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ﬂstract \

Background: Proprotein convertase subtilisin / Kexin type 9 (PCSK9) inhibitors are efficacious lipid-lowering
agents. This drug is related to improving the prognosis of patients with cardiovascular disease (CVD). The pur-
pose of this meta-analysis was to systematically analyze the safety and efficacy of PCSK9 inhibitors in all pub-
lished randomized controlled trials (RCTS).

Methods: As of October 25, 2021, we searched PubMed, EMBASE, MEDLINE, Cochrane Library and web of
science.

Results: From 684 articles, we included 11 trials for meta-analysis, including 52511 participants (26938 in the
PCSKD inhibitor group and 25573 in the control group). In terms of effectiveness, PCSK9 inhibitors reduced
the risk of major adverse cardiovascular events(MMACE) (OR=0.89, 95% Cl: 0.83-0.95, P=0.0009), but did not
significantly reduce the risk of cardiovascular death (OR=0.95, 95% Cl: 0.84-1.07, P=0.38) or all-cause death
(OR=0.93, 95% Cl: 0.85-1.03, P=0.18); In terms of safety, PCSK9 did not increase the risk of treatment-
emergent adverse events (TEAE)(OR=0.98, 95% Cl: 0.94-1.02, P=0.28).

Conclusion: PCSK9 inhibitors can significantly reduce the risk of MACE in patients with high cardiovascular

risk, which is well tolerated, but the impact on the risk of death is unclear.
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Introduction

Ischaemic stroke is one of the leading causes of
death, dementia and disability in the developed
wotld. The gold standard intervention is carotid
endarterectomy (CEA) The prespecifified anal-
yses designed to assess the effect of PCSK9 in-
hibitors on stroke demonstrated a reduction in
risk of ischemic stroke (IS) without increasing
hemorrhagic stroke PCSK9 inhibitor is an all
human monoclonal antibody, which can specifi-

cally bind to the pro protein convertase subtilisin
/ Kexin type 9 (PCSKY9) with high affinity (1).

By inhibiting the binding of PCSK9 to low-
density lipoprotein receptors, it can increase the
number of low-density lipoprotein receptors on
the surface of hepatocytes, so as to promote the
degradation of LDL-C and reduce the level of
LDL-C in blood (2). A large number of scientific
studies have repeatedly confirmed that
dyslipidemia, especially the increase of LDL-C, is
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the most important pathogenic risk factor for the
occurrence of atherosclerotic cardiovascular dis-
ease (ASCVD) (3-9). At present, PCSK9 inhibi-
tors mainly include alirocumab and evolocumab.
Bococizumab is also a PCSK9 inhibitor, but Pfiz-
er has stopped relevant research and this paper
has not included its relevant literature. In recent
years, a large number of data from RCT's of evo-
locumab and alirocumab have evaluated the im-
pact of PCSK9 inhibitors on cardiovascular
events. Ricky DT, Manuela C and others have
done similar meta-analysis (10,11). It indicated
that patients with cardiovascular diseases have
obvious clinical significance benefit, safe and ef-
fective (12). Although, due to the variety of litera-
ture research populations included (including
cardiovascular high-risk population, patients with
simple hyperlipidemia and statin intolerance, etc.)
Therefore, there is an urgent need to systemati-
cally evaluate the efficacy and safety of PCSK9
inhibitors in cardiovascular high-risk patients.
Our purpose was to systematically review and
meta-analyze all current RCTs of PCSK9 inhibi-
tors in cardiovascular high-risk patients to evalu-
ate its effects on MACE, cardiovascular death,
TEAE and so on.

Methods

As of October 2021, we searched PubMed, EM-
BASE, MEDLINE, Cochrane Library and web
of science. Not limited to languages. Search for
the following keywords: "alirocumab", "evo-
locumab", "AMG145", "REGN727",
"sar236553" "randomized controlled trial", "clin-
ical trial", "intervention study", "coronary heart
disease(CHD)", "atherosclerotic cardiovascular
disease(ASCVD)",  "acute  coronary  syn-
drome(ACS)" and "ischemic heart disease(IHD)",
"nonhemorrhagic stroke", "peripheral artery dis-
case(PAD)". We also manually searched the ref-
erences of these studies. For the literature that
may have data but not provided in the original
text, [ even contacted the author of the literature.

We excluded the trials of bococizumab.
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Two researchers independently screened the title
and abstract of the article, and used Cochrane
handbook (12) to evaluate the quality of the liter-
ature. The two researchers independently extract-
ed the data in the article. When the extracted data
were inconsistent, they negotiated and checked,
and when the opinions were inconsistent, they
were judged by the third party. The extracted da-
ta included: 1) basic data of the patient (gender,
age, population characteristics), background ther-
apy, sample size, follow-up time, intervention
measures, ctc. (Table 1); 2) Effectiveness evalua-
tion: the primary endpoint is MACE (a compo-
site of cardiovascular death, nonfatal myocardial
infarction, fatal or nonfatal stroke, hospitalization
for unstable angina), the secondary endpoints
were all-cause death, cardiovascular death, nonfa-
tal myocardial infarction, fatal or nonfatal stroke,
hospitalization for unstable angina, coronary ar-
tery and other vascular revascularization; Safety
evaluation: the primary endpoint is TEAE; sec-
ondary endpoints: serious adverse events (SAE),
TEAESs leading to discontinuation, injection site
reaction, neurocognitive disorders, Diabetes in
patients with no history of diabetes or worsening
of diabetes in patients with history of diabetes,
Arthralgia or Myalgia, Alanine aminotransfer-
ase(ALT) or Aspartate aminotransferase(AST)>3
times upper limit of normal value(ULN) and cre-
atine kinase(CK)>5ULN.

Inclusion criteria: 1) randomized controlled trial;
2) the study population is patients with CHD or
CHD risk equivalents, including CHD, nonhem-
orrhagic stroke, PAD, etc.; 3) compare PCSK9
inhibitor group with control group; 4) Report the
data of MACE, cardiovascular death or all-cause
death, SAE, etc.; 5) follow up for more than 8
weeks.

Exclusion criteria: 1) studies and case reports
published in the form of abstracts; 2) non-human
studies; 3) lack of studies in the control group.
Revman5.3 software provided by Cochrane Col-
laboration website was used to analyze the data.
The heterogeneity test was conducted by calculat-
ing 12. If 12<50%, indicating no statistical heter-
ogeneity or small heterogeneity, the fixed effect
model was used for analysis; if 12 = 50%, indicat-
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ing large heterogeneity, the random effect model were expressed by odds ratio (OR) and its corre-
was used for analysis. The dichotomous variables sponding 95% Cl.

Table 1: Eleven literatures were included, including 52511 patients

Trials Sample  Dura- Gender,  Mean age, PCSK9 in- Control Patient Population Back-
size tion %M years hibitor group group ground
1.EVOPACS, 2019, 155/15  8weeks  128(83)/1  60.5£12.0/ Evo- Placebo ACS [NSTE-ACS with symp- statins
NCT03287609 (6) 3 23(80) 61.0£10.7 lo- tom onset <72h or STEMI
cumab(420mg with symptom onset <24h
monthly) before screening]
2.FOURIER, 2017, 13784/ 2.2year  10,397(75 62.519.1/6 Evo- Placebo ASCVD (a history of MI, statins
NCT01764633 (7) 13780 s 4)/10,39 2.518.9 lo- nonhemorrhagic stroke, or
8(75.5) cumab(140mg symptomatic PAD, as well as
every 2 weeks additional characteristics that
/420mg placed them at higher cardio-
monthly) vascular risk)
3.GLAGOV, 2016, 484/48  T6week  349(72.1) 59.849.6/5 Evo- Placebo at least 1 epicardial coronary statins
NCT01813422 (8) 4 s /350(72.3 9.8 £8.8 lo- stenosis of 20% or greater on
) cumab(420mg clinically indicated coronary
monthly) angiography
4.0ODYSSEY COMBO I, 209/10  52weck  131(62.7) 63.0 £9.5/ Aliro- Placebo 1. CVD with LDL-C 270 statins
2014, NCT01644175 (9) 7 s /77 (72.0) 63.0£8.8 cumab(75- mg/dL;
150mg every 2 2.coronaty heart dis-
weeks) ease(CHD) with LDL-
C=100mg/dL,;
5.0DYSSEY COMBO II,  479/24  52week  360(75.2)  61.7+£9.4/6 Aliro- Ezetimibe 1.CVD with LDL-C=>1.8 Statins+s
2015, NCT01644188. (10) 1 s /170 1.3£9.2 cumab(75- mmol/L (270 mg/dL) table
(70.5) 150mg every 2 2.high cardiovascular risk with di-
weeks) LDL-C=2.6mmol/L(=100 et(NCEP
mg/dL); ATP III)
6.ODYSSEY EAST, 2020,  302/15  24weck  234(77.2)  59.8%10.8/ Aliro- ezetimibe CHD or CHD risk equiva- statins
NCT02715726 (11) 3 s /107(69.9 58.8£11.1 cumab(75- lents
) 150mg every 2
weeks)
7.0DYSSEY J-IVUS,  93/89  36week  74(79.6)/  61.8£10.2/ Aliro- SoC ACS with LDL-C statins
2019, NCT02984982 (12) s 72(80.9)  60.5+11.6 cumab(75- >2.59mmol/L (>100mg/dL)
150mg every 2
weeks)
8.ODYSSEY LONG  1553/7  78week  983(63.3) 60.4+10.4/ Aliro- Placebo Cardiovascular history and statins
TERM, 2015, 88 s /474 60.6£10.4 cumab(150mg tisk factors; LDL>70mg/dL
NCT01507831. (13) (60.2) every 2 weeks) ( 1.8mmol/L)
9.0DYSSEY OUT-  9462/9  28year  7072(747  58.519.3/5 Aliro- Placebo ACS with LDL- statins
COMES, 2018, 462 s. )/7090(74 8.619.4 cumab(75mg C>70mg/dL(1.8 mmol /L)
NCT01663402 (14) 9 every 2 weeks)
10.YUKAWA-1, 2014,  205/10  12week  121(59)/7  61.9£9.6/6 Evo- Placebo high risk for cardiovascular statin
NCT01652703 (15) 2 s 2(70.06) 0.5+9.9 lo- events. s
cumab(140mg
every 2
weeks/ 420mg
monthly)
11.YUKAWA-2, 2016, 202/20  12week  121(60%)  62+11/61% Evo- Placebo high risk for CV events statins
NCT01953328 (16) 2 s /123 10 lo-
(61%) cumab(140mg
every 2
weeks/ 420mg
monthly)

ASCVD: Atherosclerotic cardiovascular disease; CHD: coronary heart disease; ACS: Acute coronary syndrome; CVD: Cardiovascular disease;
MI: myocardial infarction; PAD: peripheral artery disease; STEMI: ST-elevation myocardial infarction; NSTE-ACS: Non-ST-elevation ACS;
NCEP ATP III: Natonal Cholesterol Education Program Adult Treatment Panel IIT; SoC: standard of cate (atorvastatin=10mg/day or rosu-
vastatin=5mg/day)

By drawing the "forest plot" to evaluate the effi- dicates that the difference is statistically signifi-
cacy and safety of PCSK9 inhibitor, P < 0.05 in- cant. If the heterogeneity 12 > 50%, subgroup
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analysis shall be carried out to analyze the source
of heterogeneity, and sensitivity analysis shall be
carried out by excluding the literature one by one
to judge whether the meta-analysis results are ro-
bust. Publication bias was assessed by visual fun-
nel plot symmetry.

Results

Search results and basic characteristics of
included literature

After a comprehensive search, 684 relevant litera-
tures were obtained, 153 duplicate literatures
were preliminarily removed by endnote software,

and the inconsistent literatures were excluded by
reading the title, abstract and full text. A total of
11 literatures were included, including 52511 pa-
tients (Table 1). Participants in the trial were car-
diovascular high-risk groups. (Fig. 1) summarizes
the main characteristics of the participants. Pa-
tients in alirocumab group were given 75 mg eve-
ry two weeks, and the dose was adjusted to
150mg every two weeks according to the reduc-
tion of LDL-C; Patients in the evolocumab group
were given a fixed dose of 140 mg every 2 weeks
or 420 mg per month. The follow-up time ranged
from 8 weeks to 2.8 years. Included RCT's usually
have a low or ambiguous risk of bias.

673# of records
identitied through

11# of additional
records identified

database through other
searching saurces
Pubmed, Embase,
MedlLine,
Cochrane Library
and Web of
Science

i

53 1% of records after
duplicates removed

S531# of recards irrelevant to aur
screened | subjects(n=102)

23# of full-text

Tar eligibility

11# of studies
included in
qualitative
synthesis

11# of studies
included in
quantitative
synthesis
(meta-analysis)

articles assessed

S08# of recards
excluded

reviews(n=137)
letterin=11)

editarial
material(n=48)

meeting
abstracts(n=166)

non-clinical(n=29)

meta-analysis(n=12

14# of full-text
articles excluded,
with reasons

non RCT(N=5)
repeat data (n=1)

repeat
protocol(n=2)

other

I

I

reasans(n=4)

Fig. 1: cardiovascular high-risk groups
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Effectiveness

Primary endpoint: major adverse cardiovas-
cular events (MACE)

A total of 10 studies (13-21,23) reported major
adverse cardiovascular events, including 26733
participants in the PCSK9 inhibitor group and
25471 participants in the control group. We
found that compared with the control group,

PCSKY9 inhibitor treatment significantly reduced
the incidence of MACE in patients with high
cardiovascular risk, 12 = 34%, using the fixed
effect model, OR=0.89, 95% CI: 0.83-0.95, P =
0.0009 (Fig. 2a). By observing the funnel plot, the
two sides were more opposite to each other, con-
sidering that there was no obvious publication
bias (Fig. 2b).

a PCSK9 inhibitor Control Odds Ratio Odds Ratio

_Study or Subaroup Events  Total Events Total Weight M-H. Fixed. 95%Cl MM Fixed.95%Cl
EVOPACS, 2019 7 155 2 152 01% 3.55[0.72, 17.36] »
FOURIER, 2017 585 13784 598 13780 34.7%  0.98[0.87,1.10] —a
GLAGOV,2016 59 484 74 484 39%  0.77[0.53,1.11] s
ODYSSEY COMBO |, 2014 6 209 3 107 02%  1.02[0.25,4.18] ¢ >
ODYSSEY COMBO II, 2015 16 479 7 241 05%  1.16[0.47,2.85]
ODYSSEY EAST, 2020 7 302 5 153  04%  0.70[0.22,2.25] ¢
ODYSSEY J-IVUS, 2019 8 103 4 102 02%  2.06[0.60,7.08] 14
ODYSSEY LONG TERM, 2015 27 1553 26 788 21%  0.52[0.30, 0.89]
ODYSSEY OUTCOMES, 2018 903 9462 1052 9462 57.7%  0.84[0.77,0.93] L
YUKAWA-2, 2016 0 202 1 202 01%  033[0.01,819 * *
Total (95% Cl) 26733 25471 100.0%  0.89 [0.83, 0.95] L 2
Total events 1618 1772
Heterogeneity: Chi? = 13.66, df = 9 (P = 0.13); I? = 34% 0f5 0f7 : 1f5 2

Test for overall effect: Z = 3.33 (P = 0.0009)

b

oT SE(log[OR])

05T .-

Favours [PCSK9 inhibitor] Favours [control]

OR

; +
05 07

Fig. 2: Major adverse cardiovascular events (MACE).
a: using the fixed effect model, OR=0.89, 95% Cl: 0.83-0.95, P = 0.0009.
b: observing the funnel plot, the two sides are more opposite to each other, considering that there is no obvious
publication bias

Nine trials (13-21) reported nonfatal myocardial
infarction events. PCSK9 inhibitor could signifi-
cantly reduce the risk of nonfatal myocardial in-
farction, 12 = 37%, OR=0.79, 95% ClI: 0.73-0.80,
P<0.00001 (Fig. 3a), with obvious publication
bias (Fig. 3b). 9 trials (13-21) reported fatal or
nonfatal stroke events. PCSK9 inhibitor could
significantly reduce the risk of nonfatal stroke. 12

907

= 0%, OR = 0.78, 95% Cl: 0.68-0.91, P = 0.001,
with significant publication bias (Fig. 3a); 10 trials
(13-22) reported coronary artery and other vascu-
lar revascularization events. PCSK9 inhibitor
could significantly reduce the risk of revasculari-
zation of coronary artery and other vessels, 12 =
12%, OR = 0.82, 95% Cl: 0.77-0.88, P < 0.00001,
with certain publication bias (Fig. 3b). 9 trials (13-
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21) reported cardiovascular death events. The
application of PCSK9 inhibitor could not reduce
cardiovascular mortality 12 = 17%, or = 0.95,
95% CI: 0.84-1.07, P = 0.38 (Fig. 4a), with obvi-
ous publication bias (Fig. 4b); 10 trials (13-21)
reported all-cause death events, which also could
not significantly reduce the risk of all-cause
death. 12 = 38%, OR = 0.93, 95% Cl: 0.85-1.03,
P = 0.18, with obvious publication bias (Fig. 4a).
8 trials (13-18,20,21) reported hospitalization for

unstable angina events. PCSK9 inhibitor could
not reduce the risk of hospitalization for unstable
angina. 12 = 16%, OR = 0.90, 95% Cl: 0.76-1.00,
P = 0.21, with obvious publication bias (Fig. 4b).
Five trials (14,16,17,20,21) reported hospitaliza-
tion for congestive heart failure events. PCSK9
inhibitor could not reduce the risk of hospitaliza-
tion for congestive heart failure. I2 = 0%, OR =
0.94, 95% CI: 0.81-1.10, P = 0.44, with obvious
publication bias.

a PCSKS9 inhibitor Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% ClI M-H. Fixed, 95% CI
EVOPACS, 2019 4 155 1 152 0.1% 4.00 [0.44, 36.20] ¥
FOURIER, 2017 468 13784 639 13780 45.9% 0.72[0.64, 0.82] -
GLAGOV,2016 10 484 14 484 1.0% 0.71[0.31, 1.61]
ODYSSEY COMBO |, 2014 1 209 1 107 0.1% 0.51[0.03, 8.23] ¢ >
ODYSSEY COMBO Il, 2015 12 479 3 241 0.3% 2.04 [0.57,7.29] »
ODYSSEY EAST, 2020 6 302 5 153 0.5% 0.60[0.18, 2.00]
ODYSSEY J-IVUS, 2019 2 103 3 102 0.2% 0.65[0.11, 4.00] ¢
ODYSSEY LONG TERM, 2015 14 1553 18 788 1.8% 0.39[0.19, 0.79]
ODYSSEY OUTCOMES, 2018 626 9462 722 9462 50.1% 0.86 [0.77, 0.96] Ll
Total (95% CI) 26531 25269 100.0% 0.79 [0.73, 0.86] L 2
Total events 1143 1406
Heterogeneity: Chi? = 12.66, df = 8 (P = 0.12); I?=37% 0'2 0'5 1 é é
Test for overall effect: Z = 5.76 (P < 0.00001) Favours [PCSKS inhibitor] Favours [control]
b
0__SE(Iog[OR]) %
10,
o’ 2
e P o o
05T L ! .
o ° (o BN
o T
T i
i (@)
o i
15T '
, , 6, . . OR
2 + t + + +
0.2 0.5 1 2 5

Fig. 3: PCSK9 inhibitor and the risk of nonfatal stroke.
a: PCSKD inhibitor can significantly reduce the risk of nonfatal stroke. 12 = 0%, OR = 0.78, 95% Cl: 0.68-0.91, P =

0.001

b: PCSKDY inhibitor can significantly reduce the risk of revascularization of coronary artery and other vessels, 12 =
12%, OR = 0.82, 95% CI: 0.77-0.88, P < 0.00001, with certain publication bias
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a PCSK3 inhibitor Control Qdds Ratio Odds Ratio
Study or Subgroup Events otal Events Total Weight W-H, Fixed, 95% CI M-H, Fixed, 95% C|
EVOPACS, 2019 2 166 0 162 0.1%  4.87[0.24, 104.33]
FOURIER, 2017 251 13784 240 13780 45.5% 1.05[0.88, 1.25] -
GLAGOV.2016 3 484 4 484 08% 0.75[0.17, 2.36]
ODYSSEY COMBQ |, 2014 1 209 1 107 0.3% 0.51[0.03, 8.23]
ODYSSEY COMBQ II, 2015 2 479 2 241 0.5% 0.50 [0.07, 3.58]
ODYSSEY EAST, 2020 o 302 0 163 Mol estimable
ODYSSEY J-IVUS, 2019 o 103 0 102 Nol estimable
ODYSSEY LONG TERM, 2015 B 1553 7 788 1B% 0.29[0.08, 0.99]
ODYSSEY OUTCOMES, 2018 240 9462 271 9462 51.0% 0.88[0.74, 1.05] —
Total (35% CI) 28531 25269 100.0% 0.95 [0.84, 1.07] <
Total events 503 625
Heterogeneity: Chi2 = 7.23, df = 8 {P = 0.30); = 17% s o - i
Test for overall effect: Z = 0.87 (P = 0.38) Favours [PCSK3 inhibiter] Favours [control]
b o SEC0gIOR]) o
1o
05 5
e
o
1 [s)
(o] '
15 &
X OR
a2 05 1 2 5

Fig. 4: PCSKY inhibitor and the cardiovascular disease mortality
a: PCSKY inhibitor cannot reduce cardiovascular disease mortality, 12=17%, OR=0.95, 95%Cl: 0.84-1.07, P=0.38.
b: obvious publication bias

Safety
Treatment-emergent adverse events(IEAE)

Using the literature exclusion method one by
one, it is found that when the test data of OD-

Eleven trials (6-16) reported TEAE. There was
no significant difference in the risk of TEAE in
the PCSKY inhibitor treatment group (26938 par-
ticipants) compared with the control group
(25573 participants), 12 = 44%, using the fixed
effect model OR = 0.98, 95% Cl: 0.94-1.02, P =
0.28 (Fig. 5a), A certain publication bias was
found by observing the funnel diagram (Fig. 5b).

PCSK® inhibiter  Control

EVORACS, 2019 78 155 77 182
FOURIER, 2017 10664 13784 10844 13780
179

GLAGOV.2016 484 M ae4
ODYSSEY COMBO 1. 2014 s 209 8 107
ODYSSEY COMBO I, 2015 M 4 182 2
ODYSSEY EAST, 2020 23 sz 108 183
ODYSSEY J-IVUS, 2048 78 103 B 102
ODYSSEY LONG TERM, 2015 1285 1853 &S0 788
ODYSSEY OUTCOMES, 2018 765 G462 7282 9462
YURAWA-1, 2074 o4 a5 38 102
YLURAVIA-2, 2076 o 2z 02 202
Total (95% CI) 26938 26573 100.0%
Total events. 14

20338 104
Heterogensily: Chi = 17.78, df = 10 (P = 0.08); P = 4a%
Test for averall effect: Z = 1.07 (P =0.28)

b
o SEIOTORY

0.98(0.62, 1.54]
101(0.95,1.07]
061082, 1.04]
0,97 [0.56, 71.67]
121(0.86, 1.68]
114 (0,74, 1.76]
193(1.06, 3.53]
089 (072, 1.12]
093 (0,87, 1.00]
1,66 (1.02, 2.70]
084(0.57,1.24]

0.98 [0.94,1.62]

YSSEY J-IVUS (19) was excluded, 12 = 30%,
and the heterogeneity was significantly reduced,
indicating that this test might be the main source
of heterogeneity. The biggest difference between
this test and other experiments was that the
standard of care group (SoC) did not receive pla-
cebo injection, so there was no injection site reac-
tion.

Odds Ratle Qcids Ratio

. 95%CL

il

. X 2 5
Favours [PGSK2 inhibiter]  Favours [santral]

0.5t - i i —_ S
02 05 1 2 5

Fig. 5: Treatment-emergent adverse events(TEAE)
a: there was no significant difference in the risk of TEAE in the PCSKY inhibitor treatment group (26938 partici-
pants) compared with the control group (25573 participants)
b: certain publication bias was found by observing the funnel diagram
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However, when comparing injection site reaction
events (13-23), there was a significant statistical
difference in the incidence of injection site reac-
tion events between the two groups, 12 = 0%,
OR = 1.59, 95% Cl: 1.41-1.78, P < 0.00001, indi-
cating that injection of PCSK9 inhibitor will
bring obvious injection site reaction to patients.
There was a certain publication bias by observing
the funnel plot.

Discussion

In order to further explore the efficacy and safety
of PCSKY inhibitors in cardiovascular high-risk
patients, this paper conducted a meta-analysis of
11 RCTs that met the inclusion criteria, involving
52511 patients. The results showed that PCSK9
inhibitor could significantly reduce MACE, espe-
cially the risk of nonfatal myocardial infarction,
fatal or nonfatal stroke and revascularization (Fig.
2,3), but did not reduce the risk of all-cause
death, cardiovascular death, hospitalization for
unstable angina and congestive heart failure (Fig.
4); Except injection site reactions, PCSK9 inhibi-
tors did not increase the risk of TEAE, SAE,
TEAESs leading to discontinuation, neurocogni-
tive disorders, diabetes in patients with no history
of diabetes or worsening of diabetes in patients
with history of diabetes, Arthralgia or Myalgia,
AST/ALT>3ULN and CK>5ULN (Fig. 5). It
shows that PCSKY9 inhibitor is safe and effective
in patients with high cardiovascular risk, and the
patient's tolerance is good.

Firstly, this meta-analysis excluded clinical studies
on statin intolerance and hyperlipidemia. The in-
cluded studies were all trials on the application of
PCSK9 inhibitors in high-risk cardiovascular pa-
tients, which reduced the statistical heterogeneity
to a certain extent (the heterogeneity 12<50% in
this meta-analysis). Secondly, most of the previ-
ous meta-analyses included RCT's implemented in
European and American countries, and most of
them were Caucasians, while we increased the
research from Asian populations (18,22,23). At
the same time, we excluded the trials of bococi-

Available at:  http://ijph.tums.ac.ir

zumab (24) (Pfizer has stopped the development
of the drug).

This meta-analysis shows that PCSK9 inhibitors
cannot significantly reduce the risk of cardiovas-
cular death and all-cause death in patients with
high cardiovascular risk. The reasons for this re-
sult may be (D Insufficient RCTs and too small
sample size; (2) Most clinical trials were followed
up for a short time, and cardiovascular death and
all-cause death were not observed during the trial.
Perhaps with the extension of drug application
time, we can observe a significant reduction in
cardiovascular mortality and all-cause mortality in
patients with high cardiovascular risk. In addi-
tion, PCSKY9 inhibitor failed to reduce the risk of
hospitalization for unstable angina and conges-
tive heart failure, which may be due to (D For
several experiments included in this analysis, it
should be noted that cardiovascular outcomes are
not the primary endpoint designed by them. The
non-fatal outcomes in the experimental process
may occur repeatedly in the same patient and
recorded for many times. The result is to greatly
increase the harmful effects of drugs and reduce
their beneficial effects on patients; (2) The onset
of unstable angina pectoris is closely related to
plaque damage or plaque rupture. PCSK9 inhibi-
tor can reduce the regression of percent athero-
ma volume and total atheroma volume, but can-
not reduce the calcium, fibrous, fibrofatty, and
necrotic volumes (25).

It must be admitted that although we conduct
evaluation and analysis in strict accordance with
the methods recommended in the Cochrane sys-
tem evaluation manual, there are inevitably the
following deficiencies: the follow-up time of the
included studies is uneven, and the shortest fol-
low-up time is only 8 weeks; There is a large gap
between the maximum sample size and the min-
imum sample size; Most of the included studies
were implemented in European and American
countries, and most of them were Caucasian. The
sample size of Asian clinical studies was too small
and the proportion was too low; For evo-
locumab, Chinese patients need to spend about
7000-8000 dollars a year; For alirocumab, $4600-
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9300 is required, which is also an important rea-
son for limiting the number of patients partici-
pating in the experiment (26,27). Most of the re-
sults of this meta-analysis have obvious publica-
tion bias. The analysis reason is that the sample
size of the two trials (14,21) accounts for too
much.

Conclusion

PCSK9 inhibitor could greatly reduce the risk of
MACE in patients with high cardiovascular risk,
especially the risk of nonfatal myocardial infarc-
tion, nonfatal stroke and cardiovascular revascu-
larization, which is relatively safe. The incidence
of injection site reactions is high, while the inci-
dence of other adverse events such as TEAE and
SAE in PCSK9 inhibitor group is similar to that
of the control group. However, the impact on
mortality is not clear. In addition, drug cost is
also an important factor limiting the number of
clinical trial participants.
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