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[ Abstract ] Surgery is the standard treatment for resectable non-small cell lung cancer (NSCLC). Neoadjuvant and
adjuvant therapy have been widely used for preventing recurrence and metastasis. Inmune checkpoint inhibitors (ICIs) have
brought long-term survival benefits in advanced NSCLC and showed higher downstage rates and pathological remission in the
neoadjuvant setting. Predictive biomarkers are of great significance to identify the beneficiaries of neoadjuvant ICIs. At present,

the biomarkers are still inconclusive. We summarized the clinical trials of neoadjuvant immune checkpoint inhibitors that have

been disclosed so far, and reviewed the progress of the biomarkers associated with those trials.
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}133%-85%, 5t 4N HLEf# (complete pathological response,
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4L (Fi4n, CD4* T4, FOXP3* THIMI) , it %
FEME [, T2 AR (T cell receptor, TCR) J& ] 5 @A
TR AR SC R A= RS : B AESNE IMLZANAE | T 3F R DNA
(circulating tumor DNA, ctDNA ) A1 HAL > FAEV PR EY)
(BN IAASE ) 3 @15 FAI R W bR 4 — )
SR (BN, PR AR ARAR SR | I TE AR T
FhZRIBHE ZHRAE [ a0, AZEE4niEHT)E (human leucocyte
antigen, HLA ) ZFEMEFLHARAF E 5845 ] 1,

FERTUIBR 1 BLINS CLC AR A s s PR R Ak
TR B B BB IR YT e SR AR Y bR S AL
B, DRSS A ELRY il R 5 e sy v i T
A EEBIIARYT . W LATEIRY T IS R A AN RN A B 2
LB 250 T UG AW 278 4 . 7R INSCLC A HF
AR AR D, TR AN . bR BRI LA B ] A
KR AR ERI WL Z o A SR G HIPEAG T UIER
NSCLCHEE Bl B e iRy 7 IBESE, ISk ix st 5 rh
FHRAWIFREYIR I

1 BN REIRTT IR R

T4 35K Rl A 2 20006 5 A B S 88907 IO AT 2 34
o WWASEA ST, Clinical Trial MuG ERT LIS 03 1FEAF
AT ImIRBE SR A 40T (1, F£2), K/ M /11
WIRESY, S5 7 5 o For LUET 4l B S e B 2/
P (CheckMatel59, LCMC3, NEOSTAR, NADIM,
CheckMate816) S5 MR AR IR IS 245 5 B B Bh i
PEVRIT T HGE EINSCLC R & 15 EA B4
i (3R1) .

20184 Forde % 7E (BT ek 22 B2 283K ) (N Engl J
Med) FERIRIE THE2200 7] FARNSCLCE A HiFA T4
RACAHUHTR BT IO KIS (CheckMate159) o
Hog5 R0 7R 2.0 9 58 BB 4 Bl S 23R 97 1Y RR LB S
RO (S iBE T ICER B ) VIBR, TR 00 % W 2% fif %

(objective response rate, ORR) {LH10%, [HMPRZAF45%

(95%CI: 23%-68%) , pPCR#A15% . CheckMatel 59531
R BRI IR AN AR UR A BIG YT AR RLIINSCLC
NBERTTRUR R, [FIR A BTPD- 3R J5 755 TAME I
GRS R S TN S B R 33

20214FProvencio % BIFE H B fili 98 K2 (World
Conference on Lung Cancer, WCLC) I E A #r i i 46
BT YIBR T2 NS CLCHE 32 AN L BRIk & 5 B AL 78
HBNATT A ILIm RIS (NADIM) , 41618 #4532 TR
YT, BIROVIFR . ARG E ORRA76%, MPRFH782.9%,
pCRzz‘fzﬂ\jé?)%, METCTHEAE (disease-free survival, DFS) B
469.6% (95%Cl: 54.1-80.7%) , 34FOSHH 81.9% (95%CI:
66.8-90.6%) o WFFE4 R4 7~ Bl Bh 9 alR JC BTk S5 Ay 7
TETaINSCLC AR — 2D Ao BRGE A A A7 3 4k
NADIMABF 5T H T2 hn A R AT Z R E Wb
WS RO YA G HEIR ZR

20214 Cascone % UI7E ( HR E2E 4% ) (Nat Med)
R F T4 P FARMNSCLCHR 2 N AL it
B IR G DU R B0 R Bl R T R T BE AL I PR 18 56

(NEOSTAR) , 4R B/R##52 FARROVIBRAY3 7B -8,

P ECHE BT R 25 4 R A aCRJE ST RI B DE AR BRI
IRITHIMPRAEST5I24% (5/21) F1S0% (8/16) o pCRFES)
B A109%F138% . AJFELZGLH A IORRHK22%, HEA 2
H19% . T OSFNTC A & A A7 (relapse-free survival,
RFS) BRILF ZWFFE R BRI EHISERTZE Ak, (HpCRIVE
BPAFIPTOIR AT, $erm e itk — DR R I B Bh 2
TR A A 7R RS

202 14F-Forde &5 017E S5 [HE R SE T 52 2> ( American
Association for Cancer Research, AACR) [ER21¥ _F & M)
3S8HI AT FARYVIER NS CLCEE AL BT & 54
XS T BB RS BHVC AR BT 2H 0] Lo & SR A7 053 Al
AR XS BRI 5T (CheckMate816) , 455 B n g sk Al JC
ARG S BRI T X LS A2 TR R T
e FARROVIBRAGLLABIHF183% vs 75%, ORRHAS4% vs 37%,
MPR}36.9% vs 8.9%, pCRHA24.0% vs 2.2% . W 55 iR $2 7R
ct DNA YT BR 3 AT LASSTIN il B 2 ORI B0k 5 A7
PRy es

H RIS 2230 1A HEA T B T BEH L X BRI R 7T (%
2), BRI S A PV ISR 25 58, 10K g
IRIT A B 25 e i e Al

2 BN ATT AR RN SR
HYINSCLCH AV SR S INSCLCH A4

YIbRERIRIBE SR BONML, WA A bR A B | 3 2
TEFET LG R D5 MR SRS AR S B A b a5 A
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Tab 1 Completed or published clinical trials of neoadjuvant immunotherapy in operable NSCLC

Clinical trial Stage Drugs Phase Surgery rate MPR pCR Major biomarker
NEOSTAR I-lla Nivolumab 3 mg/kg Q2W Il 84% 24% 10% PD-L1, lymphocytes, TCR
mk3475-223 I-11 Pembrolizumab 200 mg Q3W | 87% 31% 15% PD-L1
LCMC3 Ib-1lIb Atezolizumab 1,200 mg Q3W Il 88% 21% 7% PD-L1, TMB, lymphocytes,
exome sequence
Forde et al Ib-llla Nivolumab 3 mg/kg Q2W I 95% 45% 15% PD-L1, TMB,
lymphocytes, TCR
Lietal Ib-llla Sintilimab 200 mg Q3W Il 93% 41% 16% PD-L1
NEOSTAR I-llla Nivolumab 3 mg/kg Q2W I 84% 50% 38% PD-L1, lymphocytes, TCR
Iplilimumab 1 mg/kg d1
NADIM Ila Nivolumab 360 mg/kg Q3W Il 89% 82.9% 63% PD-L1, TMB, TIL,
Paclitaxel plus platinum TCR/RNA-seq, ctDNA, MRD
Shu et al Ib-llla Atezolizumab 200 mg/kg Q3W Il 79% 50% 21% PD-L1

Paclitaxel plus platinum

NSCLC: non-small cell lung cancer; MPR: major pathological rate; pCR: pathologic complete response; PD-L1: programmed cell death ligand 1; TCR: T

cell receptor; TMB: tumor mutational burden; TIL: tumor infiltrating lymphocyte; ctDNA: circulating tumor DNA; MDR: minimal residual disease.

+® 2 EFEBITHIRIYIBRNS CLCH BN Sz ia 77 BRI PRIK B8

Tab 2 Ongoing phase lll clinical trials of neoadjuvant immunotherapy in operable NSCLC

Clinical Trial NCT Study design n Stage Drugs Primary
endpoint
Imported CA209-77T NCT04025879 Random 452 lla-1llb (T3N2) Nivolumab plus chemotherapy EFS
drugs Double-blind or placebo
CheckMate 816 NCT02998528 Randomopen 350 Ib(T>4cm)-llla  Nivolumab plus chemotherapy  pCR, EFS
or placebo
KEYNOTE-671 NCT03425643 Random 786 II-llib Pembrolizumab plus EFS, OS
Double-blind chemotherapy or placebo
IMpower030 NCT03456063 Random 374 I-111b (T3N2) Atezolizumab plus MPR, EFS
Double-blind chemotherapy or placebo
AEGEAN NCT03800134 Random 300 lla-11lb (N2) Durvalumab plus MPR
Double-blind chemotherapy or placebo
Domestic RATIONALE 315 NCT04379635 Random 380 1l-llla Tislelizumab plus MPR, EFS
drugs Double-blind chemotherapy or placebo
JS001-029-11I-NSCLC ~ NCT04158440 Random 406 llla Toripalimab plus MPR
Double-blind chemotherapy or placebo

EFS: event free survival; OS: overall survival.
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Tab 3 Summary of biomarkers for neoadjuvantimmunotherapy

Tumor cell TME-related biomarkers Liquid biopsy-related Host-related markers
associated biomarkers biomarkers

PD-L1 Tumor-infiltrating immune cells ctDNA Enterococcus
T™MB With specific phenotypes: CD4* T and CD8* Peripheral blood cells Akarnania

T cells; CD68* macrophages; PD-1+ lymphocytes;
cytotoxic T cell: CD3+CD8*; T memory cell: CD45RO%;
resident memory T cell: CD8+CD103*; requlatory T cell:
FOXP3+ CD4*PD-1*T cells; CD3*PD-1*T cells

Specific mutants
STK11/EGFR/ALK, et al

With diversity of imnmune repertoires

richness and clonality of TCR

Neoantigen specific TIL

NLR, M: L ratio
PLR variation

Immune cell subtypes

TCR repertoire

PD-1: programmed cell death-1; EGFR: epidermal growth factor receptor; ALK: anaplastic lymphoma kinase; NLR: neutrophil to lymphocyte ratio;

M:L: myeloid cells:lymphocyte.

KL/ TR TMB S MPRAGH I, HE— A5 TMB
Hcutoff(E 10 %16, WA K TMB S5 MPRAFICE

TENADIMAFFE S, TIHIBRNSCLC & 45221 1]
AR AJE TR S AT TR BR YT, P15 58 2N PR SZ i
BRI R RPD - L1 IR B (E AL HIPD-L1K
IKEHE TMB SRS [ ol A7 0] (progression-free
survival, PES) PES/ OS] 3R 25 AHK

PD-L1IY TR HHEA Tt — D i B s AT 3k, (i
Jed 98 1 ey 7 T il 98 S IR YT I B R ) AR
TMBH] T T S5 i B iG 7 r 4%2
2.1.2 SRENFEFIZRAE BRSPS AR ZE NS CLC A A
XGRS 0 PN AE FH AL F5 1 [ T 000 0 A7 ) 0000, HLr
A L R RN (epidermal growth factor receptor, EGFR)
R A5 1 (1) 7% M bR L 98 i (anaplastic lymphoma kinase,
ALK) RilG XTEB a7 B 30T, R T BB YT N A 4K
7o KRASZEZEFIBRAF V60OEZEAENSCLCAM iy 7 I fig
IRAF U7 30 AE R AR NSCLC A REH IR sl 3L R
PEVRTT VLA B E R A PR o ZTELCMC3ffF g, HeZk
SKT11575 R H 5 A AL SR B AR o B fifp e 5 2
NADIMF7E I, BRE)FEF EGFR/STK11/KEAPI/RBIZRAS
)RR A B A R R A I G SR A A ) PRSHI T, $R/RIZ
PSS FRE T DRl B S 2l AT 3 £
2.2 MR BEAHSCHI A IIARAEY) Bl Bhiny T U
T IANSCLC AR AR L, MR e T ][]
I ARBCE BRI AT SRR A FNGS TG TAR KA, il
ZH AR Y (2, / B DR A D AT LA UR b 6T L ek T 45 A

RS AN XS G 25 W B AN B o

i Ie 1) i I LA AR e i S 3, Herb T bk L 4 A
e B 5 rh ke 5 A% AR AR T, LA0 M) D) BRI T T 1k
EL4H M BB C D3 (584 AR TN ) B R CRli B Tk
ELACD4" | ZHAIEEIETAIACDS ) AT 2 ok i h5 1A
WHRSE RGE N I T, RN EENSCLC AR, CD4* Al
CDS8* THIMI K i 5 MR R A A A UG A G,

B BNIGIT IR 3RS MPR /pCRIVHEE, RJG VPR A
I8 B 5 B 5 20 i AR el B B R T T e P A
Jitl 8 % =84k . CheckMatel SOBFSFE FHARIEMPRE, A
7 RTTERAR AR N H &G /D R PD-LI B AN, BBy
RACEHIRIT S, JENRIE K i CD8 A FPD-1FH P
HI O RELRE, DL R D i i e e i PD - L1 3K K- T
o (AR AR, A p CREYVIBRAR A, LB K
ZHCD8 TN, PD-1+RCL40AE . CD68 g4, HEL
FoxP3 5 PE TN K = Ztk 254417,

ENADIMMBEFE I, X b oK 3R A5 32 28 9 B 2%

(incomplete pathologic response, IPR ) EJJJiftJ&4 4 it Iy 75 [X.
B/INT90%IR 5, #1175 p CREITIE 4H I 100% R SLFIMPRE
IR A AEO0% IRBE , A AL /K- iCAZ T 48l (CD4SROY)
AT T (FOXP3*) DL M EWEAIM (CD68*) J 2k,
Ho At F 5 B U 4 e 0 7 i R A1 2R BR A 02 T 48

(CD8*CD103") & HEHFIINSCLCIH K il A6 . 78
NEOSTARAFFEIIH, 74l Bh 44 X ) e BT B A T K
HUAITE, AT AR AT E &K CD3* TILs Al
R K AU B L T AR B (tissue-resident memory,
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Ji R T S AN R R B A I T 4, WCD4*PD-1* T
YA CD3*PD-1* T Y & 48 XEH il B S e 16977 20
—E TMAYER . NADIMMF5Y 3545 p CRAGAR A H 5 47 458
F/KF I CD4 PD-1* TN, HAE Ry BONAR R 1952 1
ERVERRAEINZE (receiver operating characteristic, ROC) Bl
28 N1 FH (area under the curve, AUC) B 40.728. [Fl¥E, 1F
LCMC3 (NCT02927301) fF5EH, XF L AR ARG MPRA, 3K
FSMPRF CD3*PD-1* T 1 B E A1), FLAUCTH H0.72.
HE— 2L RGBT IR SO h 21> e 2 40 i 2 AU RN A
D 53 B R0 7 8 B S B TR Y7 9T A% FELCMC3F5Ehe)
o X FARYIBR R AS A TEL AN I e, 25 R HE 7R, ILT 210
FIE HMPRE IEADC, Z3RIATRIGEL0M . FRAX A0 FIE
Wi, HASPD-L1RIARLMEAHSC, #7RLIT25PD-LIfE
[ &I if I ik

IR AT 2R e R SR e T T g A
AN [ 2 BG4 By S 8 1R 7 I 28 ELAR — s TGV, HE
M= bR A T AR SRR

B A R () Z2 R R e B M 5597 SO DG A B 5 7
R AL P T CRIZ AT RE AT AT AT Y] ER 11T (N2)
WINSCLC 342 32 37l Bl 5 SHAR 7 - BEAROR G e e 92
TBIT I R, TR YT S I AT CRPE S oS A AF
K (event free survival, EFS) . MPR. &5 5K RAHR,
NEOSTARMFFEHT, 5FELAZ Wi figg AH 1L, VIR A
PRASHTCRIEEZ MU Z AR SRR RE N T L9 55 it 25
2, DIR IR B T CRIFE = 5 B I 5 R AU S 1 P24 AR
AP &R,

PO S AR R T TILTE S N5 S B I RE &
A RERS, TS A5 0 22 B0 T IL AN RE TR S B gd A7 2543,
PR S TIL A SR 2RI 30 2 TR B Ay T AL 2
A 3RAS . NADIMAHFFE I ] A& FRAE Nature ik £ 1)
RKWITEMPRAIAEMPR B () T AR YIS AR A rh i 4758 22 AH
S HHUE AR FPETILAY RN AT & P W0 455 55 1% 10 26 15
1 E AR FEAEMPR Y ZEAEAH DS BB S PETIL Y, T4
MR AH A FER (TOX2 . CTLA4. HAVCR2, ENTPDI)
KOV 2 T, FEMPRAY S S A S HbL Jis S TIL Y,
12T [ A2 732 4K (interleukin 7 receptor, IL-7R) |
8 5% A7 (transcription factor 7, TCF7) | FIZLN T i g

(GZMK) tHK AL R R IR KT . 5k H MR T I
AR S REAR LY, R F TC I B A 2R AR AH DG T DL A S
T (3525 55 N FHOBBIT i £ A RUH T B 02T
YA ) HEAARMK ) TCRIF 545 5 I B F A%, I L1

G SRS A SRR A M S2 AR SR8 B T 40 M TG Ak g 4] 43
- 081, 3 g Bk o IR X PD -1 BT A TR 2 PR A T
o8 TR P A5 HH A DG A= W s i 0 18 e SE A A
ez 1 g 200 P A B R B IR T RIS A AR AR Ak
CD4*F1CD8" T4l . CD68 FLMEANN . PD-1+IbkEL 40 LA K
AFEPRASHTIL, HHPCD4*PD-1* TAIfIFICD3PD-1* T4H
LT Bh SRR T 2T LA —E AR
WK, W HE R Z RIS, R 2R AR TCR
FEREREME R ZRE ARSI, ), DA 2= 0 AR S
SEERR R, QBB R SR TILAY 3 5% 5 MPR A ¢
P
2.3 SMNEIMA YA PIARaEY) SN bR A S5 2R A AH
W E AR 22 F A R XA . AR HE S A, )
i, AME AT AR S B ) e e A I, A asEn
EARR THTANEIMAIPD- (L) 1WATF RN A PAE T
K7, filanctDNA i 404 TR e e AN L S R T4
JEVBR AR G I P T 200 37 A4
2.3.1 MM IYtDNA FEFAME ML ) ct DN A I T o]
VIR FF5 TR Bk (molecular residual disease, MRD)
RO, AT B R AR S5 52 v RURS: ) fR S — TR LA
HTE M Z BAFIIF 5 99 A 330 B LH-TIHHNS CLC AR, RH
“ARIF (next generation sequencing, NGS) £ il Ifil 2 5 A<
AL WR A TIUERY, Z5 R R IAJF 11 H A ctDNA-
MRD P R 152 % 5 80.8% (21/26) , W25 i TR
BER16.2% (49/303) (P<0.001) ; Z K2 Cox /T i/
ARJictDNA-MRDPHE R B EH T E A EY (relapse free
survival, RFS) 45 [l 57 fa [ & (P<0.001) 19,
ctDNARYYE B 5 5 216 7 7 R0 AH SR B 58 AR 7R
AT, CheckMate816MF 7510, 78 251 & 11 LA K 55 3 )30
P EBLR 3 0 R B AR AR A A T DNAKT I SE46 2H A
56% (24/43) WA F I DNAE RIS, 1by7 4l M34%
(15/44) . Hrp, 2Rt DNATE BRAYE R TH46% (1141]) 3k
F3pCR, MMictDNAAIG IR EFH JTopCR, LI T AL P ctDNA
THERE B 13% (20]) A3 pCR, ctDNA K BRAVEEF
3% (1)) FAFpCR. XL —J7 L 73 B4l By S 2 Bk Ak
ST TECtDNAT B AL TARST, 57— 542 7Rt DNAYE FR 5
pCRZ A HAG FoAp i) — 2 . NADIMBF 3R, NGS
SIHTA3BIETT TS AEA AT 30 1| BEZE R Al 2]t DNA,
ZAR TN R, ct DNARYE BRAT L I 25 Al < 9 A= 47
(PFS: HR=0.3, P=0.072; OS: HR=0.05, P=0.024) ,
2.3.2 ANE AR SN E S B R 5 L I i 4
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PR LB AT LA A IR X TCTs S L R P FE AR 20
FEMRINSCLCHY, LR e e A b 41 5 K 2 4 A
Z It (neutrophil and lymphocyte ratio, NLR ) F1#2 =48 32
A1 A5 IR EL AR 2 EE (myeloid cells:lymphocyte, M:L) 5
PD-1IHJT A BB AEAF TR HH Y NADIMBIFFE S &
B, B B e e e A AT, SR AR | R 1AL
AN PRAZZRM . FE P R A L i £0 AR SMAK TR
ok o AELIR, IRREL AN | WE MR 4 i AL IR I 20 (lactate
dehydrogenase, LDH ) /K- A A= 28 Ak Bl Bl e i
JEIEANE N LRANM: LA FARLA R L/ M5k EL A 2 L
(platelet lymphocyte ratio, PLR) AKX X AR ¢ 22271

Ji984 (incomplete pathologic response, IPR) {7, pCRAEFH
ML P PLRAYASAL T AR (H 4 7 Bk — P R A B
16 6 T oL 240 PR A i B S I YR B AR M AR S
FPEINESR

SN e R X MPR B I 2% . LCMC3
FrlieiE it 10 A6 0 bR 1L A A ML AR PEAE LR S T Ab
JE LR SR R, SRR, SME I PR IR TL T2 Al
NKG2AMHSR A5 (natural killer, NK) Zil il AINKAET 41y
ST T AR S BT B S B T B T AR A A G
2.3.3 TCRIMFF e RE ARG B ropie sy
FHATCREFFHHTIEIK, TCRAYSEREERZ AR
TGRS FE AT AL o SMEILT CRIEVE N G B0 7 N R b
SR TEA WL

AT FE T e e [l 3 LI AP s P T 4R
iS5 0SH 4 O . NADIMMBFSE R, 341 el i i e 4
TCRE—VE, ZHEIE . sEREVES AN REWTINH A B ICIsHR 5
RSP AL (R A BT CRA UL S B B T 55 5 MPR A PES AH]
Ko AT ZER MBI PRI FE K B IE SN I TCRAF R
B BIICTsSE M AR E P A TR o
2.4 JAERAEY) T 3 A R A e B RS
GRS, W RIERI TR ST SR R 22—,
NEOSTARMFFEH, SRFI16S VArRNA KL T 51 430457 il
JR I ZEAERRASR I, ICTs X RUEDI IR I Z AR 25 A
LA SN SR, SE LR ARSI T A B,
XGRS 7L LHHMPRIYIRF, 1677 BT AR AR Pl it B A1l
Akkermansial® (145 BEL o HETNADIM 58 A AB Y
WHFCRAEAEA T BRI R R R

3 INEE

ICIs 4 TH 5 TNSCLCE FHIRITAE R, J i)

NSCLC AR kA A AR 25, 76 INSCLC ARERI T
FEBAEIN SN, bR S & E IR AR RS
B PR B ICTSHAR AT TP IE AR 25 I AR

ARSCHE TICIsH TR Bl G 7 - WA v UIBRNSCLC
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