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Abstract

A relationship between inflammatory activity, on the one hand, and haemostasias, cardiovascular risk factors and
multiple phases of atherothrombotic diseases, on the other hand, has been documented for decades, but only
recently have four large trials tested whether anti-inflammatory drugs could prevent major cardiovascular events
(MACE) in > 25,000 patients followed on average for 1.9-3.7 years. In patients with recent myocardial infarction
(MD and serum C-reactive protein (CRP) > 2 mg/L, the CANTOS trial showed that subcutaneous three-monthly
300 mg canakinumab [a high-cost, monoclonal antibody to interleukin (IL)-13] reduced MACE versus placebo,
but it increased fatal infections. In patients with recent MI (COLCOT trial) and in patients with chronic coronary
syndromes (LoDoCo?2 trial), oral 0.5 mg daily colchicine [a low-cost inhibitor of nucleotide-binding oligomerization
domain (NOD)-like receptor (NLR) family pyrin domain containing protein 3 (NLRP3) inflammasome] reduced
MACE compared to placebo, with a small but significant increase in pneumonia (0.9% vs. 0.4% in COLCOT; not
confirmed in LoDoCo2). In coronary artery disease patients with type 2 diabetes or metabolic syndrome, the
CIRT trial found that oral 15-20 mg weekly methotrexate (an anti-rheumatic drug with multiple effects including
inhibition of nuclear factor kB activity) compared to placebo did not reduce MACE, nor circulating IL.-6 or CRP,
while increasing the risk of non-basal cell skin cancer. Thus, three out of four large trials have now proven that
drugs inhibiting the IL-1/IL-6 inflammatory axis can prevent MACE in patients with coronary artery disease.
Colchicine, given its overall profile, is likely to become an integral part of secondary cardiovascular-disease
prevention strategies.
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INTRODUCTION: INFLAMMATION IN CARDIOVASCULAR DISEASE

Inflammation characterizes at least six aspects of cardiovascular disease. First, an acute-phase response
occurs immediately after the onset of myocardial infarction (MI), with peak plasma C-reactive protein
(CRP) values and the duration of CRP elevation related to the extent of infarction™. Second, subclinical
low-grade inflammation increases the risk of cardiovascular events; seminal epidemiological studies first
showed this, with raised levels of plasma fibrinogen or white blood cell count within the normal range
predicting cardiovascular events*, and then Maseri’s group reported that CRP levels could predict
adverse outcomes in patients with unstable angina"”’. Third, atherosclerosis itself can be defined as a
chronic inflammatory disease'”. Fourth, acquired cardiovascular risk factors are related to subclinical
inflammation in a graded way: the more risk factors, the greater the levels of CRP".. Fifth, flares of
vascular and atherosclerotic plaque inflammation underlie acute coronary syndromes and run hand
in hand with plaque instability and its thrombotic complications"*""'. Sixth, inflammatory cytokines
induce hepatic and endothelial-cell synthesis and secretion of prothrombotic factors™. On this broad and
longstanding background, inflammation has grown to be considered a potential therapeutic target for the
secondary prevention of atherothrombotic events"*'*"), involving in particular the interleukin (IL)-1/
IL-6/CRP axis™*". Only recently, however, have four large scale studies tested whether treatment with anti-
inflammatory drugs, approved for other diseases, could prevent atherothrombotic cardiovascular events.

MAJOR RANDOMIZED PLACEBO-CONTROLLED TRIALS

The canakinumab anti-inflammatory thrombosis outcomes study
The Canakinumab Anti-inflammatory Thrombosis Outcomes Study (CANTOS) was a double-blind trial of
over 10,000 patients followed for a mean of 3.7 years. It tested canakinumab, a monoclonal antibody against
IL-1pB already approved to treat rheumatic disorders, at three doses (50, 150 or 300 mg subcutaneously
every three months) against placebo. Enrolled subjects had a history of MI, a blood level of CRP > 2 mg/L
and otherwise well controlled risk factors. At the highest dose (300 mg every three months), canakinumab
versus placebo significantly reduced plasma IL-6 and CRP and the combined endpoint of cardiovascular
death, nonfatal MI and nonfatal stroke compared to placebo: 3.90 vs. 4.50 events per 100 person-years
[hazard ratio 0.86; 95% confidence interval (CI) 0.75-0.99; P = 0.031]. The two other tested doses did not
provide favorable results. With respect to safety, canakinumab was associated with a higher incidence of
fatal infection than was placebo, while there was no significant difference in terms of all-cause mortality.

[15]

Although canakinumab did not enter the cardiovascular therapeutic arena, mainly for its high cost
and potential risk of sepsis (in some cases fatal), the study was extremely relevant in defining the key
role of the IL-1/IL-6/CRP cascade in the genesis of atherothrombotic events. The continued search
for an economically sustainable, reasonably safe and feasible large-scale treatment led to two different
pharmacological approaches being tested in ad hoc trials: low-dose methotrexate (CIRT)" and low-dose
colchicine (COLCOT"” and LoDoCo2").

The cardiovascular inflammation reduction trial™

The cardiovascular inflammation reduction trial (CIRT) was a randomized, National Institutes of Health-
sponsored, double-blind trial of low-dose methotrexate (target dose 15-20 mg once weekly) or matching
placebo conducted in 4786 patients with previous MI or documented multivessel coronary disease who
additionally had either type 2 diabetes or metabolic syndrome. Patients were followed for a median of 2.3
years. The primary endpoint was the classical triple major adverse cardiovascular events (MACE), i.e., a
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composite of nonfatal MI, nonfatal stroke or cardiovascular death. Hospitalization for unstable angina-
driven revascularization was subsequently added, given a lower than originally assumed rate of events.

The results of the trial were disappointing: low-dose methotrexate did not reduce circulating levels of IL-18,
IL-6 or CRP, nor cardiovascular events susver placebo (201 vs. 207; hazard ratio 0.96; 95%CI: 0.79-1.16).
Mouth sores, leukopenia, non-intentional weight loss and transaminase elevations were more common
with methotrexate. Cancer was also more frequent with methotrexate versus placebo (52 vs. 30; P = 0.02),
mainly due to non-basal-cell skin cancer. Based on these findings, the trial was terminated early for futility.
The colchicine cardiovascular outcomes trial"”

The colchicine cardiovascular outcomes trial (COLCOT) was an independent, Canadian government-
funded, multinational, randomized, double-blind trial of 4745 patients with a MI occurring within 30 days
of randomization, followed for a median of 2.3 years. Patients, regardless of CRP values and treated with
optimal secondary prevention therapies, received colchicine (0.5 mg once daily) or placebo. The primary
endpoint was a combination of cardiovascular death, resuscitated cardiac arrest, nonfatal MI or stroke
and unstable angina-driven revascularization. The primary endpoint was documented in 5.5% receiving
colchicine compared to 7.1% receiving placebo, a significant 23% reduction (hazard ratio 0.77; 95%CI: 0.61-
0.96; P = 0.02). Treatment with colchicine determined a favorable effect on each component of the primary
endpoint. All-cause mortality did not differ by treatment (43 deaths with colchicine vs. 44 deaths with
placebo). With respect to tolerability/safety, diarrhea was reported in 9.7% on colchicine versus 8.9% on
placebo, a statistically nonsignificant difference. Pneumonia was recorded more frequently with colchicine
versus placebo, albeit in the context of a low incidence of this event (0.9% colchicine vs. 0.4% placebo; P = 0.03).
A study limitation was the relatively short follow-up and the limited number of patients, sufficient to give
reliable responses in the overall study population but not in specific subgroups.

COLCOT confirmed the key role of inflammation in the progression of coronary heart disease and offered
an effective, low-cost, reasonably safe, preventive treatment, already known to the medical community,
given colchicine’s indication for gout, familial Mediterranean fever and pericarditis. The results of COLCOT
cannot be generalized to all patients with documented coronary artery disease, because they are limited to
patients with a recent MI, in whom the intensity of inflammation is likely more relevant. An open question
was whether colchicine would be able to prevent ischemic events in stable subjects who had had a MI long
before or had documented coronary artery disease but no previous acute event.

The LOw-DOse COlchicine 2 study"”

The LOw-DOse COlchicine 2 (LODOCO?2) was a randomized, placebo-controlled, double-blind study
that included 5500 patients with documented coronary artery disease who had been stable for at least
six months; patients were followed for a median of 2.4 years. The study was conducted in Australia and
the Netherlands and was funded by public and private foundations and a consortium of pharmaceutical
industries. Patients were randomized to low-dose colchicine (0.5 mg per day) or placebo. The primary
endpoint was a composite of cardiovascular death, spontaneous (non-periprocedural) MI, ischemic stroke
or ischemia-driven revascularization. The main secondary endpoint was the classic MACE (cardiovascular
death, nonfatal MI or nonfatal stroke). Again, the results were favorable. The primary endpoint occurred in
6.8% with colchicine versus 9.6% with placebo, a highly significant 31% relative risk reduction (hazard ratio
0.69; 95%CI: 0.57-0.83; P < 0.001). The main secondary endpoint was reduced by 28% (4.2% on colchicine
vs. 5.7% on placebo; hazard ratio 0.72; 95%CI: 0.57-0.92; P = 0.007), which should be considered significant
not only from a statistical point of view but also for clinical relevance. Regarding safety, there were no
significant differences in expected adverse reactions compared to placebo, not even regarding pneumonia
or gastrointestinal disorders. The incidence of non-cardiovascular death was nominally higher (but not
statistically significant) with colchicine versus placebo (0.7 vs. 0.5 events per 100 person-years; hazard
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Figure 1. Inflammatory signaling inhibited by colchicine, canakinumab and methotrexate. The NLRP3 inflammasome is inhibited
upstream to its assembly by colchicine, whereas canakinumab acts downstream, after caspase-1-dependent cleavage of pro-IL-1f.
Methotrexate has multiple effects including inhibition of AICAR transformylase, leading to AICAR accumulation and adenosine release
at inflamed sites. AICAR: 5-aminoimidazole-4-carboxamide ribonucleotide; CRP: C reactive protein; IL: interleukin; NET: neutrophil
extracellular traps; NLRP3: nucleotide-binding oligomerization domain(NOD)-like receptor (NLR) family pyrin domain containing
protein 3 (NLRP3); PAI-1: plasminogen activator inhibitor type 1.

ratio 1.51; 95%CI: 0.99-2.31). Subgroup analyses showed homogeneous effects in all analyzed subgroups;
however, an important limitation of the study is the lack of information on the levels of inflammatory
markers (e.g., CRP) at baseline and after treatment.

Thus, LoDoCo2 and COLCOT seem to close the circle by confirming that inflammation is one of the
potential determinants of coronary heart disease progression and that an anti-inflammatory drug can
favorably prevent new vascular events in those presenting a recent MI (COLCOT) or a more chronic
coronary syndrome (LoDoCoz2).

MECHANISMS OF ACTION OF CANAKINUMAB, COLCHICINE AND METHOTREXATE

Suppression of the inflammatory response by the above drugs occurs at different levels [Figure 1].
Canakinumab is a recombinant anti-IL-1p monoclonal antibody of the immunoglobulin G1/x subclass. It
neutralizes the inflammatory signaling induced by the IL-1f interaction with IL-1 receptors on lymphoid,
myeloid, endothelial and other cell types"*'”; IL-1p is a key mediator of Th17 development™”. Colchicine
is a plant-derived alkaloid that reduces the synthesis of IL-1f, IL-2 and IL-6 by inhibiting tubulin
polymerization and consequently the nucleotide-binding oligomerization domain (NOD)-like receptor
(NLR) family pyrin domain containing protein 3 (NLRP3) inflammasome arrangement in monocytes
and other cells”"*”". Colchicine is also reported to downregulate neutrophil adhesion and recruitment,
superoxide anion production and mast cell degranulation”*” and to inhibit cholesterol-crystal induced
endothelial pyroptosis, oxidative stress and monocyte chemotaxis"”

endothelial cell prothrombotic effects induced by oxidized LDL”**"". In an animal model, colchicine

, as well as platelet aggregation and
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Secondary prevention strategies for patients with
documented chronic coronary syndrome
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Figure 2. Secondary prevention strategies for patients with documented chronic coronary syndromes. Anti-inflammatory therapy will
likely be included in future guidelines. ACE: Angiotensin converting enzyme; ARB: angiotensin Il receptor blocker; ASA: aspirin; EF:
ejection fraction; GLP1 RA: glucagon-like peptide-1 receptor agonist; Hb: hemoglobin; HFP: heart failure; i: inhibitor; LDL: low density
lipoprotein; LVD: left ventricular dysfunction; PCSK9: proprotein convertase subtilisin/kexin type 9; SBP: systolic blood pressure; SGLT2:
sodium-glucose cotransporter-2.

protected against acute cerebral ischemia by inhibiting exocytosis and chemotaxis””. Methotrexate is a
disease-modifying anti-rheumatic drug with multiple effects, including inhibition of nuclear factor kB
activity”””, and is used in chemotherapy as inhibitor of dihydrofolate reductase and, consequently, of DNA/
RNA synthesis; this drug also increases intracellular and extracellular levels of adenosine™”. Nonetheless,
its administration in humans failed to reduce circulating IL-1f, IL-6 and CRP levels and the occurrence of

. [16]
cardiovascular events .

CLINICAL AND RESEARCH IMPLICATIONS

Updated secondary prevention in clinical practice

CANTOS, COLCOT and LoDoCo2 expand the scenario of secondary prevention strategies for
coronary heart disease. CANTOS proved the strong involvement of the inflammatory cytokine IL-1f in
atherothrombotic events, and colchicine confirmed the benefit of inhibiting inflammation in patients with
recent MI or chronic coronary syndromes. Inflammation therefore might be added to the three traditional
therapeutic targets (thrombosis, lipid metabolism and neuro-hormonal system) [Figure 2]. It is very likely
that forthcoming updated versions of international guidelines will contain indications on the use of the
anti-inflammatory drug colchicine for secondary prevention purposes. The addition of a new drug on top
of existing ones will rekindle the problem of adherence to recommended treatments for both prescribers
and patients, and it may encourage possible de-prescribing (in this context, for example, the role of beta-
blockers for all patients with chronic coronary syndrome is currently debated”**”). It will be necessary to
plan strategies aimed not only at producing the best possible knowledge of recommended treatments for
both healthcare professionals and patients, but, even more, at improving clinical implementation, possibly
through better communication of healthcare protocols between hospitals and the community.
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Research perspectives

Research on the role of inflammation and of anti-inflammatory strategies (i.e., drugs, dietary habits,
exercise and lifestyle changes) in atherothrombotic diseases is continuing intensely with > 220
interventional studies reported on clinicaltrial.gov"*”. The favorable results of the colchicine coronary heart
disease trials and the interest in a low-cost but highly effective anti-inflammatory treatment is stimulating
research in other cardiovascular areas and beyond, with > 170 controlled colchicine studies registered on
clinicaltrial.gov in diverse conditions, including prevention or delay of: (1) new cerebrovascular events
in patients with a previous stroke or TIA (CONVINCE)""; (2) nephropathy progression in patients with
diabetes mellitus and microalbuminuria”; (3) mortality; and (4) major respiratory complications in
hospitalized patients (COLCOVID)BSJ and outpatients (COLCORONA)[M] with Coronavirus Disease 2019
(COVID-19).

CONCLUSIONS

Recent large controlled trials have confirmed the role of inflammation in the pathogenesis of
atherothrombotic disorders and expanded treatment options in patients with coronary heart disease. A
relevant change in secondary prevention strategies is taking place with the inclusion of drugs targeted
against inflammation. In this context, the revival of an old drug, colchicine, is likely to enrich our
therapeutic toolbox, beyond the well-known clinical indications of gout and pericarditis”", and with
possible applications to different clinical areas in which inflammation may play a relevant role, including
COVID-19, a condition in which reliable results from well-conducted studies demonstrating effective
therapies are desperately needed.
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