffer; c = lactic acid pH
3.5
The above-tabulated data provide evidence of the improved

5 solubility of Form ¢ when compared with the known Form b.

Example 6

An Injectable Solution of Form ¢ comprises, for example,

Injectable solution of Form c

10 1 ml of injectable solution contains:

20 mg of Form c (as galt equivalent);

45 mg of sorbitol powder; and

0.9 mg of lactic acid.

The pH of the solution is adjusted to 3.5 (range; 3.0

15 to 3.8) with sodium hydroxide or hydrochloric acid.

An injectable solution is available in, for example,
single-dose amber glass vials in the following package
sizes: 2 mli or 5 mL. This is packaged in a backing/plastic
blister to protect against inadvertent breakage and

20 leakage.

The injectable solution of PForm c is intended for

dilution with 5% dextrose injection, or 0.9% sodium

chloride injection, prior to intravenous infusion. The



60 MN 12.12 0.44 10.17 40.62 40.68 53.81 120 M N 11.80 0.40 11.13 41.15
37.95 54.80. 24 HOURS 11.15 0.26 11.06 35.05 0.70 41.95 A = dei oni zed
water; b.= pH 1.2 buffer; ¢ = lactic acid pH 3.5 The above-tabul ated dat a
provi de evidence of the inproved 5 solubility of Formic when comphfeE?8bt h
the knowmn Formb. Exanple 6 An Injectable Solution of Formc conprises, for
exanple, Injectable solution of Formc 10 1 m of injectable solution
contains: 20 ng of Formc (as salt equiwalent); 45 ng of sorbitol powder;
and 0.9 ng of lactic acid. The pH of the solution is adjusted to 3.5 (range,
3.0 15 to 3.8) with sodiun1hydroxide or hydrochloric acid. An injectable
solution is avail able |n exa Ie g S| e- dose anbe | ass als in the
fol |l ow ng pack§5'% §F§ digﬁfné WP fﬂ|§HQ§ﬁxM: 18 Afi £he

backi ng/ pl ast i @nanb.bfla&tﬁf:z.ﬁ@ ppmmumgahasé |b\@@kverdaeamela1r ea»hagetan:doorao

| eakage. The injectable solution of Formc i's intended for dilution wth 5%
dext rose |njecﬁq&ﬁerBFu659@bsodiun1 chloride injection, prior to intravenous
infusion. The 1 SEP12Q0&rddegkerdigd1dbhiventisi sard%ememi TS dtAioactdOonehd |
the manufacturing procedure have been carried on at room tenperature. The
present di sél oPFiBCLBlaR Oferfils tinvantdanornghd s g i Heigndad ofo t himit

invention and ic$,NOinJdP@RAL:d Othh Mdarticular embodiments illustrated.

Those skilled in the art may recognize other equivalents to

the specific embodiment described herein which eguivalents

are intended to be encompassed by the claimes attached
10 hereto.



the invention to the particular enbodinments illustrated. Those skilled in
the art nmay recogni ze other equivalents to the specific enbodi nent

descri bed herein which equivalents are intended to be enconpassed by the
clainms attached 10 hereto. I1'1 | SEP 2006 21 CLAIMS 1. A polyqqﬁyghﬁ
formof crystalline irinotecan hydrochloride of fornmula: Y N) O 014
.HCl 1 5 characterized by providing an X-ray powder diffraction pattern
conprising 20" angle val ues of about 9.15; ,gbout 10.00; about 11.80; about
12.20; about 13.00 and about 13.40. 10 2. The polynmorph of claim1, which
provides an infrared spectrum containing peaks at 1757, 1712 and 1667 cm|
3. The polynorph of claim11 which provides_an X-ray powder diffraction
pattern substantially in accordance wﬁthCLfgmﬁhat shown in FIG 2. 4. The
pol ynmor ph of cl ai.m 2awhi gén prcitdes aRoXm! aYof powgstémiﬁactlmr%etc%w
substantially in accordance with that shown in" Fl 2. 20 5. A process for
preparing the p8Y¢uBFBhobide|efi formilamich conprises stirring for a tine
rangi ng fromabout 2 to 4T:if¥rs a slurry of irinotecan hydrochloride as

Form b or -
N
Q..

0

LHCL ' I

5 characterized by providing an X-ray péwder diffraction
pattern compris'ing 20 " angle wvalues of about 95.15; about
10.00; about 11.80; about 12.20; about 13.00 and about
13.40.

10 2. The polymorph of claim 1, which provides an infrared
spectrum containing peaks at 1757, 1712 and 1667 cm-1.

3. The polymorph of claim 1 which provides an X-ray
powder diffraction pattern substantially in accordance with
15 that shown in FIG. 2.

4. The polymorph of claim 2 which provides an X-ray
powder diffraction pattern substantially in accordance with

that shown in FIG. 2.

5. A process for preparing the polymorph of claim 1,
.which comprises stirring for a time ranging from about 2 to
48 hours a slurry of irinotecan hydrochloride as Form b or

as amorphous, in acetonitrile or in acetone.

25



as anorphous, in acetonitrile or in acetone. 25 7 SEP 2006 22 6. A

phar maceuti cal conposition that conprises a therapeutically effective
amount of the polynorph of claiml as an active ingredient and a
pharmaceutical ly acceptabl e excipient. 7. The conposition of ci abEf g6
wherein the conposition is suitable for j,njectable admnistration. 8. The
conposition of claimé®6, wherein the nﬁ%5|tion is suitable for oral

adm nistration. 9. The conposition of cIa|n16 wherein the conposition is
in an aqueous dgsage form 10. A nethod for t re aratlon of, a

phar maceut i cal @onposit PO L8R GEHtGE céﬁm@ﬂRﬁQké% Pag, QHWHﬂ+%9ﬂnﬁlses
adm xi ng a therppeybéeal byl eff ectibve;agoupbuat Lire HQ! mﬁﬁbﬂih &Gkaiml
with a pharnaceutically acceptable excipient. 11. A use of a pol ynorph of
claim1 in the Ch@h@facﬂureéﬁf a awedi canehvef or inheedieattnentaraf a acancer.
12. The use of §$ain1 gif n the strointestinal cancer.

13. The use of %f%?i%utmﬁere nthe PE%@@?r%%ﬁ%%%?ﬁ cancer is a

colorectal cancer. 23 - 1 SEP 2066 14. A use of a pharnaceutical
conposition of ¢laimpb indfppdmdigament foentihe tgeat geRL-Qh a caacer.

composition is suitable for injectable
administration.
8. The composition o©of «claim 6, wherein the

composition is suitable for oral administration.

9. The composition of «claim 6, wherein the

composition is in an aqueous dosage form.

10. A& method for the preparation of a
pharmaceutical composition of irinotecan
hydrochloride, which comprises admixing a
therapeutically effective amount of the polymorph of

claim 1 with a pharmaceutically acceptable excipient.

11. A wuse of a polymorph of <claim 1 1in the
manufacture of a medicament for the treatment of a

cancer.

12. The use of claim 11, wherein the cancer 1is a

gastrointestinal cancer.

13. The use of claim 12, wherein the

gastrointestinal cancer is a colorectal cancer.



15. The use of claim 14, wherein the cancer is a gastrointestinal cancer.
16. The use of claim 15, wherein the gastrointestinal cancer is a
colorectal cancer. 17. A nmethod for the preparation of an aqueous sol ution
of irinotecan hydrochl oride, that conprises dissolving the pgépyrmr ph of
claim1l into an aqueous solution at roomjenperature. 18. "Ilh mthod of
claim 17, wherein the aqueous solution has a pH val ue ranging from about
3.0 to about 3.8. 19. The nethod of claim 18, wherein the final

concentration ofl AT %otu%cea%pyadrp%cahrlm%rcledu i'csalh'c%r?n%rosittqaonn aobtouctlaliom ng/ L.

6 in the medicament for the treatment of a cancer.

15. The use of claim 14, wherein the cancer is a

gastrointestinal cancer.

16. The use of claim 15, wherein the

gastrointestinal cancer is a colorectal cancer.

17. A method for the preparation of an agqueous
solution of irinotecan hydrochloride, that comprises
dissolving the polymorph of claim 1 into an aqueous

solution at room temperature.

18. The method of claim 17, wherein the aqueous
solution has a pH value ranging from about 3.0 to

about 3.8.

19. The method of claim 18, wherein the final
concentration of irinotecan hydrochloride is higher

than about 10 mg/mL.



