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| Abstract |

therapeutic plateau has been reached with classical cytotoxic agents in the management of
Aadvanced non-small cell lung cancer (NSCLC) patients, even though there has been some
modest improvement in overall survival by platinum-based combination chemotherapy with new
agents, such as gemcitabine, taxanes, and vinorelbine during the last decades. Targets of pivotal
importance for the molecular pathogenesis of the lung cancer have been identified and pharma-
ceutical compounds against these targets have been developed. At present, we have three tar-
geted agents which have been approved for the management of advanced NSCLC patients; two
EGFR-TKIs (epidermal growth factor receptor-tyrosine kinase inhibitors), gefitinib and erloti-
nib, and one agent targeting angiogenesis, bevacizumab. Erlotinib monotherapy in pretreated
NSCLC patients has been shown to improve overall survival compared with the placebo in BR-
21 trial, while gefitinib failed to demonstrate an improvement in survival compared with placebo in
ISEL study. However, gefitinib has shown therapeutic efficacy in subgroup, such as female, non-
smoker, East-Asian ethnicity, and adenocarcinoma histology. These factors are known to be
predictive markers for EFGR-TKI response. EGFR mutations, especially exon 19 deletion and
exon 21 L858R point mutation, are highly predictable markers for the response to EGFR-TKI,
but not prognostic markers for a survival with EGFR-TKI treatment. The anti-VEGF (vascular
endothelial growth factor) antibody bevacizumab has improved efficacy in the front line setting
with the combination of cytotoxic chemotherapy paclitaxel/carboplatin (ECOG 4599 trial). Even
though there are some excluding factors, such as squamous histology, brain metastasis, and
ongoing anti-coagulation, bevacizumab in combination with paclitaxel and carboplatin is likely to
be a new standard for the advanced NSCLC patients who meet the eligibility criteria in the first-
line regimen. Beside these three approved agents, a large number of new targeted agents have
entered the stage of clinical development. Anti-EGFR antibody cetuximab is promising in combi-
nation with cytotoxic chemotherapy. Orally available anti-VEGF-TKIs and pan-HER inhibitors
may be the next generation.
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1. EGFR Tyrosine Kinase Inhibitors (TKIs)
EGFRE 4~8-A4 tyrosine kinase Zol|4 714 WA ¥t

R 77 A - 8A A Bl A 29| 70% o) ol I
W o] defA] glow o]2{gh EGFR e Bt of
Zo} #Hol Qlt}. EGFRO| ligand9} A3FeHH receptor
dimerizationo] ©]o] AW tyrosine kinase domain2]
activation loop”} autophosphrylation¥¢] mitogen-
activated protein kinase (MAPK)2} Akt 52| H2E &
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AHR] NS AGAAE 245k A7 EFGRE APeket
W0 2= AIE BFellA] ligand©] EFGR 23S Wfat
EGFR HUFEZA S AH8sh= Wl Al WellA
EGFR tyrosine kinase domain®] 2135} 3ol A ATPS}
AAA 0 7 vhlsl= 2-e Ba}0l EGFR-TKIZ AR8-81=
F7HA W o] 9l=H dA| gefitinibe} erlotinib F71A]
EGFR-TKI7} 591 5|0} 9 dol] ARg-=|a1 Qi)
(1) Gefitinib (Iressa)

g7 go] I WAA vAAZt A4S g
3 250mg 83 500mg %S H|wE Iressa Dose
Escalation in Advanced Lung Cancer (IDEAL)-1 % -2
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(@) Erlotinib (Tarceva)

Ho]o] 7t erlotinibi 57 2] X84 Ho| %lh H]
A ZHY S o= FF 150mg H-8-8F 22 <Atell
A1 13%2] 9H-3-E3 51%2] AW ZHE (objective response
and stable disease)e] XS =2 gefitinib2} FARE A3}
= H9lon Zpolr} 9JrpH immunohistochemistry HHH
OF EGFR 2 g5 tideR it dS & F
A}, 2 erlotinib® 13} R © & gemcitabine/cis-
paltin (TALENT) % carboplatin/paclitaxel (TRIBUTE)
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(3) EGFR-TKI HJ%Oﬂ gt A4} A 32} EGFR S WO

AstraZanecaA}2] expanded access program (EAP)S
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EGFR tyrosin kinase domain®] E¢Hol&<S A7}t
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(4) EGFR-TKI W4
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(5) EGFR-TKI 3% A%
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Hol Satelld 12} QUAIRA 71Ee] ME=A A%t
of WA 5 o e G A=t Az Qo Awgt
WA Wiig Al oF Brdste] v Ex x| mAeke] WA
7, & =9 g AA ek 8281 PI3K/AKT
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o] A2&3}= murine/human chimeric SUSF2A| = A
EGFR9] dimerizationg xFeHsit}. Cetuximab< @A Q.
WHEths 71E A2y Fekamide] WeAmelM 3
= Hol= Ao g &efA Ut} Cisplating}2] W83k 144
ATFollA] cetuximab 200~400mg/m’e] 20 & +32]
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immunohistochemistryol] ¢J3F EGFR 2&lo] +1 o]
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(2) ABX-EGF

ABX-EGF+ cetuximab¥+= &) 9-43] 27tkstd
1gG2 HUFEFAZA cetuximabX T} EGFRe] thek 3
sfelo) o e Ao Beld ok 14 el TR
Kol 7Py B8 A0 MUET AN 7 Bk
ol &4 paclitaxel/carboplatin] W-E-x| 7| thak
34 77} ol
(8 Trastuzumab (Herceptin)

Trastuzumab-& HER2/neu (erbB2)ol th3} chimeric
SASEIARA Hold el FDA &le] Ul oF
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Table 1. Current status of selected targeted agents in NSCLC

Agent Type Targets Phase
Bevacizumab Ab VEGF FDA approved
VEGF trap Fusion protein VEGF Phase ||
PTK787/2K222584 (Vatalanib) TKI VEGFR-1, VEGFR-2, PDGER  Phase ||

SU 11248 (Sunitinib) TKI VEGFR, PDGER, FIt-3, c-kit Phase ||

BAY 43-9006 (Sorafenib) TKI VEGFR-2, VEGFR (and RAF*)  Phase ||
/D6474 TKI VEGFR-2, VEGFR-3, EGFR Phase Il
Erlotinib TKI EGFR EMEA and FDA approved
Gefitinib TKI EGFR Phase |l
Cetuximab Ab EGFR Phase |lI
Trastuzumab Ab HER2 Phase I
HKI-272 TKI EGFR, HER2 Phase |
CCI-779 Macrolide derivative mTOR Phase I
RADOO1 Macrolide derivative mTOR Phase ||
Bortezomib Boronic acid analogue Proteasome Phase ||
AMG951 Portion of the native Apo2L /TRAIL Death receptors DR4 and DR5  Phase Ib/ ||

Ab: antibody, FP: fusion protein, TKI: tyrosine kinase inhibitors.

A 73t Fol AAH ol Bolshs BHAY B
VAE T Joleh, WA Y Be AT} s gl

A7} bevacizumab © 24 VEGFe that IgG1 frameS

40 ol

>{\l

Y= recombinant, humanized, monoclonal 3+#|o]c},
&+ EGFR ¥2x| 849} nF71A| 2 VEGFRO] gk TKI
Eo] 7itElo] dA ATl qiek

1

1. Bevacizumab (rhuMab, Avastin)

Bevacizumab-& anti-VEGF recombinant humanized
monoclonal antibody® VEGF7} VEGFRe| A&sl= A
2 23k}, Bevacizumabd 14 ¢3ol|A] VEGFE =34
B} A A2AT e Ao R Bauw Qi 24 A
Ao h29 bevacizumabS 18, A chil
H|Ed o Fahgo] WS 4= QAW 7l grade 11 ©]
StRA 2 A7 HA] AR EAlE AEA FE, 5
78S A2 5 e o] EAVE Hot. wekA] A
%, 58 T2 I FY, HHe], 288 52 8
3 Agk Follde ARgo] WREIL QA etk H2 242
o] 3AE hAF o2 3} paclitaxel/carboplatin +beva-
cizumab (15mg/kg every 3 weeks) H|ul 34+ a4 23}
bevacizumabto| £%AZEZE 12, 3719 :10.371€, W&
35%; 15% (p <0.001), F318) =717 6.270€ 14,5714
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(p<0.001)¢] ¢-4& 2345 Bl FHlA APd
gemcitabine/cisplatin + bevacizumab 2] 3/ ¥ 3 2
I FARE 2AE Bof 5w HR 9ol beva-
cizumab + chemotherapy 7} |2 EF2gHPHo g 2}
28t 2o = dldect. wdk A2 ARG oks ALl Al
WA B A XL ES o2 3 erlotinib$} beva-
cizumab®] W& QWS #&ATH 1/24 AFME gt
RS Barskal Qo] Ex A sA) 7he] 8- gk #
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2. VEGFR TKis and Multiple Kinases Inhibitors

oo AAAR1 9&-E 3= VEGF+= fli-1 (VE-
GFR-1), Flk-1/KDR (VEGFR-2), flt-4 (VEGRR-3) 9]
MR =825 231 9lar, -84 23 T tyrosin kinase
of ofgk Qliksl HAJ o= Fdsteo] S F3IMT]
o}, < o|23d VEGFR kinase= & EGFR, RAF-1,
PDGER, c-kit 5 7|e} &]2] kinasesZE FA|ol| x}etdl=
multiple kinases inhibitorsEo] 7= o] At A7) <
& =31 ek,

PTK/ZK (vatalanib)& 723t 474 VEGFR-TKIZA]
KDR/flk-10] thgh 2 5ol HolHA flt-1, flt-4,
PDGFR-TK, c-kit TK %5 7]¢] & VEGFRE JA|5h=



TKIOt}, ZD1647% 747-& KDR/VEGFR-2¢] tyrosine
kinase2 9JA3H= VEGFR-TKIZA] VEGFR-3, EGFR,
RET kinases % &2} t}o¥3} tyrosine kinaseZ A3t}
12k 894 -2 22k SHAIRA T 32 A EsA 3ot
afAete] MR A5 et dFATF7E BTl
Sorafenib (Bay 43-9006)< RAS/RAF/MEK/ERK 4l&
A Az o] 3] 49l RAF-15 Al A= A
12} 2|50l g At A7l TEH| Sl oFAlRA
H| 24| 39l A= paclitaxel/carboplatin 13} & &
FALHAZA A 3% A77F AgFelrt, Sunitinib
(SU11248)= VEGFR1, PDGFR, c-kitS #|55= TKIZ
A EA A7k} GIST (gastrointestinal stromal tumor)
ol FDA 8717} vet Sl=dl A Bl ZH S S 14}
285 F st aARA dATF ol

3, Matrix Metalloproteinase (MMPs) 21| |

MMPs+ zinc-dependent neutral endopeptidases®
X A BE extracellular matrix (ECM) AJ-2] F3fof|
dolshe] o 44, A%, 9 Aolol] a8 e Frin
WA Q1o BAAEA AEe] Fa EHo] B,
Marimasta$} prinomastatZ2 7] MMPs HAAIE2] H]
AR QPIATFE BT )2 BolgtAdt Phizer)
CP-471.358, BAY 12-9566, Novartis®] MMI270,
Metastat ‘5 A2 SFAIE 0185 A dAT7H g Folet.

s A

1, RAS/MAPK Z 2 2AH|[x|
(1) Farnesyl transferase A4

Rast= ATZ 407} oL EA| g ofAlah= thaAel o
chil A 2 x] A EekE 23 E o] Qs GTPaseso]th. A7}
A rasE A o7 At 5= Sl ofAlE TR o] A
231 ras B3} Qloj A9 farnesylationS 2Pt
3t rasell gt 3 AT HALAAE AAlshs FEE0]
7 =lo] T}, Lonafarnib (SCH66336), R1155777,
BMS-214662 o] 7 wje] glovt o} =] 58k whksl ol

Q
Targeted Therapy of Lung Cancer é’iﬁ)"?ﬁ

A7 A %At Sl
(2) Raf kinase 2JAA]

Sorafenib (Bay43-9006)+ raf kinaseZ &JA|3}¢]
raf/MEK/ERK, MAPK A3 AEE 21t AR, c-
raf, wild type & mutant (V599E) b-rafE A 2 o}
Yz} VEGFR-2, p38a, MAPK 7}&7 5 T2 o8] -84
tyrosin kinase & 10| elalaika el 9lo] vfS- 3
& epilolet, A BlAATAL BAE o 8 24
Aol sorafenib 400mg 3HF FH E-8-0 2 ofu| g
Wb} 2 QPR vhebl ul Slck
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2. mTOR 2x|H|

Serine/threonin kinase AKT} 1 35 w7421 mTOR
= 7] 50% ofdellA] EAdstE]o] lar #H9k A 27
o T8k Aee o= Ao delA Utk mTOR AR
+ rapamycino] HEH O 2A AR AR 7R At
Rapamycin ©]2]9l] temsirolimus (CCI-779), everolimus
(RAD-001), AP-23573 5o] @A} dATzolH 173
TollA T8 5492 gle slo 2 deA k.,

3. Protein kinase C (PKC)-a L |H|
PKC-a+ phospholipids-dependent, cytoplasmic
serine/threonine kinases?] 3h}= ot W3t 9l =210

8% ATE sk o= APA . o8 HRE sk

A8 A5 aE IS A3 33~ 2% WHEES
Hlot 34 d7tellx] E&ol time to progression
Ao #o]8) ol Mol R

4. COX-2 x|

Cyclo-oxygenase (COX)-2+ arachidonic acidollA]
prostaglanding Ak EA22A FgeiA] 2=
of Jlom W o3RRG Jlom AEFA 3
OFEZEAIX AT HEo] #ofgity COX-29] tHEql
Prostaglandin E2 (PGE-2)+ VEGF, bcl-2, MMP 52

fatolAtEzlxl 489



[ ]
N Leeky

I A 7| NSAIDsE AHE-gH SEatellA] B x| 25| %]
by W) ok s defA Q) Celecoxib 400mg bidE
AL8-5HH 23} XS4 2 A paclitaxel/carboplatin¥}o] ¥-&
A 57} et 23k dojr] 12} X SA|ZA MESA
FoW e X 5o}l HAMIX 5 ole] HEAFE ATV}
Z18) 50w gtalitol| 3t AT = Flg oIt

5. CDKs (Cyclin-Dependent Kinases) ||
Flavopiridol- & #]-&-2 & 73 pan-CDK JA|A| 2]
ZNEALGOZ o2 1, 2% QAT FHEIA
HEnkel A AR Fskelet, BerhE CDK 2AA]
¢l roscovitine¥} gemcitabin/cisplatin¥}2] W-8-x| 87} &
A ATzl let.
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Apoptosis 2 EANX|ZA|

1. Bcl-2 EHX| 2|

FH A9l oligonucleotide sequenceE o|-85}e] ExX
mMRNAE 2dsl= 7)&gA4] EolXo] 33| =uh= A4

o] ¢J+= antisense technologyZ ©|-88}¢] Bel-25 & o
2 3}= Oblimersan (G-3139)0] 7= gt} &4 d
cetaxel?}o] W& 57 2/34 A7} 2dF ol sc}ﬁr
143} antisense technology ] 43t TH F-HAZA]
lolE T EA]2 FAAR] survivino] 7]t E 2L i}, ¥bA
antisense oligonucleotide= "3t o 2 BoPAsto] E3%
A o) oA Asl=7} k= Zlo] AA A o= A7
war ot

2, Proteasome 2IX|H|

Bortezomib (PS-341, Velcade)+= proteasome A A
2] NF-¢B2] FARE AI8IAL p537 MDM2E fr=dkdl
A|AA o} EZEAAE EZIANZIY}, BortezomibS A
TR B4l U4 St ot g greAl, 22
docetaxel®}o] B2 o) t)3F F-2+9] 24 i+ Ay} B
I AR 54 JEs 4 gldlo diaatel v

3 e BEANE(16%:10%), O EEE(45%:17%)
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3, TRAIL (TNF -related apoptosis-inducing ligand)

A MK =2H|

TRAIL2 TNF gene superfamily®] 438} cytokine 2
24 DR4, DR52] death receptor®} DcR1, DcR2¢]
decoy recptorg 7HA|aL Qlo] Ae2] b3t ps3dR
= $-3)3lth= HollA f43lt}. Recombinat human
TRAIL ligand®] AMG9513%} DR49} DRS¢ that human
monoclonal Ab7} 7Rk E|o] B AA|EH S tjate g o)
Aol

Retinoids

Bexarotene (Targretin)-& A} 24 2480 2 A A%
= %ﬂ-oﬂ Toddh= retinoid—X-eceptor (RXR)ol| A4 %]
Asrsl= A retinoid 84] 9B T-A|E SZ 0| &
-% HE2 obFrolt}, 12 A BA|RA] 437 9] 13)/d B 2A]
X% Aol A cisplatin/vinorelbine W-8-X| 82 A3k
1/273 A7+ Ael] ofsbd 1 AEE 61%, <13 33d A&
& 30%% AR AIE Ak T Fojo] Ajd
SPIRIT (studies providing investigational research in
Targretin) 1 2 1T 8]l 3/ oA AIZSA] ghta ol
bexaroten F7FA] 13} QA ZA] BEALR 9 TS T
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Histone Deacetylase ||

Histone MALe] 7)%5-2] ©+2]2] nucleosome ] 341
T25 A8 e 2 971 I A=A histone
deacetylasex= DNA| thal @ARIA}e] H2S zdshd
A AR AAE A= 54x0]t}. Histone deacety-
lase Sl FRAFAAS] Wae ZA7EA
324 Z3H8 el oAl 14 ebpol sk ol oby
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