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Abstract: Adoptive cell immunotherapy has been a hot spot in tumor research in recent years. Chimeric
antigen receptor T cells (CAR-T) have achieved great success in hematological tumors and have changed the
current tumor treatment landscape to a certain extent. However, the application of CAR-T therapy in clinics is
limited due to its serious side effects and high treatment costs. Natural killer (NK) cells are important immune
cells in the body and have native cytotoxicity and well safety. NK cells based on CAR engineering (CAR-NK)
have shown powerful anti-tumor activity and safety in preclinical research and could be the next generation of
CAR platform-based cellular immunotherapy. This review will systematically introduce the current research
status of CAR-NK cells in lymphoma.
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# A (hematopoietic cell transplantation, HCT )
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fitl ( chimeric antigen receptor T cell, CAR-T ) .

A R 71697 DL R SRR ST R e R
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CAR-T7 5 brfr, R, i FHCAR-THMIAYT
o R B ZEAAE (cytokine release
syndrome, CRS ) . BHEYHi1E F /i ( graft
versus host disease, GVHD ) . %% %4 v/ 21 g AH
T T ZEAIE (immune effector cell-asso-
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ciated neurotoxicity syndrome, ICANS ) %53 %
SEPY AARA4NME (natural killer cells, NK)

YHMIAE R o —Fh L e AU, TEXT B
A RIS, fE2E T CAR-TRY AL |,

P B E CAR-NKHI T Mg I6RYT, B ik
CAR-TRIT A Z AL o A SO RGN 4ICAR-
NKAEM EIEIGIT A R

1 CAR-TF=m R Hi& ik

HATCAR-T)™ i F B4 X T aEva el i A vk
KBNS ( large B-cell lymphoma, LBCL )
TR TIMREJR (follicular lymphoma, FL ) . B4
SrERE g A IR (B lymphoblastic leukemia/
lymphoma, B-ALL ) DI &2 & &H#6% ( multiple
myeloma, MM ) HJJG4iRY7, WKL,

2 NKZ#ff

NEK A & — Fh KSR 40 M 2 Pk L 40 L, 7
AL (4 G g W A0 v R SR R NI 2 T L
G R A Z A (Killer activation recep-
tor, KAR ) R P 432 14 (Kkiller inhibi-
tory receptor, KIR ) , 24 i 5 %F o7 e (A +H 5.
VERD A oS sG-S, 8 G M-
SE T NKAR A BOERAED flan, 1E# 4R
IR BB IKE BYNK 20 L0 2 AR A, H
Rk FEHALHEMEE Y 1 28557 (major his-
tocompatibility complex I , MHC-1 ) , MHC- I
A S KIRFAZS A AR E A 152 NKA AT s Af
B, I Al IMHC- T 2835 98 AT BN K 44
PTG A T A A NK A T LS #0012
R it R T3 2 L 2% AR ROA, it 45 20 A R R K FE R A

#F1 CAR-TFmRHERNIE
Table 1 CAR-T products and related indications

YERY, 3B AMA AT L3 32k Fas/FasL&£ A8 T2 K i 42
MR AT FrA R A S
MM FETE/EH (antibody-dependent cell-mediated
cytotoxicity, ADCC ) o & NKZH i /& 4% 241 it &5 Pk
YERMEE 750, NKAHHE = CD16 55 4 jf -
IgG I FcBe 4 A M fit U ¥ 41 g 24 ™. ik ]
NK A A R AR AT g /T, (s CAR T F2
A i 328 24 i

3 CAR-NK
3.1 CAR%EH

NKAfL ik D RETECAR ST 1 Hh DU 4321
B AN A BCBEIX L I L A S R A
ML A5 53 AN AR 25 45 S8 B mT AR P R Bt
('single chain antibody fragment, scFv ) 7] 5 @t
JREES, U E CAR-NK A 45 S A o e (1) &
By o Bk X seFvIL [ 41 AL T CAR IS4G
X, AT 400 40 BC AR B Fa i 263k . I i Lh
oy e 3 % 2 C AR I 240 b &7 235 Al AR 40 P 3T
G5 a5k, X aiMufs 5% 5 K Fa E CARSS i
HEAER . T AN S 45 B A R H 1y,
CAR-NK¥ it C &K EHH A, 5—CCARSH
FHCD3CE R — M NG S 45k, =, =
FECARZEFE] A TCD28, CD137 (4-1BB) .
DAP10%FILH 5T, B A IINK 40 M 16 T
DI A TE R o feils, #EHPIL-280IL- 15554 342
o> 7B DU CARE B % it ok, T4 58
CAR-NKZEM P A4 A ARV
3.2 NKAfARE

M TTHM, NKAMAPRESEN+EE, 8
FENKZI R (4INK92) | AME M AZANHE ( pe-

CAR-T Target

FDA/NMPA indications

Axicabtagene ciloleucel CD19

LBCL refractory to first-line therapy or relapsing at <12 months of first-line therapy(2022 FDA)

Relapsed LBCL after =2 lines of therapy(2017 FDA)
Relapsed FL after =2 lines of therapy(2021 FDA)

Brexucabtagene autoleucel CD19

Tisagenlecleucel CD19
R/R B-ALL(2017 FDA)

Lisocabtagene maraleucel CD19

R/R MCL(2020 FDA), R/R B-ALL(2021 FDA)
LBCL after =2 lines of therapy (2018 FDA), FL after =2 lines of therapy(2022 FDA),

LBCL refractory to first-line or relapsing at <12 months of first-line therapy or relapsing on

first-line therapy and not eligible for HSCT(2022 FDA),
Relapsed LBCL after =2 lines of therapy(2021 FDA)

Idecabtagene vicleucel

Axicabtagene ciloleucel CD19
Relmacabtagene autoleucel CD19

BCMA Fifth line R/R MM(2021 FDA)

Ciltacabtagene autoleucel BCMA Fifth line R/R MM(2022 FDA)

R/R LBCL after =2 lines of therapy (2021 NMPA), Second line LBCL(2023 NMPA)
R/R LBCL(2021 NMPA), R/R FL(2022 NMPA)

Notes: FDA: Food and Drug Administration; NMPA: National Medical Products Administration; LBCL: large B-cell lymphoma; FL: follicular

lymphoma; MCL: mantle cell lymphoma; ALL: acute lymphoblastic leukemia; MM: multiple myeloma.
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ripheral blood mono nuclear cells, PBMCs ) . fif
H 1 (umbilical cord blood, UCB) KiESZ£6E
T4 (induced pluripotent stem cells, IPSCs )
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WOy =CAEE . NKAIM R 35 5 TP iy, (Hih
TNKO240 i R JE TAR R A, BA TR G2
O], i A i 200 2 3o A R L R AR AR Y
A A APEN A JE i 43S HNK A 4 A
%y, HIGHNKANMEE /e, [H 7RI
PINK 2 i 3 H AR 80k, KRR G
] S SN 7 P AR . UCB R IR A NK 41 i 4
PEHAET BAT SR RIS RE 1, AR5 40 1L i
NKAAMAH b LB A BAR AL, PRt i 251
2", IPSCIE: ) —FINK AR R, Rk T
A 2 Ta] 0 200 S o P R R U, HLEA
AU SETE , AL A R LA SR A B A 34
NKAHHE, XA IE H R IANKG2D . NKp46 .,

FasFITRAILAFH G 524, HKIRF KR T A
INKZI ", R EAE bk 12 A T CAR-NKA4H
HELA ) 25 o

%2 CAR-NK#E#H BREPAIIERFR
Table 2 Clinical study of CAR-NK in lymphoma

4 IGEKRRF

4.1 BAffIkE IR

4.1.1 CD19 CDI197E4a K 25BN M
PIE AR FRIE, FF HAEIEH A4 (1 #3512
FRT A BANML . BN ETIAFIZE i, E/EBA
JE ke R ( B-cell lymphomas, BCL ) Hh FHfcH L
s . HATC A ZFm CD19 CAR-T i |
i, HCAR-TH R MR ZA B AT A R ALl
fifRdle . IR FTHFZE 2 ECD19 CAR-NK4H i 58
KYUMIEIER, I ELAEXT T E 8 Iogeg T 42
P FCAR-T'™ | HETE A MZCD19 CAR-NK4H
ML R IR AE ST, W2, FT596 2IPSCH
AR CD19 CAR-NK™ i, HAEN 7LD
o 55 ) 22 BT By R 2 R BB I B R T B I R A
7% (NCTO04245722) EfEITH . — 652 K BlouE
B PEVRIEE K BAIMIMELRE (relapse/refractory dif-
fuse large B-cell lymphoma, R/R DLBCL ) f#& 40 A
WY, BT AR S CAR-NK 2 it 3 /5 e
15559 9%f#% ( partial response, PR ) , 7EZ%H Ik
SV g Uk /N 50% 3 HLIMeE AL A BT R 70%,
FE =3 K4 R SOUEE 21 M 20 sl /b
PRt A A5 2 et 55 AhLiugE EAT B AR
gorh, 2| DLBCLFN4]E A ELE (follicular

Primary outcome  Phase

NCT Target Condition Intervention/Treatment
measures
NCT05570188  CDI19 BCL CAR-NK AE 12
NCT05645601  CDI19 R/R B-ALL/CLL/B-NHL FC+CAR-NK DLT, AE, ORR 1
NCT04245722  CD19 R/R BCL/CLL CAR-NK/CAR-NK+Rituximab/  DLT, AE 1
CAR-NK+ Obinutuzumab

NCT04555811  CD19 DLBCL/HGBL CAR-NK+Rituximab DLT 1
NCT05654038  CDI19 B-ALL/CLL/B-NHL - AE 172
NCT05842707 CDI19/CD70 R/R B-NHL - DLT 1/2
NCT05410041  CDI19 R/R B-ALL/CLL/B-NHL FC+CAR-NK AE, ORR 1
NCT05673447 CDI19 R/R DLBCL FC+CAR-NK DLT, AE 1
NCT04887012  CDI19 R/R B-NHL - DLT, ORR 1
NCT05667155  CD19/CD70 B-NHL - DLT 1
NCT04796675  CDI19 R/R B-ALL/CLL/B-NHL FC+CAR-NK AE 1
NCT03056339 CDI19 R/R B-ALL/CLL/B-NHL FC+CAR-NK DLT, AE, ORR 172
NCT05020678  CDI19 R/R B-ALL/CLL/B-NHL FC+CAR-NK DLT, AE, ORR 1
NCT03690310 CDI19 R/R BCL CAR-NK AE 1
NCT05336409 CDI19 R/R B-NHL LDC +IL2+CAR-NK DLT, MTD 1
NCT03824964 CD19/CD22 R/RBCL CAR-NK AE 1
NCT05092451  CD70 R/R BCL/AML/MDS FC+CAR-NK AE, ORR 12
NCT03692767 CD22 R/R BCL CAR-NK AE 1
NCTO05110742  CD5 R/R T-NHL/T-ALL/MCL/CLL FC+CAR-NK+IL15 AE 172
NCT02742727 CD7 R/R TCL CAR-NK AE 172

Notes: R/R: relapse/refractory; BCL: B-cell lymphomas; TCL: T-cell lymphomas; ALL: acute lymphoblastic leukemia; CLL: chronic lymphocyte

leukemia; DLBCL: diffuse large B-cell lymphoma; HGBL: high grade B-cell lymphoma; AML: acute myeloid leukemia; MDS: myelodysplastic

syndromes; MCL: mantle cell lymphoma; FC: fludarabine+cyclophosphamide; DLT: dose limiting toxicities; LDC: lymphodepleting chemotherapy;

AE: adverse events; ORR: objective response rate; MTD: maximum tolerated dose.
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lymphoma, FL ) H#&$#:5ZCD19 CAR-NKZH i fi
E, WBIT R4 %% (complete response, CR ) %
KEN67%, EEME, Ui BEYANLFICRS,
GVHD JZICANSZ5 8 A R 3t fk— ik
BT CAR-NKTES P SOHIE O TE O, 24k )y i 2L
T CAR-T,

Jihh, FEMACAR-TIRIF i fid, % &
T $ [ 05 TR R RN Bl Ok B C AR- T4 i 2 RE 1k
I T BOMOR A K, X TR R Y R A
T LA o 0 ) — b DA AP RR Y, dnMar-
tyniszynZ5 4 2 () CD 19FICD20 X4 S CAR-T 4]
M AEBCL A BB RAF iR s x5 & ) n]
DL o 4 i FH 28— C AR-T 201 it £t ke ] A5
{H B T CAR-THH M £ 19 52 %tk S e B %Téﬁiﬂ@
B AR R ATRART AR L
W B AR R E R T 25 TN 75 PO IN K 4 L i 3/ 2 fe o
IpikzZz—o X, RoexZEil 4 T A E L[] CD19FI
BCMA CAR-NK#HJf, Br T B3 LESUMIEEN
Ah, WAL BUE R M s a2, JF A s
il PR 85 v A R 4 2 T A Y AR
e HETIR R AT B IG RBFTE H . CAR-NKAESE
FCD 19t kA Ly 7 i o R BE T 08 5% (b o
VERT, IR AEE: FCAR-TEAT B A% A 4 i 1l 5
P GVHD U L K il 3 A SF AR 3, Xtk i
BRI T — BRI TR
412 CD20 CD20/Z4k B4 H FHEhR LY,
FKIETI5%LL EBCLH . % THICD20H 5w fEHT
{KAEBCLIGYT USSR, CD20#IA K JECAR
W AR 52 PR BICD20 CAR-THE N
BRI ZE BPTIA YT SR R/R B-NHLHHL
AP RLEY, i FACAR-TIRYITH, T T4
LA BEAS A S AN PD- 1R Kk, A T CAR-THH
JL B B B T L DT R e A0 i £ R AT
TNKA A F T PD- 1 KA XTI, FF H.CAR-
NK A DL o 22 Fp b il 5 50 g 40 B, Al 4 F
CAR-TEA W &g 2%, th4h, CD20 CAR
A 055 5 0T LA S AR il 2 A2 (R FTHL A Fic {4
ZIE AR S, fE— o R b s iR T
S 2, ChuiE B T HAY 2 CD20 CAR-
NK A AR SECD20 FH M Burkittibk 9 ( Burkitt
lymphoma, BL ) ZiiJifl, ¥4/ )N BUMR f fof 48 K
AAE, AR SR ST R BT B ORI W RT3
NKG2DHE/IICD20 CAR-NKZH il 8 1 & ¥ B Rl #t
g £ 2520 SR E A K 22 B0 T NK A Y
CARZE R &3 F CAR-THI L (1 25 A6 T 5111

HRETEARAR IR I SERE BT, IF H 32 2 ks
AR BB, Liu%F 3 FNKG2D-NKG2D LA !
1w %t T —AP A ECD20 CAR-NK, H7FBL
SN F P B BB SR PR R P S AR
RAAVR Mt P A5, e S e UG, ) 3 WUy S CAR ]
Rk Z—, HATA 280U 2 CAR-T
A E T IR PRAFFE RS, 2 R m sl ] o A T
CAR-NK ) J5 258

413 CD22 CD22f&—FiMERIRE & sk M

FEBESE R IR — DI, R4S R ZEB AN
Rk, AR BANME Sk L A0 s (B-

cell acute lymphoblastic leukemia, B-ALL ) . &%
HIBAH LMK 298 (high grade B-cell lymphoma,
HGBL ) | &PEkEL4H L A %% ( chronic lympho-
cyte leukemia, CLL ) FIE4UME M55 (hairy cell
leukemia, HCL ) %0V, — I3 [al i ¢4 /3 My 2 HHCD22
CAR-TZENHLE & HCRE N 1£64% (95%CI:
46%~81% ) , {HAFF B MY ZH KB E 4
CD19 CAR- T{ JT AR, Xl FEBICD22 2 —
P HA R NE R SRS . PR T HE R CD224),
CD20F1CD22 X H ] () C AR-T 41 Jifg ths, & # uE #H mf
[Fi] B A7 90 ) ELAT AN R /K- 235 9 CD22 FICD20
fIB-NHL, I HA7E AR N AN 0 R fadt ) e e
WD B Kim&E Ry T W E L [E CD19MICD22
fIICAR-NK-924ii 1, & 3 HAEAR P SN RENS A 2L
THERDLBCLANM, fERA T XU F4ECD19FICD20
CAR-NKAI L f36I7 8 15, HETECAR-NKY-
B CD22I R I A%, HTIECAR-THE
o RIS, CAR-NKI R HENCT03824964
FINCT0369276 7TH# £ BE A 4557 12 /0 — 2R IR Y7 8
HCTIGYFICD22fHYEBCLER %, i 5 CAR-
NKA AL 51697 *Ha‘éT KPR AR,
H BT AR A A TR 25
42 THYNAk e

TR EL RS ( T-cell lymphomas, TCL ) J&—
Fofries FEE S RV SR ifRE , S NHL E A 5]15%0,
H A5 X TCLI CAR-TIRIF b TR B By, WF
LR, HFCAR-THIT A — & WK
PE, O CAR-TAH M AUEAE TN 22 15 3 [F] 1 B AR
i, XFEG s S 8T CAR-TH Yt A
BP9 M T CAR-T4IM, CAR-NK4JfHL= T4
bR G SRk, IF E AT LORIE T DSk, X
NTCLIIAY T BT nT B A e 4. TR 0L )
R R & UNCD3 . CD4, CD5, CD74C 9T
CAR-NKA#E A H . ChenZeth#d 745 =/0CD3
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CAR-NKAfIfL, AR P B X S 5 T2 Ak
t98 ( peripheral T-cell lymphomas, PTCL ) 5 K ¥
o s ERT . (HJE R T CAR-NKA M A i A
2 FEOLAER N B Z KR AN, fEA7E—E IR
52 R R, PRI H R CD3 CAR-NK4H it af T
HoAth Jr 223697 J5 5% B T M oRd i T BR . o5 A
ﬁ%ﬁkﬂﬂ%ﬂﬂﬁ%CAKNKM@ﬁDﬁi%Eﬁ
375, #EChenAI BARY 5 — IR 58, i ad 44
#CD5 CAR-NKZH it 54k 1 HXTHTPTCLIY A
RPER ) I RIFSENCTOS 11074281 5ECDS ik
KF30%R/R TCL ( 3#5PTCL, ALL. T-LBL
) B, T LLABR I e A R o bk T I R
fbI7 5 32 CAR-NK A L S IL 155, & AE1TAL
HIRIT MR R R A%, BRILZAM, Pinzss
ffi FHHCD4 CAR-NK#! [mPTCLAN I, & BIHAEM
P AN REA BT bR R 4B BR T A RS,
I R EENCT0274272 738 1 #1552 CD 7 fHE
ITCLIEF , BTEPEfECD7 CAR-NKFZETCLH
PR A, BIHATIE, CAR-TECAR-NK
FETCLH 52 I AR B B ik Jg , R AT T
A iR 5 E R T 40 B A S W e, andel 5
X — PR R ORI S Y E

5 BESRE
A MCAR T REAITE IR, 1 4k 4 i 76 Y7 ek
BUS B # K e, CAR-THHM 3T CARGEEIF 1L
AR K B B 5 T Skt o VS T I YR AR Hh L
FRE Ry, (HCAR-TEH ) Bl il £ 19 52 44
P RS . KRBT B RS AR —E R B
BRI ASOE TG . CAR-NK H R 78 1ML i b g
PR CR B, AR FCAR-TH&EHEZL
Podhe, Hoan st 5w By A AL S RO
KA LA RN S5, HHAETfEclinicaltrials.
gov | B AT BT PRI I8 PE Al CAR-NKZE ik L9
EPE@H?&&&Z%%@O 1M CAR-NKEI ELI8 4 1 FH 7
T, 4 REHFEERFEBCL L, WX TCL
PR B AR R Y E A RS, CAR-NK
H ATt 1A I 75 CAREE FRCRAILNT o IR Fe AT
AN AN R A SR E RIME, XTF CAR-NK
PR, T ZAR AL S R i . Ak # )y
28 MR DL BB S s R T B i T A R
SR E CAR-NKIRY P IR, X752 Z 5k
PR CAR-NK I R FE AL . AR 2 TNKAHAE R IA
FIBUIEI IMSE, CAR-NKFARAIAK R, EAA
PIAFNG 2 B s . mak. L4 CAR-NK

P L A NN NRY e i &
MR ERR
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