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[ Abstract] Proprotein convertase subtilisin kexin type 9 (PCSK9) inhibitors regulate lipid metabolism by inhibiting the degradation
of low-density lipoprotein receptors on the surface of hepatocytes. Multiple clinical studies have demonstrated that the use of PCSK9
inhibitors as monotherapy or in combination with statins can significantly reduce levels of low-density lipoprotein cholesterol. This
article reviews the significant clinical research and progress in the application of PCSK9 inhibitors and briefly summarizes their safety,
efficacy and clinical applications.
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LDLR 7 1 FL 1o 9 0 A 25 4 405 #9 Jsk K 146 P, i
LDLR FEGBEHAR N B A, JCEAG A 0] 20 i 3 1, (A1
TANEEmAY LDLR %k | [FEER LDL-C KFThHE

2 PCSK9 #HIFIp&{K LDL-C B3R

2.1 evolocumab P&{f LDL-C HZR

evolocumab J&—F4x NI [gG2 I A o BEHTIA
A RIS LB . EVOPACS 858 H KIE
2T evolocumab 7E & M 7o Tk 45 & HiF (acute coronary
syndrome , ACS) 2 P 14 F{fk LDL-C /K F W) 2 97
B, ZWIEAA 308 {7 [H ACS fEBeif YT H LDL-C
IKFARIBAR YR, R332 BB A TT IR Y7 &l 1
73T LA evolocumab (420 mg, & H 1 ¥R) FlZ &t 5]
VEIT 8 JElJ5 , evolocumab 20314 LDL-C 7K M 3. 61
mmol/L %% 0. 79 mmol/L, L4 LDL-C 7K
A 3. 42 mmol/L [ %5 2. 06 mmol/ L, 4 ik i 25 FH ik
F|-40. 7% ( P<0.001) , evolocumab i FH v 184 i 58 &
LDL-C /K P-HIEPRAR (95. 7% F1 37.6%) 1 . 2018 4F1Y
FOURIER 55" [ FE#E—HAESE T evolocumab £ %
fiRiMn % LDL-C 7K-F- L A I 3 R0CR IR0 A 27 564 £
12 LDL-C 7KF->70mg/dl (1. 8mmol/L) HAZE 2772
2YNARYTI ASCVD B R BEPIE 140 mg 551~ H
420 mg 1) evolocumab 5 % J&t 7| UE A7 X R A 505 7656
48 J& evolocumab 41 F-14 LDL-C 7K V3882 et 71 41
F#AK 59% , H A7 %% LDL-C M 92 mg/dl (2.4 mmol/L)
TFEZ 30 mg/dl1(0. 78 mmol/L) " |
2.2 alirocumab P& LDL-C K3 R

alirocumab J&—Fh 4= A JE [gG1 B R TERETIAR,
@ I 44 9 BT R PG L 5T, ODYSSEY LONG
TERM .FH 1 FH II .COMBO I .COMBO II % 9 i
=G IR FE S IFSE T alivocumab 7EAS R Fh 2S5
JIFL [ o i SR PP AR LDL-C PR S5
7N, TEHESZ KR i alirocumab (150 mg B JE 1 1K)
1) LDL-C PR B iR B4 52 /Nf i alirocumab
(75mg BEPIE 1 ) MBEE 1.4% ~ 15.1%",
ODYSSEY EAST #5¢" ' J& 76 i [ 45 75 W0 [ K A
B B TEXT . alirocumab AR 28 A7 2 p ik 52, 4t
WA 615 Bl e m AR MUE B . 23 6 A
BIR T, alirocumab 2 8 3 19 LDL-C 7K FFEAK T
56% , WA A AREAR T 20. 3% (P<0.0001) . 1
WA A 43 BT 25 3R &8 7, alirocumab 41 HB H 7 4 0
24 JEVAYT S LDL-C<1. 81 mmol/L 1 Lt 41 ( 83. 1%)
WERTIRITZ ALY (41.2%) , 22 FH S22 E XL
(P<0.001),

2.3 inclisiran P&{ LDL-C 3R

inclisiran 4&— /N5 F T RNA (siRNA) 24
Y, 225 T 2021 4F 12 J1 4R35 [ & 0 2 o B i Bl
SRt T RN B 5 P v L T 16 A TR 5P ol g
S HEIT . ORION RFIHFSE (145 ORION-9,
ORION-10 1 ORION-11) J&%F %} inclisiran 4 BEHL
XUE R BRI I PRI 5T . ORION-9" ' 4 A
450 B 2% A1 S5 v R I 2 M A 3, 25 R R
1% inclisiran (9 # LDL-C /K ETES 510 KL%
R B RRAR 47. 9% , AR 90 K EH 540 KIRE
T2 B TRA 44. 3% , HLoR 539497 M1 56 1Y AT
e S H . ORION-10 F1 ORION-11""1 4351 A 41
T 1561 RN 1617 {91I7E 4252 5 K i 52 351 f il 77 28
25%) (W SOR I AR ST 22 41 ) {2 LDL-C KP4
PRI ASCVD B3 453 B 7R . inclisiran 2H B2 3
LDL-C /K732 Z 097 55 510 K E % B0 41 43 5
F#AIK 52. 3% (P<0. 000 1) F149. 9% (P<0.000 1) , 7¢
5590 K& 540 KA L RIFNH 5 MK T 53. 8%
(P<0.0001)F149.2%(P<0.0001), T 2022 4E4%
H A ORION-3 55 ' R FE3E LE 4 4RI BT IS
inclisiran 15 0] {3 35 % LDL-C 952 € % & W NG
ROR CFREIBEIR N 44.2%)

3 PCSK9 M&HEIFIgY OB RGE KR

3.1 evolocumab FA alirocumab FJ:0> & R P 1EH

ODYSSEY LONG TERM #F5¢ T 44 A T 2341 13
LA 1RO 00 A8 9 AU L7 3 37 o KT 22 1 B At T
KBS AR 259096797 f5 LDL-C = 1. 8 mmol/L
B, 7F 3252 alirocumab 767 (150 mg, &5 % i
1) 78 i Ja , FEEA KO M4 4 (major adverse
cardiovascular events, MACE ) ) k& A= & 22 Bt 7 4H
H & B AIX (alirocumab 6 97 41 1. 7%, & &t 7 41
3.3% ,HR=0.52,95%CI 0.31~0.90,P=0.02) , H
JG#) ODYSSEY OUTCOMES 55" 44 AT 18 924 14
1E 12 AW KA ACS HiEz m i A I TR T e
LDL-C=1. 8 mmol/L AF & %% FE JI§ & I =2. 6 mmol/L
SANE 1 B =0. 8 mmol/L 19 F3, 76 o7 B[]
2. 8 AE [ RE Vi FE H 427 alirocumab 7T (75 mg 1§
150 mg, 4 J W ¥k ) Jf ffi LDL-C 4k 5 7E 0.6~1.3
mmol/ L, Z55R ik 7R 835 & LE W IR MACE =548 (1) JXUK:
R#AI% 15% (HR = 0. 85, P =0.0003) , 4 PRI BE T XU f
fi% 14. 6% (HR=0.85,P=0.026) , 31 H i 5.5 5 |
FIFET- N BB A F RS (HR=0.92,P=0.38)
TEFLH A3 v, JEER LDL-C /K V-8 8 14 BB 3 3k 25
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2 ,LDL-C =2. 6 mmol/L [ 35 MACE XU F#EAE T
24% ., BRI A, % ODYSSEY OUTCOMES ##fz iy J5
SR T HE—UESE T alirocumab AT FEAIG B k2R
Z U MACE HAFRIMEAR, 78 2. 8 AFHF- I BE V5 IN [H]
W AT 22 B2 ) alirocumab (19 58 25 47 K
MACE FF389870 190 191, 5 MACE FHF# A A= ik
T 385K,

FOURIER #5817 (45 SAIESE . 5 22 BRI A o
AABTT Y B AH E , evolocumab B4 5 Ak At 7T 4H 78 H
PEBEVIE] 2. 2 45, 55 1 4F MACE 354 XU B I
16% , %55 1 4E 2 J5 MACE SF KU REAIK 25% , IF H.IA]
IFFARAR 1 i O & A (27% , P<0.001) | Hf XL
(21%,P=0.01) MLk sk iz 5 a4 A 2R (22%,
P<0.001) , FOURIER B 5% (¥ 7. 20 43 #7H ™ #E—25E
SRR R 2 R PR DIREAN 42 (chronic kidney
disease ,CKD) fY (8 # (G145 15034 f4] CKD2 ] i3,
4443 5] CKD3~4 ##E) ¥, evolocumab [G]£E 1] DA
R MACE S50 1 & AR B . 7E 3 4F 1Y Bl 15 B[]
P, CKD3 ~4 1114 35 h MACE 251 4 6 KUK F
T 2.5%, "B e f B B MACE =514 4 %}
MREREAR T 1. 7%, 2023 4F % A ) FOURIER-OLE
WFEH g R R )W A evolocumab BEA LDL-C
(1) 42 4k R A2 VR Y By, BO5 AR 9T AR LT,
evolocumab PJ 37— A2 FEAKCo 1L 4 XU .

HUYGENS #5522 — 3 M1, Z bl WE
ST A FH I PN R 75 RO 22 A0 T W7 2 BURVTPAS T
evolocumab I 2 PEIE ST #5 &0 ILESE 2 35 4R 5R 0
M BESRAFZ , AR 161 4] 2 PEAE ST 461
L UBPE S FEAML T IR T B Al A7 1 52 &
) evolocumab X % & 6 97, W55 45 R R
evolocumab ] A R SFAIK i K BELR 1) e KM ol i, A1
PEREH YRR E M He , [F)4F 43R 19 PACMAN-AMI #f
582 1%t alirocumab #EAT T PEAR 7E 45 P98 75 A
e A0 T W7 2 B8 i FE AL BN T AT 21 A
(near infrared spectroscopy , NIRS) £ ¥4k T 300 14
2O WAL (acute myocardial infarction, AMI) H&
LRI AH OC B ik B BE B i o fn A, 45 R R,
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Xof HEZH I e 9 | e KR JBT A% O 87 A i 5 0 R
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R BNk BEHR 1 S P RIAVEF
3.2 inclisiran B0 M ERIF1ER

ORION-4 #ff 5% J& — T IE 7E 347 19 T | B
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ELHfI2 R Bl bk oks A AL RO LSS 1 55 % L T
AR Y EL0 M A S TR 2 DL A S Y
ZatE, RZE 2023 FHHFEA R IR inclisitan 7]
DA A 20 L5 BRI 2692 . SR T, H i
YT inclisiran AYCr I PR3P 15 FH 30 75 25 0 2 11 IR
SREE RS

4 PCSK9 MHEIFIH LM

PCSK9 #1177 7 A= B A 7K *F- LDL-C A9 1+ 9]
LA HATZE) 26, FOURIER Bt &3,
evolocumab FI12 g 70 76 87 & W% PR 95 F1 # 28 T\ 1 3%
R R N R (S N e e S W SR T =
Giugliano 25> X FOURIER BFF¢ #E4T T .20 4347,
25 B 1 7R evolocumab 21 F1Z2 JEt 57 41 f8 & 72 25 Rl
{CREST O3B Bl | g I ] & Z2 A 4 B i DE Ak
PIRFR B B 2% 5, 2022 4F 8 H B A A iy
FOURIER-OLE #F 5t 4% 5 1 75, evolocumab #
ASCVD B35 5L B HA RS WA AEE
FE B A HE R | I Rl A e AR 2 A A A
AN BRI & A AR

ODYSSEY OUTCOMES 55" W/, B T 4 4
HRAL 1 JRy # s N A, A8 alirocumab S 23 38 i £
HHAD A RSB & AR T Harvey 250170 45 A
14 T FE A meta 43 B L AIE S, 76 7T 3R 97 3E A0 1
i H alirocumab (75 mg/150 mg, 1 ¥X/2 J&) , & #h
ZNH R G 0] R ART 1.2%, 9 H FAE ]
LR BE KT Z A A R U B 2E R
(alirocumab FIZZEEFH] . 0. 9% 1 0. 7% ; alirocumab Fl
AT 2245 :1. 2% 1. 1%) , Berson BIFZE H [E3F 2H 114
ZEIRLO R N T BFEARAT T IR YT 1 2 BRI IR
A FE IR MLAE SR AP MR 58 B3, evolocumab
REWS 035 AL LDL-C A H A 2 s Bk Ak A 57 1 7,
HL Sz RAF X5 AR AR & 50,

VEMIE IR R T RERR 259 , A TT 26255 23 X8 43
AR O D REF 47, 1T PCSKO 441 751 38 1o 6 92 BR
M FHBRIEARHA TSR ER AL sl 1 JHE
7ifif . Fourier W52 HEsE T evolocumab 1422 &K Xt
AR DI RE R SE 0, 45 58 b s 74 26 1) 2 il 7K ~F-
15>3 A I O R A BB (n =240 Fl n=242)
K (1. 8% 1. 8% ) Y G425 5

ORION-9'*' [ORION-10 FI ORION-11 #Jf 55"
5 RHER Inclisiran [ R Z YR KN RN %
TR SR B 1, G B T D6 B D g  LAR
PR R I /s Al T BB W R W, ORION-4 A
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PR 3% Inclisivan Y697 A0 B 1 07
(I RAH OGN RS 0L A 2B R A R 5
P, MO, 232 Inclisivan G709 BBE 58 b B AU
R LA REATHE NN (H RN AR A R s
HFIIRE I DIRE LRGN L MO 22 5
KT PCSKO i) 37 1) K = A 90 435 2R 3 43 ik 52
T PCSK9 #IFIBERRIR YT B A b g k| ik
25 ] Y I A5 B e AR A 2023 AR A AT 1

MR FRFE R ) ST BT 12T PCSKO #1551 8 FH A
BIL(&E D),

£ I, PCSK9 #4477 VE M B BU KRR 259, vl A3
HFARIMIE LDL-C Jf-FA% ASCVD SB35 0 il A8 5 1
JRUBS: , A RIE T 800 | e B LA S5 S 1L 158
gy 56, (HRK I PCSKO il 5] 1Y 22 4
P Kz PCSKO il 77 1 H: At 245 4 AR B4R HI 1 75
B2 (Wl R S

Table 1 Current guidelines for the use of PCSK9 inhibitors

Guideline category

Guideline recommendations

Level of recommendation

2018 American Association of Cardiovascu-
lar Diseases Guidelines for Lipid

Management (271

2019 European

Cardiovascular  Society

Guidelines for Lipid Management[zs]

Guidelines for Lipid Management in Chi-
na 2023

For very high-risk ASCVD patients, PCSK9 inhibitors should be added to
maximally tolerated statins and ezetimibe.

Increased use of PCSK9 inhibitors may be considered in high-risk
ASCVD patients treated with maximum tolerated doses of statins and
ezetimibe and with LDL-C =70 mg/dl (1.8 mmol/L) or non-HDL-C
=100 mg/dl (2.6 mmol/L).

In patients with ACS who have been treated with a maximally tolerated
statin in combination with ezetimibe for 4 -6 weeks and still do not

achieve LDL-C, the addition of a PCK9 inhibitor may be considered.

In patients with ACS, who have been treated with the maximum tolerated
amount of statin combined with ezetimibe and still do not have LDL-C, the
addition of a PCK9 inhibitor early in the course of an acute coronary event
may be considered.

For secondary prevention in very high-risk ASCVD patients, the addition
of a PCSK9 inhibitor may be considered in those who do not achieve

LDL-C after treatment with maximally tolerated statins and ezetimibe.

If moderate-intensity statins plus cholesterol uptake inhibitors fail to reduce
LDL-C to target levels, consider combining PCSK9 inhibitors.

For very high-risk patients with high basal LDL-C who are expected to have
difficulty in reaching their goals with statins and cholesterol uptake
inhibitors, they can be treated directly with a statin in combination with a
PCSK9 inhibitor; PCSK9 inhibitors should be considered if statins are not
tolerated.

In people =75 years of age, it is recommended that lipid-lowering therapy be
initiated with a low-dose statin in the presence of potential drug interactions or
renal impairment, and that a combination of PCSK9 inhibitors be considered

in those who fail to achieve LDL-C levels with a moderate-dose statin.

Patients with familial hypercholesterolemia may choose a single agent or a
combination of agents ( statins, cholesterol uptake inhibitors, PCSK9
inhibitors, etc. ) to lower LDL-C depending on the need for LDL-C
attainment and individual tolerance.

Treatment with statins in combination with cholesterol uptake inhibitors should be
initiated as early as possible (preferably before 2 years of age) in children
with familial hypercholesterolemia of the pure subtype, and =12 years of age
in combination with a PCSK9 inhibitor.

Patients with ischemic stroke or TIA due to atherosclerosis may consider
adding a PCSK9 inhibitor if statins in combination with cholesterol uptake
inhibitors fail to control LDL-C.

Ta

Ma

b

[a

ASCVD: atherosclerotic cardiovascular disease; PCSK9: proprotein convertase subtilisin kexin type 9; ACS: acute coronary syndrome; LDL-C; low-density

lipoprotein cholesterol; HDL-C; high-density lipoprotein cholesterol; TIA : transient ischemic attack.
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