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BIAER. HETCHREZUN S FHu s A B YA /Nt 0 RIS, B A mAs N AR KR 732
IR PRI s I35 ( vascular endothelial growth factor receptor-tyrosine kinase inhibitors, VEGFR-TKIs ) PALIE T E
NIRRT , AR SCHET E A 20 NP E A BT iR T AR /N B R 1 A R AR, IH 4N T 24> VEGFR-TKIs
KT AR T3 44 (fibroblast growth factor receptor, FGFR ) -TKIBRZ IR G [ AFE/0 Siky7 . REAERKNA
T34 (epidermal growth factor receptor, EGFR ) -TKls, HUEEIAYT . HUTFIER ) | VAY7HE/INIUATRE i)y 3005 40 4
HEBIFSE . IS T VEGFRTKISH] (025 0L B BB . XA B o N A 52
L) AR RIS TE IS TR B2, RIS TR 5 SE RO VTR T M MR TR T SR T A ST %
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[ Abstract ] Lung cancer is one of the cancers with the highest incidence in the world, and there is no standard
treatment plan after second-line progression. Tumor angiogenesis has now been identified as an important therapeutic target
for malignant tumors. Small molecule multi-target vascular kinase inhibitors can inhibit tumor angiogenesis by inhibiting
angiogenesis-related signal pathways. At present, a lot of clinical trials of small molecule anti-angiogenic drugs for the treatment
of non-small cell lung cancer (NSCLC) have been carried out, and some vascular endothelial growth factor receptor-tyrosine
kinase inhibitors (VEGFR-TKIs) have been approved for the treatment of advanced NSCLC. Based on the development status
of multiple small molecule anti-angiogenic drugs at home and abroad for the treatment of NSCLC, this article summarizes the
efficacy and safety studies of multiple VEGFR-TKIs and fibroblast growth factor receptor (FGFR)-TKI single agents or combi-
nation treatments [including combined with chemotherapy, epidermal growth factor receptor (EGFR)-TKIs, immunotherapy,
and radiotherapy, efc.] for NSCLC, and at the same time discussed the possible existence of VEGFR-TKIs drug resistance
mechanisms and efficacy predictors, efc., and prospect the future development trend and potential problems of anti-vascular
treatment of NSCLC, and provide new ideas for the follow-up precision and individualized treatment of lung cancer.
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REMNSZ A0 7 SR OCAN RSOV, i AR J 23 7 i e %475
JEH AR 1AL
H19714-Jodah Folkman#{ 22 H I B 2F 1l 45 2%

YA LAk, e il AR I R S R 1 IR B B R T
FEAR o LA 5 X T ISR I A R A% 22 G ),
VFZ RIS AR5 A8 AR R OG, A4 A8 P B AR K7
(vascular endothelial growth factor, VEGF ) . I/ MRATT A A
KK+ (platelet-derived growth factor, PDGF ) . LT HEY
H: KA F (fibroblast growth factor, FGF) 4%, VEGEF5IM& N
R Az 324 (vascular endothelial growth factor receptor,
VEGFR) Z54, S VEGFRBERRIL, fie i P55 15T,
NTORS = QL0 (NN i P TT B viog i T e A\ e 27
PR IS5 (tyrosine kinase inhibitors, TKI) , JLH/ZEZ
BB A VOB AR, TR IR T VEGFRIRARAY
SEE S, DT AR M A A B R, &N
THUMAE A TR, BIANRTIAEJE | 2B JE | wkmss e #l
JeikJedii (Nintedanib) 55 24 W FHTEVF 2 s m ARBFIE
AT TIPA . 5 DUABR BT B 7 B P AT SRR ) T HR
EHIA (monoclonal antibodies, mAbs) AN[A], mAbs#: Fk:
s, Z2 5 DIAZE BRI AL MRS &, v G SR
] (overall survival, OS) , {H Z B m Abs A ] LLEASM Al o T
TKIBR T REREOS, WAREMETC I € AR A7) (progression-
free survival, PES) , HAYERPRZHIEIT T E.

1 VEGFR-TKIsH# 5477

VEGFRJE T % 24 iR 124 it (tyrosine kinase, TK) K Hi
PEAZ AR, TR S A0 BT 1, S8 Fram N 2 IR g
PRI S A AT PES AL 5, FHIAR D 2 R RS , i
JifvdRE A BT o UL VEGER-TK UL SR B | 8
JE. Rk, ke . AR As.

1.1 BTl e (Apatinib) B[ JEJ&VEGER-2 1 IR 1)
i), W LAGE 2 30 ABCBIFIABCBG25ESM ALK 1 5 P-
BT (P-glycoprotein, ABCB1) FIFLARIETHZS 8L [T (breast
cancer-resistance protein, BCRP/ABCG2) I FHZ P2,

AT AR 5 R ST 25 g 220 o) 201248 r [l R i
Je2#42 (Chinese Society of Clinical Oncology, CSCO) &Afi
T BTA R JE A He 2 B R = AR AR NS CLC YT
BEALXS RBF T, S5 B oR, BT JE 20 % e 22 8 4H PES
H4.70H vs 1.9H (HR=0.278, P<0.000,1) . H.% W2 fi#
B (objective response rate, ORR) FTE I H]#% (disease
control rate, DCR) g L F &7, FE—I0/MEEAR

[l BRI R S, PEAG T BT e X T — 2k iRk
THINSCLCE A W] LA R 447 4K 43 (PFS41H, DCR
H61.67%) o WAFIT O FRBHNT F477E KR ASFEAS ¥ e it
g B B — 4R BT JE e mT 3K 25 BRI e B e i 40
JiliifE 2 43R TG AR T— BRICR, (AR e fid Fl 24
F 5T RLRIOC R IR T L — AR
1.2 ‘ZH 8 (Anlotinib)  LEH e &—F ORI/ T
Z S TKI, Rl 2 Fh 32 1A K 2 FR i [VEGFR1-3 .
o-KIT, IM/IMiFEMEAK F T34 a (platelet-derived growth
factor receptor a, PDGFR-a) FIFGFR1-3 | 10, fF—Jji — £k J&
DL N 2B e IR 97 5 % sk PENSCLC I T Rl AL
IKIEALTERO30200, S22 BEFIAH L, i FH LB B eiRyr
MR E PS4 25 (4.831H vs 1.231)], P<0.000,1) . il
J I B T I A I 56 ALTER 03030210, 07 42 8 5 e
X L REFIATT IPES (5371 vs 1.40/H, P<0.000,1)
108 (9.63 1M vs 6.301J1, P<0.000,1) B EHEK: , 4
TR I, 53 A K R F5Z 1k (epidermal growth factor
receptor, EGFR) ¥R BB ALY, HAAEGFRFEBIEH
OSELEH K, SEF L RS UER , B8 Je F20184F
SHSHHEZR 255 1B & #1 % (National Medical Products
Administration, NMPA ) HEUEF T BINSCLCER H 1 =4k
NEpags
1.3 kMR e ( Fruquintinib ) PRMERR JE &8 —10/ N
FVEGFERI-34#15], AT H0H| VEGFS T ) VEGFR2#5 R
. N A g A . RSN INEIE R 2 2L VEGFR2
W2 Ak o), —THUAE [ PN R ks 28 2 Vi o e A A
NSCLCHIBEHLITIHIFE (NCT02590965) Uerfy, Bzhikms ks
JELHPESHH AL T 22 Rt R1 4 (3.8H vs 1.14-H, P<0.001) ,
FEOR RS JE R AT AT RE BN M INS CLC R B BRI —
SRV
1.4 ZHiAEJE (Sorafenib) RHiAFEEH M TVEGFR2-3,
PDGFRp ., KITZAYZHE S TKI, —IiA ¥ NSCLCHIBENL %
R BRI B0 (MISSION) U7, 24k JefE -y = 4;
JVULIET PIRAE PRS TR I (2.8 H vs 1.41NH, P<0.000,1) ,
{HARE B Z e e F 19 0S (8.21H vs 8.31H, P=0.47) .
BARZEFAER 2 TNSCLCHIR I 45 RARNE, (H5
LR PR ST A IRITNSCLC IR I E L H A U A
FEEEHE, TR DT SR GIRY T E ki
1.5 Linifanib Linifanib (ABT-869) J& = W§m& I 11 7o 41k
TKI, [ EEEMH VEGE (FLT1, KDR, FLT4) fIPDGF
(PDGFRa. CSE-1R, KIT, FLT3) Z&0 I R FTHF 55 )
FH, 16 Z R A T T Linifanib Xy AT HE58 - 4H FI L2 A2 B
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(75 . — I Linifanib/ 2B G -R AN+ S A2 BEIR YT i
WHEBENSCLCHBEMNLITIIME T, LinifanibZ1H1{ PFS
WAL T L BRI AL (LR 4l: 5.4 H, 95%Cl: 4.2 H
-5.7"H; Linifanib 7.5 mg4l: 8.3, 95%CI: 4.2-10.8,
Linifanib 12.5 mg#4: 7.3/, 95%CI: 4.6-10.8) 2%, HytkA]
DLAE MR W HEEENSCLC VR IT H A Linifanib L A
— PSR

2 FGFR-TKIsEZ5;877

Dovitinib ( TKI258 ) &[] FVEGFR1-3,
FGFR1-3, PDGFRAIKITE [ 2 5 TKIPY, — I U IT
Wil AR 6 22 5T Dovitinib iR Y 7 H- AT EGFRY 14 (1) i A 155
TRNSCLCHE, Dovitinib%3 25 Vit ] i52.54-H,
ORRN11.5%, DCRiA50%, HF,0SHS.01H, F{iPESH
2.9H, AW FGFR-TKIJR A BRRNSCLCH 5 #E— kY7
J5 SR A R B

3 VEGFR-TKIsEEEETF

5540 7 FIEGFR-TKIAA], VEGFR-TKIsAI{E T
H*Eiﬁ”ﬁ%iﬁ (tumor microenvironment, TME) LMEI}F&%E‘JHEF
Je8 045 1R AR T g A A AR B . 2 R oY 2
W, P A AT S HAD i R AP 4 S VR T I G il
L, ST N FERNAYT . RGBT BT, HA
BUFRMR RO e SR 2400 K A=
3.1 VEGFR-TKIsBA LI VEGFR-TKIsfi 775 i e
A8 TR AR R, HESh AT 2454 1] i igg 2 2N i g, AT
AT ROR Y, JE iR Je A (Nintedanib) J&—F/N g+
TKI, AN Z 032 (AR 2 B2 8% : VEGFR1-3. FGFR1-3,
PDGFR-a/-B, RET, FMSHE% 242 # i3 (FMS-like tyrosine
kinase 3, FLT3) FllSrc 5 i ik 2 B2 &5 1L (Src family
protein tyrosine kinases, SrcPTKs) o i se g PE4E G Fik i
A2 AT 45 R ) — W RR IR O 8, BRI S 1%
5, R AT AR A L HG 58 L IR AL AL . —IRENLAUE
NI R HLUME-Lung 10594 T2 PUfh Sk A& 2 15 2
M EIRITHMINSCLC, Al 4 K R HPES (3.4 vs
2700, BAENRRIE A, By S n] i /A OSIE K
2.3 20144111, WRAHEAERE I8 R AT IR 2 P fih 3
FHT e sl e R I i 1 — IR T
3.2 VEGFR-TKIBKSEGFR-TKIIAYF VEGFMEGFRILAE
VFZBESMTATI PSR . 2R HE A K - i

EGER{E ST M4 N, f0FEVEGE. 14438 (interleukin-8,
IL-8) FIGH PR T AE A0 e A=< 7 (basic fibroblast growth
factor, bEGF) , Al i@ i PHIIVEGFEGFR H /0 ilM5 515 S
A, DI e A oL Wi R T 7R 7 A B, TR
/NI DC101 (VEGFR2HiA) FC225 (EGFRFIIA)
4 50 A et FH AT 36 e 9 /0 i g o A RT3 P Rz A4 L T
A i JeE A0 B 3 5 . BELIBTVE GFRAF 5380 i v] a0 5 7
EGFR-TKIsJAY7 HHT790MZE AL 51 (TR 2508 &7 8%
JE (Sunitinib) /&7 FTVEGFR1-3, PDGFR-a/- . c-KIT,
FLT3 . ££7% HI A F 15244 (colony stimulating factor 1
receptor, CSFIR) FIRETTKI, fE—Hi&F e e AL
ISR JEXT LU s e 256 YT BE IR YT R WK 1 TEGFR
FEAS I A NSCLC B 5 IR I eoirh | 478 B R &
2 I T A PES (3.6 H vs 2.0 ) FIRR (10.6% vs
6.9%) , [HOSEA AR 2 5 (9.01H vs 8.51H) . BIFEANA
ZUHAI FAE AT, HrPAhead-L303MF5E-FIMAE R HE &
HAR R —RIB)T M EGFREE AR ENSCLC A, A
BERAFIATESE R . oI E B R R B IRIE B e —4iR
JFEGFRZE S FHMEME INSCLCH Z I R F 5%, PES4E
{SAERR v, (875 1.

3.3 VEGFR-TKUK & ki si i NGYT VEGFA[ i
I8 R O 1) B 5 RS, I M e 0 A i L ) B
JEE RO A 5 E S A RS VE . — 5 TH, VEGF
IV 48 U 200 % R0 B ARG PN 2 AL, ] 40 S k8 4
T 3k PN R AR AR 05 iz, AT BEL LT 4 2 1 o)
VEGFIA W] 38 21 F T FasBUAR I T 4t i 80 1 Fiis ity
J3—J7 i, VEGFil o Z MLl & #E e e i ER, f145175
SPTET M (Tregs) HEFE AN HIR SR AL (dendritic
cell, DC) J§Z\B2, VEGFR-TKIA] LA 12 P4 Jifrid 1) 255 1 2%
FR IS T, (i S R IS R G AR Ak, 38 S e 300 2
MRLIIBE , TEH e [T A 1 B e A il MO B 2 A6 A o
PSRRI OAEE R 20194 L H IR 2% 23 (American
Society of Clinical Oncology, ASCO) K F—IMSHR-12108¢
B BT JE T = 4h e R IS e AR NS CL C Y Tb
I, G5 R, BIPEIET 32 K1 (programmed cell
death protein 1, PD-1 ) B B e TE M INSCLC R
BRI R B R AF A HTMIE YT %0, ORRM30.8%, DCRA
92.8%, i PESIL #1248 . 20194F ALl K2 (World
Conference on Lung Cancer, WCLC) bR 7T—IE i A
FAPT (Sintilimab) FI'%F BB A — 1697 B INSCLC
MIZEH, ORR (72.7%) ik F| F 2L LT, DCRA100%59,
VIR R, ST HINSCLCHEF, T2 sS4l
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(immune checkpoint inhibitors, ICTs) SH M4 B A
it FHEA AT LA BT 5, (BAE LAt Ry IR T 22
7 RACI TS ESS
3.4 VEGFR-TKUKGUAYT KRBT 21 4
B A R 3R 5k, (0 i 7 AR TEORHIRHT, 52 T R, T
VEGFR-TKIA] T 48 P B AR IR FAZ A% R S R )
Rk, REEBTEBGIER . — LB BRI G IUTIRIT
NSCLCHER#E R B R/ NFEA (4011 I R S3AT B ] ,
U AHTALORR K DCRS 41 4160.009%F190.00%,,
PSR 2H }35.55%H155.00% (P<0.0S) o, [RIIAHFFE 73
B, %R R BN Y, L AL S T B NS CLC
o2 7% SR B Y T RO I SR B A

4 VEGFR-TKIstHEA R K2

ZRUNGT TN A 250 WA R SO AL 3 5 I
FE. B9 i, FREEEBAE Z J1 A S B 55, A
[AIVEGER-TKIAH KA K . (adverse event, AE ) B4 2=
S, RIS AT B S A iR T SR ER AR TR, ARt A
A,
4.1 VEGFR-TKIs 255  FAH G AE 7EALTERO303M/F 5 R0,
I 4 B JE B2 S I K A2 260 2.0.4% , 3TLAER HEEH
3.1%, AR L MIRTT A G AE S BAET . AN[RZY
YIRAERINE 55 IR AR, HVEGER-TKIF 25 FlES5ARL
A= TR R 5 ATy 5 i Stk — 20 I R 130
4.2 VEGFR-TKIsIK GG AHICAE TELUME-Lung 2894 5¢
b, SRR AAELL, JeIk e A4 85 e th ZE L ) H WY 3
PV b AR NI RER3 S ETE K AR B, H s
I EE RS A 25 57 . — T oY e B B R BB LIS B e —
LRNSCLCIARYT I/ IMEAI RIS B, B2 92 (17.24%) 193
BAREM R AR, FAETA RS P 2194
e o — 30U R BT R A B R e — SR YT
NSCLCHJIR B, fied WLAYABSE S LR, =390R A%
AEMIR A% 027.3% . HILATIL, 4VEGFR-TKIS HAbIG
57 RGBT, AEZSTIHAAHIA], dnfofddf AR A1
5 IR b, A AR 2P oE

5 VEGFR-TKIsA]BETF AE BT 24541 1
JTRE AR 5% R A 5 A R 43 T e 2 A AR R Y

JRa B IS A R, DS B Ra B & S Fl % R . VEGFR-TRIAMY
AT AT B 8 A K AL A BT i AR LA, 8w AYE 5 i

G REER L . AT VEGER-TKIN REAFLE AR 25 4L 3= 22
PR TR B S A (R, e i At e i 5 A Al P
THIFRIK | BRI KR A F S

.1 Hftbfie A AR N T 9315 VEGRRES 5 A A sl
SEELA T, RS P B AR S A, A A PR A A
oo B AR F (placenta growth factor, PLGE) | FGF,
PDGEF. Hqﬂggﬂ:%%—a (tumor necrosis factor-a, TNF—a) %‘ff:
HeAth e A8 A AT R e A P Bz 2 B B A 2 A
e SE N B NIRRT RS | SEAERETE L. 25 BT VEGE/
VEGFRZ 515 5 id ## i, Hofh & A K N7 S 1015
530 BT BRSO, TS Zh MR 5 k) 2RI A A i
W e AR AP T UM R A AR T M A A T
%o

5.2 g ELEEREE B AT RE R BN T (vascular
remodeling, VR) , B A OIS 8 IR EARIE R, I A8 RE
AMISEFE, ephrinB24E R T-FRIBHE AN, B A B0 MAE AORRE
PESE T, R LAz () [] R R P 5 R A DX I
SN, 230 R T AR, A BT v A kST )
FAR, JFE M, 2 L HeR SR AR kR 2 1Y
O, 77 A2 . B4E5 S5 (hypoxia inducible factors,
HIFs) J&— SO e SRl IR0, A ft Py 240 1
I ERAAFRET , AT FEC AT A S bR A £ 2 A e
ARG IEIA A 5 B 14T B (serine/threonine protein
kinase, Akt) i 1EZ M AF7E—E UK o AHCWTFE R, 1
SRR BIANHI AR, AT E A0 A A R K A 5
XLER bR 2 S it TR

6 VEGFR-TKIA]GEE X AT FMI$EFR

6.1 WRIER MR SR ALTER0303IRIGURE T IiE Y
TEIAN B A (activated circulating vascular endothelial cells,
aCECs) s LS JRIR) T W B PES T E bR i)
[F) Fof— T 322 S 0 106 FE A TR PRDN AR B 37 173
ASTRIAE bR : R AR R AR AZ T (G+S MB) | JE[H]
SRR LR AE A (N+S MB) | fEIADNARIASFIZEAETE 43
(unfavorable mutation scale, UMS) . F-H &7 7 FiijA& 5y,
BRI 5 A5 F5 40 (tumor mutation index, TMI) , 455 /R
G+S MBI N+S MBER A E R L5 B Je BB R %
AR i T s TMDBUIB T RE N2 B B e ok 4. HL
ARIDIAMIBRCA2HIFRAFE R AL W fE 5 2 B Je ARAFVE it
GPEARDC, [RIBAETEIDHISMN G 458 AT RE(E &2 B Jeih
IT IR 25 A . — TR R BT 52 48 & Bl microR N A-6077 1]
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30 A 00 1) A A 4 12 B (glucose transporter 1, GLUT1)
Fik, MR R AN X 4 B e AU

6.2 A TINAEAR Wang 25U & BRSNS AL SR v
1MZEF (blood volume, BV) £ bl CTAE S .14 24
HIMBUEAL, SaCECsH A id nl 41 oy T 4% i Uk 5 ]
FEE o DRI — S bR PN L PR T A bt T A A Rty
545R. HAT, VEGFR-TKUT B AW R ik 5E s 7e
PEATH, RSRG T BTIN 72% S WUR B A= AR s, bt
LA T RORTHE R B G

7 BE

PSS 165 F BT RCAT WL, S fil g £ 4 ok —
AR TR B ZRORERE, (5 F AT — S iR AR i D 4 )
e /N B A A S IR AR B/, (BB TR 52
b, H—2k ZZIBaEn TR U I REAS R BTNk
gt BRSO 7R B D40 24 I S5 ) AT i
PE— R I I I ; @Z R AT A 5 5 14 Sl AR i
G Gl R IG TR NI NSRS RPN 9L i LY SE2iE |
MR 24 o PRLIHG 5 R R4 F) S BT B <55 K B~ 22 3L A
AR IR, PR AT 245 D R % e S 245 14 D7 i i
PE—A%5 75 ONSCLCH ST A EG 7R K A
Yrbr iSO TRZRAT AL TR AL OB, P Al e BT 136
FEARFNRE | SEBUREIR TR Jo 22T ST ST A 5
VF, —LEJMR A LA HE T A AR L T AP A 44 5
@HLMAE A 2GR T MAE B e PR R A, X THLIRIE
T A A B, TEAE S X e 8 A % i
Az IR Bl DR A 24 1) B/ R B A A A IR R TR Y
Jili.
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