NANOPARTI CULATEQUI NAZOLI NE DERI VATI VE FORMULATI ONS

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
wapmisiiaedii on cl ai ns the benefit under 35 U. S. CPCTASS(06D13641

of U S. provisional application no. 60/670,429, filed

on April 12, 2005, which is incorporated by reference

herein in its entirety. FIELD [0002] The invention

rel ates generally to anti-cancer conpounds and

conpos NANGPARTICUDATE QUENAZGLINE DERIVATIVE
hyperproliferative conditions such as cancer and ot her
neopl asti c di seases. NBORMISELATIANS/, the invention
rel ates to nanoparticul ate qui nazoline derivative
conposi tions, such as nanoparticulate erlotinib
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BACKGROUND

A, Background Regarding Quinazoline Derivatives

[0003] The compositions disclosed herein include quinazoline derivatives and
pharmaceutically acceptable salts thereof. Quinazoline derivatives and compositions
thereof are described, for example, in U.S. Pat. Nos. 5,457,105 for “Quinazoline
Derivatives Useful for Treatment of Neoplastic Disease”, 5,616,582 for “Quinazoline
Derivatives as Anti-proliferative Agents”, and 5,770,599 for “Quinazoline
Derivatives”. Additionally, these patents describe processes for the preparation of
quinazoline derivatives and methods of using quinazoline derivatives in the treatment
of hyperproliferative diseases such as cancer.

[0004] It is known that certain quinazoline derivatives, for example, derivatives
having an aniline substituent at the 4-position, derivatives having a heteroarylamino
substituent at the 4-position, and derivatives having certain tricylcic compounds

which comprise a 5- or 6-membered ring fused to the benzo-ring of a quinazoline,



whi ch conprise a 5- or 6-nmenbered ring fused to the

benzo-ring of a quinazoline, possess receptor tyrosine
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are inmportant in the transm ssion of biochem ca
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[0006] Erlotinib is described in, for example, U.S. Patent No. 5,747,498 for
“Alkynyl and Azido-Substituted 4- Anilinoquinazolines” and U.S. Patent No.
6,706,721 for “N-(3-Ethynylphenyl)-6,7-Bis(2-Methoxyethoxy)-4-Quinazolinamine
Mesylate Anhydrate and Monohydrate”. U.S. Patent No. 5,747,498 describes the
compound erlotinib HCl, a pharmaceutical composition containing erlotinib HCl1
useful in the treatment of a hyperproliferative disorder, and a method of treating a

hyperproliferative disorder which comprises administering erlotinib. U.S. Patent No.

6,706,721 describes the anhydrate and hydrate forms of N-(3-ethynylphenyl)-6,7-
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fam |y of oncogenic and protooncogenic protein

tyrosi ne ki nases, such as Epidernmal G owth Factor
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Factor Receptor Type 1 (HERI). Specifically, erlotinib

inhibits the tyrosine kinase activity of the EGFR

signal ing pathway inside the cell. It has been shown
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Agdsinceerigfzing allompagsinbiedirge for erlotinib HCl to dissolve and exposes the
erlotinib HCI to fat in which it is more soluble.
[0010] Due to the fact that conventional, non-nanoparticulate erlotinib HC] tablets
are only very slightly soluble in water at 37°C, the dissolution of conventional
erlotinib HCI tablets is reduced in the fasting state as compared to the fed state. Thus,
erlotinib HCI has limited bioavailability in the fasting state as compared to the fed
state, which limits the therapeutic outcome for all treatments requiring erlotinib HCI.

There is a need in the art for erlotinib HCI and other quinazoline derivative

formulations which overcome these and other problems.



[0011] Nanoparticul ate active agent conpositions,

first described in U S. Patent No. 5,145,684 ("the
wO@ewb/ipetient "), are particles consisting of a poomis006/013641

sol ubl e therapeutic or diagnostic agent having

adsor bed onto the surface t hereof a non-crosslinked

surface stabilizer. The '684 patent does not describe
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Cloud Point Modifiers to Minimize Nanoparticulate Aggregation During

Sterilization;” 5,349,957 for “Preparation and Magnetic Properties of Very Small
Magnetic-Dextran Particles;” 5,352,459 for “Use of Purified Surface Modifiers to
Prevent Particle Aggregation During Sterilization;” 5,399,363 and 5,494,683, both for
“Surface Modified Anticancer Nanoparticles;” 5,401,492 for “Water Insoluble Non-
Magnetic Manganese Particles as Magnetic Resonance Enhancement Agents;”
5,429,824 for “Use of Tyloxapol as a Nanoparticulate Stabilizer;” 5,447,710 for
“Method for Making Nanoparticulate X-Ray Blood Pool Contrast Agents Using High
Molecular Weight Non-ionic Surfactants;” 5,451,393 for “X-Ray Contrast
Compositions Useful in Medical Imaging;” 5,466,440 for “Formulations of Oral
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Stabilizer;" 5,447,710 for "Method for Mking
wolompasdii cul at e X- Ray Bl ood Pool Contrast AgeRCE/US2100013641

Hi gh Ml ecul ar Wei ght Non-ionic Surfactants;”

5,451,393 for "X-Ray Contrast Conpositions Useful in

Medi cal | nmaging;" 5,466,440 for "Fornul ati ons of

Oral Gastroi ntestinal Diagnostic X-Ray Contrast Agents

i Gasgoiestiae] Diaguestin *PRay feabetiAssnisyn Soadbinationavity ays;

"2, 470 . 5 <R ’ '
R RhorplBls Ry g S b AR RE B e
ReghopertidBor &gpbditistis Cdntafid g €3drded Phodiholipristté Rududee

Di agnosti ¢ M xed Carbanm c Anhydrides as X:Ray Contrast
AYyBRTesatoB; Bt Gotd3Pes [ Nappa ePragnestic Mixed fzagpargic:

5 204 fors." ) . h .

Xf\%g& négsn%{jg&a Agen{yg{ %%%HgBﬁr);Bé&PoJ gfrl}%ﬁ y H%Cgts?}?%m
pstoary;’l 5ra00,204 for5Nah8parG&ilite DidgiasidpBirhers ab L-BajNSontrast

S Dot Rat o by ban vt BEERDE R D8RR
AgeRboparticwaRAs BAB FbRAulaMBROPAS 11,218 Rt eNBha@RAslde

Diatrizoxy Ester X-Ray Contrast Agents for Bl ood Pool
aledodipapldgtDarivativeseor Usaigg NeRay GoBust Agants;05,526388 deis

of..Preparin - Ray .. tr.ast ' j tion I Nj

B R rURE D ER s BB PRy Ot bl e Rpg Pool
NeHAODARHa6E 8FstemInbihed 33,5413 for rPricads cPseiing X-Ray
Conpounds as Nanoparticul ate Dispersions in Digestible.
Corirast Compesjtions ‘g@}taln@gmom@‘gélgar Sy AR TR | %ﬁ@ce Modified
R FRRG B 35BN B60 TNPalBheof (lapounds
BNaxedpatfivptite/ DisperSionk aic Digestilsls Oilsab Fhity dcidsgat, b6ty 8§ for
Nanoparticle Conposjtions;" 5,571,536 for . »s
STk deieoRlocbFobompist S Be AUt & Yopppericles” 5,569,448
D¥os P14 &R oh-Hordt BE& @é&l)&ér%u?fact%ﬁf ﬁsVS_t@'rSiliQe“‘ri%oatings for

5,573,749 for "Nanoparticul ate D agnostic M xe
Qi ptpetidleCompdsitices” 557 X5Rafor Chonmmationagé Glospognds as

R0l P BTN 6 SRR MO S0 T8

Seidp£83ulaf DiaBesHt S D@ Dafb NGNO @Y driddd|ad DBREY Odhtrast Agents
Matrices Wth Protective Overcoats;" 5,580,579 for . )

" for Bloasiieanl anéd Lyppbaticobysiune Fnseingie SQ73758der (lipgrpstic Imaging
?ﬁg@?ﬁéﬂt%s?ﬁgesr}tgb 5 |,§7§,e7%3 kfgr ‘lﬂe%ﬁpgﬁlb?&f&a%pai%&@gé Film Matrices
With Protective Overcoats;” 5,580,579 for “Site-specific Adhesion Within the GI
Tract Using Nanoparticles Stabilized by High Molecular Weight, Linear
Poly(ethylene Oxide) Polymers;” 5,585,108 for “Formulations of Oral
Gastrointestinal Therapeutic Agents in Combination with Pharmaceutically
Acceptable Clays;” 5,587,143 for “Butylene Oxide-Ethylene Oxide Block
Copolymers Surfactants as Stabilizer Coatings for Nanoparticulate Compositions;”
5,591,456 for “Milled Naproxen with Hydroxypropyl Cellulose as Dispersion
Stabilizer;” 5,593,657 for “Novel Barium Salt Formulations Stabilized by Non-ionic
and Anionic Stabilizers;” 5,622,938 for “Sugar Based Surfactant for Nanocrystals;”

5,628,981 for “Improved Formulations of Oral Gastrointestinal Diagnostic X-Ray
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for exanple, in U S Patent Nos. 4,783, 484 fc%r :
8ISl cSHrface nogifRSsIANPRATglRHANK O TRASHIOBS Higgeot useful for treating
Ant mi cr obi i bt o, ¥R} S Pat.
G S e e R e
Q[ 9D, B3N Sch derficedn@Bifediatichurer hivipagitldsdravivhkimgown to
Uni form y-Sized, Pard(éi CrF‘l%EE’S Fr. o?%I nsol ubl e Conpounds; "
pxhipit nsdpoed doxicity andirrappncefi§Hicag¥r egat ed Por ous

Pahtdic! ' B elRes 10 h nERbERRRIIARE gFszdiRetvative
V@mﬁ]n ﬁeﬁﬂ#ﬁgﬂﬁﬁmgﬁgﬁ?tgm, 49%, for 'QUI_t rasmal |
Ronmesitidarfos the ésatinent &fiiperokiferative disotdes, Bidyding cancer and
Scatter.” 6‘#200(]‘-’@& Surface nodified nanoparticles and
ORPIEPPIRSHECNEIUSF useful for treating

SUMMARY

[0017] The compositions disclosed herein typically include a nanoparticulate
quinazoline derivative having an effective average particle size of less than about
2000 nm and at least one surface stabilizer. The surface stabilizer is typically
adsorbed on or associated with the surface of the nanoparticulate quinazoline
derivative particles. Optionally, the compositions may include a pharmaceutically
acceptable carrier and any suitable excipients.

[0018] The nanoparticulate quinazoline derivative compositions disclosed herein

may be effective in the treatment of a number of disease or conditions, including but
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cancer and ot her neopl astic di seases have been

descri bed, for exanple, in U S. Pat. No. 5,399, 363.
we@uads/13es1i ace nodi fied anticancer nanoparti cl eBCHA2006/013641

been shown to exhibit reduced toxicity and/or enhanced

efficacy. [0016] The present invention relates to a

nanoparti cul ate qui nazol i ne derivative conposition for

the treatnment of hyperproliferative disorders,

i ot linrdied do bpprrproliferative: doaditinaichss canasp Arfl @ﬂl@lh@?OPlastlc

YA OO RIS S SRR st i

Okﬁﬁy MRlud¥quitaYoIng Epivelives Clidt ve: dketiogss ]ﬁﬁﬁstellﬁlhlﬁltéﬂs,zaim-
of 1ess than about 2000 nm and at .| east one surf

Sinfpnmaksy agaHe as Dagtaestaic AP, A8 inliBitery Of E%%Fr%lpha production,
aﬁqﬂﬁlgﬁ?ts%?"[o 1A S Ok Rofi das¥nkiInfofishisi W gfﬂﬁg eas%lf 381 agents (e.g.,

nanopar cula e ‘qui nazol i ne derivative particles.
Opiti- M b gants)) dimmehmxastammmenm/aﬂ amul-tnxieplasmotlc agents, as anti-

phar maceut i cal cept apl e carr and any suitable
e@(‘E‘i"rﬁﬁﬂéh%%ems[ B@fill%ﬁah %ﬂ%‘%ﬁﬁef’ rélr’éa%?ms azol i ne

at
e@? Ll J\Alxéﬁ?f%ﬁtgﬁ 85dd Fb P8 GHBE rﬁf@ﬁ@orﬁﬁ &bAd Hﬁ%g@ form, although

eat nent of a nunmber of di Sease or
cmyqnharmmutwaibfl as;d¢p1@olb dosage fdrimdandx utidized.

hé@gﬁ]m gll! g%lg £ oL ist nl?}l\/él’g]??gsl%%g g?aﬁ’@ﬁgprﬁ%ecrﬁuﬁ o9 comp§J1t1ons

D&‘t@ﬁﬂmﬁ?gié héidbatRiRes|inablisk &ahages heogiceniBiyiments, the
i ncl'ude qui nazoline derivatives that are effective as

eqﬁa@,zelinﬁ Aerivagize & erbosinid onre Jakirthereess ﬁrkzjl@ﬂft glsodgown as N-(3-
Leniosta
RSP eSS R i, o

afider tHeafzabnaie auedtlva®. &slodnibiisy Iprahm@lmb m}(ﬂﬁtcg The
anti-HV agents),. .as anti-hypertensive agents,

SPRATIECSRS R SgFRROP OBy Wit o3e ereim oY GBEIPESY BnoRgRisplete erlotinib
i@ss, ggglt ﬁféz‘?&?sﬁ% £GRREOLaBMEARINBES or £s@9@1§t]3d Avith the

eferred dosage form the 1nvention is a sol
dmﬁgeofﬁmmru@parholﬁgh any pharmaceutically accept abl e

d e form can. be ' d 0020] Anot h
+ (3PL,, bRe Fiso o bhine sfenioh AP Rinesls paaposRcide
@Uﬁ%hhé e&%ﬁﬁepsru'cﬁ b RinIRBPP ML therebAlc8mPUiinad, Gl heiéin the
vati ve, sone enbodi nents, the quinazoline

dpharma@omreeucsoreﬁlle@cf ithei ienoparticwalie quiniaeelinst derimativs is mphaffected
a{J}“?’ &16@(9 OPea8Rd Iélt-agesc_)f a subject ingesting the composition.
[0022] In yet another embodiment, the invention encompasses a nanoparticulate
quinazoline derivative, such as erlotinib or a salt thereof, composition, wherein
administration of the composition to a subject in a fasted state is bioequivalent to
administration of the composition to a subject in a fed state.
[0023] Another embodiment of the invention is directed to a nanoparticulate
quinazoline derivative (such as erlotinib or a salt thereof) pharmaceutical composition
which additionally include one or more compounds useful in treating
hyperproliferative disorders such as cancer and other neoplastic diseases. For
example, additional compounds may include gefitinib, pertuzamib, paclitaxel,

cisplatin, carboplatin, gemcitabine, bevacizumab, temozolomide, sutent, leflunomide,
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et hynyl phenyl ) -6, 7- bi s(2- met hoxyet hoxy) qui azol i n- 4- am

ne hydrochloride, is sold under the trade nane
woaomwenesit). Erlotinib is a protein kinase i nhPOTUS2006/013641

The pharnmaceuti cal conpositions disclosed herein may

conprise nanoparticulate erlotinib particles, or a

salt thereof, having a surface stabilizer adsorbed or

associated with the surface of the drug particle..

h6QRde1, Gnetisibhlepiinis danafinith doxervintinpvatelanibrpragiad, a

nanoparticul ate qui nazolj ne derivat.ive, such_.as

ISUCRYQrHL BARSFItabIRG Pt mARnd Ceﬁﬂll?ﬂ’& PR %‘ﬁr,e‘)&hqeﬁee?rhe FHeore

RERLORE Qgﬁlgg%ﬂcﬁn@i {d hrBsef inthE pRARRABATHChLadn@ Rition as

qui nazolin erivative is not affected by the fed or

hasdpadicatate partiflenosinnether suigbktiorg t he conposition

] L0 yet an r odi ne t Favent i :
UG, S I U T
aﬁﬁﬁz@lﬁle(ﬁeh%ﬁ%i, BucBras @rlsahib ot Besletiereofaspgisitionraccording to the

rherein administration of the conposition to a.subﬁect
inveatiomsSeah asmathed cemprisss §onipaling? NAOPAHHSI I CAHBAZOBRC

f .the co It jecte 1 n:a f 00Q23]
R N
RafRRak td srobidt @ mubpedallita quiterdlinatderieat{vsompasition having an
erlotinib or a salt thereo{%{‘1 har euti cal f
Bl RPSEC RAISIF SERRIHIPS AN oA 0B o B° Gpe ffpgre surface

g&%ﬁ&g&d&n e %&ﬁ@acﬂe&‘ withSAtdnBSarl¥ Rtk RufalzbBicderivative, either

I'sorders such as cancer and other neoplastic
defrasimsing Farafiex sinp relpctaattiftho gainazoding denveiviewgrticle.

R MR D i
$iot Bhfited kERIPEARBII fRatH @ @IoRdeed, préfBRblydabeer] i dvehbnore

canerti ni b,” doxorubi cin, vatal ani b, sorafenib,, ) )
Ipeefembbyr ian-smalbesd] lunp canser QRIGHG), Haibg tiaRAnOBFHFHALS qazoline
thereof . The one.or NOr i td a - . he
SFEERe I S b it B Mo A PEicRE Such
NAGASE donfpHsabémpastédind % sbjecna thentpheticadlyieffablive dnoount of a
[0024] This invention further discloses. a %hod of . Oth
rreRPPRYticulate qBareline fesly alive RomPosition aceniding 49 fRrdnvafiop. Other
g Ofeefl i itibhOBE BE GVl
AL Vs i i
nanepad thaelbésldliduilraanl | ne derivative with at | east

O[BSZE]ur]g&%ethes o?géolilllgz geerneia? rdes%ri}){igr? ad] t%e ‘%6‘19(%11% %re]%h%& 8&%ription
are exemplary and explanatory and are intended to provide further explanation of the
invention as claimed. Other objects, advantages, and novel features will be readily

apparent to those skilled in the art from the following detailed description of the

invention.

DETAILED DESCRIPTION OF THE INVENTION

[0027] The present invention is directed to nanoparticulate compositions comprising
a quinazoline derivative, which may include quinazolinamine derivatives, such as
erlotinib or a salt thereof. The compositions comprise a quinazoline derivative and

preferably at least one surface stabilizer adsorbed on or associated with the surface of
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sufficient to provide a nanoparticul ate qui nazoline
derivative conposition having an effective average
woaodeiiadsr1si ze of | ess than about 2000 nm ThePOmAISL006/013641
nore surface stabilizers can be contacted with a
nanoparti cul ate qui nazol i ne derivative, either before,
during, or after size reduction of the quinazoline
derivative particle. [0025] The present_ invention is. )
athsairegg. r 'Eleg @anazellﬁ%@%‘@él%pamﬂ@agw ¢ifReliviel pYRyagn article size

n8§¥%%%%$ggmﬁgo&yﬁﬁrproliferative di sorders,

pre y cancer, and even nore preferably non-small
CcHI028] uAg tamhe &y thé NBaLatent Usidag ekdreplifsdapaiid exauipdésshelow, not
quinazoILne_deé%va ive (?uch s erlotinih or a, salt

t PEFEEPTOEBHIbSS Trigre stahilizsreand aolva agsnt Wil oAl hijaRle

CH&H&@Eﬁﬁuﬁ@H’@o% Rloh NG 5 s%r;ii&li’:lg? HisBovch&l @Reyidigal 1y
t of f

effective anou a nanoparti cul ate qui nazol I ne

deariopatticulatecqnpazeling derivative fatinudptioos tdebd medsmt i on.

t,h f t . _usj ng.the.nanoparticulate . ..
Claee AR e o R i Rt R i R R, SR ertotinid
ski 4 bali tRefleb feirtulatidd9 36 heBavdhtibh @s EQhpAed Rba 88 eh@dnal, non-
description and the follow ng detail ed description are

exaneppaicylatawpmpositionaf drosamedivinagoling darivetive mcldesiud ere not
furt .explanati of ) tion as.cl ainmed. her
oo AR A B o sV S P R T TRt B ot g

r esadirkd toagipain el sab@ ghantscokddidal etfedtn(3) ivecrédstd bloavailabiity; (4)
foll ow ng detailed description of the jnvention.

DEPAIRREBLORSERT Prroredmnerqerefigerfiihequeagne depgative
PEGRES tidrR YTk B RhiniSte i BleBiHd Q&sﬁhﬁgﬁg Q%rtéd &&E?@Z bioequivalency

conposi tions conprising a quinazo erivat
wbf thh qoepzélinel dedeatijel coagokitioasivhen administred asthe fetbveras the

| ot.i nib salt thereqf. - The conposi.tions gonpr.i se
e s (e mE RS eris of disteprict B 4B ringeofiBe denija®
SsdthpeRicHsaid ('rzyﬁ% RESesRRAILRa®fe {tR8 daryhd fsckihg

surface ofthe drug.” The quinazoline derivative N
peayastion wWithatherrachvd agenisuscln g wepdingdiypérotddifetiative efnditions,

l ess t.han _about 2000, n 0028]. As taught in the '684
SR b BafkeE R b e PO iR 2 L O Del b o
e[0B3Y] CThb bieatritivedtios blsd attudeh abhdpazful Adguingiolive derivative,
agent wll result in a stable nanoparticul ate

cOIFPES ieElPHID or g sl thersolrompopigoys igshiey with @ne prmore non-toxic

Sﬁl‘?}gko%gically acceptable carriers, adjuvants, or vehicles, collectively referred to as
carriers. The compositions can be formulated for parenteral injection (e.g.,
intravenous, intramuscular, or subcutaneous), oral administration in solid, liquid, or
aerosol form, vaginal, nasal, rectal, ocular, local (powders, ointments or drops),
buccal, intracisternal, intraperitoneal, or topical administration, and the like.
[0031] A preferred dosage form of the invention is a solid dosage form, although
any pharmaceutically acceptable dosage form can be utilized. Exemplary solid
dosage forms include, but are not limited to, tablets, capsules, sachets, lozenges,
powders, pills, or granules, and the solid dosage form can be, for example, a fast melt
dosage form, controlled release dosage form, lyophilized dosage form, delayed

release dosage form, extended release dosage form, pulsatile release dosage form,
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nanoparti cul ate qui nazol i ne derivative fornul ations

can be nmade. [0029] Advantages of the nanoparticul ate
wquoosaaedii ne derivative, such as erlotinib or RCTAISL006/013641

thereof, formul ations of the invention as conpared to

a conventional, nonnanoparticul ate conposition of the

sane qui nazoline derivative include, but are not

limted to: (1) smaller tablet or other solid dosage

fmmedsmmdla(rezyelmhm@onuoﬁe@eﬁasel dosgge &qui, oed cembination

b&grgg iﬂ?v tgl?la{ Ogﬁﬁlgf’%ﬁfs%'gfﬁege Ic:n I é?) i ncreased

pmﬂBﬂPC‘PKé pebét ilfeafibh RHeSdriteh Sefbitt Néa@kdveml definittaisd, ueset
c@g&oswl ons when admi nistered in the fed versus the

dglagy am%thrq@}wbﬁtb@amlwan@hcy_ of the quinazoline
d@bb%}gt ‘tl“ﬁg te; 1l t a tide%@gra@'%]g%h@fy&iy or1&ds a{%oE{‘ﬁ}(quﬁin,” as

st at e; an 1 ncreased rate
chised dletelin, @neaho that hideaptibtvaz 0ot thenanoptuticelate quinazoline

sitions;, and (7). .the qu ol | ne derivatjVv
fgfrﬁyagm Peﬁgleea?ﬁclbés ‘%I lotigTy lwdeefﬁ i BYF ww%‘m&bm about
doMEn 39RA hieabtied WY, foPeddnfAl, se&niwaebﬁ rffalw fr&r@hhﬂ& photon

con itions, such as cancer and non-smal
Cwméaftlon[soeciﬂ:]scm lightess atteringndigh wrdnﬁwa‘s@n,|and Ioth¢e techniques

nopartj cul uipazol i ne derivative, such as
n]?'rf B%P{?'tbost?r ﬁﬁggﬁt&i reof, conpositions together |
W00B4P NA s Ased RYrSin N UBoHOX¥if b@%&é@io@ﬂ %?@Jefsbn@@ﬂ&ﬂﬁ@@ §kill in
carriers, adjuvants, or vehicles, collectivel

r b artrand will vary ogomeaxtent mhﬂle@@n@zsamwlaiﬁ% 1teahseée If there are
i {ersr%% Al qgrng %m?l%rg Hét%'ie% td ﬁ‘ér?o%ts' g C%ll?arg skill in the arr given the

ravenous, ramuscu ous

achmitdxt i whidhdnisiuded Ghbait” Mlnmeah uto plas osminuk aom of the
vagi.nal, nasal, rectal, ocular, |ocal (powders,
oP%Tlﬁ‘ﬂﬁ‘tT@n%f drops), buccal, intracisternal,

| o33P e R Rt RRLGR BUL BRI
[ d;era/asmda pattidies &yeh hostaple aﬂbﬁmmb ghrtaisg), Pe@abled cenrdtesablityis not
bI d f be util i
SRR B 78R e R B R0 B PR o
t %r@etﬁol?r ﬁ%@&ﬂét@ Or aSAGHEE due?8 %ﬁ&?ﬁmc%ﬁﬁ‘é’tﬁe fBickd 8o

or ‘granu and the solid dosage form can , for
e@(ﬂ;namlee mamﬁa@tttlmmeasﬁ:os agicteprizn ovsd Hmeb(2) dlapt il physisal

AR e bERoeitB it T AR08P et A B R R

r ghe@heudisissg e 4 oiybihlling @tadef (B (ﬂlha?ﬂﬂ% peliclas&e@héically stable;
control|led rel ease dosage .for or a combination
and/or (4) where the quinazoline derivative has not been subject to a heating step at or

above the melting point of the quinazoline derivative in the preparation of the
nanoparticles of the present invention.

[0036] The term “conventional” or “non-nanoparticulate active agent” shall mean
an active agent which is solubilized or which has an effective average particle size of
greater than about 2000 nm. Nanoparticulate active agents as defined herein have an

effective average particle size of less than about 2000 nm.
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thereof. A solid dose tablet fornmulation is preferred.

[ 0032] The present invention is described herein using
woeevmriadsidef i niti ons, as set forth bel ow and thRcowghmeni3es1

the application. [0033] The term"effective average

particle size of |ess than about 2000 nm" as used

herein, nmeans that at |east about 50% of the

nangparticul ate qui hazoline derivative particles, such
aﬁ"’gﬁa otl 'R PBrags chasely wirerdelublpdises’ asiused Bereingsters tldhose drugs
aﬁ%&‘ﬁa\%oaos%mﬂ?it £ Yol 3% WS thal ¥bordt 20 rﬁ%‘/ﬁﬁ}’l‘e?g than about 20 mg/ml,
sedi nentation flow fractionation, photon correl atlon
shecthan sbaypyl 0 thg/ghf ordestthardbogt 1 digékl.cent ri f ugati on,

8] 35 S 0 B P i
bR RIS ARShATHrovidENBE ¥peidd ﬂhahﬂa%ii‘sﬁ&cies?ﬁﬂse%f bvgiéﬁ{tye drug is

to sonme extent on the context in w I's use '
t admiaistered usesigaificartaurbenefubisietsan aeerbof stick freatient. It is

ersons of. ordinary. skill.in the art .given.the gont.ext
e el iaghﬂé%%‘Flcglkb?fEﬁCHVWPmﬁé’é 7 e %Plﬁﬁa@lfaﬁtered toa
Wbﬂﬂﬁullﬂgﬁbﬁﬁct thepRacdlhCubaicetveiliMot hR:38 be AffestfiRdn treating the
herein with reference to stable nanoparticul ate
qernsEtiansidaweases diescatbied Bersiy evan theughswveh dasagstindgemed to be a
e Lok L&l e . lL.e" but is not
e AP Soun B BRsEof S PkERN 1 et ers:
(1) the particles do not appreciably floccul ate or
adgl onBreferred Ucharactenistiesyefrthe Naaopaitticalite Quihadolias Defivative
ot her wCampoisigions iof et Inyentielf ease in particle size over
time; (2) that the physical structure of the particles
i s not1al t enfdemédBibavillabRitgh as by conversion from
an anor phous phase to a crystalline phase; iS),that
t 93Pk £he parorartisulateayipazolipe deriistize, suplianeriqtimb gisadt thereof,
t ie ' 8 i . j .
s ALOR 6! DS liint e pheR B o AR BRI E gl bifhy, and
reqniag ehalher ddessi asabimpereidito phier amepaioakl Quinaiolihé derivative

no Iar.ti cles of the present invention. [0036] The
%l“i‘i"ﬁa{:‘%%enti onal " or "non-nanoparticul ate active

a@ead]  BNGld eiBRAImER Fhd UPerRBRne MRhGhri 1RO QHi%%dlE@d
or which has an effective average particle siZe o
derivative composition, upon administration to a mammal, produces therapeutic

q
n
t

results at a dosage which is less than that of a non-nanoparticulate dosage form of the

same quinazoline derivative.

2. Improved Pk Profiles
[0041] The invention also preferably provides compositions comprising at least one
nanoparticulate quinazoline derivative, such as erlotinib or a salt thereof, having a
desirable pharmacokinetic profile when administered to mammalian subjects. The
desirable pharmacokinetic profile of the compositions comprising at least one
quinazoline derivative, such as erlotinib or a salt thereof, preferably includes, but is
not limited to: (1) a Cpx for the quinazoline derivative, such as erlotinib or a salt
thereof, when assayed in the plasma of a mammalian subject following

administration, that is preferably greater than the Cp.x for a non-nanoparticulate
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greater than about 2000 nm Nanoparticul ate active

agents as defined herein have an effective average
\VpamMHQMHlsize of | ess than about 2000 nm [ O03PCT/TIS2006/013641

phrase "poorly water soluble drugs" as used herein

refers to those drugs that have a solubility in water

of less than about 30 nmg/m, less than about 20 ng/ni,

| ess than about 10 ng/m, or |less than about 1 ng/m .

[ fofR8lhtidsofthe darhe feinazolink depvatvs cadminesteapdatithe sadeosage

effectjve unt" shal | t hat dr do

i o RECE e e Pt S b a R B Agplt hereof

WohGhaskdiRd i B9 PisnBiiathshehBsh subjédt ?dlﬁb:%ﬁg 6@NIni MAABLthat is

of subjéects in need of such treatment

anpfesably grgaten thian éhq AECafpeanpwamqpa@mém fqrélumu@@f thersame

a drug,.th t n| ster i.c ct
aq%%ﬁzg “&"u va?i}z] anclz%lsl[\?\%eldl nc?tSau el%%Egégebe e‘? f@g? T fo} the

t quedzolifke iﬁéiﬁfaﬁ%l@u&h mmm&eamltdﬁae@ﬂ b&ldn bsawchm the plasma
even thou?h such dosage is deened t

tofer mpamefansybjecé fellogemg édraw&ﬁwtwwh@tﬁﬁg@f%ﬁbly kgs$ (thanyhe Tomax
}\@?a‘?&ﬁ tnaﬁablﬂa?t c%fla%Jf B0 3P LR daite! ﬁlaQ%l) dWerivative,
naz O I ne

nopar rivat mposi t 1 ons of
tdfdhmhmeeeni dtaine $amd desagashe ddsoahiaphahiaboltiyetjd)88le, awsed

nanopartl | at e qui nazol ne derivyative,.su as

Craro s RenscihelE pRep et en it dofbes the

' ﬁ%hﬁ@déﬁ\%’ﬂ% %ﬁéﬁ £l RnBXbY epéa‘lt therebeased
foavallability, and require smaller doses as conpared

to pri or conventi onal qU|nazoI|ne derivati ve

f or mul 3t i onEhe Phavojcokinasic rofitesdif e Quisazolae Derivative
i nventi on, €hmpuositiopsof thedhuediopaneand Affeetaddry thetFedeor
conposi t i onFastgbBtatelof theSubdéat dngdsting theCoaipositionsuces
therapeutic results at a dosage which is |ess than
t foad2jof The fm&mtrtmrmmamphsseﬂ @Iiﬁazdhﬁagerixfamvm mﬁh therlatmiteor a salt
qui nazol i ne derivative npr.oved Pk_Praofi] es &20411, .
1 éiel'l ative is

TREreoh FRRPPEHOR %ersméh%la%?&w?%%#w&é%ﬁ]@ wRagq
dﬁd’f@ﬁbﬁérﬁﬂll?’afﬂeﬁé& by ﬁ{éefe&‘ apg@éafsta%iag S ?é& {h%éﬂlﬂgﬂﬁe

erivative, such as erlotinib a salt thereof

heoopogitand Sy mbdrs thdtdera ol smbsuanth:} rdoﬁfcprb:ecam dre quantity of drug
gbsor to? h%%atte%f rgi?ungnaﬁ)sorp%o kf %he nanopartlculate quinazoline
derivative compositions are administered in the fed versus the fasted state.
[0043] For conventional erlotinib formulations, i.e., TARCEVA®, the absorption of
erlotinib is increased by 40% when administered with food. This significant
difference in absorption observed with conventional erlotinib formulations is
undesirable. The erlotinib formulations of the invention overcome this problem, as
the erlotinib formulations reduce or preferably substantially eliminate significantly
different absorption levels when administered under fed as compared to fasting
conditions.
[0044] Benefits of a dosage form which substantially eliminates the effect of food
include an increase in subject convenience, thereby increasing subject compliance, as

the subject does not need to ensure that they are taking a dose either with or without

food. This is significant, as with poor subject compliance an increase in the medical
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desi rabl e pharnmacokinetic profile of the conpositions
conprising at |east one quinazoline derivative, such
weaomriegiini b or a salt thereof, preferably i netuassi6/013641
but is not limted to: (1) a Crmax for the quinazoline
derivative, such as erlotinib or a salt thereof, when
assayed in the plasma of a manmalian subject follow ng
adm nistration, that is preferably greater than the
GQroaditfoarfoawhich ﬂmadmg & hdingpasetbod mdydic dsewved,tiles nonrsmall cell

nazol i pe deri adm ni. red.at the sane
g]ft}g%ﬁ%rfceﬁf?cHPB?r s(“% eCJ& OW%W@ﬁg gﬁ]ibnazol i ne
derivative, such as erlotinib or a salt thereof, when
assayed in the plasma of a nmanmalian subject follomnn
adm ni 4t r at Bisequivatency of Quisiazpline Perjv ativeCompapitione of the
AUC for a niventiowYehen Adhdnisteied mithgtHedrVafus the Kastas State
qui nazol i ne derivative, adm nistered at the sane
d[@ﬁd@]e ThmﬂWemtio(n&)lscapﬂSn‘mixs & oandpasicylateeuoidotige derivative, such as

Slidior e A Snaberier e PR emrER ot MisicolBengon to 2
aﬁiﬁ]é&t fit 4 Akle@Btatd 18 %ﬁoehﬁlvﬁfeﬁf RrAliNistr&foh dMBEcRgosTBRXo a

for”a non-nanoparticulate fornul ati on of the sane
quﬁmatniaﬁéSﬁ@rlvatlve adn1n|stered at the sane

eS|rabIe k
nP3RE - ThE e R B B RRTR AR G nOfidhalife oBipdtishs of
tihe 11h\fynf1b1@|wﬁbﬁ9adnﬁ1fnsﬂe‘fw 1ﬁ lﬂlhd%d %tsﬁetlﬂ&bstycaitawﬁpre%nﬂﬂy 1s less
as erlotinib or a salt thereof. 3. The Pharggcoklne

pihen ab@g 48, lase thapiehaytcl S hdessahan abopt, 0° A8 oG 28 less
b f<b 0

L AR TPy SRR e ER sk f g ot

Tthen abme3h.on enconpasses qui nazol i ne derlvatlve such

as erlo inib a salt t her eof onposi.ti ons wherein
Bha e TS i SRS PRS0 e TR P B CRETRGSES v e
rﬁi%suﬁh'l@%t)ﬁ fikiak hiyleadi lbas hatbpaticulife §1aHaRlint astivflive, wherein

state of a subject ingesting the conposition. This
nadmigistiation ofitbe eomsosnbms teoassubgrct & 2 istef stagmis diqoquivalent to

TRRR AR o br Lo RBSRERE I hiotehF il 2148 e 3A Psiguter as defined by

def.l \aaliAtec g@l RSdstoiRmshyahe URSIMF Jdidsine D dg iAdntihigtrhtésh and the
versus the sted state. [0043]_ For conventi onal

epdrespending Brionpat Iieswlgtory agency FAREAIAUnder Py FDA guidelines,

ahso | [

R PRBAEP oo A Rt o
AUC and C,.x are between 0.80 to 1.25 (Tmax measurements are not relevant to

bioequivalence for regulatory purposes). To show bioequivalency between two
compounds or administration conditions pursuant to Europe’s EMEA guidelines, the
90% CT for AUC must be between 0.80 to 1.25 and the 90% CI for C,;,.x must between
0.70 to 1.43.

5. Dissolution Profiles of the Quinazoline
Derivative Compositions of the Invention

[0048] The nanoparticulate quinazoline derivative, such as erlotinib or a salt thereof,
compositions of the invention are proposed to have unexpectedly dramatic dissolution

profiles. Rapid dissolution of an administered active agent is preferable, as faster
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di fference in absorption observed with conventiona
erlotinib formulations is undesirable. The erlotinib
woaoosuhiesii ons of the invention overcome this prPODIUSEN06/013641
as the erlotinib fornmul ati ons reduce or preferably
substantially elimnate significantly different
absorption | evels when adm ni stered under fed as

corrpared to fasting conditions. [0044] Benefits of a
%)é@lqrb&qwmﬂvéwdg tokestanenset placsion and grestsr blvavatabdigy. To

Conve C
L L A A S R e
‘dwesldivetusefbbth increaseshie éruighadisdonaionabehdt akiont @taek0s Bvel close

elHR% with or without food. This is significant, as
ﬁ%or subj ect conpliance an increase in the

| . :
NRekoR! ‘Pﬂé‘gﬁlhbﬂ‘mra 9 s Vit eg 15’1?851&&}1?3%? tfie Hl%l?lpﬁgbél equfefalE)}])éhave a

prescri bed may non- snma
cdisdutiongrofledn whndhj veighin @bongt| § mimieswit Idasterbbot 209 bf the.

T e Rl URE PGt i the ¥ e g s dont 30%
t feut Fast SduSIE, o f h&gﬂ@hnjérd%n{/ﬁi&%rbbh%sﬁbﬁ & cﬁEéBWeQ%ﬂﬁn about

nanoparticul ate qui nazol i ne derivative, such as
et méautes. dnoyet etherainbadireense pf th@ommgpn,l 26 eastrabahi 4076, at least

t o
FABES Fr B4 507, ROTRERC A0ge i €eSF i s Byt
cquiprslihé @ﬁiﬁaﬁvac@tﬁﬁbﬁﬁn is Aisdolved wethat oul POARIutdN Finally, in
di fferen%e in absorption of the quinazoline derivative

Bﬁgleé’f ok the lflvﬁmé% |abk>astwh@ht K ah legstcabeut §096, at least
t e r
] 0B, 2 ALl BB Bl o
SﬁﬁmnwhmﬁZﬂummmﬁout 25% | ess than about 20% | ess

t abqut 15% .1l e an about. 10% .l ess .t han about

OB Barlierhis rE reb s G AnR ThoigR e e BditaRtEing

tS’iﬁ:h'ar&{%BIdti%ﬁamédlﬁﬁn AN BRI dued R4 et &&H%%F%h%§ for two
rising | east one nanoparti cul ate qui nazol i ne

lilaVeng WHE deffanerd dmsqlluson atdfides infgasthie juicesp D&L theon
j.ect |nafa§ state i oe uwalen%

aﬂﬁ?ﬁ%%u?sw%% o T el S8 oDt s Rt 8w iph An
fex@mplany exssdlﬂtlcﬁﬁlﬁlbdhﬁﬂi i8fan @%uéﬂﬁf; hﬂsﬁﬂm‘i’&o%ﬁgﬁﬁ@ sMdetant
gui_del i nes gi ven b the U Food and Drag

AQdivg leprd spléate g‘th 15M. Determination of the amount dissolved can be
carried out by spectrophotometry. The rotating blade method (European

Pharmacopoeia) can be used to measure dissolution.

6. Redispersibility Profiles of the Quinazoline
Derivative Compositions of the Invention

[0051] An additional feature of the quinazoline derivative, such as erlotinib or a salt
thereof, compositions of the invention is that the compositions redisperse such that the
effective average particle size of the redispersed quinazoline derivative particles is
less than about 2 microns. This is significant, as if upon administration the
quinazoline derivative compositions of the invention did not redisperse to a
substantially nanoparticulate particle size, then the dosage form may lose the benefits

afforded by formulating the quinazoline derivative into a nanoparticulate particle size.
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correspondi ng European regul atory agency (EMEA). Under

U.S. FDA guidelines, two products or nethods are
woiemguisial ent i f the 90% Confi dence | nterval spCOIUB2G06013641

AUC and Crax are between 0.80 to 1.25 (Tnax

measurenents are not rel evant to bi oequival ence for

regul atory purposes). To show bi oequi val ency between

two conpounds or admi nistration conditions pursuant to

EI005RE ’s”hENfEbec@uisajmmpaﬁpulaﬂq@cw@%@m ¢ampokiionybsneflidrom the

bet en,.0. 80 t and 90%.Cl fo St .

%Eg?ﬁlﬁlesze gﬂie %%V"' BECTH g%hc?laﬁ IV%?ﬁeﬁf 8?‘?S|né’£fr%fspfjﬁ8 into the
Q;ihilﬁ AL R.iAE i MPhdriiR] sHHH) $hen ‘@REmSY” of BEcIbMEANdd Rfive agent
[0048i The nanoparticul ate qui nazoline derivative,

sparHiclas anerfpangds pwying toghe extremale highfsurfaeerisessiner e the
PSSO 0B ABRFA BB RAUREYACEL et g oga

agbducticst iarfed eaelgyy &Vilg tietfoinsatipneffencbd gglomdated particles, the

fasterdl ssolution generally | eads to faster onset of
abiopvlagHidy gf@a@@?a%uf@mmavéﬁh ity. To inprove the

LO?)%Z]Z Mdr%éeb%é ?{1{:/ giﬁ}o@%‘éwma%\?%ﬁl}wlgﬁghé b ﬂ(/e l:cl;}ﬁPosﬁmns of the

e usefi ncrease
t iwemtmmgémkdt drawiati¢ iatlispesidnheithe narropaﬂtldu]atetcpnmazalihcedmivative

clo to 100% 049]. The qui l'i ne, derivati.ve

oBiTElet Srarplsraton (prmerta Spat & Syt o i, as
dﬂ&ﬁ&{sﬁﬁte@%yﬁé&fn‘sﬁﬁtlbﬂ’réﬁi‘slp%ﬂldﬁ ihhi BlorRRQ it a@u@éd@%%a &ich that
| east about "20% of the conposition is dissolved hi

othﬁ@ffe@wmyemnmrtmle sitreofi they radispersed quinhzodive datypaitve penticles is

about 4Q%.0 |na oline de i vat
lenfiheh 568k 23R4ns TSR ChiofbtARE ol S8R YRL b Eny qpeous
yeiediatihe fexl:’ﬂ%tt@hkt ﬁ@lﬁ’éﬁ idiic §tl‘@gtHatﬁﬁiH Grhiclaform&s basddi the
40% at | east about 500% at | east about 60% at | east

abigtRlevanos ofghe iedise ale depitrat pig @%1 ismic seengili ia shone Hat are
t
mleehte;églgtht\f‘% @ﬂgg’%lc%g%&g%%rﬁh gdrﬁsf Iﬂ rtrfé\%n{nﬂh%h l?(ﬂgfu Su%ﬂ biorelevant

i myreotd madia@hn bedst e>aa|nq1]1¢ a&[@%us atectrebm sohlimut oBeJacons
Iest abqut 9Q% .qr about 100°/ofth U|na i ne
VORI 80Y. 8 €It PLOST §r&|°§§’%i%8n 9, nwéﬁgﬁ%‘hl?ﬁ the desired
%H%@%mi %lh Di ssolution is preferably neasured in
a nediumwhich is dlscrlmnatlng
[0054] Biorelevant pH is well known in the art. For example, in the stomach, the

pH ranges from slightly less than 2 (but typically greater than 1) up to 4 or 5. In the
small intestine the pH can range from 4 to 6, and in the colon it can range from 6 to 8.
Biorelevant ionic strength is also well known in the art. Fasted state gastric fluid has
an ionic strength of about 0.1M while fasted state intestinal fluid has an ionic strength
of about 0.14. See e.g., Lindahl et al., “Characterization of Fluids from the Stomach
and Proximal Jejunum in Men and Women,” Pharm. Res., 14 (4): 497-502 (1997).
[0055] It is believed that the pH and ionic strength of the test solution is more
critical than the specific chemical content. Accordingly, appropriate pH and ionic
strength values can be obtained through numerous combinations of strong acids,
strong bases, salts, single or multiple conjugate acid-base pairs (i.e., weak acids and

corresponding salts of that acid), monoprotic and polyprotic electrolytes, etc.
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Such a dissolution mediumw || produce two very

di fferent dissolution curves for two products having
weoenys/idofii er ent di ssol ution profiles in gastri eCruisem®sn13641

i.e., the dissolution médiumis predictive of in vivo

di ssolution of a conposition. An exenplary dissol ution

medi um i s an aqueous nedi um cont ai ni ng the surfactant

sodium |l auryl sulfate at 0.025 M Determ nation of the
aERS)éﬁl Sepiseanfaty cckaetnolyte saluiiang canpedypt are not limited to, HCI

ﬁﬁ&rﬁmﬂgﬁg‘?ﬁ Eé(nceggﬁlcfnoﬁdﬁ{n B8R @G0 &Pt -1 f\lE ép

ar macopo can pe use 0O neasure SSO

Rsxduﬁcmsr mngmgum yorRentraticesfrah abbe qumaabbmtrm M and mixtures
lﬁ’g}é‘p ve Conposjtions of fhe I nvention

An
ol PRI PlecsplyiaR Iimp s3bPs, pat %rémptllama%to 8bRyt 0.1 N
apICe b RE, BbOui@ 0 BNIR T or1BRT 8%t 0 @91@213{:1 bORSs, Wouk 08 M Naci

invention is that the conmpositlons I spersé such
t praless;, pleoud 04 JIiNaClaw desagrbopie). 00 tMeNsClrar leds, srivemixtures thereof.

FARREEO BRIl UL B fohpen
admagte@ hii@bh pnwyﬁdswglaw doaditohd) @waes toBit bMemaeme sirtd
of the invention did not redlsperse to a substantia Iy

nearggtans of thearexipwt gastiointestinal trachen t he dosage form

TTesAE i 0BG GRhL LS RACLORHS AR N
Sd:(ﬂ'fbs{xﬁﬂ&a]p}ﬂhl}ﬂ{ D sarldesia usesprafiofar Thed)hat® IﬁH(DNs@lutlon
a 0Si t|oQns beneflt fromthe small particl

flaggsd alaedi eondginns foynd infke gempeke %g@lﬁfm@ 6681 MNaC
ﬁ@’vﬁl@?ﬁ $SisbibbR ?O)SHB ibn Bt Hﬁlfstf"%n colﬁeeg)ns found

adm ni stration, *unps ner at Ve
a@lemlghplarthﬂ: bodss 1I&ﬂ1&11ﬂg)thﬂf£gdstrcﬁh@estg1aﬂ ﬁuidb,eul’&mtlgleemic}tntratmns

R G St s AP e AL At L SO e Burman G

oystal | reduction in free energy. Wth the formation
of such aggl onerated particles, the bioavailability of
t 985810 sExannlammofrions af salts| BOB3baskb peeorehinatidne thereof, which

AR UL ARG BB SAURABM o

nevidipledsphaiel baltser spdiiazsithsdRmetd daddiimeaRes t dhidrafe, HREP
adm nistration to a manmal such as a human or ani mal ,

A1 Haneiie saliarewwdpyn.motassian andrqalsiym selissefeohiirisie, ¢asbenic
bicRl/Gib sy atdte @ﬁ&epﬁlﬁ,dﬂoqaéfﬁﬁpaﬂdA'@ﬁmm salts of chloride, and citric

acid/citrate salts + sodium, potassium and calcium salts of chloride.

[0059] In other embodiments of the invention, the redispersed quinazoline
derivative particles of the invention (redispersed in an aqueous, biorelevant, or any
other suitable media) have an effective average particle size of less than about less
than about 1900 nm, less than about 1800 nm, less than about 1700 nm,less than
about 1600 nm, less than about 1500 nm, less than about 1400 nm, less than about
1300 nm, less than about 1200 nm, less than about 1100 nm, less than about 1000 nm,
less than about 900 nm, less than about 800 nm, less than about 700 nm, less than
about 650 nm, less than about 600 nm, less than about 550 nm, less than about 500

nm, less than about 450 nm, less than about 400 nm, less than about 350 nm, less than
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the effective average particle size of the redi spersed

gui nazol ine derivative particles is |less than about 2
woiereanes11 Such bi or el evant aqueous nmedi a can beCamg2006/013641

aqueous nedi a that exhibit the desired ionic strength

and pH, which formthe basis for the biorel evance of

the nmedia. The desired pH and ionic strength are those

t hat represent ati ve of physiol ogi cal conditions
s S0 G o R DS 50 P e BB MRS G sbout 150
"Rl RsC@Bn Bout 106 nBX MIP 1B 2BAHEBYSN r8&E lrtl?gn\/afgg}lt d5 0 nm, as

sol utions or aqueous solutions of any sa
braisasurash byali ghtsbattesing arethdisy mafroscapy, i othehapproptidte methods.

desi.re a ioni ¢ str.ength.. [ 0054] Biarel evant_ pH

SRR AR Ak ot el %ﬁf?ct'a%éﬁﬁﬁéé PFTHCIe RO RRREH to 2
tesahbiamaes kilbm e b@htly | ess than 2 (but typically
greater than 1) up to 4 or 5. In the small intestine

t RA6YIH Redispeasipidity eamrhesested Bsinganyy suitableeneok dnown ircthe art.

r f - B t.,lonj th j.s.al so
SR Melnb B ooty 8F ELE AR NETE S5 0 P Prlif ponte
aNanopaiticubite €agbbsiténsabaitbrifnd Moyhirbietié @5tBehasibAbEea Polymeric
[ t?stlnat,fIU| has an ionic strength of about 0. 14.
s@ﬁ ¢ §tabilizen ghPiostyl odium Splfpsaeeiastezat i on of Fl ui ds
fromthe Stomach and Proximal Jejunumin Men and
Wonen, 4, Ph ; - 7). [0055] It
'S el e b b S At BBl of the test

o an e's

solution is nor ritica ecific chenm ca

C nt : i . r [ H and j.onic "
AT TG bk RRE AP habTo il 80P s B Sag compositions
cufithe imatitimscanfadditionsdy amnsise oat bpAYrdesRSoundahideFul in treating
aéggle 0 nultjgle conj ugat e aci d-base pairs (i.e.,
TPAIHGRAtR fiseisterse SYsSricARL e aF plclieopistic disasps, or the
gﬂﬂwbﬁﬁé @erﬁfﬁgv@éﬂd@fsﬂfdng c&h B LAYk &Sd ine%o%jll %Bﬁélwith such a
epresentative electrolyte solutions can e,Ibu are
rrompioind.t Bxamples ¢Gluck obmpownls inaladeg buigare not limited to, anti-cancer
concentration fr.om about.. 0. Q01 to about 0.1_N, and .
e S Su o R PRy UBReEREs At e OUiRSaRigalating
QunflBibtite) gadvattfallodinbidfd céll &fcid RBIHEBRL 8RfymdsOopoisomerase
exanpl e, electrolyte solutions can be, but are Rot
liplbtierg, biglogigebigsp@ise medifais, antithesmeneshand ardi-gitirdgenE! For

) N HC. qgr.le .about 0..1 M NaCl
S B2 aa A o gl i inGhaq E8Tmi pRfbogih oicliinge
@isplat®s carbaslatif, gbiic R5bihd) e eRizuntdb, tohfz61024i86,suRhY U&unomide,

solutions, 0,01 MHCO and/or 0.1 MNaC, are nost
rd@ﬁq:t finipg laptinib, canertinib, doxorubincin, vatalanib, sorafenib,

leucovorin, capecitabine, cetixuimab, and combinations thereof.

B. Compositions

[0062] The invention provides compositions comprising particles of at least one
quinazoline derivative, such as erlotinib or a salt thereof, and at least one surface
stabilizer. The surface stabilizers preferably are adsorbed on or associated with the
surface of the quinazoline derivative particles. Surface stabilizers especially useful
herein preferably physically adhere on, or associate with, the surface of the

nanoparticulate quinazoline derivative particles but do not chemically react with the
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of fasted human physi ol ogi cal conditions, owing to the

pH and ionic strength conditions of the proxinal
wgasdoriaogiiesti nal tract. [0057] Electrolyte PCT/US2006/013641

concentrations of 0.001 NHC, 0.01 NHA, and 0. 1N

HC correspond to pH 3, pH 2, and pH 1, respectively.

Thus, a 0.01 N HO solution sinmulates typical acidic

condltl ons found in the stomach. A solution of 0.1M

NAERazoing dedvatiye parickss 96 itself pladbidustlyiadsorbéd mhlsculenptithe
th
R HALARPES LARRdRG, SOl RHIDM ! s

c[963ht ’rl"hd: present iyghton tlea moﬂhdbh/hmwzcbﬁleQlﬁﬁbét%%d:oh@osﬂmns

1% éed conditions within the human tract.
[{%% ‘f’—.‘%I ABF St SOEgIBr OBl Physiologically a&“ﬂ)t@le (FEEES, agijuvants, or
C@élﬁ&lé@%bl%ﬁv&l@%i%ﬁ@d oMY GG hirpl qutl}];lﬁltg)%g %ﬁge Ritded for
ionic strength; include but are not

pbraepergt ingecdion . oh umraﬁqtoelssatramuseum,obmnbcmmeeas); ol

n1sa acetic.aci d/ acetate
Aty BRI Rl S afok i Fort Bt SRl gaL oeular, local
c@bozﬁeld;eomﬁﬁmm d&ropd)] BRI BfRGRRI®I %ﬁdrap%nfmﬁgﬂ b# {Bglcal
pot assi um and cal ciumsalts of chloride e, and citri
dEW@P@P?V@b@n§§Wﬂ$B+ sodi um potassi um and cal ci um
salts pf Ch{)&fﬂa@ ‘[ng%a%g ot her enbodi nents of the

i nvention |sperse qU|nazoI|ne derivative

pl@064]c| Else ojmltdsﬁldns v thelioven(ivR dbBpESEHardopadidu REUARE oline
bi or el.evan ot her suitabl e nedia) have an
4%&?% &u reélgan%a%r 13|t dhagpole Qyazoline hesthp mobenudar formula:
| ess than about 1900 nm I¢ss than_about 1800 nm | ess

t han about 1700 nm Ile t han 600 nm | ess than
about 1500 nm || ess than about] 1400 nm | ess than

about 1300 nm | ess thdan about] 1200 nm | ess than

about 1100 nm | ess t hAn m | ess than

about 900 nm I|ess than about 800"nm | ess than about
7100651 m Quiegzolink dariediive naFGndhide dngsonipdand aokds B688ula I:

nm |ess than about 550 nm [|ess than about 500 nm

| ess than about 450 nm | ess thaﬁ‘ about 400 nm | ess

t han about 350 nm | ess thanabout| 300 nm | ess than

about 250 rnn, |esk® than _a 0Q_nrn, Rk%ss than

about 150 nm less th D ess than about

75 nm or less than abgut 50 pm as reasured by
light-scattering neth or ot her
appropriate nethods.

R3

[0066] In some embodiments, quiazoline derivatives may include a compound
having formula I, where each substituent R', R?, R, R* R®, and RS, may be the same
or different, and is selected, independently from each other, from a group consisting
of -H; -OH; -F; -Cl; -Br; -I; -NHp; alkyl- and dialkylamino; linear or branched Cis
alkyl, Cy.¢ alkenyl and alkynyl; aralkyl; linear or branched C;.¢ alkoxy; aryloxy;
aralkoxy; -(alkylene)oxy(alkyl); -CN; -NO,; -COOH; -COO(alkyl); -COO(aryl); -
C(O)NH(C,.¢ alkyl); -C(O)NH(aryl); sulfonyl; (Ci.6 alkyl)sulfonyl; arylsulfonyl;
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Such nethods suitable for nmeasuring effective average
particle size are known to a person of ordinary skill
wonodsheosart . [ 0060] Redi spersibility can be teBCEMS2006/013641
usi ng any suitable nmeans known in the art. See e.g.,
the exanpl e sections of U S. Patent No. 6,375,986 for
"Sol id Dose Nanoparticul ate Conpositions Conprising a
Synergi stic Conbi nation of a Polyneric Surface

Stldfaimwiéﬂlaalétyns@ﬁamyl S6ds avryBihie; d Sue elkphswdfonaide;

RS Bt SRR B P s g coch allor

qalkedd OdTkyg/1,deyl, wiad heteroasUaicts nRkbe bRl suBstialel with one
t hereof, conpositions of the invention can

a%mpteoatamsynémdtr&bf seleeted frombihe g@@wﬁegnm%m Fh-ClL, -Br;
t
TR SR B G SR RLPG PHED, B GROR T

dalkimwds arabcyt dmamsorthrmhed:@m tko=y msnox:}t, efz&kbxw -

conj yncti o ith ch a . anpl of ch
bR e SOt D -Hooualadl SOl Sheus(C

COR0HS PRI Sublonfl, (O MchBufondh BY1BIOAR, B8RRI, (C1s

f allsylsulfanteiyhi(Eos slkyDid; (eycalkyll)suﬁobamates arybmukfgneside; -NHNH,;

t oppi ase inhibitors, biological response
n%ﬁﬁﬂﬁgggi anti - hornones, and anti-androgens. For
epodeP| eIn ffhek érhBdtBnehe M6 YiiAGzd I dbﬁcét%en@elttbmaa kb,

pertuzam b, paclitaxel, cisplatin, carboplatin,
g@ﬁﬁaaoétemele deeivalever dionsxanplpopinasalierning dewyatives may include

| of : a

LR SR ASE, IR B PO g drcarive
I qumuny nm,y beapbmttuatb iniith, allo @t dlkenylalkyngh) dnd/erixyh gitoups SFor
there nposi tigns [0062] The _invention grovides

tstth%ﬁem@aﬂ@olug ChfrdyHepe iagung deratiyesgay Bpanbstituted with
q
tb’f@%@@ﬁﬁd‘g@{*@%@?ﬁa AT AuER ol M, BBl M, ary
sandfardelogenlgrdupser s preferably are adsorbed on or

iated wt e surfacge of the azo
GDPREL W ontt frbodtBeRhoF duBiacbirtlne BEE e iortpy one of the
U§ﬁﬁwwnggﬁbghﬂﬁ@keferably physi cal |y adhere on, or
associate with, the surface of the

HN S~
0
/" \ N
\\\ )
0 N and
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nanoparti cul ate qui nazol i ne derivative particles but

do not chemcally react wth thequinazoline derivative
woaodeiiadsas or itself. Individually adsorbed nobPetmise®e/013641

of the surface stabilizer are essentially free of

i nternol ecul ar cross-1inkages. [0063] The present

i nvention al so includes quinazoline derivative

conpositions together with one or nore non-toxic
physi ol ogi cal | y acceptabl e &&riers, adjuvants, or
vehicles, collectively referl[red to as carriers. The
conposi ti ons_ ean be ed for parenteral

i njection.te.g. : PQt ranmuscul ar, or

subcut aneous), or ihistratjon in solid, liquid,

or aerosol form nasal | rectal, ocular, |oca
(powders, oi.t pent )v/?reoskgfivqpal, NQt raci st ernal,
intraperitonedl, or topical Nadmini Xration] and the

like. 1. Quinazoline Derivatives [0064] Th

conpositions of the invention conprise a N o
nanoparti cul ate qui nazol i ne derivati uch

erlotinib or a salt thereof. Quiazoline has the

nol ecul ar formula: [0065] Qui nazoline derivatijves may

i ncl ude any conpound that has fornula | : [0066] Ih

s hnsenendist dirdeibts,, 4-uiinazodinbinenediRFivdiitcs hasingalye foRsdoittle a
coqpound having formula |, where each substituent Rl,
RAUDStRaCtunes maggnolydeienfgginibypyazgeing HEzesieazdopazosks Bygazosin,

apeh b s vdd gﬁ%gﬁ- other, froma
gr oupﬁggﬁé(%g{)?ﬁ’gddg? %:SEF -OH: EQ{F(?J@@ ﬁl%ﬁ%rf :o-1; -NH ;
al00pP} Ensbngk ethbkodimentsog 4qirimezoslinamile derolatde Rils-ormula I1:
al kyl, C2-6 al kenyl and al kynyl; aral kyl; |inear or
branched Cl1-6 al koxy; aryloxy; aralkq

- (al kyl ene) oxy(al kyl); -CN, -NCO2;
-COO(aryl); - C(ONH(C1-6 al KB1);
sul fonyl; (Cl1-6 al kyl)sul fonyl;
sul famoyl, (Cl1-6 al kyl)sul fanoyl;
(C1-6 al kyl)sul fonam de; aryl su
-NHOH, aryl; and heteroaryl;
al kenyl , al kynyl , arylR and

-OH -F -G
| i near or branched
al kynyl ; a&glkyl;
aryl oxy; araNKoxy,
- COOH, - CcoO( al 1) ;

- and di al kyl am no;
-6 al kenyl and
brang¢hed C1-6 al koxy,

Qe | kyl); -CN, -NQO2,
aryl¥: - C(ORNH(C1-6

II

where R}, R, R, R* R, RS and R’ independently are selected from the group
consisting of hydrogen, C,.¢ alkyl, Ci¢ alkoxy, Cy.¢ alkenyl, C, alkynyl, amino, and
halogen; and R® and R’ independently are selected from Cy.¢ alkyl and alkylalkoxy
(e.g., (Ci6 alkyl)(Ci.6 alkoxy) such as ethylmethoxy).
[0070] In some embodiments, the quinazoline derivative or 4-quinazolinamine
derivative may include compounds selected from the group consisting of 2-aryl-4-
0x0-1-(4-quinazolyl)quinazolines, 3-phenyl-1-(4-quinazolyl)-1,2,3,4-tetrahydro-2,4-
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alkyl); -C(ONH(aryl); sulfonyl; (Cl-6 alkyl)sulfonyl;
aryl sul fonyl; sul fanoyl, (Cl1-6 al kyl)sulfanmoyl; (Cl-6
wabkbosiieshi o; (Cl-6 al kyl ) sul fonam de; aryl sul f eORMISLDH/013641
-NHNH2; and -NHOH. [0067] In sonme enbodi ments, the

qui nazol i ne derivative may include a quinazolinam ne
derivative. For exanple, quinazolinam ne derivatives

may i ncl ude 4-qui nazol i nam ne derivatives. The 4-am no
gliextouidhzalings pzalyl-badigumadelyl)vig?, B\Aetstraintdlr@#ed}doﬂ may

e ettt sl caLkenthis 2o 205 s, 2
Aaﬁﬂui- 170bio04 I%(z;ﬂ?lf)'ﬂ@}gd Yﬂﬁlﬁw&ﬁuﬁi@ﬁﬁéé 141[¢1€N\Mubbhtﬂted

eny group, urt her’ may be substituted with
ajaﬂ;aknoyakkplp;ttwrarﬂ]k@/ﬁgdhmethoymmraiﬁdh@s 4al ogen groups.

|
GO OBSR AR TR B GrPiefa f kP g M tamino]-N-
Sb§thie8Iabl] Setdnidss) ae(4e®@6xﬁpné@1) ﬁnﬂl@l-d’}%ﬁhd:thaﬂyqﬁﬁlazolmes
derivatives havi ngh the for e%m ng substructures ma%é
in

1463’ themerd lastdromyiphepy B AgEner0, Tadimeshoxyauinazqligssh rfali

VORI B4PSTB P ARES, oo

Qﬂﬁl@ﬂioﬂ?qmﬁazoﬁnéb- qtah’ﬁﬁd-ﬁl7i-dIlﬁféthiﬁy{%#-lh\‘t’&tdayelyﬂpiperazin—1-
formula |1: R4, R5 , and R7

i A sierEelnee) ‘ifa%lll@ @8@@?@8}‘? PQR%T (F‘i‘;t?tlﬂli%p consi sti ng
é&@%@?%ﬁﬁpdﬁ% rllo zl&ﬂl % 8, 234]{?%810[@3161 @l’%ﬁiﬂﬁazohnes 4-

["ogen;
i (ﬁdﬁpﬁﬂde)quimzdms,stahmlo@dna‘mbmsci{ds—amrlklyp1palraamyl)qu1nazohnes

kox 1Y(G -6 al koxy) such as
‘{'g‘ﬁlﬁ)éfl%‘%éﬁhen?]@@éﬂ%?lﬂa@&wg S>enbodi nents, the
qﬂbﬂ%ﬁga{%ﬁy}?ﬁgﬁﬂﬁhm@uﬁw&nﬁuz_nazoI i nam ne derivative
may i ncl ude” conpounds sel ect ed fromthe

c]n;misatzsmcn@)ooylphergﬂgmumqm@%@lmes 4-[4-(N- subst1’cutedp (thio)carbamoyl)-1-

391 ﬁrél Vﬂﬁ'ﬂ%}‘% Igggz hn%g' '2-oxoimidazo[4,5-e]quinazolines, 6,7-

lgizhethok Qlﬁhﬁz’@)ﬂmgd' @-52 @(ﬂhﬁﬁ@ﬂweﬂmwﬂ methox gquihenolihes), N-(3-
1-(4-q U|nazol 3, 4-tetrahydro-4- oxo- 2-
tﬁhm@dﬁmlﬁaﬁ@’r bw@gmethoxyethoxy) -4- qulnazohnammes and mixtures thereof.

oli'Oiﬁz | ﬁxzé)cﬁ& it i fLiie8 350 LWhazoling ddhiinive bf 208k MAAe

adetivativd R-seletied drofn thei gn«amodoplsl)sﬁwg afkaldtind o Hsadirtbenadfz arazosin

gér;:ﬁn%%rtggvpﬂé qu%ir%b%,ta',% t ed%a‘; Qﬁ\{lil %i%% Salhthereof doxazosine or
a salt thereof, trimazosine or a salt thereof, metazosin or a salt thereof, and alfuzosin
or a salt thereof.
[0072] In some preferred embodiments, the quinazoline derivative is erlotinib or a
salt thereof. Erlotinib, also known as N-(3-ethynylphenyl)-6,7-bis(2-
methoxyethoxy)quiazolin-4-amine hydrochloride, is sold under the trade name
Tarceva®. Erlotinib is a protein kinase inhibitor. The pharmaceutical compositions
disclosed herein may comprise nanoparticulate erlotinib particles, or a salt thereof,

having a surface stabilizer adsorbed or associated with the surface of the drug particle.
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chl or ophenet hyl am noqui nazol i nes,
[ 2- phenyl - 4( 3H) - oxo- 3 - qui nazol i nyl am no]

weoltsashizedii ut ed- aryl acet am des, PCT/US2006/013641
4- (4" - hydr oxyl phenyl ) - am no- 6, 7- di net hoxyqui nazol i nes,
4-(3' - brono-4' hydr oxyl phenyl ) -am no-6, 7-di met b. oxyqui n
azolines, 4-[[3, 4-
(et hyl enedi oxy) benzyl ] am no] qui nazol i nes,
2- pi peri di no-4-am no-6, 7- di met hoxyqui nazol i nes,
4- am né- 6, 75urfaee Beakilizery- het er ocycl yl pi perazin- 1-

108, SRELAAER G i s v evtive, s
osyatrilorty) pdlpthededt, iohapsirivead ahdl Beired extensive experimentation to

bi s-.%% , %aﬁ] iazol o[ 4, 3-a: 4! . 3" -c] qui nazol i nes, 4-

(salitr e iafal}éah’ﬂﬁ%;l%f&ﬂl} rfe&cordipg 7 hF pERsPHARYANtABES directed to the
Aa " . - Di i A i i . . "
sy ) B PUMRER AR compstions conbs
meadxycar bonyl phenyl ami noqumazol i ne, 2-

IR R ST a—

Bintertidie RRN Gt fARZPADIINARSs which can be gmployed in the invention include,

2- oxoi m dazo[ 4, 5- e] qui nazol i nes, 6,
ol et ety uitadde dfriomasorganig and inorganic pharmaceutical excipients. Such

6-.(.2= Xy~ 7- met hoxygu ol nes N- (3-
PR AR s ol R ARG R WERhS olltyifrmsavetm
| preductandd Rinfidiaes Sureice 8fabiliz8R iddluddmdHififE, jonic, anionic,
enbodj nent s, t he qui nazol i ne derivative or

ASaPI5a 2] THERIAREC aRmPQRRds P8 syt&ckatiect ed from the
90058 pﬁgﬁije%'td?igf t%i(etuﬁgllreg %ff' ﬁl'n?icg LtaBilS@s t(%r}cthgfe;h | foxypropyl

prazosin or a sa erazosin
thethglstllulosm@pwdinowarasayprinieliobg)y Bafroxgoxpdagiunseor a

OB T ST, B0 A LS L
[ 186kthah (AHdspIRARCH! &’éx%ﬂaﬁg@gl? HORM BRSESerof, lﬁfaggdé%lﬁlggtggﬁtggcid,

derivative is erlotini a salt thereo tini
arevalkomiwm chidoride( Galeinmmystgarphegiydeyol@nandsies(als, cetostearyl alcohol,

et hox i azolin-4-amne hydrochl.oride, is. sold
RS B o S BT Y o Rl il S e,
Phadregdl ckichageh iah Bétbinh&rogolMIBOR PRIYIRGGHYTeRdEastor oil derivatives,
conposi tions disclosed herein may conprise

rRehpaethytenp sorbitan fasty agidespsas (e &) ths commezcially available Tween®
t Lng f Py sSQr r . )
s L eh e
Suwiyeslcydertit glptdls @ag. sSC4r06wa® BlS0 amdd Be(fiod Catbide)s e
st :i\bi i e{ for a quinazoline derivative, such as
polyoxyethylene stearates, colloidal silicon dioxide, phosphates,
carboxymethylcellulose calcium, carboxymethylcellulose sodium, methylcellulose,
hydroxyethylcellulose, hypromellose phthalate, noncrystalline cellulose, magnesium
aluminium silicate, triethanolamine, polyvinyl alcohol (PVA), 4-(1,1,3,3-
tetramethylbutyl)-phenol polymer with ethylene oxide and formaldehyde (also known
as tyloxapol, superione, and triton), poloxamers (e.g., Pluronic® F68 and F108, which
are block copolymers of ethylene oxide and propylene oxide); poloxamines (e.g.,

Tetronic® 908, also known as Poloxamine™ 908, which is a tetrafunctional block

copolymer derived from sequential addition of propylene oxide and ethylene oxide to
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erlotinib or a salt thereof, is non-trivial and

requi red extensive experinentation to realize a
wdesioriatdie formul ati on. Accordingly, the preseRCT/US2006/013641

invention is directed to the surprising discovery that

nanoparti cul ate qui nazol i ne derivative conpositions

can be made. [0074] Conbinations of nore than one

surface stabilizer can be used in the invention.

Usthylehediamined B ASFalyindotte Conprration; RarsippasyyV.6y) T etronic® 1508
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wei ght oligo
swm@éte@reg@and SUEFOSE rlwtqamﬂ@(cﬁr@da Bisi e p- 1$qmmz1phmxamlaf—
4?31% als%riﬁilo%/ a% kﬁfn@{b@ 0 l{aﬁjt%"l g,‘flanltcgls

esen Ive exanp es 0 sur ace ZEers
| Biahifol, @m)i;r@@ylema*sw IS L) d@tb@@ thdJ); @& S(A@Q)M(B(D,owmlass C18H37

h |1 hyd I | ul
pé%%rﬁwéﬁgi@ 4 r%ﬁé@%ﬂfﬁm (Bastai Kadak Co.); decanoyl-N-

d|o |.sul f. suc

Siartife e Sesath TSt s et Bopaopranosie; n-
t &‘%@ﬁlﬁ gwgmag@géﬂog d@,% qo?&m% KoL %@9‘%9161\1

cal ci ycero ost ear at €, cetostearyl
amethiyidlucapeie mal@dpqgéﬂ -Degiut spytatioside waept$OB-D-thidilucoside; n-
esters, polyoxyethylene alkyl ethers (e.g., macrogo

choxai B-Rphivonyapes @W@@l 1@9@y1ghy@rry@@eyleaqmyl B

Ehtater ey CReuR R G R TR i)
PS QUL TR ﬁ(&%ﬁbo@%aﬁoﬁd@ P_E@? s?ho@ﬂ@%@%@ﬁgt@ol S ol |cﬁ4)lesterol

Speciality em cal s)); hyl'ene gl ycols (e.qg.
Glerbatims, (REG SBammdeAmgmm BnlySayloiegl aa)nﬂpm copolymers of vinyl

I th t t l di oxi de,
RatiRe i ER7L B g dsafirugp Bl Seafe pofhe ke
CRPEKY PR ?ﬂe@ 8f hdeki %@u&ﬁ@' bitce RRbIAGhHAG Bt are not limited to,
hydr oxyet hyl cel  ul ose, hypronel | ose phthalate

NP LSt bllopolrymet%pplwsas@bandeéwélglogm,aﬂlgmtm,@ihmphohplds and

s, trieth m ne alco P
oS S EIRRCH A B Aot R B e sridint,

e&mmwahpyxmimdm @kﬂld@?éﬂﬁ)&lﬁﬁ;ﬂxﬂﬁnﬂ@hd‘s@ clhﬁmm p@Sylysme

tyl oxapol , superione, and tri ton? ol o g.

gpq}mﬁy]é@}q:lzqﬂegpoéyh;{em:q, poymelipileag hacrylate trlmethylammomumbromlde

bromide (PMMTMABY), hexyldesyltrimethylammonium bromide (HDMAB), and
polyvinylpyrrolidone-2-dimethylaminoethyl methacrylate dimethyl sulfate.

[0077] Other useful cationic stabilizers include, but are not limited to, cationic
lipids, sulfonium, phosphonium, and quarternary ammonium compounds, such as
stearyltrimethylammonium chloride, benzyl-di(2-chloroethyl)ethylammonium
bromide, coconut trimethyl ammonium chloride or bromide, coconut methyl
dihydroxyethyl ammonium chloride or bromide, decyl triethyl ammonium chloride,
decyl dimethyl hydroxyethyl ammonium chloride or bromide, C12-1sdimethyl
hydroxyethyl ammonium chloride or bromide, coconut dimethyl hydroxyethyl
ammonium chloride or bromide, myristyl trimethyl ammonium methyl sulphate,

lauryl dimethyl benzyl ammonium chloride or bromide, lauryl dimethyl (ethenoxy)s
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are bl ock copol yners of ethyl ene oxide and propyl ene

oxi de); poloxam nes (e.g., Tetronic(r) 908, also known
waodsalietam ne(tnm) 908, which is a tetrafuncti 8aaiUs2006/013641

bl ock copol yner derived from sequential addition of

propyl ene oxi de and et hyl ene oxi de toethyl enedi am ne

(BASF Wandotte Corporation, Parsippany, NJ.));

Tetronic(r) 1508 (T-1508) (BASF Wandotte
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PEG chal est er.ol ,, PEG chol est er ol ative,
P syl gRrponiumbremises, Mﬁcy@oenlzylst&f ampgRRgHhloride, poly-

C
S{i}g l}aﬁsi‘ﬁ(% nglgir?n{l)ﬂ)l c%l)é)fslgé’bbgggﬁ?ggﬁu’ﬂbﬂﬂﬁ e[uﬁﬁl%h]ﬁlh?@hlondes

Eadhyﬂﬂimahplhnmmmuh helagedéss trivatyl amthyd aiidige chloride,

obise i iy Rhranidh H6te) RarRipiRndim brogridar os

pﬁ&a@wlthﬁieqﬁﬁan@ﬁsmaﬁmainydseﬁiemﬁ eigDy Al Snonfiee BhidSde
zwitterionic stabilizers, - et hyl pyri di ni_um

aGﬁIhIQImT B96T°0i ROLMQIMS i Dﬁ‘g tet@@&b&%ﬁ@%ﬁ@tbﬂ@mld% ibgazyl
ﬁm%%ﬁ ﬁ? 0?1? i és %L ks@cg a¢ &Loﬁ%le %@e%%rf?ﬁ?y acids),

bb@ﬁhl@@m(uﬁi\'ﬂ‘ﬂl—bﬂﬁl’d’ )st;eaﬂaﬂéoyﬂlﬁheshdbﬁdd: caahpotindssuoh ugstearyltrimonium
br om de (HDVAB),  and

p@ﬂ?lweh%d@’r?té@rb’@@ﬁémﬂmo‘iwml oghil RpEdinim henrde pyshiprde,

d%lﬁ@te I zer ST ﬁetrﬁ%Z%f[ ngﬁ%ye%%}g?ﬁﬁegl éﬁmgg{l I onic

| ARKASQUAITH ¢Alkan] Chbms:ph@mpmy)aa‘lkiqulyalﬂimmnasalys amines, such as
a?ﬁlo ﬂinlfrﬂgsc&nﬂé} arr]r%fcies aH(anolammes polyethylenepolyamines, N,N-

dialkylaminoalkyl acrylates, and vinyl pyridine, amine salts, such as lauryl amine

acetate, stearyl amine acetate, alkylpyridinium salt, and alkylimidazolium salt, and
amine oxides; imide azolinium salts; protonated quaternary acrylamides; methylated
quaternary polymers, such as poly[dially]l dimethylammonium chloride] and poly-[N-
methyl vinyl pyridinium chloride]; and cationic guar.

[0078] Such exemplary cationic surface stabilizers and other useful cationic surface

stabilizers are described in J. Cross and E. Singer, Cationic Surfactants: Analytical
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stearyl tri met hyl ammoni um chl ori de,

benzyl - di (2- chl or oet hyl ) et hyl anmoni um br om de, coconut
wonroosatiosii ammoni um chl ori de or brom de, coconBCTmSRIVGH13641
di hydr oxyet hyl anmoni um chl ori de or brom de, decyl
triethyl ammoni um chloride, decyl dinethyl
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baiBidéngicd dvaination (Mdbdeyl Délgkar,d294); Ry hndabnﬁnbiug}n (Editor),

fonie Sudbrias: Poise] Ehem et RYPBERSgres TRy Richmond
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( [DDZ9]1 San@wmynb ewrfade smlvﬂmqrsm: ey mnp@é'mermcadompound, such as

Nt o bR A SrBEk by SRLHT 4 b compound,an
nBikﬁhMﬁ cBin@out, ABkafuiureic ﬁwnd@mmm@h&ﬁétdmc compound, a

N-al kyl and (Cl12-14) dinet 1- napt hyl net hyl ammoni um
cﬁwterluﬂéy PRSPRRHOHY P%mmmduarp ingg compound, an anilinium

éﬁ)( qgldl 5}?5&%1'}/?@? 1&@' ;{lﬁ%&[}?}g A onjum cor{qﬁm}nd a primary
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al kyam doal kyl di al kyl anmoni um sal t anfll or. an

eSHBRIN Qt%IHl Yarts Ry mﬁ%?ﬂﬂﬁh?ﬁ@%ﬂuﬁl sq @Flfwft}%%%@m&&m() For

d aogp %ﬁg pydi.decyl di net hyl anmoni um
%?%Mge tetradecy d| met hyI benzyl ammoni um

chl ori (:l)a WDHMI‘E!P& asi@kyl (C 12- 14) di net hyl

1- naph | met h m chl ori de and

dodecy ?ﬂ?f%%%ﬁ%m@#hom um chl ori de, dial kyl

benzengﬁj kythréd@oRlrReldpy i de, Tauryl trinethyl

anmoni um chl ori de, al kyl benzyl nmet hyl amoni um

chl ori ge) aBlllybe@nzlfﬂ Hiset hyl  ammoni um bromi de, C12,
C15, C1t tripe um_ br e .
trieth V3 am{‘rxl])nlgu Rﬁg};})ﬁéé ongopﬂ %ﬁs C6 !arpds&éyc;le-Rz; is an

p@lﬂ{ym}aiﬂ oft i et diydraaromBiottesghl or i de ( DADMAC)
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hal oge HestWe pf ReRy predfelln phe afRirRis it &hiCata ad one of Ri-Ry is an

R e R

tetr adem))l t twasref RyRamﬁmHymdmmmfdh ;sRastleygroup CsHs(CHy),, where
trlfctyl anmoni um chl oride (ALI QUAT 336(tm)), POLYQUAT
tetrabutyl ammoni um brom de, benzyl

tri met Ry pMERNbER)-RY, 81 OR;, oﬁgefkgm@ss@gqm Lo MalorRSor R -Rs

choline esters of fatty acids enzal m chil ori de,
sc@apmﬂekahieaﬁﬁouhIhgﬁerqm)m,onpounds (such as

stear yt j’ ITR{IH uﬁil-m are CHs, one of R1-R4 is C¢HsCHj, and one of R;-Ry
comprises at least one halogen;

(%) two of Ri-R4 are CHj, one of Ri-Ry is CgHsCH,, and one of Ri-Ry4

comprises at least one cyclic fragment;

(xi)  two of Ry-Ry4 are CHj3 and one of R;-Ry is a phenyl ring; or
1 (xii) two of Rj-R4 are CHj and two of Ri-Ry are purely aliphatic fragments.
[0080] Such compounds include, but are not limited to, benzalkonium chloride,

benzethonium chloride, cetylpyridinium chloride, behentrimonium chloride,
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chl oride and Di -stearyl di noni um chl ori de), cetyl

pyridi ni um brom de or chloride, halide salts of
wquedeanedized pol yoxyet hyl al kyl am nes, M RAPOL( Pay/us2m6/013641
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PR Bl Rl it (ustermiun
ars), iiieayldiflohfim BH16HAO AhQALrARL-§), ABHYyRETYd R8T enzyl
met hyl at ed quaternary polymers, such a$ poly[diallyl =~
dRBICRIINE g Ruateranndd), Quaterpbiny-22 Naeaterpluny-26yQuaternium-
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oss, and E. Singer, Cationic Surfactants:
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SiéEdarifne @1961%@111&91&5,%&@91'119{6Iﬂﬁxocﬁl&ﬁ%,bﬁgﬂhgmeﬁ i chride,
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- h
ookl 1% Stlsls MR comiBb BATROMIRT. BlaudrGn be prgpared by
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Pharmaceutical Excipients, published jointly by the American Pharmaceutical

Association and The Pharmaceutical Society of Great Britain (The Pharmaceutical
Press, 2000), specifically incorporated by reference.

[0082] The quinazoline derivative and surface stabilizer may be present in the
pharmaceutical compositions disclosed herein at any suitable ratio (w/w). For
example, in some embodiments the pharmaceutical compositions include the
quinazoline derivative (which may include erlotinib) and the surface stabilizer at a
ratio of about 20:1, 15:1, 10:1, 8:1, 7:1, 6:1, 5:1, 4:1, 3:1, 2:1 (w/w), or any range
defined by said ratios (for example, but not limited to about 20:1 — 2:1, about 10:1 —
4:1, and about 8:1 — 5:1).

3. Other Pharmaceutical Excipients
[0083] Pharmaceutical compositions according to the invention may also comprise
one or more binding agents, filling agents, lubricating agents, suspending agents,
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al kyl chain of seven carbon atons or less; (vi) two
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nmore; (vii) two OFR1-R4 are CH3 and one OFR1-R4 is the
group C6Hs(CH2)n, where n>l; (viii) two OFR1-R4 are
CH3, one ORL-R4 is C6H5CH2, and one OR -R 4
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C i,d ntrinoni um chl ori de, | aur al koni um
KRRy

orid 1 koni um chl ori de, cetrinoni um brom de,
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inethyl eth %benzyl amoni um chl ori de( Quat er rum 14)

%(flz}?(renr iFH%‘%%F%P%IFN%FFF%‘E@ asbildeagalm 18 _

oe3ar | Exemuflis BQb @Rt AARE Y BN AR ANAIBENB0! B8y, o
cystei ne hydrochl oride, di ethanolamoniu P 0f

Sherss, Xéfﬁﬁirsommama&in, dyadarhatn,odspanmanmd, i REIE1faB):0 lmxﬂnples

' hl ori de, dimeth
Gt R BRI A MRt (@ ucp g O beTo g dlavor,

i ' i [ [ | koni um
dadiphenvbisomd@e 1ggnat oni um benzoate, nyri stal
chl ori de,V Isaurt r ierrloni um chl ori de, ethyl enedi am ne

97l dewmotases p;qggn?zgﬁ?sga?g Eztdssd#gﬂ F%hfgmem[ﬂae&éhpe
s MG RS OGh IR TS s e i
syatt asiboyipatabday alebkils s ety BPBAH AN, HB8nolic compounds
gl?chya% %%ter?orl,n éruqurfa%témary compounds such as benzalkonium chloride.

[0088] Suitable diluents include pharmaceutically acceptable inert fillers, such as
microcrystalline cellulose, lactose, dibasic calcium phosphate, saccharides, and/or
mixtures of any of the foregoing. Examples of diluents include microcrystalline
cellulose, such as Avicel® PH101 and Avicel® PH 102; lactose such as lactose
monohydrate, lactose anhydrous, and Pharmatose® DCI21 ; dibasic calcium
phosphate such as Emcompress®; mannitol; starch; sorbitol; sucrose; and glucose.
[0089] Suitable disintegrants include lightly crosslinked polyvinyl pyrrolidone, corn
starch, potato starch, maize starch, and modified starches, croscarmellose sodium,
cross-povidone, sodium starch glycolate, and mixtures thereof.

[0090] Examples of effervescent agents are effervescent couples such as an organic
acid and a carbonate or bicarbonate. Suitable organic acids include, for example,
citric, tartaric, malic, famaric, adipic, succinic, and alginic acids and anhydrides and

acid salts. Suitable carbonates and bicarbonates include, for example, sodium
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[0092p c Bys'taa lefficctivecaiet gt paic(eRyinSsfl luss ShazCition) 2000 8Llis meant
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than the effective average, by weight, i.e., less than about 2000 nm, 1900 nm, 1800
nm, etc., when measured by the above-noted techniques. Preferably, at least about
70%, at least about 80%, at least about 90%, at least about 95%, or at least about 99%
of the quinazoline derivative particles have a particle size of less than the effective
average, i.e., less than about 2000 nm, 1900 nm, 1800 nm, 1700 nm, etc.

[0093] In the present invention, the value for D50 of a nanoparticulate quinazoline
derivative composition is the particle size below which 50% of the quinazoline
derivative particles fall, by weight. Similarly, D90 is the particle size below which
90% of the quinazoline derivative particles fall, by weight. In some embodiments of
the compositions disclosed herein, the D50 is less than about 2000 nm (i.e., 2

microns), less than about 1900 nm, less than about 1800 nm, less than about 1700 nm,
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T R T S
the individual components can depend, for example, upon the particular quinazoline
derivative selected, the hydrophilic lipophilic balance (HLB), melting point, and the
surface tension of water solutions of the stabilizer, efc.

[0095] The concentration of the quinazoline derivative can vary from about 99.5%
to about 0.001%, from about 95% to about 0.1%, or from about 90% to about 0.5%,
by weight, based on the total combined weight of the quinazoline derivative and at
least one surface stabilizer, not including other excipients.

[0096] The concentration of the at least one surface stabilizer can vary from about
0.5% to about 99.999%, from about 5.0% to about 99.9%, or from about 10% to about
99.5%, by weight, based on the total combined dry weight of the quinazoline

derivative and at least one surface stabilizer, not including other excipients.
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[0098]

composi

The nanoparticulate quinazoline derivative, such as erlotinib or a salt thereof,

tions can be made using, for example, milling, homogenization, precipitation,

cyrogenic, or emulsion techniques. Exemplary methods of making nanoparticulate

active agent compositions are described in the ‘684 patent. Methods of making
nanoparticulate active agent compositions are also described in U.S. Patent No.
5,518,187 for “Method of Grinding Pharmaceutical Substances;” U.S. Patent No.
5,718,388 for “Continuous Method of Grinding Pharmaceutical Substances;” U.S.
Patent No. 5,862,999 for “Method of Grinding Pharmaceutical Substances;” U.S.

Patent No. 5,665,331 for “Co-Microprecipitation of Nanoparticulate Pharmaceutical

Agents with Crystal Growth Modifiers;” U.S. Patent No. 5,662,883 for “Co-
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butanol, glycerin, polyethylene glycol (PEG), hexane, or glycol. A preferred
dispersion medium is water.

[0101] The quinazoline derivative particles can be reduced in size in the presence of
at least one surface stabilizer. Alternatively, the quinazoline derivative particles can
be contacted with one or more surface stabilizers after attrition. Other compounds,
such as a diluent, can be added to the quinazoline derivative /surface stabilizer
composition during the size reduction process. Dispersions can be manufactured

continuously or in a batch mode.
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irﬁetﬁ’ﬂﬂ{p'uﬁhés"'%h%&nétﬁ&d @&ﬁ}%&y foPetavi Jﬂ@ (5 absasiv iy the

means I'n the presence of grinding ia to reduce the
pRitazelire deiriyativf intarauitgllie selvent; (29 adéliﬁg\'?]%ﬁ fopmulagon frgm step (1)

39 §§8ﬁgP€%&ﬁ§%%’lﬁgqa Vﬁsrt age sv.ﬁ%{c% gﬁagﬁlz?f ﬁﬁ%%—l;gj%mpﬂatmg the

%ﬁﬁﬁlﬁ?ﬁﬂﬁf fr@th'stepE(Q}‘lﬁs’iﬁ)é an Eﬁﬂb@ﬁmé nombqlva[tl The method can be

pol yet éﬁene gl ycol Pﬁa¥ hexane, ycol

pfpgewmd regioypbpiatyrforraes sah | {pressile by d{aé»fmc]r d*r#&tfatlon and
U|na r be reduced in
SRR bR G SPGB PRV R S8IhCE {20

stab!llzer Alternatlvely, t he qui nazoline derivative

parti d.es dAembgemizaticctoc@biain Navpparsiculade e sur f ace

st abi | i zer sQafitagoliitd Dertivative. C@npasitiampounds, such as
a diluent, can be added to the quinazoline derivative

/mwoj]acm@ﬁ;ﬁﬁnyl lioirﬁfgem@ﬂmm&mbﬂhods @ﬁprepmmgraetm Zgent

GeOPHOUSP PO HOR BRUEHRBUS! G5 BRIEE] Pt ot | bHtp & “Brocess
g e
desiprids digpagiag phcicleatof aquinaadoleideavative, such as erlotinib or a salt
thereof, in a liquid dispersion medium, followed by subjecting the dispersion to
homogenization to reduce the particle size of a quinazoline derivative to the desired
effective average particle size. The quinazoline derivative particles can be reduced in
size in the presence of at least one surface stabilizer. Alternatively, the quinazoline
derivative particles can be contacted with one or more surface stabilizers either before
or after attrition. Other compounds, such as a diluent, can be added to the quinazoline
derivative /surface stabilizer composition before, during, or after the size reduction

process. Dispersions can be manufactured continuously or in a batch mode.

-34-



derivative, such as erlotinib or a salt thereof,

conposition is by mcroprecipitation. This is a nethod
wohomriegrari ng stabl e di spersions of poorly sol rOTAIS2006/013641

active agents in the presence of one or nore surface

stabilizers and one or nore colloid stability

enhanci ng surface active agents free of any trace

toxi c solvents or solubilized heavy netal inpurities.

Such a met hod conprises, for exanple: (1) dissolving

t he quftnazofrresedis Methadplogies tg Qbfaihp e sol vent; (2)

addi ng t he Nepppardiculate Quinazolinp Derivative §onpositions

conprising at |east one surface stabilizer; and (3)

plMe#bi Aaptheymethediod fermniag therfepireshnanopgticplpte giitago

appr ' v T t .

R R R S

diigdid [(SFBY. i THis fobncleNnceshprases st ¢ffantdiganid SP@ESh@QuENS solution

conventi gnal rmeans. 3. Honogeni zation to Cbtain o

Nah@pBzoliae e etive PalAAbLIeTHEMICHHS 1 ectesh i 8 prvogsic liquid,

[ Qt}c%%]s Ii f%ﬂﬁ{r@%éﬁ I!ﬂf@‘%ﬂ%ﬂ}e& A E&%l%@dtzgﬂlgesdé}{vaﬂ{}gaﬁﬁﬁ&gﬁeeze ata

act1ve agent nanoparticulate conpositions are

dese siffieidnt th nhinfBnizPatystallizdoon sndiAtidle Eywthpthul Rirones s

of Prepari Ther apeyt. c.Conposi tions ntaining., .

MBS el Bginaeliia oS YA 1 SREB g BB £ Ghgice of
PaS1Yéf |s§§erﬁfané‘pfﬁéb5ﬁ¥$édnﬁﬁioﬁ§,_rthé’ Bhdop8rtici e \q@Bazoline derivative
erlotinib or a salt thereof, in a liquid dispersion

nedtigles cérohdvewerying partibleanarphejoghelndhe pelation stepothe nitrogen and

ho nization.to,redu t article size of a .
RS B Rhods ek EORRgt FaRRld feefpripfal prpfbening of the
ayehagginB Aetiv4lve paittes. The qui nazoline derivative
particles can be reduced in size in the presence of_ at

| EU9F] ore aconipdereearyipqhnglogy taSFEy wia rapad freezing (URF) may also
aui i . . . tad wi th
B B8 TRl BB e IR EROMAR R i
aptenily editancéd fhveface arpo URISconsprises ais ogadiclon@nganoaqueotiesolution
added to the quinazqline derivative /surface
ng‘HﬂlP‘FZ?@Pe 3@%@? Btk esTRon PG eNiS SR he
size reduction process. Dispersions can be
gragg; gﬁlt gr eﬁn%ﬁﬁ;)il 'Nl_@ﬂi%hb{longés% k@obthiat ch node. 4.

Nﬁ%g?? tRAldte g)lﬁll Jigtk T)em?gg%‘%)h{iﬂsﬁ ons

Qui nazol i ne vative nposi t1 ons not her

gﬁ?lﬂgg o ﬁ&ggﬁf meﬁg)dtd}?oﬁiﬁﬁjg El?eddegﬂ&i)&ﬂ{ob ﬁr‘fiU{ll%feequinazoline

derivative, such as erlotinib or a salt thereof, composition is by template emulsion.

Template emulsion creates nanostructured quinazoline derivative particles with
controlled particle size distribution and rapid dissolution performance. The method
comprises an oil-in-water emulsion that is prepared, then swelled with a non-aqueous
solution comprising the quinazoline derivative and stabilizers. The particle size
distribution of quinazoline derivative particles is a direct result of the size of the
emulsion droplets prior to loading with the quinazoline derivative, a property which
can be controlled and optimized in this process. Furthermore, through selected use of
solvents and stabilizers, emulsion stability is achieved with no or suppressed Ostwald

ripening. Subsequently, the solvent and water are removed, and the stabilized
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derivative, such as erlotinib or a salt thereof,

conposition is by spray freezing into liquid (SFL).
wohi@/tiesalnnol ogy conpri ses use of an organi ¢ OPCT/US2006/013641

or ganoaqueous sol ution of quinazoline derivative with

stabilizers, which is injected into a cryogenic

[iquid, such as liquid nitrogen. The droplets of the

qui nazol ine derivative solution freeze at a rate )

suhbstaicamed quinsdolineidedvativg periclds aza teoeveast YaiQusguinazoline

growth, thus form ng nangstrugt.ur i i

eri s R e B B s R e S A, eg)of

%}by&gh sysdigsasand processing conditions, the

nanopar%iculate qui nazol i ne denivativerﬂt
h

i cl es_can
HBVRT Ty aPyiTisecbatarnations HBHpH A RRigatianNe A O LT 403 fo Pace ot .,
st the i r . .
11990 TR IR W g
QonipRaedd with deaieragd siee PATN0imh s30( @ Gt arsprepared by dissolving
P REE BN CTENE

”&%‘&?%&Hﬁé eRch fg%é‘ LB S dfrbydith VR FRAMdEGS. Wi th

greatly enhanced surface area. URF conprises an
organi ¢ or organoaqueous sol ution of quinazoline

rivatjve wth stapilizers onto a cryogenic
s bstme..“g‘pf%ﬂﬂgs%ré%‘g | ogj es to Obtain
NanopaPeyiEafive omenpitont phibe BRYSUHN e Conposi ti ons

[0106] Another method of form t.he .desi r ed
A 08Iar The ITVSREOTRIPKASHT FieEiodeit Fanig RSt oasipg by glasma levels of a

e(i\liﬁ:%ﬂloﬂ.hp dQﬁYaﬁvé,aguEh Eé’]&?(ﬁﬁlfib oCOEROBEDO M b Sutj¥ct. Such a method
tenp Te I

ate enul si on. nplate emul si on creates .
neomysises otaliyedministadzgia asibiket av effectiye pamonhicofgscomnasition
controlled particle size.distribution and rapid, . ..
RS 1OahE BRGSO Rl iy 1B ne ertvative.

Ojg10d- W8E BhndpHMHCEIaRNqUiRH01ihS dEHivaERE e6npdditeeh, $mBddottince with
W th ‘a non-aqueous solution conprising the quinazoline
detaiidzad Pharmaekisatishirhiticer preferdbdy prodpees|agnayipgm blood plasma

distributiaon of .qui i Lvati oy i1Sss@h
R
PEbE 4 hGutsORES Mgn whéth 3tHvars Lise dmnlabowe: 2oteouirs Adss vien zhout 1 hour,
property which can be controlled and gpt imzed in this
pPoleessthan ghyqut AR mHBYtEs afientbuifial dpescidhe SBPYFIUY)| vent s
a akyLi iti . SRR Ard hdenhiSn Bk eWirbRferative
kAR s
conditions, including but not limited to, cancers and other neoplastic diseases. Such
cancers include, but are not limited to brain, lung, squamous cell, bladder, gastric,
breast, head and neck, oesophageal, gynecological, and thyroid cancer. Erlotinib HCI
has been indicated for the treatment of patients will locally advanced or metastatic
non-small cell lung cancer (NSCLC) after failure of at least one prior chemotherapy
regimen. The compositions of the invention are also useful for treatment of NSCLC.
[0111] The quinazoline derivative compositions of the invention can be
administered to a subject via any conventional means including, but not limited to,

orally, rectally, oticly, ocularly, parenterally (e.g., intravenous, intramuscular, or

subcutaneous), intracisternally, pulmonary, intravaginally, intraperitoneally, locally
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ri peni ng. Subsequently, the solvent and water are

renoved, and the stabilizednanostructured qui nazoline
wdeoiviatdive particles are recovered. Various PCT/US2006/013641

qui nazol i ne derivative particles norphol ogi es can be

achi eved by appropriate control of processing

condi tions. [0107] Published International Patent

Application No. WO 97/144407 to Pace et al., published

Rk, lpoRders 1 &i8imertl sicdropd sorpamttiucta or ofsalwirey. Asvstdiisian, the

bi ol ggi cal |y active conpounds w.th an average size o
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Il evel s of a quinazoline derivative, such as erlotinib
otispersiens: Hxagpdesfof shitable aqwspecand mopagueaunearHgid, diluents,

comprises. orall: m nj st er t ' ;
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| A1Y&N] $196er610 B 1hSilikg), Suitblopditines teadod, wpgetblealiisiguch as olive
erivative. [0109] The nanopartjcul ate qui nazoline

cPiand injoetalels eprssia Gstsws Such 25t Aapee PighoR Hutdieap ge
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t dtahe edyairtd patiolersize ih descashandisirposionss ahdby the use o surfagtants.

about 4 hours, |ess than apout 3 hours,, |ess. than

SWRH ZThO e par St ApRBeR ferivafighstenp UL g et thereor

a&a?rxgﬁ R{ond it Qv fuchlas pRservafe, Weing, emulsifying,

co oos‘,glﬁg)inon. [ags%l%%ﬂ@%gh%ﬁoﬁposi tci gﬁg of thge i ni/negnteringr?1 e

aarel dispehsing iagerits.eBreivergionyas dreqgrowilf efmicreasgaisas eqndipsensured

includin ut not |limted to ancer

o s et el and AReiiteel Saeofs? SRS AR R, Sforobutanl.

| JHBRbE dofbit Aidiand the g, ISRUAARY e desitabldiodnclads isotonic agents,
gastric, breast, head and neck, oesopha

: : geal , . .
gsusbas Segrs apdivanehlerides aidithe ik Prolieg pspritiRf thg ijectable
been i ndi.cat f ' - .
L0158 DGR, Dt oo,
canrbes aNSeG)maidsearadeiddyetatof at | east one prior

chenot her apy regi men._ The. conposi tions. of the .
HUAAL | Seiia aseas Sms<a ikl §BFInGFateT B fuds e ot limited to,

capsules, tablets, pills, powders, and granules. In such solid dosage forms, the active

agent is admixed with at least one of the following: (a) one or more inert excipients
(or carriers), such as sodium citrate or dicalcium phosphate; (b) fillers or extenders,
such as starches, lactose, sucrose, glucose, mannitol, and silicic acid; (c) binders, such
as carboxymethylcellulose, alignates, gelatin, polyvinylpyrrolidone, sucrose, and
acacia; (d) humectants, such as glycerol; (¢) disintegrating agents, such as agar-agar,
calcium carbonate, potato or tapioca starch, alginic acid, certain complex silicates,
and sodium carbonate; (f) solution retarders, such as paraffin; (g) absorption
accelerators, such as quaternary ammonium compounds; (h) wetting agents, such as

cetyl alcohol and glycerol monostearate; (i) adsorbents, such as kaolin and bentonite;
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[0111] The qui nazoline derivative conpositions of the

i nvention can be adm nistered to a subject via any
woamsanedional means includi ng, but not |im tedPCoOUS2006/013641

orally, rectally, oticly, ocularly, parenterally

(e.g., intravenous, intranuscular, or subcutaneous),

intracisternally, pulnonary, intravaginally,

intraperitoneally, locally{e.g., powders, ointnents or
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trons or dlsper3|ons Exanpl es of suitable aqueous

a;nrhpmem agrteblusnts apminemdy, usdil i thetast, sech) agevater, Of@lthef solvents,
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agomlmglwpb dt3ebutp gglycqu oggﬁngi@ aﬁé:attonseed oil,
for ﬂgllll ogh% e Sl SHiGe 8h c%st%%h dé}ﬁ s%%&}ﬁki éi% Ji&kdihi n,

nce of t e tequire article’size In

ttB@am&ﬁhﬁﬁr}iﬂ a&pﬁ&ﬁp@y&hﬂm@l@ol& lﬁ:ﬁtyms:&l erfters of sorbitan, or
surfactants. [0113] The Ee{a_oparti cul ate qui nazol i ne

depituas plbesesiibpiangss and % or a salt thereof,
PGS BLOAR swlﬁmu%mﬁé §(ﬁn§6§1ﬁ’d{%‘i15als%l«iﬁﬂué§adjuvants such
eserving, wetting, enulsifyin and di spensi ng

aegemsng Egeavse iyl anh susgxendwh agentsrispeeloriganiiaipsngamd

nsur e various antibacterial and antifunga
dﬁ%ﬁ@%ﬂgéagﬁgas par abens, chl orobutanol, phenol,
S@ﬁ HI]C Y cFhpe@iichif Refebfivemdunt T@Yiséd ﬁﬁeh&mﬂﬁﬁdsp@:b keat o

de 1 sotonic agents, such as sugars, sodi urﬂ
cqulmzode¢ deninchtive dosagk shal Pneanoihgiedpsagrsbabrmosides fesperific

ec har mace
AT YSRPREHE L Qi e iU i o
aélﬁrﬁﬁﬂéﬁf‘nﬁﬁiﬂ)@ﬁbﬁs’iﬂbﬁc& iandedye sath treath@hd 4 isSohplasided tige
forms for oral admnistration include,

| ithrepeutioglly %fé‘??élMP R BTG & Pt U oG 2 partcula
glgl% g.%l}lclzee\%ill L4 ai\g b%oéffegtl&&ﬁ%ﬁtlﬁgfmlseta% dR&dribé8 ha@e) even

| east one of owi ng: (a) one
OthoUBH Sudhriikigedx deqﬁn@hzt gherapeutically effective amount’ by those skilled in

the art. It is to be further understood that quinazoline derivative dosages are, in
particular instanceé, measured as oral dosages, or with reference to drug levels as
measured in blood.

[0118] One of ordinary skill will appreciate that effective amounts of a quinazoline
derivative can be determined empirically and can be employed in pure form or, where
such forms exist, in pharmaceutically acceptable salt, ester, or prodrug form. Actual
dosage levels of a quinazoline derivative in the nanoparticulate compositions of the

invention may be varied to obtain an amount of a quinazoline derivative that is
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(or carriers), such as sodiumcitrate or dicalcium

phosphate; (b) fillers or extenders, such as starches,
woacdenzes11sucr ose, glucose, mannitol, and siliect/uaeiod13641

(c) binders, such as carboxynet hyl cel | ul ose,

al i gnates, gelatin, polyvinylpyrrolidone, sucrose, and

acaci a; (d) hunectants, such as glycerol; (e)

di si ntegrating agents, such as agar-agar, cal cium

SRIBOD S Sbtail Al AkRedthetappititt@sngs fr,a ;ﬁhgjuilur&ompositlon and
certain complex silicates, and sodlugw anat é h
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cee S BTO Al inistered
?%T@gﬁ{?%%%ﬁ%ggﬁﬁngéﬂﬂﬁ9§§&§§%§F a coH%?band glycesgﬁer
BiGtsh, ehe adsired ﬁm)anadsﬁtrbﬂmbﬁt, asdicthentctoanl i n and
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149} aDesigrapiccompesiions may §ontaig Sugh pYPI ﬁ§ P

Eleye%? b$ma ‘BQ luQéH ‘Jg%!ﬁléél upHt fialedoser I Al vy @RleishideRdwever,
or capsu lets, "and pi'lls, the do%q%f forms may

dlas thecpeqific desetia‘fa‘l dori amg' pagﬁmutag pat[lQ)I_t_ 8}l depeid; wpon @é’&{j@ty of
fg%%lrifggt &l%{ gg)egf}aﬂlﬁ dm nl E}P‘%B QL p syoqg 1Bﬁ%%%ﬁ§eut5'b%aaklln¥ved

suspensi o

%&@1@' dexhd si)ecﬂﬂ& a%@ﬁ’d r'c@ﬂlpbﬁuan émpmé@lthmq)edﬂu agahtlsv)e ,

such”as erlotinib or a salt thereof, the |iqu dos
bmmlmemnlnwd dkee ag7ePedyaw vightin eenesdhealin ;f%saéla digt o ? ﬁ’é

6tééﬁ][t SHE gﬁlg og r%ﬂg‘ﬁ%ﬂl?tp th?lt I%Ex &f%diﬁ%gt?atlo%o Lu%pfalté &f X@retion of the

Iers’ ary enul Sifiers are

%&Hﬂ thakig@kich of t}féqmaamﬂt c&hgsmaraﬂ in ecbrhly:hlamar drogeancadental with
hyI acetate, benz

ty al co ol , ben X Qenlzar?
theopyricaagescend lie Betgp ghd medica
Sb% hy[lhteq{)m geexal‘ﬂ les are% @§11%§%§ 8Rdemithvention. It

rou erm ol | olive oil, "castor oil
aﬁ@hlﬁ ®s angerstobd, phwever, tlat theenveaahynl isofaiits be {imitgfl s ihsspecific

L SRR 5 Ty . v

%ﬁ& 'aﬁ éfe Eds tb 'ﬁ%ﬂ’ubllgﬂy'a"@ﬂlﬂb‘ée dddihetif) dsdihg @8 Jutek,2oe
incl ude adj uvant's, such as wetting agents, enulsifying

apdnﬁmﬁb@ndﬁpgﬁ&@énmsﬁﬂ@meeten|ng, flavoring, and
perfum ng agents. [0117] 'Therapeutically effective

M @3 used herein with respect to a quinazoline
L dosage shall mean that dosage that provides
t{o 219 Pemid fugpHR T HiES ok ngile alas tepppars @ rfapoparti¢uate grlotinib

qui nazoline derivative is admnistered in a
composition.

[0122] An aqueous dispersion of 5% (w/w) erlotinib hydrochloride (Supplier:
Camida Ltd, Tower House, New Quay, Clonmel, Co. Tipperary, Ireland;
Manufacturer: Elkimia Inc. 6221, Des Rossignols, Laval, Qc, Canada, H7L 5T6), 2%
(w/w) Pharmacoat® 603 (hydroxypropylmethylcellulose), and 93% (w/w) deionized
water was milled in a 10 ml chamber of a NanoMill® 0.01 (NanoMill Systems, King
of Prussia, PA; see also U.S. Patent No. 6,431,476), along with 500 micron
PolyMill® attrition media (Dow Chemical) (89% media load). The mixture was

milled at a speed of 2500 rpms for 60 min.
[0123] The milled composition was analyzed via microscopy, and the particle size
of the milled erlotinib hydrochloride was measured. Microscopy was done using a
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significant nunber of subjects in need of such

treatnent. It is enphasized that 'therapeutically
wehtmatiosae anmount,' administered to a parti cul RCT/US2006/013641

subject in a particular instance will not always be

effective in treating the di seases described herein,

even though such dosage is deened a 'therapeutically

effective amobunt' by those skilled in the art. It is

temQ SNISOG0MEIdUNSL STRIDOD Might spuidRaLabirb@rdRisiruments @nd
dosages are, in particular i nstances, neasured as oral
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upon the desired therapeutic effect, the route
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any particular patient will depend upon a variety of
factors: the type and degree of thg’gcel I uJ[ ar_or

dAY24101 B @samnl% deypprsirajey ap dnsioqessiE @emRt ORTERAMS? ¢ he
erg&g:c;éefrﬁ&ﬂﬁg %ﬁBtnﬁB ?@H&Hﬁhﬁé 95h1ﬁ5§?ﬂ1&y @ theldogn é)%@l@i@hfhh@ a D50,

S or conp on enpl oyed; the age, wei ght ,
gmﬁ&eabmham:lnthfgrsemthamdommn of the pati ent the tine
of adm ni stration, route of adm nistration, and rate

%gﬁ&éﬁ@bon of the agent; the duration of the
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| n the Ical arts. [0120] The followi ng exanpl es are

giovgpositioni | | ustrate the present invention. It should

E@l? d AR é?l@e%uP ﬂ%}é’gr‘égg offtsh}aéwm SrIbBYBHy R hioidBOL 2398 (wiw)
Plasdone® S630 (Copovidone K25-34; a random copolymer of vinyl acetate and
vinyl pyrrolidone), and 0.25% (w/w) sodium lauryl sulfate was milled in a 10 mL
chamber of 2 NanoMill® 0.01 (NanoMill Systems, King of Prussia, PA; see also U.S.
Patent No. 6,431,476), along with 500 micron PolyMill® attrition media (Dow
Chemical) (89% media load). The mixture was milled at a speed of 2500 rpms for
120 min.

[0128] The particle size of the milled erlotinib hydrochloride particles was
measured, in Milli Q Water, using a Horiba LA-910 Particular sciences (Hatton

Derbyshire, England). Erlotinib hydrochloride particle size was measured initially
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conditions or details described in these exanpl es.
Thr oughout the specification, any and all references
woaom/petalli cl 'y avail abl e docunent, includi ng arPUr®s2006/013641
patent, are specifically incorporated by reference.
EXAVMPLE 1 [0121] The purpose of this exanple was to
prepare a nanoparticulate erlotinib conposition.
[0122] An aqueous dispersion of 5% (ww erlotinib
Maanes %a‘ﬁ{ B wirRIEPdcBRds oalvhtien. LThE refultveite Honvaebeldvgin
Quay, onmel , . Tipperary, Ireland; Mnufacturer:
B¢ di a Inc. 6221, Des Rossignols, Laval, Q, Canada,
H7L 5T6), 2% (w w) Pharmacoat(r) 603
(hydr oxypropyl net hyl cel | ul ose), and 93% (w w)
dei oni zed water was mlled in a 10 m chanber of a
NanoM |1 (r) 0.01 (NanoM || Systens, King of Prussia,
PA; see also U S. Patent No. 6,431,476), along with
500 micron PolyMII(r) attrition media (Dow Cheni cal)
(89% nedia | oad). The m xture was mlled at a speed of
2500 rpns for 60 mn. [0123] The mlled conposition
was anal yzed via mcroscopy, and the particle size of
the milled erlotinib hydrochloride was neasured.
M croscopy was done using alLeci a DMb000OB and Lecia CTR
5000 light source (Laboratory Instrunments and Supplies
Ltd., Ashbourne Co., Meath, Ireland). M croscopy
showed that nanoparticulates of erlotinib
hydrochl ori de were present which were susceptible to
browni an notion. The nmajority of the sanple under
anal ysis was observed to be considerably floccul ated
with unmlled erlotinib hydrochloride particles
present. [0124] The particle size of the mlled
erlotinib hydrochloride particles was neasured, in
MIIli Q Witer, using a Horiba LA-910 Particul ar
sci ences (Hatton Derbyshire, England). Erlotinib
hydrochl ori de particle size was neasured initially and
then again follow ng 60 seconds sonication. The
results are shown below in Table 1. [0125] This
exanpl e denonstrates an unsuccessful attenpt to
prepare a
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nanoparticulate erlotinib hydrochloride conposition,

as the conposition had a D50, before sonication,

of

wgnewtiessithan 2000 nm EXAMPLE 2 [0126] The puppoas26/013641
this exanple was to prepare a nanoparticul ate

erlotinib co

nposi ti on.

1.

Pl asdone(r) S630 (Copovi done K25- 34;

copol ynmer of

Vi nyl

acetate and vinyl
0.25% (W w) sodiumlauryl

25% (W' w)
a random

pyrrolidone),
sulfate vas mlled ina-10

oSl [0127] An aqueous di spersion of
5% (W w) erlotinib hydrochloride,

and

nL chanber o

f a NanoM ||

(rTABLE)2 (

noM1l1l Syst

CNE

Ki Suniaftion?us

S| ¥eaBAnnpee

aD5 (ond. |

bat BAO (Wm)

D95 (nm)

6, 431N476) ,

al ong Wi $2845

00 m cr a9

bl yM | 1 BL§17

59366

attriygon ne

di a ( Doywogeze

m cal ) (53880

medi a 3oaeh

The 41187

T Xture was

it edat

a speed of 2500 rpns for

120

mn. [0128] The particle size of the mlled erlotinib
3\%&9@ c itds excenppaddémaisastesas unersessBd attémptb ipkgpac® a

ter, using_.a, Horiba LA-.910 Particul ar scienc
PRI AIR By BYSRAIPHRBSEE Y A RO PRSPPSO,
BRFdE SdificatiohSoBSatEmASIEsh A ti al | yand then again
follow ng 60 seconds sonication. The results are shown
bel ow in Table 2.[0129] This exanpl e denonstrates an
WAYDISEBuUl attenpt to prepare a nanoparticul ate

i ni.h hyd ' i L . .
b} PR oGS SD R AP TRE R Pl atinddjculate cgtinit
thamogie. nm EXAMPLE 3 [0130] The purpose of this

exanple was to prepare a_hanoparti ¢ t | ati ni
d8Hdsi An agheoppdisngrsian 05&%@%5%?871%@{3 By rechorites I( )
A eeAt(Jolium was milled

Eggﬁégg%%g?*%gﬁgbbgg%gg?@é%%g&%ggggg?&?mb docusat e

sindilombesambériofd NanoMill® 1 (enobEil SysteamsNEiman{iRrgssja, PA;

QbR L BT PR S E MR8 80 e
REIMMhdihichl) 289% nlddRNob®d e WrERaFhiiRe] at(:8DY%d @ DO rpms
Ifg;ag()).mir'lrhe mxture was nmlled at a speed of 2500 rpns

[0132] The milled composition was analyzed via microscopy, and the particle size
of the milled erlotinib hydrochloride was measured. Microscopy was done using a
Lecia DM5000B and Lecia CTR 5000 light source (Laboratory Instruments and
Supplies Ltd., Ashbourne Co., Meath, Ireland). Microscopy showed that the sample
appeared well dispersed with nanoparticulate erlotinib hydrochloride particles visible.
Brownian motion was clearly evident. There was some evidence of unmilled erlotinib
hydrochloride particles. Also there may have been some evidence of crystal growth.
There was no sign of flocculation.

[0133] The particle size of the milled erlotinib hydrochloride particles was
measured, in Milli Q Water, using a Horiba LA-910 Particular sciences (Hatton
Derbyshire, England). Erlotinib hydrochloride particle size was measured initially

and then again following 60 seconds sonication. The results are shown below in

Table 3.
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for 60 mn. [0132] The mlled conposition was anal yzed
via mcroscopy, and the particle size of the mlled
wenbwtiiedilp hydrochl ori de was nmeasured. M cr oscBpy/Usa®6/013641

done using a Lecia DVbOOOB and Lecia CTR 5000 [i ght
source (Laboratory Instruments and Supplies Ltd.,
Ashbourne Co., Meath, Ireland). M croscopy showed that
the sanpl e appeared well dispersed with
nanoparticulate erlotinib hydrochloride particles

isible Brownian notion was clearly evident. There

was sone evi dence of unni | TABIdE Boti ni b hydrochl ori de

paBénicathm? Al sMedefenymay HdSE(MmEN |SOM0guiente DDS (nm)
cryst®b grow h. Thereg7gss no sigr3pf]l fTocculgathi on. 31192
[ 0133yesThe particle sppe| of The mghiled erl Qfghf b 66423
nydrochioride particlies was nmeasured, 1T M1 O

Water, using a Horiba LA-910 Particul ar sciences

(6134 orTHeebygiie demorngtea 3@hoce§§ﬁ1ﬁtieﬂiﬂv g&mﬁpﬂe hlmnosieticulate
p icle. s was neasyred initially and the ain
feglpr%\fa C@é loule srmBos e aa thesompiion dad 2 0a belowstvmipation,
*%%‘lé%!vtﬂaﬁ z’é@@hﬁl 16034 tnd Rir Ser PAATR §zé§%‘%¥‘r’l{éﬁf #3h&thein, D90 and
successful attenpt to prepafe a nanoparticul ate

é95oneasutenieptly indichtethaleresamop of imidled dasg pdngcles.
conposition had a D50, before sonication, of |ess than

However, the |arger particle sizes evident in
fﬁﬁg‘&@?ﬁ“mo and D95 neasurenents indicate the
OE3HE N CEheQFurptizgiol tiesletinile Mas td mitpie a BXNRER W BASRib

The purpose of this exanple was to prepare a
GEREPSEHOR-cul ate erlotinib conposition. [0136] An

C Mr‘ﬁ‘%g?é 1119;%%16 W?/ V\gﬁ%} %{_&t%f) H&/g’rochloride, 1.25% (w/w)

([{B@—Sh@pdmpyﬁropjflbﬂlm), and 5% Go%) (detwehtetodliiaivas m1lled ina
39t Ehetiomror e spebi 0 (6 hESsiems, Rimg ol bavssis B By scc
L I R e A
(Daw)Chentieal{880tmediadsadyi The thisturawsprdtbdoft 23560 afp%rfsﬁo rpms
8 6P Q™ M-

[0137] The milled composition was analyzed via microscopy, and the particle size
of the milled erlotinib hydrochloride was measured. Microscopy was done using a
Lecia DM5000B and Lecia CTR 5000 light source (Laboratory Instruments and
Supplies Ltd., Ashbourne Co., Meath, Ireland). For an undiluted sample, microscopy
showed the presence of erlotinib hydrochloride nanoparticles which were discrete
and susceptible to brownian motion. Some unmilled erlotinib hydrochloride particles
were apparent. For a diluted sample, brownian motion was observed, and there were
no signs of erlotinib hydrochloride crystal growth. Flocculation was observed and
small amounts of unmilled erlotinib hydrochloride were visible.

[0138] The particle size of the milled erlotinib hydrochloride particles was
measured, in Milli Q Water, using a Horiba LA-910 Particular sciences (Hatton

Derbyshire, England). Erlotinib hydrochloride particle size was measured initially
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[0137] The m Il ed conposition was anal yzed vi a

m croscopy, and the particle size of the mlled
wenbwtiiedilp hydrochl ori de was nmeasured. M cr oscBpy/Usa®6/013641

done using a Lecia DVbOOOB and Lecia CTR 5000 [i ght

source (Laboratory Instrunments and Supplies Ltd.,

Ashbourne Co., Meath, Ireland). For an undil uted

sanpl e, m croscopy showed the presence of erlotinib

layd freahisein fIRoWREIakEdrds enitdtionh THRHesulls 65 BbSmdRtbw in

susceptible to brownian notion. Sonme unm || ed

diabkt4- ni b hydrochl oride particles were apparent. For a

—1 + [l . | (| (]
arruted Ssa e, Ul UVan dlT TF aS UUDEIVUU diTu
'/\f\lﬁ rrp H ’?ME‘\X e anehl org ::ln

L N T T T ST AN Y 15 N AR LTV Y

LI =A 4

JJnm 1 \Iﬂd erlotinib P8dchl ori dé3ddte Aﬁsilﬁﬁ-ﬂ&f 01 ERJW136242

he p¥esticlelsize o83448d milled 476 Otinib 129280 ~ 153641

hydrochl ori de particles was neasured, in MIli Q
, Jsing a riba, LA-910 Parti ar Ssci ences
Y610 . 7% o Bite e Rirgles At rsgess i himRy PRI | de
I%ﬁéﬁa?ﬂx&tla% @ot1¥as hgr@x@a%ﬁaie bddhpdsh dny Q@ﬂkekbﬁ@oﬁa&h fad a D50,
I'owi ng 60 seconds sonication. The results are shown

lbequmcam@bl@fgteatﬁlﬁhﬁg?om exanpl e denonstrates an

unsuccessful attenpt to prepare a nanoparticul ate
]ﬁf hydr ochl ori de conposition, as the

conpos Ion had a D50, before soni cati on, of greater

6140] 20042 pumposEXAMR Exampl 4400 prbgare B hpegRrttfuldthiesotinib

exanpl.e was to prepare a nanoparticulate erlotinib

COMpEHPRon. [0141] An aqueous di sperS| on of 5% (w w)

LY, P eSStenhg o 1 ol oot S8
Wiesdond® 8430 (CapoiBiont KEh&dhd).0586 (W/W\)asmdMnh lauryl sOlf@te was
ATERR A0 G ) S eGP ?%fe@o%li%?m? king of Prussa,

m %84 A1kd U)S. Habdnt NoO§ 48, ﬂ“]@ £l@9 &0 GRicIon( ﬂ@ laftrition

oad) The m xture was m | a speed of 2500

fmd rpns
1al@pvﬁpheml@m4@?%ml¢ﬂqad)e dr Imnmpwa@ milled at a speed of 2500
?pnais}(oreﬁo i, m croscopy. M croscopy was

[0142] The milled composition was analyzed via microscopy. Microscopy was
done using a Lecia DM5000B and Lecia CTR 5000 light source (Laboratory
Instruments and Supplies Ltd., Ashbourne Co., Meath, Ireland). For an undiluted
sample, microscopy showed the presence of erlotinib hydrochloride nanoparticles
which were discrete and susceptible to brownian motion. Some unmilled erlotinib
hydrochloride particles were apparent. For a diluted sample, brownian motion was
observed, and there were no signs of erlotinib hydrochloride crystal growth.
Flocculation was observed and small amounts of unmilled erlotinib hydrochloride
were visible.

[0143] The particle size of the milled erlotinib hydrochloride particles was
measured, in Milli Q Water, using a Horiba LA-910 Particular sciences (Hatton
Derbyshire, England), for two different samples of the milled composition. Erlotinib
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done using a Lecia DVb0OOOB and Lecia CTR 5000 [ight

source (Laboratory Instrunments and Supplies Ltd.,
wozhisauesie Co., Meath, Ireland). For an undi | uPed/Us2006/013641

sanpl e, m croscopy showed the presence of erlotinib

hydr ochl ori de nanoparticl es which were discrete and

susceptible to brownian notion. Sonme unm || ed

erlotinib hydrochloride particles were apparent. For a

GiylitdicRIbrisia RHR e WY BEasTRId 1ﬁiﬂ1aﬂ?§n@ﬁﬁﬁ Y& folWing 60
there were no signs of erlotinib hydrochl oride crystal

@F%Wldﬁ SOIREa3 oY ITéFlf‘éﬁﬂltW sHRWE belsa Arkrbin | amunts of

A1-4927

unm Tted (—,‘ﬂ otTTI b lryUT U(,IITK:B@?QWU[ € vrbTm e 10143

rl ati ni

Illg?lléa l ; i dggéfﬁﬁlﬁ:l :alsl \Aé%mﬁ’éasquj@go (‘F‘HYM PPP () | DIS (nm)

mtnr usiltng-a Horiba LIA arficular scdiences

1 i d), 7#&r two di%lfler ent1078 3996

saapipdslof the Mo | ed clonposi223@n. 324 6650 13715
Er (redabi biydr ochl ori de jparticle $ize was neasured

| airiptd 1 y |and tiWen again fol 3ggs ng 60 smgdnds 13002 20727

S Gahfpdd 2 ON. TheNoesuﬂ S| are gheywm bel Oyd 13N Tapd1p- 116959

[(gﬁfhﬂ PAULE] exa’q’gée Ger‘q'DnSI F%@ a SUCCj gfut ﬁﬁglg 25875

-4
u

LU Plrepdr e aTiafiopgartreuarate €1 —ot+htb T-oCot+=G
conposi tion, as the conposition had a D5O before

§o144G atT}ﬁ@exzﬁiplé B&fiorshafs 3006 4l @Y%pref)ﬁ@ alRh&Sticulate
part| cle sizes evident in the nean,

dirredloridgicenpesition ap f@@ﬁms@wn@ﬁﬁmw@d beforgysonication,
4
¢ [ésk ﬂaﬁ%ﬂom&z&& Qﬁe %L%Jggﬂ% %eevf)cfenf lrll‘ttlﬁ% }nke)aan, D90 and

exanpl e O prepar€ a Are e

ESposdstitenrentd iddid &k tnpraspnee Uﬂmdhﬂ]ra& deugopurigle© % (W w)
erlotinib hydrochloride, 1.25% (ww Plasdone(r) K-17

Mﬁg K17), and 0.05% (w w) benzal koni um chl ori de
8 in a 10 n_ chanber of a NanoM I I (r) 0.01
g 0B Mte p'ﬁéi&s@ &8 thidExaghpdd whE tSsibfhre E‘ﬁanoﬁﬁﬁm%ha?@ eftbtiib

at ent No. 3 1,476), "‘along wth 500 m'cron
P@llanItIDIQr) attrltlon nmedi a (Dow Chem cal) (89% nedi a

8RR i T bR el e Pt iR RoRy et i edh B
PUEROSIE Korv PRvidRAa KM ZE Gn¥ i0805% (w/w) benzalkonium chloride was
milled in a 10 mL chamber of a NanoMill® 0.01 (NanoMill Systems, King of Prussia,
PA; see also U.S. Patent No. 6,431,476), along with 500 micron PolyMill® attrition
media (Dow Chemical) (89% media load). The mixture was milled at a speed of 2500
rpms for 120 min.

[0147] The milled erlotinib hydrochloride composition was analyzed via
microscopy. Microscopy was done using a Lecia DM5000B and Lecia CTR 5000
light source (Laboratory Instruments and Supplies Ltd., Ashbourne Co., Meath,
Ireland). Microscopy demonstrated the presence of erlotinib hydrochloride
nanoparticles which exhibited brownian motion. There was, however, considerable
flocculation observed in the nanoparticulate erlotinib hydrochloride slurry. Unmilled
erlotinib hydrochloride particles were also readily apparent. The degree of

flocculation was such that the sample appeared cloudy in appearance.
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m croscopy. M croscopy was done using a Lecia DVb000B
and Lecia CTR 5000 |ight source (Laboratory

wonsdoruosmmt s and Supplies Ltd., Ashbourne Co., ptEaisk06/013641
Ireland). M croscopy denonstrated the presence of
erlotinib hydrochl oride nanoparticles which exhibited
browni an notion. There was, however, consi derable
floccul ati on observed in the nanoparticulate erlotinib
HOL8Y C Rattidlelsize etisuyemédngros the chitled elléthiil hidgE6hlOWhsLot

particles were al so readily apparent. The degree of
fP%@édWh@W%@thﬁgﬁﬁﬂgh”?ﬁg@nﬂhﬁgg&dQMB%appeared cl oudy

11 PRGIERAD6Capricble 0N AR (ECarl AP VR otioniCand
veristimms dad be onakle yn tha noathids @hd cowpbsitonsarfile priefhd fvehtion

wi.|.| be apparent to those skilled in the art that
it SerRBE 08 £ doQRerat s e s b daniepded tha
DR P BRSntBHe of 8B $AJdi 8ERioRE 2 dﬁﬁ&ﬁ@ﬁ@éﬁm@ﬁ@ﬁbﬁ Brovided

wi thout departing fromthe spirit or scope o
itheyenomicomithil ilusscope of ihe appanddé dlaithaitnd their pqe@isalntts.

i nvention cover the nodifications and vari ations of
this invention provided they come within the scope of
the appended clains and their equival ents. WHAT | S
CLAIMED | S: 1. A stable nanoparticul ate qui nazoli ne
derivative conposition conprising: (a) particles of at
| east one qui nazoline derivative or a salt thereof
having an effective average particle size of |ess than
about 2000 nm and (b) at |east one surface
stabilizer. 2. The conposition of claim1, wherein the
nanoparticul ate qui nazoline derivative is a

qui nazol i nam ne derivative or a salt thereof. 3. The
conposition of claim2, wherein the quinazolinam ne
derivative is erlotinib or a salt thereof. 4. The
conposition of any one of clains 1 to 3, wherein the
nanoparti cul ate qui nazol i ne derivative particle is

sel ected fromthe group consisting of a crystalline
phase, an anor phous phase, a seni-crystalline phase, a
sem - anor phous phase, and m xtures thereof. 5. The
conposition of any one of clains 1 to 4, wherein the
ef fective average
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particle size of the nanoparticul ate qui nazoline

derivative particle is selected fromthe group
woanmiigoding of | ess than about 1900 nm | ess t hram/Usbman13641

1800 nm Il ess than about 1700 nm |ess than about 1600

nm |ess than about 1500 nm | ess than about 1400 nm

| ess than about 1300 nm | ess than about 1200 nm | ess

t han about 1100 nm |ess than about 1000 nm |ess than

about 900 nm |ess than about 800 nm |ess than about

7VoHAY IS EEATIMED I8bout 600 nm | ess than about 500

nm |ess than about 400 nm |ess than about 300 nm

|ESS tgxas?5 belbout 250 Eargs l.ess..t han about 200 nm |ess.

t han about” 1 B¢ RAH e T A% B B varise Aopesidon eaprising:
than apgut PRI oBat 135 cROFRIALI i Re@FatRBYr 9@‘3]‘5 Hereof having
claipgs 1 to 5, wherein the conposition Is fornu at ea-

( &) ckientivg anerageparticle sireoflless thad abowrR00Rengndp

consi siiyng | mopary, rectal, colonic,
parentgpal,Qgﬁgﬁgg?gggFﬁgﬁgﬂ%ﬁ?ravaginaI,

intraperitoneal, ocular, otic, local, buccal, nasal,

ald t offhe ebmpekition cftalain QWHeRN tHHAn8pAAGAGR ¢ufaBdline

S Ieg&ed.fron1th§ group, consisting of l|iquid

dFEPEFEF Brfsquigzrlinaaige degyadiveor gspdb theseofcr eans,
I'yophilized formulations, tablets, capsules; (c) into

23 dosange b ARG i{7 WRGR 1 AR SRNBHSAL B Ric is
controll ed rel ease fornmulations, fast ne

f giainitaer ospdt thersbByed rel ease fornul ati ons, extended
rel ease fornmul ations, pulsatile release fornul ati ons,

and m ' jate rel ease .and rgl | ed rel ease .

A0 AR et R LS
(@inazplind Heri ol paiticledn sélbctéd BoM the gMIBcBhAstif}F a crystalline
Cﬂn”pOSI tion further conprises one of nore

PR SIOTRRAUP pPhasee & prrahsrastalliap phesst & senaisamorpheys mhasa and
cordhRalicpct hereof . 8. The conposition of any one of
claims 1 to 7, wherein: (a) the quinazoline derivative
is present in an anount selected fromthe group
consi sthegpnafositiopraf aby ate 80c1&iYnst lotoal) euibrddn M3 Phectiverierage

, 5% about 0.1% and from about 90%to about
3’?@8@’016 1};3 \(R/]té ﬁ]@l}o%%éat% Hulpﬁ:éohtns pvq‘igzﬁmaﬁg:ée 1s selected from the

group consisting of less than about 1900 nm, less than about 1800 nm, less than about

1700 nm, less than about 1600 nm, less than about 1500 nm, less than about 1400 nm,
less than about 1300 nm, less than about 1200 nm, less than about 1100 nm, less than
about 1000 nm, less than about 900 nm, less than about 800 nm, less than about 700
nm, less than about 600 nm, less than about 500 nm, less than about 400 nm, less than
about 300 nm, less than about 250 nm, less than about 200 nm, less than about 100

nm, less than about 75 nm, and less than about 50 nm.

6. The composition of any one of claims 1 to 5, wherein the composition is
formulated:

(a) for administration selected from the group consisting of oral,
pulmonary, rectal, colonic, parenteral, intracisternal, intravaginal, intraperitoneal,

ocular, otic, local, buccal, nasal, and topical administration;
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wei ght of the quinazoline derivative and at |east one
surface stabilizer, not including other excipients;
woOhdostihes1sur f ace stabilizer is present in an arODMIS2006/013641
selected fromthe group consisting of about 0.5%to
about 99.999% by wei ght, from about 5.0%to about
99. 9% by weight, and from about 10%to about 99. 5% by
wei ght, based on the total conbined dry wei ght of the
qui nagy! i neyElLAbIAEE iform slebtell frdB alsd groug cansidtiagef liquid
stabilizer, not including other excipiﬁ?ts; or écéﬂ%F
diopdriings, igels, adnesokp Pintigentyracamambepnilized fgpulaipny, {adlg,
claiqqs, 1 to 8, further conprising at | east one primary
S4IFPlte stabilizer and at |east one secondary surface
st abi {d)zer intd @ doddpe famimpdaitéd Homdhe groyp comsigmgolf gpaolled

to 9, wherein the syrface stabiljzer js seglected from
Caesst OIS TSR BRPEO LS R BB P SEphded

?etlg ]l F&H{u‘fatﬁ)ﬂﬁ,f tiflBlhdd BEhulaBom0Bnd Aitted ifiddierclease and
S aabl izer, a zwtterionic surface stabilizer, and an

coMtidlled welbaedosmditidnszar . 11. The conposition of any
one of clains 1 to 10, erein surface stabilizer
is sel(@ct e&@‘??ﬂﬂé?ﬁ%"%‘?%ba%oﬁ%#@si ng of cetyl

pyridi niumchl oride, gelatin, casein, phosphatides,

gext r gfe cOHpERHN of ALIM G réin thheungsdsitionl further comprises one or
tragacanth, stearic acid, benzal koni um chl or.i de,

owire pharmeceicall e acogpipbleres Pt SHESSa Ple? CuBbigaguyihseot.
al cohol , cetomacrogol enul sifying wax, sorbitan

%St er S[‘he.%&néggﬁﬁgﬁ 14 eQJflléYalimgtl herSwhfieinyoxyet hyl ene

ast or "Oi erivatives, polyoxyet hy1 ene sorbitan fatty
aci d gsy er she Qahymelihy Herventigt jscubsent toersyount s¢lpetedhfrpm the
ammoni um brom de, pol yoxyet hyl en ar.at e d,Ql
S ICORSah oK e A Lo Yeea D gf o daes foyf Pitedd EBbut
VRO RUHGRId0N RBoRA SULIBY wlkhh BeR @P total combined
celTul oses, hypronellose, carboxynmethylcellulose )
sedihtrof tequiydzobné derpatiye mydatdsastons suatarce spbidiger, not including
hypronel | ose phthal ate, noncrystalline cellul ose,
r?é}g‘?ﬁ%?lmﬁn umi numsilicate, triethanol am ne,

pol yvi (B%" ahé alrelce s@Bllvet BYpkayiirialahdanent sbldcked fior (i8> group

t et r amet hyl but I() - phenol pol ymer wi th et hyl ene gxi d%

andsif;t@tgm%/ abpetin/18% to about 99.999% by weight, from about 5.0% to about
99.9% by weight, and from about 10% to about 99.5% by weight, based on the total
combined dry weight of the quinazoline derivative and at least one surface stabilizer,
not including other excipients; or

(©) a combination thereof.

9. The composition of any one of claims 1 to 8, further comprising at least one

primary surface stabilizer and at least one secondary surface stabilizer.

10.  The composition of any one of claims 1 to 9, wherein the surface stabilizer is
selected from the group consisting of an anionic surface stabilizer, a cationic surface

stabilizer, a non-ionic surface stabilizer, a zwitterionic surface stabilizer, and an ionic

surface stabilizer.
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lysozyme, PEG-phospholipid, PEG-cholesterol, PEG-cholesterol derivative, PEG-

vitamin A, PEG-vitamin E, lysozyme, random copolymers of vinyl acetate and vinyl
pyrrolidone, a cationic polymer, a cationic biopolymer, a cationic polysaccharide, a
cationic cellulosic, a cationic alginate, a cationic nonpolymeric compound, a cationic
phospholipid, cationic lipids, polymethylmethacrylate trimethylammonium bromide,
sulfonium compounds, polyvinylpyrrolidone-2-dimethylaminoethyl methacrylate
dimethyl sulfate, hexadecyltrimethyl ammonium bromide, phosphonium compounds,

quarternary ammonium compounds, benzyl-di(2-chloroethyl)ethylammonium

-49.



18) di net hyl benzyl ammoni um chl ori de, N-al kyl

(C14- 18) di net hyl - benzyl amoni um chl ori de,
woktmimesdecyl i dnmet hyl benzyl ammoni um chl ori de PCT/US2006/013641

nonohydr ate, dinmethyl didecyl ammoni um chlori de,

N-al kyl and (Cl12-14) dinethyl 1-napthyl nmethyl anmmoni um

chloride, trinmethylamoni um hali de,

al kyl -tri nmet hyl anmoni um sal ts,

dichidy) codbﬁm&ﬁmbmmmmmbﬁlsmdé aucotut trithethylapimonium

annonlun1chlor|de et hoxyl at ed

Broyidai qmwywm dklwdéwﬂm AmEenium ghlogdpsegomtt pthyl

t.rial k
% %Sthy 1T 118 IHH? ?Ohl?%y(ﬁk}?%ﬁ?ﬁ%ﬂ@ﬁﬁgrﬁ% &M&ﬁ&@@éﬁy‘ﬂm
%m@thyﬂﬁﬂ@oﬂyéthﬁ hllﬁyﬂdﬁ.&ﬂﬁ yhloﬁdemi&cylrdlmeﬂnbfblny(hi@(yethyl ammonium

mﬂ%g%g;@;ﬁg{(%ﬁl Y C L2 %}ﬂ?eg}y e r}))r/uum chloride, Cyz.15dimethyl
gnzeﬁéﬂ},@hﬁ%hﬁﬁﬁa&i&nﬁmﬂﬁms&m digtRthyd hdidoxyethyl

anmoni um chl ori dé, lauryl tri met hy
AR i chtdrmllej cheonl d&lylbtherhlz);dromm maaniEn Grgmide, myristyl

S oS D S L P ETRA L Pl Ghrice

5991 @8R thyEhdnAyl hifBionim Bromids, LlBil:?I dimetes (ethenoxy), ammonium

odecyl benzyl friethyl ammoni um chl ori de

mblogificalaiimil dm«ﬁhyi;(p@mm)umﬁn@m Rremigg. heelkyl (Crz-
tlg:aogg?tg}%bcm W@S KI%l‘lg%ﬂ %ol ﬁ% Wgﬂdlﬂ{amlbgw h@Sonium

nrumc

ot del N%ﬁrid&:?l ethyiretyd ainet@nium chloride monohydrate, dimethyl
dodeci;f triethyl amoni.um bro

eyniprehlRy e B L bty Hyapthylmethyl
t M&I&M{nﬁﬁn%ﬁ] ufﬂrﬁ&hﬂ%fn%nlﬁxﬁ Ry talﬁl'clyﬁfmﬁé’[hy'lﬁin!ﬁ{dhﬁ\mﬁ Qalts,

benzy I'um brom de, choline esters,
hﬁﬁllkgl-&lﬁmthmamﬂmbnmndmltsslamai trirkshylammoprivmi didoride, ethoxylated

gﬁk%ggﬂkﬂgﬁ@@@%p%&hg%a t;n Elg%tglp)ﬁﬂ%tgg &4 11¥y1 a%orﬂhllﬁl SAff!
p&hl&gf&éﬁie% 'diiin%néxﬁfﬁoﬂﬁﬁn clabkdd, NP¥Tdie6hfinttihyd akirsonium chloride,

amne salts, am ne oxi des i mde azolinium
smwtsadepyldmhulbmzqu ammoniny, chloride apanebydraiee Nk €g-14)

R e S s

CHIRQE, HiaB81 benAhearlesineniuh3hlotie, kammmenlmmmommyn
one of ‘clains 1 to 12, wherein the ¢ 05|t|
ndﬂoquaaauccf&vegz@@wﬂaammwamfmt alg %@E@‘P onium

V\Q omide, @un J[ e%ﬁ}ﬁdanﬂﬁglﬁﬁmflﬁgmﬁﬁs Cys trimethyl ammonium bromides, Cy7

trimethyl ammonium bromides, dodecylbenzyl triethyl ammonium chloride, poly-

o,

diallyldimethylammonium chloride, dimethyl ammonium chlorides,
alkyldimethylammonium halogenides, tricetyl methyl ammonium chloride,
decyltrimethylammonium bromide, dodecyltriethylammonium bromide,
tetradecyltrimethylammonium bromide, methyl trioctylammonium chloride,
tetrabutylammonium bromide, benzyl trimethylammonium bromide, choline esters,
benzalkonium chloride, stearalkonium chloride compounds, cetyl pyridinium
bromide, cetyl pyridinium chloride, halide salts of quaternized

polyoxyethylalkylamines, alkyl pyridinium salts; amines, amine salts, amine oxides,
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conpared to fasting conditions. 14. The conposition of

any one of clains 1 to 13, wherein adm nistration of
woOherstioogaosi tion to a subject in a fasted stateCrAS2006/013641

bi oequi val ent to admi nistration of the conposition to

a subject in a fed state. 15. The conposition of any

one of clains 1 to 14, additionally conprising one or
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8 AR Tl 50, Mg e

Ot gk signidrahtVpdifféten0 BbsargRintletdiewaeat adin@sstered under fed as
produce significantly different absorption |evels when
aapmniresk terfedinge9aditipBy as conpared to fasting

conditions. 18. The conposition of claim17, wherein

o ! pld GREBOSibiANol13. 1Sl Aihintsfaion of th
f ast edﬁé@{ ate | gﬁ%i%fggﬁi valent to adninistrat i an Qfa the
campesitiondo atsobjactsn jfested state &s Hieesvales to administstiabbéthe

nanoparti cul ate quin | .ine derivative conposition
c?f’r’i‘ﬂ*?qsgpﬁéc.’ a(s‘étl?]e%d}ltaa%‘fggteof at | east one qui nazoline

derivative or a salt thereof having an effective

ayer agehdenipdiitRnSdfagy he bPSlsinishia® @b edditidfly dokifirising one or
and(b) at |east one surface stabilizer, wherejin upon
aeterdcve agansnuse dohetrartmentoldbmemsoliermivp disgiiees

therapeutic results at a dosage which is less than

that o’f?@cd’ﬁ? 'sﬁ%ﬁo&%ﬁeﬁﬁﬂ;l %%e%@ggti{é)%&%fis ENEtSPIBm a
qui'nazol'i he ‘deri vative. 20. qui nazol 1 ne derivative
CQITRP Sorisivihg ©f pptatis iintgbitdrs,| dlad stirprezenisi muzwietabelites,
derivative or.a salt thereof, . wherein the. osi tion
RO T OV R SAGIL
A% BY6H efale iRk $iBloAkal Fesponse modifiers, anti-hormones, and anti-

androgens.

17. A quinazoline derivative composition comprising at least one quinazoline

“ .
derivative or a salt thereof, wherein upon administration to a human the at least one
quinazoline derivative or a salt thereof does not produce significantly different

absorption levels when administered under fed as compared to fasting conditions.

18.  The composition of claim 17, wherein administration of the composition to a
subject in a fasted state is bioequivalent to administration of the composition to a

subject in a fed state.

19. A stable nanoparticulate quinazoline derivative composition comprising:
(@) particles of at least one quinazoline derivative or a salt thereof having
an effective average particle size of less than about 2000 nm; and

-51-
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greater than the Crax for a nonnanoparticul ate
woaoosuhiesii on of the sane qui nazoline derivati VECT/US2006/013641
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) e
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S Yo fn S8R uth; St RH RN A aﬁwﬂﬁ&?ﬂi@h&h&?# %‘e?teﬂ{'ﬂaﬁ Lt Nor a non-
derivative donp03|t| n having an e ctive average
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i 8L ¢RFAEazol i nami ne derivative or a salt thereof. 23.

The me{ﬂj od of ASIEFPIELquidBliRE BerdiEive WhBA 2l AR tA€plasma of a
deriva The

o
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PERRd Mdshgd;i on, or a conbination thereof. 25. A nethod
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conpri &)ng admixiPs thequingzeling desivativravbernassaxed i fhe plasma of a
quinazol i ne der ' | L0 IS o -
e 0 TR RSBESAR0T
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-]

same dosage; or

(d any combination of (a), (b), and (c).

21. A method for the preparation of a nanoparticulate quinazoline derivative or
salt thereof comprising contacting particles of the quinazoline derivative with at least
one surface stabilizer for a time and under conditions sufficient to provide a
nanoparticulate quinazoline derivative composition having an effective average

particle size of less than about 2000 nm.

22.  The method of claim 21, wherein the quinazoline derivative is a

quinazolinamine derivative or a salt thereof.

23.  The method of claim 22, wherein the quinazolinamine derivative is erlotinib or

a salt thereof.
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an effective average particle size of |ess than about
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woheosneosiod of claim25, wherein the qui nazol i RET/US2006/013641

derivative is a quinazolinam ne derivative or a salt

thereof. 27. The nethod of claim 26, wherein the

gui nazol inam ne derivative is erlotinib or a salt

thereof. 28. The nethod of any one of clainms 25 to 27,

wher eimhetri@hdty R4 dleidf elaithé Y B toC28) et tHeconmoting comprises

29. The nethod of claim 28, wherein the cancer is .. .

r&;mdmawﬂ granding, hagoganigaion, Beezing, EemplatsSEubion precipjtation, or
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quinazolinamine derivative or a salt thereof.

27.  The method of claim 26, wherein the quinazolinamine derivative is erlotinib or

a salt thereof.

28.  The method of any one of claims 25 to 27, wherein the hyperproliferative

condition is cancer.
29.  The method of claim 28, wherein the cancer is non-small cell lung cancer.

30.  The method of any one of claims 25 to 29, wherein the effective average
particle size of the nanoparticulate erlotinib particles is selected from the group
consisting of less than about 1900 nm, less than about 1800 nm, less than about 1700
nm, less than about 1600 nm, less than about 1500 nm, less than about 1000 nm, less
than about 1400 nm, less than about 1300 nm, less than about 1200 nm, less than
about 1100 nm, less than about 900 nm, less than about 800 nm, less than about 700
nm, less than about 600 nm, less than about 500 nm, less than about 400 nm, less than
about 300 nm, less than about 250 nm, less than about 200 nm, less than about 100

nm, less than about 75 nm, and less than about 50 nm.
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