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Hepatotoxicity induced by PD-1 inhibitors in cancer treatment

Bkl 2R A R F ] (1 REEAKREMNBER a. AHHRKFRLET; b. 24854 2. BEMNBE
REFHRZTS RETMBGE"ETERFRET RETEIRNBERAEFHLT S RETIHBLE S LAY
B ERRRE, RE 300060)

[ FE] Sk S HH] 7 immune checkpoint inhibitors, ICIs) B KB vZ MR T8 VR 97 24, F R A2 i PR gu fu de v a
H-1(programmed cell death-1, PD- 1) 55197 &0 5 , GBI I i 8 S AR A, 2 H AT 90 5 20 R R e TR ) S e A A 41 )
Flo SR, PD-1 A 771 2 51 AL G B AR D PEAS RS, JFF 25 14 M52 FE AR B DL — e RSO % PD-1 4l 7R i v 97 o T

JEE M RS 5 2 BT RGBT 45 7 T AT 4RI L MR PR B2 W R A T T SR AR s
[EIR] 8 SR TT s PD-1 S50 s ATAEFS I ; S A 5SS R34
[FEZZES] R730.5 [SCRRARIRAL] A [SZEHRE] 1007-385X(2020)06-0691-07

HEAF K, S K 2 f 4 77 (immune checkpoint
inhibitors , ICIs)BR KBk )™ V2 # 3 H] TR Ve 7 2
B30 I P BT G A A ST T 9k EE A B A R AR
52 IR 51 S A e 8 SR B, A4S I R S PR 85 R R T
() T & i wT DA IE 5 & 4k, 33E T 58 4 b o 3 B i 98 4R
FHM, 27 MR 4 g 8 U0 & A -1 (programmed cell
death-1, PD-1) 401 fil] 771) 52 AH S HIF 78 B 2 I PR B FH &
JE R —KICls.

H # B &t 22 FrAS [R] 3) PD-1 4 551, H
FH IS 1] 5 K+ 2 FH 0 Bl e ) 1) 2 M 1R 2R (pembroli-
zumab) FTZH ] JE (nivolumab) . 2014 59 A LK,
PD-1 $1fi1l55] 4% 35 [ FDA Lk H T 2 Fh S 4498 1 i
RG>, 2018456 A 15 H, 1 [H & 5 24 5 I B &
5 R (CFDA) IE Rt gy M G S bt i, T
EGFR/ALK B BEAT 2 52 0 2 40 07 RAGYT 5 P i
i AN T i 52 B4 JR) 3 e A Bl #% 1% NSCLC R A
7 H25 B, IR R ER BT, H TR R —
FRIT VLR TT % WL B AN B ) B v B A 1 R L 38
T J B 2 i 825 457 5ifi 35 1] (toripalimab) « {55 18 F1] (sin-
tilimab) F1 - 3 F1| 2k (camrelizumab) 3 Ffi [E 7= PD-1 #1
HFIE T ETEGR D,

SR 5 PR S e 25 i A N AR B 1 4 9% B 25 I
sk P AL, S FH TCTs X6F FL kAT BHL B 2 (15 12
B RPE LB BRI 5, By Bl e RF KL, A
AJ BT B PN T 20E 5L 3 B o B i AN B
N, % B TR B2 B8 G R T X AN R S A
B RAE S 9% A0 2% A B F 2F (immune-related adverse
events,irAEs). 9% /1 F P I & (Immune-mediated
hepatitis, IMH) gt /& 5 PD-1 01 75148 F AH 3¢ 1 —Fb i
L irAEs.

ARSCHG X PD-1 H 57 e RE V6 97 BT 2
SR e PRAR B2 W Bda o IR T 45 7 T 3R 4T

D

ZR0E
1 PD-14FI5 BT AR S 14 B & E AL

PD-1/PD-L1 i | ] /& £t %f PD-1/PD-L1 &% i1 [
R B AP . X EeHTA T DL PD-1 8 PD-L1 &5
A, MM BE 1 T 41 i 2% T8 PD-1 F11 i J8 40 A PD-L1 F¢)
A EAR R, HETT R R T A0 Th e, 1658 T 40 i %
SV iR 2 M AR o Bt SR BH PD-1 1) 550 5 3 At
ICIs, £ 7l & 5 75 — 28 % W 1) ICIs——CTLA-4 1
FUAR LG, e irABs KA HiER . MRHE— LI IR
PRIRGS: (1 AH SR , Bph A Y PD-1 #5700 23, K
A 3~4 2 irAEs B ] BE 1 N 7%~12%, 1 5 A A
CTLA-4 SZ ARSI B35 W 10%~18%"", 1E &
IR Dl 22 4 1 G 82  , fE 45 PD-1 #0016 551 B A0 78 I PR
BTN HEZ .

ICIs A R EEPE B R AE WL B4 AR B . (B
KT R s T 48 M A WL BB 5, T LN
ICT F ML R it — 2282 . CTLA-4 f1PD-1
T M T 40 B S AL  (EDR P 3 T AT AL ] L 78
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B J28 N2 BB B, CTLA-4 B AT 6F T 40 it 3k 4740
i, 1M PD-1 EEAE 5 M B BE A RE 58 el i) o IEA& R A

CTLA-4 7 G 5 B 2 FL B BUst i 21 1 2R, o
LIORT AT 400 8] 3 B30 ) 2 2 B ™ 2

F 1 BIRHLAY PD-1 #0557 & H & RE

i 4 [ERLEZ bkt

ERAIE

pembrolizumab® ATEiIX , Keydruda A

nivolumab® WK IK , Opdivo S
sintilimab® e (sk i vt [l
toripalimab® it TS
camrelizumab® PR VR

Fere bk MO, AR , Sk 2 , B A itk LR JR
e b R, B B U AR ML BR R e AR
T /N, OE T T B

FeR MR R, AR/ N, ' A e B T R
SRS PRI L B g S5 B T AR, /N P s
Gl N

BB ORI

T ek e

a. £ [ , pembrolizumab H FIAXHE fit#E H T8 97 & — £ 97 R B0 A T DI BR B Ve 60 3008, HLiZod IR A v
S BE T TR I PR AR 11 2 IR R e 28 IR 45 T IV S AP, 58 A B R B T TELE TF R T R v A 1 s PR 1K
6 B 75 S R B R K I R 3R 38 5 b. £ 0 [, nivolumab X S HH A T35 97 EGFR 3 K 9845 [ 1k A0 7] A5 1k bk L4980
Al CALKO [  BEAT 8232 3 5 B0 75 SR A0TT i 90073 13k Je B8 A W g 52 1) Jm) 8 MG ST el 4% R4 4% NSCLLC e N J8 % s c. B T sintil-
imab . toripalimab . camrelizumab 1Y $15 H K B BRI (NMPAOHLTE , 1 R 75 FDA 34t

AW F0 2R B9, NLRP3 4 PE/MAE (4 3 4~ NOD
P 52 A S (P I e &85 40 3880 PR RS , 7T RE S irAEs (1)
RIRIETFN T EFE A . H S AR L4 7
BB IR E

fH A5 & 1 /2 , RONALD 25 NSIE S dlr# i 7
— AT WL s —— A B T 4 17 (Th1D % T
ICIs R 5 85 VR T T3S irAEs &% AL #5445 B 4
F T B B R S = ) a] DA Th7 (9 44k 7= A=
SR, 5 2 5 3 1 irAEs (R AR FE T fE 2 m
TR S £ U AT M g, R Z ICIs VR YT
() BB AR PRI B Th17 36 22, 1 Se 4l g ] LA i 18
WS ST, AU ThIT &S 52 M A &
G B VRS (1) R A R R sk R L 3X A PD-1 410 551 AH 5%
BEPEMIBF TR T — TR T A

2 FlREMRENEEEER

A A Y PD-1 3 FRAR S B 2 42, (A BT
FIWF SR R I T — L] DS BUR AT REE R 2
PR B2 e ) v S R 3R A I PR I P S A v B i i
JRAE R 7RI B8 U 2 1 e A2 1) By S EAT VR
fiti, IxF BE AT R B E « AN =R BN
WL TR I AR AT R HAR R s fE I Ee
i il 5 2 I TR B
2.1 B & AR KRR

17 B B e BEVESRIp IR SE SR AE 3552 SR R IR TT
(18, G Pl REAE 8252 PD-1 #1776 97 5 B0 K
T RE DR AL BUBT 1 G AR SREAR o A7 R BRI

TN SR R R 98 BRI 1) F8 35 78 PD-1 4576
S AR B 5 R kAR . R H RIS B,
A B B s M I, £ PD-1 #0R A fE
2 TN PP U 2 1 i A IR R
22 #WHEREZE

SR HLA RS 55 47 2% X 4 DRB1*#0301 . DRB3*
0101.DRB1*0401.DRB1*07 25 iE 52 5 B & % 1k
JiF % Cautoimmune hepatitis, AIH) 5 <, {5 H gL % H
WEFE R X L3 K 5 PD-1 405177 S 801 IMH 45 2% .
23 BEAA

KT AR KA hE 8 # AE 5% PD-1 #5697
ERH kAR ES HAMER R 2 F . 1E
BROWN ZER1 [ 2538 o, 5%F PubMed - ff) HCC .
4 I8 1 NSCLC & 3 {4 1 PD-1 4111l 71 £ 24 Cipili-
mumab- nivolumab . pembrolizumab 1 tremelimumab)
HEAT WG RIS AT 1 1T, & B HCC B8 35 1 e 2
Bl T v R 2 3 v T AR PR Pl RE . S A
XIS AT BE 2 K N HCC 5835 5 1R 7 1 46 Hi it IR i
Jed 1 R0 PR 952V T A AE T D e A . SO BOR R
nivolumab 253697 (1) HCC #3% h , AST A1 ALT T+
[ A 0 B 20 9.9% (26/262) F119.2% (24/262) ,
AST H 30 3~4 Tt = R A2 308 5.3 % (14/262) L ALT
N 3.1%(8/262) ; 1 % nivolumab . 2475 J7 ] NSCLC
T, AST 80 ALT FHm KA 25350 5 2.1%(11/535)
F12.2%(12/535) , A 2£70.2%(1/535) () 5345 AST H
I 3~4 K TF i, o ALT 9 3~4 25 T s %32
nivolumab . 2575 T (1 22 2000 (B & A B T 5 R AR
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W% =T NSCLC 35 , AST 8 ALT JH & 1 R AE 2R 43 5l
N 3.4% (34/990) F1 3.3% (33/990) , 3~4 2 TF & 5
NSCLC #H bL & A B 2 2200, 20 0.1% (1) 35 AST(5/
990)5Y, ALT(8/990) H! Bl 3~4 2% It : {H HCC,NSCLC
BB 8 3R 2H 2 [ R 25 ) B 1 3 SRR T R BB
THRAERKAHEZES .
24 REGH5HAALLMILLE R

Z U 9 o o A LT SO A, PD-1 #0055 5
CTLA-4 H i) 7 B AL T B A 4 FH B 2 2 38 39 im e 4k
B R A S R GH2, PD-1 fr G R A #
KON B AR R A RN T57%, 3 % UL ER AR N
17.6%; 1M PD-1 $0 il 551 Bk & CTLA-4 #1571 () S R 55
PN R AN 94.2%, 3 91 UL B R AN 57.7%; H.
BRI 259 85 1 5 B T2 %09 1.23%, B &2 1 T PD-1
47 B 257677 (0.36%) « PD-1 1011 7 5E &4k I7 1
MARFEM R AEFR N 84.5%,3 UL ERAEFENA3.7%.
B ] LUE e, PD-1 4041771 5 4697 85 CTLA-4 4711
FIRTEE A8 A5 A R S B3G 0, 3 2 LA b 7™ 8 A
RRBE R A 28 T B R T

3 FFEESMMIERRI 15 F R RIEEAFHHE

R AR P T 4 9% 2245, ICTs A 26 i 35 1 vl 8 &
YA RASMERE . RRZEA K ICEs 5851
irAE U AL AN ], PD-1 S0 575 5 WL 2 1A
B RRFGIE N WA B T 0 B it

JH I 25 1 & PD-1 40l 5145 8 L 2 1 S
LR AR B 51 () A8 Ak 32 B AR I 7R S 56 5 A I 48 b
Lo NIRRT A AR L RIRE R R, Bt
AR ANIE , (R A e 2 IR AT B, A% ANEAS)

3.1 WeARKL

{55 FI PD-1 #4171 5 50 B I 254k, £ BRI
ALT A CEO AST T =1, PR IR AL &= T s .
— MR TG REAE P B IR ARIEIR (BRI = VBACR
R LA AR SRR , R LT R T s AT B IR
W KR . TR S BN e AR T LUK
AT S PD-1 0 551 FS AT ST R P, (H B
HH LS PR B 1) B e 78 1 O 24 S5 1) 8~12 R N7
32 HARF4FiE

PD-1 #1157 5 £/ IMH 155215 2% L i R Bk
TR ERRE . —BET, FFRGBRR T
BERBFERNERZRI AT . PE= 000 S
F, PR AR A AR AT T LT D R RG] A A AN
A IHFERE KB . T CT 8215 W A0l F Ho At & W97
BRI T 5 A6 PR P JHE 28, B R e K L 512 o 25 PR AT
1 Pk ] ] 7K e 2R i D LR L 8 e DR S50
33 AR FRAE

IMH 7EJp B B EZER TS SN R R
AN [R5k Jo] ) 9 Vi), G0 M IR A i
ARG IN 4o RERISTRY (1) BRI A A A 4
— i K 3RAE Hepatology 7% 7% L IE L% 3] 1 —15)
208 B 3 7 1% ] pembrolizumab J5 HH B T TR SE
o ERASHIN 12 583 ER) I I A R S 5 0 P A 1k
144 (nodular regenerative hyperplasia, NRH) . [K|2H 21
TRELSE R I+ AR, IMH AT I 75 5 ATH H 451

4 FFBESMRIZENRTT BTG

4.1 L

1 Fi PD-1 49081 571 5 5 IMH (1) 32 B L 3N AT 3
REFRAR I S, DR IG A IR A58 B PD-1 4011 571 1 J5 46 S
WS BT B . VILLADOLID 25673 4 3 B 6} ALT .
AST P PR (ANA) I NLPTAR (SMA) | B 32 A1 [A]
FEMH 21 3R DL S 4% S Bk Jie % A% B (GGT) i A7 fx U o
IMH N — FhHEA PR 2 B, 78k I Dh e fa br 22 BT+
G, BN AT ZRE 43 i ATl 1 SRR I 3
e A i N & B SaR 1 i N o @ A
MR YR ik Fe LAt 5 e 5 O A 5 Can PRSI
J9 45 L HA 2254 3 B0 40 40 5 & R g e L R
TG PE R 0 B R o 78 A R R HERR 5 a7 R
5 8 A 55 4 B PD-1 H0 1770 AH G, U 2K B 2
REFE AR AT A e N 2245 3 d — IR HRIE 4 4
BB, il R AT CTR A . T HU B 3~4 2%
JHA5 0 5 B B 1~2 G4 4%, AR 56 1 S8 FH 0 1z 5
W JE I D Re R I 55 1) B3 FEFFBR A R AR = a , 7T
PAHEAT R A 414740,

%5 2019 £E /1) NCCN 1 CSCO #5 # 1 %} -F PD-1
0041 ) JHF 2 P ) @, P PR 48 I 35 DL ALT/AST FlAS
NHET 27K F R AR, XF 58 A PD-1 411 771 32t s 1)
JF AR B MR AT T 43 2%, {H NCCN 45 7 K5 6 IH 20 K T
B BB — 2, 1X A5 5 CSCO Fe A AT X
HARMAT W T K 2,

42 BH

PD-1 1) 551 JHF A 25 14 1) ¥ 97 1R K A2 B b At
TR R B R - I R b AR 8 B 14 43 2 R A
T 15 N ASE FH B Rz 5 ER DA R A B3R 1 ) R
B o ST I AR A, S v ) KO
TERE R BRI IR EEE B R, B B T R vk
B NIE AT, g R — R T 4, G 752 6~8
J B KN [A]

2t 22 & PR P, NCCN F5 7 A1 CSCO 5 ¥
X T 34T 8 2 I B 1 1) B A A 38 BOK AR A ]
{EAEXRT T G3 I & 2 5 W] AR EAT S 2 va 7 B
AN, BAR LT 2,
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<2 PD-1HIHIFIFT AR SR 5> R A0SR W
2% NCCN #iik CSCO ik NCCN 77 2 CSCO T I
Gl AST B¢ ALT<3 {5 AST B ALT<3 {% < 4kZ:PD-1 #IHIFATT , H B 1E Ju ik «4k8: PD-1 0417677 .
G2 iIE® ff &k R ULN,BHIO %R TBIT  RIENF I RS R bR AR L I Ss,  EARI L IR S RE 4R AR, W
(ULN) , £H 4. <1.5f%ULN o BN EE B A B2 2R PRl AR JFF Th BERRUE 3 s DRI
=T
G2 ASTE{ ALT A3~ ASTELALT N3~ %1% PD-1 #5767 {5 PD-1 1 FyA T
GLED) 5% ULN, CRHZ. 55 ULN, @ HAT < LUARIEJERA 0.5~1 mg/(kg-d)° +0.5~1 mg/(kg-d)iK JEFA IR ¢
E S K535 ULN 4 3~5 A AT Sh e dain <& 3 AR 1R AT DI RESR AR
G3 ASTE{ ALT 45~ AST B{ ALT5~20 /K AfEIE%IEIRIT . * KA AZ ] PD-1 415 751 ¢
(FEE 20 fi% ULN, £ H % ULN, & fH 20« Bk ik e A2 1~2 mg/(kg-d)° o i R R IR R R B 1~2
LLET = F3~10f5ULN  AEBeif)T mg/(kg-d)f
ofF 1~2 d W 1 R AT T RESE AR o BF 1~2 d AT 1 IR D RE
ERE RS EHRE RS
U SRBE Y B R PR 3 d R ThAE -3 d R ThAE TR AR e , R
Tost , 2[R IS B 2 2 G S IV 5 27 2 T T ©
PEE R 9 BE AT TERF] - a0 B 2 B S ORI A
(LT A3 o R Ath 7 2 ]
o BEAT FF IR CT BGHE P 4G
o 25 SR S A
o ANV SR G AT
G4 AST 8{ ALT>20 AST B ALT>20 </KA(FIEHREIEIT. AR ANE I EVRTT o
(fa & f% ULN, L H 4L £ ULN, B H L0 < WIiaE Ik R R fa/ W SR B fa e « Skl AR 6 0k SR A8 e 1~2
A i) ESINC #>1015ULN 2 mg/(kg-d)° mg/(kg-d)?
EBEIRTT B 1~2 d KT 1 IR RE
o FURIN 1 IR Zh g S A HRE RS
AR E RS2 3 dJE M Ih e datn o , %
WIRBE Y SR PIIAE 3 d ST e SIS B W G
To st , 2 FE N I B 2 2 W G o v 5 3 2 Ty R AR AT RS
o UNTE IS AR S U A7 O A £, mI g i A At 5 3L ]
AEEHREEF R EEANNAE IR BTN CT B A &
It it « 5 R RS AR
o AN VAR D R 1 g !
MBI S ASTEUALT ThiE /KA LGty .
>Gl HE A 3 WA s bk Uk Je fa/ i 250k e AR I
>1.5fi% 2 mg/(kg-d)’
ULN AEBRIRIT
(Gilbert 25 & fiE <& HIEM 1 X FThERESE bR
54 EREREE

* QR B R pUIE 3 d JE T 2 fig

ToesE » 5 RSN N 5 22 5 g

o PEAT 0 5 1R AT 2% R AN A R

G

a. Wl B o R R B TR 2 A R A A Tk JE A <10 mg IRF, AT 25 JE 7E ALT/AST YR & £ ULN J& & 5 S 677

b. Al S R 5 8 A0 B R <G I T A6 s B o TR B R s 0 1A UL IR R BE YT LU FI2
T (R SR 1]

c. RJBRAFI R IR A <10 mg/d HAFHETF <1 22 v] B3 ICIs V697, {E N3 ] Hofh 28 A ICs o

d IRJEMF R I E<10 mg/d H IR PE<] 200 o7 FH7 ICIs i6 97, (H R I A SRR ICTs . 75 2245 il V& 1 2, Be it e
CSCO #& I _E AN HER (£ Fl B _E A BEHL 2 ot e 3R A 0 e SO0 IR A L AH IR BE VAT R B LA, H 5 3R 5 1R
AT P (CRIFIERE NN R A 3 0 S U EFPRESS P S8, 5008 T TCTs 6T R A 7™ HE P RIS 47 (KT R 2 38 » 27k A 452 F 1CTs)

e X RVE A KGR BT R (BT R LT DO RE G e » I 2% R A I e % 22 B g /T (0.5~1 g, 2 YD o

£ JERAN P LHTA LT 200 B B0 A RS , AN WU

g I RE AR A 28 2 0 vl S5 20 icdie FIRIR JE AR R 4K SR &, T RE &/ 4

=
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PD-1 FH 2 19 F 453 495 T0 S AH 6 82 47, 5820 R
A2 I ) BB ZE R FIBET S . TEWANG %5 APV Meta 47
Bre, 19 127 44 4% 52 1CIs I AN 2 48 ] PD-1 4101 41
AD I AUE 8 NN ThRE R AHOC AL T, Bt
TN 0.04%; 1] HiX 88 BB A0 T 2 2 R ILH S
), D EE 0 5 T BE 5K o 5 3R S T
W EWR AT . KZHGITIEFEER &
HRAE 13N H A BATIRE AT D) RS,
KA G2 % I 23 1 (1) S5 3, TR 47 5% 5 1k AfF PD-1
ZAREFI AT IRTT K2 808 2 1 5 DU T 3
PR,

$:52 PD-1 35 P76 7 I H AT 0 2 1 1 5B
TE 4% 5% HoAth 2R 1CTs Cll CTLA-4 52 AR J 1 571D ¥6
T IS AN — 5 2 I FF I B 2 SR 5 BR] 0kt T G Ath 7™ 2
SSLFAEBL T, BT DL R4 F A R 25 19 ICTs 4k 223
AT S IRTT AR BB H A — R B A R 2454,
Y- gy ORI BB e S M R S Bk B,

5 PD-1iPFIFIEFFKEEPIINA

51 &HFmEHIFRXESH

FHOGH AN BN , FFe & 000 25 M 26 (45 71
HBV 5 HCV) (1) (835 i FH PD-1 41 1] , 75 4 FE 5 22
973 25 M I 28 IO T4 T 5 PD-1 52 44100 1) 751) £ AF € i BIE
BRI AT, 9T S R IR TG R 3 200, R HBV/
HCV & G352 0] BL22 481 PD-1 2 A0 i 551011 o

7 CHECKMATE 040 IIffi JK i 327 /1, HBV
HCV PH A 9 e B3 4252 nivolumab V677 , VAT AT
BMER AT NI1.6%GBT/1T), PAL R AT N6 A,
70% F) & 48 ad b B S5 T E 25 1 G AR, S G2 A )
9 10.1 i s G3~G4 F I F 1t R AN 14.5%, Hr s
KA N 2.1 A, 88% I i3 28 ok Ab B S5 A 75 14
e, PR R N 8 A s I AR AR YT I
(a2 5 R HBV I8 ¥ s, A D 3uesE R
L HCV RNA KK B
52 IAHEEHR

BEAE: #2223 T RS i H R AE B A HE IR i 5 v 47
BARBIT T RINEE . WO R IR H AT
o 58 FV ) 1 44 R T B B, 2RI DA A PD-1 40 5
HATHEREVRIT B SR A RIEPNR IR , 50O IE R Al
558 1 $2 %2 nivolumab ¥ ¥7 JE /NN B il J5 , 2 HH B
FEAEYIUTE 19% (GVHD) B A 2% B T30 . H Ak
ToVE A E RS A B e 5t 2 B SR o, DR Uk
FEAS F PD-1 #1770 2 117, SR BE ARG FF R84 1 F o
TR AR AR 6 RS EAT 78 20 0T
53 MEASEL

£ — LT PARE DR AT 3% 72 1) 78 68 308 AN /N 4
it e S5, LR ) — L £ R O 1 S 7 T A
Ji 453 455 5 3 % 52 () PD-1 401 ] 70096 977 B ) A 5590
FERLLEAE DL, R0 A o 8 20 WT REfie it 1 R E
B HU IR IR FE N 40 i PR 1 1 3R A8, B S T REAN
W ICT ¥ (¥ T 240 24T P IR 4 FH (e 283 42, 3 g
7 5 ) PRI A5 03 » AT 3 BUFT D RE T2 0

6 %4 5

I AR, ICTs TLE BN YR I G ST 8 A g 1 — o
RE T, M8 ICTs I8 BT 24 7 ROFE
FHOC I PR, 554 75 1 A Jifoe 28 25 AR 97 4R
W RER . ISR B AT 22 I R 1 & Fh
PD-1 #1771 BT 358 B L e PR & SCE R A B
H #T Wt 7 2 B, 6 T8 FH PD-1 #0751 51 2 1)
7 IMH , H B R I B A B R B, AT LA
AR IR T 1 o

SR, PD-1 i 751) 3 5 IMH AL H #5740 & 58
SR, 8 T R — 2B ORI TR B 4 g 4 A IR
Pl P, R X 0 4 S P R 5 3 AR A
{14 712 L JFF U 7 14 SR VR T R . IR T f# PD-1
51 R W R R IR 2 R R I
CWIANRTT , 8% 77 B AR RS A PD-1 4] 551 1 i A 1
G E VR T AH SB[ I 2 I FE 2

[& % 3 #f]

[1] SANMAMED M F, Chen L. A paradigm shift in cancer immunother-
apy: from enhancement to normalization[J].Cell,2019,176(3): 677-
677. DOI:10.1016/j.cell.2019.01.008.

[2] TARHINI A, LO E, MINOR D R.Releasing the brake on the immune
system: ipilimumab in melanoma and other tumors[J]. Cancer Biother
Radiopharm, 2010, 25(6): 601-613.DOI: 10.1089/cbr.2010.0865.

[3] HODIF S, O'DAY S J, MCDERMOTT D F, et al. Improved survival
with ipilimumab in patients with metastatic melanoma[J]. N Engl J
Med, 2010, 363(8): 711-723. DOI: 10.1056/NEJMoal003466.

[4] GIACOMO A M D, BIAGIOLI M, MAIO M. The emerging toxicity
profiles of anti-CTLA-4 antibodies across clinical indications[J].
Semin Oncol, 2010, 37(5): 499-507. DOI: 10.1053/j. seminon-
€01.2010.09.007.

[5] SUZMAN D L, PELOSOF L, ROSENBERG A, et al. Hepatotoxicity
of immune checkpoint inhibitors: an evolving picture of risk associ-
ated with a vital class of immunotherapy agents[J]. Liver Int, 2018,
38(6):976-987. DOI:10.1111/1iv.13746.

[6] JIA L, ZHANG Q, ZHANG R. PD-1/PD-L1 pathway blockade
works as an effective and practical therapy for cancer immunothera-
py[J]. Cancer Biol Med, 2018, 15(2): 116-123. DOI: 10.20892/;.
issn.2095-3941.2017.0086.

[71 WEBER J S, D'ANGELO S P, MINOR D, et al. Nivolumab versus
chemotherapy in patients with advanced melanoma who progressed

after anti-CTLA-4 treatment (CheckMate 037): a randomised, con-



696

F [ R AR IR 9T Ak A, 2020, 27(6)

trolled, open-label, phase 3 trial[J]. Lancet Oncol, 2015,16(4):375-
384. DOI:10.1016/S1470-2045(15)70076-8.

[8] ROBERT C, SCHACHTER J, LONG GV, et al. Pembrolizumab ver-
sus Ipilimumab in Advanced Melanoma[J]. N Engl J Med, 2015,
372(26): 2521-2532. DOL: 10.1056/NEJMoal503093.

[91 BRAHMER J, RECKAMP K L, BAAS P, et al. Nivolumab versus
docetaxel in advanced squamous-cell non-small-cell lung cancer[J]. N
Engl J Med, 2015, 373(2):123-135. DOI: 10.1056/NEJMoal504627.

[10] WEBER J S, YANG J C, ATKINS M B, et al. Toxicities of immuno-
therapy for the practitioner[J]. J Clin Oncol, 2015, 33(18): 2092-
2099. DOI:10.1200/1C0O.2014.60.0379.

[11] TOPALIAN S L, MARIO S, MCDERMOTT D F, et al. Survival,
durable tumor remission, and long-term safety in patients with ad-
vanced melanoma receiving nivolumab[J].J Clin Oncol, 2014, 32
(10):1020-1030. DOI:10.1200/JC0O.2013.53.0105.

[12] PARRY R V, CHEMNITZ J M, FRAUWIRTH K A, et al. CTLA-4
and PD-1 receptors inhibit T-cell activation by distinct mechanisms
[J]. Mol Cell Biol, 2005, 25(21): 9543-9553. DOI: 10.1128/
MCB.25.21.9543-9553.2005.

[13] YANG D, HAN Z ,OPPENHEIM J J. Alarmins and immunity[J].
Immunol Rev, 2017, 280(1).41-56. DOI: 10.1111/imr.12577.

[14] YAO Y, CHEN S, CAO M, et al. Antigen-specific CD8+T cell feed-
back activates NLRP3 inflammasome in antigen-presenting cells
through perforin[J/OL]. Nat Commun, 2017, 8: 15402[2019-11-30].
https://www. ncbi. nlm. nih. gov/pmc/articles/PMC5458103/. DOI:
10.1038/ncomms15402.

[15] ANDERSON R, THERON A J, RAPOPORT B L. Immunopatho-
genesis of immune checkpoint inhibitor-related adverse events:
roles of the intestinal microbiome and Th17 cells[J/OL]. Front
Immunol, 2019, 10:2254[2019-11-30]. https://www. ncbi. nlm. nih.
gov/pmc/articles/PMC6775220/. DOI:10.3389/fimmu.2019.02254.

[16] ANDERSON R, RAPOPORT B L. Immune dysregulation in cancer
patients undergoing immune checkpoint inhibitor treatment and po-
tential predictive strategies for future clinical practice[J/OL]. Front
Oncol, 2018, 8:80[2019-11-30]. https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC5874299/. DOI:10.3389/fonc.2018.00080.

[17] YANG J, SUNDRUD M S, SKEPNER J. Targeting Th17 cells in au-
toimmune diseases[J]. Trends Pharmacol Sci, 2014, 35(10): 493-
500 DOI:10.1016/j.tips.2014.07.006.

[18] COSORICH I, DALLA-COSTA G, SORINI C, et al. High frequen-
cy of intestinal TH17 cells correlates with microbiota alterations
and disease activity in multiple sclerosis[J/OL].Sci Adv, 2017,3(7):
€1700492[2019-11-30]. https://www.ncbi.nlm.nih. gov/pmc/articles/
PMC5507635/. DOI:10.1126/sciadv.1700492.

[19] YASUDA K, TAKEUCHI Y, HIROTA K. The pathogenicity of
Th17 cells in autoimmune diseases[J]. Semin Immunopathol, 2019,
41(3):283-297. DOI:10.1007/s00281-019-00733-8.

[20] CHEN Y, CHAUHAN S K, SHAO C, et al. IFN-y-expressing Th17
cells are required for development of severe ocular surface autoim-
munity[J] J Immunol, 2017, 199(3): 1163-1169. DOI: 10.4049/jim-
munol.1602144.

[21] EUW E V, CHODON T, ATTAR N, et al. CTLA4 blockade increas-
es Th17 cells in patients with metastatic melanoma[J/OL].J Transl
Med, 2009, 7:35[2019-11-30]. https://www.ncbi. nlm. nih. gov/pmc/
articles/PMC2697137/. DOI:10.1186/1479-5876-7-35.

[22] IVANOV I 1, FRUTOS R D L, MANEL N, et al. Specific microbio-
ta direct the differentiation of IL-17-producing t-helper cells in the
mucosa of the small intestine[J]. Cell Host Microbe, 2008, 4(4):
337-349. DOI:10.1016/j.chom.2008.09.009.

[23] ATARASHI K,NISHIMURA J, SHIMA T, et al. ATP drives lamina
propria T(H)17 cell differentiation[J]. Nature, 2008, 455(7214):
808-812. DOI:10.1038/nature07240.

[24] MENZIES A M, JOHNSON D B, RAMANUJAM 8§, et al. Anti-PD-
1 therapy in patients with advanced melanoma and preexisting auto-
immune disorders or major toxicity with ipilimumab[J]. Ann Oncol,
2017,28(2):368-376. DOI:10.1093/annonc/mdw443.

[25] JOHNSON D B, SULLIVAN R J,OTT P A, et al. Ipilimumab thera-
py in patients with advanced melanoma and preexisting autoim-
mune disorders[J]. JAMA Oncol, 2016, 2(2): 234-240. DOI: 10.
1001/jamaoncol.2015.4368.

[26] ABDEL-WAHAB N, SHAH M, LOPEZ-OLIVO M A, et al. Use of
immune checkpoint inhibitors in the treatment of patients with can-
cer and preexisting autoimmune disease: a systematic review[J].
Ann Intern Med, 2018,168(2):121-130. DOI:10.7326/M17-2073.

[27] BROWN Z J, HEINRICH B, STEINBERG S M, et al. Safety in
treatment of hepatocellular carcinoma with immune checkpoint in-
hibitors as compared to melanoma and non-small cell lung cancer
[J]. J Immunother Cancer, 2017,5(1):93-93. DOI: 10.1186/s40425-
017-0298-2.

[28] BERNARDO S G, MOSKALENKO M, PAN M, et al. Elevated
rates of transaminitis during ipilimumab therapy for metastatic mel-
anoma[J]. Melanoma Res, 2013, 23(1): 47-54. DOI: 10.1097/
CMR.0b013e32835¢c7¢68.

[29] MARTIN D E, MICHOT J-M, PAPOUIN B, et al. Characterization
of liver injury induced by cancer immunotherapy using immune
checkpoint inhibitors[J]. J Hepatol, 2018, 68(6): 1181-1190. DOI:
10.1016/j.jhep.2018.01.033.

[30] SZNOL M, FERRUCCI P F, HOGG D, et al. Pooled analysis safety
profile of nivolumab and ipilimumab combination therapy in pa-
tients with advanced melanoma[J]. J Clin Oncol, 2017, 35(34):
3815-3822. DOI:10.1200/JC0O.2016.72.1167.

[31] PARLATI L, VALLET-PICHARD A, BATISTA R, et al. Incidence
of grade 3-4 liver injury under immune checkpoints inhibitors: aret-
rospective study[J]. J Hepatol, 2018,69(6):1396-1397. DOI1:10.1016/
jjhep.2018.08.014.

[32] TOPALIAN S L, HODI F S, BRAHMER J R, et al. Safety, activity,
and immune correlates of anti-PD-1 antibody in cancer[J]. N Engl J
Med, 2012,366(26):2443-2454. DOI:10.1056/NEJMoa1200690.

[33] BOUTROS C, TARHINI A, ROUTIER E, et al. Safety profiles of
anti-CTLA-4 and anti-PD-1 antibodies alone and in combination[J].
Nat Rev Clin Oncol, 2016, 13(8): 473-486. DOI: 10.1038/nrcli-
nonc.2016.58.

[34] XU C, CHEN Y, DU X, et al. Comparative safety of immune check-
point inhibitors in cancer: systematic review and network meta-anal-
ysis[J/OL]. BMJ, 2018, 363:k4226[2019-11-30]. https://www. ncbi.
nlm.nih.gov/pmc/articles/PMC6222274/. DOI:10.1136/bm;j.k4226.

[35] LANGER C J,GADGEEL S M,BORGHAEI H, et al. Carboplatin
and pemetrexed with or without pembrolizumab for advanced, non-
squamous non-small-cell lung cancer: a randomised, phase 2 cohort

of the open-label KEYNOTE-021 study[J]. Lancet Oncol, 2016, 17



ETEH, 4% . PD-1 #0757 o A AP 2 12k

697

(11):1497-1508. DOI:10.1016/S1470-2045(16)30498-3.

[36] GANDHI L, RODRIGUEZ-ABREU D, GADGEEL S8, et al. Pem-
brolizumab plus chemotherapy in metastatic non-small-cell lung
cancer[J]. N Engl J Med, 2018,378(22):2078-2092. DOI: 10.1056/
NEJMoal801005.

[37] NAIDOO J, PAGE D B, LI B T, et al. Toxicities of the anti-PD-1
and anti-PD-L1 immune checkpoint antibodies[J]. Ann Oncol, 2015,
26(12):2375-2391. DOI: 10.1093/annonc/mdv383.

[38] PRIEUX-KLOTZ C, DIOR M, DAMOTTE D, et al. Immune check-
point inhibitor-induced colitis: diagnosis and management[J]. Tar-
get Oncol, 2017, 12 (3):301-308. DOI:10.1007/s11523-017-0495-4.

[39] LARKIN J, CHIARION-SILENI V, GONZALEZ R, et al. Com-
bined nivolumab and ipilimumab or monotherapy in untreated mela-
noma[J]. N Engl J Med, 2015, 373(1): 23-34. DOI: 10.1056/NEJ-
Moal504030.

[40] ROBERT C, LONG G V, BRADY B, et al. Nivolumab in previous-
ly untreated melanoma without BRAF mutation.[J]. N Engl J Med,
2015,372(4):320-330. DOI: 10.1056/NEJMoal412082.

[41] HOFMANN L, FORSCHNER A, LOQUAI C, et al. Cutaneous, gas-
trointestinal, hepatic, endocrine, and renal side-effects of anti-PD-1
therapy[J/OL]. Eur J Cancer, 2016,60:190-209[2019-11-30]. https://
www. ejcancer. com/article/S0959-8049(16)00151-9/fulltext. DOI:
10.1016/j.ejca.2016.02.025.

[42] VAN DEN EERTWEGH A J M, VERSLUIS J, VAN DEN BERG H
P, et al. Combined immunotherapy with granulocyte-macrophage
colony-stimulating factor-transduced allogeneic prostate cancer
cells and ipilimumab in patients with metastatic castration-resistant
prostate cancer: a phase 1 dose-escalation trial[J]. Lancet Oncol,
2012, 13(5): 509-517. DOI:10.1016/S1470-2045(12)70007-4.

[43] POLLACK M H, BETOF A, DEARDEN H, et al. Safety of resum-
ing anti-PD-1 in patients with immune-related adverse events
(irAEs) during combined anti-CTLA-4 and anti-PD-1 in metastatic
melanoma[J]. Ann Oncol, 2018, 29(1): 250-255. DOI: 10.1093/an-
nonc/mdx642.

[44] BHAVE P, BUCKLE A, SANDHU S8, et al. Mortality due to immu-
notherapy related hepatitis[J]. J Hepatol, 2018, 69(4): 976-978.
DOI:10.1016/j.jhep.2018.06.012.

[45] RIVEIRO-BARCIELA M, MUNOZ-COUSELO E, FERNANDEZ-
SOJO J, et al. Acute liver failure due to immune-mediated hepatitis
successfully managed with plasma exchange: New settings call for
new treatment strategies?[J]. J Hepatol, 2019, 70(3): 564-566. DOI:
10.1016/j.jhep.2018.10.020.

[46] LOPICCOLO J, BRENER M I, OSHIMA K, et al. Nodular regener-
ative hyperplasia associated with immune checkpoint blockade[J].
Hepatology, 2018, 68(6): 2431-2433. DOI:10.1002/hep.30157.

[47] VILLADOLID J, AMIN A. Immune checkpoint inhibitors in clini-
cal practice: update on management of immune-related toxicities[J].
Transl Lung Cancer Res, 2015, 4(5): 560-575. DOI: 10.3978/j.issn.
2218-6751.2015.06.06.

[48] PUZANOV I, DIAB A, ABDALLAH K, et al. Managing toxicities
associated with immune checkpoint inhibitors: consensus recom-
mendations from the society for immunotherapy of cancer (SITC)
toxicity management working group[J]. J Immunother Cancer,
2017, 5(1): 95-95. DOI:10.1186/340425-017-0300-z.

[49] SPAIN L, DIEM S, LARKIN J. Management of toxicities of im-
mune checkpoint inhibitors[J/OL]. Cancer Treat Rev, 2016,44:51-60
[2019-11-30]. https://www. cancertreatmentreviews. com/article/
S0305-7372(16)00016-5/fulltext. DOI:10.1016/j.ctrv.2016.02.001.

[50] CHAMPIAT S, LAMBOTTE O, BARREAU E, et al. Management
of immune checkpoint blockade dysimmune toxicities: a collabora-
tive position paper[J]. Ann Oncol, 2016, 27(4): 559-574. DOI: 10.
1093/annonc/mdv623.

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

[52] Haanen J B A G, Carbonnel F, Robert C, et al. Management of toxic-
ities from immunotherapy: ESMO clinical practice guidelines for di-
agnosis, treatment and follow-up[J]. Ann Oncol, 2018, 29(Suppl 4):
iv264-iv266. DOI:10.1093/annonc/mdy162.

[53] BRANDON M HUFFMAN B M, KOTTSCHADE L A, KAMATH P
S, et al. Hepatotoxicity after immune checkpoint inhibitor therapy in
melanoma: natural progression and management[J]. Am J Clin Oncol,
2018;41(8):760-765. DOI:10.1097/COC.0000000000000374.

[54] JENNINGS J J, MANDALIYA R, NAKSHABANDI A, et al. Hep-
atotoxicity induced by immune checkpoint inhibitors: a comprehen-
sive review including current and alternative management strategies
[J]. Expert Opin Drug Metab Toxicol, 2019, 15(3): 231-244. DOI:
10.1080/17425255.2019.1574744.

[S5] MENZIES A M, JOHNSON D B, RAMANUJAM 8§, et al. Anti-PD-
1 therapy in patients with advanced melanoma and preexisting auto-
immune disorders or major toxicity with ipilimumab[J].Ann Oncol,
2017, 28(2): 368-376. DOI:10.1093/annonc/mdw443.

[56] KARAMCHANDANI D M,CHETTY R. Immune checkpoint inhib-
itor-induced gastrointestinal and hepatic injury: pathologists' per-
spective[J]. J Clin Pathol, 2018, 71(8):665-671. DOI:10.1136/jclin-
path-2018-205143.

[57] EL-KHOUEIRY A B, SANGRO B, YAU T, et al. Nivolumab in pa-
tients with advanced hepatocellular carcinoma (CheckMate 040): an
open-label, non-comparative, phase 1/2 dose escalation and expan-
sion trial[J]. Lancet, 2017, 389(10088): 2492-2502. DOI: 10.1016/
S0140-6736(17)31046-2.

[58] ZHU A X, FINN R S, EDELINE J, et al. Pembrolizumab in patients
with advanced hepatocellular carcinoma previously treated with
sorafenib (KEYNOTE-224): a non-randomised, open-label phase 2
trial[J]. Lancet Oncol, 2018, 19(7): 940-952. DOI: 10.1016/S1470-
2045(18)30351-6.

[59] KITTAI A S, OLDHAM H, CETNAR J, et al. Immune checkpoint
inhibitors in organ transplant patients[J]. J Immunother, 2017,40(7):
277-281. DOI:10.1097/CJ1.0000000000000180.

[60] SUZMAN D L, PELOSOF L, ROSENBERG A, et al. Hepatotoxici-
ty of immune checkpoint inhibitors: An evolving picture of risk as-
sociated with a vital class of immunotherapy agents[J]. Liver Int,
2018, 38(6): 976-987. DOI:10.1111/liv.13746.

[KHsBHEAT  2019-12-09
[(Acdmsg]  #F

[f&EHHA] 2020-04-15



