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After FDA approval of cetuximab at 2006, receptor tyrosine kinase, including an epidermal
growth factor receptor, blocking agents have been evaluated for head and neck squamous cell
carcinoma (HNSCC). Agents targeting PI3K/Akt/mTOR, IL-6/JAK/STAT3, vascular endothe-
lial growth factor receptor, and cyclin D-CDK-4/6-INK4/Rb pathway have developed. Most of
them have failed to demonstrate better treatment outcome in recurrent and/or metastatic (R/M)
HNSCC than conventional chemotherapy. Since a pivotal role of PD-1/PD-L1 pathway in immu-
nological tumor microenvironment was revealed, the immune checkpoint inhibitors, including
pembrolizumab and nivolumab, have opened new paradigm of cancer treatment modality and
propagates other immune-based therapies for R/M HNSCC. Various types of combination tri-
als consisting of immunotherapy with other class of immunotherapy, targeted agents, radiation
therapy, or conventional chemotherapy have been under investigation to improve treatment out-
come. Biomarker studies to find an optimal candidate for the newly developed agents are accom-
panied. These clinical trials lead to tailored approach based on immunotherapy with precision
medicine is expected to lead to promising results.
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SFE2 30%°) o|2r) & AFRE I 9l platinum )8
o Amef A= Kol A ol 12 1 m|vto]
ot 529 ek A=l BAIFY WA 2] 8= HNSCC
o] AEES F71H o2 AWAAZIA] FEakar ek 1
E ol (recurrent or metastatic HN-
SCC, R/M HNSCO)°l| tigt A= 2= ofA|¢] 7ol S8
steh Alckrt 7129 FUAl= AR FAe-S fde 4= 9l
7] tizoll #4 A 5g Fof FAE-S EoldHA AR A
AT 4= ol S skt shqloh tiEQl A2
2006F¢]] FDAS] 45918 W2 epidermal growth factor re—
ceptor (EGFR) inhibitor?] cetuximab®] 21tk EGFRL- trans-
membrane tyrosine kinase ~8X|2 Ras, PI3KS} Z-& U
5 ASAAE SASAAA Ao 2, d 34, M5 A
o5 Uo7l bl 7]ofgiek” 187] wjo] platinum X Eo]
s A Holi= HNSCCOf tialiAl cetuximabs A
o AS A= AdAo] E Ao m A Lot cetuximab
A g2of| gt A= ol A Yol ek SxE 2
ohu7] 9J3t HAXE WATIA| = H5IQeE” TR o
A G402 AgH HNSCCo| AM4E+E CCRTOfl&=
cisplatin®] 12} ¢FA|Z T2 910 P cetuximab?] 7S
HPV() HRIFSFoll A AR} ¥-8-8llA] AR cispl-
atin?} WA X5 Betare] vlsiA ofxte] AEE 74
FIE HQITEY {71} wHolo] gigt 32 2|27} 74 2e) A
W= HolR| FIIAL Q= Afolol|, | oll= FoF WSt &
AshAX FHAEL}; 1 F919] MM E o]-83t 7ol
Z5g& W) AR 25291 FA|9) cetuximab, af-
atinib ©|2]of] HITE AAA(immune checkpoint inhibi-
tor)7} AjgF = o)A (recurrent or metastatic, R/M) HNSCC
off thgt 22} SFA|E IAS W7] AlZtsgiTt. offolli= Al
W AS71dE 380 2 o= 32 X5A9 i dstat |
AR mA0] 2§ Helo] e} ro 2 o] Akl dis
ArgstaLat gk
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EGFR, ErbB, PI3K/Akt/mTOR, IL-6/JAK/STAT3, cy-
clin D-CDKA4/6-Rb Al 2 7]&0] 2|7F2] HNSCCell thgt A
& ¥ o7 AFEEITh HNSCCo| thaliA 27k Ats
AL Qs Al 7ol mhg FAlE Aelst ik Table 1, Fig. D).

EGFR targeting drugs

EGFRZ 5% Al Ao A& £9, dasA
S Z2AZILEY EGFRE HNSCC2| 50~90%01|4 -3
] U At S Aol R o9 AR ARl o

FukSA) A] e Agat Ao} 9ok EGFRe o
3 A RA|= FUEFE FA(monoclonal antibody)el
cetuximab, panitumumab@} tyrosine kinase inhibitor(TKI)
¢l gefitinib, erlotinib, afatinib, lapatinib® &5 4= ¢Jch
HASE A BE 8AY ool At =&A7}
AP} HA] Far oA s AL FERit TKIE 84
UHo] ATP A% B Q1S AR5} tyrosine kinase?] B4
T2 oAgit) FAaR o 2 KYFH HNSCCo| thafia] HhabAl
ARE G502 AMESl= AET} cetuximabdt WA A&

= o] AT 79 ARl AYEE(overall survival, OS)

Table 1. Molecular targets and matched agents currently avail-
able for head and neck squamous cell carcinoma

Mechanism of action
EGFR inhibitor
ErbB family inhibitor

Drugs

Cetuximab
Afatinib

PI3K inhibitor Buparlisib (BKM-120)
Alpelisio (BYL-719)
Copenlisib
Taselisib

mTOR inhibitor Everolimus

Temsirolimus
Dactolisib (combined with PI3K-inhibition)

JAK1/2 inhibitor Ruxolitinibb

STAT3 inhibitor AZD9150
C188-9

Angiogenesis Bevacizumab

inhibitor Pazopanib

Axitinib

CDK 4/6 inhibitor Palbociclib
Ribociclib

Abemaciclib
HGF inhibitor Ficlatuzumab (AV-299)

EGFR: epidermal growth factor receptor, mTOR: mammalian
target of rapamycin, CDK: cyclin dependent kinase
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Fig. 1. Receptor tyrosine kinase and cytokine-related signaling pathways in head and neck squamous cell carcinoma. Adapted from Lee

YS, et al. Expert Opin Emerg Drugs 2018;23(4):283-99."

o] 207/1¥ 715 Z713I%EE” o) % eltoll A W3t X 245.6%)
9] 5 AEEo] WA T 2|5 (36.4%)Et -5k 0
o] 5 HFO & 2006 =4X18) HNSCCell tai4] FDA &
Q& WFOFAL cetuximab®] &-5-35°0] R/M HNSCC7HA] tf
=9}k Eastern Cooperative Oncology Group®]] ]2l A|8
o]zl R/M HNSCCO tfigt Aol 4] cetuximab+cisplatin
52 HH-5-80](26%) cisplatin ©521 A& (10%) 2t
=t Progression—free survival(PES)@}F OS E3H 74
A= AN AT 79432 $1%ith Cisplatin®]] gt BF
So] ul FAES Ak 2 §F dItollA= A 24 S {dis-
ease control ratel(DCR); partial remission, complete remis—
sion, and stable diseasel®] 46%tt? 5-FU/platinum 7|5+
e A 720 cetuximabs 71 75 OS¢} PES7F 242t 74
7iollA 10.170, 3.370 el A 5.6/ L= sl = AL 24l
ALk o]2)gt ¢S uigo 2 FDAQ} European Medi-
cine Agency(EMA)JlA 2011l R/M HNSCCe]l thgt ]
H2Z cetuximab®] 7} A& 3|7}81AT]. Panitumumab
< EGFRe dAIgh= 1gG2 FAolth. R/M HNSCCe thet
34 Aol A panitumumabs W88 49 PEFSE 1.271€
L AdEE 5E BHYlou SAISHAES] ulE 2hs 4
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EGFR2 EGFR/ErbBl/human epidermal growth factor
receptor(HER)-1, ErbB2/HER-2/neu, ErbB3/HER-3, ErbB4/
HER-45 Z35}E ErbBatoll &b =840k =84
W] Az 717 AIsE ] fIeiA] TKIZE o] 4 Alell
A AFEEIRI O™ afatinib, dacomitinib, gefitinib, erlotinib,
lapatinib, vandetanib®] Z]Lof AF&-E%Ic}. Afatinib-2 4|7}
oA © 2 EGFR, ErbB2/HER-2, ErbB4/HER-45 A5}
™ R/M HNSCCell thgt ol Ale] =& o]531rt National
Comprehensive Cancer Network(NCCN) guideline®]| 4]
R/M HNSCCo] thaljA 22} kA= U35kl Qict Afatinib
S Eojuke FRl = methotrexateS Fojike RIERTE
PES(2.67114), ORR(10%)°] 7= Aek. F-¢15F¢fo] ofyar
pl6(), =& phosphatase tensin homolog(PTEN) &3, &
2 HER-3 ¥4, &2 EGFRo] £ A& WH3-& ol =3}
QAAMATE? Afatinibe] EIHE cetuximab¥} v w5} %-&
H]5=3F ORR, DCRe HA|RE oF A ol FA4R-8-2 afatinib
ool A o Eeh A= ek vhgo] §iid H¢-
T 7] OFAlIE mAF ARES Sl AHAde Hole A9t
AUk T o= Y= HA|7F E7FgF HNSCCOll tigh
FEFAH(NCTO01732640), CCRT o] A 7Hs/do] &=
2 ZR}of| tfgt 7} ARS-(NCTO1427478), cetuximabte] ¥
|FA(NCT02979977)0l gt A7k 13 FolH EGFR,
PTEN, HER-29] ¥10]9] L35 2ha}o] 2ol A Al 4
ZJolt}. Erlotinibe % 3-8 HO &2 @7 |7F A8 74
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£ ATSE K2l T} 19 AlLletals o Ak
23} 34)F o1 o]Atof| A L3t S Holx|= L)
Dacomitinib, gefitinib, lapatinib, vandetinib-< HNSCC¢]|
A ol At AYE L QIA] k.

PISK/Akt/mTOR

PI3K/Akt/mTOR A& 7182 G-protein Ei= 484 ty-
rosine kinase®ll &Jsf Z/JabE|m obA|aL o] 2, A&, thAL
o]F/doll FaF= mIXIT PI3K7H All 22} titofl 218t phos—
phatidylinositol 4,5-biphosphate(PIP2)S phosphatidylino—
sitol 3,4,5-triphosphate(PIP3)2 WZIA7|A| EHA] serine/
threonine kinase AktE SASIAZICE? BASLE Akt
mTORE E43HAIZICE? ¥R PTENS PIP20)IA]
PIP32 W8te]= g8 2451 PTEN 2ait47} HNSCC
5 Z3eE o gtellA] TR PI3K/Akt/mTORS}
13kl o]AFo] HNSCCB0~50%)014 A= HAE] 11 gl o
PIK3CA2] E¢i¥o] 3.8 F2o| 7} wo] dhydic} ™
HPV() % (7~11%) 5t PIK3CAS] AR 7 HPV(+)
FU¥B0%)MA o ol FAEE” PI3KE 2JAI5te] A
9] apoptosisE FE8H H+=t BKM-120(Buparlisib),
PX-866, BYL-719(Alpelisib), copanlisib®] @2} HNSCCe||
A ATtE] Al ¢l oFA|o]t). Buparlisib, PX-866-2 paclitaxel
T+ cetuximab¥} W85t B7SFRAINE & FAES
HolAY 43t HEE& /NS Holx] Laglnh AR
PIK3CA %Wl 5 Hol= gt AINE 43 Bhg-& B
o]2] Z3IHTE” Alpelisib> 22 H21-8-0] 9lom ¥4} R/M
HNSCCol| t)3}¢] cetuximabd}2] HE 2|77} A4+ Folct
(NCT01602315). Copanlisib-> PI3KCA ®lo]|7} Q= Ao
5t cetuximab -8 A&l thisiA A7 2d Folok
(NCT02822482). mTOR SAAl= rapamycing AR =
rapamycin analogs(rapalogs)ZA4] everloimus, temsirolimus
7F A=A 1990 FHbEo] ]2 ok Ak, &
o] tigt e BIE AFB] AIREIE o] Al oF
AlE2] R/M HNSCCell gt dtol A Ao 2k
o Heg oz QlaiA Be AL Holx| okt A4
O 233 HNSCCo| thaiAl =gt ararga) dAkst At
(NCTO1133678, NCT00935961)7} ZI3=|%la1 ghdka)o]
A28 2l FAE JATFHINCTO01195922).* Temsirolimus
= platinum, cetuximab X|&of ¥H-$-& Ho|x] ord 3z}
ol A4 1239 o]22] 40%2] PFSE HTHTEMHEAD,
NCTO01172769).” Th2 ti-o] At 23t ghate] A
Wo g Qe A7k 2710 FRECH 7)ol & WY
AA A=A 2] AL 3l ek

X
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IL—6/JAK/STAT3

IL-6/JAK/STAT3 A A A= v A5 HNSCCoF 2
2 TYolA BHETL F7elo] Qek? 1L-69] Ao
[L-6, IL-6R, gp130 Aol a4l JAK &40} STAT3
AR} QAL B QIEe] Belnt Ee] Zvta
A7} 1L-62] A2 PI3K/Akt/mTOR Al &4 A2} RAS/
RAF/MEK/ERK A& A A& 2dSHAIXITE STAT3 & neu-
trophils, natural killer(NK) cells, effector T-cells, dendritic
cellsE A8l WS JA|5}+= myeloid—derived suppres—
sor cellsMDSC), regulatory T-cell®] B3ZE Z7A%Ic) 1
20L& [L-6/JAK/STAT3 A15.5 JAIsHH 23231 £ <
Al &k} FFS AAste MAAAS ST IL-65
AIA|5}= siltuximab, sirukumab, olokizumab, clazakizumab,
MEDI5117, IL-6RoS 2AI8H= tocilizumab, sarilumab®|
HNSCColl gt 4 A7k A= 3 QIek” Ruxolitinib
JAK1/2 AAAZA 4=50] 7hs3 HNSCColl thefA fri=dt
Yo A ofFehS At FoltH(NCT03153982). STAT3
£ A5 YA decoy oligonucleotide(NCT00696176),
AZDI150(NCT02499328), C188-9(NCT03195699) 5] A&
a1 itk AZD91502} durvalumab®le] ®3eto] durvalum—
ab ©E A2 HT} £2 HHSES Bk Al HYHE
AA AL} IL-6/JAK/STAT3 AA|2ke] #ighE 53 A7

Y= AL Ak

Vascular endothelial growth factor

AAbaG2 A5AlS F48H= vascular endothelial
growth factor(VEGF)E 1} A|A A HNSCCS] o=} ¢
AHolg X7 WA 2| =of gk B3-S AT
t}*® Bevacizumab, sorafenib, sunitinib, vandetanib, pa-
zopanib, axitinib®] A% )2 ™ bevacizumab®] malig-
nant glioma®] T4 & FDA 3712 2tch™ Bevaci-
zumab} erlotinib®] BWEO 2 15%2] BABE 24 2
t}? Cetuximab¥}2] Hgto 2= YELo| 7jA4E Holx] &
okow" o7} gli= HeYH W7]e] HNSCCel thaliAl cis-
platin®} intensity modulated RTE o] A8 7% 75%2]
24 PFS, 88%2] 2| 0S¢] 24< RYrk?” 5-FU9} plati-
num AE ofA|eke] Bl A= ORRO| 11%, PFS7} 270
A= NAEe a3HE B9 out 0S9] 7HAS: Holx| Fgtch®
HNSCCellA ik A4do] a3t F4o] & 4= Q)& 2o =
A2 E] A9k AA| 2 sorafenib, vandetanib, axitinib, sunitinib
2 HNSCC Satol| tigh 4 Al Ak 4] oopa] 2k
et A7 2= AL QlA] fdrt



Cyclin D-CDK4/6—INK4/Rb pathway

Ao EA 5 gt 77 2EER] o= Aﬂ** Hdoln o]
ok Igol| Fofsh= AT AA Fagh 14 =29 giAtol
= 4= 9Jt}. Cyclin D-CDK4/CDK6/Rb Alzz A AollA] CDKs
= cylcin?te] 2H4-& 534 Gl7]oA S7|2 o|ai=]= 3}
Ao zAFLY IR cyclin D2 CDK4/6, T cyclin
D/CDK4/62] A 24211 pl6INK4AL] 747} ka0
A &3] wEEe A= Rbo QLS 53t A7) Gt
o] N|ZZF7]9] Zafo] ul A o 2 |LEhY TCGA £4]
< 534 CCDNI(cyclin DIE #9)2] 57H31%) CDKN2A
(pl6™*Ae FT)) oA ¥0](22%)7F HNSCCeOllA WA= 9]
t}? Palbociclib, ribociclib2 CDK4, CDK6S T A5}
™ abemaciclibS CDK4Z A&z o2 oJA5tek” Palbo-
cichbg Zey= iﬁé%* 2t 2790014 PgE Al E
BA80 2 55 7k, 7, w27 HAL

Xuted %'— %— ] At Ribociclib% &5, YL, Wy
o] kAt ‘?n_ AY3FATE? Abemaciclib2 1702 AH 7}
7hestv] =2 %%L Hagol WS el o4,

38F9IEE CDK4/6/Rb A1E 4|7 2]

o]Ake HPV(+) HNSCC?] EA4olct E7 £tk zo] RbS
AAEtA ploS S7HAI7I=H o714 pl6> CDK4/6 AA]
82 Zg3ct a8 u g CDK4/6 AAAS HPVeF daks
HNSCCell &3} ¢l& Zlo & Azho] Ejglom 27] 4f Al
oAM= pl6™ A (-) FFe BRI, ple™AH) FF ut
5ol §iAY WRlo] xgst= 497t QlofA] o] dAtollAl=
pl6™ () HNSCC 3= & thate &2 sfar 9Iok™ Plat-
inum A34do] Q1A cetuximab 2 & X EHIA] 9FS HPV(-)
R/M HNSCCE tjj3}2 & palbociclib+cetuximab SI-+7}F Z
YE| o RR2 35%, PFSE 647019, OS= 1217103
t}>” Palbocicilib+platinum(NCT03194373), cetuximab+RT
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(NCT03024489), gedatolisib(NCT03065062) Zgtof| palbo-
ciclib& 7t A7 18] 1 ¢lom A4 7Hsg HPV()
HNSCC 3Hx}e] ZAALE 27| 9Jgt A7} o] z18Y So|ch
(NCTO03179956). Abemaciclib+ platinum 7|4} X &el] #]3}
A& Hol= R/M HNSCC S m3lste] A48 zayst
A &0 tH(NCT03356587).

HAAAE

PARSEER-) x]-:LUP 5 O‘E}(Table 2). olel &

S AV oS
3 A2 vhg

PD—l/PD—

AAFA 0] A

SAA

°ﬂ/\1 = TAIEZ 2l

gtek. TAI2E O] W] 'dst= HATHE
(immune checkpoint) THHAQ1 programmed cell death pro-
tein—1(PD-1) 4= cytotoxic T lymphocyte—associated an—
tigen-4(CTLA-4)0] A2 2] o 923 PD-LI 32
CD80(CD86)} 2}7} Ajtet 79 9 F+912] He 7o) ¢
Al(mmunosuppressive) =1L A 3Z=A(cytotoxic) THIFEL] 2+
& JAAY AE7} F=ol| HolA| == Frk(Fig, 2).7
o)Fof| A= A== gA|Q] anti-PD-1 &7} PD-1/PD-LI
O] A ARG A Hol FF 919 | 2ol oA
%)% oFe2 1tk Nivolumab = pembrolizumab®] R/M
HNSCCE iﬁc}?ﬂ ofg] 1P| &S A= o
T2 vl & AR R/M HNSCCol| thgt 23 oFA|2 A%
=3 ek HNSCCO] vlA] $4-& wiejo] oA H Algo]
7] wjiZoll of2|3t 275 7iAIsto] Mool A= A= vt
E7] 93t A SurE] 1 9ok Nivolumab-S 2HA3] hu-

FPEE 34

Table 2. Immunotherapeutic agents currently available for head and neck squamous cell carcinoma according to the mechanism of ac-

tion

Immune-inhibition

Immune-stimulation

Target molecules Drugs Target molecules Drugs
PD-1 Nivolumab, pembrolizumab OX40 MEDI6469, INCAGNO1949, MEDI6383,
PF04518600
PD-L1 Atezolizumab, durvalumab, avelumab GITR INCAGNO1949, TRX518, MEDI1873
CTLA-4 Ipilimumab, fremelimumab CD27 Varlilumab
LAG-3 Relatlimab CD40 PF04518600
KIR Lirilumab 4-1BB (CD137) CDX-1140
IDO Epacadostat TLR-8 Utomilumab
CSFIR Pexidartinib, cabiralizumab TLR-9 Moftolimod, SD-101
Oncolytic virus T-VEC
Adoptive T-cell therapy  CAR-T, NK cells

IDO: indoleamine 2,3-idoxygenase
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Tumor cell recognition and

activated immunity to cell death

Expansion of tumor antigen

specific T-cell and B-cell
Cross P

presentation of
antigen

Immune
checkpoint

Immune escape

Immune effectors

(stimulating cells)
CD8+ cytotoxic T-cells
CD4+ T helper T-cells
NK cells

Fig. 2. Immune escape in tumor microenvironment of head and neck squamous cell carcinoma.

manized 1gG4, pembrolizumab2 humanized [gG4 ©U=
& FAelth. R/M HNSCColl gt 34 ¢3Loll41+= nivolum-

ab(7770Y vs. 517013t pembrolizumab(8.47ﬂ'5_ vs. 7170€)
o] 71Z2] aFotA|el BlwWaAL W 02 A AIFE HY
]:]_64,65)

KEYNOTE-012 95+ pembrolizumab< HNSCCo]| A}
2519 wje] AatE EA5Hh 60%8<] PD-LI(+) HNSCC
32 A|FFste] PD-L19] Aol Aglo] 13292 R/M
HNSCC gtz jj=|oiet M4 exke] ORRS 18%[HPV
(+); 25%, HPV(); 14%]%.07 1759] SEatol| A4 e ts|
o] 27 HATEY Wh-g-& 19l 3x}o 82904 Hk-g-o] 6
N oA} Z&EQlom o]= HPV Aelo Qs JaFS
2= ekokeh 7t vhS- 717k} OSE ZH2F 12703} 1374
Holgiet FAE AtolA] 47o] 2T AHS HAO
] AA W8-S 18%%1 HPVH)Q! St A4 7)A= vt
285 Hyon ORRE PD-LIH) SHAH(22%)0)14 PD-
L1() A% R B EUTE 2% olAke] Extof|A|A o

5 T o4, TR, T8 Ao skt A%

£ vl o] ZgsA| ook Shb= 2470t A mE T
Atk kol agkel gkpso] ool g et 2| =&} ol
A& Hd S et 43 A7 Aol A7t
o 4= glom olgfgt A ATE Bl e & R/M HNSCC &
Z}2] 22} °FA| 2 pembrolizumaba 2016% 8¥ 540l FDA
%01-& gt} o] KEYNOTE-040 ¢4 pembroli-

zumabd} §¢HA] & (methotrexate, docetaxel, or cetuximab)
ofo] vlw Ao A PFSQ] 7HAL AT ORRS pem-
brolizumab(14.6%)14 712] &A1 =(10.1%) ARt

492

AAE a3 2900 PD-LIOY %9 PD-LIQ)XT Bk
S-80] | £9th Grade 3, 49] 5282 pembrolizumab 3+
(13 4%)01 4 et A& FRH36.3%) 2Tt 2] AT
KEYNOTE-0489]| 4]+ pembrolizumab ©= X &2} pem-
brolizumab®l] &% 2] &A|(5-FU, = cetuximab+platinum+
5-FU)E B3t A77} W8 F-o|cHNCT02358031).% Plat-
inum¥} cetuximaboll Tl A4S Hol+= R/M HNSCC £+
Zkoll Al pembrolizumab AFHE5FIE 7-$ ORRE 16%, =
7t HES- 717k 871 Yo ATHKEYNOTE-055)."" HPV A€
U PD-LI FdEo] il JaFS FA= 23tk 20194
NCCN guideline®| 4] pembprolizumab} platinum, 5-FU
9] ¥y3kaHo] R/M HNSCCY tist X = = platinum/5-FU/
cetuximab} T 941 HAE AL Qick

CheckMate-141°]4] R/M HNSCC $HA1-E A} 2 nivolum-
ab& o3t 34 AFE Bl oFAY AT antE Ut
3t 712 3¢t X &ol| H]8l| nivolumab2 OSE 2.47HY
WA 12718(34% vs. 197%)3} 18718(21.5% vs. 8.3%)
o] OS TzE oAl Blsf 7= AcE HPV() 2atol|AIA] T
2 9SS HYr} olggt ZuE vl & FDASF EMA
oA nivolumab< platinume®] ¥H-3-5F4| &= R/M HNSCC
ofl gt 22} FAIZ 5212 AL oFA|Q] WAIAE-L 53]
A% nivolumabe AHEEH 2F21] PES 3t I AA|E A
FAE} 7 AAE-E ER18HATE Nivolumab(13.3%)9] ORRO|
FFolA| 2| Fa(5.8%) K} fAEG o BEZL T35 nivolum—
ab(13.1%)°] FA| 2 B7-(35%) 20t W4k 20198 NCCN
guidelineﬁ] 9J51H pembrolizumab®} E2] nivolumab T

& R/M HNSCCe]l thafiA| 22} oFA| = A4=aL ik



S AT o2 1Yol PD-LIS A5+ S o PD-1
& AR Ao} vl Avts Bk olget At at-
ezolizumab, durvalumab, avelumab¥} Z+& anti-PD-L1
A1 2] HNSCCol thgt e+ SR FTE Atezolizumabs
R/M HNSCCe|| AH&-gt oA ORRE 22%%1.27 PRS2}
OS7+ 22} 2,670 8} 671 Lol AHINCTO01375842). HPVEL}
9] AL AEEHA] EFTk Durvalumabe: ©]-8-5F 1o
A 237192 PESe HPV(), HPV() EAE0] 212} 26.5%
9} 79%2] ORRE WYt} A1 2Het 2218 (grade 3 014D
9.8%°1 A @313t} PD-LI(-) R/M HNSCCE tjAto=
CONDOR trialol|4 durvalumab @<= 2] &2} tremelimum-
ab(anti-CTLA-4 agent)2t2] -8 52| AatE =I5ttt
(NCT02319044)) =2 ¥H(6.071 €)=t et 2] 2(76 months)
oAl OS7} 7HAEE sttt Avelumabg& HNSCCOllA
Mg At obg] B} H] gkt 2] anti-PD-
L1 ofAl= oh 2 WY ofAlete] B3t A& aitg BHrlshe
W A7 Z1¥Y Fo]tHINCT02952586, NCT03260023,
NCT02999087, and NCT01772004).

CTLA-4 X137

Ipilimumab-2 CTLA-4E A5}l fully humanized 1gGl
o Aol HFPH ST A AL HLEUL” SF
o] 435t AaE vlEko 2 ipilumumab¥} nivolumab
o] Wakgawo] HNSCCE 2393t e 1yt At
o2 A7 H& Fo]tH(NCT02919683, NCT03126110,
NCT03241173). Tremelimumab3} durvalumab3}2] ¥t |
FE(NCT02262741, NCT03450967)%} durvalumab(anti-PD-
L) @53} tremelimumabd} B3 E= 3} A (carboplatin
= cisplatint5-FU+cetuximab)2}2] W3t X2 A7 R/M
HNSCC S5 /o2 2138 50| (NCT02551159: KES-
TREL, NCT02369874: EAGLE) T | & 21+ AR8-5|2] ¢k

AL Qi

o2 "y 2 85A

TAIZE 48R (T-cell recepton©l 2|4 SFLESA|E
(antigen presenting cell, APC)2] FHof YeEl}= major
histocompatibility(MHC) molecules®] E]ojof TA|Z 7} €4
Shelch B xA o 7 2p55h= S4o] 9LOH TH|EZS] ebdgh
3HE Qe F Qs WY & A=A17]= TNF =8
A(OX40, 4-1BB, GITR, CD27, CD40)°]| thgt A= &l (ag-
onistic antibody)7} £ 919 W LeiE A=sto] ¢

A4S SYAICE ofe] e G e E AE HNSCC
S TP WS IO R YA AT W ek OX4O
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agonists= TAH2Eo]A] cytokineS WAYAIA AIZE APESHA
W=t} MEDI6383, 9B12, MEDI6469, INCAGNO019497} o
719 @}, Glucocorticoid-induced tumor necrosis fac—
tor receptor(GITR)-S APC} CD4™ TA| 3o A H3 ] o
o 2|9 He-S 31 FoxP39}F 1L-102] BHa-g ZoiA
Trege} A WY oA 2H8-Z Wafjskal CDS' THIZE 5
7RAZIEE” Agonistic anti-GITR &A(INCAGNO1876: NCT
03277352, NCT03126110, TRX518/MEDI1873; NCT02628574,
NCTO01239134)9} anti-PD-1 E+= anti-CTLA4 &A2k2] 1
e A4 Aol gy Folck 4-1BB(CDI137) T4
CD§', CD4" TA|ZZS} NKAJEZo A &= th Utomilumab-&
4-1BBE A=35}0] THIEQ} AA IS ghof 288 Z A3} Y
Avelumab¥}€] W& A7k 3 Fo|thH(NCT02554812).
Varlilumab< agonistic anti-CD27 &A|o1™ nivolumabi}
9] B8 X Z(NCT02335918)7} Al o]0 agonistic CD40
A1 dacetuzumabd} lucatumumab<- ©}2 HNSCCol| &
|EA] A ik

Lymphocyte—activation gene-3(LAG-3)} killer—cell
immunoglobulin-like receptors(KIRs)-2 HE thill 2]
(checkpoint protein)o|® ZF2: el NKA|Ze) Ayke
AEZEAS JAgc) Relatlimablanti-LAG-3)+nivolumab
(NCTO01968109), lirilumab(anti-KIRs)+nivolumab(®E+
ipilimumab)& Y= AL ol ggere] gk kol &
4 $o|tH(NCT03341936, NCT03347123). Lirilumab3t
nivolumab®] ¥4 X 8= 24%2] ORRE HY o PD-LI(H)
¥ A& At 7 EdY

Indoleamine—pyrrole 2,3—-dioxygenase(IDO)S £9F
2]9] tryptophan= ZAAAHA] kynurenine?] AJAHS §-=3t
t}. o] 5 F3fl " oA 7|5l 3= Tregs¥ MDSCE 57
Al7IH FF 7919 WY A 715 FE2teh Epacadostat
(IDO AAANL}F pembrolizumabd HNSCCE AF&3519S
o] g7 7} So]H(NCT02178722; ECHO-202/KEY-
NOTE-037), 34%2] ORR¥} 62%2] DCR A¥+5 H3r}. o]
3t 1, 24 AFE vEe 2 34 A9t AlE Folt

Toll-like receptors(TLRs)2 A}¥(innate) W} 25
(adaptive) WY % oIkt Motolimod(VTX-2337)2
TLR-8 agonist®A] MDSC, monocytes, NKA|ZZE A3}
t}. R/M HNSCCE cetuximabi} AFE-3F3S AL 17%9]
RR¥} 54%2] DCRE HArE™ SD-101-2 TLR-9 agonist=
interferon-05 AJAFSIo] NKAZ2} CDS' THIZE 9 F
&2 HolA gt} SD-1015 F%oll 2 FUSHA pem-
brolizumab< R/M HNSCC Ao 7] Al-g-8l= A7 3
7} Z0]th(NCT02521870). Adoptive T-cell therapy(ACT)=
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gt Tz doll T FFoIA THIZ Ee TILsS s}
of AQJo A AT F] SRt A ThA] k= ol
A eloll A e o THZE FAHCRE 7hg-Z dho] HY
7158 733 S itk R/M HNSCCE tiA2 2 ACTO|
gl 1 AAF ATtollA RS BAetar QITHINCT03247309).
HNSCColl theh =t X85 FalA &8, T4, 71=H4,
HAshgollE WA 4= etz 7St o2 WY A&
& 4= lek WAL chimeric antigen receptor(CAR)
TA2E, 44 e F3t Blo|dA7F A8 4= qiok o
= AE JA|sto] Az TAIEZS] SA1S
Sursic) Fefo] =2 7|uko 2 3 [SA101S HPV-160 25
B 7|gt vholA AR A ZA nivolumabdt HEFste] A
&2of Bkgo] = HPV-16(+) S-S tho = 24 A7}
Z18) Zo|t}® 1SA101¢} nivolumabe e < Check-
Mate-1410|4] EHE nivolumab T x| =of Hls)] o &=
36%2] ORRY] AAL ®Eth HAHnucleic acid)< 7]HHe
2 3F INO-3112, INO-90129} #E] 7|4t ADXS11-001¢] Z]
= HNSCC 315 o= A5 A12stdet™ Talimo-
gene Laherparepvec(T-VEC, IMLYGIC™)-& HSV-19]4]
719896 FDARRE 8718 -2 F%EH (oncolytic)
Hiolg]A X g Aofet, ASofli= MY SAEFS e = 3
7+E Wekor R/M HNSCCE W2 & T-VECH} pembro-
lizumab®] -8 A&7} 2 H7} FocHMASTERKEY232/
KEYNOTE-137, NCT02626000).

Q-+ e

AN2Z2AE A7 Es HA A A 2= AIE o
5O 7 ARgSh= AR Bet X F5ol| tigh At} 218y Fol
o} 12aL, 34 A=, WY 2=l thet AR 13E B ol
o|e} ATE FAAE A& M YA BAALZA] A S
QUL ol& FEIH= A WS sk o =& & = 9
ot} 11 92, cetuximab¥} &2 EGFRE X240 2 3= oFA
O] A3}/ ErbB2/HER-22] &/J3}e} HHolg EGFR type
IT(EGFRVIINS] #par@ vt Azke|Qiek® ojdtol] EMTS} A3t
¥ chilz ofA| Abg & RA|HC & WSt = VEGE, MET,
Notch, PI3K/Akt/mTOR, JAK/STAT3 4l%7]4o] EGFR
A Aol| et AatAdat dElo] ek olefet ATLE vt
© 2 HGF/c-MET 41&71%4& A8} ficlatuzumab(AV-
299)% 0|83t A7} R/M HNSCC #21-5 e &2 A7t
AP 11 QITHINCT02277197, NCT03422536). 3HA|RE cetux-—
imabell tfsto] 7|t 42 GutE Hol= le] Helst
A B A A2 ofurt,

F| o= WY A=A gt A7t sk ZeE L 9

494

oA ojwgt MY gHAo] W 2 mofl AR ¥s)7] fIgh
A7t A= F7ke} oAl AlFYE AL Qlek PD-L19] WHEo] &
A FF 9100l HAA| L] J2bo] W ek TU 7+
o7} W42 (high mutational burden, high gene ex—
pression profile score) HATHL A Aol Wh-Zo] gk}
= HAA Al gt Ae A= e, HYe oA
3l cytokines o2 TGF-p, IL-6, and IL-10, GM-CSF,
MCP-1, CXCLI, IL-8, CSF1o] &&A 1o MDSCE
HNSCC F912 ®o|A| §=3+h* MDSCE arginase 1(Arg-
1), nitric oxide synthase(iNOS), reactive oxygen species
(ROS)E Hulste] THZS] 7)%-& AAIREY ol 714
off #olzt= IDO JA|Alepacadostat), STAT3 A A|(de~
coy, OPB-51602, OPB-31131, AZD9150), phosphodiester—
ase 5(PDEs) A A|(taldalafil, sildenafil)”} ©]&{gF MDSCs
O] 282 AAIT 4= Utk olH3t HAAE o]-§7F oFA )
o] Qjof| 7]E0) oA, WA A&, 34 2| mA|eke] 23
= &% A& Ao WS FAskaL ek ol2Rt ARE &
o} T4 FAES TV S FrdeiA HSS
AFsHE A7t Aok WAk 285 7 & anti-PD-1
A ofAleke] B8 A7 %18 FolthH(NCT02609503,
NCT02586207, NCT02289209, and NCT02318771).

o7 e xRl thgt A= R/M HNSCC 325 it
o7 3R AFE st e or AAT} 7hee &
A= S 2 pembrolizumab2 FEU Q9] fPo =
ARESE= A7 AREITHINCT02296684). Pembolizumab
© 72 AJHk 48%2] SRAto| A FF] 7|7} Fago]
ZERIt =& A 2Z oA PD-LIH)(>1% FFAIE)0] 58%
oA L oH o5 FAEo] H-g-go] t EeE” o
oF FARH ez HAI7E 7Hs 7t HNSCC gt A =&
7 nivolumab< AHESIE wf P A& avtE B2t
3k A7t 2= I cHCheckMate-358; NCT02488759).
Grade 3, 49] F2H8-2 16.7%014 HAEP OV =45 A
713k A= glolt e A T 7] e 48%0 $
Aol AL S 13%2] A= Y] 27171 40%°]
A sty ol Auts uigko 2 Wo 28 A|Q
& W7 o FE o ® gzl

EGFRE #2402 dh= A9l cetuximab, TKIZ! afa-
tinib ©]€]e|| anti-PD-1 &A|9] nivolumab, pembrolizum-
abo| ol HNSCCO] |75 flsl| 71 efAlolct. X
o)z o) T HPV(H) Fol thgt 22 olali & v
2 A2 Ao] EAL Shapol| g 2 mRo] e ar ¢l
ot A= GAE Eol7] fIsiAl, i HNSCCoA] o]

£ e sl olof k= 22 A=A AH3| A



3F2aL AJEstar Qle o] e} FAlof el gt He ey
F87g0] di+Fgoll whebA W 2 =271Ho] AlEEar QAR
574 FAffARE o] 7] uhizel] ket S Fotl
A BAAL A7t Y AL Qi AAlE WS e A
7] SIRt ohefet o] ANEE L glom s St
AZ171 iRt e A=l Hiek i A5 sl A
L QIet. HNSCCe] e ZefE o= 24 71Wi& 53
SApolAl Lots MY A 2E A3 precision immuno-
therapy®] 702 S5 ART = 9l AR odst
H AAET 43 A= S UEhd o2 VRl
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These lesions should be diagnosed by physical examination and imaging, and FNA should, in general, not be
performed.
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