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Over the last decades, inflammation proved to play a pivotal role in atherosclerotic plaque formation,
progression and destabilization. Several studies showed that the patients presenting with acute coronary
syndrome are at increased risk of adverse cardiovascular events at both short- and long-term follow-up.
Results from different clinical trials highlighted that a residual inflammatory risk exist and targeting in-
flammation is a successful strategy in selected cases associated to an increased inflammatory burden.
Recently, the optimization of intracoronary and multimodality imaging allowed to also assess the entity
of local inflammation, thus encouraging the individuation of plaque characteristics that portend a higher
risk of future cardiovascular events. In this short review, we aim to highlight the role of systemic and
local inflammation in acute coronary syndromes, to provide a summarized overview of the possible med-
ical strategies applicable in selected cases and to underline the diagnostic and prognostic potential of
multimodality imaging.

First draft submitted: 17 February 2021; Accepted for publication: 4 June 2021; Published online:
16 August 2021
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Inflammation plays a key role in atherosclerosis development and progression and in many patients the persistence
of subclinical systemic inflammation may contribute to the recurrence of atherothrombotic events [1]. In this
article, we discuss the newest evidences supporting the role of inflammation in the pathogenesis of atherosclerotic
cardiovascular disease and the considerable residual inflammatory risk (RIR) that persists in patients after an acute
coronary syndrome (ACS). We aim to address the importance of systemic and local parameters of ongoing subclinical
vascular inflammation (e.g., evidence of high risk plaque features) highlighting the emerging role of invasive and
multimodality imaging in predicting the recurrence of cardiovascular events and their potential application as a
dynamic marker of therapeutic response to reduce the RIR.

Define ‘residual inflammatory risk’

Despite large progresses in the acute treatment of ACS and the optimization of the secondary prevention measures,
a considerable ‘residual risk’ persists as approximately 30% of patients experience a recurrent coronary episode
within 3 years following an ACS (Figure 1) [2]. Most attempts to address residual risk have focused on platelet
inhibition using more potent antiplatelet drugs or low-dose anticoagulation therapies, and on reducing low-density
lipoprotein (LDL)-cholesterol using more potent LDL-lowering drugs [3-6]. Recent data from randomized clinical
trials have consistently demonstrated that RIR, defined as high sensitive C-reactive protein (hs-CRP) >2 mg/dl
and LDL-C <70 mg/dl, is not uncommon ranging from 29 to 37% according to the studies [5-7}, a prevalence that
rises up to 47% when LDL concentration is not considered [8]. In 1994, Liuzzo et al. showed for the first time the
prognostic value of high CRP among patients with an ACS, demonstrating that those with CRP levels >0.3 mg/dl
had a higher incidence of recurrent ischemia than those with CRP level <0.3 mg/dl [9). Results from two sub-studies
of the GUSTO IV ACS and the PROVE IT-TIMI 22 trials showed similar outcomes in patients with recent history
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Acute coronary syndrome
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Figure 1. Strategies to address residual cardiovascular risk after acute coronary syndrome. Residual cardiovascular
risk can be conferred by a plethora of different factors, including residual cholesterol risk (low HDL cholesterol,
elevated levels of serum triglycerides, lipoprotein(a), LDL cholesterol and/or familiar hypercholesterolemia), residual
metabolic risk (unhealthy diet, poor exercise, metabolic syndrome, diabetes mellitus), residual thrombotic risk and
residual inflammatory risk and ongoing chronic inflammation.

DAPT: Dual antiplatelet therapy; hsCRP: High-sensitivity C-reactive protein.

of ACS and higher prevalence of ongoing chronic inflammation. The GUSTO IV ACS trial enrolled 7800 patients
with an ACS without ST elevation who were not referred to coronary intervention, to investigate long-term effects
of the glycoprotein IIb/I1la inhibitor, abciximab. A sub-study was performed stratifying this population in quartiles
according to hsCRP and Troponin-T levels with the aim to evaluate the correlation between these two biomarkers
and short-term outcomes, defined as mortality rate at 30 days [10]. An elevated CRP level was defined as a CRP
value >10 mg/l, centrally measured quantitative troponin T levels ranged from 0.01 to 17.3 pg/l, and quartile
limits were 0.01, 0.12 and 0.47 pg/l. Mortality rate at 30 days ranged from 0.3 to 9.1% for patients in the lowest to
the highest quartiles of both biomarkers, respectively, and CRP and troponin T were found to have an independent
and complementary prognostic significance [10]. RIR is therefore associated with a clinically relevant elevation in
the risk of M1, stroke and all-cause mortality (7,91.

Serum gamma-glutamyltransferase (GGT) activity, a widely used marker of liver function, has been recently
emerged as an independent risk factor for cardiovascular or all-cause mortality in patients with CAD [11]. The
fraction with highest molecular weights, (b-GGT) has been demonstrated to correlate with other histological
markers of plaque vulnerability, as pro-inflammatory macrophages (M-1 like) [12], which may provide a source
of b-GGT within the atheroma. Furthermore, GGT activity can promote pro-oxidant reactions and low-density
lipoprotein (LDL) oxidation [13]. GGT has shown an independent predictor of cardiac mortality and nonfatal MI
among patients with history of ischemic heart disease, thus suggesting its possible role as prognostic predictor of
cardiovascular events recurrence and RIR assessment [14].

Interestingly, effectors of allergic inflammation also have been proven to play a role in coronary artery disease
(CAD) progression and destabilization and to be related to the occurrence of adverse events following stent
implantation [15].

The recognition of an RIR opened the way for exploring targeted anti-inflammatory therapies as a new tool in
addition to current treatments for those patients at higher RIR. Inflammatory biomarkers (i.e., hs-CRP) are easy to
measure, inexpensive, widely used to assess and quantify residual inflammatory risk and independently associated
with cardiovascular events.

Strategies to target residual inflammatory risk
Recently, results from several clinical trials allowed to clarify the impact of anti-inflammatory therapy on short- and
long-term outcomes in patients presenting with ACS. CRP, a pentraxin derived hepatically, is a useful downstream
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clinical biomarker of the systemic inflammatory response and is considered as a surrogate of upstream cytokines,
such as IL-1 and IL-6. The effect of IL-1 receptor antagonist therapy on markers of inflammation in non-
ST elevation ACS study (MRC-ILA Heart Study) demonstrated the impact of IL-1 inhibition in inflammatory
response reduction in patients presenting with non-ST-segment elevation ACS, showing a decrease of inflammatory
biomarkers after 14 days of IL-1 receptor antagonist (Anakinra) administration [16]. On the basis of these results,
several following studies have evaluated the IL-1 pathway blockade as a target for controlling the inflammatory
response in patients with ACS.

The CANTOS trial, a randomized double blinded study, enrolled 10,061 post-ACS patients with RIR defined as
increased hsCRP blood level (>2 mg/1) who were randomly assigned either to one of three different doses groups of
canakinumab (50, 150 and 300 mg, administered subcutaneously every 3 months), a monoclonal antibody targeting
IL-1, or to placebo. The primary efficacy end point included nonfatal MI, nonfatal stroke or cardiovascular death,
while the secondary end point was hospitalization for unstable angina requiring urgent revascularization. Both
the primary and the secondary end point occurred with a statistically significant lower rate during the 48 months
follow-up in the group treated with canakinumab 150 mg, irrespective of aggressive blood cholesterol control [17].
Canakinumab did not change lipid levels, while it resulted in a dose-dependent reduction of hsCRP levels. In a
prespecified secondary analysis, canakinumab has been shown to be particularly effective among those who achieved
evidence of inflammation reduction, with most of the benefit confined to those who achieved hsCRP <2 mg/I [17.

Another remarkable smaller study evaluating the efficacy of IL-1 pathway blockade is the VCU-ART?3 trial [18].
The VCU-ART?3 study enrolled 99 STEMI patients to receive either anakinra 100 mg once daily (standard dose),
or 100 mg twice daily (high dose) or placebo. The primary end point of this trial was hsCRP area under the curve,
which was significantly lower among patients in both anakinra arms compared with placebo. The prespecified
secondary end points of the trial showed a significantly decreased occurrence of death, new-onset heart failure and
heart failure hospitalization among patients under anakinra in comparison with placebo at 12-month follow-up.
In this study, the anakinra group did not experience a significantly higher serious infections incidence.

The CIRT trial, instead, failed in demonstrating the efficacy of low-dose methotrexate (at a target dose of
15-20 mg weekly) in reducing the risk of nonfatal MI, nonfatal stroke or cardiovascular death in comparison with
placebo in 4786 patients with a history of ACS or multivessel CAD who additionally had either Type 2 diabetes or
the metabolic syndrome [19].

The trial was stopped after a median follow-up of 2.3 years because methotrexate administration showed no
beneficial effects in preventing cardiovascular events and no reduction in inflammatory markers blood levels was
detected. Furthermore, among the population taking the drug, higher rates of elevated liver-enzyme levels, reduced
leukocyte counts and haematocrit level and higher incidence of non-basal-cell skin cancers were registered in
comparison with the placebo group. Of note, while in the CANTOS trial were enrolled patients at high RIR with
increased baseline hs-CRP blood levels, in the CIRT trial the study population was only required to suffer from
either diabetes mellitus or metabolic syndrome. Second, methotrexate has no specific effect on the IL-18/IL-6/CRP
pathway, recognized as a causal meditator in atherosclerosis as for canakinumab.

In the last 2 years, two important randomized double-blind trials, COLCOT and the LoDoCo 2 trial, have
evaluated the low dose colchicine in ACS secondary prevention [20,21]. Colchicine is an antirheumatic drug with a
wide spectrum of action including NLPR3 inflammasome inhibition and, consequently, IL-18 /IL-6/CRP pathway
downregulation [22]. In the COLCOT trial, 4745 patients with history of MI within the previous 30 days were
enrolled and randomly assigned either to colchicine 0.5 mg daily or to placebo [20]. The primary composite end point
included death from cardiovascular causes, cardiac arrest, M1, stroke or urgent hospitalization for angina leading
to coronary revascularization and every component was also analyzed separately. Daily consumption of low dose
colchicine was proven to significantly decrease cardiovascular events during a median follow-up of 22.6 months. It
is noteworthy that collateral effects like diarrhea and pneumonia occurred more frequently in the colchicine group,
even though the difference within the placebo group did not reach the statistical significance. Similarly, relying
on the results of the previous LoDoCo trial [23], the LoDoCo2 trial randomized 5522 clinically stable patients
with previous MI to receive either a colchicine dose of 0.5 mg daily or placebo [21]. During a median follow-
up of 29 months, colchicine significantly reduced the primary end point, a composite of cardiovascular death,
nonprocedural MI, ischaemic stroke or ischemia-driven coronary revascularization. Similar to COLCOT, low-dose
colchicine was well-tolerated and rates of adverse events were comparable between the two groups. Nonetheless,
non-cardiovascular death was more frequent among the patients under colchicine, even if in this group were not
detected statistically significantly increased occurrence of serious adverse events in comparison with the placebo-
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group. Moreover, the results from the ongoing CLEAR-SYNERGY trial (NCT03048825) evaluating the combined
use of colchicine and spironolactone in patients presenting with STEMI will hopefully shed light on the role that
colchicine should play in the secondary prevention of ACS in patients with recent MI.

Local markers of coronary inflammation

In the recent years, great attention has been given to the role of local coronary inflammation in determining the risk
of recurrent ischemic events in patients following an ACS, as to new invasive and noninvasive imaging techniques
to early assess local vascular inflammation signs.

Emerging noninvasive approaches include PET/computed tomography (CT) and PET/magnetic resonance
(MR). Principal limitations for their use in clinical practice are their relative unexplored predictive value for
cardiovascular events, the limited availability and the high costs [24].

Coronary anatomical detection by coronary CT angiography allows for epicardial CAD detection and the
phenotypic characterization of the atherosclerotic plaque to detect high-risk features, such as napkin-ring sign,
positive remodelling (remodeling index >1.1), low attenuation plaques and spotty calcifications [25]. They do not
directly quantify vascular inflammation but may provide relevant additive information on plaque vulnerability that
finally precipitate an ACS. In patients undergoing coronary CT angiography, plaque characterization and calcium
score have been associated to a ten-folder higher risk of developing an ACS, with a significant contribution in
patients reclassification compared with luminal assessment alone [26).

Intracoronary invasive imaging, including intravascular ultrasound (IVUS) and optical coherence tomography
(OCT), allowed a more detailed morphological characterization of the atherosclerotic plaque [27-30] and several
studies have identified plaque characteristics portending a higher risk of future cardiovascular events (Table 1) [31].
IVUS has a relatively low spatial resolution to detect fibrous cap thickness and a limited ability to identify lipid
plaque distribution. Moreover, combining IVUS with near-infrared spectroscopy (NIRS) in a multimodal catheter,
is a validated technique for the characterization of coronary plaque structureand composition (32,33]. On the other
hand, OCT, with its tenfold higher resolution is able to detect vulnerable thin caps and superficial erosions [34,35) with
an excellent correlation with histology [3¢]. Based on OCT findings, the underlying mechanisms of ACS have been
identified 77 vivo (i.e.: plaque rupture, plaque erosion, calcified nodule) (37], and the plaque characteristics (i.e., lipid
or fibrous plaque type, presence of macrophages, fibrous cap thickness) have been correlated to increased serum
levels of inflammatory biomarkers [38-40] and to different risk of recurrent events [37]. Recent studies demonstrated
that the patients presenting with ACS secondary to a plaque rupture as assessed by OCT evaluation at culprit lesion,
had a higher incidence of MACE at follow-up compared with those with intact fibrous cap plaque (i.e., plaque
erosion) [41], probably as a consequence of macrophage infiltration at the site of plaque rupture [42].Interestingly,
macrophage infiltrates have been proven to have a negative prognostic value even in case of plaque erosion,
thus endorsing the theory that greater local inflammatory response is related to a more aggressive phenotype of
CAD 1[41,43,44]. Recently, Fracassi ez al. [45] showed that the combination of high-risk OCT features (defined as
plaque rupture, macrophage infiltration and multifocal atherosclerosis) and high CRP levels (>2 mg/1) has a higher
predictive role for ACS recurrence than CPR alone.

In the CLIMA study [46] several OCT features of the atherosclerotic plaque (macrophage infiltration, fibrous
cap thickness < associated 75 pm, maximum lipid arc extension >180° and minimum lumen area <3.5 mm?2)
have been with an increased risk of MACE at follow-up (cardiac death and target segment myocardial infarction).
However, in this study, there was no statistically significant difference in hsCRP levels between patients who
experienced a clinical event at follow-up and those who did not, probably because both stable and ACS patients
were included.

Finally, intracoronary imaging allowed the ‘in-vivo’ detection of ‘healed plaques’ (47). After an acute plaque
destabilization, orchestrated plaque healing prevents the formation of an occlusive thrombus and promotes plaque
repair aimed at restoring the integrity of the vessel [48] Recent optical coherence tomography studies showed
an association between the presence of healed coronary plaques and higher nontarget lesion, ischemia-driven
revascularization rates, in the absence of acute events [48,49]. A better comprehension of predictors of ‘favourable’
healing may therefore further improve the cardiovascular burden especially in high-risk patients.In conclusion,
these data taken together support that a combined evaluation of systemic inflammation and local inflammation
with imaging plaque characterization can be complementary in identifying patients at high risk for recurrent events.
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Conclusion

The role of inflammation in cardiovascular diseases, especially in ACS, has been well established. A residual
inflammatory risk persists in approximately a third of all post-acute MI patients, even in patients treated with
the more potent anti-thrombotic and lipid-lowering therapies. Targeting residual inflammatory risk is of mainstay
importance as RIR is associated with a clinically relevant elevation in the risk of future MI, stroke and all-cause
mortality. Recent studies targeting inflammation provided promising results in reduction of atherosclerotic burden,
but efforts are still needed for a better understanding of the underlying mechanisms. Finally, further data are
warranted to help in identifying the subset of patient who may benefit more from immunomodulatory therapies
by promoting a personalized medicine approach.

Future perspective

The CANTOS trial 17] provided a robust confirmation of the inflammatory hypothesis in atherothrombosis by
demonstrating that targeting inflammation may lead to a reduction in cardiovascular event rates and paving the way
for extensive research in the field of post-acute Ml immunomodulation therapy. Several ongoing trials will hopefully
shed further light on the potential beneficial effects of the blockade of different pro-inflammatory pathways on
secondary prevention of ACS. The CLEAR-SYNERGY trial (NCT03048825) is expected to clarify the role that
colchicine should play in the secondary prevention of ACS in patients with recent MI.

Other interesting recently published and ongoing trials are evaluating the effects of other pro-atherosclerotic
inflammatory pathways in patients with recent ACS, for example, through the blockade of the 5-lipoxygenase
activating protein (Phase Ila Study to Evaluate Efficacy, Safety and Tolerability of Oral AZD5718 in Patients
With Coronary Artery Disease; NCT03317002) or of IL-6, such as the recently published ASSAILMI trial. This
interesting study by Broch ez a/. showed that the prompt administration of Tocilizumab, a IL-6 blocker, to patients
admitted with STEMI within 6 h of symptom onset increased myocardial salvage as assessed by magnetic resonance
imaging after 3-7 days [50).

Moreover, the possible beneficial impact of anti-atherosclerotic pathways empowerment has been proposed lately
and the ongoing Low Dose Interleukin-2 in Patients With Stable Ischemic Heart Disease and Acute Coronary
Syndromes trial (LILACS; NCT03113773) evaluating the effects of low-dose of Proleukin (IL-2) may encourage
further researches in potential novel targets for improving clinical outcomes in this setting of patients. Finally,
NLRP3 inflammasome blockade using the direct inhibitor OLT1177 (dapansutrile) has already been proven
beneficial for myocardial function preservation after ischemia reperfusion injury in mouse [s1], but studies in
humans are required to clarify if the direct inhibition of this target could be effective in reducing the atherosclerotic
burden in patients with previous ACS [52].

Unfortunately, translating the anti-inflammatory effects of these therapies into improvement in clinical outcomes
has proven to be challenging and to date, there are no specific anti-inflammatory therapy approved in patients
with atherosclerotic cardiovascular disease. CRP is a sensitive but non-specific marker of systemic inflammation,
and many different mechanisms may be involved in determining a different risk profile for different patients. Data
from invasive and noninvasive imaging techniques demonstrated that characterization of the features of culprit and
non-culprit plaques at index procedure in patients with ACS can be used in combination with CRP serum levels for
a comprehensive risk stratification of the patient, identifying those who require a closer and intensified secondary
prevention [45].
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Executive summary

e Inflammation plays a key role in atherosclerosis and the persistence of a chronic subclinical inflammation may
contribute to atherothrombotic events recurrence.

Define ‘residual inflammatory risk’

e Despite optimal medical therapy, patients who suffered from an acute coronary syndrome (ACS) experience a
considerable ‘residual risk’ of a recurrent coronary episode (~30% within the first 3 years).

e Residual cardiovascular risk can be conferred by different factors, including a residual inflammatory risk (RIR) due
to an ongoing chronic inflammation, defined as high sensitive C-reactive protein (CRP) >2 mg/dl and LDL-C
<70 mg/dl.

e Systemic inflammatory biomarkers including CRP, IL-1 and IL-6 have been demonstrated to predict recurrence of
ACS and they are widely used to assess and quantify RIR.

Strategies to target RIR

e CANTOS trial demonstrated that targeting inflammation may lead to a reduction in cardiovascular event rates in
patents presenting with ACS, opening the way to a post-acute myocardial infarction anti-inflammatory targeted
therapy to reduce the RIR.

Local markers of coronary inflammation

e Invasive (optical coherence tomography or intravascular ultrasound) and noninvasive (coronary computed
tomography angiography or PET/computed tomography) imaging techniques emerged as new tools providing
local markers of coronary inflammation and characterization of high-risk plaques.

e Local biomarkers of coronary inflammation can be used in combination with CRP serum levels in identifying
patients at higher RIR who may benefit from an anti-inflammatory targeted therapy.

Future perspective

e The promising results of CANTOS trial provide a confirmation of the inflammatory hypothesis in
atherothrombosis, however, the clinical impact of anti-inflammatory therapy for secondary prevention of
cardiovascular events is already cause of debate.

e CRP remains a nonspecific marker of systemic inflammation and combination with data from local biomarkers of
coronary inflammation may provide a comprehensive risk stratification of patients with RIR.
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