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[Abstract] To strengthen the management of dyslipidaemias in patients with atherosclerotic cardiovascular disease (ASCVD)
is regarded as an important measure to delay the disease progression and improve the long-term prognosis. However, there are still
a high proportion of domestic patients, whose lipids levels are not up to the standard after receiving conventional lipid lowering
therapy, causing an unoptimistic form of lipids management of ASCVD patients in China. As researchers found the role of proprotein
convertase subtilisin/kexin type 9 (PCSK9) in lipid metabolism, targeted PCSK9 inhibitors have been put into clinical researches
gradually and accumulated series evidence on efficacy and safety. Main literature referred to the clinical research and application
progress of PCSK9 inhibitors were reviewed in present paper, to provide a reference for future clinical practice.
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AR FE20164F [ B LIS S 4 B VA 15 T Y
fili b, 20197 [E R[5 % F 1140 (China Cholesterol
Education Program, CCEP)% A M2020H £
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FE R G BEE | SELE BB JE L 5 00 B A I TR A
A —2E 09T . BEE ASCVD B3 15 32 A IfE
B IR 32 AR P2 %) IR B, PCSKO I il 71 72
AR R oA B — 2 R PR .

[ &3k ]

[1]  The Writing Committee of the Report on Cardiovascular Health
and Diseases in China. Report on cardiovascular health and
diseases in China 2019: an updated summary[ J]. Chin Circ J,
2020, 35(9): 833-854. [ [0 LA 48 15 B 412 15 4 5 2.
o RO I (R B R 20 19 MEZE [ 7). TP AR BA A A,
2020, 35(9): 833-854.]

[2]  Abifadel M, Varret M, Rabes JP, et al. Mutations in PCSK9 cause
autosomal dominant hypercholesterolemia[ J]. Nat Genet, 2003,
34(2): 154-156.

[3] Cameron J, Holla @L, Ranheim T, et al. Effect of mutations in
the PCSK9 gene on the cell surface LDL receptors[ J]. Hum Mol
Genet, 2006, 15(9): 1551-1558.

[4] Cohen JC, Boerwinkle E, Mosley TH Jr, et al. Sequence
variations in PCSK9, low LDL, and protection against coronary
heart disease[J]. N Engl ] Med, 2006, 354(12): 1264-1272.

[S] Piper DE, Jackson S, Liu Q, et al. The crystal structure of
PCSK9: a regulator of plasma LDL-cholesterol[ J]. Structure,
2007, 15(5): 545-552.

[6] Chan JC, Piper DE, Cao Q, et al. A proprotein convertase
subtilisin/kexin type 9 neutralizing antibody reduces serum
cholesterol in mice and nonhuman primates[J]. Proc Natl Acad
Sci U S A, 2009, 106(24): 9820-9825.

[7] Dias CS, Shaywitz AJ, Wasserman SM, et al. Effects of AMG
145 on low-density lipoprotein cholesterol levels: results from 2
randomized, double-blind, placebo-controlled, ascending-dose
phase 1 studies in healthy volunteers and hypercholesterolemic
subjects on statins[J]. ] Am Coll Cardiol, 2012, 60(19): 1888-
1898.

[8] Gibbs JP, Doshi S, Kuchimanchi M, et al. Impact of target-
mediated elimination on the dose and regimen of evolocumab,
a human monoclonal antibody against proprotein convertase
subtilisin/kexin type 9 (PCSK9)[J]. J Clin Pharmacol, 2017,
57(5): 616-626.

[9] Koren M]J, Scott R, Kim JB, et al. Efficacy, safety, and
tolerability of a monoclonal antibody to proprotein convertase
subtilisin/kexin type 9 as monotherapy in patients with
hypercholesterolaemia (MENDEL): a randomised, double-blind,
placebo-controlled, phase 2 study[J]. Lancet, 2012, 380(9858):
1995-2006.

[10] Desai NR, Giugliano RP, Zhou J, et al. AMG 145, a monoclonal
antibody against PCSKY, facilitates achievement of national
cholesterol education program-adult treatment panel IIT low-
density lipoprotein cholesterol goals among high-risk patients: an
analysis from the LAPLACE-TIMI 57 trial (LDL-C assessment
with PCSK9 monoclonal antibody inhibition combined with
statin thErapy-thrombolysis in myocardial infarction 57)[J]. ]
Am Coll Cardiol, 2014, 63(5): 430-433.

[11] Giugliano RP, Desai NR, Kohli P, et al. Efficacy, safety, and



[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

(23]

tolerability of a monoclonal antibody to proprotein convertase
subtilisin/kexin type 9 in combination with a statin in
patients with hypercholesterolaemia (LAPLACE-TIMI 57): a
randomised, placebo-controlled, dose-ranging, phase 2 study[]J].
Lancet, 2012, 380(9858): 2007-2017.

Sullivan D, Olsson AG, Scott R, et al. Effect of a monoclonal
antibody to PCSK9 on low-density lipoprotein cholesterol levels
in statin-intolerant patients: the GAUSS randomized trial[ J].
JAMA, 2012, 308(23): 2497-2506.

Hirayama A, Honarpour N, Yoshida M, et al. Effects of
evolocumab (AMG 145), a monoclonal antibody to PCSK9, in
hypercholesterolemic, statin-treated Japanese patients at high
cardiovascular risk--primary results from the phase 2 YUKAWA
study[J]. Circ J, 2014, 78(5): 1073-1082.

Raal FJ, Honarpour N, Blom DJ, et al. Inhibition of PCSK9 with
evolocumab in homozygous familial hypercholesterolaemia
(TESLA Part B): a randomised, double-blind, placebo-
controlled trial[ J]. Lancet, 2015, 385(9965): 341-350.

Koren MJ, Giugliano RP, Raal FJ, et al. Efficacy and safety of
longer-term administration of evolocumab (AMG 14S5) in
patients with hypercholesterolemia: 52-week results from the
Open-Label Study of Long-Term Evaluation Against LDL-C
(OSLER) randomized trial[J]. Circulation, 2014, 129(2): 234-
243.

Koren M]J, Sabatine MS, Giugliano RP, et al. Long-
term efficacy and safety of evolocumab in patients with
hypercholesterolemia[ J]. ] Am Coll Cardiol, 2019, 74(17):2132-
2146.

Hirayama A, Yamashita S, Inomata H, et al. One-year efficacy
and safety of evolocumab in Japanese patients - A pooled analysis
from the open-label extension OSLER studies[]]. Circ J, 2017,
81(7): 1029-1035.

Hirayama A, Yamashita S, Ruzza A, et al. Long-term treatment
with evolocumab among Japanese patients - final report of the
OSLER open-label extension studies[ J]. Circ J, 2019, 83(5):
971-977.

Koren MJ, Lundqvist P, Bolognese M, et al. Anti-PCSK9
monotherapy for hypercholesterolemia: the MENDEL-2
randomized, controlled phase III clinical trial of evolocumab[]J].
J Am Coll Cardiol, 2014, 63(23): 2531-2540.

Robinson JG, Nedergaard BS, Rogers W], et al. Effect of
evolocumab or ezetimibe added to moderate- or high-
intensity statin therapy on LDL-C lowering in patients with
hypercholesterolemia: the LAPLACE-2 randomized clinical
trial[ J]. JAMA, 2014, 311(18): 1870-1882.

Giugliano RP, Pedersen TR, Park JG, et al. Clinical efficacy and
safety of achieving very low LDL-cholesterol concentrations
with the PCSK9 inhibitor evolocumab: a prespecified secondary
analysis of the FOURIER trial[J]. Lancet, 2017, 390(10106):
1962-1971.

Stroes E, Colquhoun D, Sullivan D, et al. Anti-PCSK9 antibody
effectively lowers cholesterol in patients with statin intolerance:
the GAUSS-2 randomized, placebo-controlled phase 3 clinical
trial of evolocumab[J]. J Am Coll Cardiol, 2014, 63(23): 2541-
2548.

Nissen SE, Stroes E, Dent-Acosta RE, et al. Efficacy and
tolerability of evolocumab vs ezetimibe in patients with muscle-

related statin intolerance: the GAUSS-3 randomized clinical

(24]

(28]

(26]

(27]

(28]

(30]

Med J Chin PLA, Vol. 47, No. 3, March, 2022

trial[ J]. JAMA, 2016, 315(15): 1580-1590.

Cho L, Dent R, Stroes ESG, et al. Persistent safety and efficacy of
evolocumab in patients with statin intolerance: a subset analysis
of the OSLER open-label extension studies[ J]. Cardiovasc Drugs
Ther, 2018, 32(4): 365-372.

Erqou S, Lee CC, Adler Al Statins and glycaemic control
in individuals with diabetes: a systematic review and meta-
analysis[ J]. Diabetologia, 2014, 57(12): 2444-2452.

Blom DJ, Koren MJ, Roth E, et al. Evaluation of the efficacy,
safety and glycaemic effects of evolocumab (AMG 14S5) in
hypercholesterolaemic patients stratified by glycaemic status and
metabolic syndrome[ J]. Diabetes Obes Metab, 2017, 19(1): 98-
107.

Sattar N, Toth PP, Blom DJ, et al. Effect of the proprotein
convertase subtilisin/kexin type 9 inhibitor evolocumab on
glycemia, body weight, and new-onset diabetes mellitus[ J]. Am ]
Cardiol, 2017, 120(9): 1521-1527.

Rosenson RS, Daviglus ML, Handelsman Y, et al. Efficacy and
safety of evolocumab in individuals with type 2 diabetes mellitus:
primary results of the randomised controlled BANTING
study[J]. Diabetologia, 2019, 62(6): 948-958.

Lorenzatti AJ, Eliaschewitz FG, Chen Y, et al. Randomised study
of evolocumab in patients with type 2 diabetes and dyslipidaemia
on background statin: Primary results of the BERSON clinical
trial[ J]. Diabetes Obes Metab, 2019, 21(6): 1455-1463.

Chen Y, Yuan Z, Lu J, et al. Randomized study of evolocumab in
patients with type 2 diabetes and dyslipidaemia on background
statin: Pre-specified analysis of the Chinese population from the
BERSON clinical trial[J]. Diabetes Obes Metab, 2019, 21(6):
1464-1473.

Sabatine MS, Leiter LA, Wiviott SD, et al. Cardiovascular safety
and efficacy of the PCSK9 inhibitor evolocumab in patients with
and without diabetes and the effect of evolocumab on glycaemia
and risk of new-onset diabetes: a prespecified analysis of the
FOURIER randomised controlled trial[ J]. Lancet Diabetes
Endocrinol, 2017, 5(12): 941-950.

Giugliano RP, Mach F, Zavitz K, et al. Design and rationale
of the EBBINGHAUS trial: a phase 3, double-blind, placebo-
controlled, multicenter study to assess the effect of evolocumab
on cognitive function in patients with clinically evident
cardiovascular disease and receiving statin background lipid-
lowering therapy-A cognitive study of patients enrolled in the
FOURIER trial[J]. Clin Cardiol, 2017, 40(2): 59-65.

Giugliano RP, Mach F, Zavitz K, et al. Cognitive function in a
randomized trial of evolocumab[ J]. N Engl ] Med, 2017, 377(7):
633-643.

Gencer B, Mach F, Guo J, et al. Cognition after lowering LDL-
cholesterol with evolocumab[J]. ] Am Coll Cardiol, 2020,
75(18): 2283-2293.

Katzmann JL, Gouni-Berthold I, Laufs U. PCSK9 inhibition:
insights from clinical trials and future prospects[ J]. Front
Physiol, 2020, 11: $95819.

Raal F, Scott R, Somaratne R, et al. Low-density lipoprotein
cholesterol-lowering effects of AMG 145, a monoclonal antibody
to proprotein convertase subtilisin/kexin type 9 serine protease
in patients with heterozygous familial hypercholesterolemia: the
Reduction of LDL-C with PCSK9 Inhibition in Heterozygous
Familial Hypercholesterolemia Disorder (RUTHERFORD)



20224328 H #5474 A3

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

randomized trial[ J]. Circulation, 2012, 126(20): 2408-2417.
Raal FJ, Stein EA, Dufour R, et al. PCSK9 inhibition
with evolocumab (AMG 145) in heterozygous familial
hypercholesterolaemia (RUTHERFORD-2): a randomised,
double-blind, placebo-controlled trial[J]. Lancet, 2015,
385(9965): 331-340.

Hovingh GK, Raal FJ, Dent R, et al. Long-term safety,
tolerability, and efficacy of evolocumab in patients with
heterozygous familial hypercholesterolemia[J]. J Clin Lipidol,
2017, 11(6): 1448-1457.

Gaudet D, Langslet G, Gidding SS, et al. Efficacy, safety,
and tolerability of evolocumab in pediatric patients with
heterozygous familial hypercholesterolemia: rationale and design
of the HAUSER-RCT study[J]. J Clin Lipidol, 2018, 12(5):
1199-1207.

Stein EA, Honarpour N, Wasserman SM, et al. Effect of the
proprotein convertase subtilisin/kexin 9 monoclonal antibody,
AMG 145, in homozygous familial hypercholesterolemial[J].
Circulation, 2013, 128(19): 2113-2120.

Raal FJ, Hovingh GK, Blom D, et al. Long-term treatment
with evolocumab added to conventional drug therapy, with
or without apheresis, in patients with homozygous familial
hypercholesterolaemia: an interim subset analysis of the open-
label TAUSSIG study[J]. Lancet Diabetes Endocrinol, 2017,
5(4):280-290.

Mach F, Baigent C, Catapano AL, et al. 2019 ESC/EAS
Guidelines for the management of dyslipidaemias: lipid
modification to reduce cardiovascular risk[J]. Eur Heart J, 2020,
41(1): 111-188.

Toth PP, Jones SR, Monsalvo ML, et al. Effect of evolocumab
on non-high-density lipoprotein cholesterol, apolipoprotein
B, and lipoprotein(a): a pooled analysis of phase 2 and phase 3
studies[J].J Am Heart Assoc, 2020, 9(5): e014129.
O'Donoghue ML, Fazio S, Giugliano RP, et al. Lipoprotein(a),
PCSK9 Inhibition, and Cardiovascular Risk[]J]. Circulation,
2019, 139(12): 1483-1492.

Cholesterol Treatment Trialists' (CTT) Collaboration, Baigent
C, Blackwell L, et al. Efficacy and safety of more intensive
lowering of LDL cholesterol: a meta-analysis of data from 170,
000 participants in 26 randomised trials[J]. Lancet, 2010,
376(9753): 1670-1681.

Sabatine MS, Giugliano RP, Keech A, et al. Rationale and design
of the Further cardiovascular OUtcomes Research with PCSK9
Inhibition in subjects with Elevated Risk trial[ J]. Am Heart J,
2016, 173: 94-101.

Sabatine MS, Giugliano RP, Keech AC, et al. Evolocumab and

clinical outcomes in patients with cardiovascular disease[J]. N

(48]

[49]

[s1]

[s2]

[s3]

[54]

Engl ] Med, 2017, 376(18): 1713-1722.

Gencer B, Mach F, Murphy SA, et al. Efficacy of evolocumab
on cardiovascular outcomes in patients with recent myocardial
infarction: a prespecified secondary analysis from the FOURIER
trial[J]. JAMA Cardiol, 2020, 5(8): 952-957.

Wiviott SD, Giugliano RP, Morrow DA, et al. Effect of
evolocumab on type and size of subsequent myocardial
infarction: a prespecified analysis of the FOURIER randomized
clinical trial[ J]. JAMA Cardiol, 2020, 5(7): 787-793.

Singh M, McEvoy JW, Khan SU, et al. Comparison of
transatlantic approaches to lipid management: the AHA/ACC/
multisociety guidelines vs the ESC/EAS guidelines[]J]. Mayo
Clin Proc, 2020, 95(5): 998-1014.

Li Y, Zhao SP, Ye P, et al.Status of cholesterol goal attainment
for the primary and secondary prevention of atherosclerotic
cardiovascular disease in dyslipidemia patients receiving lipid-
lowering therapy: DYSIS-China subgroup analysis[J]. Chin J
Cardiol, 2016, 44(8): 665-670. [Z= 5, XK, M, 4. h
el i i S5 6 192 BB TR RRR YT — SR — G BT A AR AR
DYSIS-ChinallFZH 43 #7[J]. "hARO MU A4 A, 2016, 44(8):
665-670.]

Jiang J, Zhou Y], Li JJ, et al. Uncontrolled hyperlipidemia in
Chinese patients who experienced acute coronary syndrome: an
observational study[J]. Ther Clin Risk Manag, 2018, 14: 2255-
2264.

China Cholesterol Education Program (CCEP) Working
Committee, Atherosclerosis Thrombosis Prevention and Control
Subcommittee of Chinese International Exchange and Promotion
Association for Medical and Healthcare, Cardiovascular Disease
Subcommittee of China Association of Gerontology and
Geriatrics, et al. China cholesterol education program (CCEP)
expert advice for the management of dyslipidaemias to reduce
cardiovascular risk (2019)[J]. Chin J Intern Med, 2020, 59(1):
18-22. [ vl [ IH [T B A ) T/ 2 B 4, ol B 7 Ak ]
PRSI AR 1E-2x B bk ok A B A AR A Bl v 7 2, v S A
SEMEAR PR A2 o MU o 22, A, VP IR B 7T
PAREIR Y7 AR O M 7R L S0 (2019) [T]. AR AR
i, 2020, 59(1): 18-22.]

Atherosclerosis and Coronary Heart Disease Working Group
of Chinese Society of Cardiology, Editorial Board of Chinese
Journal of Cardiology. Chinese expert consensus on lipid
management of very high-risk atherosclerotic cardiovascular
disease patients[J]. Chin J Cardiol, 2020, 48(4): 280-286. [
AR 2 o U LA 2 0 2 B BK R REBE AL A5 e O 2420,
AL MAE 2 G A 2 DA 2. 8 s A B BRI R R AL o 1
AP B U H v [ L SR 7). AR AR 2R,
2020, 48(4): 280-286.]

(THAESEE . TK/DAH)





