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Abstract

Background High-intensity statin therapy is currently recommended initial guideline therapy in ACS treatment.
However, only a minority of patients are achieving LDL-C attainment goal at 6 months. Proprotein convertase
subtilisin/kexin type 9 (PCSK9) inhibitors are on recommended guideline therapy post-ACS if LDL-C goal attainment
is not achieved after high-intensity statin (4-6 weeks) and after the addition of ezetimibe if guideline goal attainment
is not achieved after an additional 4-6 weeks. Thus, it has been recommended that PCSK9 inhibitors be considered
earlier post-ACS. However, the efficacy of early PCSK9 inhibitors initiation in ACS patients remains uncertain.

Methods This systematic review and meta-analysis was conducted following PRISMA guidelines. Randomized
controlled trials (RCTs) and observational studies involving ACS patients who received PCSK9 inhibitors within 48 h of
hospitalization were included. Common and random effects models were used to evaluate the pooled effect of early
PCSK9 inhibitor administration. Nine RCTs and three cohort studies were included.

Results Early PCSK9 inhibitor administration reduced the incidence of MI, ACS hospitalization, and revascularization
at 6-18 months post-ACS. Although there was a drift towards reduced stroke, all-cause mortality, and cardiovascular
death, no statistically significant reduction was observed. Additionally, PCSK9 inhibitors significantly enhanced lipid
control at 4-12 weeks after index hospitalization.

Conclusion Early PCSK9 inhibitors initiation in ACS patients reduces MACE and improves lipid profiles. While the

results propose promising benefits in terms of stroke and mortality, further research with longer follow-up is required
for more decisive evidence.

Keywords Acute coronary syndrome, PCSK9 inhibitors, Lipid lowering, MACE

fSaba Maleki and Amir Nasrollahizadeh contributed equally to this
work.

*Correspondence:
Hamidreza Soleimani
hamid.rsoleimani90@gmail.com

Full list of author information is available at the end of the article

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder.To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12872-024-04057-w&domain=pdf&date_stamp=2024-7-29

Hosseini et al. BMC Cardiovascular Disorders (2024) 24:395

Introduction

Acute coronary syndrome (ACS) is a high-risk medical
condition that requires rapid and effective treatment to
prevent potential complications and reduce mortality
rates [1]. Early initiation of intensive lipid-lowering treat-
ment with greater LDL-C lowering is recommended in
ACS patients to diminish the risk of additional complica-
tions [2—4].

This has long included high-intensity statin therapy,
but several additional classes of lipid-lowering agents are
also available to provide additional LDL-C lowering or
as alternatives for individuals unable to take statins [5].
This includes proprotein convertase subtilisin/kexin type
9 (PCSKD9) inhibitors.

While chronic use of PCSK9 inhibitors in individuals
with stable IHD is well-known to improve outcomes [6],
whether early initiation of these agents (in the setting of
ACS) might also reduce early events is less clear [7]. We
aimed to address this area of uncertainty with a system-
atic review and meta-analysis of randomized controlled
trials (RCTs) and cohort studies testing the efficacy of
early administration of the PCSK9 inhibitors evolocumab
and alirocumab, in patients hospitalized with ACS.

Methods

This systematic review and meta-analysis followed Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) guidelines [8] and the study protocol
was registered in the International Prospective Register
of Systematic Reviews (PROSPERO) — PROSPERO ID:
CRD42023443823 [9, 10].

Criteria for Considering Studies for this Review.

Types of studies

Randomized Controlled Trials (RCTs) and observational
studies including adult patients with a diagnosis of ACS
reporting head-to-head comparison of PCSK9 inhibitors
started in the first 48 h after presentation to the hospi-
tal (early administration strategy) to usual care were
included. Case reports, review articles, trial design proto-
cols, non-comparative studies, and conference abstracts
were dismissed.

Participants and interventions

Patient exclusion criteria differed across studies but gen-
erally included known allergies to PCSKO9 inhibitors, con-
ditions likely to change the clinical course independent of
ACS, or conditions that could jeopardize their safety or
limit their participation in the respective trial.

Outcome measures

Primary outcomes of the study included major adverse
clinical events (MACE), including mortality (all-
cause or cardiovascular), stroke, non-fatal MI, ACS

Page 2 of 13

hospitalization, and need for revascularization at 24 to 72
weeks post-index hospitalization. Secondary outcomes
included laboratory measurements of lipid profile includ-
ing apolipoprotein B (Apo B), apolipoprotein A-I (Apo
A), lipoprotein(a) (Lp(a)), total cholesterol, high-density
lipoprotein-cholesterol (HDL-C), low-density lipopro-
tein-cholesterol (LDL-C), and triglycerides (TG) at 4—12
weeks post-index hospitalization.

Search strategy

After identifying relevant keywords and search terms
(Supplementary Material), we performed a systematic
search of the following electronic databases: PubMed,
EMBASE, Cochrane Library, Clinicaltrials.gov, and
WHO'’s International Clinical Trials Registry Platform,
from January 1, 2014, until July 11, 2023. Only English
language studies were included. Reference lists of eli-
gible studies and relevant reviews on the topic were also
screened.

Data collection and management

The process involved importing the findings of the sys-
tematic search into Endnote software version 20.0 (from
Clarivate PLC in London, United Kingdom). Two inde-
pendent authors, SM and AN, reviewed study titles
and abstracts, and any discrepancies were addressed
by a third reviewer, HS. The selected studies were then
retrieved in full, and data was extracted using a pre-
designed form which included: name of the first author,
study location, study type, sample size for each compari-
son group, baseline characteristics, laboratory markers,
and the presence/absence of clinical events.

Risk of bias assessment

The quality of RCTs included in the study was assessed
using version 2.0 of the Cochrane Risk of Bias Assess-
ment Tool for Randomized Trials (RoB2) [10, 11]. The
Newcastle-Ottawa Scale (NOS) [12] was used to assess
the quality of nonrandomized studies included in our
meta-analyses. Selection, comparability, and ascertain-
ment of exposure/outcome were assessed in each non-
randomized study. Two authors (SM, AN) assigned stars
in each category, and conflicts were resolved through
consensus.

Data analysis and investigation of heterogeneity

All statistical analyses were conducted using R Program-
ming language (R for Windows, version 4.1.3, Vienna,
Austria) and R Studio version 1.1.463 (Posit PBC, Bos-
ton, MA, United States) utilizing the “tidyverse” and
“meta” statistical packages. Risk ratios with 95% con-
fidence intervals were calculated for binary variables,
while mean and standard deviation (SD) were calculated
for continuous variables, to compare treatment methods
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mean difference (MD) was calculated. In studies that
reported median and interquartile (IQR) ranges, we used
the method developed by Lou et al. [13] and Wan et al.
[14] to calculate means and standard deviations. Hetero-
geneity was assessed using the I? statistic, with signifi-
cant heterogeneity defined as I*>70%. If heterogeneity
was significant, we used a random effects model to esti-
mate the effect size of the pooled data; otherwise, a fixed
effects model was used. Sensitivity and subgroup analy-
ses were conducted to identify sources of heterogeneity
when possible. Funnel plots were not produced for this
study as the number of included papers was less than 10.

Sensitivity analysis

We performed a leave-one-out sensitivity analysis to
evaluate the robustness of our meta-analysis for the
LDL-C outcome by iteratively removing one study at a
time and recalculating the pooled estimate.

Results

Study selection

Figure 1 depicts the selection process for the study. The
database search produced 1301 records in total. 1054
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items were retrieved for preliminary screening after
duplicates were removed. Under the guidance of a senior
team member, two independent reviewers examined the
entirety of 102 articles before determining their ultimate
eligibility. Publications that did not include random-
ized clinical trials and cohort studies were disregarded
(Fig. 1). Finally, nine randomized clinical trials compris-
ing a total of 1268 participants and three cohort studies
including 1982 participants, were included in this analy-
sis (Table 1).

Characteristics of included studies

All 12 studies included in our analyses were published
between 2019 and 2023. The mean+SD age range was
similar in both RCTs and cohort studies and the major-
ity of patients were male (Table 1). Seven RCTs and one
cohort study enrolled patients with both non-ST-eleva-
tion (NSTE) ACS and ST Elevation Myocardial Infarc-
tion (STEMI) [15-22], one RCT and one cohort included
only patients with STEMI [23, 24], and one RCT and one
cohort study only included patients with NSTE-ACS
[25, 26]. One RCT and three cohort studies reported
MACE [16, 20, 23, 26] with at least 6 months of clinical
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Fig. 1 Flowchart of the study selection process. RCT, randomized controlled trial
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follow-up. Table 1. Characteristic and demographic
information of included studies.

Outcomes

Primary outcomes- clinical outcomes

In comparison to usual care, at 6-18 months post index
hospitalization, early initiation of PCSK9 inhibitors in
patients with ACS resulted in a lower incidence of MI,
ACS hospitalization, and need for revascularization with
risk ratios (RR) of 0.59 (95%CI 0.38-0.92), 0.53 (95% CI
0.34-0.83) and 0.71 (95%CI 0.50-1.00), and estimated
numbers needed to treat of 35,38, and 37, respectively
(Fig. 2A and B, and 2C). However, while RR for stroke
(CVA) (0.94; 95%CI 0.51-1.72), all-cause mortality (0.66;
95%CI 0.31-1.40), and cardiovascular death (0.79; 95%CI
0.35-1.79), tended to be reduced with PCSK9 inhibitor
use, the effects were not statistically significant at 6-18
months post-ACS (Fig. 2D and E, and 2F).

Secondary outcomes -lipid profiles

The random effect model analysis showed significant
reductions in total (MD: -39.27, 95%CI (-52.08; -26.46))
and LDL-C (MD: -37.58, 95% CI (-46.63; -28.530)) in
patients receiving early PCSK9 inhibitor treatment vs.
control groups (Fig. 3A, B), although there was high
heterogeneity.

PCSKSI Usual Treatment

Study Events Total Events  Total Non-fatal MI RR 95%-Cl Weight
Zhang2022 16 392 77 1092 —5 0.58 [0.34;0.98] 72.5%
Raber2022 2147 3 151 0.68 [0.12;4.04] 5.3%
Ji2023 2 5 5 55 0.40 [0.08; 1.97] 8.9%
Zhao2023 4102 13 253 0.76 [0.25;2.29] 13.3%
Common effect model 696 1551 < 0.59 [0.38; 0.92] 100.0%

Heterogeneity: %= 0%, #= 0,p=0.93
0.1 05 1 2 10
Favors PCSK9i Favors Usual Treatment

PCSKSi Usual Treatment

Study Events Total Events Total Need for Revascularization RR 95%.CI Weight
Zhang2022 27 392 88 1092 e 0.85 [0.56; 1.29] 59.9%
Ji2023 4 55 7 55 0.57 [0.18; 1.84] 9.0%
Zhao2023 8102 42 253 0.47 [0.23;0.97] 31.1%
Common effect model 549 1400 e 0.71 [0.50; 1.00] 100.0%
Z T 1 1
Heterogeneity: 12 = 6%, ©* = 0.0051, p = 0.35
0.2 05 1 2 5

Favors PCSK9i  Favors Usual Treatment

PCSKSI Usual Treatment

Study Events Total Events  Total All Cause Mortality RR 95%-C1 Weight

Zhang2022 6 392 28 1092 —EH- 0.60 [0.25; 1.43] 79.3%

Raber2022 2 147 1 151 2.05[0.19; 22.41] 5.3%

Zhao2023 1102 5 253 0.50 [0.06; 4.19] 15.4%

Common effect model 641 1496 =g 0.66 [0.31; 1.40] 100.0%
| N N

Heterogeneity: /2 = 0%, © =0, p = 0.61
0.1 051 2 10
Favors PCSK9i Favors Usual Treatment
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Common effects modeling revealed a significant differ-
ence between the PCSK9 inhibitor group and the placebo
group in Lp(a) levels (MD: -10.91, 95% CI (-16.47; -5.35)),
and random effects modeling demonstrated a significant
difference in Apo B levels between the two groups (MD:
-27.03, 95% CI (-27.03; -17.76)), respectively (Fig. 3C and
D). The results of HDL-C, TG, and Apo A levels during
short-term follow-up (4—12 weeks) are presented in Sup-
plementary files (Figure S1).

Sensitivity analysis

Figure S2 shows the leave-one-out sensitivity analysis for
the LDL-C outcome. The point estimates and confidence
intervals are consistent across the iterative removal of
each study, indicating that no single study had an undue
influence on the overall result and confirming the robust-
ness of our meta-analysis for this outcome.

The methodological risk of bias

The results of quality assessments, using the Cochrane
Risk of Bias 2 (RoB 2) tool for RCTs and the Newcastle
Ottawa scale (NOS) for cohort studies, are represented in
Figs. 4 and 5; Table 2. Except for the study by Li et al. [20].
which was found to have a high risk of bias due to the
high-risk randomization process, all other included RCTs
and cohorts were deemed to be of high quality.

PCSK9i Usual Treatment

Study Events Tofal Evenfs  Total ACS Hospitalization RR 95%.0l  Weight

Zhang2022 4392 15 1092 4‘—'*7 0.74 [0.25;2.22] 14.6%

Ji2023 3 85 8 55 ———%i—1— 0.38 [0.10; 1.34] 14.7%

Zhao2023 14 102 67 253 & 0.52 [0.31;0.88] 70.7%

Common effect model 549 1400 - 0.53 [0.34; 0.83] 100.0%
2 | I N B |

Heterogeneity: 2= 0%, v =0, p=0.72
02 05 1 2 5
Favors PCSKO9i  Favors Usual Treatment

PCSKi Usual Treatment

Study Events Total Events Total Cerebrovascular Accidents RR 95%.Cl Weight
Zhang2022 7392 17 1092 4’* 1.15 [0.48; 2.75] 43.2%
Raber2022 0147 1 151 i 0.34 [0.01;8.34] 7.1%
Ji2023 3 55 4 55 | 0.75 [0.18; 3.20] 19.2%
Zhao2023 4102 11 253 —E 0.90 [0.29;2.77] 30.4%
Common effect model 696 1551 . 0.94 [0.51; 1.72] 100.0%

Heterogeneity: 12 = 0%, ©2 = 0, p = 0.88

01 0512 10
Favors PCSK9i Favors Usual Treatment

PCSK9i Usual Treatment

Study Events Toal Events  Tota  Cardiovascular Mortality RR 9550l Weight
Zhang2022 5392 23 1092 —t 0.61 [0.23; 1.58] 84.6%
Raber2022 2147 0 151 5.14 [0.25; 106.07] 3.4%
Ji2023 0 5 0 55 0.0%
Zhao2023 1102 3 253 A 0.83 [0.09; 7.86] 12.0%
Common effect model 696 1551 0.79 [0.35; 1.77] 100.0%

Heterogeneity: 12=0%, ¥ =0, p =042
0.01 0.1 1 10 100
Favors PCSK9i Favors Usual Treatment

Fig. 2 (A-F) Forest plot showing the observed outcomes and the estimate of the common effect models for MI, ACS hospitalization, Need for Revascu-
larization, Cerebrovascular Accidents, all-cause mortality, and Cardiovascular Mortality [16, 21, 23, 26]
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PCSK9inh Usual Treatment

Study Total Mean SD Total Mean SD Total Cholesterol MD 95%-Cl Weight
Koskinas2019 141 100.2 38.2 149 150.4 451 —Ea -50.28 [-59.89; -40.67] 26.9%
Hao2022 56 84.7376 15 114.5 44.3 —_— -29.77 [-54.27; -5.27] 14.7%
Mehta2022 38 85.8386 30 109.8 38.9 — -23.97 [-42.52; -5.42] 19.1%
Okada2022 52 912302 50 145.1 43.9 ——+———; -53.90 [-68.56; -39.24] 22.4%
Vavurakanis2022 35 97.739.0 39 1255 54.2 — -27.80 [-49.15; -6.45] 16.9%
Random effects model 322 283 = -39.27 [-52.08; -26.46] 100.0%

60 -40 -20 0 20
Favors PCSKQinh Favors Usual Treatment

Heterogeneity: I = 65%, t* = 134.4338, p = 0.02

PCSK9inh Usual Treatment

Study Total Mean SD Total Mean SD MD 95%-Cl Weight
Koskinas2019 141 30.6 26.6 149 79.7 36.5 -49.11 [-56.43; -41.79] 16.4%
Leuker2020 30 359372 27 64.5 421 -28.60 [-49.30; -7.90] 9.4%
Li2021 19 438346 17 80.7 23.9 -36.90 [-56.16; -17.64] 10.0%
Hao02022 56 224 153 15 49.1 33.7 -26.68 [-44.20; -9.16] 10.9%
Mehta2022 38 29.0273 30 50.2 27.1 -21.20 [-34.21; -8.19] 13.3%
Okada2022 52 273204 50 79.8 353 -52.50 [-63.76; -41.24] 14.3%
Vavurakanis2022 35 347342 39 618379 -27.10 [-43.53;-10.67] 11.5%
Yamashita2023 62 328297 62 80.6 353 -47.80 [-59.28; -36.32] 14.2%

Random effects model 433 389 et -37.58 [-46.63; -28.53] 100.0%

Heterogeneity: 1 = 73%, 1> = 116.0047, p < 0.01 f T T !
60 40 -20 0 20

Favors PCSK9inh Favors Usual Treatment

PCSK9inh Usual Treatment

Study Total Mean SD Total Mean SD LPa MD 95%-Cl Weight
Koskinas2019 141 69.8 1456 149 68.4 135.9 —‘—*— 1.33 [-31.13; 33.79] 2.9%
Li2021 19 575 87.3 17 426 549 : 14.90 [-32.23;62.03] 1.4%
Hao2022 56 95 94 15 226 16.1 — -13.10 [-21.63;-4.57] 42.4%
Mehta2022 38 87.0 79.8 30 171.0 196.6 «~— -84.00 [-158.79; -9.21] 0.6%
Okada2022 52 408 329 50 43.8 23.0 -3.00 [-13.98; 7.98] 25.6%
Vavurakanis2022 35 186 231 39 34.7 236 — -16.10 [-26.76; -5.44] 27.2%
Common effect model 341 300 | \ Bt J | -10.91 [ -16.47; -5.35] 100.0%

Heterogeneity: 1> = 41%, > = 12.7117, p = 0.13
-40 -20 0 20 40
Favors PCSK9inh Favors Usual Treatment

PCSK9inh Usual Treatment

Study Total Mean SD Total Mean $D Apo-B MD 95%-Cl Weight
Koskinas2019 141 41.0 254 149 76.0 29.9 —= -35.00 [-41.38;-28.62] 18.6%
Li2021 19 423235 17 715226 -29.20 [-44.27;-14.13] 13.3%
Hao2022 56 31.0258 15 550 3.2 — -24.00 [-30.96; -17.04] 18.3%
Mehta2022 38 40.0 169 30 49.0 20.1 — -9.00 [-17.98; -0.02] 17.1%
Okada2022 52 341183 50 752241 —— -41.10 [-49.42; -32.78] 17.5%
Vavurakanis2022 35 434263 39 66.527.3 — = -23.10 [-35.34;-10.86] 15.1%
Random effects model 341 300 — 'QI!PI ‘ — -27.03 [-36.31; -17.76] 100.0%

Heterogeneity: /% = 85%, 7% = 109.5224, p < 0.01
-50 -40 -30 -20 -10 0 10 20
Favors PCSK9inh Favors Usual Treatment

Fig. 3 (A-D) Forest plot showing the observed outcomes and the estimate of the common and random effect models for Total cholesterol, LDL-C, Lipo-
protein a, and Apo lipoprotein B, at Short-term Follow-up (4—12 weeks) [15, 17-20, 22, 24, 25]
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Overall Bias

Selection of the reported result

Measurement of the outcome

Mising outcome data

Deviations from intended interventions

Randomization process

0 10 20

o Low risk

Fig. 4 Risk of bias graph in RCTs

Study Experimental Comparator D1 D2
Koskinas 2019 PCSKS inhibitor Placebo ° °
Leucker 2020 PCSKS inhibitor Placebo ° o
Li 2021 PCSKS inhibitor Placebo . °
Hao 2022 PCSKS inhibitor Placebo &® @
Mehta 2022 PSCK9 inhibitor Placebo ® O
Okada 2022 PCSK9 inhibitor Placebo ° °
Raber 2022 PCSKS inhibitor Placebo o e
Vavuranakis 2022 PCSKS inhibitor Placebo . e
Yamashita 2023 ~ PCSK9 inhibitor Placebo ° °

Fig. 5 Risk of bias summary in included RCTs [15-20, 22, 24, 25]

Table 2 Quality assessment of cohort studies

Some concerns

100

W High risk

(=]
<
®
A

° Low risk

! Some concerns

High risk

D1 Randomisation process

D2 Deviations from the intended interventions
D3 Missing outcome data

D4 Measurement of the outcome

D5 Selection of the reported result

000000000
000060 E:
000000000+

First Author and Year Selection Comparability Exposure/Outcome Total Score

Zhang 2022 [26] Xk *x X% PR

Ji 2023 [9] HxxR *% *%x P
HRKK *¥ XXX HXXXXXKKK

Zhao 2023 [23]

Discussion

Our pooled analyses reveal that, at 6-18 months fol-
lowing ACS, adverse clinical events are reduced with
administration/initiation of PCSK9 inhibitors in the
first 48 h after presentation to the hospital. In compari-
son to the control group receiving standard therapy, the
PCSK9 antibody group saw decreased incidence of MI,
ACS-related hospitalization, and revascularization. Early
PCSK9 inhibitors therapy also suggested potential advan-
tages in terms of CVA, cardiovascular mortality, and
all-cause mortality. In addition, early implementation of
PCSKO9 inhibitors significantly reduced total cholesterol,
LDL-C, Apo B, and Lp(a) levels within 4-12 weeks of
initiation.

Our meta-analysis provides evidence supporting the
use of early PCSK9 inhibitor administration in ACS
patients to improve clinical outcomes and lipid pro-
files. Early administration of PCSK9 inhibitor therapies
should be considered by physicians in patients with ACS,
particularly those with high LDL-C levels or those who
can’t accomplish acceptable LDL-C reduction with statin
therapy alone. However, treatment decisions should
be modified based on medical history, risk factors, and
the presence of concurrent medical conditions. Further
study is needed to identify the ideal timing and duration
of PCSK9 inhibitor therapies in ACS patients in order to
evaluate the long-term safety and efficacy of this treat-
ment approach. Early PCSK9 inhibitor therapy could
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stabilize vulnerable plaques, reduce inflammation, and
prevent recurrent cardiovascular events [27-29].

Primary outcomes- clinical outcomes

To our knowledge, no meta-analysis has been conducted
so far that has evaluated the effects of early implemen-
tation of PCSK9 inhibitors in ASC patients. Our assess-
ment of both observational studies and RCTs with a
minimum follow-up duration of 6 months revealed that
the prompt use of PCSK9 inhibitors in ACS patients
resulted in lower rates of MI, hospitalization, and the
need for revascularization at mid-term follow-up (6-18
months) in comparison to placebo or standard of care.
The biological plausibility of these early clinical benefits
is supported by studies showing PCSK9i in ACS patients
reduces plaque burden and increases fibrous cap thick-
ness [16, 30, 31].

While there is limited knowledge of early initiations
of PCSK9 inhibitors in ACS management, many stud-
ies have assessed the efficacy and safety of these drugs
in stable patients. Turgeon et al. [32] found that PCSK9
inhibitors lowered the risk of composite MACE by 17%
in a meta-analysis encompassing 23 RCTs with 4 mini-
mum follow-up of 6 months. The effects of PCSK9 inhib-
itors on all-cause and cardiovascular mortality, however,
were not statistically significant. Furthermore, a recent
meta-analysis assessing the efficacy of PCSK9 inhibitors
on MACE in adults with atherosclerotic cardiovascu-
lar disease found that both alirocumab and evolocumab
reduced MACE at a mean 1.56 years follow-up with the
corresponding number needed to treat of 36. This reduc-
tion also included a decrease in CVA and coronary revas-
cularization [33].

While our results demonstrated that early administra-
tion of PCSK9 inhibitors shows better effectiveness than
conventional therapy in terms of CVA, cardiovascular
mortality, and all-cause death, the difference was not
statistically significant. There are three critical factors to
consider in this situation. To begin with, it is conceivable
that the period of follow-up was insufficient to appropri-
ately assess these effects. Second, just one RCT investi-
gated MACE outcomes for more than 6 months [16],
stressing the need for further trials with longer follow-
up lengths to offer greater clarification on this issue and
finally the incidence of aforementioned adverse events
was too low, so it might be possible that studies were
not powered enough to detect a significant shift in these
outcomes.

Secondary outcomes- lipid profiles

The aggressive and rapid reduction of LDL-C levels has
been generally acknowledged as an important method to
reduce rates of MACE in high-risk individuals [34-36].
According to previous guidelines, it was recommended
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to re-evaluate lipid profiles 4—6 weeks after initiation of
lipid-lowering therapies in post-NSTE-ACS management
[3, 37]. Additionally, as a general suggestion, 8+4 weeks
is an appropriate timeframe for assessing the effective-
ness of lipid-lowering treatment [3]. Therefore, in this
meta-analysis, we assessed lipid profiles in both treat-
ment groups regarding lipid profile at 4—12 weeks post
initial treatment.

In congruence with a previous network meta-analysis
evaluating patients with hypercholesterolemia [38], our
pooled analysis of patients with the diagnosis of ACS
confirmed the superiority of early usage of PCSK9 inhibi-
tors compared to the usual treatment group regarding
LDL-C in the near term.

Researchers have recently investigated the impact of
lipoproteins other than LDL-C in MACE reduction,
including Lp(a) and Apo B [39-41]. The exact mecha-
nisms associated with Lp(a) reduction through PCSK9
inhibition are not clearly understood, but LDL receptor,
LDL receptor-related protein 1, and scavenger recep-
tor class B type 1 are some potential targets affected by
PCSK9 inhibitors in Lp(a) catabolism [42]. Additionally,
increasing Intermediate Density Lipoprotein and LDL
ApoB fractional clearance rate and reducing LDL ApoB
production rate have both been proposed as potential
mechanisms of ApoB decrease by PCSK9 inhibitors [43].
According to our findings, early treatment of PCSK9
inhibitors successfully lowered Lp(a) and Apo B levels.
Furthermore, multiple observational studies have found
that those with high Lp A levels had a greater risk of
MACE [44, 45]. Similarly, the results of previous studies
[46-48] indicate a positive correlation between Apo B
and the occurrence of MACE. However, the residual car-
diovascular risk factors are not well established and fur-
ther studies with high levels of evidence are necessary to
clarify this matter.

Limitations

We acknowledge that our study has limitations. First, in
the assessment of MACE, we only have one RCT and
three cohorts, which contributed to heterogeneity in
our pooled analysis. Second, not enough studies have
been conducted to provide preferred evidence of long-
term assessment of early injection of evolocumab and
alirocumab in ACS patients, probably due to the high
cost of PCSK9 inhibitors. Third, considering the absence
of data on composite MACE incidence in our included
studies, we were unable to analyze it due to the possibil-
ity of overlapping MACE components; and finally, our
findings could be biased due to the small sample sizes
of included studies, especially relevant to MACE, which
have a low incidence. Each study used different time
frames for follow-up and evaluation of outcomes, so we
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did not have uniform definitions which add to the het-
erogeneity of our results.

Cost implications and cost-effectiveness

While the clinical benefits of early initiation of PCSK9
inhibitors in ACS patients are engaging, the cost of
these drugs is an important barrier to widespread adop-
tion. A study by Gragnano et al. [49] found the rates of
patients with full adherence to PCSK9 inhibitors signifi-
cantly higher than the statin group after mean period
of 10.4 months after initiation of the PCSK9 inhibitors.
A study by Cesaro et al. [50] found that PCSK9 inhibi-
tor therapy significantly improved EuroQol 5D quality of
life scores and visual analog scale health status scores at
1 year compared to baseline in high cardiovascular risk
patients, with the greatest improvement seen in the anxi-
ety/depression dimension. The authors postulated that
the substantial LDL-C lowering achieved, attainment of
recommended LDL goals, less pill burden with injectable
therapy, and a sense of reassurance may have contrib-
uted to the favorable effects on quality-of-life measures.
A recent systematic review by Azari et al. in 2019 high-
lighted the high cost of PCSK9 inhibitors, reaching $7000
and $15,000 in developed countries and the USA, respec-
tively. However, the review suggested the usage of these
drugs may be more cost-effective in different populations
[51]. To clarify this knowledge gap further research is
needed to assess the cost-effectiveness of early PCSK9
inhibitor use in the post-ACS setting, considering factors
such as long-term cardiovascular event reduction, hospi-
tal readmissions, and overall healthcare costs.

Conclusions

Early initiation of PCSK9 inhibitors in ACS patients
appears to significantly reduce the rate of MI, ACS hos-
pitalization, and the need for revascularization at 6 to 18
months of follow-up. Additionally compared to standard
lipid-lowering therapy, more improvement in lipid profile
was seen in the PCSK9 inhibitors group. This data sup-
ports the utilization of PSCK9 inhibitors earlier in the
treatment paradigm of post-ACS patients.

Abbreviations

ACS Acute coronary syndrome

LDL-C Low-density lipoprotein cholesterol

PCSK9 inhibitors  Proprotein convertase subtilisin/kexin type 9

HD Ischemic heart disease
RCT Randomized controlled trial
PRISMA Preferred Reporting Items for Systematic Reviews and

Meta-Analysis

MACE Major adverse cardiovascular events
Ml Myocardial infarction

HDL-C High-density lipoprotein cholesterol
TG Triglyceride

STEMI ST elevation myocardial infarction
NSTE Non ST elevation

RR Risk ratio
SD Standard deviation
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IQR Inter-quartile range
CVA Cerebral vascular accident
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