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AlBo A AR BHHS A= WAl D 35T AFZ (Neutrophil score) ¥

HANE Z2HAR o] A Al s olAS HESE WAE ¥IsteE, HFddA f= W
A olaukg o Wy o &S 9% FRATYY.

AT 2

A 18tel]l A,

A7) AR Td2 A7) (sequencing), RNA AJEJ(RNA sequencing), 2 MUl A7]A4<E 4 (next
generation sequencing, NGS)O 2 o]Fojz F o 2HE HMEly sl ojite] WS Ei) A= A4S EAo
2 b, d9EddAd f= WeHH o dukse U 5SS 9 dRAFTHE.

7% 3
A1l i,

7] HAAE Z23d& &F T (Neutrophil), A1 A8 T Al*E(natural killer T cell, NKT), B} 1 =&
T MX(type 1 regulatory T cell, Trl), B8 1 &3 T Al*E(type 1 T helper, Thl), %= =& T AX
(induced regulatory T cell, iTreg), =4 719 T A E(central memory T cell, Tcm), cp4’ nHE= T AE

(CD4+ nalve T cell), &3} 7]°] ME(effector memory T , Tem), @ M¥E=EAT ﬂi(Cytotoxw T cell,
Te)Z o] Fofzl Oi-r‘ﬂ AEEE S o] &S S il AL SAHe=E s, M9gFgdA fx WY
W ol dukgel Wy 5 Y JEATH.

AT 4

T
flo
o
o
o
rlet
L
o
Py
tlo
A
o,
o
fit
gﬂ
rir
s
12
o
o2
2
o
H
s

A7) AESA ANEE fPAERE R 24, Az, A9, 944, 2%, g, A%, HH59, 2, 2 oo
WMo o]Folzl FoRRE MulFiz st o]l A EAHoR i, WA fxE dWgHd o]k
o5 93 A RAl Ty

AT 6

A7) WATA ol utg2 WA o YE= HF(skin) oS, iR Al (endocrine system) ©]7%

_3_
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s A (thyroid  gland)  o]dwRbs, & ZAAl(musculoskeletal — system) — o]WHS, 1Al
(gastrointestinal system) ©]AWFe A7 A (neurologic system) o|AWHE- =7+ §AF FAH(Flu-like), ¥ ¥
& (pulmonary) &2 o]Folzl O 2RE Heg shu o]l s 5o s, WAt

Argo] Y o &5E A% BEATHH.

A7) dbH e S A oA RelE AESE AR T AEZ(Neutrophil score), WAAE Tawd F &
FTTY ¥, 2 WM Z29d F MESAH T Axe Foz o|Fo3 FozRE Agd s o] tix
ol wE] Ws A, WEdd oo Iy f¥o] =& FloR JdSstE dAE ¢ E¥sE AS Ao

2 s, ARl FE welwd o gukge] Wy o3 919 AnAlTHY.
2379 8
AL gl A,

A7) R I A A EelE AESH AlRdA WIAAE T2ud F oz AE T Al¥E(natural killer T

cell, NKT), B} 1 =24 T M*E(type 1 regulatory T cell, Trl), B9 1 &5 T A E(type 1 T helper,

Thl), %= & T Al¥(induced regulatory T cell, iTreg), =4 719 T #|*%(central memory T cell, Tcm),
cp4’ nAE T AECD4 nal ve T cell), @ &3 719 A E(effector memory T cell, Tem)Z o]Fo|x o7
HFE AEEE sk o)ide] ol gz ulE] S A, Wodd ol ks U f¥e] w5 Aow oS
Sk= _g. =} il =2 0 —i;% _cH;;—l_ Xé_l;‘_zﬂ

(¢} p
e WA 2dehs e SH0R s, Wl £ welnd o gutgel Wy d
H
H

A7 mA Y 7)HE 2d8 XGBoost AW EHAE(Random forest)® o] Fojx o RRE MEEE ) o
A AE BEHOR sh, W9ESA fx WEHH o dukso U 5SS g dRAFTHE.

A+ 11

ST A (Neutrophil score) B WHAME Z2aAR o]Fojxl Lo RFE HAYE st o]fS AEFdhe

=~
AAE s, BPdA F5 WY
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A7l AGAE 229D S5 (Neutrophil), A 23] T ME(natural killer T cell, NKT), E}} 1 =4
T AE(type 1 regulatory T cell, Trl), B 1 &A% T A E(type 1 T helper, Thl), %= x4 T A=
(induced regulatory T cell, iTreg), &4l 719} T A|*(central memory T cell, Tcm), cp4’ HE T AE
(cp4’ na.l. ve T cell), &% 719 M¥(effector memory T cell, Tem), ¥ A EEA T A E(Cytotoxic T cell,

TR o Folxl FoRRE Hdst sht olge] 3 AT %A AL AR S, WA Fu W
B ol g Wy o8 &

AL,
A3 13
A 118l oA,

)

o>
oo N,

HA T o] dih-g-& W3t Ale] o3 vehte F5 (skin) o]dWHg, WEH] Al (endocrine system) o]/
. & (thyroid gland)  o]d¥Hs, = AA (musculoskeletal — system) — o]dWHg-, A
(gastrointestinal system) ©]44+3-, A7 (neurologic system) o]49+-8-, 57 A S (Flu-like), b
H (pulmonary) &.& o] Folxl o wiE HEd st o]l As 5EHOoR s, WA F= dgad o
Aakgo] WE oS8 2=

=

=3
N

>
o.

0O

roNE

=

A7 T AR AESE AAE &5 Wil WY A ZNeutrophil mediated immunity pathway) 4%k
MEo| Eoldo=m Adsls Zgloln e TRHE F3eE AL EFoR s, HIAA £ AIAA
o| kg0l W oS8 ZAE

A1l 9lo1A,

e

A7) AT T23ds HAEdeE AAe £F 7 Neutrophil), A Ae) T M¥*(natural killer T cell,
NKT), B} 1 24 T M *E(type 1 regulatory T cell, Trl), BF) 1 &% T A ¥(type 1 T helper, Thl), F%

%3 T AE(induced regulatory T cell, iTreg), &4 719 T AlE(central memory T cell, Tcm), 4’ |

= 7 /‘ﬂE(CDéf nalve T cell), &3 719 A E(effector memory T cell, Tem), 2 AEZ=A T A%
(Cytotoxic T cell, Tc)Z o]Fofx FozXE MU= 3l ol WM N tzh vl FHA AE &
ojfow AYdshs Zefolw] Hm ZRHE Ngshs s 5HOE she, WALGA k= wHd ot

T
4 Elto aﬂ‘_l_ S _1_/‘5,]5,

A7 16

A1 WA A58 5 o= g o] 2AHES e, WAYAA F = WA o dnkEe Iy oS8 7
E.

AT 17

@A A Eele AETH A5A FHxe] dHAS FAHE WA 2 57 JF3(Neutrophil score) H
HAANE Z2odR o]Fozl FozHFEH MYy shy oS HESIe 9dAE s, WIdIgdAd ot
HESA oSS 1S FRATYH
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e 4y

7l & & of

2 2 RNA 7IRF WA i WYY o]k Wy oS Wyl #gk Aot

L/ B

W I FE 2 (immune checkpoint blockade, ICB) &¥& t}okdl oF f-do tist o X8¥ & 37}
HAow, ICB X & % WAy o] AWH-S-(immune-related adverse event, irAE)C.& Q& HZ QWA AW
F Ader o q4de FHskeld. oy 27l WA Ee Aed irdEv IZEEIAHROE
(cor tlcostermd) T WA AE Bl £ YA, Ad¥ irARE SA] A 2 A=k gow A9y HQl
S A GFHA ol3eS 4 & Jduk. wEhA, 1B X& H(pre-treatment, PRE) T+ %7] X &
?(early during treatment, EDT) irAE WA o523 22} whe] SHERE olugt o5 H|E SHAAME 4o
Z g Fasicth Ee, irAbE AW or WY A4gAd g vEoR vt W] ojui weahzA] o

A o 3= 71EE AT

olde] irAk ATE FE Tz A ZHE JAFH wme AsEty
(CBO)7F W ABHAl AT-HAARE of 2] Aol A

|E719] T el e oﬂzowi x%]OPﬂi’iE i, g 5o, IL-6& 28 T A%} B A% Has 48
st Bx doolA D8+ T Alxe] S8 &2 oZdyies AR

i A W AAL #He) 243tk 719
WEo- Bhxtoll A AlZFSE irAE AT #eio] At

Tx de SA= AR, dd 2 SATAA e x2 irAdlE 2AES AW
B AR TEF =AWl Fol AT, 2 =eiwe] Fdo] 1B thdt A&
HHez irdE 918& S7P7I= wd aflew #ge Thedo] vk, ERE, T0GA vhg 2. Hlo =
&ell LCP13} ADPGK7} irAES] o5 mpo]owiA=m AdEloy, oS5 oL 14709 irAE A= 1470 o
2 AES vasks Add o] ok @Atz FHEAY. o] F A= FDA §-2H8 il A|XE(FAERS) 9 ©l

Holl ojEg o}, o] dlojEulol~= ICB ¥4 irAEE A7t8t7] Sl 583 AAEA okt AAAGD Wol
w oAkl Aeg ATl M S AR A9 s obHEd T = vN e g ad

A5, BAH R AT AY Qe Hetets] o3 B BAo] BRFH, irL ¥elstel e
e} vt

B e olulae 94 o ¥BAA AP} Rt Te old irAkR
A SRl lgARY i TR, i U Ayl A % % 3

irAEE b gl SRS e 1B AR AFel tal f94 29,
2 @ Akl dlolelg Bas] ARl
FEE Ak WS S5 9@

H]| & 35]#¢
(&3 &3 0001) Proc Natl Acad Sci USA. 2016 Oct 18;113(42):11919-11924.
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sl = A

o ME B 2 AHAE ZEad, Ada o]
ZZk(Neutrohil score) @ WAGAE Z=23}d 3}
S Agdsigitt.

olof], & whge] EAe A A FEEH AETH AlmolA FHAte ddE SAHIE 9 E 5T AF
#(Neutrophil score) ¥ WAGAE Z2updz o]Fox Fo2RE Auld s oA A& dAE ¥3
S, W9 gA fx " o)ukS o] WY dFS Y3 AHATYHS AT Holt.

B oago] g 548 357 A¥gt(Neutrophil score) ¥ WHAY Zzuledz o]Fojz FozKE Aed
sty oS HESIE AAE ESste, A9EdA fx W9 o] dukge UwH Jd58 24E 4 JEE

aen}, B ougel oltuA st J1%d BAL ol AFE AAG ARHA Bovl, AFHA e w
oE BAEE odel ARV B wgel &3t sl% wopel B4 A% A A

A9 A
Aot 22 HAHe @dsty] A 2 Iy iAo EelE AETH ARdA FFxe] dES S5
oA 2 3T Agk(Neutrophil score) ® WANE ZTRHUR o|Fo)x FORZHE MeH sl o]AS
HAEse dAE L¥sle, WAEYA = dgdd o] hwkgo] i oS58 93 ARAFUHS A3t
L3, 2 oage yPAelA EElE AEESH AR

ool o FidmA, A7) Fraake] wdS AR (sequencing), RNA A7 (RNA sequencing), % A
A7IM<E A (next generation sequencing, NGS)O.2 o]F |7 FozHE Muly st o] WHS B3 =
4 G o, oldl AFHA &=

Heol o2 FHA2A, A7 d9AE 29 *?r:rL(Neutrophl , A A T M E(natural killer
T cell, NKT), B9 1 =4 T M *E(type 1 regulatory T cell, Trl), Bt 1 &9 T A *E(type 1 T helper,
Thl), %= 24 T AlZE(induced regulatory T cell, iTreg), &4 719 T A|*E(central memory T cell, Tcm),

cp4’ "AHE T *1]4_(CD4 naI ve T cell), &3} 719 Al E(effector memory T cell, Tem), % AX=A T A&
(Cytotoxic T cell, Tc)E o]Fofz o 2HEH A8y = 3kt o9 s S48 #d 4 Ao, ofd Ag
A k=

v e B gE FddEA, 7] dgAs "9 AsE ] d Ee B2 59 oF #xd

ot

o}, ol AgHA] L=

Boagol g2 FddaEA, A7) AEstE ANse ARy 2w 24, Ax, A", €94, 8%, g
ol A WG AW " gioR o]Foj FogRE AR s oY 4 o, oo A3kE XA
o) 1-

T \__T;}-

Eoulgol & & FddzA, Y] dHeas o] duks-e WA o8] yeElis 3¥-(skin) o]gHES-,
WEH) A (endocrine system) ©]AFwF2- 7HAAM (thyroid gland) ©]4WHE, <& A7 (musculoskeletal system)
ol %dHk-g-, #1747 (gastrointestinal system) ©]’d8kg, 217 (neurologic system) ol’dWbs, =3+ FAF S
(Flu-like), 2 # % (pulmonary) &2 o]Fojx F o ZHE Melw i} o]Ad 4= glor, o] A3eA &=
=

2 ode] £ tE2 FEdEA, A7) dEe IAAdA ZEE AETH AlmdA ST AFak(Neutrophil
score), HAAE 223 F 3579 &, @ HIAE 229U F Ax5Hd T Axe go= o]Foxl o

|
N
|
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L
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Q1E A}t (immune checkpoint blockade,
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Q13 A (immune checkpoint inhancer)

E

)
23
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H

BEE 5
Egag Rty

)

7

H

Fatel Mgaly NEE 2
=

ole| =] 5% (Atezolizumab),
o] B gl ¥ (Ipilimumab),

FaL ofel] wh}

o

SHA|
ol =1-(Avelumab),

°©

I

dAg YEFT(Nivolmab),

A

o,

S0 (Duvalumab),

(Tremelimumab) &2 ©]
o] QlojA],

(Pembrolizumab),

e
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gul

01—1:1

WEH A

)

'Critical'=
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ey
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Aln
<

(skin) ©]
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5] %

A A (musculoskeletal system) ©]
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L
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.

Fu
=

pal

S(critical) 3o = A
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255 o

<, A7 A (neurologic system) ©]

g
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'Multiple G>
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gl
[e]
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01—1:1

A
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[e]
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[0067]

[0068]
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Row oAl Bl IET AREHe FHAx dEE ez st §Hx 2EEA (Gene ontology,
http://geneontology.org/)elA A&s= ZFF w7l WY & (Neutrophil mediated immunity pathway,
G0:0002446) 2 AMEZE o]&ste] dd AE FAA AE FH A= A A(Single Sample Gene Set
Enrichment Analysis, ssGSEA)S &3l AZslelal xEstet 4h& onE ¢ 9o}, old Alghy] =] eketh. o
o, A7 7wl WY AR FHAR AEE A"sie e A% MES F3AH ddS gRlste] & 4
A dEES ARt Ad ¢ oden, A¥s 9 3}i= ssGSEA(Barbie et al, Nature, 2009, PMID:
19847166., genepattern.org/modules/docs/ssGSEAProjection/5#gsc.tab=0)2] Wy o2 Aik"E 4= qiv}.

P
=2
AN

oo gloja, AV WANE T2ade ZFF(Neutrophil), A4 Al T AlE(natural killer T cell,
NKT), B} 1 24 T M *E(type 1 regulatory T cell, Trl), B}) 1 &% T A ¥ (type 1 T helper, Thl), %

%73 T A E(induced regulatory T cell, iTreg), &4 719 T AlE(central memory T cell, Tcm), cp4’ u A

Z T AZ4 nalve T cell), &% 719 AE(effector memory T cell, Tem), 2 MEZA T AX
(Cytotoxic T cell, Tc)Z o]Fojx o ZHE HE== s oo s SAHT ;Y RO}, ol Ag
Hx] @gErh. B oage glojA, Av] WINE Zaado ggdAd FAE WHS olg3dtd =A™ &
glom, oA o) Immucel IAI(Miao, Y et al., Adv. Sci . 7
http://bioinfo.life.hust.edu.cn/ImmuCel IAD) ZHE SAHE 4 oy, WIME TS AT = Y=
Wlolghd 1 FRo) AFE A ekt

2o olejA, 7] MAME ZT23tde Immucel IAINA AlEdhs AAAME wpA FHd2 AES] F FH4
FAFE dFEdo=n SADL o o, 4 A wit v F3A AEE vt gk
Sz ol digk whA frxdAk: IL18RAP, BMX, BINL8, CASP5, CLC, CXCR1, CXCR2, FCGR3B, FPR2, HSPAG, MEFV,

PADI4, S100A12, TREMLZ, TRPM6, SIGLECS, CREB5, ALPL, AATK, CEACAM3, CSF2RB, CSF3R, FBX038, MAK, PAKZ,
TOP1, UBXN2B, & VNN3.

24 Ak T AZ(NKT)oll thdk m}#A S = CASP5, DOLK, GMIP, PRRSL, SGCA, SLAMF1, TCOF1, TGFBR2.
Bl 1 24 T ME(TrDoll oig »}A f-3d*}: INFRSF4, (D4, CCR4, CD28, E LAXI.

Bl 1 @9 T M2Z(ThDeol| wisk wbA {32 IFNG, IL2, MNAT1, SLAMF1, STAT1, EIF2B2, APBB2, CCL4,
CTLA4, GGT1, LTA, SYNGR3, 2 TACOL.

S5 2-8 T M*E(iTreg)dl oidt m}A G} FOXP3, STAT5A, CCR8, (D5, HS3ST3B1, TTN, CTLA4, FASLG,
ICOS, CCR3, GALNT8, NFATC3, SIT1, CD28, IL10RA, PPM1B, ATG2B, CCR4, 2 ZFYVE9.

A 719 T AM2E(Tem): CORO7, ATM, GMEB2, SNRPN, ADSL, ITK, TFAP4, NAA16, LY9, CYLD, GIMAP4, PURA,
DVL1, RPP38, LRIGZ, IL7R, CDKNZAIP, APBB1, IPCEF1, (D247, CD40LG, TRADD, CD3E, TPR, ARID5B, UBASH3A,
NCK1, SPTAN1, GPR171, % CD5.

o4’ mAE T A S (cp4” nal ve T cell): CD2, CD3G, CD4, GIMAP6, GLG1, HMOX2, IL7R, ITK, LIMD2, LY9,
NAA16, OBSCN, PACS1, PLCL1, RPL14, SNPH, TPP2, TRAF1, ZBTB40, CD40LG, % SEPT9.

a7 719 AME(Tem): APBA3, (D160, CD2, CD8B, CDK10, CDKN2AIP, CHST12, COG4, CX3CR1, DHX16, EWSRI,
GIMAP6, GPR171, GZMK, HOMX2, IKZF3, ITK, KLRD1, KLRG1, MAPKAPK5, MORCZ, MRFAPIL1, PLCG1, PSMC5,
RNF167, SBF1, SF3B2, SLAMF1, TBCD, USP47, ZFYVE9, % ZNF549.

M3E =4 T ME(Te): KNGL, PSORSIC2, BLNK, SCN3A, TNFRSF10C, ITGAM, KLRK1, CD8A, GNLY, GZMH, PTGDR2,
(D8B, GZMA, ™ PRFI.

2 oago] QoA 7] e g AdA EElE AESHY AlgdA 5T AFa(Neutrophil score), WS

Ax Z229Y F 3579 &, 3 "WgME Z=29d F T 3

shu o] o] tizTe] wis] e A9, WYgAd oo U Fo] =& oz dFsie dAE o
1

T 5 gou, ol AWsA e,

R it

e

ol QlojA, A7) WhH2 I Al A EElE AEEH AlRoA WAME Zaud F A A T AE
(natural killer T cell, NKT), B} 1 =& T A E(type 1 regulatory T cell, Trl), ] 1 &5 T A&
(type 1 T helper, Thl), % FZ& T A *(induced regulatory T cell, iTreg), =4 7] T Al¥(central

_11_



[0069]

[0070]

[0071]

[0072]

[0074]

[0075]

[0076]

[0077]

[0079]

[0080]
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memory T cell, Tcm), cp4’ HHE= T /HL‘E(CD4+ nal ve T cell), 2 &3} 7]9] M E(effector memory T cell,
Tem)2 o]Fojzl FoZHE MU g} o]k o] dixwol vldl =& 45, ddadd ojdukge] wy

Aol & AR dFses dAS o 23 5 o, ol AT A Fe=rt.

Boalgol 9lojA | A7l WHe 357 AFZ(Neutrophil score) @ WIAE TR2uUR o]F o FOoRHE
A8y 7k RS B WdESdA i dedd o dukse] Wy s

o oI, “XGBoost” + Extreme Gradient Boosting®] <FxF=, HAF
=

=N
=4
G0 0 FE wAHOE Pt PHoE BRS Fystd, ofd mHo|

T, B oubg e Ao wElE AESH ARoA fFHxle] #dHS FAHSE WA @ TFT AFE
(Neutrophil score) @ BIAAME TR o]Fojxd FogRy Add s} oS AEs= GAS £33
=, "ogetAle] digh kA oSS g AEATEHS ATt

T, B2 oubg e A oA wElE AESH ABoA fFHxte] #dHS FAHSE WA 2 TFT ARG
(Neutrophil score) @ WHMNE ZTEHAUZ o]Foj7 FogHE AEE sl oS HEse dAE £33}
=, ddgdAe] dgk v-sA dF s AT

2 ol oA, 7] FHANA FElE AEEA ABAA 5T GFak(Neutrophil score), WHAHE =
29d F 33T &, 2 HIAY T2ad F ANESAH T AEXR o|Fof FoRRH Aue sy ool
giztol vja] Ws A, WA gk whgAgo] Ws AoR oS5 4 9oy, oo ASEHA =

2 el qlojA, 7] dAA A EElE AESHA AlmdA HAME Z239d F AA A T M E(natural
killer T cell, NKT), BF) 1 Z& T M *(type 1 regulatory T cell, Trl), B8 1 & T M E(type 1 T

helper, Thl), X% %4 T AME(induced regulatory T cell, iTreg), A 7191 T A|*E(central memory T
cell, Tcm), cp4’ "AHE T *‘I]J‘I_(CD4+ nal ve T cell), @ &3} 7]°) ME(effector memory T cell, Tem)Z o]
Folx FogHE AEEE s ool ko] tixTte HlE =& AS, WogdA] ok vkgAo] =& A

om dZ% 4 9o}, ool AFHA v,

ok, B owg e S35 A2k (Neutrophil score) 2 W
7 3

e AESe AAE TS, WAYWA FE W

2 ard QlojA, A7) AlAlE ST AR B "H9AE ZEAYS AT 7 de AAgE 1 FR/
Agto] glom, 57 AT v WX Z29YS HET ¢ Jde Al A" el AEEE Al
A7y B 23k 7 Aok, AAd, AV AAle ST ARas 2S5 A BHoEA, FHx EEE V)
WO 2 ste] Ak 2E =7 (Gene ontology, http://geneontology.org/)ellAl Al&3sh= 57 vzl W A=
(Neutrophil mediated immunity pathway) %A AEE o]&3 dd AME FHx AE F5F &= A F(Single
Sample Gene Set Enrichment Analysis, ssGSEA)ol] T34 o= st FAAME, ZAE, &9, Fx To| g

ZSJC)
2 4 glon, HAMY ZEadS HAES] Y3 WHo=A ) ImmucellAl(Miao, Y et al., Adv. Sci. 7,
1902880.)° FdA o= Aozt 4T, 2AE, &9, FX Fol T £ Uk, 2 e d HAA e w
29, A7 S ARRs AEste AAE £ wl WY 2 (Neutrophil mediated immunity pathway)
FAA MEo| Eolxorg Aggsl= Zlolw Hi= TRHE I3E = glow Ay HIME ZTEHAS HE
3= AAl= TFF(Neutrophil), A Aa] T A ¥ (natural killer T cell, NKT), B} 1 =& T A ¥ (type 1
regulatory T cell, Trl), B}] 1 &3 T AZ(type 1 T helper, Thl), % FA T A*Z(induced regulatory

_12_
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T cell, iTreg), &4 719 T A *E(central memory T cell, Tcm), cp4’ HHE= T /HL‘E(CD4+ nalve T cell),
ay 719 ME(effector memory T cell, Tem), Z MEZEA T ME(Cytotoxic T cell, Tc)E o]Fojx Fo 2
HFE AdE= s o] wlA fHe] Boldog Ajstes Zlolw e ZRHE XFT F lony, o
of Algt=A] ke

2 ool 9loja],  “Xolw(primer)” & DNA 3739 7NAI M (starting point) o2 283 &
Y7 EFd LE = (single strand oligonucleotide)o]t}. Zzlolm= A A4Z A (buffer)d =
T4 (template)d FFEULE = Holxo=z ZZela, DNA FgaEA7E Zetoluo] F3 DNAC]
A71E e FEUAllE EYIAHOEE Frlste] dAgozM DNAZE A E T Zelo]
15 WA 30709 @7IAER olFolA Qo 94r] FA4¥ Holo| wat FF g Ajtste
temperature, Tm)7} EepZth, Zgolw ol MEL F3 o UF A7) MG A FRAA AMES
8= glom, DNA S F3l mRNA H= cDNAS] 57 TS ZFE3he] mRNA9] & SAstel= 54 9= 4

o

b

o o
ki

ole} AuAS 2t Aol FRaTh wehq B uy
DNA®] 71 e FEate] =

&3k 3= nRNA9) 5 %
gnAon Agel & AE(HoR T4

P ST o o = 57 ST
AL 5 k. A7) FF WL 9T Tl X

ol glojA, “X 2 H(probe)” £ 54 F4%2] mRNAY cDNA(complementary DNA), DNA Sl
g g e @A 0 dA A 9 9] 7] (base pair) Zo]e] RNA = DNA &
omste A (labeling) o] gloIA] Adat= o)k nRNAYE cDNAS] &A1 %, HadYd 5o
zraol MY 9 43 212 Al TAE vEel wel AAsA AEE ¢ ok A
(B dgGFAAL, allele)S A&7 A e W Foll AFEE 5 Uk, 37
7 22 kel EAdgtd A AF W Ee] 2HEY, DNA S o]§3 WAl DNA
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3
62.7 £ 9.9
187 (73.3%)
68 (26.7%)
56 (22.0%)
102 (40.0%)
41 (16.1%)

35 (13.7%)
7 (2.7%)

1 (0.4%)
9 ( 3.5%)

| A= R

non-irAE group (N=255)

i

k)
w

A A]

=

=

E

SR

o

5 (1.8%)
4 (1.4%
2 (0.7%)

Q=1

=
64.4 £ 9.9

214 (77.5%)
62 (22.5%)
96 (34.8%)
94 (34.1%)
41 (14.9%)
32 (11.6%)

sk,

[e)
irAE group (N=276)

g A

&

2]

1E XE(ICB) &S e irAE $kxbt 276 2 non-irAE $Hx}t 2557 ©
to] A5 59

[}
RS

bol mhat

ST
X

o

=

A

A

71 %

=]

=

=

=
Median, years (range)

Head and neck cancer

Urothelial cancer
Pancreatic, hepatic, and biliary

Female

cancer
Me I anoma
Breast cancer

Male
Cancer type

HEAH o] 4uk-S-(irAE) ¥z tlr]# AgH
Gastrointestinal cancer

Sex
NSCLC

Age

A A o
MEoptl el S5d WY

AAd 1.

[0093]
[0095]
[0096]
[0097]
[0098]
[0099]



[0100]

[0102]

[0103]

[0105]

[0106]

[0108]
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checkpoint treatment

Other cancer 4 (1.4%) 1 (0.4%)

Ovary cancer 0 ( 0.0%) 2 (0.8%)
ICB type*
Nivolumab 131 (47.5%) 93 (36.5%)
Atezolizumab 75 (27.2%) 84 (32.9%)
Pembrolizumab 38 (13.8%) 64 (25.1%)
Nivolumab + Ipilimumab 14 (5.1%) 7 (2.7%)
Duvalumab 8 ((2.9%) 4 (1.6%)
Ipilimumab 1 (0.4%) 0 ( 0.0%)
Investigational Immune 9 (3.2%) 3 (1.2%)

ICB treatment regimen*

ICB monotherapy

231 (83.7%)

215 (84.3%)

molecular targeted therapy

ICB + ICB 11 ( 4.0%) 7 (2.7%)

ICB + cytotoxic chemotherapy 31 (11.2%) 26 (10.2%)

ICB + molecular targeted 3 (1.1%) 6 ( 2.4%)
therapy

ICB+ cytotoxic chemotherapy + 0 ( 0.0%) 1 ( 0.4%)

Treatment setting*

Palliative

258 (93.5%)

240 (94.1%)

Maintenance after definitive CRT 10 ( 3.6%) 11 ( 4.3%)
Adjuvant 6 (2.2%) 3 (1.29%)
Neoadjuvant 2 (0.7%) 1 ( 0.4%)

Prior treatment**

Cytotoxic chemotherapy

178 (65.4%)

160 (68.7%)

Molecular targeted agent 64 (24.2%) 46 (20.0%)
RT 45 (16.5%) 52 (22.3%)
CRT 37 (13.6%) 18 ( 7.7%)
ECOG performance

0 22 (8.1%) 12 (4.8%)
1 221 (81.0%) 200 (80.3%)
2 20 ((7.3%) 22 (8.8%)
>=3 10 (3.6%) 15 (6.0%)

(irAE, We #=A o] whg; NSCLC, Hl&AE #H Y

WAL @ ECOG performance, AAIZEE)

AAd 2. irAE 3R] EF

U b ML N s
2 e Aoz PR we e B
1209) %8 2h8 Zze] G A+ a7 A9 19 & 4

Tz BF 6%# 12719 +

AN 3. JdAH EA

B oatgo] I ES] x| didl o &
Ao ¥y 2 gy B u¥Y
FT O "HEZF uENR) I
w3 SR ERow ¥3IH ).

=i}
=

(PLR)

M‘

)
<

AAld 4. RNA A 9 HolE Ae

ICB, WY AIEJE Ath; RT,
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gHENE 12719 Fo
2 3] Agd 19 ®
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Ad AZoA AgE ZelHefE]E Illumina ZFNA 15070 37] o =-<l=(paired-end) B == A|BHE
tk. raw FASTQ o} e] F& L FastQC(v.0.11.9), MultiQC(v.1.9), 2 Trimmomatic(v.0.39)(o]HE A|HAA
S 93 TruSeq3-PE-2.fa:2:30:10:2:keepBothReads LEADING:3 TRAILING:3 MINLEN:36)S Al&3le] A=
0o SortMeRNA(v.2.1b)(silva—euk-18s-id95.fasta, silva—euk-28s-id98.fasta): rRNA ZE|Ho] A&
ATk,

=% 1000 Genomes ProjectollA] #1&3}= GRCh37(hgl9) W=o] AHE o HHAE= --sjdbOverhang 150
S0 9= STAR 2 2~ W& A}83}lo] gencode.v37.annotation.gtfE 7|Wro 2 ddxdrt. Adw gu=
SAMtools(v.1.7)3 Abgsle] BEFEon = 4= HISeq(v.0.12.4)0] & AAHJY. gd= FE= &-$2 =
EE ARESte] TPM ks AFge=x Aatst =3l

E
=
=

AAl¢] 5. RNA-seq HIo|HAAM AX {3 FEES AEFXH (deconcolution)

ImmuCel IATE A}€3lo] AE RNA-seq HIOJEZHE ZF 24719 WA AE FREE ALY Miao, Y et al.
Adv. Sci. 7, 1902880.). *ﬁ o2 AlEd HlA| 1*1 A3 dlolg ztol| rhset HES HAsEr] $8) PCA
S FPaon (T 1 FF), PCA 232 A2 td& AEA iR AZo] 23y TIES IATS B
o5

AAd 6. EFold & HAE IF AA

278 msEC el irAl WY AE 54 (feature) WEI wH o] A8E Egold 1F 2 v
s Az A}%E HAE DS 829 HEE Ptk ASANA e md S 9 AFS 9Ask] 74 1
F2 AALE QAR WA WIES] J]wele] BRaher).

AAd 7. BAH A¥

irAE A3 f-ou S st D=2~ AA (Wilcoxon test)ES A e, HAA
¥ Z2udy o] ofg EAHEC vl g Hol HAI = A p-3k 2 (p-value adjustment)S FDR W2l o=
AFEgon, HE EAS A48 7] YsiA irAE FAo tiste] FDIR #<0.01S Hol:x= EAESS Mlsglt).

%
re
ac)
oZ:
ru (o3
f
o,
rir
ot -Ilm
o,
[o
P
N

< irAE A i3] Edlold vt % 2o EAd= Aol Z1Ag vkel o] irAE @A
Aol e TFT ALFUH A Folg FIR ¢ 7HAE A9AxE 220ddo] ¥3ett, T3 2l
S Egoldslr] $3 XGBoost T AT 2 WHXHAE(Random forest) ZHIHYAE FHFY. 2ds
E 37 98, irAE7F ¥ 3A(true case) E irAE7} 1= $HAF(false case)ES Edo|Yd(training) 2
A% (validation) MEC] oisl 22t 8:28 vk, Egeld AlES ®E 542 StandardScaler& AHg-3he
ArstESlon Egold AHEC g AU (scaler)E HE AES 54 wighe] A=, irAE A<
d o] F8 Hyxolr] wiiol 4 ofl G (AUC) #ES 7IWte g HA e rdSg Musigion, Rdlg AF3
B Edojdo] AMEEA] & HAE MEE ARSI

AA] 9. XGBoost EAH

Python®] XGBoost #7]|AXE A}&38}e] 5-fold cross validation®] Z-8% XGBoost ZHIYAE Fd&Tt. s}

ol# ey FEd& 95kl gridSearchCV ¢are]FS Ab&etdlom dtefny Al vt 2 g=EVE AR
¥4}t (n_estimators : [50, 100, 200, 500, 1000], learning_rate : [0.01, 0.05, 0.1, 0.3], max_depth :
[3, 4, 5, 6, 7, 8,9, 10], subsample : [0.5, 0.7, 0.8, 0.9, 1.0], colsample_bytree : [0.5, 0.7, 0.8,
0.9, 1.0], gamma : [0, 0.1, 0.2, 0.3, 0.4], min_child_weight : [1, 3, 5, 7]).
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[0127]

[0128]

[0130]

[0131]

[0133]
[0134]

[0135]

[0136]
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A Ald] 10. Random forest =E&H

Python®] RandomForestClassifier |7]* & A}83lo] 5-fold cross validationo] Z]-€% Random forest Z#<]
AaE A&, stoly HEulE FYES 98] gridSearchCV 2arg]#S Agstgon stelng AL oS
7} e g 2EVF AFSEJY (n_estimators : [50, 100, 200, 500, 1000], max_depth : [3, 4, 5, 6, 7, 8,
9, 10], min_samples_split : [2, 5, 10], min_samples_leaf : [1, 2, 4], bootstrap : [True, False]).

AA 11. EA Q% (feature importance) B7}
7t ERo] dF Aol nx= FIFS HAEy] s B T 2T 3 xgboost 3F|A| 2] feature_importances_
7168 AHEEe] ARSIt B4 Fowe AthE vuE 9 4 EAEY FovE M =24 JEdsE B

d Tk fgor Uw ges dehdsdd.

|

[
A3 1. irAES] Y7]H A4 (pan—cancer) H3EH FASE

ICB %159 531989 g2t & 27614 687H4 F3 9] irAES <l8dth(sy] & 2 #=). ¥ (skin), U]
](endocrlne system), A4 (thyroid gland), ©=ZA A (musculoskeletal system), $77l(gastrointestinal
system) 2 Al A (neurologic system)9} 2 FFTFS W= F7] A|l2HS 7Wre 2 Zb irARel] S X431
Tk irAE<] %%E of wk 371 o] 4] irAE ol = A Multiple G>=1, 370 ol4te) 253 149 irAE
Fdo] Ax A= Multiple (>=2, EE(any) 363 %49 irAE 3ol = A 9 25w oo Fa%
(critical) irAE #r¥o] Y FAE Critical 2 F7F gAY, &2 gl E Flu-like(57 A} z}z})
2 Pulmonary(ICB X8 &2 <13 #=&)7} £38Ew | ZE {rAE 7}e|2g] 819 A5 AnyE FAA TS &

3 F#x).

#£ 2

Type of irAE Control irAE of irAE of

interest non-interest
Pruritus 255 111 165
Skin rash 255 87 189
Fatigue 255 45 231
Myalgia 255 41 235
Hypothyroidism 255 32 244
Pneumonitis 255 24 252
Arthralgia 255 17 259
Amylase 255 16 260
Lipase 255 16 260
Enterocolitis 255 15 261
Headache 255 15 261
Dry mouth 255 13 263
Fever 255 13 263
Nausea 255 12 264
Anorexia 255 10 266
Liver enzyme 255 10 266
Hyperthyroidism 255 9 267
Neuropathy 255 9 267
Sweat ing 255 9 267
Adrenal insufficiency 255 7 269
Dizziness 255 7 269
Edema facial 255 6 270
Urticaria 255 5 271
Infusion chills 255 5 271
Infusion 255 5 271
Dermatitis 255 4 272
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Abdominal pain 255 4 272
Vomiting 255 4 272
Muscle weakness 255 4 272
Creatine phosphokinase elevation 255 4 272
Dry eye 255 4 272
Lichen planus 255 3 273
Pancreatitis 255 3 273
Constipation 255 3 273
Stomatitis 255 3 273
Type I diabetes mellitus 255 3 273
Edema limb 255 3 273
Hand foot syndrome 255 2 274
Paronychia 255 2 274
Dysesthesia 255 2 274
Cognitive dysfunction 255 2 274
Pericarditis 255 2 274
Hoarseness 255 2 274
Infusion chest 255 2 274
Skin hypopigmentation 255 1 275
Dry skin 255 1 275
Bullous pemphigoid 255 1 275
Myositis 255 1 275
Exacerbation of rheumatoid arthritis 255 1 275
Myopathy 255 1 275
Meningoencephalitis 255 1 275
Eosinophilia 255 1 275
Nephritis 255 1 275
Creatinine increased 255 1 275
Proteinuria 255 1 275
Hematuria 255 1 275
Renal thrombotic microangiopathy 255 1 275
Blurred vision 255 1 275
Ret inopathy 255 1 275
Tinnitus 255 1 275
Hyposmia 255 1 275
Sore throat 255 1 275
Insomnia 255 1 275
Herpes zoster 255 1 275
Infusion throat 255 1 275
Hypercalcemia 255 1 275
Eczema 255 1 275
Acute tubular necrosis 255 1 275
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Type of irAE

Description

Components

Any

Any kinds of tAE

single labels

Cntical

Any irAEs of grade =3 or
critical irtAEs*® of grade =2

*adrenal msufficiency, type I diabetes mellitus,
pancreatitis, meningoencephalitis, pericarditis, nephritis,
renal thrombotic microangiopathy, pneumonitis

Skin

irAEs related with skin

skin hypopigmentation
hand foot syndrome

dermatitis

skin rash

paronychia

lichen planus

pruritus

urticaria

bullous pemphigoid

Thyroid

1rAEs related with thyroid gland

hyperthyroidism
hypothyroidism
subclinical hypothyroidism with TSH =10 pU/mL

Endocrine

irAFs related with endocrine
system

hyperthyroidism

hypothyroidism
subclinical hyperthyroidism
subchnical hypothyroidism
subelinical hypothyroidism with TSH >10 pU/mL
adrenal isufficiency

type I diabetes mellitus

Musculoskeletal

irAFs related with
musculoskeletal system

arthralgia

myalgia

myositis

myopathy

muscle weakness

exacerbation of theumatoid arthritis
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[0142]

[0144]
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Neurologic

1rAEs related with neurologic
system

meningoencephalitis

headache

dizziness

cognitive dysfunction

dysesthesia

Pulmonary

Preumonitis of any grade

preumonitis

Gastromtestinal

1 AFs related with
gastrointestinal system

pancreatitis

asymptomatic amylase/lipase elevation

enterocolitis

nausea

vomiting

anorexia

abdominal pain

constipation

Flu-like

Flu-like symptoms

fever

sweating

fatigue

arthralgia

muscle weakness

myalgia

sore throat

headache

Multiple (any
grade)

Patients with 3 or more 1rAEs of
any grade

single labels

Multiple (grade

=2)

Patients with 3 or more itAEs of
grade =2

single labels

37 %

A2 %) 3 D}%‘(E% )

4ol wH=

5

AEle} 52 %7F Any=2 g g ul
) (18 ©7F L HE <%l

| uw, wRe b

I E irAE 79 (26 %)l

=

#% 4
Type of irAE Control irAE of irAE of
interest non-interest

Any 255 276 0

Skin 255 140 136

Flu-like 255 110 166

Multiple (any grade) 255 95 181

Endocrine 255 83 193

Gastrointestinal 255 65 211

Musculoskeletal 255 58 218

Critical 255 49 227

Thyroid 255 46 230

Multiple (grade >= 2) 255 44 232

Neurologic 255 33 243

Pulmonary 255 24 252
ool Watel, f4, wAb, W AES itk 9% A4S AWs] 9la) o] ZEE ojs) el NS 5
Shitt. ICB A= A(PRE)F A5 7] (EDDO] 531709 dAehe Ad AEol waf RNA A& F3qste] irAR
b QA g B4 L PRES} EDT 2Fe] APEAQ) B4 B4 2L WY AL Z2sde A
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[0153]

[0155]
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[0158]
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A3 2. PRE 3 EDT irAE HZ EFA irARS} AfE 35T 3 WY AF X299 &<l

l

ICB X% #(PRE)T} & Z7](EDD) el 53174 Axates A8 WZo] s RNA A1 DAS B3 F-dx 23
gletink. e 71, A8 A E2 dE A a3k (batch effect)7h =A &Rlsh] 913 FA4E
(Principal component analysis)S $=838lith. 2 A3, = 1o vebdl wpe} o] Ak 72 9 Ay

o 7 flo]l XE AEEC] 2 F3EoleS 4dE U

> o
X oX

nd 338 93 Zﬁﬂ AMES irAE HAE| 7|Wele] 8:29] HIER
AHEH Y AE F = 4249, HEE AE $ = 107H). i?zr?“ﬂ g 2
Az wdS V) }OE st E5T ALFHS AMNSIY. 5T AR A dds 7]‘:’}03 ako] At
2% 2 X (Gene ontology, http://geneontology.org/)ollA] Zﬂ%ﬁ}—‘é s+ w7l W =2 (Neutrophil
mediated immunity pathway) 22} HEE o]&3dle] dd AEZ {FAA AE FTH AE A% (Single Sample
Gene Set Enrichment Analysis)& &3 A=}t xFslste] ALkst

b3

F

EFT A} AL WA AWHS Edold AENA HANE Ash, ® 20] hebd uksh ol irAL ¥
B BAANAN EFT AFGe] Fee HAT 5 UYor], o FFPYL AR FED) ABANA o B

=eupar sl
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uhsl zro] PRE % EDT A1E mFolA tiaitn

5 &
ox
~N
fol

)

. ol

2
o
ot
=
Jot
r«O
tio
4
ro
fol
ol
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9 527 45 2 @ageld BANSS wFYh, Iy, 2 FNE AnE B A4S
Azl A% WA A Ak, 12709 QAR F 7ol diste] dAge W, = 6ol ehd v}
irAE F ZA7ba) i Abelel HmzRE AUAE fA47 $AHAES W fAH R way
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|
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| 557 AR U EFF 0 A4 BE £F FAne WA WY A FEAA iraEsh
dlold AEeA s, 1 ! A% WEN irAL WA}
[ez]
-

E el = o
ABVAL Hole WY AR BYS Fag & glole e A8 T (EDT) ABZA o A3t

234 3. RNA 7]¥} irAE 62 29 ¢ o 3y}

o] MZof st Egold AECA irAES} d¥E E
As A3, X5 F(EDDAA 2 Ao < FAsEGITE. old rwlele] A5 AF MEE EHOF‘”%
irAE AT {Fofue AAGE M 5FF 2 WA E Z29A(EF 7 (Neutrophil), A 23] T A
¥ (natural killer T cell, NKT), B¢} 1 =& T M*E(type 1 regulatory T cell, Trl), B} 1 &S T M=
(type 1 T helper, Thl), % FZ& T A *(induced regulatory T cell, iTreg), =4 7] T Al¥(central

A7) AF e 204 13 ule} Zo] X' A
[e]

ox > Hob
Job

memory T cell, Tcm), cp4’ mAE T H]J_(CDAL naI ve T cell), &3 719 M *E(effector memory T cell,

Tem), @ AZEA T AE(Cytotoxic T cell, Tc))el 1071¢] EA(FDR #<0.01)& A}83te] irAE 24 o= =
a5 Y3k

Efeld AER g3 RAS HAE A HEe Ay, = 8o uEkdl upeh o] Xz H(PRE)S A5
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XGBoost® W= R dl9] test AUC Zto] 0.66°]iL, Random forest® HH=
om A7 F(EDDY A% XGBoostE WHE Helo] test AUC #ko] 0.780]aL,
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2Eo] test AUC #k2 0.67= &5
Random forestZ TH= HE 9]

test AUC k2 0.722 1= RIt}. o], XGBoost® Fre E 20| Random forest® WHeE RdRT ¢ £& A%
S Hola ASHE & F UG, EI XGBoost EFAA A7) 10719 EA diste] FAEE ERISINS o,
= 99 e wle} o]l X5 Ao AL Tcrt 7MY F8% 5EHoE YElger, X5 $9 %9 Neutrophil®]

Vg B oz vehtn 9eS 59,

AEe B owge AWe dAE 7 Aol
o 71%H Aol BEAL BEAL WAEA
@ 5 Qe Aoln. agmE olyelN V%

Time @ PRE

EDT

z=9
EH]
T ® st 54 s6 @ S8
Institution ® s S5 s7 @ o
4e+05
4e+051 b
— 2e+05
& 2e+051 X
o o
e ~
S g
d  0e+00- 0e+00
-2e+051 @ ® ~ -2e+05
-4e+05 -2e+05 O0e+00 2e+05 -4e+05
PC1 (61.1)
zH2
PRE || EDT
4.8 P-value = 0.1 P-value = 0.008

» -
o »

@
o
‘

Enrichment score of neutrophil pathway

Any irAE Control

Any irAE Control
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@ Higher expression in Any irAE @ Lower expression in Any irAE

-logyladjusted P-value)

10

|GGTS)

- VSIG10

le: ZNFEOB

EZDHHC1§~]

AZU‘I

© Non-Significant

I4d

143

-1

=log{fold change)
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k1
N2
%]

Time |l PRE | EDT

Neutrophil Mediated Immunity

Neutrophil Activation Involved In Immune Response -
Neutrophil Degranulation

Mitotic Spindle Organization -

Microtubule Cytoskeleton Organization Involved In Mitosis
Neutrophil Mediated Immunity -

Neutrophil Activation Involved In Immune Response -
Neutrophil Degranulation -

Negative Regulation Of Cytokine Production -

Defense Response To Bacterium -

50 75
-logip(adjusted P-value)

Ed6

= PRE EDT

3 254 I

ag 204

o

E 154

3. 101
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k1
N
N

E3 AnyirAE E3 Control

PRE | j EDT
CD4+ T cell| —¢— - ]
Neutrophil | —&&— === — R (.006 .
NKT | —=88— 0001 NN ——=— 0.006 EEE
CD8+ T cell | —==— E=== = =
DC| —EB— — =
Macrophage | — 85— [T — —— e -
NK | —B— = —— =
B cell | —F@— iE==x1} — — =
Vo T cell | —=lB— o ) =T | ——)
-l o — S—
™|& 0003 NN I 0.001
Th| & === E e winll
_l;l'reg { | =— i : 0.005| I
h17 i
Tem { 0.008 | IEEEEE { 0.002 =
Th2 [===—:-N
Th1 { == E o.ooss=
nTreg
il — —p
Tex
CD8+ naive i = II =
Te 0.005 | NN ¥
CD4+ naive | | 0007 IEEEEEE | 0.006 | I
Tem |} === | 0.002 .
00 01 02 03 000510 00 01 02 03 00051015
Cell Fraction Fold change Cell Fraction Fold change
(irAE/control) (irAE/control)
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True Positive Rate

True Positive Rate
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w8
XGBoost Random Forest
1.0 1
0.8 -
0.6 -
T
X
m
0.4 -
0.2 -
4 —— Train AUC = 0.82 “ 3 —— Train AUC = 0.78
ocd ¥ —— Test AUC = 0.66 =~ Test AUC = 0.67
00 02 04 06 08 10 00 02 04 06 08 10
False Positive Rate
XGBoost Random Forest
c
_|

0.04 ¥

= Train AUC = 0,97 s
= Test AUC = 0,78

= Train AUC = 0,99
—— Test AUC = 0,72

0.4 0.6

08 10 00 02

False Positive Rate

_26_

0.4 0.6 0.8 1.0



F
N2
©

ZIHSd 10-2024-0163018

Tc

Tem

NKT

Tr

Neutrophil score

CD4+ naive

34d

0.0

0.2

T T
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Scaled Importance
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CD4+ naive

Th1

Tem

Neutrophil score
NKT

Tr1

Tem

iTreg

103
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T T
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Scaled Importance
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