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EGFR blockadeo wze WA 2 22l1 gikd X225 HESHHA 02] EXS SAldl AeFI=
multiple—targeted therapy2l 702 #&-2 zhefs| 27istn At stch

SAR0|: #XMx B, FZE 2 EGFR inhibitor, Angiogenesis inhibitor

ojul & ote]Al AAe|e}, Epidermal growth factor receptor

N E (EGFR):= 2313 A5 AdalAlel] holspnlal Az Az o]

ARG zAg}, E3| epidermal growth factor (EGF)9}

Growth factor receptors.‘l} 0101] B = tyrosine kinases7} transforming growth factor @ (TGF- @)= ©]&] g} receptorel]
FA% Qe W RS BEols Agold Aol B, ¢ ALeht WEAR hginds LA 80%0) e B F

>
o] Y FA AL =S T—S—%—P qeg sk ek A AR ol skl A Zhibd H3 9eke o) ¥ A o
FollA =9 v} ek = o] tyrosine kinases7} H]A

o] =E-L 20049 649 14° HF3he] 20043 68 149 A AL AR oz B YA KA AE I E LA
AYAA: A7, AAheha o shojst Wb F et 3 AL Qeke BiE Sleh v $o] EGFRO|Y TGF-¢
A A Al E o
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Uz welA QL EGRR el % A4 AhsAe o
=3s] 73} 32x} Radiation Therapy Oncology Group
RTOG)NA &= BaslA A& ¥ 7345 o &4 &+ vt
& e 2A% A3 AT ANE AT LER
o}

EGFRo|\} o1 A% AdAAE A £4 o2 3
A she AR Ade AYd 9T A 2
A A A5 e uEA AFHA B
29 B4 ool B3 ek So BALoIT Bt 2
Wel F8 FFX 5} H3 v FAR o BT ol
EGFR-signaling pathway & E3 0.2 3= %3 A¢H X &
£ 9%t translation research®] w3 A3l g Y7ty
Ut e} BAEAL FA% o Sl Big 9 @
7 A%E T B EGRR ATkl w59 AEHe
EGFRE XA & d ol AE A S Uehiix 93,
= EGFR walol gl $4¥ ¢ Aol ani-EGFR
therapy$] A tho] Hok Aol HAAE oba7HA
Egho] ik whAd A g B4 I AW Al
EGFR antagonistsE 37 W&3E& W AAE goliE
of# 717 44 ARE A A3 Folot

B E¥ ol A= EGFR-mediated signal transductionol] 3+
AR 27k $ BGRR whalo] £ o BAHEel

¢

Extracellular -]
domain

A GlF Az ALE F JEAE 2AT 93 94 A

EE 208 2adt grh vide] FAX ¢ A A
2ol 9lo] EGFR antagonistsZ FE0 2 ALWE o] =&
ol2|dt FAEES P o uiA AL A5t HEu
< o QA dF AAE A FrHHe g EGFR
blockadeol] w2 WA EA 22l ¢ eI HAA
285 WEshdA oz 2FE A AdAIE
multiple-targeted therapy2] 7Nt &3-S 7hekslA] adal] B
37} g}

EGFR Signaling®| S

olm] & <#A Ulg EE EGFR-Y extracellular binding
domain, transmembrane portion, ~L2] 3. intrinsic tyrosine ki-
nase activityZ Z+3L Q1 intracellular region®} 3 BROF
7450 it} oleld S§Alel EGRL TGF st 22
ligands7} ZAgtstA = Fig. 1014 AAEE uiel 3ol
tyrosine kinase activity7} A8} 4] £4 k3t downs-
tream®] intracellular-signaling pathways7} 241 $}=] 3 (1) Al
E AE9 Zol 9 apoptosis 715 3, ) AE F4
(cell proliferation), —Lg]3L (3) angiogenesis®} invasiond} 7

& o A AAelA £ veld 5 e oF 7HA] oA

Angiogenesis Effects
. Blood vessel recruitment,
invasion, metastases

Fig. 1. Simplified schematic illustration of the EGFR system.
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(HerDsh 44 AR lignds5E wahel 517 gho
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5 e, ol e F8xEL FZ EGFR. ErbB39to
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3] gliomas®} 7H& E<3)l okA) 9k EGFR exiracellular
domain®] PH7} A& HAY FAS 0] ol g9
249 $4351 $EsIE sl 2442z BGFet
A ligand7} HIAGH w02 ZAgslAl =" EGFR
9] AFE 94 autocrine loop7} ZXH ). & clubAl
o2 ebB FEAE sl B2 FAE gellA o]
23 MR A% AdAAl oA AT widol} &
Aol dolUpr = slar A ES X B Aol vldt A4 o]
REIAE .

EAA 0 80~90%2] FAE- o 3kAol|4] EGFR mes-
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A FHoE 4= A Hebe FHSsA o] #3 receptors
family 28 F-2-& ot 34 QA Ak ek Ze ol
ghet AA7EA o)9k 2 EGFR A% A= AAE Acksh
= 95 E¥ (1) monoclonal antibodies (2) tyrosine kinase
inhibitors, & S 7}elarg]l 9] kA7) elsl s 9l Cetux-
imab (C225, Erbitux; Imclone, New York, NY)+= EGFRY]
external domainol] ™} chimeric monoclonal antibody 2 A]
preclinical models¥} clinical trialsol| 4] 7} Fw sl <
5 vl 9+ FAo|td. 183l reversible EGFR tyrosine
kinase inhibitors (TKIs)Z+= ) ZD1839 (gefitinib, Iressa;
AstraZeneca, Wilmington, DE)$} OSI-774 (erlotinib, Tarceva;
Genentech, San Francisco, CA) 5o} A/%e] glow o b
o= o] kAl Foll gk WL A7t Eks] A= 9}
tH(Table 1). AZ7HA L#A F 71A 2] TKIs 5ol EGFR
I} A gtslod phosphorylationd} activationg WHaljshH A FA4]
ol AFEod7} 75sta EAeko] A& anilinoquinazolines
ol Mutxlol 9l B A A A7t AAE A e v
2 oAllZ2E 2E erbB receptors?] FAINE Aeir)y| =
reversible agent, CI-1033 5% 9}

= =
Tg'l‘
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TR o 359l 24 AHE Agste] EGFR Wi
g A FEE 5T 7 e ARR o84 5 Y
Aol et g A shdek?
dH 4] vIE Aololl= o}FR <
£ SUSAANE, EGFR-E o] Y2 qF b} K} EGFR-2
dol ¥ TN o SN I °l gapd Apite] 9
ET AR ety o FrEd A
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Table 1. New Targeted Biological Agents

Target Biological agents Mechanism of action

EGFR Cetuximab (IMC-C225) mAb

Gefitinib (ZD1839, Iressa™ Kinase inhibitor

Erlotinib (OSI-774, Tarceva ") Quinazoline-type compounds

CI-1033 Quinazoline-type compounds
HER2/c-neu Trastuzmab (Herceptin™) mAb
Ras Lonafarnib (SCH66336, R115777) Farnesy! transferase inhibitor
PLC/PKC Affinitak (ISIS 3521, LY90003) Antisense
VEGF Bevacizmab (Avastin™) Angiogenesis inhibitor
VEGF/PDGF/FGF SU6668 Angijogenesis inhibitor
VEGEFR-TKI ZD6474 Angiogenesis inhibitor
Direct Vascular Targeting ZD6126 Tubulin-binding -
Endogeneous Angiogenesis Angiostatin and Endostatin unknown ’

Cell Cycle
E7070
Gene Therapy  p53 Adp53 (adenoviral)
Functional p53 Onyx 015
Proteasome Pathway Bortezomib

Flavopridol (HMR 1275, L86-8275)

Cyclin-dependent kinase inhibitor
Cyclin-dependent kinase inhibitor
Supplementation of p53

Selective killing of p53 mutant cell
Proteasome inhibitor

Aktx =2 apoptosisZ Xetsl i QAEY HES =AY
E Ao 84 9ok” =3 Akt staining®) phospho-
rylated (activated) form¥} 4= Ao} E Ao]dA % 22 ¢l
© duAe] AE I YA EGFR 2EI} p-Akt levels
Apololl= Foldh At A7t FEE A % gl ol A
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A A& ¢ ok Ae A ik
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5 A2 F JE M AET dFAA490 S B3
o} & 2Z Ang §7& RTOG 90038 A3 AFoll4] 54
Aol gAY ades Az e Trdew A% F7
% o BT Fok 2ol WAz I BAE A
gk 1550)] F 148 (95%) o] 3ol A EGFRY d&
B4 4 9913, EGFR 4 FAlE 4 Holt 9%
< #olslglr}. =38k Dasonville’s series” 9} 2] EGFRY)
-3zl T W7, N ¥7], B=& AJCC stage grouping Alo]ol|
5t A3 #AE WHSA EFPAT FAFES 2
EGFR W}&lo] glow whilzk H4 g cpzk F4 Ei5d
A BEAF oz 99 e B A HEE (p=006) g
T AZE(p=003)S Holde A4S #lslgict. oA
LEAHE oF 3lAol| A EGFR amplificationo] )
F3t |25 Jebldches AL o9 15d A
A2 AdoATHY AR ok FolAE AFukS Ul
378 ddoj e AFtolA Qo] BEEE B
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Foll ule] =& wlEe] EGFR WHalg 383 £ g
3 B33, Wen 572 oot tizdog ohokd
Aol Aol 24" 2719 ¥ FAEolA EGFR
Aelgke #AZlel LG & Al g Ushlide &
e AE Basta gl o3 e olntE &5
#AE o2 & ATl Y HAdF] Aol
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Wt B30 Sk el Ak o) 77t ¢ gl
A& ebB37} AE T Q2 erbB39 upregulation- -
A% shA Ro) W Qo] Y Ao Y= Aoz
Gebskew,” & 774 ¢ 1S e @ G AT
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EGFR inhibitors0f] CHEt AEX o2
Ayt 51 E<9F EGFR antagonistsol] 3¢t A7} o] 3
ukslA] R8P E =0 53] EGFRY| ¥k monoclonal antibo-
diesE o2 B2 A7t AFH Ak ol A71A) Y cetu-
ximab (C225)0l) B4 Q4 A AT A%E ke 20k
X2, o] antibody+
@ EGFRO| Hislo] 9l EGF® TGF o3 Aeksiol
receptor dimerization®|1} coupling, 22|37 AZ A
AAY BHRNE Aege?

B AT Aol P BAoE T o

A HE NEE FHAtd =

@ F7AHE groli} Hd mullolj A cytotoxicity B.x} cytos-
tasisE L8t}

@ cyclin-dependent kinase activation-g Wral|sled, p27
upregulationd =t gl ohAE FolA Rb,
MAPK, 3 AKT phosphorylations 7+4A]71ch>

@ BAX (proapoptotic protein)/Bcl-2 ratioc® Z7}X# in
vitrool| 4] apoptosis & -FE &t}

® F7AX o HMEZo]|A DNA repair enzymesS ZrAA|
Pk

® SCC-1 AME2] migration¥} invasiond E5F 7+t A7)
WA SCC-1 xenografisol|l Al -2 AN A4
& BB AR FLEAGY

@ in vitro ¥ in vivo A¥ |4 EGFR #¥-& Kol of
2 e e ATATE AP

ABX-EGF9} 72 EGFRol| t#t fully humanized anti-
bodiesE A-£% A431 tumorsoll A eF 7+ G A3
uhSo] Yoju}w monotherapyTt . 2% o)W establi-
shed xenografts®] S+ FME S5 5 9t

olgl 742 Ald ANEL Z71 0 F anti-EGFR antibodies

gt At AR E Aol WEafiA] Agafof et

#Ae] szx 7] AAsgivt o] 23 AR L A

o2 EGFR A3AZ AAE F5stA SAAZE

£, o] A2 proliferation, angiogenesis, 3 o] & Ao
A
T

¥ 2o sl

7]+ downstream transcription factorsol] 2j3F U2} pro-
survival response®] sf}E B 4= Qb o] e A4
S QAT A4S elalsic BANY Ea7) EGRR 8
e Ao ek bl He) DAL Lpeblivhs Ao)d”
ol#l o] f ufiFoll EGFR AZA= AA7} Adslw upa
A9 AENA K3 2ok 4 ek sHel AALA
g AAZ o]g]3t 7} anti-EGFR agentsZ wWhAFAL
X 29 W-2319-8 ull additive WA supra-additive effectsE
ebd 4 ks Zlo] B2 AfEddA dFH vk gl
b cetuximab S WFAFA I Bl 8319E uff cetuximab
o] ukgst= FAY- 5% Elloll 4= tumor apoptosis7}
7hd Pk obye} angiogenesisk® ZHAEE TAro] WA
Qe

E erbB family receptors@] HEE o} Qb AlE ol A
Qojuhs B2 A% AgAAe] weh EGER antagonistsol
oJ3 Fof ko] FEA o2 ofw J¥g vx A o
A= obA7EA] A ddo] gl exogenous EGF-
related ligands?} EAshd H-EH o2 anti-EGFR agents2]
Fo Dok ol AE Qg ) ulEel Wi she
IRE FA3)7) YA E +E EGFRY) family members
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£% o5 A5 o2 Autdol FAE B2 PIEN, ras,
Akt, 18] 31 insulin growth factor receptor 13} -2 down-
stream proteinsel] EiHlol 7} A7 AL} WA FEI Gkl
27 bbb of 3ol EGRR wist AIRlo] Sk 0t
So] ThEsl b 4% gtk
a ol|A] cytoplasmic signals¥} gene messages®] transc-
riptiong A2 s}cvl] #edo] 9l protein family, STAT37}
AR oA AR Bux 9ok EGFR 2413}
o} B dAo] AN, 77 ghellA STAT3= EGFR 4]
3 AAgke MR Agsbe EGFR W o] U o
A% ¢ AE FAAE ZTso] YehplE o
STAT3S) BA3H WA HIBAE B8 GAT YRS
z273% % el ol2d d42 HMNe autocrine/parac-
rine loopol] A} interleukin-6 cytokine®] 43 Zr-&3} <ol
AE AAY Bt webA] STATIE A€AQl FHo 2
A He A% FAF ¢ ARE dANE F de =
Ge WY stz ANED o
F74% QoA EGRR TKise] @jgtol] %4 Hlolel = o]
A 2 e 7] AAbsla Qlck o|E o] ZD1839 (gefitinib)
off &3t in vitro studies A5 HH,
(D Akt®} MAPK pathwaysS 7%+ EGFR A&A = A
AE walg
® Gl F719 Y& AEES FAAL
@ EGFRE W+ 27t ¢ AEF xenografisol A
AR AAlst dekAt AN EE WEAE
) additive WA] synergistic £3}5 Kol Fu}
@ A SAAAEE WEYe W SAe] nlnfslc}
kel o] 4R & 4 EA} EGFR TKIs7} @A) 73
B 9% 4 A AlYedlA o] &5 33, OSI-774%
EGFR <kAj el 73 o} xenograft modelol| 4] &< uhal

H315 ehiite BE 9ok

=

5 oF X|20)|AM EGFR inhibitors2|
=7| o HE

1. Single-agent therapy with EGFR antagonists

=
L

ATAe FF Ao WeehA Gk AN YL
e oSLT4Y EEE A¥sE ALY @b up

2 9tk & 294 40 F 39o] FAR ¢ BAYE
o] & EGFR-positive £¢-2 714 W A= X8 2 15719
E¢F siable disease® H Yt} Cetuximab® FAsA &3]
DAY 2ALL Aol grade 1~2 A4S} acnelike 7]
3 o] gl olel® AL OSLTT4e) SFE 7}

o)

AZAE o o] AstA vebget. 2ol A grade 3~42] A%
AA ZA7F BRAE YA X8 Z5 Foll HEE &
Hdch &k X 8ol kgl A g A%HE AR
24 1149& e 3 = oE A2d A e
S-S UL ¢ AW 78 F 23%7F T2 B, 29%
= stable disease, 223l 58%2] FhA}ol|l A disease progres-
siong Rk x5 BALL acnelike ¥H WH21(28%
grade 1, 34% grade 2, 8% grade 3), 24, 7E, 7%, A4,
Y27+ Sol #AE PR 29 A= FE T F
020 e R e o X U

Baselga 572 8cll9] FAR ¢ AT TG AYA
Ex Aoly Fokhat 88l Z
75 APsigich ulF ARFQ v e o o4
gho] A=A gk A, ol= & 45
dose-limiting toxicity 2+ grade 3 AA}, EHE Fo] #4 T
St} e Mol FaHoZ AWAAL Aol B
£ 7FRA AR < 3kajollA] ZD1839 monotherapyol] Tk
A2 AT Ayl wEE AT, B bs R 40
32} = 20%e= 94 i BB 33, 35%% stable disease,
45%%= disease progressions R.gir}. 1% ol 4] grade 3 drug-
related neurotoxicity ® myelopathy =745 KA, X8
I Z 3859, 172 grade 2 acne-like ¥R w]F-of] %]
BE Fosiglon], 332 7 F AR AAE Al &%
< FHoptt Pt o E FALOEE grade 1~2 AA
(45%), acne-like WA (45%), 241(14%), 218715 (20%) &°I
9t} En|EAS acnelike #HA2 ZD1839¢] tigt ub-2-3
A Bedo] ggiehY

CI-10332 AF Bo2% ZI7l v imreversible pan-
erbB TKI¢) #}1}¢ld] DLT, minimal toxic dose, pharmaco-
kinetic profilesE AA3}7] & Al AFolA F 100
560 mg WS LAFOLE o] & & gk AL
oA =9, FAE o @A 37 T3 3499 A=
W79 A5 = 560 mgS AH-EE 2ol A] dose limiting
hypersensitivity reaction® & Atk * " = EGFR
ol] t)&t humanized monoclonal antibody?l EMD72000-% 7}
Ax AR by FF BAEE PR B A AT
7t AZE R A X2 e Ho] gl 24 Y
H 5FRE < #AE T 229 F 5HE3%)e] FE

R, EGFR ¥d §-F-ofl wh& EMD7200041 tigk

B E
Fop wrg ol Ariat Aol7k YRLv, MTD o)she] $3
ol A= EGFR signaling pathway2] X}gko] dold 4= A&

& A% vt glek”



2. Combinations of EGFR antagonists with radia-
tion

FAT collA BALX 5ot HENA ALl cetux-
imab2] <G HEE Loty Hzx dFE Bir
minghamel] §l¥ University of Alabamaoll4] 2|2t ¢)e}*
A4 Aol A A-E3 cetuximab?) loading dose= #-S 100
mgm’oll A A%sko] 500 mgm A ZeFBHeL F 100
~250 mg/m’g AL, A X2 A Az 2
Gyd % 70 GyE FRew] e 398l BapaA
12 Gy BIDZ % 768 GyZ zAsiglch 74 A= 2]
T RALo 2= Wy, Y32 transaminase elevation, 2.4,
223 % S Sl dgieh 199 YA A4S P4
AJel] cetuximabel] T3}t anaphylactic reactiong Yo Fo
£ FANYT R BAse WA N2 A
Aclgl BE $ASoIA ABH $EE ¥ 4 e
o ATAEE A2 ATE AN o Dot oz

2 250 mgm’E §A A 400~500 mgm>r} A A
Aolehm #43sich Qlole 4000 W) $AS hez
MAQ AR GEET BAY A2 cotuximab W5
A X838 A AR ZolE vlaZst: prospective
randomized trialo] F7x]o] 2 x9] Ay} zubzt & 4
AA 9 Roleh.

Pfister 5 W7 M/IV F73% Sk ghxpollA] §A] 3¢t
WAL X8 Fol cetuximabE W £3sl= A4 dFE W
23 vl gEd AEHE cetuximabs 400 mg/m’e) loading
dose Fofl F7F 250 mg/m™4 FAlol| Fojsta §oF X8
cisplatin 100 mg/m’ 77} 159} 4ol Al F w4

2ot

tH

& NEA gAY X2

A AFAY

A2E AR Ag =5 279

g7 Agstded 2 Fo & WL @ #ol U
I, grade 4 SRR MAEW*, AL AA, agn
o|

R agols 276 A
76%, 1|3 267098 B FHINL F
o 219 F 16\%0 7 /“Eﬂi xﬂ}_o} 22231 28 A
AL Holn YgAur AAE T Ao ML regi-
mensS A4S AL AR 311:} o

i b2 okA)9 U E cisplating: T-7heE 3 FA] g
gb WAAX ol OSL774% W&3sle X &7t Johns
Hopkins Hospitalol| 4] F48 08 A= FAE o 32

doz A4 A7t A SOl ek AR FAY o
RS QAo z T2 ok vpAAX Eoll4 ZD1839E |

23l N8E "AEs7] 9148 University of Colorado
Comprehensive Cancer CenterE F41 2.2 t} 7|Fo] Holsl

B ALY AT WA Y Foloh”

Table 2= A Z7A] A=A AY =) 9l A4
AGES 33 B EF 24 A4 APH FAR ¢
& Ao 2 anti-EGFR antibodiest} TKIsE §-502 A&
PS wl= HIEAEAY =g ASlAHE 15% HF9
71t olsle] vl 2H A=z vhEES WeEbHR Qleh A

H ou&A2A FgS dlde R 3 INTACT 129 A|34
o Froll 4] ¢} ZFo] cisplatin®} cetuximab®] ®-& 2 ¥ ¥} cispla-
fin HEA2E WL BCOGY TA9 AV ATFIAE
P 2 FAAQ AHE A XA e, ol
Ao A% o) A 2ol Qo) BH AR A2 AL
A et ghvke FAFCY dALES AAg L
8 4 9o}, 20| tumor EGFR W8 1 zA7} HEEA]

WA A X E concomitant boost radiationg A|sl: B EGFR TKIs®| A& o|&Zste 7]F0] X gtk in
Table 2. Phase I-ll Trials with EGFR Targeted Agents and Radiation in Head Neck Cancer

Authors Targeted Therapy Patients Phase Results
Anti-EGFR monoclonal antibodies
Robert et al RT +C225 Locally advanced HNC | 13/16 CR
Pister et al. RT/concurrent DDP +C225 Locoreionally advanced HNC | ~90% CR,

2 year DFS: 65%

Bonner et al. RT+C225 Locally advanced HNC Il 87% CR
Vokes et al RT/concurrent 5-FU and HU+Bevacizumab Advanced HNC ] Pending
EGFR-TKI
Raben et al RT/weekly CDDP + Gefitinib Advanced HNC | Pending
Hidalgo et ai. RT/weekly cisplatin+OSI-774 Advanced solid malignancies | Pending
Remick ef al RT/docetaxel + Erlotinib Locally advanced HNC | Pending
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vitro?] 23y in vivo 44 A AY AAEL oA
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5 AE ALY SA3E A A= A St
g FFE vebd § Uk & PI3K, MAPK, EE
STAT3 72 t}<kdl downstream signaling pathways7} &)
&}7] w0l EGFR antagonistsol] t3k ¥h-2-ol| % thekdl %}
ol& vetd F Slrke Aol olgdt A4E witdl o]
2% obAle] AU & U A5E Y dest Yn W
o} o] S48 A7 ARE 7 o] iR 9rk
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F48 o X Z0|A angiogenesis inhibitors

E oFA] Fok2 growth factor receptor W7} Akl
o229 FAgoht Aolg dod7] dMAE
A2f Gto] AAF olok sp AZF A Y
o]A2] e 2~5 mme] 2 A7 E P
7357 tiE-Rolct. FF Wiel Fudl 4o de
2252 vlZd £3stn ek g FHsla glolA
A4AL B 2AE3 Pt Xo|rt giANE, tumor
angiogenesis= embryonic angiogenesis®} -f-A}}A]  angio-
genic stimulator % inhibitor2}o] A& ZHLol wlg}l =AF
o qkel Aol wlw]gt dormancy FElollA o] FE=
YAl = A) 7)ol o]Z% angiogenic stimulator’} angiogenic
inhibitorE 4 Ee}A =}

Zoko] A8 9|4 vascular endothelial growth factor
(VEGF)¢} 1.9} A#-5] receptor (VEGFR)E vl 93+ o
sh8- gt} 53] antiangiogenic == vascular targeting agent
Z E3 angiogenesis inhibition> EGFR wl&lo] glAL}
EGER inhibitorol] 5H2-0] §1% o] X2l glo] shuhel of
oz SAEZ Yk o] L3 WALAE VEGFS 72
proangiogenic molecule®] AA-& FA3gc}? v]Lo]
ApAol] 98k proangiogenic nitric oxide pathway7} upregula-
tion =™ Fig. 20l|4 K. n}9} 7+o| endothelial cell o] 4]
tumor angiogenesisE 2713} phenotypic change’} Yot
o o]f] WO Z angiogenesis7} Wl E WA =W F o
F49 AL wEs el 5 g

Teicher 52 angiogenesisE et A RS w WAA S
AEAAL o] A A 5 Y55 Rt ol
A ANE wlgboez $a] VEGFR-TKIs, VEGFo| w3t
antibodiest} VEGFR, endostatin, COX-2 inhibitors, Z&]1L
direct vascular targeting drugs®} 7+-8 ol#] ¢4 EAES
MAA AR 3 HEAA AR e A AE
7} o] Fo] A 3 Qlr}. ZD6474+ angiogenesisE X}Elsl: o

o]
b

ek %o,
o oo X o

2] 7}A VEGFR-TKIs ZFollA #AA A5t #HEd o
EGFR¥} VEGFR& Aol A 4 e adE 7|d
g 5 97 wlFoll 74 Avdo] vhe okAl9] shtE Q1A
i ek o] ofAlell 3 A7 EGFR-TKI resistant
xenograft model¢] B|AEAZA HY Calu-65 7R3 A3
g v el o] dFellA] ZD6474 50 mg/kgs WA X
2 2417 Foll Folair} A2 F 308 ol Folsk A%
ol FAHE AL BLE 5 Ygdeh”
5 o Whe-E EA Folo] Auct AL A
2 247 Aol AFE Foi9e ol Tl FusEe A
& WAY 4 Yt ol2l% A HolHES G Y4
ATE UAAE o Folo] £4] WHE G Folof o

+ A& AAgT e AZ4H . EGFR#} VEGFRo| R
ulE g L4 oF Y EFE 712 3 EGER inhibitorsE A4
A vhel AgslAl Gk W A4} ZD6474E HE L
ol &3E vlasle A7F A University of Colorado
Cancer Centerol]A] 13§ ol Qlvh.

7ZD6126 (N-acetylcolchinol-O-phosphate)-2- intratumoral blood
vesselsS Walld = QX E t]z}elE direct vascular-targe-
ting agento|t}. Tubulin-binding agent N-acetylcolchinol®]
prodrug®] s}l ZD6126+= beta tubulin®} 7 §hs}to] micro-
tubular network-$ < A]7]™ A] tumor neoendotheliumd} 7+
£ proliferating endothelial cellsoll 4] A|E2] Y& F43}
A WH3AFI R ZoF GREANA T Hdl £7e 4o
ol9} WzAo g A4E A4 endothelial cellsol] A&
tubulin disruption®} 72 & Alo| Uofr}r] v} F 13
3} ¥ ZD61265 F-of Hk-& KHT sarcoma xenograft modelo]
A A4 o] dAEA FAEE A EE T UA
e 2ivl 9o B U2 ZD6126% FUAZE w
human A549 H|A&A|EA #|9 xenograftse] Al AFo] A=
31 B3k vhA A 2 A9} 87 ZD61265 Bl -£-31v protracted
tumor regression?} U] E-0] supra-additive effectsZ 7| e 5
£ ok EaE Yokt ojeidt W45 EGFR inhi-
bitorsof] A &g Hole FAE dhollA WAL FAle A
84 2 A7 9 $0) Ok obl B SE gdoke
ogd 2A% ATl Yok,

S=HHE QM| M Multi-targeted therapyQ| X9t

2o Ay ARES T 2 ¢ AEES EGFR
A AFAA 28 oheh hE A2 growth pathway S
8387} downstream signaling effectorgS ZRZ|F o &
A3 A ez Yabo] Wl e A A& e Ao
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Fig. 2. Strategies to counteract upregulation of angiogenic signaling pathways as a result from either

resistance to EGFR inhibitors or via radiation.

2 4#A 9t} 5 £ A431 xenografti= proangiogenic
VEGFE] #hslS o)l angiogenesisZ upregulating 3o &
A cetuximabo]u} hR3 72 anti-EGFR antibodyol] thgt #)
Ae A =1 glioblastoma cellof| 4] insulin-like growth
factor Ie] #A3lxlm ©&]8 antiapoptotic PI-3K signaling
pathway & A|&H o8 737 o 23 EGFR inhibitore)
g 34 ARE FEHOE AT 9lFe] in vitro A
ol A A=Y o]9} o] 3 FFAE el 4] oI
7EA AZ AFAAE FES vk AEE oF
pathway & FAloll X 89 F A oz Aojo} gl X8 A
2k o] 24 ZA7} Hrt ol E Eo] o anti-EGFR agents,
cAMP dependent kinase inhibitor (type I PKA), VEGF anti-
sense oligonucleotide ™= ZD1839% anti-erbB-29] trastuzu-
mab¥} Fro] FAloll W&slo] FoJslHg w in vivo 3=
in vio 4 AN ASH P4 5T AN &
dPdeh= Bast 913" Jung % murine anti-VEGFR anti-
bodydl DCIOLZ} IMC 2255 Aol 4421518 wl 9)F
AZS) 4 AR} o) A ARs e B ok odot”
gk ZD1839¢)] ZD6126E Fr7}gto ma) ZD1839e 3
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graft®] b wb-S-& AR A A3 4 9lel ey A4
Zoi3tEl a7 ZD1839, ZD61263}F E3F wbAA =24 A
AAE FAol BF W EeIE uiRlch WnE goh?

Cyclin dependent kinase2] broad spectrum inhibitorg]
flavopridol . 735 F A 2] in vitro W in vivo A&
A 3529l proapoptotic activity S Ho]i 9tk Flavop-
ridol X} 8% in vivool|A] cyclin D1 7+4-¢} S| ok A A
o] FAsA AL FAY AFEo] TR AE
FE Ao & in vio AYPNAE FRFYG wiel
2] flavopridol-g multi-target therapyol] o] &3}z 3} ol
TF7F AA AP Fol vl dlE Fol trastuzumabi}
flavopridol®] ¥ -8-& G1 progressione]1} RB phosphorylation
o) A9] FGE v1XA AT P AT oS 7
S}=l apoptosisE ERfY) ShollA AFEI %] EGFR¥}
VEGFR signalingol] th?}l dual inhibitory actiong Kol& A
2§ AokEo] A% s a gleh ZDETAE Fig. 3004
HE e} Zro] KDR/VEGFR-2 tyrosin kinase activity$}
EGFRe]| 93] #Al3s}e] = kinaseE F¢HeF oh2 tyrosin Y
serine-threonin kinase?] 7155 XA G Qli= HEajgko]
obF Ao AutA|Z F#iA ek Taguchi £V ZD6474
7} ZD1837-sensitive B]AAEA #H[Y PC-Y xenograft -1k
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Predicting Response To Anti-EGFR Agents

Simiiar levels of EGFR (2-3+)
S

{ Angiogenic Signaling verrides EGFR inbibition?

Fig. 3. ZD6474, a dual inhibitor of EGFR TK and VEGFR TKs, and its inhibitory effects on EGF and

VEGF signaling, tumor cell growth, and metastasis.

¢} in vitro A¥ol| 4] ZD18399} cetuximabe] W& FFE of
FaAed 7 FAle Wdo] dE ALEr) supra-addic-
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2] growth inhibition#} 3t 107) F 3709 FckolA] <A
HHE Bl FRR, £ v 34 50 mg/kge] ZD1839
9 conuximab® 8419 W FF 1005 ZFNY 43
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£ 229 739lslo] erbB family member®} dimerization )=
AL 9 98-S 3l Her2 receptorel] ™3l humanized
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4 AEFoA 5 25U 395 Jehigde
Bzl 9=dl T35 <ol A3 multi-target therapyol] 4]
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FEEERIS

7|E} Molecular-targeted therapy
1. Farnesyl transferase inhibitors
T74% B2 27%NA hras §AALS] oS T
28 4= 931, famesyl transferase inhibitors:= F74% <+ A
EFolA gt dgt ot Qe Bt 9 o
dgslel Y Az A AR o $AEE oz

—
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2. Cell cycle regulatiors
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—— Abstract

Targeted Therapies and Radiation for the
Treatment of Head and Neck Cancer

Gwi Eon Kim, M.D., Ph.D.

Department of Radiation Oncology, Yonsei Cancer Center,
Yonsei University College of Medicine, Seoul, Korea

Purpose: The purpose of this review is to provide an update on novel radiation treatments for head and neck
cancer.

Recent Findings: Despite the remarkable advances in chemotherapy and radiotherapy techniques, the
management of advanced head and neck cancer remains challenging. Epidermal growth factor receptor
(EGFR) is an appealing target for novel therapies in head and neck cancer because not only EGFR activation
stimulates many. important signaling pathways associated with cancer development and progression, and
importantly, resistance to radiation. Furthermore, EGFR overexpression is known to be portended for a worse
outcome in patients with advanced head and neck cancer. Two categories of compounds designed to abrogate
EGFR signaling, such as monoclonal antbodies (Cetuximab) and tyrosine kinase inhibitors (ZD1839 and
OSI-774) have been assessed and have been most extensively studied in preclinical models and clinical trials.
Additional TKIs in clinical trials include a reversible agent, Ci-1033, which blocks activation of all erbB receptors.
Encouraging preclinical data for head and neck cancers resulted in rapid translation into the clinic. Results from
initial clinical trials show rather surprisingly that only minority of patients benefited from EGFR inhibition as
monotherapy or in combination with chemotherapy. In this review, we begin with a brief summary of erbB-
mediated signal transduction. Subsequently, we present data on prognostic-predictive value of erbB receptor
expression in HNC followed by preclinical and clinical data on the role of EGFR antagonisis alone or in
combination with radiation in the treatment of HNC. Finally, we discuss the emerging thoughts on resistance to
EGFR blockade and efforts in the development of multiple-targeted therapy for combination with chemotherapy
or radiation. Current challenges for investigators are to determine (1) who will benefit from targeted agents and
which agents are most appropriate to combine with radiation and/or chemotherapy, (2) how to sequence these
agents with radiation and/or cytotoxic compounds, (3) reliable markers for patient selection and verification of
effective blockade of signaling in vivo, and (4) mechanisms behind intrinsic or acquired resistance to targeted
agents to facilitate rational development of multi-targeted therapy. Other molecular-targeted approaches in head
and neck cancer were briefly described, including angioenesis inhibitors, famesyl transferase inhibitors, cell cycle
regulators, and gene therapy

Summary: Novel targeted therapies are highly appealing in advanced head and neck cancer, and the most
promising strategy to use them is a matter of intense investigation.

Key Words: Targeted therapy, Head and neck cancer, EGFR inhibitor, Angiogenesis inhibitor



