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[Abstract] Objective: To preliminarily investigate the safety and efficacy of programmed death-1 (PD-1) inhibitor combined with cord
blood-derived natural killer cells (NK cells) in the treatment of advanced malignant solid tumors in an exploratory clinical trial.
Methods: Three patients with advanced solid tumors treated at the Second Affiliated Hospital of Xi 'an Medical University from
December 2019 to December 2021 were enrolled. According to tumor type and CSCO guidelines, patients received multiple treatment
cycles (21 days per cycle) consisting of standard chemotherapy, targeted therapy, or bevacizumab combined with PD-1 inhibitor.
Umbilical cord blood-derived NK cells (8 x 107 cells per infusion) were infused at appropriate intervals during the treatment course.
Target lesion size, tumor markers, levels of 12 peripheral blood cytokines, and lymphocyte subsets were assessed in each treatment
cycle. Adverse events were also monitored throughout the treatment. Results: Following the treatment with PD-1 inhibitor combined
with cord blood NK cells, 2 patients achieved stable disease (SD, per RECIST 1.1 criteria), with durations of 118 days and 92 days,

respectively. After NK cell infusion, patient #1 exhibited a marked decrease in the tumor marker CA199 to normal range and sustained
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for three follow-up periods; patient #2 showed significant reductions in tumor markers CA199, CA242, and CA724. Conclusion: The

combination of NK cells with chemotherapy and PD-1 inhibitor demonstrates potential therapeutic efficacy for solid tumors. No severe

immune-related adverse reactions were observed in the three patients enrolled in this study.

[Key words] programmed death-1 (PD-1); natural killer cell (NK cell); solid tumor; immunotherapy; safety
[Chin J Cancer Biother, 2025, 32(6): 628-635. DOI:10.3872/j.issn.1007-385x.2025.06.009]

N PR G TR T RN I R S R R T
5, AT T M A B R AT TR AR HE TR T . &
X} PD-1 84 PD-L1 [ 5 3 1697 14 B0 5 B oA 1 B FH N
JiR 2 ok T A PR E R . SR L AN D BURE
HELRE AR IR IR . H AT, PD-1 $i) 717E B 1%
PE SRR o N IR 7 1) D 5 AR R T 7 R
FH ARG AT S BR1a) G T7 A0 M va o7 460, mT DL
BRI RCR . BT, PR I S i T T
B TT VR IR RSO R A 2R ik 86.8% , Hort 3 ¢ LA
R RN R AN 35.9%, T80T £ B Rl
7 A BOR BT HE 484k 7, A8 IR v o7 R . R itk
Y ) G g Ao AT RUHD R 52 A4 5 AR G 8 T VA 4 S
A EE RN — B o R SR = R B 2R
%o BHFUOR B, NK 40 3214 PD-1, H B H 2R hig
T 1 NK 40 i i 378 PD-1, S 8UH R 68 1 %2 46
NK 2 A iy e oA S AM M v 97, 0 CAR-T 40 gy
AR RN EERKD. FSRLRTMmRATAEDR
NK 4 0] 7544 S F044 P 48 552 8005 T 48 i, 19 5
X PD-1 BELIT AR5, AT 38 56k 5% 75 400 P DR 7 1 7= A=
etk — DT Bk g™, 2% B P e B ) )3 A
FAATL , AEL 1 20 DL 79 b B0 2 1 1 PR 3K 6 117 22 4 1tk A
B RCHERGE . R, A 7T A0l i IR R I IR A
A ZZ PD-1 18] 751 BB 4 M L K 200 i ¥ 97 W 30 30 v s
AR (1) 22 At 5 7 380, D — 20 KA I IR 58
FRALEEN

1 #MR5RZE

1.1 &FH—A7H

AT IS Ty I 7T R I B O AR R M Il R
50, P 2019412 H 17 HE 2021 412 A 31 HEkiz
TV % R 2 B 2R I T I Bt I Rg Y R R A R B S
98 3547 PD-1 H1 F5096 97 (1) 3 44 55 35 AF R0 505
Ko NHFRAE : CO I A ELRRIZ 4 Hh B 158 Sk
T CRLFE I &5 e e L B S e AL
JiRgeE PR b RS B, AL 2 RHE I (multi-
disciplinary treatment, MDT) /NH PEAf AN Bk £ F
ARUIBRHL 2, B R E 7o 1 H A ts
15 PR Ji 988 27 2 (CSCO)D & 3 [ [ 37 25 A5 iE W ) 4%
(NCCND HE# 13697 7715 H BN s (2) 418 18~80
% (LG 18 5 A180 %) 5 (3).0o fili BT ' Th RE AN & Bt it
#Uhe R s (A T IFRAE IR GY ; (5) B8 HH A]

RE A% 2 S 2N 2 (0 Bt FE ML 2R AT A OC A I PEAR
PALIE B s (6) i M H R R R T ERAR . B R
ZINAHE G, 288 g R = (D W & dr > 34
H o ARIGRIRL B 7 22 = 5 B 25— B @ B Fe At 21
F LA E R (S - 2020LP03) , W 7E H Kl
PRI 50 O £ 58 FF 75 i R 32K 56 3 A o o0 33
(ChiCTR2000030060) . 4=3i% 5 i & 4% F 7 “Jif
I NK 40 B[54 e & PD-1 406157076 97 2 Fh s 408 1
I PR 32K 56 T 75 0 A [F) 7 o 5 I NIK 4 i ) 5
(PNK-E) H VL P8 RER A T4 fu B PR A = Fpk
VG P25 M e (I V8 e P DX S At i i) 6 0D 2
A, 2 B 1 550 7 o S A P R AR A O
() H A b A
1.2 &4

A I H ATNZH 3 5 3 252 T af NK 48 i =]
NI PD-1 IR 36 97 5 2 ) A 2o fili bR 440 ez 1
B B 1D 858 & A IR 41 e 1 91 (R 3 2)
TR T T 40 - IH A 40 e 1 ) G 3D ¥R R AR
Ab B 7% TR G R o A i 5 DR 4 PR T R W
1 T 0 A AR A0 e RV £ TR 40 - B A 4 e
BIETERHT T 2R M2 BIG)T, BLN G Z&A
JT o

BHENMAJG 0T T RREME LR S
CSCO 8 F » 2K F b #E A6 7 SCHE ) 96 97 8 DLAR B
FLPLEC S PD-1 #0471 AT 21 A N — T R 297
iy (B 1. £ BT R IT o3& i AT I
I NK 4 i 61 751 (8 x 107 AN/ KD ik 697 « 124k
J7 5 PD-1 #7568 B, 724697 BT 30~60 min
Je HEAT PD-1 30 5y v, M0 J5 BEAT AT s EBE A
N FH NK 41 i 4 93 i, 76 PD-1 900 il 57 % 3 5 1~3
d P EEAT NK 41 e iy - e R, 5% 1o NK 40 f
#1750 40 B A7 9 R N 99%, CD34. CD45. CD31 .
CD13.CD29 #i1 CD44 4 + £ 15 #F & NK 4H fitd 32 4
FEAE , 4 B« S I A4 0 AR Bk A0 U5 1 0 22 35 R T
4B N B K< 2 EU/mML , A 40 il 551 i 4 2K .
1.3 AR AT

7 RCVE Al R S AR i 98 AH D% 9T S0V I A U
(RECIST 1.1) , S5 k- AT E#55 1l & i CT B8 75
1852 T B, MR AR B A 30 R 58 B, A0 1L 12 T34
JH ] R bk B 200 L SID T A 0 E o S BG E SE RR . A
K N PEAl A3 CTCAES.O bRtk o



- 630 - FR [ R R IR 9T kK, 2025, 32(6)
Bl
PR PRz VRS VR4 YRS YRS TR SRS
NK4H 2 l l
PD-1fitE | ! ! ! ! 1 !
7 !
SHFRST !
B2
PR PRz VRS JPR4 YRS TR
NK4 l
ST S ! ! ! ! 1
7 ! !
BB 1
HE3
FPEL YR VRS
NK4H i l
PD-1Hif4k 1 a {
MkERGE L [ !

JTAE : LLPD-1 G T B R 21 d N — TR, 247 R E NK ZH IS S, NK 40 i J5 55 1~3 d P4GE PD-1 300750 17k 24
JENK AU A, 55 1 K46 PD-1 #0515 1 UK s 29 DRSS, VARER HLLE PD-1 #0IFI5E 5 24 HiE 1 IR B 17
I, A7 7E PD-1 306705 5 24 H P4 . NK4IM5E 1 iR 8 x 10044, PD-1 #0571 Y7 & NS R s piyE
SRS R RIER ST, T 3 LA LIk, A 35 A + BN 7 2 s B3 240097 2 0K TE7 R 2 A58 PRI + SR e e
d1~d5 77 & FESTFE A TINAH + S T R . %P #2112 mg,po,qd, 1 NITFEEM 2 8 1525 1 8 . DUREREAHT: 1 GHEoN 2%
VT 15 mglkge SCRFIRYT « B IR SCHF + XPAEAL L
1 NBEEBHATHE

3PN, B 1 HEAT 1 M OCNK 40 i da
VEVR T, B 2 AN 3 S EEAT — RNK 40 i FarE IR T

2 &% R X
N B Z VAl S BEAE VR T I DL LR 1o

2.1 BE—AFTH>AT

R1 NABEEZITERBRITAT

I PRARFALE fRE 2| B2 A3

el 5 % %

eI 70 66 54

PR A 7 it R 24 f0 s 8 A R 40 e V5 TR JE 4 - A A
TNM 53] cT3N2aM1b(IVA) rTXNOM ycT4NIM1(IVB)

PS ¥4 0 1 1

REREPN 7

JGUEF + SPRMENE + PD-1 MR 24> 807 27 RE s R ER A2k + BT E e 5

JTRE S WA + REFARIE + PD-1 405 ASJTHRE s R AARE + PD-140#155) 147
IANTRE; AU PD-1 40570 2712 2 PD-1 4015 + DURER S HT 2 T

HKIRIT T % NK+PD-1+140J7 + FF NK+PD-1+0J7 + ZEF e + L HF

NK + PD-1 + JURER 4T + SCFF

22 JIROHT

A 2021412 37 H , hzBEVII ]y 146 d(101~
257 d)o 3191 8L PD-1 HFRIIB A5 1 NK 4H i
VRTT G 2 19 B3 50 £ 5E (stable disease, SD) , H: A
TS 118 d, (B 3R 92 ds S 2 AR5 — IRBH VI
(27 &) KI5 13 J# (progressive disease, PD) (] 2) .
EN YR oy S M=K s by AN TR A = TS 8
JTR—3(E3) . BB RZEf#R (best overall response,

BO) K 66.67%(2/3) .
2.3 B F AR E AN

3451 BB 3 (PR 4R (C O ATBE U5 3 (C2.C3.C4.C5
C6~C7 A1 C8) (1) 41 & I Jif 988 #= £ 4 CA199. CA242,
CEA.CF211.NSE.SCC.CA724.AFP f1 CA50 #47 1
iEhrg Rl

B 1409 T C1F C4 153 5330 4T NK 41 g 46
T, CA199 FE 4 1 (C D 7=, 75 NK dH M fanyt v 97 )

are



b

BEREE, 55 . PD-1 7RI A T 1 NK 20 R 7 6 10 A SRS (1) 22 2 5 97 2400 - 631 -

AR HIC2) B2 TR EHETEE N, S
(IBE U 1 (C3.C4.C5) 2218 BTt , (HAD (R FF 7E 1IE 0
P, [RS8 7 202 9k SD, T = B i 8 PD gk fi
M BT SCCHELEHAC =9 , 76 NK 41 g 4
BT JE ZANBE T 1(C2.C3.C4.C5.C6) 5 F LK F

FH 2, TR T, R B RT T R BN AR € SD, 1
Je B AR PD kI i b TE . HAth bR B CA242,
CF211.NSE Ml CEA £ F: 2k J 2% Fifi Ui JH S5 (R R AE 1R
EYEFE P, o AR (BT 4A) .

A [ ]
a
i
L
E A ® | |
£
W
#
A on
L 1 1 1 1 L1 1

™ Bl
B2
BE3

A SDEM

LRI R

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280

I 1el/d

2 BEFATERKER

20 fm---emmfen o - B#EL
B - - B#H2
s} B3
f Y
x 0 : i T T T T 1
y B 0 100 150 200 250
o
K
m L

20 b=

WRIT IR S I []/d

E3 MEsAEELEEREMANEL

B2 T CLEIT T 1 IR NK 40 f i , CA199
A CA242 Fi 25 35 75 1 558 36 [l A H 38 1A Bl 15 3
(C2)H LR 35 R %, 28 2 /Bl 15 BA I FHE S AE I
WG A IR R AN VI(CA) . CAT24 1R
SR BE VT I (CL.CO)ES: PRI £ 5 34
BE V7 1. CEA 78 NK 4 Jfl 5 97 J5 19 58 1 AN Bl 15 A
(COHIEE TR, 2 JFha Ui B & LR,
B IR 7 25 AN B 5 A Y DR RF SD 4B o

B 3T CLHET T 1 R NK 41 i 473 , AFP.
CA50.CA199 Al CEA 1EI6 7 Jo [ 8 AN Bl 17 B35 H 3
Tt BT RER BN PD L AEIE YT IS 1 2 AN BE T A
FHE R 3ABE VT I B 2218 . CA242 (5 6YT )G
() 2 /Bt U7 S AR FF SD, 55 3 ANBE Vs 01 H Bl A2 i T
(H40).
24 BTF A RAN

A1 E 1 ONK 40 4yt J5 , 40 A I NK 48

Ji b 5 2 T CEISAD S T T 40 R A0 B 40 i TG 2 3%
A5 Ak s NK 20 i £E 55 2 Yk NK 40 i 50 5 10 654 B
JE B E T Tt

R 2 3T NK 41 i J5  NK 41 i b ) 2 2%
BT, T AR B 4G 2 AR (& 5B .

HBE 3 T80 RHET 1 IR NK 4 o fanE . NK 48
Ji L 8] 7 NKC 20 it B v 5 1R 2R 1 AN Bl U R S 5 27
R PG _ETHE N B, T 4030 A0 B 40 G 5 2 A8 4k
(K50

A 1AM I 12 LA A PR -+, IL-5 . IL-6 . IL- 10
IL-4.IL-12P70 7£ 55 1 R NK 4 iy Jo 2.2 ET, 7658
2 RAH M A v S G R 3 AR A (B 6A) . B 2 A1 I
12 T4 K] ¥ TL-5 JIFN-a IL- 1B\ IL-6 . IL-10 IFN-y.
IL-4 7E NK ZiffdanE ia s 1 AU EE T 6B).
AR 3 A0 I 12 T4 Jf R - TIL-5 \IFN-oi IL-2. IL- 1B+
IL-10 75 NK 2 fdinyE Ja 128 1 AN I3 27 R B3 b



+ 632 -

rhE R AE MR T 2k &, 2025, 32(6)

F+,IL-6 JFN-y 7E56 1 /NBEVT I 6 27 K RN B 4iRr 2
551 R ,IL-8.IL-17.IL-4.IL-12P70 1 TNF-o. 7 55 27 K

A

wp

PN B S AESE 51 R B ETH(E6C) .

z CAIIUmLy
i
4 R
§.
& SCClngrL)
o 2 =
-
CA242/(1U'mL")
g| |
!
1

CED D EREUINED
Wi/ Wi/ e W/

B “

2

2

H

2

3

a
L ”
CAZaUUmML™Y) Fo
| Tﬁi
g
2400w
‘ . CRIg L)
i i
%
SE/mg L")
: E ‘
EA(ngmL™)
A \

=

CEA/ng L")

T
5 8
2

SCCAng-mL™")

AFP(UL™)
CASO(IUmL™) z
- —%’—|—€—5 et

L

E 0 100
BV NKEE fild Nk il

CEA(gnL"y
2 CAI99/(1U-mL "y

o 2 $| g B
; [ \

S0 w0 150 s 10 150 S0 100
7 o Bl Neasis BV

FELRFT R N IEFAE L BR 57 3k AT S NK 40 padaniE i 1) .
E4 2E1(A).2(B).3(C)MEIRET L

100 25,
2 r 3220
S S by
o 8
P o
8 } 8
) L
L n L N . L s L N . L L ' L , . L . . § o
50 100 150 200 250 50 100 150 200 250 50 100 150 200 250 10 10 0 2% 50 100 150 200 250
nim N i Nk Wi K i Nk i
SD sor . 50 § o
8“:\/\\_‘ ) D s
P o—— sk 200 230k
e N £
. 601 g 8 g 1)
B 2 % 214 ‘o D
ER S 4 8 5] 2 wF
S
3] = = Z 10m o
8 5 8 5
2 Y S O b O s S 10}
|||||||||||||||||||| "
00 40 60 80 100 20 40 60 80 100 20 40 6 80 100 20 40 60 S0 100 50 100
filid NKAR Il NKEAIRE il NI il NKAIRLG 3 W fil/d
P
90 I,D ; 25, o 40 SO pp
o 20 - o
= D g o - % 30) 2 T /
2o B 2 & i 30]
:w a 8 40-”\ Lk p 8
a o a £
S oo 2 l0F Py B e o 200
8 S g S
b gl 20 Grob —— o
w—L 1 Y A S o1 1 P S ' o1 1
0 40 60 0 40 6 0 40 6 0 40 60 0 40 6
Nk NK A Il NKéii W fd NihiaiE Il Nk Bl

RELR T N IE AR b T IR 5 i Sk BT g 2 NI 2 i 4y 1 18]
&5 £&1(A).2(B).3(C)4NEAMT.B.NK AL 1L

25 KAWL
3BEEIREANR RPN, FERZ I MR
BE I o FEODR R T B8 kA8 1 40 B 9k A AR /N B DRAR
HARRBIIA 1~2 9, R I~ RA R
3 % it
Ji 8 G 92 ¥ T AT P LR I e R G,
J& B 5 N AE R IE S % SO, AT IS B 45 ) 5 1
W Sk e B0 RS B B o o A S S B A A A
FUIETT PEBUAR S Ja R 1 S 40 MY T A 1 )
4%, Hodp NK 40 3677 500 H B KR i . NK 4]
A AT B3 oA A ST, 40 PD-L1/PD-1 BH T,

TR A NK 20 A 5 i e 48 T A A0 T 40 e ) 38
LA T H NK 4 TE 75 A7 95 A0 B Ap & 5 3R B i
AN AR ERAE Y. AL E B NK AN 2 55
ThRE RS i , vl 4k fif e 3 1O NK ik A7 b 78 . 98
PR T NK 4B ER AT 5 VR T R R 1R TT
Hemg o T NK 4 BE T Lok 5 B E H &, W
ALK E ARG . I PR G 2l 46/ 38 NK 20 g nT A
TE I A JE R IR R B A A AR I A
JUHE AR B A 9 BG BE R G ) LA ot Py ) i
H AP NK gl fie B A & B Rk 53k EH
5k 8 4 R B RS UH B AR 40 9 4 W TFN-y FL R X
CD69 7K F iy 25 A1 ), 3 2 i 1 NK 20 i fr) 5 o 38



b

BEREE, 55 . PD-1 7RI A T 1 NK 20 R 7 6 10 A SRS (1) 22 2 5 97 2400 < 633 -

W T 4k G e i T BT 3 I

oo o o 5 5
9 /\ - _q ~ 5 $5 ) 5
2 o z Il o 3 K o
b\, 3T o e e i M. =
% o 3 e % 3 = S EX
1] M el oo H 3 o : :
. . ey, AN
W W W EREET Y W i Wm0 ) EREET T )
s i/ /e ) win/a w/ ks Wi
5 5 25 1o P 0
50 )
= . X S s 24 o
e o i o " EXL it e " 3 e fd e
FORG % e g R AN £ H
B 1 ) : 2 ! 2 ™ i Z !
ERE T RN R ) R ) CRE ) ER )
ik wful/d R wa/d KR Bfe/d NI Bt/ NKR) i/d N W/
§ 1o 8 15 50 b 15,
SD
. 8F ok a0
24 £l 3 310 M 2 10f
Zaf
® s E . Bl H 2 H
- 5 - So < 2 20F 3 )
T2 3 9 % % o 2 e
» 4 =, 2 7 2 | =T
VA S A LA ) i NN
............... IR . L A A
20 40 60 80 100 20 40 60 80 100 20 40 80 80 100 20 40 60 80 100 20 40 60 80 100 20 40 60 80 100
Nk B/ s R/ NKARRL SR E/d NKA BiE/d KR w/d KR WE/d
25 30 sD 25 sD 10, ar 20y
20 20 8+ -~
e -~ -~ = 3F ~ 151
3 A gl 3 3 E 3
£ 15 sp R £ 1sf § o H b 5 b
Cl — H il = =2r S0
10k % 40l E 10 4 sD £ ¥
: /\/\ 2 . 3 3‘\—.—/_‘ E ES
= sf 5F 2F =
..... - N L MR \ ,
20 40 60 80 100 20 40 60 80 100 20 40 60 80 100 20 40 60 80 100 20 40 60 80 100 20 40 60 80 100
NKAHR S BiE)/d NKARR BFIE/d KRk BE/d KSR BE/d NKAIR S HE/d KSR BE/d
C o 10- O 5 15 15
.................... g . w
3 3 3 3 3 3
54 = = 10
g I ., E E 30 £ H
2 o = 24 pp & = =
%L 3 4 S % 20 = L Egni PD
=7 £ 3, 2 T 35
e -2 - =} -
£ ,L 10
— ——
o L ] o M ———1
20 40 60 20 40 60 20 40 60 20 40 60 20 40 60 20 40 60
N I /d KA I EL/d N4 B TEl/d Nk R /d kg BT/ d N4 WAL/ d
25 250 25 10r ar 20
20 2ofr 20k gl [ N CE
~ ) -~ 3+ 15
3 3 2 3 E PD z
£4sp FPD E 151 E st E of B £
H E] & ® PD <2k S0
3 10F % 10 PD < 10___PD 3 4F = 2 PD
z i i
= 2 = 2 Tk z sk
sH 5—\/ = sk 2+ =2 =
\/‘ \/‘
o L I MR TR M S|
20 40 60 20 40 60 20 40 60 20 40 60 20 40 60 20 40 60
N4y B/ d Nz I T/ d KA I EL/d KA I EL/d KA R /d KA R /d

HE A P79 T B E PR 5 Sk BT NK 4 A i 1]

6 £EINEMm12

LiZmAaEF K

2 BFIMNKZBET R KN L EE R 1(%)]

BHEWN=3)
NS

1 2

1~2 % 3~4 2%

i

1 1 1
JREG I

HUR IR ) e R 1
1 4 DAL 1
I /NBR AL 1

1 1(33.3%) 0€0.0%)
1 3(100.0%) 0€0.0%)
1(33.3%) 000.0%)
2(66.6%) 0€0.0%)
2(66.6%) 0€0.0%)
1(33.3%) 0€0.0%)

—_ = =

[F) ol S NI 4 ] 54K T Al S e T i A2 —
Tt B8 D 003697 77 NK A A AT DL B H 4
[e) 5% A0 Rk P FD R AL 3 B P R A B A
EER )N v (19N s B NS R i €2 = AN Lo TR
FUe 5T A EL , NK 200 /2 [7) b 7 1 40 i e %

ST IR AR AR L 3, IR D NK 41 A 52 HLA PR i)
AR FFF 7% AR A7 VR 3 R SR A 1) NK 4 g A 1k o1 A
FAIL-2 3 5 s H B8R 2 %) e 8 288, $ R
NK 40 i v DAE ik 46V G 8 697 sk IR . A
F B NK A YE 7 B A A7 v T J=) 30 0 30 465 i d



634 -

rhE R AE MR T 2k &, 2025, 32(6)

FOR K B FH A . FIECD19 CAR-NK 41/ 1)
[F) P G 2% 1917 1060 52 AR 1K 70 B 28 [ P S 4k I B, B A 38
SRICThRERE A, I ELTE R A S5 4A s RLPE T 4 A7 7
(A7 D0 S B Aol G SO A o R X 3
e 77 B A NKCZH o f v B2 JHF 20 ek i v A0 T 4 E
B & — P 2 A URTR T SR, LR T I i E A
#ﬁﬁﬁﬁ[lﬂo

AR F0 R B, W AL S N NK 20 il = 3R IA
PD-1 F1 CTLA-4 1 H. 41 J& I A 45 23 o NK 4 A
1 3205 PD-1 55 5535 I8 S8 M R0 AH U 5 g 41 fi
R 3 S 0, #) PD-1/PD-L1 7 &b ] S 42 v
H A NK 40 B Xt 22 P B B8 98 1 5 49515 [) B, 8 i
Je BN ) S IR R 1 I SI2 PD-1 1) 57 AT 3 4 5
NK A 6] B8 R a7 3R . IR B AR B, | 3Rk
PD-1 (INK4HI S5 7 s it e s ik ik . A WA
IR £R IR NK A ) SO A AR AL, DA R
PUPD-1 R A% 4 250l NK 53 15 2% 10, RIFPT
Ji9Rg g 7, e AR A AR S HLA- T B4 05 T 40 g
A0 ELAT HEATIR i 989 400 J 5 L 0 7 e 9 2H 4
FE 7 TE 1 PD-1 & 3R ik 1 NK 41 Jig ] 78 BH W
PD-1/PD-L1 1 F il J5 BB SR AS P R Re /. ki
22 BRI 2 B, NKZ0 4 28 7 3 7T g SR 4004
PESZ AR £ s BT i T — PP b 78 25, (HE 77 2
B 22 A0l A 1% 6 SR DA N2 i 3 0 5 e v 96 97 B
o 5 A AT A ) R BB FH X T e A R T RO
B AR RIS IEE AT H

AT 78 AE BE AL I 78 38 (1 3 4 [F) R 57 4 NK 40
My 97 2 FOB R IR A # U7 B0 S, NH 2
Tolr SEZ A JrgRT 1 PR PR 22 1 WL 45 K 41 Ffa i IEG & PD-1
FI FYE T 22 P SE ORI (1 22 A AV Rtk . B il
T i 7 A O /IS AN iR AR A B AR AL VR A AR T
J7R0 RIS 1 RUE S 2 L SD, W1 835 1) SD R
VISR S /NBEVT A, $27R PD-1 B4 NK 41/
R R . B NK 0 ARG, B3 R P9 NK 411
P BT (HRR B 15 2 W 5 NK 4 i F5 42
ETHAN, S A 2 i R Y NK 4E BAY H B T T
S {58 T e, T A 1R 4 i AR A 2 61 B
AT, SR BT NK GH M 4607 J5 PR AE 175 S0 A7 175 I []
A AT RESE = I AR R VR T R

I PR 32E AT 240 M 5 28 ¥ 7 P ol 2 e [l i P 400 i
R TSI 200 P B 7 T R 2 5 RS ™ B I AORE SR, X o0
A B S5 88 B I A 5, T RE 2 51 S il &R
G, Rk, BE VTR RE R R oA 52 o A A I
H 12 TR A PR B AR A0 AT A B2 403 R S B o &5
PRI, 3B B A 2 B 7E NK 41 Mo %3 5 B
IL-5.IL-6IL-10-1L-4 /K~F- Tt & , o IL-5 I IL-10 7

345 Hs v i B T B SR BB ) 4 i R T
e

TPEIRTT H B T WL BT R0, 38 75 VPAf 2 15
ML EAR R AFREM LS T BE AT
NK 41 i Ja AN B OSE, 3 48] 8 35 35 e AR A
R B E R Z J7 0 R B« FR R 3 g ek
1B\ 4 R g AR IR A, BAS R B35 1~2
iy R A 3~4 oA RN, Ui B NK 4 i v B
PD-1 #7524

2 bR, AR 55 I NK 4 S 10 3 491
W R I A R RN, W10 R B AE PD-1 #0551t
JHEg V69T O A NK 48 oS 2 2 4 . NK 20 iG
I7 R BE A A A [ A E NK 4H R A ) L2534t BT,
A% A NK 40 a7 e i R S 1 5 NK
AR A PD-1 0670 BRI AR S i 2> WARTE o ARt
TR PRER 22 1 WL 5% NK A0 i i 11 2 A M A 2tk
T S W8 2 A ) A, YRR A 82T R
PE i) L, 7E I PR RS 8 T IR R A R 5T, AR —
SE 1) )R PR A, NZH B A , BEIRAS TR D) L UF 9 B
2 ) B v PR PR 6 45 SR 5 AT RIS I R o AL
X IR, DASRAS 0 17) B BH P 45

[ % X #f]

[1] WANG Z G, LIN, FENG K C, et al. Phase | study of CAR-T cells
with PD-1 and TCR disruption in mesothelin-positive solid tumors
[J]. Cell Mol Immunol, 2021, 18(9): 2188-2198. DOI: 10.1038/
s41423-021-00749-x.

[2] DAY D, PARK J J, COWARD J, et al. A first-in-human phase 1
study of nofazinlimab, an anti-PD-1 antibody, in advanced solid
tumors and in combination with regorafenib in metastatic colorectal
cancer[J]. Br J Cancer, 2023, 129(10): 1608-1618. DOI: 10.1038/
s41416-023-02431-7.

[3] FANG Q, XU P F, CAO F, et al. PD-1 Inhibitors combined with
paclitaxel (Albumin-bound) and cisplatin for larynx preservation in
locally advanced laryngeal and hypopharyngeal squamous cell
carcinoma: a retrospective study[J]. Cancer Immunol Immunother,
2023, 72(12): 4161-4168. DOI:10.1007/500262-023-03550-z.

[4] GENGY C, ZHANG Q N, FENG S W, et al. Safety and Efficacy of
PD-1/PD-L1 inhibitors combined with radiotherapy in patients with
non-small-cell lung cancer: a systematic review and meta-analysis
[J]. Cancer Med, 2021, 10(4): 1222-1239. DOI:10.1002/cam4.3718.

[5] PARKHURST M R, RILEY J P, DUDLEY M E, et al. Adoptive
transfer of autologous natural killer cells leads to high levels of
circulating natural killer cells but does not mediate tumor regression
[J]. Clin Cancer Res, 2011, 17(19): 6287-6297. DOI:10.1158/1078-
0432.CCR-11-1347.

[6] HONG G D, XIE S L, GUO Z K, et al. Progression-free survival of
a patient with advanced hepatocellular carcinoma treated with
adoptive cell therapy using natural killer cells: a case report[J].
Onco Targets Ther, 2022, 15: 255-266. DOI1:10.2147/0OTT.S344707.



b

BEREE, 55 . PD-1 7RI A T 1 NK 20 R 7 6 10 A SRS (1) 22 2 5 97 2400 - 635

[71 DAGHER O K, POSEY A D Jr. Forks in the road for CAR T and
CAR NK cell cancer therapies[J]. Nat Immunol, 2023, 24(12):
1994-2007. DOI:10.1038/s41590-023-01659-y.

CICHOCKI F, BIORDAHL R, GAIDAROVA S, et al. iPSC-derived

NK cells maintain high cytotoxicity and enhance in vivo tumor

—
o0
[t

control in concert with T cells and anti-PD-1 therapy[J/OL]. Sci
Transl Med, 2020, 12(568): eaaz5618[2025-01-09]. https://pmc.
ncbi.nlm.nih.gov/articles/PMC8861807/. DOI:10.1126/scitranslmed.
aaz5618.

[9] VIVIER E, REBUFFET L, NARNI-MANCINELLI E, et al. Natural
killer cell therapies[J]. Nature, 2024, 626(8000): 727-736. DOLI:
10.1038/s41586-023-06945-1.

[10] BROWNLIE D, SCHARENBERG M, MOLD J E, et al. Expansions
of adaptive-like NK cells with a tissue-resident phenotype in human
lung and blood[J/OL]. Proc Natl Acad Sci USA, 2021, 118(11):
€2016580118[2025-01-09]. https://pubmed. ncbi. nlm. nih. gov/
33836578/. DOI:10.1073/pnas.2016580118.

[11] SHAPIRO R M, BIRCH G C, HU G G, et al. Expansion,
persistence, and efficacy of donor memory-like NK cells infused for
posttransplant relapse[J/OL]. J Clin Invest, 2022, 132(11): 154334
[2025-01-09]. https://pubmed. ncbi. nlm. nih. gov/35349491/. DOIL:
10.1172/JCI154334.

[12] YANG Y, LIM O, KIM T M, et al. Phase | study of random
healthy donor-derived allogeneic natural killer cell therapy in
patients with malignant lymphoma or advanced solid tumors[J].
Cancer Immunol Res, 2016, 4(3): 215-224. DOI: 10.1158/2326-
6066.CIR-15-0118.

[13] MERINO A, MAAKARON J, BACHANOVA V. Advances in NK
cell therapy for hematologic malignancies: NK source, persistence
and tumor targeting[J/OL]. Blood Rev, 2023, 60: 101073[2025-01-
09]. https://pubmed. ncbi. nlm. nih. gov/36959057/. DOI: 10.1016/j.
blre.2023.101073.

[14] ISHIYAMA K, OHDAN H, OHIRA M, et al. Difference in cytotoxicity
against hepatocellular carcinoma between liver and periphery natural
killer cells in humans[J]. Hepatology, 2006, 43(2): 362-372. DOLI:
10.1002/hep.21035.

[I5] LI LY, LI W, WANG C, et al. Adoptive transfer of natural killer
cells in combination with chemotherapy improves outcomes of
patients with locally advanced colon carcinoma[J]. Cytotherapy,
2018, 20(1): 134-148. DOI:10.1016/j.jcyt.2017.09.009.

[16] MO F Y, WATANABE N, MCKENNA M K, ez al. Engineered off-
the-shelf therapeutic T cells resist host immune rejection[J]. Nat
Biotechnol, 2021, 39(1): 56-63. DOI:10.1038/541587-020-0601-5.

[17] BAE W K, LEE B C, KIM H J, et al. A phase | study of
locoregional high-dose autologous natural killer cell therapy with
hepatic arterial infusion chemotherapy in patients with locally
advanced hepatocellular carcinoma[J/OL]. Front Immunol, 2022,
13: 879452[2025-01-09]. https://pubmed. ncbi. nlm. nih. gov/
35720374/. DOI:10.3389/fimmu.2022.879452.

[18] LIUY, CHENG Y, XU Y, et al. Increased expression of programmed
cell death protein 1 on NK cells inhibits NK-cell-mediated anti-tumor
function and indicates poor prognosis in digestive cancers[J].
Oncogene, 2017, 36(44): 6143-6153. DOI:10.1038/0nc.2017.209.

[19] BENSON D M Jr, BAKAN C E, MISHRA A, et al. The PD-1/PD-L1
axis modulates the natural killer cell versus multiple myeloma effect:
a therapeutic target for CT-011, a novel monoclonal anti-PD-1 antibody
[J]. Blood, 2010, 116(13): 2286-2294. DOI:10.1182/blood-2010-02-
271874.

[20] PESCE S, GREPPI M, GROSSI F, et al. PD/1-PD-Is checkpoint:
insight on the potential role of NK cells[J/OL]. Front Immunol,
2019, 10: 1242[2025-01-09]. https://pubmed. ncbi. nlm. nih. gov/
31214193/. DOI:10.3389/fimmu.2019.01242.

[21] SOUZA-FONSECA-GUIMARAES F, CURSONS J, HUNTINGTON
N D. The emergence of natural killer cells as a major target in cancer
immunotherapy[J]. Trends Immunol, 2019, 40(2): 142-158. DOI:
10.1016/.it.2018.12.003.

[22] OHIRA M, KOBAYASHI T, TANAKA Y, et al. Adoptive
immunotherapy with natural killer cells from peripheral blood CD34"
stem cells to prevent hepatocellular carcinoma recurrence after curative
hepatectomy: a study protocol for an open-label, single-arm phase [
study[J]. BMJ Open, 2022, 12(11): ¢064526[2025-01-09]. https://
pubmed.ncbi.nlm.nih. gov/36410831/. DOI:10.1136/bmjopen-2022-
064526.

[23] ZHANG Y G, QIN D Y, SHOU A C, et al. Exploring CAR-T cell
therapy side effects: mechanisms and management strategies[J/OL].
J Clin Med, 2023, 12(19): 6124[2025-01-09]. https://pubmed. ncbi.
nlm.nih.gov/37834768/. DOI:10.3390/jcm12196124.

[WFs HEAT  2025-02-24 [f&EIHEA]  2025-06-16
[Axéwig]  HiFHa



