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Fig.1 Primary immunotherapy for lung cancer
Bl AESNEERRTE
TCR: THUMIZIAR (T cell receptor); CAR: #x&PiIEZIK (chimeric antigen receptor) (& Z#12k F https://smart.servier.com) .,
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PEFET- 521K 1 (programmed death-1, PD-1). 2%
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PD-L1) . 4 Mfd 3 ¥ T ik 2 20 Jf A0 ¢ 91 I 4
(cytotoxic T lymphocyte-associated —antigen-4,
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protein 3, TIM3) . HA Gk 1A ITIM 45145
[ T 41 a4 % 32 /& (T cell immunoglobulin and
ITIM domain, TIGIT) . B I T k[ 2 il % ki 5]
(B and T lymphocyte attenuator, BTLA) . k[ 41
it 3 4k 3 3 (lymphocyte activation gene-3,
LAG-3). THIMIIGELR V &5 F s S e Bk &
¥ (V-domain immunoglobulin suppressor of T cell
activation, VISTA) FICD2004% ' (F£1), Hrf,
PD-1 il CTLA-4 J& H Hi # 5% it £ 1Y ICPs, PD-1
(TERON T 4 1 3%35) 5 PD-L1 (/i ygg 40 g #n
IR SR BEAH G RE R AN RE) BUAHEAERT AT LA 5
TGS BN T AR BEFEY . CTLA-47E
AR TR ik B, ol SR S5 E it
JEEE N (antigen presenting cell, APC) )
I ] 84 c M CD80/86, B 4 1 BH W7 ol i A7 1k
CD28 5 CD80/86 iy 445, X T 4 i i AL FI 6
A EAE T o HoA TCPs AL ATF 58 A1 A5
A A 7S AT T 235 A5 1 e 5 200 0 3% 2 ST B
140 TIGIT /] L5 HC A (CD155, CD112) &4
T 08 A0 B SR A 540 Y (natural killer cell,
NK cell) /-GN, TIM3 FIl LAG-3 Al LA
T AP REZR G IF155 AR SE 0 A, —29h
7 I 98 AR 1) B B A A A AR A, el
ILAI1, NKG2A F1CD73 %, Zhu %5 "' i it 4 g )
AESCHGUESE , TLAI1 AT DL id i P0G JAK/STAT i %,
AR AN PD-L1 YA, BEIMA Tk
i, AR TSR 2N 38 G RN P 8 T FR )Y . Herbst
S R — IR T I R 25 R R, TEAR AT YIER
i) 11 # NSCLC & # ", Monalizumab ( $i
NKG2A) B%4 Durvalumab ($ii PD-L1) #Y% W2%
file RN JC #E AR AE I X Ok T 5 ok i
Durvalumab (35.5% vs. 17.9%, 72.7% vs.33.9%) ,
Oleclumab ($T CD73) BX& Durvalumab A% % W 2%
fiff % FN T R AR A AR Y KT o fd
Durvalumab (30.0% vs.17.9%, 62.6% vs.33.9%) ,
It H R 5 22 0 APk 5 Bt i H] Durvalumab 1
YA —, —TUIFRbR % 09 VI I R 1 36
(NCT05431270) 1E 7€ 3% f& Mavrostobart ( 4t
CD73) HUMfsi RN 5 PD-1 4 il 500 sl Ak 7 3654
1677 NSCLC FBR i 45 I i 22 4 L i 2 e
2Bl )15 R RN TR

ICTs i i B 11 ICPs 5 AR 2 H 4545 Kk By 1k
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SERBLAT IR A9 S e 285 0 1, H TR 2 B G
ARI7 B 28T 1 © Nk R A 5l 5 A5 NSCLC 1
PRESRIT 4 0 Lin%g 0 [ — TR |
FFilchRs . 1-Ib/I0 I R XS (NCT02608268) 4%
WO R, Sabatolimab ( Hi TIM3) B¢ &
Spartalizumab ($TPD-1) 7E#HH NSCLC & 3
B 02 B IR s P, ELI 2 PE R 4. Cho
&P =T 2t . RS L TG IR IR
(NCT03563716) %5 2R £ W], Tiragolumab ( T
TIGIT) 5£4& Atezolizumab (FTLPD-1) 7EPD-L1 [H
P mMAREZATY . B RSB NSCLC
W B UL fif R MG R A A B T2 i &
Atezolizumab /7% (K WMZZ#H31.3 vs. 16.2%, T
NAAEIAS.6 vs. 3.9 H ), FF H AT BN 22 M R
. A5 o g Atezolizumab 1) 424 P A
. —IZdt . % . Ta/b Bl R 5
(NCT05789069) 1EFEM HFB200603 (#TBTLA)
B i B 5 Tislelizumab (FL PD-1) & G
J7 M NSCLC [ 1 % MR 22 . — 0 11
IIfi KI5 (NCT05787613) 1FETEAL HLX26 (i
LAG-3) B4 Serplulimab (#7 PD-1) Fifky7 78 B
BEARIBIT I NSCLC B & TR AR, e et
it 5. HMBD-002 (HTVISTA) E7Esh¥tRlrh
BEUERA AT AR R AR, RN ROEAE A T — 0
Z o R E T BRI B
(NCT05082610) , ¥4k 5t {ifi ] HMBD-002 5 5
B 4 Pembrolizumab (it PD-1) f#i F 7& i
NSCLC 3 i g s vk

A ICIs CAEIR RSB rp 3280 2 W, B
SR —E R BRI . R 80 8 5 X ICTs AN
B, I H A 29 30% 151 NSCLC 5 F120%
197z ] SCLC & 45 fig 98 M\ ICIs Hh 3K 15 R A £3
b 2, ICTs FE Mt 6 T i A A it 245 Pk ) i,
[T R A 2 ey A TR [ 0 R -
(tumour microenvironment, TME) ™1 APC.
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2% 24 FfL IR SR 20 B ) 45 R B DR T R 2 S B80T 24517
77 AE 2 iR A A B S B LRI A 5848
wmoFE = H A MAE R A K
histocompatibility complex, MHC) . $itJ5i &2 i# 5% iz

(major

#E 1 (transporter for antigen presentation, TAP) #l
B2HER#E H (beta-2 microglobulin, B2M) Z%R7E,
SRECGHPUR R AZ . T 4R ICE N R BT
R 245 PE Y 7= A Y. Gettinger 55 ) BF 5T R A,
MHC 12853 FHU N T2 88 2 02 ICIs iR a5k
i 25 W BILT 22—, FE MR /)N BRASE Y rh B g2 25
FEMHC 1265 7Rk, fd T 4o R o b
JEPUE, M= AE T 250 . sk, Wnt/B-catenin
IFN-y 5555 5 38 6 00 S it 2575 | 8 it s S8 3 o
ICIs VA7 YT 25 . 0, Kerdidani 5 ' #ff 5% %
W1, Wntl {5538 ot TR 5 R 40 A v 0y a1k H
FEPRURAS il B e PR 245 . Memon 45 7 &
B, NSCLC &5 X PD-1 #1570 4R A PE T 245 5
IFN-y W i B r 2t LA ¢, Jf HA LR b
FIDNA &&= i H Y 25 5 PD-1 4l 55
AARAGVE 254 ¢, [FIRE, TIM3 S8R G s ke Ar
4. (alternative immune checkpoints, AICs) AJfCfZ
PE B ] S BOICIs IG 97 9 3R PR 25 . Chen
RS R I, X PD-1 A I 9T TS RO Y
NSCLC (35 1 L3 AT 7k TIM3 YR B LU SOy 5 1) B
Fio A5h, I SURAL Ry R A 25 AT
5 A ¥ la (hypoxia inducible factor-la,, HIF-1a)

e FE40 AP IR (extracellular adenosine, eADO)
ML P B2 A= -7 (vascular endothelial growth
factor, VEGF) 11 ifil T I J88 S 0% , AT 5 2 i
2 2 Tkeda %5 PO & PR, Py 2H 21 v Rk 1A
DNA (mitochondrial DNA, mtDNA) %4837
ICIs{RITHINSCLC B E TS A RN ER . 1MilmiE
A A L R RERZ M 5 ICTs WYRYT RN . A 9T R
W], SRS RNMREEEMLL, 2R
IR R B Y ICTs TR Y7 S N BE 22, X A] B S FH
THUAERFEW I E A YRR > [EE
B, M. AERY . WER . RESERRW S ICTs
BT R 25 G 2, RIS YT L BR R )
B0 5 B/ B TRl ICTs YR Y7 AT 25 P R] R

A, R4 T f (tumour mutational
burden, TMB) C AR AEYIFREYIE X 53
TR ICTs RN FEE ROV, ABARIHANGE ] 5
TCEAENR IR L B i AN, 1 PD-L1 Rk 7KF-AE
R ARIEEIETT RN ) SR A s i ) AR E T
RS, HRESCRARR, 5552 SR T SE I
BT RN AR B Ak, —SRFSIETE
R EHRE A AR S Y 4 5 PD-L1 AHZE 5
] 4n 71 J5 5 5% #8 %0 (prognostic nutrition index,
PNI) . e A REF 4 (immune-related adverse
events, irAEs) A% DL PR 2 it S5 ik T 4 A L
{& (neutrophil to lymphocyte ratio, NLR) % %/,

Table 1 Selected immune checkpoints

x1 WHREBERES
G AR e Yl R A ot I8 52 A B A TERINH 5% R
PD-1 I TN AL T . BAHM . H 48 A 195 40 it PD-L1. PD-L2 [EBUikIEEET [33]
BN A TR (Sintilimab)
PD-LI FIHITAH M L) e T4 . B4 WPOR4M. B PD-1 PRI Bt [34]
5 20 B (Durvalumab)
CTLA-4 ORI TR TR E  TAUM . T T CD80. CD86 i SEA T [35]
(Tremelimumab)
TIM3 PR TIORGOS TR, BAIM. BHARMIAMM .  Galectin-9. CEACAMI. BGB-A425 [36]
WOIRAAAR . BRI, e R4 HMGBI. PS
TIGIT BT IS ARG TAM. R4 CDI55. CD112. CD113.  Z ARy [37-38]
CDI114 (Domvanalimab)
BTLA FHIBAHARA TN FELA BAIM . TAIM . W oRa, 5 HVEM HFB200603 [39-40]
B AR PR 2 A B 4
LAG-3 ORI TAH R PR T4 . BRI AMM . B4, MHC classll. Galectin-3. HLX26 [41]

paxte FANE . B IRARAN A

LSECtin. FGL1. o-syn
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AT N e YA FR oA o N 52 A BT ¢ FER /3 H =BT
VISTA T B AL PR RIORA M. B VSIG3. PSGL-1 HMBD-002 [42-43]
M. RN AT
CD200 FHITAEMOA F ARG AT T4 A . Bt . A 5k CD200R SR REEE [44]

w1 411
PD-1: FFHIET 211 (programmed death-1); PD-L1: F2JPHEAET-Z KM (programmed death-ligand 1); CTLA-4: ANAfFEMETIHRE
IEAIEHTFS (cytotoxic T lymphocyte-associated antigen-4); TIM3: TG BRE 15 13 (T cell immunoglobulin and mucin domain-
containing protein 3); TIGIT: EAG%EERE FIAITIMZE A T G Z 4R (T cell immunoreceptor with Ig and ITIM domains); BTLA:
BAITH AN 50857 (B and T lymphocyte attenuator) ; LAG-3: WRELANAEIEILIEF 3 (lymphocyte activation gene-3); VISTA: THAEIEfL
IV R I A0 S5 BR AR I I T (V-domain immunoglobulin suppressor of T cell activation) ; PD-L2: FEFPEAET-HIfA2 (programmed death
ligand-2) ; CEACAMI : JEMPLIRAHSEANME A/ F1 (carcinoemryonic antigen-related cell adhesion molecule 1); HMGB1: it Kk E
[1B1 (high mobility group box 1 protein) ; PS: Wi/IFME22 & fik (phosphatidylserine) ; HVEM: J& %58 A2/ it (herpesvirus entry
mediator) ; MHC classIl: 112 FEHHAZMEE A (major histocompatibility complex classIl); LSECtin: fiF . #kEL455E P 2 40 i BEAE %
(liver and lymph node sinusoidal endothelial cell C-type lectin); FGL1: ZF4E8E 1 EAEHE 11 (recombinant fibrinogen like protein 1); a-syn:

(Samalizumab)

oMl 1 (a-synuclein); PSGL-1: PREBEZEMERE ALK (P-selectin glycoprotein ligand 1)

2 pERREREEETT

Jigg e S MBS [ 36 SR A T SR sh g
J S5AEAE IR E B B R O R AR R
SR, IXRTIEAE— R b AT DL s 20 fit
AR, H I R AR AR T
SRR AT OUHSE TRy R e —
LARIT AT Z I . R vt s, A Rssin
I AR S R R NS o B IR A R
PEFR IR WP PR 25 W) £ LS SR e B HUR
(monoclonal antibodies, mAbs) . HiiAK-25P{HEY)
(antibody-drug conjugates, ADCs) . XUHFS ik
(bispecific antibodies, BsAbs) FIHCH A% R ik
W oE W
RACs) %,
21 HEEHE (mAbs)

mAbs H HL5ERE B A4, iR RS S
P o L ) e A0 B S it B ik B A
() mAbs Wl i BT A K 2 15 5% S (HiE
BUED . AMAMS A REPE (RIHERLED . UK
SR A EVE R (RIEEALED) AP 14 4 g
AR (EHEALED) S 2RISR hE
HfAET ', PD-1, PD-L1 #l CTLA-4 B /& ICPs,
2 R A P 3R TR R A IR R S TR . HETE
R EEE MM EEEMA (U.S. Food and
Drug Administration, FDA) it FH T 697 i Ji 1
mAbs I3 2. B9 18 2] T & HoAth mAbs,
4 Tarextumab ( # [1] Notch 2/Notch 3) .
Demcizumab (] Delta#ifciA4 (delta-like ligand 4,

(radionuclide-antibody ~ conjugates,

DLL4) ) %, %26 mAbs 76 i PRI 8 i —
SE HIERIR T ) T

SR mAbs 7E I 16T T B 2 BUS T — 5
R, ARATH I I R PR . mAbs I REIE & AN R
N, WREESRON . A W BmiEIE A
I I g 045 JIE 4 A Y B UL TR IR 2
mAbs {07 T8 2 o AL, mAbs B AFTET )
PEIRIR, (5] G it 92 4 L 9 MEC K& D] 58 728 BT
LN TR BRI MHC 7y T RYR S,
B ZR GEME LIS DN RN [ e Iid A0 6, e e S e
eI T K mAbs 54T BT . TR 258
(1) G it R PRV I A 770 ) ¥ o BCHA ey VR R
BEH], BRSO IN 2 PE R, ST AL
22 HR-ZYEEY (ADCs)

ADCs H PEPEPE LY & TR 40 i 2 T 470 I i) B
DU . 1T RN BRI 25 W) A R AT X =
N ™. ADCs Wi BT RERLIA S IR A b Re 5+
PERIK PR ZS 5 . SR J5 ADCs Bl 8 41 i
b, SUEBHARG , BT 2 YA A AT
NS M AR M AE T T il v & 280 E 1Y
ADCs ¥ i #6 A KR L AERK K 21K (human
epidermal growth factor receptor, HER) 2, HER3,
W5 2 A0 M R BT )R 2 (trophoblast cell-surface
antigens 2, Trop2) . 48 A 0] iz b= B2 %% 1k A +
(cellular mesenchymal-epithelial transition factor,
¢-MET) 45 Vo BF5E N BLTEAT 58 oAl ADCs #2
&, L0 Delta # B¢ /& 3 (delta-like ligand 3,
DLL3) %' AXL "%/ CD56 " s RTIEAR G
4 B B B 43 F 5 (carcinoemryonic antigen-related
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Table 2 Selected FDA—approved monoclonal antibodies for the treatment of lung cancer (including ICIs)

&2 FDA#tER A TR EN A B ERE (E&ICK)

AT REDUA by it S 2 A7 ]
ZHRFIICHEPL (Nivolumab) PD-1 AE/Nan i /N T FI 3Lt 57 5 (Bristol Myers Squibb)
AR ER 4T (Pembrolizumab) PD-1 AE/Nau i /N BRIV A (Merck Sharp & Dohme)
B & R 2R BT (Atezolizumab) PD-L1 A IN e« /0o P s HEFZE 5 (Genentech)
FERAJEHAE (Durvalumab) PD-L1 e N . /N i e BT i B (AstraZeneca)
PEREFHHT (Cemiplimab) PD-L1 /I fili e FiZEJG (Regeneron Pharmaceuticals)
fRUCA AT (Ipilimumab) CTLA-4 /N B fiie /I P s HINSERMI ST (Bristol Myers Squibb)
i SEAR ST (Tremelimumab) CTLA-4 AN i e Fif i Fil B (AstraZeneca)
VG %E ST (Cetuximab) EGFR /Nt f He5efE (ImClone)
i 2 ER BB (Necitumumab) EGFR Ak NG i e #Lk (Eli Lilly and Company)
TARERHHT (Bevacizumab) VEGF /Nt e fit e FHE[FZ2 58 (Genentech)
5L LT (Ramucirumab) VEGFR2 AN i e 4Lk (Eli Lilly and Company)

ok A https://www.fda. gov; PD-1: F2/PHESET-3Z /41 (programmed death-1); PD-L1: FR/FHESET-SZKRAKT (programmed death-ligand 1);
CTLA-4: 2075 PETR 40 A & Pi B4 (cytotoxic T lymphocyte-associated antigen-4) ; EGFR: 3 74 K A F 32K (epidermal growth
factor receptor) ; VEGF: Il & N 4= K [ F (vascular endothelial growth factor) ; VEGFR2: [l % PN iz 4 i A4 K [ 7% &2 (vascular

endothelial growth factor receptor-2) .

cell adhesion molecule 5, CEACAMS5) 580 &E
Trastuzumab deruxtecan (T-DXd) &% —#% FDA
He e (2019 4F 12 A 20 H g4t , Bl ok A
https://www.fda.gov) HTHJ7 NSCLC ) ADC. it
1 (2019~20244F) #873 KT ADCs HY lf R 128 56 0F
L3 (Bdlisk B https:/Clinical Trials.gov) o

ADCs 7E6 Y7 Jifi i 5 T[R4 A7 7E — 2 1 Jmy PR
PR, a0 B A A AS T 2P RN E R
ADCs [Tt 25 ML B B 5%, W5 e bi R4 & J1 9
55, YRR NIRRT . ARG AR | Fe
FB (BuiRrFrhEsE (HEE) MfEE X)) i
() 240 i R A ik R sk 55 DL SR T AR S R S AT
[ oY S ERYT . A AN A AN
(1 2 PRI BT A 8T 1A 8 8 Ans 25 40 S fifp e it 24
PRI FE J7 15 . ADCs fE SC 2815 Ol T R e R
X2 T BOA R I PR A R B
PRAE TP IR Y A5 H CANRERAT s A1) ok
$E 15 ADCs R PRI HE It A7 Bl TR AR fE a2
2.3 WHrHRMHUE (BsAbs)

BsAbs & T FALIIR G40+, BAPAAE L
LEAGERIBR, T DR [ PR AN [ AT, BsAbs AT
s Fe i Boar W2, A Fe X 1gG #£ 3V RURTTG
Fe XHYAR IgG ALY . FEfEIRS T, BsAbs £ %
30 2 A 5 e 2 AT R LA S 3 R 1) 2
BEPE CHOBURE S T M35 4% ) [m) sy BEL T P 1

57 3m s LA g A L ) U 2 I 45 o F
DI 0 988 s oy 3 = AP L] & FE B s AR
Amivantamab (¥ Ja) & B2 A= K K732 4K (epidermal
growth factor receptor, EGFR) #c-MET) ' &%
—NPLFDAHILIE (20214F5 A 21 HAk) M TR
J¥ NSCLC fJ BsAb, Tarlatamab ( # [5] DLL3 Al
CD3) J&5— 4 FDAHLHE (2024 4F5 H 16 H 3k
i, Bk A https:/www.fda.gov) HTiAYF SCLC
(¥ BsAb, A TIRY7 i 1 BsAbs HAERF 5T,
N Sotorasib (2021 45 J1 28 H 3k FDAHLE) & H
TR IT KRAS GI12C Hk PH %8 7% 1) NSCLC & # ,
Bafisontamab (#[s] EGFR #1c¢-MET) & H Ti697
H EGFR 572 0 Wa 1 it J8 3% 2 I (2019~
2024 4F ) FB4r T BsAbs 1 lfi AR IR 50 0F 53 UL 5 4
(BE>K A https:/Clinical Trials.gov )

BsAbs 7E M6 B 0 25 gt iy ] Fsf i
G T8 2Pk K o Iities S5 SCAARE Hh 1B e ) 5T R F
BARMINAE RGBT A IR YB3 265 B fR
il 7 BsAbs [0] I 75 3% DL K T 4 iz i ', 5
oA G e P VLR Al FH O A3 3% BsAbs 21 i
57 B4 3 A 2 10 XT3k — Bk A1) 0 A i e T R
BsAbs WLAFFEAN RSN, 5] G 20 A PR B ik 2 5 ik
(cytokine release syndrome, CRS). 57 Joi 2S5 il
bR H AT CRS BUARIEIG Y O o SR B2 Jo
R [E BT 20 BsAbs BTSRRI A 5 i —
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ST HHh,  ERTRENS TS BsAbs 1677 SN HY
APIAREPIRD, X AT RERE i TR R R S
JIHY s PR, R 2 Bl R R A A
AR B A MRS

24 MHMHBRE-TEEEY (RACs)

RACs H R 2 AL [ LR (R B L A
RACs AT AAE B U I 45 5 IR 4 b e bk
FIRAIEHUI, R PR SRk B R s, ik
SPPVEAZ R R H R g R S X R 4 Y DNA FILHA
INRENER T i 17, iy A 4ot £ 5 S 2 e LA
TAERON TR AR S MR O R AR T

Prog. Biochem. Biophys. 2025; 52 (®)
TGS, I 55 WA RO 5T R AT R 4 i AE

T 4T, F TR IR YT ) RACs i 4k FIlfi IR
RGBT BE, 1 I W FDA I B9 T8 77 it i i
RACs. "'T-chTNT /2745 H [ [ 5 24 it I B A 3Ry
9 B4 FH 136 97 X e 0 9 ) IS A 2R -
AR 7, 12T 20074F 1 H LT,

RACs TE Il I H A Je BRE 5 2278 T i 4l
EANIIRER g ey Miobribed R T IIE| i Y= E A el
R B i ges 2 AR AR B SRR B 1 B
YRR AEAR, XFIALIAI TR . 45 R i
FI IR S A R BT

Table 3 Recent partial clinical trials of ADCs
®3 EHESRE-AMEBEDIEKIXEHR

NCT4i5 DIRERT LR T P o1 12 USESt WEFORA
NCT04681131 BA3011+/-PD-141]1#]51] AXL I R IEAE N e A7
NCT06003231 Y3 752 FLT (disitamab vedotin) HER2 I WA MESEiRg (AR it
NCT06496490 TQB2102 I R L AL MR /N A e
NCT06303505 TUB-040 NaPi2b  I/Tlaff 3E/NH A filise
NCT05460273 Tk 2 41 (Dato-DXd) Trop2  UITHA  WEA-E/ N0 i
NCT04940325 TR 2Z I W BN ey DI 1 Al /N 200 e
NCT05687266 THIE oz B AR S, R T R e ST sl =l /N 4 il
NCT05941507 LCB84+/-PD-13i17 VIDY A S AR
NCT06549816 SGN-B6A ITGB6 D RS ClE/Nm it
NCT06012435 SGN-B6A+Z i 3§ I AR/ il
NCT06555263 STRO-002 FOLR1 — IIH W sl o =l /N M it
NCT05797168 AZD5335+/- DXk EHT. AZD5305. 4 IMafl) BRSSO
NCT06203210 Ifinatamab deruxtecan (I-DXd) B7-H3 LI SR/ it
NCT05280470 Ifinatamab deruxtecan (I-DXd) T )32 /0N 2 i e

Ifinatamab deruxtecan (I-DXd) B & F)Ek L di+/- Ib/TTHT )32 /0N 230 it
NCT06362252

R4

NCT05652868 MYTX-011 o-MET T JRElMeil. SR IEEUE RS PR/t i fifi e
NCT05865990 Patritumab deruxtecan (HER3-DXd) HER3 I dE/hguffis
NCT04925284 XB002-+/—-ZNE A I B hiL TF I EeAsTiAR AR/ A i)
NCT06074588 MK-2870+% Pt fil 35/45 3% ifh 28 EGFR I WA S £2 PR kN 20 ffo il
NCT06238479 LY4101174 Nectin4 Ta/blf] 2R M. M B ISR (AR

Jifees )

Bk H https:/Clinical Trials. gov; PD-1: FEFFPEFET-3Z{K1 (programmed death-1); ¢-MET: 4Hf[E] 5T I #46HF (cellular mesenchymal-
epithelial transition factor); ILT4: #uEBRE M FEH: 94 (immunoglobulin-like transcript 4) ; HER2: AZEZE A KN F3Z K2 (human
epidermal growth factor receptor 2); NaPi2b: FUHIS IR R EL %12 8 12B (Sodium-dependent phosphate transport protein 2B); Trop2: 7%
JZ2ANE P )FE2 (trophoblast cell-surface antigens 2) ; ITGB6: &4 % p6 (integrin f6); FOLR1: Miga2{41 (folate receptor 1); c-MET:
M) R FE AR IR T (cellular mesenchymal-epithelial transition factor); HER3: A2 74K [HF3Z1A3 (human epidermal growth factor

receptor 3); TF:

HYUNF (tissue factor); EGFR: FAKIFFZIK (epidermal growth factor receptor) .
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Table 4 Recent partial clinical trials of BsAbs
=4 EEAFR SO R IG R IEH 5T
NCT4i5 DR bR RIS B S LB WFFUIRAS
NCT04995523 AZD2936 PD-1. TIGIT VIO WSR2 P 4R/ fo e HEATH
NCT06467500 KR JEFI¥hi (Cadonilimab) +fbJ7F PD-1. CTLA-4  TUHH  UR#hIE R 9 L 038 v o7 e I i BA B /N 4
i fti e
NCT06424821 REEJe R ET LT I PD-L B A1 /I 20 ffa il s
NCTO05816499 REEJEF i+ P &He. £ itfhie I/ HE3 /N
NCT04606472 SI-B003 JE: I i Z DN
NCT05377658 REERF GRS RE. R W AT U ER A T-TILA A= /I 200 il
NCT06532591 REERF AR RE. R I PD-LIFATERIPIBRAYIB (>4 cm) -1Ib (N2)
/N P fis
NCT05299125 1£77% P (Amivantamab) +i%% EGFR. ¢-MET Il  £EAT EGFRESZE N K /A M AR /N fii e
Je. il
NCT05845671 YR T3 % P+ S R VR ) 77 VY #HALK. ROSI. RETH: DN Fh 4 (R 3T-E N
21 i it
NCT04868877 MCLA-129 VI siedm (R ST=lle N4 e D
NCT04930432 IhIE:H
NCT05780307 IMM2520 PD-L1. CD47 D MeAseioR Gl g i)
NCT05420220 KNO46-+Fi % J2 PD-L1. CTLA-4 I} MG HAE/ N o it e
NCT05102214 HLX301 PD-L1. TIGIT VI R sl R v sc iAo CIE/Nam it
NCT04777084 IBI318+¢:1% % e PD-1. PD-LI T eI /N
NCT05180474 GEN1047 CD3. B7-H4  Ullalfl fiifi
NCT05360381 HLX35 EGFR. 4-1BB I s TS (e
NCT04931654 AZD7789 PD-1. TIM3  Ullaifl WSS e/t i)
NCT05117242 GEN1046-+/— A = F Bk F 47t PD-L1. 4-1BB I  ERBMEAVERL AR/ it
NCT04140500 RO7247669 PD-1. LAG-3 O BB R SR IR/ )
NCT05788484 CDX-585 PD-1. ILT4 D WG (RN D
NCT05805956 IMM2902 HER2. CD47 VIl  FIAHER2MMEHISARR (i)
NCT06361927 SSGJ-707 PD-1. VEGF I PD-L1BHVE A 1E /N2 ffa it s
NCT06412471 SSGI-707+55 3% %€ R4A I W ARE N e
NCT04695847 M1231 EGFR. MUCI 0 EeAsTiR (AE/ N A e 78
NCT04440943 CDX-527 PD-L1. CD27 D R R (IR0 it
NCT03752398 XmAb23104+/~FFIEA i PD-1. ICOS D MsciAo il
NCT04881045 PF-07257876 PD-L1. CD47 D MR MR /N e
NCT03849469 XmAb22841+/-1F [H R B F 451 CTLA-4. LAG-3 T WBRHScAs (e
NCT05116007 AKI12HKFEAT . R4A PD-1. VEGF b TN

Bl A https://Clinical Trials.gov; PD-1: F&JFESET 21K 1 (programmed death-1); PD-L1: FEFPEAET-ZAREAL (programmed death-
ligand 1); CTLA-4:. ZHJEERTETHKE 40IEAHEPT)H4 (cytotoxic T lymphocyte-associated antigen-4) ; TIM3: TG EBRE HEEE A3 (T
cell immunoglobulin and mucin domain-containing protein 3) ; TIGIT: E. 43 %y BR 8 13 A ITIM 45 ¥ 588 A9 T 248 Jf 9 9% 52 7K (T cell
immunoreceptor with Ig and ITIM domains) ; BTLA: BAITH#EL 414857 (B and T lymphocyte attenuator) ; LAG-3: kL4 6 fL 3L A3
(lymphocyte activation gene-3); VISTA: T4 g & 1k (19 V 25 44 35 e 3% Bk & (1 7 ) 7 (V-domain immunoglobulin suppressor of T cell
activation) ; VEGF: I8 W A=K HF (vascular endothelial growth factor) ; ¢-MET: 4 fitg[8] 57 I f7 # fL K F (cellular mesenchymal-
epithelial transition factor); ILT4: Bk HEEH: 544 (immunoglobulin-like transcript 4) ; EGFR: 3 % 4 K [H F %K (epidermal
growth factor receptor) ; HER2: A3 iz 4 K [T % K2 (human epidermal growth factor receptor 2) ; MUCL: Zi# A1 (muc-1);
1COS: ST (inducible costimulator); ALK: [AJZSHEK IR (anaplastic lymphoma kinase) o
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3 IR ZmaYTiE (ACT)

ACT i o 2 R F AR N A e di i, ZEAR 4
PEATRE N T AR GE RO 1 05 Il 2 B AR, X
L £ 28 240 R AR A AR S P TR I 23 0 b e 240 T ) g
J1, WSS BB S H B o R B ACT 4245 i
Jid 12 U R BV 40 9 (tumor-infiltrating lymphocyte,
TIL) J7 ik . TH M Z K T8 T 40 M (T-cell
receptor-engineered T cell, TCR-T) J7 ik Flix &Pt
JR2Z K T 40 e He 3% 77 J7  (chimeric antigen receptor
T cell immuno-therapy, CAR-T) 4. ACT & 7£ IfiL
W ARG IS 1 e, (B il S SRR
H Ak Tl RIS B B, 1 JC 8% FDA L] T i
FRIRIT I ACT, JEH] (2019~2024 4F) #4r KT
ACT 9 Il R B8 56 A 58 W& 5 (%4 ok A
https://Clinical Trials.gov) . ACT & FH FhriEIRIT R
VBCESCANTIR 52 B W SO A, A SRR T AR S 1Y
Jiti i £ A AN3E ]

3.1 PEREMEAEME (TIL) 57i&

TILs ] LA A SR U OF S8 1] b Jg 4 i, 540
1A T AERRAE Y, TILs 38 & & i s 1k
T 20 5 B 170 Hy T f g 0 a1 ko A 5
TILs 2k 2% 1 Yo e 09 RE 77, {HJ2 TILs B DA iR
HS IR IFAEIAR SN B, BT Sl TR It
PO R A Y, R, TIL Y7 ikl o B iR
B9 TILs, 2R J5 H 8 40 H 4 % -2 (recombinant
interleukin-2, rIL-2) #EATERY 5 AN, FH
iy AN SRR ORI R L — T
2023 4F 58 B BE T ORR 2 - T IR
(NCT03215810) 45 R T TILJ7 761G YT PD-1
M 245 (R R Vg v i 22 e, 27 TIL Tk Al fig
W R 4% % it ICTs 36 J7 B NSCLC & # B IR J7
PR 7

BT, TILJF AR RS B B A
B, HC I I R S MLy ARG BERIE IR
RYT R A S 2 E Pk 7 BT TILs 1Y
it 46 TILs il 5 &40 . 2l TILs S RE T
R AT BE 1 LA B 34 58 ik I8 Xt TILs 19 52 07 1 6 5 gt g
VA Bl T sk 26 ] J5E,

3.2 THEZEIETHE (TCR-T) 7k

TCR-TY7 ik 7 B A 1 T4, A EEA
LAHMEME TCR, AR S MR ) O et e 40 i
ERREEYUR, AR VER] 7, TCR-T

YA et RN AR O EE, IR RBAE I 4H A
PIBLIE, TR S S AR T %) 2 A P D D
K It TCR-T 97 YA AEIR Y7 Wil 55 S AR 7 AT & B
Kk 7o TCR-TIFEJUE TR & =& iR
IR ML Bk 2k 7 AN A2 0 i g R E
Blumenschein 55 7 YE47 T — 10 11l KI5, B
7 V¥ fii ADP-A2M10 7E 3 ik MAGE-A10 [ i 1]
NSCLC B # i et ma sttt 4557 exR, 7F
WZir B LI, 1B B i (R
U E ), AplwiEtRRE, SOk, 3
) i B CRS

S TCR-T I7 VLA VAT s 55 S A48 7 T A
—EPEH, HWAETE TCR 3 A s iR 5] 2 )
(A, TR AL, LA R it 241 25 7 T A kR . TCR
SRR RPN Z ] Pl B OCEEBL, TCRSE
FIAS J2 258 T 4 B TC 1A 50U g At e 40 i
1M TCR 2% F1 7 3 v W) 25 52 350 T 4 Jfd 3k 7 5 v 1
CRS %A KL ™, 38 4 TCR i 5k > 16 28 5t i Jeg
Pl HA S SR R FE R ) TCR s BR 65 15
hfpkiZ ) 8, kA, TCR-T BSR BEAE R 94 &
o, (HHARS VRN R DASE 4 X 43 e 40 i FN 1E
YR, R IR B T iR AH SC BT 5 Y TCR-T 4 g
i TR AR SR A 2 R E s g A ik, R
TRIIKCFEAR, B34 AT HE S 3 T 40t 3Rk
AH RN I ) TE H 208, 51 & o . tidk
TCR Z5H . I TCR I 7 AR 45 5 2 3 784 iy
FHOCHU AT . RIS R TR AR A = R B
] 224 Ji (19 TCR-T 40 i 45 J7 1k sl i/ A Bl T2
JBRERASON () KA . A, TP R, —
Ll 240 AT BN IR BRI PR M AP, X
Al e 8 TCR-T ¥R Y7 B TR 25 1 o 1 i 8 4 i v
ICPs 43Tk 1 E il . MHC 1284> 1A 1
DA T A 2 00 1) e Tl R B s 25 52 i) TCR-T 41 g
HIThAE, SFECT TCR-T 40477 B2 7o,

33 HEMEZAETHRE%ERIETT (CAR-T)

i A Pt i A2 /& (chimeric antigen receptor,
CAR) EHMZM, FZ MR 254
5 (MAMESRIER) | B i Rt Ry 3ok LA K 240 B P
GO S (NS RIER) 4. CAR-T 4ifie
P A = R PR G IAE R I T, TR eleass T 4
Ji6L LA 2 7E T 20 M 2% 11 2 3k M R S 1k B L 1Y
CAR, RSN 14 Fiii i 23K CAR 1Y T 4 g LAAS 2]
KA CAR-T 4 i, ¥ CAR-T 4 Jfa iy [m] s 514 1
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fdt CAR-T 41 0 1 s i 381) Jifr g 3403 o2 I 7 I 8 A P 455
R EHINAE 7. 2 CAR Bk 2 T 4 s,
SRR S USRI O T 40L& 4L, DA A&
FERAG IR AR 7, CAR-T Y7 k8 T 5%
itz S SR Y, R B HAE R IR YT T 1
#0105 1 §% MSLN. HER2., GPC3. RORI,
EGFR ™| CD133, CDH17. GD2, GM2., CD36
FCDAT ¥ 4 T 2l I HE A PR 56 1 HE
£ 45 A 20 40 B A R 7 AR I Al A2 IR A2
(erythropoietin-producing hepatocellular A2,
EphA2) . HZUAF (tissue factor, TF) FIZE 1%
R ETE 7 ( protein tyrosine kinase 7, PTK7) %,
Zhang 55 ™ AT T — W LG RIS, B 7R ITAL
piggyBac % i+ A 457 4 ) EGFR ## 5514 CAR-T H
T & K sl iA E NSCLC [ i 2t fml 157
Pho SR WoN, 9B i CAR-T 41 21~ A
Jei . AE 8 RS i PG 2 EGFR-CAR-T 4
L, Hob 1 ST el 13405, 6

BiptE e, 2Bl B, IESE T CAR-TIRYTHE
FEI L AR A

CAR-T 7E it iz ¥6 97 mh U B R0 1 [A] B
[ ey S AR R R e AN E S iy IR I
PRI TR BE . CAR-T 41 19 43 A 1 Fl CRS 45 .
itz v PR 0 SR 2R 11 S I P U — ST AN AE
Mg RIE, I fEAERAZ I RE, FEOEE
(1A ) A Pl e L BRI o e f A BT A
IR B R (Cani 3T ) BRI T CAR-T 4 i
Tia] FPf e () 26 MR A B T 1T IR 4 i v ICPs
Gy FF5 ER T 40Dy Re sz 20, 80T 4
FEUE, FMIRYT RO Y A, B RY CAR-T 4
T 5 5 9% 40 B 53 WA IL-6 . IFN-y Il TNF-o 55
PR W E RGN, B 5 R 4 SO Z [ (1) F-
i, 5 CRS #, @b CAR Y45 . F-4k4F
SRR . AR CAR-T 40 B 0 35 ME R R
ST RO B T R X Sk

Table 5 Recent partial clinical trials of adoptive cell therapy

RS IEEIERN S T 4R RRST A IR AR IR G B R

NCT%i 5 W9t H Az RIS B PR WEFRS
NCT05483491 #L ] KK-LC-1 [ TCR-TAU ST 1% 13 KK-LC-1FH P [ fili e BEAT
NCT05035407 &0
NCT05296564 PINY-ESO-1 TCR-THIEI 7 % VI FIENY-ESO- 1) # ENSCLC
NCT05361174 I0V-4001 (TILJT %) /1 T 3N 200 i i e
NCT03645928 LN-144/LN-145/LN-145-S1 (TILJ7%) Y] J5 IS MR SO B A A1 <l N i e
NCT05902520 AGX148 (TILJT) 3 M A S AR (il
NCT04503278 CLDN6 CAR-T4lIffi+/-RNA-LPX e CLDN6BH M 1) 52 BlOHE v 128 MGk S e 1k o8
NCT02876510 IMA101+/-Bi & F Bk H 450 I 5RANEHE AP SRR FERL
NCT02118415 I [ SR A AR R 4 At 7V 1144 JHAGYT 5 RN At

Hdik A https:/Clinical Trials.gov

4 MEEH

JIRE 8 TR T8 2 5 A I e L ke sl s = e
RE G0 A IR PR S R N AN T 40, A
1 RSO AR . F T a6y 7 0 B 28 1
FEE AL . DNAZER . mRNAZER . 24
BT SR AN E B A Y, BT T R
BB BE, 1M JCHE FDA i B 1A T i 0 IR %
Hio TRy i oS T R R . ATV RZ
FRAFEIA, AT g O i £ T PR e v e K F
B, AR AR SR R R RIS .
(2019~2024 4 ) #4532 T g 2 ¥ 1 i DR 18 95 A

F L6 (KK B https:/Clinical Trials.gov) »
CIMAvax-EGF S i & —Fh & [ i, Flores
Vega %5 ) XiF 106 i1 1) NSCLC g A7 1 B3zl
FUGIRIFFE, 4538 B, H CIMAvax-EGF % 1 Kk
1BIT—ERIATT R BINGE I NSCLC H R 2aa 30
Weng % ) Bf 57 6], KRAS DNA ¥ 1 75 % 5 [
INERHR A A R IE R, IXAARYT A RAS
SRAR B R YT A S RAER . — IR | b
S0 I RIRES: (NCT03908671)  1F 1 PEA 2
TP AL mRNA P 18 76 NSCLC & h iy
Lk 2R R ™. TG4010 J&—Fii 7
FARPEE, Quoix & ¥ X} 222 filHE I NSCLC %
AT T —50 I/ IG RIS, 45 R R, SR
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FUAHLL, TG4010 kA —ZALST 10 )5 AT T L
Tk A (591 Hvs 514 H), JFH 3% 4
AR FMR RAEREL (4%), o EA RS
WG Lids o FI A Mg 2460 4 i A SR
MR, A& TR AP RN T T 4 A
(neoantigen-reactive T cells, NRT) 775, /MR
SEEREE IR, W ISR AN AR 5 S
Jia /N B BT B S S 0k B s R Ny, IR AR T AR A
NRT AR, A BT MR R Eer ik it &
P MR VR T TR IR E PR, EEAA
5P TME A #6i% . TME Hh i S i 1l
il Pk 4n i Can i85 T 400 (regulatory T cell,
Treg cell) . M2 RUE MEANA . PD-L1 B A9F 580K

M. BEIRVEARIANAESE) K PD-L1. FibA KA
¥ B (transforming growth factor- B, TGF-B) i
VEGF & S il (5 5 B B R or e b, B
IR TR0 T 40 MR e eg s, Ak
e bi 7 {5 4N Treg 240 AL AE 0% 410 il 2500 T 241 A
(T AL RN R, M2 B [ 5 A4 A 2o 35 S A A
LV IR AL A4S, PD-L1 P A4 54K
2 R 3 S O SRR T 4 DD e, JESSE A DG A
ZTYE AN L3 W5 R AT B /DB o ok -2 BIR A T 40 e ]
JANRIE T I, RSk ST 5 1 T RE s R AR
T m A IR DU T B LA
SR IS TR T SR S5 LA 5T

Table 6 Recent partial clinical trials for cancer vaccines

&6 ITHAERS B E I AR I B R 5T

NCT4 5 NSRS BRI B USLESE WFFUIRAS
NCT05886439 LK 10+ [EF Bk gt/ AR o s 47t To/Tadl] e s BEAT
NCT05104515  OVM-200 I AR it
NCTO04147078  Hrfu)al 51 & BB TR0 M 2 I ARt it
NCT05344209 UV 1+/-If fEF 2k i I RN it e
NCTO05195619  AMAAGIR TEER 20 A28 1 -+AIC 7] e PR Rk fie O B IEUR R MRS MR AR N Al il e
NCTO05142189  BNTIH16+/-FKEF T, LFMIE. R 2R D WA/

NCTO05557591  BNT116+75K 2% Fi| #.47; I ISl /N2 ff it es

NCT06015724  KRASH1i+HiCD3SEIE P4 AT ZILHHT I I/ ff it s

(Daratumumab) 4N ECF]JE FLHT

NCT06472245  OSE2101+% V54 K21 TI) 0] S A A A 4 ) 70 4K K VT 245 YT HLA-A2
H P [ 26 % P A /N T Al

NCT04397003  AMAALHIHTE DNAJE B+ EE A G Hpt I i N

NCT05254184  KRASKJky B+ WAL s, BHCA St O B HKRASTAZ AR N e

NCT05242965 STEMVAC I TVHEE NG i

NCT05269381  /MA AU 7L 5 2w+ 1R 2k 247t DY WG/t il s

NCT03639714  GRT-C901/GRT-RO02-+4NE AT Hidit . I A FLHT VI FRe AR/ N il FERL

NCT03953235  GRT-C903/GRT-RO04-+4NEFI I fidit . AFHUT A FLHT VID WSR2 L AR /N 2 i i des

NCT03761914  Galinpepimut-S-+ii i F1| 2k 45 VI I3 /0N e

NCT05898763  TEIPP24 VI SRR AR /N g i e

NCTO04316689  S-488210/S-488211 I SRR RS (il

B % A https://Clinical Trials.gov; HLA-A2: AZEEAMIHTIEA2 (human leukocyte antigen A2); KRAS: Kirsten & F IR JRE R 259 5k [ [A] I

%) (Kirsten ratsarcoma viral oncogene homolog) .

5 @AEmE (0Vs)
OVs J&— P b ] - J% 4 A1 HE a8 40 A 9 3

B, AR AR S RIRAFAE BN HE FITE S50 2 e
Mt A EE . OVs &t TRRMGHE , WIAE R 4 it v
VERRMEAZ M, UM 40 2T R AH DG BT
Jii (tumor-associated antigens, TAAs) FI#r i Jit

(tumour-associated neoantigens, TANs), TAAs il
TANSs 1] LUgl g 3= APC - CRESIE B 2R 41 g )
TARFNAL I, S 2B R R et T 4L Sz o [+]
I, OVs AT g 2 FE 200 gy e Ve 40 i st 1
(immunogenic cell death, ICD), S3fE I AHH K4
F #& 2 (danger-associated molecular patterns,

DAMPs) il %5 it {4 A O¢ 43 F 85 X (pathogen-
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associated molecular patterns, PAMPs) ) B Jil ,
DAMPs 1 PAMPs # S 2 4f i | (A =051 32 14031
S, AR R S T 40 I TME 5248 0 | T
OVs HATRZ R AN ER B, HILwERHE
HAT 5 T30 2 I R ul s A5 0 ) £ AR R 78 0
k., FrLhOVsid H TR oI B aa il . miit
HEFEBIRT 6N H LTS EG . i, . 5.
Jiti 45 W D BE 45400 A e R M IR JR A Y A TR
TRYTAS BE P i B A IE A OVsiRIT .
SRR 2R, e H TR YT Y 3 A
SEHAERIE I EE . MR RS P Cul 5F
WESE 27~ , BB A B B 4 5 /AR i D 2R Bk
(coxsackievirus B5/Faulkner, CV-B5/F) i 1di% S
240 M R ORI Y e AT NSCLC HAT — 72 (i i
Wb, 4T MEIRPENSCLC, CV-BS/F Al L5 DNA
#1455 & v (DNA damage response, DDR) i i 5]
PAEVERT, DT AR AR . H T FDA E At ifE

T 4FOVs, (HUEHFIRTTHIHE R OVs i b F il IR
REFTEE, MRS FDA#AE, 1 (2019~2024
A AT T RIRE T VA R I RIS 9 WL 3 7
(BEK A https:/Clinical Trials.gov ) .

JLAE OV B 75 Ak 22 il e R i A I AR 3 46 o
JRELH T —E W7k, (R AR R 2 i) 2 A
YT RE S B KM AR Y e T L
OVs I PEBRE A AR SE 20l , A3 W E K IR
i i A A7 25 SR B AT AR PR o 3 3k 6 PR T it
OVs i LASIRA ICTs, b7 35 HAthy 7 vk sl g
FEARS SR 8 . BSRPTIMR T2 Ak, JREER
SRR OVs IR YT i i) 2P AL, FlandLiAk
TR B TP RN BB AR 25 BELAS 75 1) AR 2H 20
[ ashak 8 il FH A 1 R A5 2 R R Ge e 1
1803 LA R A R AR 85 L3 SR S iR )2 K B 1Bt
PRI BT e R ek g

Table 7 Partial clinical trials for oncolytic viruses

R7 WAy RBHRERKLEGR

NCT45 W78 H bs RPN B St WFUIRES
NCT06508307 GCOO 174879 T VL S et M SR (i) BEAT
NCT05788926 TG6050 & M 3 1/ 200 e
NCT05076760 MEM-288 87 15:+/— 4 iR JC B Bt 1] SR RN BT
NCT06444815 VET3-TGI +/-i | 2k 4t I WA s AAksR (AR /Nl e
NCT06463665 GL-ONC1+5u i 75 s fiiil 7). A0y 114 /N e
NCT03647163 VSV-TFNB-NIS +4 3% K 25 55 4101 51 I N E| AN D)

NCT03740256 CAJVEC+HER2FF 5+ HECAR-TAI i e HER2PHVEME sk (i)
NCT04725331 BT-001 (TG6030) +/—MAiAIEk bt 1/1aty] BRI /G ) S AR

NCT02879760 Ad-MAGEA3/MG1-MAGEA 3+ 1 F| Bk #.57 /Iy TR PRS2 i i e FERL
NCT03004183 ADV/HSV-tk+ LA 5E [ JBUR R T I HR AR /N2 L it

#HEK F https:/Clinical Trials.gov; HER2: AZSHE /A K FAZ42 (human epidermal growth factor receptor 2)

6 BERETIE

ZWRERY], SRR, BRE R
PEJ7 7% (combination immunotherapy) fE % 55 4f M
HRPUMRRCR, SRR AR, KR
KR A E . TEME S eity T, DR 2 Ik
G RSETT R P Tk SIS TR S . A A
7R A B BRI R A 2y 7 I A AN R R 2 2 [R] 1Y)
AW IEAEITR

a. RIST HERTTIENS . IR ER, i
Pembrolizumab & < £ a8 I 41 5 45 56 th 2219 77 58
IRYT IR B, TR T AT O S,
FH Pembrolizumab & R 415 S A2 BE 0 T 23697 Il

i 95 FE I T AL RV RE AR T B A R ALY &
— T 2022 AESE LA Z2 Tl . BEALSUCE . 1A
R a5 R Bon, SHMmAITH L, Penpulimab
(LPD-1) BRAALST (CEEZ2EE. R4 BERES T
e S et e R A A TC R AR A T

b. AR IE A B ECS o 2023 58RI
— I bR TG RIS (NCT03215810) 114k
T TIL ¥7 1 B% 4 Nivolumab JA¥7 20 4] I 1 NSCLC
BENFEERWILIY R FERTITAR Y 13 B8
11191 58 35 b e 9 A8 SR far el A, 3 401 R A T8 B i
2B BETEIRIT LSRR B %M, B TIL
J7 A Nivolumab 5 22 A R .

c. [F i 4 28 7 16 9 O[] 288 22 () 1Y B 5 o



2010~ EMUEEEYIEER

Prog. Biochem. Biophys. 2025; 52 (®)

Ready 45 "V JEAT T — T HOPRZE Y TG RIS
5 7E T4l Nivolumab A {551 £ Ipilimumab 777 B
WINSCLC & WyrRomZe bt . a5R R, #52
2 RUH R IT IR R OE B R UL R R T
Nivolumab L2575 J7 £ 35 10 % W22 fft % (43% vs.
23%), R TIZEK G RPEITHIARTIH NSCLC 1)
PER el

7 P SEE

S R T R AE e 1R T 40Tl 8 RS 9 18
PE#ERE, ABANAAAE AR PR, T2 s
BT 2510 . AR T IA AR EY . AR
SRR RIE LSS i B A 7 AR A

TREIRITIN 25 7] 43 R e Rk (s E) 2y
RIGHE (4h&M) WG e 2y, HALH A
AHTA] . SRR 24 =202 B T R 40 B e TE Y T R
O AR LE 5 NI BOM 2 v T AN U
HAGPEMS LW RTEIR TR AR, o TR 52 21
TP TN G e G A SR, B et X B i
SP IRV o 38 N PR 24 2 e 20 ER AR AT LA S
PERGERS, T 20 B o — e LS N T
PUR G RGEN BT, NI it 24, HARAL
T ETERTI A & TP AT 73Rk . RIBRAIRYT Y
TG EVT A B T e IR IR T B 24 M R

PN TN AE P bR R P4 o S iRy Ty AL B
SRR Z — o R, TEARER PN G 16T RN A AR
Yibs S0 i A v LT I — L PRIME . Tl AP
Jiged e e, R 2H SORIR BV e A WA i i
ISTER[R] A [A] 1 AT REAFAE B 5 25 5%, PRI
96 2 20T G M LA 4 T s e g ZH 2R v A [ SRR A
RIAIRA 22 5. [Wi), i TAE bR nY k7
TME h 558 i hAEfE B 25 57, IR T XA
PR IR A XERE ,  PRIHASUAREE M IR IR A=)
bRy eih il BRJCHE 42 T S Bt TME 1) 52 22 P Fn 22
FEVE. TTAME Seie 40 ML BELOK 2332 4R 1 . PRSI
LGZMARNEN, ATREFBORT IR AR E
PEA L, DA R A Sy T A= P s s 0 1) ] &
PEo AL, REFOCTHIMN A Yrbs EW R ITF58 2 0]
B 53 EAEAS AT/, 3X A REAATE L PR £
FNRA R AR BRYE, SEmamrsT 45 R n s v A eT
ek U IR R ZATHEN: . KA R AE YRR
YIWEFE L 5E o0 o uk e m PRA (A AN S v e, LA,
W Z WU E YIRSV S T, SO S0 i e s
/¥ (single-cell RNA sequencing, scRNA-seq) 4%

AT BT e B B A R A s i

i d £ PR 52 1CTs S5 8y R 7 b FE b e i —
FIVE M TALGAST . BT EIRIT FBRIA R
N, FROM AR EEA A R Y (immune-related
adverse events, irAEs). irAEs G IRFEMEH 5
YRR LG RIVERARRL, WRETE . . K¢
5 I 55 55 o irAEs B9 R X 185 i 32 22 00 45 8 5
IBYT, HATAHEIRIT BN AR, T E AT
SR FH R o2 [ et sl HC At S e i 25 7 1

8 AI=5ER

IR AP i1 =ea SE IS IIE ST AN
R, HARBH 5107 R 0A Bl T 5 ik ih
FERPERIT R R, A S IR T B T
YR
8.1 HARBIF: FAEARNEH

RS A B A AARSMEARL, Ry So IR T Y
MAACIPAG PR AL T B, HARBEPEAR 132 Sy inyT
A A9 K8 3 AR TR N, LA KB U B V7 2 A il
FEIRIT P TEME . A B Tl R R g 1Y ik
TR 2O T EOR il an 2 i g 21 Ak
o % ¢ % (multiplex immunohistochemistry/
immunofluorescence, mIHC/IF) $% AR A] L4 B %
FE MR A Y S A e ie R A | A e A
FPEAL A= Wb 5 335 10 25 (R HES) 1 AN RE
AR R N Z Vb FESE AT 2454 1 s A 25 i
Ak, RPN ERGEE, I MRS
IR T A, SR N BRI A8 AL Rk S
RS 1) e TR T 25k A S RS (fldn
HITIRG I T I | RIS R8T T
B, AT SR A 8 1R TT AR Y i, Zhang
S IR R T — R A BT PD-1 PR B g K R
FENE/ N B D SRS HUARM L, YRR
BN AR RCR . RN R AR R A
AR I Ao B AR W I il e AR A9 0 2R i 9 DNA
(circulating tumor DNA, ctDNA) 43 40 fitd 55 2%
A, R SEIIPAG VAT SOW IR A & A i 251
B, NI S RRIG Y 748 Y AP TR A
PREFAE 8 Bl 25 W 0 AN S PR R Y7 T R0 S, ol
B R I PRI T I B2 A, N TR e ATE
UGN R A A 315 T A MR i3 . A9 A
IEFESERA N TR REEA TR XS o0 )2 . I
RSN AN v T BN W, DT IR By 7 vk
PR, SEOUASEIRYT Y. BN, Rakaee 4§



2025; 52 (&)

Z=ihkE, % WERRiaTT 2011~

TR T —Fh TR 2= 2 B RN 3 )28, B 7R
SERE TS (o0 FH 2H 22 UG B 422 Tl i S NSCLC f 3
XFICTs BIRYT O . HAFFR AR WoR , BRI fehs
HAEMNIRARE -4 (hematoxylin-eosin, HE) ¢
@37 R R EMG A B0 ICTs (IR RO, X Bl
BN CMER S ICTs TR I T 5
82 BITRESMM: BEEETESHEFESHN

WEoE LB, Mg %1697 (tumour-treating
fields, TTFields) B4 ICTs BifbyT 254 £ i flL 3%,
AENs o E IR S AL R MENSCLC gy A, JF
HASMES G M " XMYBIETY S R5ER
I7 S O eI iR T T s B R . AR
e S IR G I, IR S e vy T S it
THA . WA 228 dE, P AR RER
ST X it g S AR A B TS M (L ) B DR ARRAE
IR S RNEYT 259, A i f8 8 0 3 A )
BORTT SR AL I WA L X R 2 AL SE IR A S
Br, AT INZYEE . 220 g o s ik,
Rt A BT 259 W T A ARt 1B iy il o
83 KEREEAME: BEBTSNMEWLIET

FET A RE R B A A Y bREY il
MRV YT 7 58 B R Y H R A T Y
P B T RS MR SR T R
QUAFFRE N B3 AT LA FH 2 DR 2R 000 7 A A 7 it 1 G
AR, R TERIT RIS T R Y
TCR M 3 5 AR % 48 75 [ g 28 728 2 Fi 4 e 4 v
TCR, iXZETCRZFFFMEFHTE, AEASHT B IR
PV R FEHUM R AR ) B R A SR 2 N Y 4
A Bl T 48 7 5 96 0E M 78U Bl 55 5 MR A O 1Y He g s
WL, 5 B S LE R AR AT EIRY TR AL, i
BEPRAMAIBY TSR 1 IS 2R R OR R i
FEWIERIE . EE L W2GALEI LA S R G rEiR R T
SEFTIALAR T AR T LU e L A T R
FE AT, En AR Z [ i e S ot WG
St MR AR O, PEARRITRCR T

btE DFE TR A IR =R 2R, Bl T
e, REEMADEARNIRERMS, s ersn
SPR A I MARE R I R, Rk, Bl
ZWBH TR R I, AT 20 g il
TR AR AT B, BEERE TS

Z % x W

[1]  BrayF, Laversanne M, Sung H, et a/. Global cancer statistics 2022:
GLOBOCAN estimates of incidence and mortality worldwide for

[10]

[11]

[12]

[13]

[14]

[15]

36 cancers in 185 countries. CA A Cancer J Clin, 2024, 74(3):
229-263

KA R XL A5 . 2022 4F BT IR S TR i . rh e
JiRE 25,2024, 46(7): 710-721

Zhang X, Yang L, Liu S, et al. Chinese Journal of Oncology, 2024,
46(7):710-721

Meyer M L, Fitzgerald B G, Paz-Ares L, et al. New promises and
challenges in the treatment of advanced non-small-cell lung
cancer. Lancet, 2024,404(10454): 803-822

Li T, Zhang Y, Fu F, et al. The evolution of the treatment of non-
small cell lung cancer: a shift in surgical paradigm to a more
individualized approach. J Thorac Cardiovasc Surg, 2025, 169(3):
737-744.¢2

Lamy D, Mouillot P, Mariet A, et al. Real-world comparison of
chemo-immunotherapy and chemotherapy alone in the treatment
of extensive-stage small-cell lung cancer. Respir Med Res, 2024,
86:101125

Jiang L, Yu J, Meng X. Stereotactic ablative radiotherapy and
immunotherapy for early-stage lung cancer. Lancet, 2024,
404(10449): 240-241

Walls G M, Bergom C, Mitchell ] D, et al. Cardiotoxicity following
thoracic radiotherapy for lung cancer. Br J Cancer, 2025, 132(4):
311-325

Hendriks LE L, Remon J, Faivre-Finn C, et al. Non-small-cell lung
cancer. Nat Rev Dis Primers, 2024, 10: 71

Zhang Y, Zhang Z. The history and advances in cancer
immunotherapy: understanding the characteristics of tumor-
infiltrating immune cells and their therapeutic implications. Cell
Mol Immunol, 2020, 17(8): 807-821

WIS, 5K R, 5K I, 45 IR S 1R ORI SE e . o I g
IR, 2023,50(1): 1-7

LiulJJ,Zhang L, Zhang S, et al. Chin J Clin Oncol, 2023, 50(1): 1-7

Zugazagoitia J, Osma H, Baena J, et al. Facts and hopes on cancer
immunotherapy for small cell lung cancer. Clin Cancer Res, 2024,
30(14):2872-2883

T O P 2 it e ol 22 B3 2, v [ ey SRR T S DR 4L, v
AR o IR 2 oy 2 I e 2R D 2 . AR/ NN it s L A A4
GPETRYT AL 5 (2024 i), AR IR 2% 5,2024, 46(12):
1107-1126

Lung Cancer Expert Committee of the China Anti-Cancer
Association, Chinese Thoracic Oncology Group, Lung Cancer
Expert Committee of the Chinese Medical Association Oncology
Society. Chin J Oncol, 2024, 46(12): 1107-1126

Salehi-Rad R, Li R, Paul M K, et al. The biology of lung cancer:
development of more effective methods for prevention, diagnosis,
and treatment. Clin Chest Med, 2020, 41(1):25-38

Esen F, Deniz G, Aktas E C. PD-1, CTLA-4, LAG-3, and TIGIT:
the roles of immune checkpoint receptors on the regulation of
human NK cell phenotype and functions. Immunol Lett, 2021,
240:15-23

Esen F, Cikman D 1, Engin A, et al. Functional and phenotypic

changes in natural killer cells expressing immune checkpoint



<2012

EMUFESEYWIRHR

Prog. Biochem. Biophys.

2025; 52 (8)

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

receptors PD-1, CTLA-4, LAG-3, and TIGIT in non-small cell
lung cancer: the comparative analysis of tumor microenvironment,
peripheral venous blood, and tumor-draining veins. Immunol Res,
2024,73(1): 18

ZhulJ,LiY, Lv X.IL4I1 enhances PD-L1 expression through JAK/
STAT pathway  in
Immunogenetics, 2023,75(1): 17-25
Herbst R S, Majem M, Barlesi F, et al. COAST: an open-label,

signaling lung  adenocarcinoma.

phase II, multidrug platform study of durvalumab alone or in
combination with oleclumab or monalizumab in patients with
unresectable, stage III non-small-cell lung cancer. J Clin Oncol,
2022,40(29):3383-3393

Wang Y, Safi M, Hirsch F R, ef a/. Inmunotherapy for advanced-
stage squamous cell lung cancer: the state of the art and
outstanding questions. Nat Rev Clin Oncol, 2025, 22(3): 200-214
QulJ,Mei Q, Liu L, et al. The progress and challenge of anti-PD-1/
PD-L1 immunotherapy in treating non-small cell lung cancer. Ther
AdvMed Oncol, 2021, 13: 1758835921992968

Lin C C, Curigliano G, Santoro A, ef al. Sabatolimab in
combination with spartalizumab in patients with non-small cell
lung cancer or melanoma who received prior treatment with anti-
PD-1/PD-L1 therapy: a phase 2 multicentre study. BMJ Open,
2024,14(8):¢079132

Cho B C, Abreu D R, Hussein M, et al. Tiragolumab plus
atezolizumab versus placebo plus atezolizumab as a first-line
treatment for PD-Ll-selected non-small-cell lung cancer
(CITYSCAPE): primary and follow-up analyses of a randomised,
double-blind, phase 2 study. Lancet Oncol, 2022, 23(6): 781-792
Rakaee M, Tafavvoghi M, Ricciuti B, ef al. Deep learning model
for predicting immunotherapy response in advanced non-small
cell lung cancer. JAMA Oncol, 2025, 11(2): 109-118

Das L, Das S. A comprehensive insights of cancer immunotherapy
resistance. Med Oncol, 2025,42(3): 57

WangJ, Lu Q, Chen X, et al. Targeting MHC-I inhibitory pathways
for cancer immunotherapy. Trends Immunol, 2024,45(3): 177-187
Gettinger S, Choi J, Hastings K, ef al. Impaired HLA class I
antigen processing and presentation as a mechanism of acquired
resistance to immune checkpoint inhibitors in lung cancer. Cancer
Discov,2017,7(12): 1420-1435

Kerdidani D, Chouvardas P, Arjo A R, et al. Wntl silences
chemokine genes in dendritic cells and induces adaptive immune
resistance in lung adenocarcinoma. Nat Commun, 2019, 10(1):
1405

Memon D, Schoenfeld A J, Ye D, et al. Clinical and molecular
features of acquired resistance to immunotherapy in non-small cell
lung cancer. Cancer Cell, 2024,42(2): 209-224.¢9

Chen C, Zhao F, Peng J, et al. Soluble Tim-3 serves as a tumor
prognostic marker and therapeutic target for CD8" T cell
exhaustion and anti-PD-1 resistance. Cell Rep Med, 2024, 5(8):
101686

Konen J M, Wu H, Gibbons D L. Immune checkpoint blockade

resistance in lung cancer: emerging mechanisms and therapeutic

[30]

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[43]

[46]

[47]

opportunities. Trends Pharmacol Sci, 2024, 45(6): 520-536

Ikeda H, Kawase K, Nishi T, et al. Immune evasion through
mitochondrial transfer in the tumour microenvironment. Nature,
2025,638(8049):225-236

Sun Q, Hong Z, Zhang C, et al. Immune checkpoint therapy for
solid tumours: clinical dilemmas and future trends. Signal
Transduct Target Ther, 2023, 8(1): 320

Mountzios G, Remon J, Hendriks L E L, et /. Immune-checkpoint
inhibition for resectable non-small-cell lung cancer - opportunities
and challenges. Nat Rev Clin Oncol, 2023, 20(10): 664-677

Lee D, Cho M, Kim E, et al. PD-L1: from cancer immunotherapy
to therapeutic implications in multiple disorders. Mol Ther, 2024,
32(12):4235-4255

Ortega M A, Boaru D L, De Leon-Oliva D, et al. PD-1/PD-L1 axis:
implications in immune regulation, cancer progression, and
translational applications. ] Mol Med, 2024, 102(8): 987-1000
Kim G R, Choi J M. Current understanding of cytotoxic T
lymphocyte antigen-4 (CTLA-4) signaling in T-cell biology and
disease therapy. Mol Cells, 2022, 45(8): 513-521

Joller N, Anderson A C, Kuchroo V K. LAG-3, TIM-3, and TIGIT:
distinct functions in immune regulation. Immunity, 2024, 57(2):
206-222

ZhaoJ, LiL, Yin H, et al. TIGIT: an emerging immune checkpoint
target for immunotherapy in autoimmune disease and cancer. Int
Immunopharmacol, 2023,120: 110358

Harjunpad H, Guillerey C. TIGIT as an emerging immune
checkpoint. Clin Exp Immunol, 2020, 200(2): 108-119
Andrzejczak A, Karabon L. BTLA biology in cancer: from bench
discoveries to clinical potentials. Biomark Res, 2024, 12(1): 8
Guruprasad P, Carturan A, Zhang Y, et al. The BTLA-HVEM axis
restricts CAR T cell efficacy in cancer. Nat Immunol, 2024, 25(6):
1020-1032

LucaV C.LAG time in the era of immunotherapy—new molecular
insights into the immunosuppression mechanism of lymphocyte
activation gene-3. Immunol Rev, 2025,330(1): €70002

Yuan L, Tatineni J, Mahoney K M, et al. VISTA: a mediator of
quiescence and a promising target in cancer immunotherapy.
Trends Immunol, 2021, 42(3):209-227

Huang X, Zhang X, Li E, et al. VISTA: an immune regulatory
protein immune cells in cancer
immunotherapy. J Hematol Oncol, 2020, 13(1): 83

Tang Y, Liu W, Kadu S, et al. Exploiting the CD200-CD200R

checking tumor and

immune checkpoint axis in multiple myeloma to enhance CAR T-
cell therapy. Blood, 2024, 143(2): 139-151

Xie N, Shen G, Gao W, et al. Neoantigens: promising targets for
cancer therapy. Signal Transduct Target Ther, 2023, 8(1): 9

Koban M U, Hartmann M, Amexis G, et al. Targeted therapies,
novel antibodies, and immunotherapies in advanced non-small
cell lung cancer: clinical evidence and drug approval patterns. Clin
Cancer Res, 2024,30(21): 4822-4833

Sun J, Dong M, Xiang X, et al. Notch signaling and targeted

therapy in non-small cell lung cancer. Cancer Lett, 2024,



2025; 52 (8) Z=ihkE, % WERRiaTT -2013-
585:216647 kinase MET as a therapeutic target in non-small cell lung cancer.
[48] Hsu CY, Pallathadka H, Jasim S A, ef al. Innovations in cancer CellRepMed, 2025, 6(3): 101983

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

immunotherapy: a comprehensive overview of recent
breakthroughs and future directions. Crit Rev Oncol, 2025,
206: 104588

Dong S, Li X, Huang Q, ez al. Resistance to immunotherapy in non-
small cell lung cancer: Unraveling causes, developing effective
strategies, and exploring potential breakthroughs. Drug Resist
Updat, 2025, 81: 101215

Wass R E, Lang D, Horner A, et al. Antibody-drug conjugates
(ADCs3) in lung cancer treatment. Memo Mag Eur Med Oncol,
2024,17(3): 198-203

Coleman N, Yap T A, Heymach J V, et al. Antibody-drug
conjugates in lung cancer: dawn of a new era?. NPJ Precis Oncol,
2023,7(1):5

Ahn M J, Cho B C, Felip E, ef al. Tarlatamab for patients with
previously treated small-cell lung cancer. N Engl J Med, 2023,
389(22):2063-2075

Sands J M, Champiat S, Hummel H D, et a/. Practical management
of adverse events in patients receiving tarlatamab, a delta-like
ligand 3-targeted bispecific T-cell engager immunotherapy, for
previously treated small cell lung cancer. Cancer, 2025, 131(3):
e35738

Wagqar S N, Redman M W, Arnold S M, et al. A phase II study of
telisotuzumab vedotin in patients with c-MET-positive stage IV or
recurrent squamous cell lung cancer (LUNG-MAP sub-study
S1400K,NCT03574753). Clin Lung Cancer, 2021,22(3): 170-177
Yadav M, Sharma A, Patne K, et al. AXL signaling in cancer: from
molecular insights to targeted therapies. Signal Transduct Target
Ther, 2025,10(1):37

Han R, Lu C H, Hu C, ef al. Brigatinib, a newly discovered AXL
inhibitor, suppresses AXL-mediated acquired resistance to
osimertinib in EGFR-mutated non-small cell lung cancer. Acta
Pharmacol Sin, 2024, 45(6): 1264-1275

Rosner S, Valdivia A, Hoe H J, et al. Antibody-drug conjugates for
lung cancer: payloads and progress. Am Soc Clin Oncol Educ
Book, 2023, 43: 389968

Chen X, Zeng C. Pioneering the way: the revolutionary potential of
antibody-drug conjugates in NSCLC. Curr Treat Options Oncol,
2024,25(4): 556-584

Zhou L, Lu Y, Liu W, ez al. Drug conjugates for the treatment of
lung cancer: from drug discovery to clinical practice. Exp Hematol
Oncol,2024,13(1): 26

Wang W, Qiu T, Li F, et al. Current status and future perspectives of
bispecific antibodies in the treatment of lung cancer. Chin Med J:
Engl,2023,136(4):379-393

Park K, Haura E B, Leighl N B, ef a/. Amivantamab in EGFR exon
20 insertion-mutated non-small-cell lung cancer progressing on
platinum chemotherapy: initial results from the CHRYSALIS
phase I study. J Clin Oncol, 2021,39(30): 3391-3402

Sattler M, Salgia R. The expanding role of the receptor tyrosine

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

Herrera M, Pretelli G, Desai J, et al. Bispecific antibodies:
advancing precision oncology. Trends Cancer, 2024, 10(10):
893-919

Xu M, Chen J, Zhang P, et al. An antibody-radionuclide conjugate
targets fibroblast activation protein for cancer therapy. Eur J Nucl
Med Mol Imag,2023,50(11): 3214-3224

AT, IR, TR W, S5 L BT U BT P T-ch TNT U 42
PETRYT I XS ML I AR S P 2 ) . DO )1 B2 %2, 2016, 37(1):
28-31

Zhao Z L, SuZ M, Zhang W F, et al. Sichuan Med J, 2016, 37(1):
28-31

Garitaonaindia Y, Martinez-Cutillas M, Uribarren M, et al.
Adoptive cell therapies in thoracic malignancies: a comprehensive
review. Clin Transl 2025. DOI: 10.1007/s12094-
02403834-5

Oncol,

Veatch J R, Simon S, Riddell S R. Tumor-infiltrating lymphocytes
make inroads in non-small-cell lung cancer. Nat Med, 2021, 27(8):
1339-1341

Hu W, Bian Y, Ji H. TIL therapy in lung cancer: current progress
and perspectives. Adv Sci, 2024, 11(46): 2409356

Wang S, Sun J, Chen K, et al. Perspectives of tumor-infiltrating
lymphocyte treatment in solid tumors. BMC Med, 2021, 19(1): 140
Creelan B C, Wang C, Teer J K, et al. Tumor-infiltrating
lymphocyte treatment for anti-PD-1-resistant metastatic lung
cancer: aphase | trial. Nat Med, 2021,27(8): 1410-1418

Qiu X, Li S, Fan T, et al. Advances and prospects in tumor
infiltrating lymphocyte therapy. Discov Oncol, 2024, 15(1): 630
Klebanoff C A, Chandran S S, Baker B M, ef al. T cell receptor
therapeutics: immunological targeting of the intracellular cancer
proteome. Nat Rev Drug Discov, 2023, 22(12): 996-1017

BT P2 LRI T Rl R 2 R IR
R BEIE HE RE FATRAR). v R I 1R, 2024, 51(16): 838-846
Committee of Cancer Biotherapy, China Anti-Cancer Association.
ChinJ Clin Oncol, 2024, 51(16): 838-846

Blumenschein G R, Devarakonda S, Johnson M, et al. Phase I
clinical trial evaluating the safety and efficacy of ADP-A2M10
SPEAR T cells in patients with MAGE-A10" advanced non-small
cell lung cancer. J Immunother Cancer, 2022, 10(1): €003581

Lin P, Lin Y, Mai Z, et al. Targeting cancer with precision:
strategical insights into TCR-engineered T cell therapies.
Theranostics, 2025, 15(1): 300-323

Zhang Y, Liu Z, Wei W, et al. TCR engineered T cells for solid
tumor immunotherapy. Exp Hematol Oncol, 2022, 11(1): 38

Dabas P, Danda A. Revolutionizing cancer treatment: a
comprehensive review of CAR-T cell therapy. Med Oncol, 2023,
40(9): 275

D'Avanzo C, Blaeschke F, Lysandrou M, et al. Advances in cell
therapy: progress and challenges in hematological and solid
tumors. Trends Pharmacol Sci, 2024, 45(12): 1119-1134



<2014~

EMUFESEYWIRHR

Prog. Biochem. Biophys.

2025; 52 (8)

[79]

[80]

[81]

[82]

(83]

(84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

(93]

[94]

[95]

Zhong S, Cui Y, Liu Q, et al. CAR-T cell therapy for lung cancer: a
promising but challenging future. J Thorac Dis, 2020, 12(8): 4516-
4521

Villanueva N, Bazhenova L. New strategies in immunotherapy for
lung cancer: beyond PD-1/PD-L1. Ther Adv Respir Dis, 2018,
12:1753466618794133

Yin L, Sun P, Guo S, et al. CAR-T cell therapy: Challenge and
opportunity for effective treatment of small cell lung cancer.
Biochim Biophys Acta Rev Cancer, 2024, 1879(6): 189228

Zhang Y, Zhang Z, Ding Y, et al. Phase I clinical trial of EGFR-
specific CAR-T cells generated by the piggyBac transposon
system in advanced relapsed/refractory non-small cell lung cancer
patients. J Cancer Res Clin Oncol, 2021, 147(12): 3725-3734

Lv L, Chen W, Chen N, et al. Advances of cell therapy in lung
cancer: anarrative review. ] Thorac Dis, 2023, 15(12): 7050-7062
Ma H Y, Das J, Prendergast C, ef al. Advances in CAR T cell
therapy for non-small cell lung cancer. Curr Issues Mol Biol, 2023,
45(11):9019-9038

Sterner R C, Sterner R M. CAR-T cell therapy: current limitations
and potential strategies. Blood CancerJ, 2021, 11(4): 69

Chen L, Chen F, Li J, et al. CAR-T cell therapy for lung cancer:
Potential and perspective. Thorac Cancer, 2022, 13(7): 889-899
Fan T, Zhang M, Yang J, et al. Therapeutic cancer vaccines:
advancements, challenges, and prospects. Signal Transduct Target
Ther,2023,8(1): 450

Flores Vega Y I, Paramo Gonzalez D L, Alsina Sarmiento S C, et al.
Survival of NSCLC patients treated with cimavax-EGF as switch
maintenance in the real-world scenario. J Cancer, 2023, 14(5):
874-879

Weng TY, Yen M C, Huang C T, et al. DNA vaccine elicits an
efficient antitumor response by targeting the mutant Kras in a
transgenic mouse lung cancer model. Gene Ther, 2014, 21(10):
888-896

Yaremenko A V, Khan M M, Zhen X, et al. Clinical advances of
mRNA vaccines for cancer immunotherapy. Med, 2025, 6(1):
100562

Quoix E, Lena H, Losonczy G, et al. TG4010 immunotherapy and
first-line chemotherapy for advanced non-small-cell lung cancer
(TIME): results from the phase 2b part of a randomised, double-
blind, placebo-controlled, phase 2b/3 trial. Lancet Oncol. 2016,
17(2):212-223

Li Q, Zeng H, Liu T, et al. A dendritic cell vaccine for both
vaccination and neoantigen-reactive T cell preparation for cancer
immunotherapy in mice. Nat Commun, 2024, 15(1): 10419
Ylosméki E, Cerullo V. Design and application of oncolytic
viruses for cancer immunotherapy. Curr Opin Biotechnol, 2020,
65:25-36

VITE, Bk, A, 45  RDR R I6 YT G IR I RN T 96
B RIEH Q021 FFM). PIEEAE SR, 2021,31(3): 231-240
XuQ,LuS,ZhuHY, et al. China Oncol,2021,31(3):231-240

Nia G E, Nikpayam E, Farrokhi M, et al. Advances in cell-based

delivery of oncolytic viruses as therapy for lung cancer. Mol Ther

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

Oncol,2024,32(1):200788

Cui B, Song L, Wang Q, et al. Non-small cell lung cancers
(NSCLCs) oncolysis using coxsackievirus B5 and synergistic
DNA-damage response inhibitors. Signal Transduct Target Ther,
2023,8(1):366

Lowenstein P R, Varela M L, Castro M G. The discrete charm of
oncolytic viruses: toward the finish line. Cancer Cell, 2025, 43(4):
611-618

Malhotra J, Kim E S. Oncolytic viruses and cancer
immunotherapy. Curr Oncol Rep, 2023,25(1): 19-28

Riely G J, Wood D E, Ettinger D S, et al. Non-small cell lung
cancer, version 4.2024, NCCN clinical practice guidelines in
oncology. J Natl Compr Canc Netw, 2024,22(4): 249-274

Zhong H, Sun S, Chen J, et al. First-line penpulimab combined
with paclitaxel and carboplatin for metastatic squamous non-
small-cell lung cancer in China (AK105-302): a multicentre,
randomised, double-blind, placebo-controlled phase 3 clinical
trial. Lancet Respir Med, 2024, 12(5): 355-365

Ready N, Hellmann MD, Awad MM, ef al. First-line Nivolumab
plus Ipilimumab in advanced non-small-cell lung cancer
(CheckMate 568): outcomes by programmed death ligand 1 and
tumor mutational burden as biomarkers. J Clin Oncol, 2019,
37(12):992-1000

Shen Y, Liu Z, Chen Y, ef al. Candidate biomarker of response to
immunotherapy in small cell lung cancer. Curr Treat Options
Oncol, 2025,26(2): 73-83

Rached L, Laparra A, Sakkal M, et al. Toxicity of immunotherapy
combinations with chemotherapy across tumor indications:
Current knowledge and practical recommendations. Cancer Treat
Rev,2024,127: 102751

Verstegen M M A, Coppes R P, Beghin A, et al. Clinical
applications of human organoids. Nat Med, 2025,31(2): 409-421
Taube J M, Sunshine J C, Angelo M, et al. Society for
immunotherapy of cancer: updates and best practices for multiplex
immunohistochemistry (IHC) and immunofluorescence (IF)
image analysis and data sharing. J Immunother Cancer, 2025,
13(1):e008875

Wang Y, Guo M, Lin D, et al. Docetaxel-loaded exosomes for
targeting non-small cell lung cancer: preparation and evaluation
invitro and in vivo. Drug Deliv, 2021, 28(1): 1510-1523

Batista I A, Machado J C, Melo S A. Advances in exosomes
utilization for clinical applications in cancer. Trends Cancer, 2024,
10(10):947-968

Zhang C, Fan J, Wu L. Application of nanomaterials in precision
treatment of lung cancer. iScience, 2025, 28(1): 111704

Zhang D, Liu L, Wang J, et al. Drug-loaded PEG-PLGA
nanoparticles for cancer treatment. Front Pharmacol, 2022,
13:990505

MalL,Guo H, Zhao'Y, et al. Liquid biopsy in cancer current: status,
challenges and future prospects. Signal Transduct Target Ther,
2024,9(1):336

Li Y, Liu F, Cai Q, et al. Invasion and metastasis in cancer:



2025; 52 (&)

Z=ihkE, % WERRiaTT 2015

[112]

[113]

[114]

molecular insights and therapeutic targets. Signal Transduct Target
Ther,2025,10(1): 57

Leal T, Kotecha R, Ramlau R, ef a/. Tumor Treating Fields therapy
with standard systemic therapy versus standard systemic therapy
alone in metastatic non-small-cell lung cancer following
progression on or after platinum-based therapy (LUNAR): a
randomised, open-label, pivotal phase 3 study. Lancet Oncol,
2023,24(9):1002-1017

Thaiparambil J, Dong J, Grimm S L, er al. Integrative
metabolomics and transcriptomics analysis reveals novel
therapeutic vulnerabilities in lung cancer. Cancer Med, 2023,
12(1): 584-596

Sen T, Takahashi N, Chakraborty S, et al. Emerging advances in

defining the molecular and therapeutic landscape of small-cell

[115]

[116]

[117]

[118]

lung cancer. Nat Rev Clin Oncol, 2024, 21(8): 610-627

Lu Y C, Zheng Z, Lowery F J, et al. Direct identification of
neoantigen-specific TCRs from tumor specimens by high-
throughput single-cell sequencing. J Immunother Cancer, 2021,
9(7):€002595

Boxer E, Feigin N, Tschernichovsky R, e al. Emerging clinical
applications of single-cell RNA sequencing in oncology. Nat Rev
ClinOncol, 2025,22(5):315-326

Han G, Sinjab A, Rahal Z, ef al. An atlas of epithelial cell states and
plasticity in lung adenocarcinoma. Nature, 2024, 627(8004):
656-663

Liu L, Chen A, LiY, et al. Spatiotemporal omics for biology and
medicine. Cell, 2024, 187(17): 4488-4519



<2016+ EYUFSEYYIEH#RE  Prog. Biochem. Biophys. 2025; 52 (8)

Immunotherapy for Lung Cancer’

LI Pei-Yang'?”, LI Feng-Qi”"", HOU Xiao-Jun?, LI Xue-Ren”, MU Xin*""", LIU Hui-Min”"",

PENG Shou-Chun"?""
("Medical School of Tianjin University, Tianjin 300072, China;
DDepartment of Respiratory Medicine, Jinnan Hospital of Tianjin University (Tianjin Jinnan Hospital), Tianjin 300350, China;
ISchool of Pharmaceutical Science and Technology, Tianjin University, Tianjin 300072, China;
YDepartment of Reproductive Medicine, Tianjin First Central Hospital, Tianjin 300192, China)

Graphical abstract

‘ Immune checkpoint inhibitors Tumor-specific antigen-targeted therapy

r

o Immunocyte

L] [ ] . .

o2 Oncolytic viruses
L]

Adoptive cell therapy ‘
Combination immunotherapy &
Cancer vaccines )
Immunocyte
Immunocyte
Clinical trials Prospects and trends

https://smart.servier.com

Abstract Lung cancer is the most common malignant tumor worldwide, ranking first in both incidence and
mortality rates. According to the latest statistics from the International Agency for Research on Cancer (IARC),
approximately 2.5 million new cases and around 1.8 million deaths from lung cancer occurred in 2022, placing a
tremendous burden on global healthcare systems. The high mortality rate of lung cancer is closely linked to its
subtle early symptoms, which often lead to diagnosis at advanced stages. This not only complicates treatment but
also results in substantial economic losses. Current treatment options for lung cancer include surgery,
radiotherapy, chemotherapy, targeted drug therapy, and immunotherapy. Among these, immunotherapy has

emerged as the most groundbreaking advancement in recent years, owing to its unique antitumor mechanisms and
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impressive clinical benefits. Unlike traditional therapies such as radiotherapy and chemotherapy, immunotherapy
activates or enhances the patient’s immune system to recognize and eliminate tumor cells. It offers advantages
such as more durable therapeutic effects and relatively fewer toxic side effects. The main approaches to lung
cancer immunotherapy include immune checkpoint inhibitors, tumor-specific antigen-targeted therapies, adoptive
cell therapies, cancer vaccines, and oncolytic virus therapies. Among these, immune checkpoint inhibitors and
tumor-specific antigen-targeted therapies have received approval from the U.S. Food and Drug Administration
(FDA) for clinical use in lung cancer, significantly improving outcomes for patients with advanced non-small cell
lung cancer. Although other immunotherapy strategies are still in clinical trials, they show great potential in
improving treatment precision and efficacy. This article systematically reviews the latest research progress in lung
cancer immunotherapy, including the development of novel immune checkpoint molecules, optimization of
treatment strategies, identification of predictive biomarkers, and findings from recent clinical trials. It also
discusses the current challenges in the field and outlines future directions, such as the development of next-
generation immunotherapeutic agents, exploration of more effective combination regimens, and the establishment
of precise efficacy prediction systems. The aim is to provide a valuable reference for the continued advancement

of lung cancer immunotherapy.
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