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quinazoline derivative compositions, such as nanoparticulate erlotinib hydrochloride

compositions. The nanoparticulate quinazoline derivative compositions have an

effective average particle size of less than about 2000 nm.
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
Detivatives 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] Tt 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,
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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 HCI, a pharmaceutical compaosition containing erlotinib HCI
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-ethynylpheny1)-6,7-
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tyrosi ne kinase activity of the EG-R signaling pathway inside the cell. It
has been shown that EGFR is nutated and/or overexpressed in many human
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one prior chemotherapy regimen.

[0009] Conventional, non-nanoparticulate erlotinib HCI tablets are administered
once daily as an oral tablet and must be taken between meals, that is, at least 1 hour
before or 2 hours after the ingestion of food. Absorption of erlotinib HCI increases
from 60% to 100% when administered with food because the presence of food delays
gastric emptying allowing more time for erlotinib HCI to dissolve and exposes the
erlotinib HCI to fat in which it is more soluble.

[0010] Dueto the fact that conventional, non-nanoparticulate erlotinib HCI 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 HCl and other quinazoline derivative

formulations which overcome these and other problems.
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X-Ray Blood Pool Contrast Agents Using High Molecular Weight Non-ionic
Surfactants;” 5,328,404 for “Method of X-Ray Imaging Using Jodinated Aromatic
Propanedioates;” 5,336,507 for “Use of Charged Phospholipids to Reduce

Nanoparticle Aggregation;” 5,340,564 for “Formulations Comprising Olin 10-G to
Prevent Particle Aggregation and Increase Stability;” 5,346,702 for “Use of Non-Ionic
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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conpositions, and is specif |ca Iy mcorporate erence. [001 ]
Anor phousacstaté &s paface eﬂabﬂl@ cﬁsﬂﬁ,&ﬁsfoar%ystmgemdh@modffgrl\/bumgpl e, in 1,5 S

Pat ent 3.,484 10 Part.i.cul ate Co L 11an and f as

Ant i mi cm Eﬁnay AgihPt W{“&flééf‘espé‘é‘écmm‘ﬂ}@?%ﬁ en&n 51]2;8? * Si zed
Parti cl eSPeftéxﬁrAﬁMfcﬁﬂion Nasg}ozbbﬁz@sg@npﬁbmweﬂuﬁﬁmy 41, 9902404 for "Method
for Makl n?G Uni formy-Sized Particles Fromlnsolub Conpounds; " 5, 741, 522

for " ommlled ReN@ae Hgmmgm@de Croipositiomsi d¢scnbss rehopirtituain Si ze for

Entrappl ng Gas. Bubbl and and 5,776,496, for "Utrasmall
Por ous PafIRISHONE A0 ?ﬁ%yﬂ@@§gﬁ‘£§y§fwn C&catter.” [0015] Surface

modi i ed mmpaMﬂ&bmﬁls%ﬁf&uqﬁmwmmﬁmB@f@&fscm ¥ ek@np Ier ﬁﬂtjlsng cancer

and ot her neopl astic di seases have been descri bed, for exarrp , In US Pat.
No. 5, 39868 NBué/783484 ferd RaﬁmufateaﬂompommmUsna’ﬁbqramﬁasohﬁsnﬂqmbmlbeen

shown to ,exhibj ed i G nd apced ef f . 016] The
present i‘ﬁ%‘pﬁ |43$?¢§$Jf fjﬂ’é\%ﬂﬁﬁ@fﬂrﬁ‘? 8 33&98 qsﬁ&/[ﬁﬁgerat i ve
conposi t i Boluble Mrganic r@ﬁﬁpmmas,eﬁ doy sy %pIMétﬁé@rdr\Malghg UniiRfhly-$ined udi ng
cancer and other neoplastic condi t1ons. SUMVARY [001 The corrp05| tions

di scl osedP4rtieles Rrany pisokible Compounds;”z, PrenE3afor fUltraamell Ngnﬁggmgatnda derivative
havi ng an effegcti.v art e size about 00 mm and at
onst Concp s Bt B PritEn S et bkt GtapitionlARet Byt enfts” Masor beq
on or assg Y RHI4Y8, 6 ANEasHAl PERuSPartioRs T RMAAShE wlﬁeas%uﬁ&'mazol ine
derivative particlés. Optionally, the compositions may include a

phar maceu$dattat.’y acceptable carrier and any suitable excipients.

[0015] Surface modified nanoparticles and compositions thereof useful for treating
cancer and other neoplastic diseases have been described, for example, in U.S. Pat.
No. 5,399,363. Such surface modified anticancer nanoparticles have been shown to
exhibit reduced toxicity and/or enhanced efficacy.

[0016] The present invention relates to a nanoparticulate quinazoline derivative
composition for the treatment of hyperproliferative disorders, including cancer and

other neoplastic conditions.
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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[0018] The nanoparticul ate qui nazoline derivative conpositions disclosed
her ei n wBodRo@hf ective in the treatnment of a number ' r
conditions, Including but -7 W 2006/110811 PCT/ USZOO%@%W%& limted
to hyperpr oliferative conditions such as cancer and ot her neopl astic

di seases. In sone enbodi nents, the pharmaceutical conposition disclosed
herein may include quinazoline derivatives that are effect i ve as ki nase

i nhi bi tor Ed SRR ach £ |

I nhi bi torlzOtI FNEO%%]I‘E pro t}i{?l on, EO%SS | nhlaccﬁll}ltg%ragatgﬁie#ﬁ roI | fer ation,
as anti - niiscasés. alhsagmrmﬁ;odanems;tthephalmaceageaitcsnﬁ)eslgon disalvised hﬂrMnagent s), as
anti - hypertens ent S.anti-foxo snotic as anti- tubercul ar
agent s, Wﬁy%‘}ér{'ﬁ‘%‘ g%&rﬁ@ try ‘lfo @Wﬁ&ﬁ “?’W apllpr ef er r ed
dosage f o, 2Btetis tthS hd, SA5RGRof i

phar matceutlcﬁa%n gepta | e gosségcla grm can beotfﬁlff@ll\]z?ghfp Eggg%lf%ot her
aspect of ast1hh1b1tmsmft’l?—cnﬂ prolifiirationt, ecdartiemphebiakagents] asdntievingl agents (s,

conprisin noparticul a ui nazol i erjvative. I.n sone enbodi nents,

Che’ qui e aEERn: st n ey freny R p BT P, & MBY i b al 50
known as £ L gh Biisd AcBBmbh y) qui azol i n-4-am ne

hydr ochl o%ﬁ}la}esgesﬁg%/éﬁ@ %er tﬁynt rHZdecﬁrlﬁ é}i/}é( cevgz;(r) Erlotinib is a
protei n kj0a2le Arprefeireddosdpedornpbfthrirventionisla sodidplosagei fons, aihwaglosed herein
may conprise nano%artlt‘y ul ate rI otinib arti cl es, or a salt thereof, having

a surf ace™yiPhgrmaceutics] s%’tc%ﬂlb gdospge Srmpsambeiizedne surface of the drug
particl e. 1gb92 LhnGgr SHRO BN nvEtidn1E dir@éf@d‘&i Q{e‘ﬁ ?u?oﬁtlons
as erlotinib

nanopart i cuI ate quinazoline derivative, suc r a salt
t her eof mnmmmmg a nmopaﬂmuhutmqumuohpmdwrmuukl hedonee gmioddiinentsf the he

nanopart I cuyl at I nazol i.ne derl vat i affecte ed or fasted
State of GRESfEE SHYRHNE T FPUIR O S ﬂqtmﬁsqqﬁwéasﬁ-&{-her

enbodi mengy, 1 j i ne
derivati vée y@ﬁﬁhéngg%é? :bOtI ni E 5 ag@ t t her eo@hcogggfl?ﬁ%eﬁ%g\ﬁger ein

adm ni st rmdenﬂledfadblmenmd?apmya@ drlotinibeis apbgtemtkinase dnliibsdre et ate i s

bloequalent to dm nistration of the conposition to a, subje I.n a fed
state. Pﬂéprr&%@epﬁéﬁ?b eFRan Y GRTIBBING PGP b xS

nanopar t ' 1&1553 or Q‘éhl@ corrp C}g’ﬁ 4 MRt StabiHE adRSrbRE bPhisBEBte with 8! ¢

t her eof ) ar maceut | ca I on
surface of the drug particle.

[0021] One embodiment of the invention encompasses a nanoparticulate
quinazoline derivative, such as erlotinib or a salt thereof, composition, wherein the
pharmacokinetic profile of the nanoparticulate quinazoline derivative is not affected
by the fed or fasted state of 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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whi ch additionally include one or nore conmpounds useful in treating

hyper pr wo bersatesde di sorders such as cancer and ot her @Eqﬁ}sg&k}o?sa{seases.
For exanpl e, additional conpounds nay include gefitinib, pertuzamb
paclitaxel, cisplatin, carboplatin, gentitabine, bevacizunmab, tenozol om de,
sutent, |eflunom de, 8 WD 2006/ 110811 PCT/ US2006/ 013641 docet axel,

i matinib, laptinib, canertinib, doxorubincin, vatalanib, sorafenib,

| eucovOr | dcefABE fhkritih NGpriiB! datithifRP doARELIRERD) AALhBNSorhifbeOf . The one or
more additional conpounds nmay be present in the phafnmaceutical conposition
as nanopkntivouinatapegitatine; cetsxupmalh,rind combivations thedebf Tloe ome ¢rGA&4] Thi s

I nventi on%%ﬁr.t her discloses . a nethod of making a nanoparticul ate

qui nazol i { GappQHds mayibepresent igitheplpraceltical QomuQstiog@s conposi ti on
accordin G:Pé%kf ' : ] ggkngonpri ses contacting a
nanopart?%%@g%gﬁalﬁf azoliéér)\(gmggﬂﬂslgstu?f\glﬁelgvmtﬁ at | east one surface stabilizer
for a tin@0adsd UThidénventing ifgritlem discloaésfd methnd of majing\d ukmopamiaulatear t i cul at e

ui nazol i ne det.i vati.ve. co sition.havin n ffectiye average rticle
Size of | SSelns deyTive Heh IR oL st feraf commerlion o dE e Ber s can be
cont act edigibr? ARG LhibrEscH bbiARRE NEBnBSALiY AR Rindblifier | Def or e,

during, or after size reducti of the quinazoline derivative particle.

[ 0025] Théerpratisewithiabieasttdnersuifaceadtaholiztr farct tade tnd meddredsditibng r eat nment

i ncl udi ngﬂ&gt, not limted to hyperpr.oli .ergt i, ve, di sorder.s, Er,ef erably
cancer, aWdigigR{opEpvdde %P%‘f‘&agﬁ%?f‘t% 0 ¢ derdyative GREPesieR RAYIRGAL C) |,  usi ng

the nanopggd kiGy h@érg%élbﬂlﬁ%%{zie%?lesgﬁ{ah‘éﬁ&ﬁt‘%oé%H:P. orf¥l d10hbrlshrifde @ salt

t hereof ) conpositions of the invention. Such nethods conprise a(fm' ni stering
t 0 a subj siatilizers bar bpeantictad with e infreaptaiticalderguintzalinealerimativepeithercul at e
qui nazol i derivative c%g;)osi ti on(?g cording.to,the .nventjon. O her

met hods Ol?e%g;eeg%pra@?r & IRAUStLoR qugng ¢ dSHSHEE PRESE of the i nvention
are knowpgbsy “T’Hégre?%rllt%énﬁoﬁ% éléb_eclﬁ?ercted tb AP ds TR atrhie LRIGAY Bt gener al

description and th | owm ng detailed description are exenplary and
expl anat ongt lamiteda dyperpenlifenitivedisomeisdprefanatily eancex pind exen moref t he

Il nvention a |.ai med. her obj ect nt ages, and novel features will be
oadi |y BpRoR g ool huig e INSCLD, e T SAROIESdAte SRHEPIREL a1 | e
descri pti @fivafive (Mich hMESHdi®Br a salt thereof) compositions of the invention. Such

methods comprise administering to a subject a therapeutically effective amount of a

nanoparticulate quinazoline derivative composition according to the invention. Other
methods of treatment using the nanoparticulate compositions of the invention are
known to those of skill in the art.

[0026] Both the foregoing general description and the following detailed description
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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DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0027] The present invention is
directed to nanoparticul ate conpositions conprising a quinazoline

deri vat iwe 200811011 may i ncl ude qui nazol i nam ne deri vat i PEF/USLMBH13Hd1
erlotinib or a salt thereof. The conpositions conprise a quinazoline
derivative and preferably at |east one surface stabilizer adsorbed on or
associated wth the surface of -9 WO 2006/ 110811 PCT/ US2006/ 013641 the
drug. The qui nazol i ne derij,vative particles have gn effective gverage
particle s&@&m%fm%g@nw Re debat 9@6@‘4‘%3‘?"‘{% ctixe ayeraghparfiplesizé - 684

pat ent, a”&’t‘bl%?stﬁéx%%d hbeslnmn the exanpl es bel ow, not every conbination of
surface stabili zer angi active agent will result in a stable nanoparticul ate

conposi ti of0028} Aasawght pr thei‘684 patetitsand\es ereinplifidd imtthd Examplesibelpwy ddtcul at e
qui nazol i ne deri vg,ti\(e f%rvg}n ations cag be nade, 029] ., Advant ages of the

[
nanopart i cENeaY eorghinationef setage stabilizenand aglivg ageat %(Fl?‘éﬁs}l iha stghleg “sal t

t hereof, f ' [ | . nventi onal, non-
nanopart i cﬁ a gﬂ%g%p%;%ﬁq%ﬁﬁgf 'I?’ﬁg& éé%ﬁq%}?ﬂg%feﬁﬁ%{hgtegﬁg% i ve include, but
are not | nadopedictulate quinazetiné Herivatiab f@inubationt bat besmladel dosage form si ze; (2)
smal | er doses of drug( re(%ui red to obtain, the sape, pharmacol ogi cal effect;

(3) i ncreald%i Aslyantaggsiqritsnanopyrticulalequinazoling deriviaiy e, Suchaseriptiedki net i ¢
s \ YT Sl b e et
Phe 1ed verst 88 AU T IR B e Y hrich ATRORbLeR 5w Wi LaB O s O B0 1 1

deri vat i venaopptisulatoodsnpuiitionad e dantcafuithzoling deriviatide ilRhrlgsbiitee ndtast ed
state; (6)_an increased rate of dissolution for the quinazoline derivative
conposi ti ohsutedip) (17 ymeler tablptrrather salididpsage forprsize allesdases HABE used i n

conjunctio ] 0 ' ]g% f | Pyt L. | jferative
conditi onsl,%qmsrt%&;?? %ﬂg%gﬁeccéeawegpn ng‘%ﬁ%ﬁt’%q Ieﬁlg%tr ﬁ)ﬁ%ﬁgésgggé%iéﬁ?{bgg&@ The
present i nsitstantillpsigilat phdrimdeskingtivqpafiles ofthetqmimuoerddrivativeler i vat i ve,
such as erlotinib or a salt thereof, conpositions together with one or nore

non-t oxi ¢ COIARRsitiANs gYheRiadinisieEsdiin Mefed yPmpe he fasied Hotenty bicgauiraleney es,
COLt ect ! v ebYnE Gl el Gridive BalRlifbns Wt GAARPRLLN Mo T8 vBSud ! At
on e.g., I ntranmuscul ar, oOr

for parenteral injectl I'nt ravenous,
subcut aneofised statey!(6 paininoieasedahief dissolatibn r the quinazolipe dededtiveol form

vaginal, nggn%dsitgoen%;[ 21’.|1d, (7?%h%| q?lriﬁaz!)ﬁr?eaclierl(vgg\\/,\g cec{rrslﬁos(i)tiio%ts i) %)es used igr ops).
conjunction with other active agents useful in treating hyperproliferative conditions,
such as cancer and non-small cell lung cancer.
[0030] The present invention also includes nanoparticulate quinazoline derivative,
such as erlotinib or a salt thereof, compositions together with one or more non-toxic
physiologically 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 invenﬁon 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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buccal, intracisternal, intraperitoneal, or topical admnistration, and the

like. ((’jg,g%k/ opfief erred dosage formof the invention ﬂ(?f/ﬁszﬁﬁ)dédgg%tgosage

form t houg any pharmaceutically acceptabl e dosage formec utilized.
Exenplary solid dosage forns include, but are not limted to, tablets,
capsul es, sachets, |ozenges, powders, pills, or granules, and the solid
dosage formcan be, for exanple, a fast nelt dosage form controlled

rel ease d%}?&q Wy Y, : dosage form
extended re eagrelﬁécfggggéeqe%gra{ﬁ%l Egﬂfﬁ%@ ?ggasfﬁg]%gagg ggia@’scg%ecoﬁgd#ﬁ]ﬁﬁ)ﬁlo WO

2006/ 1108therdaETAlSSPd@osOHhBEA formmiatied is prefatiedt e r el ease and control | ed

rel ease dgs rm or .a conbination thereof. A saljd dose tabl et

formul at i 037E Irrﬁep_éqsﬁrétdm?vé'eéza dogfyabegh issn HE FEYRE BriBecsetbed her ei n
usi ng sevgrﬂll?eg%glg?&%}ke ou@ﬁlp%ﬁlicafti%.th bel ow and t hroughout the

appl i cation. erm"effective average particle size of less than
about 200{D038], Thaterni&fftcties Micragepastitie dibaof lats thamsboun 000 nd0%sof t he
nanoparti cul at e qui nazoline. derivative particles, such as erlotinib

I

hydr ochl ob§eddiergimraeans that gt lspstjapewt Y0faaf e saropapierydate fpAetinéeasur ed by, for
exanpl e, | i o ' : : ' pectroscopy,
| i ght sca?i&g}ralﬁﬁg?%cs ’Ji:dgﬁ}tg‘? F‘p?}gg!t)ﬁgﬁ%h@%d@[ﬁ%‘?gflgg%E?eg%@tsahgg%%vm to those
of skill 200Gine vereh mé¢a3tidd by for esamplbesedinmentatmmaiidw fractidnation,whdeonst ood by
persons of ordinary skill in the art d wll vary toqs‘orre extent on the

a .
Bontoxt | FOTRAAAR SpECFascars gty foaitprine difkseniisation AKOBETHINANA are not
clear to Ex?c{)\ﬁ?{bsﬂa% &s‘ﬂl[‘ﬁfﬂieﬁﬁi Il in the art given the context in which it
about Wi '

i s used, mean up to plus or mnus 10% of the particular term
[ 0035] As[0034] Asnsidhevein) “abohéiweilice ymlestond by peasvap af brdindrakkilldni nazol i ne

derivative particles (such as stable erlotinib rticles), "stable"
connot es, %Sli’ft angd widk vary fo.someextent 9a dhessonigyt i ‘Uhiocﬁﬁb‘sﬂé?‘f ofithege #&r anet er s:

(1) the paelLiophifpSelt width et 88&&%’{3%5{)]&0&%&’&@5& sRil] oAb AR Alhgndue to

interparticle attractive torces or erw se significan I ncrease in
particl e edrtextdn evhidh s use@)“abdiat wilhenephiyp teplus os i 10% obthet he particl es
Is not altered over tinme, such as by conversion froman anorphous phase to
a cryst al PHHEUIBREEE: (3) that the particles are chenically stable;

[0035] As used herein with reference to stable nanoparticulate quinazoline
derivative particles (such as stable erlotinib particles), “stable” connotes, but is not
limited to one or more of the following parameters: (1) the particles do not
appreciably flocculate or agglomerate due to interparticle atiractive forces or
otherwise significantly increase in particle size over time; (2) that the physical
structure of the particles is not altered over time, such as by conversion from an
amorphous phase to a crystalline phase; (3) that the particles are chemically stable;
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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and/ or (4) where the quinazoline derivative has not been subject to a

heati ngygb@Rdfs1Pr above the nelting point of the quippgzRbéce®istes i vative in
the preparation of the nanoparticles of the present invention. [0036] The
term "conventional ™ or "non-nanoparticul ate active agent” shall nean an
active agent which is solubilized or which has an effective average particle
size of greater than about 2000 nm Nanoparticul ate active agents as
defined h@037ln Thyplrase “mioklyotratsresohbiy drygs’banised hereki ferofo thesesdrigan about
2000 run. -11 WO 2006/110811 PCT1U§2006/013641 [0037] The Ehr ase_ "poorly
wat er sol Bl kavarsglubiliy iy sater 198 jess than abit SO/t lses thamgeout A M/ Mhve a .

sol ubi l'ity.d f St m, less than about 20 ng/m,

| ess than%%dbtg%cgﬁv%glmn%ﬁ’oorﬂ%g}é g{ﬁt gglt%%ﬂl ng/ M. [0038] As used herein,
t he phr as@o038heAsneetd herein| theghtaze tthempeutivally 'effsdtisle antoagi’ sHatitmeadrths dosage

t hat provides the speci f_igséghar macol ogi cal response for which the drug is
adni ni st et dpags thatpaevidesine spreircrhagmacolegieal respppsefopwhish the/€mets eat nent .

It I's e”l’d}:gﬁ{s%&gd ek 'ﬁth'ﬁrnaD &P@Hé&m%%@&{ i)f’s%]cﬁ‘@i%&%epﬂf 1t drug that is
adm ni stere 0 a particular subjec na partrcular rnstdance wll not

al ways beergpiized Vigat anhdripatically éffetive andiviticdasingdd taekedndgiserddaed herein,
even though such dosage is deened to be a ¢therapeutically effective anount
by those PATtiean qubjest iaspartieulaninstancervallneg akwyays he elestite indreating the

Nanoparti ¢yl L |1 L.yati i ention 1.

I ncr easedgogﬁdg{é)\?lgﬁgaegﬁaeﬁ i%teélé;l?’(?@é’ieﬁh{ééﬁﬁtgﬂ ar ?8&’?"%@5 g%?lé\éaagtgllblg\r%e derivative,
such as ethkmpeutidallgeffactive dmdunebp tHose of skillin thieiaptns of the invention are
proposed to exhibit increased bioavailability, and require smaller doses as
conpared to prjor, conventional .quinazoline derivative fornulations. [0040]
In one emdodi nBriferyedGharagiepsticsnf the Nanapadissiate QuinazolingiDerbotivee
derivative confosiposidions gpthe bxyentionstrati on to a mammmal, produces
therapeutic results at a dosage which is less than that of a

non- nanoparti cll at elmweasgd Bioavailabilithe sane qui nazoline derivative. 2.

| nproved ﬁl&ﬁr Ojl“i‘u!: re1§noparticulate quinazoline derivative, such as erlotinib or a salt thereof,

O

formulations of the invention are proposed to exhibit increased bioavailability, and
require smaller doses as compared to prior conventional quinazoline derivative
formulations.

[0040] In one embodiment of the invention, the nanoparticulate quinazoline
derivative composition, upon administration to a mammal, produces therapeutic
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 Cpax 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 Crmax for a non-nanoparticulate
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[0041] The invention also preferably provides conpositions conprising at

| east one  nanoparticul ate qui nazoline derivative, such as erlotinib or a
sal't theVOAIHA¥ g a desirabl e pharmacokinetic prof i RG/U#EPS/HAMINI st er ed
to mammal i an subj ects. The desirable pharmacolinetic profile of the
conpositions conprising at | east one quinazoline derivative, such as
erlotinib or a salt thereof, preferably includes, but is not limted to:

(1) a Cmas_ for, the i nazol i pe deriyative, such as erlotinihb or a salt
t her eof , mgﬁugeeaygﬁleiwm@w e5vativxafmE steied ot Hesame dgpagsi ng

adm ni stratid ' 7 . t
non- nanopa%‘?%é?%%}gkp gf%ﬁ%@jd%% f{%§§ﬁ3%¥7’ﬁ@%8%%of%§r gg%tr%ﬁ egi(',i on of the
sane qui nawhén amsaybdrin Viad plagma eflmmastadian dulgecttthowmgmddisisiyation, thatlisor (2) an
AUC for the quinazoline derivatiye, such as erlotinib or a |t thereof, _
when assayB§'" qft’ %%IMBA@ %WT%OE%PQEF fg@?lﬁwqﬂ%f_stgﬁﬁ%‘? stration,
that is pﬁﬁﬁ?ﬂoﬁﬁé ﬁeﬁ&a@ﬁr&%dn&ih%{b[réd“@c t@é&ﬁ@dqs%é}%ﬁ%ﬁ?)%f“ g €

of t er ve, adm ni

formul atio e same qui nazoll ne | vat | stefed at the sane
dosage; anguinazoliBy deriviative, fuoh as brdotimjipnagalt thaeoflevlienassayed irsthelplamaer | ot i ni b

or a salt thereof, when .as ed. in.the plas of | i an subj ect

Dol fowng SHAREiER SoheS Al Ving damit uParp, oS orelelhly s BHae oy o

non- nanopagd.i J tel t ' -0l | i vative,
Pafd a%hffﬁﬁoﬁ&ﬁéma@ b2 on! JT8he SR @Hh%ﬁﬁﬁé ag&gYagl%

adm ni stered at the sane dosage. The desirable ar ma netic profile, as
used her eadministeredat tht samadodegaeThedgsirable phameaskinetic pfafide, as heed ni ti al dose
of the qujnazoline derivative, such as erlotinpib .ar sal.t thereof. 3. The
Phar macoki Flinclsliﬂ%?l?qr’é‘éc ?t’r?é’rﬁﬂeﬁ’%%‘?rleﬂé %&F\?&PP se @5MSosi ti ons of the
| nvention iﬁa%gheﬁ&fiﬂﬁitv@fis MaEE&?otEES’oPésalFﬁéfe%ﬁ State of the Subject

I ngesting e npositions [0042] The i1 nvention enconpasses qui nazoline
derivative, such as erlotinib or a salt thereof, conpositions wherein the
phar macoki net i c3.pr of The Phfarupacokinetic Profiles ofithe iQuanazolinederivativeant i al | y
affected by the fed Confpasitiods of diecInvbntiors sk wsit Affeged by iige Fédor conposi ti on.
This neans that therpadted Seate epaicSiitijadt I&E&&ﬂ@&ﬂ@@drﬂbdsﬂ%xﬁuam ity of drug
absorbed or the rate of drug absorption en the nanoparticul ate qui nazoli ne
deri vati ve[opqaPoshé inRRaticH hcBeiPhies hEinLsbling dbAtatiRUsutR 8 ¥RofiliB of ashied state.
[ 0043] For conventional erlotinib formulations, i.e., TARCEVA(r), the

absor pt i onthefeof, compositions wherein the pharmacokinetic profile of quinazoline derivative is

not substantially affected by the fed or fasted state of a subject ingesting the
composition. This means that there is no substantial difference in the quantity of drug
absorbed or the rate of drug absorption when the nanoparticulate 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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erlotinib is increased by 40% when adm nistered with food. This significant
di ff er eRgg 268/1363pr Pt on observed with conventional er lpg&h%iz&@%ml ations
is undesira {e. The erlotinib fornulations of the invention overcone this
problem as the erlotinib fornulations reduce or preferably substantially
elimnate significantly different absorption |evels when adm ni stered under
fed as conpared to fasting conditions. [0044] Benefits of a dosage form
whi ch sub 3-8l J 4. ol ngl ' ase in
ubj ect  ooRuaoR fo¥wiich MAELE s fois Blehted Riay (R bsol B R bl et
does not rerglcimmerfos poer subgkct tdmpliaacewithlerlotinib. dose either with or wi t hout
food. This is significant, as with poor subject conpliance an increase in
the medical -13 WD 2006/110811 PCT/ US2006/ 013641 condition for which the

?L lrJgpIO grbghggegﬁigfk ?%i%lé‘il@ﬁpgﬁiﬁé%ﬂlm D@g]val%f@cﬁﬂﬁslokiltﬁ)ﬁ% bf ¢ ding cancer
Derivative Conposit irg(%lng o&?t‘)ﬁé f‘n@le _sfleg% We'a's gﬁf%%g%'gl}e:@as%’# tf‘l‘%Fed
Versus th t State. [0045] The invention. also pr.ovi.des a

nanopar t 1 4Pl T i Bion AR b ORt s bebBe e S RLRY PP uehipy
thereof , CcoRIEAM dri OdAltitRervb¥ 6bmpskiticH mitwiath AdnRistiaiSn 6P THADipoSifioh o &
subject in a fasted state is bioequivalent to adm nistration of the
conposi t i cibjeet i a fasibq stete ip hiogquizalent tatadminiswat®in ofiike ehmpaesitionde ai n
absorption Ef #.he @ﬁl{; zoline derivative conmpositions of the invention,
when adni i*SCEYES FH5¥He fed versus the fasted state, preferably is |ess
than about[od4p TRSEiffeRABe APMLbrptioof tIRhil2ainddeati?dtemp&fordsivgn about
25% less than about 20% |ess than about 15% |ess than about 10% I|ess
t han aboutth&¥gvention, #dwn administatedun tieofed vasuythe fastetheatenprofiraldnis leds t he

i nvention,,.the inyeption.enc S onpesi i coppri,sing.at,l east one
nanoparti cth?lh? u&%&%&%ﬁ? ?’ﬁ]é aﬁ%nvﬂl%éﬁ ﬁ?fé?h%?@%‘{%d%’;ﬁﬁ tﬁ?’é?@"ﬂ ggﬂ” B:Iss t he
conposi t i QRard ghout 3042 RE4 thiah aBorftaSYA tess tivintibbt 119086 tMah 888ut 5%, orless

adm nistration of the conposition to a subject in a fed state, in particular

as defi nedhigyabogt 3¥nd AUC gui del i nes given by the U.S. Food and Drug
AT 1 SCE bR bl pofth 3P AR5 AR SA i SOM Ak akecgoency (EVEA).
compositions comprising at least one nanoparticulate quinazoline derivative, 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, in particular as defined by
Crmex and AUC guidelines given by the U.S. Food and Drug Administration and the
corresponding European regulatory agency (EMEA). Under U.S. FDA guidelines,
two products or methods are bioequivalent if the 90% Confidence Intervals (CI) for
AUC and Cpex are between 0.80 to 1.25 (Trmax 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% CI for AUC must be between 0.80 to 1.25 and the 90% CI for Cax 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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two products or methods are bioequivalent if the 90% Confidence Intervals
(A) for AUC and Cnex are between 0.80 to 1.25 (T,,, nmeasurenents are not

r el evant WOR006118813ui val ence for regul atory purposes). REEBRWHIEEdui val ency
between two conpounds or adm nistration conditions pursuant to Europe's
EMEA gui delines, the 90%C for AUC nust be between 0.80 to 1.25 and the
90% Cl for C must between 0.70 to 1.43. 5. Dissolution Profiles of the
Qui nazol i ne, rivativ ositions of the Invention [0048]. The

nanopart i ca’rsé?qgtl%gﬁ%ﬁglyﬁgg&&@tf?s\t/eétc’in%,Of aeian and sreaten bipaweilabilily. sk t ¢ her eof ,
conpositio ! i ? : Ve . : amatic

di ssol uti O%ﬁp%&g?%gﬁﬁ%%lﬂg%lﬁgggPﬁc{%?%ﬁ%g%t&gghge ni §F§€g‘%ﬁg\@¥?’% agent is
pr ef er abl ewoall Heratehil to intraa®: RROBUS & ABIdIURGT §dIRA0N 66Hld AG4ih a Idvalstdsat | on
general ly | eﬁ&g/to faster onset of action and greater bioavailability. To

| mprove t h&P 8ol ution profile and bioavailability of the quinazoline

derivati very I %11% : b ' . S dl ' so that
it could aﬂdé‘lb!\ %Heqve ((): oseﬁ'Ill ?%%1%%£%%§i8§&?ﬂ%%3?% g%%hgﬂéggﬁvat ive
conposi t i odissalfitiohproifile mwhioh withef oabb mihaesatdeastblsan20% eftherofile in
whi ch w t hin abqut 5%“&&2 at | east about 20%.of the conpasition is
di ssol ved. SPHPeTHY schissalicre Bt Yok cnbpdimpnts of thsinveptioneai deashahowt 3809 or at
| east aboug, 442 i L& | ' k4] Ay ' vV i thin
about 5. P harek? ap D9 Of e HaaKEe CALRARIG RAidedivel SRR L0,
40% at | edshinutebolit ydb0ther ambbdiasitsadfahe indOffiora bt legst abowrtld0es, a7 (gt or at
| east about, 80% of the ui n | ipe derivative conposition is dissolved
Wi t hin aboG}Po%éOQr{‘i’ ﬁhﬁég.ag?‘i“r@%ﬁ anﬁ: a%awof%ror@ﬁ%ééﬁ At 8Qb of the i nvent i on,
at least a 0 : 8P "l'ﬂg . 9000 ut 100%
of the qui ﬁg@o (ﬁ%éq dgg%?t\k/at i vhlg% g@%éﬁ&t Sioé\?]édl S ?tég%@agt&lm\%%gh?ﬁ{ag ’g@t 20
m nut es. [ eidbdr endhizslihenttiodithd inventeheatdedsy atwam §0Ve dt least abome@OMnanteasth i s
di scrim natjng. . Such a dissolution nmediumwll produce two _very different
di ssol ut i ofO% 2% oF § 0*%383%mf ﬂgazwgv? H%n%w compefemis ditsebsut i on
profiles ig@asidout20 Wic@ss. 1-€. . the dissolution mediumis predictive of
in vivo dissolution of a conposition. An

[0050] Dissolution is preferably measured in a medium which is discriminating,

Such a dissolution medium will produce two very different dissolution curves for two
products having very different dissolution profiles in gastric juices; i.e., the
dissolution medium is predictive of in vivo dissolution of a composition. An
exemplary dissolution medium is an aqueous medium containing the surfactant
sodium lauryl sulfate at 0.025 M. 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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exenpl ary dissolution nediumis an aqueous nedi um containing the surfactant
sodi um I ate at 0.025 M Determ nation of the ' | ved can
be car Wé%g/&?dﬁ%{/ spectrophotonetry. The rotating bl a(lj)g%?@(g@h%éﬁropean
Phar macopoei a) can be used to nmeasure dissolution. 6. Redispersibility

Profiles of the Quinazoline Derivative Conpositions of the Invention [00511
An additional feature of the quinazoline derivative, such as erlotinib or a

salt ther CONNGSI. 1] ons | Al | ' . 1 | i ons

" e sper sd00oth TRBISbicatsndbpl BB B, lal S Blidd SeFGMRRA M v s
qui nazol i nendlepdriieltisize of did dctive sgdns; if thesstivdiagentledstnol redispeBinto e S i S
significant, as if upon adm nistration the quinazoline derivative

conposi t i owealbpartiele sizgyBpan ahnigisiatien, theadichipenss or eaelamerntessactive agenty

nanopartic ek | | | t he benefits
af f orded olgsrru g{)ﬁééf P ﬁg@a%ﬁ%ﬁ@ g‘%ﬁ?’%@?{e\%@l ér%}c{)gya&ﬁg%opart I cul ate
particle Sﬂ@@paﬁi&ﬂaﬁé@y&@ﬁﬁdnﬂkﬁ@ﬂibnﬂ&ﬂ@hhﬁ?@&@ﬁﬁ%&ﬁé&to ddvelan BRelll S because
nanoparticul ate active agent _conpositions benefit fromthe small particle

si ze of t Hedugionis figgenergy; Withthefermajion of swrb agglomeraied padiclgsethge i nto t he
smal | partﬁi@&&ilﬁﬁiﬁ?f?f'tﬁg'&o?a%?f&%ﬁ%ﬁ?tfilf?n’ then "clunps" or aggl onerated
I’c 0

active agen par es are=rorined,”owng to the extrenely high surface free
ener gy of [00§3]naNReyvet,thd Adr@psYistiae quithzblite ddBatpeyhapostishsiofiig force to
achi eve an overall  reduction in free energy. Wth the formati on of such
aggl oner atiaverpigntexhibdidrampiic radispession ofitihe Rangpaticelate aninazghing derivativg f al | .

[ 0053] Mor e | i | er ] Lve. conpositions of
the i nverﬁ%?t\écﬁése%orﬁbﬁdpﬁggg%ﬁ {é%r@%‘?ggg rsg‘%%l %m?%egﬂn%l%%la% i cul ate

qui nazol i ndentigksirsied by eecopstititioh/esligpesionaid ki bibrele aiti g0edu® rediBmpuvhlthatsuch as a
human or aninmal, as denonstrated by reconstitution/redi spersion in a

bi or el evarfhe gHe@BEAVEEEP Rardiglasizapftthe rodispemed guingzoling dedyativspatticdesds sj ze of
the redis ' i ' | | | bout 2
morons. - ot P 2RIOE, S0 MBHAdRPAIb fitdh ay bR MBBNDC

exhi bi t t haedie #at eghibitthedsired iglidstengdthidnd pH) iwiicH form thebadieforshd or t he
bi orel evance of the nmedia. The desired pH and ionic strength are those that

are repr ceievelevenceoighe pefin. oihsgiesizad pidaAed ionimsrengtihage these Hat Agnan body.
Such bior eljeﬁﬁégé}lttaﬁve of physiological conditions found in the human body. Such biorelevant

aqueous media can be, for example, aqueous electrolyte solutions or aqueous

solutions of any salt, acid, or base, or a combination thereof, which exhibit the desired
pH and ionic strength.

[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. Inthe
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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aqueous nedi a can be, for exanple, aqueous electrolyte solutions or aqueous
solutio alt, acid, or base, or a conbination ch

utl 17 PEDRISS66 01360
exhlblt%ﬁ%a;gégﬁred pH and ionic strength. [0054] Biorelevant pHis well
known in the art. For exanple, in the stomach, the pHranges fromslightly
| ess than 2 (but typically greater than 1) up to 4 or 5. In the snal
I ntestine the pH can range from4 to 6, and in the colon it can range from®6

to 8. Bi oj0eb6}v aRtpressntativeicleeiglie sdlutidns @anvbe, |bukﬁﬁvﬁbt lithited@o, €1 Fast ed
state gastric fluid has an ionic strength of about IM while fasted state

i nt est i nal solytipng, WE@PW@U@tqﬂeﬁ‘@ﬂﬁbmﬁ@ @ddgtabwtml Nse@dbragl Li ndahl et

Ven' and voriicnsSaap B ifpetcetipfor S haR g3 T Glon U MR PRl D01 T 0

¥s bel i eved

that the pdﬂel%aﬂ Faruixampld, epirblyef sohitnk 64 bé Olitidre @0t LiHiteRES ab&It'Ot]! Kal than
t he specific chem cal content. Accordingly, N(;;Igroprl ate pH and ionic

strengt h vECleslessnabo Oeﬂiﬂglﬂfé]cprtlpﬁso@@m HORENIEE] enlets, ﬁbQut@rﬂsM)Na@k rong

d d-.b
(e woel 108 BRRE RSOV B oo MR 6 8 Sl AR P
pol ypr Ot | COFth%é éle¢tid1 . soRitions, 010 MQM&WMNE@WMQ&%ﬁﬁé’&ﬁwe[ 0056]

Representative el ectrolyte solutions can be, but_are not limted to, HCl

soI ut i ons, offfasted hgnﬂmphmgmalaonéwonmm%whe pBood ipmicayength0. 1 N, and
sol ut | concentration fromabout 0.001 to about 0.1 M
and mi xt ur €& %Q{oﬁgpgﬁgpr%gmaé%%%) et]gfﬂet&atc oI yte solutions can be, but are
not linmte Cposq BRettblyt éon%ntf‘@bn@bf(b e@pNH@potom@ﬂcﬂ\bﬂﬂmmss about
0.001 N H l'ess, about 0.1 M Nad or |ess, about 01 M NaCl or |ess,

about 0. 00wTwEPend to gl 3&1&52 andcp il xtespestivalyie Thus, a 0. Q)‘Ntfﬁ@ls%)hﬁioact rol yte

| ut HC) f fasted
hummn oy STERBt R Reltcsiphet pand HEmBEE At RERRBT DT Mg o'
condi t i onsprehdw@réars&a@bMpp@@ﬁhfaﬁb@b%e iAA¢ strdriped coddﬁmifoﬂdect rolyte

concentrations of 0.001 N'HCl, 0.01 NHC, and 0.1 N HO correspond to pH
3, pH 2, aibughout,the bedssdndlyding themasizointestina ﬂurdsmthoslgh gongsntratsinsu| at es

ypical acidie fargy ! M oY B S B TR Fond iR R B s Found

t hr oughoutddge body, including the gastrointestinal fluids, although

concentrations _ i o
[0058] Exemplary solutions of salts, acids, bases or combinations thereof, which

ﬂ

exhibit the desired pH and ionic strength, include but are not limited to phosphoric
acid/phosphate salts + sodium, potassium and calcium salts of chloride, acetic
acid/acetate salts + sodium, potassium and calcium salts of chloride, carbonic
acid/bicarbonate salts + sodium, potassium and calcium 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

-17-



hi gher than 0.1 M may be enployed to sinulate fed conditions within the
human [ 00581 Exenpl ary solutions of salts, HES20006388 OF

conbi na ioo#?égﬁ%lrleof, whi ch exhibit the desired pH anlzé\'llL o§rﬁ c strength,

i nclude but are not limted to phosphoric acid/ phosphate salts + sodi um
pot assi um and cal ciumsalts of chloride, acetic acid/acetate salts +

sodi um potassium and calciumsalts of chloride, carbonic acid/bicarbonate

salts + sQPbmBOORRA, A6EithiN Ajodt £50 G URStRh bk 2000 hAY, 1436 thadEost 1501 C
acid/citrate salts + sodium potassium and calciumsalts of chloride. [0059]

I n ot her @mbdess tanabout 140Ham, lesscthen ghout 7Ham; erllespihag ebow fi0mm.disi ne
derivative particl f the invention (redispersed in an,agugouys,

bi or el evame,%s‘gfd §X$T9gh§§ Eetgn%{nteﬁngl% %’g%s&?pyhg\'/%tﬁ%ap@mm% ’3‘8&’85& age

particl e $ygenkthdds seitdblefor akkabiridgestiectivd areraiaqiakticld Si9e bR lmow@Sts at han about
1800 nm Il ess than about 1700 nun,-less than about 1600 nm |ess than about

1500 nm Ipersen ofardinasy ekillindie astn | ess t han about 1300 nm |ess than about
1200 run, than abqui. 00 n ess than..ahout 1000 n | ess t han about
500 nm 1 J0EBHF  ER R b Mikod @ik A YA Heat R M n e 8RS ' "0 ot
650 M, | &%6elghake e S0 oNeLf 1S Patehi 196, EPYSOfP “Sblid DEss t han about 500
m, | ess than about 450 nm | ess than about 400 nrn, |ess than about 350 nm

| ess t han Nangpagfirglene/onmpsitionsComyszogsy Smgezisic GeombinaonofmPolymssict han
about 250 ygm, | .4 han abou 00 n ess.t hap about 150 run, less than
about 100 SHﬂqacel gtéﬁlhgﬁra%?dgglc?ﬁ{yl %%&Hfﬂr%‘g#osll%c&at?'han about 50 mu, as neasured
by light-scattering nethods, mcroscopy, or other appropriate nethods. Such
nmet hods sui t able f orQiuinagdline Weri¥dtReidotRpaigsmdgsedar ti cl e size are known to
a person of ordi nafy ffjlhctidh With Gthbr Aiﬂ@@ﬂgetfi@di spersibility can be
tested using any suitablé neans known in the art. See e.g., the exanple
sections 1 S. q@&% . |d Das J.cul at e
Conposi ti génoséf&on%g I SI ng"@pes?/%e"r% g?%’% ﬁ% %ﬁ%iuﬁgdt?%n of ﬁgeég?%géglﬂé&ﬁ&rface
St abi | i zewf thedni@ntioh chn SdditiomiSulohgsise oheat mote compQunigasefuliie tloating/at i ve
Conpositions Used in Conjunction with Qther Actjve Agents [0Q061] The

qui nazol i R¥Pererliferativedisarders, ﬁ%cﬁé‘ﬁ CeRceRPILtEer neopiRstic digeasehor theonposi ti ons

quinazoline derivative compositions can be administered in conjunction with such a

compound. Examples of such compounds include, but are not limited to, anti-cancer
agents such as mitotic inhibitors, alkylating agents, anti-metabolites, intercalating
antibiotics, growth factor inhibitors, cell cycle inhibitors, enzymes, topoisomerase
inhibitors, biological response modifiers, anti-hormones, and anti-androgens. For
example, additional compounds may include gefitinib, pertuzamib, paclitaxel,
cisplatin, carboplatin, gemcitabine, bevacizumab, temozolomide, sutent, leflunomide,
docetaxel, imatinib, 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 the invention can additionally conprise one or nore conpounds useful in
treatin poliferative disorders, such as cancerp®fy@ihebispaor! astic
di sease ,O w&f‘rﬁ’g gui nazol i ne derivative conpositions can gieo adm nistered in
conjunction with such a conpound. Exanples of such conpounds i nclude, but
are not limted to, anti-cancer agents such as mtotic inhibitors,

al kylating agents, anti-metabolites, intercalating antibiotics, growh
factor i nf&fuﬁia&@l’iﬁa d&eRhtiveydticled Gﬂité%lﬁ hEvida iy ! %%rbeﬂ%&b&ﬁ%ﬁﬁ@

inhibitors, biological response nodifiers, anti-hornones,

anti -andr Ggﬁ’arsc stﬁnhzerexfamrmaﬂamﬁmmnalmmm,ts-lmkgtgasncI ude gefitinib,

pertuzam cl.it axel LS| rbo | at 1t abi ne,. .bevaci zumab,

t enozol oni q%&? Li}k@rﬂreselné?’lvﬁl?'lg% ag%o inc "ﬁ%@i ?ﬁ%ﬁrﬁvscom TS,

canertini ke éﬁ@f%lﬁpbﬂbcdr%o%%bﬁ]tébﬂb ths‘iélbgiﬁﬁw BoceptaBleGaM s, Adj lﬁrﬁlﬁ’@cdrt abi ne,
ceti xui mab,  and conbi nati ons t hereof rrp05|?| ons [0062] The i nvention
provi des cv@hmm ¢allentivaly naferred tngisgamerszl'ﬂm winpasitiossisan mformylatedaeol i ne
derivati ve, GP#?I] .as_erl tlm h or a a%lrt t her eof at least one surface
st abi | i zePar éa§ﬁlref"é% ABFFYLRI Ut frélrﬂ%cu BF9dbn or associ at ed
with the giitigeidafink68d C]id;'uf@é@bérﬂ%l% "(Iﬁé]!néﬂenﬂﬁl trb&ﬁle§cu1§UIJc§Pe
stabilizers especially useful herein préfefably pRysically adhere on, or
associ at e (ppwders,tdietnentstackops), tukeal, intracigtarmial, duttapedtomealnarwpicak deri vati ve
particles Bﬁlti .do not c @?&@Hy readt with the -18 WO 2006/ 110811

PCTI US200 8/ BYRigEa 101 g ne derivative particles or itself. Individually
adsor bed nol ecyl es Clﬁuifn olice i deRives abi | 1 zer are essentially free of

i nt ernol ecul ar cross-11 nkages. l?ﬁgGSf The present invention also includes
qui nazol i j80Gkr |Tlmtaoqu>osmmpmef thie amentiow gehprese amanbpatieulate quimazohina- t oxi ¢

hysi ol o |caII ahle carrie vant vehi cl coIIectlveI
Iroe1¥erredgtd(‘3 TGV (‘?a?‘i'cﬁ §bl° 058%{5?}?‘?0%]& ﬁggﬁqs&pﬁ.moé ﬁ“ff %arentergl
injection (e.g., intravenous, i ntrag scul'\\ or subcut aneous), oral
adm nistration in solid, quU|d }oSsol Rgrm vagi nal, nasal, rectal,
ocul ar, local (powders, ointnelts or buccal , intracisternal
|ntraper|toneal or topical administrgtion, gnd the like. 1. Quinazoline
Derivatives [0064] The conp03|tN-qs o aventi on conpri se a
nanoparti cul ate qui nazoli ne

[0065] Quinazoline derivatives may include any compound that has formula I:

RI
R6YN\ R?
N /
R3
RS R4

[0066] In some embodiments, quiazoline derivatives may include a compound
having formula I, where each substituent R, R?‘, R3, R4, R’, and RG, may be the same
or different, and is selected, independently from each other, from a group consisting
of -H; -OH,; -F; -Cl; -Br; -I; -NH,; alkyl- and dialkylamino; linear or branched C;.¢
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; (Cy.6 alkyl)sulfonyl; arylsulfonyl;
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derivative, such as erlotinib or a salt thereof. Quiazoline has the

nol ecul f ~ ~~ |1 N [0065] Quinazoline derivaty kncl ude any
conpoung‘i]?hzg@ﬁilgéshfornul al: R R NRR NRZ RS R4 | ﬂ%@@@qlaﬁgom

enbodi nents, qui azoline derivatives may include a conmpound having formul a
|, where each substituent R, R2, R3, R4, R5, and R6, maybe the sane or
different, and is selected, independently fromeach other, froma group

i sti ~Jr; 1farfhl : thia : i al kyl am no;
hear o BEm(C o Sfatl (Rieallsbimio e shfibironaiiae) B Y1 AT N0 or
branched Cirylsuifohamide; -MIIELxyNHOH;, atykawmyl hetefedrikly hederheveyeaeh kikly),; - CN; - NO2;
- COOH; - | kyl); -OOO{ - O.NH(Cl .6 alkyl); -C(O 1) ;
sul fonyl %ﬂg}/ %ﬁ‘W&X}i gy Iaaira% %WO@&%%?}V e:o%_tlféal%,w%g@,)teﬁ; %ng

PCTI US20004 04364 ousiAhesEm St Datibhpemiainb G Galiublpkor (06

al kyl ) sul f onam am de; - NHNH ’het’er caryl ;
and wher e dae¥iHglatkyl; andadiblkgtaino;dinesmyrl hramvhgd C;.galkyhed,qratleenyl amdpi ety may be
optionally substityuted. with one r, more groups independently selected from
the group & Yl'sﬁliaﬁsﬁ jneagyy brapched G4 ol ﬂyﬂpxy;w@?xw-kw -"and

di al kyl am a1k breagcl [ | .6 d@ﬂx . ynyl ;

aral kyl ; | Fﬁr?( ééﬁég%g?ﬂakkghgq ’CF{{?%’ g(ag%é%rbﬁ@?/ ; C?r a oi{y;é(t?)l\]}(fédg'6
OO 8 T N Ay ) ot Tany L (O b SLlyl Yot o

- al kyl); - aryl); sultonyl; (Cl-6 alkyl)sultonyl;

aryl sul f on§ -l)gufwy&wl-seﬁwl)%u%@wﬁ@uﬁmm, :@erlgtéf%mwe;rﬂ%,ﬁ{ze cl-6

al kyl ) sul fgﬁ'@_' jparyl sul fonam de; -NHNH2; and -NHOH. [0067] In sone
enbodi nent s, t'hé qui nazol i ne derivative may include a quinazolinam ne
derivati ve[0067] &xeomé embadimeanptherpinapalintaterivativesaay tryuderc! ude

4- qui nazol i nam q_e derivyatives._The 4-am noazgr_oup, of . 4- qui nazol j nagi ne
deri vat i veguinazolinamine derivative. For example, quinazolinamine derivatives may include

4-quinazolinamine derivatives. The 4-amino group of 4-quinazolinamine derivatives

optionally may be substituted with alkyl, alkenyl, alkynyl, and/or aryl groups. For
example, the 4-amino group of 4-quinazolinamine derivatives may be substituted with
a phenyl group, which further may be substituted with alkyl, alkenyl, alkynyl, aryl,
and/or halogen groups.

[0068] In some embodiments, the 4-quinazolinamine derivatives includes one of the

following substructures:

HN S
- I X Xy
\\\\ / )
~0 N and
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optionally may be substituted with al kyl, al kenyl, alkynyl, and/or aryl

gr oups. I l e, the 4-ami no group of 4-quinazoli pagng tMati ves may
be subst‘?@&?oe‘sg)iﬁ{Fh a phenyl group, which further mayri,ge su%@&ﬁ%é&?ed W th
allcyl, al kenyl, alkynyl, aryl, and/or hal ogen groups. [0068] In some
enbodi nments, the 4-quinazolinam ne derivatives includes one of the

follow ng substructures: myy o NN) and -20 WO 2006/ 110811

PCTI US2006/ 013641 NHZ O N N N, O Innggne enbodi nents, 4-quinazolinam ne
derivatives having the foregoing substructures may include erlotinib,
prazosin, alfuzosin, aéi d hjunazosin, terazosin, tiodazosin,
doxazosi n, netazosin,” {0, 0069] In sone enbodinents, a

4- qui nazol i nam ne derivati l1: RS 4RI RERHNC' CH OR7Y
RBN RO/ NRZ R Il whg R2, R3| R4, R5, R6, and R7 independently
are selected from tde grouy sl St i }/" hydrogen, Cl -6 alkyl, Cl-6

al koxy, C2.6 al kenyl*~G2 ,NaA o, A

N

In some embodiments, 4-quinazolinamine derivatives having the foregoing
substructures may include erlotinib, prazosin, alfuzosin, azidoprazosin, bunazosin,
terazosin, tiodazosin, doxazosin, metazosin, or salts thereof.

[0069] In some embodiments, a 4-quinazolinamine derivative has formula II:

RS
R? R
R3 HN C-
e
0o R’

where R!, R%, R? R* R’, RS and R’ independently are selected from the group
consisting of hydrogen, C,.¢ alkyl, C; alkoxy, C,. alkenyl, C,¢ alkynyl, amino, and
halogen; and R® and R® independently are selected from C;.¢ alkyl and alkylalkoxy
(e.g., (Cy.¢ alkyl)(Cy 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-
oxo0-1-(4-quinazolyl)quinazolines, 3-phenyl-1-(4-quinazolyl)-1,2,3,4-tetrahydro-2,4-
21-



hal ogen; and Rs and R9 independently are selected fromCl.6 al kyl and
ai cyl al koyy 2006119811 (Cl -6 al kyl ) (G -6 al koxy) such as et ﬂ?zto 626%%]41 [ 0070]
In sonme enbodi nents, the quinazoline derivative or 4- qU|na£

derlvatlve may |nclude conpounds sel ected fromthe group consisting of
2-aryl -4- oxo- 1-(4-quinazol yl)quinazolines,

3- pheny I-I (4-quinazolyl)-1,2,3,4-tetrahydro-2,4- -21 WD 2006/ 110811

gcgﬁgﬁsf)o?/cﬁ%’?%l nagfuﬁw ?13&5@713' 4n®§1% Wy)dlr%344 Be)i&rgh °F P)(()?(ng nazol i nes,

2- aryl - 4- oxhicko{uinspolines, QLatf,'D-4-bx8113(A4q1ﬁ1eizb@ﬂl)yﬂ,Q@qutdm&h?qu&&azﬂmes 2-
aryl - 1- (2-chl oro-4- qui nazol yll) 4- oxo- 1, 4- di hydr oqui nazol i nes,

4- 4- (N subByFi-@ é@lorctémm9 ) 4r01§¢ éér@hydqrym}mazohne% feldndyehstinded! | nes, 4-

chl or ophene np
[ 2- phenyl - 4‘%%@0 P%%%?’i ny gtr%o%%r}mx&ia_zo Stl t ut ed- aryl acet am des,

4-(4' - hydr @fﬂdrbﬁlﬁhfﬂﬂyla@ﬁhﬂ@nﬁaz&ﬂem bﬂetMm(MZ@ld-M&mazohnylarmno]-N-
4-(3' -brono-4 hydroxyl phenyl ) -am no-6, 7- di met hoxyqui nazol i nes, 13, 4-

(et hyl enediubstitytsd ﬁi)ﬂaqeéannd@f qlu(%élyéquxml@benﬂ) gmpm—@ardmeﬂmamm@aze 7es,

) aui navol T TEoioh8 2‘%@%‘%@@%@?%%@%&@%@%@ BV perasin

oxyet hoxy) pingtiyletieaivxs’ uinazolines, 2-piperidino-4-amino-6,7-

bis-[1, 2, 4]tr|azolo[4 3 a: 4 3 - U|nazoI|nes 4-

(S-butyl t hi @mquﬁmnmbges ﬁralmmt?gb dimeshaxyr Hd deterocyclylpiperazin-1-

G Ay AR YA Z OB A GrsBRt L uted

phenyl am n nazol 1 hes nel hoxycar enylam noquui azol i ne, 2-
hydrazi noc adx@l@ﬂmkﬁ}p%ﬁﬂﬁfommﬁﬁéhﬁész Bisi[N 24 trihzb¥b{4, Brasa! B3 1] quih@Mlines, 4-
(thio)carbamyl ) - pi perazinyl]-6, 7-di met hoxyqui nazol i nes,

2- 0X0i m daisfwtﬂﬂ@q)quxmmlmeﬁrmgzol@qmnazem@s Ad%yyl npiperazinydqnimagplines,

gt gsngﬂoﬂg)r%@g@%%ﬁ&sé@ %ﬁ%ﬁ{é@% ?Se’i) qu:\tlggz)l i nam nes, and m xtures

t her eof . [rﬁaﬁa}}ychfbogyménﬁgfﬂgﬁquaiametme gui nazol i ne der| vative or
4- qui nazolinamne derivative is selected fromthe group consisting of

erlotinib drydeazmcarbpnblpb@fylmpmmgmhn% 4o 4<AN- th'ﬁ@tt hiojcarbameyDrl-or a

S ravosi et AR Binflindo ik AL o ARIPERNS- Pl Blazofh g v [ 10T S0
or a salt tfigespky L{lﬁ&sﬁhed (@'gS,CHr@—ﬁé@lﬁﬁy)reﬂ@x?ﬂbﬁéﬂﬁﬁﬁlﬁnazfohﬁeg,LNIIQ-Z0| i ne

derivative is erlotinib . L
ethynylphenyl) -6 7—b1s(2-methoxyethoxy)~4—qmnazohnammes, and mixtures thereof.

[0071] In other embodiments, the quinazoline derivative or 4-quinazolinamine
derivative is selected from the group consisting of erlotinib or a salt thereof, prazosin
or a salt thereof, terazosin or a salt thereof, bunazosin or a salt thereof, 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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salt thereof. Erlotinib, also knowm as N (3-ethynyl phenyl)-6, 7-bi s(2-

met hoxy |.azol i n-4-am ne hydrochloride, is sold obetfizdsh 2de nane
Tarceva?‘&b%@llq(bﬁl?ni b is a protein kinase inhibitor. The p a2r rf‘gbge()tjt i 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. -22 WO 2006/110811
PCT/ US2006/ 013641 2. Surface Stabilizers [00731 The choice of a surface

stabilizer for g qui @ﬁr@&g@aﬂﬁiérgat ive, such as erlotinib or a salt
thereof, is non-trivial and required extensive experinmentation to realize a

desir abl e {00781 &heehoicéof @sutifavglsiabilizsefop nemémazofine/dsiviative, isacldas ected to the
surprising discovery that nanoparticul ate quinazoljne derivative

conposi t i ofdotEHp opa Salﬁgvaaqorﬂ[lée?nr}n@%lﬁ@ﬂﬁ@ﬂwﬁseX@pswg CEPSTHBFNIHIE tQur f ace
stabilizer ' [ 4 4 Lk s which
can be e rrpf%%%glaﬁéﬁt%ﬁ% floﬁl\#élﬁﬁ?% nﬂ?ﬁd@?x{r} 8@'; thlégbﬁ%éégtr ‘Z’V%‘%@Qﬂqf ?111&?% é& toét,ﬁé known

or gani ¢ ansurprisingdiscoverh diaraaeopiattivalatequingioting deriGitied coriposifibeydad bencl ude
various polyners, |ow nol ecul ar weight oligoners, natural products, and

sur fact ant B18d&yrf ace stabilizers include nonionic, ionic, anionic,

cxampl o5 oV a4F 1 SERTERARRE o AIRPABn G husplk b AGHEE: Sy Ce TR BB Tl 0se (no

exanpl es o ude roxyprop el I ul ose (now

known as hinventiel. | Usefl subfick sexbyitiveap wihivdl daulbestmployedliy YheniyivéntiohGhdldds) e,
sodium |l auryl sulfate, dioctylsulfosuccinate, gelatin, casein, lecithin
(phosphat i Bidisare nefdianitechto, kuewm exganis and prarsaie piarmagewigabeneimentst Sughi ¢ aci d,

benzal koni %%%glgﬁtgrlﬁcﬂ& e@%ﬁ%ﬁ%ﬁfeﬁ?fﬁ ﬁmle%%ali;l%?éhégggé)@%ﬁgﬁ%% cet ost earyl

al cohol , nacrogo I'Ng~ wax, sor ol'yoxyet hyl ene

al kyl et hepfdaetstand suffacteg o Sufhdeaitshilszegdinahde BbRidaR) R0, anidaf?) ,
pol yoxyet hyl ene castor oil, derivatives, _polyoxyethylene sorbitan fatty acid
esters (e. 6ationigand gyviterionis qoynpaynds eisieactaddn(r) products such as e.g.,

roeen(c) 2P YRR i S RS R
13 1 5, A itk Renshowplone Bt Bk e 11/
polyvinylpyrrolidone, sodium lauryl sulfate, dioctylsulfosuccinate, gelatin, casein,
lecithin (phosphatides), dextran, gum acacia, cholesterol, tragacanth, stearic acid,
benzalkonium chloride, calcium stearate, glycerol monostearate, cetostearyl alcohol,
cetomacrogol emulsifying wax, sorbitan esters, polyoxyethylene alkyl ethers (e.g.,
macrogol ethers such as cetomacrogol 1000), polyoxyethylene castor oil derivatives,
polyoxyethylene sorbitan fatty acid esters (e.g., the commercially available Tween®
products such as e.g., Tween® 20and Tween® 80 (ICI Speciality Chemicals));
polyethylene glycols (e.g., Carbowax® 3550 and 934 (Union Carbide)),
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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hydroxyethylcellulose hypronel | ose phthal ate, noncrystalline cellul ose,
magnesi u lum silicate, triethanol am ne, polyvin alcoho PVA) ,
4-(1,1, 3&5)%P§“bgﬁhthylbutyl) phenol polynmer with ethyléhguﬁ%m@83&ﬁd

f ormal dehyde (al so known as tyloxapol, superione, and triton), pol oxaners

(e.g., Pluronic(r) F68 and F108, which are block copolynmers of ethylene
oxi de and propyl ene oxide); poloxamnes (e.g., Tetronic(r) 908, also known

T om Sequorrtmavedaming OAASF ByBoofe ambiton Bisramm, hurss SorimceS6s5 vo
20061 11081 16T G3AG8 fidle Cobjaroare-aghack 0343 ol o rporatuon

Par si ppany, N.J ; Tetronic(r) T-1508) (BAS r poration),
Triton(r) >ob@thershifoints @lahm aid@has%r@aiodeqmm"g?@brﬂé} whiidhf io ranistuf&ohm and

Haas); CrodestasTM F-11 sucr.ose steagrate and

o e Shaase pbiraie B ok distesraft B ) o bonoR VAT o) - al S0
k | nford, CT);
nown as I\/F]gﬁfdlﬂ ng O@H aé @ﬁ%_@%@bﬂ@mﬁc@ﬂﬂ fgﬁ@ ﬁ?d&q%%gg,a or )

CrodestasT ;and SA9CHCO,
CH2 ( CON( Cl—liﬁ)taﬂdm @Dﬂﬂt(xi?dshl@?f)ﬁ-]); A0 ((Catapfne. )Kanth&A SOHC O, deuieln isyC 1 337

e Eﬁ%g%ﬁfaq”ﬂéz as%ié&a&@?g% (el E@gmza?w%&f%s@éji Aot hw‘éi:ra”"s' :e
L’?t ey [ 0o PR e DR ERB R ERRA ﬁeﬁyéﬁﬂl‘émiﬁ@@ﬂ? o NET
ety L DB P b A e e st el

PEG chol estmedthylgh@demideahi lJBED}gyudopmanoﬁde PEGepty IR thidgludoyidezacme, random
copol ynmers of vi nyI pyrrolidone and vinyl acetate, such as Plasdone(r)

S630,, and hekgd B-&auc@mmldexmneﬂ—wﬂnﬁbﬁghmam&q omooykBi-ace stabilizers
I ncl ude, but are not. limte nmer, bi o rrers poI ysacchari des,
cel | ul osi c§u%PP@ﬁaH8§1€‘§ OCE%QpNGP?tBYBL‘}/a@H% Fbg P?QP nds, such as
ZwWitteri on| n

chl ori de, @nl [S &%%%@%SP oggyﬂipqﬁolml%dgﬂyai ﬁ*o%eﬂ%‘y dazol e,

pol ybrene, d@ﬁwrmt PEGnﬁtdaﬁﬁwlP@@vﬁémm h[s;éo@mﬁenﬂauamQ Q@meﬁfdmhﬁ&ﬁ
(PMMTVABr ), hexyl desyl I'trinet hyl anmoni um br om de HZ and

pol yvhi yI pyyrielidersrndxinylreeetatel Wrﬁé@ﬂﬂﬁg}@n@Sﬁ%Iaﬂ@h@h ¢.met hyl sul fate.

[0076] Examples of useful cationic surface stabilizers include, but are not limited to,

polymers, biopolymers, polysaccharides, cellulosics, alginates, phospholipids, and
nonpolymeric compounds, such as zwitterionic stabilizers, poly-n-methylpyridinium,
anthryul pyridinium chloride, cationic phospholipids, chitosan, polylysine,
polyvinylimidazole, polybrene, polymethylmethacrylate trimethylammoniumbromide
bromide (PMMTMABYr), 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, Ci3.1sdimethyl
hydroxyethyl ammonjum chloride or bromide, coconut dimethyl hydroxyethyl
ammonjum chloride or bromide, myristyl trimethyl ammonium methyl sulphate,

laury! dimethyl benzyl ammonium chloride or bromide, lauryl dimethyl (ethenoxy)s
-24-



[0077] Other useful cationic stabilizers include, but are not limted to,

cati oni ¢ wéhisAgos1pul f oni um phosphoni um and quart er napy ARl 1
conmpounds, such as stearyltrimethyl amoni um chl ori de,

benzyl - di (2- chl oroet hyl ) et hyl ammoni um brom de, coconut trimethyl ammoni um
chl oride or brom de, coconut nethyl dihydroxyethyl ammonium chloride or
brom de, decyl triethyl ammni um chI oride, decyl dinethyl hydroxyethyl

ammniumchloride or o] i thI. oxyet hyl a chl ori de
oo ot R ot e A T i S SR e oA BRI
nyristyl t syt ,uemn H@ﬁ&)ékmﬁ(sﬂlﬂh@mdlme dedi@h&ni1beenty!

anmoni um cmorl dg 16‘? bron% I auryl di net h)1/1| e( et h%é]ggyﬁrﬁﬁ ZgbV\D 2006/ 110811

PCTI US2006/ap18eaium chierids menaltytioate, d@n@hyltyh@ﬁyhemnmmm loride, N-alkyl and

Smoni um o PR B S sp o B S kSRR ooy
nonohydr at eykylitARetyllarttnegiom saﬁmwahﬁéthﬂamnmmmamwl(u%%ﬂ%)

di met hyl | -napt hyl nét hyl ammoni um chl oride, trinethylamoni um halidé

al kyl -tri rrmrm;wmm’rmhlmdes eihpxylated aﬂﬁyam@ﬂalkﬂd@kmﬁmmmmnwait gnd/osan | aur y!

trimet hyl u ride, .ethqxy, al k dalk dlaII ni um
ol 1 ant ore RV AH] AR AP R kiDLt i S

di al kyl anofiidsq dhlﬁlsmgl Qﬁmo%mﬁi telefyd, Ai- f@ﬁahyd yldt Bb?ikymﬂhbﬂﬁm,

N-t et radecyl di iret hyl benzyl amoni um  chl ori de nonohydr ate, N-al kyl (Cl12-14)

di met hyl -chlcmdlwttmynqlwﬂmd Naathyl{Ciony) difmethyl hmaphthymmﬂesdwhﬂnménmw benzyl

rmoni um cAPBdaEnd o mR T oREr Ao ARSAMTHeC LA REeBalo bonzyl

di met hyl angg &ﬁbr&i{ﬂxlthft%ﬁdéelauﬁil%im 1 arfhBniu £H16H44Y/ aTI/ERR 1R BEONT des,

dodecyl benzyl triethyl amonium chloride, poly- di’al 'yl di et hyT anmoni um
chl oride (mm@mdﬂMehy]ﬂcyhbnmmhdameﬂiylmnnmammbmnm;zlb,cﬁ)ma@hyclar nmoni um

o ontde, agH ”'f%né it P BB ey LRE o STTOR RRon U
brom de., e kg WWW&M%WADN@&C ahheai@an%ﬁ@mn HRAGRUAT | T

tetrabutyla om de, benz trimethyla I um brom de, choline
esters (sucaﬂiqddnmdttuﬂammoamhdogﬁmdmmetabm@yl amtrmnahlchlnndm chl ori de,

Stearal kon 4 o O e SR Botide S b it St oniuinh Brone,
tetradecyltrimethylammonium bromide, methy! trioctylammonium chloride
(ALIQUAT 336™), POLYQUAT 10™, tetrabutylammonium bromide, benzyl

trimethylammonium bromide, choline esters (such as choline esters of fatty acids),

benzalkonium chloride, stearalkonium chloride compounds (such as stearyltrimonium
chloride and Di-stearyldimonium chloride), cetyl pyridinium bromide or chloride,
halide salts of quaternized polyoxyethylalkylamines, MIRAPOL™ and
ALKAQUAT™ (Alkaril Chemical Company), alkyl pyridinium salts; amines, such as
alkylamines, dialkylamines, alkanolamines, 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[diallyl 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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chloride and D -stearyldi noni um chloride), cetyl pyridiniumbrom de or

chl ori de (&J%@HI?OE ﬁal ts of quaternized pol yoxyet hyl al ky {\g FAPOLTM
and ALKX’ il aril Chem cal Conpany), allcyl pyri d| ni-um saIO am nes,
such as al kyl am nes, di al kyl am nes, al kanol am nes, pol yet hyl enepol yam nes,

N, N- di al kyl am noal kyl acrylates, and vinyl pyridine, amne salts, such as
| auryl am ne acetate, stearyl am ne acetate, alkyl pyri diniumsalt, and

auat or nar y B PR O MRS DREE 19048 £ BB RPUHEL fRifp, P o' o

pol y[di al | yctatsbnme&by&c@&nmm@mc@m@émzﬁ? (MageDEkel, NOITR AN . Richbn®y " i di ni um
u

chloride]; and cationic guar. [0078] ch exenpl ary cationic surf ace
st abi | i zer sCtamla)SuT&CtQmubf@Igaawﬂkwﬂl-ﬂns@@%C@bDekk@bHﬁO)er s are described in

. Cross a Catio actants: tical -25 WO 2006/ 110811
PCT/ US2006/ 09 5 2NOsHsmat S siabiaRS A4 ndpRp e Bomwp toa 559 55 b~ and
D. Rubi ngh delgilkétitm chietdeQs carbShiibodoindioutd, ﬁﬂﬁ%ﬂ‘i&hu@&@ﬂ?p@ﬁﬁd’ ahMar cel
Dekker, 1991); and J. Ri chmond, Cationic Surfactants Organic Chemistry,

(Mar cel Dekqe@mummpomdeghglpnm@nmmmm Eoalionfceraanamdtallic eempovnde aany

nonpol yneri ¢ zaj ko L.um chl ori ar boni um conpound,
a phosphonlwsl%goﬂwapﬁ%ﬂus ci“ﬁ@. 6%81 °°¥H?£P§n%%ﬂ @3 ound a
cationi c oraHuRd,am dntm6siiRoAhouad, :ﬁwé oRRIGS RRRH AT, Qﬁﬁmwnd, a
pyri di ni um conpound, an anilini um conpoun an ammoni um conpound,” a

hydr oxyl ammnmmgnmm@pmdd asqgondmy@nmmmmpmwdp@gmdarymmuntary _
amroni um conpoun terti ar anmoni um co n I nium
conpounds o“rr‘r’?fm? ‘Fc?r“fjnﬂ 3“@%‘%42%&2 %g%%ﬁﬁ%ug%uﬁ#ﬂgﬁ

NRj RZR3R4( +dom: hﬁdMﬁeﬁfmﬁllaﬁﬁlngﬂlB (ii) one of RI-R4 is CHB (i)
three of RI-R4 are CH3; (iv) all of RL-R4 are CH3; (v) two of RL-R4 are

CH3i one of RI-F@) |s 1061Ee9CR-Ricanel Cilae of R1-R4 is an al kyl chain of seven
carbon atons or f)R ﬂo %tHRI -R4 are CH3i one of R1-R4 is CoHbCHZ,
and one of RI1- R4l s a‘?{l 0 15 L3,

(iii)  three of R;-Ry4 are CHj;
(iv)  all of Rj-R4 are CHj;
v) two of Ri-R4 are CHs, one of Ri-R4 is CsHsCH,, and one of R1-R4 is an
alkyl chain of seven carbon atoms or less;
(vi)  two of Ri-Ry4 are CHj, one of Ry-Ry is C¢HsCH,, and one of Rj-Ry is an
alkyl chain of nineteen carbon atoms or more;
| (vii) two of R;-Ry4 are CH; and one of R;-Ry4 is the group C¢Hs(CH,),, where

n>1;
(viii) two of R;-Ry4 are CHj, one of R1-R4 is CsHsCH,, and one of Ri-R4

comprises at least one heteroatom;

(ix) two of Rj-R4 are CHj, one of Ri-Ry4 is C¢HsCHj, and one of Rj-Ry
comprises at least one halogen;

(%) two of R;-R4 are CHj, one of R-R4 is C¢HsCH,, and one of R1-R4
comprises at least one cyclic fragment;

(xi)  two of R;-R4 are CH3 and one of R;-Ry4 is a phenyl ring; or
| (xii) two of R;-R4 are CHj; and two of R;-R, 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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al kyl chain of nineteen carbon atons or nore; (vii) two of RL-R4 are CH3 and

one of R4 e group G6H5(CH2),,, where n>l; (vi R4 are
CH3, gg?o%fqﬁﬂ'l s C6H5CH2, and one of Ri-R4 conpri I'ges a%ﬁ;eag%fﬂ

het eroatom (ix) two of R1I-R4 are CH3, one of R3-R4 is C6H5CH2, and one of
R -R4 conprises at | east one hal ogen; (x) two of R1L-R4 are CH3, one of
RI-R4 is C6H5CH2, and one of Rl-R4 corrpri ses at | east one cycl i c fragnment;

i) t f - R i) t
of R Ra aPeoskess bRoEE B Rin Rpionde, EmiRafBiiad pfimefi {ooso1"
Such conmpogHIsisdd, a@thwdmméawdraﬂ@ﬂ&t cHibril mtﬁe@m&waéﬂmn@ae@ﬁhﬁﬁi de,

benzet honi um chl ori de, cetyl pyridi ni um c%l ori de, behentrinoni um chloride,

226 WO 200b%)1disgarylddapniugp odleride (@urterniuanb hidkderyl dinsthyrethydbenzyt al koni um

hlorid | h
Pydr of | wor FaEoR R GHan eI EREmE S TE B oo SR Ol Qy it
di st ear y| dj QRébtdHte, Cieitylignin6BYRRIHAR B droéiﬁsﬁ&éfl b8 hittocRloME benzy |

cyst
anmoni um chl ori de(QJat em um 14 Quat enliurn-2 Eljat emum 26, Quatem um 18

hectorite, dlaﬁhmlaxwr@muaim@ﬂfyﬂlﬁ bbtyl d&lehyhh‘Sphatb ahctha;olmymomme@Edr ochl ori de,
di et hanol a um P et her sphat di et hanol anmoni um PCE
(3)ol eyl e lﬁfﬁ%%%pi‘a?et %:llpgy\ﬁlléqn&lgﬁl Hﬁ’l"@ﬁ e ﬁ’é’l dnnet hyl

di oct adecy&@&h&&@la‘rﬁfﬁ&ﬁhﬁlﬂbﬁt@mt@ tsféafawdﬁﬂﬂh eRlofiat, AdnsigherfiOipien bromi de,

denat oni um benzoate, nyristal koni um chloride, |aurtrinoni um chlori de,
et hyl enedi @m’twlmhn bgrmoatchmyrlStaHgongnmohldndm lmwnmrhumrohﬁmdepyrl doxi ne HCL,

chl or e, YR EIEP GHOKFOTRAS. BiAeyey PR hPORASRRC Bofy quat e um 1,

pr ocai nehygdrashine hiyRchlopide bxﬁ&@hfhﬁxe lﬁfdﬁ&!hﬁlrkié “ﬂn@ﬂﬂy%ﬂké%ﬁbﬂﬁm chloride,
st ear al koni unhectonite, stearyl trihydroxyet hyl propyl enedi am ne

di hydr of | unyitdmonium bmmde,mlmmmhmmmhbetde mﬁmuammeyl trimethyl ammoni um

E;g mbgepr [ 0081%@:})&'9:%%?0 fd%cceoc% atgljnlel FedralkSnitm n{g%nte, &eaerkgl\lll% %é)tlor?ltg nd/or

stearyl trihydroxyethyl propylenediamine dihydrofluoride, tallowtrimonium chloride,

and hexadecyltrimethyl ammonium bromide.

[0081] The surface stabilizers are commercially available and/or can be prepared by
techniques known in the art. Most of these surface stabilizers are known
pharmaceutical excipients and are described in detail in the Handbook of
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 fatios (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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techni ques known in the art. Mdst of these surface stabilizers are known
phar maceuti cal excipients and are described in detai lPé'P/U%%ﬁ Repook of
Phar ma®2006/41088xci pi ents, published jointly by the Anéri can Pharnmaceuti cal
Associ ati on and The Pharmaceutical Society of Geat Britain (The

Phar maceutical Press, 2000), specifically incorporated by reference. [0082]
The qui nazoline derivative and surface stabilizer nay be present in the

phar maceut,, Oﬁg%']%j | %ﬁg LN . | §: o (wWw).
For exalrgpﬁéeé?énf%’ sone rfa%g ﬁ%ﬁt st es’%ﬁgfgﬁh‘ggh{n%%F&g’o&r%%g%%aﬁlgﬁs i ncl ude
t he qui neffealésnent degenty,amnid\otherekeiptentsa Bucl exaipients akokrowibin thedrtt he surface
stabilizer a_ratjo E}g about 20: 1, 4.1,

, 15:1, 10:1, 8:1, 7:1, 6:1, 5:
3:1, 2:1 '51) , Examplgy of Gling agends prsdactese raonalydrats, dactosegphydranpieed but not
limted t 1 -.5:01). 3. Oh
Plh?r rrgceuﬁﬂ?g? Htg(c@?%ljeé%? Ieﬁgsggiaﬁgnakrg%%geeu #ngggg%ﬁg%g%?&gﬁosssé@é%&r ding to °

t he i nvenidiprinipyrraliGheC b EFSallian eeldilos Eiechkis diI@IEG1sandf i | | | Ng agent s,
| ubri cating agents, suspending agents, -27 WD 2006/110811 PCTI US2006/ 013641
sweet ener Ayicel®@bHI 02)gnistpenystalline esdlulosat dndestlicified merscrysteliine nglldgsnt s,

di sintegrants, escent agents, and other excipients. Such excipients
are knovvn&’ir qlﬁéﬁﬁf{%' [ 0084] Exanples of filling agents are | actose

nonohydr | agts | i bi ndi ng
ngont s ario0ss] POhERE: RPHYAS dRolufRg agR ottt Sh ACAETan BRI o ler
m cr ocr y stodlel conprezedd, ateosodloidal sihicars didxidessuch hs Bldrasil® 200] taléy\stezeic(r) PH 02,
m crocrystalline cellulose, and silicified mcrocrystalline cellulose

(ProSol v Sicamagnesipetesyate falcipn stepials, padifitisa gelncl udi ng agents that act on

the flo bkt Y t . ar | Loj.dal silicon

di oxi de%géﬂ alé)g%neélgg?f%?%& 39? %ﬁ(’:‘?a S egquﬁfgﬁm&g? ?egééﬁe&ﬁggl?ﬁ% Sstearate,

cal ci um sgueassatglitainebddirh isgcthaiéh, cyblaRR] adpsaamk SmdaicsslfRed. lad € any

natural or artificial sweetener, such as sucrose, xylitol, sodium

sacchar i mf flayotingragents are phagraswusct@rtradersark o MAFEQ). bkl guot flavayor i ng

agents are nasweet (r.), (£, ademark of MAFCO, bubble gumflavor, and fruit
aé’ﬂ%‘ﬁ]ﬁﬂa‘fof% é1.§1d )the like.

fl avors,
[0087] Examples of preservatives are potassium sorbate, methylparaben,

propylparaben, benzoic acid and its salts, other esters of parahydroxybenzoic acid
such as butylparaben, alcohols such as ethyl or benzyl alcohol, phenolic compounds
such as phenol, or quarternary qompounds 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® PH102; lactose such as lactose
monohydrate, lactose anhydrous, and Pharmatose® DCL21; 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, fumaric, adipic, succinic, and alginic acids and anhydrides and

acid salts. Suitable carbonates and bicarbonates include, for example, sodium
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[ 0087] Exanpl es of preservatives are potassium sorbate, nethyl paraben,

propyl p zoic acid and its salts, other ester
par ahyd?‘é@%gerlllzlgﬁg acid such as butyl paraben, al cohol ?ds)an(]: 20%64018?4kllyl or

benzyl al cohol, phenolic conpounds such as phenol, or quarternary conpounds
such as benzal koni um chl oride. [0088] Suitable diluents include
phar maceutically acceptable inert fillers, such as mcrocrystalline

cel | ul ose caltRabiesddith basnttonar! pothdtiuh e5BORIE potRcahbicABEnatgnd/ or  nixtures
of any of the foregoing. Exarrpi es of diluents include mcrocrystalline

cel | ul ose magnesivamscarangts), sodiupiglyrinecabonates EHysine patbonate)| andtavgininguch as

| act ose nonohydr | act os hydt ou nd Phar mat ose(.r 21; dibasic
cal ci um ﬁﬂg’é’ﬁﬁtgt %&MVQ& Eﬁggﬂ%%glé‘g’e ?’3"?&‘%‘?%%"9611’;0119?‘&&8# e%‘(??f’? | ;
sucrose; aRfplelnssEpresdnP089] Sui tabl e disintegrants include Iightly
crosslinked pol yvinyl pyrrolidone, corn starch, potato starch, naize

starch, and nodified starches, croscarnell ose sodium cross-povidone,
sodi um st ar ch dlycolNanopagtidulate@uinagolinesPexivatiyeORmiclesSizepl es of

ef fervesc gepts are efferyescent ..coupl es such as an, organi acid and a
car bonat o (P9 clhedshiroattont bY BB TV pER Ambies W OpiBe s thitofae o c.
citric, tagtightive, subhlds@rlofibibRiriaGaR HepdT; pticies Which 196 afbffbctive adelagls and
anhydrides and ~° acid salts. Suitable carbonates and bi carbonates™ i ncl ude,

f or exanplperticiosizaed lessxBamgbad 360A i e., Paii¢igs90 ds otks embodimeantrefdhe, sodi um
bi car bonat.e ot assi um car bonat e t agsi.um bi carybonate,.. m sium

car bonat e,m%eé@f’ﬂﬁﬁﬁpwpﬁ%m %8?'}3?28),%“&3?1}%4“?(8’ %gﬁﬁﬁﬁﬁ?t@bgﬁﬁgafgi ni ne

car bonat e.thdbbepiraitiey Bhve arPEHfa6tivE Byl %&é Gi26 PN Thaf ABB@NSOD nf t he

ef fervescent couple may be present. 4 noparti cul ate Qunnazoli ne
Deri vat i vdesddhan abost B Wenrh Oessithamehout brbarng fesaiban abautd 600 umpiasnthagonpri se

e . C dor i vat b |
Cher et . ot OB nt e niapeSE ot d6ss BEehoR 100 By Bl afopdof | css
than about; 28086, lds§tHain-aBout 0B, AELE khan! dboBi 100D 1BiTHe HRAVAEoueDOG B,

I nvention, the nanoparticul ate quinazoline derivative, such as erlotinib or

a salt t Heasdldn about 0Qtrpslebsihen apous 7@ om, less thaprahget @mmdess thitve of | ess
than about, 1908/ 11,685, LISl APOU! 1 k000, i 5655l 0 ARSBbuAAR0 - 1 €53

nm, less than about 200 nm, less than about 150 nm, less than about 100 nm, less than

about 75 nm, or less than about 50 nm, as measured by light-scattering methods,

microscopy, or other appropriate methods.

[0092] By “an effective average particle size of less than about 2000 nm” it is meant

that at least 50% of the quinazoline derivative particles have a particle size of less

than the effective average, by weight, i.e., less than about 2000 nm, 1900 nr, 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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about 1500 nun, | ess than about 1400 nm | ess than about 1300 nu, |ess than
about ess than about 1100 nm | ess than ab | ess
t han abo u{;%{{%&%ﬁ | ess than about 800 ram | ess than gﬁ%‘ff?%tﬂ’gwn% | ess
t han about 600 nm |ess than about 500 ram |ess than about 400 urn, |ess
t han about 300 mm, | ess than about 250 nun, |ess than about 200 nm | ess
t han about 150 mm, |ess than about 100 nm |ess than about 75 nun, or | ess

than aboUlessehalBoutAB0URAS U8 GhaVaboh 0T B00S BB 1ERthADaHTRE MOGEnm, BEChASCOPY, OF
ot her appropriate nmethods. [00921 By "an effective aver age partlcl e size of

| ess t hanabosdB0Q@ 0w lage thaptabpet 1208 mm, lesh thangbouicHHO rm@%ssfthmmboqtu nazol i ne

over g D90, St B B0B . s oail sfBuSing TR lees B RR 760 b0 mun
etc., whelesHBanlbeat 400 dnldeiRMLadat S00 fACRE Mue abodt40b 8hRMsY thadt | east
about 70% at | east about 80% at | east about 90% - at | east about 95% or

at | east abaut:V99%m, lesh thanaoqu J110%8 & npasess vlang a particle
baitt300 296, less thanabqui 260200, lass thar abeat 2Q@nmaless than gbdri 0

size of less,th t f ecti.ve . avera i.e.., |less about 2000 rim
7900 wm - B0Hst HiAn “B5ug IR IFE R8T ph Frtes SEXAbRR0BRASn ( he val ue
for D50 Oine@stﬂé’d@?ﬁgﬁﬂ—é"c‘dﬁ@ﬁx%l bthBag, %1b1'6§cop‘§'eéﬂ B dé@réiﬁimbﬁub@@ InS the
particle size below which 50% o rivative particles fall,

t he nazol i ne
by wei ght ﬁllﬁlenﬁmhﬁdlmenmth%cqmﬁosﬁmﬂs %wb)sed hereipe theviDYthisdess tmp,&boﬁt t he
qui nazol i eri vat art s SONE. enb nts of
t he corrpogﬁ?(?mé ﬁr !‘? ?ﬂé%é@ml l&i}@ﬂ@ﬂ%@@ q hrn

(i.e., 2 al%tﬁﬁ%@hm le@§ﬂnah%8utaﬂmgfrm119&9ﬂﬁﬁlabb@tsﬁjobhﬁ'ﬁ\ 18RQkn aﬂb%gﬂ run, |ess
than about 1700 nm -29 WO 2006/ 110811 PCTI US2006/ 013641 | ess t han about

1600 nrn |1é@%nmhbﬁs theonabout3300 nm, 1d5@ﬂsintahaut 1206 mm, 1ess thanrpboieE0tmgn  about
1300 t 1200 ra n out run ss t han about
1000 nun ?&a“taﬁgwa@@gﬂn 695% pgts ratl%f%g %%gﬁmlf% an about
700 run, ab&lﬁS’OO Ra1) 1@9% a@@Qt 600 nrh 868 th&tﬁibo@bsw n@QRsRan kB&S 4oban about

400 run, less than about 300 run, l'ess than about 250 ri m | ess than about
200 nm | e85 lashthanaboutt3003m, less thare@@ut%‘&mabbs&thmebqwﬁooméessm about 75

i or oscopgootn o Piren SRR AP E ROt el 73 pihor FEEBBRFABACD of the

conposi ti s agnesdudsElly gttedcweﬁdgqnéa&dsl ﬁnér6§o% gmtaé}cagbro aafeo nm(i.e., 2
mcrons), |eéss than abouf 1900 run | ess than about 180 , less than
methods.
5. Concentration of Quinazoline Derivative and Surface Stabilizers

[0094] The relative amounts of quinazoline derivative, such as erlotinib or a salt
thereof, and one or more surface stabilizers can vary widely. The optimal amount of
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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about 1700 rim |ess than about 1600 mm, | ess than about 1500 nm | ess than
about 14§ toes/11088s t han about 1300 nm, | ess than about éﬁg@zmﬂ) SIG%SS t han
about 1100 nm |ess than about 1000 nm, |ess than about ess t han
about 800 nmm, less than about 700 rim |ess than about 600 mm, | ess than
about 500 run, |less than about 400 um |ess than about 300 run, |ess than
about 250 run, |less than about 200 nm |ess than about 150 nm |ess than

about 100 rim Igss thgemplaey Nai&pmlcuw’ceEemmﬁlh?!‘ﬁbli‘bﬁ‘!di'mﬁihtldhbn as
measur ed by I@ﬂht scattering methods, mcroscopy, or other appropriate

met hods. c eSavierl iexpmplarygrlotiasholeblebfonan lajighs e given below.agbesst abi | i zer s

[ 0094] The erlotinib or
2 sal thee%?nﬁ o 45 Ao ded il 16 B E R0 AR VB Pt B el e

opti mal antein Iabtdbt&fmnﬂﬂaﬁaﬁsafeﬂan’ﬁ@mmh&aﬁaﬁ vtigipedih thé efetifdadpie, upon
the particul ar quinazoline_ derivative selected, the hydrophilic lipophilic

bal ance (HLIBYCHHI'?BJ Suﬁgemth%h%@tspmalsgmmm%eQ@@gngﬁgmt wat er sol utions of

the stabilizer, etc. [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% {0 about 0.5% Exmpym Mnol?mﬁqlﬂ@ the total conbi ned wei ght
m

of the quinazol |ine derivati VRIR h”"’Tabie?F Hﬁﬁmﬁ‘#lf ace stabili Zer, not

i ncl udi ng ot her fexcirprent Comb gt The concentration the—at—tHeast one
surface stabiliz Otf-abett—H6;5 % t“SQK %@%—H om about
5.0%to about 9 101 ,8Peut 5840 8butpll,ei gHt - based on

the total conbi nEYPrmelgse,JiSP of the qui naz (PPout 19de aboitiMe and |at | east one
surface stabili z8ocusate SediemnydSRg ot her exci pbeuritldo abo®d WD 2004/ 110811

PCT/ US2006/ 01364 Sucrose, Bdenpl ary Nanoparti cull abeut EOD dd aboudd 5TAbI et
Formul ations [O Dgzhmﬁﬂ;@@;q SurgsNRr y erl ot | abduttlablaBbuti4oy mul at ijons are
gi ven bel ow. Thegg:EXRERbRRIAEENEOL | N end"‘ﬂb(ilﬁ 501§ abott@00C! @l s 1 n any

' SIS O T, T g )

H=D
198

tabl ets can al s 9§mmdQBe J oati ngon;:gn; T E =1 ¢i]31\2l :‘té/bhmz :;‘Ifigb:na)_lt 2r Y
Erlotinib Tabl el MagnasipeSteaiate NF "about 0.5 {0 about 5
Exemplary Nanoparticulate
Erlotinib Tablet Formulation #2
Component g/Kg

Erlotinib about 100 to about 300
Hypromellose, USP about 30 to about 50
Docusate Sodium, USP about 0.5 to about 10
Sucrose, NF about 100 to about 300
Sodium Lauryl Sulfate, NF about 1 to about 30
Lactose Monohydrate, NF about 100 to about 300
Silicified Microcrystalline Cellulose | about 50 to about 200
Crospovidone, NF about 50 to about 200
Magnesium Stearate, NF about 0.5 to about 5
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Conmponent g/ Kg Erlotinib about 50 to about 500 Hypronellose, USP about 10

t o about ate Sodium USP about 1 to about 10 about 100
to aboutwé%@m’%%ggﬁum Lauryl Sulfate, NF about 1 to aboﬁﬁ%&ﬁ@%?@
Monohydrate, NF about 50 to about 400 Silicified Mcrocrystalline Cellul ose
about 50 to about 300 Crospovidone, NF about 20 to about 300 Magnesium
Stearate, NF about 0.5 to about 5 Exenplary Nanoparticulate Erlotinib

Tabl et Fornmul ati on #2 Conponent 00<l1 Erlotinib about 100 to about 300

Hypronel | ose, USP about 30 to about 50 Docusate Sodium USP about 0.5 to
about 10 Sucrose, NF about IEPgmglaspNdhophidicuf@eli umLa I Sul fate, NF about

1 to about 30 [actose anoﬁ:}fﬂﬁﬁil?TaBﬁtFQPﬁlhlalﬂ%gﬁso about 300 | Silicified

M crocryst al | i nge—Cettutos vidome, NF about 50
to abou%l 200 Mpghrestum-S EEM}(?—NF about .J:} WO
20061110811 PCT]LASHAR! 01364 200 {0 abput i ni b Tabl et
For mul ati on #3 Hmammﬂ%em%u ni h ahout ZWOPM%MHOUQQ@ H ¥ onel | ose, USP
about 42 to abopDogesatSurdiemt USBodi um USP |adbout 2 o shwubbout 6 | Sucrose, NF
about 200 to abpBtcrd&h NF about 200 to about 225

Sodium Lauryl Sulfate, NF about 12 to about 18

Lactose Monohydrate, NF about 200 to about 205

Silicified Microcrystalline Cellulose about 130 to about 135

Crospovidone, NF about 112 to about 118

Magnesium Stearate, NF about 0.5 to about 3

Exemplary Nanoparticulate
Erlotinib Tablet Formulation #4

Component g/Kg
Erlotinib about 119 to about 224
Hypromellose, USP about 42 to about 46
Docusate Sodium, USP about 2 to about 6
Sucrose, NF about 119 to about 224
Sodium Lauryl Sulfate, NF about 12 to about 18
Lactose Monohydrate, NF | about 119 to about 224
Silicified Microcrystalline Cellulose | about 129 to about 134
Crospovidone, NF about 112 to about 118
Magnesium Stearate, NF about 0.5 to about 3

C. Methods of Making Nanoparticulate Quinazoline Derivative
Compositions

[0098] The nanoparticulate quinazoline derivative, such as erlotinib or a salt thereof,
compositions 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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dispersions can be utilized in solid or liquid dosage formulations, such as liquid
dispersions, gels, aerosols, ointments, creams, controlled release formulations, fast
melt formulations, lyophilized formulations, tablets, capsules, delayed release
formulations, extended release formulations, pulsatile release formulations, mixed

immediate release and controlled release formulations, etc.

1. Milling to Obtain Nanoparticulate
Quinazoline Derivative Dispersions

[0100] Milling a quinazoline derivative, such as erlotinib or a salt thereof, to obtain
a nanoparticulate dispersion comprises dispersing the quinazoline derivative particles
in a liquid dispersion medium in which the quinazoline derivative is poorly soluble,
followed by applying mechanical means in the presence of grinding media to reduce
the particle size of the quinazoline derivative to the desired effective average particle
size. The dispersion medium can be, for example, water, safflower oil, ethanol, t.
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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[0103] Exemplary homogenization methods of preparing active agent

nanoparticulate compositions are described in U.S. Patent No. 5,510,118, for “Process
of Preparing Therapeutic Compositions Containing Nanoparticles.” Such a method
comprises dispersing particles of a quinazoline derivative, 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.
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PCT/ US2006/ [018%4 1As a complementary technology to SFL, ultra rapid freezing (URF) may also

be used to created equivalent nanostructured quinazoline derivative particles with
greatly enhanced surface area. URF comprises an organic or organoaqueous solution

of quinazoline derivative with stabilizers onto a cryogenic substrate.

S. Emulsion Methodologies to Obtain
Nanoparticulate Quinazoline Derivative Compositions

[0106] Another method of forming the desired nanoparticulate quinazoline
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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renoved, an@109ie ThehirddparidulaBbquinazoline derivative composition, in accordance with

standard pharmacokinetic practice, preferably produces a maximum blood plasma
concentration profile in less than about 6 hours, less than about 5 hours, less than
about 4 hours, less than about 3 hours, less than about 2 hours, less than about 1 hour,
or less than about 30 minutes after the initial dose of the composition.

[0110] The compositions of the invention are useful in treating hyperproliferative
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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I ntracister ulnmonary 0 peritonealTy, tocally
phenol, sorbic acid, and the like. It may also be desirable to include isotonic agents,

D

such as sugars, sodium chloride, and the like. Prolonged absorption of the injectable
pharmaceutical form can be brought about by the use of agents delaying absorption,
such as aluminum monostearate and gelatin.

[0114] Solid dosage forms for oral administration include, but are not 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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quinazoline derivative dosage shall mean that dosage that provides the specific

pharmacological response for which a quinazoline derivative is administered in a
significant number of subjects in need of such treatment. It is emphasized that
‘therapeutically effective amount,” administered to a particular subject in a particular
instance will not always be effective in treating the diseases described herein, even
though such dosage is deemed a ‘therapeutically 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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accel erators, such as quaternary anmoni um conpounds; (h) wetti ng agents,
such as q@j%bwﬂogﬁhol and gl ycerol nonostearate; (i) a rbents such as
kaolin and bentonite; -37 WD 2006/110811 PCT/ US2006/ 01364G /USHY

| ubricants, such as talc, calcium stearate, nagnesium stearate, soI [ d

pol yet hyl ene gl ycol s, sodi um | auryl sulfate, or m xtures thereof. For
capsules, tablets, and pills, the dosage forms may also conpri se buf fering
agents. [01 . Li.quj d. dogage f or nE .or_oral adm nistration anl

phar maceut Fé54t}"§t°813@&b%§ d thrRREUHR Lespanse fpr 3 aticulgt pupRGsiHon 2 rups and
el i xirs. | Byl il a@hihiStratiort UTHAERLA Aos i Al tﬁé?efoéud‘eg 1iplohQhd NI b or a
salt thereof, the liquid dosage forns may conprise inert difluents commonly
used in t heesired therapsutis =ffset, tre ronte@f hémirssitagion; the potentyibf the administgredt s, and

| sif t l.cohol [ | al cohol,
cthyl car beHatRE B At At Sion TinBieP SO SB0Rz) 1 boncoar s,
propyl enegl O‘H@] Dosasduiiy écﬁﬁﬁ&ﬁﬁ/&@ ImayFoffRid¥ch QB b suh sibmuilings as

cottonseed oi | groundnut oil, corngermoil, olive oil, castor oll, and
sesane oil thegxtqf(aemlybe used taaﬂnykbqf t]mefdarlytlom dowdl be pmde}stt)tbdglhewegérycol s,

fatty acid e rs Q orblt ure of these substances, and the
ike (0118 a%gtﬁ c dgeelersidpr iy afﬁ%“@ﬁa‘ﬁf%??‘fﬁlleﬂ? LYARELY Qi ncl ude
adj uvant s, feh: tlféstyﬁ\é?&ﬂd J@ré&ﬁ%écelﬁ!ﬂ:"o? bﬁ&’dlél%ﬁ&ﬂéﬁb%@@%é‘&:h?&@@t S,

sweet eni ng, flavorifg, and~ perfumng agents Therapeutically
effective aqmﬂtytofthcssppgé’d: mnmmomppntlonsmebxyedahaspmﬁmagmts are derivative
esponse T GPTRRIEFR SLIGYRGIA Pife SO OIREF BERdrel hebftori: Sl o oo - 0 o
si gni fi canbaidIge tife omhhﬁﬁ&@aﬂdﬁ Reo ldnfnigRatide aﬁm& of éyscrétﬁmt%im{@& zed

t hat therapeutlcally effective ampunt,' administered to a particul ar
subj ect i nagentzethe dutatign ofthegmtmmt;rdrugsmdnapompmab@newcemldmalmﬂt reating

the di seasgs descri bed herein even ou uch do e is deened a

*t her apeut HEAPPSHHERE t‘?‘r{}{eﬁ% ?ﬂ/fq%g’élté?(mefig’a *the art. It is to be
further unggngj O%eth%wﬂg'eﬂﬁﬁﬁieb% 0 163t BS ARentdhPentio. TParti cul ar

I nst ances, rreasured as oral dosages, or with referéence to drug |evels as

measur ed i shaildbelund«dso8d, homever, that tllenm’eyltlgk id motvid be linpisdde thetspedifiat

effecti ve armd.l
condar

P ions o fde?allg Lcllescn (li n these examples. Throughout the specification, any
and all references to a publicly available document, including a U.S. patent, are

specifically incorporated by reference.

EXAMPLE 1

[0121] The purpose of this example was to prepare a nanoparticulate erlotinib
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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derivative can be determ ned enpirically and can be enployed in pure form
or, wher s exist, in pharmaceutically accept ester,
prodrug f‘grorsrz]d@dz\lcl?glgl dosage | evel s of a quinazoline deﬁéﬁ??@h&?lﬁ%‘he
nanoparticul ate conpositions of the invention may be varied to obtain an
anount of a quinazoline derivative that is -38 WD 2006/ 110811

PCTI US2006/ 013641 effective to obtain a desired therapeutic response for a

particul ar _co mnis tion. The sel ected dosage
| evel ther #Sﬂmg@%@@;ﬁ’rm gl%)g)slfg%gﬁo‘{r% etAory Tnstruments ade r out e of
admi ni st r alg,Bhresting,, mﬁs‘&angﬁe eb. wr&ﬂ@qfadmngf@g coRy'sRbwEd fhat t Ne desired

duration o I eat nent othér fadfors sage unit conpositions
may cont ai mamnlmmﬁerhﬁlnﬂxm&drmhﬂnndetwqmb pseseﬂttfv%eh)ﬁve&ssquptﬂbk tosed to

k the dail L owiLL be under ot oo that, t f
dose | bvel SRORENgHeBaR: L PG CHSSRPI e SHOTEOR SoRendt poo

factors: 't gndideo1dnbostasics it uddifled BB hy@boRBYAL f Mmeggifeséﬁsponse to be

achieved; activity of the speci agent or conp05|t on e oyed

speci fic ad@tdd dfhe padigiesize pHtheaniibdyelinib hpdragloribodyrtiokes gias, gener al

heal th, sex, and,di atie gf .adm ni stration, route of
adni ni st r afRGRUredAg %Q%&éﬂgﬁl ﬁ[ﬂnB‘I‘ E?\ﬁ%fd%gmlar & Bn of the
treat nment; w&g]rg 14dd) cgplgtﬂ%tu Alorie cific

agent ; and 1] a?iokrs wel r? t0 he %dlcgﬁiﬁ?i\f&%ﬁ% u%ﬂl foll ow ng
exanpl es arand glen@gamdollbwwﬁ(baeeondssomcatwntTherresaﬂﬂsmomshoan be&dsmm d be
understood,T&BP\glgver, that the invention is not to be limted to the specific

condi tions tails described in these exanpl es. Throughout the
speci ficafion,any and alT Teferencex gy § PubliCcly availabl € docunent,

o e S [P SoeatiizT T VR @R C] | D3 (o) " RO Y TORGHY

o

EXAMPLE 1 H-6%2Z Pt pPoSse—ai S—eXat s 3
nanopart i (:-I| at J—NQanf -0 E CQZYA\Z\AEQ ion- v__?____ An a g di anrz\‘gogi? f 5%

(Ww erldtinib¥®ydrochloriddPsbi i éL 363Rilda Lt 290 dhdr HousB745elv Quay,
Clonnel, Co. Tipperary, Ireland; Mnufacturer: Elkima Inc. 6221, Des

R | da, H7L 5T6), 2% _(w.w) Ph t(r) 603
e oAy Bl o S S b Bpeaes ()

nanoparticulate erlotinib hydrochloride composmon, as the composition had a D50,

before sonication, of greater than 2000 nm.

EXAMPLE 2

[0126] The purpose of this example was to prepare a nanoparticulate erlotinib
composition.

[0127] An aqueous dispersion of 5% (w/w) erlotinib hydrochloride, 1.25% (w/w)
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 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.

[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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water was mlled in a 10 m chanber of a NanoMII(r) 0.01 (NanoMI| Systens,
King of Prussia, PA, see also U S. Patent No. 6,431,476), along wth 500

m cron Pol ttrition nmedia (Dow Chemical) (89% nedia | oad). The

m xture vvas‘vylrzré*flé%flgt a speed of 2500 rpns for 60 min. [BEYEP20058I3641 | ed
conposition was anal yzed via mcroscopy, and the particle size of the
mlled erlotinib hydrochloride was neasured. M croscopy was done using a
-39 WD 2006/ 110811 PCTI US2006/ 013641 Leci a DVMb0O0OOB and Lecia CTR 5000 |i ght
source (Laboratory Instrunents and Supplies Ltd., Ashbourne Co., Meath,

I rel and) . Masddhamppiniel auing ¢iatecondssoniaation: (Therresnlisfareshoym baley n
hydrochloriq€bﬁ§£e present which were susceptible to brownian notion. The
majority of Re Sanpl e under anal ysis was observed to be considerably
flocculated with unrnilled erlotinib hydrochloride particles present.

[0124] The particle size of the mlled erlotinib hydrochloride particles was
nmeasured, in MIIli Q Water, using a Horiba LA-910 Particul ar sciences
(Hatton Derbyshire, England). Erlotinib hydrochloride particle size was
measured initially and then again follow ng 60 seconds sonication. The
results are shown below in Table 1. TABLE 1 Sonication? Mean (nm D50 nm
D90 nm D95 (run) No 74246 54704 167364 280059 Yes 100562 36550 290741
337455 [0125] This exanple denobnstrates an unsuccessful attenpt to prepare
a nanoparticulate erlotinib hydrochl oride conposition, as the conposition
had a D50, before sonication, of greater than 2000 nm EXAMPLE2 [0126] The
purpose of this exanple was to prepare a nanoparticulate erlotinib
conposition. [0127] An aqueous di spersion of 5% (ww erlotinib
hydrochl ori de, 1.25% (ww) Plasdone(r) 5630 (Copovi done K25-34; a random
copol ynmer of vinyl acetate and vinyl pyrrolidone), and 0.25% (ww) sodium

| auryl sulfate was mlled in a 10 nL
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chanber of a NanoMII(r) 0.01 (NanoM Il Systens, King of Prussia, PA, see
also U. S. . 6,431,476), along with 500 m cron I

attriti onwgeag??l?%om\?v Chem cal ) (89% nedi a | oad). The mi&ﬁ%ﬁéﬁ@ﬁﬁ” | ed at
a speed of 2500 rpnms for 120 mn. [0128] The particle size of the mlled
erlotinib hydrochloride particles was neasured, in MIIli Q Water, using a
Hori ba LA-910 Particul ar sciences (Hatton Derbyshire, England). Erlotinib
hydrochl ori de particle size was nmeasured initially -40 WD 2006/ 110811

PCT/ US2006/ 013641 and then again foll ow ng 60 seconds sonication. The
results afe shown below in Table 2. Tag W 2006/ 110811 PCIT7USZ0067 018641

TABLE 2 Sgrr 9|ve< g )3 Hg?) TTIT 2847 7159366
Yes 108035 %@lh‘a‘ﬂb& Lg‘!@ 9 'ﬂ?’i@@ He ‘upgmmlrﬁ caﬁgﬁ ﬂlh cessf ul
att errpt 1 @ pr on pg a nM“UP rt:r= “%; e—erl-otd H h\lrlr nr? bj\? de—colr sefaiads on, as
t he corrpc)cn tiaon ?ﬁarl a h;lg soni rm‘ﬁ%ﬁ mc ﬂr«=3 flg} than ?(‘4(3&)8'-L m

EXAMPLE 3 [0130] The purpose of th| s exanpl e was to prepare a

nanopartic otini Lon. [0 eous di spersion of 5%
(Ww erl oﬁ)ﬁﬁ ﬁ(}?ﬁ' pg? fleggo > a @nm%essﬁlg@dgagt() “R&%B#32 (Povi done
K29/ 32) , a@%&p&%ﬁ%ﬂuﬁaw&@bmﬁwwﬁpmﬂb tREonipdsition Radk DFpaNber of a
NanoM | | (r) 01 (NanoM Il Systens, King of Prussia, PA; see also US.

Pat ent No. b@fonq;g_ommpn off gyeajentham 26Q00m cron Pol yMI11(r) attrition media
(Dow Chemical) (89% nedia |oad). The mixture was mlled at a speed of 2500
rpnms for W ‘1£ 132] The mlled conposition was analyzed via m croscopy,
and t he pa of the mlled erlotinib hydrochloride was neasured.

M cr oscopy [6€89] dOTHe puspdde ofithis example was to prepare a nanoparticulate erlotinib

composition.

[0131] An aqueous dispersion of 5% (w/w) erlotinib hydrochloride, 1.25% (w/w)
Plasdone® K29/32 (Povidone K29/32), and 0.05% (w/w) docusate sodium 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.

[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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Leci a DVbOOOB and Lecia CTR 5000 |ight source (Laboratory Instrunents and
Suppl i e . bourne Co., Meath, Ireland). M crosc at the
sanpl e %‘é&p%@g/rne@ﬂ\)\el | di spersed with nanoparticul ate e?P%@%ﬁﬁg}%{:ochl ori de
particles visible. Brownian notion was clearly evident. There was sone
evidence of unmlled erlotinib hydrochloride particles. Also there may have
been sone evidence of crystal growh. There was no sign of flocculation.
[0133] The particle size of the mlled erlotinib hydrochloride particles was

measured, in MIli Q Water, using a Horiba LA-910 Particul ar sciences
(Hatton [DerbystirTe,—Engrand)- Erl JA,%!L[E 'glydr ochitorTde particlhe srze was
. hﬁn H o —caoanAan H oo

oqul s e Sumigaiohy T NS g T DR o 10s PROSRRI  nEr) DESNS) o164 1
TABLE 3 $SonicaNPon? Mpan um DAGS D00 nm3PB3 qum)  IRA7hya3 230318870 31192
Yes 12214 767 Y8223 66423 [012244 Thi s exadfl ¢ denondBRal es a sub642:F ul
attenpt to prepare a nanoparticulate erlotinib hydrochloride conposition,

as the co os'iti n had :i\ 550 before sonication, of |ess than_ 2000 nu.
arIS‘ésr s

However , | argére freonsiraies 2 sheqgatiel atisniph e PRERRFE aB9BoRAtHCulEgs
e e CTe 8IS Ry GRLIOHAE PRASSAGE 0 thetiolTdn it G PR bl LS LE 4

[ 0135] The purpo G was to prepare a nanoparticulate
er | oti ni bof lessrihar 200@nm. [Hdvd&ier,Ahe ogee patictt spsrevident mfthd tebny Y0 @&1d ot i ni b
hydr ochl obi?ge 1.25% (w PC- SL ghy roxypr.opyl cel.l.ul ose), and 0.05% (w w)

docusat e DA TBFRSHEEICHHS (Pdigate the.preseos pr uny HClfRBnoM 11 (r) 0. 01
(NanoM || Systens, King of Prussia, PA, see also U S. Patent No.

6,431, 476, with 500 micron PolyMII(r) attrition nmedia (Dow
Chem cal) (89% nedia |load). The m xture was m |l ed at a speed of 3500 rpns
for 60 m {0135D131E puipesedf thicexampbowis fogrepars a aradpartinhlate arlotimiboscopy, and
the partigl e posifon
[0136] An aqueous dispersion of 5% (w/w) erlotinib hydrochloride, 1.25% (w/w)
HPC-SL (hydroxypropylcellulose), and 0.05% (w/w) docusate sodium 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 3500 rpms
for 60 min.
[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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of the mlled erlotinib hydrochloride was neasured. M croscopy was done
using a whasicA16dY000B and Lecia CTR 5000 |ight source Wb@(ﬁgéﬁl
| nstrunents an Supplies Ltd., Ashbourne Co., Meath, Ireland For an

undi | uted sanpl e, m croscopy shovved t he pr esence of erlotinib hydrochloride
nanoparticles which were discrete and susceptible to brownian notion. Some
unm | led erlotinib hydrochloride particles vvere apparent. For a diluted

sanpl e, br dt re .n i of erlotinib
hydr ochl ora}@l{e}l gra‘ﬁgﬁafpﬂ%%&%%\ég%a%& @F?/%’d’%g’ﬁbae?&iﬁ%l | amounts
of unm || gdbrr4.otini b hydrochl ori de were vi si bI e. [0138] The particle size
of the mlled erlotinib hydrochloride particles was neasured, in MIlIli Q
Water, using a Horiba LA-910 ParticUABLEdi ences (Hatton Derbyshire
Engl and) | BSdmititiun? hydiMiedn @mi)de] pD30 @ne si| zeDFamaDasyr eD9BGaim)al |y - 43
WO 2006/ 110811INBCTI US2006/ 0134385 | and t hen4agai n fold7aee hg 60 segompls
soni cati on. " Theged esul'T's “ar e 3hen Del ow TR7e [abl € Aoo3fPLE 2 bqrggg@‘ on?
Mean um D5O—Tmt—D80—(Tm)— D85 mm—No 34585 2342107492 iSJ Yes—33642 476
129280 153641 [0139] This exanpl e denonstrates an unsuccessful attenpt to

prepare a[OE39PPartis extnaile dembitdatys an hisiiceedkfid attdptt ¢aon, as the
conposition had _a D50, before sonication,  of greate;m??;n 2000 urn. EXAMPLE

5 [0140) TAeoRsitiqwae cetinihihydroghlere composiiion pe thercomponiiienhiad a0, at e

erlotinib ous dispersion of 5% (ww erlotinib
hydr ochl orbl %g@%ﬁ%ﬁ f%ﬂg&éﬁlﬁgowﬁ) 5630 (Copovi done K25-34), 0.05%
(ww) sodium | auryl sulfate was mlled in a 10 nL chanber of a NanoM || (r)
0. 01 (NangAMBEEBens, King of Prussia, PA, see also U S. Patent No.
6,431,476) an wi th 500 mcron PonM I1(r) attrition media_ (Dow

Cheni cal ) 19 iPAIPRSE@F this ey ?(PV@FEODF&BMWIH%‘EP%C@&@&Q@HNM 2500 rpns

for 120 chmposmon.

[0141] An aqueous dispersion of 5% (w/w) erlotinib hydrochloride, 1.25% (w/w)
Plasdone® S630 (Copovidone K25-34), 0.05% (w/w) sodium lauryl sulfate 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.

[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 unmifled erlotinib hydrochloride
were visible.

[0143] The particle size of the milled erlotinib hydrochloride particles was
measured, in Milli Q Water, using a Horiba L.A-910 Particular sciences (Hatton
Derbyshire, England), for two different samples of the milled composition. Erlotinib
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[0142] The m |l ed conposition was anal yzed via m croscopy. M croscopy was
done usi .a DVMbO0OOB and Lecia CTR 5000 | i ght so ory

I nstr urre‘ﬂgsenghgﬁdéuppl ies Ltd., Ashbourne Co., Meath, ty %?(%%E(E)(?Ean

undi luted sanple, mecr oscopy showed t he pr esence of erI ot| ni b hydrochl ori de
nanoparticles which were discrete and susceptible to browrman notion. Sone
unm lled erlotinib hydrochloride particles were apparent. For a diluted

sanpl e, bro | tion . was observed t here werg n of erlotinib
hydr ochl or¥! MW@%W%W% BEEUEH 15{%12‘@%&&& Wgﬁ amount s
of unmi | | gdodidk 9biBAtR N Y649 aiARowiefow IrsT 185, [0143] The partlcl e size
of the mlled erlotinib hydrochloride particles was neasured. in MIlli Q
Water, uging a Horiba LA- 910 Parti cMABLESi ences (Hatton Derbyshire]
Engl and) , f 9amplo di T SeaRAtioRAND| eSMeant hﬁ D50 (8hh) C moqnin)O}nmE(ﬁxﬁ)I nib -44
WO 2006/110811 PCT/US2006/ 013641 hygigpchliori de partlcl e size was meuasured
InItIaIIXEhaﬂ}p@r?rr argairT“' Howing bIU 73 Onmis™s arTo 7r$|nefre3 s are
UV -

o

shown bel BRI | ) A-cat+on Vean \LLLLS ) (an')
D95 (nm gl e 1 R 740 3p1 07838306 Sa%"l b 1 hi3e 33418650
13715 (r a nle 1 Yes 356'—'\ 414 .130 20727 Qnrrpr 2 In 3444917313
100410 11693mplshnpl e 2 Y& 3669| 328 89983 25875414 014413002 5 o037 ¢
denonst r at denmplsUcgessf ulNat t enpt t o 34dPare a Witdopar 10040t e 11606911 ni b
hydr ochl gr iSdenpte©Pp@si ti oiYesas the comBesbtii on hasks| D5013383f jor e 25@m5 ¢at i on,
of | ess than 2000 nm However, the Targer particle sizes evident 1n the
mean, D90 and D95 neasurenents indicate the presence of unmlled drug
parti cl es.[0E4AVPIIEs 6x4naple SpmPhsiratagrapusesssiul attangptda araphee amanopartiouleisar e a

nanoparti %%llloﬁ;[u% heyrdlré) thhon&% composition, as the composition had a D50, before sonication,

of less than 2000 nm. However, the larger particle sizes evident in the mean, D90 and

D95 measurements indicate the presence of unmilled drug particles.

EXAMPLE 6

[0145] The purpose of this example was to prepare a nanoparticulate erlotinib
composition.

[0146] An aqueous dispersion of 5% (w/w) erlotinib hydrochloride, 1.25% (w/w)
Plasdone® K-17 (Povidone K17), and 0.05% (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 Cheruical) (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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conposi ti on 10146] An aqueous dispersion of 5% (ww) erlotinib

hydr och 5% (ww) Plasdone(r) K-17 (Povi done o 691 05% (W w)
benzal kgﬁlS um c}ﬂ%olrzl de was mlled in a 10 nL chanber o?@% o0l I'(r) 0.01
(NanoM Il Systens, King of Prussia, PA see also U S. Patent No'

6, 431,476), along with 500 mcron PolyMII(r) attrition nedia (Dow

Chem cal) (89% nedia load). The m xture was mlled at a speed of 2500 rpns

anal yzod A8 nPaFle s Reqsmrndia fh e mineil el Rid-aaGRFE B008 ‘anc

Leci a CTRcéﬁQ@ouﬂdd&%tl%%ifﬁc@ltﬁl'ﬂ@l%ﬂtﬁﬂ}i’ﬁg’thb%gﬁ%”em5 and Supplies Ltd.
Ashbourne Co , lreland). M croscopy denonstrated the presence of
erlotini b[(]i;dﬂ} oﬁrvlndirbec@palrmhb @Sel S&ﬂb@ imthecdrt 'éatwamoulethddnmmmamambt i on.
There was wever con cuI ation ohserved in t

nanopar t i (é%ﬂag]loﬁs 8?4%‘?% “H:b 8°r§P‘lﬁ‘ti“3P5 O%itiﬁ et mé(PPtb‘?l} ni b

hydr ochl ogdiflsuiRRb EﬂtiﬁE??DnY‘ﬁfe%Rﬁ’it%Q sécﬁﬁ@)f't}i/e 1ﬂ9ﬁﬁ{oﬁntTh {NpisdRGh&R! bt

floccul ati on was” suc hat the sanpl'e appeared [ougy I'n appearance. -45 L

WD 2006/ mies)tesemmam@;vmtaamdl @fid8y aravrariatibms ofithis imeation providesl of t he
mlled er t|n|bhda{:hlor|d Eirrlla arr!adn%gout du to the difficulty in
control | i Mgy CREC"IHR4 e[sﬁ‘iEfQ ?aW eq,gl h?lrp%m{/ §U& stalled in the
art that various nodifications and variations can be nmade in the nethods
and conpositions of the present invention wthout departing fromthe spirit
or scope of the invention. Thus, it is intended that the present invention
cover the nodifications and variations of this invention provided they cone
wi thin the scope of the appended clains and their equivalents. -46 WHAT IS
CLAIMED I S: 1. A stable nanoparticulate erlotinib or a salt thereof
pharmaceutical conposition conprising: (a) particles of erlotinib or a salt
t hereof having an effective average particle size of |ess than about 2000
nm and
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(b) at |east one surface stabilizer. 2. The pharmaceutical conposition of
claim1, wherein the nanoparticulate erlotinib or a salt thereof particle
is selected fromthe group consisting of a crystalline phase, an anorphous
phase, and a sem -crystalline phase. 3. The pharnaceutical conposition of
any one of WHATES CLAIMED Ifherein the effective average particle size of
the nanoparticulate erlotinib or a salt thereof particles is selected from
the group consisting of |ess than about 1900 nm | ess than about 1800 nm

| ess than about 1700 £ ifblel 88 ;g&rﬁaﬂat@*éHHﬁmﬂa%QQslehe!r&yﬁh th put 1500 nm
| ess t han about 1000 nm | ess than about 1400 nm | ess t ut 1300 nm

| ess t han a:bmpt)smﬁﬁﬁompm;mgess t han about 1100 nm | ess than about 900 rim
| ess than about 800 run, .l es han abou 700 m. |l ess than about 600 nm
| ess than about @)0 rﬂ?f“ql elrﬁ‘?gﬂlb%&f’?f avingag ef%‘?&’ﬁ“‘a%’&iﬁgesoo nm |ess

than about,,dRQe &Ydef | gmaﬁgg&tgbgyhm2% nm |ess than about 100 nm |ess

than about "7/5 nm and | ess than abouf 50 nm 4. The pharnmaceuti cal

conposi tion of dhy ormt lakt @leaunfeestslmlidr. wherein the conposition is
formul ated: (a) for adm' nistration sel ected fromthe group consisting of
oral, pulnonary, re col on renter a‘il Ci st e{lnal i ntravagi nal ,

a
i ntraperitoneal, 2. oc l}frphagmcg h?%(‘fg POt g éla‘ﬁh ’a‘V ereindh opi cal

admi ni st ratda%barﬁﬁflé&e 2r106RB DS a sl PRI BaiRE ib eae&twﬁoﬁme @r&@nm sting of
liquid dispersions, gels, aerosols, ointnments, creans, |yophilized

f or mul at i oreensistiry @‘tasqrystalhps phass; an amrpho@qﬂlagia ahdn sermetmstabihef r om t he gr oup
consisting of controlled release formulations, fast nelt formulations,

del ayed relPa¥e formul ati ons, extended -47 release fornulations, pulsatile
rel ease fornul ations, and m xed i nmedi ate rel ease and controlled rel ease

fornul ations; or3 any mmiaﬂﬁadeeaﬂc&fcoﬁ@bm&b&far@nﬂle(&lﬂalés 119e, phar maceuti cal

conposition of any one of the preceding claims, wherein the conposition
further comgrrgashanféective avaregeyprativiasien of thelnagoparticulate erlotinib or a salt

thereof 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.

4, The pharmaceutical composition of any one of claims 1 to 3,
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;

into a dosage form selected from the group consisting of liquid
dispersions, gels, aerosols, ointments, creams, lyophilized formulations, tablets,
capsules;

into a dosage form selected from the group consisting of controlled release

formulations, fast melt formulations, delayed release formulations, extended
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acceptabl e excipients, carriers, or a conbination thereof. 6. The
phar maceuti cal conposition of any one of the preceding clains, wherein: (a)
the erlotinib or a salt thereof is present in an anount selected from the
group consisting of fromabout 99.5%to about 0.001% from about 95%to
about 0.1 Y%eleagecfofmalatiamy pilsldadlensafariiulition¥pandynived dhinedlatseléagen t he total
conbi ned weight of the erlotinib or a salt thereof and at | east one surface
st abi | | zer ,andepnireliqdrgleasy Drmulatiensopi ents; (b) the surface stabilizer is
present in an a r group consi sting of about 0.5%to
about 99.999% b%&e%ﬁ%ﬁa%ﬁbg?ﬁ(‘jgb@@a%g?@%to about 99.9% by wei ght, and from
about 10%to about 99.5% by wei ght, based on the total conbined dry wei ght
of the erlotinilks.or @allsspharmbendcd] campositioh ebaty @ref thepkeakingt abi | i zer, not
i ncludi ng other excipients; or (c conbi pation thereof. 7. Th?
phar maceut i SEMScWHYEEY the SpMBPSIEeR GIMRTIES PRYUIBPISPhapagenticallyyr t her
conpri si ng rl r fabillzer and at | east one
secondary sagé?dé%géé)fcg@lﬁ?ﬁtgﬁ&é.&%h%ﬁ%%éaﬁltﬁg(%éﬁ%ﬁal conposition of any one
of the preceding clains, wherein the surface stabilizer is selected from
t he group consi s4.i ng Tie grarmaceut cal compoiitice oBarghide ofehe pracaditg oni ¢ surf ace
stabilizer, 3@ non-ionic surface stabilizer, a zwitterionic surface
stabi | i zer ,ClHA: WRSEBi ¢ surface stabilizer. 9. The pharnmaceuti cal
conposition of o] g i . {7B; i ace
stabilizer is scaa(%ct gge ? ‘E%‘?ﬁtltﬁﬁgagggﬁfﬁ@ghsgﬁeﬁ%’ ) cﬁngfé@‘gi‘?%{“m um
chl ori de, ghé gtoup consistirignof fimosbhaddde6to abeut 0.601 %gfrgmesbolit 95300 acaci a,
chol est er ol tra?acgl%g, stearic acid, 'ergl(z'al koni um chl ori de, cal ci um

(3

stearate, LN IN B ArHh tQ Aoy W igighinbased eathsigtal ogol
enul si fyi n%oﬂ’ﬂffned’ \f}égﬁ‘toc{f%é érgbtﬁﬁlg 6F £ salPRELOF Ykt ﬁXéaﬁf‘ﬁ?neaéu@él:e et hers,
y [ oi eri y

pol yoxyet hyl ene cast vat1ves, pol yoxyet ene sorbitan fatty acid

esters, polsyatiliwer arve inglhyding sther ekeifgents; tri met hyl anmoni um br omi de,
pol yoxyet hyl ene stearates, collqidal] silicon dioxide, phosphates, sodium
dodecyl sul f at e, (gbr bdﬁ? ﬁgﬁf?ﬁls@ﬁ}zﬂ Jesent In an amount se e"te‘{]fgom the

group consisting of about 0.5% 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 erlotinib or a salt thereof and at least one
surface stabilizer, not including other excipients; or

() a combination thereof.

7. The pharmaceutical composition of any one of the preceding
claims, further comprising at least one primary surface stabilizer and at least one

secondary surface stabilizer.

8. The pharmaceutical composition of any one of the preceding
claims, 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.

9. The pharmaceutical composition of any one of the preceding
claims, wherein the surface stabilizer is selected from the group consisting of cetyl
pyridinium chloride, gelatin, casein, phosphatides, dextran, glycerol, gum acacia,
cholesterol, tragacanth, stearic acid, benzalkonium chloride, calcium stearate,
glycerol monostearate, cetostearyl alcohol, cetomacrogol emulsifying wax,
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cal cium hydroxypropyl cellul oses, hypronell ose, carboxynethylcellul ose
sodi um net hyl cel | ul ose, hydroxyethyl cell ul ose, hypronell ose phthal at e,
noncrystal line cellul ose, magnesi um alum num silicate, triethanol an ne,
pol yvi nyl al cohol, polyvinyl pyrrolidone,

4-(1,1, 3, B-wdﬁmmmp@uowe)hﬁmkylpdieysqpolywydthylemms@meiloxi de and

f or mal dehyd ol oxaner gxam ed hol |

di oct yl sul f‘%glugtbveﬁaﬁo YO’Q}CQB' égli i%? ﬁ’@?ﬁ lsam d, sodium
lauryl sul f@kgeyl ik¥hyPanimoRRinY Blohfde, %Hlyfoﬁ?élhﬁéme ﬁbé&ﬁt‘éﬁ ec%u@i‘dap ucrose
stearate and sucrose di stearate, p-isononyl phenoxypoly

ci
decanoy! - N-silioenhijogde; @hmnheteS,rSOdwyﬂoctesylﬁléatammm(amﬁlyh@(ﬂu%scjecyI

3-D nal t d d
(50 mal ¢ oS B R Ecitbsss e RS AR USE PRI, Lcopyr anosi de:
n-heptyl R-ddfuli, agdthraasdivieye, mydr&@ém 1&115}0943 USBRMARGS pﬂltﬁalate

nonanoyl - N net hyl gl ticam de; n-noyl R-D- gl ucopyrano sid

oct anoyl| - Nnmcﬂyy’dagimcﬁaﬂmldee, magoetiyth-al\Bnibuyl silieatsy trmwotbemne aoiypinyl

3-D-thi oglu d h chol est er ol
PEG chgﬁgstai?dg‘ﬂa ESL ?I?X%M%BE%%E@ lafr'?ﬁg OS%E@’U‘B’ )al?‘heﬁ(l’zléa Y‘g‘%g‘;’ﬁeo random
copol ynmer s e@ﬁyléﬁewdld@&ﬂt@hﬁalaacyd\élmbxm&ﬁ YolFkAhfnesda Eldiry QN C pol ymer, a

cationic biodpolynmer, a cationi'c pol Ysaccharlde a cationic cellulosic, a
cationic al@pﬂﬁtoépldadm@atlswﬁwsmcmtqod ajlepdestas oﬁmundulf@sucamccmuh
phosphol i pi

d th h te.t t
bt om de, - SPH LSS = BRUEERS RIGTRSe: By S ektR S hoet hyl
net hacr yl atgqadhembdWiktearatel @I@nonmhefdﬁw&yr(gryamml @d&ﬁ@ﬂtrum brom de,

phosphoni um conmpounds, quarternary anoni um conpounds,
benzyl - di ( 2nethylghoemidet healehyll [hl?ngimqpyrdmoada,dedecyd:6elbﬂnaltdpyranesldg,ln-ammni um
chl oride, coconut trinethyl anmmonium broni coconut nethyl di hydroxyet hyl

anmoni um c¥ogesyd 8- Dtﬁ’é‘é‘@ﬁ&ﬁ*‘“ﬁ%‘@%ﬂ -do FYM&PO‘%?B?W heptapiliin br oni de, decyl

decyl i motTor RRER it po PRt atu SRR BRI Dol FRRG L1 P O
hydr oxyet hmexﬁgzr%memmwsidéenonaﬁéﬁ NSHARL b bOABEYPBI amoni um

chl oride bro coconut di met hyl ~ hydroxyét hyl ammoni um chl ori de, coconut
di met hyl hyducepyeinbsite; amfﬁnbyllslNl-métﬁyﬂghmde nroetyl i-Prelticopyednoyide;anmoni um

met hyl sul phate, | aur di net hyl benzyl
octyl B-D-thlog ucopyranos1 e; 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 bromide,
coconut trimethyl ammonium chloride, coconut trimethyl ammonium bromide,
coconut methyl dihydroxyethyl ammonium chloride, coconut methyl
dihydroxyethyl ammonium bromide, decyl triethyl ammonium chloride, decyl
dimethyl hydroxyethyl ammonium chloride, decyl dimethyl hydroxyethyl
ammonium chloride bromide, Cy;.;5dimethyl hydroxyethyl ammonium chloride,
Cj2-15dimethyl hydroxyethyl ammonium chloride bromide, coconut dimethyl

hydroxyethyl ammonium chloride, coconut dimethyl hydroxyethyl ammonium
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amoni um chl ori de, lauryl dinmethyl benzyl ammonium brom de, |auryl dinethyl
(et henoxy)4 ammoni um chl ori de, |auryl dinethyl (ethenoxy)4 anmmoni um

brom de, N-al kyl (Cl12-1g)di nethyl benzyl amoni um chl oride, N-al kyl (Cl4_
18) di net hyl - benzyl ammoni um chl ori de, N-tetradecylidnethyl benzyl anmoni um
chl ori de nobommide,angjstditrieethyl adirdaoyh mathybsulphate,Hivary] dieetiy] dekapll and

Cl2- 14 di met hyl 1- jna t hyl .h um chl or trime noni um
hai e, al kPOt ERRGHE M el PR eI PR ARG Vb AS ALl t 5.
lauryl tri Wgemeﬁbxy( mm‘lﬂh%moﬁﬁb A8uryE bRl ‘%étﬁéhoxyh ammonium _
al kyam doal kyl di al’kyl ammoni um salt, an ethHoxylated trial kyl amoni um salt,

di al kyl benzbmoeidé, - hgldyhfﬁﬁimm)dlmeﬁmlbnnzﬂlammbhldnddﬁgrim Nedlkyll (Casrroni um

hlori d lb | hlorjd hydr at
Nl kyl (C1o el SRR AOPHAEI T e S e angy] Gamoriun o
dodecy! di m&mﬁ@@ﬁéx&hﬂm mlhamwhhﬁ&éﬁ%mn%xﬁ&h&mo%em n@a) i ( cprmvm um

chloride, lauryl trinethyl’ ammonium chloride, alkylbenzyl” methy anmoni um
chlori de, adinyithydé rzapthydinetsy hgthmaniwomehlonids, andtbylaﬁttﬁomumdmhdgl,lalk}di-nnonl um

brom des, C15 t rreth L a .U r.om Cl7 trlrre . .a i um brom des,
dodecyl benzgﬂm‘? @‘E‘H%?% 7 GWH%YE%P?‘E@MH&W%% Z\V‘?ﬂiq’r’é‘f’nﬁg’ramni um
chloride, diaRifAim él'ﬂHH&é lé’iFo%ma@Hd' ﬂ%ld@dl%ﬁhﬂll&%ﬂ%hﬁmﬂﬂﬁﬂ h@' ogeni des,

tricetyl rret hyI armmoni um’chl of I de decyl t ri met hyl anmoni um br oni de,
dodecyl t ri etthygkdated tiialkylanonomemn satt;adlalkgﬂéuemelnc idrediHgrhenonom drtotidgni de,

met hyl triot.la ni chl ori de, I n|u brom de, benzyl
A i R S L R e R SRR A -
st ear al koni guhGd %hsi?yd% e gng@(clg § YimetY NLkkp ﬁtuquahmﬂﬁon

pyri di ni um chl oride, hali al’ts of " quaterni zed pol yoxyet hyl al kyI am nes,
al kyl pyri dehdonide, slade:cs'idlmmhyﬁsanzﬂrmmommint@l orilgj dielkybhérdescalkyki de azol i ni um

salts, protonated quatern |.a des uatern pol yners,
and cati oni ¥geM™® ulaa)lon%z %ﬁ@l"%@é‘g‘ I?B]églﬁf}’l ng?nziﬁﬂpem of the
precedi ng  ghAoffim ¥HISFE '&ll&ﬂ%eﬂ?r[r&fﬁ%tﬁyl%m&n&hmﬂﬁﬁ' e trlilnleth The

phar maceuti cal conpositi on of any one of the precedi ng clalns wherein the

conposi ti onardmalwmbromldch,l&’s ingptinyfl iagumariym dirdrhigles it 7 trabetbybt i on | evel s when

admi ni ster eamd mu rc])gﬁlrm rom1 es benzytl?rletﬁlslt | nlgoﬁgrrﬁdéhﬁér?d%?poly-

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, imide azolinium salts, protonated quaternary acrylamides, methylated

quaternary polymers, and cationic guar.

10.  The pharmaceutical composition of any one of the preceding

claims, wherein the composition is bioadhesive.

11.  The pharmaceutical composition of any one of the preceding
claims, wherein the composition does not produce significantly different

absorption levels when administered under fed as compared to fasting conditions.
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-50 12. The pharmaceutical conposition of any one of the preceding clains,
wherein adm nistration of the conposition to a subject in a fasted state is
bi oequi val ent to admi nistration of the conposition to a subject in a fed
state. 13. The pharnmaceutical conposition of any one of the preceding

cl ai ms, additiondlly dbephimiacgutizabcampasisioa deahy vee afjthatpseagdimpul for t he

treatment of . hyperproliferative disorders.. 14. The phar eutical

conposi ti oncﬁm%lﬁe_ 1’13?%%?%5% O?m? cg&go%onécb%ﬁ{\geﬁénggz}isie@tsé%tefsr oma group
consi sting  gfoedhilMlehiCtoiadhibiRloh of MdIdnfidsDnas GRUBject iAAlkd SBfeabol i tes,
intercalating antibiotics, growmh factor inhibitors, cell cycle inhibitors,
enzynmes, topoisonerase inhibitors, biological response nodifiers, anti-

hor nones, and anil3- andhegbarmacewicalrepmprisgionrenf@any ovebf themppessiingon of any one
of claims 1-12 rei.n upon.admnistration to a ma he c gsition

bt oduces. t e At EoR BudiRoi e S it afeckefs L o M r R o

non- nanopar bf kfedirdliftenp@alidRddn.of the same erlotinib or a salt thereof.

16. The pharndceutical conposition of any one of clains 1-12, wherein the

conposition has: Sa) a Cmax for the erlotinib or a salt thereof when assayed
in the plasma of4a ndheghirmecewisabeampasitiondliislpimdd, whereimtheantivehat i s

greater than the. r _a_non-nanqpartd cul at.e farmul.atioen of the sanme
oot ni b opestEis ey fopfs eRGRARERRRI 1o BB bIRE Bk AR Sl an"ALc 1 or
the erl oti nakti-@fetabositds! intdheil @i AiBIbLIBS LRV fadtof MBibildkRseMcRfle 2 mammal i an
subject follow ng admnistration that is greater than the AUC for a

non- nanopar inhihitoss, enzanef tapoisemetsse infebiyuprdidpgistlirasnonss maddigrs, antirer eof
adm ni steregoat thealn ang_r?gga%geé a TnmaX for the erlotinib or a salt thereof
when assaye R %Iaja1 o2 mammal i an subject follow ng adm nistration
that is |less than the Tmax for a non- nanoparticulate fornmul ati on of the

same erlotinib on5a sahtphiveiaeaiticabsbihpusitiodrddnfbne bhelaim@e120sage; or any
conmbi nation of (a), (b), and_ (c). 17. A nmethod for the preparation of a
nanoparti c uMhereineupa 3dmipisgatiguyiora mammal the composition produces therapeutic

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

the same erlotinib or a salt thereof.

16.  The pharmaceutical composition of any one of claims 1-12,
wherein the composition has:

(@ a Cpax for the erlotinib or a salt thereof when assayed in the plasma
of a mammalian subject following administration that is greater than the Cp, for a
non-nanoparticulate formulation of the same erlotinib or a salt thereof,
administered at the same dosage;

(b)  an AUC for the erlotinib or a salt thereof when assayed in the
plasma of a mammalian subject following administration that is greater than the
AUC for a non-nanoparticulate formulation of the same erlotinib or a salt thereof,
administered at the same dosage;

a Tmax for the erlotinib or a salt thereof when assayed in the plasma of a
mammalian subject following administration that is less than the Ty« for a non-
nanoparticulate formulation of the same erlotinib or a salt thereof, administered at

the same dosage; or any combination of (a), (b), and (c).

17. A method for the preparation of a nanoparticulate erlotinib or salt
thereof according to claims 1-16 comprising contacting particles of the erlotinib or
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t hereof according to clains 1-16 conprising contacting particles of the
erlotinib or -51 a salt thereof wwth at | east one surface stabilizer for a
time and under conditions sufficient to provide a nanoparticulate erlotinib
or a salt thereof conposition having an effective average particle size of

| ess t han absilt theeDwitat [e8st ohbaurfadelstabilider Edrai timd and whder ebnmdititres cont acti ng

conprises grinding, wet grinding, ho eni zation, freezing, tenplate
enul si on, PHESER;P Breade aBﬁmoci’aEt‘}Hﬁen‘gfq%@ﬁ’ ‘P’H"e?agtd ereqlocompasitioar maceut i cal

COMposi t i OnhaQ/F @ef?&‘ﬁv@ﬁv&&@ ﬁr}‘gﬁéie Qe %fle%ffhanﬂﬁ%tiZ@Oqgﬁapy' 20. The

phar maceut i aar onpositron o y one o al s or wuse in the
treatnent of a hyperproliferative condition. 21. Use of the pharnmaceuti cal
conposi tion of amg onFhofmethodioffslaimtld, Whereinahe theagingmangirisen of a

medi canment for_the treatnent of a hyperpraolifer aiﬁiéeve condition. 22. The use
of clains 2&Fuing et gHa @gnhqweﬁvﬁé%@ﬁ?mgﬂamp Bl i on i s cancer. 23

The use of Iﬁjeﬁbffét?cﬁr, ohesSbiafibisneaager is non-small cell Tung cancer. -52

19.  The pharmaceutical composition of any one of claims 1 to 16 for

use in therapy.

20.  The pharmaceutical composition of any one of claims 1 to 16 for

use in the treatment of a hyperproliferative condition.

21.  Use of the pharmaceutical composition of any one of claims 1 to 16
for the preparation of a medicament for the treatment of a hyperproliferative

condition.

22.  The use of claims 20 or 21, wherein the hyperproliferative

condition is cancer.

23.  The use of claim 22, wherein the cancer is non-small cell lung
cancer.
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