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Abstract

Objective: To investigate the causal association between programmed death-1 (PD-1) and its lig-
and (PD-1 ligand, PD-L1) and the risk of myocarditis using a two-sample, multivariate and bidirec-
tional Mendelian randomization (MR) study design. Methods: Instrumental variables for PD-1/PD-L1
and myocarditis were extracted from public genome-wide association studies (GWAS). Inverse
variance weighting (IVW) was used as the main MR analysis method, supplemented by weighted
median (WM), Robusta adjusted profile score (RAPS), MR-Egger, Mendelian randomization plei-
otropic residuals and outliers (MR-PRESSO), Cochran’s Q test, leave-one-out method, and horizon-
tal pleiotropy analysis as sensitivity analyses. Results: The IVW results of the two-sample MR sug-
gested that PD-L1 had a negative causal association with myocarditis [odds ratio (OR), 0.619; 95%
confidence interval (CI), 0.434~0.884; P, 0.008], and the sensitivity analysis results showed that
the causal relationship was robust. In multivariate MR, the negative causal relationship between
PD-L1 and myocarditis still existed (OR, 0.658; 95% CI, 0.47-0.92; P, 0.015). The causal association
between PD-1 and myocarditis, and between myocarditis and PD-1/PD-L1 was not statistically
significant. Conclusion: This study provides new evidence for the negative causal association be-
tween PD-L1 and myocarditis, while there is no direct causal relationship between PD-1 and myo-
carditis, and between myocarditis and PD-1/PD-L1.
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1. 518

O LS AL — BB I RO IR, A R EBORFEANG TR A0 U5 557 51 /5 R[] AR 4 BRI 171
THEHE FE 1T, 1990~2019 43k S v LG LA ) R0 1R BE T 4503 BB 4 BT . 2019 4, 4
BRO LS 1) AN BOL 712,780 91, HELO LR R EIELCIE 27.51 15, FETEIECH 3.24 Ji[2]. O
CBCHBAFR R A S P A 2 —.

WL R, FEF4RAET- 2 A 1 (programmed death-1, PD-1) % fidf& (PD-1 ligand, PD-L1){LTF- 5001
RABEHVIER . AHEFRE PD-1 8¢ PD-L1 R /N B2 B UL 28 [3]-[5], PD-1 8¢ PD-L1 )
52 FEE B RO IR [6]-[9]. 12 FIRUEE K B Z SRR BOR ST 7T, 2B H B R 5. EiE
S Je FA VR A2 R WS, R RE AT SR S PD-1 8% PD-L1 5.0 HLA A R SR SE R

B4 I, SCRERIR G R W B 2R K E BEALNT RREE, (B e A U K HolA = &, HAZ 3
e BRI BR I [10] o du B8 /K BEALAHE SR I AE T2 N T34 793 25 Hh 2 83 DR 25 5 i A i 2 RIS FE DR AR G &R
PGBV [11]-[13] 0 FE—ANHEA, S5 A7 B DR R BE AL 23 Be (RR A o /R g ) B 3 — MR e g A% B2
PR B EAR K (1 B B R 2 M, AL BE AL ARG ok y6 7 2 A R A 9 /0 FiC [10] . BRI, S mu
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ST, BRI M m] DAHERR IR 4 DR AU R R SR OC R IO T30, 97t PD-1 B PD-L1 A
ML 2 T P 7 DR SR 0% SR AR B T S 1) WL AR [14] [15] 0 DRI, FRATTHEAT T — T A A i A /R B AT LA F 9
PAFRTT PD-1 8¢ PD-L1 5.0 ULRIEE R KR, ALK G Bia e ftp i B g k4 .

2. MR
2.1. Wit

MR i 18 % T B AR B (V)R VPAL 28 B AN E R Z AR SC R . MR it (S A R 2 3 4% A8 7 A2 52
it e, FFRENL Oy A BRIE, BT BLSE AR GOV SRR AT IR 7 i AL DR 2 R R R 2RO R )
M. EPIFEAEK MR o, EEEREHZAKRIRINEDE, JHEH PN AR RIT FREASRAS T T RAR R
IR PR 3 A 8 SR Ok

MR i 2 3 MEAE S (1) RIEPEBS: SRR 5 R ER RS (2) MOTPERY: L2570
SETARFREE R R (3) Hf MR BL: LA 7 (T 2 B R AR R 45 R [16] .

BAW TR =D RBA R 7. (1) WONAE T RARR NS (2) FIHPIREAR, 245
AXIE ) MR SIS AL T PR RN (3) PR 7K1 2 Bk R R AT SRRk 20 #9625

FEARREFEH, P AR SCHE R T CAE RS EATT R4, JF BT BAJGRR A AL A

2.2. WHEHKIR

221 RERE

PD-1 1 PD-L1 IHE KI8T — T4 J5 DR 2H DG ICAIE S (GWAS)BIF AL, i 0 00>k 3301 44 R if 42/
Py 2994 Foftifil 5 2 1 7K 1) 1060 3 AN 5 B G (AR AR S AT 1 A BRI AHAG I, TX AN ) BRLAL
% 251 (SNP) &l 10,534,735 (GWAS ID: prot-a-2214 Al prot-a-431) [17] (# S1).

2.2.2. BRYE

SRR H FinnGen FURWT T, X2 — MR ER A =R, 24kt 500,000 425224
VIEEREA, JRIG AL AR S S A BRI AR ORIG, DA T Ao i LA A1 2 S [ 18] o ST aib A% Yot 1y 0 UL 8 IR
(GWAS ID: finn-b-19_ MYOCARD) 3 3K H 117,755 44 Wi A (829 44 LIl 48 Hi s A1 116,926 44 fi BN R
#), 3% 16,379,455 4~ SNP (% S1).

23. TETETFE

WAV T LN =AML T HATE(IV): (1) W T FrER MR RIS ) MR, 5 25 126 1) SNP
oy dk T4 FE R 4 B K (P < 5 x 1078)ik$%. (2) 3T kb = 10,000, r2<0.001 ZFEIEHAF#T. (3) M
B S 19 SNP AT A 3L SNP.

BAVETHE T F i, DTE MR R THASE®RE ., X TR—8ETR, Faita% T 525
FHOR A IEAL ORI P 7 Bk LAHARHE IR (0°F 05, THEEAZON F = pidfse (Bi)%. F > 10 AN THAZEBEE

i

o
2.4. BIRSHT
241 BTE MR

7 ZIMBLEVW) 2 FRATRF 7B E B i, XA IRET AT SNPs #& A 20t TR
W, K EEEEERR SN 0, LAGS R 7 ZEEE B EHITIE, et — M@ 4 R [19]. X T HuE
i, BAMER T 2R 9%, w5 MR-Egger [71J9. Robust adjusted profile score (RAPS). AL A4 #is:
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(WM). MR-PRESSO 4. Cochran’s Q ¥4« B — ¥k LA KKV 2143 7 o

MR-Egger 383248 S [A] DA B i R 2240 0 R AR, 4730 2 RO E N A E kR . FRATTHE T
MR-Egger FI#EE, DARHLKS- 28I E, Bl 72 S0 B Ard A B mi[19] [20]. RAPS &
BITHRH TV, BN RG AR ) 2 A AR AR AR A, IR H AT DN BRI 2 55 TEASER MR 404
PROBLAR AR BT [20] o DAL R A Bk B T B AR AR AR R i R BO% R E M, A — 2 R AR AL
Riftith o 1Z07 4k BEMORITA L RAS B AL T b A7 8ok 2 —Buk fhi1H[22] . MR-PRESSO 751 H -l Jf:
TE 7 L2 2 1IE 53 A1 b vl Re A7 A8 B9 7K 2 280PE S A8, 38k A2 o S 0T M o kR B U Y SNIP [20] .
Cochran’s Q Ziit &2 H T R M Z TSR, EIEE IVW flith, JIEHH ST SNP BE i 1 1) o2
G3A[20]0 BRI HE R AT REAEARAE — N5 B B Rl SR A G I I AL AR S, D FRA T AR R SR 2807 1 ] Sk

RS0 o

242. ZTE MR

ZAF R MR & P KRS A TRMEN, LRefSRELEMHK, BRTATREES 2
PRI R ARG, (E e AT 0 A S8 T AR BB % [23] . Rk, FRATRA T iXFhri:, ¥4 T HE 5 PD-1
1 PD-L1 fRM T HAE, LI E AT QIR AN, R, FRATEH IvW FE AT
FHH T, FFEH MR-Egger 1E AUBE .
2.4.3. RE MR

AV INEAT T 1 MR 234 LLVE Ak 465 a6 5 e R SR, B PEPR 00 L 98 /2 A5 % PD-1/PD-L1 A5 fit T
SO, B A AT AR D A T TV TR A BT . AR A MR 1 R ZL M2 IVW R HE 2 P
JEME T (MR-Egger. RAPS. A A7 80777%. MR-PRESSO. Cochran’s Q ¥4, B —ik. /K FZ£3ktk
A1)
3. &R
3.1. PD-1/PD-L1 S5ibAL R BT E MR 34

Table 1. Univariate MR results of the effect of PD-1/PD-L1 on the risk of myocarditis
# 1. PD-1/PD-L1 3 OAR MRS R B B35 8 MR £55R

Exposure  Outcome  SNPS Methods Odds ratio 95% ClI P-value Q-statistics Ph  Pp
Inverse variance 4 15 919 1442 0221 7909 0792
weighted
MR Egger 1.242 0.773 1.998  0.390 7.781  0.733 0.727

PD-1  Myocarditis 13 RAPS 1.153 0.909 1.462  0.240
Weighted median ~ 1.145 0.852 1.538 0.369
MR Presso NA NA NA NA
Inverse variance o e19 5434 0884  0.008 1459  0.834
weighted
MR Egger 0.496 0.090 2.726  0.479 1.390  0.708 0.810

PD-L1  Myocarditis 5 RAPS 0.616 0.422 0.899 0.012

Weighted median ~ 0.617 0.394 0.965 0.034
MR Presso NA NA NA NA

Abbreviations: RAPS, Robust adjusted profile score; MR-PRESSO, Mendelian Randomization Pleiotropy RESidual Sum
and Outlier; ClI, confidence interval; Ph, P-value for heterogeneity; Pp, P-value for Pleiotropy; NA, not applicable.
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Table 2. Multivariate MR results of the effect of PD-1/PD-L1 on the risk of myocarditis
F 2. PD-1/PD-L1 3HLAL R ML M 2T E MR 53R

Exposure Outcome SNPS Methods Odds ratio 95% ClI P-value
Inverse variance weighted 1.157 0.927 1.44 0.197
PD-1 Myocarditis 18
MR-Egger 1.195 0.817 1.75 0.358
Inverse variance weighted 0.658 0.47 0.92 0.015
PD-L1 Myocarditis 18
MR-Egger 0.656 0.469 0.919 0.014
MR Test
I Inverse variance weighted MR Egger

I Robust adjusted profile score (RAPS) W \Weighted median

0.0

SNP effect on Myocarditis
S
N

-0.4

0.2 0.3 04
SNP effect on PD-L1

Figure 1. Scatter plot of PD-L1 effect on myocarditis
1. PD-L1 3O AL RS R B e [

2 FiRFR SRR, PD-1 19 SNP $t5& N 13 4, PD-L1 A 5 4N(# 1). A8 E MR 704 HU(E L (OR)
G230 I3 S2, SNP FLR{5 B L7 S3, % S4. MR MM RILE 1, IVW 23 Hr &R 8l PD-L1 5.0
WL B AT Fu ] R R SCHL[OR, 0.619; 95%E {5 X [A](Cl), 0.434~0.884; P, 0.008], iX—%5%# 5 RAPS (OR,
0.616; 95% Cl, 0.422~0.899; P, 0.012)#1 WM (OR, 0.617; 95% CI, 0.394~0.965; P, 0.034)—%{. MR-Egger 7>
Mt s PD-LL SO UL B AR B A ) (H AN 2. 25 (1) 24 B (OR,  0.496; 95% ClI, 0.09~2.726; P, 0.479).
PD-L1 S Lo AL 28 R0 s s AR — B LI 1 AP 2. MR-PRESSO il A& &3 PD-L1 5.0 L5 KU 2
[B) ) Sl . Cochran’s Q #8156 A & Bl 7 1 (Q, 1.459; P, 0.834). 7E MR-Egger [a] 4 o4 & Bk 1 22 %k
(P, 0.81). It4t, PD-1 50K ZIEFIRIAES T2 FA Bag . PD-1 %O UL 58 25087 5 st B RN BE —
PEI7E L P ST A s2.
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Figure 2. Leave a picture of the effect of PD-L1 on myocarditis
& 2. PD-L1 SRS B B —

HEHE T PD-1 A1 PD-L1 BN A2 45 & MR |, PD-L1 5.0 lIL48 22 [8) B 4 35 47 ) R BR 56 R ATYARAEAE
(OR, 0.658; 95% Cl, 0.47~0.92; P, 0.015) (¥ 2). MR-Egger 7> #7424t 7 —% /45 5 (OR, 0.657; 95% Cl,
0.469~0.919; P, 0.014). PD-1 5. L# 2 [A] [ IR ROCIRAR SR AN L 3 (2 2) . HI T 2785 MR 437 () SNP A
A5 B LF S5,

3.3. ILALKS PD-1/PD-L1 By T8 MR 534
Table 3. Single-Variable MR Results of Risk of Myocarditis on PD-1/PD-L1
%= 3. LANZEE PD-1/PD-L1 RSN BT E MR 4R

Expo- Out- gy pg Methods Beta 95% Cl Pvalye St
sure come stics

Ph Pp

Inverse variance 53, _09g 0036 0379  6.863  0.443

weighted
" MR Egger 0.023 -0.195 0242 0841 6587 0361 0.635
0_
Caré/itis PD-1 8 RAPS -0.037 -0.108 0.035 0314
Weighted median ~ 0.005 -0.084 0.094 0.914
MR Presso NA NA NA NA
Inverse variance 513 _g0g5 0112 0793 15568  0.029
weighted
MR Egger -0.034 -0.368 0.300 0.849 15350 0.018  0.780
Myo- — pp 1 8
carditis RAPS 0.014 -0.086 0.113 0.787
Weighted median ~ 0.018 —0.089 0.125  0.740
MR Presso -0.021 -0.110 0.067  0.653

Abbreviations: RAPS, Robust adjusted profile score; MR-PRESSO, Mendelian Randomization Pleiotropy RESidual Sum
and Outlier; ClI, confidence interval; Ph, P-value for heterogeneity; Pp, P-value for Pleiotropy; NA, not applicable.
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IVW 73 i 45 R 7R G 5 PD-1 8¢ PD-L1 MRS OGN R 2, IVW 73 45 R 5 BUBME S fr 25 R —
#;(# 3). HT &M MR 2 #rit) SNP HAR(E B W7 S6, % S7. PD-1/PD-L1 X0 L8 2508 P A B AN B
— B L S2(a), K S2(b), 1 S3(a), M S3(b).

4. ¥1ig

AR PFEAR MR, 2485 MR flR A MR B ERRFE PD-1/PD-L1 5.0 L% Z R R G R,
KL PD-L1 Xf 0 Lge B S (BB MR OC R, M PD-1 P 0ALgE, (OHLZEXT PD-1/PD-L1 RIS G &
NTE N

Ga R s IEIFRI(ICH) A 28 T e B s, C4BUs TRt E .. (5 LFEE, 1IC1 i
PEFARA R FAFrAE) 2 B 7 %0 . O L58 BRI 25 10 R 6 o B i AR A5 1O I IrAE, JE HAET %
T HAth irAE [24] [25]. ICI AHSG O LR R I 512 W2 AT S te, 30 B et Feis sl 7 — @ R BR8]
IR ST 28 741 PD-1/PD-L1 ¥R97 % T0 LR ISR [26] [27], HHTVRYT J7 M BRI 6V 43 Hil%f PD-1
F1PD-LL frids e CoL 28 S HEAT A 78« MR 6T F /R E e i, BN R E 8 T AR R, Rl
AFAETCIE LI (IR 2% TR 25 A AT DAEAT DR SR A1 T [ 28]

G R 2 T S 54O AL, A R OT irAE HLE| A58 45 2 [29] [30]. JEFIAA,
PD-1 R4 Co LA R G0 52 3508 73 JREASI93 [5], T PD-1 4l 351 ml i ok W Ak s 4 B i 5 o R %5 [31] .
HREA S S SO E R T DAL, T PD-1/CTLAA fEThfE B R 7 ix—id #2[7] [32]. PD-L1
HRRERRZE S, PD-L1 fEOFHL FR/KTRIE[33], 14 0E 1 A LA RIE[29]; shSLiiEmH 1
PD-L1 [{J3Rik B o S HE 00 JJF 480 & 42 [34] [35]. PD-1/PD-L1 A[AI 35 /K V-t 1] g & S B0 LA 1 fik
KR F[36]

W R — TS T 22wt 1) (BB e 4 15 0 L 25 491 B AR Bt PD-1 7897 51 EE[37], SR SPET 5T IF
AR R RFEATHEWT . AW FTHRIE PD-1 #1775 PD-L1 #0HIF #E AL, (HIX TR SN AT 7T
HARE ST OWLAR AT FL[38].  H AT TR B BE AL ARG Al PD-1/PD-L1 3RIA 5.0 UL 9% 2 18] 1 PR AR 1B
Fo WAVMBFTIER T PD-LY XROMLRBA R PER RN, X I4s RAEEAT 2 28 8/ i JE AR SR AT
£F PD-1 50U HA A BE M SR, F R AT A8 I bR ST, A S AL 58 TG Bk
Z[39], WAREAH KB AE AR FE T T 2 LI R G &, MAEREHEEH. BN, Oks
PD-1/PD-L1 B A& B PRUIRIC R, Hoh BARIHLHIA R — PR R .

M ARE AN RERS . B0, RATNRARS T PD-1/PD-LL 5.0 198 2 (a1 FAH FLR SRR &R, F
FHXUA] MR, ki 1 k2% D5 25 39 o] 8] SR 56 53R 28 85 i 0 F¥9 52 e [33] 0 b4k, 1A 5T 14T T 64% MR-Egger.
Il A7 B0  MR-PRESSO S 76 A I BURVEVEAl, A9 &R 1) — B ntadgrt. JFH, RATEH T
28 MR ORISR AR &, B8 7 PD-1/PD-L1 5.0 UL 28 2 (A PR R B R HEWT g m] Sk . RV B X el
B, ARATDAKINZI FAFAEA . BT SNP HIR, TGl g H 58, AR P < 5 x 107
iEFE SNP [40] [41], IR F Giit & (A SNP [ F KT 10)5803F T AFAES T AR B M. thit, &K
(LRI AE e 7 /N IS e VAT 1= s (WA e NI o O P £ £ s i N e SR L
(1] GWAS FHf 2 1RO IR, BATTER = 3 M T A0S 43 2 SR A EAR o7 AL, R, AT
BT TCIEIR R PD-1/PD-L1 50 JJL 28 78 75 ol 4 % R 1 79 V. 2H. 8] P % 2 DR AR SR Tk

LE ERTR, AWTRCRAMAEA . 2 BARIA MR J5i%, 45 5% PD-L1 5014 2 6k S i R
KB, PD-1 WO ALAR EH BB, OLEXT PD-1/PD-L1 JEH BREE, O LA A% S B va B AL 1 5
RS -
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Table S1. PD-1, PD-L1 and myocarditis use phenotypes: source and description
< S1.PD-1. PD-L1 FUOALAAERFREL: KIFEMTER

PHENOTY Sample . . Filter 2
PES GWASID  Ncases N controls size Population ~ PMID  Consortlum First Author p-value clump_r? clump_kb
PD-1  prot-a-2214  NA NA 3301  European 9875488 NA  DemaminB g o0c 66 0001 10000
Sun (2018)
PD-L1  prot-a-431  NA NA 3301  European 9875488 ~ NA  DemaminB g o0- 66 0001 10000
Sun (2018)
- finn-b-19 .
Myocarditis (00 829 116926 117,755 European  NA  Finngen NA 500E-06 0001 10000

Table S2. The statistical power of the univariable MR for detecting odds ratios at 5% type | error

= S2. BE MR 7E 5%3E! | #X TN ELE L R SGit Thal

R? N cases N controls  Ratio of cases ~ Sample size

Exposure  Outcome SNPs EXPOSURE(SUM)  Outcome Outcome to controls Outcome

OR(IVW)  Power (%)

PD-1 Myocarditis 13 0.120056046 829 116,926 0.007089954 117,755 1.151178545 28.8

PD-L1  Myocarditis 5 0.039743955 829 116,926 0.007089954 117,755 0.619154841 78.3

Table S3. Independent instruments for PD-1 use in myocarditis: harmonized data

= S3. LA PD-1 ERME TR HE%IE

effect_  other_ beta. beta. eaf. eaf. se. se. pval. pval. R?_
SNP chr pos
allele  allele exposure outcome exposure outcome exposure outcome exposure outcome exposure
1510,444,703 T Cc 14 38,719,281 0.1717  0.0027 0.14077 0.09778 0.0372 0.0848 3.80E-06 0.9744 21.303683950.007131652

111,808,226 5 135,215,385 -0.6272 —0.3135 0.01036 0.01108 0.136 0.2528 3.98E-06 0.215 21.2683737 0.008066388

15117444695 138,046,690 0.5472 —-0.0126 0.01306 0.007755 0.1115 0.2936 9.33E-07 0.9659 24.08476664 0.007718912

1s12,073,392 222,926,678 -0.1455 —0.074 0.81272 0.8017 0.0314 0.0628 3.72E-06 0.2384 21.47171285 0.006444487

N PO

1s147,652,769 8,057,238  0.5534  0.1043 0.01737 0.006941 0.1068 0.2994 2.19E-07 0.7275 26.84947537 0.010454377

1s34,777,990 19 3,563,017 -0.1367 -0.019 0.26609 0.2987 0.0299 0.0554 4.90E-06 0.732 20.90232771 0.00729858
71,176,637  0.1509  0.0232 0.26207 0.2479  0.0293 0.0582 2.69E-07 0.6904 26.524257710.008807263
1s55,720,497 16 25,686,871 —0.4143 -0.6042 0.02258 0.004345 0.0832 0.3805 6.31E-07 0.1123 24.79609057 0.007576437
1s5,757,973 22 22,712,467 03788 —0.0595 0.89028 0.9033 0.0399 0.0862 2.00E-21 0.4899 90.13099164 0.028032534
rs71,362,039 18 8,678,954 0.3356  0.1535 0.03838 0.02221 0.0663 0.1703 4.17E-07 0.3674 25.62222541 0.00831347
1s72,692,455 4 182,108,656 0.1246 —0.0422 0.31944 0.3001  0.027  0.0549 3.98E-06 0.4417 21.29651578 0.00675028

1s77,326,121

G
G
A
T
G

rs5,030,928 G
G
G
C
G
T 3 73,247,608 0.3256  0.1797 0.03447 0.0329 0.0682 0.1429 1.82E—06 0.2085 22.79292404 0.007056768
G

> 0o » » 4 » » >» O O »>» »
=
o

159,958,590 18 66,092,216 0.1239  0.0164 0.29656  0.3292 0.0271  0.053 4.90E-06 0.7576 20.9027791 0.006404898

Table S4. Independent instruments for PD-L1 use in myocarditis: harmonized data
2 S4. 1ILANSH PD-LL ERRMM TR : ihiE%iE

SNP effect_  other_ chr pos beta. beta. eaf. eaf. se. se. pval. pval. F R%_
allele  allele exposure outcome exposure outcome exposure outcome exposure —outcome exposure
rs11,011,804 A G 10 20,394,779 03091 —0.317 0.0353 0.0214 0.0671 0.1711 4.07E-06 0.0639794 21.22037087 0.006507213
rs13,322,229 T C 3 35068626 0.1742 -0.0577 0.1322 0.1835 0.0369 0.0643 2.40E-06 0.3698 22.2865872 0.006962695
rs140,094,912 A G 20 12,182,666 —0.3337 0.0626  0.0354 0.02176 0.0719 0.1748 3.55E-06 0.7205 21.54044309 0.00760489
1s822,341 Cc T 9 5453,396 0.1731 -0.0895 0.7347 0.7264 0.0278 0.0559 4.47E-10 0.1095 38.7707805 0.011680769
rs9,859,911 G A 3 107,733,600 0.1981 —0.0952 0.9012 0.8824 0.0417 0.0776 2.09E—06 0.22 22.5681958 0.006988389
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Table S5. Multivariable instruments for exposures PD-1 and PD-L1 on myocarditis: harmonized data
F S5 ALK PD-1MPD-L1 RENEZTETH: hiFRIE
SNP beta PD-1 beta PD-L1 se PD-1 se PD-L1 P-value_PD-1 P-value_PD-L1 beta out se out P-value_out
rs10,444,703  0.1717 —0.0063 0.0372 0.0373 3.80E-06 0.870964 0.0027 0.0848 0.9744
rs11,011,804 —0.0022 0.3091 0.0673 0.0671 0.977237 4.07E-06 -0.317 0.1711  0.0639794
rs111,808,226 —0.6272 0.089 0.136 0.1365 3.98E-06 0.512861  —0.3135  0.2528 0.215
rs117,444,695 0.5472 —0.0252 0.1115 0.1119 9.33E-07 0.812831  —0.0126  0.2936 0.9659
rs12,073,392 —0.1455 —0.0742 0.0314 0.0315 3.72E-06 0.0186209  —0.074 0.0628 0.2384
rs13,322,229 —0.0071 0.1742 0.0371 0.0369 0.851138 2.40E-06  —0.0577  0.0643 0.3698
rs140,094,912 —0.0957 —0.3337 0.0722 0.0719 0.186209 3.55E-06 0.0626 0.1748 0.7205
rs147,652,769  0.5534 —0.0267 0.1068 0.1072 2.19E-07 0.794328 0.1043 0.2994 0.7275
rs34,777,990 —0.1367 0.0689 0.0299 0.03 4.90E-06 0.0218776  —0.019 0.0554 0.732
rs5,030,928  0.1509 0.0335 0.0293 0.0295 2.69E-07 0.25704 0.0232 0.0582 0.6904
rs55,720,497 —0.4143 —0.0689 0.0832 0.0835 6.31E-07 0.40738 —0.6042  0.3805 0.1123
rs5,757,973  0.3788 0.0098 0.0399 0.0404 2.00E-21 0.812831  —0.0595  0.0862 0.4899
rs71,362,039 0.3356 —0.0238 0.0663 0.0666 4.17E-07 0.724436 0.1535 0.1703 0.3674
rs72,692,455 0.1246 0.0173 0.027 0.0271 3.98E-06 0.524807  —0.0422  0.0549 0.4417
rs77,326,121  0.3256 -0.016 0.0682 0.0685 1.82E-06 0.812831 0.1797 0.1429 0.2085
rs822,341 0.0514 0.1731 0.0279 0.0278  0.0660693 447E-10 —0.0895  0.0559 0.1095
rs9,859,911 -0.1 0.1981 0.0419 0.0417  0.0169824 2.09E-06 —0.0952  0.0776 0.22
rs9,958,590  0.1239 0.0184 0.0271 0.0272 4.90E-06 0.501187 0.0164 0.053 0.7576
Table S6. Independent instruments for myocarditis use in PD-1: harmonized data
% S6. PD-1 LA ERBIMZI TR : hiF%iRE
SNP effect_  other_ chr pos beta. beta. eaf. eaf. se. se. pval. pval. R2_
allele  allele exposure outcome exposure outcome exposure outcome exposure outcome exposure
1s1,0254,255 A G 7 96,468,009 -0.3395 -0.0034 0.8513 0.81587 0.0711 0.0318 1.77E-06 0.912011 22.80028921 0.029181201
rs117,132,123 G T 10 119,756,612 0.7716 0.0686 0.02527 0.05058 0.1681 0.0569 4.44E—-06 0.229087 21.06924683 0.029329456
rs2,041,604 G C 17 65757,750 03726 -0.0515 0.1218 011333 0.0789 0.0434 2.34E-06 0.234423 22.30137778 0.029699998
rs4,765,412 T C 12 127,065845 0.372 —0.0651 0.1126 0.09858 0.0808 0.0411 4.15E-06 0.112202 21.19645133 0.027655002
rs62,348,040 T c 5 17,227,808 —0.2445 —0.0012 0.344 0.34219 00527 0.0304 3.45E-06 0.977237 2152466973 0.026980501
1s72,808,762  C T 2 46,347,515 04032 -0.0373 0.09678 0.14246 00864 0.0363 3.07E-06 0.301995 21.77777778 0.02842171
1s80,227,756 G A 3 173,351,196 0.5246 —0.0465 0.06167 0.08821 0.1084 0.0454 1.30E-06 0.30903 23.42059953 0.03185049
rs8,112,871 T G 19 17,024,672 02888 0.0109 0.2416 024983 0.0591 0.0284 1.02E-06 0.707946 23.87918037 0.030564664
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Table S7. Independent instruments for myocarditis use in PD-L1: harmonized data
2 S7.PD-L1 LA RERMM TR %R

SNP effect_  other_ chr pos beta. beta. eaf. eaf. se. se. pval. pval. R%_
allele allele exposure outcome exposure outcome exposure outcome exposure outcome exposure
rs10,254,255 A G 7 96,468,009 —0.3395 -0.0054 0.8513 0.81587 0.0711 0.0319 1.77E-06 0.870964 22.80028921 0.029181201
rs117,132,123 G T 10 119,756,612 0.7716 —0.1091 0.02527 0.05058 0.1681  0.0568 4.44E—06 0.0549541 21.06924683 0.029329456
rs2,041,604 G Cc 17 65,757,750 0.3726 0.0262 0.1218 0.11333 0.0789  0.0434 2.34E-06 0.549541 22.30137778 0.029699998
154,765,412 T Cc 12 127,065845 0372 0.0753 0.1126 0.09858 0.0808  0.0411 4.15E-06 0.0676083 21.19645133 0.027655002
1$62,348,040 T Cc 5 17,227,808 —0.2445 0.0371  0.344 0.34219 0.0527 0.0304 3.45E-06 0.223872 21.52466973 0.026980501
172,808,762 C T 2 46,347,515 0.4032 0.0904 0.09678 0.14246 0.0864 0.0363 3.07E—06 0.0125893 21.77777778 0.02842171
rs80,227,756 G A 3 173,351,196 0.5246 0.0136 0.06167 0.08821 0.1084  0.0454 1.30E—06 0.758578 23.42059953 0.03185049
rs8,112,871 T G 19 17,024,672 0.2888 —0.0201 0.2416 0.24983 0.0591 0.0284 1.02E-06 0.47863 23.87918037 0.030564664
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