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Fig. 1. Simplified schematic illustration of the EGFR system.
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Table 1. New Targeted Biological Agents

Target Biological agents Mechanism of action
EGFR Cetuximab (IMC-C225) mADb
Gefitinib (ZD1839, Iressa' ™ Kinase inhibitor
Erlotinib (OSI-774, Tarceva™) Quinazoline-type compounds
CI-1033 Quinazoline-type compounds
HER2/c-neu Trastuzmab (Herceptin™) mADb
Ras Lonafarnib (SCH66336, R115777) Farnesyl transferase inhibitor
PLC/PKC Affinitak (ISIS 3521, LY90003) Antisense
VEGF Bevacizmab (Avastin') Angiogenesis inhibitor
VEGF/PDGF/FGF SU6668 Angiogenesis inhibitor
VEGFR-TKI ZD6474 Angiogenesis inhibitor
Direct Vascular Targeting ZD6126 Tubulin-binding

Endogeneous Angiogenesis

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

Angiostatin and Endostatin
Flavopridol (HMR 1275, L86-8275)

unknown

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

Selective killing of p53 mutant cell
Proteasome inhibitor
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% olF AT oE Aol FAx 2 PTEN, ras,
Akt, 12|31 insulin growth factor receptor 1%} 72 down-
stream proteins®l] EAH |7 A7IAY FE H=7t 7F143]
=7 Jepd o] 494l EGFR T8 A glo] T4 ut
o] EA Yee 7= o
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2. Combinations of EGFR antagonists with radiation

FAN el A APIA ok B8 ARESHE cetux-
imab®]  ¢H4 *éTJr E5s YolEe Hx d¥<= Bir-
mingham®] $1¥& University of Alabamacll A A] %% ¢lch*
Ad Aol A AFE-SE cetuximab2] loading dose= *+& 100
mg/m’oll A Al &ate] 500 mg/m™7H A YT FF 100
~250 mg/m20 AMESEGA T, AR Ase 949 A7 2
Gy# % 70 Gyg Fom F7Aow 399 Ao
1.2 Gy BIDZ F 76.8 Gy XAt 74 A5 &2 5
= HFgogE= @Yd, A= transaminase elevation, 2.4,
aga g5 §g Fo] Aok 189 e AF FA
Jell cetuximabol] )3t anaphylactic reactions YOA Fo
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£ AR T2 FAEe YA A gt dud
Aol BE EAENA AAA v B 5 UL
M AFAELS A23 ATE A PG o) a3 §Fo=
F 250 mgm’S FASHAA 400~500 mgm’7t W3
Aolgtal FHsA T AolL 4000 B FAES Yo
ALY X8 GE23 WA X 26 cetuximabd W 23
A A 53 A AH zto]E& HIWLSE  prospective

randomized trialo] £ZAE o] H %9 Ay} Zv & 49
XA 2 Aol
Pfister 52 W7 MIIV F73%F ¢ 3ol A A &<
ALY A 7 R R R =
13 vk JEH AFEE cetuximabE 400 mg/m’e] loading
dose Foll F 250 mg/m’¥ FAlo] Foistan Y A5
cisplatin 100 mg/m*S Z+7z} 159} 450 Fo FApaid A

WAL X EE concomitant boost radiations Al e =

%] cetuximabs

FA7F AgEt e 2 FY & He A" #-bo]
1, grade 4 SHSZ = O}L]--‘ﬂ‘“c]'/\]i, A AA g
A 74 Ao o] &
A 2d AEEL 76%, 182 267H%-4 cRin
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mensS AHEE AL AFE Yok
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FAE o E FA o MAMAA 5 A ZD1839
43l X8E H2ES}7] $3l University of Colorado
Comprehensive Cancer CenterS 492 t} 7|#o] Hos)
A Q75 @4 A Folh

Table 2 AF7HA ABEHAAY A& Foll A= I
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42 2 anti-EGFR antibodiest} TKIsE @502 A&
= e RAAEA HEY AFoAAAE 15% HF9
o o]3] WA Az HEES Ve gl 18
Z 3 INTACT 1-29] A3%4
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Table 2. Phase I-Il 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 I 13/16 CR
Pfister et al. RT/concurrent DDP +C225 Locoreionally advanced HNC I ~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 al. RT/weekly cisplatin+0SI-774 Advanced solid malignancies [ Pending
Remick et al. RT/docetaxel+ Erlotinib Locally advanced HNC | Pending
498 434 Ang ABAAG. A= w50l 289 viwod) AT} in vivo B W 2F AR5 o) YL

- 83 -



CHSHUALL Z28ESI X 2004;22(2):77 ~ 90
o #AASD Gkt A4g FUE 2458 FeLA
E A AEY BYHE AT AAE AA TP o

Foh FE U AP F PL3K, MAPK, Ee
STAT3 22 t}eF3t downstream signaling pathways7} 7|
3}7] W&o EGFR antagonistsl] o3t ¥FH-§-o = Thekst 2}
ol& Ut # o= Aotk o]yd Ads "ol o
3t kAo Ade = ¢ AL 7 Doyl QB

O b 3 A 2aE 7IvgE dade] T A

Z0|M angiogenesis inhibitors

—_

rowth factor receptor &3} A1
o oy HolE do7|7] flsiAE
& o] YA Holof ot AEZE o
AA Eo 2~5 mme| F2 A2 o}
gigolth FF Wk Fdel dd e
< Bl EFstal g FHE FHeta A
ol d3 A& Wwd Aolrt UAYH  tumor
angiogenesis= embryonic angiogenesis} v/\}’d}ﬂ] angio-
genic stimulator % inhibitor$}2] 4% 2o uwe} XA E
o ¢to] AAo] u|u]dt dormancy FEjOA Yol FEER
BAEE A7)0 o]2
inhibitorS ## ¢EsHA BB

Foko] AAS 9814 vascular endothelial growth factor
(VEGF)} 719} A #H receptor (VEGFR)= ¢ $23 9
S 3t} 53] antiangiogenic B+ vascular targeting agent
£ 53l angiogenesis inhibition> EGFR &&do] gAY
EGFR inhibitore]l ¥F-&-0] gl ¢He] Az glof shute] of
tom FAHL Utk o3t WAMIE VEGFSt e
proangiogenic molecule®] 44L& 483" o] 1}
AP ol 9]l proangiogenic nitric oxide pathway”} upregula-
tion = Fig. 2014 E & u}9} Zo] endothelial cell U ol A
tumor angiogenesiss Z %13} phenotypic change’} ¥ o}
w old Wyoz ang1ogenes1s7]— WalE WA HH F
GdE AR wES Yehd £x ok

fu o
Lo,
v o
o g
1 0 o
oX, F—Ea o

Morr

_SZ
>

™ angiogenic stimulator”} angiogenic

Teicher 5'%& angiogenesisE ¢t A|AS W WA 9
AZAAL TEo] 3 2 F des #FsAT olH &
A7 AFEZ weroZ d VEGFR-TKEs, VEGFd| g
antibodiest} VEGFR, endostatin, COX-2 inhibitors, 1]
direct vascular targeting drugs®} 22 4¥ ¥4 2ZE
WA X =9} g WEsA AHEEt A ste 9
7} o] Foix 3l It} ZD6474+= angiogenesisS 23}
2] 7kA VEGFR-TKIs Sl AR X5 W&

O

EGFR¥} VEGFRS FAlo] AdAZ
& g 7] W2l 7pE Aol vhe oA
Ha gk o] kAo g AFE EGFR-TKI resistant
xenograft modelq] HIAMEA #H <Y Calu-65 7FA 1L A3

vk = o] AFolA ZD6474 50 mgkgS HMW i]
F 2413t ><d<>ﬂ FogAL A8 F 302 Wl T3

ERoA T4 ukgo] FRHE S B2 F 0‘“3}“8)
53] o]y g ’Té%k B3-S FA ?O# o] A-FHT AT A
2N Aol TR FARE W At SdstHE A
S #FY 5 e ol 43 HeHES FF I
ATFE YA o £ A WHE FFol Folof g
te JS AAkgiga AzZbEd. EGFRI VEGFRO] R%F
by FAE & AEXFE 7|21 EGFR inhibitorsS Al
s ok AHREHA FokE W WA I ZDe474E HE L
Hol 35 Hw3dl= AF7F A University of Colorado
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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.
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Predicting Response To Anti-EGFR Agents
Similar levels of EGFR (2-3+)
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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.
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9} cetuximabS W-E3IHAE We FY 100% ZFAA &4
A= Bty B3t th I extracellular domain®] ©F
2 299 433} erbB family member} dimerization ¥ &
Ae e 988 st Her2 receptord] e humanized
antibody, 2C47} 7ALE A} %7] AFTE Her2 ¥4 2
w4 AEZFAAN BT ZE5IUSG a3E Yedde
Bart ed F45F ool tld multi-target therapy©ll A
2C471 oj" 9&-S & 4 eAd daiMe dA I+t
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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 antibodies (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 antagonists 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, farnesyl 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
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