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Research progress of clincal translation on signal pathway and relevant drugs in
tumor angiogenesis

Hu Mingming, Hu Ying, Li Baolan( General Department, Beijing Tuberculosis and Thoracic Tumor Research Institute,

Beijing 101149, China )

[ Abstract ] Angiogenesis plays an important role in almost all aspects of tumor biology, including the occurrence, pro-
liferation, progression and metastasis. Accordingly, inhibition of tumor angiogenesis through targeting key molecules in the
signal pathways involved in angiogenesis has become a subject of extensive and intensive research in the field of anti-tumor
drug development. Amongst these molecules are VEGF/VEGFR, Angiopoietin( Ang )/Tie, platelet derived growth factor,
fibroblast growth factor, Delta-like Ligand ( DLL4 )/Notch, transforming growth factor B, hepatocyte growth factor, and
endothelin. A few drugs, such as bevacizumab, sorafinib and sunitinib, targeting angiogenic molecules have been ap-
proved by FDA and their clinical use has generated satisfactory results in treating colorectal cancer, renal cell carcinoma,
non small cell lung cancer, hepatocellular carcinoma and gastrointestinal stroma tumor; dozens of unapproved drugs in this
class are under evaluation in clinical trials. This article aims to review recent advances in both bench-top and translational
research on essential signal pathways involved in tumor angiogenesis.
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1.1 VEGF/VEGFR
VEGF K% i 51 145 VEGF-A .-B.-C .-D Al Ifil
IIMRAE KN, 38 % VEGF $8 1972 VEGF-A, VEG-
FR f14% VEGFR-1 .VEGFR-2 fll VEGFR-3, VEGF-A
[ 454 F VEGFR-1 #1 VEGFR-2, HRETHFFEIA N,
VEGR-A/VEGFR-2 i 12 J& A 7 JI g 1 A8 A= i %) 5
HEE . VEGF-A 54 {7 40 g R 111 ) VEGFR-2 44
A5 BOE T R PIBK/AKT , p38/MAPK FlI PLCr/
MAPK 4% , {fi45 P Bz 4 M #e R o, 7= A K i iR
FIE, 345 B %M. VEGFR-1 55 VEGF-A 454
JE Al LLBH 1 H 5 VEGFR-2 By 454, i L VEGFR-1
257 M e r o
1.2 %4 RE R SR angiopoietin, Ang/Tie )

Ang /Tie 38 M B4 VE T b 40 B, 17 2 58
T A5 Pl T A0 LR DA 1 200 R A T 2 5 i g
AN AR B AT M NS Ang REA Ang-1.
Ang-2 Fll Ang-4 , JLAZ A A A 2 240 B S P i 2
W7 K Tie2. Ang-1 Rk TR Z A4 41, &
Tie2 245G 5 21k B BBk, (115 N Bz 40 i 5 J5 240
it 7 ) 4 o, 2 oM A A R R Y. Ang-2,
FEFRETHAEME , 5 Ang-1 TTHEEE Tie2, ffilL
B RRES . (S Ang2 MRS VEGF-A 1977
TES T, 7 VEGF-A 1776 i, 41 £ 1 45 A& Al 3
Ji;JC VEGF-A B, ik {2 75 N K A M 6 T I 457 1R
ERFEVER, BT DL Ang £E 42 148 A5 B AT I 45 26 1
5 T K MR A 2R AR
1.3 A/ 0B £ K B F( platelet derived growth fac-
tor, PDGF ) & 3 2 4k( PDGFR )

PDGF FK %A AR B2, PDGF-A \-B -C-. D, AJ
PIE AR S B — 244, 4351l J& PDGF-AA .-AB .-BB ,-CC
M-DD., PDGFR A P, PDGF-a I PDGF-B,
AT LI A =l — B A, PDGF-aa ,-ap F1-pR. H A
HEM T =MaJmem a6 E XA PDGF-AA/PDG-
DR-aa, PDGF-CC/PDGFR-aa #l PDGF-BB/PDGFR-
BB. PDGFR 5 PDGF Z5& T — RIKG , 7E AL Y
P& Z R BRI AR A H B BRI AL, T B0 T Wi 0

R LES 3 J4E( PI3K )\ Ras-A 225 24 000G 2
A Ras-MAPK ) fll PLCy {5 5 %, PDGFR-a 5
MEREA O, M HiE it 54 3R I8 VEGF % BLEF 4
240 60, T4 1 P 1) L7 A B 2 34 Y. PDG-
FR-B K35 TR 40 M, 76 8 B 20 iR 3Rk, BT DA%
P A e A A A AL ) 3 e S ) 4 £ 2
IS T A 2 165 00 e e ol A8 o 0 BE . B W

VEGFR 3 fif , n] i 7 S AN g2 o 57 e/ ) 200 i 1)
A AFURXT R M | 20 M 7 5 R AT 0 i A A 5
i) 5 T BELBT PDGFR-B 38 S5 , 40l (9 2 s i 48, 4l
A5 J) 40 B A 0kt 43 5, DT 3 380 A R b e it 45 A H
sl

1.4 Delta-like Ligand ( DLI4 )/Notch

DLILA/North 38 [ £ 7 WIP L6 PN 57 241 Jifd BE B 0 07
1M 75 Ah — 26 W R $¢#03% . DLLL  DLL3 | DLIA | Jag-
gedl Fl Jagged2 #BJ& Notch Z KRB BCAR . 78X LEfig
ke DLLA JE 5 32 2T 10, oA B 23K F e i 45
DAL R A6 T L L 1 PN R 0 B b Rk B
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JBRVEAT VEGFR2 #9263k 17, BT L DLLA/Notch
PR AT LA X VEGF 38 B 00 1 52 it 8 35 R 4t
Notch SZ /A HLES IR A7 A, % G A A3 45 Notehl |
Notch2 \Nothe3 I Notch4 . BHEr DLI4/Notch {5 518
S AT o it A AR B, AR 2 R v 4 MR B L 43 32, 1
A R, A FA IR 2
1.5 AR&4e2mhe £ K B F( fibroblast growth factor,
FGF ) & 3 %4k ( FGFR )

FGF J& FIFRE G HERK N T, XA FKE A 23
AL, B FGFL ~ FGF23 ., fEX A%, FGF1 Al
FGF2 JEMFIEAS i 2 1, 34 BB 175 PN Bz &40 L 34 7 A1
T SRR LR A 2. FGFR KA 5 M,
Hr FGFR1 ~ FGFR4 £549 I & BELRSF , Ohy B fEE i)
ik SR 27 A4, FOMAINR Ay 4145 3 A 1g RRESH )
CI-I0 ), i I - A A T B ES A e 25 5 MK
1 FGFRS 5 FGF A i B 26 A1 77, B2 M P 38 43k
/Uit G R A 235 4 35, BT DA LA FH v S B . LIRS
T %, 7E 2P g I8 20 P A 78 A A1 AR R e S
HR AR bR A R B R
1.6 A 2mhe A& K B F ( hepatocyte growth factor,
HGF ) & H % #( C-met )
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C-met 5& K 40 % 1) 26 11774, FL A1 DX n] U5 - 2
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1.7 440 A K HEF B( transforming growth factor B,
TGF-B ) A3 24k

TGF-B &2—FP Z U REM A+, A T BA T
RIPHA Z . W% 2 32 R FE B ( activin receptor
like kinase, AIK ) J& TGF-B B 1 B2 4K, Smad J&
TGF-g WK T, 25 TGF-g Wf5 F15F . Alkl
I ALKS 235 2R TR] i T B Az 14, ALkl 55 g 4k
565, 13 Smadl/5/8 BERR AL, 175 5 P K2 40 Ffd 1
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W Smad2/3 , 5B ALKI 1553 J% 04 15 T, 0 4 3
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&1 B3R FDA #it/#£##E VEGF/VEGFR K1)
Tab.1 Durgs targeting VEGF/VEGFR approved by FDA

Action
Target Drug Indication
date
VEGF-A Bevacizumab CR(C?! 2004
NSCLC %!
RCC !
Aflibercept CRC™’ 2012
Sorafenib RCC ! 2005
HCCV 26 ]
VEGFRs/ Sunitinib RCCH! 2006
PDGFRs
GIST !
Pazopanib  Soft-tissue sarcoma "’ 2009
RCC[ 30]
VEGFR-1,2,3 Axitinib RCCY 2012

B[ A PG 3, R VEGF-trap, 42 0] %M1 VEGF
) VEGFA 3Z{&, /& i A ) VEGFR1 fl VEGFR2 1)
o X sk gl A 2N B g F Fe BEALA LR & 8
F 8 2 gl ik f g A 08 3 b i) VEGFA K #:4E .
PSS B 9 F8 A 1 TG IR 9 ), FOLFIRT
A BT PG Y 5 FOLFIRT J5 S840 L, B i kst 7 8
H) OS FlPFS, FETFIZ45H, 2012 4F FDA #LifEi%
25 TS B e — 4Gy 2 . ELET, BUAT DY
S AE /N LT S S AR L O SR P IR AR AT I
Wl AR5

#Um] VEGFR \FDGFR &5 [ 22 #8510 1 5910
KhiARE EFER e kG JE 43 BITE 2005 .2006 F
2009 4FFRAE T 0300 B A1 iU IR T . BT R B e
H AL E T 0 S8 e iR 7 e 2k e 09 15 i 8] 53988 #
T3 9 B0 B AR o R A2 YA Y DT LR PR
EPERRE BAZY R I T 1% W% LR A%, 8 DL
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Tab. 2 The summary of drugs targeting angiogenesis in clinical trails ( unapproved by FDA )
Target Drug Indication Main result Schedule
VEGFRs/ Cediranib  CRC II" % PFS 8.6 vs 8.3 months Folfox/ Capox vs Cediranib/placebo
PDGFRs RCC [113%7) PFS 12.1 vs 2.8 months Cediranbi vs placebo
Telatinib ~ Advanced solid tumors [ 1% Clinical benefits was observed. Cardiac toxicity Telatinib + irinotecan + capecitabine
needs further investigation
CRC T* 3] 41% tumor shrinkage, no PR Telatinib
Linfanib ~ NSCLC I %! Median progression-free rate at 16 weeks 33.1% ,  Linfanib
ORR 5%
Hepatocellular carcinoma [l (4] Estimated progression-free rate at 16 weeks Linfanib
31.8%, ORR9.1%
CRC m'*) Median PFS 5.6 vs 4.2 months Vatalanib + FOLFOX »s Vatalanib
+ placebo
Vatalanib CRC ]]1:43] No survival benefit, identification of potential Vatalanib + FOLFOX vs Vatalanib
population + placebo
NSCLC I[t#! DCR at 12 weeks 35% vs 37% Vatalanib( QD »s TDD )
Motesanib ~ NSCLC IIt*! No OS benefit Carboplatin + paclitaxel +
Motesanib/placebo
Breast cancer [ [ 4] No ORR benefit Bevacizumab + paclitaxel +
Motesanib/placebo
Ovarian/fallopian tube and pri-  Early closure forserious central nervous system Motesanib
mary peritoneal carcinomas|[ '] toxicity
VEGFRs/  Brivanib  Hepatocellular carcinoma [ 48 No OS benefit ORR 10% vs 2% Brivanib/placebo
FGFRs CRC T *! No OS benefit, positive effects on PFS and ORR  Cetuximab + Brivanib/placebo

VEGFRs/ BIBF-1120

Ovarian cancer [ [s0

PFS rate at 36 weeks 16.3% vs 5.0%

BIBF-1120/placebo

PDGFRs/ CRC T No ORR benefit BIBF-1120 followed by afatinib
FGFRs NscLC pt%) No difference in efficacy BIBF-1120 250 mg b. i. d vs 150
mg b. i. d.

Angl/  AMG-386 CRCI %! No PFS benefit AMG-386/placebo

Ang2 Gastro-oesophageal cancer Il [5¢] Median PFS 4.2, 4.9, and 5.2 months Cisplatin + capecitabine + AMG-
386( 10 mg/kg )/AMG-386
(5 mg/kg )/placebo

RCCTL55) No PFS benefit Sorafenib + AMG-386/placebo
Ang2 CVX-060 Advanced solid tumors [ NCT00879684 *( Unreported ) CVX-060
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Target Drug Indication Main result Schedule
VEGFR/TIE2CEP-11981 Advanced solid tumors [ NCT00875264 *( unreported ) CEP-11981
DLIA4 REGN421  Advanced solid tumors [ NCTO00871559 recruiting REGN421
Advanced solid tumors [ NCT00744562 *( unreported ) REGN421
OMP-21M18 NSCLC [ NCT01189968 Recruiting OMP-21M18
Pancreatic cancer | NCT01189929 recruiting OMP-21M18
Notch MKO0752 Advanced solid tumors [ [36) Clinical benefit was observed, toxicity was MKO0752
schedule dependent
ARQ-197  Germ cell tumor [[ L57] No single-agent activity was observed
ARQ-197

Hepatocellular carcinoma [ (s8]
c-Met/VEGFR XL-184  Prostate cancer I[1%!
Thyroid carcinoma
XL-880

RCCH:GIJ

ALKI  PF-03446962 Malignant pleural mesothelioma [ NCT01486368 recruiting

Advanced solid tumors [

Prolongation on TTP
ORR at 2 weeks 5% ,improvement in PFS,
NCT00704730 Active, not recruiting

ARQ 197/placebo
XL-184/placebo

Gastric cancer J[ 1%’ No single-agent efficacy was observed

XL-880

XL-880
Elevated ORR withmanageable toxicity profile

PF-03446962
NCT00557856 * ( Unreported ) PF-03446962

ACE-041 RCC I NCT01727336 recruiting ACE-041/ Axitinib
Endoglin ~ TRC-105  Advanced solid tumors [ [%*! Clinical activity was observed with a safety profile ~ TRC-105
ET-1 Bosentan  Melanoma 1%’ No benefit in TTP Dacarbazine + Bosentan/placebo
ETsR Atrasentan  Prostate cancer T['**/ No improvement in PFS.0S Docetaxel + Atrasentan/placebo

Ovarian cancer [/ 1[1%]
survival
Zibotentan  Prostate cancer[l[' %

Ovarian cancer Il %7

NScLC prtes)

Schedule is feasible with indication of prolonged

No improvement in OS

No improvement in PFS

No improvement in PFS

Pegylated liposomal doxorubicin +
Atrasentan

Docetaxel + Atrasentan/placebo

Paclitaxel + carboplatin +
Zibotentan/placebo

Pemetrexed + Atrasentan/placebo

CR: Colorectal cancer; NSCLC: Non small cell lung cancer; RCC: Renal clear carcinoma; PFS: Progression-free survival; ORR: Objective Re-

sponse Rate; OS: Overall survival; PR: Partial Response; SD: Stable disease; TTP: Time to progression; DCR: Disease control rate.
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Vatalanib #l il VEGFR1,VEGFR2 ., VEGFR3
PIGFR-B , J& £ 32 1 1 22§ 55 /N 43— S il 317 i) 551)
Z—o TEMUENSS B A Th AT R A T I
PRI 2 R B ik 8 E BRI 5, ARTA N
AlREE B T PIGFR-B 38 52 W 1 IL4% 1E % 1k
M8 B, AT EL 85 T 54697 25 9 Bk G 19 B [R) &%
RV SR AERGE Y & & AR /N4 I B9 T, Vatalanib
PRGN IR TR ROR , IS 2 BRI 4
(1) 5 WZR it R0 9 35% F137% . AL Vatalanib
TE IR J 35 i IR A 1 o3 A S 2 B SR 45 2R .
H AT, 70 Mo LR TR i o B 4 L8 , 91
S, (B B2 98 55 2o vh g R TR kAT T A T IR IR

BIBF-1120 /&% — > = # £i( VEGFR, PIG-

The clinical trails result is not available until the article writing, so the Clinical Trials goverment Identifier were provided

FR,FGFR ) 1 IR S A4 570, 1 A R 9 259 %
S R 1 7 B o 4 I A e . AR —
ALY IS AT BIBF-1120 ZERFAYT 1Y IR H 90 85 h
FLEN P i e W I SE SR YR T 4 S R A AR L, 36
JEISE e 9 1k BB B HL B R 16.3% 1S, 0%
P e A (N =Fii 0 OB | AN N e W
BIBF-1120 yay7 Y I IR b, 25 2 vk R 4F, 9
W 2Rk F] 46% ,250 mg bid 5 150 mg bid P4
FIEE R RO A B 22 50 H AT/ 4
il —4RIA YT 1 1) SE A EA T 5 98 i 2EHX & BIBF-
1120 B2 et 500 i T3 I AR 7% o

AMG-386 & Angl/2 [ R 32 44, 3 3 BH B
Ang 5 Tie2 M45G R AEAE T e ) SE AR (83
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PR B LZE # AR, B T PRS'T  (H RAE LR
BB R B B AE AR 25, 16 B A0
b e | P S R NE o= W = 8 w25 o TR 7/ b B
HEW A ZN, X AUC= 9.6 mg h/ml fy
5, PFS S 8.1 H I KT AUC< 9.6 mg b/
ml HEH 5.7 A M ERHBHE N 4.6 7,42
TNTEJE LRI 5T T RE TS B B AMG-386 Y H
FIHE

ARQ-197 & c-Met I VEGFR Ay ¥ T 1i% 2 2 1
TR, 78 Sh AR o R T R A AP PR RIOR
FERIIAEE /N0 il g v 9 B R BB ARQ-197 5
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Zibotentan $5 SR ] ET, R, 764K &1 52 5 F1 50
PIRAL R IT B s AU TR SR . 7R b i
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