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1.1 MmEEFHKEE Hav, Enizlsi P b & W 35
VEGFR WA, 435I VEGFR-1,VEGFR-2 Fl VEGFR-3, H fr
VEGFR-1 Fll VEGFR-2 = 215 N K2 4 g 32 1 ¢35 5 18 P9 2
H: K I F (vascular endothelial growth factor, VEGF) K%L 1%
VEGF-A .-B.-C.-D Fl i # 4 4 [ F (placental growth factor,
PLGF)S LI, Horh VEGF-A & FZ G MRS . 7E VEGF
0 300 5 T e R AL R B B 5T R, — SR A (nitrie oxide,
NO) 5 4 J % -1 (endothelin-1, ET-1) [l ) 25 #f — & % %
PG

L1.1 NOAERURY  NOJEH N 40 i B — LA
4 1ili (endothelial nitric oxide synthase,eNOS)FﬁiE@*ﬂgﬁﬁi
PR R 0L 5l PR, 3 S PV S T R R B
A K I A AR o FEABIDIRZS R, VEGF 5 4 K2 40
[ #1611 VEGFR-1 5 VEGFR-2 45 45 , i % % 1k — Ak K ity
DAY i R U 2 F o ) 1 AR AL, TS T AR S m i
Hodp, s 2 WL 3- 3% B/4E A ¥4 B (phosphoinositide 3-
kinase-protein kinase B, PI3K/AKT) i % %5 £k 1l 14 51 eNOS B
FRAL , BT S 384 0 NO Az jile, DT A2 32E A B 240 B 38 58 5 0 4 A4
BT, SR, 24 VEGF {55 5 38 % (vascular endothelial growth
factor signaling pathway , VSP) B3I, i22id 78 & 4 i35 - NO
T [ 57 ) B R O -1 30 S DB o K R A e ¢
S B A WS R R v i R R AT H I Al NO K
TR AR J& VEGFR 1% 24 % 3 411 1 35 (vascular endothelial
growth factor receptor-tyrosine kinase inhibitors, VEGFR-TKI)
V5 e IR A SRR BIL AR ™ o 3 — WS AR B T Z IR 58 1 3
£ : Daher %0 & B, £2 52 B VEGFR-2 ¥/ J7 19 /N B I vh
eNOS Fi5 T, NO & Hisi/b 195 4 i s & R Je mili IR
WFFE AL ARGE 1 R I 9 A A 5 A B D RE 2 45 B 1ML T NO R B2
Ree ALK Y S SEH I DR B 5 SR L B R e A R SR AR
VEGFR-2 41 1 3 ( H: % VEGFR-2 £ 2 K04 1 4 B 1C,,
0.2+0. 1 nmol + L), FLi7 % i i i A ML AR [ 2 2R IR T
VEGFR-2 il I 2 fy NO A= il . A Ik, 2T NO i 7
V'SP R T B LR A SCBEAE L AR 58 NO b4 T fE
A A IE 2 24 R OG5 LTS AT R

1.1.2 ET-1K-FFF  FRNO WS, ET-1 55 W3 N g
S VSP AR & R 5 — SCHE ML . ET-1 2 N
20 RS 14 A AR I S O S e T o T L
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M ETA Z A8 ETB 52 44 & #4045 1148 2007 , (AR 7 =0
J&,ETB Z K [6] i A8 Ry ET-1 (19 75 BR 2 &M, Lankhorst
A S R B AT JE LA AR S oK BLUET-1 7K
5 55— TS R, & JE e X VSP A i 5 i T A
W ARSE , MERESE ET-1 10 2% o B2 BA S Tk i v (8 FH P B 345 Bt
FRT A R e LR A, VSP AR BN K R
15530 B 0 0 B S HLA i R e A R B . IR AR
HOUFPEAEALE]  H— T RE 5 N A0ME I ETB 32 /R %635 T
A, FIEET-1VERRED BRI s oAk, A R 4GE ,
Ras [A] i 22 1% B 54 A (Ras homolog family member A, RhoA )/
Rho #8525 1 34 i} (rho-associated protein kinase , ROCK) {55
3 5 P SR T R R PR JE 5 5 v U TR N B R A
AT ERLE] 0 RS R ARR  ET 2RSSR T AR IR YT
VSP A5 S A 1 o
1.2 SR AN EORE 4H M P9 15 5 431 T 4 (re-
active oxygen species, ROS) A iU 5 W R K 7 , S B ROS 2
ERL IS KT A0 K G R B R . A
ROS == 24 Y5 T3 Ji A0 K08 15 e e M e — A T Tl e S £ it
(nicotinamide adenine dinucleotide phosphate oxidase , NOX )
LRRIR . ROSTEVA Y IEH A BTG Bl Hh I Ol s 7 B 4k 1
TSR JE R A A T 30 A AR 5, A v &
Ry E A, E R 1) TE 2 R AR
A NOX4 235 F1ROS fY 7= A #R1 finte 5 2) Ak i 8
f£ VEGFR-TKI % 519 i I ML bt e 25 FZEAEH . VSP
0350300 AT 0% NOX E T (NOX 1/NOX4) fiih 42 AL T 34, 5 5%
M RERER S5, &7 IR MR RS 5 s, I &
Fh 5 B [ B A e 32 30 ik NOX 1 NOX2 FI NOX4 35 1] 1. I
TR, PR A AT T 2R AR AR T B B T
il R i 2 L AL, #0 16] 0] NOX 6k mT fil S v 7 1 T
M . HEAE , pdTphox /5 NOX BYFE T W3 2 —  HiAr 1
RhoA/ROCK/p47phox 15 5 il i 1 wI {2 #F ROS 19 4= B, 410 il
AKT/eNOS/NO {55 538 % , 555 eNOS i 1 16 A2 1fi 45 oy fig i
7 BT 2 B4 S5 B AR 2, 9 il Rho A/ROCK il J# i]
VR I T LR X F B RhoA/ROCK {5 53 4%
BRI T B ok K SR AR S S T AR AL o SR, Flan 25620
FER I, % LR e v] i i) RhoA/ROCK {5538 I 98 5 41
A T (extracellular matrix, ECM ) 2% 35 Fi 4 B4 i, 360
B 25 A0 b T A0 A AN BE . b T L, 2 B s Je AT
AEH-IE 1 RhoA/ROCK 3 [ fitk 2 4204k I 38 & ET-115 53
o BT, %8BS 1 & IR A5 77 7E RhoA/ROCK il
S5, LU M . BRI RS NOX A, Ak
WS ET-1F S A RS . ET-1 5l A9 28 S o] 3 i
NOX, #E—25 14l ROS (£ B, Ji 3 7 e i il NO A4
TR R e R o 657 A 0 A a0 v R

ST, SR SR VSP AR5 5 o 1L 1) 5L
il , 55 NO s> A ET-1 3800 3 3% A7 A 2 24 B4R R LR b
YEFRLHIAT 5 IR ARSI
1.3 RUnERE GO U0 A ) BRI 32
FRFE . AEPLIRASTR , VSP O E R T 41 0L P 25 1 SE R 2

R, BRI, VSP YA £ T 40 145 P9 Bz 4 A LE e
oA, ARSI T, fe 25 S50 A0 i AR vl i i A
BB 2 3K — &5 P 0 A% B B I DR AF 5% T HIE 52 : Milling %5
AN 15 47 A5 B AR WSR2 VEGFR-TKIIARYT IS 2 B 40
I3 AR 508/ 5 Miski-Petaja 55 UL AGHE L BMENAJE IR YT M
JEV BT 5 | A B 1 a0 %65 235 B 0, SR Bl 5 4 B R LA
[N, (EARE R A MU B SRR & S8 e g
ML A5 L 7 388 a3 T AR MR T R B LR ML 2 — o SR,
I A& 7 #E VEGFR-TKI AR 36 &5 1 & Jg vp 0 i VI FE AT
TETEPUL . FBor24 NN, Bl 38 7 5% 7T #8 /& VEGFR-TKI
AR MR ERRAS R B4k & Mg 58 AR s, KR
o I 7S B BV n 35 S i A% T VA AN LI . R
SR TR A5+ 1) B i) 81 38« i 6 A ) R i 2 a0 e &5
FPERR B e — K3 R, 17 Kappers 25220 2 67 R 2 e
T 1 R L B P A X DA 5 4 I PR T A Bk
OSB3 2) AT 530 PEIE S : VEGFR-TKIAH 5 &5 1L R 7R 45 2%
J TE R GR35 SR PR SO AR A A R T SR A
FREEMEARLF . T2 22 B8 e R 15 T L A AT 4 5
A BLRE VR, T I O ST TR SO R S %
B e T e IR AT REATAEAE OGP (H A6 S0 R B B i 4
JHRTBEARXT AR . 25 b frik , VEGFR-TKI % 5 AU 5 ML 5
TIN5 2 BE T B =2 IRV AR S 23 o1k, HL PR R 56 3R R AR
17 IR A M IT
1.4 B B, VEGE X VEGFR 78 /2 40 it 715 /N
BROY B AN RS . R AN A VEGE 5 5 /INek Py J
AN FETE 19 VEGFR 45 &, X B /NER K 3 Bt B et 37 A4 47 22
CEE I, M VSP &R B/ NERGE M S5 D) BE, B3
B /NERUE ST R TR, AN, VSP G X NBR &2 & AT
ek, VEGE AT 5 15 /N 9 B2 41 7™ A6 NO, T NO 78 I/ 5
B WV 3 A B (Na®) FE IR R GV E T . VSP il
TR XS O 8 A 22 T 14 < AN SR i/ INER P B e R
Y AT BH T 255 eNOS . RAF . MAPK/ERK FI mTOR 7E N i) £ 4%
TRUWEAE S o IX R Z E R 2 B T N I A AR
SO (KA W. =0 (| 2 A = 0 R e X 4 | =g e N
R AN AT A R B L B B — VAL D
Bk A0 1M 0 405 7T B R EBOR 2 1B /N 1 Nart vk B ik A%, 1k T
TR R I B R A Rk R T AR, &G ke G
ERIIK=RTE I

B2 BRI IR T RE S NO > ET-1 31
iR P AR A R B B IR A OG . ST H TR R
BB JE ML o AP A A B, Lg% 2 v il e ) L 3k %
FHXT BTHR , A Tl 2o TE R A SRR 58 R AR ROULS 4
— I
2 REERHEXSMIENETT
2.1 ZIFFREBTHAEAE LPFRHET R MR LR
REHERIEAE, HI, G ENAA TR T HEE,
— TG0 TG A s, 2 B e LR R T o 2l )
(96+17) h, 7] BE BB WAL MR N B &5 R0 . I o e ¢
it R 2 2 JE AR 45 25 5 52 0 12 mg - d (IR 2 Jal 45
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LR FE3AR T T 4232 B R A0 R A AR A I SR A
980 — R E BN 374 G i 4 A T SR A X
T 2 B R S A B A 2 B R e, R I 22 PR R 2y
Wy, 195 10 R K 2 2 <2 2 (U 4 <160 mmHg H. 47 7K <100
mmHg) /7 R IRIT s 5 2 & WA (IR kK 10
mg-d’, BRI 8 mg-d") , 7 ik IR A ST AT 0k 4 o s
T v IR A A AR Y R A, R 4G
2 AT AT B8 B 1 S G B ™ T R A I s A |
Bk 22 PR AR TR B LA 25 2 5

2.2 BIEMNZHETREE Y2020 FERZ D 8
TRYT G e R SRR R A 5 v iR A T
ORI 1 G i 3R B AT AR T O AT, o R
W AR KB REAE S . 2 G MR P20 R 36T 5 3/
4 905 MR 45 TP MU 25 MR- G IR Y7, i 0™ B 7 5
GERE, HEMEWRE 29T . R, R R BARF il
Bl XN A 90 9 ol R R 3% B fa] BB 25 4 (Tab 1) o
NCT02388919 It JR 2 56 > 31 52 , filt FH — 4 nbt e 4% 30 3 L 4
TR A e 2 T D ) R a0 A e 2 2 AR 7R R R
S B A2 A BEL I 770 AT {7 89. 39% 1149 2/3 Z v ML e #8251 1T £5- %)
sl , 40 1) 3/4 2 oK R A 2 2 WA IR 22 I I &
1290, 17 BB AERE eSS iKY o B EAN S Hh 25926501,
TEA B EAR A 20 %8 BAR A BT 25 5o A i
R, B AR 2 8 e i R R R R R SO0 RS
T H BT P S A R Bl Bk e 2 B R B R e
V14 i AL T R 7™ T S v A SCBEEVE FH L I IR I A AR TR YT
SO0 0 72 AR T S A A, I AR AR A
LTI BERE . B0 , A7 T ZEEL U TS AU 11 7R
AN FHBER SRR o 48 28 D6 0 T ik f 5 e i
K| b R B B AT A A N G S T B I A DA
J& #3140 it €5 P450 (cytochrome P450, CYP)3A4 1R,
WM %2 % % J8 8 CYP3A4/5 K1 CYP1A2 U, B Al BE
02 5 O MR P9 M 2 B T O M A AN R R R XU
Xt T AR A IR0 S 1 R R L B T REE R AT T
Wit I8 JFHIC 00785 2 B 25 4 5 S 8 DR DRI r 5 1 R
TR 2018 B 1T W) 75 e 25 £ 11 3k 1l 45 5 K 3R B 4 il
I S A K 3 A2 AR BELIA 3R] 5 45 I L 0 1 o e A

R FH S 3 TE BELA ), A B B Lk s R R O
WU IEE Sk AR R AE ) o 27 1, iR & B 4G 24
K BN R AT XS B R Je s R ) e I B T
2.3 BMEARTHFOREE GRS, M Bk R
6 AT 1 300 L 0 A B i 3 2 PR BELI 7R L B 32 MR BEL A 77 A
B 2 5 30 T B i AR R R 259 . BT NO /b AE VSP
IS A 5 1 I A ML PP 4 G SRV I, 398 NO {5
S S 2 ] RETE HLRYT W ), A E BL 32 MBI 5 NO
PTG VE P 23 2036 2R AR E RG4S 20 K 8L 1 = 11
PRUEHE 3275, LG22 8 Je A 43 0038 SR I AL G 6
95 19 2R G A AE , ek VSP A A7 S v I 9T A R G
e I RATF ST 38 78 T 5 Z VAR 16T WG : Mirabito 25 E
SEE PR ETA 8 ETA/ETB XU F5 50750 7T 43 2401 0 &7 Je 2 e
V5310 B I JE 5 Dabire 5572 0F 52 22 W, Wl 15— 15K 7t 417 1
FI VG M AR o 1) NO AR P R R R AR e 5 R i R B
MAE. BREGYIEIT AN, T RUEHEAT A 16 07 =0T 10, A4 24y
R O ILBR itk ) 3k oy 384 o Wi Bl P RS HE L I
HAEZ ) . BT VSP I 5 S i Y e R EuEe:
BRI £ Na i A AR iR H R B HA S8 3
W, 22 5 9 JR R O i MR TR YT 7 R LR SR o b o )
I 2 RHIMERL I HE ST, A BT Bl S e ek e
T35 O KU e IME R AR T 560 BT, 8
JEAH G MR IR YT 1A% 0 B bR AE 38 2 45 2457 2 ) 3 5 1
FEZGH 0% 8 B8 TGO IR 5 i S IR A S A8 T KUK o
3 RE5RE

U JeAE R 05 TR, B2 T Fh s R b vh
I7 o S R R AR A B B AR T (LR & 1Y e i
A R UL AN BRI, 1T i S 80™ I & I AR T E
FEo Fig | ATEUA BFIEIRIEIZAS KSR & A ML RA ST o
WEHEAT T MG, EEHLH W K VEGFR-2 414 5 1 145 &7
AR SRAT (NO 2B S A /ET-1 K- T ) AU Ab 0 38 B i 85
BB 2 AR TR . B, mR 0 i s S e S
7RI A N B i r B 7 S e A ) SR e
B [N, 455 SN 2R 5 R 4L 2 AR TT &AM AR
R = R C e R /(= N NIV ::8 i D R e s B < 8 A <L)
AN L, 38 B AT R R A 0 O =T UG s il

Tab1 Recommendations for hypertension management during anlotinib therapy

Grade Therapeutic regimen

consumption, reducing sodium intake, and moderate physical activity.

No evidence of antihypertensive medication use ; monitor blood pressure; lifestyle interventions such as smoking cessation, limiting alcohol

Single therapy, including thiazide diuretics, angiotensin-converting enzyme inhibitors, angiotensin Il receptor blockers, beta blockers, and

Symptomatic treatment; combination of two or more antihypertensive drugs (thiazide diuretics combined with either angiotensin-converting en-

Emergency intravenous injection of nitroprusside or dihydropyridine calcium channel blockers ; Actively treat related complications; Once a

2
dihydropyridine calcium channel blockers.
3
zyme inhibitors, beta-blockers, or dihydropyridine calcium channel blockers ).
4%
hypertensive crisis occurs, the use of anlotinib should be permanently discontinued.
5 None.

*Patients with Grade 3/4 hypertension should discontinue anlotinib until blood pressure returns to Grade 2 or below. If Grade 3/4 hypertension per-

sists and cannot be controlled with medication, anlotinib should be permanently discontinued. Patients experiencing hypertensive crisis should immedi-

ately stop taking anlotinib and seek medical attention from a cardiology department.
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Fig1 Mechanisms of hypertension induced by VEGFR-TKI and potential therapeutic strategies

Multiple mechanisms contribute to VEGFR-TKI induced hypertension, including an imbalance between vasodilator factors-nitric

oxide (NO) , vasoconstrictor-endothelin-1 (ET-1), oxidative stress, microvascular rarefaction and renal injury. Conventional antihy-

pertensive drugs, including angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, beta-blockers, and dihydropyri-

dine calcium channel blockers can be used in the treatment of VEGFR-TKI induced hypertension. Additional potential treatment op-

tions include salt restriction, enhance NO signaling transduction, ETA or ETA/ETB dual antagonists, phosphodiesterase inhibitor.
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Research progress on mechanism and treatment

of anlotinib-related hypertension

TAN Ting-fei', ZHU Feng-qin', WANG Jun-ping', GAO Shan’
(1. Pharmacy Center, Hefei Cancer Hospital, Chinese Academy of Sciences, Hefei 230000, China;
2. School of Pharmacy ,Anhui Medical University, Hefei 230032, China)

Abstract: Hypertension is the most common adverse reaction
associated with anlotinib during anti-tumor therapy, with an in-
cidence rate as high as 76. 9%. More importantly, the occur-
rence and progression of hypertension and its complications sig-
nificantly impair the quality of life for cancer patients, poten-
tially leading to treatment discontinuation and increasing the

risk of disease progression. Currently, research on anlotinib-

related hypertension remains limited. Given this, this paper pri-
marily explores the specific mechanisms underlying anlotinib-
related hypertension and reviews its treatment strategies, aim-
ing to provide a theoretical basis for individualized blood pres-
sure management in clinical practice.
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