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Recent Updates in Cancer Immunotherapy
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Immune system is believed to play an important role in cancer initiation as well as its progression,
as evidenced by many studies revealing suppressed, defective anti-tumor immunity in cancer
patients. Modulating various components in immune surveillance, such as cytokine, antigen-
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82 FAISHA B, o] dFgollA] 3ol oJsf st
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= (receptor-ligand) Aol S4l& o] Fm, of2gt | vt
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tumor immunity)oll 83t 9hS Fhohar oA Qlok”
| B2 AEARE B, AR X B °P°ﬂ
A AR e 9 mabARl e WY 71A 9] Ak v
H=tl, 53] F7379 gHtol A A diztol vlsl A d
g kA P e oA 28 T Y3 L(regulatory T lym-
phocyte, Treg) 271> oF &3 ) A1 Z (tumor-associated

presenting cells, or B/T lymphocytes, to control and eradicate cancer has been an attractive
theme, however, preclinical/clinical trials have not been successful enough to introduce im-
munotherapy into practice. Recently, enthusiasm on cancer immunotherapy has been revived
mostly due to 1) growing body of data on the mechanism of immune checkpoint in cancer,
and 2) promising studies performed in advanced, solid cancer patients treated with blocking
antibodies targeting cytotoxic T lymphocyte-associated antigen-4 or programmed cell death
protein-1 pathways. The immune checkpoints blockade is likely to be a novel armament in can-
cer management as the outcomes of ongoing clinical trials are released in future.
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macrophage)®] 27} ¢ A7 Yz o] 3kl #37)% A5}
(down-regulation of antigen expression), A|ZEA4] T HxL

T(cytotoxic T lymphocyte)2] AP AJ3Z 2 apoptosis)”
9 £44& HolaL Qlrt. o]jol, oA = Fa
1] 4| 2ZA¢1 A} (vascular endothelial growth factor),” Z &
e B2 -S4 transforming growth
factor-p),” interleukin-10 5ol 2Jalf W 717 9] 214 2¢]
AA7} WAYsto] ek W9 7Eo] B AstEA ok
TR Eak ofuet o2 ofg] FoollA dAlE oAl &
}(anti-cancer effect)$} A|l2Z 54 CD8' T HZ o] E35}
g FE8 4= Q= B2 T AI2Z-1(T helper-1 cell)o] 3]
Q ZA5}A 0 7 Z851= B 2 T A|3E-2(T helper-2
cel)7F 5718l Sl A& Eol 4] Aol He vhgo]
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2791 gHerslskx] & (chemotherapy) 2t AR Z] & (radiation
therapy)oll A= A& o] ehAjazol ek W AA S =
o) Tojaith %), 7S] A AskSo] WuEle] gl
o], oM SAE FEE A4S SollA L AR AR
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QW ka} T H2Z4 Q¥ (adoptive T lymphocyte therapy)
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Y B 5om sl AEA YRR olofA]R] 2
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717t 9=t R EAY] UERA cetuximab®] A= 2§
% wolzlrlo] olgei 7, gro) welslmz|do] o
AT 2] WY BE (immune checkpoint) AP 9
o SR S ALET 27] QAFATOIA opy SAFR
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oF SolME qhESt wiet QAF AJ2e Bl H Folrt”

2 ol 7128 o2l 7HA] W A mrat 3 22
ZQ WY I A (immune checkpoint blockage)ol] 2H-&-
She A ARWO R ABA £5 Wi g ) AE 54 T
YL AT H-4(cytotoxic T lymphocyte—associated
antigen—4, CTLA-4)9}, 2) AgE Alz4E TE-1(pro-
grammed cell death protein 1, PD-1/PD-L1 pathway)< %
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, Ao A S L1, IL-2,
IL-6, IL-8, £ AFQIAHtumor necrosis factor—a), inter-
feron—y(IFN-y), granulocyte—colony stimulating factor,
granulocyte—macrophage colony stimulating factor 52
ZSHES AR5 iroquois homeobox protein 2(IRX-2)

A 9 S 24 7] FAR 9 BE PO G o
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77171 18l oheFet e AY S
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AFtollA WAl Fof W2 exbtoll A He A4 Treg7t
AR, p53 5014 T HE47F S71e e A1 Al
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Ho A2 ZF(Immune checkpoint blockade)
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A& A A3 (co-inhibitory stimulus)S 5= HY A
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MNEZEA T 3237 93 &A(Cytotoxic T lymphocyte—
associated antigen, CTLA—4)

CTLA-4= 22 JA A7 Ao 2 o4ty He
TEA A, A2 T HZ9] FHoA T HZ+ =84
(T cell receptor, TCR) ligation ©]%0] W= ia
SAo|cH(Fig. 1A). ¥l CTLA-42] &2 gl 3¢
A=l sl vpehgt WSS AATO 24 A7HHS 9
S grofa= Zolu, oF 2HAke] €5 TregolAl CTLA-4
Q Hrgo] A diztol vl $71sk= Aoz dreA] 9l

a1, o]& Qlalf et ogt FAHeE HY g (tolerance)2t H
9 3l9|(immune escape)l 7|ojgt= Ao 2 AYztECE?
CTLA-4+= A% A=A =849 CD28Y} FAAZ o = 3¢
AAAMEZS] BT gj7t=o] AgslA =e=d, CTLA—47}
CD28Xt} B7 gj7teo] thsll 21344 (affinity)o] T =
o7 A Ik ol2fet MaHA xfo|= ¢la) CTLA—4t
CD28-B7 ZAgto] oot WA= gz o g Ao g
W T Y2 7152 5% 24 (down regulation)sHA| =, T
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g 3237 vl (cell cycle arres) & S-E=5H4 Fok*
ojuf, CTLA-49] #-8-& TZEA| =2 kst CD28%

: CD28 _+o>

’= = signal =)

antigen TCR
Naive or resting T cell

Lymph node i CTLA-4 translocated to cell surface

: CD 28 _+°>

’= m—signal me—]

antigen TCR

o-stimulating recept
—

’= = signal =)

antigen TCR
Naive or resting T cell

Trafficking of T-cell
&
inflammation

Lymph node

Tumor cell

L O)——p S‘g"a")’

- —
PD-L1 or PD-L. PD-1
Antigen-experienced T cell
Tumor microenvironment

Fig. 1. The Immune check point. The cytotoxic T lymphocyte—as-
sociated antigen 4 (CTLA-4). For activation of T lymphocyte, anti-
gens complexed with major histocompatibility complex (MHC)
were presented to T cell receptor (TCR) by antigen presenting cell
(dendritic cell). At this time, costimulatory signal between B7 on an
antigen presenting cell and CD 28 on the T lymphocyte have an im-
portant role. Early after T lymphocyte activation, plasma membrane
expression of CTLA-4 downregulates functions of T lymphocyte for
immunologic homeostatic maintenance (A). The programmed cell
death protein-1 (PD-1). PD-1 regulates immune response of T lym-
phocyte about inflammatory reaction to infection in tissues. PD-L1/
PD-L2 is induced by inflammatory response in tissue, and binds
to PD-1 receptor expressed on T lymphocyte. As a result, this sig-
nal downregulate T lymphocyte to minimize additional tissue dam-
age in response to continuous immune reaction. In tumor microen-
vironment, when PD-L1/PD-L2 expressed on tumor cell binds to
PD-1 on the effector T lymphocyte in tumor microenvironment, this
interaction suppress anti-tumor immune response of T lymphocyte

(B).
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B70] Agsto], WA= Hagk TCR A2 E =517
Elo] HEEAd T Hazto] oJgh ohgplof gk Al x-8-all(cy-
tolysis)7F S7FsIAl HaL, o]& F8f YAIE A axprt WAy
51 e
CTLA-45 Ao & 3t= TZ=3A| 2 The Food and
Drug Administration(FDA) %912 ¥H& 2| % 9] 2FA||2] ipi-
limumab(Bristol-Myers Squibb, New York, NY, USA)¥}+
AR ket AAFAT7E XY Foll 9= tremelimumab(for-
merly Pfizer, currently MedImmune/AstraZeneca, Wilm-
ington, DE, USA)7} 21tk Ipilimumab-& 2414 CTLA-4 7|
A& Apdsh= [gG4 TEEFARNH, A&E S4F A&
oz gk ME ohE 2719 4 34 Aol HA A=
£9| 3pS HolHA FDA 591& Bk 2|29 WY ¥hE A}
ok FAlo]t}. Hodi 570l 28t MolAd S A% (3~47))L of
Ao =2 gk Ao A, glycoprotein 100(gpl00) T+= ipilim-
umab THEF B2 gpl007} ipilimumabs Zo] Fo
gk Ao 2 Uy AEEE Bl 2xh ipilimumab(G
HEHFo] B Fofto] AEEo] gpl00 T Fo
o vl F-2lekA S7Fektt(10.071€ vs. 6.4714). Prieto
_,] Hil= 9kba 1o} U3 Hold SAE FIRLE o
0 F ipilimumab X EZ A|3slaL, B4t 71701 o)A A7)
%ﬂr%r =, ipilimumab} [L-25 o] Fofgh
o AEEO] 1671ER 7P pakalal, 53] e #
—‘2— Hol AE 1792 A 1% =), ipilimumab |
TR o|Fo = 7\1*—‘7*—1% oF a7t ek 2tz s A5t
ol WY A& TR T vHlwA A&E= oF oA
7 anE E‘x‘rf}i oA thA] ghH FEREQT: £
Sro A= oF = A7 W Treg®] CTLA-4 Hdo] 5
7he]o] Itk A& a12f8hH, ipilimumabell o3t A= A}
Z 7|8l & o= =T, e o] AR AR
¥ (fractionated radiotherapy)°4] CTLA-4 q“a%?% Al
= 7Po] /\]-,Q_—C;]. 2 [q] H]—/\]./\—] Z/\]. Odoﬂ Hl-_,] o];q. C—jzol—
o] A A% = R4l AitE Hol= A+E & i,w A
4K O 72 Y% FAEOr FRF LS thAFO 2 cetuximab,
intensity modulated radiotherapy2} 3+ ipilimumab2 AF
ot A 1 A7 218 F-otHINCTO186430).
Tremelimumab< CTLA-4%} &2 SIS Hol&= [eG2
23| 2 4], Camacho S3Y0] AJ8¥st oFd B A1E 3}
£ ez 3k 1724 FATolAl ipilimumabt -FAFR
anE Hth 53], 89S X U4 24 dAtollA
10%2] &% WHg-E-& HolHA|, 159 2Pd ysfie} 3ol H
i W E H IS, grade 3/4 o RE-S-2 oFAl8-Foll wh
2hA] 13~27%2 UEhdth @A 13 S35 2AkE diide
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B 24 AT A Foln, vl 2 Jﬂ‘” AE o
Jo R MR o2 T W T AA| Hitad digt
2 A+t XJ‘JE Zo|tHNCTO01843374). %—i, oJAkeI L

FerollAe] aate] digh Atk 7]dia]

A8 % NZ4AE bl (Programmed cell death
protein—1, PD—1)

PD-1 94|, B7-CD28 familyo] £3h= 415 A4 &
o] Qlo]u], TCR 248} ofF CTLA-43r} o thopat 557
o WAMNZM|ZEA T F2, AA SN2, B F2, o

R E

é

ﬂJ

S)ollA A= HFig. 1B). PD-1¢] 27t=
¢l PD-L1& I[FN-y2] Ap=of 2Jaf v]=84 %=Z|(non-he-
matopoietic tissue)ol] A0 2 ¥ ¥ =g PD-1 4849}
9] AsFS Z3|| nuclear factor kappa-light-chain—enhancer
of activated B cells ZAHtranscription) & IFN-y £H]& ¢
Ao =, 4 -3 & APAR-Soly e Ao =
HE A 22& BosHe Ao A7 CTLA-49}
FAFSHA PD-1% Treg HEZollA 7351 'd =] =1, Treg
HE7E oF 22 W= Hol FaEo] e e At o,
PD-1 713& ApslA| =H oF 224 W Treg H24 JA=
Fske] QAL A WY Hhe-& F=T = QA Eok E:L
Hko 2= o) AkuloHepithelial cancen)ollA] Al FHe] PD-LI
o] I HA PD-1 HE7} ZRFo], T Yz re] zkzt
Ei7F Al E AL AN ES FFFAL Q14
9 A xjabgo] At o2jgh PD-L1¢] 2bddo] vz
A | ER ol A 19~100%7H4] TaEITH= HojlA, PD-1/PD-
Ll 7|AL oapd o 2 9 a3 nist g2jo| E £~ gl;]..36’39>

o= v v

SHEE HS T —‘T'—% 2ol A= PD-L19] o]
W= 1) ARk o R oF Al3Ze] PD-LI HEo] &

= ‘Q@%%E?-(tumor infiltrating lymphocyte)7} 27 W+
40

el A% 2) Human papillomavirus(HPV) %4 SF7A45
oA S EZ L =2 PD-1 HEE Hola, 7P I
&20] oF HHME Ol (invasive front)olA &2 PD-L1 W3
o] HirE HY 3) HPV 34 FARS A% 78% o] Aol A
=2 oM 9] PD-L] ¥ES Ho|il e o] PD-]

Al drdo] Z7HE Y 5] AAvtE s & uf, &

o

=

BEeoll A= PD-1 AeHE 53 oF 24 W A& aE 7
s :

AR YAFAT- DAlel| 9= PD-1/PD-L1 & 4= PD-1
2 #Z 0 7 3}= Nibolumab(BMS-936558, Bristol-Myers
Squibb, New York, NY, USA), Pembrolizumab(Merck, White-
house Station, NY, USA), Pidilizumab(CureTech, Yavne, Is-



rael), Lambrolizumab(MK-3475, Merck, Whitehouse Station,
NY, USA) 5©| 1L, PD-L1& %240 & 3h= A= MPD-
L.3280A(Genentech, San Francisco, CA, USA), BMS-936559
(Bristol-Myers Squibb, New York, NY, USA), MEDI4736(As-
traZeneca, London, United Kingdom) 5°] ith

PD-1 ©+Z-E3H4|2] nivolumab} pembrolizumab 5%, 2
Y oM SAE, vlaAlEZA Hoh AR E 71E gt
SRS tO & 3F tiqi A 1 Aol &gl
o] & Hkgo] HIIE|HA], o]F Hke &4 oAl 10|

AHYE)= A7)7} =) Topalian 592 BlAA|ZA #Hok &
AE AR 52 A O 2 nivolumabe FoIgh ATtofA
18~28% A%=9] 1 o] A&E = A ERME-ES Halstel
31, Hamid 52 CTLA-4 @22 3|2 ipilimumabe]l Bk
50| gl SAF IAE EE50] lambrolizumabs £
gk Aol Al 38%—4 @58 B3t Robert 5
of oJ5t A} 3AF Atof| Al BRAF mutation®] = M
% A A nivolumaba F£0 & 19A] AEE-0] 72.9%=,
hwto] 42.1%01 Bl fFolstA ek 2 stk
Nivolumab-2 T 2| =48 ofufel g} ate] tigh A+
= 2dbs] 213 F2dl, BlaAlZA] #HoF 2Rkl A nivolumab
T} platinum-based chemotherapy?] g -2 Alaist 729
3%2] 2|7 HHE-E-L HY a1, o|]of| i SAZ0]|A] nivolumab
I oE FR9 E"‘i tjf% ]ﬂxﬂﬂ W ol w2 Al

1 x]ﬁ\_

Bl
= HP%% A XJ.Q EOC]H 4:’- ipilimumab X]
Mg gEatoll disf b=t FDA 591 Wk
PD-Llo| thgt A=, B7H 45482 58 T =2+
AA| AlZE ApekshH A, PD-1 =-842F PD-L2 AFo]9] ¥E-3-
+ AollA] PD-1 FA|L}= 2HE- 7]-o] thE Ao
& AZFE T % BMS-956559+ 1G4 THE-E 3| 2 A
ofe] 7kx] ageto A AR WHEE-S HLl FAlolH, 7]
B} o2 oFA] A] HEek 3PS dide & o A4
TollA] 53 gk ?‘SJ AL By

OFA7IA] TAHS 3x}S YAk 2 PD-1/PD-L1 SIS
o] g3k U4 ?4}7} HAEle] By vh= AN @A) gy
SHA| A7 A Q1 Eofolm, ofe] 72| o] QB B
5 &3] YR E I Q) Pembrolizumab2 ©]-83 &
1A ATFEHFAA Ah)oll A, PD-L1 E&o] 5 Afuka/
o] FAFR SEfeA| FofslaL, gk 7HA] o)) o]
20] 783%0N A B 11 F 467%7} OFA| 3 Bk-g-o|
I 2 ISFGTHINCTO1848834). Platinum 2FAlo]l A3k
ol= /Ao FARYE EFste] o] R ¢f
gt nivolumab YAF 34 A 7+ Axf Hhapof| A, 4 3

<= AR

;ETO.L.
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3 6 olol) T4} ol obA W8 BABIGct
R ISATHNCT02105636). E3F &+ ¥
0 2 3} nivolumab?] A3E B WEH= A} 34 At A
A Folm 201797 27t EE o golcHNCT02105636).

sidsior & AR

9] %P%Pi}g}_&‘?ji’}é E}E o)A} HF-3-(immune-related ad-

9oLt erade 3/42] o|AF HRS vl

= H7h 10~20% Xo  mzsjorslslaHoll AR A
W} 37 o2 R] Yo} FAF O 2 ipilimumab®] -5 10~

15%2] grade 3/4 oA} HF-g-0] R E=Y| 1 % 2% H=9]
SR} oFE WHE-o] AR APk Ao 2 deA Sl
nivolumab 9A| 14% A= grade 3/4 oA+ ¥H-E3} 19%2] AL
wgo] Wb olc 4 F obAE ek AL Aol
A, grade 3/4 o|AF9] WE-S-0] 539%71A] A BaLEo] Qlc) 7}

A 22k ol Whe-2 AL Bl WAlshE Bk w5

ful 1,

of sRaba] B4 whgolu, o Pl QiAo BAL o
LAY Fol 3P4 BAE ek ¢ iz, At
o] 749 A=} ekl AP0 olojzl A9 BI1Elo] glo]
A e waster 1 o), 7] @4 1 ALt
HAE0] FAbo] Liehd 4= ol o] X A] HMAYeHE ol

Wi

Hh-g-ofl tsfA] FA4 MXV\Eﬂiol’:(cortlcostermd)%
B AR Hok WY A 5e oE FEiskato]
A=A et Heto 2 Trx]ﬁ}w_ 78571 ©7] wizell, 4
A uhg AT 24 71 o it WY 2| oAt
At Fask aglojzar g 4= Qi
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A& BHE 58 5 = WA EXAH(Biomarkers)

W T AAle] Qg a7HE & 4= e o TRE A
Ao & 4= A, 31’5:15 i}uﬂﬂg Agsial &g oS
Sk Ul EiS = 4 k& Aotk CTLA-4 71319] Ajete] 9
3 wxd Y T Y= 4 dgstet FAlo] REEE AL
TAZ, ipilimimabell tgt FE-5=eE PAEAAE T
Z gl | fzro] Ao 22k B 1 37 A= A A

Z83) o] ek AT AL glom, o 28 vholH
Treg®] 4 WelolA] Lt WelgAlT vk f44 wiat
%o ipilimumabel e A= W3-8} Qigkol gk ol
A GlolH APEARZA 7h54o] Gleka & 4= Lok, 5
7FE9l 977} Baskiick

www,jkorl.org 453



Korean J Otorhinolaryngol-Head Neck Surg 1 2015;58(7):449-55

D-1/PD-Ll1o]l &J§t HY #F -2 ofg] oA HY
J% | Frolatx|gt Si4l A o 2 u|Nghy WellA YAt T
Hrro] S vjx= Ao dHA Q) o]F HUS
= A=, WoxAslstgiel o5 PD-LIS Ydsh=
o] s o= gl vlgl PD-19] tisl] 2 A=
HHS-ES Hol= o' HiuEy ok siA|9k PD-LI%
Fo] o oA Fofahkst PD-1 ¥ Hol7|= 3}
™, PD-L19] o] theFst shgo whel frE ALt S71st
5 k= HollA] A&7 ¥hg-& oS5t A=A PD-L1)
oful= A7t o B Rag Aok
o2 A= BEay

WY BE ABAES 7129 FYIIstar, HHA| R Y
g B o ok ke Bl AE aE STHIEE

5t 2AE el o e A ow LS
7¥sh glsrehe W37t glold, #3 gl g =
of 2oAEe ST ) Y YYE7E BT B30l 2

SAE EdAHo](mutation)ol] Ttk

A RA9} W Q% L-F_# AmA o] gAY vheget et oy
a3l QJoy, olA7R] = o]A) HE
R AJEolH 371 At L asi,
AR &t” Al Zl Ao A CTLA- 49} PD-1 o] <]
= a1 Q) o) &y

ME%OF 3h= A=olrt.

a4 2 30 By
o oo A3E el o, 47 B 3
o192 B A ol o} el Yy

ol F& o] WEHTA th] 35 ]

rf
i
N
o
N
o0
ofr
L
rr
L

o w4

=

$o] A7} dolgiA

g
12
)
Sl
4
ﬁ
fu
__>,4:

Ir

B] 1219l FPAY 1L ol g5k B, )

12800 AnHE Z7112 4 Qlcke ol d A= oF
2 o] B 4 gl Aol How go.w B 1 F
Q1 BhE A QArTe] AuE Fo) ZA) AAE Bast
ok

REFERENCES

1) Naidoo J, Page DB, Wolchok JD. Immune checkpoint blockade.
Hematol Oncol Clin North Am 2014;28(3):585-600.

2) Kuss I, Hathaway B, Ferris RL, Gooding W, Whiteside TL. Imbalance
in absolute counts of T lymphocyte subsets in patients with head
and neck cancer and its relation to disease. Adv Otorhinolaryngol
2005;62:161-72.

3) Schaefer C, Kim GG, Albers A, Hoermann K, Myers EN, Whiteside
TL. Characteristics of CD4+CD25+ regulatory T cells in the
peripheral circulation of patients with head and neck cancer. Br J
Cancer 2005;92(5):913-20.

4) Strauss L, Bergmann C, Szczepanski M, Gooding W, Johnson JT,
Whiteside TL. A unique subset of CD4+CD25highFoxp3+ T cells
secreting interleukin-10 and transforming growth factor-betal
mediates suppression in the tumor microenvironment. Clin Cancer
Res 2007;13(15 Pt 1):4345-54.

5) Li C, Shintani S, Terakado N, Nakashiro K, Hamakawa H. Infiltration
of tumor-associated macrophages in human oral squamous cell
carcinoma. Oncol Rep 2002;9(6):1219-23.

6) Grandis JR, Falkner DM, Melhem MF, Gooding WE, Drenning
SD, Morel PA. Human leukocyte antigen class I allelic and haplotype
loss in squamous cell carcinoma of the head and neck: clinical and
immunogenetic consequences. Clin Cancer Res 2000;6(7):2794-802.

7) Whiteside TL. Immunobiology of head and neck cancer. Cancer
Metastasis Rev 2005;24(1):95-105.

8) Gabrilovich DI, Chen HL, Girgis KR, Cunningham HT, Meny GM,
Nadaf'S, et al. Production of vascular endothelial growth factor by
human tumors inhibits the functional maturation of dendritic cells.
Nat Med 1996:2(10):1096-103.

9) Benefield J, Petruzzelli GJ, Fowler S, Taitz A, Kalkanis J, Young
MR. Regulation of the steps of angiogenesis by human head and
neck squamous cell carcinomas. Invasion Metastasis 1996;16(6):291-
301.

10) Schroeder CP, Yang P, Newman RA, Lotan R. Eicosanoid metabolism
in squamous cell carcinoma cell lines derived from primary and
metastatic head and neck cancer and its modulation by celecoxib.
Cancer Biol Ther 2004;3(9):847-52.

11) Qin H, Valentino J, Manna S, Tripathi PK, Bhattacharya-Chatterjee
M, Foon KA, et al. Gene therapy for head and neck cancer using
vaccinia virus expressing IL-2 in a murine model, with evidence of
immune suppression. Mol Ther 2001;4(6):551-8.

12) Agada FO, Alhamarneh O, Stafford ND, Greenman J. Immunotherapy
in head and neck cancer: current practice and future possibilities. J
Laryngol Otol 2009;123(1):19-28.

13) Postow MA, Callahan MK, Barker CA, Yamada Y, Yuan J, Kitano
S, et al. Immunologic correlates of the abscopal effect in a patient
with melanoma. N Engl J Med 2012;366(10):925-31.

14) Stamell EF, Wolchok JD, Gnjatic S, Lee NY, Brownell I. The
abscopal effect associated with a systemic anti-melanoma immune
response. Int J Radiat Oncol Biol Phys 2013;85(2):293-5.

15) Bauman JE, Ferris RL. Integrating novel therapeutic monoclonal
antibodies into the management of head and neck cancer. Cancer
2014;120(5):624-32.

16) Whiteside TL, Letessier E, Hirabayashi H, Vitolo D, Bryant J,
Barnes L, et al. Evidence for local and systemic activation of immune
cells by peritumoral injections of interleukin 2 in patients with
advanced squamous cell carcinoma of the head and neck. Cancer
Res 1993;53(23):5654-62.

17) De Stefani A, Forni G, Ragona R, Cavallo G, Bussi M, Usai A, et al.
Improved survival with perilymphatic interleukin 2 in patients with
resectable squamous cell carcinoma of the oral cavity and oropharynx.
Cancer 2002;95(1):90-7.

18) Chi KH, Myers JN, Chow KC, Chan WK, Tsang YW, Chao Y, et al.
Phase II trial of systemic recombinant interleukin-2 in the treatment



of refractory nasopharyngeal carcinoma. Oncology 2001;60(2):110-5.

19) Egan JE, Quadrini KJ, Santiago-Schwarz F, Hadden JW, Brandwein
HIJ, Signorelli KL. IRX-2, a novel in vivo immunotherapeutic,
induces maturation and activation of human dendritic cells in vitro.
J Immunother 2007;30(6):624-33.

20) Wolf GT, Fee WE Jr, Dolan RW, Moyer JS, Kaplan MJ, Spring PM,
et al. Novel neoadjuvant immunotherapy regimen safety and survival
in head and neck squamous cell cancer. Head Neck 2011;33(12):
1666-74.

21) Berinstein NL, Wolf GT, Naylor PH, Baltzer L, Egan JE, Brandwein
HJ, et al. Increased lymphocyte infiltration in patients with head
and neck cancer treated with the IRX-2 immunotherapy regimen.
Cancer Immunol Immunother 2012;61(6):771-82.

22) Schuler PJ, Harasymczuk M, Visus C, Deleo A, Trivedi S, Lei Y, et
al. Phase I dendritic cell p53 peptide vaccine for head and neck
cancer. Clin Cancer Res 2014;20(9):2433-44.

23) Kyi C, Postow MA. Checkpoint blocking antibodies in cancer
immunotherapy. FEBS Lett 2014;588(2):368-76.

24) Strauss L, Bergmann C, Gooding W, Johnson JT, Whiteside TL. The
frequency and suppressor function of CD4+CD25highFoxp3+ T
cells in the circulation of patients with squamous cell carcinoma of
the head and neck. Clin Cancer Res 2007;13(21):6301-11.

25) Linsley PS, Greene JL, Brady W, Bajorath J, Ledbetter JA, Peach R.
Human B7-1 (CD80) and B7-2 (CD86) bind with similar avidities
but distinct kinetics to CD28 and CTLA-4 receptors. Immunity 1994;
1(9):793-801.

26) Linsley PS, Brady W, Urnes M, Grosmaire LS, Damle NK, Ledbetter
JA. CTLA-4 is a second receptor for the B cell activation antigen B7.
J Exp Med 1991;174(3):561-9.

27) Schneider H, Downey J, Smith A, Zinselmeyer BH, Rush C, Brewer
IM, et al. Reversal of the TCR stop signal by CTLA-4. Science 2006;
313(5795):1972-5.

28) Riley JL, Mao M, Kobayashi S, Biery M, Burchard J, Cavet G, et
al. Modulation of TCR-induced transcriptional profiles by ligation
of CD28, ICOS, and CTLA-4 receptors. Proc Natl Acad SciU S A
2002;99(18):11790-5.

29) Qureshi OS, Zheng Y, Nakamura K, Attridge K, Manzotti C,
Schmidt EM, et al. Trans-endocytosis of CD80 and CD86: a molecular
basis for the cell-extrinsic function of CTLA-4. Science 2011332
(6029):600-3.

30) Krummel MF, Allison JP. CTLA-4 engagement inhibits IL-2
accumulation and cell cycle progression upon activation of resting
T cells. J Exp Med 1996;183(6):2533-40.

31) Hodi FS, O’Day SJ, McDermott DF, Weber RW, Sosman JA, Haanen
JB, et al. Improved survival with ipilimumab in patients with
metastatic melanoma. N Engl J Med 2010;363(8):711-23.

32) Prieto PA, Yang JC, Sherry RM, Hughes MS, Kammula US, White
DE, et al. CTLA-4 blockade with ipilimumab: long-term follow-up
of 177 patients with metastatic melanoma. Clin Cancer Res 2012;
18(7):2039-47.

33) Dewan MZ, Galloway AE, Kawashima N, Dewyngaert JK, Babb

o
o
*2
=
fz

®

on

Recent Updates in Cancer Immunotherapy | Chung MK, et al.

JS, Formenti SC, et al. Fractionated but not single-dose radiotherapy
induces an immune-mediated abscopal effect when combined with
anti-CTLA-4 antibody. Clin Cancer Res 2009;15(17):5379-88.

34) Camacho LH, Antonia S, Sosman J, Kirkwood JM, Gajewski TF,
Redman B, et al. Phase I/II trial of tremelimumab in patients with
metastatic melanoma. J Clin Oncol 2009;27(7):1075-81.

35) Wang S, Bajorath J, Flies DB, Dong H, Honjo T, Chen L. Molecular
modeling and functional mapping of B7-HI and B7-DC uncouple
costimulatory function from PD-1 interaction. J] Exp Med 2003;
197(9):1083-91.

36) Konishi J, Yamazaki K, Azuma M, Kinoshita I, Dosaka-Akita H,
Nishimura M. B7-HI1 expression on non-small cell lung cancer cells
and its relationship with tumor-infiltrating lymphocytes and their
PD-1 expression. Clin Cancer Res 2004;10(15):5094-100.

37) Mu CY, Huang JA, Chen Y, Chen C, Zhang XG. High expression
of PD-L1 in lung cancer may contribute to poor prognosis and tumor
cells immune escape through suppressing tumor infiltrating dendritic
cells maturation. Med Oncol 2011;28(3):682-8.

38) Hirahara K, Ghoreschi K, Yang XP, Takahashi H, Laurence A, Vahedi
G, et al. Interleukin-27 priming of T cells controls IL-17 production in
trans via induction of the ligand PD-L1. Immunity 2012;36(6):1017-
30.

39) Wolfle SJ, Strebovsky J, Bartz H, Séhr A, Arnold C, Kaiser C, et al.
PD-L1 expression on tolerogenic APCs is controlled by STAT-3. Eur
J Immunol 2011:41(2):413-24.

40) Cho YA, Yoon HJ, Lee JI, Hong SP, Hong SD. Relationship between
the expressions of PD-L1 and tumor-infiltrating lymphocytes in
oral squamous cell carcinoma. Oral Oncol 2011;47(12):1148-53.

41) Lyford-Pike S, Peng S, Young GD, Taube JM, Westra WH, Akpeng
B, et al. Evidence for a role of the PD-1:PD-L1 pathway in immune
resistance of HPV-associated head and neck squamous cell carcinoma.
Cancer Res 2013;73(6):1733-41.

42) Malm 1J, Bruno TC, Fu J, Zeng Q, Taube JM, Westra W, et al.
Expression profile and in vitro blockade of programmed death-1 in
human papillomavirus-negative head and neck squamous cell
carcinoma. Head Neck 2014 Apr 7 [Epub]. http://dx.doi.org/10.1002
/hed.23706.

43) Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC,
McDermott DF, et al. Safety, activity, and immune correlates of
anti-PD-1 antibody in cancer. N Engl J Med 2012;366(26):2443-54.

44) Hamid O, Robert C, Daud A, Hodi FS, Hwu WJ, Kefford R, et al.
Safety and tumor responses with lambrolizumab (anti-PD-1) in
melanoma. N Engl J Med 2013;369(2):134-44.

45) Robert C, Long GV, Brady B, Dutriaux C, Maio M, Mortier L, et al.
Nivolumab in previously untreated melanoma without BRAF
mutation. N Engl J Med 2015;372(4):320-30.

46) Taube JM, Klein A, Brahmer JR, Xu H, Pan X, Kim JH, et al.
Association of PD-1, PD-1 ligands, and other features of the tumor
immune microenvironment with response to anti-PD-1 therapy.
Clin Cancer Res 2014;20(19):5064-74.

i & | Transcutaneous(closed—skin) bone—conduction device?l Sophono?|7|£ $&5h= AR Z MSA Lol AL 1|

FE #Sol= abutment?t gl= &EO0| QUCE Cummings. 6th ed. p.3015-8.

www,jkorl.org 455



