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Head and neck squamous cell carcinoma has emerged as the sixth most commonly occurring
cancer worldwide and despite advances in diagnostics and therapeutics, the treatment results
and survival outcomes still remain poor, especially in advanced cancers. Due to the complexity
of the local anatomic structures and the importance as vital functioning organs, the head and
neck area following conventional treatment modalities such as surgery, chemotherapy, or radio-
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therapy often result as a devastating consequence both esthetically and functionally. In order
to minimize the treatment related sequelae and at the same time maximize treatment effect, tu-
mor-specific molecular targeted therapy has become an area under active research. Several mo-
lecular targeted agents, including the representative epidermal growth factor receptor (EGFR)-
inhibitors have been developed and its therapeutic effects investigated. However, therapeutic
resistance has newly risen as a main problem following targeted therapy due to a variety of resis-
tance mechanisms. This review article looks at the major acquired resistance mechanisms fol-
lowing targeted agents administration including EGFR inhibitors and many others and strate-
gies to overcome the resistance to achieve precision medicine.
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A Ak F8 ok 2stel 243 AR A FEF I
Agle] Bzt oY FA/PAAA R T Ei= FAIGST
ML ek R ARehe 407t Baka T Het
1 Ajre] ot el ofelgol Slek webd A= RAHgL
24s5lHA Ao R N ES Ao g 273t 4
Q= A=W (targeted therapy)?] 7igte] HASE AAo|c),
AR FPAE Solael EANRE S4E Hb
S5}, X2 A P 202 7o) e, gene ther-

apy, monoclonal antibodies(mAb), antibody—drug conju-
gates, small molecule inhibitors, antisense molecules, tu-
mor vaccines G2} &2 thFet A g8AE0] FHEY AlE

2 mHo® slof A Fo Yk EA ARASL
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7RO AT G BAE EHOR Sjo] 1 KTE
SR EXSIRESIEY
duction pathway), @341 (angiogenesis), A|E |7
tracellular matrix), AlZ57] ZA1A} Hcell cycle regulator),
M|EZAPE(apoptosis) 5 TFFSE 32&of| 285l 7=l

FAEO] 90% ool A O = HPA| LU (squa-
mous cell carcinoma)o|™ F75 HFA| 22 °F 90%

oA A A3z AJAF Q1A} =84 (epidermal growth factor re-
ceptor; EGFR/ErbBI/HER)2] & o] &1=]aL 9lo] EGFR

o] TN 7HE w2 A7} o] Foixl EA} Ao} &
< QItk. EGFRE| 2 a2 AEE g, AR = o
B AR, S AR Ao} U7 Holo] 2712} o] Qi

Ao g defA Qlrk EGFRE 8tk ol Aj £ =84
(transmembrane protein cell surface receptor)©]aL, 170 kDa
9] g © 2 4] ErbB2(HER2/neu), ErbB3(HER3), ErbB4
(HER4)%} $H7 ErbB/HER family2] membere|tl. EGFRE)

7 2 (signal trans-

H (ex-

2)7t= 2= EGF, transforming growth factor-a(TGF-a),
amphiregulin, epiregulin, betacellulin, ZL&]37 heparin-bind-
ing EGF-like growth factor 5°] ¢Ji, gj7t=2} Agkst
EGFR& g}o|2Al 7|0l (tyrosine kinase) &4 ZAIS:
el o] MAPK, phosphatidylinositol-3-kinase(PI3K)/
AKT/mammalian target of rapamycin(mTOR), signal trans-
ducer and activator of transcription(STAT) 2] A& A&
BES S7HIA Alx 47 dE 9 £33t Fa%t S
3tc}(Fig. 1).

EGFRE #4 2 2 slof 7 4] A 5AlE2e tiaed
© & cetuximab(Erbitux® Bristol-Myers Squibb, New York,
NY, USA)Z} 22 =234 (mAb)2} gefitinib(Iressa”
AstraZeneca, London, UK), erlotinib(Tarceva® Genetech,
San Francisco, CA, USA), lapatinib(Tykerb”® GlaxoSmith-
Kline, Philadelphia, PA, USA)Z} ZH-& A B4} Elo]2A] 7|4
oA oA A (small-molecule tyrosine kinase inhibitors, TKI)

| Figitumumab | | Cetuximab/panitumumab/zalutumumab/nimotuzumab |

IGFBP
HER2/ HER2/
. 4 EGFR EGFR HER3 HER2 HERS HER2/
IGF-1R . HER4 MET
] | |
I T 1
| Erlotinib/gefitinib | | Lapatinib/afatinib | Dacomitinib -
A 4
STAT3/5
= Infracellular pathways
CyclinD1
[ISTAT3™
Cell proliferation
Tumor growth Survival Invasion Metastasis

Fig. 1. Receptor tyrosine signaling pathways and intracellular responses involved in head and neck squamous cell carcinoma. Potential
molecular targets and some representative existing targeted agents are also depicted. EGFR: epidermal growth factor receptor, ERK:
extracellular signal-regulated protein kinase, HER: human epidermal growth factor receptor, IGFBP: insulin-like growth factor binding
protein, IGF-1R: insulin-like growth factor-1 receptor, JAK: janus kinase, MEK: mitogen activated protein kinase, mTOR: mammalian
target of rapamycin, NFkB: nuclear factor kappa-light-chain-enhancer of activated B cells, PI3K: phosphatidylinositol-3-kinase, PTEN:
phosphatase and tensin homolog, RAF: v-raf-1 murine leukemia viral oncogene homolog, RAS: rat sarcoma viral oncogene homolog,

STAT: signal transducer and activation of transcription.
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7} 91 cetuximab @A FUslA FH5 HEA A
4] Food and Drug Administration®} European Medicines
Agency©llA 5Q1& B2 34 2| moFA|o|th(Fig. 1). LUt
ofgigt FUA|EZ B0l #4 AgAES A3 7ot
o] oFa WA Al AukE Hol YRl (innate) S
Zd(acquired) Ad 713 H& Q) 7FsAdo] = ICE &
2 ollAfet mix7A| = 3 RolA of7 Asi = 1t
A1s 7F (crosstalk) 0 2 Q13 A|3}AJo] 251 H2t
c}. o]of] =74 Kto] tfgk EGFR JAIAIE H]E5l E}_’C_‘
] 2| ZAo| 4] Holi= crosstalk mechanism= H|55}10] ]
pgo) tEHI1 7]2lo] Tef ool : G AT L
B3 0] 257 98] AlmEAL Qi thekat 241
& oopu w2} gi,
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EGFR #8 X8
EGFRo] 7

Aol 7183 5 A
HPA| 2] A O] K 790
of Id g==o] &AL 7)7H%1e] EGFR #
% S 4= Qlrhs S fick # Yoy
+ & FUT HBA EYF (ol
71 o] Ad(heterogeneity)©] 70|, EGFR 2] X|&Ao| t}
00]:

2

| A &

Aro] |7 ¥h-3/dS H3Ich EGFR dAAlol digt g
AATES Za)) Aol 10~20%) A9 g avS
EO]E] oF 80% FrollA= 723t ¥-8-& Ho|A] Y=t
J AFd). Cltth A9 aakel= g2 EGFR JAIA|

ol mpe} e 34 A =3 BolA|
ForolAli= EGFR 3#23] | 5A4|9] A3 fdst
El S5 7o) EASIA] grom, of2fRt oFA| ARk
< AA= o3 Zo] At 4= Stk 1) EGFRE| o
A F 2) AR AEHE Aol = B8kl EGFR
I} crosstalk &2 =W 24 7)H 0 2 SAJ3tE= o2 Al
A AA, 3) EGFR Aol AgS Fdste 84 =
wo] ufolct,

Activation of crosstalk mechanism

EGFR {10} tiet A4 71400] Pt ghe a7
2 3hi2o] EGFR o} 0]  Walsle 02 L5 141 5
© EGFRS A9 g spalsdd AAje) e4sts
%3t extracellular signal-regulated protein kinase(ERK)
1/2 AlsAE 7)otk EGFRo| &AlshE o] o2 HER
family member =84, £5| HER2, HER3 =849} het-
erodimerizationS £38] EGFR oA A3 Z71= 71494 |

f
-
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THFig. 1). Yonesaka 57 EGFR JAA| Fo] & HER2 &
2 3.2 heregulin upregulation®] ¢J&] HER2 A% =717}
e =, 71 A3} ERK 1/23F HER39] 2493HE 53t
PI3K/AKTE] 2A|423] 3tgHdo] oF7]=]o] cetuximaboll Tt
T3 AgHdol fraEvar Karsheloh wheba ol2gt ¢
EGFR¥} HER2E &A1 JAISEAY HER2€}H] heterodimer-
ization AAI5HH EGFR A Aol thgt AgH/do] FlEEl=

AL Folsl9lal EGFR, HER2 dual inhibitor TKIS! lapa-
tinib’+< Z—.) E% afatinib(B]7}2912]) 12]31 gefitinib@} 317
HER2E #4022 3}= mAbS! pertuzumabd W3 &35}

o 94;47} 18y Fojek

Cetuximab A &AL Hol= ehx| 32320 Sre family kinase
(SFK)7} #}24J3}=]o] EGFR, HER3, 12] 3L PI3K/AKT 4l

TAGE TR E Ravk ek webd of7]9) Sre ki-
nase 2AAIR] dasatinib= #2]8}91& W HER39] &4
72:A17]31 PIBK/AKT Al A JRIAA cetuximab®] 7+
2AL FEATITE AL Helskgith ESF EGFR &A9

APALS Hol= FAEQA|EF 0| STAT3 A&7} 715 o]
98-S WAl cetuximab 22 EGFR TKISH 34 STAT3
AAAE A FARS o FF A 23} RS B
& A= ek’

EGFR¥} crosstalkS Hol= thE glo| 24l 7|u o] 4~&
Al(receptor tyrosine kinase, RTK)7} @4J3}=]o] o]& &3
EGFR A TKIO| theh A /dS Hol= 49 =t L of
FZA9] Aol cMET(hepatocyte growth factor receptor)©|

. F7359re] 80%0ll4] cMET abdrdo] ls v} 9lom
cMET &3tz <lsl <715 HER22} HER37} EGFR <
Ao Aol Tojsteia ¥ nEQr}” = EGFRe] A7}
Holle cMETS 248H shtAledgs sl S=d,
o]& oncogene bypasskil $tt}y cMET SAA|2} erlotinib
o] Wekawio] HER3/AKT 4Alodd A& &8l AUAE A
2 ool Asa S vebdcha 2 vzt Qek? 351 o)
drol %= EGFRO] B]5=-8AH|¢] Src Efo] 24l 7|UoAlE F3f
cMETE ¢l BASRARIcHE At Axke QJok” Tn-
sulin-like growth factor 1 receptor(IGF-1R)-& Al|3£2] A4},
4, w28k EeiA 9l Aol Brofsh= RTKR2A] IGF, EGF
o] oJa| Ap=-& who} AJ51E|n] EGFRY} heterodimerization

Ao M AT Z MAPK, PI3K/AKT/mTOR H2E

AJshAA EGFRe] ek Aah4dS 7117 "k IGF-1R
E—%P oF 70%01%1 W BT o $of Aol
1 IGF-1RS] mAbS! figitumumaba} IMC-
Al2 —0] 7HH}Q°1 9= Q¥ B2 cetuximabi}] WA
of tisf ofz] A7} 2dY Folck?
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1Y 44 Ho|(EGFR variant III)

B4 A 22|29 (non-small cell lung cancer) = 2]
Fetol 4= EGFRE] Eto|2Al 7]uolA] 9] EdRio|
Eit otk EGFRE| 2j7tE7} ZvtsHA| Bz Al e
o] Ao & A XSS Hol= EGFRVII ER0]
TS oA 0~40%2] thoket Hw o) Wdl oFARS Helr”?
kA o] gt A2 cetuximabdt B2 mAb 2FA0] disiAd=
A &}AS HolA | afatiniby} 22 87} 2 o2 EGFR
£ A= TKIZF 237 k= a1 X188 Folch

n

fo 12 rr o

ol of

Rat sarcoma viral oncogene homolog(RAS) ¢ o]

QoA cetuximabe] A&l V-Ki-ras2 Kirsten rat
sarcoma viral oncogene homolog(KRAS) &0 7} 3o
5to] EGFRE] shit Aledd AA91 MAPKY PI3K/AKT
AoHEE A&H 02 Stk Aol delA glon,
TRl A= KRAS SdWolE 3~7%2 57 W
3L @35]2] HRASO| Edwo|7t 22% 2 Rt o &7 Hile
7} oIk FAHetol A19] RAS S91H o)) ogto] Bato
© W} B2 A7) XggE|ojof & Ao = Helr,

PISK/AKT 7 & &A43}

EGFR JAIA|S] A8Hd 71319 gt 7}A| = phosphatase and
tensin homolog(PTEN)2] E¢Ho] -2 Hha] #|5}= 2la] o]
o] Z27sh= PIBK/AKT A&7} EA43k=l= Zlo] d&A 9l
o} o] Fol ML FA], Al AF A9 AHE-2 S
oz} vascular endothelial growth factor(VEGF)E £3t &
T AR 24 D AR -7HRA3E oY (epithelial-mesenchymal
transition, EMT)= &3l S%A229] 35, Zolof| &= gk
o} uhbA] of2lgt S PI3K/AKT A2 A -2 mTOR
AAANE WMo 2 A A2sto] EGFR A& =53t
14} k= AirSo] Ma) Folch DAmato 5°& cetuximab
off S Kol o] 747U AlE=0] PI3K/mTOR &
Al JAA|9] PKI-5875 cetuximab} BEax o 2 22]5t%]
= W A1 QAL A 2 AFE A5 Ho] EGFR A%
Aol FEE-S-S Blstgitt. Wang 5% AR ce-
tuximab A& T AZFA cetuximabd} mTOR
AAAE WY FootelS of et Al oA Zat =

tiekee Zle Hel vf ek

4

EMT
AP 7PN E o] SIEMTIOlRE Al e wisle} o] 4]
3 2T AZAE 2 AE A =

°
=
vimentin &8 %7}, E-cadherin 74, 7183l claudin 4/7 &

184

F 7AE ERoa 3tt® EMTY} cetuximab, gefitinib™
o] AgHAdel] 71efgiriar defA] ¢lom, Yoshikawa 572 &
Z7)M|227} oxidative stressEEE] TTF 4= Q)= FPALSE A A
Hll(antioxidant system)= 3240 2 5}o] QA= 8+ 4L EGFR
AL Hol= UA|E2] EGFRo) tigt A 57412
4= Qlokar K asheich

Angiogenesis
EGFR A Aol theh 234 71X o= tfFH Zo] Ei
AlA(angiogenesis) 2] o4 Z&o]t}. Viloria—Peti

EGFR @&HA|oll Ad/de Hole 6719 A25E WE0] pa-

o]r\l)
flo
[

< T EGFR A& SXME 4= w2l AT +

=
S-S wel v oIk

HER2 %% x|8

tt2 HER familyet= 98 HER2E 7= 2
¢l t}2 HER family member?} Agsto] Ao 8 S
= 93he 7HItk HER2+: heterodimerizations 427
HER family 4=84o] mtet £2 fofsh= 457} 2polg B
o]id|, EGFR/HER2: 32 MAPK AZ2E SAA]7]=
v HER2/HER3 23141 MAPK#E olug}l PI3K/AKT
7zo] s w Z7MAZIChHFig. 1). HER2E $19, #lS, gt
< vEste] ofg] QoA S 9 Ipdo] Hof glgo] U
A Ik 3o A= HER2 o] 0~47%714] thef
317 BaLE|a 9ok HER2 4] Zhdklo] 7420k0] thm
% ALE 7t 9 PEE g2 ddo] Uk TR
¢oll4= EGFR} 9174 HER29] #pgrdo] Fhbe= %97t
&3y, upebA AEsEES0] EGFR JAIAIL] A1dHAle] i
A2l 7102 HER2 HHEEZ & 47 L o] F AT E &
Alo] A5l kel tigt 77} @o) o] FojH >

HER2¢] th3t ¥4 X2 A ZA1= trastuzumab, pertuzums-
ab} -2 mAb2} lapatinib(7}¥4 EGFR, HER2 A|A]),
afatinib(®]7}99%4 EGFR, HER2, HER4 2JA||A)), dacomitinib
(17192 HMHER SAA) 52] TKI AAI7} 7o} 75
ool thsiA A7} 2y Folch™
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cMET A3 A8
cMETL RTK9] 312 A] hepatocyte growth factor(HGF)
7F ezl fdgt gztEolck HGE7F ceMETe) 238 =H



dimerizationa 427 Grb2¢} GablS 53l th2 RTKS:
T2z oY s AT AAE A=, MAPK,
PI3K/AKT, janus kinaseJAK)/STAT & o] Q\c}. Egt
E-cadherin 74>, p—catenin® micro-RNA 57} 5= 53
EMTO% #ofdl= 2oz deA ok FAFdol =
HGF-cMET 29| ol 285 Hol= 4-97F &3], cMET
= 59| IE cMETE ©JA|81= cellular phospha-
tase?] downregulation, EGFR¥} crosstalk 52 7]2L =3f
cMET7} @43}so] 9l

cMET #72 A 5AZ 7J2E oFA| 2= rilotumumab, fi-
clatuzumab, TAK-7013} Z+-& 3FHGF mAb, onartuzumab,
LY-28753581} Z-& 3}cMET mAb, 18]l foretinib, crizo-
tinib, tivatinib, cabotinib, golvatinib¥} Z-& TKI7} ¢J.om
YR FAReS 23kt oy ek dial A A

PISK/AKT/mTOR A2 ®8 |52} XA
PI3K/AKT/mTOR %2+ 7734 HBA|ZAFolA 71
BalA o dREE Hol= Al AARA 2F 30~50% 7
ol A WFAEICE®? PI3K= ofg] RTKO] 2Js) 24sls]e=d|,
EGFR, HER3, cMET, platelet-derived growth factor recep-
tor, VEGFR, IGF-IR 5°] qIth F745eolA EGFRE] =2
W4 -23} thE ErbB family member?} heterodimerization
& o]Zr}= ARAlo] PI3K W3t AHF A5} dojdth=
AL AAFSITE PI3KE 42218 0 2 AKT, mTOR, 123 p70
S6KE &/dstAl7]o] Az e] 44, 54, S S3XRL
t}. PI3KQ] $4] 2442 PTEN FFAAIIA7E Qlct.
FAKO o A= PIK3CA, AKT 470 Edwo] &l 2=
PTENS] E¢HHo] 5.2 AA1R Qlaf AKTS| 7237} 2
o]uar PI3K/AKT/mTOR Al Hgo] Z7)sto] Zoke] 4
S X1t} PIBK/AKT/mTOR 729 12h4st= g
oFZaH WAl e ial ofu)gl EGFR ¥4 X 29] A&
< FEgih
PI3K/AKT/mTOR AZE %O & sfute oFA| ZFofA
PI3K JAAl= ZA| FPI3K JAIAILL PI3K oFg S04
& o dEct PI3K family= 1, 11 1118 37127} 9l 182 ot
Al pl10a, pl10B, pl105(]14 IA®)T} pl10y(IBE) .2 A&
shek 4= Sl=t, 7 - 2 TolE]= ofg PI3K 1A
golt}, PI3K 13 HE ofgS BHO & dl= HPI3K A
A &2+= buparlisib, PX-866 5°] 1L @A) F75doA L
aabol| gisf) ALAF &2 YA A7t F7Y Foloh ! =7
HetollA =& PI3K o oFgo| @ol Hof=]7]o] o] ofge] &

2 ol

ook
oX o
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o] 2Ql PI3K AAIA|I7} 7=, HAAAILE Bedo] Q=
PI3K 8 oF AAet= ge] WY 5402 HolA] ga=rt BYLT19
OFA|7} 7hkElo] AR ATHE Bl At 9o,
S} cetuximab} erlotinib®] OFA| WHSAJS =ltt= A+ 2
= QIek? AKT SA|A| 2= MK-2206, perifosine, GDC0068
So| NtElo] TRt oA AT Fofl Yk EZ mTOR
AR A7} =] everolimus, temsirolimus 5] 2FA19] &
ol sl A7t Fgl=d),” o2} o] Ao 2 mTOR
< JAIE A 2 A 28 71H 0= Q18| PI3K7} 143}
Elo] mTORY} A &/dstel= A3 7130] Eldol| whe} dual
PI3K/mTOR 2AIAI7F EE]7]o)] o] 25ict™ £ 5etel o
7} 23= dual PI3K/mTOR A4 2% BEZ235, PF-
04691502 5] QIck>*

PI3K/AKT/mTOR 7 2¢] thgt 34 2|7 dA] #[&/do] &
==, PI3K A2 AR APS Hol= F45Y
A0l A PI3KE AAShe] wHe} EGFRE 233 RTKS}
ERK 59| 4137} Z71el= 218 Helot” whebs PI3Ke} 3
7 EGFR 22 MEK 325 $Alo] AAlsh= Waads 5
3 A5 B geld = Ik’ E3F Elkabets 50
PI3K AAle] A4S Hol= T35 oA RTKI AXLO|
I Elo] EGFRY}F dimerg ©]FaL o]ojA] PLCy2t PKC
£ AR EA3HAA PI3KSE F3eH mTOR #2Hdst&
op7|dttt= A& EISHILE Yoprl PI3K AAA 9L g
EGFR, AXL %2 PKC AIAIE &4l FoAE 7 PI3K
o] AFHAJo] FEETH= AL B wsgch 11 vl = PI3K A

= oAt et HEkE Hol= thE ASHIAAIR JAK/
STAT, MAPK, NOTCH, VEGF, cMET, IGF 5-°| gl.om] u}
2}4] PI3K AIA|L} ) o]fgt AlsE A0 & Sl oA

Aok ke nesE 4= Uk

—~

Antiangiogenic therapy

F73RtollAl VEGF &2 VEGFR2/3 #do| a7 =
Ao st o 5o} dAyto] QoY AL AsH=
#A] A& oHE B AfolA T AAIAIE Foskd
= o AFHdo] UefLbA] ool tigt B W& A7F et A
Aot} Bevacizumab2 th#%]¢l VEGF mAb AR = A
Gyanchandani 52 bevacizumabol] T34 #3341 7t
A He FAHEGo|A ERK AlS S7HE B3l fibroblast
growth factor 29} fibroblast growth factor receptor 32
Helo] S7he= AS Felstl e, FGFRE AR =4
bevacizumab®]l tHgt Aol 5= 2 Hasgi. o]
gho) &= th5 TKIQ sorafenibd} sunitinibo] 7E]e] =7
Hoboll A A7t Ay Fock

-
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o A4S Holi= 497} Eslth, ATk} EGFR *Ji A

o vhoFsk U4, oIR14 et ALSAT AAe A 2hg

& wolu] uirt AZb7] the AR 7|HE B 5 9]
]_

t}. o] Llofi= £ FFA 2L ThE %40 2 I A7
o theFel AP 71HS Holr|k itk ok Eaol
w37t Q7L sHH A FAIE SAll ARE T
O 24 Ted] SN ST A= 9l Aol uket
A F7Reloll HA3kE #4 2] FE(precision medicine)S
A= ook f-4A41& (genomic), TAIA (proteomic) BF
o|eulAE 7yste] EGFRES HIESE ofg] 34 2|=9] vt
%‘* S A &3] 7 At 24 A BAE AgsiAY o
A TG A7 Hofxlo] Qe ¢ 2o i alS
dxéﬂoi 3xte) A7 makE Sistsfjof & Aot
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