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95% CI50.75~1.00. £5if: 1) SIFHRR. RBERE SIMHIFIFE, BPEEREIRE. SARARE
ROMEFHEATREPNTWERE. 2) EEAREEOMLEFEATRENBLAFRER. 3) BERE
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Abstract

Purpose: This study aimed to investigate risk factors for death from cardiovascular toxicity following
anti-PD-1/PD-L1 therapy and develop a predictive model. Methods: This study was a single-center
retrospective study, which screened the case data of 2665 patients with solid tumors after receiving
anti-PD-1/PD-L1 immunotherapy at the Affiliated Hospital of Qingdao University for 180 days of ob-
servation by a systematic retrospective method, 33 cases of cardiovascular toxicity, and the outcome
was based on whether or not death from cardiovascular toxicity of anti-PD-1/PD-L1 therapy occurred
as the outcome categorized into death and survival groups. A one-way Cox regression analysis was
used to analyze the risk factors and control for relevant confounders, and a predictive model was con-
structed to draw a column-line graph. Finally, Receiver Operating Characteristic (ROC), Decision
Curve Analysis (DCA), and Calibration Curve (CC) were used for internal evaluation and internal vali-
dation. Results: 1) Lymphocyte, Platelet, Diabetes, Types of immune checkpoint inhibitors, Echocar-
diographic ventricular wall motion abnormalities and monocyte differences between two groups:
those with death from cardiovascular toxicity and those without were statistically significant (all p <
0.05). 2) Univariate Cox regression identified diabetes (HR = 6.03, 95% CI 1.67~21.77, p = 0.006),
Types of immune checkpoint inhibitors (HR = 6.62, 95% CI 1.69~25.89, p = 0.007), Echocardiographic
ventricular wall motion abnormalities (HR =4.61,95% CI 1.19~17.85, p = 0.027), monocyte HR = 0.02,
95% CI 0.00~0.49, p = 0.015) as significant predictors. 3) Multivariate analysis confirmed monocyte
(HR = 0.02, 95% CI 0.00~0.77, p = 0.036) as an independent predictor. 4) A predictive model for the
risk of death from cardiovascular toxicity was constructed by including 4 variables (p < 0.05) from
univariate Cox regression in a nomogram, with an AUC of 0.88 and 95% CI of 0.75 to 1.00. Conclusion:
1) Diabetes, Types of immune checkpoint inhibitors, Echocardiographic ventricular wall motion ab-
normalities and monocyte were significant predictors of death from cardiovascular toxicity. 2) Mon-
ocyte was an independent protective factor, after adjusting for other covariates. 3) A predictive model
for the risk of cardiovascular toxic death was constructed by incorporating 4 variables from univari-
ate Cox regression into a nomogram, and this model had good precision, discrimination, accuracy, and
clinical benefit effects.
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1. B
JTAE SR MR VR 97 sk R R, Horp DLPURE P 4 O SE T 8K -1 (Programmed cell death-1, PD-1)#7
FEFFMEBET B4R -1 (Programmed death-ligand 1, PD-L1)¥AJ7 A3 i 5 246 7 45 301175 (immune check
point inhibitors, ICIs)JA¥7 /& —Fh | SZHESZ BT MI6T 7 S {Hi2 Pt PD-1/PD-L1 677 /E B BRI [+
B, E SR RE RS, ShE— R EEBE RS RREL, S REHIA R R[]
[2] (immune-related adverse event, irAE). A0 irAEs, MRG0 I 5 M (R AR O LB 2
), FEAFEONL . OERFME %K. OJ1EE . 20U, HRTREEL 1%~1.5%1 EE
Hr, BAAANE L, AHOALRFIFET- RS 1L 50%, O R A 5 FIFET 2052178 21%F1 6% [3] [4]- 4
RO I B M B8 o LA A OGN RO, (H S E R, TS SR RS A A G AT
B KL, Ak PD-1/PD-L1 57 O MU 80T XU, A SO I ik Hi 252 1 PD-1/PD-L1 %y
YRIT JE R AR LA FEPE ) 33 B SRR B N AU %, U S R A O I R AR T NS R, adid e
IINHEBRPRE, A8 F R TR A, 35 Bh B4 AR & B4 PD-1/PD-L1 ¥R 77 A OGO LA Bt AE T
faRIE E, R AT 7 R BB S R R MR T TR B S R R A SR T X —
IRIE ST B T RRIEE AR, EAE R R, SRR, R MR A DG R T S £ A

2. WRE55*®
2.1. SR

AHIE ST A BB S AR O AT . BfIE 2018 4F 10 H & 2023 4 10 H1EE B K% MR EERL#E2Z 5t PD-
1/PD-L1 S i d7 Ja AR O LA BRI 33 18] Sk Jieved £ PRI 49 B2k, WL 180 K, 4% 46~83 %, 1
REFRS 67 2(61,72)%, PANFRHE: 1. il >18 5 2. KR EA M 2By SR B IE M 3. &
DFEZE 1 Yk PD-1/PD-L1 HHIFIGTT s 4. 754 (2022 BRINC G 22 IR w48 ) (B Il A i
PR 243 (CSCO) S e 7 A M A < (0 35 M B BRFR R 20230 B (G e A 2 a5 4 71 AF < B PR iy v 5 4
FE) O A B IS WIARAE[S]-[7]s 5. R PTFORMEX SE B BT UG 1 4F . HEBRARAE: 1. JRR MR A B,
TR R G IR AN 2. B2 Fh R ACEE MR 3. Bt PD-1/PD-L1 Ja97 B R A St iR gy 4.
A P BRI B G IF B B R B 5. RIRIRYT IS O N AW BT i B B o 0L 55 22 993 AH DS IR
PRAEVARR T HAB S W B 5 o ASHIE N BRI 72, 0 E TE T, Uil Be Be e 240 3 2% A 4
fL(F S : QYFYWZLL29401). AT AETF A R A0 = BRI R E R E 5 .

2.2. ARGZE

22.1. fIRIA

T I A 5 S B SR IR BE AR BE AT SCHR 8 bt i (O MU B VE T RESE A R 32, H b ER B
LR EE. © —MANFZRE: AR FE. B0 245 2(body mass index, BMI) (=14 # (kg)/ & &
2(m?); @ BIHSRAE L - 36 [F AR AR5 VE e 2 414K BEAR 25 PF 77 (eastern cooperative oncology group, ECOG).
g o L IR R RS . RS A I A A RN B BEAE S BARMRAR S . Gl s S IFm g
TR BRI . @ SRR U ST bR Sl i v S5 H 4 B 900E S B R L (systemic inflam-
mation response index, SIRT)= MR * FPAZANML/MRELME . 4 B %% 2 0E F5 2 (systemic immune in-
flammation index, SIT): IML/MRTFEL x S HRIAH BT E0 bk AT 20, 4 5 SO0E .36 £l (aggregate index of
systemic inflammation, AISI): I/MRTHEL x B THEL < SdERign - Bk B gt 2 © RI7
i RBECEIRIT . A SANEIIZY 2K © GOME BB A DR % BEE T

][l
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DB ST-T B, II-IIT° 75 AL S BHA .

2.2.2. GitEHE

NiFH SPSS 27.0 2 R version 4.3.0 ZEiH-EA X i #EAT AL BRI 73 B o S AT B EE LR T BRME
Shapiro-Wilk LT IEASPER S, A I LT E LT R & IEA A, k&= 2ok L
HA B (PY A B 1 FE) (M (Q1, Q3)]FR7R,  4LIAI F AR FH ST AL AR ] Mann-Whitney U #2560, 1858k
PABI(E 3 ) [n(%) ), AL ELEER A 2 #3968k Fisher ARSI, i RCS BR i1 37 7 k4% & 1 iy

HARTRR R B NARLLE,

2
ZiE

FAIA 2 Cox [BIJAHT(p < 0.05)F1Z2 K Z Cox [BIF43HT(p < 0.05)F T p 14

SR T B R R SCHRAS 21 1A A gy O ML AE BRI A T XS PRI A Y P A N A8 . SR R version 4.3.0
AT O i B E T8 LR PR PRSI, 20 A v ph 2 B A R PR DL 15 1 o SR 32 10 TARHFIE(ROC)
it 24 4 BT R ) SR ARG SE o SR FH R S it 2 23 BT (DCA) 2 PAI A TR AR B AE SRR R P e b S FH B . BAp

<0.05 NEFA LR o

3. 58

3.1. AR RERLHE

AWFFILGIN 33 R, Hr, 528 11(84.85%), % 5 B(15.15%), MANBFHHLLER N 67 %
(61, 72)% s AWMHSE 17 511(51.52%), A 13 111(39.39%) A = LT 52 13 1511(28.89%), A W IR 52 5 41l
(15.15%), A 7t 3 £11(9.09%), H ECOG ¥4 > 1 1) 5 41(15.15%), Fia il A< 43 3 : TI~TIT 34 13 451(39.39%),
IV 1 20 511(60.61%); 7EMEIA P A A O M REEIET- AR 10 ], (GRS 23 6. QW 7T SR
REFHEIT AT R R ST 2 /MR B A R R . oA 2 s ik AR S
T = BEE B AR O U B ARSI BB T L IR R 22 38 Geih 24 (33 p < 0.05). L# 1.

Table 1. Comparison of the clinical data of the two groups of patients

= 1. MEBENIERERELE

s A LMERIAERA  OMETETA
(n = 33) (n=23) (n = 10) - P
e 67.00 63.00 70.50 _
M (Q1, Q3) (61.00, 72.00) (60.00, 69.50) (64.75, 72.00) Z=-124 0216
BMI* 23.53 24.09 23.43 _
M (Q1, Q) (20.72, 24.97) (20.77, 24.79) (21.05,2643) 2= "0-18 0.860
H4H AT 4(x10%) 6.39 6.39 6.62 .
M (Q1, Q3) (5.26,7.87) (5.10,7.73) (532,780) 27010 0923
y \,Lé N 9
HR R 2 T 2 (< 10°) 423 4.16 439 Z——061 0544
M (Q1, Q3) (2.94, 5.43) (2.94,5.25) (3.19, 6.73)
WREEAH AT (x<10%) 1.54 1.64 0.96 _
M (Q1, Q3) (107, 1.93) (129, 1.94) (068,152 277198 0.048
HRZ AT E (< 10%) 0.56 0.60 0.43 _
M (Q1, Q3) (0.44, 0.70) (0.49, 0.81) (0.24, 0.52) 2=7229 0.022
IM/NR T 203.00 222.00 165.50 Z="945 0.014
M (Q1, Q3) (164.00, 256.00) (196.00, 291.50) (153.25, 196.50) : :
SIRI * (x10°) 1.43 1.42 2.51 o
M (Q1, Q3) (0.94,3.15) (0.97,2.49) (0.95, 4.99) 2=-075 0431
SII* 634.67 572.49 949.14 o
M (Q1, Q3) (356.71,1011.42)  (358.66, 773.89) (290.61,2197.13) 27 0.83 0406
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SIS
AISI * (x107) 331.74 311.06 467.88 Z——017 0862
M (Q1, Q3) (208.79, 657.02) (221.31, 517.23) (150.29, 886.79)
PESI, n (%) - 0.627
% 28 (84.85) 20 (86.96) 8 (80.00)
£'8 5(15.15) 3(13.04) 2 (20.00)
ECOG*, n (%) - 0.149
<1 28 (84.85) 21 (91.30) 7 (70.00)
>1 5(15.15) 2 (8.70) 3(30.00)
WHEE, n (%) - 1.000
%5 16 (48.48) 11 (47.83) 5(50.00)
7 17 (51.52) 12 (52.17) 5(50.00)
YA, n (%) - 1.000
o 20 (60.61) 14 (60.87) 6 (60.00)
52 13 (39.39) 9(39.13) 4 (40.00)
s 733, n (%) - 0.701
II~I11 3 13 (39.39) 10 (43.48) 3 (30.00)
v 3 20 (60.61) 13 (56.52) 7 (70.00)
mILE, n (%) - 0.461
& 20 (60.61) 15 (65.22) 5 (50.00)
2 13 (39.39) 8 (34.78) 5(50.00)
BEPRI, n (%) - 0.021
& 28 (84.85) 22 (95.65) 6 (60.00)
2 5(15.15) 1 (4.35) 4 (40.00)
0, 1 (%) - 0.212
i 30 (90.91) 22 (95.65) 8 (80.00)
2 3(9.09) 1 (4.35) 2 (20.00)
G R RAMHIRIARE, (%) - 0.022
PD-1 30 (90.91) 23 (100.00) 7 (70.00)
PD-LI 3(9.09) 0 (0.00) 3 (30.00)
BCAYRIT, n (%) - 1.000
% 4(12.12) 3(13.04) 1 (10.00)
& 29 (87.88) 20 (86.96) 9 (90.00)
HA AN R B, n (%) - 0.455
& 14 (42.42) 11 (47.83) 3 (30.00)
2 19 (57.58) 12 (52.17) 7 (70.00)
IR, n (%) - 1.000
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%
o 10 (30.30) 7 (30.43) 3 (30.00)
& 23 (69.70) 16 (69.57) 7 (70.00)

Kk = BEIZ B R n (%) - 0.026
i 20 (60.61) 17 (73.91) 3 (30.00)
& 13 (39.39) 6 (26.09) 7 (70.00)

L ST-T {55 n (%) - 0.071
i 8 (24.24) 8 (34.78) 0 (0.00)

P 25 (75.76) 15 (65.22) 10 (100.00)

I~ J 5 A% S n (%) - 1.000
o 30 (90.91) 21 (91.30) 9 (90.00)
& 3(9.09) 2 (8.70) 1 (10.00)

Z: Mann-Whitney U f3%;, -: Fisher exact 36, X £5: P + brdE%E, M: AL Qi FH—TUHAEL Qi FH=TUNAr%L
. BMI (AR ETE %) SIRT (4= B 05 SN AR SIT (4 5 S f% JOIETR ) AIST (&5 2R S 3550 ECOG (35 1H 7R #B 4 1E B sg 2 4L 4k
ARSI

3.2. HHEOIMEFMXETNER

TR SR AN LR Z Cox 115, FRAEAH G SCHRAS 2R S AH 6 @ ORI ALK S R 25 Cox [1] )5
ST p<0.05 PR RN LR Cox [FIVASHT, X UeAs i i AL AN RO i SR BUE AR &, {1/ RCS (PR
HIVESL TR S5 VPN L 5 R B R A MU RS T 45 R R R T NARZME, W 1, S 4 3L p for non-
linear > 0.05 (0.923), Kl 5 0 IMUE BEME ST 45 R ANFAE AR LR ¢ 2R o O Jia SR 2 T A 2R I R <2 FH 42 5
BAAS AT IS : SR B S AR 2E(PD-1 {H 1, PD-L1 WRMH 2). A FHHRBGEE =0, £ =
D). BlBERZEY R =0, 2 =1); BEFIBERZERTHE + Z2HEE Cox BIHAMHT(HREZE Cox
[EH 5341 p < 0.05 ARSI AN Z K 3 Cox [HH), HLEZE Cox [H]JH4Hr 45 B B & IR (HR = 6.03,
95% CI 4 1.67~21.77, p=0.006). %t s diilFIF 2 (HR =6.62, 95% CI A 1.69~25.89, p=0.007)+
K EREIEE) R R (HR = 4.61, 95% CI A 1.19~17.85, p = 0.027). ¥ 4% (HR = 0.02, 95% CI A
0.00~0.49, p=0.015)2& 0 MBI R AW TMFE R X TREEIFEIRRE . Bl EREs) 7 &K
PERTEE SRR 2] Kaplan-Meier A7 1148, W& 2 7R, 4 Log-rank 403 BA Guit2# = L (p <
0.05). Z A& Cox [FIHHTEE R EIR, HFRAME(HR =0.02, 95% CI N 0.00~0.77, p=0.036)A.Cr 115
FMEIET O RAE MBI R R, WH 2. XHEHE Cox MIHZRA SR X (p < 0.05) I FFHESET:
-2 SN 0N 1P it E e il 7T AN < 5 SN T SN =1 | WA SR o R W N =28 i M P S PSS RT3
YHAEL . GRS A SRR . R BRI B S AT O L B PSR TR AR BT R 2R (p < 0.05), MWL
% 3. KL, BHRE Cox BIH 4 NMEEAENHNFFE, GINF S 1 Aok g O 1L/ 25 1 XURS: TR Y

3.3. Fl&EE D ME S MR R BRTN

WA Cox [A11H 4 MR G E P 120 RO M EEVEFET: KIS TR, WK 3, AFE
AR B EAE AR, SRR — AR BT R A3 0 SR, AR 40 T DU R 7 IRV B, s
SYREN RO M BEPE 120 RAEGMESR . Rk, SRR AT DLSCELRRAS S8 AN AR TR0 o X6 271 28 P g 2
()0 ML B PR AE T XU TS BT 36IE, 224 ROC 2k, WL 4, AUC 4 0.88, 95% CI K 0.75~1.00,
i B 70 2 RIS RO I BE AT X 43 BE AL, PR ITAT 5 PN S 3 RO R 2R, 4B 7 A 28 10 T AR =2 AT
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P for overall = 0.074
P for nonlinear = 0.923
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Figure 1. RCS curve of monocyte count
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Figure 2. Kaplan-Meier survival curve
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Table 2. Results of univariate + multivariate Cox regression for for death from cardiovascular toxicity following anti-PD-1/PD-L1

t%er;piﬁ PD-1/PD-L1 i@ iCMEF MR TR EEFR + ZEF Cox EIFER
LSE S LR
e5 !
Vi SE z p HR(95%CI) f SE Z p  HR(95%CI)
5
% 1.00 (Reference)
LS 0.32 0.79 041 0.683 1.38(0.29~6.52)
ECOG*
<1 1.00 (Reference)
>1 1.07 0.69 1.55  0.122 2.91(0.75~11.29)
WRJA 2
4 1.00 (Reference)
== -0.06 0.63 —0.10 0.924 0.94 (0.27~3.25)
R s
5 1.00 (Reference)
== 0.09 0.65 0.15 0.883 1.10(0.31~3.90)
i 3 39
TI~I11 3 1.00 (Reference)
v # -0.56  0.69 -0.81 0.416 0.57(0.15~2.21)
fa L&
5 1.00 (Reference)
& 0.57 0.63 0.90 0.368 1.77(0.51~6.13)
R
5 1.00 (Reference) 1.00 (Reference)
= 1.80 0.65 2.74  0.006 6.03(1.67~21.77) 1.28 0.68 1.88 0.060 3.60(0.95~13.63)
5 1.00 (Reference)
& 1.24 0.80 1.56 0.120 3.46 (0.72~16.54)
G BERGAT  H FUARS
PD-1 1.00 (Reference) 1.00 (Reference)
PD-L1 1.89 0.70 2.72  0.007 6.62(1.69~25.89) 0.50 0.78 0.64 0.523 1.64(0.36~7.50)
BRERIT
5 1.00 (Reference)
P 0.23 1.05 0.22  0.828 1.26(0.16~9.93)
FoAt G A RN
5 1.00 (Reference)

DOI: 10.12677/acm.2025.1551486
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FERE 5

2 0.04 0.69 005 0959 1.04(0.27~4.01)
g e
5 1.00 (Reference)
2 069 0.69 1.00 0319 1.99(0.51~7.73)
K ERE ) R
5 1.00 (Reference) 1.00 (Reference)
& 153 069 221 0.027 4.61(1.19~17.85) 1.17 0.79 1.49 0.137 3.21(0.69~14.97)
O ST-T 7%
5 1.00 (Reference)
2 -0.07 1.05 —0.07 0.948 0.93(0.12~7.38)
TI~IT B 5 25 45 2 BR
5 1.00 (Reference)
2 19.55 8828.62 0.00 0.998 31(%%33315;585
S 0.03  0.04 095 0341 1.03(0.96~1.11)
BMI* 0.01 010 0.3 0.899 1.01(0.84~1.23)
=SR] 003 013 021 0.833 1.030.79~1.34)
FRPE R 2 0.10  0.12 0.79 0.429 1.10 (0.87~1.40)
I BT A -091 055 -1.66 0.098 0.40 (0.14~1.18)
/MR -0.01 0.01 —1.91 0.056 0.99 (0.98~1.00)
SIRI* 0.08 011 076 0450 1.09(0.87~1.36)
SIT* 0.00  0.00 129 0.198 1.00(1.00~1.00)
AISI* -0.00 0.00 —0.27 0.790 1.00 (1.00~1.00)
LR ] o) =372 153 243 0.015 0.02(0.00~0.49) —4.06 1.93 —2.10 0.036 0.02 (0.00~0.77)

HR: KL, CI: BEXIE. *:

H0) ECOG (& [ 7R #8 5 A: fJeg 2 AL AR BE AR 1T 70)

BMI (54 i B4R 40 SIRT (4 5 JORE 5 W45 £40) STI (4 5 5B SOIEFRED) ATSI (4 5 S0 i 4

Table 3. Results of multifactor COX regression after controlling for relevant confounders
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Figure 3. Anti-PD-1/PD-L1 therapy cardiovascular toxicity death column line plot prediction model
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Figure 4. ROC curve of the prediction model for death from cardiovascular toxicity following anti-PD-1/PD-L1 therapy
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Figure 5. Calibration curve of the model for death from cardiovascular toxicity following anti-PD-1/PD-L1 therapy
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Figure 6. Decision making (DCA) curves of the model for death from cardiovascular toxicity following anti-PD-1/PD-L1
therapy

6. #1 PD-1/PD-L1 J&Tr 0 MMEH M THIMARELR IR (DCA) Ik

SKPEOLZ B 5 R, Son IR A HEf P, ILIE 5. DCA 2k B IEAR AR Xt s PR 52 2 A3 e 1Y)
B, LA 6.

DOI: 10.12677/acm.2025.1551486 1242 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1551486

I
Gt
=
Blid

4. g

O E TR WA RN, RAERMEAC, HRIEEREN R, H e Z B8 2 Wby F i
BEIRLE], TF E— BB 7T, W PR L o] LR )0 I A 75 P A T MR A A R 2 7 4 B 2 0 T B R 0
I RGN T O M FEVESE T IR I 3, A TS AR X6 O L 48 B PR BE T R 7 96 BAR 8 BRI R A
. AWrRE AR EERFEOIEE, B EgI 5. S E. G AR R
i R INHIFIR S R s RS s e O I A TR M IR &, R SR (3
p<0.05). HFZEK Cox [EH/IHT(p<0.05)245 R EoR, S IR R SHIRIFL, BB EREZ)
T RAZANIEOR O A B SR TR A TN 2R . 2R Cox BIHSM T (p < 0.05) A% Al f A O i
EREIC TR AE ML ORIP R R . F LR Z Cox [H11H 4 NS RN 2 B rhor) 200 1L 8 B3 PR S8 T XU T3
MRS, ZERRH, 31X 4 AT R AE TR b RO R AT, SRR B RAFIRE R e X B, HER
PERIGIRZ 28 R0, AR O M SEHAE T S TR 2= . Rtk $oREE9 N RTE TAE S, wiET k
TR S DR 2 SR R L P TS R T i, 3 B4 TAESE R 1R PD-1/PD-L1 i 7AH G 5 2 4
SO fER R 2R, X R TT 7 2 B3 B LR TSy e it B B, S R R AR R
TR, YR IRR YT R .

o B AR 0 I FEME P i L BRI FEBEAFGONAE . OERIME %, BRI T 400
TR OO LR PREIE, 2 M5 28 51 R RSB FERE AL DR RFAE[9]. 7E ICT AHOG LIS, R
A OGR4 S A% 4 R v [B] B AR 40 ) 7T e R A% 22O IR 235 5 RO I N T o2l o 51l
LS EFOIE SRS T 40 fF0 EVEGEMIZ0E, 58 R AR TR, BRI e 28 SR A% 40 i
WS B HUGAAL. 350 ICLs T PSR A 5 e ifs , (it A AR In) 2ORE SR IE A%, A4l R m] REAE
ZNHGP AR, IIREERR RS . X SR A8 AR 2 0000 T SRR E OO LA EE R AR T
{10 5L S TR PRI A DGR 7

% T 5 3 B B FR S A2 S e A 2 s IRV T A S O LR T FE X [ 3 . — T2 A8 & Logistic [H]
50T B, BEERIF(OR = 1.96 95% CI: 1.05~3.65, p = 0.034)j2& ICIs AH 0o EE: 1 A2 Az i 37 £ [ PR 35
[10]. HPRIFXT ICTs AH I IS B R R B2 ] B8 -5 078 PR 73 B8 I M 1 JORE A 5% . AT 0, b
PRI — BELE AR — P8 SORE VBT o B JRs RR 8 (K T W A 5 B 2 38 T Al IR 7oK -F, an 4 e
K 4 (L-4). FMIEANEK 5AL-5). HHMIN K 6 (IL-6). FAME K 13 (IL-13)FIHIEIRSE A T o (TNF-
0o IXEEHH R FAEGERE ] B G ORI 5 TG oy EEAE R, DR PR K BRRAS 5 A
P A NSV IR S S RV 2 [ 110-[13]0 hAb, B PRIPE 7 A2 R S S04 T 7= AR VF 22 46 Pl i TR
F, 41 TNF-a- IL-6 AL AERKIETF B11]. FEHFZ BT, QAR 7@ 3 C9IEsL S irAE Z U095 14],
AN, BRI ANE M T 4000, B 4HM0R1 NK S8R G Tk, 5 902 2 i th ] g e 5 B4R
[11]e S3AR0TO M B B, S BEIRG& — TR EE R, & ] (et e R 3l ks 10 ek o
Btk K. O WLEE A KO ILER L[ 15], 117 PD-1/PD-L1 Xf ikt th B EEAEH . shbkshREaEfk
PN & T8 ME R AEPEZ, PD-1/PD-L1 & T kg ls 1 Zods O UL4ni A, 3 ml Brads o R 40,
fR it B R RN R 24 DA R O A S R GE P2 A 46 RE[16] [17]. FTEA, PD-1/PD-L1 it 45 P 2 4.
TRPTERIE A OO WL E S o ILBR I, W 5 R S el ik 4t B e ko0 1 350

P L B P B AL I B BB I — RO AN SAR B 1, S I 23 BRI A Re R O LR (12 1
EONLF T, AT LSRR S EEZ ) 78, (H>60%[1 5% (- LVEF, 1R/ EEK[3][18]. EhEEiEZshF
i 2 P ) PR R DL PR BRAE B, B0 I SR 0 SR AR L 45 Th RE T 75, i TR 3 O U3 B
O B RS BRI S FH R 2B R, RGE, B A T R RS B R 6O L #

DOI: 10.12677/acm.2025.1551486 1243 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1551486

FERE 5

SETAT — S TRINANAE . AN & R8O L T RO ULIR SEARIC A 38 B 3 15 ) i 2 9000 7 o U 2 9
L fE

AN ZRFAE S BORARSCTE DL BRAE Sy SRR B A5 T 3 At 17 o I /6 25 28 1) RS PR 3R 44
YL EITRIMERL, A —EmRIEME, iR 9 &3 5t PD-1/PD-L1 V677 IR T SRS AL 5, Ik
Mol MR MFE TG R R AR MBS . (HR T AT SO RIBIE . NEARE RS, BAT BB 7
ARRIRE. 7MY RIR G IGUESRIAE,  BIF 0 A Rl A AS R ST AR I P T TGS P BA B B KA s PR K4
KE— VP H AN E -

&5k

[1] Bagchi, S., Yuan, R. and Engleman, E.G. (2021) Immune Checkpoint Inhibitors for the Treatment of Cancer: Clinical
Impact and Mechanisms of Response and Resistance. Annual Review of Pathology: Mechanisms of Disease, 16, 223-

249. https://doi.org/10.1146/annurev-pathol-042020-042741

[2] Postow, M.A., Sidlow, R. and Hellmann, M.D. (2018) Immune-Related Adverse Events Associated with Immune Check-
point Blockade. New England Journal of Medicine, 378, 158-168. https://doi.org/10.1056/nejmral703481

[3] Mahmood, S.S., Fradley, M.G., Cohen, J.V., Nohria, A., Reynolds, K.L., Heinzerling, L.M., et al. (2018) Myocarditis in
Patients Treated with Immune Checkpoint Inhibitors. Journal of the American College of Cardiology, 71, 1755-1764.
https://doi.org/10.1016/j.jacc.2018.02.037

[4] Salem, J., Manouchehri, A., Moey, M., Lebrun-Vignes, B., Bastarache, L., Pariente, A., ef al. (2018) Cardiovascular
Toxicities Associated with Immune Checkpoint Inhibitors: An Observational, Retrospective, Pharmacovigilance Study.
The Lancet Oncology, 19, 1579-1589. https://doi.org/10.1016/s1470-2045(18)30608-9

[5] Lyon, A.R., Lopez-Fernandez, T., Couch, L.S., Asteggiano, R., Aznar, M.C., Bergler-Klein, J., et al. (2022) 2022 ESC
Guidelines on Cardio-Oncology Developed in Collaboration with the European Hematology Association (EHA), the

European Society for Therapeutic Radiology and Oncology (ESTRO) and the International Cardio-Oncology Society
(IC-OS). European Heart Journal, 43, 4229-4361. https://doi.org/10.1093/eurheartj/chac244

(6] PR R 2= 48 TAEZR i 4. v [ G PR MR 2% 25 (CSCO) 5 B K6 2 A 30 1) 3510 R 5 1 25 14 8 B 45 9 -2023
M]. db5: NERBAEH IR, 2023.

[7]1 S EEND PRS2, B E I8 2 RS TR R 2. S s il FIAE S s B 55
AT, PR SE, 2022, 102(24): 1811-1832.

[8] Yousif, L.I., Tanja, A.A., de Boer, R.A., Teske, A.J. and Meijers, W.C. (2022) The Role of Immune Checkpoints in
Cardiovascular Disease. Frontiers in Pharmacology, 13, Article 98943 1. https://doi.org/10.3389/fphar.2022.989431

[9] Wang, J., Okazaki, 1., Yoshida, T., Chikuma, S., Kato, Y., Nakaki, F., et a/. (2010) PD-1 Deficiency Results in the
Development of Fatal Myocarditis in MRL Mice. International Immunology, 22, 443-452.
https://doi.org/10.1093/intimm/dxq026

[10] Chen, X., Jiang, A., Zhang, R., Fu, X., Liu, N., Shi, C., ef al. (2022) Immune Checkpoint Inhibitor-Associated Cardio-
toxicity in Solid Tumors: Real-World Incidence, Risk Factors, and Prognostic Analysis. Frontiers in Cardiovascular
Medicine, 9, Article 882167. https://doi.org/10.3389/fcvm.2022.882167

[11] Dong, G., Li, Y., Zhao, Q., Pang, B., Qi, X., Wei, J., et al. (2021) Effects of Diabetes on the Development of Radiation
Pneumonitis. Respiratory Research, 22, Article No. 160. https://doi.org/10.1186/s12931-021-01754-4

[12] Parikh, R.B., Min, E.J., Wileyto, E.P., Riaz, F., Gross, C.P., Cohen, R.B., ef al. (2021) Uptake and Survival Outcomes
Following Immune Checkpoint Inhibitor Therapy among Trial-Ineligible Patients with Advanced Solid Cancers. JAMA
Oncology, 7, 1843-1850. https://doi.org/10.1001/jamaoncol.2021.4971

[13] Tanaka, S., Isoda, F., Ishihara, Y., Kimura, M. and Yamakawa, T. (2001) T Lymphopaenia in Relation to Body Mass
Index and TNF-a in Human Obesity: Adequate Weight Reduction Can Be Corrective. Clinical Endocrinology, 54, 347-
354. https://doi.org/10.1046/].1365-2265.2001.1139/cn2155.x

[14] Kang, J.H., Bluestone, J.A. and Young, A. (2021) Predicting and Preventing Immune Checkpoint Inhibitor Toxicity:
Targeting Cytokines. Trends in Immunology, 42, 293-311. https://doi.org/10.1016/1.it.2021.02.006

[15] 7R, Thfh, B, & dohaHF oL EEZ G BT EF 3 5.0 sefadrd etk & FH 75 fmi R %
S3HT[I]. SEFHCollb Al If 9 2k &, 2022, 30(9): 32-36.

[16] Drobni, Z.D., Zafar, A., Zubiri, L., Zlotoff, D.A., Alvi, R M., Lee, C., et al. (2020) Decreased Absolute Lymphocyte
Count and Increased Neutrophil/Lymphocyte Ratio with Immune Checkpoint Inhibitor-Associated Myocarditis. Journal

DOI: 10.12677/acm.2025.1551486 1244 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1551486
https://doi.org/10.1146/annurev-pathol-042020-042741
https://doi.org/10.1056/nejmra1703481
https://doi.org/10.1016/j.jacc.2018.02.037
https://doi.org/10.1016/s1470-2045(18)30608-9
https://doi.org/10.1093/eurheartj/ehac244
https://doi.org/10.3389/fphar.2022.989431
https://doi.org/10.1093/intimm/dxq026
https://doi.org/10.3389/fcvm.2022.882167
https://doi.org/10.1186/s12931-021-01754-4
https://doi.org/10.1001/jamaoncol.2021.4971
https://doi.org/10.1046/j.1365-2265.2001.1139/cn2155.x
https://doi.org/10.1016/j.it.2021.02.006

of the American Heart Association, 9, €018306. https://doi.org/10.1161/jaha.120.018306

[17] Kushnareva, E., Kushnarev, V., Artemyeva, A., Mitrofanova, L. and Moiseeva, O. (2022) Myocardial PD-L1 Expression
in Patients with Ischemic and Non-Ischemic Heart Failure. Frontiers in Cardiovascular Medicine, 8, Article 759972.
https://doi.org/10.3389/fcvm.2021.759972

[18] Awadalla, M., Mahmood, S.S., Groarke, J.D., Hassan, M.Z.0., Nohria, A., Rokicki, A., ef al. (2020) Global Longitudinal
Strain and Cardiac Events in Patients with Immune Checkpoint Inhibitor-Related Myocarditis. Journal of the American
College of Cardiology, 75, 467-478. https://doi.org/10.1016/j.jacc.2019.11.049

DOI: 10.12677/acm.2025.1551486 1245 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1551486
https://doi.org/10.1161/jaha.120.018306
https://doi.org/10.3389/fcvm.2021.759972
https://doi.org/10.1016/j.jacc.2019.11.049

	抗PD-1/PD-L1治疗心血管毒性死亡风险因素分析及预测模型构建
	摘  要
	关键词
	Analysis of Risk Factors and Construction of Predictive Models for Cardiovascular Toxic Death in Anti-PD-1/PD-L1 Therapy
	Abstract
	Keywords
	1. 前言
	2. 对象与方法
	2.1. 研究对象
	2.2. 研究方法
	2.2.1. 研究工具
	2.2.2. 统计学方法


	3. 结果
	3.1. 研究对象的基本特征
	3.2. 构建心血管毒性风险预测模型
	3.3. 列线图构建的心血管毒性预测模型及效果评价

	4. 讨论
	参考文献

