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Immune checkpoint inhibitor-related adverse events: New exploration, new
challenges

BAI Rilan, CUI Jiuwei (Cancer Center, The First Hospital of Jilin University, Changchun 130021, Jilin, China)

[Abstract] In recent years, immune checkpoint inhibitors (ICls), by enhancing the killing effect of the human immune system on tumor
cells, have obtained significant clinical efficacy in anti-tumor therapy. However, a number of evidences have shown that immunotherapy
can lead to unique immune-related adverse events (irAEs) when activating the immune system, which can affect the efficacy of
immunotherapy or discontinue the treatment. In recent years, with the wide development of clinical trials of immunotherapy, more and
more attention has been paid to the occurrence, toxicity spectrum, as well as the development of effective management approaches of
irAEs. Common irAEs include dermatitis and thyroiditis, efc. The use of different types of ICIs, different therapeutic doses or
combination therapies can lead to different irAEs toxicity profiles, even the use of same ICI on different tumors can cause different
toxicity profiles. At present, it is believed that the occurrence of irAEs is related to the changes of immune system, including excessive
activation of the immune system and the breakdown of autoimmune tolerance, but the specific mechanism is still not very clear. In this
review, we integrate the new advances that have been made in recent years in the key theory and understanding of exploring the

molecular mechanisms and predictive markers associated with irAEs of ICIs therapy to summarize the occurrence characteristics and
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molecular mechanisms of irAEs. We also provide an overview of predictive markers, improvement on management principles, as well

as new explorations for the treatment of irAEs.
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F. (4) IFICI 8 irAEs FWiEfn X A2 H £ 7,
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Bk 20% ", BERE R BOR R I EF T KBS 3
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1.3 35t irAEs 156 4% &

LT RBEET ICLEXA T EFHNFE, ¥
mE, BAMEREREFTXEERABT. N
PD-1 oI KB a4k 78 (PAH
a7 A 145, 40.0 F1 40.0 d) ., WANG £ # 47
T =T K 112 BUR B 19 217 7] £ 09 £ 3 447,
SRR, TEICIFHEAXIILELE: #PD-1
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Chttp://www.vigiaccess.org/) F B £ 31 059 ] % &
A AR A, FHRAT 6137 (1.97%) ZK L 4% ICI
EUEHN, AEESFERBTAYMEZREA:
CTLA-4 Zh 4 30 T £ % #1 PD-1/PD-L1E &, £E X
23k [135 #] (70%) ], #t PD-1/PD-L1 48 % 3¢ =
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1€ | Cantibody dependent cell-mediated cytotoxicity,
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M B 5% 2K F7 irAEs B9 % & . CTLA-4 & Tregs 4 &,
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fa k., ENANRANALLENBKEFREAETELRE
HERECHRANH B ERERBEEZN
BRI, CAARICHEE TR G T FER L WRIE
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TCR. L3N, 1% T 40 i #F 7 &b xf IE % 4 4UF0 i
Bz kAR B R LW, &£ — IR A X
73 ¥ % #1 PD-1 #L4K ¥6 /7 9 NSCLC & # 89 7l
MW R e, 342% W EHF AT H K
irAEs, XT3 o 4 5] & fik o fib Je 4 43 UG 0 B B AR HEAT
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HEERNA THEREE., FR™ #—FiEx,
ERAfe B 3R o MR X R HUR, AT A K
MEBHIEAMENZEMFET IFN-y 8 T 4
&, BEAE—MHESARZAAKEERER A
Mgl REE R A ERF, EICLIETHEREECRE
A Bl o KB, Fb e An E B R IR R B R A e e
CD8'T 4 flanyizid, H#EHBERBHAMMES BEE
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AURAT IR AT g g e g
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QIR — A RN,

W= | BTSRRI
OONUAE AR RN, WS/
IR LA B RS
HICTLA-4 70%
HPD-1/PD-L1 50%
&z 93%
34% V) I"irAEs —
PiCTLA-4 28%~56%
$iPD-1/PD-L1 21%~32%
& HZy 50%~59%
T irAEs 0.5%~13%
(a2 sy G RE W I FRTE )
HFEEirAESs — o MR R DIR . A RS
FHREEME, B R B 2 E RS
#¥iPD-1 0.36%
#iPD-L1 0.38%
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AR AT irAE
B RREEE 2~3J W% BREE. KA. Stevens-JohnsonZR G
FA R | 2o B 4 25 fiE, PEEER I
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HICTLA-4 47%~68%
HPD-1/PD-L1 30%~40%
B i stk 5~10/% g T, B4R, hEEESBHAZEL
2E g o MRS IR IR VS 45
PiCTLA-4 30%~40%
$iPD-1/PD-L1 1%~2%
At 12~16/# TR T SIS s
K Z IR
B RER LY 2%~9%
A Mz 20%
WA EEE 24110% Rl A GREASE R IR . HURIRfE 55
g/ T, S-S
B R IR | R
GeE M 56 8~14J% PR A b S —
LRI AR
HICTLA-4 1%

$1PD-1/PD-L1 5%~7%
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ICI 3697 B 1E ALl 2 — R 5 41 %t Bb g 40 e
FURBI R IE LA, TERIE N A TR, MEHE R
T BREIRR (R E) FERETEL Y #3
KW R A, AR #Y, RhE—F
BELEEBET %R RAMREEAERYE, Fl,
ERHBE X BT R T IRE E# F, sipuleucel-T
FHe T e EARE (PA2024) Fu/s #4708 (B 7|
R MR EE) R eENE, MESHEZEK
WA X £ R R E B R R ™, X A R
FALHY B ¥ RET| A 0B V6T A0 KB B & RS R R .
24 BzniEL

EHRAETmMEESRAEETHKTEANR
irAEs. # R BoR, EEZHPD-1 T EH
B, AL FASIEIT T4 I F R IR
KB R A BETHAEFTFRRER. BT
ICI %697 + B 40 A5 B9 AR R % 0% B v T 18 1
TEHAREF A2 EERFSY., EARER
JEIETT A B MR TEAL, EALE AR IR A E e
SR, NTTEAZRENEERARBLNE &7
R R RBLTE R Fob, RBEITHIE
WL 5 — g hE L, FLZE, KM
R —RIEH RN, WEENLA. BEH %
Y% MV 4% i Ar TIDM,
25 KBRAETFTRFAZ

W E TN T B & T B AL T
55 rAEBs R EA B LR, IARA, FRAE
WHESHIMET R EHF IL-17 KFAFE, @
ELIL VT A TRENEFETHTRHELEN™E /N
4 B kBN, H e, ICLE 580 B 3k °T 6 o 28 B
FIL-17 A5, FF 4R B A IL-17 [ o7 77 % A
NICIES kT, REZE L L FENH
ICL & 2 A B8 1 Al 77 @ B R Fe o — S PR TL-17 B
HL 1R, 4o secukinumab. ixekizumab # brodalumab,
EATEEREBERAREEEEREANHR
BHERMBETT, 25 —FH D F, mE
INF-y % 5 & # 10 F] F CXCL-9 1 CXCL-10 & & F
5 itAEs ) & £ F X . & 4, NLRP3 (& 34
NOD # % & K ik #y vl v & M 38 RE /N B 8k 78
TEE5 5 T irAEs AR ALEl, B 3 & NLRP3 %
M /NREIAL ] 4L 7T BE /v irAEs WK B R H P &
M, BRELY, FAMEEEN T HEA NK 458
Bk g 3L & 7T E DC 3 £ % A 41 B o el
NLRP3 3% 114,
2.6 FALFIRE F K

FRRRE—FRELH (EE%E) HTRF

(B EM) WERENERE, FILAERIETHMN
BREETNE 4% XA T R FEENFRNERK,
&R B E S CTLA-4 T W7 iR 22 5T iy 4% & M R R
ANRER SR T WERTHMREHRRE, HE
FmFFEEETRAE (XEHREEHAEL AT
WhREF. RERFAHZAREET LR ERBEER
w), X—AZEBIEEE FHEHEXLD), #
MHERENFN LA, ERF, FHEENILERE
FARIREMM T, %A T CTLA-4 & @ i f7 mRNA.,
EREIRNZ, REHMERT MR BENE G, B
MR C3d Fr C4d A4 H9 AR Fo 2K 00T T &Y 48 R AL
B S IE B R B A RRAEDY, R B4 CTLA-4 $ifk 1
HEZREEHFHR FRLW CTLAA HEEL 4,
B BB AR BB R, DLAME 7 R A REP,
2.7 MR AR E R EARDS

B, LT GIT W 2R Rk B HR &
MK RTE RGP &I 70%, #4135 FE %%
ERBANKRANKEEE. £GITF, ERHK
FERNMERERANEE HHE S T 3.8x10°
(i) MEEAAHREFTHEER M EI TS,
T 1 L6 7 38 55 B A A B A2 8 e 4 RO A ol
KEXBERS, £5 5 CD4'f0 CDS'T 4 A
mEAFHEAERGE. Hi, BEKEWAT R
M RN AR RN ., B — 7,
GITHREMZRALE FHEERT R EKE
% o 7 ) & 1k CTLA-4 5 PD-1 #9 Tregs #9 & F# T
AR, Uizt E#EY. W ICI#E &
Tregs Ja, VLMY IE % 0% S A WA AWK &5 B & %
RSN E RN tAEs PR BT E 2R AME
mEH AW HEEHEDSY, AR LA, EET
FPD-1 TN ERENEZECREELE, W
HHRAEMNSEERAR I EAELEZR, BEH
NEHNEEBEEEZNRAEN, LIDEMEHLL
fofpiE + CD8'T 4 K- FH & . 26 flEXF
CAERETHEBUEECEZREFNAR B
T, BEAMEAEESENERE (11X EEH
1T, Xik: BEEMA FEEH|THMRAREW
EASEEVAFREHREAWEHEHL, THEAE
% #1 (progression-free survival, PFS) 1 OS ¥4 AT
RE, 250 ERNEEREEYAEAE, EE
HICIFSHNEMA R EEET. ZHEHAARYE,
FIET i A EH 5 - = B ER IR X Thl7 20 f9 el
A RARHAER, MEE Th17 40 o e i 3
BRARE EZ 3\ BA o wRATE™, £4
F R A irAEs B9 R AL A R 8 AR MK B
SEETEEAD, Bk, MANAEEEFEER
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HRERSTXEEERM, FH RN EMIET
fxEME. BEMHARAHE AR EDHNEZE
A, FH—FTRUWELAR.
2.8 HAEEHRIMKGBH
BEZREREAREBANRBEE. 2%
4 % Bt A % ( genome-wide association study,
GWAS) BX = KT 8 & %% & m Ao s R 3 1F
AR ELER, A5 T rABs WEE X £LF & B
B e EBHHINR, FRARRBTHRZEL R
B irAEs R sk 15 5 R s AL, R B
A, AR EF, RWE L F KRR
¥ N K @ 4 fe ft E Chuman leukocyte antigen,
HLA) #fFAMLZSHESSMARANE & 2 EH
RHA K, HREABSH X AP R EEE
F, WEETRELEFEESENE & KIERMN T
. Flie, i KBTS, CTLA4 £ A K
58 & & tEm (o TIDMD) B R 3 o ie %,
I R BT AR AL 49 52, 40 CTLA-4 30 %1 51 o 3§ v B &
%% P AE R R 1 RS HLA 47 35 DQS #7 DRS3
5k B 4 Bt E R kg X £ PD-1/PD-L1 %
HEARNEH 2 EERGZRBAEERFEEL T,
HLA-DR4 & £ S, F4, THAE & %%
MR A GWAS #EME R R T EMRATH S X
B R i 4%, 4 R oax i 4 7 T irAEs B9 K
£, N HEUTFE 8 & % & A irAEs K &
MWEZTHRERZ. NEXICLETHEE T KE
Mo B A2 ZER S A M (single nucleotide
polymorphisms, SNP) #t#& b, v i TR 7| 2 A 4 +
irAEs 8y fa F S R 47 [ &, FF#1 % irAEs & £ HL#,
Jy P 40 R EE v AT 1 R AL AR G HT B L T,
REFMFINELER, EMFEELANEEENT
FHATH R, DLHE irAEs & & B 18 E 3% £ KBk,

3 irAEs Fil$EiREWHF X

& T X irAEs & £ 5 R LR BB 7, BFRA
RIEFFRFERT EBH TN BRI AT S,
LSRR BY IR IR [ A 7 RO 5 P8 B #R 6T X 3t/
M b o A R A irAEs T £ SR S48 B T
EETHRAEE irAEs X £ R G ER . EET
NI T LA, R EE KA irAEs 7 #
TRHATIET. Kot gF kAR ZIETHRNE
MR K E STk, FEE, #4 irAEs & U8B T
HEAT R, FH M, Xt irAEs T MAR SR R
EXEE. HHl, BRET 2MHEZHY Y, &
e A A T — R RAFAE . %% 8 B 45 AT
HAETARERE T B & UK DR A A

fhRBEREFS, W— 2007 ANE 8 E =
MAXLWHARF B TRTRETRRAM LR, BEIHX
TEARZ W TN A R EEEER R RTREE
B 4. HEM T HAHAE R TN 7 % AT S =
s R SE Bk, B M A 48 2 A R 3K 28 A AT S AT
AR o 7T & o s B BUR R AR I BA B R R
MAZERGTE T HEM ERAER, BRET. B
M EERZ BB AR S, REmSYE
RM RS RBE . R, i, EHRL
AT S e RN R B AR R SR R, B EA
MREFHE, URLITFET A EF RN Z /N
Bt B TERY RE LI, FHTHET,
R irAEs R £ T ERE, AATIERAK
A EH PR EFSEMAN, EHRA KRR

4 irAEs BRI SHIFER

4.1 irAEs &% 2 RN

He#l, EXH T 4T irAEs € BHERH, #HHE
FERWMEIEET . R R ITEA (e &R
KE®) &7, FERATREFEARERENT
EREHATISEHGR (IR=-8F, 2%=F
B, 3R=8F, AF=RE4E&, SH=FHEHELRL
) o 44 A 89 irAEs 3%, AP R | 4 A |/ VY7,
VR B ENEHFEET N 288 F U7
ICL#97, YERM/REIRELEERZE 1 RZUT
B E ICLET . wmRERFEALAT 1A, WAEFAF
WHEE R E [K M 05~1 mg/ (kged) B %4
EHT; XT3ZF4%, ubsTefekidn
B FET [ KM 1~2mg (kged) |, LEWR
HIBE 1 RHUTE, BEREENLEHNRE,
TRAEZBRABRRNMNELRE, HERKEEYTE
FAWEIET, B3I FEAKELE. FREDE L/
AR, 3R E e E K RAL 1~2 mg/kg B UL
THTAERES. ¥ TA4%EF%, GBREERET
TR A 2 Wk A, R AZ A ICT. Mesh, L
THEROEEAAERIICIEFT: (1D 2%
irAEs %42 6 Bl E KB, [ERI B EHNRET
BHIE A 2wk, (2) 4T CTLA-4 F ik 6 7 i
BHELEWERFRBEENEREK A 7.5 mg/d 5
Y g, S PD-1 ERBETHWES 12 AR T ERE
ERBERBBWE 10mg/d LLT; (3) B 4EMN
FENTE2RANAREEZE I RBREEL HBTW
2~4 B H N . T HAEY I irABs 9 £ 4,
BORER RIET R E R0 T B H R AR
R /3k 2 b, 40 e X B E irAEs B9 H R X
E, BEXNTHRE irABs. # BIK KX £ irABs, %K
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A&, HEPEEOEAXTRERERGEFIT
GiTT. TAESs W E B FERBTHENA, RE
AEBrABs BT H 4L LR BB LB EF
Disdlsd, BEEEEIR PR ERHRENM
k. RERME, FumEEFRETEN, £
MarE, BIETEE BB,
42 irAEs #8957 IR &
GEMEFAEELETEFARLE, 27
B AR AR S, Bal, EERHTHESIFNET
ICI FRMBATEANAE, A FEETHRAL
T BT, BRETREMERZTE (WEERE
BIT. MME TR CART A M) %, ME Xy
WiEIT TR T BRI R, HiE R B AR B (E
A e FaENTRSFEE Y FNRE—FE
# 1, A X irAEs 1R 3| f1 & B 1 F iR L E T K
. &%, IHIirAEs £ Fl 2% B8 8 & & B 7
Bovr . EFMEC R BOR, 7 298 B AR
BB EREREY, AiBExALBEER
F B OS fu 36 J7 Kk W 84 B 8] ( time to treatment
failure, TTF) LR EMH R, WA —AHxE
, EICLHETHEEEMEHEX REEHEZE
THELEWEARTERLEZ (HR: 1.54, 95%CI:
1.24~191, P=0.0001) . Hit, BEBITETEE
WRITT R AT ENEENAMFEE—FRIE. HK,
FEBHEITIHRKEF GRS . U EEFET
WHEHENS, EANEEREFRAEFETZHEZ
JEE BIR R, A B R e R
FUEANBKERA, ANEXREEENL
H R E AN EE R B ET MR A A E
v, Bk, 33T Rt irAEs ALEI B AT, B R ET R A
THY, EXARHETERNURTEBERERE
Z. BWEBTFAT M HEMH A rAEs 677 447,
WHENFHRE FRESRNEWF A BrL
AEBEME AT RLN dpT BAEEAWFAY
Wit % Bk 240, 4t TNF-o B 30 41 5 35 & A1) 75
. FEFEFRIL-2 T o st (CD2S HE) B EA
H #41 (basiliximab) LK ¥ 1 IL-6 % Ry F 2k £
i (tocilizumab) ; ##| T 28 f v 1L FH F IL-2 8945
WHBREBEME A, 44882 EERFNARER
Y, WERBREL, AFEY . AEREELE
X irAEs B EE M. WA, BE S H A
b3 HE B B irABs B0 MR G T TiEm kiR . R #
WEEENERRELRARET — MY “shut-off”
B EE, B 5 5 irAEs 75 IR A4 TR 3t A2 o X 4
RIE A, FFIR & 25 4y 50 0% 30 ) F b 98 R B 7 7
TERRL, e e minemE S R BT

B, Lk, AT A R M A T R IE
irAEs 77 W Y 7] Al ME L T BT R K. Flawn, BRAE A
TIE ST M IE MR g 1 4 B R B9 FE iR B RAE VB ST PD-1
Frecen gt R W4 skl A B R,
HRFE W RAEIEVE %A K 4 R B AR Qi
B R B P — PR K

B BT E X irAEs J6 77 A AL 77 W #E4T T o £ T
Bx, BEMKRZAROERREFAHE, EE
RAFTE MW AT B ENZE, EEAM
I JR A 5 3F 5 B irAEs HOBTIEE A R, 4
B H R Bt R T SRR R R R

5 B 2

%48 irAEs & A R . EM i KT RS
R4 FALE, % T irAEs 895 )R & 2 A0 K67
FERHUFLAEREE., MEMNE £ ZETHNH LR
DR & MG RRBH ZHE, REIETTFEME
ML, REFEMBREZEGT A ENER GG MT
BB ARRMRENHNE LK, REERE
ZIT — e g B H A X B A B irAEs & A AL F,
BN MAFLE, RRAETHERIET NS
HAETHESELMFLNIR R LA L. B,
Mo FHAFHEENGEREXEE, THBGERET
Bi# & A itAEs R A BT, WA T XA L M
MEAFZT 4, kIR B irAEs 3347 KB, 3
BT, Na TR AER¥ESTRRNALE,

Baimair 2k m Sk, 5%, RELM
MRS, R T KMo B4 irAEs 9 & & & 2,
EREMERAE . T E#FANMKirAEs X £ & LA
B &R, MRIBET RS IR ETEY
ET . KA, T AZRATTELILHESR
BT, FEIWEFE S0 R RN A2 & R R AL
FlEFEL, RERAET —L#E, EEHuA
IrAEs WIRE 4 M AW, WP HREURFR, Tk
Z ot e K A R BCH AT ALEIAR .
B, REEWEHEKT £ M irAEs AR 47,
B TR R — A AW T4 T e R
B, irAEs T AR SR R E#AT, HAE
HEARFARFEERRENTIR. EHE XL
TR FERERN S FTRELR Y, BTLAAE
MATE WA G TT AR A, X irAEs 4 F AL A
Ao A AR R AR R AR B T AR Y ICT R
W B LR B KR A irAEs W IlE R B E R F
HEN, FATFRFEETERBETEFNME. I
S, itAEs 5 ICL iy ATl G Wi AH A 77 B 7 £ %
W, B EEMEFRILY, rABSW X £33 £
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ICL ks B9 o F &1, P&
ERIE &

£T B Al e R %677 77 S0 % A 1 DL R
FREMEEFNE, EIrAEBSWEEFHRTT# %
KR, BERFERAN BRIETRRNTH. &K
FIBIT AR B OS SR Bk ik, irAEs W67 #T 2
WA R DART B SRR R T RROR Y
BN ERE, TARKRRRTARESF . AEH
AW EATG, FREETRRA, RFARE
e e foils KRAF R LR T # irAEs B9 4 T &
Af. ARRETAER %+ T ¥ ¥ irAEs X £ 0V /A & &
BFALR, oA K AR S LB & A R R
WTmERE, T RMEIERZINE T E, UL
T B RCRL B[R] BTS20 R R T AR AL B 5 i A
EBRFLFMNKASE, R FREEFENTHMN
ELREI, VLEIRE R IEITH T
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