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ABSTRACT

KEY WORDS

Objective: Immune checkpoint inhibitors (ICIs) are increasingly used in cancer therapy;
however, systematic epidemiological studies of ICl-associated cardiovascular adverse
events in China remain limited. This study aims to analyze cardiovascular adverse event
signals associated with ICIs approved by the Food and Drug Administration (FDA),
thereby providing evidence to support safer clinical use.

Methods: Data were obtained from the Food and Drug Administration Adverse Event
Reporting System (FAERS) database from the first quarter of 2011 to the fourth quarter of
2024 (56 quarters over 14 years). Adverse event reports were screened using “primary
suspected drugs” as the inclusion criterion. Eight ICIs were included: atezolizumab,
avelumab, durvalumab, nivolumab, pembrolizumab, cemiplimab, ipilimumab, and
tremelimumab. Adverse events were first classified according to system organ class (SOC),
and reports involving cardiac and vascular disorders were extracted. Signal detection was
subsequently performed at both the standardized MedDRA query (SMQ) level and
preferred terms (PT) level. The Bayesian confidence propagation neural network (BCPNN)
method was applied to calculate the information component (/C) and its 95% confidence
interval (CI) for each target drug-adverse event pair. Positive signals of immune-related
cardiovascular adverse events (irCVEs) were defined as reports =3 and a lower limit of the
95% CI of IC (IC,,;) >0.

Results: A total of 12 890 cardiac adverse event reports and 8 543 vascular adverse event
reports were identified. Among all cardiovascular adverse event reports, the top three drugs
were nivolumab, pembrolizumab, and atezolizumab. Male patients accounted for a higher
proportion than female patients, and patients aged over 65 years represented more than
50.00% of reports. From 2011 to 2024, the number of cardiovascular adverse event reports
associated with the 8 ICIs showed a rapid upward trend. The proportions of fatal outcomes
were 30.74% for cardiac adverse events and 20.83% for vascular adverse events. At the
SMQ level, positive cardiac adverse event signals involved 6 SMQ codes, whereas positive
vascular adverse events signals involved 8 SMQ codes. Non-infectious myocarditis/pericarditis
was the only strong positive signal shared by all 8 ICIs, followed by thrombophlebitis,
vasculitis, and cardiac arrhythmias. At the PT level, 47 positive cardiac adverse event
signals and 36 positive vascular adverse event signals were detected. Strong positive
cardiovascular adverse event signals included myocarditis, immune-mediated myocarditis,
autoimmune myocarditis, pericardial effusion, cardiac tamponade, malignant pericarditis,
embolism, and thrombophlebitis migrans, etc.

Conclusion: Cardiovascular adverse events associated with ICIs in the FAERS database
commonly include myocarditis, pericarditis, arrhythmias, and vasculitis, with relatively
high proportions of severe outcomes and mortality. Therefore, pre-treatment risk screening,
close monitoring during therapy, and multidisciplinary management of cardiovascular
adverse events are essential to ensure patient safety.

immune checkpoint inhibitors; cardiovascular adverse events; Food and Drug
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Figure 1 Data extraction flow diagram of cardiovascular adverse events associated with 8 ICIs

The values in the figure refer to the number of event reports (episodes), not the number of patients. ICIs: Immune checkpoint

inhibitors; FAERS: Food and Drug Administration Adverse Event Reporting System; PD-1: Programmed cell death protein-1;

CTLA-4: Cytotoxic T lymphocyte-associated antigen-4; PD-L1: Programmed death-ligand 1.

WeHs R A bRifE, k4% ICTs () irCVEs FHTE(S 5
HEn29- B A R B A IS 5=3, HICH
95% CI FRR(RPIC,,5)>0.

248 R
2.1 ICIs b M E AR R B RS AT

M2011AEEE | R 2024 5555 4 2%, UL 8 Fp
ICIs Ky B ZERBELG Y, A28 O A R A
12 890 (I, IMAEA R4 8 543 Ik, Lo~
R 5 BT ICIs A R 3541 4.79%(21 433/447 560).
FEL A R F RS BB, HEA T3 25K

S v/ 7 N S B R = 7 L £
Pr(E 1),

FE 8 FI ICIs Lo MAEAS RS b, B EZ
T (E 24); 452 UL EBE S R 76.75%, 65
% LL B E N KT 50.00%( E 2B);  db 3E
(32.78%) . I (32.51%) FIRK I (30.35%) 1 H & 5 L
B TR . RV SF (81 2C) s HARE BRI, 25
i e oAb f B b A B3 =2 i LA 80.00% (141 2D);
T A BEIRYT IO LA A B 10 475 61K,
FET=4 7714, 2011 F 2024 48], 8 Fl ICTs L IfL B A
R F S 2ue 2 g R (A 3).

©Journal of Central South University (Medical Science). All rights reserved.



616 R KRR (E2AR ), 2026, 51(4)  https:/xbyxb.csu.edu.cn

PRI - 45~64%
PESIA flig’%z? /*iﬂ 26.36%

8.27%

B
56.44% =65% <44%
A 50.40% 402% o
bl K i B
?iﬂl 1.91% AR 2l A B [N e N NN
' . 10.65% 1.18%
WM
e 32:51% o
32.78% i)
9 B IEUFE
X AR B 2%"52@/ 48.48%
0.30% 30.35% i

El2 FAERS H18MICIs LI EARREHHRENBEMINSHA). FRAHB). HWEHH(C)RLFEIRW (D)
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A: Annual distribution of cardiac adverse event reports and vascular adverse event reports. B: Annual distribution of cardiovascular

adverse event reports for each ICI.
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AL

20000057: Supraventricular
tachyarrhythmias; 20000239: Noninfectious myocarditis/pericarditis; 20000067: Shock-associated circulatory or cardiac conditions
(excl torsade de pointes). 20000174: Vasculitis; 20000147 Hypertension; 20000115: Thrombophlebitis; 20000084: Embolic and

thrombotic events, venous; 20000082: Embolic and thrombotic events, arterial; 20000069: Hypovolaemic shock conditions;

20000039: Haemorrhage terms (exclude laboratory terms); 20000083: Embolic and thrombotic events, vessel type unspecified and

mixed arterial and venous. SMQ: Standardized MedDRA query; E/C: Expected information component.
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Table 2 IC,, values for cardiac adverse events of 8 ICIs in FAERS based on PT

PD-L1 #1331 PD-1 #il51] CTLA-4 51
PT FIERIER  B4EE EEMRADE gAROFDE BAERIEE FERRER] LK BN
T it g g LR LR LR g
N 16723 4.02 3.09 3.42 4.13 4.07 3.92 3.50 1.82
HPEN- SRR 2.57 0.39 4.02 572 6.42 2.05 4.69 —
EE=g LN 0 2.40 1.35 — 425 3.96 0.51 1.92 —
AL 0.47 — 0.18 1.07 1.28 — — —
D7 U LS 0.75 — — 0.70 1.37 — 0.19 —
LR — — 0.16 — 0.95 — — —
DAL R — — — — 2.01 — — —
N[ — — — — 1.02 — — —
LR 2N — — — — 0.28 — — —
Bk ILSE — — — — 0.25 — — —
D EHLAEREAT — — — 0.63 — — — —
INE=Se=e) B N1 I B — — — — 0.15 — — —
ZE U E TIREE AT 0.51 — — — — — — —
CALFE 1.82 — 1.18 2.13 1.95 0.39 0.88 —
AL R 1.39 — 0.52 1.18 0.63 — — —
AR AL R — — — 0.32 — — — —
IR ZE 1.32 — 1.07 2.27 2.67 — 1.59 —
H SRt 5 — — — 0.74 0.76 — — —
SEMO LR 1.21 — 0.91 2.55 3.79 — — —
LA NI S2¥ — — — 1.11 2.26 — — —
LR — — — 0.16 — — — —
HPEN- TR ER — — — 1.13 3.09 — — —
i — — — — 0.54 — — —
56 4 P 2= AL R BH 1.14 — 0.47 1.67 2.02 — 0.81 —
S5 0.21 — — 0.48 — — 0.18 —
oS B — — — — 0.22 — — —
5w BH iy 0.31 — — 0.89 — — — —
SO 0.12 — — 0.52 — — — —
= Lo shid 0.60 — — 0.53 — — — —
ZED 0.77 — 0.36 0.54 — — — —
5 A DI Re PR AT — — — 0.16 — — — —
EHOERE 0.20 — — — — — — —
SMEElkEE A e 0.77 0.81 — 0.79 — — — —
AR 2] 1.07 — 0.05 0.72 0.76 0.12 0.15 —
Atk JiaE 0.32 — 0.68 0.64 1.28 — — —
SR — — — — 0.36 — — —
NNl — — — — — — 0.59 —
AU 7 v PR I A E AR — — — — 0.04 — — —
DIEHARTE — — — — 0.29 — — —
NINEI N RS 0.87 — — 0.13 1.61 — 0.38 —
LR 0.32 — — — 0.45 — — —
CESR — — — — 1.85 — — —
AU LR, — — 0.07 — — — — —
SeEAR B ik A £ — — — — 0.93 — — —
SO UL 0.52 — — 0.27 — — — —
AR SRS — — — 0.43 0.04 — — —
RGO R — — — 0.02 0.60 — — —
—: BHAESUC,<0, SBIRAY- B REAA A WA $<3), PT: HiEARTFE; PD-L1: FIFHIET ZIRE A 1;

PD-1: BFHEAREAET & 1-1; CTLA-4: ZRAEEEM: T Ik 40 AE SCHi R 4,
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U R FAF RS S BRI PT A O | S (4 PT A S8 ek by S A6 B . OHER SO IfEk
BIEN SO K A B et 0RO A MEA RS SRR PT A 1e%E . &
R R BAVESS 5 LR i PT A O AL AR . O 2E SRR KR S bR KR IR (R 2L 3).
S A A 5 HAt O EAS R FH B PEAS 5 g

®3 ETPTHFAERSHIEEFSHICIs MEARREHIC, B
Table 3 IC,,; values for vascular adverse events of 8 ICIs based in FAERS on PT

PD-L1 #iil51 PD-1 1l 5 CTLA-4 31151

PT (g 1B S e BEAA AR baiAIsR TERRER] RITR HIESZN
EEE B JCHAL A A A Bk EEE

58 3.28 — 1.65 1.94 0.15 0.25 1.18 —
e 7€ 0.48 — — — 0.34 — — —
sk i 2 3.14 — — — — — — —
Bt M AR F Ik 2 2.97 — 2.39 2.85 4.12 — 2.24 —
ERIK MR TR A% — — — 0.62 — — — —
Jo ek i A2 0.31 — — 0.74 0.83 — — —
FRF DK I T B — — — 0.67 — — — —
BAE T #RIK IR TR B — — — 0.14 — — — —
T E Tk A 2 — — — 0.16 — — — —
IR EE AR 1.40 — 226 2.59 0.81 — — —
SR K A TR B — — — — 0.13 — — —
KA 2E 0.33 — 0.42 — 0.11 — — —
Ji A UK ML AR TR G 0.49 — 1.05 — 0.69 — — —
Eer))i<iEle 0.89 — — — 1.61 — — —
FakIeZ — 0.02 — — 0.08 — 0.22 —
Bk eEfL — — — 0.03 0.32 — — —
Sk i — — 0.69 — — — — —
e I 0.83 0.52 — — 1.16 — — —
E 2 sk 4 0.27 — — 1.83 0.90 — 1.50 —
JEc SR IRAE — — — 0.25 0.73 — — —
FahkR — — — 1.57 1.70 — — —
GE N SRR AE R — — — — 0.30 — — —
[(IREES 0.20 — — 0.36 0.67 — 0.23 —
BT SRR TE L — — — 0.12 — — — —
AR 0.12 — — 0.86 — — — —
Sk AR TE B — — — — 0.44 — 0.12 —
SME K MR — — — — 0.04 — — —
FE B IUFTE BT — — — — 0.65 — — —
Bkt 2 0.78 — — — 0.95 — — —
N7 — — — — 0.10 — 0.42 —
RFLLEAE — — — 0.30 0.13 — 0.16 —
BN E BN AE — — — 2.25 1.79 — 1.44 —
WREL K A — — — — 0.81 — — —
WREL R I — — — — 0.08 — — —
BENIIREE S 3.86 — — — — — — —
HKZE A — — — — 0.15 — — —

—: BIMEES(C,<0, S ERZGY-AbrA REFALE R E<3).
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M EARFFIER, 2011 5 2024 4E 6], Ffi# 4% ICIs
FHLE T, B irCVEs 45 80 R 8 4FE T
P, —J7H, RGP FORW AL ET, B
FIREYT . B4y . ARG AL
PAHT L WATERIBR G . VIR R BT . IR BT
Kol 25 K B4 W) T 2016 4F . 2017 4F . 2017 4F .
2014 4F . 2014 4F . 20184F . 2011 4F J2 2022 4F =11,
Forfrh AR BAPT b B ), RS BUR D —
Dy, A& RUEAWE N, AR E YK
i 80.0% (5t Lalk A5t 4, AR S £ 2
AR eI EEE . S AACSEM . AR B
A7 F T 95%, HE/R ICTs Rk $e b X B )37 . 3k
B L Ttk feR BRI E, ICIs5]
K irCVEs KZ & HETEIRIT R (14~42 d), BEWITE
XA e AU 7 11 1 ) 2 D) W0 1 2 . 8 B ICTs o
MR RFFRE A AR 65 % DL L, Xl
A8 55 AT 1 2 988 RE Lo L5 9 1 L[] o 8 XU PR 22
AP Ty — UL T [ PR 2 ) O R 1 VigiBase
M ICIs AR IS5 R R, A irAEs YR B 1k
F(61.7%) 8, 4E# M (64.3+12.6) %, SARMFIE 4%
REAR

O LA R F 5 PA ICTs A B2 F 4.79%.
MPTJZE, PD-1HPH5 A0l A R FHAF FHPES
5%, PD-LIMIHIKZ, CTLA-4 45 &b,
RUETESOC )2, CTLA-4HIFLC M A K5
SERBAYE, BAE SMQ)JZH ML T E N PT 244
M B BHPE(E S, X5 MedDRA KR[E] 290
B 22 5 A 00 AR IR, ICIs T
A0 A R RSO R T B R DAL, O
1, BKERESRG, LLOILE ., O, Dk
HLOD W E, IR AR B . &
BTIr. . PEURE ., SkETER, JEREE L
TRPEIR S . fa AR IO R M AL i 4 . 7E
A8 T D) DA e I 4% AR JE e it 1 A 2E
MR . ks . M hReREAT . i B SR
Fo ARBFFEIET LR 0 S RO B E T ICTs
DA RF G SR, HE 555 B
DI IE N/

ICIs FE0O MAE A B FE AR A B AR BEAL S vT e 4n
T B, BEBREHNOME RGN RRER
UitgiRfk, ML) M AZ SRE B Ik, ICs

FERCE UMM T AR FIRT, W3E T A SRR
REPET 400, HXH e RS 0 T3 80 T 4t oAl
S PN R T B BB AR R RN, AT A
K an i SR F-a vy TR . HAIHA R
(interleukin, IL)-1B., IL-6 FITL-17 b, #Eimis|E.c
U Ty i W L PN B D BB R, 18O I A XU o
Hardy 55" iR1E , ANalA 0 bt & e R 40697
Jo, B IR E AR S B R A B L L
%, HLURIERAZ R BN, CD3 T4iMfi(CD4 £
F CD8") fll CD68" 5 I 4f il /7 3 5 47, 1/ I
CD20" B4, A ZR ST F B0 B B gt oMl
Rk EE O 0 R D LTS R L 2124 25 R
WRELAN MR, CDS T4 5%, FOXP3 BHTE,
PA T AR A G RIS R . L8R
£ PD1/PD-L1 £ A i A 30 i °T 375 5 48 &k A R 1
PERN, 72RO T 40 S 2 b 4 i K 7 (o y 38
% . IL-17 MI1IL-21), CD4" T 21 i F1 5 v 20 o /5 7 2
SKEETE BALAE 0 PR ZE b P A, 38 e Ay e ekt
AR S PR ZE S R AR B R A, T Bl
BRAE . FZE . PR B, DA R s
Thm %, ARG RER, EOEREE T, Fif
ICIs HJ 5. 0 LR, 5P ICTs 5l PR 2t 0 fF e 2
s FEMAS ST, 6 FPICTs SHZEMSE, H Al
Bk AR R H W sk s, ™R AT 80 Kk B
(=217 S 712wy 1 /DS K 7 N 2] V781 B7 S i P
VEA BB 5 B 4 s ik 2 A6 .

AR . ANEE SMQJZYGAEPT ZH,
[F] 9 ICIs 5] & O I A R FAAF W BHEE 5 A 25 .
PD-L1 1 il 71 A1 PD-1 410 il 51 19O 48 AS B =42 PR M
ST . 2T CTLA-4MEIF . B2y i S 801
B w2 A0, AT e S HAE LS AR S A G
CTLA-4 9 5 7E S e N 2 1 sh B B R 4B T,
o RER IR T A R M T4, Fe 2 LB i fihgg 7y
SO T A /AT T 40 e il 2 AR, FE AR
XA s T PD-L1 A0 500 R PD-1 4 i) 50 B A T
GoRER A RN B B, BTG AR T 40, 7R AR
X IR

PG s BRAE AP IRYTY . O I LA
PO . TR A B R . BE A SuEEE
Rk 2 R 2 45 1 02 TCTs GO I AN B 35428 A XU T
FU KR E BRI 2R s L, AT BN
e PR I D 2 24 2R, B TCTs A 7 30 1) ] A 48 3]
F 45 T A AN R AR A DCR I s BT ATAR AL
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PR O UG IR TR . RRENRR, DL
K, EAOENE L B CT L IE MRI S8 HE1T 16 K6
R WP BIMEE TRKINRE YT, 45 G A AT
FWAREPI(CRP, ESR). LI #MA S A S BE 4 5] %
B, BT BICEs O I A R E 4 AT
ICIs 0> LA AS RS2 WibrdfE . FF & KU P7AG T
B PR R SR IS 1 e AR, X R i
A RN BB A T TR M BT RSN Y
S, Y FE BT ICTs O ML AN R, O E
BN i B 5 ZE AR PP AS R T AR A O A R
A, IR B A 4k SR A5 1k 1CTs B Ho A bi i
RIRIT, RONIEAEZ A ICIs O LS A R FFRE, &
A IE BLAET 1) AU B 1 o

AMFFE AT BIE STE T8 AT I (] 125 B (14 4F)
4341 FAERS H1ICTs O VAN R 3044, R A Bl Frad
() BCPNN fi 2 BHPEA5 5, 15 2 10 25 5 AT RE T 200
A A SEPRAG L, AR T v B X e AR
ICIs I R HP AT BES | & (RO L AS R 45 T T 2 156
FEHE%, A EMEHICs, FR, AR5 drfise
—EW R BRTE, 55—, FAERS & — 1423k [ L4
¢, JHARA AN R BRI, P Te A5
ICIs HESL KR, 8, il Gt F A RS2 (1
PEAE S AT REAAAE — o B W 17y, o9 2R i vk o5
1338 ICIs L I A B FH A5 R AEuE g it 1
MG, AR EY 2 LR R, Besh, #Ba 0
PrCan th SEAR RGBT LRS- Fp0) TRl 54K
B, FHZiERE B Ek, TGS 80 AL 2 B )
AIGETE 25 B D Ay, 75 22 b I IS A0 A RS PR A
FEKHE— L IAE, %=, FAERS H & {5 AR, I
DAEBITF R E R R, WIS PPAL A0 M A R
FEAF A FE (IR IR AR TR 5| & 0 I AN R
o B0, ARWFFELL “EEMEEAY)” R,
KBEFE 5 IEAIF AT o I v o e g
2B ANTT R FTHEMENT ST, XF EATT g 38 1) 25 9 o
1BI7 259 5 1CTs B Al FHIh O I8 AR R F 409 & 4=
R, TR RECEIRTT R O AN R R
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