FrE G RBFSE 2020 426 H 5533 #4556 #f  Chinese Journal of Clinical Research,June 2020, Vol. 33, No. 6 849

.g/% R .

7

PUIR I8 A2 B 1) 24 900 108 AN RS N AT 5 2

wman',
1. PYRBEEBERIIAAL, BeP P

IR
710068 2. [BRPEA MR BN —Fl, Bt v

BT
710061

B JUME AL Z5Y) HATE ) 2 T 2 MG SR MR A 1 86T, o WA BSON ERAEIETS G 57 T A5G
fiE RETIE S LN A | BB R b P A0 A Dol 45 5 5™ T AN IR o, S SR A O L 05 TR, 08 ML L AR A 2 0
FEAN QT [ HIFEA o A SCHLHT IR I0LAE A B 1) 245 1) 7.0 ML 585 1T 5 AN RS FROAIL o) B R VL B 3 SR i — Pl 3

SRR PUNEA IR ZGY); SR AR O QT [HHHIAE K

FESSES: R730.5 XEFRIRE: A XEHS: 1674 -8182(2020)06 - 0849 - 04

i3 2B 2 2 Folkman'™ - 1971 4F# S 4 1,
i o AR LY AL IO B A0 TR, HL B BB R A 1l
A LA IR0 bR VR T TR — . RS R],
Je 1008 A TR b 98 AR A Ry TR IR T I A e B8 h e HE A E L
YEM

PR AR NS SR M TES M A R E R, BT
FLATREAE Pk B0 i 88 B B8 (TME ) ) £ 1 % P9 B2 A K P T
(vascular endothelial growth factor, VEGF ) F01 1% 24 2 1 B ( tyro-
sine kinase , TK ) #4 )3 1) 15 53 % v, 1% 2019 S 400 40157  tyro-
sine kinase inhibitors, TKIs) i 1 43 5| 1 il VEGF 2% {4 ( VEGF-
Rs) i/ AT Az A A PR 3244 ( PDGF-Rs ) i B8 FR WG 2 14
(e-Kit ) 935 1 T S ob e o A2

VEGFR-TKIs HHj 2 1z H T 2 i e 3 52 04 b e 1937
J7 R HERZ VEGFR-TKIs IAYT () 54 BV A= 77 Bk [ A 4
LG TSNP TN (I e N A I 2 oy A 11
LN B Y SR A A 3.2% | AR R
B, FENE 5 | R AR I3 A g B 0, U R IR 26 5 I 0 1 48 9%
o3 T S A e S o AR SO T i A R 1) 2500 10 R
RS Tk e E5 R I T

L #% &

L4 A R A AT A R T2 5 i — 40 2R 2k
Wy A, FIRT & B I8 A PR 7 84 VEGF R 42 K
T (PGF) /N A K PRI T (PDGF) % Ak 2E K R - ( TGF-
B) LT HE4H Ml K T (FGF) iR JR 8 A F-o (TNF-at) |
1A A5 B % (Ang) 250 Hob BF 55 B I A B9 2 VEGF &
VEGFR. F#T, I K b 1% I # VEGFR-TKIs 4R 22, 40 Bl iy 25
Je RBEAER AP RS TP a2 AR R
B e SRS G e A LA JE | bR B
WILB 4. RAF VEGFR-TKIs 1 FT 1t 32 (A H 5 (R1,R2.,
R3) A 722 5, (E KA 5 0 LA A B S, 0 o | A e
SE ST QT WIIZER "

DOI. 10. 13429/]. enki. cjer. 2020. 06. 032
EE&WH: BEEAUERTHRIBH (20198F217)
BIREE. BETHE, E-mail; liaozijun66@ sina. com

2 DMERRREHE

2.1 FHafE IR VEGFR-TKIs Iifi BR % WL &l 1E I,
VEGFR-TKIs 5 | & & i R ALE B AT AN 7. VEGF X 4E+F
TEH I B R G AR B sl A B A o i e Y R
W1, VEGF o[ 845 Ifl 5., VEGF n] 755 1% P9 K 40 M B — 4
LA (NO) FIHTS AR 2 (PGI2 ) S84 it , 42 34F 1M A8 &7 5K 5 1 BHL Wby
VEGFR {55808/ 0 145 £ 3K R 7 0 7= A, AT 20045 BEL 7
AT o HERER 19 FZEAH = 9o NO,NO (e e £t
FEIR NO, Fl NO, , — it NOX {3 NO, #1 NO; f)EFl, 78
VEGFR-TKIs 457 (055 RV B 20 i e o, 0 2 W08 R TR A
I NOX FOME & B NOX 7K Fh i, Bl £k /K - 76 1 86 £ 2%
HKSEREAR, (AR LA e 324 3 X, 45 1k 3R Y7 I R R 3k 2
K

Nrf-2 JEAT AR R 53 10 T A4 TR, A P R 4 i v e o
AL VEFH o 30T, Neves 2600 5 FU A9 J 4k Bt fy /N L
RNATFIE & B, FU A2 i 13 375 5 NADPH S ALl ( Nox) (134
TG AT Nef-2 95 PR R G0 T 5 it FE 55  [R) Beho7 af
S UL AP, S FLAB S JE 5 Nox BYAH HAEFH , 5850l
BN, XTI HER , Nox FIHT &AL G 1] BE N TKIs 5 519
ML Dy BE BT (4 740 A5

F—ANS5 MR K RN TR N R R, Iy —F i
A A W 9], 2 ] VEGFR-TKIs 4105 350747 #0185 ifi e 7k
TR AR, FEET R R E A T I TR A N R A2 AR
R R W R R L NO BHE T N R E -1 7R Rk
iz A0 R AR, BRI NO (4920 7R TT RE AR 1F P 2 361
PR T B 5 i PR o A i 4 R G R TN R
VEGFR-TKITs 5% M IfiL 8 5k 1 F1 il 19 55 — Py e L ol e 5
Ca®" W FEAS Ak A e, VEGFR-TKIs ] 7% Ca®" 8 3# , fil % 1M %
Wit

AT, 56T VEGFR-TKIs 7 [ i 8 1L A9 W 09477 1 G
HULSFE F AR . 35 1 B S O 5 BT O i AS R R /N



850 JrE I R BFFE 2020 4F 6 H 55 33 #:%5 6 ] Chinese Journal of Clinical Research,June 2020, Vol. 33 ,No. 6

HELIRTT BEE — JR S 30 ) 0 A W — R I P, L 2 R
REREAKTE N FAERERENEE NEDE2~3
FOFPPAG I 7K. VEGFR-TKIs 677 (9 & 818 it 7 42 1
7E 140790 mm Hg /K-, A w5 ML 9o 5 14 58 25 70 45 25 A 7
PRI TR 0L #2476 130780 mm Hg 7KF'" SPRINT i3
B s He /N T 120 mm  Hg 10 ASJ2& 4 i A WS 45 1
/NF 140 mm Hg, A] BEARC AU BE | 2 ik 2e A OO
I REB AL A BT IE T 45 MU 1 & 4 . VEGFR-TKIs 5
FEE I LR SZ 0 T PR AT R R B A W9 e B, fi I B
FE25W 5 IR AT g 25 W i/ o BRIk, g FRRR 45 2
Ho R R FE 25903697 VEGFR-TKIs 5|2 B9 1K . B
F D RE IR A0 B I AR R AR B AR, AR R IR,
ACEL 2410 il 751 1/ % 20 S8 b7 2 fifi FHl VEGFR-TKIs 5 |28 &
1o I R (4 — R IR 2 0 5 b v A O e
AT R PR AR R SR 25 5 BTG AR At 7T 0 4 S b T 16
o fift i B WEAIE W AT 3% VEGFR-TKIs 5| 975 i s .
2.2 fAbAE MRAEHMEIANZES VEGFR-TKIs #¢
By B0 AN B W 2 — , VEGFR-TKIs 5 5 ki 2 (ve-
nous thromboembolic events, VTE) Fl15f ik #4 Z€ ( arterial thrombo-
embolic events, ATEs ) ) ELARHLHI v RN B, B iEdE R, H
ML P RE S BT VEGF /R E 4026, $iL VEGF 1597 BN T
BB RS RN I A5 P it , BN B T IR A B S8R T
WOE, FEOMAR &N . VEGF 5 VEGFR 76 Y f 41 i
(ECs) L HAHEAE TS NO I PGI2 (7= A, 33 P A i) ot %)
ECs UAFENG I FE AT A LA B i A £ 5k A0 B 1k i, 40 76 265 J 7e
ECs WK L3R EE, FUt, i VEGF 18 B ol gefii 3 1 & A=
BSR4 SE R e, IF T4 ECs 5 1 /IR A BRI 2L 1E 5
FIE AR 540 VEGE 37 A5 4 1 1k 77 A= 2 21 240 Mo 26 il %
TS0 21200 S 0 0 94 288 5, 1 201 6 390 DA A 93 R 3 39 o
Wt

SR VEGFR-TKIs 5 iUk 1 H I I 42 S AR 56 , (LI e S
R JRUBS: (5 32 5 A7 o Sl Ak O A XU A e ki A4 A4 S 1) XL
Wy, ffi F VEGFR-TKIs ¥ ATEs XU 4E T 2 ~3 57,
BEAk, Bgg 2 VEGFR-TKIs At e 25 9 i (6 FH 5 % 4 o)
Joikwe 28 1 XUBS: AR TR L sk e Sk B AT B T E A AR B S
VEGFR-TKIs HH 5 4 IR T2 G5 44 9 JXUBS: , 3K A B I 2 741
s A A ]k S N A R . B R AN A B, WX g
SR AT ) 00 P R S D S A I R
TRGEFY S T & AR Sh K R A o, R 1 VEGFR-
TKIs J497 ;% F % il i VEGFR-TKIs 3697 #9 f & H i i 6
AR B i R
2.3 & %B  VEGFR-TKIs M6 AY.0o IF 25 1 75 Bl JCAE IR
M2 W e D) RE B 15 (LVSD) , B ) 3238 | O IR PE K 5 5t
2P Hh A 3% ~ 8% (B HFY L Di Lorenzo
AV RESE 7, SEE O R UL PR 2 VEGFR-TKIs S8 ) 5
VE ) B BT DR 28 . Ak AMP 38 U0 i R 2 A Ty B e
T AT A8 O BE RE 2, S A0 VEGF \PDGFR A1 c-Kit i %
SEBVE RS 0 s i FEALH Y A AR
W ) T Ral/ MEK/ERK 38 B 7] e 5 7 O

TE—I0/IN L6 £T J2 B Je A 500 WUR I It 5% & B0, 6T Je B e
T A5 S0 RN Al vl 51 R0 L AN BN, 9 H &k B i
5 ) B B fe P AT A L0 I A R B ) . 7E VEGF
B IR DR RS 2 /8 B R AT B SE B BE ST R Y O IR
AN S B, W s RN RES . ) 2 B 43 W 5% 43 W VEGF {5
AT U R SRR e MO LD RE i %5 6
SRR o O AR W bR RS A B A2 Wy VEGFR-TKIs A
U IEREPE 7 T (VR AT A B W (AR TR B IR, FE e 2 4T
JERJEIRTT B IR BT AS i Y18, 9% By B
HUBE LSS 8 B B TR I 40 R 5, (L 3k 55788 75 0 Bl LA T
#H) LVEF R BT

/oy VEGFR-TKIs 76 g ) vz i FH nT 5 | A & 4%
SO 7 8, SR T R R M A A 1) T 0 O T 30 1 XL
Ky LB . 764232 VEGFR-TKIs 3677 i H 81 HF (14 8 %,
N AESZ AR GO TR AEE B S MARBELH 7 | il 48 B K
FEAR BB R S0 A Bk 2 1 2R 2y . L R
O WS 254, a0 B S AR TG R Y B A2 A4 BELV 711
Y b 18 FITE S IO 2ok A ATP % 0 4 B 1 1 S R
1T, FE R VEGFR-TKIs 755 1400 IE5E 4 7 T 197 3B AT
W HRT T $252 VEGFR-TKIs 19 B #E 3 T
FFAN I R EEAR L H A O L EURTRE A0 sl R ARG 18, (H 245 AR
oA AR O A 20 1 5 8 R T B R AT A I
WSS T R W R P 45 AL AE 2% Bk A% VEGFR-
TKIs Fp2E R0 i B — 2 A4 ) b 2 , 75 B AT A0 AU o 4 1) Jieb
JEVRYT 5D MERON 2Z 0] K 5 25, BT M iy o s P 7257 2
Pl Qi
2.4 QT EMaERk  AECHEH, QT [EIHIAMNZ M QRS P
FEURE) T B ASE A, LR IE R QT 18301k 450 ~470 ms, J3 1 1E
H QT [ 430 ~450 ms, QT [a]H] > 500 ms A &A= Btk
2w % VEGFR-TKIs Y4 7 [ #h 4 4. 4% [ i 1
T &% QT [a M AEK,0.8% B M T /™ &Lk
WU AE—IIXR L 2.9 J7 44 JRE FE % 45 VEGFR-TKIs {457
LS T b s BT, QT i) 1 22 K 4 KU # 5 (RR = 6. 25,
95% CI:3.44 ~11.38,P <0.001) , VEGFR-TKIs #5114 QT [
HASE K ML IS i F PI3K {55380 B 19 B W AR A, DA 52 1 £
A BT, AU & F#iE . 2591550 PI3K )l
SE B LA 5 22 [H] (action potential duration, APD) ZE K,
I8 3 PI3K 3 72 AR 5 AR I Al APD G 4R

QT [ 1A A2 < 2 — e FEE AR ) 25 B4R T, 100 mg SR 1Y)
FLAEAD JE A X RS A7 4. 40,300 mg 51 i (1) PLAE b J& AH X JRUBS:
S 10. 53,3 % BH B w5 ) & 1 PLAE A JE e A QT[] A 72 K 119 JXL
W4 75 , Ghatalia 25 WL F) T X — B4, A BT8R, ™
DA E W AR T I ABEE QT [A] 3] i ZE 4 i T
B BT £ VEGFR-TKIs J2 B 40 B {5 2 ( cytochrome,
CYP) P450 fRi5H% , FLIA] THg CYP3A4 HI I 5 HA W3 i )
S VEGFR-TKIs B3k 8 F# 2, 4% QT [ E K™ . 5
EF IR RS T, S QT [ 1Y e i UL 254 J2 298 N T
EEIR T SR, QT S K i & A 260K 32 16 7 I ) 5%
w5 VEGFR-TKIs A R FH#m QT [a] 4



FrE G RBFSE 2020 426 H 5533 #4556 #f  Chinese Journal of Clinical Research,June 2020, Vol. 33, No. 6

851

FER A 25 SRR IR IR Lol 255700 2 5, 4 IE VEGFR-
TKIs 535 REE AR WA ML E | (PG5S ILAE (9 e g 5 55, o ok
A% QT [ 19 4 4 S A= i UG ™ o0 Bl 28 I, i 38 4 )
VEGFR-TKIs' ' &FJE &2 awk i Je , Ji H2 ML {8 2 K
QT (A1, 3 7 Btk O B2 9 KU, SX LE 25 W) 7E QT % K
AR PO EIRYT 0 Sl S o AR R R 0 DL T
VEAELAEE T, T LA ) 17 5 43kt f A T

3 HESRE

Wi TE Z AR VEGFR-TKIs $2 [ 245 49 75 4 b b g3 o i)
JSEHH  HAR SR RO LA 2R GEAS RS L A% 380 8 S8 A0 -5 7 70k
We WIT TKAG 55 T 19 52 2 M LA K TKTs 00 5 5 1 732
P, FRO AR ALE] A PR IR A R, 48 S PP B &K
BB AAYY VEGFR-TKIs AHGC ML R G AN KB 9 Fre (07
LR IRE . HATEIETF R ] VEGFR-TKISs i, Xf 2
HEAT AR ) IR kO HL PRI o JUE AR P BE LR DTl T3 75 4%
b ML 2 A R RS o g e 1 2 732 5 0 FEE L ol =
AU S, ML EMER GO LA R G A RSN, Al (8
M VEGFR-TKIs IR YT A 3RS SR AR R, [ RE o i 7
RGN KON i B A I

S 3k

[1] Folkman J. Tumor angiogenesis: therapeutic implications[ J]. N Engl
J Med,1971,285(21) ;1182 — 1186.

[2] Mahdi A,Darvishi B, Majidzadeh-A K, et al. Challenges facing anti-
angiogenesis therapy: The significant role of hypoxia-inducible factor
and MET in development of resistance to anti-vascular endothelial
growth factor-targeted therapies[ J]. J Cell Physiol,2019,234(5):
5655 -5663.

[3] Simon T, Gagliano T, Giamas G. Direct Effects of Anti-Angiogenic
Therapies on Tumor Cells; VEGF Signaling[ J]. Trends Mol Med,
2017,23(3) ;282 -292.

[4] Pucci G,Milan A, Paini A, et al. Acute blood pressure elevation asso-
ciated with biological therapies for cancer:a focus on VEGF signaling
pathway inhibitors [ J ]. Expert Opin Biol Ther, 2019, 19 (5):
433 —442.

[5]  Rhea IB,Oliveira GH. Cardiotoxicity of Novel Targeted Chemothera-
peutic Agents [ J]. Curr Treat Options Cardiovase Med, 2018, 20
(7):53.

[6] Galvano A, Guarini A, lacono F,et al. An update on the conquests
and perspectives of cardio-oncology in the field of tumor angiogene-
sis-targeting TKI-based therapy[ J . Expert Opin Drug Saf,2019,18
(6) :485 —496.

[7] Dobbin SJH,Cameron AC,Petrie MC et al. Toxicity of cancer thera-
py:what the cardiologist needs to know about angiogenesis inhibitors
[J]. Heart,2018,104(24) :1995 —2002.

[8] Robinson ES,Khankin EV,Choueiri TK, et al. Suppression of the ni-
tric oxide pathway in metastatic renal cell carcinoma patients receiv-
ing vascular endothelial growth factor-signaling inhibitors[ ]]. Hyper-
tension ,2010,56(6) : 1131 — 1136.

(9] Neves KB, Rios FJ, Mey LVD, et al. VEGFR ( Vascular Endothelial

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Growth Factor Receptor) Inhibition Induces Cardiovascular Damage
via Redox-Sensitive Processes [ J ]. Hypertension, 2018, 71 (4 ) :
638 - 647.

Salani D, Taraboletti G,Rosand L, et al. Endothelin-1 induces an an-
glogenic phenotype in cultured endothelial cells and stimulates neo-
vascularization in vivo [ J ]. Am ] Pathol, 2000, 157 (5 ).
1703 -1711.

Lankhorst S, Danser AH, van den Meiracker AH. Endothelin-1 and
antiangiogenesis| J]. Am J Physiol Regul Integr Comp Physiol 2016,
310(3) :R230 -234.

Touyz RM, Lang NN, Herrmann ], et al. Recent Advances in Hyper-
tension and Cardiovascular Toxicities With Vascular Endothelial
Growth Factor Inhibition [ J ]. Hypertension, 2017, 70 (2 ):
220 -226.

Maitland ML, Bakris GL, Black HR et al. Initial Assessment, Surveil-
lance,, and Management of Blood Pressure in Patients Receiving Vas-
cular Endothelial Growth Factor Signaling Pathway Inhibitors[ J]. J
Natl Cancer Inst,2010,102(9) :596 —604.

SPRINT Research Group, Wright JT Jr, Williamson JD et al. A Ran-
domized Trial of Intensive versus Standard Blood-Pressure Control
[J].N Engl J Med,2015,373(22) :2103 -2116.

Touyz RM, Herrmann S, Herrmann J. Vascular toxicities with VEGF
inhibitor therapies-Focus on Hypertension and Arterial Thrombotic E-
vents[ J].J Am Soc Hypertens,2018,12(6) ;409 —425.

Jukema JW ,van der Hoorn JW. Amlodipine and atorvastatin in ather-
osclerosis ; a review of the potential of combination therapy[ J]. Ex-
pert Opinion Pharmacother,2004,5(2) :459 —468.

Liu B,Ding F,Zhang D, et al. Risk of venous and arterial thrombo-
embolic events associated with VEGFR-TKIs: a meta-analysis [ J ].
Cancer Chemother Pharmacol ,2017,80(3) :487 —495.

Zachary 1. Signaling mechanisms mediating vascular protective ac-
tions of vascular endothelial growth factor[ J]. Am J Physiol Cell
Physiol ,2001,280(6) : C1375 - 1386.

Tam BY, Wei K, Rudge JS, et al. VEGF modulates erythropoiesis
through regulation of adult hepatic erythropoietin synthesis[ J]. Nat
Med ,2006,12(7) :793 —800.

Abdel-Qadir H, Ethier JL, Lee DS, et al. Cardiovascular toxicity of
angiogenesis inhibitors in treatment of malignancy: A systematic re-
view and meta — analysis [ J ]. Cancer Treat Rev, 2017, 53.
120 - 127.

Choueiri TK, Schutz FAB, Youjin J, et al. Risk of arterial thromboem-
bolic events with sunitinib and sorafenib ; a systematic review and me-
ta-analysis of clinical trials[ J].J Clin Oncol ,2010,28(13) ;2280 —
2285.

Ghatalia P,Morgan CJ,Je Y, et al. Congestive heart failure with vas-
cular endothelial growth factor receptor tyrosine kinase inhibitors
[J]. Crit Rev Oncol Hematol ,2015,94(2) ;228 -237.

Ky B, Vejpongsa P, Yeh ETH, et al. Emerging paradigms in cardio-
myopathies associated with cancer therapies[ J]. Circ Res,2013,113
(6):754 -764.

Touyz RM, Herrmann J. Cardiotoxicity with vascular endothelial
growth factor inhibitor therapy [ J ]. Precision Oncology, 2018, 2
(1):13.



852 JrE I R BFFE 2020 4F 6 H 55 33 #:%5 6 ] Chinese Journal of Clinical Research,June 2020, Vol. 33 ,No. 6
[25] Di Lorenzo G, Autorino R,Bruni G, et al. Cardiovascular toxicity fol- tions of cancer? Therapy :best practices in diagnosis, prevention, and

(28]

[29]

[30]

[31]

[32]

[35]

lowing sunitinib therapy in metastatic renal cell carcinoma:a multi-
center analysis[ J]. Ann Oncol ,2009,20(9) ;1535 —1542.

Moslehi JJ. Cardiovascular Toxic Effects of Targeted Cancer Therapies
[J].N Engl ] Med,2016,375(15) :1457 - 1467.

Thomas F, Kolaja KL. Cardiotoxicity of kinase inhibitors: the predic-
tion and translation of preclinical models to clinical outcomes|[ J].
Nat Rev Drug Discov,2011,10(2) ;111 —126.

Cheng H,Kari G,Dicker AP, et al. A novel preclinical strategy for i-
dentifying cardiotoxic kinase inhibitors and mechanisms of cardiotox-
icity[ J]. Circ Res,2011,109(12) ;1401 - 1409.

Chintalgattu V1, Rees ML, Culver JC, et al. Coronary microvascular
pericytes are the cellular target of sunitinib malate-induced cardiotox-
icity[ J]. Sci Transl Med,2013,5(187) ;187ra69.

Giordano FJ,Gerber HP, Williams SP, et al. A cardiac myocyte vas-
cular endothelial growth factor paracrine pathway is required to main-
tain cardiac function[ J]. Proc Natl Acad Sci US A,2001,98(10) :
5780 - 5785.

Narayan V, Keefe S, Haas N, et al. Prospective evaluation of
sunitinib-induced cardiotoxicity in patients with metastatic renal cell
carcinomal[ J |. Clin Cancer Res,2017,23(14) :3601 —3609.
Schmidinger M, Zielinski CC, Vogl UM, et al. Cardiac toxicity of
sunitinib and sorafenib in patients with metastatic renal cell carcino-
mal[ J].J Clin Oncol ,2008,26(32) :5204 -5212.

Carreira RS, Monteiro P, Goncalves LM, et al. Carvedilol : just another
Beta-blocker or a powerful cardioprotector? [ J]. Cardiovasc Hematol
Disord Drug Targets,2006,6(4) :257 —266.

Eschenhagen T, Force T, Ewer MS, et al. Cardiovascular side effects
of cancer therapies:a position statement from the Heart Failure Asso-
ciation of the European Society of Cardiology[ J]. Eur J Heart Fail,
2011,13(1) ;1 -10.

Duan J,Tao J,Zhai M, et al. Anticancer drugs-related QTec prolonga-
tion, torsade de pointes and sudden death: current evidence and fu-
ture research perspectives [ J ]. Oncotarget, 2018, 9 ( 39 ).
25738 —25749.

Chang HM, Moudgil R, Scarabelli T, et al. Cardiovascular complica-

management; Part 1 [ J]. J Am Coll Cardiol, 2017, 70 (20 ).
2536 -2551.

[37] Totzeck M, Mincu RI, Mrotzek S, et al. Cardiovascular diseases in pa-

tients receiving small molecules with anti-vascular endothelial growth
factor activity; A meta-analysis of approximately 29,000 cancer pa-

tients[ J]. Eur J Prev Cardiol ,2018,25(5) :482 —494. .

[38] Locatelli M, Criscitiello C, Esposito A, et al. QTc¢ prolongation in-

duced by targeted biotherapies used in clinical practice and under in-
vestigation ;a comprehensive review[ J ]. Target Oncol ,2015,10(1) ;

27 -43.

[39] Ghatalia P,Je Y, Kaymakcalan MD, et al. QTc interval prolongation

with vascular endothelial growth factor receptor tyrosine kinase inhib-

itors[ J]. Br J Cancer,2015,112(2) :296 -305.

[40] Liu Y,Liu Y,Fan ZW et al. Meta-analysis of the risks of hyperten-

sion and QTc prolongation in patients with advanced non-small cell
lung cancer who were receiving vandetanib[ J]. Eur J Clin Pharma-

col,2015,71(5) :541 —547.

[41] Bowlin SJ,Fang X, Wenyi W, et al. Twelve-month frequency of drug-

metabolizing enzyme and transporter-based drug-drug interaction po-
tential in patients receiving oral enzyme-targeted kinase inhibitor an-

tineoplastic agents[ J]. Mayo Clin Proc,2013,88(2) ;139 - 148.

[42] Kruse V,Somers A, Van Bortel L, et al. Sunitinib for metastatic renal

cell cancer patients ; observational study highlighting the risk of im-
portant drug-drug interactions[ J].J Clin Pharm Ther,2014,39(3) ;
259 -265.

[43] Yeh ET, Bickford CL. Cardiovascular complications of cancer thera-

py: incidence, pathogenesis, diagnosis, and management [ J]. J Am

Coll Cardiol,2009,53(24) :2231 —2247.

[44] Shim JV,Chun B,van Hasselt JGC, et al. Mechanistic systems model-

ing to improve understanding and prediction of cardiotoxicity caused

by targeted cancer therapeutics[ J]. Front Physiol ,2017,8:651.

[45] Han X,Zhou Y,Liu W. Precision cardio-oncology : understanding the

cardiotoxicity of cancer therapy[ J]. Precis Oncol ,2017,1(1) :31.
IR EHI:2019 -10 -28 {EEIHHA.2019 - 12 -28 4REE:. A5



