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Abstract: PD-1 and PD-L1 immune checkpoint inhibitors are one of the milestones in cancer therapy. How-
ever, low effectiveness in some cancer types and patients is common due to the lack of sensitive and specific
markers to screen patients who are sensitive to immune checkpoint inhibitors, and the existence of side effects
and drug resistance makes its clinical application further limited. Soluble PD-1(sPD-1) and soluble PD-L1
(sPD-L1) are the dissolved forms of PD-1 and PD-L1, which have been proved to be closely related to clinico-
pathological characteristics, stage, severity of disease, therapeutic sensitivity and outcomes in a variety of
cancers, and may become new markers for immunotherapy. In this article, we review the mechanisms and
limitations of PD-1/PD-L1 inhibitors in cancer treatment, and the potential of sPD-1 and sPD-L1 as biomark-
ers in clinical practice.
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i it 2 1T A9 PD-1 55 b3 40 i 36 1T B9 PD-L1 45 4,
BHIE S AN R T, 20 T S AL AR 17 200 L 6 4
U e . HTH 0 B8 IR YT 32 25 5B 1 0 ik
Fa b5 R I 412 PD-L1 Rk 0L, (AA BRI,
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AT PD-L1(sPD-L1)J& PD-1 1 PD-L1 X 3 i) %5
fi g 20, T BT PD-1/PD-L1 3 i & ¥ 5, 5 £ Fh
it gEg ) im R ARRAE MU A7 OC, W1 RBAE M AR G W46 =
1HIT .

1 PD-1#1PD-L1 RERESNZE

1.1 PD-1 #1 PD-L1 %&#3

PD-1 W FRH CD279, J& T CD28 Kk , J& — Filt
HA 288 PMa AR EE N, BE— A gV
FEN Smabf ek . BB IX A T N S5 C s i
BB, & I B SRR SE " LN S5 R B e 2
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AT % R FE FF 52 2L ¥ (immunoreceptor tyrosine-based
switch motif , ITSM ) 11 5 732 52 1A fifs % i ik 410 7] 32 J?
(immunoreceptor tyrosine-based inhibitory motif ,ITIM),
XA EE S AL s = O E P, PD-1 M N AR i
%4 Sre [RUEYE X SRR -1 (Sre homology region
domaincontaining phosphatase-1,SHP-1)Fl Src [F] i1
X35 3% % 1§ -2 (Sre_homology region domaincontaining
phosphatase-2 ,SHP-2) . 7E44& &b F1 4 il , SHP-2 J2&
R PD-1 AN M BE PR T O I A A A DG BT 4
(cytotoxic T lymphocyte-associated antigen-4,CTLA-4)
(%570, M0 SHP-1 15 B it I 20 i A T 8 12 200 ffg 5
1% X ¥ (B- and T-lymphocyte attenuator, BTLA ) ¥ ¢
B H g B

PD-L1 /& PD-1 W EZ A, WAk CD274 Fi
B7-H1, /2 —Fh B A 290 A Z AL i 85 M 2 11, ih
SN TgV Rl TgC Z5AG IR 55 1 51 15 S 405 1) A I
SERBA AL
1.2 PD-1 # PD-L1 &ix

PD-1 7ETE ALY T 408 . A SX 3505 40 (natural
killer cell,NK ZHJ}f) B #f Jd | 155 sk 40 A% 5 4R 240
(dendritic cells, DC 2 il ) F1 5 AZ 40 g rp 2 3k, do 7
Ji R R S 1 T AR P R AR A Y B L CD28 K
i P A 410 1) B 53 B3 8 A o e g S

PD-L1 38 % 78 MR AL . — L300 9 T 41 g A
B 40l . DC 40 A L Jz 4 v 33k, PD-L1 M E
Y CDS'T 21 g e #0355 Th 20 g N A4k 57
T TSR AR S 0 R DR R GA R A O
T4 E v (interferon-y,IFN-y) . 141 & 4 (interleukin-
4 1L-4) 4+ % 10 (interleukin-10,1L-10) . il % P iz
H: K [ ¥ (vascular endothelial growth factor, VEGF) |
it 415 F I F-1a (hypoxia-inducible factor-1a, HIF-
lo) AT HE PD-L1 (35",
1.3 PD-1/PD-L1 {E & &

PD-1 £ B 40 fifd i i 35 4 SHP-2 4y 1 3 i
PR T 2 R A L B R L B Al i 321K (B cell receptor,
BCR) {55 M HZA5 54 F TR BCR {55 ;78
T Z0faH ,PD-1 A1 T 40 3Z 44 (T cell receptor, TCR)
ff 5 —EFBUE R X EZRBERAL, ST ITSM
H SHP-2 524 31| C ¥ i 2412 , 1M J7 SHP-2 X # a1k
TCR #H 1Y ¢ H5HH 2 13 70 (Zeta-chain-asso-
ciated protein kinase 70,ZAP70) 1 CD28 #H5¢ 1 PI3K

M FRE 2023 5520 %5% 11

AR, FECTURE SHH . BR T SHP-2 b B R 1LY
ITSM AW T SHP-1, {H SHP-1 %} PD-1 41 il T g
TCRE/NF SHP-21 ) PD-1 5 PD-L1 454 ) i i # 4h1
PI3K-AKT i #% il T 20 A 19 1% £k, B ) 20 g A=
K Al A 3 R R AN i o 2 S B R TR
T AE 47 B 2 Tf 32 FN PRI [ B S e PR 5 (HAE bR
2 R ok e 2 v UK L 4 B v PD-LL ARGk, 5 PD-1
G55 JE BT A AE S U R iR v vk L A A
TS 75 T LU T L S0 A B T O A
(eytotoxic T lymphoceyte, CTL) 507 fifg F1 28 L (1) 7=
AL AN TFN=y IL-2 Fi I8 38 38 I F- o (tumor
necrosis factor-oc, TNF-ov ) 55 & 14 H F A9 Bl A2 34
PRI PR F TL-10 F1 T4 Bl AT 40 S 09 452 i 7
Go 3% G, M A2 1 o3 200 L= iz Ak BB B gt i 1
T 980 553 ek 968 A S 1 B i AR a0 o g 1) 2 2B A e

2 PD-1/PD-L1 ##I5Iif R Nz F B9 [F 5

2.1 PD-1/PD-L1 il 37 %5 0 1% 0 1% 4% 75 40 B (R 452
EI 5 0 0 358 G 28 18 7 4K 45 AR bR
i 988 241 i % ek 988 9 W 9B S 40 B (tumor infiltrating
lymphocyte, TIL) ) PD-L1 Zik 1§ 0, AS [R5 B IS Y
(49 )9 PD-L1 BH M R[] G o 5 208 o | 988 o
34% 0 17% , BR8%9  29% , HAFTE PD-L1 1%
IR HF G P B0 51 70 5 B g ) P S L, X AT RE S
i 96 ) S TR PR 56, PD-L1 26 1K 15 o i b 8 35 467 1)
ANETTASE] BB AR 22 Meta 4347 755,
PD-L1 HPE 0B i) 8 o e 28 2 e ] A e 4 £
Pt 0S8 AT Ak g5 H b AR I R Sk S R
FIE A B0 R 50 JEIE PD-L1 A4 B i, 4t
PD-1/PD-L1 B¢ 3697 vl i /0 K [R)JE 8 T T KL
W17, PD-L1 ik AN B AR o Hb 1000 G0 28 410 1 50035 97
/NG it % (non-small cell lung cancer,NSCLC)
HEZ 0 B AT (overall survival ,0S) A1 JC ik & A= 47
i (progression free survival ,PFS)!8! 11715 58 71 I IR [
R R 0SBtk NSCLC ' i B 41 i g
PD-L1 35155 B 5 G 22 410 1 700 1) A 88023 T B 8 A O
PE DL PD-L1 VR bR Y e 55 e 8 VR T 22 15l E
AREARNT S,
2.2 PD-1/PD-L1 #lHFI EM DB P BERLREKRK
2018 4F- 3% [# FDA b o i 1 R Bk S e 7e 4k )7
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WAk e B R R . PD-L1 323K FHE Y 5 S0 AR
TAE N M) (AR R i AL 143%™, 1
YN 98 rh, PD-1/PD-L1 49 it 551 B0 245 24 45 1) 2 WL 22 At
AL 9%, 1 ML R RS PEIRRAE 1 3R 7 Hf, PD-1/PD-
L1 0% e 3% B 5 A R TE e T R ™
2.3 PD-1/PD-L1 ## 5 M F &I 1E A

B PG A A5 ) R SRS R RO R AR R
{5 A BB ] e B A i, AR SCHR 418, PD-1
0TI 00 2% R R MRS R BN i A 2 Sy IR R 2 BB
1B 5.6% Mg 2.2% A5l % 0.7% FEK 5 0.3% 0T
2 02%, T™HEA RN KA R Z IR,
NSCLC £ 7% fd H f J8 A6 A 400 ) 700 B AT He A7 o
e P B 98 A Gt 4 e A 3 T HL— el FH I & A
R G R 2PE MR AN RN kA
29 0.6% , = EE I L /IMRCFT A B8 /D 5 HORO2 SR,
X SE R @R A AT S A B ) e SR A <
1%E35 22 kA EIRINBERUR , IR A ) & B,
ERT S S AR A 27 3 A5 U AR DR i AE , EL R
Z AL B2 W FG T 15 2 fH] PD-1/PD-L1 il il
F) HE IR SN RSN AR S A e A Y S R AR
HA R 53 A o] i 28 52 HA A A 5T R W
it FH A B A Ay R IR AR 3 R R AE
B A S R WG iR B OS B2,
2.4 PD-1/PD-L1 #5725 1

TETF B S 0 7 SE T (i Pk 2B 5 2 b PD-1
0 50 S5 T 245 614 A2 3R 40%~65% , T BE Y T 24
HL ) AL HE I 988 28 48 1 faf  (tumor mutation burden,
TMB) I Pl 25 Hrlaide 2 T 40855 3 e fr b
Jed VR M LA I S 5 0 T 40 G B e iR A B
(tumor microenvironment, TME )= 8 V&5 1E T 41 it
7] b T 2 0 VK L AL Ak AT 2 T B S B, TR AR
Fd /b | JAKT JIRER AL B PD-L1 " &1k LAG-1
T 40 6 D) A TIM3 % 35 I JE A1 FCRL-6,
MHCIILAG3 & A 47 &, A Jili B i v, STK11/
LKB1 2282 KRAS K 542 /6% %t PD-1 1l 57 Ji
24 B RS P R P, AR B, 50% 5 A BT
AL E N FRUE (microsatellite instability-high , MSI-H)
(X PD-1¥RYT I 245, FE/NLsE g rp, SRR
% P JIg 25 1 (oxidized low-density lipoprotein,ox-L.DL)
A 3E S A T A0 R0 S D RE AN 5 S I 21 3R AR
fiti-1 (heme oxygenase-1,HO-1) 45 (1 5 4f it P8 47
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BIRIATFTH 25,
3 sPD-11EAPEIREW R EBE

3.1 sPD-187=4%

sPD-1 J2—FP R 8 i, DS A il 542 4 i ve
% 1 5 0 PD-1 mRNA Y40k, 21K PD-1(full-length
PD-1,f1PD-1) PD-1Aex2 PD-1 Aex3 .PD-1Aex2,3 #il PD-1
Aex2,3,4;{IPD-1 ¥ ¢ 5 5 PD-1 J7 51 5 2 AH A,
PD-1Aex2 Fl PD-1 Aex3 43l /b 41 i+ 2 Fi1 3,4
TR MIAN TgV RELEF BRI 85 S5 My dek , A8 T 4 %
M LRI, AN F S A — A R A R
F . PD-1Aex2 .PD-1Aex2,3 #1 PD-1Aex2,3,4 1 T
B AN 2 TNRE 5 BCARSS A . PD-1 Aex3 742
TRTT 4 fith sPD-1, {H7EAg B4 e AN 21 ply ot
5E L fIPD-1 F1 PD-1 Aex3 1 4i i sPD-1 3 & 4844
UVRE ST fd BN Ay Ah R il 5% 4 M (peripheral
blood mononuclear cells, PBMC) 1] ;= i $6 BT 47 {4 |
1E CD3 F1 CD28 #1# PBMC 3415 i, ix 26 87 $2 K 11y
KFR] B g 0 5 e T bk U 48 ] 58 IPD-1
Fl PD-1 Aex3 %i 5% i sPD-1,NK 41 ifg nf 3 35 PD-1
Aex3 4t (¥ sPD-1, F G40 AT 765 5 T £k M43
W fIPD-1 } PD-1 Aex3 Zat5 (f) sPD-177",
3.2 sPD-1 1E AN & 5% 14 by 1 /5 RO 4B 2 1%

sPD-1 REI | 3 FF PD-1 #1 PD-L1 440 T 4F 1
755 PD-L1/CD80 .PD-L1/PD-1 il PD-L2/PD-1, Song
SRS P sPD-1 FRIX W BT PD-1/PD-L1 AH B AEH,
T iR JRy S 4 b e S sPD-1 3R DRI mT 0 4 P A=
Ko R BRAE B2 65 W 1 S SE LA sPD-1 36 A
JifrEg H, nT L JE CD8*T 20 it 38 07 i i e i R 2, —
AT INEFHE T — A9 i% sPD-1 A 20 BLA% R 1k
JFRE K BF 58 sPD-1/PD-L1 A B4 FH B4 BHE 7 % 7 T
AT sPD-1 B BT IR %08 A sPD-1 X6 /I B 98 19
JRERIG T VR B sPD-1 MR 40 i (H22 ZHI R ) |
LR P 4 B 1 35 0 L sPD-1 A UM, i 5
925 4 BELAE EAE R i A gsE S, 4 DC 4t e, I Hon]
BEL VAT i 983 441 i 114 PD-LL1 3 fi 0

Mortensen 25 “HFSY T sPD-1 S5 ELRI)C &R
S bk B URE HR LT sPD-1 7K SF 5 4t JE ok R TH
H sPD-1 K-F 5k E PR 5 fe 82 IE L, o
T8 760 A0 UK ELIR (R sPD-1 K OF B H A 2 R s,
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sPD-1 ACF 5 AR TR M5, #2785 sPD-1 1] fEH A
A2 A RS TE B I RS, HIAN (B, Li 252K 66
151) = 973 4 2L i A6 B B AT BT AR I sPD-1
(2R 7KF SR Lo MM LL YR YT R A S Y sPD-1
FIR KV vy, LB R 43300 A 488 oo 1 e B
FIT R T R 58 2 % % (complete remission, CR) Fll
#B 43 2% f# (partial remission, PR) 8 ML sPD-1 /K
FEATT RO AER) B E R T RE, $E7R sPD-1 7]
AE T VAt = B4 2L B8 357 4l B A7 7 8 B M R LA
B AT 0BRGP i G TR RR A AR TR sPD-
1 KPR 5 R A e Xy BB R Tk a , B S 1 7
ERIEL, R E B AR PFS®, Chang %5 53 #7 i
Jei fB A sPD-1 TN JC G 3t B AR 30 (disease free
survival, DFS) B BT B 4 33.0 wg/mL,sPD-1 ik 1E
OUS IR N PD-L1, R ¥ CD4'T 4i g A1 CD8'T
A LN B TE G o 53— T Meta 43 AT 45 SR 4R
sPD-1 7K ~F- 5 JIT 2 L £ 4% 19 OS \DFS FI L8 A= A+
] (tumor free survival , TFS) ANAH IS 75 R i de b |
sPD-1 Al 85 R AE B AHOC H 5 AR 0S T,
N L R 1Y sPD-1 7KF-A5 R M B 5520 i 7825 1]
Thm, M~V sPD-1 & T 1~ T (B 7E w2
KMo Hoh 22 7 G478 L ,sPD-1 i T
KB EI 1V AEAEAF RN 75.5%, LT ALK&
# N 87.5% ,sPD-1 A FZ M OS {40 7.5 Wi [ 28 470
Montemagno 5“8l 2 87 il 5% B 1 5 a7 W 4H Jfd 95 i
#HU VEGF JRIT R ILE sPD-1 (7K, Hrh 50 4158
FA0 I 9 2 A K TR T 32 4K (vascular endothelial
growth factor receptor, VEGFR) #ll il 71l &7 J& & J& ,37
1) 8 2% A 11t VEGF DUARER 5470 ,sPD-1 5 I K =
BRI PFS 45 ¢, 7K F sPD-1 2 & Je & JE 41 PFS 1)
ARBUSHEZR, A DR BT /Y 20 S U A
R, {H7E NSCLC BB sPD-1 = T4 HE X 2 il
2 ARG A JC BB G0IR T IS sPD-1 T s 8l AS E
LK PFS F1 OS A ™7 sPD-1 785 £ Y 23k
UL K5 N FL KRI85 (human papillomavirus,
HPV ) B 1) 5C 2 A7 418
3.3 sPD-1 5 & MMBRIETT

B HUE T miRNA-34a 3235 1, PD-L1 &35 I
A (ER B S0 BT B 2 R B M R 1) M | Qin 450
K FHBE K AL FAIL AR R T ik ) 4 BH B 7 i o gL
(cationic lipid microbubbles,CLMBs) , it 2k sPD-1 FI
miRNA-34a J5 76 8 7 51 2 FIEA Ul4 BT dE4) 5

M FRE 2023 5520 %5% 11

FRASAR /N B, 2% B8 1) PR FEURN o t d 8 PR /N
=B R R E AW A MR A T
JEE T RN Bel-2, AL -5 N Bax, H¥it
Jif 98 G 32 #H OC TRN-y ik 358 CTL & 43 tu3gm , ik
T 42 5 P i 3 B B i T

75 3J) J197 % (sonodynamic therapy,SDT) 1 /&
PEVRIT I —FP2E T S T8 sPD-1 A 5 10 S 2 40 e
KU AR ST AL bWy e6 (chlorin e6, Ce6) 4l Bl
() SDT 45 & 2 2k , Tan 55 5V o 3 B K & FIHLAR A=
il #& T —F 44 K ¥l (nanobubbles ,NBs) , [7] B+ 171 2%
sPD-1 #1 Ce6,NBs #) B VAR Fa 2, 1] 418 m] 33 Jon g
I3 4N L Ce6 F1 sPD-1 (R SR 1755 0 75 408 o) 2 A IR
NBs 38 I kg #m ikl . 76 /I B JH e A A v 2 2800
S, Y b 9 A B NBs 1% 3% 19 sPD-1 %% e mf , al |
A bR 4 R PD-L1 (9 2% 3k, JEBH W PD-1/PD-L1 i
5, TR0 T 40 S Brbogg 4 il ok, S 4
2 S RIA T R SDT 454 AT 58 b 0% 45 ) & 11 5%
iz B 0 2% 15 T e SRR AN AR T, R IRIE bt
I S N, 2 WL 75 A 2 ) sPD-1/Ce6-NBs 2 I
A RPEIRIT I TE TR

4  sPD-L1 1EABhEFREY RO & BE

4.1 sPD-L1Hy7=4%

sPD-L1 ] i 4 i PD-L1 4k 5 — R X i
mRNA BYEZAR ™At n] 38 1k DA A0 e 2 1 A A 1 2
i 77 A2 92 T & B sPD-L1 A] p it 8 40 i O 1Y
B DC 2 ™ A= ARSI, T A B DC 41 B
WGk 41 L BELAZ AT L AN T 400 X AR T sPD-L1S A
TR, PD-L1 nl k5t 42 J& &5 1 13 (matrix met-
alloproteinase-13 , MMP-13) i £ 14 7] %1 , fif H MMP-
13 e P 00 ) 550 w52 4 e PD-11 B R38R
sPD-L1 A RE b MR 45 & 26 1 240 = A ARz 24 R
S S AL AR 3 s vy AR P AL o 42 1 45 R s 5
AN, i 25 2 4 8 B F1 % (a disintegrin and metallo-
proteases , ADAMs ) # iiF: 5 1 7] 1] #] PD-L1, i F #
il ADAM10/17 5% %E /N4 ADAM10/17 1 i 51
AL S R > sPD-LI [ 8% 5% 3 A B ik, ({8
MMP-9/13 # i 57 WAFT . H AT ADAMSs X} PD-L1 24fi#
AR A7 0 N A, (EAR i R = 4 B R SE 43
S H A T IR X V225 T H240 Z 7]
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4.2 sPD-L1 5& 4B % 4+ R /G H9HE X%

1 = B3 L BRI L sPD-L1 K5 00 1A %
HoB i B AL 7 5 97 3%k CR M PR & LT sPD-L1
KOV 2 v 2 5 B R [ 2 sPD-L1 (i 323K 5 4
JiLJEE B A B OS FITE 22 i DFS  JC 5 & 28 45 16 1] (re-
currence free survival, RFS) . #f J& i [d] (time to pro-
gression, TTS) FITCIHIT A AA W (treatment free sur-
vival , TFS) AH ¢ 157 I8 22 38 15 g 43 7 Ji g /0 |
I DK R e N DK AR AL A 56 T 1S A S sPD-LI
Thim 5 R 52 A0 OC ™, Chang 4873 #1 sPD-L1
T 468 DEFS () #WHE R 11.2 pg/ml,sPD-L1 ik
i 005 9 N PD-L1 i =296 CD4*T 4 il 71 CD8*
T 415 BT 56 . 7Bk i e g v, R s B
sPD-L1 7K P B AR B Adt Fe x BEZHAIG , sPD-L1 5 %3k
PRI G B MOR R PFS™ 7R BB E L C R b R
H (C-reactive protein,CRP) J} & sk I8 P4 T 41 ig 2
T MR 1 3 sPD-L1 K48, #8278 sPD-L1 A fg
5 RAEAT O (AR IRIKF 5 Mg PD-L1 19 2380
K146 B L B Y sPD-L1 /KT b B B 55 44 i B
BItE, M~IVHIEE K sPD-L1 K F4 T~ 10 W
(P=0.049), 7& IiJe s B 7y 9 I ok R H Ge it 2% 2
5t ,sPD-L1 KPR T80 45 T i K- 1 AR AEAE 3
H 9%, 5 T ALK # B AR E N 73% ,sPD-1 2
PFS F1 OS (kS s B PR 3 977 7R 5% B 7 15 3% ] 41 i
FE IRITHTE KOF sPD-L1 #A b 58 K 1R K i
AT USSR AR G B KT sPD-L1 1Y 8 & HoA
() PFS, H X &7 Jé B Je J i K AE™ . NSCLC 3697 Rl
sPD-L1 FH M5 3 g i 7 PFS A1 OS #HG, HA
PFS b~y Tl fe 2R 9, B R Ta) B2 988 PD-LL1 BH &
HAT S sPD-L1 FHPERR, H i sPD-L1 KA
OS MRE3S ) Oh &8 S5 5 128 9 AS [7] 4 Fol £ 25 fiff
FH % 9 K A 2040 61 R AT 89 sPD-L1 K, A4
NSCLC 50 i 81 2 5 2008 31 191 /N0 M it 98 14
) DR b B e 13 45 R A i Eg 20 ], 45 R R,
sPD-L1 3K /K 5 g 41 2117 PD-L1 3k 1% B G
5%, 55 rpepi e 20 FRRD bR B 40 A LE A R R AR OGSk
1 9. L 5] R bR ECL 200 B0 B A G, 5 /KT sPD-11
SR oy AR M HLYUS AN T PFS AT OS B
R WG AS KAk S fE B R 2 NSCLC 3 i e
sPD-L1 % il g7 mir B & F B 0 (0 28 & 0T Je
I35 sPD-L1 20+, HAR G843 RCTT 5 57 A4 [ i
I7 AR AL FLHEAS ] 507
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4.3 7|/ sPD-L1 #{THIEE ST

7K P sPD-L1 B RO R B E OS B2, N
T R A A R R T 255 O, Orme 551907243
FHAG T P 1 K & $  (therapeutic plasma exchange,
TPE) K& Ik sPD-L1 Ay 7K 45 8 & 8L TPE 7] W] g
b sPD-L1 By /K- T HAE R 2 3 A3 22 1 HL i i 3
FARYT IR S W B, ol BB R TS RNR YT
i 25 323 T — #8520, Davidson &% VW 1F 7E AT
— IR L TR M R A b IR R BIF 5T
(NCT04581382) , Ul &8 Ifil 3¢ & e f#AIL sPD-L1 3%
KT E R B R A R R RORYT, BEEss

5 NEERE

AL b 114 A A e e 5 LR B S B IR S U AR
5, PR KU AT AR U R B
S5 BB IRT AA I PR L A SR BRAE | 1032 2 A
B PEA KT TG AT 5 A bR RS W B B AR
it geg v 3 i A BR AN RS I R 24 1k A | B AR 5T
O RAERIENIT LB R AR A B8 258, sPD-1
I sPD-L1 fE 2 W52 AR B T Fn S i i g1, 1
1K AT BB I RO BIURFAE 36 97 SRR B U A OG
sPD-1 7w A Hil i R 4F K WS A B A il n]
RES AR | 10T 7 LA G  sPD-L1 ¥ i A O 5 i
JAAS B BBA e AR E AR O, AT RE L SR IR T
ORI Ly

Sk

[1] Han Y,Liu D,Li L. PD-1/PD-L1 pathway: current re-
searches in canceilJ]. Am J Cancer Res,2020,10(3):727-742.

[2] Fernandes RA,Su L,Nishiga Y,et al. Immune receptor in-
hibition through enforced phosphatase recruitment[J]. Na-
ture,2020,586(7831):779-784.

[3] Baldanzi G. Immune checkpoint receptors signaling in T
cells[J]. Int J Mol Sci,2022,23(7):3529-3547.

[4] Kaur G,Janakiram M. B7x-from bench to bedside[]]. ES-
MO Open,2019,4(5):e000554.

[S]  Sun C,Mezzadra R,Schumacher TN. Regulation and func-
tion of the PD-LI checkpoint[J]. Immunity,2018,48(3):
434-452.

[6] Alsaab HO,Sau S,Alzhrani R,et al. PD-1 and PD-L1

checkpoint signaling inhibition for cancer immunotherapy:

MBS 2023 £ 20 %% 1



[7]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[19]

[21]

mechanism, combinations,and clinical outcome [J]. Front
Pharmacol ,2017,8.561.

Yi M,Niu M,Xu L,et al. Regulation of PD-L1 expression
in the tumor microenvironment[J]. ] Hematol Oncol ,2021,
14(1): 10.

Ji M,Liu Y,Li Q,et al. PD-1/PD-L1 pathway in non-
small-cell lung cancer and its relation with EGFR muta-
tion[J]. J Transl Med,2015,13(1):5.

Dong Y,Sun Q,Zhang X. PD-1 and its ligands are impor-
tant immune checkpoints in cancer[J]. Oncotarget,2017,8
(2):2171-2186.

Zhu X,Lang J. Soluble PD-1 and PD-L1: predictive and
prognostic significance in cancer[J]. Oncotarget,2017,8
(57):97671-97682.

Wang F,Yang L, Xiao M, et al. PD-L1 regulates cell pro-
liferation and apoptosis in acute myeloid leukemia by ac-
tivating PI3K-AKT signaling pathway[J]. Sci Rep,2022,
12(1): 11444.

Witt DA ,Donson AM,Amani Vet al. Specific expression
of PD-L1 in RELA-fusion supratentorial ependymoma:
implications for PD-1-targeted therapy[J]. Pediatr Blood
Cancer,2018,65(5):€26960.

Jiang Y,Chen M,Nie H,et al. PD-1 and PD-L1 in cancer
immunotherapy: clinical implications and future considera-
tions[J]. Hum Vaccin Immunother,2019,15(5):1111-1122.
Saglam O, Conejo-Garcia J. PD-1/PD-L1 immune check-
point inhibitors in advanced cervical cancer[J]. Integr
Cancer Sci Ther,2018,5(2): 10.

Shen X,Zhao B. Efficacy of PD-1 or PD-L1 inhibitors and
PD-L1 expression status in cancer: meta-analysis [J].
BMJ,2018,362:k3529.

Wallis CJD,Lawson K,Butaney M, et al. Association be-
tween PD-LI status and immune checkpoint inhibitor re-
sponse in advanced malignancies: a systematic review
and meta-analysis of overall survival data[J]. Jpn J Clin
Oncol,2020,50(7) : 800-809.

Chen XJ,Yuan SQ,Duan JL,et al. The value of PD-LI
expression in predicting the efficacy of anti-PD-1 or anti-
PD-L1 therapy in patients with cancer: a systematic review
and meta-analysis|J]. Dis Markers,2020,2020.:6717912.
Zhang B,Liu Y,Zhou S, et al. Predictive effect of PD-L1
expression for immune checkpoint inhibitor (PD-1/PD-L1
inhibitors) treatment for non-small cell lung cancer: a
meta-analysis[J]. Int Immunopharmacol,2020,80:106214.
Rui X,Gu TT,Pan HF,et al. Evaluation of PD-LI
biomarker for immune checkpoint inhibitor (PD-1/PD-L1
inhibitors) treatments for urothelial carcinoma patients: a
meta-analysis|J]. Int Inmunopharmacol,2019,67:378-385.
Gandini S,Massi D,Mandala M. PD-L1 expression in
cancer patients receiving anti PD-1/PD-L1 antibodies: a
systematic review and meta-analysis[J]. Crit Rev Oncol
Hematol ,2016,100:88-98.

No authors listed. Pembrolizumab OK“d for cervical can-

M FRE 2023 5520 %5% 11

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

[30]

[31]

[32]

(33]

[34]

cer]J]. Cancer Discov,2018,8(8):904.

Zhu J,Yan L,Wang Q. Efficacy of PD-1/PD-L1 inhibitors
in ovarian cancer: a single-arm meta-analysis[J]. J Ovarian
Res,2021,14(1):112.

Li S,Sun S,Xiang H,et al. Liver metastases and the effi-
cacy of the PD-1 or PD-L1 inhibitors in cancer: a meta-
analysis of randomized controlled trials[J]. Oncoimmunolo-
2y,2020,9(1):1746113.

Baxi S,Yang A,Gennarelli RL,et al. Immune-related ad-
verse events for anti-PD-1 and anti-PD-L1 drugs: systematic
review and meta-analysis[J]. BMJ,2018,360.k793.

BRHE, Fh2E . PD-1/PD-L1 400 i 550 76 e 39 e i85 v 11y
AH I il 98 % Az R A S . — T ZS A 3 (0], o I A
243K ,2020,23(11):927-940.

Chen K,Sun B. Incidence and risk of PD-1/PD-L1 in-
hibitor-associated pneumonia in advance cancer patients:
a meta-analysis[J]. Chinese Journals of Lung Cancer,
2020,23(11):927-940.

Kramer R,Zaremba A ,Moreira A, et al. Hematological im-
mune related adverse events after treatment with immune
checkpoint inhibitors|J]. Eur J Cancer,2021,147:170-181.
Rai M,Go M. Nivolumab induced adrenal insufficiency:
rare side-effect of a new anti-cancer therapy-immune-
checkpoint inhibitors[J]. Cureus,2020,12(4):e7625.
Barnabei A ,Strigari L,Corsello A,et al. Immune check-
point inhibitor-induced central diabetes insipidus: looking
for the needle in the haystack or a very rare side-effect to
promptly diagnose?[J]. Front Oncol ,2022,12:798517.
Zhao Q,Zhang J,Xu L,et al. Safety and efficacy of the
rechallenge of immune checkpoint inhibitors after im-
mune-related adverse events in patients with cancer: a
systemic review and meta-analysis[J]. Front Immunol,
2021,12:730320.

Hussaini S,Chehade R,Boldt RG,et al. Association be-
tween immune-related side effects and efficacy and bene-
fit of immune checkpoint inhibitors - a systematic review
and meta-analysis[J]. Cancer Treat Rev,2021,92:102134.
Vukadin S,Khaznadar F,Kizivat T,et al. Molecular mecha-
nisms of resistance to immune checkpoint inhibitors in
melanoma treatment: an update[J]. Biomedicines,2021,9
(7):835.

Skoulidis F,Goldberg ME, Greenawalt DM, et al. STK11/
LKB1 mutations and PD-1 inhibitor resistance in KRAS-
mutant lung adenocarcinomalJ]. Cancer Discov,2018,8
(7):822-835.

Kwon M,An M, Klempner SJ,et al. Determinants of re-
sponse and intrinsic resistance to PD-1 blockade in mi-
crosatellite instability-high gastric cancer]]]. Cancer Discov,
2021,11(9):2168-2185.

Khojandi N,Kuehm LM, Piening A et al. Oxidized
lipoproteins promote resistance to cancer immunotherapy
independent of patient obesity [J]. Cancer Immunol Res,

2021,9(2):214-226.

59



Journal of Chinese Oncology,2023,Vol.29,No.1

[35]

[36]

[37]

[38]

[39]

[41]

[42]

[44]

[45]

[46]

[47]

(48]

Khan M,Zhao Z, Arooj S, et al. Soluble PD-1: predictive,
prognostic,and therapeutic value for cancer immunothera-
pylJ]. Front Immunol,2020,11:587460.

Li Y,Liang Z,Tian Y ,et al. High-affinity PD-1 molecules
deliver improved interaction with PD-L1 and PD-L2[J].
Cancer Sci,2018,109(8):2435-2445.

Antonsen KW ,Hviid CVB,Hagensen MK, et al. Soluble
PD-1(sPD-1) is expressed in human macrophages|J]. Cell
Immunol ,2021,369 ;104435.

Song MY ,Park SH,Nam HJ,et al. Enhancement of vac-
cine-induced primary and memory CD8(+) T-cell respons-
es by soluble PD-1[J]. J Immunother,2011,34.297-306.
Shin SP,Seo HH,Shin JH,et al. Adenovirus expressing
both thymidine kinase and soluble PD1 enhances antitu-
mor immunity by strengthening CD8 T-cell response [J].
Mol Ther,2013,21:688-695.

Yuan Y,He Y,Wang X, et al. Investigation on the effects
of soluble programmed death-1(sPD-1) enhancing anti-
tumor immune response[J]. ] Huazhong Univ Sci Technolog
Med Sci,2004,24 :531-534.

Mortensen JB,Monrad I, Enemark MB,et al. Soluble pro-
grammed cell death protein 1(sPD-1) and the soluble pro-
grammed cell death ligands 1 and 2 (sPD-L1 and sPD-1.2)
in lymphoid malignancies|J]. Eur ] Haematol,2021,107(1):
81-91.

Li Y,Cui X,Yang YJ,et al. Serum sPD-1 and sPD-L1 as
biomarkers for evaluating the efficacy of neoadjuvant
chemotherapy in triple-negative breast cancer patients[]].
Clin Breast Cancer,2019,19(5):326-332.

Liu S,Zhu Y,Zhang C,et al. Soluble programmed death-1
(sPD-1) and programmed death ligand 1 (sPD-L1) as po-
tential biomarkers for the diagnosis and prognosis of
glioma patients[J]. ] Med Biochem,2020,39(4):444-451.
Chang B,Huang T,Wei H,et al. The correlation and
prognostic value of serum levels of soluble programmed
death protein 1(sPD-1) and soluble programmed death-lig-
and 1(sPD-LI) in patients with hepatocellular carcinoma
[J]. Cancer Immunol Immunother,2019,68(3):353-363.
Xue JS,Liu H,Meng GX,et al. Prognostic value of soluble
programmed cell death-1(sPD-1) and soluble programmed
cell death ligand-1(sPD-L1) for hepatocellular carcinoma:
a systematic review and meta-analysis[J]. Cancer Immunol
Immunother,2021,71(7):1633-1644.

Kruger S, Legenstein ML, Rosgen V ,et al. Serum levels of
soluble programmed death protein 1(sPD-1) and soluble
programmed death ligand 1(sPD-L1) in advanced pancrea-
tic cancer[J]. Oncoimmunology,2017,6(5):e1310358.
Swiderska J,Koztowski M,Nowak K,et al. Clinical rele-
vance of soluble forms of immune checkpoint molecules
sPD-1,sPD-L1,and sCTLA-4 in the diagnosis and prognosis
of ovarian cancer]]]. Diagnostics(Basel),2022,12(1): 189.
Montemagno C,Hagege A,Borchiellini D,et al. Soluble
forms of PD-L1 and PD-1 as prognostic and predictive

60

[49]

[51]

[54]

[55]

[56]

[57]

[60]

markers of sunitinib efficacy in patients with metastatic
clear cell renal cell carcinomalJ]. Oncoimmunology,2020,
9(1):1846901.

Tiako Meyo M, Jouinot A,Giroux-Leprieur E, et al. Pre-
dictive value of soluble PD-1,PD-L1,VEGFA,CD40 lig-
and and CD44 for nivolumab therapy in advanced non-
small cell lung cancer: a case-control study[]J]. Cancers
(Basel), 2020 ,12(2):473.

Qin YE,Tang WF,Xu Y,et al. Ultrasound-mediated co-
delivery of miR-34a and sPD-1 complexed with microbub-
bles for synergistic cancer therapy[J]. Cancer Manag Res,
2020,12:2459-2469.

Tan Y,Yang S,Ma Y ,et al. Nanobubbles containing sPD-1
and Ce6 mediate combination immunotherapy and suppress
hepatocellular carcinoma in mice[J]. Int J] Nanomedicine,
2021,16:3241-3254.

Ying H,Zhang X,Duan Y,et al. Non-cytomembrane PD-
L1: an atypical target for cancer|J]. Pharmacol Res,2021,
170:105741.

Niu M,Liu Y,Yi M,et al. Biological characteristics and
clinical significance of soluble PD-1/PD-L1 and exosomal
PD-L1 in cancer[J]. Front Immunol,2022,13:827921.
Bailly C,Thuru X, Quesnel B. Soluble programmed death
ligand-1(sPD-L1): a pool of circulating proteins implicated
in health and diseases|J]. Cancers(Basel),2021,13(12):3034.
Romero Y,Wise R,Zolkiewska A. Proteolytic processing
of PD-L1 by ADAM proteases in breast cancer cells[]].
Cancer Immunol Immunother,2020,69(1):43-55.

Kim HJ,Park S,Kim KJ,et al. Clinical significance of
soluble programmed cell death ligand-1(sPD-L1) in hepa-
tocellular carcinoma patients treated with radiotherapy|[J].
Radiother Oncol,2018,129(1):130-135.

Carosio R,Fontana V,Mastracci L,et al. Characterization of
soluble PD-L1 in pleural effusions of mesothelioma patients:
potential implications in the immune response and prognosis
[J]. J Cancer Res Clin Oncol,2021,147(2):459-468.

Oh SY,Kim S,Keam B, et al. Soluble PD-LI is a predic-
tive and prognostic biomarker in advanced cancer patients
who receive immune checkpoint blockade treatment|[J]. Sci
Rep,2021,11(1):19712.

Qu Y,Wang H,Liu H,et al. Molecular mechanism of ex-
pression changes of immunological indexes of PD-1/sPD-
L1 after radiotherapy in non small cell lung cancer[J].
Biomed Res Int,2021,2021:8811751.

Orme JJ,Enninga EAL,Lucien-Matteoni F,et al. Thera-
peutic plasma exchange clears circulating soluble PD-L1
and PD-LI-positive extracellular vesicles[J]. J Immunother
Cancer,2020,8(2):e001113.

Davidson TM,Foster N,Lucien F,et al. Rescuing cancer
immunity by plasma exchange in metastatic melanoma
(ReCIPE-M1): protocol for a single-institution, open-label
safety trial of plasma exchange to clear sPD-L1 for im-
munotherapy[J]. BMJ Open,2022,12(5).:e050112.

MBS 2023 £ 20 %% 1



