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GofE T = v 7 ™A PHESK (immune checkpoint inhibitor: ICI) 1%, 23 ASaEEHIEDOHR; %
FCiRRE L U, RN, I viuieE, BRI, B, AERETe L2 < oA
IZRW TR L L THNL ST %, HTPD-1 HitR, $T PD-L1 Hifk, HL CTLA4 Hilk%
il L7z 2D OFANT, SRS D0 i 2 fFR L. Frper 72 uiEs s s
AL, TEROMNAEFIEGI AT, 0 FARRHE, HEHRE & OPFRIC L0 3 LV B
BEEOM EE b5 L T& 7z |, —J T, PD-1-PD-L1 > 7 LM L 5 ShpsafiitdtE o
FRBRI TR D 75 & 3 IEF AR R D R EOTUEL H | E i Z L, b A EHR
(immune-related adverse events: irAE) & L Ca5 Ofjfigs CH AR EENEL AT 25 2, [t
BT (interstitial lung disease: ILD) 13, irAE OH T i AL O =\ W EBEEHIRIER DO—
DTHY 3, Pl PD-1 HFUKTH B =4/~ 7 TIHE S FH NBREATE (non-small cell lung
cancer: NSCLC) (& & x5 & L7z AARD LSk dLFNFIE T, 104%DEFEDN ICT A7 MERE
PR (ICl-induced ILD: ICI-ILD) Z38%E L, 2D 9 5 41.5%7%° Grade 3 LA EOFESE ILD Th
ST EHE SN TN D 4 ICHILD OFIEN, ICI Z2ETehihs AR Ok & IREHZ L, B
DT HEEEEA KT >, ICHLD OFHARKTF-& L TE, O AMIHlaEERROmi
B = =R THERE S5 60 B LN ICHLD $iE, =RV~ 7 5EBHIARTOMIK
DI, BEEHE 72 XM 73 2 BET2E, 72 5N C BUGSHEE R (C-reactive protein:
CRP) O FHAMNFEESINTND 8, Fi=, FIE rAE OTFHIKT- & LT, 46 65 mll b, ICI
TBIEAIP2 2317 D derived neutrophil-to-lymphocyte ratio (ANLR) D Z L2 02 LU k.
lymphocyte-to-monocyte ratio (LMR) DZAL=R73-0.25 A, 72 & ONHES THIEIIEFE SN 17 LA
ETHDZ ENHESIVTND %, FErAE 1%, BED G HEIED rAE & i LT, s
FERIZ LDV AN LY BENITON TWA Z E RIS TRy 0 o bmRIx,
ICI-LD (2R TREPE AL L ORMIRN TRUECEE TH D Z L a2 LT D, L
L7256, ILD OFMRHICAE I TH S Z & ML S FERIGIEI L, BEDO & ZATFEL
AAN

ZHETIZ, ICHLD OIFE T M OTEHAECRIEM A S A ORFEADBEET 2 Z
EVHESINTOD HODO N BEREFRNTIIATII TR b ICIILD OFFHi7R S PR ierk
FAIARIEACTH Y | FIEL O S OREI LA BUE T 2 EHA7R R b RE S TORN, £
72 BRI Y A7 R-oRJE~— I —3E L U CREMERIEOKMUE F Y | ICT 4
B2 E UG A O T DFRIE & LTI Thon, 7o, BKRIS T 5 ICHLD
DIGEIIIIENHEE Ch D 7 vaanFaf ROATHY  mHEOZ VvaaLrFas R



AT IIHISEDS, ICT OTEHEh R A 8EH S W5 AlRetE b SIL TN Z b 128,
PUBESE OB & irAE OFSIERIH 2 W S8 5, KO ERNLS 7 rAE <3 A v Mk
BEOREZEIRD HILTND, Z D720, ICHILD OFEEFPHHRRE « BRI ICT-ILD O T
SOEERIZE, S I IRREOMNLICEE CTh 5,

VUEDEROE & FE#H1L, ICHLD OFERTFRFA & EEvEREX O RIELZ HHIE L,
LU OEFRRFZET N~ 7 AT L& T e 2 2 T U=, BIEE Tl ICT % 595
ERIG L LT RRBIE e 29206 LT-, ICLILD ORMHEHEEIICEH L, BRIBRIC
FOXF ICHLD &M S B TE, MAEIC K 0 2 S BT, BE ILD 2 580ET
HEEDEL . BRABROZALDOIHTIL ICHLD OEIE(bZ Tl 5 Z & 2R 5241
BT LT, FIETIE, IC1FREGHDOMMEFEE SR E L, MEERERIZIT 2 G
7T A — LEATIZ LV | 1 monocyte chemoattractant protein-3 (MCP-3). interleukin-6 (IL-6),
mucin-16 (MUC-16), TNF-related apoptosis-inducing ligand (TRAIL) 23EESE(VBSE A 4~—H
—& LCRESNZ, HINFETIE, ICHLD Z3Ed 5 itAE E7 /L~ U A% V2 ICIHILD
DFIERGTAEIA & LC, 1C0S" CD4 T #iEAY ICLILD FIEICH 535 2 L2 LML, &

MZEBWT & RN D ICOST CD4 T HEAN ICIILD ORJE T~ —h— & 72 5 alREME AR
L7z,
LIF, AT Lo TR bR b 2.



SBIE  ICIILD ORHZHEL 725 BRAEIRE I OERAER & OBREIZEE 54t
%

ICT $ 542D irAE OFSTERFINRIL < | RINCDOI 2 ZWREHEC L 57 + v —T v
PLELL STV D 10, ICHANR Tl MO I EHIREMEDSER LOETH Y | +007
o7 2B EDE =4 Y VN EE TH D M, BARBISTIE, ILD [ EFEITHRA
it R ENIRIMESSEALFIE (peripheral oxygen saturation: SpQz), HZMRZHK-CIE REE 2 &>
BRI 2 2 5, =0 f#HE CT (high-resolution computed tomography: HRCT) (2 &~ T
W SND Z LR, ICHTRFRITE S L TBRTHIAT S4L, #&5MMRI3RR 6 I a5 2
EnD, BEAHDFHEARE A RAERIE, ILD FIEARE D) L CEERNT-EE 2 5T
%o ZTHVETIS, BIERIZET 2EMED ICHLD ORIICAHTH D Z Lvdii ST
WHHY B BIRSERAY ILD 205k & 72 D8R0, BRAEIR & SR ERER & OBTEIZ-DU
TEHATALNITS TR,

BBIECIL, ICHHIERI A5 & LC, ICHLD OfHiZR L L CoBRIEROERZH S
INZT D L L bIT, MitE & FEERE L ORI OWTRITZ T - 7,

-1 FiE
L1 X85 O >

ARFTEE, I RRBIEIE T D, 2014 429 A 2021 44 AOHIRIC, miRT
B EIRE 3 N THUPD-1 iR E 7213 PD-LI UK (=R~ 7 a7 r ) X<
TTIVRA2T | T al <7 TYb<TDOWTIDY) ORGE2Z T T-BEERL
L7c, BEFANT X0, ICHLD AgEhiv/ il Zfht L7z, ICIHLD OFEE, KEE
SEH AARFSEET Common Terminology Criteria for Adverse Events (CTCAE) version 5.0 @ [ fifii
R ATHDE | MERERNEHE | A0 AN FRHG L7z, SECHIE Grade 5 & EF LT,
Fio, AR~V R ESE L O OYGTITHEIL L T S, sUERRFEE IR
- R M OV BB O E OB E BRI TRR AR CEE L (KRE5:

R0545),

L1-2 FHIPE A L O — 5

ICHILD OFJERFAIE HRCT BRI L ORI L7z, LA FOBERIEHA BT 07 L DI
L7 : HLPD-1/PD-L1 HifAuImMe SR O, P31, ASAME, i ERARS L OPHRE,
ICIHLD DR, 72 & ONT ICHILD 3EROMATE (FEE, CRP. NLR, dNLR.
LMR) , WEfEIL, ICILD ZWiZ - Bz HRCT #7f% H 7256 HLUNOR b T —



S, ZOfMEER 27— 2 13RI LT,

F1-3 HIHER OIS L O/ 12D 775
SR THLPD-1/PD-L1 HilAfe 5-2521F 5 1L, mRIOFS- B IZ B BRI BT 2 B2
[ZROA L, EIRAY » 7 INEDOWNEE BT IIVTISEek LT, [EAT, KK, FHiEhmoR
Zatik b CHRIEROA S O L AFHE L7-, F£7=. ICILD FIEERIE, A
RIS E LT D 2 BRI LT,
TEREREE) © HRIERIC XL Y ICHILD A8 7= ER],
DEMRARE] © SpOz, MRS, MR X #i, TREERNASHIED HRCT 72 E O EHIRATT
RAETHEL U CICHLD 23gEbi-Efkl,
EZZRFE IR, ETRAEITRND ICHLD AEEhiL, £ 0%z ERAERD
AEPHERSNAIE. DEMIERE (0L, Zhud, BRIERICZES ICHLD
WO AT D72 DA TH 5,

14 HIZIER ORIl

ICHILD L @2lrsiuicxi2 Bz [Visit0] & L, BERIOZZH%Z [Visit-1] , SHIZED
A% [Visit 2] &EF LTz, Visit-2 205 Visit -1 (28T 5 ARIEIROZ LA, THEER) 4
b7 L) DR L) DHEBYEIR) (2O G-l L7,

L1-5 ~yF R o—X 22 ha—pEpr

br— I SRAWFFET ICHILD &2 &= 4l e L, =2 b e—/WEICHLD %3¢
JE L CUVRWEREMN Dl (£10 5%) MBI 28A8E, HLos AR LY A > HiPD-1/PD-L1
PUARE G (%7 —ADRIERR L D RWEIR) T1A 1 v F o7 UTEESITEIR
L7z, BRIEROGMEL, 77— A CiX ICILD Z2WiRr OB & 72 1 T U 7= FER SR (FE
WIS, gk, RN OFMTERL, 2 ha—L T, £ —RIZBT a5
5 ICHLD #2HrE COMIMNIARY 7 2 MR BT & 72 38 U 7 MR ERRER ) 8 > 755
HZ HERHY ] LEFRLUT, fERITA Y X (odds ratio: OR) 3 LT 95%(EHE X [H
(confidence interval: CI) & L TRL7z,

L1-6  #A AT
ICI-HILD DO3IEAEEE I N A — ke, BEAEE & OREIT Fisher O IEMEMERMER IO
Mann-Whitney U FEIZ LV FHM L7z, BRSERE ICHILD 7ol XEERE & OBShE %



Fisher D IEMEMERIRE 2 VY, 2 H 213 Bonferroni MiE 218 FH L7z, #at#ra EKYE
IR P<0.05 & L, T TOMMTIL GraphPad Prism v9.5.1 (GraphPad Software, Inc., La. Jolla,
CA,US.A) ZHWTHEE LT,

12 R

I2-1 BEER

PLPD-1 FUARE 72135 PD-L1 FURDE G- %5215 72 926 Bi1D 5 5 51 B (5.5%) H3efET =
v 7 IRA VS PESRE MRV MR AR (ICIILD) %38 L7z, Table -1 ("9 &80
FBEFE DS b > 7291 PD-1/PD-L1 HiRIZ =R ~T7THY | IRNTXAT ) X~
TTISVRA=ST | FTal =T T T DIETH -7, 205 # (22.1%) L. i
PD-1/PD-L1 #ifk& A VU A~ 7 OO £ 210 & OOFRIEEZ 2 iz, Bt
PD-1/PD-L1 $TiA# 5-HBE D 5 5, 458 il (49.5%) 13hiiE CTH -7,

Table I-1. Clinical Features of 926 patients who received anti-PD-1/PD-L1 antibody.

Total

(n=926)
Age, n (%) > 65 641 (69.2)
<65 285 (30.8)
Sex, n (%) Male 624 (67.4)
Female 302 (32.6)
Anti-PD-1/PD-L1  Nivolumab 526 (56.8)
antibody, n. (%) pebrolizumab 234 (25.3)
Atezolizumab 213 (23.0)

Durvalumab 39 (4.2)

Avelumab 4(0.4)

Combination, Ipilimumab 40 (4.3)
n (%) Chemotherapy 165 (17.8)
Cancer type, Lung cancer 458 (49.5)
n (%) Malignant melanoma 101 (10.9)

Gastric cancer 68 (7.3)

Bladder cancer 57 (6.2)

Kidney cancer 55(5.9)

Head and neck cancer 40 (4.3)

Esophageal cancer 39 (4.2)
Other 108 (11.7)




122 ICIHILD DIEFEHER S OEERE

PUPD-1 HUARE 721351 PD-L1 HURE G- ST 926 filD 5 B, 51 8] (5.5%) A3 ICIILD %
FIE LT, PRRIZ, EBZs 37 B, Z OO AMEN 14 B Th -7z, s 2k
% ICLILD DOIIEHRIL 8.1% T 0 | Z DD AFED 3.3% & Hilt L CHEICEIE TH -7
(P<0.001),

ICI-ILD D EESEFEIZ-DOVNTIL, Grade 3-5 @ ILD 73 21 il (41.2%) 128D BIL, £DHH 7
%1 (13.7%) 75 Grade 5 T o7=, Table 12 (/R T L35, Grade 3-5 DEISIIMEIER] & %
DDA AFEIER & DR CHBZTZRD B o7 (43.2% vs. 35.7%, P=0.754),

Table I-2. Severity of ICI-ILD

Grade 1-2 Grade 3-5

(n=30) (n=21) P value
Lung cancer patients 21 (56.8) 16 (43.2) 0.754
Other cancer patients 9 (64.3) 5(35.7) '

Fisher's exact test was used. ICI-ILD, immune checkpoint inhibitor -induced interstitial lung disease;

ILD, interstitial lung disease.

1-2-3  ICI-ILD /&3 DERRAVRHK

ILD FSEERNC B A bl L7 A% Table 1-3 (79, BEFMIIHT PD-1/PD-L1
FUAWIRHE GRS L U, Bl X ICIILD FJERF O FV V=, EIERE (Grade 3-5) T
IJEYERE (Grade 1-2) & Mot LT, ICIILD J85iERFD CRP fii, NLR fii, dNLR E23AEIC
EfEToHh 7= (P=0.004, 0.002, 0.002), —J7. 4Firds J UL PD-1/PD-L1 HAse5-Ba
5 ILD ZJE £ COIRFHIMICITAEZZLZZROR) -T2 (P=0.196, 0.147),



Table I-3. Comparison of the Clinical Characteristics According to the ILD Severity
Grade 1-2 Grade 3-5

(n = 30) (n=21) P value
Age, n > 65 25 14
<65 s . 0.196
Sex, n Male 28 19
Female 2 2 1000
Anti-PD-1/PD-L1  Nivolumab 19 9 0.148
antibody, n Pembrolizumab 7 8 0.351
Atezolizumab 1 3 0.293
Durvalumab 3 1 0.635
Combination, n Chemotherapy 2 2 1.000
Anti-PD-1/PD-L1 antibody duration until ILD 45 (1-71) 3.0 (1-13) 0.147
onset (cycles), median (range)
Cancer type, n Lung cancer 21 16
" Othegr cancer 9 5 0754
Malignant melanoma 3 1 -
Gastric cancer 1 0 -
Bladder cancer 0 3 -
Kidney cancer 1 0 -
Head and neck cancer 2 1 -
Esophageal cancer 2 0 -
ﬁli%?;it?gntzg:)t Onset CRP 0.1 823(2).00) a .1323(3).10) 0.004
Onset NLR (1210457 (35900 0002
Onset dNLR (0.725-991.99) (2.0%%.00) 0.002
Onset LMR 163 136 0.276

(0.40-5.56) (0.25-7.00)

Fisher's exact test and the Mann-Whitney U test were used. ICI-ILD, immune checkpoint inhibitor
-induced interstitial lung disease; ILD, interstitial lung disease; CRP, C-reactive protein; NLR,
neutrophil-to-lymphocyte ratio; ANLR, derived NLR; LMR, lymphocyte-to-monocyte ratio.

124 ICIHLD OBEE L Lo B REROBEEER X OEERE & DRE
BRI & ILD F8IE & OBh#E AR % 728, ICI-ILD ZE L TV W EEOHTILD
FIEH LBEEFE 1 & Ty F 7S~y F R r—2 - ar ba—/Uiff3ea %
i U7z, ORGSR, Bli3E F 721 U 7= AREIRIE, 4 Grade @ ICIHILD 384E D A7
ZHEIN S DA 27 LTy, AR CldZen >z (OR: 2.21,95% CI: 1.00-4.73, Table I-4),
Z 2T, % Grade @ ICIHLD E&IZH1T DWW A fmt L7, ICIILD A%84E L7z 51

7



Bl 55, 36 Bl (70.6%) 1A FAERICEIT 2 EMZEAEH LTl Y | DEFIZIBOTHRE
TERIZ B2 iR DRCHNMAAE LT=, ICEILD FEBID 5 5 27 B (52.9%) 1% [HHEAER
BE) WS, Table 15 (g &30, THREREE <% DEMRERE Lkl
C Grade 3-5 OEFEFIOFEIE DG REIZED -T2 (P =0.010), Grade 5 DEFH T HID D H 6
2y TEHRIEREE) 1B L2, £/, Grade5 DEIGIT TBRIEREE TEVMEBZRL
72 (22.2% vs. 4.2%, P=0.103),

Table I-4. Relationship between subjective symptoms and the detection of ILD.
Non-ICI-ILD ICI-ILD

OR 95% CI P value

(n=151) (n=151)
Subjective symptoms,  Yes 20 30
n 2.21 1.00-4.73 0.07
No 31 21

Fisher's exact test was used. ICI-ILD, immune checkpoint inhibitor-induced interstitial lung disease;

ILD, interstitial lung disease; CI, confidence interval; OR, odds ratio.

125 BREEIROBRRHIZELL

ERER 252 & U T ICLILD 238V 7- B 1Tk LT, ERBRRER OHERS 2 fifbiT LT-,
Visit -1 OHRAEIE Visit 0 0 14 BRI} (FiFH: 426 H) ToH 77, Visit -1 BESUTIEL 21 61 (77.8%)
IEREIR F 721 HEROZ 72 LTH Y | 6 B (22.2%) DSFHUEIRE T EROHEEL £ L
TV,

12-6 FHREIRE ICIHILD BEiERE & DR

ICI-ILD FJEERD B FAEIROBEE % Table 1-5 (2797, FFRGIN#EED BRI, BYERELS L
# L CHEJERE (Grade 3-5) THEIZEN T2 (P < 0.001), Grade 5 DEJEBNZIN N THRERIA
HENSFRO BT,

JiligessE o Cl, Grade 1-2 @ 21 #1IFH 3 51| (14.3%) (Zxf L, Grade 3-5 @ 16 15171 11 5l (68.8%)
CRERREEDSGRD HAL (P =0.002), Z DO AFEERFI T, Grade 1-2 @ 9 i 1 fillC
L. Grade 3-5 D 5 i~ TIZFERAEED RO vz (P=0.003),



Table I-5. Relationship between subjective symptoms and the severity of ILD.

Grade 1-2 Grade 3-5 P value®
(n=30) (n=21) value
Factors in the Subjective 11 (36.7) 16 (76.2)
Detection of ICI-ILD, symptoms [G1:0, G2:11] [G3:6, G4:4, G5:6]
n (%) . 0.010
Routine 19 (63.3) 5(23.8)
examinations [G1:10, G2:9] [G3:2, G4:2, G5:1]
Subjective symptoms, 4 (13.3) 16 (76.2)
n (%) byspnea [G1:0,G2:4]  [G3:5,Gad, Gs:7) 0001
8 (26.7) 7 (33.3)
Cough [G1:0.G2:8]  [G3:5,G4:0,G5:21 077
Fever 6 (20.0) 6 (28.6) 0518

[G1:0, G2:6] [G3:3, G4:2, G5:1]

Fisher's exact test was used. * Bonferroni-Corrected test was used as a multiple comparison test for
subjective symptoms. Statistical significance was defined as a two-sided P value of <0.017. ICI-ILD,

immune checkpoint inhibitor-induced interstitial lung disease; ILD, interstitial lung disease.

13 E£

ILD (%, FHEPESORPR AR & 00 B TERZ B3 2 BEER72 tAE Téh 5 1%, ICHTEK
(2T, 1BREHITD 7 1 —F ¢ — NI DIRADOEME L DO EEIRDLE) T
HHMY ERIR ED X 5 2R IS TICHLD 2% 9 128 2 OMNTIAMETIE2V, AR
WFFETIE, HUPD-1/PD-L1 HifAs 51T ICHLD %58 9 22 L 72 DI+ 2t L.
R E I U2 A RIEIRNE Grade O ICIHILD FIE Y A7 Z 8 & AHEA 275 H 0D
D, HE TN EEHALNC L, 512, AREIRE ICHLD HERE & DR # A et
L7z, ICHILD &2l ST BE O BN A RIER 2 28I Eebn Tl D . FHZ
Grade 3-5 F 721380172 ICI-ILD %, Grade 1-2 ® ICI-ILD L ¥ & HRJERZ 3L L TRA
SNDBEN G -T2, BZEZIT 2 BEIR O AEE L, ICHILD SAEDOMHHICA T
b5 LG I TND B, ABFTEDORERIT, FPR R 2% - L CR2Ir <415 ILD 1, Grade
3-5 D ICHLD Zgttid 2 raetEnsm <. K0 FEIBE T ILD 22l 5 2 & OEEMEL R
2L T\ D,

BRI Z 212, < OBETIL, ILD W03 & 7e > 7522 H DERIOZZ HIZB0
T, PR ﬁﬁ%ﬁ%&)m\ & HUNIIEROZE(LHFRD DL/ -7, HLPD-1/PD-L1 Hifk
(@ H 24 0 Z LTRG-S, £ < OBFEIIFFI GO0 LT D, ARFZEORR
b, NGtz 2 LTz Grade 3-5 @ ICEHILD EHFITIWT, FERSHEIRHEL ) D22 E TOH
BoOPHfEIL4 H (0-14 H) Thote, IHIT, BELSNOE =FNoOREEZZHEL L
TENZIZHEIED 0% % 5O 5 L DL H D 1S, Fiz, itAE OFIERSHI IR Z &



DHIHIVTCND 10 T bR G 2T T35 ICHILD ORI RIXAE S Tidaun
ZEDIREND, TAE BEICRIT HIEHEERII L a o Fad RThLHN, mHED A
FNT v K= m e VAR ER ST T BB DO A D A 3 L OV A IR 0%
fazr L, IRHEOEHED 7 V3 avTF ol NERESZTTZBFEOEAL, Zvaan
FaAf REEH LT BE LFRETH DL EMESNTWD T, Ledi-> T, Bl
FOvaanFa s RIEROBIEANI LY | PHRRREBRET 5 UL AFREE AR CX
BAREMED B B, ATHE, ICT O FEGRFINBIR I TR ¥, k2RO ERE
2L % ILD BRHHOEN RS SND, £, AR ZBFAGBHER TX L0 2T T T
—Ya B SITND D, BEIE, BRI 0 —F v — MU =7 T Y r—
Ta i EOWERERME L, WOTHRUBRA UM CE 2BRIEA X 2 Z L HETH
Do IRIBFIZBW T, BHOMERE B A L, SER BR300 SRR~
KT DURHIOREEED KD i,

HRAERIL ICIHILD FAEZEE 5 ECHATH 523, FIERTO T 2V L L D EREEREC
ORI EZE TH D, ICHLD OTHARREH- & LT, CRPEOEFZER), ICIIRREAITZIC
BIF % ANLR DZ{EEAY 0.2 LA E, LMR OZ{EERD-025 Kimi Ch D Z L3 HE STV D
89, ZNBHOFHR~—I—TREESNTNDHOD, ICHLD BEOFHHRHICERTH S
T EPHER SN~ — I IAFE LR, L7eh3 - C, ICHLD AE% Tl LIS 5 &8
BRI A% O EEIIGRE T d D,

AWFFENATIN S ODDIRFAD D B, FH—IZ, AWIFRUTE SN T T —H =A% Ntk
TRIRZE T 578, BEDFZ 2o lc ARERITGER SN TR LT, WIZET VT
ZRER ST IR B2V, L L3 &, ERNITHIAS ASRIZAE 5 B RAERIZ B HERIC
HEAL > TRV | IFEIEIH L T D, o ICT R ERIOZ2 T8y L bk
RENTELT, KT —Z 050 DT, S%ITRINE T — X UESC T =7 T 7'
Ir—a VOIERPYETH D, H U, ICHLD Z3IE L7en - 7o B BT 5 ARIEIR
DFEINTERD TR TH D, HRIERIIMOFPRERRE & QRN W E D720
HRIERZG T HBHED 5 B EORREN ICILD Tho7=OMIAHTH 5, %:_\ﬁﬁ
e CIIDFREIEGIOEG DV D2 o T, TAUE 2021 45 HLBRIZ AR TR SNz LY
AUPEENTWNRW D TH D, 4%, 2 < OFFIREI AR SILD Z L1 dv | ICHLD
OFFEBEFS L OFESEE L S HITHINT 5 & TARI I, AReI7oiat & xR s L 23 g
ThD,

10



BIE  MIEIC X 5 ICI BEfifEE OBEREE R A A~ — I —5RRITST

1 BTN T, AR ICHLD OR2iibk s U CHRERNEELZEIZR-L, &
AT RS & OFERIZ IS TR SHTESICIXEEL Lo WMERA S 5 2 & 2R
Wel7z, —C, BREERIIFBFHEI KT 2R E < E7ERHBIRIITI T
(ZHFEEDEIT L QDA D7 N2 & D, FIERTH D\ N TBYERPS Z 33\ CHIE
1BV 27 % BB LA D FRIEIZ OV TSR TE TN &0 ) BRI S
720 T DORERAJEENEC )3 59, ICHILD OJRREAFI ISR L L TN S TR
57, ICHILD OESERE 2 THIE 72135 Ml iTREZR S A~ — 1 — B HENL S AU TRV, ITHED
HANS, YA "IA VBIOTEIA VIVED itABs OISFEDOHRIL BT, EOEIEEIZH
BAGT 25 Z EAVRIE ST D, ICHLD BFIZBWTIE, MiF [IL-6 RENS—R T A L)
DREREINC B L, Grade 34 OFSE ILD TL VY Bffizrr L7z, 51, ICHLD BEDOR
B S RaYE s K OIS 2T L7oFPE Cld, IL-6 2 G Te D RIENEY A N A L O
72 FRDGEDHNTEY @R A S A Uk E ILD OFEAEE & OBFEIN RSN TND
2, ICHLD IZRHELTeY A NA v - ' AT a7 7 A MIBET LT AR E
LTROBITWD D0, KV JRHIZR irAEs %5 LI OMECIE, BRARIIZERD
HHAEEL (Grade>2) 73, C-X-C motif chemokine ligand 9 (CXCL9), CXCL10, CXCLI1 &
WO 7 IFN-y F58MEr B A L OBE 7R FR. 72 B5TONZ CXCLI3 IREOHMA LS 2 & AVR
TS B, TNz T, Bz g s LI-Ealr O T, ICTIR#EBRLARTIS L OVARHEY)
I3 DA A CXCL10 R OEAEAY, Grade >2 @ irAEs F8IiE & A EIZRHET 5 2 &3
Wi ST Y 2, C-X-C motif chemokine receptor 3 (CXCR3)/CXCRS #ifi 2 Bhi#id-2 &1 >
K ONRRIZ2TEE LAY, ICHLD % &Te S £ 872 tAE BEBUIGEHET 5, L 0 sR 2t
T2 S QDD FTREMEDV NI STV D, L L7Zei 6, ICTHILD O EAEE & RERY)
(ZBEET DAEERIN A 2 L /X DT T T 7 A T DN TR E TR #2372 ST
720N, EE ILD 1%, BREORFRTMEZ B9 5 2 L v < IR CEME B TR A~
EHER LGS Z LD, FOEERIC BT 2 s AR A K 0 REERICERT 5 Z L AR
ROHNTWD, LU ICHLD e TS TRINE R 7 A X 7 THIET 5 2 & 73% <,
FIER A COERGRE YN BRI 5 2 S IINEECH 0 | BRI DML R A R4~ BX
Lo TNz, LIzh3>C, BIEILD L#E ILD 235 LIS 5 Kt 2 > s o7 a7
TANER ST D 2 L1E, SZAERIRREZ T ILD O iR B~ D IR 2R % D
LT, FHIOTH% Y A7 TR~ 1 A v MRISOEUIC L HET 5 B2 bhvd,
LI oS a s 2. ARFZETIE, ICT BG4I E 2 F9E L, Btk 2 0P8 LD
HLOD ICHLD ZFRINTE 72 THERI S B TRER & L, O ICT 5% OfifEEO EERE &
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BEREG 2 RAEIMAE 7' 0 7 7 A VA LN T H 2 L2 B E L, EORMs b 72 D iherky
DOERICET HHRAESD Z L 2B LT,

-1 ik
ILI-] RIS FET Y >

WIS A0 EBERTETH D, 2021 44 H725 2025 45 1 H ETOHRIC, FEK
FEFHHEREICRN T, =R~ T, XATa X7 TV VAT T2/
V=T ETAET AL T OUWTFUOHT PD-1/PD-L1 il 544 fifife 4 F0E L 7o B
R L Uic, BFEHFOHRENL, 23 AIGRA Y 32 TIRE £ 72 IR RHEIZ X
. EEAERTS KON I EE DWW T Thive, MifEEOEEREIL, BERICHIT S
CTCAE version 5.0 |ZFEDUWNCRAM L 72,

BFVT L0, i MR BR (RE, AR, ICI LA > BYHEE, SpO,, 5K
ORI (AP PERE, U o ~BREL, MR (platelet count: PLT), CRP. FLERI /KSR
F (lactate dehydrogenase: LDH), albumin (ALB) ZIN&E L7z, X 52, MifEERRE A 4~
—77—& LC Krebs von den Lungen-6 (KL-6) ¥5 J:U¥ surfactant protein D (SP-D) &5 87, A
eI~ R EFITAND | R FEE TR « BN ORI R R O fmigs
BEOAEGEDE E1T o7 (HGEE S R1386), SATRE/R AT OBFITHOWT, SIMFNISC
FHE DA T =L a3 N EHBT,

IL1-2  7'r74 3 2 XAEF

PR RERFERR L 7 MER A2 I T BRI 7 0 74 X 7 AT &4 T o 72, 2Bl
fEERR S LCO 7 Vv aaF af RERATOMIK Ch o7z, FEBhE 92 K4 HIE vl6e
72 Olink Target 96 Immuno-Oncology Panel (Olink Proteomics, Uppsala, Sweden) 2 F\ >, iTHEif
7 v¥A (Proximity Extension Assay: PEA) {EIZ KV % LV B3 TE & LT= 2, b
BT loge A r—/V OO IER LA A58 & (Normalized Protein Expression: NPX) & L CHH &
M, SEEHR KOEH I A = —5E T 1 b a—) U IE > THER ST,

IL1-3 BT
BB AP RAE S K OISR, 7 =2 ) BRI SRS L OSEIA TR Lis, BYE
(CTCAE grade 1-2) &HJiE (grade 3-4) DOHMZITIL, Olink 777 4 I 7 27— 43X Welch
Dt RIEZE IV, R TRRITGEAERE BN E LIfTCH 0 . BRI ERRESS
ZEE L CGRE LZRONZRF 25l Licio®, ZEMREMEIDERET. REED
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PEZRWTEHME L7, 7272 L. fro@ It 2 i7" 2% HAJC, Benjamini-Hochberg {%
|2 % false discovery rate (FDR) #iiEf£D P EASEF#RE L TR L, Mid@EHTRL
7oo BT AL Wilcoxon ONENFIREZ VY, (FEZEDOHEEIZIE Hodges-Lehmann
TERIB IO D 95% Cl ZFi LTz,

PRERAIfRAT & LT, Olink 7' 17 A X 7 27— & 36 LUV ORFRRAEIZ- OV CHA &
AT ZAT T2, S DT, MFEEERER & ORREN 2 [FET D7D, EASH N3t
B53HT (Orthogonal Partial Least Squares Discriminant Analysis: OPLS-DA)? % SIMCA software
(version 18.0; Sartorius stedim biotech, Goettingen, Germany) % FVNCT{To72, SEHTIZI, Olink
T—H | BERBRAET — 2 12OV TENEIUT - 72, OPLS-DA 28\ T, [EIREREL (pq) @
MRHIEZS 0.15 LA EDRF-% | BREECHBNI IR < Fh-3 DA & Uiz, BmfilklF-1zou
Tld. Grade BIDESEL IS L OMRHIR T DOBIRIME A FHIE S5 728, Spearman DNEAAHE
15 A Nz, 2 OMOKEEH#PTIE R v.4.3.3 (The R Foundation for Statistical Computing) 33 &
TV IMP Pro v18.1.0 (SAS Institute Inc, Cary, NC, U.S.A) % FV T3 L, 2 CORTIZRBWTH
E/KME IRl P<0.05 & LTz,
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-2 #E
-2-1 BEER
ICI e 544l 2 F0E L 72 27 A AR THA AT, ZEOWNERIE, BER] (CTCAE
grade 1-2) 7317 fil, EAER (grade 3-4) 73 10 B TH -7, WiFEOBEE T FIX Table -1 | TR
T, PRI SO CEN TN T2 B KON 742 i b | Wl CR & 7eE
IFERD BT, 2 < DIEFNZISVNT, BB E 7o | IR OB 24 L, ILD BE
TR L EERE CRYERE L V mEIE CTh o7,

ICI{RIF L A AZBI LTI, B PD-(L)1 HUARBARER JOWL PD-(L)1 HUik &AL
OPFRFEED, WEHZIBW TR BHEOERE TH D | 5T CTLA4 HURZ ST HRIEX
Y DTl o, DIAFEE LTI Nt ) e & 2 < | RN CRAMIaE, FERmRmE,
ik, B EHRAE, FEEOIETH T, IC1 BEG5AD B ITFEEFIE F COHH
OFJELE, BUEREC 128 A, HERET 104 B &, M CRfREE Ch -7z
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Table II-1. Clinical features of 27 pneumonitis patients who received anti-PD-1/PD-L1

antibody.
Mild Severe
(n=17) (n=10)
Age, mean (SD) 72.1 (10.1) 74.2 (6.3)
Sex, n (%) Male 12 (70.6) 8 (80.0)
Female 5(29.4) 2 (20.0)
Smoking history, Current or Former 14 (82.3) 9(90.0)
n (%) Never 3(17.6) 1 (10.0)
ILD history, n (%)  Yes 2(11.8) 3(30.0)
ICI regimens, Anti-PD-(L)1 6 (35.3) 4 (40.0)
n (%) Anti-PD-1+CTLA-4 3(17.6) 0(0.0)
Anti-PD-(L)1+chemotherapy 7(41.2) 6 (60.0)
Anti-PD-1+CTLA4+chemotherapy 1(5.9) 0(0.0)
g?})}f)er type, Non-small cell lung cancer 5(35.7) 6 (46.2)
Renal cell carcinoma 4 (21.4) 0(0.0)
Esophageal cancer 1(5.9) 1(10.0)
Gastric cancer 2(11.8) 0(0.0)
Hepatocellular carcinoma 3(17.6) 1(10.0)
Malignant melanoma 2(11.8) 1(10.0)
Uterine cancer 0(0.0) 1(10.0)
Days from ICI initiation to pneumonitis onset, 128 104

median (95% CI)

(93.4-327.6) (62.4 —406.2)

(I, confidence interval; ICI, immune checkpoint inhibitor; ILD, interstitial lung disease; SD, Standard

deviation.

1122 FHEEREERAC R 5 MIE 7 07 2 X 7 At

RS AERF DINIE & o /X7 T a7 7 A )V D EIEFE & B2 S SRS A R
J %728, Olink Immuno-Oncology Panel % A\ \7=fi#bT 24T~ 7=, HAABEMATCIL, BEERE
(ZFV T MCP-3, IL-6, MUC-16 25EfEZ 71 L, —J7 CHEERE CIE TRAIL, carbonic anhydrase
IX (CAIX), CD244 ZMHRIIZEEZ R LT- (Fig. I-1A), D2 < ORT-Ti, mifeH
CHEZR 221 TG0 BRI T, 92 K-~ CONEEHE, BEHTZEFS I UF Benjamini-Hochberg
1512 L % FDR ffERATZ D P EDO—%X Supplementary Table II-1 (2779,

E6IT, ZLEMRTE LT OPLS-DA 25 L7=& 2 A, EEkE & BIER I /o8
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N7z (Fig. TI-1B), [BUFREL (pq) OOHERHIEAS 0.15 LA E DK% BEEFEHIBI~D 5238
W& LTl L7, MCP-3, IL-6, MUC-16 2SESEREZR 2 IEOR 5K 1 & LT
[FE Sz, —J7, TRAIL (XEERHCXT 2 AR 5K 1 & LTt Sz (Fig II-1C),
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Fig. I1-1. Proteomic profiling at pneumonitis onset.

(A) Volcano plot showing differences in serum protein expression between mild (grade 1-2) and
severe (grade 3—4) ICl-related pneumonitis at onset, measured using the Olink Immuno-Oncology
panel. (B) OPLS-DA score plot based on Olink proteomic data, demonstrating separation between
mild (blue) and severe (red) pneumonitis. (C) Coefficient loading plot of the OPLS-DA model.
Proteins with an absolute regression coefficient (jpq|) > 0.15 were highlighted in red, indicating strong
contribution to severity discrimination. Proteins with [pg| < 0.15 but significant in univariate analysis

(P <0.05) are shown in pink.
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11-2-3 FHfEERERICRT 2 BEE R - BRRREHE

ICI $¢ 54RO ERERE &M O DAL 5 BT i - BRI A A & OBSE A F 3
D2, FERFOLE 5 - B A Hfk L7z, Wilcoxon NERZFMRTEIC & 2 BZS Efif
Hroofbse, EERERE CITBAERE & Mol L C CRP, LDH, KL-6, 35X ONSP-D I¥fiEIZ A A
R, SpO ITAEICIKE AR L7z (Fig. I2A), —J7. ZFDMOBEFBEE R ICHOWTTHE
BREITRO b 7= (Supplementary Table [1-2), ¥RIZ. EE DA E %[RRI %
B L7256 OBSEECHRIREZ Hl S 5720, BRI ED% iV T OPLS-DA % %l L
Too AT 7y UL, BERE & BIEREO D BEDSTR vz (Fig. I1-2B), [EIFAREL (pq) D
MERHIEAS 0.15 LD RF- 2 BREE B~ O F G205 @O R & U ChlH L72RER. CRP 3.k
O SP-D NEJERAZKTT D IEDOE 52/~ L, Sp0.38 X UYWL CTLA4 HURDLL 53 EFEREIC
X HEDFGER LT (Fig 11-20),
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Fig. I1-2. Routine clinical laboratory findings at pneumonitis onset.

(A) Univariate comparison of routine clinical laboratory parameters between patients with mild (grade
1-2) and severe (grade 3—4) pneumonitis at onset. Only parameters showing statistically significant
differences by Wilcoxon rank-sum test are shown. (B) OPLS-DA constructed using routine clinical
laboratory variables, demonstrating separation between mild (blue) and severe (red) pneumonitis. (C)
Coefficient loading plot of the OPLS-DA model. Variables with absolute regression coefficient

loadings (Jpq|) > 0.15 were highlighted in red, indicating strong contribution to severity discrimination.
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Spearman ONERZFEBEIREE RV N FEBEM#NT 2 320 L 7= (Fig. 11-3), ZDfE4:, MCP-3, IL-6,
B LU MUC-16 [3filEE D Grade BIDOESERE & HEEEED B IRV MEDOFHBIZ 7~ L, TRAIL 1X
HIEE L AERADHBAZ R L, —., 2607 a7 4 3 7 AHRERHE T L BEFED
BRARFEIEE CTd 5 CRP, SP-D, SpO: & ORITIZHEEE DOFHBENTED HALEDS, 45 OFERY
BRIz < | IBEEOERERE & OBREMIIA 7 Z L 1C R D@ A R Lz, HLCTLA4
PURDPFHA B OV TS D Grede & HEEEDOADFHBINABLILZDS, ORI T-L
OFEBIIERSD Lo T,
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Fig. II-3. Spearman correlation analysis between pneumonitis severity and candidate
biomarkers.

Heatmap and scatter plots showing Spearman’s rank correlation between pneumonitis severity
(Grade) and selected candidate biomarkers, including MCP-3, 1L-6, MUC-16, TRAIL, CRP, SP-D,
CTLA-4 exposure, and SpO-. Correlation coefficients (p) are shown in each cell, with corresponding
p values indicated in parentheses. Red and blue colors represent positive and negative correlations,
respectively, with color intensity reflecting the strength of the correlation. Scatter plots in the lower

panels illustrate the relationships between variables, with locally estimated smoothing curves overlaid.
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3 &8

ICI-ILD D ESE( WA RN E7EA0 T S TR0, ARFZETIE, ICT BG4 DRl
FERFO MG 2 I of8ieny 7 v 7 A X 7 AT & 0 FilifeisE oo B e & BREd- 2 A b
B0 T 7 A NVORHEE BT H 2 L2 B E L7z, Olink Immuno-Oncology Panel % H
WEHERE 7 0 T A — ARATIC L0 | EERE CIIBEREZ b MCP-3, IL-6, MUC-16 235
%~ L, TRAIL 1 HKfEZR Uiz, ZhH ORFIXEE BT OA72 53, SEBMTICR
WTHEIERCHBI~OFTFED EOEH- & LTIt S41 T | ICHLD Tl RIESUGDIETR
3 K OGERIEIE ORhElZ & 0 LA 5 & 2 L QWD ATREMEDS IR STz,

IL-6 X2 ETIZ ICHLD OFRJER L OESERE & IEOMHEZ /R Z LG STV DHR
JEME A N4 THY 2, AFIEORERITEER & A8 5, MA T, AR TIEHETIC
MCP-3, MUC-16, TRAIL 23EJiEfE & BRdd DK & L CRIE 34172, MCP-3 14, HEK - <
a7y =%kl b LT ol BG4 574 o CThh 7. ZhET, mH
MCP-3 JREEI IR MERHREE S COVID-19 BUYWEIZ IV THIERE & IEDOFERIN H 5 Z & 05
HIN TN B0, ICHLD (IZBWTHIRERIC, MRS T 5 BEROIEE & iSO R
BT D LB HILTCND, Fiz, ICI 2# 5 Sh7z NSCLC Bz, ICHLD %5
e Grade 3 LA b0 irAE FEIEH 7N itAE HFESEZ & e Grade 2 LT O irAE FIEA 12~ TICL 4]
[ 5RO MCP-3 23EETH 5 LV 9 & & 0 1 MCP-3 (X ICI-ILD OFJER DI/
57, BELOFEHL L 70 HRRIRRE A SR S K- CTd 5 ATREMEDS N S 41D,

TRAIL [, TNF 2A—"—7 7 I —|J@ T HIREE Y XV ETHY , TF2T7LFT7—
AR LONT M, ~7 v 7 7y—r BLOBMRHIRaORmIBES 5, —HIErEiEs
SR E LT S, MR B, A T R b= R EAFRETE 572, TRAIL 1ZH
RO DOFRET & AE Y —T MIRAOEFMEERRCEE CTH S 2, MRSU A NV ABYLET M
BUWTIE, TRAIL DXIERLT 7T /UK T A, SIEDEIERS I OiHERRE ORI & BEd 2
ZEDNHIESNTWD B ARFZETIL, TRAIL (XEERECIR F L, FliBEsEO B & A
Bi%Z 7R L7-, TRAIL DBRIEMEYA N A Th D IL-6, Fiflall ERziifaotas~——7
&% SP-D & A DFABENRNZ & 26 &AL TRIEE SN BIEREIZIT 5 TRAIL DIK T,
FIET = v 7 IRA ¥ MRFEIZ K o THBE ST Saseim i Soek3- 2 il i o st L
W7 SRR /e L QO D ATREMEDN S 2 Db,

MUC-16 1%, BEREERIO LT THY |, ol FEAMICHE L, MFaN T 7 AR
OIEMEA b, RIEFS KOG BTk 3 2 S VB O, 72 & ONTHIRE 2 bds J UOME5ED
FHERIZBAE- L T\ % M, COVID-19 BYYE TIIFIERE T EAT2 Z i STl ¥, K
FFZEIZ R\ CEIEREC MUC-16 28 EH- L Q=2 S, SoEEIChnZ €, FRgiieiE SR
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F OIS ER KIZ B G- L T ATREMEZ T 5, — T, MUC-16 13.CA-125 £ LT
HRBE ARSI . S FEL L TR Y | BRI DI~ — I —IZb o T %, 207z
B, AHFFEUTISNT MUC-16 & SP-D OFHEANGS2 72 Z L 1%, ICI-ILD ORfOEEINIA %
BRTHD I EEMEL T D AMHEMES MUC-16 2MESFRIEOREA 521 T2 AIEEE S &

ARERBUE = 78— NMIFFEZ THOAMERN OO, G, [F—BEIZ R D2 b
DRI TH B,

Pt CTLA4 HFUADHFRHIZOWTIR, ZERRTICIW CTEERISH T 2ADFTFEIV RS
7=, HLPD-1/PD-L1 $ifA & 1 CTLA-4 HUADHFRIREIEIL, HTUPD-1/PD-L1 HUAFEIZLLA~, rAE
OFFESES LOEIEE 2 mD D Z L0 STy 7, AEFIIBERE — R ET 2,
LinL, AR REBIENE Ch Y . FiFEFIEY X 7 258 L C CTLA4 fHOH
HENBINSNTCAREMED DD | LA VEIRITPE D /S T ADSESERLI R LT v REME 35
ETERY, ZORIZOWTIE, A%, L0 KA — MRS Tl R & 8 U7 R
WA LEECd %,

AFFFEUNTN ODDFRAR D D, 2, M A A~ — 7 — | IR B
RTRESNTEY  FIERIN IR, JBRMUGNIED £ TORMIHER 23 i T & Ty
VW, BT, SEBFEDSR AL TN DT, R E ORISR K 0 | S8 EiRpT
IZBWT— DR 2% B> T ATReEN 6 5, B =12, ICHILD [ IARERINfRET O
JRRETH DT 2D BT, AWFRTMIFERTICIRE SN TV D, AT, MiE7 7 43
7 ACRE SR 2l s & LT, RUE ZMIEediE (bronchoalveolar lavage fluid:
BALF), ARMIMEAZER (peripheral blood mononuclear cell: PBMC), fiiHfkEE & DOES#H A5
WNZHRATS 2 2 & T, BB X 0 SEIZeiEIC S7e i b LB 2 Hid,
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14 FEEEE
Supplementary Table II-1. Univariate analysis of serum proteomic profiles at pneumonitis onset

according to severity (Welch’s t-test).
Mild Severe

Protein Mean Mean log:FC P value (;351111) FDR
(NPX) (NPX)
MCP-3 4.043 5.920 1.877 0.001 3.038 0.084
IL-6 5.915 7.601 1.686 0.005 2.335 0.213
TRAIL 8.431 7.639 -0.792 0.009 2.039 0.280
CAIX 5.235 4.073 -1.162 0.014 1.857 0.320
MUC-16 5.227 6.574 1.347 0.017 1.758 0.321
CD244 6.540 6.051 -0.489 0.022 1.654 0.340
CD5 6.208 5.727 -0.480 0.056 1.253 0.722
TIE2 7.387 7.144 -0.242 0.073 1.136 0.722
ICOSLG 6.366 5.882 -0.484 0.081 1.094 0.722
TWEAK 9.163 8.673 -0.490 0.095 1.021 0.722
IL-15 5.594 5.924 0.331 0.106 0.976 0.722
HO-1 13.475 13.692 0.217 0.107 0.972 0.722
CD70 5.658 5.140 -0.518 0.122 0.913 0.722
CD28 1.622 1.308 -0.314 0.127 0.898 0.722
CRTAM 6.447 5.996 -0.451 0.131 0.884 0.722
CXCL10 10.861 11.365 0.504 0.146 0.836 0.722
LAMP3 6.339 6.717 0.378 0.148 0.830 0.722
VEGFR-2 8.787 8.443 -0.344 0.152 0.819 0.722
LAP TGF-beta-1 9.440 8.733 -0.707 0.154 0.814 0.722
DCN 4.981 4.769 -0.212 0.178 0.749 0.722
NCRI1 4.098 3.719 -0.379 0.180 0.745 0.722
FASLG 7.544 7.189 -0.355 0.182 0.741 0.722
LAG3 6.057 5.551 -0.505 0.200 0.700 0.722
TNFRSF21 11.503 11.227 -0.276 0.208 0.683 0.722
CDSA 9.718 9.107 -0.610 0.210 0.677 0.722
IL-5 1.030 0.561 -0.469 0.211 0.675 0.722
ANGPT2 6.330 6.049 -0.280 0.212 0.674 0.722
KIR3DL1 3.211 2.772 -0.439 0.232 0.635 0.761
GZMH 5.647 5.224 -0.424 0.241 0.619 0.764
CXCL9 9.514 10.066 0.551 0.257 0.589 0.789
Gal-9 9.132 9.331 0.199 0.285 0.545 0.811
TNFRSF4 8.649 8.264 -0.385 0.290 0.537 0.811
CASP-8 6.610 7.176 0.566 0.291 0.536 0.811
MMP12 8.763 8.227 -0.536 0.313 0.505 0.814
PDGEF subunit B 10.893 10.325 -0.567 0.319 0.496 0.814
CDS83 3.495 3.210 -0.285 0.321 0.494 0.814
IL-7 5.257 4.634 -0.623 0.328 0.485 0.814
CXCL12 1.639 1.807 0.168 0.370 0.431 0.853
CX3CL1 4.905 4.701 -0.204 0.381 0.419 0.853
CD27 9.868 9.683 -0.185 0.385 0.415 0.853
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Supplementary Table I1-1. (Continued)

Mild Severe log10
Protein Mean Mean log:FC P value (P value) FDR
(NPX) (NPX)
ANGPT1 7.259 6.759 -0.500 0.403 0.394 0.853
HGF 10.629 10.180 -0.449 0.407 0.391 0.853
IFN-gamma 8.458 9.146 0.689 0.408 0.390 0.853
IL-8 8.022 8.666 0.644 0.413 0.385 0.853
MMP7 13.239 12.314 -0.926 0.417 0.380 0.853
IL-4 0.534 0.781 0.247 0.452 0.345 0.899
MIC-A/B 5.737 5.004 -0.733 0.463 0.334 0.899
PTN 1.948 1.711 -0.236 0.472 0.326 0.899
CCL17 10.699 10.035 -0.664 0.479 0.320 0.899
CXCLS5 8.826 8.331 -0.495 0.561 0.251 0.999
PD-L2 3.817 3.705 -0.113 0.580 0.236 0.999
CD40L 7.238 6.800 -0.438 0.615 0.211 0.999
ADGRGI 2.371 2.152 -0.219 0.616 0.211 0.999
CCL23 12.511 12.668 0.157 0.618 0.209 0.999
TNFRSF9 6.403 6.224 -0.178 0.656 0.183 0.999
TNF 4.798 4.636 -0.162 0.665 0.177 0.999
IL-2 0.187 0.044 -0.142 0.668 0.175 0.999
IL-12RBI1 3.179 3.065 -0.114 0.675 0.171 0.999
IL-12 7.124 6.883 -0.241 0.707 0.150 0.999
CSF-1 10.730 10.667 -0.063 0.718 0.144 0.999
ARG1 5.271 5.435 0.165 0.722 0.142 0.999
KLRDI 7.483 7.403 -0.080 0.732 0.136 0.999
CXCL1 9.487 9.248 -0.239 0.747 0.127 0.999
GZMA 6.989 6.863 -0.126 0.760 0.119 0.999
CXCL13 9.573 9.471 -0.102 0.763 0.117 0.999
CXCLI11 10.362 10.575 0.212 0.806 0.094 0.999
MCP-1 12.920 13.032 0.112 0.810 0.092 0.999
CCL4 7.635 7.548 -0.087 0.812 0.090 0.999
CCL20 8.225 8.375 0.150 0.835 0.078 0.999
IL-18 9.617 9.667 0.050 0.835 0.078 0.999
NOS3 2.174 2.116 -0.057 0.843 0.074 0.999
VEGFA 10.898 11.021 0.123 0.846 0.073 0.999
IL-13 0.668 0.599 -0.069 0.847 0.072 0.999
ADA 6.337 6.289 -0.048 0.848 0.072 0.999
PD-L1 7.882 8.003 0.121 0.854 0.069 0.999
TNFSF14 6.243 6.361 0.118 0.862 0.065 0.999
MCP-4 11.229 11.097 -0.131 0.871 0.060 0.999
IL-10 4.525 4.475 -0.049 0.875 0.058 0.999
CCL3 7.889 7.972 0.082 0.890 0.051 0.999
TNFRSF12A 8.666 8.707 0.042 0.900 0.046 0.999
EGF 8.848 8.736 -0.112 0.907 0.042 0.999
PGF 9.758 9.732 -0.026 0.925 0.034 0.999
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Supplementary Table I1-1. (Continued)

Mild Severe log10
Protein Mean Mean log:FC P value (P value) FDR
(NPX) (NPX)
IL-33 0.431 0.418 -0.012 0.925 0.034 0.999
FGF2 0.782 0.756 -0.026 0.930 0.032 0.999
Gal-1 8.057 8.048 -0.009 0.945 0.025 0.999
CCL19 12.116 12.087 -0.028 0.958 0.019 0.999
GZMB 5.753 5.738 -0.015 0.973 0.012 0.999
CDh4 4.043 4.049 0.007 0.980 0.009 0.999
CD40 12.031 12.024 -0.007 0.983 0.008 0.999
MCP-2 8.770 8.761 -0.008 0.990 0.004 0.999
IL-1 alpha 0.722 0.719 -0.003 0.994 0.003 0.999
PDCDI1 8.589 8.589 0.000 0.999 0.000 0.999

Protein expression levels are presented as NPX values. Group comparisons were performed using

Welch’s t test. Log.FC represents the difference in mean NPX values between the Severe and mild

groups (Severe — Mild). Multiple testing correction was conducted using the Benjamini-Hochberg

method, and FDRs are reported. FC, fold change; FDR, false discovery rate; NPX, normalized protein

expression.
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Supplementary Table II-2. Univariate analysis of routine clinical laboratory findings at

pneumonitis onset according to severity (Wilcoxon rank-sum test).

. Mild Severe HL estimator P
variable (n) (n) (Severe — mild) 95% Cl value

SpO, 16 10 3.477E+00 -6.000E+00 -  -1.000E+00  0.005
LDH 17 10 6.700E+01  1.600E+01 -  1.220E+02  0.008
KL-6 15 9 4.620E+02 1.070E+02 -  9.610E+02  0.010
CRP 17 10 6.579E+00  1.440E+00 -  1.039E+01  0.029
SP-D 10 5 2228E+02  3300E+01 -  4322E+02  0.043
anti CTLA-4 Ab 17 10 0.000E+00 -6.789E-05 -  0.000E+00  0.112
Cancer type 17 10 4.974E-05 -2359E-05 -  1.000E+00  0.133
(Lung/Other)

Lymphocyte 17 10 “1.600E+02  -6.000E+02 -  9.000E+01  0.209
NLR 17 10 2.027E+00 -2.776E+00 -  5.938E+00  0.303
BMI 17 10 “1.039E+00  -3.999E+00 -  1.335E+00  0.467
Age 17 10 3.000E+00 -5.000E+00 -  1.000E+01  0.481
Chemotherapy 17 10 6.734E-05 -2.802E-05 -  9.999E-01  0.543
combination

PLT 17 10 _1.528E+01 -7.200E+01 -  6.000E+01  0.598
Sex 17 10 4.545E-05 -3.466E-05 -  3.366E-05  0.620
Smoking history 17 10 1.928E-05 -2.915E-05 -  4379E-05  0.625
ALB 17 10 _1.000E-01  -5.000E-01 -  4.000E-01  0.632
Lgstreatmem 17 10 1.006E+01 -8.600E+01 -  2.030E+02  0.744
Neutrophil 17 10 2.821E+02 -1.970E+03 -  2270E+03  0.763
Body weight 17 10 “1.000E+00 -1.300E+01 -  9.000E+00  0.782

Values indicate the number of patients in each group (n). Group comparisons were performed using the
Wilcoxon rank-sum test. The Hodges—Lehmann estimator represents the location shift between groups
(Severe — Mild) with the corresponding 95% confidence interval. P values are unadjusted. ALB,
albumin; BMI, body mass index; CRP, C-reactive protein; HL, Hodges—Lehmann estimator; ICI,
immune checkpoint inhibitor; KL-6, Krebs von den Lungen-6; LDH, lactate dehydrogenase; NLR,
neutrophil-to-lymphocyte ratio; PLT, platelet count; SP-D, surfactant protein D; SpO-, peripheral oxygen
saturation.
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BIE E5 /L ~UR%& AV ICHILD OFREEFARAB L' h~DoE
FIREMEDRRET

FEIECIL,  ICHILD FERFE 2 VMR~ 1 7 4 < 7 Afifirds K OREARRA BT
IZ& Y, MCP-3, IL-6, MUC-16 ®_EFEBIONTRAIL DK T &V o7, BERERFIZFHE ST 5
RIS 70 7 7 A )V ERE LTz, ZHHORE, BIE ICHLD OJFE RO —hiz /e
5 H OO0, MOBEFEMTEFIZIWTHER L 9 IR e~ ——TH Y | ICI FRIZH
BINDENEE L B TODAREMIAATH D, S HIT, RRERERRR IR
WHE T o722 LD, MR Z EEATAIRE7: ICHILD £7 /L~ U A% N RIERS TR
Hd6 L ORI SN T D,

itAE DZAR7CERAR BT JOYREEAAOET R NG ICT BRSO Rl I T O 55
EDBESINTEY, TR & 72 D5 ML, MaMESREE & 2\ TRk 7: & irAE
DFAIC L > TRRD EEZEZHNTND F, £ < D IrAE OIFREIITH Clgs I3 2 5k
BAE-L TV o et m < P90 KeEd T Ml 7ty hED L 5723 7 F a4 LT
AT B CAEINEZHET DO, E-ZNOLOT 7 IR EZ TR SIS D) vE
HNTT D Z LIE, rAE FEUNTIUT D87 AR RREIE OIS D723 D, AT, B e
WEER-CTdhH CXCLI3 23 tAE FIED S | E 4 & 72 0 Sl D ELFHEEFREC =1k U v/ 3k
& (tertiary lymphoid structure: TLS) DOJERAEET 2 Z & Tl r it 2 e 9% rlreft:
PREINTND 292 rAE FEBlidEs SR S 415 TLS 13 H CHUARFEAEICRS B3G- L TR Y |
CXCL9, CXCL10, CXCL13 72 £ TLS Bh# & H A AKX ICT %M rAE O FHIE & LT
DOFRPEL S SILTWD 22 I ETIZ, Ein~ U7 A28 T B MilabRZED T PD-1 %
TR E AR5 2 & A R L CE 724, IrAE (2B T B Ml 5 o A bk
(2D RIS 595 T MilaY-7 1 > b OFIZBEREIC DUV T, (RIRE L TR
TR,

I T, s~ 7 AE7 /L2 VT, Nlisnsht PD-(L)1 FESFEMIMIES Ok
ORI T TR L . ZAUCBIET 20 E 2 ST 5 2 L2 BN E L, FRIMRET
BELUARMIZET 5 T Hilld - B AASE DT 21TV S BIZE b~ DIMF R REMEORE A
1To77,

m-1 J5k

11 A7z EE L CotEE
HE~ U A L~ T ZADWTND D bARERNZFREOT — 2 MG bivd, LinL, ik
~ U ATLYBEELRRGANRO 72D, DBEOFERCIIME -V, B hadk—h
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Tl e A w3 L O O T 123 T s e U CEE L, 7
A I IS < ZERATHI L 7=,

-2 <A

2 DA BROFSEIEMERF AR (WT) CSTBLI6) ~ 7 2B L1 BALBle ¥V 2%, TILEH
Japan SLC, Inc.33 JLUVCLEA Japan & Y A L7z, TCRPB K$H B6.129P2-Terb tm1Mom/J ~ 7
AF L OVL-21 K~ 7 AL, Z4Z741 The Jackson Laboratory 33 J. U Lexicon &2 W AF L7z,
B %& CSTBL6) v U A LNy 7 7 v X L, SRR IR 23\ VT 16-24 221 [H
filE L CEliv~ T A L U Uiz, Bl E 72138 #30 TCRP KIE~ 7 A1, Lympholyte-M
(Cedarlane Laboratories) 337" EasySep Release Mouse Positive Selection Kit (STEMCELL
Technologies) % VT~ v ADNiinH 538 L 72 CD4* T #iliidl 1x10%6 HE=TRBAT S
ZElZ R SR LT,

NI-1-3  fEEEES L OV S

MC38 (Kerafast) F7-1% CT26 (ATCC) iz, 224 CSTBL/6) £7-1% BALB/c ~ 7 A
(2R FREAE L7o (4x1075 f/), RESHEGRIL, FEEY A X (B 23400 mm? 22 5 F
T, 4 BELITS AZLICAEWIERT DK 2 WizflliE L CE=4 U 7 L, 5o
AL (RBEXER) OFHIRTh OIEFGEHE LKL ®, §1 PD-1 Hifk (Fm—r
29F.1A12, BioXCell), #1i PD-L1 $if& (7 =—> 10F.9G2, BioXCell) . #1i ICOSL Hiff (7 m—
> UC10-4F10-11, BioXCell) F5 LV E7IIXT » b [gG2a F 7213 IgG2b HifA (BioXCell)
%, NEESHE% 4, 8. 12, 16 HHIZ 200 pg §OMEENEEE- Lz, —5OFEERTIL, Huk
$&5-1 H#.IZ, recombinant mouse IL-21 (20 ng, R&D Systems) % bl [ CREESEE- LT,
CD4'T flflREDT-%, HLCD4 Hifk (7 m—2 GK1.5, BioXCell) 200 pg Z[EEHAE 10 H
AR L3 BfIc#E Uiz, BAERED=, HiCDI19 Hilk (7 m— 1D3, BioXCell),
HTCD22 #ifk (7 m—2 Cy34.1., BioXCell), $1B220 ik (7 m—> RA33Al. BioXCell) 4
150 ug DIRAWR A TESFAAE 1 HAlR L ON7 BRRICHEENES L., #8502 BRRIZHT
> b Igk PUk (7 B—2 MAR 185, BioXCell) ZF5-1L7-%,

14 P P01 2354 Nl R ~— 2 —DME

FRRCOMROIRY | 9 £ 721X BALF (IS 15 HERICERI L 7=, BALF £RIRODTZ0,
PBS 500 uL ZiPIciEA L, 30 RO b S w7282 12m L, 4°C - 800g C 5 /ity L
CHIMER Y &Ry A& 438 L 7=, ~ 7 A SP-D, CXCLI13, IL-21, ¥£7zi3t i#E CXCLI3
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BLOIL-6 DIEFEIL ELISA (R&D Systems)iZ L 0 EHE L7z, ZOMOMEFAER~—2
—IFZICA-BM6050 /A Z)V—"T" NMALFS3 L (Japan Electron Optics Laboratories) %
ANWTE= LT,

ME1-5 7a—%A 8 A N —fEkr

i FPRER So e R & A 25 152 72 o0 RBRRIEIIN 3 23 HiT C APC-Cy7 A25:#5#71 CD45
PUAk (7 m—2 30-F11, BioLegend; 3 pg/~ 7 &) &~ 7 ATEIRANER G- U 7=, Ak A B L,
712 VY THWI L72#%., mRNA TIN50, HDHWNE=2 T4 F—F D (2.5 mg/niL,
Roche) 33X TDNase I (10 pg/mL, Sigma-Aldrich) C 30 ZyEEEE(L L7, FEfk=EI S
7ol HEER PBMC 1L, LAF DX L o_ 7 Ik 25U T4t L 7=: mouse CD4 (7 m—2
GK1.5), CD8 (7 11— 53-6.7). B220 (7 m—> RA3-6B2), CDI19(~ =— 6D5), CXCR5
(71— L138D7), ICOS (¥ =—7TE.17G9), PD-1 (¥ ©— 29F.1A12), GL7 (¥ v—
GL7). CD95 (¥ ©1—> SA367HS). CD153 (¥ m—> RM153), IgD (¥ =— 11-26c2a). IgG
(2 7 — polyd053)(LL 9~ T BioLegend), £ 7213~ 7 ZAGBHZ-DU N TIddHT TCRB Hufk (7
12— H57-597, Cytek), BEFEIOMMTCIL, human CD3 (7 =—> UCHT1), CD4 (7 =
—> RPA-T4), CD8 (7 m— RPA-T8), ICOS (¥ m— C398.4A), CXCR5 (/ m—>
J252D4), CCRS (7 m—> J418F1), CX3CR1 (¥ ©—> 2A9-1)(LL 19T BioLegend) (5
T 2HUEE V=, FIRNYA B A L YetanT=b, fillnZ brefeldin A 174F FCPMA/A A4
<Ay (WTHLE Sigma-Aldrich) (2K VR L, £D%, $t IL-17A bk (7 a—>
TC11-18H10.1, BioLegend) F72IFIL-21R-Fc % X7 % L/ 7 &E (R&D Systems), &5\ %
Pt Bel-6 ik (7 m—2 IGI91E/A8, BioLegend), #i Foxp3 #if& (7 m—> MF23, BD
Bioscience) C, BD Cytofix/Cytoperm Buffer & 723 Transcription Factor Buffer (BD Biosciences)
T HWTY LT, S abufEatmifgi3 Fortessa (BD Biosciences) Z W THEHEL, 77—
%1% FlowJo (Tree Star) CHENT L7-,

HII-1-6 RNA 711}, U 7054 AEEPCR, 5k OMH—#JFJRNA >—/~2~ X (scRNA-seq)
4 RNA % TRI-Reagent (Molecular Research Center) % FVNCHiH L. RNeasy Mini Kit
(Qiagen) (2L VHERLL 7=, cDNA % ReverTra Ace (TOYOBO) % VN CfizE (L0 ARk L
72o U7 )VH A LR PCR |3 One-Step Real-Time PCR System (Applied Biosystems) % U,
mouse Ifng (Mm.PT.58.41769240), 114 (Mm.PT.58.7882098), 1121 (Mm.PT.58.7853071), Cxcli3
(Mm.PT.58.31389616) , Cxcr5 (Mm.PT.58.45859964). Pdcdl (Mm.PT.58.29141957). Rora
(Mm.PT.5832675621) . Maf (Mm.PT.5842145949.9) . Bcl6 (Mm.PT.5832669842) . Acth
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(Mm.PT.39a.22214843.g)(\ T 41 % IDT) OFFERA) 7 0 —7 2 HWTERM L7z, FFE LT,
SYBR qPCR Mix (TOYOBO) 35 J: U Supplementary Table 6 1= 30075 A ~—% i\ V-, %
BT OFEEIY, e 2 -AACHEZ LV Gapdh F7213 Actb DFEBLETIERYEL LT,
scRNA-seq (%, PBS #Efit% DOF Mk L O~ 7 AOMfifi#k 5. Lympholyte-M (255
B R it Oy BfE . EasySep Release Mouse Biotin Positive Selection Kit (STEMCELL
Technologies). 3T Dead Cell Remover (Miltenyi Biotec) % F\  Citfn -3 EAT DK E )
CD45" Heiiia 2 Jia L 7o 210 F e Lz, H—ffila 3'RNA-seq 7 77 U 1Z Chromium
Controller 3 &2 TX Chromium Single Cell v3 Reagent Kit (10x Genomics) & HNTER L=,
A 77 VT Agilent 2100 & AW TEVEFHI 21TV . NovaSeq 6000 (Illumina) (280 > —4
AT W7 =20 (T~NVF TV I A T )BT ITA LA, N—a— Ry
> b, UMI 717> ) 1% Cell Ranger v7 (10x Genomics) Z FHVNTITVY, U — RiZ~ v 25
Amml0\Z~vy B/ Ule, Tt (SWEEBL, (ERb, YoTHli, 7 7 A% U 7 raw
count matrix O F[fF{L) 1% Seurat /X 7 —3 (v.4.3.0, hitps:/satijalab.org/seurat/) % VN C 5
LT BfSHNS, Fillin~ 7 A K 8,666 #ill, Elin~ 7 A 6,034 Ml 2 ftfrege & Liz,
FHER TS 372 DI ERO T ATV 20ffE 0.5 TIRAID 20 FRkor 2 VT 7
AL —[REEAT -T2, RITHIIEIE uniform manifold approximation and projection (UMAP) (Z
D Efii L7z, CD4* T fiflafahod s 7 A% —4Aht L, WotHlBRs L O/s 722U v 7%
1T CTERNY 7 A8 —%[EIE LT, Mkl ohbt L7z RNA 2V 7z RNA-seq T
RO LB IES Tl Y B LB s O A~ e — b~y R
7O IYE TPM % z A = 77 1IER{E L TR L7z (NCBI GEO GSE184000),

II-1-7  JiiFeaE-

<A ML E X —LF N U T A (40 mg/kg; Somnopentyl, Kyoritsu) 35 KO T
¥ (2.0 mg/kg; Seractal, Bayer) A EIZEN#G- U TRl L. KUEEIBIE, =0 B = — 2 il
/NERI N TRk (flexiVent, SCIREQ) (Z42%e L7, BiifdiaE N7 A — &%, 100%W A\
T, B 150 [y, 1 EHESE: 10 mLkg, PEXEERIGE 3 emHL0 ISERE L 7oA
FIECRIE LTz, B/3T A—ZIZHOWT, IREFREL 095 ZRIEZ RO TIRE Uiz, Mfifad
MU R 2 3l d 2 728 H&E Yttt c D\ CHEDH T2 0 7 0 7 W S BLEF A 3R L,
SGEF L OUMMEREE Z PR HiR FI2T U A DT A NTA BN B, TARTA
(Zin> CHfBE F R2JIE L, ZOVHEEZ R Lz,
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https://satijalab.org/seurat/

NI1-8  FEFHIRFR & ORI L7325 (HC)

~ 7 AFHRRIE 4% (W) 23T RV AT VT B RTCEE L, @ SR80 37 7 0 i, bl
AVERZATO, H&E Yot F 721 3BEROFIEINE> T IHC 25 L7, B s LT, Ul
B T 7 4 %, 03%H00 CHERLT-, 7 = U BEGEENR (pH 6) % VW -HURIRIE L2
JE718 (DAKO) F7-13E LV TITo7=t5. ¥H mouse IgG Hil (1:1000 #fR;
BioLegend, 77 % 77 405301) % 721351 mouse CD138 HU{A (1:500 A7F; BD Pharmingen, 77 4
7 7 553712) TYA L, iV Y C HRP #5AHLYF Ig PUii% i <8, DAB &% (Nichirei) T
YL U7z, THC BRI 2 BEOMEIEN OV EasiiE OfE ot L OYLEfiiaoss, £
7213 TLS BHEROEIA %, BZ-X800 All-in-One ‘# :HH#EE (Keyence) & Multi-stack Module
$3 UV Hybrid Cell Count Software % FH\ N CH-E &N THRAT L 7=,

HI-1-9  insitu RNA N1 7V 54 =25 2

2T A F_EOMREIA Z RNAscope 71— (RNA) /A 7'V & A B— g ISR
L, —BFHETHANT 7 4 LTctk, 28R H202 (2 10 S fHfE L, #2V  T 1x Target
Retrieval #3£ (Advanced Cell Diagnostics) % FV T 98°C C 15 J7ftjWEH L 7=, Target Retrieval
T2 9 % 67°C C 30 2T MEALER L7z, ¥R\ C, RNAscope Protease Plus (Advanced Cell
Diagnostics) % 40°C C 30 700 W72, #RkAH ORER) mRNA X, Icos (Advanced Cell
Diagnostics, 552451), Cd4 (Advanced Cell Diagnostics, 406841-C2), Cdl9 (Advanced Cell
Diagnostics, 314711-C3) |Zx}9"% RNAscope buffered Z 7' 71— % H\ >, 40°C C 2 FRFHEHE
ILNA TN EAB—2 3 &{ToTz, 7 F/LE RNAscope Multiplex Fluorescent Detection
Reagents v2 (Advanced Cell Diagnostics) (Z < ¥ H#4ilig L7z,

N1-10  invitro T AR

~ U ADMHPEEMIAL, B4 F UAEGHT CD4S SUROFMRNE G L 0k L, iz
[FIX LT DNase I 38 L8277 —8 D ClEEIH{L L7, Lympholyte-M |2 X ARy
BiEC U L SERARE L7214, BT CD45 Bk clsta S/ P REsiiiaz ., sie 4o bk
o— MR E— R (Miltenyi Biotec) 2 FHV N TERE L7z, FiRiE CD4* T fifdiX, = 5IZ CD4
~A 7 vt —X (Miltenyi Biotec) Z HWVTHHEL, Ht CD3/Ht CD28 Hifk=— ' —X
(Thermo Fisher Scientific) (Zd& Y, 7'L— bk =— k L72HT ICOS 1EEMEFUA (5 pg/mL; 7 m—
> 398.4A, BioXCell) %7131 CD153 FEIEDUA (5 pg/mL; 7 = —>2 RM153, eBioscience)
O T C 30 FEEPRM L, RNA it &1 7572,
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111 Z L e FERDOHE
FOR RT3 T AR PREE 721351 CTLA4 HUiR & OGP OFEET )
30 BFHLPD-(L)] HUARTIRIE S 41, 2> OIERERITER S (WG 4 184%) ORI AT
REZREEAT « s NSCLC BE Z[FIE L. 20 ikPh EOBE 2 A A2 (NSCLC; n=
44-49), AR=d— MIRE Y ORWEFERREF BRI TERY | B v~FHEE 2
BB L OVHRESE | BlaG, WTILb AT aA RIBEEZZT Q0 ZOMOBEIE
B AR BB EI 72 < 1R SR ATRE T 72, Ficoll 43 L7= PBMC F5 L UMM
HEIIARNT £ CHUEIRAT LTz, BRI 2020 459 A 205 2022 4F 10 AILTIUE L7, BaEtiand
Supplementary Table III-1 (2777,
et 7 HARY (Progression-Free Survival: PES) 35 X OVMBZEFHART (Overall Survival: OS)
(X, ZER ICT 1BRBIME D, FHEPPRERRHE ORRASHIWN IS < G T A LUV
FIITRREBIENT L > TRBEITOHIE SN D £ T, £ L Vsl sz d
HWHFRRIC L HIECE TOHIME UTER Lo, E@feiiiimis FIH rre/e B i zis
T, PFS BXLTNOS 132023 4F 12 A £ TRl L7z, 180G RECIST 1.1 R ZHE - TH)
& L7z, CTCAE V5.0 & FHV, irAE OFSIETS S OMTHER AL - BRARESEU IS <RI,
HIEHT PD-1 1650 B Bkt 544 12 77 F7213 2023 4212 A DU el E THEHR
L7z, #1PD(L)1 REZZITTEE THLIRY . JHIREICEES 2 AEFFS S tAE &
LTED,

HI1-12 Fis R0
2 BELEEZI 21T Wilcoxon OFFSAHIENARE & 7213 Mann-Whitney O U WE % HV =, ZAE
ORI 1 RGBT (ANOVA) % VY, Tukey-Kramer HEIZ K A S EREEITo7-, —
#1500 FR Tl Kruskal-Wallis EIC L VD 222 L7z, PFS, OS. 72 HWNT irAE O RFE%
A3 Kaplan-Meier 1435 KX O log-rank MUEIZ LV HEE LTz, ZNHDOT T M AIZXT 5
HIREORELTUNT 5720, HAERER LUSEE Cox i — Mg b I L 7=, &
FEUBE TR, &%k (CD4 T #lat 7 & v MEEDZ L, CXCL13, IL-6) OIEHM:%
Shapiro-Wilk 7 Cafii L7z, & T, W, 7 4+ —~ 2 AAT—Z A PD-L1 %
758 8 E BT « BRI ST A — & FIOFEBIRHINCIX, Spearman OfRFHEIMEZ FAV
2o itAE FIE THIRF- & U C O FRIRF- O MR, B R LO%ZA & ROC
M2 FAV T2, HUZSBRNTC 95% AUC 728 50%% 8 2 DK 15 S BIRITICE D, S8R
R CIIEE — DD BN AN T 2 ZEH OB & fRE LTz, 2 K7D Bray-Curtis
PEREOD 7213 Adonis #REIZ & 0 5 L7, #c HE T Prism 7 (GraphPad Software, Inc., La. Jolla,
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CA,US.A), IMP Pro v16.1.0 (SAS Institute Inc, Cary, NC, U.S.A), R v.4.3.3 (The R Foundation for
Statistical Computing Z VN T L7z, AEZEIZP<0.05 & LT,

HI-1-13 A

T AT O FER ITTER T TR Z B SO (MedKyo 22069, 23055, 24084) %
BCE L, AGRSNTHA RTA AT T T2, £loy AT~V U R EER
FOZ OUGTICHERL L THE S 4L, FEBRFEAIGER] « B M OV Bl oo =
DB BRI CORRBERSF TN L7z (KGE5: G1012), *EEEEENGCEICL DA
VI —A R arky MRS L,

HI-1-14 7 —2 DFIH AlEENME:

AMFZETREH L 72 scRNA-seq 33 LUV RNA-seq 7 —# 1% NCBI (GEO) (&GS LTV
(ZAVEI GSE267557 35 LU GSE184000), AMIFETARE I3t Sic 3 X ToTF—4
IAFRSUZE ENTND, TXTOT T 7 DI £ D Supporting Data Values 7 7 A1 /L
(R TS,

m-2 #ER
MI-2-1 EEER~ 7 RIZIT 551 PD-1 PUEFHEM: CD4' T HIRYKARS s

PUPD-(L)1 FHEIC LY, i~ 7 AT, iz EieolggcEGEnEL shb,
—J7, B~ T AT IO DEETRD b 4, 22 TRIFFFETIL, Eii~ 7 RIC
BT 281 PD-(L)1 FRIEFFEMAHHAEIC KT 2 T flfads L OB MR 52 50N 5 2
EERHPE Lie, Filin~ U ADEA LITXIRANC, EEin~ 7 A0 BALF CiX, B220'B
Mlfe72 5N CD8* B0 CD4* T MO E A7 8N S, RRICHT PD-L1 fik % i
ITLTESG AR CTh -T2 (Fig 1I-1, A BLO'B), Eiii~ 7 AD BAL CD4" T i T,
PUPD-L1 JREIZ LV PD-1 HELO EHADGHEE SN2, Tth v— AU —T&h % CXCRS5 O F5H-
TR B> 7= (Fig TMI-1A), Eii~ w7 A2 T CD4' T /iR & k72 &, HTPD-LI
PuRZ 5 LTe 58 Th - T B MIlOSERIFE S v/- (Fig. 1TI-1B),

v —E LT, CD4* T MildDBREIL, Elin~ v A28 281 PD-L1 HulAFEFMEOfiE
Hadeg Uiz, 3ebb, IiEEZ T 55615 CTh 5, EFEMinBIEBR L~ SP-D ™
TR (Fig. -1C) B XN HLPD-1 JELZ =T 7=~ 7 A DR 3T 5 B 72 1gG 1k
# (Fig. I-1D) A3 L7z, S HIT, T HiluA B iestfEiiius Elin~ o A 2Rl 4
FELTWDZ EDHERENT- (Supplementary Fig. II-1A), =D K 5 28R, TLS OFH4 A
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BT HIEIRSNTND 4,

B MR OANFAE~DBIH1X, TLS JERKDA4: (Supplementary Fig. III-1A)" 33 L OY, B #f
HBREFF AN CD4 T ffROEREAME T L7=Z & (Supplementary Fig. 11I-1B) 12 & V) FR
Eiz, —Ji T, B MlEBREIL PD-1 MR OBUEEN RII TR L KX S 2o iz
(Supplementary Fig. I1I-1C), ZAL5HOfEFIE, B flliE & CD4* T AEAOFE ANER 6 L OFHATE
b3, B 73 1gG LG L THL PD-(L)1 AR RIERREA s S o 2 LA L
TV D, SR BPEERETR JOVSP-D IR, RIGEOE N~ 7 A TR TH—ER
RO b, BEFHFOER~ T AZB N THH PD-1 HFIEICLVIHELE
(Supplementary Fig. III-2A), T PD-1 BEEIL, EHi~ 7 AN TEMEPAZEMEARZE (chronic
obstructive pulmonary disease: COPD) BEHELE S 735 L TN O DRIENE S 7 R TF ¥ — D%
BlZ ®7- (Supplementary Fig. III-2B), ZAUHDOFTHIZE, Eillin~ 7 AWM L ORIEE
HE Lo WA ZARINTA L TR Y . HiL PD(L)] FHAICK Y Zhp i 52 &
R LT D,
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Fig. ITI-1. CD4* T cells are necessary for the development of anti—PD-L1 therapy—induced lung

damage.

MC38-bearing young or aged mice were treated with anti-PD-L1 Ab 3 times. CD4" T cells were

depleted from aged mice by administering anti-CD4 Ab. (A and B) Numbers of B and T cells in
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BALF and their PD-1 or CXCRS5 expression were analyzed. Representative plots (A) and absolute
number of indicated populations (B) are shown. NS, not significant. (C) SP-D levels in the serum
from indicated mice were measured. (D) Representative lung sections stained with anti-mouse IgG
ADb (mIgG) are shown. Scale bars: 200 um. The right panel of D indicates the percentage IgG+ area in
lung sections. Data are representative of 3 independent experiments with similar results and presented
as mean = SEM (n = 3-6). *P < 0.05; **P < 0.01; ***P < (0.001 by 1-way ANOVA followed by
Tukey-Kramer post hoc test.

11-2-2 CD4' T #ifE AT L7-FwiERs 59 5 EH.0 (GC) B Ml bod(ie

Fex X, Blin~ T AR % irAE BRFER2Y, CD4 T HIIEIZ L2 B HlROB AR AL
LTRSS E WG ESL T, ZORGRERRRET H728, ofT Al 368
35 T M2 B 44 (TCRP) 2 KR L. ofT MliassEy) Uiz &~ A2 ERL L, fiiE]
VAT in vivo THL CD45 JUAZERIRINEES- (CD45 iv) L CIfit P EBRIa A %92 = &1
0| A PEESIa & 5s U7 il U Bk AR L 72 (Supplementary Fig. III-2C), Efin
AR (WT) ~ 07 ADEA (Fig MI-1) & 13z, il TCRB KA~ 7 A Tid, $1PD-1
FEOF )0 63, CD45 iv- B MR ZFTHERIEIZ522ITIHA LT (Fig -2, A
B LUB),

SIBIZ, MRRRIZIIT 5 CD4* T Ml OBEEI 2 MRS D72, Elin~ 7 AN L7z
CD4' T Hf & e 72131 TCRB KA~ 7 AT A L, Bz 341l L7z, TAICK
LC. #li TCRP KA~ 7 A &5 £ & L CTHWEEA. HUPD-1 EAETT-Th, Bk
FJOMEG-HROZE S CD4* T AR I C#h=R K R E 72133851 L 727~ 72 (Fig 112, A
BILUB), —F. i TCRP K4~ 7 ATt HLPD-1 BHEZ LD . FiNIZ B flfgis L8
LGk CD4* T A SRR Lz, BT ~& 2 LIz, Zib Biffilan—#id, &
BRERBEI RV T DA, GLTH CDS* OIS (GC) B i~ & FEATMEIZ /b LTV = (Fig.
-2, A B L U'B),

PUPD-1 JEE N T L= WT Eiin~ 7 A TiE, WilCIST 20 ia o SATHERIMEAS, ik
FHNZmAT Y o BREEFRE E LTS, ZHBIE TLS AkfE 2 2 LTz (Fig. [T1-2C),
WT Eilii~ o A L[FERIZ, &l TCRB KAE~ 7 AR\ T, EiipiiiH sk CD4' T Al T
A L. 2>0PL PD-1 JREEAT S T2AIZ O, il TLS B8 Y w0 SEREEFEDSTRD BT,
—J7. #5ln TCRP KA~ 7 ATt ElCD4' THlABA LT GETH-TH, 2D X9
72 TLS AR U o/ EREEFEITRESD VT, ElnilBR B - BT V& A SRl & 2 2R &
LTHIBIEL T\ D Z EAVREES LT,
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IHIT, Piv U A 1gG k% OB O PSRk b7l L 0 | iR T2k
WTREIMEZ A3 % s CD4* T Alia CrR#ERL LI PD-1 JFRIEEAT O & 8 EIERI S0
T LAV 1gG IEDHE S, TLS JEPHIC CDI138" FEHMEARIRHIGED Hivd Z &3
RSN (Fig. 12, D BEE), T O DOFPEIEIT B, HTPD-1 5L, CD4* T Al
THATE L7 Eln TCRB K~ U AZEBWW T, HillinE 1 d 5V NIFERADE D TCRB KIHTH
F L U<, 1A SP-D IREEFHEIC_ ER- &2 (Fig. II2F), F£7-, Ehin~ v A28
2 EHFRRE COMIE SP-D AL, THIBHRIZ K VKT L Cue,

LI EORERD G | PD-1-PD-L1 AHAVERIL, ikl o4 2050 T Allaf e epg
JEEDRIERRHEFF LTINS Z EAVRIB SV, S DIZHERRE LT, ElmREE NI
B CHIRETICERE L7- CD4' T AR, H1PD-1 JREFRBMERREICR O CL B Rt
TRPEAEANE A~ b DIHFED B LIRERF- & U THRE L T\ D Z EAVREhTz,
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Fig. I11-2. Reconstitution of pathogenic CD4 T cells induces lung damage in T-cell-deficient
aged mice, but not in young mice.

CD4 T cells isolated from the lungs of anti-PD-1 therapy-treated aged mice were transferred into
TCR-deficient young or aged mice, which then were treated with anti-PD1 Ab. (A, B) To
discriminate the lung-infiltrating cells from blood-circulating cells, anti-CD45 Ab were injected
intravenously before harvesting the lung cells. Lung-infiltrating CD45 iv'staining negative populations
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(iv-) cells were analyzed for infiltration of donor TCR-b" cells and B cells, and their CD95" GL7" GC
subset. Representative dot plots (A) and frequencies of the indicated populations (B) are shown. (C-E)
Representative H&E-stained sections of lung (C) and IgG deposition (D) are shown. Scale bars
indicate 200 um and 100 pm, respectively. The left and right panel E indicate the % of IgG+ and
CDI38" area in lung sections, respectively (F) SP-D levels in the serum from indicated mice were
measured. Data are representative of more than two experiments and presented as mean + SEM (n =
3-7). One-way ANOVA followed by Tukey post-hoc tests were used; * P <0.05, ** P<0.01, *** P
<0.001.

I-2-3 ICOS #H~7 =7 #—CD4" T MDY PD-1 Hifse 5 £~ v AEEf~DE
i |
HUPD-(L)1 FRHEIZ L > T~ U AUGHE S D Iipifel B8 5-9-% CD4'T M-~ &
N BT D720, Bt PD-L1 RIEZ AT U7 £ 7o i3~ © 2 OJififi#kD &
CD45" SefEilaZzmI L, scRNA-seq (2L D N T A7 U h—LfhialTo7, Mo
U o ERER DL IIBERIMEIK T D L HEE SN D728, BilinhE & B#pEEO M CHuEi
N RRI R & 7222133788 HivZen - 7= (Fig 11-3A),

LU G, CD4 T fifidER A Y77 22 U 7 L, &Y 7 EMOBIE 387 1
T AIVEMNT LT & Z A, T peripheral helper (Tph)/Th17 AR SRR 15
PdcdlIcos'Cd69°Cxcr5 Rova® =7 =77 % —Cd4* T Ml 7 A% —»3, HLPD-L1 L&~
Tt~ U A LR LT, Elin~ U ADIIZBNTHEIZE AHEL TV (Fig 113, A
BELOB), ZD7 T AZ =BT D Icos B LWL, Foxp3*Lag3* HlfEWE T #iE (Treg)
i T 28— L HR LT, il W TEfEz s LTz (Fig H1-30),

S BT, PLPD-L1 FREZ A T LIBT3 5 Icos FEERDZEMI 5347 % in situ RNA /A
TV HA V= 3 AL OINT LTESR, Tcos 258035 Cd4' T #lfans, TLS KR U v/ <Ek
HEHENT Cd19' B #if L BEACHEER L QD Z LaVRE7: (Fig T3D BL W
Supplementary Fig. I1I-3), — 5 C, ZiL5HD Icos* T AMFEASHIGEIA: T FfLCH 2 ATREMEIZ DUV
TIIHETE ed o7,

scRNA-seq (Z & D fifttfr L7z Jiti CD45* AR Z I AR M ISR DIR A D ot 7 7o, i
T I 5 1C0S ORIMIRERREZ 7 0 —A b A MY —ICKVREELT- (Fig.
HI-3E), ##ARAIEE- U728t CD4S HifA CiEk < v7 i -8Bl & 3551 ATReZ2 i T 4
feds L OVB ML, Efii~ 7 ARV THPD-LI HUAR 52 L 0 N L T, R
T Z &IZ, Foxp3* Hilf#WE T Mifd (Treg) (£, =7 =7 ¥ —CD4*T il & bt L CTHfi~Diz
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DMK > 72 (Supplementary Fig. II-4A), — /5 C, JEBHRIME Treg Mlal L, 5 FHH
PLPD-L1 BEOFEIZ Dy 51, B LU ICOS FHi %7~k LTV 7= (Supplementary Fig.
1114B),

NZ AT VT h— LT ORER L —E LT, Hili~ U AOHRE CD4 T fllaCi,
ICOS FBL O PD-1 OMFEDOFRINGREIZ LA LT (Fig. -3, E BE O F), HfiiziH
ICOS*CD4* T RO R 531 B Al Y >/ 3E 6 (Bel-6) %681 L TV 7= (Supplementary Fig.
I-4C), —J5C. Jifii=i¥ CD8 T Ml (Fig. I1I-3E) <°, FEEMHZI1T 5 IL-17 PEA= CD4* T #il
FR Gl ICOS FHUTRED B 720 o> 7= (Supplementary Fig. 111-4D), Z 15 ORI, 5t PD-1
FEHEIVE LT, B~ U7 ADREEIZIVCREE/2 IC0S'CD4 =7 = 7 % —T fliatEH
NPEFICERT O L 2R L TRY, ZOZEnbHk~ L, MREERIZET 5 1C0S
DFFAZDW TG A DT,
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Fig. I11I-3. ICOS-expressing effector CD4 T cells excessively accumulate in lung tissues of aged

mice.

MC38-bearing young or aged mice were treated with anti-PD-L1 Ab. (A-C) Lung-infiltrating CD45"

cells were isolated from MC38-bearing young or aged mice that were treated with anti-PD-L1 Ab,

and then were analyzed by scRNA-seq. Cluster analysis was performed and plotted by UMAP

dimensionality reduction. Sub-clustering was performed on the data from the Cd4" T cell populations
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in young and aged mice, and lower bar plots in (A) indicated their frequencies. Dot plots shown in (B)
represent the expression of canonical marker genes across the indicated Cd4" sub-clusters. Relative
expression of indicated genes across sub-clustered populations from young and aged mice are shown
in (C). (D) Representative images of DAPI staining (left) and in-situ RNA hybridization (right; white:
ICOS, red: CD19, green: CD4) in lung from aged mice are shown. Scale bars indicate 100 and 50 pm,
respectively. (E) Representative dot plots of CD45 iv”cell populations among the lungs are shown.(F)
Frequencies of indicated lung-infiltrating CD45 iv™ cell populations were assessed in mice treated with
indicated Abs. Data are represented as mean + SEM. One-way ANOVA followed by Tukey posthoc
tests were used; * P <0.05, ** P<0.01, *** P<0.001.

124 ICOS-ICOSL fHEAER DFL PD-1 BIEHRIEMEE~DE S

WIZ, Pt PD-1 JFRIEFHRMENRIEIZIT 5 ICOS-ICOSL FHANEM OB 25 Hh L7,
ICOS-ICOSL FHAAER %92 HAY T, i PD-1 Hifk & 1 ICOSL Huih % [R5 L7- &
25, W CD4* T AROBEAMK T L, FHZ B MIRIZISWCZ DI TS Th o7z,
—Ji. HUICOSL HUARBMEL G- TlE, T b DBEIZAMITERO b -7 (Fig 4, AR
FU'B), & bHIZ, =M B ko> GC B flifa~nD53 bt HTICOSL HURDHFAE 51T &
Pl iz, HUICOSL HfR & HUPD-L1 HUAOOFIC LV . Eii~ v A3k CD4 T flifaic
FUF % PD-1 FEHIMET L7 Z &1E, ICOS {&A7#72 CD4" T MM b A7 me3 5 FT R T
Ho7z (Fig 114, A 3L OB),

B OFERIE, 1COS Hili#AS ICOSL & DA %41 LT ICOST CD4* T Alifal A AFetE s
TFINEb % SBITHINICET % B Ml T2 T a0~ —BEREZFHET 2 9 %
TWHTHLAREMEZ R LTV D, 2k —& LT, it PD(L)l WEEZIT I~ T A
FRZIBWTERD Bz TLS JERES LY TLS AMITFET 5 CDI38 IR OERIX
ICOS-ICOSL tHAAEH D[RRI K 0 ZBNCHH S vz (Fig. 4, C B3 LW D,
Supplementary Fig. IlI-5A), & 512, ICOSL WM L D512 bid, FEEMD S i~
® SP-D IsHHDIE T (Fig. MH4E)B LN, FERERERR AW Tiiz 77 A 7 ADME
& L ORSNDiSEERE DU (Fig. TI4F) Z Lo Tz, FHREFRICE, B~ AT
I, ICOSL #HEWHZ & HL PD-1 FHEIZ K > THER L 7= il mHE LT Y (Supplementary
Fig. III-5B), ZAUIHTEREIR T L BT 2T L CH D Z LD HITWND ®, 2 b OfER
735, ICOS %41 L7= CD4* T i b3, ICIILD OFIE Y A 7 K- L 72 5 fli5iE 2 & D
JitERERE E A R X5 2 LAV STz %,

Eiin B6 ~ 7 AT, GC B Ml ba St B M SZI IR % ICOS Bk~
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PR—IEME & FAUTHE S HHREEOHE G X 1 PD-1 JeiE A AT L 7= K RER 2 BALB/c
~ U AZBWTHREBEOFTABSE LI Z & 0B RFIRFN TIX N2 EAVRET
(Supplementary Fig. I11-6, A 33 X T'B), ICOS-ICOSL AHAEA/EMIE, FEEMilZIT CD4* T
RS L2t L, #i< B AROPUARPEAMIR~OMEZEd 2 & T, rAE O B O
EOHEHNZE 5 L7z (Supplementary Fig. III-6C), —J7, MHRAEIZKRT 25288 & 1 3RHEAIC
PLICOSL HUADOFHIL, ik - Zhi\ T~ 7 22T PD-L)1 BENZ LY aﬁ%é
D PSR A ER T (Supplementary Fig. III-6D 35 1 0¥ Supplementary Fig. III-7A), £ 7=
IFN-y A CD4* 3 LN CD8* T MU 2 kA 5% 7272 7= (Supplementary Fig.
I-7B), LA EL D, CD4* T MifEiZdsiF % ICOS & ICOSL DR AAER &Ml 2 = 13, &
{GHF 5. PD-1-PD-L1 #HAVEF ZFRET 2 HURDORRE, 72 b ONTHUIEEZNFICK T 5 =
70 HUPD-(L)1 FRIEFHFRMERRAE AR LG5 2 L AVRIB ST,
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Fig. I1I4. Abrogation of ICOS-ICOSL interaction with anti-ICOSL Ab attenuates the
development of lung injury caused by anti-PD-(L)1 Ab in aged mice.

Tumor-bearing young or aged mice were administered with anti-PD-L.1 Ab. Anti-ICOSL Ab was
injected to block the ICOS-ICOSL interaction. (A and B) Representative dot plots of CD45 iv°
lung-infiltrating cell populations from MC38-bearing mice (A) and their frequencies (B) are shown.
(C and D) Representative images of CD138 IHC in the lung of tumor-bearing aged mice (C), and the
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percentage area of TLS (left) and CD138" plasma cells (right) in each lung section (D) are shown.
Scale bars: 100 um. (E) The levels of SP-D in the serum are shown. (F) Lung dysfunction in
tumor-bearing mice was assessed by mechanical ventilation system. Data are representative of 3
independent experiments with similar results and presented as mean = SEM (n =4-8). *P <0.05; **P

<0.01; ***P <0.001 by one-way ANOVA followed by Tukey-Kramer post hoc test.

25 ICOS #&1FH IL-21 FHEDHT PD-1 FBEHRIEMEE 2301 5 2B

P2 S BICRHIT 572, HLPD-1 #EEHET L7 Bt~ o AD[fiZE CD4* T Aifaic
BT, ex vivo TO ICOS FIROAHE T CTHREIRF-ORE AT L7z (Fig. 1-5A), Z OfiF
BT LV | 1COS Hili)Ehifi=E CD4* T MifulZIsu T 1121 38 XY Pdedl (PD-1) O%814A
AR A SEINEREN 2T 5 2 EAMER Sz, 1COS RIRKITE7-, IL21 1I2& -
CTHEHERIEGR - Th 5 Bel-6" DFsELE FA SETR, thot71 -y EEERE R 13 -
A L7707, Ifng DFEBLY ex vivo TIHEINIZH DD (Fig. LI-5A), £ DKEITHLPD-1
PREAFEMRREI A L2 2 EAVRESITEY 4, BiRREICERIT 5 IFN-y OEEM
FERIAOIAR N 2 & DRI STz,

ICOS HlliEt & I IRIRANS, v~ U 2 THUNIGE 28T 5 L STV CDIS3 (2%
T DVEEIAEDUARIC L2 1, iR CD4" T fifalZds\ v C CD153 234 fEL L
TWBIZHD D 5T (Supplementary Fig. I11-8, A 3 X U'B), OB a2 L <{FHE
L7aho7= (Fig. TM-5A), PAEX V. HUPD-L)1 FREIC XL 0 BEFES5 irAE (2B T, il
CD4* T il TD IL-21, Bel-6, PD-1 #HEIT5%E LT ICOS 22 F LS EHEAY7) D EEE 7l

HE 2D Z L AVRIR ST,

FEERIZ, 51 PD-1 R T kb~ 7 2D BALF 91 IL-21 JEEZHN S+, Z UL ICOSL
R XV I Sz (Fig. TI-5B), £ 72, §1PD-1 Hiissk 5-E i~ w7 2 DOJiliiziH ICOS CD4*
T AL IL-21 % PEAE LIS 5 HE /124 L CV /= (Supplementary Fig, 111-8C), —J7C, ICOSL
WERTIX BALF H CXCLI3 BT L eh o7 (Fig. T-5B), Ziub0O7 —X X in vitro
FERLHES L, ICOS 28 T il & B HIlOFHATEMAL, 72 5N GC AlAOIZAL - M4
T 2 H A BRI LD TH T,

P PD-(L)1 FEEFHFIED irAE KERREIZISIT 5 ICOS CD4* T MO HIER 2 S 5
\ZBARE LT D7D, PD-1 > 7L E ICOS o 7 /v % [RIFRREWT L7255 ¢, WT £/
IL-21 KEEDE i~ 7 AR U IL-21 Ok 5217 > 72, Fig. I-5,C BLUD IT~T X 9
(2, WT i~ 7 A Tld, §1PD-1 FBEFFMED B HilladEfis L OV GC B fliasbizxt-d5
ICOSL KT ORI, recombinant IL-21 7812 & W AEICWilis L7-, ZAUTIL-21 K48
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i~ U AZBW TR Ch o7, ICOSL MW, Bt PD-1 EEZ T =&l WT <~
AIZH1T % 1gG F8L GC B MlOORRE A ] L7=23, IL-21 ORR&ER 51, HTICOSL Hifk
BHTFO WT F720% IL21 KiEE#~ U AZB W T I LINVEZHIESE7- (Fig. 1I-5,
C-E). ZHDOMNGEISEIZEN, BT PD-1 JREEZ T T i~ U A THEIZA LD,
[ ) DABER L -~ SP-D JRHAOHIINIX, ICOSL T & 721X IL-21 KA L ViR LT
(Fig. III-5F), SMAIM: IL-21 #6503, ICOSL sl 7213 IL-21 KABIZ K A ifnF SP-D 3 5-
DUENRZFTHN LT, LIEX Y, 1C0S &7 L2/ LT IL-21 #5803, JsEt
{RPEAE B M~ 53k & | ZAUTHE< rAB BRAEDRALICE A A S T LA LN -
77
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Fig. I1I-5. IL-21 is indispensable for ICOS stimulation—mediated exacerbation of anti-PD-1
therapy—induced lung pathology.
(A) CD4" T cells were isolated from the lungs of aged mice treated anti-PD-1 therapy and then were
stimulated with anti-CD3/anti-CD28 Abs together with anti-ICOS or anti-CD153 agonistic Ab ex
vivo. Fold inductions of indicated mRNA expression relative to that in control Ab-stimulated cells are
shown. (B) Concentration of IL-21 or CXCL13 in BALF isolated from young or aged mice with
indicated treatment was measured. Data are mean + SEM (n = 3-6). One-way ANOVA followed by
Tukey’s post hoc test was used. (C—F) WT or IL-21—deficient aged mice were treated with anti—-PD-1
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and anti-ICOSL Abs, and inoculated intranasally (i.n.) with recombinant IL-21. Representative plots
of CD95'GL7" cells (C) and IgG" cells (D) among lung-infiltrating B cells, their frequencies (E), and
serum concentrations of SP-D (F) are shown. Data are mean &= SEM, and the results from 2
independent experiments were combined (n = 4-6 per experiment). Then, One-way ANOVA
followed by Tukey-Kramer post hoc test was conducted for aged WT or IL-21-KO groups
separately. *P < 0.05; **P <0.01; ***P <(0.001.

I-2-6 RAHIM ICOS* CD4* T HIfEHIA & A3 ABEITI1T 5 irAE FBIE & DESE

ICOS* CD4* T MRS rAE FIEIC A 5T 5 Z L ZBEE X D & ZIVH D3 it AR FAED T
K& 72 0155 ATREMD B> D, L LIESIRBISG Tl irAE Fe s ORI I 4 3 A
THZEIIREETH D, T, MmHEER CD4* T HIlIZI1T 5 ICOS FEL & ffififie & DB
BARRET L7z, W Copr L & [RIBRIZ, P PD-1 BEEBRRAE R, it~ 7 A ORM ML TliX
Filin~ 7 A L B2 0 RAY CD4* T Ao ICOS FEHA _EH- L Cu /= (Fig. 111-6, A B L OB,
72 5 TN Supplementary Fig. III-8D), Z#U% SP-D _EFZHE T LTV /=, —J5, Foxp3*ICOS*
CD4* Treg AR OEIEGIIAR THIMN L 720 > 7= (Fig. 6C), & HIZEE /2= L2, 1 ICOS
CD4" T MIfOBEEEIE, NEGRAE 15 AROIEFENRZIIT 51MiE SP-D IRE LRI L T/
(Fig. I11-6D),
AR DO~ 7 AET VDI DIV R AIREET %725, NSCLC 3% PBMC (28
VT, BT PD-(L)1 LRI L UV4 % D ICOST CD4+ T #lifaEl & 27l L 7= (Supplementary
Fig. III-9A), HETEHRIT Supplementary Table III-1 {23, BEHROE Al EHFFEY & [FREEIC
AaR— T ICHLD [ LESEE (16%) I[CBIZ2 S5 rAE Th o7, 1 PDL(L)1 FEIC L
D CD4 T fifeds KON CDS'T MfaOEE BIRIIZA L L72h>7-—FC (Supplementary Fig.
[II-9B), KAl CD4* T Al ZH51T 5 ICOS 8L, irAE & LT ICIHLD Z%JE L7-BE TF
BICEF L, irAE 23JE L7 - - BETII ER L -7 (Fig 17, A B L O'B), b5
FREPEH ICT 232 7 BE TP, iR LCT A% v o552 Qi #
FEATHIEROME I, irAE JE (Supplementary Tables 111-1-3) 33 X TNICOS*CD4* T HEAERE
(Supplementary Fig. I11-9C) (2 H N2> 72 5288% AT S 727> 72, 49 B9 31 4] (61.2%) Tl
ICI-ILD JEGID 85%LL L&, H1PD-(L)1 HEERAS 4 FRES Tl IrAE 23R8IETh -7
(Supplementary Fig. III-9E), 1.4 ICOS* CD4* T AR OHINE, ICHILD BEICHA &
ITENT T RIS LORJED irAE B T HRFEIICERD Hie (Fig -7, B B LY
C. 72 5TNZ Supplementary Table I11-2), 7272 L a7 A AAZHADWTIrAE (236817 5 ICOS
WA R T DRAIL, TN A AR/ S 472 (Supplementary Fig.
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[I-9D), FER. ICIHVEHEENHIRECIE rAE B2\ T ICOST CD4* T #ilfdA & 71
ISR T3, ICT BAFIRE TSR AL TN To DBIER SHVR D> T FTREMED B
Do

ICOS F&HL & 1R, Tth F 7213 Tph Mld THELT 2 LG STV 5D CXCRS,
CX3CRI*, CCR5" CD4* T #ijid © <>, ICOS* CD8* T AL X, irAE OF HEClRIFL
FEToH -7 (Fig. 1B), & HIZ, B MR Toh 5o CXCLI3 13, irAE ZfEDRWEE D
MAETIE7e < ICI-LD EFOMBECTEAMER 27~ L7z (Supplementary Fig. III-9F 35 XX
Supplementary Table III-2)", F 7=, KIEMEYA KA > IL-6 [LICIILD (ZB85-7 5 L S
NTNW52, 22T, BARBIOSAREROC T2 L 0, ICHLD % &1 irAE FE T
2B 5 Z BRI O RIEREZFiET L7- (Supplementary Table IT1-4), I[COS*CD4* T i
FEDOHEAMIE, CXCL13 £7/IXIL-6 L-yL XY & ICHLD AEO FRIA & L TENL TR Y
(Fig. III-7D 35 & OX Supplementary Table I11-3), ICOS* CD4* T #lifaZ8{t.& CXCLI13 L~V 2L
ZAAE DR CRHMET 5 & 20 ICHLD FAEICKT 2 THIMERRITZ S HIEmE -7 (Fig.
I1I-7D 33 X U* Supplementary Table II1-5),

ZOMBEDEIHRZ T 5245 ROC TS50 » MAT7E (0.56) 8L U%
BEDOMHEmA 2T ZID X ICHLD FIED THEEREEE L7- (Supplementary Table I11-5),
ICHLD OF SIS U &% Z O PRIECET USEH T 5 & | ICHLD #f & JF irAE #H%
RPN 72 D0 & U CHBIRTRE Ch o 70 (B 75%. R 92%, Adonis fRE P <
0.01)(Fig. 7E), Z4u%, CXCLI13 & ICOS DA A ERHliAY ICI-ILD FAED FHINCAH AT
o L ENET D,

—J7, 1COS* CD4* T ffaZfbic X v @ik LT%, PFS DI (Fig. NI-7TF)R°EZE%)
(Supplementary Fig. TI-10A) CTa¥ifi L7= ICI OHUEESNRICA BEZEITRO L o7z,
CXCL13 L~ yvZ b ICT OHUEEZ R T3 U727 > 7278 (Supplementary Fig. III-10B),
irAE FSIEIE OS DIER: & B LTV 7= (Supplementary Fig. I11-10C),
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Fig. I11-6. Anti-PD-L1 therapy causes ICOS* CD4" T cells to be retained in the periphery of
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MC38-bearing aged mice.

MC38-bearing young or aged mice were treated with control or anti-PD-(L)1 Ab. (A and B) The
representative dot plots of blood-circulating CD4" T cells 13 days after tumor inoculation (A), and
kinetic changes in frequencies of the indicated populations (B) are shown (n = 5-6). (C) Frequencies
of Foxp3~ or Foxp3"ICOS"CD4" T cells in the peripheral blood were analyzed (n = 8-9). **P < 0.01,
*#xP <0.001 by One-way ANOVA followed by Tukey’s post hoc test. (D) Correlation between the
frequencies of indicated populations and the concentration of SP-D is shown. Simple linear regression

analysis was conducted. Data are mean + SEM from more than 2 independent experiments with

similar results.
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anti-PD-(L)1 therapy—induced irAEs in patients with NSCLC.

(A) The frequency of ICOS" cells in peripheral CD4" T cells was analyzed before (Pre) and 4 weeks
after initial anti-PD-(L)1 therapy (On) in patients with (n = 8) or without (n = 13) the irAE
pneumonitis. *P < 0.05 by Wilcoxon’s signed-rank test. (B) Changes in the frequencies of indicated
CD4" or CD8" T cell subsets during 4 weeks of anti-PD-(L)1 therapy in patients with (n = 34) or
without (n = 13) irAEs, were analyzed. Red dots indicate the values for patients with pneumonitis. (C)

Changes in the frequency of ICOS™ CD4" T cells in patients with indicated irAEs are shown. “Others”
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includes symptoms with infusion reaction, fever, adrenal irAEs, carditis, diarrhea, hypophysitis, and
neurologic irAEs. *P < 0.05; **P < 0.01 by Mann-Whitney U test. (D) Univariate (AICOS, fold
change in CXCL13 or IL-6) and multivariate (AICOS plus changes in CXCL13) ROC analyses of the
predictive values for pneumonitis development. (E) Distribution of indicated values in the combined
predictive model for pneumonitis incidence in patients with pneumonitis (n = 8) or without (n = 12)
irAEs. Adonis test based on the Bray-Curtis distance was used. (F) Kaplan-Meier plots of
progression-free survival of patients with NSCLC stratified according to the median value of the
change in peripheral ICOS'CD4" T cells are shown. Log-rank (Mantel-Cox) test and univariate Cox

proportional hazards analyses were performed.

-3 B

iIrAE DIJEIIHIRE U TTRIDREETH 0 | 2B S A 7T TORMGA S 53 TIT7R Y,
irAR ZHE 2 LT VWEE ORIE & BI85 < rAE O3, FE BB R S vz
IBRZATREIC L, DASERRIEORE 2520155 BEEMZIERT 5, AWTEIIST % &l
< 7 ADFERE L OEE T — X =A% WO S | JE4EES (chronological aging) 1
PLPD-(L)1 FEH D rAE FIFED U R 7 K- 72 0155 Z EDVRBSNDD, T OG5
FAMED B, v MEIRTIR, BRI SN D BRER ORI SN R D 72D, A S 5
PRI VAT 5 2 I3RS CH 5, 2 CTAMIZETCIL, i~ 7 ADFERETT L
NS 2 & T, AR BIEAHIE T DR T AAh L7e, AWFFEDOHT PD-(L)1 FRIES eV
PEET M, Fox OENDERY DT, irAE OFFREICBIG- 32 L& % b T X7 B ARt
F CHUARISE 30 DJEpmii boo ik & LT, NNl BEEd~2 ICOST CD4* T AlfuA SR 7= 971
FRAE 242t L, ZOfEIE. W< 00 B ESERICIWO T, JBER & B CHUAK
TP ARRFERERE S BT~ 2 &\ 9 R S L IS5, S BIZ, HLPDAL)1 A%, Filn
~ 7 AR rAE FERIEBRE TIE7R <, i~ 7 AB L OVICKHLD & OARR T ICOSCD4* T
JASBEEE I TIEIN LT 2 213, S B MEROMEMIIEI 62 THIFHIE 2 A5 vaett 4
T, HUPD-(L)1 BEFA M rAE JRAE 2 B S 2 INIRSEIK 12 fi#H -5 Z &1, irAE 12
WD I BVRIET 70 —F OMENMEEZ D 9 2 THREATH D,

irAE J&JiE & ICOS' CD4* T i & DESHEIL, FZBEEfiToeds L OMMAFBER B 12U TR
ICOS* CD4* T MIEAREE DHEIIAS AT A NIGRIC K VEBGE LT 2 & 2R3 e Thgec L v 7
RENTVWEZ%, UL, ICOS 78 irAE FIEICIIT HHEREIRTHESMETH D05, £7- irAE %
SERTOBNRES TRIRMIE 2720 & 5 DNIBRE TIZAeh -~ 7o, PD-(L)1 W IIHIFNE CD4 T
AEIZIS1T % 1COS DFEEL EAAFHE L 7-—J5C, Ipl 2R3~ % PD-1 #ELd 1COS 7
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JUZ R > THREI TV, TG OMAFENL, Ht PD-(L)1 FERLEAHHRAR DB CIs 1T
% ICOS'CD4" T MO FRZHIE 2 SFFT 2, T AT 7% ICOS DEARZREHID 5 6,
CD4" T HIlEIZEITF % ICOS + 7 F/UiE, PBK/Akt #EEOIEME LA LTS8 ffilckir 54
TSR Z NIERIZ R L TV D FTREMED B D, FZBE. ICOS-ICOSL AHAMER Mk L, Eikn
BRbE T ORI B a7 1) T < CD4* TR DBREE HAR T S 872, BFHIIZIE Bel-6 23 IL-21
PEAEDEEHIEN - CH D Z 0B Y, ICOS BAE Bel-6 #5578 CD4* T Al 5 IL-21
PEAEDFH: N H—Tdh D AHEMENRE 2 LD, HLPD-(L)1 FEIEHIZ ICOSL JHERHIZ L 0 B
P S VT A AEDS RPN TL-21 Fe 5 L 0 wfilis L7332, #hn CD4* T Ml 381F % 1COS it
SMEIRFT IL-21 PEAEDS, $t PD-(L)1 HRiEsh R U oD 3RO 72 B8N /) Cdo 2 mIREME 2258 <
NET D, ZHESFELT, HOHMREARMIEA~O bR & iU < isitex, ot
PD-(L)1 JEEA 2 7= i~ o7 A ZIW T IL-21 KIEIC L Y EIICSEE L,

W) Tth ~— 1 —Td 5 CXCRS ZFHL LRI B B, IL-21 FEAREZ A L Bl
N b aiBh o L WO MEZREE 2 5 & i~ U AORJEMMIEEFR L2 ICOST PD-1" =
7 =7 X —CD4 T HilaE, I stEr ) 7~ h—7 ABFITBWTERET 5 Z L35
Eh7-t k CXCL13*CXCR5 DN E~/L»<—T (ThA) #Hla ° [ZEELL T 5, B Hila~
SV S—IEMEDRLIS 55— T, rAE B3N ICOST CD4* T AfaliX, ThA MIFRORHE ToH 5
CXCLI13 X GzmK., Pfnl 78 & OMaSERHER 12 BEE I IFBL L2 o7, ZAUTx L,
= ICOS CD4* T il L, CXCRS ZFEL L7203 PD-1 38 LUVL-21 ZRHLT 5 Z & &4
% L35, T extrafollicular helper i 0% & D\ NIA AT AR F L pEE (Sppl PEA) CDI153
HALBEH T i SEEL L2 L Qe Fox OfEEET M, —77 7 X b
BEREFETE . WTRAEDIER, 72 HONTHL PD-1 RIEA 2T T i~ 7 A2 3s1T 5 COPD B
RV 73T ¥ —0O FREESTEY, §i PD-(L) FESHFEEORPFRZRIEZ RS
D2 LAY S, Lonl, B OSBRI BRI OV TR, Zedefif
HAMETH D, EHIT, RFTI-ORIEI72 irAE 12350 T CD4" T MIfaORERFTEM S X
OGEIEHEEEER S TnD 2 &6 O B H AU ICOS* CDA'T e odRife el
ERFGEE, 70 DOV NEREEN T B AIRE & O EAEFIC B3 2 1B IZEDS, irAE JRRED
TS 2 W b T 2 72Ol EETH 5,

RIFPER G CD4* T RIS Z C, EEI 31T 2 H CHURIC X Dol I-CoEEBREE &
W TMBEREEREEIR 123, B CAURME T Ml - B AR RFHEHA b5 | & 4 F 7o kK
& 720 | ZDH%DHTPD-(L) FRIEFFIEMTREIC SRR D R o D, ZDF X 1T, TCR
K~ T A% IOTRATEET L0 SRS, EilnoRE)E CD4* T #Millads L O Ui A
CHURIE B3R 2 G L 7oV VEREREE T Tl IrAE BRIERDSRIE L7g o7 2
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EDVRENTZ, CXCLI3 & £/ FHIEREREEZ IV T TLS DJRFTER ZfilfHd2 Z & TirAE
FIEICEAE- L. rAE JREEML A BUE T HIEBLEEREER - Ch 5 wRettn 2 24,
i~ o Az T, HLPD-1 U & 5T ICOSL HUARDHFRIZRAT CXCL13 L-L a2 b &+
Rinotn, THHOBSENG, Fexld, (a) CXCL13 BAED RS OBtE L . (b) &
AR C 31T 2 ICOS IS ED CD4* T #ilfi & B MR FIEMALA3, EAEHUST L i
REIZH 5T 5, WTIWh—OREDHTILirAE FIEIZ 53 CIXRWATREMED B 5 LK
AT, ZORMT, ICIHEREFIZRBV T, ICOS CD4" T f#ifd & CXCLI3 1T ind
irAR FIE & B L7212 bbb F, Mg ORI 2780720 o7 2 L L b AT D, L
25T, ZiLh 2 2D A7 RFZ/AEECRHIiT 2 2 & T, irAE B % 10 IEREC
FETEHEN) Z&IE, Brofay MIIORLIZERBY, +0aH1THD,

CXCL13 X irAE PRI & 72 0 155 449, UL, EEHHRRI 31T 2 CXCLI3 &l
I3HT PD-(L)1 SREA~D BAT2 G & BhET 5 AlgetEa v g S cis v O Hullissos 40855
W2 U A7 Db, CXCL13 FEFY LS O irAE B EEA~OBERIZITRA N H 5 00H L7z,
ZOBRIZEWT, rAE FIED 15"k v b & LU THEBEL 72 ICOS v 7L aiE &35
Z LIE, CXCLI3 #REAHERF LIS 2 RVE RIS & 72 0 155, Z ORIE A2 EBLT 5 7= 012
BT 21520 9 2 C, FUEGZIR L RH LG5 ICOS™ =7 = 7 #—CD4* T #ifiu 9 %
Z, ICOS' CD4* T AR U e I E T B A B8 T DN O D, AT
JECIE, ICOSL WS IiERE AR L7-— 5 C, B~ 7 ABLUOMABEOWTIUZB
T, 1C0S DL 5 L HREER L OREIIZ Uo7, ZHHOFTHIL, ICHRROH]
BB Z 31T 5 ICOS CD4* T Ml D FHIEM( LS, TAE Tlll~—h—& 720 | Huligs sz L
D% irAE & X R< BhET 5 AlREME A e T 5,

ZD X H7RICOS 7 F VD itAE FIE £ 7o IH IS S92 BIRAZhRIL, irAE fifes
ENEEHRFRORIT BN T, EOMBERE.S ICOS ZFH L TV D NI 5 AlREMEN B 5.
ICOS-HICOSL #HAAEMIZX, =7 =7 2 —T Ml fEH L TIEME b EtEd 5—77 T, Treg 12
VEF U COuZ i E 2 feR 35 LW ) “EHOREIZF o720 Th D%, 2o 2 L13, HLICOoS
VERRMERUAR & OOFFIREEZ TN L7 —3ERARRER C, T CTLA4 HE CIIA e hiliEsh I
FBD HITZ B DD & AELDEFZIEIZF3Y Y THL PDA(L)1 FE TIIRED B o7z 0672 ¢,
DO BT, Y A 7D it AR FIESRHIEIN L7-BRH OFBBNC © 72 D 155, MAFESLH O
LS T Treg/=7 =7 X —T HlALEN /2 D Z L 2B 2 5 & {FEHE ICOS HIAS Treg (2

MAFF5HES . DAFER B CHSEROFEIEIC &> THEAR 5 ATREMN BN 8P Z i & OfiffRIZEL
S, rAR JHAE & HUBEESE ORTIZxT 5 ICOS A7 MEE, RRCIEE AT L OVIrAR f#
FRRHAR A~ Treg 38 L ONCDAT A & 20D ICOS FEBDBLS B BN D Z & LB
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TH D,

AWFFED AR — MIF AN E Th Y BEE LD, SR ETH RS e S B
ISFRZZRVOBR D AT S K & SD LW D S T ANFET D, —J7, ICLHILD B LW
BREEI, OB ARSI THE S QD L b 9071 Kak— b TH EEEIZRD 5
iz, THIUBHEBH A 7L, NSCLC LSO AFEE Gt 27— MZBIT % irAE Ofch—
7R AN N T W LT B L 72WGER S 573 0, ANSCLC 24— M TILICT &b s
OOFRBINZ 73> T2 Z & 73, ICHLD 36 X UMUK EtE ORI 5 LT TRetEns & 5 7, R
AR— FOBUEDY N SN2, Spearman NENZFHRRCRESRNT & 135872 0 | BB Tl ICOS*
CD4* T A2kt CXCL13 DZbh ., irAE £ 721X ICIILD Oz L7= Y A7 [Kf-& LA
ESNehoTo, LIeRoT, SRR rAE, WNAFL, LY A VAR 5 KB o — M
FEUTL Y| IrAE FAEIZISIT B ICOST CD4* T #ifads L OV CXCL13 OEEN: AT 2 B H3
Hb,

filiam e LC, AWFIEAVR L7z ICOS'CDA'T Ml DBHENEZ BT 2iRET, REREEE G
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Supplementary Fig. III-1. The B-cell response is indispensable for anti-PD-1 therapy-induced
lung pathogenesis but does not affect the anti-tumor effect.

After B-cell depletion, anti-PD-1 Ab were injected in MC38-bearing aged mice. (A) Five days after the
last treatment, lymphocytic aggregates in the lung were subjected to IHC stained with anti-CD3 Ab
(brown). Scale bars indicate 50 um. (B) Anti-CD45 Ab were intravenously (iv) injected before
harvesting the lungs. Representative dot plots (left panels) and the frequencies (right graphs) of CD45 iv
staining-negative lung-infiltrating T and B cells are shown (n = 5). (C) Outgrowth of MC38 in young or
aged mice were monitored over time (n = 6) and tumor sizes were expressed as tumor index (square root
(length x width)). Data are mean + SEM of at least two independent experiments with similar results.
*P<0.01, ***P<0.001.
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Supplementary Fig. I1I-2. Characterization of anti-PD-1 therapy-induced lung pathogenesis in

tumor-bearing aged mice

(A) Tumor-free or MC38-bearing mice were treated with control or anti-PD-1 Ab. Area of ectopic

immune cell aggregates (TLS) in lung sections and serum SP-D levels were evaluated by H&E staining

and ELISA, respectively. Data are mean + SEM of at least two independent experiments with similar

results. *P <0.05, **P <0.01. (B) Heatmap shows the relative expression levels of inflammatory genes,

fibrosis-associated genes, and emphysema/COPD-associated genes in total RNA sequencing analysis of

whole lung tissues from tumor-bearing mice. (C) Aged WT CD4 T cells were transferred into aged
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TCRp-deficient mice, and then anti-PD-1 Ab was injected. Gating strategy for lung-infiltrating B cells
and T cells (defined by CD45 ivB220" or CD19", and CD45 ivTCR-B" CD4" or CDS8", respectively).
GC B cells were defined by B220" CD95"GL7" cells.
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Supplementary Fig. I11-3. Histological analysis of lymphocytic aggregation in lung from anti-PD-1
Ab-treated aged mice.

MC38-bearing aged mice were treated with anti-PD-1 Ab (A and B) or control Ab (C) 3 times. Seven
days after the last treatment, lungs (A and B) or spleen (C) were analyzed. (A and C) Representative
images of DAPI staining, in-situ RNA hybridization (white: ICOS, red: CD19, green: CD4), and merged
images of aged lung of spleen are shown. Spleen from control Ab-treated aged mice were utilized as a
negative control for ICOS staining. Scale bars indicate 100 or 50 um. Yellow arrows indicate the
boundaries where Icos-expressing Cd4" cells interact with Cd19" cells. (B) Percentage of Icos™ Cd4*
cells or Icos'Cd4" cells that interacted with Cd19" cells within the TLS are indicated in black color. Each
bar graph includes Cd4" cells that did not interact with Cd19" cells (white), and the total cells are shown
as 100 % in each fraction.
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Supplementary Fig. III4.

tumor-bearing aged mice.

MC38-bearing young or aged mice were treated with anti-PD-1 Ab 3 times. Two days after the last
treatment, lung- or tumor infiltrating ICOS'CD4 T cells were analyzed. (A) Representative dot plots
(upper panels) and the frequencies (lower graphs) of CD45 iv staining-negative lung-infiltrating Foxp3
or Foxp3" ICOS*CD4 T cells (n = 5). (B) Representative dot plots (left panels) and the frequencies (right
graphs) of tumor-infiltrating Foxp3™ or Foxp3" ICOS'CD4 T cells (n = 3-4). (C) Representative dot
plots of lung-infiltrating Bcl6™ ICOS™ cells (left panels) and the frequency of Bel6” cells in CD4 T cells
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(right graph) are shown. (D) IL-17-producing cells were analyzed by intracellular cytokine staining of
lung CDA4 T cells or CD4 negative cells from aged mice with or without antiPD-1 Ab treatment. Data are

representative of at least three independent experiments with similar results (mean = SEM). **P < 0.01.
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Supplementary Fig. ITI-5. Representative images of whole lung section with TLS and CD138"
cells.

(A and B) MC38- bearing young or aged mice were treated with anti-PD-1 Ab in combination with or
without anti-ICOSL. Ten days after the last treatment, lungs were harvested and stained with
anti-CD138 Ab. Scale bars indicate 500 um or 100 um. The regions of interest (ROIs), including TLS
and CD138" cells (brown), are enlarged in the other panels (A). For the measurement of mean linear

intercept length of alveolar, eight fields were randomly selected per one lobe of H&E-stained lung
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tissues, and test lines were randomly drawn on images except airway and vascular structures. Calculated

mean linear intercept lengths from indicated mice are shown (B). Values represent mean = SEM of

independent experiments. ***P < (.001.
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Supplementary Fig. I1I-6. Anti-PD-1 therapy-induced lung pathogenesis was attenuated by

ICOSL blockade in aged mice.

CT26-bearing young or aged Balb/c mice were treated with anti-PD-1 Ab combined with or without

anti-ICOSL Ab. (A and B) Frequencies of CD45 iv staining-negative lung-infiltrating B cells and T

cells (A), representative dot plots of GC B cells (B, left), and their frequency (B, right) are shown. (C

and D) The levels of SP-D in the serum (C) and weight of tumor tissues (D) in indicated groups were

measured 21 days after tumor inoculation. Data are mean + SEM from two independent experiments

with similar results. *P <0.05, **P <0.01, ***P <(0.001.
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Supplementary Fig. III-7. ICOSL blockade does not impair anti-tumor effect of anti-PD-1
therapy.

MC38-bearing young or aged mice were treated with anti-PD-L1 and anti-ICOSL Abs. (A) Tumor
progression was monitored over time (n = 6), and tumor size was expressed as the tumor index (square
root (length * width)). The data represent mean = SEM. (B) Two days after the second treatment,
tumor-infiltrating CD8 or CD4 T cells were analyzed for production of IFN-g and IL-21 using

intracellular cytokine staining. Data are representative of at least two independent experiments with

similar results.
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Supplementary Fig. I11-8. Characterization of lung-infiltrating cells in aged mice.

MC38-bearing young or aged mice were treated with anti-PD-1 Ab. (A and B) Representative plots
showing the expression of ICOS and/or CD153 (A) and the frequencies of indicated
molecule-expressing cells (B) in CD45 iv staining-negative lung-infiltrating CD4 T cells are shown
(mean + SEM; n = 3-5). *P < 0.05, **P <0.01. (C) Lung-infiltrating CD4 T cells or CD4-negative cell
populations were harvested from MC38-bearing aged mice 2 days after the last Ab treatment and were
analyzed for IL-21-producing ability. Data are representative of two independent experiments with
similar results. (D) Gating strategy for peripheral CD4 T cells in the blood and their ICOS expression.
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Supplementary Fig. I11-9. Analyses of peripheral T subsets in patients with NSCLC and irAE.

(A) Gating strategy for I[COS™ T cells in PBMCs from patients with non-small cell lung carcinoma
(NSCLC). (B) The frequencies of CD4 (upper panels) and CDS8 (lower panels) T cells in PBMC were
analyzed before (Pre) and 4 weeks after initial anti-PD-(L)1 therapy (On) in patients with irAE (n = 34)
or without irAEs (n = 14). The red lines indicate the kinetics in the patients with pneumonitis. (C and D)

Anti-PD-1 therapy-treated patients were stratified by the usage of immunosuppressive drugs (C), or the
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combination regimens (D), and their changes in the frequency of ICOS'CD4 T cells in PBMCs are
shown. The Mann-Whitney test was used for comparisons within each subgroup. *P <0.05, **P < 0.01.
(E) Kaplan Meier curve for the incidence of irAE or pneumonitis in patients with NSCLC treated with
anti-PD-(L)1 therapy. (F) CXCL13 levels in plasma were analyzed before (Pre) and 4 weeks after initial
anti-PD-(L)1 therapy (On) in patients with pneumonitis (n = 8) or without irAEs (n = 12). The red lines

indicate the patients with > 2 folds increase of CXCL13 levels.
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Supplementary Fig. I1I-10. Relationship between patient prognosis incidence of anti-PD-(L)1
therapy-induced irAEs.

(A) Change in the ratio of ICOS'CD4 T cells were plotted based on the best overall response. Red dots
indicated patients with irAE pneumonitis. PD, progressive disease; SD, stable disease; PR, partial
response. (B and C) Kaplan Meier curves of progression-free survival of NSCLC patients with (> Grade
3 or < Grade 2) or without irAEs (B, upper panel), and with or without increased levels of CXCL13
during anti-PD-(L)1 therapy (B, lower panel). Kaplan Meier curves of overall survival of NSCLC
patients with (> Grade 3 or < Grade 2) or without irAEs (C, upper panel), and Multivariable Cox
proportional hazards analysis for overall survival. The analysis includes %ICOS+CD4 T cells, fold
induction of CXCL13, fold induction of IL-6, age, and the presence of irAEs as covariates (C, lower
panel). Due to multicollinearity among %ICOS*CD4 T cells, fold induction of CXCL13,

and irAEs, results excluding values of ICOS and CXCL13 are also presented in the lower. HR, Hazard

ratio; CI, confidence interval.
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Supplementary Table I11-1.

Clinical characteristics of NSCLC patients who received anti-PD-1/PD-L1 therapy.

Non-irAE patients

irAE patients

(n=14) (n=135)
Aged, mean (SD) 68.6 (11.7) 65.9 (10.9)
Sex, n (%) Male 10 (26.3) 28 (73.7)
Female 4 (36.4) 7 (63.6)
Smoking history, n (%) Current or Former 12 (27.3) 32 (72.7)
Never 2 (40.0) 3 (60.0)
PS, n (%) 0-2 11 (23.9) 35(76.1)
3-4 3 (100.0) 0(0.0)
PD-L1 tumor proportion >50% 2 (22.2) 7 (77.8)
score 1-49% 5(31.3) 11 (68.8)
<1% 2 (18.2) 9 (81.8)
unknown 5(38.5) 8 (61.5)
ICI, n (%) Anti-PD-1 4 (33.3) 8 (66.7)
Anti-PD-L1 8 (28.6) 20 (71.4)
Anti-PD-1+CTLA4 2(22.2) 7 (77.8)
Chemotherapy (+DEX)?, Yes 8(22.2) 28 (77.8)
n (%) No 6 (46.2) 7 (53.8)
Use of immunosuppressants (IS) ®,  Yes® 8(22.2) 19 (70.3)
n (%) No 6(27.3) 16 (72.7)
irAE, n Hematologic 14
Pneumonitis 8
Nephritis 5
Skin 5
Thyroid 4
Hepatitis 2
Other¢ 10

DEX, dexamethasone; irAE, immune-related adverse event; IS, immunosuppressants; PS, performance
status; PSL, prednisolone; SD, standard deviation. * All the patients who received ICIs combined with
chemotherapy were treated with DEX as premedication. ® IS include orally administered steroids (n=11),
tacrolimus (n=1), inhaled steroids (n=3), as well as topical steroids. © [S-treated patients are defined as
those who received IS in the period from one month before to one month after initial ICI administration.

4 Other includes the irAE of infusion reaction (n=3), fever (n=2), adrenal (n=1), cardiac (n=1), diarrhea

(n=1), hypophysitis (n=1), neurologic (n=1).
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Supplementary Table I11-2

Spearman’s rank correlation matrix and the significance of relevant variables in the patients with NSCLC.

Pre % ICOS+ 4wks % ICOS+ A % ICOS+ Fold induction Fold induction

Age (rﬁf&‘e) Smokinpg Chemotherapy U55°" irAE  CD4+ Tcells CD4+Tcells CD4+Tcells  of CXCLI3 of IL-6
g in PBMC in PBMC in PBMC in plasma In plasma
Age
-0.20
Sex (male) 0.21)
Smoking  0-13 058
(0.39) (<0.01%)
pge 0.09 007  -0.08
0.56)  (0.66)  (0.60)
Chemotheragy 018 001 004 -0.31
PY (0.24) (0.97) (0.82) (0.04%)
Useofts 010 005 035 001 0.12
0.54) (075  (0.02%) (0.97) (0.43)
AR 2012 015 016 -0.07 0.20 0.06
(0.44)  (032) (0.30) (0.65) (0.20) (0.72)
Igg ;’/j ITcg?ler 2020  -021  -0.31  -0.13 0.13 0.19  -0.08
DA eells 0.19) (0.16)  (0.04%) (0.39) (0.41) 0.22)  (0.60)
4%"]132?%(32115: 0.17 013 -0.10  -0.22 -0.03 020 023 0.74
D4 eells (028)  (041)  (052)  (0.15) (0.83) 0.19)  (0.13)  (<0.01%)
(:AD(Z{?(%%SHS 0.10 017 020  -0.08 -0.15 001 037 -0.25 0.38
DA T Sells (050)  (027)  (0.20)  (0.61) (0.32) 0.93) (0.01%)  (0.10) (0.01%)
Fglfdcigl(dc“ftfgn 0.0 002 004 009 0.12 002  0.34 -0.03 0.04 0.14
fohame (052) (091)  (©81) (0.5 (0.43) 0.91) (0.03%)  (0.84) (0.82) (0.36)
Foldinduction 902 015 003 0.32 0.13 003  -027 0.15 <0.01 -0.23 0.25
I obema (088) (033)  (087) (0.04%) (0.41) (0.84)  (0.08) (0.33) (0.98) (0.13) (0.10)

irAE, immune-related adverse event; PBMC, peripheral blood mononuclear cells; IS, immunosuppressants. The values given in parentheses indicate p-value. *

PS: performance status (0-3). * Statistically significant.
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Supplementary Table I11-3

Spearman’s rank correlation matrix and the significance of relevant variables in the NSCLC patients with irAE pneumonitis and non-irAE.

Pre % ICOS+ 4wks % ICOS+ A % ICOS+ Fold induction Fold induction

Age (nSlZi‘e) Smoking ~ PS  Chemotherapy USg°T  AE. . CD4t Tecells CD4+ Tcells CD4+Teells  of CXCLI3 of TL-6
p in PBMC in PBMC in PBMC in plasma In plasma
Age
Sex (male) (8'(‘38)
Smokin 0.18 073
€ (0.44) (<0.01%)
pge 0.09  0.12 20.10
0.71) (0.61)  (0.69)
Chemotherany 027 013 0.03  -0.61
PY (0.26) (0.60)  (0.90) (<0.01%)
Useofls 013 033 042 -0.05 -0.22
058) (0.14)  (034)  (0.84) (0.36)
irAE 0.10 024 0.06 0.13 0.09 0.00
pneumonitis  (0.68)  (0.32) (0.81) (0.59) (0.71) (1.00)
CELICOSE 015 -045 047 -0.20 20.10 -0.40 -0.41
DA el (052 (0.05)  (0.04%)  (0.40) (0.69) 0.08)  (0.08)
ST ICOMT 008 033 -038 031 20.02 033 -0.02 0.78
Das Teells 075) 016 (0.10)  (0.18) (0.94) 0.16)  (0.94) (<0.01%)
CoaICOSt 041 027 0.1 -0.05 20.27 0.35 0.58 -0.32 0.15
. 0.08) (025  (0.65)  (0.83) (0.26) 0.13)  (<0.01%) (0.17) (0.54)
in PBMC
Fglfdcl;l(%‘fﬁ‘g“ 023 0.11 0.06 0.24 0.15 0.17 0.46 -0.34 -0.38 0.16
| (034) (0.64)  (0.80)  (0.30) (0.52) 0.47)  (0.04%) (0.15) (0.10) (0.49)
in plasma
Fold induction ¢ o5 9,01 026 040 0.00 005 -0.20 -0.02 -0.26 -0.40 0.31
obema (089 (097 (028)  (0.08) (1.00) 0.83)  (0.41) (0.94) (0.27) (0.08) (0.18)

irAE, immune-related adverse event; PBMC, peripheral blood mononuclear cells; IS, immunosuppressants. The values given in parentheses indicate p-value. a

PS: performance status (0-3). * Statistically significant
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Supplementary Table 1114

Multivariate analysis association between irAE development and clinical variables in NSCLC patients.

Variable Coefficient Odds ratio (95% CI) P value
A % ICOS+CD4+ T cells
.61 L. .93-3. .
i1 PBMC 0.6 83 (0.93-3.59) 0.08
Fold inducti f
o' mauetion o 1.42 4.15 (1.08-15.95) 0.04
CXCLI13 in plasma
Constant -0.69 0.50 0.04

CI, confidence interval.

Supplementary Table I11-5
Multivariate analysis association between development of irAE pneumonitis and clinical variables in NSCLC patients.
Variable Coefticient Odds ratio (95% CI) P value
A% 1 +CD4+ T cell
%o ICOS+C cels 1.09 2.97 (0.89-9.91) 0.08
in PBMC

Fold induction of
CXCL13 in plasma
Constant -3.44 0.03 0.06

Propensity score =1/ (1 + Exp (3.44 - 2.29x” Fold induction of CXCL13 in plasma” - 1.09x”” A % ICOS+CD4+ T cells in PBMC”)).

2.29 9.88 (0.66-147.16) 0.10

CI, confidence interval.
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Supplementary Table III-6.

The sequence of primers for quantitative real-time PCR in this study

Gene name Primer sequence forward (5°-3”) reverse

Mouse /12 GCGGCATGTTCTGGATTTGACTC CCACCACAGTTGCTGACTCATC
Mouse I/17a CTCAAAGCTCAGCGTGTCCAAACA TATCAGGGTCTTCATTGCGGTGGA
Mouse 1/10 GCTCTTACTGACTGGCATGAG CGCAGCTCTAGGAGCATGTG
Mouse /122 TGCTTCTCATTGCCCTGTG TGGATGTTCTGGTCGTCACC
Mouse Sppl AGCAAGAAACTCTTCCAAGCAA GTGAGATTCGTCAGATTCATCCG
Mouse Ccrs TGCACAAAGAGACTTGAGGCA AGTGGTTCTTCCCTGTTGGCA

Mouse Cx3crl

TGTCCACCTCCTTCCCTGAA

TCGCCCAAATAACAGGCC
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