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FFH A onco-immunology) ©] Al&felgt= Sfmlwts ZRX|AL Aol FA] = it

%
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H %9 PD-1 JAA 7|EZt} F(Keytruda®, AEW: pembrolizumab) 2014 =] FDAS} 20154
oA Hold SAF, HIAAEH IS mTe] FAHEITE olo] T WA PD-1 YAAI] JHH F
(Opdivo®, AEW: nivolumab)E 20159 1] FDA} ZjolA] ‘HolA ZMES H|FEsto] H|AA|EZHS,

WA 2, SAFHEF, FE5 HEAEY, 2 uA RG] A= A=A
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-L1 9AAISl dux] F(Imfinzi®, AE%: durvalumab)® 2017@ || FDAOA ‘4% EX JFA R o]
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INNATE IMMUNITY

(rapid response)

ADAPTIVE IMMUNITY

(slow response)

Macrophage B Cell
;,;O (primary white blood cell) O (0
Natural AN Bt
Killer Cell (0 T Cell -
N, A
_ “TR 2
&' Dendritic cell = O”
Neutrophil Nat_?ral Killer / Ce \
Cell =
& e ©
: : CD4+ CD8+
Eosinophil & TCell  TCell

Basophil

18 1. Innate and Adaptive Immunity(ZX: www.pintrest.co.kr)
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presenting celD= 7 WA Y-S AR & XA T AL = AEZ5AY T AlZE S22t AZ254
T AlZ= mi¢ 344cs A4 g4 A7ste 92 skAv 282 T Al Ze B AIZE Fxste] B Al
7t FAE ZHlste] AEsHA AUAE AASHE 719 FHe ZHAA ek whebA AdAre] digt 719
A7gsl TR tholl FURt Fol A st SAAcr Fofd 4+ e 715S 7HAAL A NK Al

e
= BE BEAE TRl e HWeelE MHC 15 =H9Iste] MHC 10] §lewd Hpolg{A Fof AdH

m ZoFHAZIA] (Tumor immune surveillance)

FTEAGHAE dAz7E 2 9 AR AN 5o "IAE T T Azl ofs) A5 A= T

Alzzo| A EHE+= interferon gamma & AO|E7ZIQIEC] HANRZES FHUste] dAZE AbEst= AA
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Cancer immunoediting

Elimination Equillibrium Escape
(Cancer immung survellance) {Cancer persisience) {Cancer progression)

MNormal

GCarcinogens /
Chronic inflammation Repair, - mm?‘rr?rmnl :
i : SEMESCENCE, ap ity
Inherited genatic ,
mutations| | 3nd/or apopiosis: _ E
intringic umor
Radiation N
SUPPIEsSion ; ot A
Viral infecton v % oF
[ Genelic Instabilily and/or $m|m5
b immune selection |
Loss of polarity
Lass of ECM contact
Transtormed

MICAB. ULBF Tumor RAE1. HE0
{human) antigen  {mouse) NEG2D

Praotection Chronic inlammation

Danger 2 3
(I, urlc actd and ECM produsts) (Le. extrinsic lumor supprasion)
. 2 R NG ® e ® - =
M1 MOS0 M2 6 MKT MK oo Treg ohas Tumor 'I;wnnrmﬂs resistant
1
macrophage magrophage T cell call cell Teell Teall call m0 ’TWE?SBSE}E*B'F'

13 2. Cancer Immunoediting(EX: www.jci.org)
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m] FF0AHEE (Tumor microenvironment, TME)

FTEASHLE dAME FHo 3, AIME, AFotMZ(fibroblast), =4 F# HS5AIE(bone
marrow—derived inflammatory cells), HIZF, ASHAGE2R T8E AHEZe] 7]H(extracellular matrix,
ECM) s°] ¢ #o = Alxgrgolct

TR A AN FAZE M) AT HE, dAE AZEH =X, 2891 Tx d9TE 52 7=
sto] mA|E e FFS Frt. mEbA] GAZ= uAEEES HIAIZ] 7R ofal m|A|EF o] A e] A%

Ee Aol FFE vAZIE ek ol wA@Ae] EAlske o7 Wez ds) Ads] o] olFA
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&l 3. Tumor Microenvironment(ZX: www.researchgate.net)

T AR E A =44 Al E(myeloid cells)= 2FEE7]|H 2 (hematopoietic stem cel) oA 7] ¥dk=T,
ol QA 71 @ol EAicte XERAEZREA 4 ¥ HID Ao 2 EAohH HIFTHoRE thAAE,
FARAE 280 AHIE Bolsitt, FZZ(Lymphocytes)olE= B AlE, T A @D NK AHE So] rh

T
o5 MEEL dAEo s 2zt =X EH(promotor) E= AAEH (inhibitor) 2 283t}
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QAT B4 AR R AF BokE AE2A AR A% B B6 FYRARYOR olF

ste] Bataith o] YAAELE thaket A WA 2AA JsHoR MI AMZS M2 fAAER

M1 thAAZ= o7 A3 (classically activated)® HAMEZEZA] o]F W3 e HE Zat

5o A=ol o8 &2t IL-128 #H|slo] 45 §hee do7] FuMgEAE o A=

M2 tiAANZEE iAo g SAd5Halternatively activated)® HAMZEZ A IL-4, IL-10, IL-13 Sof 2l3|

FAst=o] FES AES ol ACR A lon IL-4, IL-10, IL-13S EH|sto] o] S =3

A7171 % g

ot M2 tiAA|E= Hgag o g T A2ES] AlEZ54dS oFetA7IM, Thl Al 4l Th2 AlxZo] FA<
FAot 24 T M E(regulatory T cell, Treg)s SASAIAA HATHES ot} HHAAE o= A
S A SN FEAEY G5 HolsS HEoH FUAA=R Qg HxE AFES AAIste] T

urebA FFEE diAMEe] AT dAHer YE Aeet Ayl o dod Hid olF FF

o diyAlzEe] E50te AAgste] oF AFe AAlske A=Y el s A=A ok

s TG AN Z(Myeloid derived suppressor cell, MDSC)

2LgA AN LE WA V)5S e B4ed nlAs 244 Axo] Wit BT A9l

ole MESo| EAsHA ¥ WY H9E

1 oE HYAAAES 2E T ME(Treg) 9] S F &
7 HolE Fkst7|k gt

ZrFAllAAAEZe] A ZAels A Y ZHA7E vk A WA "EZSL de= st ddadd
L-arginine, L-cysteine 52| ofv|icAits 1IZAA T M 584 At&(chain)] S Woligdth. & HA
B34k AF (reactive oxygen species, ROS)oly &4 A AF(reactive nitrogen species, RNS)9| AFStAEZA
S IAHAA T AZ] opeFst #HS Attt & TCR A& RS 24X 7| AY TCRS 243 st
AZI71% shal IL-2 -84 Adgs Fofishr| vk Al M) T Al2rt dxds Aegstes S A9
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SHAY A F9=2 T A7} oleste Ae W7l skl T Ao AEANES F=sh7]= otrh vl HA

ook

YE9] natural Treg cell& FSAA7]1 naive CD4+ T cell& Treg cell2 ZH¥st= A4S 73t

HASHFA|(Cancer Immunotherapy)
DEEEZ BRI

Gl VAT shotgerAl, 24d EAGEA @ 34 RARAAR PG 4+ ek 148 sheraeA)
L ogAm Bt ohel BYAEE Zol 4L F7] ] Rargol Aok & GAEE AEs] S
AT ZAN] Bare] WAAAZ shlsta 4o BHOR ) wm, TE, A4t vz, I

AAs 5 245 Hargo] WA

HAYeE Sl A28 T |4 Fzhgo] A oF 3Ape] 4o] Ag Folu AEVE thE AREHE=
'I7E Aok
HAFAAE AGA A e] Eo]A(specificity), 71253 (memory), #-8-2(adaptiveness)S FHAIHCZH

PUAATE Uehdth. 5 ] WANAPS ol gatel HSHA AZT FAe) F2hgo] A1 AALYY
o5t 489S ol gty HRe AdgetAlel Tt Gt B A5 FPanE B 5

et HAGFA = 1A skl el Fa-g 24t BAGEA Y WS AAdsHR, F71E avt

245 (durable response), 71 E7H s (long—term survival), Z4-2 ¢+

bOl‘

FHbroad anti-tumor activity) 2

o B8 (low toxicity profile) 5& EXCo=2 gith

1. A7 aTA &

WAGPAL oHlE FUAE A BAAASL Sldek Yol PAEE A

LA;FCr A&HY, HAGAA L A Aol Wt Az 27| B2 FAT AR Aud @AE9] 47]

ol

Astoz A=za1rt

AT PaHt WE AGIAAY B 27 ol Gt BABIAE 2~4do] A= o2
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HEgo] A&H. 53] o7t HAY 7€ e R Amyor ARt 27HsT 37] SRbA 47] @2}

Sof 9lo] Wgo] £& BAY AL 3~4d7A wgo] §AHo] AHo] Ate Hwe| i} Yents

o] At
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8 4. Effects of Immunotherapy and Targeted Therapy on Melanoma Survival Curves

(EN: www.researchgate.net)

2. B71AEE

Combination Immunotherapy
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2nd generation Immunotherapy
P sosmassmane

PROPORTION ALIVE

==
Targeted Therapy First generation Immunotherapy

Chemotherapy

0 12 24 36 48 60 72 84 9 108 120
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13 5. Combination Immunotherapy(ZA: www. oncoquestinc.com)
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AAE kel 108 F712 Wst=lolgitt. 1990A ol paclitaxel 5 SHFAA7E F9H A mH o]
Ant. Et AFAQ] HARRRA AolE7IRl AR, dWA A7, ASHE A7 Fo| AMEE] gtk M
g Aed KolEFRRl Ame [FN-go2 d7 45 W3y, ofd A% 2 7FEASF(Kaposi
sarcoma) SHAOA AREE L Qlet. T WAR Al [L-2&= o SAFE e A SolAl AREI QL
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FUAEC]l FEA R EAH R ARG, AR ofF HAFAA Et o] BnE Aol &
AHA Mz dAE el 875

20109 zo] WA= AEHAR] =A (cellular immunotherapy)ol™ &FE &M Al (autologous
tumor vaccine)Q! sipuleucel-T(H &  Provenge®)7} u| FDAIA “HPAed x&’o] Sl=9len, 20114
CTLA-4 2AIAQ ipilimumab(A&H: oJHo] F Yervoy®)o| u] FDASIA ‘SAZ(melanoma) A& & %9
HAA dAgAA Y] =g AdiZE d21A =i,

20159 8¢ Am| 7HH A wl= diEgol 91419 oo SAFo| ogt Mol MHFF kS il ¢f
£ Folghs SAEETE e A9 Aol ol d#A g5l dF Ao difEHdeY sHAE =3
470 FQ1 129 Aol x| (cancer free)H QIThal ®HESHGITE o]= 20149 1] FDACJA "Hol4 SAF0
A7'el 598 AGIUA 7|ERTE F(Keytruda®, 2 pembrolizumab) 9] gEo]grte d2AHA U

M= & ¥ Hl HE ot
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ENTHUSIASM PHASE SKEPTICISM RENAISSANCEPHASE
1978-1985 PHASE 1997-NOW
1985-1997
1985 1998
1890s 1976 15t study with 1990s IL-2 (cytokine) 2011
15t CA vaccine 1st study adoptive T cell Discovery of approved 15t checkpoint
developed (Coley) with BCG in transfer in CA checkpoint for CA inhibitor approved
bladder CA inhibitor (Allison) for CA
] WY = 1
2y A S
1973 1986 2010
Discovery of the 1978 IFN-a (cytokine) 1997 1st cellular
dendritic cell Discovery of approved for CA 1st mAB immunotherapy
(Steinman) tumor specific approved for CA approved for CA
mABs

&l 6. Immunotherapy Timeline(ZX: www.cancertutor.com)

AAFAA = 1A, 24t 2 342 FEsh 1AW HYFaAol= ipilimumabd} sipuleucel-T7}
it Ipilimumab® A SMFoA Xz T 3d7IA] 20~26% A7 AYESEAI good long—term
outcomes HEAth SHH sipuleucel-TE A= Ao 2 EJEA]E ERAT onco-immunologyoll Al Uath=

oulE 7HA= ofAZE =i

A AGFAA 5 PD-1 AAIQ] pembrolizumab¥} nivolumabe] 2014 1] FDAYJA 5= At
o] PD-L1 9AIAI atezolizumab2 2016%, durvalumab2 2017@ u] FDASA £l=| et X
CAR-T AZAZA|Q] tisagenlecleucel?t axicabtagene ciloleucel®] 2017¢@ ©] FDAOA  52l= At

Oncolytic virus$!l talimogene laherparepvec(T-VEC)©] 2015 u] FDAOA %2 £21E it

Ao

2010 x|z TR MM = sipuleucel-T o= HEdY
2 2011 HAYHIZIE A H CTLA EH| ipilimumab Oo{E0| S4Z 2014
3 2014 HAHIZIE AH|F| PD-1 2| pembrolizumab F|ESLCt S4Z H|AM| =H St 2015
4 2014 Bispecific T-cell engager ~ CD3/CD19 blinatumomab STM0IE SHETTYYEY 2015
5 2014 HAKIZIE oiF|H| PD-1 24| nivolizumab 2|y i;gg’imiﬂ%’ 2015
6 2015  EAXzwM TIPS e e 22 343 -
7 2016 HAMIZQIE ofH|H| PD-L1 4| atezolizumab E|{IE= SEAT Y, H[ M =H g 2017
8 2017 HAMIAEQIE HHH PD-L1 &4 durvalumab AT gue =
9 2017 HAM =X 2H| CAR-T M= tisagenlecleucel Aza|of E_.I%IE SRR L
10 2017 He M| ZA| 2| CAR-T HE ii’;:‘:ﬁz:ﬁ’e“e Oj| A7HE} ,,B_,{%IE ByH Sea=ETE
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A AGPAE R /AT P4 Bl FUISH) FARAe] YL SHAS

Z[\“
oltt. ¢fo] EASHE FA A= A "o, vt HAMES(T A&, NK AlZE, Treg, &2l GAIAZ,
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FAGAZ, M2 dAAE, M1 HAAZ 53 dit AlxEo] FYrAEZ(TME)S 345
AN = ol eAte] YAHY &2 AgHdgs AR = HS AT EN SR W AA
de =YAA EStes skal ot

et TME oA &2 AlAst: HHe=x CTLA-4, PD-1 53 2 inhibitory immune

checkpoint 2+, HDAC inhibitor, vaccines 522 PHAEE APESIY] immunogenic cancer cells29] FI,
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So] 92 4 Ak

o
=)
e
o
d
=)
N
rr
e,
rlI
2
|o
ku
jus)

ot DNA, RNA, HiA2d 58 88 AW ®eE <ot ¥ = Qe

Agolth. & 54 Aot ¢l A9 AAolt WA A

i
-
A
st

>
o,
)
i
El
2
olo
o
£
i
st
>

dpol o miAl FAbAQl MRS T, AW AW, o1 Aw P B ool MeAe Apd
oz 25ty WY 4 9k GBL stelok @tk olk Te] wret OF2 BHLIY EAIE SHlstE B

QAL A&Ho WSty W AAL chaFst] wEe] o2 npAS AUshe 2 A ol
SHATE Aol ok whgo] olZo] ohEl @ate] A9 Fojulgh ofA| Kolv} elEly] wiel ntolontzt
sk Paste

FA O] violomtA W FFof wat pembrolizumaby PD-L19] W& k4l St AqE AHEste =

—=

%L, nivolumab: PD-L1 #@n wAgle] A48% & =%

w
32,
o
o
rr
oo,
ox
re
-
2
o

pembrolizumab+= PD-L1 &&¥} gykgle] AARHEE(ORR)O] 19.4%0] 2% PD-L1 T&-&°] 50% ]/

SRl ML 454% = o @iy

-

Ql=x W nivolumabt PD-L1 Zdy} Araglo] docetaxel Fo

SAEY 41% ol AMTES AR 72N ol

olget PD-L1 TAL ko] A A7y AU A=) wabs Md = Qe F2 vh#i(dynamic marker)

o3 PD-L1 W] gldehe Bap} e 84t Qe 5wl oAz A ofg BAES AT Yt
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webq 22 AEER Qe AL PD-1/PD-L1 AAAE J1E mEewI HesAY Aue He At

© 2 PD-L1 &y} #Agle] e AL o W stal 12k A5A=A &8 7Hedtes =3stal 9l

HAFAANE SERA Rt SEAGARE TR 5 Ak,

FEHARgoE WA RINEAA (immune checkpoint inhibitor), HWNZX] A (immune cell
therapy), *=-8 @A(therapeutic antibody) Fo] Sth HAAIZJNEAAA = T AZE Ao Folsh=
HAAZEJE T (immune checkpoint protein)®] EAsHE apdste] T MEg SASAIA AAEE
S4stes A=A CTLA-4, PD-1, PD-L1 AA] Fo] Utt. AN EZAZA= A7 |2 (ACT) HH
o= AW T AIZE AHysto] st d HAFAA F

24 CAR T AZA=A Fo] et XSt 5§ e FA-F=Z2dA7E gl st ofzo]

T AlZd "Re AT oA

197
=
4ov
:“.:

Ho dMEE FHstE FARA FA|-2F=2H A (antibody—drug conjugate, ADC) T & Ut}

TeHIAA == dA = WA (vaccine), HYEHEA (ilmmune-modulating agents) 5©°] Sth. A= WAl
2 YA B AEo] oo AdE Ed(ubstance) 2HE TELL, o]F QAo Fste] A Ao

Axde AEaAste Aol B¢ BezEAE SANBTE BHHIAE 5 QAU S By
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1. BT XA E A A (Immune checkpoint inhibitor)

A ARel FArEtolels, i )9 o] di2e WAL SAU)RIE AARE BRI

WolAAS A%T oAt AEL AAAEe 9o mo] Solgdo] EAstel of WA 27] AHL
WA A] olaiA THE olF Bg ZAstnA s AR} o2 AT Welne] Fol Yol

FUAA = A2

i
HARARIES oAlstA WAL Po| F4ulo] PARA AEsH Het.

2. AN ZX] 2 A (Immune cell therapy)

Aol Aoz Adetel AL $ATHHos WPNA A YolFe AEAR Aol
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ol A (YPAMEA =& (adoptive cell transfer, ACT)2t sh=d]l, JEZH O R Ao theh A WAL
FetA 7l o r2 FFH-EHIH(tumor infiltrating lymphocytes, TIL), T A 8AH (T cell receptor,

TCR), 7|W&FL8A|(chimeric antigen receptor, CAR) H|ZX] & A 5o Ut}

2. AN ZX] 2 A (Immune cell therapy)

Aol AAMZE st FA7IAY FHFtor HYPAIA tA] Yol NEX=m HA]o|t
o2 A& (JPA|EA & (adoptive cell transfer, ACT)2t sh=td], djEH R A Zo] gt AZA HIS

FEA7IE e r FUH-EH I (tumor infiltrating lymphocytes, TIL), T A2 =&A(T cell receptor,

TCR), 71vlgld¥8A(chimeric antigen receptor, CAR) AM|EZA]7A o] Ut

3. 9 Al (Anticancer vaccine)

AAE7E 2k Qe FUE0]H FY(tumor—specific antigen)S FEALAA] Foiste] HAAAS &4t
AozN AU W7 5ol e TEe] AMEE FAS}ES sk WX BHo|ch Fduiile QbA|Eo]
£ FYS oz sto] FAE EolF HRtSS fFrote 5ol Iz (HEr]E WAl DNA
-G-FFHrol g A WAl )Tk Ay AEEEQl Heuhe-S FYAA 42 A FESHe HEolH AR A
(B7 1%, TNF I&, MelE7I] OF 52 UEs 4 ot @4 5ol4 I zadioz 323 A4t

Hho] 2] A~ 2] & A4 (targeted oncolytic virotherapy)7} it

4, A -F=2H A (Antibody — drug conjugate, ADC)
FA-FEHAA= A= Al s AIAA IAESS FYste s A=A, & FA-F=
Aol FA7E Azl mHe| WAHE mARA | wHgSHHEA AT oFEd HAEH (toxic
4

substance)oll &% o] AFEEA St A mHOlH

HAZ| XA EAX|A|(Immune checkpoint inhibitor)

Al H7)s2 FAJARLE FAlo] o]t FAIAF (co—stimulatory) A& B FA] YA (co-inhibitory)

? ©Copyright All Rights Reserved @ Korea Pharmaceutical Information Center Since 2000
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AZEZJEE dAZ S Yofote G2 A 42 A AIAIEZJES BFMNA T A2 34<

o2 59 9AlZe] PD-LI olehs 54 AEEW wujzo] WARW ol T AXe| £AJsHs PD-17
ZEGAZH 2FAAY dAHe] Ud

i)
)
ol
el
£
—~
)
Hel
N
olr
o
12
2
e
H
i
T
<
g~
U
2
av]
U
é
4
S
i

St FAA S84 2Tzt Sedlel Adeh:  FtE(igand)e] AEAgo]  A1FTHE
(temporospatial) © & #j-¢- HwstA 2-5Hh,
ol WAHA} 7 B WEPE Ame] thste] Hhotn mME WeuhSsS Ho|wE ob HH ZhHe)

WMo BY AGAE £42 Wt Hastels] gie weid

m %Aﬂﬁﬁ?"&" "Hh ‘a-188L

g

N NG NN
R =

Ceriminitsition of T Cally Slloeiig
AArACng Wil Solpnbsraca oo
an ARG

T s P # Mg

Sowoe: Hegos M. Failaiees, Baborl & Walll: The ME
Rurvlitesn vt o Medieal Oeesliy, Ml Bddson
Y

S

18 7. Co-stimulation and Co-inhibition of T cell(EX: www.acessmedicine.mhmedical.com)
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ool A| ek

MHC

O 2H o]Fo|2H olF Foto] MolEIRIS] Zu7t Edstdt. ot Z4std T Alx
bl

A} HER FAA ASE HYEd, ol Foto] hxdh

HAZA|(Cancer Immunotherapy) (1)

@_

o] &4shk= 1 MEuEHY EASte T A2 FLs8A(TCR)IZE FLAAAE(APC) 9

SA A AToA T MZo] CTLA-4= FAAAAHZS] B7.1/2(1CD80/CD8O)} Ag-S F5to] T A|ZL2
2438t 752 F= 22 Qlom, T Az PD-1+= 4AIES PD-LI/PD-L2E F5te] TERFZ oA

S
hi

T Al 7= =43

Antigen-
presenting cell

 CTLA-4
\ PD1  PDLI/PDL2
Activation, ﬁ-—_-- —
Proliferation, . I

Cytotoxicity
Pept;de
cp’t TCR MHC |
T cell z

HAAIZJEAA A= 7]E0] AAX2A K] E7FQ

&l 8. Immune checkpoint inhibitor(ZX]: www.creative-biolabs.com)

124, A D= 28 GAlxEet T A9

gt 9ol 2ot "eln Aog Ao my HoAey AMATE FAEA EZSHA skl ol wEt

o
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HAHZEZJAEA A o= CTLA-4 FEZ2FAZ ipilimumabZt $11, PD-1 SHEZEIAZE nivolumab,

(] HAHZEZJEAAA A

pembrolizumab 5°] 9J2™ PD-L1 T@2EAZ atezolizumabdurvalumab 5°] 2lt}.

| -1 inhibitors
| -Nivolumab
-Pembrolizumab

CTLA-4 inhibitors
-Ipilimumab
-Tremelimumab

N PD-L1 inhibitors
-Atezalizumab
-Durvalumab

a2 9. Immune Checkpoint Targeted Therapy(ZX: www.www.researchgate.net)

s CTLA-4(Cytotoxic T lymphocyte associated antigen—4) JA|A]

CTLA-4%= CD28Y} fARE 225 741 JE Fdoz T Axrpt B4s1E90e o dipges gL
T Az & o] dFolch. T vt dstslo] Wuhe-g Uehlr] fleihs FUAAAEAPC)7E T Ao
MHC¢®} B7.1/B7.2(CD80/CD86)2t &2 F A58 HU ZAgstofoF gttt ojgf CTLA-47} B79t AgtohH
T Aze] 7]5o] Ag=a T Aze] tAlze] Q1A75m Ardz-go] gt oo CTLA-4 A=

CTLA-4 5879} Zqste] T AlZ7} ReshE AL 0 T AEo| 248 2774 SAsA,

olN
ot

Co-stimulation via CD28: CTLA-4 blocks co-stimulation: Ipilimumab blocks CTLA-4:
T-cell activation Mo T-cell activation T-cell activation

Adnped fram Lebbé ot al, ESMO 2008
AR, antgun-prosentng ool STLA-L, cyletaxis Thymphecyle antgen-4: MHC, majer histocompatibilily complen: TCR, T-coll recegior.

& 10. Ipilimumab(ZX: www.cancergrace.org)

@ ©Copyright All Rights Reserved @ Korea Pharmaceutical Information Center Since 2000
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Ipilimumab(o] B2 7%, AEE: oHo] F, Yervoy®, H|Ho]A/Q1k)
Ipilimumab2 #%9] CTLA-4 FAIZA WA ‘Fao] B7FsoHAY HolAdQl SAF] 57 &<l
of Heehy AldA
| &2 T M2 AdAZE ArEsts 7ol

7b B4 =A ZSHA

goen delgn 4
MHC Ag

Stk o] oFAle T A CTLA-40] Agst efAlzet T Azt H22 4 A 5

B7 Ipilimumab CTLA4
— pa——
d TCR
%—-} T cell
ey

CD28

Antigen-

'/

presenting cell
B7
T cell
activated
& 11. Ipilimumab(ZX: www.nature.com)
CHOREE
1. §%o] E7ISsHAY dolX EMZE(Unresectable or metastatic melanoma)@] 22
B AAPEL(0S)S YERVOY Fol# 1071Y, YERVOY+gp(glycoprotein) 100 Fola 10719 12|17
gpl00(RIeFt) Tt 67fE=2 UErdTh
Table 7: Overall Survival Results
YERVOY YERVOY+gp100 gp100
n=137 n=403 n=136
Hazard Ratio (vs. gp100) 0.66 0.68
(95% Cl) (0.51,0.87) (0.55, 0.85)
p-value p=0.00262 p=0.0004
Hazard Ratio (vs. YERVOY) 1.04
(95% Cl) (0.83,1.30)
Median (months) 10 10 6
(95% ClI) (8.0,13.8) (8.5,11.5) (5.5, 8.7)
2 Not adjusted for multiple comparisons.
C ©Copyright All Rights Reserved @ Korea Pharmaceutical Information Center Since 2000
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HASAA|(Cancer Immunotherapy) (1)

2. SAF0] Bz 7 (Adjuvant treatment of melanoma)®] 7%
T8 EERFS)Z YERVOY Foiit 26704, flofa 1771€ 2 Ukt
Table 8: Efficacy Results in Trial 2
YERVOY Placebo
N=475 N=476
Recurrence-Free Survival
Number of Events, n (%) 234 (49%) 294 (62%)
Recurrence 220 289
Death 14 5
Median (months) 26 17
(95% Cl) (19, 39) (13, 22)
Hazard Ratio 0.75
(95% ClI) (0.64, 0.90)
p-value (stratified log-rank?) p<0.002
Overall Survival
Number of Events, n (%)
Death 162 (34%) 214 (45%)
Hazard Ratio 0.72
(95% Cl) (0.58, 0.88)
p-value (stratified log-rank?) p<0.002
a Stratified by disease stage.
ESF Study 024 Z3b, o]de] g7A] ool g E W o] BSOSV Mol SAF ] B¢
13 AEE 46%, 28 BEE 24%01301L, o] A= T2Ho] gl Hold SMF A9 49 4d PEEO

YERVOY+dacarbazine §8F o2 19%, dacarbazine §EEo#& 9.6%°]| it}

» PD-1(Programmed Death—1) ®JA|A|

—

AZE PD-Liojehs ®olslmEae 2 9lo]
T

A2 PD-L13} T Al3Eo] PD-10] ZH3totdH oA E

N

© PD-1 A7} PD-L13} PD-19] 279 Atolof] mj2] Aetstd

NETE WA G T AmE FAEE AET,

? ©Copyright All Rights Reserved @ Korea Pharmaceutical Information Center Since 2000
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Cancar immunatherapy

?f..- with mAb to PD-1
T cell W a
<_1_ ¢ reu @l S

MHC-Ag BE
PO-L1 @
T PD-2

Cancer immunotherapy

I'. e
Ca 3y e Ll:“ with mAb to PD-L1 or PD-L2
L — PD-L2 ﬁ

TRENDS in Molecular Medicine

g2l 12, PD-1 Inhibitor and PD-L1 Inhibitor(ZX: www.sciencedirect.com)

PD-1 AA(PD-1 HZ=2A) o= pembrolizumab™ nivolumabo] 1o™ o]k AL} HAA
IZ 7re] ARte Adste ofAlEe] Ada ANIEI glom, o oflEe A W2 W(combination

—

therapy)®] 8 {t(backbone) ¥ skl Q.

1. Pembrolizumab( B E2 3%, AEY: 7|EZt} F, Keytruda®, dojAr])

Pembrolizumab& humanized IgG4 PD-1 TE2IA 24 FHof|A] ‘F=&o] E7FsoAY HolAdQd SME

o] A&’e} ‘HAaAEH LA PD-L1 Ed FAHEE HE >50%)22 EGFR T+ ALK ®Wol7l gle=

Hu

Ay HaAEHaRRlel 14 Am, ol wwE HAAEHr @AY 17 Am

J(TE v &>1%)o2A wWF 7q

E
g,
)
—
—_
i
i
%
Mo
N
1)
=

i

carboplatin-pemetrexate 2tetQ¥yte] HE Q@
St Am TF Ex o]Fof ago] ZlH P4 H|AM|ZH GO = ot EGFR E& A
SRl &2p= o] ofg Folsty] Ao olgfgh oo tigh FlH AmAE T Folk= Ao o]

ghld B¢ ol Sd= A

1ot

E ©Copyright All Rights Reserved @ Korea Pharmaceutical Information Center Since 2000
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SHotA|(Cancer Immunotherapy) (1)

2 13. PD-1 Inhibitor(ZX: www.epicentrx.com)

s 2

1) Ipilimumab A&7 o

o

# =

2.871€E 2 yrErTh

With immune therapy

PD-1
inhibitor

PD-L1
inhibitor |

T-cell
receptor

Antigen

Aol e SMF(Ipilimumab—naive melanoma)®] 7%

d AZE7]17HPFS)S KEYTRUDA 10mg/kg q3wks ol 41709, tx Ipilimumab Foj

Table 14: Efficacy Results in KEYNOTE-006

KEYTRUDA KEYTRUDA Ipilimumab
10 mg/kg every 10 mg/kg every 3 mg/kg every
3 weeks 2 weeks 3 weeks
n=277 n=279 n=278
0s
Deaths (%) 92 (33%) 85 (30%) 112 (40%)
Hazard ratio” (95% CI) 0.69 (0.52, 0.90) 0.63 (0.47, 0.83) -
p-Value (stratified log-rank) 0.004 <0.001 -
PFS by BICR
Events (%) 157 (57%) 157 (56%) 188 (68%)
Median in months (95% CI) 4.1(2.9,6.9 55(34,6.9) 2.8(2.8,2.9)
Hazard ratio* (95% CI) 0.58 (0.47,0.72) 0.58 (0.46, 0.72) -
p-Value (stratified log-rank) <0.001 <0.001 ---
Best overall response by BICR

ORR (95% Cl)

33% (27, 39)

34% (28, 40)

12% (8, 16)

Complete response rate

6%

5%

1%

Partial response rate

27%

29%

10%

model

Hazard ratio (KEYTRUDA compared to ipilimumab) based on the stratified Cox proportional hazard

@ ©Copyright All Rights Reserved @ Korea Pharmaceutical Information Center Since 2000
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HAZA|(Cancer Immunotherapy) (1)

2) Ipilimumabel -8 & (Ipilimumab-refractory melanoma)®] 7%

W

A

AZE71HOS)=

KEYRUDA

10mg/kg

q3wks

Fold 147714,

chemotherapy(dacarbazine, temozolomide, carboplatin, paclitaxel 5) T+ 117142 et

Table 15: Efficacy Results in KEYNOTE-002

KEYTRUDA
2 mg/kg every
3 weeks
n=180

KEYTRUDA
10 mg/kg every
3 weeks
n=181

Chemotherapy

n=179

Progression-Free Survival

Number of Events, n (%)

129 (72%)

126 (70%)

155 (87%)

Progression, n (%)

105 (58%)

107 (59%)

134 (75%)

Death, n (%) 24 (13%) 19 (10%) 21 (12%)
Median in months (95% Cl) 2.9(2.8,3.8) 2.9(28,47) 2.7(25,28)
p-Value (stratified log-rank) <0.001 <0.001 —

Hazard ratio* (95% CI)

0.57 (0.45, 0.73)

0.50 (0.39, 0.64)

Overall Survival'

Deaths (%)

123 (68%)

117 (65%)

128 (72%)

Hazard ratio” (95% CI)

0.86 (0.67, 1.10)

0.74 (0.57, 0.96)

p-Value (stratified log-rank)

0.117

0.011%

Median in months (95% CI)

134 (11.0, 16.4)

14.7 (11.3,19.5)

11.0 (8.9, 13.8)

Objective Response Rate

ORR (95% CI) 21% (15, 28) 25% (19, 32) 4% (2, 9)
Complete response rate 2% 3% 0%
Partial response rate 19% 23% 4%

model

T With additional follow-up of 18 months after the PFS analysis
* Not statistically significant compared to multiplicity adjusted significance level of 0.01

*  Hazard ratio (KEYTRUDA compared to chemotherapy) based on the stratified Cox proportional hazard

=
BN
=

3) HolA H|AAZH L] 12 = X = (First—line treatment of metastatic NSCLC as a single agent)®] 7%

A E717H(PFS)&

KEYTRUDA

10mg/kg

q3wks

Folt  10.3704,

chemotherapy(pemetrexed, gemcitabine, paclitaxel 5) ol 670192 e

55,

|a5|e Ig E“lcacy ﬁesults in RE ; |15| E-aﬂ

Endpoint KEYTRUDA Chemotherapy
200 mg every
3 weeks
n=154 n=151

PFS

Number (%) of patients with 73 (47%) 116 (77%)

event

Median in months (95% CI) 10.3 (6.7, NR) 6.0 (4.2, 6.2)

Hazard ratio* (95% CI)

0.50 (0.37, 0.68)

p-Value (stratified log-rank) <0.001
os
Number (%) of patients with 44 (29%) 64 (42%)
event
Median in months (95% CI) NR NR
(NR, NR) (9.4, NR)

Hazard ratio* (95% CI)

0.60 (0.41, 0.89)

p-Value (stratified log-rank) 0.0057
Objective Response Rate

ORR (95% CI) 45% (37, 53) 28% (21, 36)
Complete response rate 4% 1%
Partial response rate 41% 27%

p-Value (Miettinen-Nurminen) 0.001

Median duration of response in NR 6.3

months (range) (1.9+, 14.5+) (2.1+, 12.6+)

® Based on the stratified Cox proportional hazard model

T p-Value is compared with 0.0118 of the allocated alpha for this interim

analysis.
NR = not reached

©Copyright All Rights Reserved @ Korea Pharmaceutical Information Center Since 2000
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4) FolAd HIAMZHAC] 12} pemetrexed?t carboplatin Q8 A= (First—line treatment of metastatic

nonsquamous NSCLC in combination with pemetrexed and carboplatin)®] 74-%-

A Hh-3-E(ORR) KEYTRUDA +pemetrexed+carboplatin ol 147704, o =

pemetrexed+carboplatin Folw 1179 = e

Table 17: Efficacy Results in Cohort G1 of KEYNOTE-021

Endpoint KEYTRUDA Pemetrexed Pemetrexed
Carboplatin Carboplatin
n=60 n=63
Overall Response Rate
Overall response rate 55% 29%
(95% CI) (42, 68) (18, 41)
Complete response 0% 0%
Partial response 55% 29%
p-Value* 0.0032
Duration of Response
% with duration = 6 months’ 93% 81%
Range (months) 1.4+ 10 13.0+ 1.4+to 15.2+
PFS
Number of events (%) 23 (38%) 33 (52%)
Progressive disease 15 (25%) 27 (43%)
Death 8 (13%) 6 (10%)
Median in months (95% CI) 13.0 (8.3, NE) 8.9 (44, 10.3)
Hazard ratio® (95% Cl) 0.53 (0.31,0.91)
p-Value 0.0205

* Based on Miettinen-Nurminen method stratified by PD-L1 status (TPS <1% vs. TPS 21%).
Based on Kaplan-Meier estimation
* Based on the Cox proportional hazard model stratified by PD-L1 status (TPS <1% vs. TPS

+

21%).

3 Based on the log-rank test stratified by PD-L1 status (TPS <1% vs. TPS 21%).

NE = not estimable

5) PD-L1 9H@& 50% o]4}e] o]do] A=A%o] e 8l AAEHY(Previously treated NSCLO)2] 4-¢

Bt AA BZE717HOS)S KEYTRUDA 10mg/kg q3wks Folt 17.370%, tlZw- Docetaxel Folat 82714

2 Yehgon A#A ¥h2-E(ORR)E KEYTRUDA Fo]#& 29%, Docetaxel Fo]7--2 8%C & UreRgith

Table 18: Efficacy Results of the Subgroup of Patients with TPS 250% in KEYNOTE-010}
Endpoint KEYTRUDA KEYTRUDA Docetaxel
2 mg/kg every 10 mg/kg every 75 mg/m® every
3 weeks 3 weeks 3 weeks
n=139 n=151 n=152

os
Deaths (%) 58 (42%) 60 (40%) 86 (57%)
Median in months (95% CI) 14.9 (104, NR) 17.3 (11.8, NR) 8.2 (64,10.7)
Hazard ratio* (95% Cl) 0.54 (0.38, 0.77) 0.50 (0.36, 0.70) -
p-Value (stratified log-rank) <0.001 <0.001 -

PFS
Events (%) 89 (64%) 97 (64%) 118 (78%)
Median in months (95% CI) 5.2 (4.0, 6.5) 52 (4.1,8.1) 4.1(3.6,4.3)
Hazard ratio* (95% Cl) 0.58 (0.43, 0.77) 0.59 (0.45,0.78) -
p-Value (stratified log-rank) <0.001 <0.001 -

Objective response rate
ORRT (95% Cl) 30% (23, 39) 29% (22, 37) 8% (4, 13)
p-Value (Miettinen-Nurminen) <0.001 <0.001 -
Median duration of response in NR NR 8.1
months (range) (0.7+, 16.8+) (2.1+, 17.8+) (2.1+, 8.8+)

*  Hazard ratio (KEYTRUDA compared to docetaxel) based on the stratified Cox proportional hazard

model
T All responses were partial responses
NR = not reached

55,
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6) PD-L1 &g 1% ol4Fe] olde] Am7do] Q= H] A EH I (Previously treated NSCLC)S] <

Hat A AAEZIZHOS)2 KEYTRUDA 10mg/kg q3wks Folwt 12,7709, thxw- Docetaxel Foi- 8.5

ALz Jepton AmA dESE(ORR)S KEYTRUDA Eo372-S 19%, Docetaxel Folie 9%0 =2 UERIT

Table 19: Efficacy Results of All Randomized Patients (TPS >1%) in KEYNOTE-010

Endpoint KEYTRUDA KEYTRUDA Docetaxel
2 mg/kg every 10 mg/kg every 75 mg/m? every
3 weeks 3 weeks 3 weeks
n=344 n=346 n=343
0s

Deaths (%)

172 (50%)

156 (45%)

193 (56%)

Median in months (95% CI)

10.4 (9.4, 11.9)

12.7 (10.0, 17.3)

8.5(7.5,9.8)

Hazard ratio* (95% CI)

0.71 (0.58, 0.88)

0.61 (0.49, 0.75)

p-Value (stratified log-rank)

<0.001

<0.001

PFS

Events (%)

266 (77%)

255 (74%)

257 (75%)

Median in months (95% CI) 3.9((3.1,4.1) 4.0(2.6,4.3) 4.0(3.1,4.2)
Hazard ratio* (95% Cl) 0.88 (0.73, 1.04) 0.79 (0.66, 0.94) -
p-Value (stratified log-rank) 0.068 0.005 ---
Objective response rate
ORR' (95% Cl) 18% (14, 23) 19% (15, 23) 9% (7, 13)
p-Value (Miettinen-Nurminen) <0.001 <0.001 --
Median duration of response in NR NR 6.2
months (range) (0.7+, 20.14) (2.1+, 17.84) (1.4+, 8.8+)

* Hazard ratio (KEYTRUDA compared to docetaxel) based on the stratified Cox proportional hazard
model

T All responses were partial responses

NR = not reached

o] E2 EAN dFHer w2 WEES HAM

ol2|gh Ao

THE& AAI THC 22C38t= sWigdAE 9 sstalct.

w4
e}

o] ofAlE PD-L19] &d&

n] FDAE #%¢] PD-L1 %

2. Nivolumab(JE2%, AEd: /B F Opdivo®, 2k)

Nivolumab¥® fully humanized IgG4 PD-19A] 4Z=% o] E7FsskAY ol

Avjg 24 3

24 =dolA ‘1. +<

49 BAF AR BEay Eb olRelRue Weay 2 o4

P4 ®E Aol waAEHete] M 3 old Azl A Wy AN N 4AEARAL
o4 F U oAF HARATHEY FolF UM b AYP AP SANYLE 5. o w2
setaylz 5 ®i Fol AWE ALY EE Hold AR HBAZY Az 6 Fi WAH Ei

Mol QuATMAL QreRA 7t was

Z QY (neoadjuvant) Ex= &
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57144 At
1) ol HH H|AA 2 e] 22 %= (Second line treatment of metastatic squamous NSCLC)2] 73-¢-

B A BEE(0S)L OPODIVO FEoli 9.270¥, Docetaxel Fol# 6.071¥=E e

Table 21:  Efficacy Results in CHECKMATE-017
OPDIVO Docetaxel
(n=135) (n=137)
Overall Survival
Deaths (%) 86 (64%) 113 (82%)
Median (months) 9.2 6.0
(95% CI) (7.3,13.3) (51,73
Hazard ratio (95% Cl)? 0.59 (0.44, 0.79)
p-valugb® 0.0002
Overall Response Rate 27 (20%) 12 (9%)
(95% ClI) (14,28) (5,15)
p-value? 0.0083
Complete response 1 (0.7%) 0
Median duration of response, months NR 8.4
(95% Cl) (9.8, NR) (36,10.8)
Progression-free Survival
Disease progression or death (%) 105 (78%) 122 (89%)
Median (months) 35 2.8
Hazard ratio (95% CI)? 0.62 (0.47, 0.81)
p-value® 0.0004
2 Based on a stratified proportional hazards model.
b Based on stratified log-rank test.
¢ p-value is compared with .0315 of the allocated alpha for this interim analysis.
9 Based on the stratified Cochran-Mantel-Haenszel test.

2) Aol v H v AAMEZH O] 22} X = (Second line treatment of metastatic non—squamous NSCLC)2] 7%

B AA AEE(0S)2 OPODIVO Fofit 12.270Y, Docetaxel Foiit 9.471 9= vrebtt,

Table 22:  Efficacy Results in CHECKMATE-057
OPDIVO Docetaxel
(n=292) (n=290)
Overall Survival
Deaths (%) 190 (65%) 223 (7T7%)
Median (months) 12.2 9.4
(95% CI) (9.7,15.0) (8.0,10.7)
Hazard ratio (95% CI)? 0.73 (0.60, 0.89)
p-valueb® 0.0015
Overall Response Rate 56 (19%) 36 (12%)
(95% Cl) (15, 24) 9,17
p-value 0.02
Complete response 4 (1.4%) 1(0.3%)
Median duration of response (months) 17 6
(95% CI) (8.4, NR) (44,7.0)
Progression-free Survival
Disease progression or death (%) 234 (80%) 245 (84%)
Median (months) 2.3 42
Hazard ratio (95% CI)2 0.92 (0.77,1.11)
p-value® 0.39

2 Based on a stratified proportional hazards model.

b Based on stratified log-rank test.

© p-value is compared with .0408 of the allocated alpha for this interim analysis.
d Based on the stratified Cochran-Mantel-Haenszel test.

9 ©Copyright All Rights Reserved @ Korea Pharmaceutical Information Center Since 2000
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3) oA 7AYol Y= Mol SMF(Previously untreated metastatic melanoma)®] 7%
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Table 18:  Efficacy Results - CHECKMATE-066

OPDIVO Dacarbazine
(n=210) (n=208)
Overall Survival
Deaths (%) 50 (24) 96 (46)
Median, months (95% Cl) Not Reached 10.8(9.3,12.1)
Hazard ratio (35% CI) 0.42 (0.30, 0.60)
p-valuebe <0.0001
Progression-Free Survival
Disease progression or death (%) 108 (51) 163 (78)
Median, months (95% Cl) 5.1(3.5,10.8) 22(21,24)
Hazard ratio (95% CI)2 0.43(0.34, 0.56)
p-valugb® <0.0001
Overall Response Rate 34% 9%
(95% Cl) (28,41) (5,13)
Complete response rate 4% 1%
Partial response rate 30% 8%

@ Based on a stratified proportional hazards model.

b Based on stratified log-rank test.

¢ p-value is compared with the allocated alpha of 0.0021 for this interim analysis.
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