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Head and neck squamous cell carcinoma (HNSCC) affects over half a million people worldwide.
Despite advances in biology and medicine, only half of the patients are alive in 5 years. The
epidermal growth factor receptor (EGFR) is overexpressed in approximately 90% of HNSCC
cases, and it is correlated with poor responses to therapy and worse prognosis. Multiple thera-
pies targeting this pathway have been tested. However, only a minority of patients has showed
meaningful responses to these agents and almost all who do develop acquired tumor resistance
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after a few months of treatment. Recently, a significant interest has focused on identifying mecha-
nisms of acquired and de novo resistance of EGFR blockage. In addition, other inhibitors of
EGFR that interfere with known molecular pathways activated in HNSCC have been studied
extensively, either as single agents or in combination with other treatment modalities. Here we
review some of EGFR resistance mechanisms and briefly discuss new molecular therapeutic
strategies to overcome that resistance in HNSCC.
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Fig. 1. EGFR family, receptor tyrosine kinase signaling pathways and cellular responses in head and neck cancer cells. EGFR: epider-
mal growth factor receptor, mTOR: mammalinan target of rapamycin, TGF: transforming growth factor, STAT: signal transducer and
activation of transcription, PI3K: phosphoinositide 3-kinase, BTC: beta-cellulin, AR: amphiregulin, NRG: neuregulin, EPR: epiregulin,

MEK: mitogen activated protein kinase, PIP: phosphatidylinositol-p|
kinase-C.
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hosphate, JAK: janus kinase, PLC: phospholipase-C, PKC: protein
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Fig. 2. Mechanisms of resistance to EGFR inhibitor. a: TGF-a overexpression. b: Overexpression of EGFR is implicated in the develop-
ment of acquired resistance. c: Ub of EGFR is important mechanisms of escape to EGFR inhibitor. d: Modulation of EGFR by SFKs. e:
The binding and activation of EGFR or HER2 to HER3, which allows sustained signals to the PI3K/AKT signal pathway. f: Translocation
of EGFR to the nucleus. g: Increased VEGF production. h: VEGFR1 contributes to resistance to EGFR inhibitor. i and j: Mutations in both
PTEN and Ras. k: Mutations in KRAS keep it in a constant active state, allowing it to send signals downstream independently from RTK
activation. I: Oncogenic shift, which has been noted with several other RTKSs, including HGF receptor, AXL and IGF1R. m: Downregulation
of the IGF- binding proteins IGFBP3 and IGFBP4, is implicated in resistance to EGFR inhibitors. n: EGFRUvIII a truncated form of EGFR
that is constitutively phosphorylated in a ligand-independent manner. o: MDGI alters trafficking of EGFR, leading to resistance to EGFR
inhibitor therapy. AXL: tyrosine-protein kinase receptor UFO (AXL oncogene), B-Myb: Myb-related protein B, CBL: E3 ubiquitin-protein
ligase CBL, EGFR: epidermal growth factor receptor, HGF: hepatocyte growth factor, IGF1R: insulin-like growth factor 1 receptor, IGFBP:
insulin-like growth factor-binding protein, MDGI: mammary derived growth inhibitor, P: phosphorylation, PCNA: proliferating cell nuclear
antigen, PI3K: phosphatidylinositol 3-kinase, PIP3: phosphatidylinositol 3,4,5-trisphosphate, PTEN: phosphatase and tensin homolog,
RTK: receptor tyrosine kinase, SFK: Src family kinase, STAT3: signal transducer and activator of transcription 3, TGF-a: transforming
growth factor alpha, Ub: ubiquitylation, VEGF: vascular endothelial growth factor, VEGFR1: vascular endothelial growth factor receptor 1,
EGFRVvIII: EGFR variant Il1.
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k. o]t Aot THAAE Y] A5 A2 PI3K, phos-
pholipase C-y1, STAT3, focal adhesion kinase, tyrosine phos-
phatase SHIP-2, MAPK, p38, c—jun N-terminal kinases,
nuclear factor kB&} -2 A S AA S SA4ISIA|7|H,
ol M9 R, Aol 9 FehilAT BiEH, EGFR ¢
Al Het AgHAdel = Bso] ek Xu 57 c-Met 9
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IGF-1Ro| A& heterodimerization®] ®t}'” IGF-1R& 21
S Al AYHZ 2 MAPK 52 PI3KE 773t 283
- Jun 52 IGF-1R0| F74%5:2t) 73%0]4 2h-aw|, o
so} edgriar B uste] IGF-1Ro] FAKT 2729 A=
& FHo] & = 9= 7Hs A AXEHATE? Figitumumab(fully
human monoclonal antibody IgG2 subtype targeting the
IGF-1R)¥} Cixutumumab(human IgGl monoclonal anti-

body)ll tellA] phase 1T YAAT+-2A37F BalEe] 9oy, ot
Z13t A2 G = Faigieht?

A JAA 9 o5 7IvobA] JAA

¥ A (angiogenesis) S {aFere] ARt Z4] @ Holol)
%93k ¥y o 2 Ak Al (hypoxic condition)ol| 4= VEGF,
platelet derived growth factor(PDGF), FGF-beta(FGF-p),
TGF beta(TGF-p), placental growth factor, angiopoietin—2
9} -2 thoFst 441 growth factor) E0] YAEEoA] F=¢]
2 Hajgo?

Bevacizumab-2 humanized [gGl monoclonal antibody
= VEGF-A%} Z2g3te] VEGF-A7} VEGFRe] 218514 &
= St 2| bevacizumab} erlotinibe] ek ol of
3} phase 11 /&A1 Xd=Iglom, 467 9] hzlofA] 15
meg/kg= 3Fult} X231 Au} ZFopyET RAPYZLS
247y 71703} 417001 Qiek ™ ®E 7129] cisplatin T¢H&
Holl bevacizumaber 571k Bk Mol oigk A7 X138
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Zolm, d7IA| 2 FRIPAYET} A LSO 242 75.9%,
8892 120l Z7VAIT ¥ 1 ETh Bevacizumabd}t
cetuximab®] H3FRR 9] 7ol = ARG ofufe} A/
Hol FrHFetol| A FxIgryEo] 2,870, AA|gEo] 7574
42 B Eet” @) 7]&2) AR =22} bevacizumab]
ek aoll thgt phase 1T Y A-7F A/ Aol d =74+
o BHrbof|A] 21e Zofl ATHINCT00588770).”

Sunitinib<> VEGFRe|| thgk A A|o]HA] “5-Alof| platelet
derived growth factor receptorstPDGF-Rs), c—kit, RET, col-
ony stimulating factor 1 receptor, flt3 5 T}FeE 342 FA|
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HA EE] 42 20709, 340ER B gk

Sorafenib-> VEGFR, PDGFR, Raf, c-kit kinaseE 54|l
AAst= o 7ol AAAE S8R o= 41799] et
|25 WA o2 A/ Mol A Ret SRkl A phase
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AR gt A5 = ARESE A, A =mEo] 84%, 11
SPryEgol 8571, AAYEE] 22.670E = 1LFAQ] At
7} R = dek? @4 cetuximab Y5} sorafenibate]
o] tigtk phase 1T GAA7F g/ Aol g 7 5bol
A 3 Fofl QITHNCT00939627).

Vandetanib-> VEGFR-2, EGFR, RETZ ‘gAlo] QJA5l=
Efo| 241 7|UtolA] AAA 2 Sano 572 vandetanib®] T
£9o] goka u} Wl ozl vandetanibd} cisplatine Wt
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ol HRARA X g5o| tigh Al frelekAl =ik
B sl #A) vandetanib, cisplatin®} HAMIS] BEka
Hol| thgh V-7t ehrEo] Aup s 7|the]al Qlok
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Blocking the PISK/AKT/mTOR pathway

F59t] 90% Aol Al EGFR Also} #AQlo] AKT-
mTOR A&7} 2443} =|u ofw 7-9-ofl= AKTS} ARl
mTORYF 43} =715 et dAf 3712] PI3K AAIAI(BKMI20,
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STAT ZA 2 A A|[signal transducer and activation of
transcription(STAT) pathway|
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Targeting nuclear and regulatory mechanisms

Proteasome- nuclear factor-kappa BINF-«xB)2| -3}
of| Fast, Paolli= AtA| e 2 EAfsiclrF 2433t FHE
2 AgtE|o], Ik-BE w-aliote] NF-«BE &3} Al7]aL, 24
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A g Rk gt Fetavp EaEek Chung 572 A
HbA /o)A =75t 3ixtof| A bortezomib} docetaxel H
ol 3t phase 1T AFAIH & Z3FA.0H, 270114 F

K
o] gk qWo] T3l phase I YRGS AlS5aA] Scokald %1
34 B o & olste] 7] 2R =9 Bortezomib} iri-
notecan®] HgFeHo| tidt phase 11 YA oAE= bortezo-
mib THEof| A 2] Bk-S-Fo] 393 H Zlof u|a| Bt A=
13%2] ¥H-3-E-& B 13 9iet”

Histone deacetylases(HDACs)= A2 (chromatin)2]

acetylations 28sto] F-421] W& (gene expression)<

o



Aotz maolr, A4 datollA HDAC JAIAI7F £

oF 9l ¥AbAof| tigh Wizt & 7 IThH= Aol ¢
ATE? 12yt o H 7R YA M e g o O &
7} Ak o 2 B aE]o] iy dA wAIEd TRt ol
A platinum 3¢FeH 3t HDAC @AIA|2] H3tamo] st &
AF A Bo] 23] S0 (NCT01064921, NCT01695122), erlo-
tinib2+ LBH5892] W3akaHo| thgt phase I A gAIE0] 213y
2] QILHINCT00738751)."

Heat shock proteins(HSP)+= @i o] L0 HHE 7]5
A AR Az7F AEYAS W= 749 1| sk

Aoz deA glrk HSPI02] AAAIR] NVP-AUY922+=
TFREA| 2L ol| ThaliA] FAEI} Q= AR A Q=
g ErbB2, AKT, S6, hypoxia—inducible factor 1-0, VEGF
off digt A7} 1 71 ez deA e, E35] HSP9OT}
EGFRE] AJ&2hg-0] FoFe] 44t -2]o] 583}ttt o]
YA WA FHEQe] A5 A 0 & HSPIOo| 55 7]
A1 ZFstsaTt @A cetuximabd} [PI-9260]2}= HSP0O &A1)
o] wgkaol| that JAFIT7} 28 5o thNCT01255800).”

Notch—1

#|< gene sequencing= Ff T3] HFA| £ A
Notch-12] E¢Ho|7} Br & AW A] Notch-10] F7 5ok 34
A mol| A 52 7] AJAFSEGITE Notch-1-2 47H9] Notch
family 9] shUE A2} A EZ Alo]9] A A (cell-to—cell
communication)°l] 583t HHS dh= =84 (trans-
membrane receptor)©|t}. OFR7HA] F7 5o Al Notch-1
o] Agtof tiaiA] Yl vt WA= AR, Jagged-1}
Notch-10] 7| FHLE= o] of Fo} F#E]w ™ STAT3
7} Notch-12] @&o] cisplatin &2 =2e] digh Aahdzt o
HEs 2% k™ Machiels S in vitrooll 4] Notch
ANTADE AT -5 A HFA E ] AJ7o] AL
X gk vp glok

2 £

EGFR AIAle] gt Al b= F75e ol 4%
759 73S sl AAbeRR o, W Ate] AutE g
EGFR ©YZE3A, A&A efo|=Al E/dsta s AAA,
EGFR DNA ¥+ mRNA©] o3l antisense oligonucleotide
ol 7HdEo] ol A8Eo] AAf Hzhgt F2Hg glo] H
WA okt oFA|Eo] AH83} E9lont” EGFR AR T
S 2= PRt Hojurha 7] ofgaL, tLo] 22
+ EGFRE] Wiolid 9 54/ A3 2 71 7] tigh KoL

ox
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0] Z3] o]FojAaL qlo], B combination) % TAIZ
(sequential) EHZ| & Q99| DaAjo] dijFx|1 gt
FAR| 2= A ] Hat ol 7MY Fast B9 =
o|(driver mutation)& AFEFH UM EZE APEAD 4=
Zoleh= Aol A vl AR N ELE ThoF
A vl 7HA AL Qlar, 2 drolate kxjut gk g
Ao A AR Qo] whaka] ohE k- BY 4= Qlrk AA]
o] g BERtol| A AAE shtke] Fa QoA FHA; Hol<]
oFAfo] thaFsitiar A A ok’ aBE R Aol #2
A 52AS] 23T SAF N1 FFoll thste] ek
I #E B EA 9 SR wheh ohE 23S ol
B3t A Al=7) H esich
AA EGFRY A S5t ot A2 24k
Aol tfgt A+t7F gs] o] F2|aL gle
2 BAZ AAIEl= A& ThEaR £-2 EGFR 2AA|
o o5 ofFEte] HEkaro] A=y glo] iyt FEH
o} ey AYAF ATl A I E9kE 2gto] YA
oM AP} FA| oot AE SHAFE How HX| grt?
I o]t Aol & 8F A (subgroup analysis) &
FollA L olfE sk Aol Fash, olgt dAqtEol
P AT EOIA FHAEE 3 e} AEof QlojA =
2 E 9 QAL By on] Qlar XAk onjo] A} Uk 2

H(personalized medicine)& 757 & 4= & Aotk
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