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ARTICLE INFO ABSTRACT

Handling Editor: Dr D Levy Background: The objective of this research is to evaluate the efficacy and safety of drugs in the residual risk in any
of its three components: lipid, inflammatory and thrombotic risk.

Methods: A systematic review was conducted of randomized clinical trials that included as a primary outcome, at
least one of the conditions related to atherosclerotic cardiovascular disease. The databases used were PUBMED/
MEDLINE, Scopus and ClinicalTrials.gov. The risk of bias of the studies was assessed using the Risk of Bias 2 tool.
Results: and discussion: 18 studies were included in the analysis. Half of the studies had low risk of bias or some
concerns. Several drugs were effective in reducing the primary outcome: ethyl eicosapentaenoeic acid (17.2 % E-
EPA versus 22 % placebo HR: 0.75; 95 % CI 0.68-0.83; p < 0.001), colchicine in stable coronary artery disease
(6.8 % vs placebo 9.6 %, HR 0.59, 95 % CI 0.57-0.83; p < 0.001), Canakinumab (150 mg vs placebo ARR 15 %,
HR 0.85, 95 % CI 0.74-0.98; p = 0.021) and Rivaroxaban with Aspirin in stable atherosclerotic disease (4.1 %
versus aspirin 5.4 %, HR 0.76, 95 % CI 0.66-0.86, P < 0.001). Serious adverse events did not differ between
study groups, except for a higher rate of bleeding with the use of combination antithrombotic therapy.
Conclusion: The residual risk can be reduced through the use of different drugs that act by modifying atherogenic
lipid levels, modulating inflammatory pathways and the risk of thrombosis, with an acceptable safety profile in
most studies.
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and tumor necrosis factor-alpha [6]. Other conditions, such as hyper-
triglyceridemia and high levels of lipoprotein (a), can amplify the pro-

1. Introduction

In recent decades, the treatment of Atherosclerotic Cardiovascular
Disease (ASCVD) has been focused on the control of LDL cholesterol
(LDL-C) with statins [1]; however, studies have shown that despite
achieving optimal LDL-C levels, patients continue to experience major
adverse cardiovascular events (MACE), which has been defined as re-
sidual cardiovascular risk [2,3]. This concept includes non-modifiable
factors such as family history, age, sex, and ethnicity, among others, that
influence the onset and progression of atherosclerotic plaque, such as
chronic inflammation, prothrombotic states, concentrations of certain
lipoproteins and triglycerides [4].

In the pathogenesis of atherosclerotic plaque, clinical and experi-
mental studies suggest that inflammation plays a key role, independent
of LDL-C [5], especially through the increase of proinflammatory cy-
tokines such as interleukin—1 (IL-1), interleukin-6 (IL-6), interleukin-8,
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cess by penetrating the endothelial barrier and depositing directly into
the arterial wall [7,8]. Finally, rupture of the atherosclerotic plaque
exposes thrombogenic material, such as the tissue factor produced by
macrophages and smooth muscle cells, capable of generating an occlu-
sive thrombus rich in fibrin and platelets [5,9,10].

The purpose of this research is to evaluate the quality of studies on
the efficacy and safety of pharmacological therapies for the reduction of
MACE in adults with residual cardiovascular risk. To this end, a sys-
tematic review of the literature was performed that included phase III
clinical trials addressing the lipid, inflammatory, and thrombotic com-
ponents of atherosclerotic plaque.
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2. Materials and methods

For the preparation of this study, the verification criteria of the
Preferred Reporting Items for Systematic Reviews and Meta—Analyses
(PRISMA) statement in its 2020 version were followed. In addition,
using the PICO tool, the research question was developed considering 1)
the population: individuals with established ASCVD or at high risk of
developing it, with residual cardiovascular risk; 2) the intervention:

Identification of studies in databases and files
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drugs that reduce residual cardiovascular risk; 3) the comparator: drug

products compared with each other or against placebo; and 4) the out-
comes: efficacy and safety in the reduction of MACE.

2.1. Inclusion and exclusion criteria

We included phase III Randomized Clinical Trials (RCTs), or
pre-specified subgroup analyses of RCTs that evaluated within their
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Fig. 1. PRISMA flow diagram.
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primary outcomes at least one of the ASCVD-related conditions: acute
coronary syndrome (ACS), stroke, peripheral artery disease, cardiovas-
cular or all-cause mortality, in subjects older than 18 years old. Studies
that included patients not treated with statins, that evaluated only lipid,
inflammatory, or thrombotic biomarkers, and with follow-up of less
than 6 months were excluded.

2.2. Data extraction

The search and selection of studies were performed independently by
the three investigators, without time limits or language restrictions.
Three electronic databases were used: PUBMED/MEDLINE, Scopus and
ClinicalTrials.gov. Disputes were resolved by consensus. The first query
was held between November 28, 2022, and December 5, 2023. A sub-
sequent query with the same search criteria was performed on February
1, 2024. The search strategy is detailed in Annex A.

To meet the research objectives, the studies were classified according
to the three components of residual cardiovascular risk: lipid, inflam-
matory, and thrombotic, considering the pathophysiological mecha-
nisms involved in the atherosclerosis process.

2.3. Risk of bias

The open-access Risk of Bias 2 (ROB-2) tool was used to assess the
quality of the studies included in the analysis. A table with the findings,
including an evaluation of the methodological quality of each study, was
prepared.

3. Results
3.1. Identification and selection of studies

The search strategy yielded 1636 articles in PUBMED/MEDLINE,
1328 in Scopus, and 212 articles in ClinicalTrials.gov. Two articles
identified through the direct citation method during the document re-
view were included. A total of 3178 documents were identified and 2289
were withdrawn due to duplication. A total of 887 articles were
screened, of which 834 were excluded by title and abstract due to in-
compatibility with the inclusion criteria, review articles, letters to the
editor, editorials and meta-analysis.

A total of 53 studies were evaluated for eligibility by full-text
reading. At this point, 37 articles were excluded. Finally, 18 original
articles were included in the analysis, most of which were obtained from
the PUBMED/MEDLINE database. The selection process is detailed in
the PRISMA flow chart (Fig. 1).

3.2. Residual lipid risk

Four studies were included in the analysis. Two were RCTs [11,12],
and two were subgroup analyses of the FOURIER study [13,14]. All
studies selected patients with established ASCVD and increased car-
diovascular risk. The primary efficacy outcome was MACE, and patient
follow—up ranged from 2.2 to 4.9 years. The population consisted pre-
dominantly of men, with a mean age of 65 years on statin treatment and
LDL-C levels between 70 mg/dL (1.81 mmol/L) and 100 mg/dL (2.59
mmol/L).

The studies by Bhatt [11] and Nicholls (2020) [12] selected subjects
with hypertriglyceridemia and evaluated the efficacy of omega-3 fatty
acids, with a sample of 8179 and 1384 patients, respectively. As a result,
the use of ethyl eicosapentaenoic acid (EPA) decreased the primary
outcome by 25 % compared to the placebo, while the use of omega-3
carboxylic acids, a combination of EPA and docosahexaenoic acid (DHA)
did not significantly reduce outcomes.

Moreover, subgroup analyses from the FOURIER study suggest a 20
% relative risk reduction in people with recent cardiac infarctions and a
history of multiple cardiac infarctions with evolocumab (Sabatine,
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2018) [13]. Likewise, this drug product achieved a reduction in the
relative risk of MACE by 23 % in patients with lipoprotein (a) levels
greater than 50 mg/dL in the study by O’Donoghue et al. [14].

Regarding safety, the study by Bhatt et al. [11] found no significant
differences in adverse events leading to the discontinuation of EPA.
However, the increase in atrial fibrillation (5.3 % vs. 3.9 %) and pe-
ripheral edema (6.5 % vs. 5.0 %) in patients treated with EPA compared
to placebo is striking. On the other hand, in the study by Nicholls et al.
[12], the combination of EPA and DHA showed greater adverse drug
reactions and the need for discontinuation or dose reduction, especially
due to digestive intolerance (Table 1).

3.3. Residual inflammatory risk

Six RCTs met the inclusion criteria (27,813 patients). Of these, four
studies used colchicine in a sample of 11,594 patients [15-18], one
study with methotrexate [19] that enrolled 6158 participants, and one
with canakinumab [20] that included 10,061 subjects.

All included studies had a double-blind design, except for the Nidorf
2013 study [15], which only blinded the investigators and did not use a
placebo. The study population consisted of patients in secondary pre-
vention, mainly for acute myocardial infarction and proven coronary
artery disease. The sample was predominantly male, with ages ranging
from 35 to 85 years old, and the follow—up ranged from 1.8 to 3.7 years
[15-20].

Studies with colchicine used low doses (0.5 mg daily). A significant
reduction of MACE in stable coronary artery disease was demonstrated
in three of them (Nidorf, 2013: HR 0.3; 95 % CI: 0.18-0.59; p = 0.02)
[15]. In a study of patients with recent ACS, colchicine showed no
decrease in the risk of MACE and, on the contrary, increased total
mortality over placebo (Tong, 2020) [18].

In terms of colchicine safety, all four studies reported early discon-
tinuation of the drug product for digestive symptoms in 5-11 % of pa-
tients. However, there were no significant differences between groups in
terms of long-term tolerability, serious adverse events, or requiring
hospitalizations for digestive symptoms, infection, or sepsis [15,16,18].

For the case of II-1 inhibitors, Ridker et al. [20] evaluated the effi-
cacy of canakinumab in individuals with acute myocardial infarction
and high-sensitivity C-reactive protein (hs-CRP) levels greater than 2
mg/dL, and found that dosing 150 mg subcutaneously every three
months achieved a significant reduction in the primary outcome (HR
0.85; 95 % CI: 0.74-0.98; p = 0.021) and a decrease in hs-CRP.

In that same study, canakinumab was significantly associated with
higher mortality from infection and sepsis compared to placebo (inci-
dence rate of 0.31 vs. 0.18 events per person-years, p = 0.02); similarly,
a higher frequency of thrombocytopenia was observed, although
without differences in the rate of bleeding. The overall rates of serious
adverse events were similar in both groups, as were injection site re-
actions [20].

However, only one study with methotrexate was included in the
analysis. In this clinical trial, Ridker et al. [19] used low-dose metho-
trexate compared to placebo, finding no significant difference in pri-
mary outcomes at 2.3 years of follow-up (incidence rate of 3.46 vs. 3.43
events per 100 person-years (HR 1.01; 95 % CI: 0.82-1.25), which led to
discontinuation due to futility.

Safety outcomes report a higher incidence rate of painful oral ulcers
in the methotrexate group compared to placebo (1.95 vs. 1.13 per-
son-years, p = 0.001), as well as higher unintentional weight loss (2.1
vs. 1.47 person-years, p = 0.02), elevated alanine aminotransferases
(0.97 vs. 0.37, p < 0.001), and leukopenia (5.14 vs. 3.6, p < 0.001) in
the methotrexate group. There were no significant differences in serious
adverse events [19]. Table 2 summarizes the main characteristics of the
studies on inflammatory residual risk.
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Table 1
Characteristics of studies included in lipid risk.

Source Design Population/sample Intervention/ Primary Efficacy result Safety result Conclusion

follow-up outcome

Bhatt Dl et al. RCT, double- ASCVD or diabetes EPA 4 g/day or MACE 17.2 % EPA vs. 22 % No difference in EPA significantly
2019 (11) blind with another risk placebo/4.9 years placebo serious adverse reduces MACE.

factor, TG 135-499 HR: 0.75 (95 % CI: effects. Higher rates
mg/dL and LDL of 0.68-0.83), p < 0.001 of atrial fibrillation
41-100 mg/dL. in the intervention
Mean age: 64 years group.

old. n = 8.179

Nicholls SJ RCT, double- High-risk ASCVD, TG Omega-3 MACE Omega-3 carboxylic acids Greater adverse There is NO significant
et al. 2020 blind 180-500 mg/dL, carboxylic acids 12 % vs. placebo 12.2 %, drug reactions in the  difference between
12) c-LDL less than 100 vs. corn 0il/3.5 HR: 0.99 (95 % CIL: intervention group, omega-3 carboxylic

mg/dL. Mean age: years 0.9-1.09), p = 0.84 mainly digestive. acids and placebo in
62.5 years old. n = reduction of MACE.
1384

Sabatine et al. Pre-specified Previous cardiac Evolocumab 280 MACE RRR 20 % with Not reported. Evolocumab reduces

2018 (13) analysis of a infarction, residual mg or 420 mg evolocumab in subjects residual cardiovascular
RCT, (FOURIER coronary artery monthly vs. with recent infarction (HR: risk in people with
study) disease with stenosis placebo/2.2 years 0.80; 95 % CI: 0.71-0.91), high-risk ASCVD.

>40 % in 2 or more 18 % in subjects with
vessels. c-LDL lower multiple prior infarctions
than 100 mg/dL. (HR: 0.82; 95 % CI:

Age: 40-85 years old. 0.72-0.93)

n = 22,351

O’Donoghue Pre—specified Established ASCVD Evolocumab 280 MACE RRR 23 % with Not reported. Evolocumab reduces
ML et al. analysis of a RCT  and high-risk mg or 420 mg evolocumab in subjects MACE in people with
2019 (14) (FOURIER predictors with Lp(a) monthly vs. with Lp(a) greater than 50 Lp(a) greater than 50

study) levels. c-LDL lower placebo/2.2 years mg/dL. HR: 0.77; 95 % CI: mg/dL.
than 100 mg/dL. Age: 0.67-0.88)
40-85 years old. n =
25,096
Table 2
Characteristics of studies included in inflammatory risk.

Source Design Population/sample Intervention/ Primary outcome Efficacy result Safety result Conclusion

follow-up

Nidorf PROBE-type Secondary prevention of Colchicine 0.5 mg/ ACS, out-of-hospital Colchicine 5.3 % Not clearly reported.  Colchicine reduces
SM trial, blinded ASCVD, with day vs. no cardiac arrest, vs. no colchicine Greater digestive MACE in subjects
et al. for the angiographically proven colchicine/3 years non-cardioembolic 16 %, HR0.3(95%  symptoms in the with stable
2013 investigator coronary artery disease, ischemic stroke CL: 0.18-0.59), p < colchicine group. coronary artery
(15) in stable phase. Age: 0.001. disease.

35-85 years. n = 532

Nidorf RCT, double- Proven coronary artery Colchicine 0.5 mg/ MACE Colchicine 6.8 % No differences in Colchicine reduces
SM blind disease, stable inthelast6  day vs. placebo/2.3 vs. placebo 9.6 %, digestive and other the risk of MACE in
et al. months. Age: 35-82 years HR 0.69; (95 % CI: adverse effects. subjects with
2020 years. n = 5522 0.57-0.83); p < stable coronary
(16) 0.001) artery disease.

Tardif RCT, double- Subjects with myocardial Colchicine 0.5 mg/ MACE Colchicine 5.5 % No differences in Colchicine reduces
JC blind infarction 30 days before day vs. placebo/1.8 vs. placebo 7.1 %, adverse drug MACE in subjects
etal. randomization. years HR 0.77 (95 % CI: reactions or serious with recent
2019 Mean age: 60.5 years. n = 0.61-0.96); p = events. myocardial
a7) 4745 0.02 infarction.

TongDC  RCT, double- People with ACS and Colchicine 0.5 mg MACE/total death Colchicine: 24 No significant Colchicine does
et al. blind proven coronary artery twice daily for one events, placebo 38 differences in not reduce MACE
2020 disease. Mean age: 59.8 month and then 0.5 events, p = 0.09/ adverse events in the  and increases total
(18) years. n = 795 mg daily for 11 Colchicine 8 vs. groups. mortality

months vs. placebo placebo 1, p = compared to
0.017 placebo.

Ridker RCT, double- People with previous Methotrexate 15mg  Composite: Methotrexate Methotrexate was Methotrexate does
PM blind myocardial infarction or weekly and at cardiovascular death, incidence rate 3.46  associated with not reduce MACE
et al. multivessel coronary fourth month 20 mg  myocardial infarction vs. 3.43 per 100 increased elevation compared to
2019 artery disease with weekly vs. placebo/  or non-fatal stroke person-years, HR of liver enzymes, placebo.

19) diabetes or metabolic 2.3 years 1.01 (95 % CI: leukopenia, anemia

syndrome. Mean age: 0.82-1.25); and non basal-cell
65.6 years. n = 6158 cancer.

Ridker RCT, double- People with previous Canakinumab, Composite: Canakinumab 150 Canakinumab Canakinumab 150
Pm blind myocardial infarction and  three doses (50 mg, cardiovascular death, mg vs. placeboRRA  increases the risk of mg every three
et al. hs-CRP greater than or 150 mg and 300 myocardial infarction 15 %, HR 0.85, (95  serious infections, months decreases
2017 equal to 2 mg/dL. Mean mg) every 3 months  or non-fatal stroke % CI: 0.74-0.98); p  with no difference in  the risk of MACE.
(20) age: 61.1 years. n = vs. placebo/3.7 =0.021 mortality.

10,061

years
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3.4. Residual thrombotic risk

Eight RCTs were selected for analysis. One study evaluated the effi-
cacy of rivaroxaban after a recent ACS with a sample of 1526 partici-
pants (Mega, 2010) [21], and three more studies did so with the
combination of rivaroxaban and low-dose aspirin (Eikelboom 2017,
Anand 2018, and Bonaca 2020) [22-24] in a total of 41,429 patients.
The remaining four clinical trials evaluated dual antiplatelet therapy
(DAPT) versus Aspirin alone (Bhatt 2006, Park 2010, Lee 2014, and
Bonaca 2015) [25-27] in a sample of 44,511 subjects. In total, a pop-
ulation of 84,466 subjects was collected in the eight studies.

All studies were randomized, controlled, double-blind clinical trials
and included subjects with a mean age between 61 and 67 years, pre-
dominantly male, and with established ASCVD. Three studies selected
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patients with peripheral arterial disease (Anand 2018, Bhatt 2006, and
Bonaca 2020) [23-25]; the remaining were conducted mainly in pa-
tients with ischemic heart disease (Mega 2012, Eikelboom 2017, Park
2010, Lee 2014, and Bonaca 2015) [21,22,26-28].

In the study by Mega et al. [21], the efficacy of low—dose rivaroxaban
was evaluated against a placebo in people with recent ACS, and a sig-
nificant decrease in the primary outcome was demonstrated (8.9 % vs.
10.7 %; HR 0.84; 95 % CI: 0.74-0.96; p = 0.008). Three other studies
with the combination of rivaroxaban 2.5 mg twice daily plus aspirin
compared to rivaroxaban alone at a dose of 5 mg twice daily or aspirin
monotherapy showed similar results, even in major lower limb adverse
events (Eikelboom, 2017: rivaroxaban plus aspirin 4.1 % vs. aspirin
alone 5.4 %, HR 0.76; 95 % CI: 0.66-0.86; p < 0.001; Anand, 2018:
rivaroxaban plus aspirin 1 % vs. aspirin alone 2 %, HR 0.54; 95 % CI:

Table 3
Characteristics of studies included in thrombotic risk.
Source Design Population/sample Intervention/follow- Primary outcome Efficacy result Conclusion
up
Mega JL RCT, double- Subjects with ACS. Mean age: Rivaroxaban 2.5 mg Composite: Rivaroxaban 8.9 % vs. Rivaroxaban reduces the
etal. 2012 blind 61.5 years. n = 1526 or 5mg twice daily vs.  cardiovascular death, placebo 10.7 %, HR: risk of MACE in subjects
21 placebo/2 years myocardial infarction or 0.84 (95 % CI: with recent ACS.
non-fatal stroke 0.74-0.96); p = 0.008
Eikelboom RCT, double- Stable ASCVD. Mean age: 68.2  Rivaroxaban 2.5 mg Composite: Rivaroxaban plus Rivaroxaban plus aspirin
JW et al. blind, double- years. n = 27,395 twice daily plus cardiovascular death, aspirin 4.1 % vs aspirin ~ reduces more MACE than
2017 (22) dummy aspirin 100 mg daily, myocardial infarctionor  alone 5.4 %, HR: 0.76 aspirin alone, in subjects
rivaroxaban 5 mg non-fatal stroke (95 % CIL: 0.66-0.86), with stable ASCVD.
twice daily or aspirin p < 0.001
100 mg daily./1.91
years
Anand SS RCT, double- Peripheral arterial disease of Rivaroxaban 2.5 mg Composite: Major adverse events Rivaroxaban plus aspirin
et al. 2018 blind, double- lower limbs, carotid disease, twice daily plus cardiovascular death, in lower limbs: reduces MACE and lower
(23) dummy coronary artery disease with aspirin 100 mg daily, myocardial infarctionor  rivaroxaban plus limb adverse events
ankle-brachial index less than  rivaroxaban 5 mg stroke and major aspirin 1 % vs. aspirin compared to aspirin
0.9. twice daily or aspirin adverse events in lower alone 2 %, HR: 0.54 95  alone.
Mean age: 67.8 years. n = 100 mg daily/3 years limbs, including % CI: 0.35-0.82); p =
7470 amputation 0.0037
Bonaca MP RCT, double- Subjects older than 50 years Rivaroxaban 2.5 mg Composite: acute lower Rivaroxaban plus Rivaroxaban plus aspirin
et al. 2020 blind old, taken for twice daily plus limb ischemia, major aspirin 15.5 % vs. reduces the incidence of
24) revascularization of peripheral  aspirin 100 mg daily vascular amputation, aspirin plus placebo the primary outcome
arterial disease in the previous  or aspirin 100 mg myocardial infarction, 17.8 %, HR: 0.85(95%  compared to aspirin
10 days. Mean age: 67 years.n  daily/3 years stroke, or CIL: 0.76-0.96); p = alone.
= 6564 cardiovascular death 0.009
Bhatt DI RCT, double- Subjects older than 45 years Clopidogrel 75 mg Composite: Clopidogrel plus Clopidogrel plus aspirin
etal. 2006  blind old with coronary artery plus aspirin between cardiovascular death, aspirin 6.8 % vs. does not reduce the
(25) disease, cerebrovascular 75 and 162 mg or myocardial infarctionor  aspirin plus placebo primary outcome
disease, peripheral arterial aspirin 75-162 mg non-fatal stroke 7.3 %, HR: 0.93 (95 % compared to aspirin plus
disease, or multiple plus placebo/2 years CI: 0.83-1.05); p = placebo.
cardiovascular risk factors. 0.22
Median age: 64 years. n =
15,603
Park SJetal.  RCT, open-label, Subjects with drug—eluting Clopidogrel 75 mg Composite: Clopidogrel plus DAPT beyond 12 months
2010 (26) includes data stent implantation in the last plus aspirin 100-200 cardiovascular death or aspirin 1.8 % vs. does not significantly
from two studies: 12 months, without MACE or mg daily or aspirin myocardial infarction aspirin alone 1.2 %, reduce the primary
REAL-LATE y major bleeding. Mean age: 62 100-200 mg alone for HR: 1.65 (95 % CI: outcome compared to
ZEST-LATE years. n = 2701 more than 12 months/ 0.8-3.36); p = 0.17 aspirin monotherapy.
1.6 years
Bonaca MP RCT, double- Subjects older than 50 years Ticagrelor 90 mg or Composite: Ticagrelor 90 mg 7.85 Ticagrelor significantly
etal. 2015  blind old with myocardial infarction =~ 60 mg twice a day or cardiovascular death, %, ticagrelor 60 mg reduces the primary
27) between 1 and 3 years prior. placebo/2.8 years myocardial infarction, 7.77 %, placebo 9.04 outcome compared to
Mean age: 65.4 years. n = or stroke %. placebo. The 60 mg
21,162 Ticagrelor 90 mg vs. twice—daily dose had the
placebo, HR: 0.85 (95 best efficacy—to—risk
% CI: 0.75-0.96; p = ratio.
0.008, ticagrelor 60 mg
vs. placebo, 0.84 (95 %
CI: 0.74-0.95); p =
0.004.
LeeCWetal. RCT, open-label Subjects with drug—eluting Clopidogrel 75 mg Composite: Clopidogrel plus The extension of DAPT
2014 (28) stent implantation in the last plus aspirin 100-200 cardiovascular death, aspirin 2.6 % vs. beyond 12 months does

12 months, without MACE or
major bleeding. Mean age:
62.4 years. n = 5045

mg daily or aspirin
100-200 mg alone for
more than 12 months/
3.5 years

myocardial infarction,
or stroke 24 months
after randomization

aspirin alone 2.4 %,
HR: 0.94 (95 % CI:
0.66-1.35); p = 0.75

not reduce the primary
outcome compared to
aspirin monotherapy.
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0.35-0.82; p = 0.0037; and Bonaca 2020: rivaroxaban plus aspirin 15.5
% vs. aspirin plus placebo 17.8 %, HR 0.85; 95 % CI: 0.76-0.96; p =
0.009) [22-24].

On the other hand, DAPT with clopidogrel 75 mg daily and low—dose
aspirin did not lower the primary outcome compared to aspirin mono-
therapy (Bhatt, 2006: HR 0.93; 95 % CI: 0.83-1.05; p = 0.22 [25].
Similar findings were seen in people with coronary stent implantation
and DAPT with clopidogrel for at least 12 months, where extension for
more than 1 year was not associated with decreased MACE (Park, 2010:
HR 1.65; 95 % CI: 0.8-3.3; p = 0.17, and Lee, 2014: HR 0.94; 95 % CI:
0.66-1.35; p = 0.75 [26,28]. In this same scenario, Bonaca et al. (2015)
[271, with a much larger sample than previous studies (21,162 patients),
reported a significant reduction in MACE when continuing DAPT with
ticagrelor for more than 12 months (ticagrelor 60 mg vs. placebo, 0.84;
CI 95 %: 0.74-0.95; p = 0.004) (Table 3).

Regarding the safety profile, both rivaroxaban monotherapy and
combination therapy with aspirin evidenced a significantly increased
risk of major bleeding when compared against placebo or aspirin alone
(Mega, 2012: rivaroxaban 2.1 % vs. placebo 0.6 %, HR 3.96; 95 % CI:
2.46-6.48; p < 0.001; Eikelboom, 2017: rivaroxaban plus aspirin 3.1 %
vs. aspirin alone 1.9 %, HR 1.7; 95 % CI: 1.4-2.05; p < 0.001) [21,22].
Other adverse events showed no differences between groups.

On the other hand, the use of DAPT in the different scenarios eval-
uated did not significantly increase the risk of bleeding concerning
aspirin monotherapy (Bhatt, 2006: clopidogrel plus aspirin 1.7 % vs.
aspirin vs. placebo 1.3 %, RR 1.25; 95 % CIL: 0.97-1.61; p = 0.09, and
Lee, 2014: clopidogrel plus aspirin 1.4 % vs. aspirin alone 1.1 %, HR
0.71; 95 % CI: 0.42-1.2; p = 0.20) [25,26]. On the contrary, the use of
ticagrelor, even at doses of 60 mg twice daily, increased the rate of major

Table 4
Evaluation of the risk of bias with the ROB-2 tool.

Study ID 3
Bhatt DL, 2019

Nicholls SJ, 2020
Sabatine, 2018
O’donoghue M, 2019
Nidorf SM, 2013
Nidorf Sm, 2020
Tardiff JC, 2019
Tong DC, 2020
Ridker Pm, 2019
Rodker Pm, 2017
Mega JL, 2012
Eikelboom JW, 2017
Anand SS, 2018
Bonaca MP, 2020
Bhatt DI, 2006

Park Sj, 2010
Bonaca MP 2015

Lee CW, 2014
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bleeding compared to placebo (ticagrelor 60 mg 2.3 % and placebo 1.06
%; p < 0.001) [27].

3.5. Risk of bias

When applying the ROB-2 tool, of the 18 studies evaluated, seven
showed a low risk of bias, five had some concerns, and six showed a high
risk of bias. The high methodological quality of most of the studies of
colchicine and canakinumab on residual inflammatory risk and the
studies with rivaroxaban plus aspirin on thrombotic risk is highlighted.
Table 4 shows the evaluation of the included articles.

4. Discussion

In this systematic literature review, we analyzed the results of RCTs
that evaluated the efficacy and safety of drug products in reducing re-
sidual cardiovascular risk. The research found several drug products
that, added to statin therapy, can significantly reduce MACE in people
achieving LDL-C targets, with an acceptable safety profile for use in
clinical practice.

In the lipid component of residual risk, according to the study by
Bhatt et al. [11], EPA was shown to be effective in the secondary pre-
vention of MACE in patients with hypertriglyceridemia. It is noteworthy
that these outcomes occurred even in people with triglyceride levels
below 150 mg/dL (1.71 mmol/L), which raises the hypothesis of a
positive effect beyond the known lipid-lowering effect of the molecule.

These results contrast with those obtained previously in other studies
with omega-3 fatty acids. In the meta-analysis by Aung et al. [29] with a
sample of 77,977 patients, EPA at doses up to 1.8 g daily did not

(o]
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D2 Deviations from the intended
interventions
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D4 Measurement of the outcome
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demonstrate efficacy in reducing coronary heart disease deaths or
non—fatal myocardial infarction. These findings could be explained by
the difference in dosage, since in the Bhatt 2019 study [11], both the
doses (4 g daily) and the purity of EPA were superior.

Along the same lines, the study by Nicholls et al. [12] used a com-
bination of EPA and DHA at a dose of 4 g daily in patients at high car-
diovascular risk. This dosage made it possible to achieve serum EPA
levels similar to the molecule used in the Bhatt 2019 study [11]. How-
ever, the trial was discontinued due to futility. In both studies, triglyc-
eride levels were reduced by 18 % after 12 months, and there was no
substantial increase in LDL-C to explain the results. This could be
explained by the proportion of purified EPA in each formulation and, of
course, by the possibility of deleterious effects related to DHA.

It is clear then that the findings of the Bhatt 2019 study [11] cannot
be generalized to other omega-3 fatty acid presentations, and that a
mode of action other than the lipid-lowering effect should be explored.
In this sense, the decrease in hs—CRP levels with highly purified EPA
raises the hypothesis of an anti-inflammatory action that deserves to be
tested with clinical studies designed for this purpose.

In this field of residual lipid risk, two sub-analyses of the FOURIER
study were included to explore hypotheses, in particular the usefulness
of lowering lipoprotein (a) levels on cardiovascular outcomes. In the
study by O’Donoghue M [14], evolocumab reduced the relative risk of
MACE in patients with lipoprotein (a) levels greater than 50 mg/dL by
23 %, from a lipoprotein (a) decrease of about 27 %.

On the other hand, in the modulation of the inflammatory compo-
nent of residual risk, the study by Ridker with canakinumab [20], which
proves the inflammatory hypothesis of atherothrombosis and demon-
strates that lowering hs—CRP and Il-6 improves cardiovascular outcomes
independently of the level of LDL-C, is noteworthy. This is explained by
the effect of II-1 beta on atherosclerotic plaque, which includes mobi-
lization of white cells by increased adhesion to endothelial cells, pro-
liferation of smooth muscle cells, and activation of coagulation [30].

The results of this study are consistent with those obtained in the
JUPITER study [31], where rosuvastatin reduced cardiovascular events
in people with hsCRP levels greater than 2 mg/dL. This benefit was
maintained even in patients at low cardiovascular risk and with LDL-C
levels below 100 mg/dL (2.59 mmol/L). It should be noted that JUPITER
was excluded from this systematic review, as its inclusion criterion was
an LDL-C level of up to 130 mg/dL (3.37 mmol/L).

In contrast, the use of low-dose methotrexate [19] did not decrease
MACE in patients with stable ischemic heart disease, nor did it affect I1-1
beta, 11-6, or hs-CRP levels. This suggests that drugs capable of
impacting hs-CRP levels could be more effective in terms of clinical
outcomes. Taken together, these results highlight the need to consider a
diversity of inflammatory mechanisms involved in atherosclerosis and to
explore different interventions for their inhibition.

Several studies performed with colchicine in the setting of residual
inflammatory risk were also included [15-17]. The Nidorf, 2013; Tar-
diff, 2019; and Nidorf, 2020 studies with colchicine, the latter two with
high methodological quality, were consistent with the results of the
Ridker study with canakinumab [20]; an effect on hs-CRP decline with
both drugs could support these similar outcomes.

Consistently with these results, the 13 clinical trials by Kofler (2021)
[32] and 14 clinical trials by Grajek (2021) [33] meta—analyses evalu-
ating the efficacy of colchicine in patients with coronary artery disease
found a reduction in MACE of 35 % and 30 %, respectively, relative to
placebo, positioning this drug product as one of the therapies of choice
in this setting alongside usual medical therapy.

Regarding residual thrombotic risk, the included studies analyzed
two types of intervention in secondary prevention: firstly, the use of
combined antithrombotic therapy and secondly, the extension of DAPT
for more than 12 months.

Polytherapy of low-dose rivaroxaban and aspirin was effective in
reducing MACE in all clinical trials where it was tested [22-24], con-
firming the importance of activated factor X in the procoagulant
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mechanisms of ASCVD. The best risk-benefit ratio was obtained with
rivaroxaban 2.5 mg twice daily, compared with 5 mg twice daily or
aspirin alone.

These studies were included in the Chen (2021) [34] and Debasu
(2022) [35] meta-analyses, and a significant reduction in MACE was
found in both patients with stable coronary artery disease and peripheral
arterial disease. Similarly, these results were maintained when patients
with a history of percutaneous coronary intervention were analyzed in
the study by Bainey et al. [36]. In all scenarios, there was a significant
increase in the risk of bleeding with the use of polytherapy [34,35].

Concerning DAPT for more than 12 months followed by an ACS, the
studies evaluating clopidogrel with aspirin versus aspirin alone [25,26,
28] did not demonstrate a decrease in MACE. These findings were
consistent even in patients with recent stent implantation [26,28].
However, it should be clarified that the high risk of bias in the estimation
of the effect in the methodological evaluation makes it necessary to
conduct randomized clinical trials with a better design.

In contrast, the Bonaca 2015 study [27] with ticagrelor and aspirin
achieved statistical significance for the reduction of MACE in subjects
with infarction between 1 and 4 years before. As in studies with clopi-
dogrel, increased bleeding rates should be considered before use in
clinical practice.

In this context, the Yin et al. [37] meta—analysis, which included 17
studies and 46,864 patients, found that extended DAPT was associated
with an increased risk of death and major bleeding, even after the im-
plantation of a coronary stent. A DAPT duration of fewer than 12 months
may decrease the risk of bleeding without increasing cardiovascular
adverse events, as demonstrated by the of Knijnik et al. [38]
meta-analysis.

Regarding the safety of the drug products evaluated, the serious
adverse effects reported for EPA did not differ significantly from placebo
[11], except for a higher rate of hospitalization for atrial fibrillation and
flutter, for which there is no clear explanation. Increased discontinua-
tion of omega-3 fatty acids treatment for digestive symptoms was re-
ported in both studies. These same symptoms were found in studies with
colchicine [15-17], especially during the first month of treatment; after
this time, the incidence of digestive disorders was similar to placebo.

In terms of thrombotic risk, bleeding rates were more frequent in the
rivaroxaban groups, which was to be expected considering that placebo
was used as a comparator and not another anticoagulant drug product.
Therefore, a strict choice of patients who are candidates for this type of
therapy, based on the inclusion criteria of the studies, is necessary to
provide them with maximum efficacy, weighing the associated risk of
bleeding.

This systematic review has several limitations. First, the inclusion of
articles that analyze subgroups of phase III RCTs should be carefully
interpreted since they may generate treatment recommendations from
studies with questionable external validity. Likewise, half of the
included studies showed a high risk of bias, and therefore, adequate
clinical judgment should be used for their interpretation.

Secondly, by dividing the residual risk into its three components, the
number of studies included in each component may have been limited.
This is particularly true for the lipid component, where only two clinical
trials met eligibility criteria, albeit with a low risk of bias and high
methodological quality. Further studies are needed to corroborate the
efficacy of omega-3 fatty acids in this setting.

The results of this systematic review allow us to raise some issues for
the future. On the one hand, studies are needed to directly evaluate the
clinical usefulness of PCSK-9 inhibitors and other lipid-lowering mol-
ecules, such as inclisiran, an RNA silencer, in reducing the levels of
atherogenic molecules and their impact on residual lipid risk. The
reduction achieved in LDL-C levels to less than 30 mg/dL with these
molecules has been shown to be safe and continues to reduce the risk of
residual events, therefore, it is necessary to redefine the concept of re-
sidual risk in light of these findings.

On the other hand, it is plausible to evaluate whether a combined
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pharmacological intervention that includes lowering atherogenic lipids,
modulating the inflammatory process, and the prothrombotic condition
that accompanies ASCVD could have an additional impact on the
reduction of cardiovascular events in this type of patients.

5. Conclusion

The persistence of cardiovascular events in patients who achieve
LDL-C targets with the use of statins raises the need to use other drugs
that impact this residual risk, based on the modification of atherogenic
lipid levels, the modulation of inflammatory pathways, and the pro-
thrombotic state that accompanies ASCVD.

In this systematic review, several drugs demonstrated efficacy in
reducing MACE in patients with LDL-C levels below 100 mg/dL (2.59
mmol/L). Such is the case of EPA, which reduced them by 25 %
compared to placebo in people with hypertriglyceridemia. Likewise,
colchicine in studies of high methodological quality reduced events in
patients with stable coronary artery disease and after ACS, and canaki-
numab did so in those with hs—CRP elevation greater than 2 mg/dL.
Among patients with stable cardiovascular disease, including peripheral
arterial disease, the use of low—dose rivaroxaban and aspirin consis-
tently achieved better cardiovascular outcomes than rivaroxaban alone
or aspirin alone.

On the other hand, an acceptable safety profile was found for most of
the aforementioned drug products. The combination of rivaroxaban and
aspirin requires special attention since a significant increase in the risk
of bleeding, particularly of the digestive tract, has been reported, which
requires an individualized risk-benefit analysis in patients who are
candidates for its use.
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