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Over the last three decades, a significant improvement has been achieved in reduc-
ing cardiovascular morbidity and mortality [1]. Nonetheless, one in five patients returns
with a second event within 5 years despite being on the guideline-recommended optimal
medical therapy [2]. This risk is widely recognized to be heterogeneous, and characterizing
the atherosclerosis process would allow tailored therapy and precise intervention at an
individual level, aiming to reduce cardiovascular residual risk. Recent advances in phar-
macotherapy have enabled physicians to target the main atherosclerotic-related processes,
namely lipid, thrombosis, inflammation, and subsequent heart failure [3,4].

Low-density lipoprotein cholesterol (LDL-c) is a direct cause in the development
of atherosclerotic cardiovascular disease (ASCVD) [5]. Numerous processes are impli-
cated in early atherogenesis, including endothelial dysfunction, shear-stress-related events,
platelet activation and aggregation, lipoprotein oxidation, inflammatory cell chemotaxis,
the formation of foam cells, and smooth muscle migration [6]. Importantly, the retention
of apo-lipoprotein B particles is a key determinant for the initiation and propagation of
atherosclerotic plaque [6]. Statins and, subsequently, other LDL-c-lowering treatments,
such as ezetimibe, proprotein convertase subtilisin/kexin (PCSK) 9 inhibitors, and bempe-
doic acid, have demonstrated that lowering LDL-c results in improving clinical outcomes,
irrespective of the mechanism of the drug used [2,7–9]. Whilst the magnitude of LDL-
c reduction was associated with a decrease in cardiovascular risk, a legacy effect was
also evident underscoring the benefits of early initiation and long-term exposure to low
LDL-c [10].

On the other hand, high-density lipoprotein (HDL)-c-raising therapies did not improve
patients’ clinical outcomes [11–14] This is despite evidence from epidemiological studies
supporting the role of HDL-c in the development of atherosclerosis [15,16]. Beyond its cargo
of cholesterol, HDL particles have other functions, such as efflux capacity, that may have
a protective role when managing patients with ASCVD [17]. Future studies will provide
further insights on whether cholesterol efflux capacity could be a potential therapeutic
target for patients with ASCVD.

Data from cohort-based and Mendelian randomization studies have highlighted an
association between elevated triglycerides and worse clinical outcomes [18–21]. How-
ever, fibrates, niacin, and, more recently, marine-derived omega-3 fatty acids were not
consistent in demonstrating a reduction in cardiovascular adverse events in response to
the hypotriglyceridemic effect [22–25]. Triglycerides are not atherogenic per se, but are
transported on lipoprotein particles that are increasingly recognized to be associated with
the development of atherosclerotic plaque [21,26]. Whilst lowering triglycerides was asso-
ciated with a reduction in future cardiovascular events, this effect was only modest and
likely derived from the clearance of atherogenic lipoprotein particles [27].

The formation of platelet-rich thrombi is the principal cause of coronary obstruction
in segments with atherosclerotic disease. This is why antiplatelet drugs are the corner-
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stone in the treatment of cardiovascular diseases [28,29]. Aspirin was the first approved
antiplatelet medication targeting the cyclooxygenase-1 pathway. It achieves maximum
platelet inhibition within 2 h following a loading dose and inhibits aggregation in 50% of
circulating platelets for at least five days [30]. P2Y12 receptor is the second target to inhibit
platelet activation, and developing safe therapies to antagonize this receptor has been a key
step in reducing thrombotic sequalae of acute atherosclerotic plaque rupture [31]. Potent
P2Y12 antagonists, prasugrel and ticagrelor, have led to a reduction in ischemic events,
but at the expense of increasing bleeding risk when compared with clopidogrel [32,33].
Although these drugs provide faster and more consistent platelet inhibition and reduce
high-platelet reactivity when compared with clopidogrel [34], a significant proportion of
patients remained with high-platelet reactivity, particularly those with diabetes or post-
acute coronary syndrome [35]. Additionally, patients presenting with acute myocardial
infarction are susceptible to a delayed onset of platelet inhibition related to poor absorption
or the use of opioids that can cause further delays in antiplatelet effects [36,37]. Nonoral
P2Y12 antagonists have been proposed to bridge this gap and provide optimal platelet
inhibition. Both intravenous (cangrelor) and subcutaneous (selatogrel) agents produce a
rapid onset of platelet inhibition [38,39]. However, their roles in day-to-day clinical practice
are yet to be determined.

Targeting other platelet receptors, particularly glycoprotein (GP)IIb/IIIa, has also been
assessed in large randomized clinical trials. The abundance of GPIIb/IIIa receptor on the
platelet surface and its direct involvement in platelet signaling and binding with fibrinogen
have made it an excellent target for platelet inhibition [40]. In fact, patients who received
intracoronary tirofiban, a reversible inhibitor of GPIIbIIIa, sustained a smaller infarct size
when compared to placebo [41]. However, major bleeding was the main caveat to the
routine use of GPIIbIIIa inhibitor [42]. Protease-activated receptors (PAR) have emerged as
another potential target to inhibit thrombin-mediated platelet activation [43]. Vorapaxar
is an oral PAR1 antagonist that showed a significant reduction in cardiovascular events
following ACS when compared to a placebo [44]. However, it was associated with an
increased risk of bleeding, including intracranial bleeding. Different pharmacodynamics
using slow and sustained platelet inhibition by targeting the PAR4 receptor may be a
promising strategy of reducing platelet activation without increasing bleeding risk [45].
Clinical outcome data are anticipated which may support this hypothesis.

Targeting fibrin formation using factor Xa or XIa inhibitors was proposed to attenuate
thrombosis without increasing bleeding risks. Unlike Xa, XIa only resides in the intrinsic
pathway and could provide the right balance by reducing thrombotic risk without dis-
rupting hemostasis [46]. Numerous Phase II studies have reported the safety of factor Xia
inhibitor, with ongoing Phase III trials establishing its efficacy.

It has long been established that atherosclerosis is an inflammatory disease [3]. Im-
mune cells, noncellular components such as interleukins and circulating microparticles,
and, recently, the perivascular adipose tissue all contribute to this inflammatory role [47–50].
Aspirin and statins showed anti-inflammatory properties, quantified using highly sensi-
tive (hs)-C-reactive protein, independently of their antiplatelet and cholesterol reduction
properties, respectively [51,52].

The recent CANTOS (Canakinumab Anti-Inflammatory Thrombosis Outcomes Study)
provided the most compelling evidence to date on the inflammatory hypothesis of
atherothrombosis by reducing the risk of cardiovascular death, nonfatal myocardial infarc-
tion, and nonfatal stroke by 15% in patients with previous myocardial infarction and a
hs-CRP ≥ 2 mg/L [53]. This landmark study highlighted the dual diagnostic and thera-
peutic benefits of detecting and targeting high levels of residual systemic inflammation in
secondary cardiovascular prevention [53].

Subsequently, colchicine showed incremental benefits when added to standard treat-
ment in patients with stable and unstable coronary presentation [54,55]. Intriguingly, its
benefits were more evident in patients with diabetes, with almost twice the absolute risk
reduction compared with nondiabetic patients, highlighting the inflammatory nature of the
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disease [56,57]. Other emerging anti-inflammatory treatments targeting the interleukin-6
pathway may provide additional benefits in patients with ASCVD [58].

Collectively, the residual atherosclerotic risk is widely heterogeneous. Attention
should be sharply focused on identifying patients who may benefit maximally from novel
treatment. Such treatments may be too expensive or associated with significant side effects
that could offset any potential benefits when administered unselectively to all popula-
tions [59]. For example, 12 months of dual-antiplatelet treatment using potent P2Y12
antagonists remains the standard treatment in patients post-acute myocardial infarction.
Extending the duration of dual-antiplatelet treatment provided additional ischemic benefits
but with increased bleeding risks. Alternative strategies that could reduce bleeding risks
and maintaining ischemic protection would be ideal for CAD patients. Three approaches
have shown promising results to mitigate the bleeding risk. These include (1) early aspirin
discontinuation [60], (2) de-escalating antiplatelet treatment either unselectively or guided
by genotyping or platelet function [61], or (3) the use of scoring systems to balance bleeding
and ischemic risks [62]. Importantly, these approaches have not been compared head-to-
head and recommending one strategy over another remains challenging, notwithstanding
the importance of certain clinical factors such as age and dialysis that should be considered
in the decision-making process when using dual-antiplatelet therapy [63,64]. A similar
approach could be utilized when subjecting patients to lipid-lowering or anti-inflammatory
treatments. The use of plaque imaging would provide a direct evaluation of atherosclerotic
plaque and provide important insights into its composition alongside its inflammatory sta-
tus [49,50,65–68] Patients with a propensity to develop lipid-rich plaque may be candidates
for intensive lipid-lowering treatment. Similarly, those with highly inflammatory plaque
could be subjected to anti-inflammatory drugs. This model would be more cost-effective
and reduce potential side effects compared to the unselective approach. An alternative
strategy is to use high-risk clinical features, such as previous coronary artery bypass graft
or polyvascular disease, to identify high-risk patients who may be eligible for-long term
novel antiatherosclerotic treatments [56,69,70].

The heterogeneity of atherosclerotic disease features, alongside the variations in indi-
viduals’ responses to currently available therapies, dictates a more comprehensive approach
to understand and quantify the subject’s residual risk. Therefore, characterizing atheroscle-
rotic disease and matching its features to targeted therapies may offer an opportunity to
achieve more accurate intervention, a step closer toward precision medicine.
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