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Abstract: Lung cancer remains the leading cause of cancer-related mortality globally. Although immunotherapy has brought
revolutionary advances to the treatment of lung cancer, significant challenges—such as low clinical response rates, high rates
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of primary and acquired resistance, and immune evasion—persist and underscore the urgent need for next-generation
therapeutic strategies. In recent years, trispecific antibodies (TsAbs), which leverage synergistic targeting of three distinct
antigens, have demonstrated breakthrough potential in achieving more precise immune activation while enhancing both
efficacy and safety. This article systematically reviews the development and current landscape of TsAbs in lung cancer
immunotherapy, highlighting their capacity to overcome limitations inherent to conventional monospecific and bispecific
antibody approaches. The review begins by introducing the structural modules of TsAbs, which are broadly categorized into
two formats: non-IgG-like formats designed to improve tumor penetration and reduce Fc-mediated toxicity, and IgG-like
formats that retain Fc-dependent effector functions and exhibit extended serum halflife. Then, it provides a detailed overview
of the functional classifications and clinical translation progress of TsAbs under investigation for lung cancer. These include T
cell engagers, NK cell engagers, TsAbs targeting three tumor-associated antigens, and immune checkpoint inhibitors.
Preclinical and earlyphase clinical data indicated that TsAbs could mediate potent tumor killing, mitigate common escape
mechanisms, and remodel the immunosuppressive tumor microenvironment. Several candidates have already shown
encouraging safety and efficacy profiles in Phase I/II trials. Despite these promising advances, TsAbs still face considerable
challenges in clinical translation. Key hurdles include immunogenicity risks, manufacturing complexity, ontarget offtumor
toxicities, and the highly heterogeneous and adaptive nature of the tumor microenvironment. Looking forward, we propose
that future efforts should focus on innovative target combinations, structural optimization of antibody architectures, dynamic
adaptation to the tumor microenvironment, and the exploration of tetraspecific antibody platforms. Through these strateges,
TsAbs are poised to advance clinical translation in lung cancer therapy, offering new avenues for achieving highly effective,
low toxicity, and precision immunotherapy.

Research Progress of Tri-specific Antibodies Based on Immunotherapy for Lung Cancer
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5XURE S EPUARZAL, Ts Abs i ke AL EL AT 43
HPIRE  AETgGHE (Fedl R AL ) H5TgGHE (& FelX.
)

1.1 JFIgGR(FeiR K EY)

JEIgGHE TsAbsHIBTIRAT A e BE il i o ki A
(41 (GGGGS);) HrHk, I ERRAT” (beads-on-string )
ghEk . R BOEAE - (1) 5T AR B Bt (single-chain
variable fragment,scFv;25~30 kDa), i H4% n] A8 [X.
(variable region of heavy chain, VH) Fl354% ] A5 [X
(variable region of light chain, VL )i i % BKIE % , i
B Z M HRE (2) HlEPTiK (single-domain antibody,
sdAb; 12~15 kDa) , i [ 3 5o R s al et ARV
2% 10 BT NIRAL RS S [k s (3) i Rss &
J B (antigen-binding fragment,Fab;50 kDa) , % 5% 4%
IRkt K FREVH-CHI , B v 12

JEIgGHE TsAbssr 1/ (<100 kDa) , &) T8
SRR SR O [ B 3hE S F e A G AP A P
2 it A s B AN S XL - B L 25 B 1iF (cytokine release
syndrome , CRS) S5 XU . I, AEIgGHETsAbs B AT
e v 5 i R DR Ly e ot =10 e o X S W AR R (B = A
SrRERSSECEEN KM, FELPEG
(polyethylene glycol, R Z —E) b 5 HERL &
FER A RE W] 5 A AR K AT RS | & 4 ) 2R
8 TS E 9] (a5 Wi/ 22 v e ) o
1.2 IgGH(&FcXiH)

IgGHETsAbs LAIgG B ZE N Jehilt, IR BA T RIR1gG
(CH2-CH345H , SCRAR A s 1 (24921 d) 5 T aE i
SR — B A3 R (knob-into-hole , KIH ) 2 i CH3 4%
a3k, e i) S Y B A O X, el D[RR R AR TSy, 1k
SIAE AN i S IR A 2 A s B YR A
$if o B BN/ CHfi Rl B scFvilisdAb, AT 51 AEE =

B pEU2] R, B TR 5 09 p HAR M4 [0 i
(FcRnZE4 ), 1gGRETs Abs A i 2 4 L7 10
[RIE , AR W 1G5 A4 R F ¢ X 3 B A 25 F 5t B i XL
B AP PR B A5 DR B DLFA , 3 FH T B S e i 1)
Jififia Ay, AH5r - HOR (>150 kDa) SEOLAELIE
BIRZ IR A S R BT — i 2k, et
LR RE AR AR RE T, W 0 ASL IR R BE BT
SE-£ (WDuobody 3y, 1R TA S FEIHER

JUFPTsAbsIZE# .

2 =R RURAERESERN TR ER

SRS IR E LR A AR £ 25 . T
A5 4% (T-cell engager, TCE) NKZUfE & #%
(NK-cell engager, NKCE) H[a] =™ i AH TR
(tumor associated antigen, TAA) , G &K 5 11l 571
SRR,

21 =HRUTHRESSS

e A M B 25— SRR M HE e 25007 40
(AT A BONK 0 ) 55 A e 0 A 1) 235 TR ddaed
L ]380 20 ML ) RS VRIS BRI . 2B fae
ARG A5 A0 R Z 2R 59T (Catumaxomab ) Fl DK 22
MR 4T (Blinatumomab ) B EL AL FH T IR IR , {H 7 32
PR 36 7 P T I R S M O R R D R A Bk
g T IR R R, = AR S TR A
(trispecific T-cell engager, TriTCE )il it 5] ASH =1
B, S — 201400 T g 0 ) M | S A S TR AR
Lo 250 Eh Frp 2
2.1.1 $1CD3/DLL3/DLL3

S 43 (delta-like ligand 3,DLL3)J&NotchfF
5 3E B AR 2 BRI PE R AA , R 1 75% A SCLCH?
Ik, B I G5 R K ALY T i 25 2 DA OC .
HIE H H BRI R PR R SCLCIR YT I B
AR5 O LI [ DLL3 1A 25 1) ()
Rova-THEYF RO B2 I &, MH B B 20 T
M5 2% (U Tarlatamab ) 75 I AR50 H g s H i
F AR AR, HRTIEAE#E— IR & 18]

ZGO00652 H [ 7 B ifil 25 2% m Wk A& i 4 CD3/
DLL3/DLL3fY —AE M TAN M35 4%, rT RIS 454
2 B 7 PE T IR 2 40 Y (cytotoxic T lymphocyte , CTLs)
(9 CD3 B fif 958 20 g XD L L3 46 07 , 38 176 Jf: 7 &2 1)
CTLsHE SR IDLL3 BRI oo s PR AT A5
W, ZGO067E /N FRALAY vt 24 il g A <, IFAE
FEARK LY rh R RAF 2t AR BRI
N E Sk, 10 mg M UL Rl A E L 240
PRI M WISCLC R H hyr s =% . HErM
BT | B A s e i
212 SEAMFEBEBLENTARESS

1258 BURE 5 PE T A0 4% 5 A8 k= Fe 25 M Bl L 43
FH/N( 2955 kDa) Ay FREME AT H ) 4 B b 3 B
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(a)ZG006 : £ F —A~PLCDIIR A ] BT~ [R] A DLL3FR A AT DLL3 ; (b) SHSALS & 1 TCE : i1 & #l [\ TAA)sdAb . HTHSA
F)sdAbFHLCD3MscFV; (¢)GB263T : R AV AR VHHEE 1 1T, 7T [l AF 1R B EGFR K e-MET ) R [R) 2437 5 (d) TriKE : £
B TAAIsCFY, HLCD16AY A KBTI RIIL-15, (e)NM21-1480 4443 4L [ PD-L1 . HLA-GFICD3 i =N ] 48 F Br i 3 il = 4%
Sk RS TUA s Nb-TriTE : 44,531 PD-L1 . HLA-G .CD3f=FVHH, DLL3 3k 13 HSA : AL 7 1 ; cMet : 40 g o] 75 -
LA T EGFR : 3R M A K 32080 TAA : IR AR SC LR s scF : BRBE T AR B 5 sd Ab : HUsR#iAA

Figure 1 Structural diagrams of several TsAbs

(a) ZG006: It contains an anti-CD3 domain and an anti-DLL3 domain targeting two different DLL3 epitopes; (b) TCE conjugated to
HSA: It consists of an sdAb targeting TAA, an sdAb against HSA, and a scFv against CD3; (c) GB263T: It is designed with a dual
humanized VHH structure capable of simultaneously recognizing two distinct epitopes of EGFR and c-MET; (d) TriKE: It includes an
scFv against TAA, a nanobody against CD16, and IL-15. (¢) NM21-1480: It assembles three variable fragments targeting PD-L1,
HLA-G and CD3 into a trispecific single-chain dimer (scDb-scFv, also known as scMATCH3™ in the original text); Nb-TriTE: It
contains three VHHs against PD-L1, HLA-G and CD3. DLL3: delta-like protein 3; HSA: human serum albumin; c-Met:
mesenchymal-epithelial transition factor; EGFR: epidermal growth factor receptor; TAA: tumor-associated antigen; scFv: single-
chain variable fragment; sdAb: single-domain antibody.

FRTRL. TR 2GR FR T[], BT N IS F R
(human serum albumin, HSA) i) T.#2 4L R w812
BT = S TAN 4 A 2 1B T . HSAARY
A 3E o FeRn g 5 (1O B0 228 < 245 )2 e 1 (2919
d) , i W] 3@ 2 g 38 A PR RN B AL (enhanced
permeability and retention effect, EPRJN ) # 51 & 45
TR, Ho/NorF i Rt I A B T 283 S A
HE AR
2.1.2.1 $HICD3/DLL3/HSA
HPN328/&—FiHiCD3/DLL3/HSA MY =47 544
T2 M0 #4214, T #E T DLL3 1 sdAb . CD3e R

BN AR B B MO HS A LA RS A sd Ab4L K,
TN E A DLL3" SCLC N H:Ath 4t 28 P 433 3 i
8 . HPN3287E{RSI 3 FiICD69/CD25 1) # ik
(5%~25% M T4 MG 1L ) , 375 TNF-a  JFN-y B
T, AT i R A i SCLC 4 il , EC5018 K 16~286

pmol/LD]]O

TESRIEBRBATINS G/ N B AT I AR AU HPN328
(100 pg/kg) REANHI96% iR A 4 . 7 G (421
hCD3e/NEAEI H  HPN328 (200 pg/kg) T 58415 4
MC38-hDLL3 & (9/936 /1 ) I K W i id42 o
IEAh , HPN3287E B A il v > 5 15 78~187 h,
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Table 1 Tri-specific antibodies for lung cancer
EiL/EA S RN VERIRE SEANS NCT FRBE: 47t ol
THRMESE
ZG006 Suzhou Zelgen BioPhar- Anti-CD3/DLL3/ SCLC and NET NCT05978284 1
maceuticals. Co.,Ltd. DLL3
HPN328 Harpoon Therapeutics Anti-CD3/DLL3/ SCLC and NET NCT04471727 1/ ~50 kDa 78~187 h
HSA
HPN536 Harpoon Therapeutics Anti-CD3/MSLN/ MSLNHM: NCT03872206 1/1 ~53 kDa 49~113 h
HSA
R [E134 YRR X HLR
GB263T Genor Biopharma Co. Ltd. Anti-EGFR/c-MET/c- NSCLC NCT05332574 1/1
MET
TAVO-412 Tavotek Biotherapeutics Anti-EGFR/c-MET/ NSCLC.GC.PDAC NCT06761651 1
Co. Ltd. VEGF and TNBC
NKéRaiES =8
TriKE Philippa R Kennedy et al. Anti-CD16/IL-15/ NSCLC I KA 60 kDa
Mesothelin
CAMI1615TEMS Kaminski et al. Anti-CD16/IL-15/ NSCLC I R T
STEMS
DF1001 Dragonfly Therapeutics ~ Anti-HER2/CD16/ HER2FAPESZIARE  NCT04143711  1/10
NKG2D
RBRE SHFF
KB-436 Shugang Yao et al. Anti-DRD2/PD-1/ SCLC I R R ~120 h
CD47
NM21-1480 Numab Therapeutics PD-L1/CDI37/HSA  NSCLC NCT04442126  1/1 ~14d
Nb-TriTE Yu-Chuan Lin et al. antiPD-L1/HLA-G/ NSCLC IERET  ~80 kDa

CD3e

1 : SCLC, /N Ailidizs s NET , 1 28 N 431 Bl s NSCLC, AR /N ilides s GC, 15 98 s PDAC, AR S48 ; TNBC, =AM FLIME

Note: SCLC, small cell lung cancer; NET, neuroendocrine tumor; NSCLC, non-small cell lung cancer; GC, gastric cancer; PDAC,

pancreatic ductal adenocarcinoma; TNBC, triple negative breast cancer.

10 mg/kg 85 25 2} (4)8] ) T 52 M R4, HLICHE 1) 7
PE2Y . HPN328# T/ 1T 05T rh i 4% 5 s HT
Z M R A HEA R, FER BN A5 ke
40 L8/ A B2 CRS (IL-6  IFN-y45 s B30 7,
JE LR PIARTFIN) , e K 32 700 S 0 e | 351 34 A
FIE AL IE LR AT 22
2.1.2.2 $iiCD3/MSLN/HSA

] H 2 (mesothelin, MSLN ) & £ F S 44098 (i
e PS8 PR ARIER ) e 2RIA B ER 1, e R
B3 EPERYT B A 22 Y RTMSLN
B YR TT AEAE R R AR IRIT 8 A kR . ik,
Molloy% 2> 153 T HPN536.,

HPN536&—F1#iCD3/MSLN/HSAFJTriTAC,
H/Np 5t (2953 kDa) i 1 i 2Bk 5K
Wk (L w263 h) o IR RTHFSE Bos , 18
YRS JHRARIE FINSCLCHE A i HPNS36 5 15 S
T4 JE 775 A4 18 240 i 244 , CD69/CD25% 35 i

(EC50=0.14~9.0 pmol/L) , X} MSLN PHE il 4 40 ifd )
EC501/x%3.8 pmol/L., 7EEMAIAIH  HPN53610
7 R A2 0 BRI 10 mg/kg , T FR i 2
{E NI SR & 07 NI N AR S o e R Nl R
(24~72 WA ) TL-6WFI FHEr 25250 kBt s
THPNS36FEMEIRYT Hh A 71 24a0 1/ 1T albift
7% (NCT03872206 ) 1EAE Tl HAEMSLN FH M- i A 97
PN e Rl R o N 1 B P LS AWesi i o
2.13 TriTCES BERS4£E

WIRIIA BE (oncolytic virus,OV ) f&—Z I T
R AT 9 75, Ao P [ SRR R R4 i ol 200 . 5
G JEPE AN AT T IS AR R 5% Hh 1 e 8 4
SENLH L HEDUMIR VR I R RATIF ST, Pl
YR BE-1 (HSV-1) M E¥ A1k #EB3 (CVB3) (4%
I B EE (OVV) M BE (rAd-p53) FEIN-R B B
(SVV-001) %84 7 HuH Bt A vk 2700 (R
OV L2 7 Ik T I Z Rk R , G045 20 B 4/ DL o B A
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BEY L BR AR PR SEA 09 B 52 ) PO BE e 1SR
WA A2 R

W =R ST & 2R i EOVER ISR b
ATEETH IS AN, 3 HA HAMER  OVIE R B
e RIS, 7R S AR T M 45 & o1, BE
GRS XA 2 R 1, Sk T A B
P OViFs S0 [ AN I AE T RER A R P, 5 T
YA AT 0 TN 1) o] W [R] OB e
BPEN L o RN, =R PE TN A 40 15 T
LTS A AN BB B SIS A B A e A, 3R BB
5PD-L I CAR-TEEIE A AT IR D R) 2 28
IXFPER ARG T ) 25 W] Jmy 23k 5 R G ME S B0 1Y)
W, RS e BB PSRt T
2.2 FE[E=4TAA
2.2.1 #EGFR/c-MET/c-MET

2 K 732K (epidermal growth factor
receptor, EGFR ) /& —F A /- 52908 A= K5 5 nd s
R BRI, 1 T 60% NS CLC E 3 TR A7 ALE
i FIRE RS R BRI . H=(REGFR
it R i) 351 (tyrosine kinase inhibitor , TKI) B £
A EGFRAZENSCLCH)—ZRIAY7 7 % (AT 2G5
LAy o e 30 BIRSE 2 B, AR IA] - b Rz ik
¥ (cellular-mesenchymal epithelial transition factor, c-
MET ) {551 6 ) 5 P06 JE EGFR-TKIH 25 1) £ %2
BLA 22— c-METHE — il 56 5 52 1 i S e ik
it , H S 0m T 2 (ME Tex 148k K 96728 \MET-amp )
TENSCLCH RS (R 7257 123

GB263 TR M AL VHHE #5117l [A] A
BIEGFR K c-METFIANAN R334, 33 R X i LT
B R A M B A AT T IR
HIFFE R , GB263TAMUMHH EGFR Flle-METAZ A4 (1)
WM AL B2 N IEMAPK/PI3KGE I FI0E (P T IR)2524
PIINI-372) , ik BefE i A2 AR-HUAR 2 & i AL AR
RMEZA K, BS54 a0 78 1T IR
R (NCT05332574) 41, GB263 TE I I EGFR 2S5
NSCLCHE e Pk R AT, HFF1 260~1 680 mgifl| &
O N R B B2 UM TR B UL AR T A A
R R 4G 292 %57 F VA 98 R AR
P IVE N oaT| N ) 7R F N
2.2.2 #EGFR/c-MET/VEGF

SEARE A R AR KB EGFR Flle-MET A5
W SR, 05108 W A K HF (vascular

endothelial growth factor, VEGF ) 3K 5l ¥ IfiL 85 A= B A
Koo =B H ML, FEQRYT 25 K i
5230 R, W FHISTEGFR .c-MET &% VEGF
R A S AT TR T ST 1

TAVO-412/2 23K E MTEGFR/c-MET/VEGF /Y
TsAb, HA& TRl & TP A4 w5 BT
FHLH : (1)38 2454 EGFR Flc-METAZ 44, 41 il s
Rk e R IR AT 15 5 (ANSTAT3FINF-KB) 5 (2) FH
WrVEGF 5 VEGFRIYSS G, 1 P 52 240 B 33 5 2 i
SR A8 A2 A (3) 38 3 Fe B T LI A P 41 it 75
PE BUAARARS: 240 B A 5 A PRI AMACAR S 1 248 i 5
P, PE— B IR RENSCLCAH L 2 (ANH1975) Y 2343
%77 (EC50~0.003 nmol/L) 7). 1 IRATHFFY 3,
TAVO-4127E23F CDX K 9 il i PD XA AU i 47t
FAM I A K, 10 mg/kg AT SE PR R4/ 58
2R, A EGFR-TKIs (758 Je B A2 e ) B Ak
BEBRIFRL 0T TAVO-412h 5 (4 228 5 b EI VR
AT 0 A pl B — 3 R 5 | R ARG,
i IR 245 B (A TR SR
2.3 NKYHREZES RS

T RS PENK A M4 & 45 (trispecific NK-
cell engager, TriKE ) (P AL 2R £ T NK A 32 (4 [ 328
PE(INCD16a NKG2D NKP30) e 2 s iy m A
(PD-1FICTLA4) AL A2 A (Ui AIL-15F0
TL-2 ] 35 NK 20 M 34 78 A B a1 | R iA BEHG 5i
CD8" Tic 40 a4 38 ) DL K JiJeg Tl B B 1 1 45
(el i A A ) 2520,

2.3.1 HICD16/IL-15/[8 ff &

B8] iz ZAEANSCLCH i ik R 2B MAR &),
AR A YT R 2 PR T NK 0 % 15 R TR ) 4
it T2 I 9 G 2 00 o PR (3 BR 48 L 23 ). Keenmedy
A LA Lg e i T —FP i CD16/1L-15/18) % % 1Y
TriKE , G048 = ANE5H9 38 . $T 0] 2 R scFv, Ff S &
NSCLCHH IR TH [A] f¢ 2= 5 S SEIEHTCD 169K BTA,
i 3 FoyRITasZ /4 B HE B0 NK A A I ik s 1L-15,
1 1L-15RA5 538 B 02 UENK 40 38 58 A7 06 K 7%
o RIS IR , i 2 R FENSCLC R & NK 4
MU FERE 1 (292565 ) KA ae i, HoRS [ B ak
B o TENSG/INRB rfr | TriK BEE A NK 2 (i g
RAE/N60% , I B EFEIRCD3 1 A % . (H1%
H R, TriKE AT v IR 25 CD 16" NKHL] T
K S MD S Ciz i 1) (A 5 e i, 7EIRCD 163818 1Y
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NK A P AT DR S 28T o I R AT A S T -
R S RRE I, DU T 06 00 e g 41 il e e
W5, H 5 PD- RIS ) .2
2.3.2 #1CD16/IL-15/STEMS

JiIed N Kz B i #8 (tumor endothelial marker
8, TEM8) & —Fl & G RFEZIK R ERELT
it 98 A5 S AR 1) I A8 P Bz A e T AT AR e, 2
5 L4 A L R R T, R AR YA T R A
CAMI1615TEMS/Z—Fi$HCD16/1L-15/STEMS8H
TriKE , il i 5T TEMS8 (1) A BT AARs S 45 5 s 20
i R 5 5 44 22 TR 9 TEMIS , 5 | S NIK 4 8 1] R 45
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