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[ Abstract] Objective To investigate the relationship between pre-liver transplantation plasma soluble
programmed cell death protein 1 (sPD-1) levels and prognosis in hepatocellular carcinoma (HCC) patients treated with
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immune checkpoint inhibitors (ICI). Methods A total of 38 HCC liver transplant recipients who received ICI treatment at
Beijing Tsinghua Changgung Hospital from January 2021 to February 2024 were included in the study. The use of ICI
drugs was reviewed, and the clinical and pathological characteristics of patients with and without postoperative HCC
recurrence were compared. Kaplan-Meier analysis was used to evaluate postoperative survival. Pre-transplant plasma
samples were collected from patients treated with ICI, and the sPD-1 levels were measured using enzyme-linked
immunosorbent assay. Receiver operating characteristic curves were plotted to explore the relationship between sPD-1
expression and clinical pathological features and to analyze the prognosis. The effects of different preoperative ICI
discontinuation times on sPD-1 expression were also compared. Results Among the patients, 28 (74%) received anti-
programmed cell death protein 1 (PD-1) monoclonal antibodies, 9 (24%) received anti-programmed cell death protein
ligand 1 (PD-L1) monoclonal antibodies, and 1 (3%) received bispecific antibodies. Patients were grouped based on
whether they had HCC recurrence within 1 year after surgery. Significant differences were found between the two groups
in preoperative alpha-fetoprotein levels, tumor number, maximum tumor diameter, capsular invasion, differentiation grade,
Ki67 index, conform to Milan criteria, conform to University of California at San Francisco (UCSF) criteria and tumor,
node, metastasis (TNM) staging (all P<0.05). The median pre-transplant plasma sPD-1 level was 902 (318, 4 406) pg/mL,
and the sPD-1 level was higher in the recurrence group than in the non-recurrence group (P<0.05). Using 2 073 pg/mL as
the cut-off value, patients were divided into high and low sPD-1 level groups. Significant differences were found between
the two groups in tumor number, postoperative hospital stay and total hospital stay (all P<0.05). Kaplan-Meier analysis
showed that the disease-free survival rate was lower in the high sPD-1 level group than in the low sPD-1 level group
(P=0.004), while the overall survival rate did not differ significantly between the two groups (P=0.381). In addition,
patients who discontinued ICI treatment < 5 half-lives before surgery had higher sPD-1 levels than those who
discontinued ICI treatment for >5 half-lives before surgery. Conclusions Pre-transplant plasma sPD-1 levels are closely
related to prognosis and may reflect the dynamic changes in the immune microenvironment. For patients with high pre-
transplant plasma sPD-1 levels, the indications for liver transplantation should be carefully evaluated, and postoperative
management and follow-up should be strengthened. Early intervention should be provided to improve patients' quality of
life and prolong their survival.

[ Key words ] Immune checkpoint inhibitor; Soluble programmed cell death protein 1; Hepatocellular carcinoma;

Liver transplantation; Prognosis; Alpha-fetoprotein; Milan criteria; Immune microenvironment
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FF4ufadE (hepatocellular carcinoma, HCC ) &3k
B i LAY D e MEIF R 2R B, O DR TR I Y
75% LI M, JFRAEAE I HCC BIARIGHEIR YT F BT
B UCE R HE ALY, HErh T R R R EOR
AL EHEIER, 7RI kR )
TRYT XA Tl b g A e 2 DG AR i S A A A
# (immune checkpoint inhibitor, I1CI) PXH: g 2 A9t
e i, C SR B R ety T R, R
TR AT HCC BF AR A fr k4%, (HARSE
Jivge 5 ATy 5 W T B O R P R 2 — 1, 2
HIE R I 3 101 ok =45k ) | 3EAREAE (4
STARRE ) KIEAREY [ B&E A (alpha-
fetoprotein, AFP) | SE#EATHUEITAL, (HH IR HE
HARR. P, SREFARA DR R LTS 732
HABYImIRT K

AR, IR P AN BAET- 8 1 (soluble
programmed cell death protein 1, sPD-1) 7£ ZFhsL{k
Jed 0 A% I 5 1S S b R B S AN B o
Hwang S50 W58 R, REALMRTT BTG RITF RS A 32

H, AR sPD-1 KV 5AE & A X B E A G, 4R
M, I AR5 R RRRHIE A S 05 M (E™, B LA 3L
sPD-1 7E HCC B 15 Hh (1 38 AR AFFE il . {15
WM, WA ICL AR SRR N A g, Ly
R 1 Y R G A B TS ) sPD-1 B AE 244 T
R 5 HUR W SCIBRPET A H AT ORI ICHIA
JYI HCC BE T, BAENT sPD-1 K- 5B ARG
R, FETF I, AR RETHZ ICLIAYY
1) HCC Rz 5 AR, BIEIAS AR RTINS sPD-1
FIRXT I 5 R N2 A A AR PSSR, BIESR AR R
R HEERZ ICLIRYT R AF AR & i 18 AR 5 1Ak
Bl 17 7 AR TR
1 M5 *
1.1 —fER

AN 5T N —I0 HCC RS AE 52 35 AR5 i 1 [l it
PERFSE . BFSE N A E R K PR BE AR 2021 4F 1 H

2024 4F 2 H WR14%E 5% ICLIAYT 4 38 i HCC %
WiZ# ., MAPREMARE: (1) 4E% 18~70 %, B4«
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AR (2) WEEFRIZ M HCC;  (3) AREifT ICTA
575 (4) IrFFMSARIHRE T A, (5) BEUIPERSE
B (=14F) o HEBRbrEfds: (1) HCC BIFIRE
FEOA IEHAE MR s (2) A I Fo A FAE B e P
PRI . RSEBRBATES . B B rERE s (3) H
WHAt; (4) IKERATEE ., A2 HEERG
VAR R A e WIbEDT, a8 3 AT LIk, HE
2025 4F 2 A sz E AT, AR T BRAALaTERK
BER BEHLAL & AT £ 22 5 bl (45 . 21299-4-
03) , #fbamiER .
1.2 MEHRHEE

FEVEATIF RS A FARTT 1 d 3504 RS 2 10 I
FEA, B E KR TE 4 e R b, IR
E4°C T, 3000x%g B> 10 min, WL E T80 °C
fefbg o
1.3 sPD-1 /KFE

R Hf 3 7Y B 7 5, R P TR EB B % W R 4k
( enzyme-linked immune absorbent assay, ELISA ) lll
JE MM sPD-1 WY 7K, B3 A it 38 52 A I O
ELISA 14 78 [l & 15.6~1 000.0 pg/mL, 5
J 3.27 pg/mL.
14 HRAEF

[ B8 & ICT 25l A B0, LR ICTHRYY
BEARIG HCC & 5 AR K % 41 1 R FRAFAE
Kaplan-Meier 70T & ARG A A7 L. TEEZ 1CT
IRYT BRI IE sPD-1 /K FEFH2HZi80& TR
fit: (receiver operating characteristic, ROC ) HiZk, #&is)
sPD-1 R ik 5l PRI BURRAE 19 5C R IF A U 15 0L
A HT AR 1CT 25490 [a] % sPD-1 ik A2
15 SitEHE

K Ml SPSS 26.0 #i 1F Bt AT e it o,
2024 it Origin A AT R . A5G IEAS i 1T
TORLR B B b 22 260, 4l IR) FL SR W Bk S
ARt K50 5% Mann-Whitney U #3560 . AFF& IES A0
AR ORER A A 8 (R s gk, s %)
T PRI R, d1IA] SR Fisher K5
ki 5 . R M Kaplan-Meier 522 il A 728, log-rank
Ko LA AR . P<0.05 W2ZER A GITFE X

2 % X

2.1 BERBMEAHERBR
BEA YU P AT 2 1 ( programmed
cell death protein 1, PD-1) FRFEFEHLAR (17 i F Bk 5

P, PAEERIER BT B R ARG AR
RHEG PR ) . PURE)T AR AL T A A R 1
( programmed cell death protein-ligand 1, PD-L1)
seREUIA (BPERIZR DT ) R SEUA (RER
FIAHT ) 3590 28 14] (74% ) . 9 1 (24% ) Fi 1 14
(3%) o ICI 259 il 26 (22, 27) d,
PIF RN S (4, 10) do ARRET5 25 47 1) 6] 24 83
(48, 148) d, HrhEBAHA LML 5 4k
Wi HREA 184 (47% ) .
22 ZICIEITEEARE HCC EXRAEXRELEN
Iifa PR 5 BB 43 1E

WF SN A 38 151 S8 35 1 Il PR s BLRFAIE 4N 3% 1
N, RIE VERNKRELBIECRH 2041 (53%) , K5
VAENE EZBIECKH 18 1 (47% ) o PHL B3 1 AR
AFP K-, Mgt . Mo R EAS . IR0
SHETREE | Ki67 F850. FFAKZARME . FF G IR
IH4x111434% ( University of California at San Francisco,
UCSF ) brifE S . ke 4s . %% (tumor, node,
metastasis, TNM ) 433 J5 1 22 S5 WA R Ge 122 3 X
(¥h P<0.05) , Hrb, K=FRAEF UCSF trifEL)
S BB AN B 2 IS BT A T AR T PEAL P4 o
23 ZICLETEBERBEFBERSH

BEERETI Y (22+9) ~H . HCC iF
ARG 1VAENIE 18 FIHIE &, Hi 1 FIsET,
FEIR A 2 % . KRG 24ENA 1901 %, H
8 WIsET:, 7THIFET MR K, 1 BIFE T IIMAE . 5
EA A7 (overall survival, OS) & X kb AMBHETF
AR H R Z AT S8 T R B ], JE R A AR R
(disease-free survival, DFS) & XN HITFEMHEFARH
B E UM K R BT AR PR SE T 1 R ]
Bl U745 A o, ARJE 6/ H B OS Al DFS 43 4
100% #165.8%, AJ5 1 4EAF OS 1 DFS 43518 97.4%
M1527% (K1) .
24 ZICLEIT EEBERTMER sPD-1 KFE5 1T

B A8 HI M 3% sPD-1H f37 7K SF R 902 ( 318,
4406 ) pg/mL, B RMAIMIK sPD-1 K- T ARE KA
(P<0.05, K 2A) . ROC k537 iR, sPD-1 i
W 52 ke Wt 2 T A 0.747 (1 2B) , dEd S
29 85 38 B KAE L o S B E Y 2 073
pg/mL, REE N 0.556, FFIE K 0.900,
2.5 WHEBIME S sPD-1 RiZ5IERBEIFMEHX R

L 2 073 pg/mL R ERBEKE sPD-1 430 8 /K - 40
R F4L, (R4 0 26 ) (68% ) , /KP4l
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Table 1 Comparison of clinical and pathological characteristics between the relapse group and the non-relapse group
ARG 14ENHCCE &
ik BORN=38) R (n-20)  HRA (n=13) Pl
AR (R, %) 52+7 54+7 51+6 0.130
PR (%) ] 1.000

e 2(5) 1(5) 1(6)

5 36 (95) 19 (95) 17 (94)

FRhEEwE[n (%) ] 0.792

HBV e 33 (87) 18 (90) 15 (83)

HCVZJjt 2(5) 1(5) 1(6)

HoAth 3(8) 1(5) 2 (11)
MELD®PESMM ( Py, Pis) , 53] 9 (8, 13) 9 (8, 13) 8 (8, 11) 0.534
RATAFPKF[M ( Py, P,s) , ng/mL] 15 (4, 340) 5(2, 15) 162 (20, 1256) <0.001
PIVKATT®[M (P,;, P,;) , mAU/mL] 241 (63, 1063) 229 (26, 541) 253 (129, 1451) 0.331
ARETEAYIREM ( Py, Pos) , x10%/L] 43 (33, 54) 4.0 (33, 4.7) 4.8 (3.0, 5.6) 0.294
K (%) ] 0.006

<34 24 (63) 17 (85) 7 (39)

>34 14 (37) 3(15) 11 (61)

[ B R EAR[M (Pys, Pps) , mm] 45 (26, 69) 38 (23, 55) 57 (45, 73) 0.031
KIERIn (%) ] 12 (32) 5(25) 7(39) 0.489
&=L (%) ] 13 (34) 5(25) 8 (44) 0.307
TR (%) ] 14 (37) 4(20) 10 (56) 0.042
SRR (%) ] 0.004
ok 11 (29) 10 (50) 1(6)
Tk 27 (71) 10 (50) 17 (94)
Ki6 74654 [M ( Py, Pys) ] 0.30 (0.10, 0.40)  0.18 (0.03, 0.31)  0.40 (0.30, 0.58) 0.002
FFAAK 2L hm e (%) ] 11 (29) 9 (45) 2 (11) 0.033
FHEUCSFiRiE (%) ] 13 (34) 10 (50) 3(17) 0.043
TNMMi[n (%) ] 0.005

I 6 (16) 4(20) 2 (11)

Il 7(18) 7 (35) 0

m 25 (66) 9 (45) 16 (89)

Child-Pugh/3&[n (%) ] 0.247

A 14 (37) 5(25) 9 (50)

B 17 (45) 10 (50) 7(39)

C 7(18) 5(25) 2 (11)
ARIFEBEREI[M (Py, Pys) . d] 19 (16, 25) 18 (16, 21) 23 (15, 27) 0.177
BAEBEREI[M (P, Pos) , d] 21 (17, 26) 19 (17, 24) 24 (19, 30) 0.107

. OHBV A RIS QHCV AN BIIFITE; MELD LA ; @PIVKA T R 4EAE 5Kk = s
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126 (32% ) , WA ERRFIE AN 2 i . P4l
FEMRECEE . SR B B (A1 B e (] 75 18 25 5234
Ayt L (325 P<0.05) .
2.6 TBIERTIY sPD-1 KLEEFEHXES

A sPD-1 7KF-4340 3143 LA DFS Al OS A AAF
2t J5y, Kaplan-Meier 43 M1 . /8, sPD-1 & 7K F 41
DFS ik F sPD-1 ik /K41 [P=0.004, KU ( 95%
AfE XA ) 3.359 (1.338~8.433) ] (& 3A) , #/R
sPD-1 7K FLHAHEE T sPD-1 /K F-4H7E DFS 457 %
AR b 3.359 f . AL OS Z R LG i2# 8 X
(P=0.381, #3B) .
2.7 E=H ICI EREAEXT sPD-1 FRiZH 0

WRAE BN 12258, 25% 5 A=)
AU 25 IEAAR I e 4, BORBCE AR5 1C1 24
Wik 5 AW G FUE S w2, s 2 ] >
S 186, <5A Bl 2001, AR

100
80

607

DFS (%)

404

201

O.

20 30 40

Bt BEvI Tl (H )

0 10

0S (%)

50 ®

ICHFZjBf ] <5 2 A Y 3 sPD-1 K F = TR
HII ICT 45 25 ) ] > 5 A~ 2 W G 2235 [1 816 ( 790,
11329) pg/mL [ 460 (222, 1225) pg/mL, P<0.05],

3 3

HCC B 7E F RS R A 5 Y T WEAS A5 2 I PR S
B I FAPRERS . h TR AR AR 0 R £ S A
FE 25 5 AR AL )2 R 2 = B S, DAROR
Je KM EHNEYT S TR e i Thae,
I HCC R 8 BB R TE @ AT, ol B
RSN, FE PR T 2RI EAR D, KR
JER/N . B S RADSERERAE RS, bR
IRBIA T ArbraEd, W AFP Fi4i/l & K Bz s
PRIESRE A MU R M5 HCC (52
R . SR, X EEARAEAEA J5 TS DAl b ) v 1
AR —E R . AR R, BRHASRERH
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Figure 1 Analysis of overall survival rate and disease-free survival rate in patients treated with ICI after surgery
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Figure 2 Comparison of plasma sPD-1 levels before transplantation between patients with and

without relapse after ICI treatment and ROC curve analysis
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Table 2 Comparison of clinical and pathological characteristics between patients with low and
high levels of plasma sPD-1 before transplantation
o sPD-17KF-
i B N=38) KT (nm26) kT (n=i2) O
AR (xts, %) 52+7 53+7 50+5 0.141
P (%) ] 1.000
‘e 2(5) 2(8) 0
5 36 (95) 24 (92) 12 (100)
TR (%) ] 0.306
HBV " 33 (87) 23 (89) 10 (83)
HC V2t 2(5) 2(8) 0
HoAth 3(8) 1(4) 2(17)
MELD®PEAMM (P, Pys) . 53] 9 (8, 13) 9 (8, 13) 8 (7, 11) 0.155
RETAFP/KF[M (P, P..) , ng/mL] 15 (4, 340) 10 (3, 85) 150 (9, 2979) 0.093
PIVKA I Y[M (P,, P,;) , mAU/mL] 241 (63, 1063) 252 (70, 561) 188 (58, 1552) 0.963
RETE MM (Py, Prg) , x10°L] 43 (3.3, 5.4) 3.8 (29, 49) 5.1 (4.0, 63) 0.060
R [ (%) ] 0.014
<34 24 (63) 20 (77) 4(33)
>34 14 (37) 6 (23) 8 (67)
i e K EAR[M (P,s, P;s) , mm] 45 (26, 69) 45 (23, 76) 48 (42, 63) 0.626
KiMERI[n (%) ] 12 (32) 9 (35) 3(25) 0.714
&=L (%) ] 13 (34) 8 (31) 5(42) 0.714
JHELRE AL (%) ] 14 (37) 8 (31) 6 (50) 0.296
SRR (%) ] 0.444
[t 11 (29) 9 (35) 2 (17)
Hh ks 27 (71) 17 (65) 10 (83)
Ki6 74644 [M ( Py, Pys) ] 0.30 (0.10, 0.40)  0.30 (0.04, 0.40)  0.30 (0.20, 0.50) 0.368
FFE K2 (%) ] 11 (29) 9 (35) 2 (17) 0.444
FFEUCSFATRE[n (%) ] 13 (34) 11 (42) 2 (17) 0.158
TNMZr[n (%) ] 0.392
I 6 (16) 5(19) 1(8)
I 7 (18) 6 (23) 1(8)
I 25 (66) 15 (58) 10 (83)
Child-PughZ3&[n (%) ] 0.060
A 14 (37) 6 (23) 8 (67)
B 17 (45) 15 (58) 2(17)
C 7 (18) 5(19) 2(17)
RIGAEBERFRI[M (P, Po) , d] 19 (16, 25) 17 (15, 23) 25 (21, 31) 0.002
BAEBERTEI[M ( Py, Pos) , d] 21 (17, 26) 19 (16, 24) 27 (24, 38) <0.001

. OHBVA LRI QHCV AN BIIFINTE; MELD LA ; @PIVKA I 4L 5Kk = B4
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Figure 3 Comparison of survival conditions between two groups

BBETEARAT AFPACE . gl . SR EAR . It
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REAER S i B — 3t F B AT C A B R
FETIUS BN 5 AT AR SRR, I LR 2 % g S ek
W85 BB S A YA A RO, . R, S
) AEYIbR S A T TS DA

VAR KB, sPD-1 =% i 45 € /Y PD-1 {5
RNA SYFEHLE A4 8 25 B /K A PD-1 774, 24
JEE RO A A5 [ 1) B LA G AT, A AE MR
GoRERbIR | GRETH 57 LS TR VPG T LA VTR AR
PRI E! 2, ISR, K sPD-1
K- 55 6 A g B DDA OGRS, eAh, YYD
(ALFEREAIGTFBORET ) sPD-1 /K s Fis
ANREBE R, AR, sPD-1 KRS
RGN RS 3 S ORGP TSR 5 e &)
sPD-1 7F HCC JIF R 52 3 A J5 T w4 £ F v ok W]
Wi, BHHFIEE, ARAT sPD-1 K5 KRZIA571 HCC
IR A 22 & A5 Bl G B & A D, HAR & sPD-1 7K
S (>318.9 ng/mL ) A BEJE IR TR ZARUERIAR B
N R VE A ST fER RS, SR, AR &
AT sPD-1 /K F-5 HCC PR R 32 3 A5 W5 1415
WK, WA 67.2% ) HCC H 78 IR R i
Bzt BUMIRIRYY . T 32.8% B B H R SZATATIA
I, HED R XA T RN A S AT REFISS T sPD-1
VER TSI BRI IR . Bk, ABFR R
T4 ICHIRYTHY HCC /&, HITHARHT sPD-1 K-
H5HBEARGERZEIN LR RIFRREITALT
ICLIRYT J5 HCC B AR HI sPD-1 KXt AR 5 15 19
BTRIUEIN =

WFFE W, 24 sPD-1 LA 2 073 pg/mL & #% Wi {5
ff, sPD-1 Fillll DFS Y ROC Hi £k & 7 i £& °F it A1

9 0.747, BA REFHFIEE 1. Kaplan-Meier 43 #r
R, sPD-1 /K 4014 DFS X TR /K 40, 48s
sPD-1 14 =5 /K S Al BE & HCC IR 32 & A e e &2
KIEEGRKNZE . sPD-1 BT HIBIRE 1ol eI T
HE IR CEA WP, —Jr, sPD-1 7] a4k
44 PD-L1, DT I8 55 6 95 410 i 5 38005 T 40 i )
AERV, 55T, sPD-1 32 Hy I 8d 40 Jfd = A B03Y
HF TR AT AT S W98 6747 S e B 6 3R RE JT o LAk,
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