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Abstract Objective To investigate the risk factors associated with immune checkpoint inhibitor (ICI)-associated myocarditis in
patients with cancer. Methods A total of 98 patients with cancer were enrolled and divided into ICl-associated myocarditis (n = 57)
and non-ICl-associated myocarditis (n = 41) groups. The differences in general clinical data,ICI treatment regimens, laboratory findings,
echocardiographic and electrocardiographic results, as well as the time of onset, severity grading, clinical manifestations, and prognosis of
myocarditis between the two groups were compared. Logistic regression analysis was performed to identify independent risk factors for ICI-
associated myocarditis. Results  The proportions of patients with body mass index>24 kg/m’, hyperlipidemia, and combined therapy with
PD-1 and CTLA-4 inhibitor were significantly higher in the ICl-associated myocarditis group compared to the non-ICl-associated myocar-
ditis group (all P < 0.05). ICI-associated myocarditis predominantly occurred within the first 1-2 eycles of immunotherapy. The results
of short-term follow-up showed that the all-cause mortality rate in the myocarditis group was 12.3%. Combined therapy with PD-1 and
CTLA-4 inhi-bitor was identified as an independent risk factor for the development of ICl-associated myocarditis (OR = 5.434,95%ClI :
1.104-26.750). Conclusion Patients receiving combined therapy with PD-1 and CTLA-4 inhibitor are at a higher risk of developing
[CI-associated myocarditis. Clinicians should identify high-risk patients as early as possible to facilitate early diagnosis and treatment,
thereby reducing the incidence of adverse clinical outcomes.
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Tab.1 Comparison of baseline clinical characteristics between the two groups [n (%) ]

ICI-associated myocarditis

Non-IClI-associated 2

ftem group (n = 57) myocarditis group (n = 41) X P
Age 0.800 0.371
=60 years 41(71.93) 26(63.41)
<60 years 16(28.07) 15(36.59)
Sex 0.493 0.483
Male 35(61.40) 28(68.29)
Female 22(38.60) 13(31.71)
Body mass index 4.958 0.026
<24 kg/m’ 26(45.61) 28(68.29)
>24 kg/m® 31(54.39) 13(31.71)
Smoking history 18(31.58) 16(39.02) 0.583 0.445
Internal diseases
Hypertension 21(36.84) 12(29.27) 0.612 0.434
Diabetes mellitus 15(26.32) 9(21.95) 0.246 0.620
Hyperlipidemia 10(17.54) 1(2.44) 5.460 0.019
Coronary artery disease 5(8.77) 4(9.76) 0.028 0.434
Immunotherapy regimen 5.095 0.024
PD-1 inhibitor or PD-LI inhibitor 45(78.95) 39(95.12)
PD-1/PD-1 inhibitor+CTLA-4 inhibitor 12(21.05) 2(4.88)
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Tab.2 Comparison of immunotherapy regimens between the two group [n (%) ]

IClI-associated myocarditis

Non-ICl-associated )

fmmunotherapy regimen group (n = 57) myocarditis group (n = 41) X P
PD-1 inhibitor 38(66.7) 33(80.5) 22822 0.131
Pembrolizumab 6(10.5) 7(17.1) 0.888 4 0.346
Toripalimab 4(7.0) 2(4.9) - 1.000
Sintilimab 16(28.1) 13(31.7) 0.151 4 0.697
Camrelizumab 3(5.3) 1(2.4) - 0.638*
Tislelizumab 6(10.5) 7(17.1) 0.888 4 0.346
Penpulimab 0(0.0) 1(2.4) - 0.418*
Serplulimab 3(5.3) 2(4.9) - 1.000%*
PD-L1I inhibitor 7(12.3) 6(14.6) 0.114 8 0.735
Atezolizumab 2(3.5) 1(2.4) - 1.000%
Durvalumab 0(0.0) 2(4.9) - 0.173*
Envafolimab 2(3.5) 2(4.9) - 1.000%*
Sugemalimab 1(1.8) 0(0.0) - 1.000%*
Adebrelimab 1(1.8) 1(2.4) - 1.000%*
KL-A167 1(1.8) 0(0.0) - 1.000%
PD-1/PD-1 inhibitor+CTLA-4 inhibitor 12(21.0) 2(4.9) 5.0950 0.024
Nivolumab+ipilimumab 5(12.3) 1(2.4) - 0.396%
Cadonilimab 7(8.8) 1(2.4) - 0.134%

* Fisher exact test.
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Tab.3 Multivariable logistic regression analysis for ICl-associated myocarditis

Variable B SE Wald 2 P OR 959%CI
Hyperlipidemia 1.900 1.095 3.013 0.083 6.689 0.782-57.194
Body mass index 0.766 0.454 2.850 0.091 2.151 0.884-5.232
Tmmunotherapy regimen 1.693 0.813 4333 0.037 5.434 1.104-26.750
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3 itie SRR FHICYE SN B BL A L — 5

AT G RAER , = HE UAE L = BMILL & PD-141)
il 71 5 CTLA-44 50 B G067 A2 I e 288 10 i
FEVRIT G KA ORI AER R R . ICHH GO LA
S IR R R I R ZE DL LR b i
VS AN E N 7 85 B SR N ST A R
B & B0, ICTAH GO LA S 3 1 A E T 3R AR

AT, ICTAH OG0 LR A 11 PR A5 B R 2R v A
SE o AW ST H, PD- 140 il 771 5 CTLA-44 i B 5 3R
J7 2 B R AR ICTAE OG0 LA 1 2k 37 fa B PR 3%
557 R 3E , PD-1/PD-L ] 35 FICTLA-440 1 50 156 5
I 5 00 LA B B R DA B RN 1Y) & A B i AT
K, U WUR KA B N T 245 , 35 801.33% , S A5
S5 RARLF o —Fh AT BE A AL O LA A 5 b g 2k 2
BT, DRIk A TR AR Tk U 200 M A A , S 00 L
IR EL AL 5 55— Fp T BE MM PD-L1/PD-115
5308 % Gl 2 T BELUBT , T8 A0 A S B TR 27, CTLA-45
CDB0E{CD864: G BUTAH M £ okl , 2 0 AR S
H B RIS OILR .

AWFFE B, i FHICTS H B0 LS A 2 ek ]
H33(24~50) d, H 7 AN 2 (1~2) A4~ JET A, H.80.7%
MEETES 2R3 A W LG LR . MAHMOOD
25U TE NS LURICIZ 25 310 L 48 2% AR 4 v o7 it
] }y34 d, 819% & TESB IR 45 25 )53 H i 3
O, SARBFFESE R — 3, /R ICTH DGO LR

T I RGAE T WIR YT SR WS , AL A0 M R 1T
290 e 388 5 TR LA B 2 S 5 | R R 3 S A
PE SN 5 73— 7 1T, SR A8 o 28 S TR AL 11 4
N FR-6 I IR IE R TS5 02 R 4 M R, T i
Z 1 SR DO £, Jonn 3t SO LA 473 o I R 25 A= A 3
A B B 17 i Xof £ 3 B4 W, R & BT C TR S0 AL
RIBH

AHFFTGE R, A IFICTHHE DL Y ]
HH AN R B2 A0 M AR TR At TSR B A 0 LA
Paibr 7KV T i o ABEfE O U G br 2 4 7K 8- AT
VAT B JDLAB A0 1 P TR R R T
IFHE By PR 1% A= 1 22 3R A0 4 ) it DA R R A
WM& YR, B UG A5, 38.6%
1 SR [R5 R LR LTS T, I IR Bk “3MER
BAE” BRAEDR R, RO LR B BT
s SR SN LR T AL (259%) FIEAE LG
71 (10%) Few W

ICAHSE D WLSE R ARAR D UL B i F HBOE R &
(27%~60% ), I\ Ry 2 Fre f6 5 9 S B A DG AN R s i
2z R SE R, BE N AMCIA S0 L
HBET7H, FET- 3R 1K12.3% AW 55, BRI FET- 1Y
SR I BEIRTT 1o B i I SRR AN W R 2
FHIRELIRTT , e A PR TE B LT BE ML T 11 iR
G5 MR IR IR KON RN A
ST R A R AT, BT R BN /e 5



« 32 .

HREERRESR H55%

PUF B ZA (1) FEAR SR/ (2) 107 it R
16T RIS E A2 R sl 2Rl L — 2R 25 W3R 07, St fifi
FHAEZG Y4l Bh Cannpig ML R4 1697 5(3) AT
R T E R B % D) M AR R0 P IR B
Ak, R VREIGTT 7 5 5(4) BEV I TR 5 H A 2
G2 R G PER N BV AR, & AEICTAH G U ATLR
BE TR Sh e TG G . r I PR
s (1) G B R A S R AR OC 1 SRR A B e e )
b, G3FNGAZICTAH JC /U LA S5 5 A HE7 H 8 f e
TRIT AT P ICTH G O LA BB 3 P 249 8
Ja RIEIRIT o H FICTH GO WUR -7 2 & B
T ST R = R IR 2 B I LR 4
AE IR

AR FAFAE— B SRy BR R 15, BE A /b HOR
SN VIS R QR S L g e K B 71 O oy
PRAE AL e, BE VT B, AR X B3 B T 14N 9 73
JE A3 T S A, ASBIESE FRICTAR 560 JIL A2 A2 W fole =
O JUE A A e R0 PR BB L LT A 235 2R, R e T
ICUAH S LR R AE B BB A TER AW . 5
J& T N IR IT , IR A HAD BE B TF R 2 ol
I RO 5T, ST T R PR A2 3 BA, % £ T 2R 47
DR, R BN T e W R 4, KA 2T
e b LA 22 & 9o LA TR T 4 A A i A A
T B PR P 2 R A7 XU F3 0

25 Lk, AT A AR R I PR S B P ICTAH
KO WLA TFAS D Vo i R B A= B E 36 97 A1 B0 IR
A R NG | = BMI L BEAE LAl Co E 58 1) Z
ST B 0 LA 0 U 7 R IS R 1 A R A )
BN 8 H SRR ZE , B I ] 0
% M = 155 RIRE R A B K B2 iR i R
Hh Bl 2 WS I LA 3 b 25 0 O F LA TP A
L Bl ] BRIZICTR DGO LR 5 554 T 40 A8 2R

LBI6RTT , LIS IR IR A R A A RARAE TR
Sk

[1] YEUNG SJ,QDAISAT A,CHAFTARI P, et al. Diagnosis and manage-
ment of immune-related adverse effects of immune checkpoint therapy
in the emergency department [71.7 Am Coll Emerg Physicians Open,
2020, 1 (6) : 1637-1659. DOI: 10.1002/emp2.12209.

[2]LIU G,CHEN T,ZHANG X, et al. Immune checkpoint inhibitor-
associated cardiovascular toxicities:a review [J]. Heliyon,2024,10
(5) :625747. DOT: 10.1016/j.heliyon.2024.625747.

(3] RT3, Al , INEFAIR, 5. A5 A BAHTIRT T/ N it 5 | A e e
PEW RV BIRIE T SRS 2T [T B R E 241, 2023,52(2)
186-189. DOI: 10.12007/}.issn.0258-4646.2023.02.018.

[4] TAJIRI K,IEDA M. Cardiac complications in immune checkpoint in-
hibition therapy [J]. Front Cardiovasc Med,2019,6:3. DOI:10.3389/
fevm.2019.00003.

[5] THUNY F,NAIDOO J,NEILAN TG. Cardiovascular complications
of immune checkpoint inhibitors for cancer [J1]. Eur Heart J,2022,43
(42) :4458-4468. DOI : 10.1093/eurheartj/ehac456.

(6] t [l R 7 28 i T AR 52, i R MR 2725 (CSCO)
BB KA SR DG 1 BV F AR 992023 (M. dbnt: AR T
Az RRAT, 2023.

[7]1 SALEM JE,MANOUCHEHRI A,MOEY M, et al. Cardiovascular toxi-
cities associated with immune checkpoint inhibitors : an observational,
retrospective , pharmacovigilance study [J]. Lancet Oncol,2018,19
(12) :1579-1589. DOI: 10.1016/S1470-2045 (18) 30608-9.

[8] MAHMOOD SS,FRADLEY MG,COHEN JV et al. Myocarditis in
patients treated with immune checkpoint inhibitors [J]. 7 Am Coll
Cardiol ,2018,71 (16):1755-1764. DOI: 10.1016/j.jacc.2018.02.037.

(9] XUFHEEL, BBBH , 45 B0, Sk sSm R Ee OMEREME 5T E
J& [T] Wi RO I 57935 2%k, 2023, 39 (6) :481-486. DOT: 10.13201/
J.1ssn.1001-1439.2023.06.014.

[10] EAFIE  AREEAL, EWF, 45, Seetor e sl 3m il AR G H AR O LR 28
AR (1] AR PR 2478, 2023, 103 (42) :3394-3401.
DOI:10.3760/cma.j.cn112137-20230901-00368.

[11] WANG DY,SALEM JE,COHEN JV,et al. Fatal toxic effects asso-
ciated with immune checkpoint inhibitors:a systematic review and
meta-analysis [J]. JAMA Oncol,2018,4 (12) :1721-1728. DOI:
10.1001/jamaoncol.2018.3923.

[12] CAUTELA J,ZERIOUH S,GAUBERT M, et al. Intensified immu-
nosuppressive therapy in patients with immune checkpoint inhibi-
tor-induced myocarditis [J]. J Tmmunother Cancer,2020,8 (2) :
e001887. DOI:10.1136/jitc-2020-001887.

(HE R =)



