o[ iR A W06 )T 4% 75 http://www.biother.cn
Chin J Cancer Biother, Nov. 2022, Vol. 29, No.11

© 989 -

DOI:10.3872/j.issn.1007-385x.2022.11.005

RERER/IHFA RR N RIER

Research progresses on adverse events of immune checkpoint inhibitors
Mg tpak AR W (R RFME T LER FE-F&ELZSF, L& 200030)

[ FE] G SR QCD M B3N 5 80T S A BN GrAB) R &5 B3 N . 5/ Gula i 18 97 AN ], X 2
irAE USRI, 38 B A R R IR 0, I HAR RN ALK . irAE T3 BAT M 8 BBl R G5 . ir AR S 3 AR R I, R AT i
I FVRTE T 5 SR, — S R 4 P o] BB 7™ (1, - T BUK A , i e e O LS ERELE ) A R 5 . 1897 F BT B
T R0 I At G2 PR 5 7], B IR ir AR B B T B0 R ARG K S R S O

[RSEIR] A s 9] s G A DA R A s IR s T TR

[FESXS] R730.51 [CEFRISEE] A [SXEHRS] 1007-385%x(2022)11-0989-06

AT, S Bk 25 3 40 1 77 (ICD 32 25 itk v 1
TRIT B AT T 1KLY R #R 2 £ % CTLA-4
{5 5 B PD-115 5 I B TE B LA, 0 S e 2 B AT ¥
S T AN R S A A S TR SR
W ICTAE Il PR S B P (380 S, B T — A R
PRk, R ICTXS G 2 Gt (AN T E BT T 7T RE 3 3
FIEAHRA BB GrAE) o ICI 1R 5 bRtk
S AB AT AS R, K2 B 1 A o IR H A8 B
it B G e SR Y o

1 RITHRF

BT ICTAE S e V6 97 H 1A 38 0, irAE ) 327
SRR BRI KD, B 1/2 MR E S VA T A
FArAE 5 Wi 5 ICT A 6, irAE %W )¢ B l7iE -
WP R 40 N o WA R AR RO 25 DB 0 R 5 o0 i
ERG NIAER AR ARG Z ED, 2006 FE
2019 4F irAE $i% % 9 9 20 HE 78 1T = A7 1 43 70l 52 45 ¥
9 T 9 JL PR AR 260 75X ICT i Ak 22 4 M 1) 36 T
TT /ARS8 (1) 25 26 230 i VP Al s« B A R SR 1)
HIERERN 54%~76%" . irAE 7] K AELEATATEE 5/
ARG, HR LRI B A8 IR 9T T 4R ) 4~16 J&.
bR b 7R ICTH ARV IT R LR W L4 H T irAE
(R AEIA , I Bl R AE TR T 45 1 LLE™.

2 eREE

AR A5 FH () TCT A fisk A 1 4 e MR 28 B 02475 5 irAE
)R A B2 R AR K, X R A K NBER 9 RE
irAE, ] e SO AE s AE R 2R X irAE XU 22 5
() — PR 0] BE 2 R LM B B g i), — Lk
BT R A FR , £ 10% B irAE 386 H & %
P2 PRI R SR 5 29 25% I NH B B o 5 K
sk teAh, Y% CTLA-4 A1 PDCDI (4§ PD-1) £

S E SRS R, — R RS T
5 irAE RAM RIS NG R, W B B e s
LVE ThREA AN AR E SR BRI RN, Mz
N BN B 5 S ] A A 52 O irAE B DR
%4[20]o

3 RIEFALE

CTLA-4 A1 PD-1 8% PD-L1 401 77 7] 5 5 4 955 15
SRR M B R IR BT R S FE M RRAE
L E 2 Ak AR LR 5E irAR Al o 52 B2 B AR
G PR R I HAF AR B 22 7P, iR R R
B irAE KA BINLEIE ICT 2 (B BT A . — =
CTLA-4 F1 PD-1 $01 1| X2 3% /i T 40 B 3% AL AN 3G 56, v B
Treg 4L D68, FE T BRI 2E I 1AV S e™ . (HAEF
M, FIRBLR AT RETE — PG T L 5y — b
TBITRBIR TR, NI 38 T irAER B 2 57 .
3.1 T@miagkE

WA SR TR B, A BASR A3 1 CTLA-4 B =
1) Ctla4™ /N 22 KA 2 38 E B 5 S MR,
HSEU 2 12 33 B R EGH IR 3 < Treg 2 ffg Bl fe Al
E 5 ik 72 429, Hit CTLA-4 344 AT 38 n it 98 1
B s, T4 5 Treg 40 M0 (4 LL 36, FE RT3 58 1 1
JIRE S N7, AT A S5 3 A3 3 3Rk 250 BkAh , Treg 4111
A1 Th17 20 i 1) 2% 47 7] g 5 BUICTAH R 1 irAE™Y . 1
SR Th17 4HMITE VR 2 E 5 Gy 500 B A AL o
FA R MAE R, BLHE 2 R DG T 282 HR 8 3 7 ¢
RO GREVE TR

[(EemB] bl K E £ L R B 202 (No.shslezdzk04403) 5
] 5K 2 245 4 B ) B - v R

MEHBN]  W0E1989—), B3 (B[ ifi , 3 22 g rpr it = 25 & g
G A IHIEFT , E-mail : fengyang 0812@163.com

[BfE1E&] V5, E-mail : fan.yue@zs-hospital.sh.cn



© 990 -

Fp [ R R IR T Ak, 2022, 29(11)

PD-1 #i th GE 34 58 T 4 354k , (2 S 2irAE
KME CTLA-4 M A B AF . PD-14E T4 F3%
ik, 1 HL A /K PD-L1 Al PD-L2 7776 T 0 R 32 52 40
R O R T o4 A G i o s I T s W1
PEEI/E HIEY. PD-1 F1 PD-L1 3 i1 Treg 40 s % ik , %
L2 5 Th 40017 Treg 40 A 43461, =
PD-1 8 PD-L1 /] SR8 FL gt A5 1 S5m0 HE &
FFER E B e MR R R, AR SR LSS L T, 1X 48
Al S PR AT F R S BE ST AR ) PD-1 A1
PD-L1 7] S UGN Treg 40 i B /b, 17 S 0 R0
Hm AR S IR B,

32 MBIRRGR LR R

PR T 41 B A e 4 b 2R A R 2 [R] (158
NN AT BE AR HE L irAE & AR B FERECY, 41 40 ICT YR T
(1) 55 €0 250 A8 AT H B X, ICIR-BIOGEAS
T RO B SR S 7E CLHRE 1R 368 151 1198 X7 1
1, 96% 15 191 o R (0 3089 AR, X SR I T 448 i 5 i
Je B A B R B A M (RN AEAS XU VR Ik Ak
FH T e SR T AR A £k, A S IR A
GUNAS X R, A NFEH T ICTAH GO LS 28 X
AR
3.3 B@mieAF49 8 & fuik

BT ICT RN 1 T 4 B i 4k, 386 58 1) T 40 i 5
B 20 M (1 AH BAE o] 808 S bk =4k . £
CTLA-4 HiiA& S 1 irAE /N R AL iR P2 42 5 B ifk
S L Fs b AR A AR T R ) A R
5% BHT AR PR =4, X — IR IE AR WF PD-1
FTPD-L1 57 ) B2, ICTVR YT I R 7E 5 &
Je BB 41 B AR Ak, 6 G IE 2R B 4N A B kb
CD21"" B 4 i 14 40 A 50 14 gk — 20 S0 Re 7 B4
JLAE G g% B HH I AEAE o
34 ¥ aERAGAERL

FH T ICT 2 150 4 92 20 i FH FLAth 41 2R B R0k 4
T I BT DU , DR 5 28 ir AR A fE A& i IX 27 7
IAMAN SR E 5 M . BN, CTLA-4 75 1
PRI R ZL R IE, AR S R TR UC . B
Ab, O WL PD-L1 3 B8 A7 T P B 40, % 4o % A 5 1
O 28 G FE

4 FUMirAE BB ERRE

A TR, RIT RIS B & Pk 7 5 3t
BB i AR [ R 3G A 5%, 409t mAChR Fi i & 3 L
1O HT IR R B R8I IR IR 0 B A
HMG RS, BOFBEEEATBUAREE
B A% 30% A LA b AT DU T35 B iR i = 23 irAE R A=
R XU, I 375 200 B R 7 7K Pt AT B A B o ICT 5

1 irAE (1 55 Bk S AL S AN A, 1 4, 4 34 A
IL-17 7KF- 0] BE A Bl T L0 038 £ 45 32 UL 47036 7 1
PRAEVEIR B T RE D™ RS AN i

5 TR

R4 CTCAE CH WA B S S PEAN b D 23
5, irABE YR IT Bk T 32 52 1) 3% B R g Mtk
9. CTCAE 14 irAE B 8% A7 2 TG IT .
2 RN KB R RS IR ICT, HLBAS | N
Nibe 3L Ek 4 9% irAE I 8 38 N B o AR R 28 T .
R T 2R B RE 5 1 irAE, JC 18 CTCAE 1™
R AT , #N R T RHE AR VAL 5 T
51 BER#HE

W Bz PUIE 6T irAE 1) B B (H N 4 Wk
irAE BR Ak o SR AL 185 2 e 1) 2K [ I S o TR
HFA ST CTCAE S5 g4 fll R ™ AR L. — R
KU, B B T I ER B DA il i B 1t 2R G S B
%) B3¢ /) 751 B RS FH R[] A £, G SR A A 4 A, )
5 g N [ O BE S BRI S 34T TNF A Atk
Bym AR . AN BT A P R o R SR T
irAE*",
52 BEBKRTE

BRER I FOR AR DI REAS 4 AR Th AR R V& b
JiR Ty fie ek R B 1 B0 PR s i E 2 B AR
B . BFHIRD R NIX L it AR F e 2 FE S, [
A H R AMEIRIT, RN, PN A AN 5
BHF ICL, AR B IR EA R E
5.3 RIEIPHIF

S irAE 1E 2R [ BEIE T 1) 48~72 h Wik A W i
B, B AR B R AR IS 0 R AN R ek 2L
D) 6 T 4 92 410 ) 004 D 0 B2 B R I B AR T
HATW AU SR EFE—MAmmAZ s — M
Mo 0T, 2 o W R I 1 S g% 1 R AT TR T R
[i] e HfE ¥ M T AR, H5 2 S A O 5V 98 L R
9% FHR 69 BE 4% , i A% [ e o v e il 9% i 5 mT A P 25
P R it B A I i v T 7, DT 7% B W] UIR R 3
e B FH MG RA
54 RBHREOFLKE IR

K ST 9 958 BR AR A FH T R 2 ALV irAE
M= EIRTT. B E S PR B SR irAE, WAL
I 975 B A% 8 UL PR P 52995 irAE , 1B R] DU T i 3 B
AT IR YT, i B 4 nT DUE A 25 R Bom v B
SrhuAl, i ERE LG 77 Bk AR - BRI 25 G Ak ) 7 B R
(EEIEERVE
55 ¥ lEfuk

R, TR 8 B C A8 ™ 5 HETE T L S



Piylee, S5 Gu BERS A s A FRUAN RS L PR 3k e

+ 991 -

FH OG5 1 98 BRAR M DG4 28 R IT HH BUASI7 20 1E
KZHAE LT A F R E B4 B 24 R ] i 38 1% 1
irAE; 75 3 201 4 24 45 iy 9% 55 5 CE 08 B o B 3 VR T
TSI SR BT T I 3 400 R RE IR % A N [R) 4, 4
2 FIBR L HT 0] A B 98 RN B PUH TIR T S A Ok
Shlp 950 ok 2 R R B PTI B AR BB AE T S
HILPR T B Ml , R e G T R G e B P .
b, 38 VU BT A HERE ] T VR T S e SR [ W X VA 1
irAE"7,

SR BE PR LE YR 9T S [ A VA 14 irAE J7 T
HAEMRH ALEAT SR E A R R NAER . Fa0,
TNF F0 A A7 AE 0 ] ) 5 P it P XU T A 8 7 <L
FEE VG BT 433 5 £ 9ORE P iAo IRV 389 in AN e
SR R T o FL RS 3G I DR, ek, A pi
PErAE fOFRIE™, D8] 0 N T4 1056 B0 e B LA TR T

6 FEFE

KA ATAE (B B LR R A irAE 1 B W
i FE T H BE AT (96 9T N, 1X 3R B B s 5 1CT 5]
R BB R R 2 B A7 AE 2 D) R R %
FIEE LB, 5 K4 irAE 19 B A L, BB irAE (1
HBEIE LR AR A RN T A
B 3%, {8 PD-1 1 PD-L1 401 536 7 1 5835 (1)
Hs Ll AS FH CTLA-4 015167 1 B o — 3.

ICLIG YT 5 3% I B AK irAE AH BB T Al 1 40
0.6% , 25 PD-1 1l 1] (1) £ & MR FET- 8 0.36%
F52 PD-L1 #i 71) (1) B 5 MR BE T 3808 0.38%, 45252
CTLA-4 $ il 55 (1) 8 38 MARBE T34 1.08% , #2532 1k
HIRIT B E MAE T F N 1.23% . ARVGIT T
FHIBET R 22 5 AR K B 5 70% 1) CTLA-4 A 5%
FET & T 45 1 4, 1 5 PD-1 A1 PD-L1 #0i1 551 #H 5%
(RIFE T 38 5 K B il 48 (35%) T 48 (22%) Al 28 B 1tk
(15%)". £ 42 2 Bk & 76 97 (PD-1 A CTLA-4 1
FDIEFCT BB, 37% MIBET 2 45 g % 51 S,
25% 52 D ALK B E . BhAt, FE T I ) DA A
ICI T 5 5 FET- R A AE ICTFF 4R Bk A5 1607 )5 1 51,
SR IF L6 BN FE T B R AL I AR 14.5 d, TSR 259697 N
32 d*,

7 4 I8

2019 4E AR, YR U B 470 R B 4k 65 BT 5 T 001
FRIBH] 8 JE (R 2H A 97 VE AR A v FH T 6 51 55 44 e s 1)
YEIT » BRI T RE UG (25%~35% ) FT 5% 35 (18%~
20%) J2& 55 WL irAE, JAK 01 7514 5k B A il i
R T /0N GRS R A (1 98 A0, 3 TR T PR TS
Xof i JgE 20 PR A A 3k, I TR R AT R AR B A S

ICT A H e O BE VR FE A, o, HoAb R A
BETT % WIS B A K By T I RIB S R AR S e 1)
GBS T I, WIEAE SR TG . 5T A XURF 57 1%
PURRI e B P 1 it B D e Film R . Bl ik
EHUR AR T 40T VEBORBRZ 3 F TeE iR T
XS IRAR W] REREAE AR RS ICLER & k56 3t 4T
BHIE .

[£& % 3 #f]

[1] KROLL M H, ROJAS-HERNANDEZ C, YEE C. Hematologic
complications of immune checkpoint inhibitors[J]. Blood, 2022, 139
(25): 3594-3604. DOI:10.1182/blood.2020009016.

[2] MARTINS F, SOFIYA L, SYKIOTIS G P, ef al. Adverse effects of
immune-checkpoint inhibitors: epidemiology, management and
surveillance[J]. Nat Rev Clin Oncol, 2019, 16(9): 563-580. DOI:
10.1038/s41571-019-0218-0.

[3] JING Y, ZHANG Y C, WANG J, et al. Association between sex and
immune-related adverse events during immune checkpoint inhibitor
therapy[J]. JNCI J Natl Cancer Inst, 2021, 113(10): 1396-1404.
DOI:10.1093/jnci/djab035.

[4] ESFAHANI K, ELKRIEF A, CALABRESE C, et al. Moving
towards personalized treatments of immune-related adverse events
[J]. Nat Rev Clin Oncol, 2020, 17(8): 504-515. DOI: 10.1038/
s41571-020-0352-8.

[S] POSTOW M A, SIDLOW R, HELLMANN M D. Immune-related
adverse events associated with immune checkpoint blockade[J]. N
Engl J Med, 2018, 378(2): 158-168. DOI:10.1056/NEJMral70348]1.

[6] DOLLADILLE C, EDERHY S, SASSIER M, et al. Immune
checkpoint inhibitor rechallenge after immune-related adverse
events in patients with cancer[J/OL]. JAMA Oncol, 2020, 6(6): 865
[2022-09-27]. https://doi. org/10.1001/jamaoncol. 2020.0726. DOI:
10.1001/jamaoncol.2020.0726.

[71 XU C, CHEN Y P, DU X J, et al. Comparative safety of immune
checkpoint inhibitors in cancer: systematic review and network
meta-analysis[J/OL]. BMIJ, 2018, 363: k4226[2022-09-27]. https://
pubmed.ncbi.nlm.nih.gov/30409774/. DOI:10.1136/bmj.k4226.

[8] YOEST J M. Clinical features, predictive correlates, and
pathophysiology of immune-related adverse events in immune
checkpoint inhibitor treatments in cancer: a short review[J].
Immunotargets Ther, 2017, 6: 73-82. DOI:10.2147/ITT.S126227.

[91] PARAKH S, CEBON J, KLEIN O. Delayed autoimmune toxicity
occurring several months after cessation of anti-PD-1 therapy[J].
Oncol, 2018, 23(7): 849-851. DOI: 10.1634/theoncologist. 2017-
0531.

[10] OWEN C N, BAI X, QUAH T, et al. Delayed immune-related
adverse events with anti-PD-1-based immunotherapy in melanoma
[J]. Ann Oncol, 2021, 32(7): 917-925. DOI: 10.1016/].
annonc.2021.03.204.

[11] SMITHY J W, FALECK D M, POSTOW M A. Facts and hopes in
prediction, diagnosis, and treatment of immune-related adverse
events[J]. Clin Cancer Res, 2022, 28(7): 1250-1257. DOI: 10.1158/
1078-0432.CCR-21-1240.

[12] ZHANG K, KONG X Y, L1Y, et al. PD-1/PD-L1 inhibitors in

are



992

Fp [ R R IR T Ak, 2022, 29(11)

patients with preexisting autoimmune diseases[J/OL]. Front
Pharmacol, 2022, 13: 854967[2022-09-27]. https://doi.org/10.3389/
fphar.2022.854967. DOI:10.3389/fphar.2022.854967.

[13] CAPPELLI L C, GUTIERREZ A K, BINGHAM C O I, et al.
Rheumatic and musculoskeletal immune-related adverse events due
to immune checkpoint inhibitors: a systematic review of the
literature[J]. Arthritis Care Res, 2017, 69(11): 1751-1763. DOI:
10.1002/acr.23177.

[14] LIDAR M, GIAT E, GARELICK D, et al. Rheumatic
manifestations among cancer patients treated with immune
checkpoint inhibitors[J]. Autoimmun Rev, 2018, 17(3): 284-289.
DOI:10.1016/j.autrev.2018.01.003.

[15] MOR A, STRAZZA M. Bridging the gap: connecting the
mechanisms of immune-related adverse events and autoimmunity
through PD-1[J/OL]. Front Cell Dev Biol, 2022, 9: 790386[2022-
09-27]. https://pubmed.ncbi.nlm.nih. gov/35047501/. DOI:10.3389/
feell.2021.790386.

[16] SCHNELL A, BOD L, MADI A, et al. The Yin and Yang of co-
inhibitory receptors: toward anti-tumor immunity without
autoimmunity[J]. Cell Res, 2020, 30(4): 285-299. DOI: 10.1038/
$41422-020-0277-x.

[17] CHENNAMADHAVUNI A, ABUSHAHIN L, JIN N, et al. Risk
factors and biomarkers for immune-related adverse events: a
practical guide to identifying high-risk patients and rechallenging
immune checkpoint inhibitors[J/OL]. Front Immunol, 2022, 13:
779691 [2022-09-27]. https://pubmed. ncbi.nlm. nih. gov/35558065/.
DOI:10.3389/fimmu.2022.779691.

[18] EUN Y, KIM 1Y, SUN J M, et al. Risk factors for immune-related
adverse events associated with anti-PD-1 pembrolizumab[J/OL].
Sci Rep, 2019, 9(1): 14039 [2022-09-27]. https://pubmed.ncbi.nlm.
nih.gov/31575933/. DOI:10.1038/541598-019-50574-6.

[19] SEETHAPATHY H, STREET S, STROHBEHN 1, ef al. Immune-
related adverse events and kidney function decline in patients with
genitourinary cancers treated with immune checkpoint inhibitors[J].
Eur J Cancer, 2021, 157: 50-58. DOI:10.1016/j.¢jca.2021.07.031.

[20] KARTOLO A, SATTAR J, SAHAI V, et al. Predictors of
immunotherapy-induced immune-related adverse events[J/OL].
Curr Oncol, 2018, 25(5): e403-e410 [2022-09-27]. https:/pubmed.
ncbi.nlm.nih.gov/30464691/. DOI:10.3747/c0.25.4047.

[21] KHOJA L, DAY D, CHEN T W W, et al. Tumour- and class-
specific patterns of immune-related adverse events of immune
checkpoint inhibitors: a systematic review[J]. Ann Oncol, 2017, 28
(10): 2377-2385. DOI:10.1093/annonc/mdx286.

[22] SURY K, PERAZELLA M A, SHIRALI A C. Cardiorenal
complications of immune checkpoint inhibitors[J]. Nat Rev
Nephrol, 2018, 14(9): 571-588. DOI:10.1038/s41581-018-0035-1.

[23] KLOCKE K, SAKAGUCHI S, HOLMDAHL R, ef al. Induction of
autoimmune disease by deletion of CTLA-4 in mice in adulthood
[J]. Proc Natl Acad Sci USA, 2016, 113(17): E2383-E2392. DOIL:
10.1073/pnas.1603892113.

[24] LO B, FRITZ J M, SU H C, et al. CHAI and LATAIE: new genetic
diseases of CTLA-4 checkpoint insufficiency[J]. Blood, 2016, 128
(8): 1037-1042. DOI:10.1182/blood-2016-04-712612.

[25] KIM K H, HUR J Y, CHO J, et al. Immune-related adverse events
are clustered into distinct subtypes by T-cell profiling before and

early after anti-PD-1 treatment[J/OL]. Oncolmmunology, 2020, 9
(1): 1722023[2022-09-27]. https://doi.org/10.1080/2162402x.2020.1
722023. DOI:10.1080/2162402x.2020.1722023.

[26] LEE S Y, MOON S J, MOON Y M, et al. A novel cytokine
consisting of the p40 and EBI, subunits suppresses experimental
autoimmune arthritis via reciprocal regulation of Th17 and Treg
cells[J]. Cell Mol Immunol, 2022, 19(1): 79-91. DOI: 10.1038/
541423-021-00798-2.

[27] NGUYEN D X, BALDWIN H M, EZEONYEJI A N, et al.
Regulatory T cells enhance Thl7 migration in psoriatic arthritis
which is reversed by anti-TNF[J/OL]. iScience, 2021, 24(9):
102973[2022-09-27]. http://dx. doi. org/10.1016/j. isci. 2021.102973.
DOI:10.1016/j.is¢1.2021.102973.

[28] PAIK D, YAO L N, ZHANG Y C, et al. Human gut bacteria
produce TH17-modulating bile acid metabolites[J]. Nature, 2022,
603(7903): 907-912. DOI:10.1038/541586-022-04480-z.

[29] KUCHROO J R, HAFLER D A, SHARPE A H, et al. The double-
edged sword: harnessing PD-1 blockade in tumor and autoimmunity
[J/OL]. Sci Immunol, 2021, 6(65): eabf4034[2022-09-27]. https://
pubmed. ncbi. nlm. nih. gov/34739340/. DOI: 10.1126/sciimmunol.
abf4034.

[30] FRANCISCO L M, SALINAS V H, BROWN K E, et al. PD-L1
regulates the development, maintenance, and function of induced
regulatory T cells[J]. J Exp Med, 2009, 206(13): 3015-3029. DOI:
10.1084/jem.20090847.

[31] GIANCHECCHI E, FIERABRACCI A. Inhibitory receptors and
pathways of lymphocytes: the role of PD-1 in treg development and
their involvement in autoimmunity onset and cancer progression
[J/JOL]. Front Immunol, 2018, 9: 2374 [2022-09-27]. https://
pubmed. ncbi. nlm. nih. gov/30386337/. DOI: 10.3389/fimmu.
2018.02374.

[32] OKAZAKI T, TANAKA'Y, NISHIO R, et al. Autoantibodies against
cardiac troponin I are responsible for dilated cardiomyopathy in PD-
1-deficient mice[J]. Nat Med, 2003, 9(12): 1477-1483. DOI:
10.1038/nm955.

[33] GAMBICHLER T, SCHROTER U, HOXTERMANN S, et al.
Decline of programmed death-1-positive circulating T regulatory
cells predicts more favourable clinical outcome of patients with
melanoma under immune checkpoint blockade[J]. Br J Dermatol,
2020, 182(5): 1214-1220. DOI:10.1111/bjd.18379.

[34] MICHOT J M, BIGENWALD C, CHAMPIAT S, et al. Immune-
related adverse events with immune checkpoint blockade: a
comprehensive review[J]. Eur J Cancer, 2016, 54: 139-148. DOI:
10.1016/j.ejca.2015.11.016.

[35] HERMANN N, MAUL L V, AMERI M, et al. Clinical presentation and
prognostic features in patients with immunotherapy-induced vitiligo-
like depigmentation: a monocentric prospective observational study[J].
Cancers, 2022, 14(19): 4576. DOI:10.3390/cancers14194576.

[36] SANDIGURSKY S, MOR A. Immune-related adverse events in
cancer patients treated with immune checkpoint inhibitors[J]. Curr
Rheumatol Rep, 2018, 20(10): 1-7. DOI: 10.1007/s11926-018-
0770-0.

[37] BAIK A H, TSAI K K, OH D Y, ef al. Mechanisms and clinical
manifestations of cardiovascular toxicities associated with immune

checkpoint inhibitors[J]. Clin Sci (Lond), 2021, 135(5): 703-724.



Piylee, S5 Gu BERS A s A FRUAN RS L PR 3k e

993

DOI:10.1042/CS20200331.

[38] JOHNSON D B, BALKO J] M, COMPTON M L, et al. Fulminant
myocarditis with combination immune checkpoint blockade[J]. N
Engl J Med, 2016, 375(18): 1749-1755. DOI: 10.1056/
nejmoal609214.

[39] IWAMA S, DE REMIGIS A, CALLAHAN M K, e al. Pituitary
expression of CTLA-4 mediates hypophysitis secondary to
administration of CTLA-4 blocking antibody[J]. Sci Transl Med,
2014, 6(230): 230ra245. DOI:10.1126/scitranslmed.3008002.

[40] MAMMEN A L, RAJAN A, PAK K, et al Pre-existing
antiacetylcholine receptor autoantibodies and B cell lymphopaenia
are associated with the development of myositis in patients with
thymoma treated with avelumab, an immune checkpoint inhibitor
targeting programmed death-ligand 1[J]. Ann Rheum Dis, 2019, 78
(1): 150-152. DOI:10.1136/annrheumdis-2018-213777.

[41] CHERA A, STANCU A L, BUCUR O. Thyroid-related adverse
events induced by immune checkpoint inhibitors[J/OL]. Front
Endocrinol (Lausanne), 2022, 13: 1010279. [2022-09-27] https://
pubmed. ncbi. nlm. nih. gov/36204105/. DOIL: 10.3389/
fendo.2022.1010279.

[42] SAKAKIDA T, ISHIKAWA T, CHIHARA Y, et al. Safety and
efficacy of PD-1/PD-L1 blockade in patients with preexisting
antinuclear antibodies[J]. Clin Transl Oncol, 2020, 22(6): 919-927.
DOI:10.1007/512094-019-02214-8.

[43] CARDENA-GUTIERREZ A, BARAHONA M L. Predictive
biomarkers of severe immune-related adverse events with immune
checkpoint inhibitors: prevention, underlying causes, intensity, and
consequences[J/OL]. Front Med (Lausanne), 2022, 9: 908752
[2022-09-27]. https://pubmed. ncbi. nlm. nih. gov/35774996/. DOI:
10.3389/fmed.2022.908752.

[44] YOUNG A, QUANDT Z, BLUESTONE J A. The balancing act
between cancer immunity and autoimmunity in response to
immunotherapy[J]. Cancer Immunol Res, 2018, 6(12): 1445-1452.
DOI:10.1158/2326-6066.CIR-18-0487.

[45] TARHINI A A, ZAHOOR H, LIN' Y, et al. Baseline circulating IL-
17 predicts toxicity while TGF- 1 and IL-10 are prognostic of
relapse in ipilimumab neoadjuvant therapy of melanoma[J/OL]. J
Immunotherapy Cancer, 2015, 3: 39 [2022-09-27]. https://doi. org/
10.1186/540425-015-0081-1. DOI:10.1186/s40425-015-0081-1.

[46] PUZANOV I, DIAB A, ABDALLAH K, et al. Managing toxicities
associated with immune checkpoint inhibitors: consensus
recommendations from the Society for Immunotherapy of Cancer
(SITC) Toxicity Management Working  Group[J/OL]. J
Immunotherapy Cancer, 2017, 5: 95[2022-09-27]. https://doi. org/
10.1186/540425-017-0300-z. DOI:10.1186/s40425-017-0300-z.

[47] POTO R, TROIANI T, CRISCUOLO G, et al. Holistic approach to
immune checkpoint inhibitor-related adverse events[J/OL]. Front
Immunol, 2022, 13: 804597 [2022-09-27]. https://pubmed.ncbi.nlm.
nih.gov/35432346/. DOI:10.3389/fimmu.2022.804597.

[48] SZNOL M, POSTOW M A, DAVIES M J, et al. Endocrine-related
adverse events associated with immune checkpoint blockade and
expert insights on their management[J]. Cancer Treat Rev, 2017,
58:70-76. DOI:10.1016/j.ctrv.2017.06.002.

[49] THOMPSON J A, SCHNEIDER B J, BRAHMER J, et al.

Management of immunotherapy-related toxicities, version 1.2019,

NCCN clinical practice guidelines in oncology[J]. J Natl Compr
Cancer Netw, 2019, 17(3): 255-289. DOI:10.6004/jncen.2019.0013.

[50] DE LA FUENTE F, BELKHIR R, HENRY J, ef al. Use of a
bDMARD or tsDMARD for the management of inflammatory
arthritis under checkpoint inhibitors: an observational study[J/OL].
RMD Open, 2022, 8(2): ¢002612 [2022-09-27]. https:/doi. org/
10.1136/rmdopen-2022-002612.  DOI:  10.1136/rmdopen-2022-
002612.

[51] SCHWAB I, NIMMERJAHN F. Intravenous immunoglobulin
therapy: how does IgG modulate the immune system? [J]. Nat Rev
Immunol, 2013, 13(3): 176-189. DOI1:10.1038/nri3401.

[52] TOUAT M, TALMASOV D, RICARD D, et al. Neurological
toxicities associated with immune-checkpoint inhibitors[J]. Curr
Opin  Neurol, 2017, 30(6): 659-668. DOI: 10.1097/
WCO.0000000000000503.

[53] BADDLEY J W, CANTINI F, GOLETTI D, et al. ESCMID Study
Group for Infections in Compromised Hosts (ESGICH) Consensus
Document on the safety of targeted and biological therapies: an
infectious diseases perspective (Soluble immune effector molecules
[1]: anti-tumor necrosis factor-a agents) [J]. Clin Microbiol Infect,
2018, 24(Suppl 2): S10-S20. DOI:10.1016/j.cmi.2017.12.025.

[54] JOHNSON D H, ZOBNIW C M, TRINH V A, et al. Infliximab
associated with faster symptom resolution compared with
corticosteroids alone for the management of immune-related
enterocolitis[J/JOL]. J Immunother Cancer, 2018, 6(1): 103 [2022-
09-27]. https://pubmed. ncbi. nlm. nih. gov/30305177/. DOI: 10.1186/
s40425-018-0412-0.

[55] BERGQVIST V, HERTERVIG E, GEDEON P, ef al. Vedolizumab
treatment for immune checkpoint inhibitor-induced enterocolitis[J].
Cancer Immunol Immunother, 2017, 66(5): 581-592. DOI:10.1007/
$00262-017-1962-6.

[56] ABU-SBEIH H, ALI F S, ALSAADI D, et al. Outcomes of
vedolizumab therapy in patients with immune checkpoint inhibitor-
induced colitis: a multi-center study[J]. J Immunother Cancer, 2018,
6(1): 142. DOI:10.1186/s40425-018-0461-4.

[57] CAMPOCHIARO C. Tocilizumab for the treatment of immune-
related adverse events: a systematic literature review and a
multicentre case series[J]. Eur J Intern Med, 2021, 93: 87-94. DOI:
10.1016/.€jim.2021.07.016.

[58] VICENTE-RABANEDA E F, ATIENZA-MATEO B, BLANCO R,
et al. Efficacy and safety of abatacept in interstitial lung disease of
rheumatoid arthritis: a systematic literature review[J]. Autoimmun
Rev, 2021, 20(6): 102830. DOI:10.1016/j.autrev.2021.102830.

[59] VAN STRAALEN J W, KROL R M, GIANCANE G, et al.
Increased incidence of inflammatory bowel disease on etanercept in
juvenile idiopathic arthritis regardless of concomitant methotrexate
use[J]. Rheumatology, 2022, 61(5): 2104-2112. DOI: 10.1093/
rheumatology/keab678.

[60] KORZENIK J, LARSEN M D, NIELSEN 1J, et al. Increased risk of
developing Crohn's disease or ulcerative colitis in 17 018 patients
while under treatment with anti-TNFa agents, particularly
etanercept, for autoimmune diseases other than inflammatory bowel
disease[J]. Aliment Pharmacol Ther, 2019, 50(3): 289-294. DOI:
10.1111/apt.15370.

[61] REDELMAN-SIDI G, MICHIELIN O, CERVERA C, et al.



994

Fp [ R R IR T Ak, 2022, 29(11)

ESCMID study group for infections in compromised hosts
(ESGICH) consensus document on the safety of targeted and
biological therapies: an infectious diseases perspective (Immune
checkpoint inhibitors, cell adhesion inhibitors, sphingosine-1-
phosphate receptor modulators and proteasome inhibitors) [J]. Clin
Microbiol Infect, 2018, 24: S95-S107. DOIL: 10.1016/j.
cmi.2018.01.030.

[62] CHANG L S, BARROSO-SOUSA R, TOLANEY S M, et al.
Endocrine toxicity of cancer immunotherapy targeting immune
checkpoints[J]. Endocr Rev, 2019, 40(1): 17-65. DOI: 10.1210/
er.2018-00006.

[63] DAS S, JOHNSON D B. Immune-related adverse events and anti-tumor
efficacy of immune checkpoint inhibitors[J]. J Immunotherapy Cancer,
2019, 7: 306. DOI:10.1186/s40425-019-0805-8.

[64] WANG D Y, SALEM J E, COHEN J V, et al. Fatal toxic effects
associated with immune checkpoint inhibitors[J]. JAMA Oncol,
2018, 4(12): 1721. DOI:10.1001/jamaoncol.2018.3923.

[65] DE VELASCO G, JE Y, BOSSE D, et al. Comprehensive meta-
analysis of key immune-related adverse events from CTLA-4 and
PD-1/PD-L1 inhibitors in cancer patients[J]. Cancer Immunol Res,
2017, 5(4): 312-318. DOI:10.1158/2326-6066.cir-16-0237.

[66] RINI B I, PLIMACK E R, STUS V, ef al. Pembrolizumab plus axitinib
versus sunitinib for advanced renal-cell carcinoma[J]. N Engl J Med,
2019, 380(12): 1116-1127. DOI:10.1056/nejmoal816714.

[67] MOTZER R J, PENKOV K, HAANEN J, et al. Avelumab plus Axitinib
versus Sunitinib for Advanced Renal-Cell Carcinoma[J]. N Engl J Med,
2019, 380(12): 1103-1115. DOI:10.1056/nejmoal816047.

[68] BORDEAU B M, BALTHASAR J P. Strategies to enhance
monoclonal antibody uptake and distribution in solid tumors[J].
Cancer Biol Med, 2021, 18(3): 649-664. DOI:10.20892/j.issn.2095-
3941.2020.0704.

[69] SIMON N, ANTIGNANI A, HEWITT S M, et al. Tofacitinib
enhances delivery of antibody-based therapeutics to tumor cells
through modulation of inflammatory cells[J/OL]. JCI Insight, 2019,
4(5): e123281[2022-09-27]. https://pubmed. ncbi. nlm. nih. gov/
30720466/. DOI:10.1172/jci.insight.123281.

[70] HOOS A. Development of immuno-oncology drugs-from CTLA4 to
PDI to the next generations[J]. Nat Rev Drug Discov, 2016, 15(4):
235-247. DOI:10.1038/nrd.2015.35.

[SFaBHEA]  2022-09-27 [fEEIRHA]  2022-11-25
[(Axx4wig]  FiiHa



