Jfibroblast growth factor
(EGF) rsecept eaceptarsityytheir Esmupahgarﬁal Anleyampis®f suchtreaptuns arefthe growth ecept or

- e3e>\>t ] vWBTVevcl 5 N 0 V 2002 WO 991 60023 PCT/ US99/ 10741 *1Gal aa+ 19 NOV 2002
TREATMENT OF HUVAN TUMORS W TH RADI ATI ON AND | NHI ' .-~ TORS OF GROMH FACTOR
RECEPTOR TYROSI NE KI NASES Nor mal mm u H"Erat e _by the highly controlled
activati oRy@bo/gomm h factor 5 recmml ir respecti VRCT/USAAB] An
exanpl e of such receptors are the gromgsef act or receptor tyrosine kinases.
Cancer cells also proliferate by the activation of growh factor receptors,
but | ose the careful control of normal proliferation. The |oss of control
may be caused by IREAMBIENE OFOHUMAN BU RS WIEH RADEATIONSENDet i on of
grow h factors, |ncreased exre55| on of rece tors, and autonormus

[2 p [)
activation of INFHBEE DF( ] A HOREVRE s IN4

exanpl es of receptors i nvol ved in tunDrlgeneS|s are the receptors for 15

"epi dermal growth factor (EGFR), platel et-derived growh factor (PDGFR),

insulin l'ike growNarhacemd %&I@Fd?é by m%rmgng comtdliet actwition VEERIwth &etbr

hbers of the epidermal growh factor

tyrosi ne Ki n?ses associated with tunorigenesis of epidermal cells. The
first menber fSFOTEREPOEEYTOURIHNEESf ami |y to be di scovered was the

gl ycoprotei n having an apparent nol ecul ar wei ght of approximtely 165 kD.
This gl ycoprotein, which was described by Mendel sohn et al. in U S. Patent
No. 4,943,533, i sCanamelbalidoyeolifeiate ipcthphctivatibeRyrosvtll faataroeapto?d bhuman EGF

receptorn 1 (LR e Rl OB FrOHER bR L BF 108 ST CRY P FAFSLPE. | vo
known dlld gand%@%{oﬁﬁﬁtorﬁ%}}%ﬁﬁe mt%%uggaaeﬁmg g%ﬁ{helﬁaoﬁ cfRas&pt or s

i nclu glio omas, ds we ncers ung, reast head and

neck, and bl adglessionldtaedepidrd, hhd atibtim@nRdcHvationiofblocRehiRal gatidy2* 1 5 NOV
2002 WD 99/ 60023 PCT/ US99/ 10741
regulated by growth factors.

Some examples of receptors involved in tumorigenesis are the receptors for
15 epidermal growth factor (EGFR), platelet-derived growth factor (PDGFR), insulin-
like growth factor (IGFR), nerve growth factor (NGFR), and fibroblast growth factor
(FGF).

Members of the epidermal growth factor (EGF) receptor family are
. 20 particularly important growth factor receptor tyrosine kinases associated with
tumorigenesis of epidermal cells. The first member of the EGF receptor family to be
discovered was the glycoprotein having an apparent molecular weight of
approximately 165 kD. This glycoprotein, which was described by Mendelsohn ef al.
in U.S. Patent No. 4,943,533, is known as the EGF receptor (EGFR) and also as
25 human EGF receptor-1 (HER1).

The EGFR is overexpressed on many types of epidermoid tumor cells. EGF
and transforming growth factor alpha (TGF-alpha) are two known ligands of EGFR.
Examples of tumors that express EGF receptors include glioblastomas, as well as

30 cancers of the lung, breast, head and neck, and bladder. The amplification and/or
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overexpression of the EG-F receptors on the nenbranes of tunor cells i"s5 NOV 2002
associated with a poor prognosis. Some progress has been nade in treating
cancer. Useful treatnments include 5 those that rely on the progranmmed death
of cells tH&O 968083 suf f ered DNA danmge. The programred deat E’CES SeUIYY i s
known as apoptosis. Treatnents of cancer traditionally include chenotherapy

or radiation thefeapissiiPIEhe FOReEE s of NEOREMBFARLM LR 0ASERT$adsBGhtb e
doxorubicin, cis-platin, and taxol. 10 The radiation can be either from an

ext ernal beamwith 4 ponmogwsisce pl aced inside a patient, i.e.,
brachyt herapy. Anot her type of treatnent includes inhibitors of growth
factors or growh factor receptors involved in the proliferation of cells.

Such inhibitors neLgorn‘?c{ é}réﬁretspﬁasjoger?‘ﬁ%tahé/ i&t)‘aa‘@h?a&l%eﬂ@é%&] cBrlds BElude

receptor, and inhibit growh o unor s t express the receptor. For
exanpl e,5U. S. thedeahit rélg.ondhOpdghdtnetbdaatt baellathanhdvesufferad ONwabhmage i body
called 225 that binds to the EGF receptor. The patent is assigned to the 20
Uni versity of Theinregrammedaieathof cellssis gnewe psianapiIsis-t o | nCl one Syst ens

| ncorporated. The 225 antibody is able to inhibit the growh of cultured
EGFR-expressing tunor lines as well as the growh of these tunors in vivo

when grown as xenogrredtiienistbfiebiter ffadifonabgendlBddéheflotiRtapy orddfiionRB&apy=4_,
5592-5598 (1986). 25 Simlarly, Prewett et al. reported the inhibition of

t unor pr ogr essSame efamplds|of shemoptheraheudicpgents incude doverukiging giseflatin, and takade
with a imerig form.of the anti:EGR 225 nocl opal anti bo I scussed
Bbove. Hhe chi Therpdiaich i1 5 SlBEr B en s terAl BT P BPm s SURE PP Ot 20
419-427 (1997)pai3 v i kRge of using marine nonoclonal antibodies in

human therapy 1s the possibility of a human anti-nouse antibody (HAMA)
response due to the presence 2 1 5 NOV 2002 WD 99/ 60023 PCT/ US99/ 10741

Another type of treatment includes inhibitors of growth factors or growth
factor receptors involved in the proliferation of cells. Such inhibitors neutralize the
15 activity of the growth factor or receptor, and inhibit the growth of tumors that express

the receptor.

For example, U.S. Patent No. 4,943,533 describes a murine monoclonal
antibody called 225 that binds to the EGF receptor. The patent is assigned to the
20 University of California and licensed exclusively to ImClone Systems Incorporated.
The 225 antibody is able to inhibit the growth of cultured EGFR-expressing tumor
lines as well as the growth of these tumors in vivo when grown as xenografts in nude

mice. See Masui et al., Cancer Res. 44, 5592-5598 (1986).

25 Similarly, Prewett et al. reported the inhibition of tumor progression of well-
established prostate tumor xenografts in mice with a chimeric form of the anti-EGFR
225 monoclonal antibody discussed above. The chimeric form is called ¢225. Journal
of Immunotherapy 19, 419-427 (1997).

30 A disadvantage of using murine monoclonal antibodies in human therapy is

the possibility of a human anti-mouse antibody (HAMA) response due to the presence



of nouse |g sequences. This disadvantage can be mi ni m zed by repl aci ntNo# 2002
entire constant region of a marine (or other non-human mammal i an) anti body
with that of a human constant region. Replacenent of the conﬁ%ggﬁléﬁgions

of a mari M¥OAMWddy wi t h human sequences is usually referfk 1
chinmerization. 5 The chinerization process can be made even nore effective

by al so repl 3¢ fsd ResehhdFBIOTHs &i@advamage é@gsecaﬁﬁmﬁfze@bg&rpmmg@m érttiggly Wit h

t he correspondi ng human sequences. The framework vari abl e regions .are the
vari abl e regicomsamfregion afd inbody (astother notrhnmeah mampedian panithpdyewitie thabelr  The

LGt one. ( CORBYMAREN R FeEi SR S TERG LB GURHD! B SHES SRk

variable regi‘ﬂ{hihe&%u mgﬁhgmgs g%g&gﬁgggf%nje&fd@%m%gagg@rred to as

humani zat i on. Ized anti I's I ess 1 nmunogeruc (i.e. elicits |ess
of a HAVA response) as nore mari ne sequences 15 are replaced by human

sequences. Unfortunately, both the cost and effort increase as r@re regi ons

of a marine anti bddieshimnarizatiemprosesg iy bhmALHC\CE MR SEECVARY plse Fe ach to

reduci ng the j nogeni ci.ty, of .anti [ ' Hg f ' mrﬂélrggrrents.
For exanpl e, d&‘?qggmfl gﬁkevag9glﬂ5%§35ﬁf?§%h§fé dgﬁb& Joﬁ?ﬁqael%oggﬁ %’h&gggg tional
Cancer I nsti tsedienSéh . ThGREaeWBIR varabiSkgions AR alictariabR ragibhs dfumantiiidyect of
an anti-EGF receptor antibody called 1%8. 4 with fragments of the anti body.

The tunmor moddherdkan thahyneremiakis regipng he hyperyaralie eegions agdsoknewn agthece| | s
are derjved from human. oral epidernoid i nomas, and express el evated
| evel s{d)f EGEOF’@W@'%{?“B&WCBPP%@S al . found that bout the antibody

and the bivalent F(ab')z fragnment retarded tunor growth in vivo, although
the F(ab')z fragnment was |l ess efficient. The nonoval ent Fab fragnment of the

anti body, whose aliileireglacemdnit nfithe kenstant regiors and amgwodcepirble regignsydtser ved,
did not, however, retard tunmor. growh, 30 Attenpts have al so, been.made to
i nprove canc al“é&ﬂ‘l‘?éﬁ‘f%‘smléfgfﬁtgﬁﬁ{:@aé aaufzan%)% éwmaa%%“ﬁg’ﬂfw Bned
above. For exannlfhurdgatt 6. eficidlless' P RAANMA r@éohse} as mbre Mufine\sed®éhées

15 are replaced by human sequences. Unfortunately, both the cost and effort increase as

more regions of a murine antibodies are replaced by human sequences.

Another approach to reducing the immunogenicity of antibodies is the use of
antibody fragments. For example, an article by Aboud-Pirak er al., Journal of the
20 National Cancer Institute 80, 1605-1611 (1988), compares the anti-tumor effect of an
anti-EGF receptor antibody called 108.4 with fragments of the antibody. The tumor
model was based on KB cells as xenografts in nude mice. KB cells are derived from

human oral epidermoid carcinomas, and express elevated levels of EGF receptors.

25 Aboud-Pirak et al. found that both the antibody and the bivalent F(ab’),
fragment retarded tumor growth in vivo, although the F(ab’), fragment was less
efficient. The monovalent Fab fragment of the antibody, whose ability to bind the

cell-associated receptor was conserved, did not, however, retard tumor growth.

30 Attempts have also been made to improve cancer treatments by combining

some of the techniques mentioned above. For example, Baselga et al. reported anti-



WO 99160023 PCT/ US99/ 10741 tunor effects of the chenotherapeutic agent 15 NOV 2002
th

doxorubicin wt h anti - EGFR nonocl onal anti bodi es in the Journal of

Nat i onal Cancer stitute 8 ~,, 1327-1333 (1993). O-hers h b,/ cd¥lt €d to
enhance th@'%%"f@? ivity of cancer cells to radiation by S %ﬁnﬁlﬁmg ng the
radi ati on with adjuvants. For exanple, Bonnen, U S. Patent 4,846, 782,
reported incr amctf&etla@fthewhcmotbﬁraDMmgwrd@éﬁ@btcm withl pti-E6TF Ramenodiéreal

radi ati on was cqQnmbi ned W|th|nterf nel | a m nor

i mproverrent i A"Y ‘ersé’&lﬂﬁt"%‘ﬁaltqfélé"( 1i’ﬂ“a éa’ifﬁf i”éﬁ& z‘l‘féatli?lﬁr Z?%@gg%)nas with
anapl astic foci when the radiati on was conbined with an anti-EG-R

nonocl onal anti body radi ol abeled with 10 i odine-125 in a phase Il clinical
trial. See Hybrido@ahdréhavkbitethptéd td ditdbde thSenisitivitly wf cddebedeils tetadaition by
reported the ability of anti-EG-R nonocl gnal antibodies to sensitize

squarmoud car cpﬁmhﬁm}eefh@)queaﬂpa "Wi\ "\ﬁii‘é’émﬁo PRERaEPIc Bonresn U & afeatit 366,382, p

treat ment was eceded 0 called-
LA22. See Bi 05‘% OFtF gwée[as% SSB%%H ca {hiﬂmrlﬁéf&&% f%i}ﬁti%ﬁ%%%a%% Bqﬂ%et al .

al so reportedchabined WitiNRerf6on! BAtllihgetdl refordd rhifofingRoVitdht ire@eat i on

t herapy was augnented with anti-EGFR nonocl onal anti bodies. Sal eh et al.
concl uded t hatadistfonrtrdatment pfiphtients witheastrpevdemasowish nwlﬂsn@ﬁmbwherdthmdal ity
RT/ Mab t herap See abst in roc ed| n of t Fi X

Associ at i on f%?d@t?“C%aﬁcc@F“ F?@égﬁ&’cﬁ? anu-]%(?}gk Ofgé qdé{ r@‘ﬁ}ﬂlé‘é £d pii

studi qudescru&ﬁﬁe @@5)&%pﬁﬁm%mw&ﬁmerse@msﬁaam@w 1|1m-1hum@ the results
reported are for nodels in mce. Such nodel's do not necessarilly provide a
reasonabl e expectation for success in humans. As was stated |n t he New 25

York Times of May 3, 1998, jn regard to.the sp acul ar succe eported by
Judah Fol kman in t%@&é?‘ﬁ’g%l?ﬁﬁ‘}%‘q?ﬁe?ﬁr@gt@ﬁwté{ﬁ% %F BH‘EF ostatin:
"Until patients;; : | ons.
All he knows, L%?‘F&#‘%I t& Egrﬁ]txszgfnaﬁ %ah{oub é?rgiﬂg{!}g kslca récfgr#crglr%g%%rﬁ ?/%ﬁé%r e a
nouse, we can Wl&hehcgmddtlcmtreatméntyms precedédbley MQms&amfn dffan avaVEQER k Ti nes of

May 3, 1998. 4 NOV 2002 WD 99/ 60023 PCTNS99/ 10741 Cancer continues to
be a meldr heéptlbpddr‘@HF‘bWa'h%ee&‘P@Eﬂlwt@Fothf@c?)fAé@elﬁ-ﬂ—’l Wel6iéP9s t o

provide an i ”@&%ﬁgfxﬁﬁfsg eg)of(')tﬁ]bét{e? b LofE1GA bir o z{i‘xp(ixgﬁﬁcé \Qar { fidfion SUMVARY

OF THE | NVENTI er objectives as w 0 those

havi ng or di narergpy Whs dugniehid a¥ith, anﬁéE(eFIbﬁﬁii\odﬁﬁulaﬂﬁlﬁbdlibs p}rawhledalng a new
method to inhibit the growh of tumors in human patients. The nethod
conpri ses t r egonelydedibath Frsthepsudienmayjead togmovel combined modality RT/Mab

therapy.” See abstract 4197 in the proceedings of the American Association for
20 Cancer Research 37, 612 (1996).

—ll

While some of the studies described above suggest further experiments in
humans, the results reported are for models in mice. Such models do not necessarilly
provide a reasonable expectation for success in humans. As was stated in the New

25 York Times of May 3, 1998, in regard to the spectacular success reported by Judah
Folkman in treating tumors in mice with angiostatin and endostatin: "Until patients
take them, he said, it is dangerous to make predictions. All he knows, Dr. Folkman
said, is that 'if you have cancer and you are a mouse, we can take good care of you.'"
See page | of the New York Times of May 3, 1998.



ef fective amount of a combination of radiation and a non-radi ol abel ed' 3 NOV 2002
protein receptor 10 tyrosine kinase inhibitor, the overexpression of which
can lead to tunorigenesis. DETAILED DESS; Rl PTI ON OF -THE I'NV>ENTI ON_The
present i nwanedieom3pr ovi des an i nproved method for treatingPERHSPYI0745
particularly malignant tunors, in human patients who have cancer, or are at
risk of devel opi Ngc&RBCAINinddR]0 by RE%jRhelltBbBleih Athe GRkchee bf BabRGertn
accordance with the Invention are tunors that overexpress one or nore

growt h fact orinves®ntiorn pryvids amenko vesisesthodSomtregtingrettein caficegs ovitumanact or
receptor tyrosine kinases that can lead to tunorigenesis if overexpressed
include the EGFR famly of receptors, PDGFR famly 20 of receptors, |GR
famly of receptors, NGFR fangy ily of receptors, and
FGFR fanily of receptors. Thrg YOPTHEINY (i i ncl udes EGFR, which
is alsosreferred to in the literature as HERL;, HER2, which is also referred
tointhe literature as Neu, c-erbB-2, 25 and p 185erbB-2; erbB-3 and
erbB-4. In this spEhisfandathenabjetivrRay wilkbesapparentie trseRayiagiordingy skidldapt or s.

The specific nber of the EGFR fam ly of 1 tqQrs. bk i d
EGFR wi |1 b 1EFE: hag bpgn seiey Pﬁﬁdxn%%e‘gﬁ%ﬁ‘ﬂgfga%ﬁﬁ‘k@{ i Sg%‘i‘%@%tf%‘?ﬁé"g

i ncl udes PDGFRana el -Phe mbfiod EBmpiiset aiting 1R hureaesiiens witcdrdes

| GFR-1. Menbers of tﬂr-al)e FGFR fam |y inpzl?sng F%R—l, 1 5 NOv 2002 WO

991 60023 PCTNSR@i10 ZddukGE Rcembim@idR & radiadorrapdR-npn-ragielabeler preipin| roceptor
receptars includes TGFRa and TGFR~i . Any, type,of tunor, that overexpresses
at |1 eadl one B’FW%‘P%?E?'H}’%‘F%&%PWC@W PB??H’@‘“IECP;%E%F R H@%Pg{%ressi on
of which can lead to tunorigenesis, can be treated in accordance with the
nmet hod of the invention. These types of tunor include carcinomas, glionas,
sarcomas, adenocar ci nonBETAld DESCRIBTIONIOBE JIHO INVENIIEONt unors occur in
virtually all parts of the human body, including every 10 organ. The tunors
may, for exanple, be present in the breast, |ung, colon, kidney, bladder,
head and neck, ova ; I AROFERE metiddYor RO G tRABR, Mar r ow,
bl ood, thynus, ut e?ﬁg?ﬁ%%ﬁ%ﬁéoﬁr%?ﬁ% Hg‘m’nd ?ﬂ/er. Por exgrrpl e, tunors

t hat owviar expr gagiclilagty Hafigniane epiors, in hahardpatiens aetio, halvel nancer ot are,at kiskloy

bl adder, head and A )
developing cancer. The types of tumors that can be treated in accordance with the

invention are tumors that overexpress one or more growth factor receptor tyrosine
kinases. Some examples of growth factor receptor tyrosine kinases that can lead to
tumorigenesis if overexpressed include the EGFR family of receptors, PDGFR family

20 of receptors, IGFR family of receptors, NGFR family of receptors, TGF family of
receptors, and FGFR family of receptors.

The EGFR family of receptors includes EGFR, which is also referred to in the
literature as HER1; HER2, which is also referred to in the literature as Neu, c-erbB-2,
25 and p185erbB-2; erbB-3 and erbB-4. In this specification, EGFR refers to the EGFR
| family of receptors. The specific member of the EGFR family of receptors that is also
called EGFR will be referred to as EGFR/HERI.

The PDGFR family of receptors includes PDGFRa and PDGFRB. The IGF
30 family of receptors includes IGFR-1. Members of the FGFR family include FGFR-1,
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neck, especially squanous cell carcinoma of the head and neck, ovary,
prostate, and 15 brain. The tunors are treated with a conbination of
radi ati on therapy and a non radi ol abel ed growth factor receﬁtor hxﬁgsi- ne

ki nase i ntW®p¥eM23 For the purposes of this specification, F EUPRAY B ti on of
a growh factor receptor tyrosine kinase neans that the 20 growh of cells
over expr essi RPGFRUE FGTERCS PARIIEGFR-4. Mihe G HERIfarily ¢faeédptath ficludes N@RRamof
inhibition is inplied. Nevertheless, growh factor receptor tyrosine

ki nases are Jg&F®fal |y activated by neans of phosphorylation events.

Accordi ngly, phosphoryl ati on assays are useful in predicting the inhibitors
useful in 25 the present invention. Sonme useful assays for tyrosine kinase
activity are descnhi j nd
Experi mental Ther Qgg‘jﬁéccgt@?ﬂﬁﬁlggévﬁﬁcgre(ss]éigfg%ﬁhgﬁg g:%r}ﬁgg%ﬁ g';&g%ﬁtogl ., Life
Sciences ~, 1yBsifie Koage, h2 S} rexpiessicesiowhiph taniead to thewegesiaysnibe treated

i ncor porated herein by reference, a'g [n the pfﬁaferredwenbodirrf t, there is .
syner gy V\hen“%%ﬁ?ﬁf‘%‘“‘i%wﬁ’&%ﬁn?}g?‘?% € IYCRUGT: oSSR YRES A OB HGIYSL i on of an
i nhi bi tor of r f 0 p 0S1 ne WO

06/ 60029, perFREHB g Nl RRERkRh e adtnoseloohdialld diendies 10 |

ot her words, the inhibition of tunor growh fromthe conbi ned treatnent
with an inhibitor and radiation is better than would be expected from

treatment with ei Shelrtumnss pesr i vigialby all pantisof thrhumashody Speladigg exely be

shown, , for exanpl reater inhibit, o i L h conbi ned
treatnment t hz?Fé%oﬁiha ?%ggré){r&% oé(fx?rp@ﬁ l?erégégn%fﬁﬁq%gﬁeﬁg@%gec\r&Oﬁlhlﬁ’?jgﬁ’or or
radi ation al ender?heddenalileyk, o%(ﬂ??ﬂ%t_ates bR PAGrER] &, Woné, Fhe magdwp t he
cancer with the combined treatnént with inhibitor and radiati on where

reni ssi on i s binwd, thypwswerus rtesticlaseeervinrandliven Korteamplentimeors at or radi ati on
al one. 10 The source of radi ation capn be either external ,,intennal to the
patient bei né"'F’reégﬁe%Sche m&ef??éors'fiﬁ?@eebrf%s%é%ge t’:ﬂg’f” lflgn?yhgﬁsgﬁrl T

therapy is knun e3SecRillyRhR3holRRRMchRfofdal 07 the KA aRY nédkBRlary, pi¥ieite tdng source

of radiation i1sinternal to the patient, the treatnent is called
brachyther apyrdiBT). 15 The radiation is adnm nistered in accordance with
wel I known standard techni ques with standard equi pnent manufactured for
this purpose, such as AECL Theratron and Varian Cinac. The dose of

radi ation depends f (aMBR P EedtEF WA 3 cBRbINALYEDS raiAAYA tHeFapy 3Rd @nbn- Such

factors include the organ being treated, the healthy organS in the path of
t he radi at i onadibhbeled gitwth fixtiraretepiur ityrokiee kistasserighibiton f For theeplirpdasheofAbis

tol erance of the_patient fqr. radiation therapy, and the area of the body in
need of treat%ﬂ’éﬁﬁ?a“f’ﬁeth&é%"é{’wpPff‘ﬁfﬂ%&ﬁpr @%&M@ﬂ%b&ﬁﬁf TGS ig??th&nd

more pagticul A8 p?&g' Quép, 58 iGiaRlRed hat have been reported
i ncl ud2635 {)%Mlt eE}si\%ﬁle{% corlél,% ES r&fﬁ?o tlhe Ki (ejneys, 20 Gy to the liver,

and 65-80 Gy to the prostate. It should be enphasized, however, that the
et or i ned by he NG BRTPHE BRGUREILA! IHbReRdT st Set st s daar
receptor tyrosine kinases are generally activated by means of phosphorylation events.
Accordingly, phosphorylation assays are useful in predicting the inhibitors useful in
25 the present invention. Some useful assays for tyrosine kinase activity are described in
Panek et al., Journal of Pharmacology and Experimental Therapeutics 283, 1433-1444
(1997) and in Batley et al., Life Sciences 62, 143-150 (1998). The description of

these assays is incorporated herein by reference.

30 In the preferred embodiment, there is synergy when tumors in human patients

are treated with a combination of an inhibitor of a growth factor receptor tyrosine



‘ terrporgry i , _
“addi tional radiaaaghlove BiefiEbly hgherppvsddnamatrated by ramissiac bi/the esraprywitlnc| ude

factors in a given situation, including the factors nentioned above. :\'ﬁ?aNOV le[lli

di stance between the source of the external radiation and the point of
entry into.the patient may be any distance that represents an acceptable
bal ance bgig¥RH230 killing target cells and minimzing si AETASPYLNHL
Typically, the source of the external radiation is between 70 and 100 cm

fromthe point of entry.into, th tient,. A9]0} 60023

PCT/ US99/ 10#21&35%%@Fﬁf’t‘%é’r“aﬁf’er‘@e"@gﬁ%‘reg}'|I§} Ogléerr r“?"é‘?ﬁgﬁ% §9%P§?F%§dft he source
of radiati on, i fHEmREE tdMbinediydRtBaltwith ddiahivaur &8l @biatiédisdkitanhdns pl aced
appr oxi mate[%/ 0-3 cmfromthe tissue being treated. Known techniques

i ncl ude i nt ewsild b akpectedt feons sreatmantywitla aighes tiref inbibitpr erchdiatien dpye. The

radi oacti ve seeds can be inplanted '

“radi oact i ve SXNSHEY Baabe SOV, f%é?ﬂa’ﬁ%lg ryrgrggtgﬁ Wé}?gtaqr;[ Wéﬂér@wmvgﬁgg% typica

radioact |V | . | peT , i
' odi ne %‘?%%egf)ﬁ?eﬁgﬁg@&y&&ﬁ@be EQ:RAGHdRY edhRABwidathehMidilogen used in

radium ¢ and iridium 192. Sone

americium 241 and gol d-198. 10 The dose of radi %tion for hrach thﬁir py can
be the same the comhinedinsetmentwith vhkitor gnd Eadiation JyNCHIe M TSI 18 POITHPY Y%t apy. In

addition to the factors.aentio . . rmning the dose of

ext er nal beaﬁ?’?‘aﬁf?ﬁ?ﬁn&W@%@%@ﬁ%g{tﬁg&ﬁg?%{r%en %?ﬁe?he radi oactive atomused is
al so taken into account in determ ning the dose of 15 brachytherapy. The
growt h factor receptor tyrosine kinase inhibitor is adm ni stereg before,
durindgp or after Thasounes ofgadistionrcanibaeither extesnal gyinteraal @ the patent qeing

conbi nati on t her i .. before and.dyrin bef jjng and
after, or be?‘?ﬂ‘%‘f%?‘? fhg so ﬁﬁ'sa?’qeé?ﬁéﬁﬂfé’ﬁﬁ%%tﬁﬁ%;et?@\%@% a |£Soer>1{ t delr apy.
The ant i bodypd tMPRki6A thefapy IBBRIS! WIRA theiR@Sbf Fadiaton3@ itemal to eef er abl y
between 3 and 20 days, nore preferably between 5 and 12 days before
conunenci ng paitngtheomeatinentapeallad dtashytherapy B1)- on of external beam radi ation
t herapy. 25 Any non-radi ol abeled inhibitor of a growmh factor receptor
tyrosi ne kinase, the overexpression of which can be tunorigenic, is useful

in thgsmethod of frH@{f{dm{r%ﬂtii Qiininibhfed MiRRSor8inck WAL Well Rifwiost@idaxipr ess such

receptors have been di scussed above. The inhibitors may be bi ol oqgi cal

nol ecul es or teshmiljhesrwitle stahdesd equipment manufactured for this purpose, such as AECL
Theratron and Varian Clinac. The dose of radiation depends on numerous factors as is
well known in the art. Such factors include the organ being treated, the healthy
organs in the path of the radiation that might inadvertently be adversely affected, the

20 tolerance of the patient for radiation therapy, and the area of the body in need of

treatment. The dose will typically be between 1 and 100 Gy, and more particularly
between 2 and 80 Gy. Some doses that have been reported include 35 Gy to the spinal
cord, 15 Gy to the kidneys, 20 Gy to the liver, and 65-80 Gy to the prostate. It should
be emphasized, however, that the invention is not limited to any particular dose. The

25 dose will be determined by the treating physician in accordance with the particular

factors in a given situation, including the factors mentioned above.

The distance between the source of the external radiation and the point of entry
into the patient may be any distance that represents an acceptable balance between
30 killing target cells and minimizing side effects. Typically, the source of the external

radiation is between 70 and 100 cm from the point of entry into the patient.

Lt



15 NOV 2002
1 5 NO V 2002 WO 991 60023 PCT/ US99/ 10741 Bi ol ogi cal inhibitors include
proteins or nueleic acid-nolecules that inhibit the -growth of cells that
overexpress a grow h factor receptor tyrosine kinase. I\/b‘st%t#/f@i cal | ){ '
bi ol ogi cawoB¥ed2d es are antibodies, or functional equival S91074
anti bodi es. 5 Functional equivalents of antibodi es have binding
characteristics compaytelgy iCehbARG chrrieddbd wh@zﬁ% th8 REurk & Bf RidiatibAenh Geowt h
of cells that overexpress growth factor receptor tyrosine kinase receptors.
Such funct i opatieneqliypiedlontie sowct afimdiation isplasedlapproximately OZ%cin flonntmi zed and

single chain antibodies gs_well as fragnents.thereof.. 10 Functi,on
equi val ent s stuﬁrl?ﬂ‘lﬁdfﬁa@g- KReVD def tﬂ“ﬁ%@ﬁ@ﬁﬁ&e%‘%ﬂ intEicAYitaly: PWdSUtEnces

bstanti al | ] j j ;
nyper var i abl P BnEAEF e RN AT op SERCEpdnab IR RLARE: 1 |

the sage" angp@eagpital FadoRiicCatbmsdiedt haaobdes usddin perm@nesdniphumes intlubie at | east
70% preferably at | east about 80% and nore preferably at |east about 90%:.

horol ogy to #sondrb25 and radom SSoms tipisaladinactive atomsdhat hayheensed e FASTA

search met hod i n _accordance with, Pearson Li.paan 0 o d. Sci.
USA ~, 2444- %&‘H%?”%’_i’d et el AN 85%?‘821@? i ‘rér%_%‘g‘aggrzf 8 Ig?%iﬁiat}"%g?
equi val ent's @fdigHetive adhRShd: Yiveds¥eh Yisdd :iﬂ%rétﬂ%éra?ﬂi fricRAe AfmefiiMH-24 1048 to the
DNA of the antibodies. 20 The functional equivalent of an antibody is

preferably agoldiifi® i zed or humani zed anti body. A chinerized antibody
conpri %es the variable region of a nonhuman anti body and the constant
regi otV%f a human anti body. A hunmani zed anti body conprises the

hypervari abl e regigg dﬁgﬁ%ﬁdi&iona{op%cmﬂp%%%samﬁ% R hielbsed €9i ON
ot her than the hypervariable region, €.g. tthe framework vari abl e region,
and the 25 cabetedor extemiabeanifradiatiomtherapgd Ireadditiomdy therfectbtsasentivhedaioyran

anti body. For,  the purposes, of this plication, suitable variable and
hyper vari abl é"rr‘gg‘irﬁﬁ%‘g&fherﬂ%@ m%%ﬁéa‘@?“ﬁﬁvaﬁi’e%m%ﬁ om

ant i bodi es pr, EW 101 : U?%W&Lnt"rpdé’é@rﬁﬂ Qfdsoppl antibodies
are nmade. Suir%)ofai e g)%’rrp| egQ%PSS ramal s ot her t'ﬁanngumané I ncl ude, for
exanplis, rablbrichythesdpy, M ce, horses, goats, or primates. Mce are

preferred. 9 1 5 NOV 200 WO 991 60023 PCT/ US99110741 Functi onal
equi val ents further include fragnents of antibodies that have bindi ng

charact evi Sti cs t Bife A5G ttor i yroBine R AARASAY legst%;ﬁgﬂgﬁr@f t he

whol e anti body. Sui e fragne e anti y inc ragment
t hat conpri sefuriagsetfdfief tetirhenirgt the fadidtionhkeripyp &y well aedilyeofribitation thereof,
conplenentarity determning) region to bind specifically, and with

suf ficient afifi before andglugingbsfore andsaftes, during apd after gribsiorp.cdurngeand aftsr i nhi bi t
growt 500 f Celcloﬁmtxé})%}ng%g fRiER0S ?nsera%'ﬁc hl"h% %ﬁt%)otd9 risstypically administered between 1

and 30 days, preferably between 3 and 20 days, more preferably between 5 and 12

days before commencing radiation therapy and/or termination of external beam

radiation therapy.

25 Any non-radiolabeled inhibitor of a growth factor receptor tyrosine kinase, the
overexpression of which can be tumorigenic, is useful in the method of the invention.
The types of tumors that overexpress such receptors have been discussed above. The

inhibitors may be biological molecules or small molecules.



. a N
Such fragnents may, for exanple, contain one or both Fab fragnents or 1t[hem/ 00t
F(ab')z fragnent. Preferably the antibody fragnents contain all siXx
conplenmentarity 10 determ ning regions of the whol e anti body, although
functi onawd oagesnt s contai ning fewer than all of such reBCHN8IYWith as
three, four or five CDRs, are also included. The preferred fragments are
single chain ant 'é%aghigaﬁzim%it&g i @RPRALRs ohiRMiSaGl Alolecalts e st ake

pol ypepti des that conprise at Ileast the variable region of the 15 heavy
chai n of therewthidiaelys thatrkedxpresd higrowdr faator ecemor tyrosofe Kitase| Mylst chai n,
with or without an interconnecting linker. Thus, Fv fragnent coppl.ises the
entire anti BpRigalyehsiogicahmelegeles amg aaubadng; WS‘J&H?}&P“B]@%PV(?EM@H teria or

in eucaryotic cells. The antibodies and functional equival ents may be

“menbers of any class of 20 i mmunogl obulins, such as: 1gG I1gM IgA 1gD, or

| gE, and the subduassonsl ddusakals of Bgbdli&iave Badgichhactesfioscempriabler s of

.the 1gG 1 subclass. The functional equivalents may al so be equival ents of

conbi nat i ongo dosanfantibodibs andnhibitthe geweh aheells tint bsersxpressaowt fagfotli es may

b de f t h i.red t t hads .t hat el in th
ort e T oakosbiy Dranns Bnih SERb B ach ThSioRy KARLARES mbfide, KRNGS0
vel | known magihgoad, fuﬁfgn&é@ﬂfﬂﬁ ﬁn%lméhzhﬁ)%ilfo@fesiﬁ%ﬂh& Regméls Bietdotyi ng EGFR

are found in Spada, U S. Patent b5, 646,153 starting at columm 41, |ine 55.

Met hods for isolating and purifying FGFR are found in Wllianms et al., US.
Patent 5,707,632 in 30 examples 3. and 4. .The, nethods . for..isolating and

puri f¥¥ ng EGFR ar#de—*Qﬁﬁ %‘%e@%ofra@vg%wn%wﬁmﬁ?swﬁ) HBYG28K7 41

descri bed i gﬁ?’% (o da Blanftho aR@tE&MESceHéhd VERBRYrat ed herein
by refer enc&e&%f%%?s orﬁﬁgﬁigggén%éﬁocalﬂgn%fi anﬁﬁbogi es I ncl udert he

i mrunol ogi calypervaribiogidas of theadtilydidsalfitterineentioh] 1‘Subsiantialiy tHatame’ 256,

495-497 ( 1975) and by Canpbell in "Mnocl onal Antipody Technol pgy, The
Producti on cafeineasd sequence s defined deretmaiatequsnge H&S’éﬁﬁﬁﬁﬁg ?}?} Emgg'r?‘ Bur don

et alL, Eds, o i i ! 1.0k, e, 0] 0gy,
Vol ure 13, rabghdh Sk ZRGRNG IRk PIABRSM AR ol OO
DNA mgs hod desdsdghamde, b déRminnsé bethed ASTA sé&edhanethod itfaccdrdafce il (1989) is
al so suitable. Briefly, in order to produce nonoclonal antibodies, a host

marmal i s i neRemon@edLipman, BrocdathAnad gici US4 Bgnidif-2418 L1988 e bheoPNAas
descri bed ab@‘é@ﬁl{l@%gﬁéﬁ? e ﬁgétlo%gfﬁhﬁaggﬁ%?ﬁ%od% t}ﬁ:\é?a difd glﬁde\"SEf ul, the

receptor fra contalrn su an no residues to define

t he epitope @fingdnecdiditdastcthb ®NW ofithk @ffilvdies) f the fragnent is too short to
be i munogenic, it may be conjugated to a carrier nolecule. Sone suitable

Gar ner nol ecul es i nclude keyhold Iinpet henbcyani n and bovi ne serum

2ben BB hoa™ S92 R fiRionRCeofalen?d ki By TE PRGN ANk BF AL O

such thod is to Conbine a el he resi ragiment wth a

cystei ne reshghsinad ahiiod30 AeHimefitedmtibsdyl @mphpésaie sariibie eglonefhedns rom t he
i nocul ated mammal s a few days after the final boost. Cell suspensions from

the spl eens bymarfantibadyandrthecansiapt region|of a ivean aatibiody nd huanized datibedyl s t hat
express the ait | oRdine fyfirfarlab A4S (CBRYSPa AGuMBL LA The Amiabl ¢ U1 €
region other than the hypervariable region, e.g. the framework variable region, and the

25 constant region of a humanized antibody are those of a human antibody.

For the purposes of this application, suitable variable and hypervariable
regions of non-human antibodies may be derived from antibodies produced by any
non-human mammal in which monoclonal antibodies are made. Suitable examples of

30 mammals other than humans include, for example, rabbits, rats, mice, horses, goats, or

primates. Mice are preferred.



Sui t abl e nbnocl onal anti bodies as well as growh factor receptor tyr 0disr0V 200 ;
ki nases for naking them-are al so avail able from comerci al sources, for

exanpl e, from Upstate Biotechnol ogy, Santa Cruz Biot.echnol ogy of Santa

Cruz, Calwboesioz3 30 Transduction Laboratories of Lexingt BRI/UR¥AOTRKky, R&D
Systens Inc of Mnneapolis, Mnnesota, and Dako Corporation of Carpinteria,

California. 1 BuhNeMnAQRRiMEnAHARGRAIRETHASAMAT AkbbELDOdsAEr maki ng

chinmeric and humani zed anti bodies are also Known in the art. For exanple,
met hods f or biralkiguharabieristidsehaintd the diresad, nchradeniphable dethosd dfelk whole). S.
patents by Boss (Celltech) and by Cabilly (CGenentech). See U.S. Patent Nos.
4,816, 397 amatibpdy| Suitebre ﬁ?&@?ﬁ}éﬁg Uig pytibogipcdude any fragamant hahearaRTISs

anti bodies arg b SGL e, | j : - - :

5 205, 530, THOPERIFPLAFRe B EEBIRKE: sohibicthOinify depinifib RS,

cal | ed CDR %'irﬂifs?)bélﬂealllyna:m@ aficicACatTihig t6 8 grewh fadtof ReepiBUgDsiat i body

that are directly i nvol ved in bindi ng to antigen, the conplenentarity

det er m ni ng kiregé torinkibit gRRyth of celisitbatpvatexprgss swch rengpgns.var i abl e regions to
create "reshaped human" vari abl e regions. These fully humani zed vari abl e
regions are then joined to human constant regions to create conplete "fully
humani zed” anti bssqb@ﬁagxhéht@ﬁﬁg,rfo; Exatipid cBnthin! dnk db WOBT AfehghithisRpdees t hat
bind well to antigen, 1t Is 15 advantageous to design the Teshaped hunan
vari abl e r edi(ah)s fregmerftu Preferablyahhantinedy fragménte comgingillssix caomplementtrityne CDRs

will be grafted should be carefully se|lected, djt is usually necessar

to meMl o 1 CleHTIE TGRS i 90 cAnBods, ALIHED JERsIogRL TR FONARR arevior k
regions (F R%%w@rfthMl &L&Wreﬁﬁfn:s,aﬁkﬁﬁ O fbhr of HvE BDREX Ls%’inctlﬁ&.d.r eshaped
human vari able regions may rnclude up to ten am no acid changes in the FRs

of the selected human |ight chain variable region, and as many as twel ve
am no acid changes in the FRs of the sel ected human heavy chain_vari abl e

rﬁgi on. TheleNA Jhgpesferced izagmangs #re pingleshainaptipegies on kindiaementsy SR | i ght
hunmn heavy DEnaRoRs i Bk bRER s RIS MENEERIGRARRRI 68 ("2

respers i vel YheaWéhatiesiboadibadytinkaiee theWdrfabldytegion o @ie 16php tles edthi o
manmmal i an cells and its affinity for its target conpared with that of the
cor r espondi rgithest amateseannpeting linker. cHusely fragment comprises the entire antibody

combining site. These chains may be produced in bacteria or in eucaryotic cells.

The antibodies and functional equivalents may be members of any class of
20 immunoglobulins, such as: IgG, IgM, IgA, IgD, or IgE, and the subclasses thereof.
The preferred antibodies are members of the IgG1 subclass. The functional
equivalents may also be equivalents of combinations of any of the above classes and

subclasses.

25 Antibodies may be made from the desired receptor by methods that are well
known in the art. The receptors are either commercially available, or can be isolated
by well known methods. For example, methods for isolating and purifying EGFR are
found in Spada, U.S. Patent 5,646,153 starting at column 41, line 55. Methods for
isolating and purifying FGFR are found in Williams et al., U.S. Patent 5,707,632 in

30 examples 3 and 4. The methods for isolating and purifying EGFR and FGFR

10



anti body. 30 Methods for selecting the residues of the humani zed ant il oy 2002
to be substituted and for—making the substitutions are known in the
art. See, for exanple, Co et 12 1 5 NOV 2002 WD 99/ 60023 P& dﬁg&gﬁg{&OMl
al ., NatureWVoP¥6di3y_sp2 (1992); Queen et al., Proc. Natl. Aca .
10029-1003 ( 1989) and Rodrigues et al., Int. J. Cancer, Su~oienent 7,

45-50 ( 1992) deddribed fiodle Bpadatundanilliinmoet ah ateasteapinagrpbraceddREeimby | - EGFR

nonocl onal anti body described by - Goldstein et al. in PCT application WO
96/ 40210. Thi sefeepeod can be adapted to 5 humani zi ng and reshapi ng

anti bodi es agai nst other growth factor receptor tyrosine kinases. Methods
for making single chain antibodies are also known in the art. Sone suitable

exanpl es incl ude tM&Eo&%ﬁﬁlhlhﬁglnﬁmehzﬂ adtibadies mﬂu&'mﬁlmﬁmmmnqﬂagxeait 10
application 502 812 and Int. Cancer ~0, 137-144 1995% X her nethods for
pr oduci rfy t he rrﬁanlnmtdetsmbedél:fdiﬂléﬂ@ndédlbﬁé@@ﬂﬁ Né@“fa%é%rf" 7 di92e1294dy in PCT

Appl i cation 93| Eur 0, PCT
Application 3@ bﬁé %ﬁggﬂngﬁyeﬂ?hﬁﬁg %@%’ "7“%5 U S. Patent
15 5, 658, 570, t‘?d?xt FREURB: ahd HunRH dbﬁ’f'h@ﬂmFMrﬁéﬂ etAPPEdgat i on EP 332
424, Preferre#aaﬁrﬁcf%i%l es0 are those that m. bit the EGF re(F:)eptor

Preferred EGFRaboiatdvpdeamiquesirt Biochdmisty azdNMoldsulanBialegy, V@hm\@lhélsév@hai n
ant i bodi es deriyedfro_ma mar i ne, anf.i pady cal |l ed.225 ich is described in
U. S. Patent' NociencoRublishers, Wé‘eﬁbﬂ’pébgﬁt yrb§ reoy DP@@ Pﬁ@%ﬁ?ﬁ?gﬁ%‘{ % of
Califorpia an S SYsksyie | ncorporated. The
225 ant %ody fhsdsg%ﬁ“ @%&éﬁkg‘n\ﬁ?zg lg?lovxlit@%gﬁ%}:sul tured EGFR/ HERL expressing
tumor cells in vitro as well as in vivo mhen grown as xenografts in nude 25

m ce. See Masui et al., Cancer Res. ~ 2-5598 (1986). More re y, a
treatment regi mabriefbinh erdeigoprosiuge H’é’“ﬂ@? ?&B?‘E‘fq‘Fso? g‘&%‘?aﬁ}’%ll’srf“% ted

therapeutic with a receptor or a fragment of a receptor, as described above, and then, optionally,
boosted. In order to be useful, the receptor fragment must contain sufficient amino
15 | acid residues to define the epitope of the molecule being detected. If the fragment is
too short to be immunogenic, it may be conjugated to a carrier molecule. Some
suitable carrier molecules include keyhold limpet hemocyanin and bovine serum
albumen. Conjugation may be carried out by methods known in the art. One such
method is to combine a cysteine residue of the fragment with a cysteine residue on the

20 carrier molecule.

Spleens are collected from the inoculated mammals a few days after the final
boost. Cell suspensions from the spleens are fused with a tumor cell. The resulting
hybridoma cells that express the antibodies are isolated, grown, and maintained in

25 culture.

Suitable monoclonal antibodies as well as growth factor receptor tyrosine
kinases for making them are also available from commercial sources, for example,
from Upstate Biotechnology, Santa Cruz Biotechnology of Santa Cruz, California,

30 Transduction Laboratories of Lexington, Kentucky, R&D Systems Inc of

Minneapolis, Minnesota, and Dako Corporation of Carpinteria, California.

11



synergy agai nst several well established human xenograft nodels in mg

Basal ga et al.; J. Natl. Cancer Inst. $5, 1327-1333-(15 3). 30 The ENUV 1002
chinmeri zed, humanl zed, and si ngl e chain anti bodi es derived from marin

anti body 290 ewseotse nade from the 225 antibody, which is aPGTVUIPA07 omthe
ATCC. 13 1 5 N O V 2002 WD 99160023 PCT/L S99/10741 Alternatively, the

various fragnents 0Reae fdrdRiBRAMBertd ¥dHinRiZed @libdaies R Agiincdidnshagl e
chain 225 anti bodi es can be synthesized fromthe sequence provided.in Wls

et aIb i ndl Nntart. JFor@agmpfe , Bii@hodSfor Mm(gmﬁﬁgnc Mhibndies M@Z@%lﬁﬁ%@d@'lq c225)
can be nmade in accor th th t b b

ant i bf)dy 5 caH. Soéatﬁﬁ@g‘glfaiﬂgm%ll%ég@mm c %Mh{ aé:’}r‘?létee t%’o’gﬂd%éﬁ qu‘ggjl ZEd 225
exanple IV of 402 b
Coterence. o e 2hRld £81 8 Wepeid9” Mt Gl imhind RRRBA S agz‘?}?%ﬁ*ﬁé‘e Y

with mi‘shods SR8 6bddD st eRdm |1%WInt33|US| Ratefif No.5,233830er 60, ~137- 144 (1995)
and in European patent app i cation 502 812. 10 The sequences of the

lk)lylperva_rl_lhabl e (COR) regl ons of the light and heavy chain are reproduced

el ow. e ani no uenc cat ed bel sequence.

;—lEAVY CHAI N HYPERV, E‘%’ gzl‘é‘&ﬁ%ﬁ@ T{l}ﬁi‘ %@A&Mﬁ%( SEQID 1
NY GV H( deD 12 ther jons of the mouse antibody that are directl

GTGATATGGAGT &EAA CTA AATA CCTTTCACATCC (SE(§ ID 3) 25 V y | WS GG

NTDYNT Puﬁo[li/e&t( Biﬁctmgmo @t@aﬂh@@or@ﬂmmmmmmgmﬁmm
SEQ 1D S) 14
(|_| GSIT @IA? N I—Wﬁﬂ‘i/m EB@ZOOZ %ggljpg&%zcéea%e re;;xaped hufhan” varigblé: reglcgnSEQ 'D 6)

These fully humanized variable regions are then joined to human constant regions to

create complete "fully humanized" antibodies.

In order to create fully humanized antibodies that bind well to antigen, it is
15 advantageous to design the reshaped human variable regions carefully. The human
variable regions into which the CDRs will be grafted should be carefully selected, and
it is usually necessary to make a few amino acid changes at critical positions within

the framework regions (FRs) of the human variable regions.

20 For example, the reshaped human variable regions may include up to ten
amino acid changes in the FRs of the selected human light chain variable region, and
as many as twelve amino acid changes in the FRs of the selected human heavy chain
variable region. The DNA sequences coding for these reshaped human heavy and light
chain variable region genes are joined to DNA sequences coding for the human heavy

25 and light chain constant region genes, preferably y1 and x, respectively. The
reshaped humanized antibody is then expressed in mammalian cells and its affinity for
its target compared with that of the corresponding murine antibody and chimeric

antibody.

30 Methods for selecting the residues of the humanized antibody to be substituted

and for making the substitutions are well known in the art. See, for example, Co et

12



5 CDRL PCT/ US99/ 10741 AGGGCCAGTCAGAGTATTGGCACAAACATACAC (SEQ ID 7) RiBNBYQIN
S1GTNI H(SEQID 8)..10 CDR2 GCTTCTGAGTICTATCTICF(SEQID9) ASES I S
(SEQ I D 10) 15 CDR3 CAACAAAATAATAACTGGCCAACCACG (SEQID'11) QQNNNWP
T T (SEQ I\Wob3kood9 | n addition to the biological nolecul esP@TH8WIEEY above,
the inhibitors useful in the present invention may al so be small nol ecul es.

the In ful in the present i be smal| .
or i nor gani coaraRsA B RRET ARG AE g RRPRH B, B 1OP A DT he

growth of celigg9} it ROWBLEXATAESEt At Cafes Supplemenonus-S0aeo9). remethddfor
tyrosi ne kinase.” The smal|l nol ecul es typically have nol ecul ar, 25 wei ghts

| ess than SOBumwlizieglaytg%Shani% he $25 mptink GFfomongsdenabantibedy dessribed®i ecul es

[ I t.h | | '
optionaity. GRlGin SratonBharsobRreiosr ORI AR 67 RS Mo BHERE 86 M8 0 ) ccut e
have bgen deggt| & foekiek Qgdindd othet grdWtIEECRr rdceptoftv@siMee, Spada
et al. % uU. S ﬁ@a“?@%%ggﬁ%%%h%gg&gl sc}eos%sl st yry% substi trlrjt egohet eroaryl
conmpounds t h&inaseshi bit EGFR. The heteroaryl group is a nonocyclic ring 15

1 5 NO V 2002 WO 99160023 PCT/US99/10741 with one or two heteroatons, or a
bicyclic ring with 1 to about 4 heteroatons, the conpound being optionally

substituted or PONGHBRRIHLGH sihOR HERDRHBTe B oRALPRRS 1 th . ShEN!

5. 656, 655 are incorporat y reference. 5 Spada et al., U S. Patent

5,646, 153 di sgikabkeexahipte msiedethodeadestrited blyiWelaedl. ih@uespean patemtar bocycl i ¢

and het erocarbocyclic conpounds that inhi git ‘EEFR and/ or PDGFR. The
conpoufds di epplisstian 502 8] 2nddat dnEanperdl 135444(19% heor por at ed herein by
ref erence. 10 Bridges et al., U S. Patent 5,679, 683 discloses tri cyclic
pyrim di ne conpounds that inhibit the EGFR The conpounds are fused

het erocyclic pyri mRérmRetialsifypprodesing tedunduonhl atuicgtntsdesdribed stovaaret 0
colum 5, line 6. The description of these conpounds at c¢ol ymm 31?59 | ine 35

to col um 5, dischusedsin BCT|Appligationt WO 1363181 % kyyonean Eatenicapplicstigiy 400, U, s,

Patent 5,616, di scl.os | Id ne Lyat a r
tyrosine kin fs‘ﬂﬂli?%f‘?% Ogg{qg\gﬁﬁm%gﬁglgﬁrgéﬁﬁgmﬁﬁs%}%2{5‘3 UI'%“{%R%P Pat ent
5,616, fB2 ar & ¢9RCONPOIRPeEnl1$69, 18®¥ind BlfpedEater? Applivatioh BP 332 424j ence 265,
1093- 1095 ( 1994) discl oses a conpound having a

Preferred jantibodies are those that inhibit the EGF receptor. Preferred EGFR
antibodies are thér chimerized, humanized, and single chain antibodies derived from a
murine antibody | alled 225, which is described in U.S. Patent No. 4,943,533. The
20 patent is assigned to the University of California and licensed exclusively to ImClone

Systems Incorporated.

The 225 iantibody is able to inhibit the growth of cultured EGFR/HER1-
expressing tumor cells in vitro as well as in vivo when grown as xenografts in nude
25 mice. See Masui ef al., Cancer Res. 44, 5592-5598 (1986). More recently, a
treatment rcgimJn combining 225 plus doxorubicin or cis-platin exhibited therapeutic
synergy against %everal well established human xenograft models in mice. Basalga et

al., J. Natl. Can#cr Inst. 85, 1327-1333 (1%. 3).
|

30 The chin'Lerized, humanized, and single chain antibodies derived from murine

antibody 225 cax‘x be made from the 225 antibody, which is available from the ATCC.
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structure that inhibits EGFR The structure is shown in Figure 1. Thel3 NOV 2002
conpound shown-in Figure 1 of the Fry et al. article is incorporated herein
by reference. Gsherov et al., disclose tyrphostins that inhibit EG-R HER1:
and HER2. wioe9aBozsonpounds di scl osed in the OCsherov et al. PaFUS®Y@741and, in
particular, those in Tables I, II, Ill, and IV are incorporated herein by
reference. Lenkdr&itiveBt tiRl vano&é ﬁgﬁ&ﬁ@ﬁﬁed&i b Pephfdthe Ahiserio6® humanized.

het er oaryl et henedi yl "or het eroaryl et henedi yl'aryl conpounds that inhibit

EGFR. The comgndsigie diascl2satibodieseanlbe smhésazeérftonsum%qm& progiged 5l um 2,

NOV 2002 VO 8@2@"@@@3xr{sé?ﬁté%gﬁﬁgw%‘?%éﬁ?@%atc&%re%'z% s LEhSHE R siR 45,
the. For e (e aAeRRRERY Wty e pBo TUAIRAIOIT bR A RS TRIRRES ©F -
t-butyls3-(6- daa,bépeb QR @pdoedunke wah(tmexdetabm&ésamdmnleumnblawmrm
pyrido(2,3-d)pyrim urea having the structure shown in Figure 1 on -
page 146. 5 mlx%wpdﬁﬁﬁ%@émwh isingrperpied hersip byagterance. Selarbamat | ey et
AL il Dsphlifod 49959 B e hie B RobARR ek ACH BREMADPLELD DY

ref erence. AT racol

Ther apeuti cs 283, Inl438adtf40,13994) (99955 kAR Furésuan patesl AppHedtiohised 843,
PD166285 that inhibits the 10 EGFR, PDGFR, and FGFR fanilies of receptors.
PD166285 is identified as 6-(2,6

dichlo phenyl ) - 2- 2-di et am noet h % met 8H pyri do{
2,3d)p | m di n- 7- oﬁé‘: ﬁ%ﬁ%r\‘i‘@s? Hé g;f %)@ﬁg\ihy&‘%s@? Iighy a%cﬂyea%e | 436.
The conpound &ﬁﬁﬁ& BeFoduRedbAYWE The AMIRARN EARcO s ihfiRatE@BAKwARe @l . article
i's incorporat erel'n by reference. 15 Parrizas, et al., Endocrinol ogy

1 ~, 1427- 1433uctHoside eemenoer phostins that inhibit the IG--1 receptor. The

conpounds disclosed in the Parrizas et al. article, in particular those in
Tabl e 1 on page 1428, are incorporated herein by reference. 20 The

adm ni strati opQ/¥ IINYPER VARSI REGENGS ugs to human patients is
acconpl i shed %Mom in art ""Fo'r"‘jsarragq | nol ecul es, such nethods

are 15

CDRI1
AACTATGGTGTACAC (SEQID 1)
N Y G V H(SEQID2)

20
CDR2
GTGATATGGAGTGGTGGAAACACAGACTATAATACACCTTTCACATCC
(SEQID 3)

25 vV I WS G G NT DY NT P F T S(SEQ
ID 4)
CDR3

30

GCCCTCACCTACTATGATTACGAGTTTGCTTAC (SEQ ID 5)

14



described in Spada, U. S. Patent 5,646, 153 at colum 57, line 47 to cbb N 2002
59, line 67. This description of adm nistering small nolecules is

i ncorporated herein by reference. 25 The bi ol ogi cal -nol ecul es, efg ably
ant i bodi es vemep/dopdict i onal equi val ents of anti bodi es, signi?FEQﬁgpywlghibit
the growm h of tunor cells when adm nistered to a human patient in an
effective anmoynt jin gonyi nayi op wiyt h g adfat Aony @EQdi€sey | bed above. The
opti mal dose of the antibodies and functional equival ents of antibodi es can
be determ ned by physicians based on a nunber of paraneters including, for
30 exanpl e, agigéiiﬁi%ﬁiiﬁﬁﬁE‘f It éﬂ Rdition being treated, the
anti body bein i ; inistration. In general, a
serum concentration of 17 1 5 NOV 2D02 WD 991 60023 PCT/ US99/ | 074l

pol ypepti des and anti bodies that permts saturation of the target receptor

i s desisabl e. CB®1 exanple, a concentration in excess of approximately 0.1
nAMis normally sufficient. For exanple, a dose of 100 ng/nez of C22 provides
a serum concentration of approximately 20 nM for approxi mately ei ght days.
As a rough gui i Cﬁ?? i i '“ﬁﬂ? ly in amounts of
10- 300 ng/nQ.Agﬁa?QQPEnt‘%%éggwg?kgﬁggggg§ %ggﬁgﬁ%s S gﬁ?ﬁ be used at nore
frequent intervalg i 1§ order 3o Imai@Gtaim aNsel umH BE€) IDB) excess of the
concentration that permts saturation of the receptors. 10 Sonme suitable
routes of adm nistration include intravenous, subcutaneous, and intranuscle
adm ni bratio% travenous admnistration is preferred. The peptides and
ant i bodi"es of i nvention nmay be adm nistered along with 15 additi onal
pharmaceutically acceptable ingredients. Such ingredients include, for

exanpl e, adj uvants, such as BCG imune system stimul ators and
chenot her apeu G EFeGAS TCIATCHST (65 Rent i oned above. Exammle 1. dini cal

Trial 20 In a clipical tgial, ients were treated with anti-EGR
chi meri ¢ nonoéY ondl nti%oS{/ cggﬁg{ﬁme i ndi cated doses along with 2 Gy
(per fraction) of external beamradiation per day, five days a week, for
seven weeks, a total of 70Gy. The results are shown in the table, wherein

CR nmeanks conplCGBR3 response, PR neans 25 partial response, and TBD neans to
be det er m ned.

CAACAAAATAATAACTGGCCAACCACG (SEQID 11)
Q Q N N N W P T T(SEQIDI2)

20 In addition to the biological molecules discussed above, the inhibitors useful
in the present invention may also be small molecules. For the purposes of this
specification, small molecules include any organic or inorganic molecule, other than a
biological molecule, that inhibits the growth of cells that overexpress at least one
growth factor receptor tyrosine kinase. The small molecules typically have molecular

25 weights less than 500, more typically less than 450. Most of the small molecules are
organic molecules that usually comprise carbon, hydrogen and, optionally, oxygen,

nitrogen, and/or sulfur atoms.

Numerous small molecules have been described as being useful to inhibit
30 EGFR. For example, Spada et al., U.S. Patent 5,656,655, discloses styryl substituted
heteroaryl compounds that inhibit EGFR. The heteroaryl group is a monocyclic ring

15



18 1.5 NOV 2002 WO 99/ 60023 PCT/ US991 10741 TABLE d i ni cal Responseﬁ NW 2002
15 Pati ent Dose: Level (ng/n2)dinical (Physical Exam Overall
Response* 1100CRPR2100CRCR3100CRCR4200CRCR5200CRCR6200CRPR7400/ 200PRCR8400/ 2

00CRCR94G9H3966RPR105001 250CRPR11500/ 250CRPR12500/ 250CRTBECTR&H/ Wgtaphi c
fol |l ow-up ongoi ng SUPPLEMENTAL ENABLEMENT 20 The invention as clained is
enabled in ag ] : LT ' | ail abl e
ot or ences S o0 [l FAMRCETRE o G2L | Ro T o, B vy
13, 1998, reopRAMAIYeRE optibhallyabiiteicl 6apolIyistifid Uhe compbentsidise]osd® 30!

Parkl awmn Drive, Rockville, M., 20852 USA (ATCCf) t he hybridoma cell |ine

that 25 protudés Patant 1656,0% aromsermoritd kareinthyagresace.ed n225. This anti body
was originally deposited in support of U S. patent 4,943,533 of Mendel sohn _

et al. with accession nunber HB8508. 19 SUBSTI TUTE SHEET ( RULE 26) 15
NOV' 2G02 VO 99/ 6@9301% et al., U.S. Patent 5,646,153 discloses bis mono and/or bicyclic aryl

heteroaryl carbocyclic and heterocarbocyclic compounds that inhibit EGFR and/or
PDGFR. The compounds disclosed in U.S. Patent 5,646,153 are incorporated herein

by reference.

10 Bridges et al., U.S. Patent 5,679,683 discloses tricyclic pyrimidine compounds
| that inhibit the EGFR. The compounds are fused heterocyclic pyrimidine derivatives
described at column 3, line 35 to column 5, line 6. The description of these
compounds at column 3, line 35 to column 5, line 6 is incorporated herein by

reference.
15
Barker, U.S. Patent 5,616,582 discloses quinazoline derivatives that have
receptor tyrosine kinase inhibitory activity. The compounds disclosed in U.S. Patent

5,616,582 are incorporated herein by reference.

20 Fry et al., Science 265, 1093-1095 (1994) discloses a compound having a
structure that inhibits EGFR. The structure is shown in Figure 1. The compound

shown in Figure 1 of the Fry et al. article is incorporated herein by reference.

Osherov et al., disclose tyrphostins that inhibit EGFR/HER1 and HER2. The
25 compounds disclosed in the Osherov et al. article, and, in particular, those in Tables I,

I1, 111, and IV are incorporated herein by reference.

Levitzki et al., U.S. Patent 5,196,446, discloses heteroarylethenediyl or
heteroarylethenediylaryl compounds that inhibit EGFR. The compounds disclosed in
30 U.S. Patent 5,196,446 from column 2, line 42 to column 3, line 40 are incorporated

herein by reference.
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PCT/ US99/ 10?41 The re-deposit was nade under the provisions of the Bu§iag®360?
Treaty on the International Recognition of the Deposit of M croorgani sns

for the Purposes of Patent Procedure and the regul atjons thereunder
(Budapest J?g@,gmh Thi s assures nmai ntenance of a viabl e cubcTiugoofiordtt hirty
(30) years fromdate of deposit. The 5 organismw || be made avail abl e by

ATCC under the t t,T
bet ween Appl i cant(:a %Sf (%fGB\HFIE e‘%éﬁu Lg’ali%%(rlgggr léaé%cga?f}ﬁqoigd ?ﬂ[ ?egggh
i ssuance of iy cpefd ﬂhQﬁHﬁlbh‘s §tem‘?y@$s%ﬂhe PG RiakAinkly tof rebpibhe piRBOSTEigd

strains is not to be construed as a |license to practice the invention in

cont r avent i ondepfifitdhes r-ingynlt-E((g(hﬁﬁmdilmnplmnyt)ﬁe@aﬁ@thwmrw -pitylamnjover nnent

in 10 accordance with its, patent 2 WD 991 6002 Al 1V~S 5 NOov
die ﬂlqvmﬁ i

2002 PCT/ USO®yueHd.31d)pyrimidiat/ e £ siriqhge Shoni SFdF-‘“&L‘t%‘rﬁ?ﬁeﬁ
R A e o

pati ent r-ses reat I n patient an effective

amount of a GRpERtAD, 043-050 (1398 ik ivdrsvtsed havetiradifebael ed bi ol ogi cal
mol ecul e inhibitor of said EGFRIHER-1. 2. A nethod accor di ng to claiml

wherein the inhibitor is a nonoclonal antibody or a fragnment that conprises

t he hypervari abl e t here t | wher ei n
t he nonocl onal t};aB%ﬁﬁp?l tj ﬁé’ﬁfﬁ‘ Aéc %H?ggg&{r&én?%ﬁg{aﬁgglcgg%%rdl ng to
claim1 wher 61I49311h¢4(1@9%:&@&6@@@@3demﬁacwmleszsmmtnmnﬂzsmor ding to
claim1 wherein the protein receptor tyrosine kinase is EGR,  PDGR, TG,

| GFR, NGFR, d%GfFKJHDGBR MARGHR nziieneidiesaptars RP16G28S isvdentified 28 Rel2§r owt h

factor recept 0S a of .the t hod
according to ‘Fhé‘? WW%"C‘#'&'@H@Y%&%@}‘%Y ngylml;?:arﬁ?tﬁiln%H%MéEge >
8. A nethod L Wagn FRIURET deey3Gte fam ly is
HER2. 9. A nea(?ﬁ)q{ﬁgi?gglrogle%gﬁ?%m? Sﬁ?%hgé {V\l}r(])erellln t he ?rle?%%er gfg t he EGFRy
family is er himpodid destribedNOFiRAGO2 owp@e® I4BOE e Panek et al. article is

incorporated herein by reference.

15
Parrizas, et al., Endocrinology 138, 1427-1433 disclose tyrphostins that inhibit

the IGF-1 receptor. The compounds disclosed in the Parrizas et al. article, in

particular those in Table 1 on page 1428, are incorporated herein by reference.

20 The administration of small molecule and biological drugs to human patients
is accomplished by methods known in the art. For small molecules, such methods are
described in Spada, U.S. Patent 5,646,153 at column 57, line 47 to column 59, line 67.

This description of administering small molecules is incorporated herein by reference.

25 The biological molecules, preferably antibodies and functional equivalents of
antibodies, significantly inhibit the growth of tumor cells when administered to a
human patient in an effective amount in combination with radiation, as described
above. The optimal dose of the antibodies and functional equivalents of antibodies
can be determined by physicians based on a number of parameters including, for

30 example, age, sex, weight, severity of the condition being treated, the antibody being.

administered, and the route of administration. In general, a serum concentration of

17



PCT/ US99/ 10741 10. A method according to claim6 wherein the nember ofl 5tHH 2001 :
EGFR famly is erbB4. 11. A method according to cl-aim5 wherein the growh ‘
factor receptor tyrosine kinase is a nenber of the PDGFR famly. 12. ‘A

met hod agepédkons to claim 11 wherein the menber of the PRGITINMY is |
PDGFRa. 13. A nethod according to claim 1l wherein the nenber of the PDGFR :
famly is PDGFR(3., 14.. A net.hod acc ' ; [ N ow h :
fact or receg&gi’e t@F%@‘?%@“@?i‘ﬁ%&“ﬁ er%{tgr%%grgpg%ﬁ f?ﬂhg@: %é\g%'% % ?rrn%l i/%gﬁ?ttgés. A ‘
met hod accoif%i % GlcBheBnkAiotiaeRies bhappraibare]yof. | hveiskeRRatbami |y is |
FGFR-1. 16. nmet hod according to claimi14 wherein the menber of the FGFR
family i s F&ifReient. lHor eRample odosa of HoQnggnt of @23insevides\dsFuEn RORNKBUHOMber of
the FGFR fam ly is FGzR_?’h_VéfB' A et ho acgtorf{g?,i ng to claim14 wherein the .
menber of t REAfPERRIRALEY PO niVGIopagREYMatrey ©l tiod according to claim5s
wherei.n the growh factor receptor tyrosine kinase is a nmenber of the |IGFR
famly. 22 15 NOvV 2002 WD 99/ 60023 ~' CT/ US991107~i 30, A nethod according
to claim1l wher eiAs as@igh guiteline] doses ofimmtibodies mhw bb givers weekly iryamets pf

ki dney, bl adder, head and neck, ovary, ost at e r .brain.. 31, A nethod
accor di ng tdOtSIOQimﬁ/mz-V\ﬁ@\ﬂléﬂlﬁmt@ée%%@%ﬁyégggpéfségﬂ‘i‘lﬁibgtué‘?de% BAfore the
radiation. 32. A method.accordi | L6140 oF iR RRtdnadbemhatr €
admi ni st er egreﬂﬁﬂtﬁ‘ée‘wﬁldi"éﬂdgﬁg 'ﬁ%n&& ér%? Hoé&glé\@orxd%sng to claim2 wherein
the anti bOdipgﬁni@gﬁt@Q[mmf&h@fe@_@btﬁﬁl er the radiation. 34. A nmethod according
to claim2 wherein the anti bodies are adm nistered before and during

radi atl on. 35. A nmethod according to claim2 wherein the antibodies are
adm ni stered befqre duri and after .radiati : rgigng to
claim 2 wherein t é“ea?ﬁ‘ftf’@gd‘?‘g%s Oi?gmgﬁ t%g'f)g‘tﬂec?‘emg lgtg?vgire%ﬁg%‘%qg ter radiation.
37. A net hoqnﬁ&ﬁﬁ{cﬁ DhibRurstc MhiZavehGiseidiitifeatibaus pefesfedt he radiation is
external to the human patient. 38. A nethod according to claim2 wherein
the source of radiation is internal to the human patient. 39. A nethod
according to cl a2 enerell b eourae ifled Bl v halb Al il vifh ¢ e

human pati ent.
15 additional pharmaceutically acceptable ingredients. Such ingredients include, for

example, adjuvants, such as BCG, immune system stimulators and chemotherapeutic

agents, such as those mentioned above.

Example 1. Clinical Trial

20
In a clinical trial, human patients were treated with anti-EGFR chimeric
monoclonal antibody c225 at the indicated doses along with 2 Gy (per fraction) of
external beam radiation per day, five days a week, for seven weeks, a total of 70Gy.
The results are shown in the table, wherein CR means complete response, PR means
25 partial response, and TBD means to be determined.
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and readily available references and starting materials. Nevertheless, Applicants have,
on May 13, 1998, re-deposited with the American Type Culture Collection, 12301
Parklawn Drive, Rockville, Md., 20852 USA (ATCC) the hybridoma cell line that

25 produces the murine monoclonal antibody called m225. This antibody was originally
deposited in support of U.S. patent 4,943,533 of Mendelsohn et al. with accession
number HB8508.
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molecule.

5. A method according to claim 1 wherein the protein receptor tyrosine

kinase is EGFR, PDGFR, TGF, IGFR, NGFR, or FGFR.

6. A method according to claim 5 wherein the growth factor receptor

tyrosine kinase is a member of the EGFR family.

7. A method according to claim 6 wherein the member of the EGFR
family is EGFR/HER-1.

8. A method according to claim 6 wherein the member of the EGFR
family is HER2.

9. A method according to claim 6 wherein the member of the EGFR

family is erbB3.. .
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15. A method according to claim 14 wherein the member of the FGFR

family is FGFR-1.

16. A method according to claim 14 wherein the member of the FGFR
family is FGFR-2.

17. A method according to claim 14 wherein the member of the FGFR
family is FGFR-3.

18. A method according to claim 14 wherein the member of the FGFR
family is FGFR-4.

19. A method according to claim 5 wherein the growth factor receptor

tyrosine kinase is a member of the IGFR family.
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EGFR/HERI.

26. A method according to claim 25 wherein the antibody inhibits
EGFR/HERI1 phosphorylation.

27. A method according to claim 4 wherein the small molecule is specific

for EGFR.

28. A method according to claim 27 wherein the small molecule inhibits

EGFR phosphorylation.

29, A method according to claim 2 wherein the tumors overexpress

EGFR/HERI.
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33. A method according to claim 2 wherein the antibodies are administered

after the radiation.

34. A method according to claim 2 wherein the antibodies are administered

before and during radiation.

35. A method according to claim 2 wherein the antibodies are administered

before during and after radiation.

36. A method according to claim 2 wherein the antibodies are administered

before and after radiation.

37. A method according to claim 2 wherein the source of the radiation is

external to the human patient.

38. A method according to claim 2 wherein the source of radiation is internal to

the human patient.

£

39. A method according to claim 2 wherein the source of radiation is

internal to the human patient.
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