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Nornmal cells proliferate by the highly controlled activation of growth

factor 5 receptors by their respective I|oanc . .An exanpl e of. such
receptors are the ghBEATMENT O] REAN L UIMEUSY X AT HENY 0N

Cancer cells al

but | o TOT1TE ; ‘ on.— T

control may be caused by 10 numerous factors, such as the autocrine
secretion of growth factors, increased expressi on of receptors,

and aut ononous act i Netmab nellsfprdnforaltﬂsbu the highdy mm!ied activation of grgwthafagter by
growt h factors. xa eceptors involved in
tunori gefesi s Hreptens by theirzssneptive ligan gg Xne%@spgwhﬁ?wg@m%%? '

(EGFR), pl atel W‘gp‘ Al ]913%5 tor (PDGFR), insulin- i ke
growt h factor %h%g—'% nerve gro %scf actor (NGFR), and fibroblast growth
factor Menbers of the epidermal growth

factor (EGF) receptor faml are 20 particularly inportant growth
factor receptor tyrquqecqllsnbg@solég@&by&leectwaﬂmofgrowthfacnonmptg@nb\sﬁ s of

epi dermal cel | he flrst er of t tor f I

di scover ed vvasls"tg?lg‘ t?@mﬁ gﬁaggrbaﬁéeﬁlﬁssﬁgl éﬁ%\g"i %ﬁf’edot?y
appr oxi gt el y &&ﬁeﬂé% faﬂ&b%ﬁh%%rﬁtme s¥bdtidh dﬁﬁoﬁﬁwwﬁeﬂckwndel sohn
et al. U.S. Patent No. 4,943,533, is known as the EGF receptor
(EGFR) and al sex;aessﬁﬁ of receptotsy amdaufdiomons aptivation of bibeligmical pathways

The EGFR i s overexpressed on many types of epidernmoid tunor cells. EGF
and transfornm Y@?‘H&’t fastomi pha (TGF-al pha) are two known |igands of
EGFR Exanpl es of tunors that express EG- receptors include
glioblastomas, as well as 30 cancers of the lung, breast, head and

290 k, and bl adder. Shfie exavhplés cfatieptoreindoved 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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menbranes of tunmor cells is associated with a poor prognosis. .
Sone pr ogr es soviesexptession ofithe EGF teceptofsiom themeatbrarlds of tumdricels i¥eRécidteds| ude 5 .
t hose t hat re‘!vi\{ on the programed death of cells that have suffered DNA
damage. h'a?ﬂ%"lﬁf’g'@ﬁs »d death of cells is known as apoptosis.
Treatments of cancer traditionally include chenotherapy or radiation

t her apy. Some exanpl es of chenot herapeutic agents include

doxor ubi ci n, ci s- (Sarhé progressihisbech malie in treatingEhﬁceia@Jis@ﬂxi ReathRits Bfclgdd her
froman external beamor froma source placed inside a _ patient,

i .e., b?achytthesesphst rely on the programmed deatinnfieeils that hpve siffferedcBNAedamagec| udes

i nhibitors ofqr h.f [ r 0wt h .factor receptors involved
in the proli fE%a@%@ﬁ%:@?ﬁ%&%ﬂ%W%‘HWP@F‘FB?@(’?‘%M ralize the 15

activity of the growh factor or receptor, and inhibit the growh of tunors
t hat express the receptor. For example, U.S.
Pat ent No. 4, 943, SBgauhenty oflvasces traditionallyninoindé chexhotherapy or radiufioh iedypycal | ed
225 that bi nd§ to the EGFéi?ece tor. The patent is assigned to the 20

Uni versity of Sea¢ s¥amnlesof.chemotherapewtic agents inglydg Joxombicin eisrplatinsanstaxol.

| ncor pggat ed. e ; i ho | e i nhi bit the .gr.qwmt h of
cul tur gg EG:RT%exrgfheatslglll ng eug‘ma)lr%r %H&&%miar@g&é’sr tf{%gf?s%‘gcet Rac lgﬁaﬁaof
these tunors patient, V.0, bfachytBérapy)l as xenografts in nude m ce. See
Masui etal., Cancer Res. 44, 5592-5598 (1986). 25

Simlarly, Prewett et al. reported the inhibition of tunor progression of

wel | - est abl.i shed gstate .t r.xe raf.ts ipn_mce with
chimeric form of ;%ﬂoégﬁ%%&?fa entméi‘qg)eféél“ﬁﬁ‘?féé’%gwtﬂg?ﬁ?’lwﬂﬁrwgcussed
To 10, ho7' (Fo0L feeetOlsibéivédin O phofiStaio il Gl Such inbipitofneIERAGhE o1 APy
monocl dfial  anadtivisyiof thei growtnfactot beresepyor, and inhibit the grawth of asérbithat typreds a

human anti-rmtllllse ant i body (HAMA) response due to the presence
> € 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 ef 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 c225. 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

2
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PCT/ USQ9/ 10W4199/60023 of mouse |g sequences. This di sadvRFTEREYA! be

m nimzed by replacing the entire constant region of a nmurine (or
ot her non- hUWMk nce8! THiRQrsali¥dntagt Bad b&ifimized by repladibgBiR eafifest ant
regi on. Replacenent of the constant regions of a nurine antibody

wi th human seopmstamsregmn@famur;uer(afmhermdn-ﬁmmnmammdlanzanuhmdywxﬁthat ofa

The chi nmeri zatj on process can made ev m)re ef fective by, al sq | aci ng

the framewor k BHERINAONSANIEEIoRS a%e“Fﬁ!i‘FP € SORSIANG IR a ’\96‘9’1‘ ondi ng
human q ns are the variable
regi ons of an gﬁ? o%gé}ue{éé&g%?%ﬁgz&ﬁ%%ypggvgn abl e regions. The

hypervargabl e regions are also known as the 10

conpl enentarity-determning regions (CDRs). The
repl acement of the MMMQMSMWMGWOMM‘@bW$@¢mah

ant body 1o the aneioRk viiehf RbigEh o e SHERPRY PR cortiepapdfi i
response) as ”&gﬁed&@'f'ﬁeﬁﬁﬂ %?Qbrlere gior3'afe the RhbiCreRibnt SRl artibOdE NCES.

Unfortunately, both the cost an fort 1 ncrease as nore regi ons

of a nurine ansthéerctharethedypervaridbderediony. Thelrypeseatiablecegions are also known as the
Anot her approach to reduyci ng t he imruno%em city of antibodies is the use of

ant i bodyl0f r agneaieRlementarity ing Fegipng (€PBshy” Aboud- Pirak et al., Journal
of the 20 Nat i onal Cancer Institute 80, 1605-1611 (1988), conpares
the anti-tunor effect of an anti-EGF receptor antibody called

108.4 with fragmnt'ﬁh@ieplah&n@rﬁ@f%nstﬂiﬁ@e?ﬂﬁ%d framework vAFR{bRS repfdns Waned on
KB cells as xenografts in nude mce. KB cells are derived from

human oral epi bwnamsequenses isrusnally, refemgd wmmmnaaumt The hwmastizedantibgy is
receptors. nd that both the

|
e Doy and ¢ Toes ipmpunagepic e ShoIess of a HAMA teipqrdt 5 shor? muaide Sedustices

growth ij3 vivo &%EF flfén dsC Unk &duﬁﬂ-we'% VRS 6&3;?{1 ffort in
effici ent Themre r‘%val ent % ment o t he antmbod§, ogeoa eia%eyasto
bi nd t he moremgiohsaﬁsnmnaemlhodmsptmphmlmmamn\,se@;endesd not, however,

retard tunor grow h. 30 Attenpts have al so been made to
| nprove cancer treatnents by conbining sone of the techniques

g“" ntioned above. Foj,&X3TCoach3s fldf@ng the hmunS B o tlibodies is the use of
antibody fragments. For example, an article by Aboud-Pirak et 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-
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doxorubicin with anti-EG-R nonocl onal anti bodies in the Journal of .
the National tGmoreffedtsiof the chem&herapélitié-agemiokdADHRin with anti-EGFR monoclonal

O hers have a_tt,%ng_t ed to_enhance the sensitivity of cancer cells to

radi ati on by antibodies inthedoymnal pfithe-Nationah Canger fpstitite 85, 4327411333 €0932xanpl e,
Bonnen, U.S. Patent 4, 846, 782, _ reported increased sensitivity of
~human cancers to radi ati on when the radiati on was conbined with
interferon. SnelliOthefihavt attémipted tenhanéd the sensiVifVsFERACer CElls B adiation by

radi ation treatnent of patients with astrocytomas with anaplastic foci® when
t he 5 comhbining dhe xadiation mithraditivantsh Fanexample, (BupRendiSc Patent| 4,246,782 dy
radi ol abeled with 10 i odi.pne-1 in a phase Il.clinical trial. See

Hybri doma 14,”?3119%’fﬁre'(‘$§§3‘}‘°‘.m‘my 6 hunian'caRcess fo radigfign when the radiationwas: 4 |
reported the gmpihdd/with itﬁ@ltférbﬁcgﬁelﬂg@&%.% rted a minor un?fb%ﬁgﬁ‘ i?ihé 0
sensitize human squanous carcli noma xenografts Inh mce to radiation

when t he r adimtliation treataieneof patiests (withcastteclytomas dich anaplasticifoci wHenahe ant i - EGFR
15 antibody called LA22. See Biochimca et Biophysica Acta 1314,

147- 156 ( 1996Wpdiation was combyed witbyangnti-BHER mws@eﬁa@épéséradmhhﬂedc\mh rol in

ant | - EGER ool a SRRl kffcalral, Sop ryBROBRX 1A°F1PYITIOGER 10,

"Further studies...may lead to a novel conbined nodality RT/ Mab

therapy." See abstract 4197 in the proceedings of the Anerican Association
for 20 CanceBinglatlya Balabavet ab repqrtedahy ability of anti-EGFR monoclonslhi | e some

f th di I bed ab f h ' L .
hummns, the r EAHOREe e REG hipat Ry BHEepaDaEra it de Fdiagionno
necessarilly when the mdiﬂﬁ&vﬁéﬁﬁn@ntrvgéﬁﬂéﬁﬁé@b?géﬁﬁﬁﬁﬁahgﬂ P{' %@rﬁ%ﬁ@f s in

humans. As was stated in the New TImes o 8, in
regard1fo t heartibedy aalidddrA22) cSeeBiockimica et Bibphydicddvta 1314, 147-1560(1996) i n
treating turmééaﬁ'ln g{‘iaﬁe with angiostatin and endostatin: "Until patients
take them he gt al; gisq rep wmar ceptrel ig Vien and 1 maice when frdigtionns,  Dr .
Fol kman o IR i Lo r nouse, we
can take goodthggatpz%l(’)ag a)‘/lg@?ﬁtg@%ﬂl i gelg?%‘g‘é’gﬁ 0 u?’ﬁ@e%eo%vm%{)gtk Ti mes of )
May 3, 1998. concluded that: “Further studies...may lead to a novel combined modality RT/Mab 4

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

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 1 of the New York Times of May 3, 1998.
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probl em The objective of the present invention is to provide an
i mproved net hod fO%b&&iohﬁﬂxeﬁ@éb@ﬁﬂmj@'hﬁ ﬂﬁgfbﬂeiﬁurlme%bjecuve of the present
SUMVARY OF THE | NVENTI ON 5 his, and other objectives as
wi || be appar dmentign istopeovidsamignpooviidmethodfor Ireating certain cancers indiumans. have
been achi eved by providing a new nethod to inhibit the growth of tunors
in human patients. The method conprises treatr ng the human patients with an
effective anount of a conbi natgywnpi 3 INVENEIONN- I adi ol abel ed
protein receptor 10 tyrosine , 3 over expr essi on of
which cah | ead to tunorigenesis. DETAI LED

DESCRI PTI ON OF THE | NVENTI The present inyention

provi des an |rrprove’ﬂ“$réﬂ‘ll1 %%W@%@ﬁ“@h%ﬁ@m@ sehavmsardmwrslaiilriy

mal i gnant tu [ f
devel opi ng cgq%%?n’ %Q%%@%#WU%WQ Q{&"ﬁ’n%&ﬁﬁt‘% V’g’}hl D@@@iﬁﬁﬁ?‘fﬁe
with the in humiafl p@ikdnks) mr&ahmﬁpﬁséﬁﬁeﬁmgmaﬁeﬁs Yith'Ey € growt h
factor receptor tyrosine ki nases. Sone exanpl es of growth factor

recept or tyr ogsiffeetiveg amews of mamh!aatldnezfdadlatlon and a non-radiniabelgé peéin rédeptor

overexp ssed | ncl u GFR fam | rec faml
recei)‘fors tyregiRe S‘éﬂ?ﬁ?ﬂ?h tof, the.oxeg “’S Qﬁg’g’r‘#‘l EF‘ E’é‘}i’t"’cﬁFées‘sT GF

fam |y of receptors, and FGFR fani | y of receptors.

The EGFR fam |y of receptors incl udes EGFR which is also referred to in

t he literature BETABGED DESC ] EINVE ONl to in the
literature as Neu, c-erbB-2, 25 and p185er bB— ; erbB-3 and erbB-4. In
this specification, EGR refers to the EGFR famly of receptors.
The specific nmenbermof a of .rece t,hat. is also

called EGFR wi | | bem(r%&r er gﬂﬂﬁoﬁ Gxﬁi’ﬂﬂéﬁgmvg& &Od%ir trea%ing WmMOT}y, o pDGFR
fam |y of recqpiulariy ahlian HRGRRIERNaARdMPFEBHAYE dancdh6r 46t 38 of
famly of receptors | ncI udes | GFRZ1. Menbers of the FGFR fam |y i nclude
FGFR- 1, developing cancer. The types of tumors that can be treated in accordancg 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 PDGFRe and PDGFRP. The IGF
30 family of receptors includes IGFR-1. Members of the FGFR family include FGFR-1,
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receptors includes TGFR err] and TGFR err]. ' Any
type of tunofGHRR, BOEReX pné FGFR-4t The FGFRoamilyrofntdepfoacincludesTEFRarand
tyrosi ne Ki naﬁ?FRﬁ he overexpression of which can lead to tunorigenesis, can
be treated * in accordance with the nmethod of the invention. These
types of tunor include o carci nomas, glionas, sarcomas,
adenocar ci nomas, adenosarcomas and adenonas. Such tunors
occur in virtual | ysm typpef tumontthat beerexpressedatdyast bne prowith factoreeoeptod

organ. The tunors pmy, for exanple, be present in the breast, |ung, colon,
ki dney,3 tyrosing Kifiaae, the pyesexpresgionof which can leaddp Sumerigenesis.an be freated e as,

skin, bone, mﬂgg . 0! U, Us, . testicles, cervix,
and liver. Flo}fr?gg%?arrp e%ttht}hrr%lrng_mtoﬁé)? hﬁlﬂve&&%g?ee #se"?émf‘ﬂ%l ereceptor

i ncl ude br eashrcinonid, glicthas) sarbbrlas; uderot@dihdias, Hdesbsatdmas and adenofaS X, |
especi al |y squanous cell carcinoma of the head and neck, ovary, prostate,
and 15 brai n. The tunors are treated with a

conmbi nation of rad{ation therapy and.a non- ragi ql gbel ed growth
factor receptor tﬁ%bf‘ﬂ@"?ioﬁ&gpéxWMVPQPM?BF@I#@“BBPB&ga ng {yey

speci figat i onyrgdrlertietiinBtd ey o8 ,@ng,lrl' Wk Brdsail t _ Si.: | nase
means t hat theg20 gr o%h o? C ‘?s ?\rlesr ex%@ei@?%gl@ﬁ%xgogb%lgﬁ?}};s S

i nhi bi ted.  bladder, head and neck, ovdoy,[paostate, Hrain, pancieasiskin, bbnd, bbhdnkirow, i S

I mpl i ed. Nevehrt hel ess, grow receptor tyrosine kinases are

h factor . .
general |y acttlQod Symys. H@&ﬁsteétﬂ‘ﬁ%%gérﬂ%m Hysroforgxammnle, tumors that

A di ly, i | i Cty t i, nhi bi t .
Cerul o i CVRRRBHAS the HORP RoBRABAKEAL BredSC e Lo Widlel bildack Weoi gt ' "
ki nase acti videgk,asspecittBCsguiiadusd ¢l carcinoma of e hedd &id ek, ovaPH pidktat®fand

Phar macol ogy and Experinental Therapeutics 283, 1433-1444 (1997) ':'
and inlBat| eyrain. al ., Life Sciences 62, 143-150 (1998). The description of
~ these assays is incorporated herein by reference. 30 In the

preferred enbodi ment, there is synergy when tunors in human patients

~are treated with aTleOiioRddrt @@atell wath d chibihdtioh of radiatitnbédAp} akd agfmﬁ-ecept or
tyrosi ne
radiolabeled growth factor receptor tyrosine kinase inhibitor. For the purposes of this
specification, the inhibition of a growth factor receptor tyrosine kinase means that the

20 growth of cells overexpressing such receptors is inhibited.

No particular mechanism of inhibition is implied. Nevertheless, growth factor
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
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ot her words, the inhibition of tunor growth fromthe conbined
treat ment W t hiighsel J0dirkdihtidn, 86 8esb@tddelil InSothéivdias, thdiRhibition of tumypul d be
expected fromtreatnent with either the inhibitor or radiation al one.
Synergy may begotinfront the combinpd treatingnigwittaareinhibitor biid radiation ishetter thgn owt h

ith the 5 mbi d t t th | be, ted .f t t t
W th el ther i nPBiAexgreted FOM teatnegtWih elber2he REIOTEF of APy OB ar gy s
demonstr at ed bﬁyrﬁg%lﬁf[ﬁg%@ shd éi%g%f lm’glﬁegter inhibition of {ifhof $fth the

treatnment with r and radiati e remssion Is ndot expected

from tredt nent covnbihedtrédtmient thim Wohld be @xpeactedi fim areataieatwith eitid? inhibitor or
The source of radiation can be either external or internal to the patient
bei ng radiasionatpne\\Reaferably, synengy ds demenstrated by reraissipe opbtheicanper Withe

therapy is kno as,exter nal .1 e Ream radi ation therapy. (EBRT) . en
the source of %&0&"%}%{?&%‘ with inhibiforagd radiation wherg, e 'ﬁ‘?, 15{“856’?)? %tgwre nt

is called br a?h‘l’)ﬁ\?&ﬁ%&t(\ﬁ@dtherﬂaﬁibitor or radiation alondNe radiation is
adm ni stered in accordance wth well known standard t echni ques

w th standard equi prrent manufactured for this purpose, such as AECL
Theratron and Varian_C i nac._ The_.dose of tgadi atigQn depends on nunerous

factors ¥s is The sqyaeq ofizadiafion ¢anibseitherextemal or imternal to thepatigafbeings

organ being tr , e ' hEmal
radi ati on that ?r%;tg ‘t“{h%g veﬁ"%ac%%{? Vt%dég\%?éa%%%%{@dg QE\E%,Q%L
tol erance of t lheandeddistivh thertapy GBRIL) Whdn'thé solirce efradittien igarnal totthe body in

need of treatment. The dose will typically be between I and 100
Gy, and nore paatiént,theitreatment is called brachytherap? (BRH 80 Gy. Sone doses that
have been reported include 35 Gy to the spinal cord, 15 Gy to the

ki dneys, 20 Gy to the liver, and 65-80 Gy to the prostate. It should

be enphagy zed, hOWEYRE radidtith i§ AininRYeE inQioclrdadewith Well RibvirPstitardPar ti cul ar
dose. The 25 dose wll be determned by the treating physician in

accor dance wi t techhiguesewith stahdard equipment manifectuvedsfor thispuyipose) sishtas ABECIn,
i ncluding the factors nentioned abogve The distance,

between t he soUnewtrenand)¥adan Chnag Thsdpss efgadigtion dependsampumproys factors as is
into the patie [ bal ance
et veen 30 WeliFbftn Bt ik Hefort iRlde Y 6B bIng oAEL Y ARG
Typical ly, the opguds ﬁﬁthe?)aﬂlhﬁ'tlw(ﬁa&ihﬂﬁi that might inadvérteitia be adverselpaffovesenthé0 and
100 cmfromthe point of entry into the patient. i
7 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.
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pl aci ng the source of radiation in the patient. Typically, the .
source of radiati Bradlwﬂptamésigampalbodam@wbgpkmrgﬂw sourtd6f radiation in thei ssue

bei ng treat ed Kno ues de [ nt itial, intercavitar and
surface &%ﬁ@&@e&&m&ﬁ} aﬂg@é@% 013 fige

nutheed )
per manent |y Y Krd ﬁ&gﬁ? '
have been usgés %r@rf%#gnt aanu nc %&ﬁé&'ﬁﬁmrﬁ%%%@%gggﬁ%& adon.
Sone typical bmﬂymmpyv@hatadﬁmcﬁMeeﬂﬁm latteperanently or tempSaRB., ar y
I npl ants include radium, cesium 137, and iridium 192. Sorre addi ti onal
radi oadtive §pm¢éyplﬁdtr 03IV atoms fhatchave beenused it permanentrimplanis include
anmericium 241 The ddo.se of

radi ation fof® &%%/?Weﬁag%gg eé@’%@%éoa?ﬁgveagm{“ﬁ&at haYs bespase
above for exaaﬁmhthmbmae%mﬁ%eﬂm 137) aﬂ@fﬁ&x 01600 stohfew

menti oned above for determning the dose of externa

radi at i on t headigactive htomscthatrhave beeanhised in brachytherap)i inclotie mneritiam-24deghd s al so
taken into acc{%gw in determ ning the dose of 15 br achyt her apy.

The growth f &8t% 8r'eceptor tyrosi ne kinase inhibitor is adm nistered

bef or g9 during, or after comrencing the radiation therapy, as well
as any conbi nati on thereof, i .e. before and during, before and
after, during and Tktdese oitmdilaﬁémfcﬁbrﬁbhpﬂﬂ@py&ﬁﬂbﬁﬁte@hm@@sthatmenﬁmnc' ng

t he radl ation therapy. The antibody is typically adm nistered between 1

and 30 days, 3Bevs for sEeTnabbeapradiation therany. daypddition te.the/festens anngiobed shove 5
and 12 bef.or enci r adi.at.i t her nd/ term nation
of external 6'%r qﬁ?&}éﬁmgﬁﬁh tfogggg ”’Waf%&%ﬁ%‘aho gg.rapy,&l%nagne of the € Any _
non- r adi ol abe&adadmblaﬂhﬁaéedqéalaom@mxhoaeébhﬁfmr&fe?ﬂwig&wda§wﬁ ki nase, the
over expressi on of which can be tunorigenic, is useful Tn the nmethod of the
i nvention.  brachytherapyhe types of tunors that overexpress such receptors

have been di scussed above. The i nhi bitors may be bi ol ogi cal
nmol ecul es or snall nol ecul es.
8 The growth factor receptor tyrosine kinase inhibitor is administered before,

during, or after commencing the radiation therapy, as well as any combination thereof,
i.e. before and during, before and after, during and after, or before, during, and after

20 - commencing the radiation therapy. The antibody is typically 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.
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PCT/ US99/ 10WA199/60023 Bi ol ogi cal inhibitors incl ufETHBVEYAL of
nucl eic acid nolecules that inhibit the grow h of cells that
overexpress a gr owBjolbgichlOnhibitéRAhdladd proRinsite niitleieacid théleéules that inhibit the
typically, biological nolecules are antibodies, or. functional equivalents
of anti bodi es.growthf cells that overexpressa grovah factasaedepior drosinokinage: iMosti es have

LTS T S, AR st PR S P

receptor tyrosine kinase receptors. Such functional equival ents include,

for exanple, chinmeri zed, humani zed and single chain antibodi es as
wel | as Jragnents tRuactionil equivkalents of antibodies hdve bixtding charaeteristics contparable

anti bodi es i nclude pgl ypeptides,w.t.h am no_acjd sequences
substantial |y % ssaﬁﬂ%ﬁe&@ﬁ bit the; ggowtb i spilsthatroversxpress gromtle fagtor
hypervari abl e ' Hﬂg | i 'PE f’ don. o t Lally

t he sane” é%&g%oﬁée acl (fatgéeéﬁgée}g’cg&lh?ugée | ne%l\{‘ ere ﬁngg§§9§ree§cgéw e with
at |east 70%. dhirférided Hurnanized and single chiaShtibétiies asSib asTRGmERIsqhdEsH er abl y
at | east about 90% honol ogy to another am no 15 aci d sequence, as
determ ned by the FASTA search nmethod in accordance with Pear son

ool coul T8 1o %onc dnctorl &ftivalies ot b BChie B Pertiee b AR bi nd
under seg\ge’nk:é&%itarﬁ&ﬂ?itﬁé QR dsThd &ﬁin%d%?ﬁggﬁe Sthé DaKRSor 20

The functional ui val ent of “an antibody Is prefe y a chinerized or
humani zed ant itiypeiwaridble tegioms iof the antibodiexyf thompentivas “Stlsstantiaile tHesameyi on of
a non- .human anti body and the constant g)i{on of a human _ anti body.

re
A humani zed arfpiBeagid sequence is defnadherein ag ysequense willy at deast7Q% gpreferabbrts)  of

-h ' ' ' ther than t .
ybervar | abl o 1645 ke 8% antBihbibrGierably of Ieost i 4% BoGloe 15 At amino
const an{5r egi aiddeqienide, 8 de®Afined by BRIFASTA sthebMebd i SebRAn& Witk odY -

For the purposes of this application, suitable variable and hypervariable
regi ons of norPeatsonandhipmandPres. Nat). AxaddSaii USA 865 A48 IR s The BN A ed by

any non- h mamal . i n. whj ch. monocl.on nt.i hodj es. ar e, made.
R Y P WA P A
:’;Z‘WBL :{c e; ?23'ﬁngeﬁ%o%ditﬁh@&ﬂl@ﬁl‘ﬁ@%ftlﬁ%ﬁﬁodi&f prinates. gM ce

=

20 _ The functional equivalent of an antibody is preferably a chimerized or
humanized antibody. A chimerized antibody comprises the variable region of a non-
human antibody and the constant region of a human antibody. A humanized antibody
comprises the hypervariable region (CDRs) of a non-human antibody. The variable
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.



WO 99/ 60023 '
PCT/ US99/ Mg 4%/60023 Functional equival ents fur MUV He

fragnents of antibodies that have bi ndi ng characteristics that are.
the sane as, or aFenctiompbequiNalentofurthbrincludé fiagmenth of antibodies that havet i body.

Suitable fra nts.of the.antibody include any fra nt that ri-ses a
suf ficient pg{;ﬁ?‘&f’l@famﬁ?@“ﬁ}b@%ﬁ?eﬁﬁr‘@ a&i?f@.févm&ﬂgﬁﬂﬁ’ gquFfr’%g\gtp ni ng)

region to 5 : bighéla %'Efnje I | ; l, &1 ATV a :
growt h fact o?nt?beoggpt or l%Ql?/ro I ne ofthe ﬁlﬁgo‘m itrrllgglgytwégl ?h%%?tﬁmgtrcg s%stfé)cel S
t hat over expsafficientipdrtion of tiedtypervariable (i.e. complementarifiuddierniifiggpregioney, for

exanple, contain one or both Fab fragnents or the F(ab') 2
fragned . Pr bindrspesificallys angwithsufficiend gHinity stosogrowtihfagtor reeptos Syrpsinerent ari ty

fragrent s coRRPpignb o oty haf VorSgPth spieetins 000 ' Slch oo

three, four or five CDRs, are also included. The
preferred fragnents are single chain antibodies, or Fv fragnments. Single
chai n anti bodi es &uch fragments mayeforekampleoroptain encor bath Fab flagments onthiee

region of th heav aLn of, t antibody Linked to the variable
regi on of thg(‘gh% freewpnt: ﬁﬁreé[aﬁapy the anubodgefragmn{srﬁ?ﬁ{mh%ll( It thg

| i nkeryq Thus, : I ' ' Qebhj ni ng
Site. Yhese SgeflbigHERns of B aldtay o Gelf Rl ALY fragments confiifiy

The anti bodi dewarttard alhof such 2égiety, suchlas tiirse, foyr drdfiveCDRS, arodls@inchudedss of 20

i mmunogl obul ins, such as: 1gG IgM IgA 1gD or IgE and the subclasses
t her eof . The preferred anti bodi es are nenbers of the [gGl

conbi nati ons of - arrearepet fagments pEStOURR SnBBtied, &Sy oty JiRRleD
Ant i bodi es MaaiRQniBetted dre PolyPeptithRs ita dornpfitt Masbihie WREAKE ?e_,%sch%ftﬁé e well

known in the art. The receptors are either comercially available, or can
be isol&ted heavy chain ofthe antibodyiinked tocthh yadabléeregionefithe Bghtrmbainpwithfoor

i solating and .purifving ECER.ar f ound, i n Spad U.S. Patent
5646, 159 ot Sy ik joteheonmertit fnker. Thus Fv fisBaf Sotagpises tie cntiré anfiBgit | ng
and puri fyi nGofBhng site.  Phese chdindthhy béprodaéedih bactekiPor fAhuRRyofic ¢éik, 632 i n
30 exanples 3 and 4. The nethods for isolating and purifying EGFR and
FGFR 10

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



WD 99/ 60023 :

PCT/ US99/ 10W#199/60023 described in the Spada and WIlians P&F’%ﬁ”?’"ﬁé{ ents
are incorporated herein by r ef er ence. Met hods for
maki ng nonocl qiesdribed tin tedpada and Williems beali pawimoire drodfgordted herein byet hod
described by Kohler and MIstein in Nature 256, 495 497 (1975) and by
Canpbel | in "wBfE#CBNal Antibody Technol ogy, The Production and

Characteri zati on of Rodent and Human Hybri donmas"” in Burdon et al., Eds,
Laboratoty Techniques in Bi ochenistry and Ml ecul ar Biol ogy, Volunme 13,

El sevi er Seie@ioa € forwhikinz Rérfocl ofAPArEibedies inkRide the ifdurio i nant DNA
met hod descri bed by 10 Huse et al. in Science 246, 1275-1281 (1989) is

al so sui fabl e. method described by KBh]ieeitid,lyIllstmmnMure mm&m (195459 acbbral
ant i bodi es, ost. ma IS, 1 nocu th a receptor or a
L r ag[regt Iof a &‘;E@ﬁ]dg% d@gélrﬁfﬁﬁe&%ﬂmd%ﬂ%ﬂdwﬁ{% ally,

oost e n or Elgkﬁl c kain
sufficient am gﬁz{ricg&ﬁﬁog?f"gﬂéeenél ﬁﬁgﬁpfag??én&e&?ﬁﬁepl %E)ael ot "t he nol ecul e

bei ng det ect edLabokatbtycTechiigidih Bischemistry and Mdl@ctﬁdiﬁlblogﬁ Vslumg 1B Elgevierc, it
may be conjugated to a carrier nolecul e. suitable carrier

nol ecul es i ncl Sd@ché’yﬂhbﬂmﬂ, Amsterdame ﬁiﬂ?ﬁ'?)inm @pmnm@mtrWAmmd described by
| b Co d k th t On
auch 107" Wite L 78 Seighc iy 15,02 (o HRRUIBRLT L he fragnenc i th

a cysteine residue on the 20 carrier nol ecul e.

Spl eens are collected fromthe inoculated mammal s a few days after the
final bBriefly, iftetder sumpdmweinomeclonalantibediey, b dostamammalf is sedulatedh a
tunor cell. The resulting hybri doma cel | s that exp ess fhe

anti bodi es ar eWitB /reRegter OQP&%Eme%ﬂgaﬁﬁieﬁ% a§dgsqriedgbove, and thep, pptignally,
Sul t abl e m)noct&ﬁ ?ﬂ%f&%?ﬂil?ﬁ%@ﬁﬂ“iﬁé# @ioﬂ#%ﬁéﬁtﬁﬁ%&hmﬁf&ﬁﬁ&gﬁtaﬁﬁﬁ si ne

ki nases for g themare also avai m conmer Cl sour ces or

exanpl e 15 acid rdsidues tdndeifiat eheRiptbpcdfitht fRleculodiing detedtd Blhe Gagatmdy of
Santa Cruz, California, 30 Transduction Laboratories of Lexington,

Kent ucky, R&D ®pshemto beimmanogenic, it may e saringed to 2 eamicraaciecule. HMPako

%r poration of su%{aﬂel cra]}x%\err In?dleclcx?es mc?m{!c 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 mammais 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
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PCT/ US99/ 1@49/60023 Met hods for maki ng chi neri cPEHYSHINM zed
anti bodi es are also known in the art. For exanple, nethods for
maki ng chi meri c aMéthedsifosmakiap ¢himéritend iamaized antibodies are also kndwibin that ent s
by Boss (Celltech) and by Cabilly (Genentech). See U.S. Patent Nos..
4,816, 397 and@rts Fall exameple, methodsfor makipg chimerisantibediesninglydge thosadeseribed in

anti bodies a ' I ' J\nter ... Patent No.
ant),0odL s ks Satents by BESCelith) bivy S Boorbhal S PR,
anti bodi es. i 4,818/399@nd4(816,567, reépcctiﬁé]?.f Meftlibds!for tabking hitmbhhiZed ardtbRdied akeONS
of the nouse antibody that are directly i nvolved in binding to

anti ged, t he dessmibedfonexampls; in Winteri ViSnBatertNo$,225,539Rs, are 10
grafted into human variable regions to create "reshaped hunman” vari abl e
regi ons. _ These fully humani zed variable regions are then joined to

human constant regRRefbRed method for thé BRinSnizaioH &taﬁpﬂﬂﬂzé i canmbged"
I ul Ty humani ze

anti bodi es. n order to create

ant i bodi es t lgadftihg.nth @BRI-graftingthe gegions df thembhse antibady that agelirectly 0 desi gn
t he reshaped human variable regions carefully. The human vari abl e

regi ons i nt o iRyAled infinding-to aptigen, the enmplemgntarity determining region or,CBR5.aze ed,

and P S ]l RQ _aci.d_changes at
it i posirttsdnti iRy aRREE TR b YR BN MAR R e P
variabl e regiThese fullymanized variable region® areSthanifed thhanaf THARAH répiom to

vari able regions may include up to ten am no acid changes in the

FRs of the sa&reate empletedfullyihyimaniged! antihodiesbl e regi on, and - as many
as twel ve am no acid changes in the FRs of the selected human heavy chain
vari abl e region. The DNA sequences coding for these reshaped human heavy
and |ight - Inofder o trhte FMPhihRalin HEB6dics At bink uences
coding for the hurrgn heavy 25 yh and |1 ght gﬁglﬁn lco@a&r{?nr gl’gﬁggenes,
pref erbl y [ exdwartageods foodesign theereshaped hatman vatiable regions carefulbs Thp admannani zed

anti body is then, expressed i jan cells and its. affinity for

its target cawﬁgblsagwwnwpn‘&ﬁcgﬁl%ke il be gmaﬁgmﬁa be Gerehlyiselegtpdeand
chimeric - s ' : . . . ! t he
Fesi dues of (s el HecBRE 1o melSa fw apming scid chardgel AR FoshiBngRiE 1 1°
maki ng the suhsfrainetworkregions (FRY) lof theditnanivatiableaégionsSee, for exanple, Co et

12 - WD 99/ 60023
PCT/ US99/ 10741

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



al ., Nature 351 501-502 (1992); Queen et al., Proc. Natl. Acad. Sci. 86,
10029- 1003 w0 99/60023 (1989) and Rodrigues et al., Int. J. CarRG/USISIBHE enent
7, 45-50 (1992). A nethod for humani zi ng and reshapi ng the 225

anti - EGFR nmonog! Ragie 781 50R8H2 §~i§$i:%énbe/a1.,1>m . Natl. AZl49sdiegd) 1602%003 N PCT
appl i cati on WO 96/ 40%%‘.’ Thi s @rr?h% can be adacpt ed to 51% humani zi ng

and reshapi ng (2989)landiRedrigugaienalt, Int: heCangeroSuiplément ds 45-60 €1992). Aymesthodhfor
;Idggs_ﬁﬁbm - izing and . !l\/gitng%jeszi‘so&yr_ngé %&Qﬁ%ﬁg@%@%&&ﬁb |gs are
Tt o Canter O gbht, il Fo T ubaREAG W5 6640210, This ABRNEH bORapla f " 1€

produci ng t he Husesizigald rechabinglaatibodiciopainsiuthergpovta factér receptor tyrosthiescl osed
in PCT Application WO 93/21319, European Patent Application 239 400,

PCT Appl i cat i dfinases.89/ 09622, Eur opean Patent Application 338 745, U.S.
Patent 15 5,658,570, U S. Patent 5,693,780, and European Patent
Application EP 332 424. Preferred anti bodi es are those

that inhibit the E oY, : I i ke t he
chi meri zed, humani ;ﬁégﬂ,hsgﬁ%&g{alr?g esﬁfﬁ%#lﬁﬂxaﬁﬁﬁ%g?aergag&kﬁgggu?rﬁ%ﬁ

muri ne anti bodspitable exampleSincinde tose desdrbet byoWelsieh alirfEurBpeanpatdyid .

4,943,533. The 20 . patent is_assigned to the University of California
and 1icé®sed eapplicatiops0y 844 angdnt ol £ancer 60, 137-44¥p8. | ncor por at ed.

The 225 antibody is able to inhibit the growh of cultured EGFR/ HERL -
expressing tunor cells in vitro as well as in vivo when grown as xenografts

in nude 25 M Other MeMolSfor produciaf the faAdtivnhl ddafralehts debéribed 2BV 4rd 986) .

More recently, a . treatnent regi nen conbining 225 pl us doxorubicin
or cis-platin distlessdineBCTHpplicatian WO 93/21319, Ewppeandgiatent AppEcation 239 400,ne| |

establ i shed h xenogy af in mce, Basal ga et o J.
Nat|. Cancer | APQE“%??é& 9@@6?%9‘9“"996@ Patggt Apphication 338 74%@'82]%‘5’& i zed,
humani zgg, ands gsfSHE (L8 Pant 560998t @%&:t? PAERRIPlichtitih EP 332 424.
ant i bod$§|225 c%’ﬁ“&? fade fr cl)l?ﬁ i Ee’qgg’?ﬁgnt | \cég‘s, \%\ﬁi cjﬂmi S avall, Pabl e fromthe
ATCC. 13 WO
99/ 60023 o o PCT/ US99/ 10741
Preferred antibodies are those that inhibit the EGF receptor. Preferred EGFR
antibodies are the chimerized, humanized, and single chain antibodies derived from a
murine antibody called 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 antibody is able to inhibit the growth of cultured EGFR/HERI1-
expressing tumor cells in vifro as well as in vivo when grown as xenografts in nude
25 mice. See Masui et al., Cancer Res. 44, 5592-5598 (1986). More recently, a
treatment regimen combining 225 plus doxorubicin or cis-platin exhibited therapeutic
synergy against several well established human xenograft models in mice. Basalga et
al., J. Natl. Cancer Inst. 85, 1327-1333 (1%. 3). '

30 The chimerized, humanized, and single chain antibodies derived from murine
antibody 225 can be made from the 225 antibody, which is available from the ATCC.

13



Al ternatively, the various fragnents needed to prepare the chinerized,
humani zeW099/60023  and si ngl e chain 225 anti bodi es can bePEY/HNEET4ed from
t he sequence provided in Wls et al. inInt. J. Cancer 60, 137-144

- (1995). ChiAleratiaely? e vanoudfdymén? Aéded &ﬂpregare the cHiiefIBE hiadieé)" dance
wi th the nethods_ described above. Humani zed 225 anti body 5 can be

prepar ed i ind singlerhaine22y antibpdiss pan beotynthesized from theisequengs providedin PCT - -

ahoi et owdOgR R, GAEF B B D 050 St s S0 o et o

descri bed ¢ n¥fesin@tcordance withtthe niethod® Bescﬁbetf:éﬁlﬁ'@r Iﬁ@naniz%&?éﬁﬁmg >) and

i n European patent application 502 812 e sequences of
t he I"@/pervmbbpsfp@@mactmydms“oiﬂlthﬂmethoghbscnhédhemnplelv of PCthain are -

O s O A0S s e Bk 16
CDR1 225 anm&-r(%%%e 91%911‘1 Rchbidance with m&hods desgibed\{y WHE%F QID

2) 20
GTGATATGGAGT. GG'H%QAW@;WRAW@EHT@%ﬁ% patent applu{a'ﬁEaQSOmgi 25

V. 1 W S G G T S( SEQ
| D 4) ' CDR3 30 GCCCT CACCT ACT ATGATTACGAGT TTGCTTAC ( SEQ
| D5) 10 The sequences of the hypervariable (CDR) régions of tlie light and heavy
chain are reproduced below. The-amino acid sequence is indicated below the T
nucieotide sequence.
VY CHAIN HYPERVARIABLE NS- : -
15
- CDR1
AACTATGGTGTACAC (SEQID 1)
N Y G V H(EQID2)
20
CDR2
GTGATATGGAGTGGTGGAAACACAGACTATAATACACCTTTCACATCC
(SEQID 3)
25 VI WS G G NT DYNT P F T S(EQ
ID 4)
CDR3
30

GCCCTCACCTACTATGATTACGAGTTTGCTTAC (SEQID5) T

14
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PCT/ US99/ 10¥6 39/60023 ALTYYDYEFAY(SEQID®6) PCT/US99/10041GHT
CHAI N HYPERVARI ABLE REG ONS (VL): 5 CDR1 '
AGGGCCAGTCAGA AT TAGAC SER | 3 7) Q S |
G A HIGGE% GQ( ﬁb\ ¥ C%RZA Y(SEQIBC?C):TTCTGAGTCTATI'CTCT
(SEQID9) ASESIS(SEQIDlO) 15 CDR3
CAACAAAATAATAACTGECCAACCACG SEQID11 QQONNNWPTT (SEQ ID
12) 20 » [ CHAINJEYPER ¥ ARIABLEREGIONS(YE): nol ecul es di scussed
above, the |nh|b|tors usef ul I n the present invention may al so be
smal | nol ecul es. For the purposes of this specification, snall

mol ecul es i ncl p1any organic or inorganic nolecule, other than a

bi ol ogi cal nol'ecul’e, that inhibits the growh of cells that overexpress at
| east one grow h factor receptor tyrosine kinase. The snall

Uypical Iy | cehopmeuRsTeiut i abtanmaat@MGRaSBRDA ° 700 ¢

nol ecul es t haty us aI |y crqursselcaeronT h)f@rqgenkf@g% jonall , oxygen,
us s

ni trogen, and/or sulfur mal I nol ecul es
have been descri bed as being useful to inhibit 30 EGFR.  For exanpl e,
Spada et al., U S. Patent 5,656,655, discloses styryl substituted
het er oal§! corldRAds that inhibit EGFR The heteroaryl group is a
nmonocyclic ring 15

GCTTCTGAGTCTATCTCT (SEQID 9)
A S E S I S(SEQID10)

15 CDR3

CAACAAAATAATAACTGGCCAACCACG (SEQID 11)
Q Q NN N W P T T(EQIDI2)

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 5,656,653, discloses styryl substituted
heteroaryl compounds that inhibit EGFR. The heteroaryl group is a monocyclic ring

15
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PCT/ US99/ M0 4%/60023 with one or two heteroatons, or a ROT&RIPMEI4E| ng
with 1 to about 4 heteroatons, the conmpound being optionally
substituted with@at ¥EtWShdiéroaths, diFbieRiiRHHpARItEt 3¢ ALY heteroatoms, the) U- S.
Patent 5, 656,655 are incorporated herein by reference. 5 :

Spada et al .compegnd bgingroptisnaglyssubsiuted o polysubstitutedioFhe compoandsdisslosedc ar |

het eroaryl carbacyclic et et ocar bocygl i c .conpounds that inhibit EGR )
and/ or ml?gp%f?ﬁ.s’%déeﬁﬁ&fﬁﬂ’?rﬂ%ﬁ?%%?' C®  Patent 5,646, 153 are
I ncor porated herein . by reference. 10 Bri dges et
al., US Patent 5,679,683 discloses tricyclic pyrimdine conmpounds

that ifhibit the Smidretahd).SoRgtentrfigeA6arss disciesds bistmomcand/drbidyelic aiylli ne
derivatives _ gescr,i be&i at colum 3, line 35 to colum 5, line 6.
The descri pt heteroapy! earbagyclic and heteroggrbpeyshig sompounds that inhibit EGEFRsand/er col urm

Barker. U s PREFE,PATEiboliS Y Rbled inl.5, Peted 8 PR IS B ichrpormiedtionsin v

~ receptor tyrpgteférelidgnase inhibitory activity. The conpounds disclosed in
U S. Patent 5,616,582 are-incorporated herein by reference. 20
Fry et al., Science 265, 1093-1095 (1994) discloses a conpound having a
structyre that inhikits « Hhe S I.s shown.in Figuyre 1. The
conp objﬁ d B"@ﬁ?ﬁ/ﬁ‘i Eﬁjﬁ\ﬁ gﬁtt"'ﬁt igﬁ‘f’gﬁﬁs‘ﬁ?ﬁ gcyglic pgqm?cgpeecqxgpounds

i ncor por at ed ; EGFR"ERC&m @@E.g.ﬁ :

di scl ose tyrtyﬁg{srf‘imrzts&%hat I nhi bit pg&n:dRs; alﬁl%Rﬁisegr?gteﬁE&g} e %eeﬁerﬁhtwes
conpounds - di describediaticolunire3,dinesS5dv celumai 5, lmeti (The, desuription of fhesd i cul ar,
those in Tables 1, : ll'l .11, and_lV are incorporated herein by
ref erence. compounds at column 3, lige33 to4elumg 58’1“?3,6 13 inporperated hersim by 446,

di scl oses he £ eyI et henedi yl or het er oaryl et henedi yl aryl
conpounds that I nhibit EGFR. The conpounds disclosed in 30 U. S.

Pat ent155, 196, 446 fromcolum 2, line 42 to colum 3, line 40 are

i ncor por at ed her ei n bSy ref erence. . )
16 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 1,

IL, I11, 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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WD 99/ 60023 '

PCT/ US99/ 10W0199/60023 Batl ey et al., Life Sci ence®CEASIYII4N 50
(1998), disclose a conpound called PD161570 that inhibits nmenbers
of the FCF are fampafete mem@ﬁtsaeice@ 163.930(1998), disclose a chilfildlcaBél as
t-butyl-3-(6-(2,6-dich or ophenyl). di et hy am no- butyl am ho) -

pyrido(2, 3- d) pBE]&iﬁNﬂm?antﬂnmnﬂmofrt@eFﬁﬁasd:fauniym‘feeqeptmm PlhlﬂSQQm 1 on

Bat Iee31/4gt al . lé?rtt}f@ﬁés hﬁnﬁm%% e rlé’r%ggwﬁcge‘g %Q&Yéﬂyoq&%fqégg;m the

i ncor por at ed Sher r nal
of Phar nacol 05@&8 Q%B’é’r rr%‘ﬁ'?ﬁ fl)"\rﬁ%lrl%vmeﬁhe stru%:g shoxeﬂﬁ}ﬁﬁlg 4%"%?31@8
(1997) dsscl Ogﬂleacoﬁmﬁdldekmmlﬁng\&élmﬁ@il%&&ﬁeBhﬁé étaliaptidiin Lige 10
EGFR, PDGFR, and FGFR fam lies of receptors. PD166285 is identified as

6- (2, 6- Sciences 62, 143-150 (1998) is incorporated herein by reference.

di chI or ophenyl ) - 2- (4- (2- di et hyl am noet hoxy) phenyl am no) - 8- net hyl - 8H pyri do(
2, 3- d) pyri m di n-7-one having the structure shown in Figure 1 on
page 1436, The Panck, &t ANABHARAI SFHathBody ol ERBE AmduAT of the
Panek et al. article 1S I ncor por at her y refe ence 5

Parri zas, et a1433 ]Endtﬁmmdisolgye dé’(&nptiﬁaﬂ]déhﬁ%d a BBlG&GSltbatﬂlﬂﬁmsl ths t hat
he conpounds disclosed_ in th

hi b
b i vadOct al EGER PROER, fnd FOFR familien af repehibrar PORGGASS ihidraafied & G2frage

1428, are inco I

adm ni strati on&lggl OPO&?B%J&?D'% Mgn%l?al oﬁ&a})%zfﬁ 3‘r“6‘b° °$E‘X}%§I%‘Py§9f’%n S
i's acconpl i she@pmmmﬁhmmmmdma@eﬁfmlﬁﬂg@wbh pigd P36 Ihe such
net hods are described in Spada, U. S. Patent 5, 646 153 at col umm

57, line 47 tocoanpmmdndwnbedmeﬁgmelonpage 1436r¢ﬁtheawkrdtplt adiclegs

adm nistering snall ecul IS i ncorporated herein by reference. 25

The bi ol ogi cal mﬁ‘b‘PB’@Eﬂ fe”bs f@%&ﬂﬁ/ anti bodi es and functional equival ents
of 1 anti bodies, significantly inhibit the growh of tunor cells
when admnistered to a human patient in an effective anount in
conbi nati on with raParrgaspet,al. aEndt&smoiogy!gﬁ, 1427-1433 diatlosectyrphostimgthatiimhibiios e
of the antibodi es _and functional equiyvalents of antibodies can be

det er mi ned by ¥eJSF Beeptera Jog compaunds disstosed indhe Berpizas < al. ﬁé‘l%l‘%g, for 30
I f h

ontibody bor ngbiculihéin TARKS dr gael 438 5rIRRbOAA R HeEBRGLL | T€ |

general, a serum concentration of

17

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



WO 99/ 60023

PCT/ US99/ 10@4%/60023 pol ypeptides and anti bodi es that peETI$¥/10741
saturation of the target receptor is desirable. For exanple, a
concent r at i orpolypeptidedand @ﬁnﬁfzﬁésqhatrﬁéhﬂitysa@m&nm/bfme Cgéi&héeptor is desirable.
sufficient. For exanple, a dose of 100 nerr] of 25 provides a serum

concentrat i orfor example, a@ﬁncammnmx@swo pmwmtelmpm&mmmm}y e| ght days.

5 [ o S€e ant i.hodi es ma ven
weekly in arrrf’ﬂmcée%f Fér bt %fi(f? %%g@b O?]&fzéé’ﬁ?‘(}g seﬁer‘HB§ ion
ant i body framﬁ,@xﬁﬁaayQqutf&e@ AiximileR eight days. frequent int erval s in
order to maintaln a serum |l evel in excess of the concentration that

permtsSsaturation of the recept ors. Sone suitable
routes of admnistration ing éi? (rﬂ? subcut aneous, . and
i ntramuscl e adni ni‘at 3 FpugR,guide P‘F’ ‘?ﬁ‘g@fﬁ? g’éfﬁ““@“‘ﬂﬂ’é’l’é‘i“P\é@*"Of

The pept i d | th
15 7 G RS el E‘Qf“ﬁ??é‘?ce“?%@@*{‘%% RS i’ °n0
i ngredients Iﬂ‘ezjueﬁiﬁntei'ﬁls in order to maintaifal serun tfveMiareikess D e concdntation thavne

system stinul ators and chenot herapeutic agents, such as those

nent i oned abdreamits saturation of the receptors. Exanpl e 1.

Clinic Trial 20 In a clinical trial, human patients were
treated"with anti-EGFR chineric nonocl onal anti body c225 at the

i ndi cat ed doses al e WitaBleZolés bPfimihistatioPbhRE intravenous, su&ﬁﬁﬁé&ﬁ' afdeam -
radi ation per day, five days a week, for seven weeks, a total of 70Gy.

The results antramhsolmadministratiombinéraverons eﬂmmim’almamspxeﬁmmﬂet e response, PR
means 25 partial response, and TBD neans to be determ ned.
WO 99/ 60023
PCT/ US99/ 10741 : b : : . .
Clini cal Response The peptides and antlb?%l%: sl %fntPe mvention maﬁl):g ‘eidTlel}/lsetFéﬁlaﬁng with
dinicab additional ghatmateutically acceptable ingredients. Such ingredients in€la@eé, foer r])
(Physi cal Exam Response*

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

- agents, such as those mentloned above.

Ex ._Clinical Trial
20
In a clinical trial, human patients were treated with anti-EGFR chimeric
monoclonal antibody ¢225 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.

18



1 100 CR PR 5

2 WO 99/6002300 CR CRCT/US99/10741
3 100 CR CR :

4 - 200 CR

5 200 %ﬂi CR

6 200 Cliri¥a] Response PR 10

7 - 400/ 200 PR CR

8 40(Patief Dose Level CR Clinical CR  Overall

9 400/ 200 CR PR

10 500/ 250 (mg/m?) CR (Physical Exam) PR Response*
11 [~ 5007 Zb0 TR PR 1O,

12 500/1250 100 R CR TBD

*Radi ogr.aphi cf Tol I ow up ondol ng PPLE
ENABLEI\/I%I\FI’ 20 \%— The }%ent ioh as cl gﬁred i S Jenabl eéﬂ n
accordance wigfh the 3above gdpeci fi @ i on readify avabkabl e
ref erences an ' ' s have

on May 13, 19
12301
hybri doma cel

88, r e-gleposi t
L Rarkl awn—Dei
! i ne & hat 25

1 3 pov- IV

]_m(pduces

ed W t4gg he Any
e Rockyvitll e N

ri can fppe Cult

ure CopRection

onal CRnt i bod

|
a1
\o)

cal | ed nR25. AR S— o=y eHepo5-t +—R—stppofrt—pf
U S. patent 4} 943,538 of MJndel so280 et al | with &Rcession PR nunbef
MBS0 0 7 400/200 PR e
8 400/200 CR CR
9 400/200 CR PR
10 500/250 CR PR
11 500/250 CR PR
15 12 500/250 CR TBD
*Radiographic follow-up ongoing
MENTAL ENA ENT
20
The invention as claimed is enabled in accordance with the above specification
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
produces the murine monoclonal antibody called m225. This antibody was originally

25

deposited in support of U.S. patent 4,943,533 of Mendelsohn et al. with accession

number HB8508.

1

9
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WD 99/ 60023 :
PCT/ US99/ WXy 3%60023 The re-deposit was nmade un®EE/iNIY10741 _
provi si ons of the Budapest Treaty on the I nternational -Recognition,

of the Deposit of Thé fo-@posieWas iadé ahddr e FlovRRMSSf fle RAlapil: T th
Procedure and the regul ati ons t hereunder i;igudapest 'Fr eatg). 'rl'??ityso%ss?ures

mai nt enance biteraationabRecagnitionrof thiedDepasitrof Mic8Dyganismssfof therButipdses of Patetosi t .
The 5 rgani smw,l | be made avai,l ahl e by ATCC upder the terns of the °
Budapest Treg{‘\g,egmanmem oy %?P%@ﬁaaélﬁé%ﬁt qﬂﬁt“\ﬁﬁgﬁs Applicants -
and ATCC whi gRim&RHEESE a viable: ,qﬁfrg,i 30§ bindkd & lssuance of
the pertinent U S pat ean‘tn?' i&‘éﬂt‘f”ggﬂ It @P??%%yﬁbina&w 61{%8?)%% eez strains
i s not5to beorganismrwilkbeanade dvailable by ATGC andértke tehns ofthe Budapest Treaty,

contravention of the rights .granted under the authority of an over nnent
in 10 M%%b&&h@eaf\?ﬂ&rm?%bws@hépphmrs and ATCC which assurcs. ~

unrestricted availability upon issuance of the pertinent US patent. Availability of the
deposited strains is not to be construed as a license to practice the invention in
contravention of the rig_h‘_ts granted under the authority of any government in

10 accordance with its patent laws.

20



20 WO 99/ 60023
PCT/ US99/ 10%l99/60023CLAI MS: A metTTod to i nACIVYSAE4r owt h

of tunors in human patients, (ﬂummmr i igpo the human patients
with an effectg unt of a conb , ’-dlatlon and a

non-r adi ol abel%%%el n receptor tyro§ink K ndse*inhibitor, the
over expression of which can lead to tunorigenesis. 2. A
nmet hod according to claim 1l wherein the inhibitor is a nonoc| onal
antibody or a fragnent thmethadtainhibisthe @Wp’éﬁ%@rﬁéibh@n%@#t@ﬁmt her eof .

ghi rrerf\zggt gfd accoﬁ;e@eﬂuﬁgm%lhm%aﬁé}géﬁtﬂaﬁ@ﬁe{{ﬁ/@%ﬁ}accor I Ng t}tﬁ? Pal m 1

wher ei n the i nQigfatib®hnd $néh-fadidlabeled pro®inaespbor tyrosine kinase inhibitor, the A net hod

according to claim1 wherein the protein receptor tyrosine ki nase is
EGFR, PDGFR, Te¥erexptssion Mvhichean legd R tumorigenesis. 6. A et hod
according to claim5 wherein the growmh factor receptor tyrosi ne ki nase
is a nmenber of the EGFR famly. 7. A et hod according to

claimé wherein the) menbgr, Hod LEoffdsRo claim 1 wherein the inhibitor is 2 monoclonal
antibody or a fragment that comprises the hypervariable region thereof.

3. A method according to claim 2 wherein the monoclonal antibody is
chimerized or humanized.

4, A method according to claim 1 wherein the inhibitor is a small

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.

21



famly is EGFR HER- 1. 8. A met hod "according to claim®6

wherein t YEOR¥ARE? of the EGFR famly is HER2. PCT/US99/10741 A
met hod according to claim®6 wherein the nmenber of the EGFR famly is
er bB3. 10. A method according to claim 6 wherein the sémber of tHOEBFRE60023

PCT/ US99/ 10741 .. . 10. A nmet hod accordi ng
menber of thdamityjsedBani |y is erbB4.
according to claim5 wherein the growh factor rece

to claim6 wherein the
11. A net hod
pt or tyrosi ne ki nase

is a menber of the PDGFR famly. 12. A nmet hod according to
claim 11 wherein tihe nexhRthodlactbiai Rim 5 whé&inlthe | “HP@C Tecept

13. A method according to claim 11 wherein the rrerr%rz,)r 0 ctﬁﬁéeclgg&l?

fam |y i s PDtARpiae kinase is a member of the ADGFRAamilyhod according to claim5
wherein the growh factor receptor tyrosine kinase is a nmenber of the
FGFR fam |vy. A met hod according to claim14 wherein the

according to claim 14 ereln t er of the

15.
menmber of the FGFRg Vﬁﬁf@tﬂoﬂ dcﬁ%lﬁﬁgﬁg claim 11 vFlh &g}? merhBer of the PFBGRRY

family is PDGFRa.

13. A method according to claim 11 wherein the member of the PDGFR

family is PDGFRP.

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

tyrosine kinase is a member of the FGFR family.

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 whereih 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. - -

22
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famly is FGFR- 2. 17. A met hod according to claim14 wherein

the nmenber WO ¥@0BG-R family is FGFR- 3. 1 RCTURAEBhod
according to claim 14 wherein the nenber of the FGFR famly i's FGFR-4.
19. A met hod accoggli ngAtn%tEA@dc%rﬁlngszdnﬁ 10Rehedéif e mERBEVT tKeelG’ﬂK or
tyrosine kinase is a nenber of the GFR famly.

22 WO 99/ faaily3as IGFR-1. _

PCT/ US99/ 10741 20. A met hod according to claim19 wherein the
menber of the | GFR famly is IGFR-1 21. A et hod

according to claim ﬁlg‘ghef\%cfihédlfccgfdﬂi@tg °i£ﬁt5°‘3héfaﬁ?%n€‘r°hodfa°f°¥ &g*,@p ki nase

Is a menber of the according to
cl ai m 5 wherei @rédmelgnmﬁmﬁﬁmbaroﬂtﬁ@'egr‘(mnﬂ tyrosi ne kinase i s NGFR

23. A met hod according to claim?2 wherein t he monocl onal anti body is

specific for EGFR/ HERL. 24. A nmet hod according to claim23

wherein the monocl 052' aﬂtﬂxe ody accordmgnto cPalmSS W eremliFe groea%) ﬁlloc{1 éﬁ:ept Lon.
tyrosine kinase is NGFR.

23. A method according to claim 2 wherein the monoclonal antibody is
specific for EGFR/HERI.

24. A method according to claim 23 wherein the monoclonal antibody
inhibits EGFR/HER1 phosphorylation.

25. A method according to claim 3 wherein the antibody is specific for
EGFR/HERLI.

26. A method according to claim 25 wherein the antibody inhibits
EGFR/HER]1 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

BGFRIHERI, | LR L R

23



25. A met hod according to claim3 wherein the antibody is specific for

EGFR/ HER1.WO 99/60023 26. A method according to clai m®f 80181t he
anti body inhibits EGFR/ HER1 phosphoryl ati on. 27. A .
met hod accordi ng t33)) cI a&meﬁo&m&@ﬂﬁgttbelaimgwméiﬁ(twﬁrﬂois Se@@rbisofthe for
EGFR A et hod accord| ng to claim 27 wherein the snall
nol ecul e i nhibseash lung, cﬂ@dﬂﬂm blad neck, ovary, prostate2and brain. et hod
according to claim2 wherein the tum)rs over expr ess - EGFR/ HERL.

23 WD 99/ 60023 _

PCT/ US99/ 10741 31. A metl®d accordinpabRaSma-wRédinRe hftibolfs MeUniRtGed t he
tunors are tunors of the br east, Iung col on, ki dney, bladder, head and
neck, ovary, bsfasradiagtionand brai n. 31. A et hod accor di ng to
claim2 wherein the antibodi es are adm ni stered bef ore radi ation.

32. A met hod according to claim2 wherein the anti bodi es are adm ni stered

during radiation. 33 A method ag@ooldmgtécf@ﬁ%h&@ﬁ%ghﬁ%oh%s%}eaﬁﬂnﬂlsmg ein

the anti bodi es are administere
during radiation.

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

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 antibodies are administered

before, during, and after radiation.

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

external 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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