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[Abstract] Compared with traditional chemotherapy, targeted cancer therapy is a novel strategy that inhibits the key molecules in signalling
pathways involved in carcinogenesis and tumor metastasis. Tyrosine kinase inhibitors (TKIs) are multi-targeted anti-cancer agents for the

treatment of renal cell carcinoma, gastrointestinal stromal tumor and pancreatic cancer, and can exert targeted inhibition on oncogene-associated

receptor tyrosine kinase (RTK). Interestingly, besides death related to the malignancy itself, chemotherapy-related adverse cardiovascular events

are the leading cause of death in cancer patients. In this review, we focused on several small-molecule TKIs(sunitinib, sorafenib, pazopanib,

axitinib) and the incidence of cardiotoxicities associated with their use, including left ventricular dysfunction, ischemic cardiomyopathy,

hypertension and thromboembolic events, and summarized the potential molecular mechanisms of their adverse cardiovascular effects.
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Figure 1 Sunitinib inhibits VEGF-VEGFR pathway
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Figure 2 Sorafenib inhibits multiple tyrosine kinases

5 HAl VEGF il 1264, dhmdbr e i) 3200
MAEFEWEAAER MR . LVD, JOVECH . Bt DG
FMAR R FEVEDOG S, — TR R, 57% MEE
EE e e BRI P 5 — TR AL I RIS K
B, AR IE ST 6.6% 4B & A LVEF R, 1%
TR HRLL P 24% F8% K21 LVEF R B,

WK 15 o ML 453 1 8 LR 235 HIL AR o AN B
FIATE A 2L (5 70| VEGFR Al PDGFR it .

4 FAER
[] 7 %5 JE & —Fp VEGFR-1, VEGFR-2. VEGFR-3

[ &% 30 ]

[1]  Domercant J, Polin N, Jahangir E. Cardio-oncology: a focused review
of anthracycline-, human epidermal growth factor receptor 2 inhibitor-,
and radiation-induced cardiotoxicity and management[J]. Ochsner J,
2016, 16(3): 250-256.

|21 Sawyers C. Targeted cancer therapy[J]. Nature, 2004, 432(7015): 294-297.

[3]  Ewer M S, Ewer S M. Cardiotoxicity of anticancer treatments: what the
cardiologist needs to know[J]. Nat Rev Cardiol, 2010, 7(10): 564-575.

[4] Manning G, Whyte D B, Martinez R, ef al. The protein kinase complement
of the human genome[J]. Science, 2002, 298(5600): 1912-1934.

[5]  Prenzel N, Fischer O M, Streit S, et al. The epidermal growth factor
receptor family as a central element for cellular signal transduction and
diversification[J]. Endocr Relat Cancer, 2001, 8(1): 11-31.

[6]  Slichenmyer W J, Fry D W. Anticancer therapy targeting the erbB family of
receptor tyrosine kinases[J]. Semin Oncol, 2001, 28(5 Suppl 16): 67-79.

‘i% '? ii/fs 20184E7H  442%  HTH

PPS

FF 5 T SRR VA 7). 36 [ FDA F 2012 AR AL ifE
BIPEER e LT, 2015 4% 4 HBTpg e ferp e B,
JEIRYTMI RCC B 212, 5 A VEGF &1 [n] i 22
PR AT AR SR REARL T PR T P R s o DRSS, g I
FE 2 Az 3 40%, 3 i I & ARk 16% ), i
VU & 3 ] 3G T 2B 0 A A ZE SR XU, JF 5 LVD
HAK B

B[ P4 B JE X} VEGFR %% 5 M 1R 3, Jo H & xf
VEGFR-3 BA & R, HAB SO U i) =221
il Al VEGFRP™,

5 RE

LG IALYT )T RN, R T AT B
FESEVERUIRAE I, IF HLEE I s, TP T iRk
JTRHATIR . BRI, AHOC 2515 Ao M 75 17 e R
S AR B L, 324 Mk, 5 R 25
T B0 MO 25 P 9 300 A A AR B o A0 WL G 9 G
A R R A S WO T RE AT, (EURR T 3 [
DERES (ACC) MRS (AHA) #5EIHfE
8 I SR v A R O T REHEA TR AL TR
REAR, A0 = AR O S AL EBE B B AR A
M35 0 JLAB A7 5 00 2 26 UL 28 R N A s i ke
( NT-proBNP ) 45 A] i FH T Wil 5 Js i % 7 B 2% A 114
O MEDIBES o B S R 25 R Y 7 v 8 T
BRI AWIE L, FEHE— L IIRER TKL G L 75
VR LE BT RS THLE], RIS B P TR S e
IR AR 9 B 122 4 O 0 ) 25490 ST 42

|71 Ciccarese C, Brunelli M, Montironi R, et al. The prospect of precision
therapy for renal cell carcinomal[J]. Cancer Treat Rev, 2016, 49: 37-44.

8] Gandara D R, Riess J W, Kelly K, et al. Evolution and increasing
complexity of the therapeutic landscape in advanced non-small-cell
lung cancer[J]. Clin Lung Cancer, 2017, 18(1): 1-4.

[9]  Iriyama N, Tokuhira M, Takaku T, et al. Incidences and outcomes of
therapy-related chronic myeloid leukemia in the era of tyrosine kinase
inhibitors: surveillance of the CML cooperative study group[J]. Leuk
Res, 2017, 54: 55-58.

[10]  Chu T F, Rupnick M A, Kerkela R, et al. Cardiotoxicity associated with
tyrosine kinase inhibitor sunitinib[J]. Lancet, 2007, 370(9604): 2011-2019.

|17 Dahlen T, Edgren G, Lambe M, et al. Cardiovascular events associated with
use of tyrosine kinase inhibitors in chronic myeloid leukemia: a population-

based cohort study[J]. Ann Intern Med, 2016, 165(3): 161-166.

Prog Pharm Sci  Jul. 2018  Vol. 42

No.7 -~



516 | =%, % sEmsssnsnnimmarasonEnmate

Force T, Kolaja K L. Cardiotoxicity of kinase inhibitors: the prediction
and translation of preclinical models to clinical outcomes[J]. Nat Rev
Drug Discov, 2011, 10(2): 111-126.

Wu S, Chen J J, Kudelka A, ef al. Incidence and risk of hypertension
with sorafenib in patients with cancer: a systematic review and meta-
analysis[J]. Lancet Oncol, 2008, 9(2): 117-123.

Zhu X, Stergiopoulos K, Wu S. Risk of hypertension and renal
dysfunction with an angiogenesis inhibitor sunitinib: systematic review
and meta-analysis[J]. Acta Oncologica, 2009, 48(1): 9-17.

Shah R R, Morganroth J, Shah D R. Cardiovascular safety of tyrosine
kinase inhibitors: with a special focus on cardiac repolarisation (QT
interval) [J]. Drug Saf, 2013, 36(5): 295-316.

Formiga M N, Fanelli M E. Aortic dissection during antiangiogenic therapy
with sunitinib. A case report[J]. Sao Paulo Med J, 2015, 133(3): 275-257.
Oka T, Akazawa H, Naito A T, et al. Angiogenesis and cardiac
hypertrophy: maintenance of cardiac function and causative roles in
heart failure[J]. Circ Res, 2014, 114(3): 565-571.

Rengo G, Cannavo A, Liccardo D, et al. Vascular endothelial growth
factor blockade prevents the beneficial effects of beta-blocker therapy
on cardiac function, angiogenesis, and remodeling in heart failure[J].
Circ Heart Fail, 2013, 6(6): 1259-1267.

Zentilin L, Puligadda U, Lionetti V, et al. Cardiomyocyte VEGFR-1 activation
by VEGF-B induces compensatory hypertrophy and preserves cardiac function
after myocardial infarction[J]. FASEB J, 2010, 24(5): 1467-1478.

Pepe M, Mamdani M, Zentilin L, et al. Intramyocardial VEGF-B167
gene delivery delays the progression towards congestive failure in
dogs with pacing-induced dilated cardiomyopathy[J]. Circ Res, 2010,
106(12): 1893-1903.

Moslehi J, Minamishima Y A, Shi J, et al. Loss of hypoxia-inducible
factor prolyl hydroxylase activity in cardiomyocytes phenocopies
ischemic cardiomyopathy[J]. Circulation, 2010, 122(10): 1004-1016.
Chintalgattu V, Ai D, Langley R R, et al. Cardiomyocyte PDGFR-beta
signaling is an essential component of the mouse cardiac response to
load-induced stress[J]. J Clin Invest, 2010, 120(2): 472-484.

Kerkela R, Woulfe K C, Durand J B, ef a/. Sunitinib-induced
cardiotoxicity is mediated by off-target inhibition of AMP-activated
protein kinase[J]. Clin Trans! Sci, 2009, 2(1): 15-25.

Hasinoff B B, Patel D, O'Hara K A. Mechanisms of myocyte

Prog Pharm Sci Jul. 2018 Vol. 42 No. 7

ER, PETUEDSIESIE IR 2 52

cytotoxicity induced by the multiple receptor tyrosine kinase inhibitor
sunitinib[J]. Mol Pharmacol, 2008, 74(6):1722-1728.

French K J, Coatney R W, Renninger J P, et al. Differences in effects on
myocardium and mitochondria by angiogenic inhibitors suggest separate
mechanisms of cardiotoxicity[J]. Toxicol Pathol, 2010, 38(5): 691-702.
Chiusa M, Hool S L, Truetsch P, ef al. Cancer therapy modulates VEGF
signaling and viability in adult rat cardiac microvascular endothelial cells
and cardiomyocytes[J]. J Mol Cell Cardiol, 2012, 52(5): 1164-1175.

Ratain M J, Eisen T, Stadler W M, et al. Phase II placebo-controlled
randomized discontinuation trial of sorafenib in patients with metastatic
renal cell carcinomal(J]. J Clin Oncol, 2006, 24(16): 2505-2512.
Escudier B, Eisen T, Stadler W M, et al. Sorafenib in advanced clear-
cell renal-cell carcinoma[J]. N Engl J Med, 2007, 356(2): 125-134.
Ghatalia P, Morgan C J, Je Y, et al. Congestive heart failure with
vascular endothelial growth factor receptor tyrosine kinase inhibitors[J].
Crit Rev Oncol Hematol, 2015, 94(2): 228-237.

Palmer D H. Sorafenib in advanced hepatocellular carcinomal[J]. N Engl
J Med, 2008, 359(23): 2498.

Harris I S, Zhang S, Treskov I, et al. Raf-1 kinase is required for
cardiac hypertrophy and cardiomyocyte survival in response to pressure
overload[J]. Circulation, 2004, 110(6): 718-723.

Hurwitz H I, Dowlati A, Saini S, ef al. Phase I trial of pazopanib in patients
with advanced cancer [J]. Clin Cancer Res, 2009, 15(12): 4220-4227.
Pinkhas D, Ho T, Smith S, et al. Assessment of pazopanib-related
hypertension, cardiac dysfunction and identification of clinical risk
factors for their development[J]. Cardiooncology, 2017, 3: 5.

van der Graaf W T, Blay J Y, Chawla S P, e al. Pazopanib for metastatic
soft-tissue sarcoma (PALETTE): a randomized, double-blind, placebo-
controlled phase 3 trial[J]. Lancet, 2012, 379(9829): 1879-1886.

Rini B I, Schiller J H, Fruehauf J P, ez al. Diastolic blood pressure as
a biomarker of axitinib efficacy in solid tumors[J]. Clin Cancer Res,
2011, 17(11): 3841-3849.

Ovadia D, Esquenazi Y, Bucay M, et al. Association between takotsubo
cardiomyopathy and axitinib: case report and review of the literature[J].
J Clin Oncol, 2015, 33(1): el-3.

Bronte G, Bronte E, Novo G, et al. Conquests and perspectives of cardio-
oncology in the field of tumor angiogenesis-targeting tyrosine kinase

inhibitor-based therapy[J]. Expert Opin Drug Saf, 2015, 14(2): 253-267.

[ ERITA | XA REERARFE _EROIEREER, FEEIT, RREHS, REOIEREH RO SEEnsT
DRI, REETT 131 QAL (B—EK) . BEFEL/MT)E (£E Cedars-Sinai EEHL) , REERKFE
AT, EEMEOIERE SR AT | W OIER 2R ERAIGARI ST . BUEREEE2 DR A S A2
HEEIh DS TV ERASTEEASTE SRR, A
ER EAR ARSI 3 T, AR EARRAEGE AINE 10, JRRETRSEP R 210, SCI RELFE—
VR MBS (& 80 s, MmN EFRCLER 1H, BlEmEE 2 #.

et A coisTy a2 mTM



