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ABSTRACT

Inflammation is vital in the repair following an acute coronary syndrome (ACS).
Studies suggest that excess inflammation is pathological and may lead to major adverse
cardiovascular events (MACE). Hencdammatory markers may be potential MACE

predictors, although it is currently unknown which marker(s) best predict MACE.

We firstly investigated common inflammatory markers as MACE predictors in two
acute myocardial infarction (AMI) cohorts, using simplaéhnds of combining markers
to determine if such approaches could better predict MACE. The first study with 860
patients investigated white blood cell subtypes, markers routinely used in clinical
practice. Individual subtypes were not associated with MAREOs of these subtypes
were predictive on univariatdgut not multivariate analysig.he second study measured
a small panel of inflammatory markers-i(€ctive protein, interleukin (IL)J6 and
tumour necrosis factor alpha) in a casentrol study. Casesere defined as patients
who developed MACE within one year. No significant association was found with MACE
when using individual or combined markers. This finding might have been influenced by

time as a confounder, as we did not strictly control the shngptime.

Next, we investigated cytokines because these markers are more reflective of acute
inflammatory changes. We conducted a systematic review to investigate whether a
combined cytokine approach would be superior to individual cytokines to prsth&E
in ACS. Analysis of 10 studies meeting our eligibility criteria revealed inconsistent
associations with MACE for an identical cytokine. The four studies using simple
combined cytokine approaches found significant associations with MACE, suggesting
that a combined approach could be superior to an individual one for MACE prediction.
However, the 10 studies could not answer how best to combine theindependent

cytokines, or when it was best to measure them.

We next examined temporal variation of sixalines in 23 AMI patients. This was
to determine if time was a potential confounder and if an optimal timepoint existed to

capture peak cytokine levels (representing excess inflammaftidrere was significant



variation in cytokine concentrations over t&nso no optimal timepoint could be
determined. Only H6 had a clear trend with a peak on Day 1, and this peak was
produced by half the cohort. The observed variation could not be explained by clinical
risk factors or surrogate markers of infarct size. ¥dacluded sampling time might be

an important consideration when designing future studies.

Finally, we trialled the use of principal component analysis (PCA), a mathematical
technique allowing notfindependent variables to be reduced into combined scot@s,
create a combined cytokine score and tested its prognostic utility. Six cytokines were
measured in a cohort of 320 patients. We found tha6]ILL-8, all cytokines combined
into a PCA score, and ar@ilL-8 PCA score univariately predicted MACE. Or\L-6-

IL-8 score and H6 were independently associated with MACE, with th6&-IL-8 score

having a stronger relationship thanéLalone.

Collectively, these studies demonstrate the complexity of inflammation in ACS.
While we could not answer how bt characterise inflammation, we showed that
using single biomarkers was unlikely to be sufficiently representative of pathological
inflammation. As a proebf-concept, we demonstrated PCA was one mathematical
approach that could be used to combine awdar markers. However, further studies
are required to determine the best method to create a prognostic inflammatory score

and the best time to measure inflammatory markers.
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Chapter 1 Introduction Inflammation anchcute coronary

syndromes



1.1 Acutecoronary syndrome

Acute coronary syndrome (ACS) @ important clinical presentation of
atherosclerosisand is an umbrella term encompsing acute myocardial infarction
(AMI) and unstable angina (UA). AMbig of theacute presentatios resulting from
myocardial injury* The presentingcoronaryischaemiamanifests as changes in cardiac
troponin levels and isvident by clinical symptas, abnormal electrocardiogram (ECG)
readings, imaging, and/or autopsy findingghese pieces of clinical evidence lead to
the diagnosis of AMiMyocardial infarction (Ml)s often further subdivided into two
common clinical diagnoses, -8lEvation myocardial infarction (STEMand norST
elevation myocardial infarction (NSTEMiased on ECG chandeSTEMI is defined by
at least two contiguous ECG leads showing a significant, negle@ition, which
generally occurs because ofotal or subtotal coronary occlusion that results in
transnural ischaemig? whereas NSTEM is defined ashaving no persistentSF
elevation! In UA, there is myocardial ischaemia without cell deatll presentswith
the same symptoms with awithout ECG changes, but no elevation in troponin or other
markers of myocyteleath? In terms of severity, STEMI is regarded as the most severe
presentationbecausethere is often a greater degree of ischaeniidJA is the least
severe of the three diagnoses. NSTEMI and UA may be grouped into the nomenclature,

non-ST elevation acute coronary syndrome (N8TS}.

1.1.1 Epidemiology

A significant proportion of mortality and morbidity worldwide is attributed to
cardiovascular diseag€VDJ° It is estimated that a new diagnosis of AMI occurs every
40 seconds in the United States aldhfter the first incidence of AMI, 47% of women
and 36% of men die within five years, while another 50% of women and 37% of men
experience a different adverse outcome, such as another AMI, heart failure, or $troke.
New Zealand (NZ) is not exempt from the health burden of AMI. The All New Zealand
Acute Coronary Syndrome Quality Improvement (ANZBQSRegistry found that

within 12 months afér a firsttime diagnosis of ACS, 6% of patients experienced all
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cause death, 9% experienced recurrent ACS and 14% were readmitted to hospital due
to their cardiovascular diseaseThe ANZAGRI registry also shows that in 2016, ACS
accounted for 14,48 of hospitalisations nationalfyhile the Ministry of Health data
stated that AMI accounted for 11,80008%) of hospitalisationMnori and Pacific
peoplesare disproportionately affected by this disease, with consistently higher rates

of hospitalisation for AMIad death compared with Europeans and Asi#hs.

1.1.2 Pathophysiology

There are five pathological classifications of Ml according to the current universal
definition of MI! Type | Ml is AMI caused by atherosclerotic plague rupture or erosion
in a coronary artery, while type Il Ml is dieea mismatch in myocardial oxygen demand
and supply, so it does not typically involve plague rupttifgpe Il Ml includes sudden
cardiac death patients who are believed to have experienced myocardial ischaemia
which iseither unable tobe confirmed with clinical biomarker testing or that the
biomarker tests are not yet elevated at the time of testinbype IV Ml is Ml related to
percutaneous coronary intervention (PCI), with or without stent thrombbsimally,
Type V Ml is Ml related to coronary artery bypass grgfi@ABG) The studies in this
thesis will largely focus on patients with Type | MIl. However, due to the inherent
difficulty of differentiating between Type | and Il MI prior to angiography, and the fact
that our study desigerequire us to collect blood samples pritb angiography, it is
possiblethat our study cohorts have a small number of Type Il Ml patidrasninimise
this, we collected information on the final diagnoses patients were given prior to
hospital discharge, and subsequently exeddhese patientghat were believedto

have an alternative diagnosis from our study cohorts.



1.1.2.1 Atherosclerosis

Figure 1.1 summarises the progressfoom atherosclerosis to AMI. Animal studies
were originally used to determine the majority ohd pathogenesis details of
atherosclerosis. However, subsequent human, cell and/or epidemiological studies have
supported these finding&. For an atherosclerotic plagugpture or erosion to occur,
there must first be an atherosclerotic lesion growing in the intima, the innermost wall
layer of an artery? The landmark review by Ross and Glomset in 1976 described the
modelproposing how the pathogenesis of atherosclerosis was inititétdstated that
excess cholesterol and endothelial injury in areas of haemodynamic strain resulted in
low density lipoprotein (LDL) accumulation in the @uothelial spacé® Ross
subsequently published an updat model that suggested an atherosclerotic lesion
begdn via risk factors triggering an inflammatory respof$A. number of risk factors
have been linked to the development of atherosclerosis, such as hypertension, smoking,
central adipositydyslipidaemiainsulin resistance and/or diabetesellitus, age and a
sedentary lifestylé? These risk factors are believed to cause endothelial dysfunction,
where the endothelial cells are activated and trigger an inflammatory respride.
LDLs then enter theub-endothelial space, forming the initial lesiéhThe LDLs are
oxidised by monocytes, leading to the activation of macrophages and formation of foam
cells This results in a fatty stredkT cells have alscelen found in the fatty streak and

are believed to largely have a piaflammatory role by releasing different cytokinés.



N Macrophage

Fibrous cap with foam cells

Myocardial

Lymphocyte i .
infarction

Macrophage

Tcell

Atherosclerosis progression

Initial lesion Fatty streak Intermediate Atheroma Fibrous plaque Complicated
lesion lesion/rupture
Normal histology, Intracellular lipid Intracellular and Extracellular lipid Fibrotic/calcific Plaque rupture,
macrophage accumulation extracellular lipid core development layers thrombosis, and
infiltration accumulation blockage of
blood flow

Figurel.l Pathogenesis of atherosclerosis and AMI

This figure presents the development of atherosclerosis and progression towards acute myocardial infarction. A briefotesttipe
histological finding with eaclstage of atherosclerosis and the main inflammatory components of an atheroma are shown. Details of
inflammatory response and growth of lesion are not includBuke fgurewascreated using BioRender.com, Toronto, Ontario, Canada.



Fatty streaks are commomlo not cause clinical symptoms, and may regress or
progress toward an intermediate lesidh.If a fatty streak progresses, the existing
leukocytes attract rare immune cells, inflammatory molecules and LDLs, causing
further endothelial dysfunction and growth of the atherosclerotic pladtielhe
immune cells als@ause smooth muscle cells to migrate into the pladti@ngoing
FOGAGIGARZ2Y 2F GKSAS aLXIFe&SNBR¢ OFdzaSa GKS
resulting in the intermediate lesiot. Further accumulation of lipids, macrophages,
cytokines, growth factors and other immune cells or products leads to focal necrosis
within the lesion'* Smooth muscle cells and fibrous extracellular matrix (ECM) form the
fibrous cap covering the atheroni&!4 Calcium can also enter the plague and collect
there, and along with more accumulation of fibrousstie, this creates a fibrous
plaquel? Eventually, the progressive growth of the plaque means that arterial dilation
and wall thickening is no longer sufficient to maintain the normal activity of the artery,

and the atherosclerotic lesion intrudes into the lum¥&n.

There are several hypotheses regarding plaque rupture. One hypothesis is that as
the plaque continues to grow over time, the fibrous cap may slowly thin, which occurs
as a result of ongoing or upregulated inflammatory processes destroying comggone
of the fibrous cap that is crucial for maintaining its structural framewséikhis results
AY 6KFEG Aad GSNXYSR | a@dzZ ySNIoftS LI FIjdzSé =z
at increased risk of rupting.*? Plaque rupture occurs suddenly and without warning. It
exposes the contents of the plaque to the blood flowing through the lumen, including a
protein called tissue factor, which triggers blood stasid thrombus formatiort? If the
thrombusimpedes blood flow ooccludes the lumen, myocardial ischaemia ocdeit8

If this occurs persistently, it leads cardiomyocyte death and resulis AM|12:15

There is another pathologitenechanism leading to ACS and Type | Ml where some
plaques do not have a thin fibrous cap and instead have large amounts of’BAZIN.
these types of plaques, plaque rupture is unlikely to occuribstiead plaque erosion
may occur. This process is thought to be regulated by the innate immune system, such
as ToHlike receptor2 and other patterarecognition receptors, and polymorphonuclear

leukocytes promoting thrombotic process#s.



1.1.2.2 Pathogenesis Following AMI

A theory surrounding the pathogenesis after the onset of AMI is the tplesse
response (inflammatory, proliferative and maturation phases), which has largely
evolved from animal stlies!® This theorised response has been summarised in Figure

1.2.
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Figurel.2 Acute and chronic inflammatory responses following AMI

This figure depicts the inflammatory response following the onset of AMI. The nomenclature of the phases, the timeline @adhth
immunecells and biomarkers involved in each phase are shdWa.fgurewascreated using BioRender.com, Toronto, Ontario, Canada.
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It is believed that there is a cascade immune response following myocardial
ischaemia from plaque rupture orresion, and after the onset of myocardial
infarction!® The dying cardiomyocytes release danger signals that attract an influx of
inflammatory moleculessuch as neutrophilgp the infarcted region, initiating this
inflammatory responsé® Neutrophils help to clear the debris by producing reactive
oxygen species (ROS), and proteolytic enzythés.vitro and animal studies have
shown that ROS has a range of actions, including activatingpthplement systent®
This further stimulates necrosis of the cardiamytes, attracts more leukocytes to the
region, and activates inflammatory responseéfR0OS also activates the nuclear factor
(NF)Y*B pathway, which stimulates cytokine and chemokine production and other
mediators of inflammatiod®> These laboratory studies have shown that the
inflammatory response is critical for wound healing and the initiation of cardiac
repair1>16 However, an exaggerated inflammatory respersan be deleterious. For
example, too much ROS may instead cause further cell apoptosis and ECM damage.

That is why a balance of inflammatory cells is important for a good outcome.

This pathological model described by Frangogiannis defines the proliferative phase
as a period of debris clearing, angiogenesis and scsuetiformationt® Neutrophils
undergo apoptosis, which attracts phagytes to clear debri$& The phagocytes release
anti-inflammatory cyokines to dampen the prinflammatory responsé® Leukocytes
are abo involved in this proces8.Myofibroblasts (activated by growthaétors,
angiotensin Il and matricellular proteins) and vascular cells then enter the infarcted
region to repair the extracellular matrix and form new ves$eEhe end product of this
proliferative phase is the infarcted region becoming scar tis8t#wever, suboptimal
myocardial repair can occur if there are issues with limiting the-ipflammatory
pathways, such as increased cardiyocyte death, further degradation of the ECM and
increased fibrosis, all of which would expand the damaged reitis estimated from
in vitro and animal studies that the inflammatory phase occurs in the first three days
after AMI, while the reparative phase overlaps and begins towards the end of the

inflammatory phae and lasts until about a week after AMI on%ét.



The final stage of this pathological model is the maturation phase, where the active
cells in the proliferative phase dampen their activity in order to prevent the formation
of an owerly-fibrotic scar*® Based onthe findings fromstudies using humaimeart
models, this process can take weeks to morithBue to the MI reducing the amount
of viable myocardium that is able to meet oxygen demand, ventricular remodelling
occurs through all three phasésAs a preservation mechanism, cytokines released as
part of the acute response Igto decrease myocardial contractility and reduce the
demand on the myocardiurf This thins andlilatesthe infarcted region-> However,
too much remodelling can cause systolic dysfunction, thus increasing the risk of adverse
events such as arrhythmia and cardiac de&tiAn excess of several cytokines in the
chronic phase of an MI has beesssaciated with adverse remodelling and major

adverse cardiovascular events (MAEEY:2°

As mentioned earlier, this threphase model described by Frangogiannis et al. is
largely derived from amalkbased studies. Although subsequent clinical studies have
supported aspects of this mod&?? there are known limitations of animdlased
studies. For example, the events leading up to the onset of AMI differ in animal models
compared with humans, who have a longripd of atherosclerotic plague growt:?!
Inflammation occurs during atherosclerosis and plaque bugld so the longer
inflammatory period before AMI in humans may lead to differences in the inflammatory
response. However, animbabsed studies &ve provided us with an insight to the
complexities of myocardial healing and repair following AMI that would not be possible

with human studies aloné&

Additionally, it is important to note that the mediators of myocardial repair are
systemically activated. This meankat inflammatory molecules may also cause
progression of atherosclerosis in other coronary arteries and/or increase the risk of
rupture of existing atherosclerotic plaqués?42> That is why an excessive or

GLI GK2f 23A0Ft¢ AYyFElLYYIFG2NE NBaLkRyasS gAatf
myocardium damaged by the infarction, but also increterisk for future AMIs that

may occur in other coronary arteries.
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1.2 Inflammatorymarkers

There are a large number of inflammatory markers that have been studied in the
acute phase of an ACS, with some being proposed as potential biomarkers of
pathological inflammation and adverse outcome or MACE. However, it is evident that a
greater inderstanding of the inflammatory process is required, as several maneres
found to be associatesvith MACE in some studies, but had association in other
studies. The majority of studies have investigated inflammatory markers acutely
(inflammatory aml proliferative phases) after the onset of ACS for their prognostic
potential 222630 The rationale for this is because theute period provides the greatest
opportunity to manage patients appropriately while they are still in hospital to prevent
short-term and/or longterm adverse outcomes. However, to date, it remains unknown
when exactly it is best to measure these mark@wssiblegeasons for this are that most
biomarker studieshave used opportunistic blood sampling methods and tried to

characterise the complex inflammatory network with only a single matk&g*

The subsections below discuss the groups of inflammatory markers that have been
identified in the literature as being key players of the inflammatory process in ACS. It
must be noted that there are an extensive number ofanfmatorymarkers within the
ACS contexand itis not be feasible to discuss every moleculéis thesis has chosen
to focus on white blood cells (WBCs)re@ctive protein (CRP) and cytokines. Other
inflammatory molecule includematrix metalloproteinasegproteolytic enzymes that
help stimulate ECM breakdown and recruit inflammatory cells to clear necrotic
debris’®), complement componentsgenetic markers of inflammation, inflammatory
receptor markers and inflammatory receptor antagonists. Theaekers have not been

covered in tlis thesis.

1.2.1 Whiteblood cell counts

WBCs are a subset of inflammatory markers consisting of neutrophils,

lymphocytes, monocytes, basophils and eosinophils. WBC counts are routinely
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measured in clinical practice to indicate systemic inflammation and haga bkeown

to be acutely elevated in AMI. Several studies have also shown that WBC count is an
independent predictor of MACE in AMI patierts® The following sections will discuss

the four WBC subtypes that have been investigated in ACS patients as potential

predictors of MACE: neutrophils, lymphocytes, monocytes and eosinophils.

1.2.1.1 Neutrophils

Neutrophils are the first WBC subtype to respond and infiltrate the infarcted
myocardium within the first few hours of ischaemid At the site of injury, neutrophils
conduct phagocytosis, degranulation and release of neutrophil extracellular ¥aps.
This causes further damage and attracts monocytes and macrophages to the site of
injury.2° Several observational studies have shown that neutrophil count is associated
with adverse outcomes in ACS patiefft$? Additionally, a few functional studies have
recently proposed that neutrophils may also play a role in myocardial répair.
Horckmanset al. found that dampening the neutrophil response resulted in greater

fibrosis, which would suggeatgreater adverse remodellint.

1.2.1.2 Monocytes

Monocytes are the next leukocyte to enter the infarcted myocardium after AMI
and are released from the spleen andrigomarrow?* They are a heterogeneous cell
population that have a number of different functions, including production of ROS,
platelet interactions, and differentiation into macrophages in the myocardtéfA.
Once monocytes enter tissues spaces and are no longer in circulation, they transform
into macrophage$? There are several subtypes of macrophages. In animal models, pro
inflammatory macrophages clear debris via phagocytosis and secrete proteolytic
enzymes, while another subset of macrophages help with wound healing and repair via
stimulation of collagen demition, angiogenesis and myofibroblast accumulatitn.
One study by Grau et al. showed that high monocyte couwas associated with
increased risk of MACEwhile Shiyowih et al. showed that there was an increasast
of mortality up to five yearsf follow-up with both the lowest and highest monocyte

count quartiles although it washot significant on multivariate analysis.
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1.2.1.3 Lymphocytes

Lymphocytes are involved in the adaptive immune response and consist of a variety
of T cell and B cell stypes?*® They also enter the myocardium and facilitate the
adaptive immune response, helping to heal the tissue by influencing mononuclear cell
phenotype and causing tissue inhibitioof metalloproteinasel expressiort?>°
Functional studies have shown some subsets of T cells are involved in the isechaemic
reperfusion injury, but can also improve wound healing pd&f* In general there is a
poorer understanding of the role B cells play in AMI, but B cells are known to release
antibodies and some cytokines, such as tumoecrosis factor alpha (TNF* Nelson
et al. conducted a functional study and showed that low lymphocyte counts were
associated with increased cortisol levels, which indLgteess and a pranflammatory
response®2 A few human studies have supported Nelsohr et ? Q& FAYRAYy &I &
low lymphocyte count was associated with adverse outcome-pdst*”->3 However,

Grau et al. showed high lymphocyte count was associated seithfarction, which
reflected that the role of lymphocytes in pathological inflammatiavas not fully
understood?® The assumed prinflammatory effects of low lymphocyte counts, and
the pro-inflammatory actions of neutrophils and monocytes, have led to several studies
combining these subtypes into ratié$>® In theory, this will allow pathological
inflammation to be better characterised dradverse outcomes to be more strongly
associated with these market$> Several studies have found that neutrophil

lymphocyte ratios and lymphocyt@onocyte ratios independently predict MACES

1.2.1.4 Eosinophils

Eosinophils are leukocytes that are commonly associated with hypersensitivity or
allergic imnune responses but are active in other disease states, including coronary
disease>’ Eosinophils have previously been found in thrombi of ACS patients, where it
is believed they help promote thrombus formation via activation of platetéfEhere
has recently been a growing interest in eosinophils as a marker of adverse outcome in
ACS. One study by Alkhalil etfalund that low eosinophil count in STEMI patients with

normal to moderately impaired left ventricular function was associated with MACE.
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Deng et al. combined eosinophil and monocyte counts into a ratio and found that a low

ratio was associated with atuse death in STEMI patiefifs.

1.2.2 Greactive protein

CRP is well established in clinical practice as an indicator for systemic inflammation.
It is an acute phase protein that is largely produced in the liver, but is also produced i
atherosclerotic lesions by smooth muscle cell lymphocytes and mono@ytes.
Concentrations start to increase within six hours following an inflammatory stimulus
and reach maximal levelsithin 48 hours®? Following the end of the acute phase
response, CRP levels decrease at altfialbf 19 hour$263CRP has been found to be
relatively stable, with the change in concentration over years in a healthy cohort being
similar to that of systolic blood pressure and total cholesterol le¥felss relative
stability makes it gotentially useful clinicaiharker. In atherosclerosis, CRP is involved
in the proliferation of the plaque in multiple wa§sAfter the onset ofACS, CRP binds
to dead or damaged myocardial cells with lysophosphatidyl choline present on their
membranes, which results in complement activation and subsequent stimulation of the
inflammatory response, and further myocardial cell damage and d&a@iRP has been
shown to correlate with atherosclerotic plaque instability, inflammation in the plaque
and damage to the wall of coronary vessels in EMPositive correlations have also
been found between CRP and infarct size measurethagnetic resonancariaging
(MR, and between CRP and the number of coronary lesioff hese findings suggest

that CRP may provide information regarding disease severity.

Many observatinal studies have investigated the prognostic value of CRP in the
ACS context, with varying results. It is established that CRP is associated-gatisall
mortality, and may be weakly associated with recurrentt®However, its asociation
with MACE is less clear. Some studies found an association between CRP and MACE,
such as cardiac death, M| and repeat revascularis@fféhMeanwhile, a few studies
have found no significant association between CRP and MA€Ehis night partially

be due to the concentration of CRP levels found in these studies, as samaigis by
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the Emerging Risk Factors Collaboration fouhdt the risk of adverse outcome
increased with higher levels of CRMn addition to its correlation with MACE or other
clinical endpoints, CRP has been fouadminimally improve existing clinical scores.
Klingenberg et al. found that hsCRP produced a 4% improvement in risk stratification of
all cause death or reinfarction at one yet® the Global Registry of Acute Coronary
Bvents (GRACE) score in ACS patjemitsle van Diepen et al. found no improvement
when addinghigh sensitivity CRmM{CRJPto clinical scores (composed of clinical risk
factors alone, risk factors and interleul@n or risk factors and f&rminal probrain
natriuretic peptide) in STEMI patits.”>’4Based on these studiesurrent guidelines

from the European Society of Cardiology (ESC) state thatrthevement Geactive
protein may add to a clinical score in the setting of NBTE is not clinically significaht,

and that there is no evidence that routine use of CRP as a prognostic marker improves
clinical outcomes for patients with chronic coronary syndrorf?&3RP for the prognosis

of STEMI patients has not been mentioned in guidelines from thé ESC.

1.2.3 Cytokines

Cytokines are a wide variety pfoteins that have a specific effect on how cells
interact or communicate, and often have multiple actidi#.is used as the overarching
term for interleukins (cytokines made by a leukocyte that acts on another leukocyte),
chemokines (cytokines with chemotactic actions), lymphokines (cytokines secreted by
lymphocytes), monokines (cytokines secreted by monocytes and macrophages), and
other families’”” The following sectiongrovide a more detaileddiscus®n of the
interleukin family, chemokines and other cytokines commonly assessed in the ACS

context.

Most studies that investigate the prognostic utility of cytokines assuha
abnormal levels of the cytokine of interest implies a suboptimal healing response in ACS
patients. However, it is interesting to note that although the cytokines in Table$.2.1
below have been proven to be involved in the inflammatory process in ALS vi

mechanistic studies, not all of themere found to be independent predictors of
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adverse outcome. This suggeskst there are gaps in understanding how cytokine

levels indicate adverse outcome.

1.2.3.1 Interleukins

Interleukins are cytokines that were origingll believed to ke expressed by
leukocytes aloné® However, some interleukins hawince been found to be released
by other cellsas well”® Although most interleukins are named with the prefix,
interleukin, not all are. For example, granulocyte macrophage colony stimulating factor
(GMCSF) is considered as a member of th& Hamily’® There are numerous
interleukins that have been identifieals being involvetih the inflammatoy response
following ACS with prand/or anttinflammatory actions. Interleukins may be released
by the same cell, such asterleukin (-6 and IL8, which are both released by
neutrophils as well as other celi%8 Someinterleukins influence other cytokines or
inflammatory markers along the same pathway. For exampld) liaffects IE6
production, which in turn regulates CRP production from liver étllhere aremixed
findings on the ability of individual cytokines to characterise excessive inflammation and
act as predictors of adverse outcome. Some studies have demonstrated significant
correlations between interleukins and adverse outcomes, with the most commonl
studiedinterleukins being H6 and 1E10. Meanwhile, other studies found no significant
associations. Table 1.1 summarises the actions of common interleukinsrat
studied in an ACS context and assessed for their prognostic utility in either latinica

functional studies.
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Tablel.1 Interleukins commonly studied in ACS patierAstivation, function and prognostidility
Prognostic utility for adverse otcomes

Interleukin

IL-1h

Stimulated by or eleased

from
Dead cardiomyocyte¥.

Stimulates apoptosis of cardiomyocytes and length

Action in ACSantext

ischaemic injury?

Mouse model study showed-ll" blockade was
associated with reduced ischaemic reperfusio

injury & subsequent LV dysfuncti&h.
Elevated levels were associated with poor L

IL-1

Inflammasome$*

inflammatory cells, stimulates pyroptosis in leukocy

Stimulates metalloproteinase activity, attracts

and cardiac cell¥ and regulates H6 production®;
may have an anihflammatory role in cardiac
repair &

remodelling? but not associated with MACE ir]

Not associated with MAEIn two studieg?#¢but

another study®®

IL-2

Th1l cells and natural killer
cells””

Mediates apoptosis, activates growth and

differentiation of T cells, stimulates activity of natur

killer cells, & affects immunoglobulin production via
cells’®

Has both preinflammatory and antinflammatory

the LILACS trial is currently investiggtiowdose

IL-2 therapy in ACS patients.

Elevated levels weakly associated with increas

GM-CSF

TNR 88

actions’® Stimulates the activity, pideration and
differentiation of myeloid cell$®

LVEDW? As a therapeutic agenit improved LV
dysfunctioncompared with placebd However,
no association with MACE was found in a sttfd
Correlated with left ventriculadysfunction’® Not

IL-4

Mainly by T cells but also
eosinophilspasophils &
mast cells’®

Anti-inflammatory via activation of M2 macrophage
for cardiac repair®

associated with MACE in two studr@s®

Elevated levels associated with MACE and L

IL-6

Many cells, including

macrophages, neutrophils &

local cells at thesite of
injury 8

Proinflammatoryc regulates CRP productidh.

dysfunctin in some studie&+% Not associated

with MACE or surrogate markers of myocardii
damage in otherg?2996.97

Elevated levels associated with predicting surv

IL-7

Bone marrow stromal cells 4

epithelial cells’®

Proinflammatoryc regulates T cell activity, activate
monocytes and natural killer cells, and can increas

in AMI complicated by cardiogenic shd€k not
associated with MACE in another study.

expression of some chemokines e.g8JIMCP1.%°
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Action in ACSantext

Prognostic utility for adverse otcomes

Interleukin ~ Stimulated by or eleased
from
IL-8 (CXCLS8) Many cells, including Involved in ischaemieperfusion injury but also with  Elevated levels associated with MACE in son
monocytes, neutrophils & angiogenesis posAMI.”® studies or degree of chronic heart danea§°"1°
fibroblasts’® No association found in one study.
IL-10 Many cells, including Th2 Anti-inflammatoryc blocks secretion of pro Elevated levef§ or reduced levef&1%2associated
cells, B cells, onocytes, inflammatory cytokines and secretion of RGS. | with MACE in some studies. No association foy
eosinophils, dendritic cells, in two studies®*’
mast cells’
IL-12 T cells’® Activates NK celf§. Elevated levels associated with MACE in ong
study.®” No associations found with MACE in
some stidies?74:85
IL17A Various T cell subsets Has preinflammatory actions, activating endotheliag Reduced levels associated with MACE in on
(especially 1T cells), cells & recruiting leukocytes to ischaemic study 3 No association found in another study.
macrophages, dendritic cell myocardium?®
& natural killer cell$%

IL-18 Stimulated by NLRP3 Proinflammatory- stimulates release of IFN | y| Elevated levels associated with MACE found
inflammasomes, released b| production of other cytokines, involved in ischaemi| three studies’®1°41%°0ne study found HL8 was
macrophages & other cell§. reperfusion injury’®°° not associated with MACE alone but was with

18/IL-10 ratio®

IL-27 Mainly by myeloid cell¥ Has both preinflammatory and antinflammatory Elevated levels associated with MACE.

activities on T cell subsets and1iQ.®

IL-33 Many cells, including those Helps stimulate aniinflammatory activity via Elevated levels associated with MAEE.

in vesseld% increasing soluble ST2 levels but also has pro
inflammatory actions e.g. activating daitic cells®?

IL-37 Released by epithelial cell§ Anti-inflammatory¢ suppresses prinflammatory Elevated levels associated with MACE.

and macrophage¥”® cytokines e.g. TNF§

This table summarises the activation of interleukins commonly investigated in ACS patients, their role in the ACS cortexieree of
their ability to predict adverse outcomes geACS. CXCLS is the alternative name 8t Tlhe full names of the abbreviations in this tabln

be found in theAbbreviationssection.
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1.2.3.2 Chemokines

Chemokines are a family of cytokines that stimulate chemotdxihere are
several chemokines that have been studied in the ACS corffakle 1.2 summarises
the actions of common chemokines that have been investigated in ACS patients and
assessed for their prognostic utility, with the exception e8Jlwhich was included in
Table 1.1 with the other interleukins. There are some chemakmigh dual properties
and belong in two families of cytokines. The main cytokine in the ACS context that meets
this criteronis IL:8. IL-8 is released from leukocytes like other interleukins, has a variety
of functions like other interleukins (such asgamgenesis)® It also has chemotactic
functions, where it attracts neutrophils and lymphocyté# similar observation can be
made as with the interleukins in Table 1.1, where different studies have found opposing

results in relation to MACE for certain chemokines.
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Tablel.2 Chemokines commonly studied in A@®pts ¢ Activation, function and prognostidility

Chemokine  Stimulated by or eleased Action in ACSantext Prognostic utility for adverse otcomes
from

IP-10 (CXCL10)| Released from endothelial Causes T cell polarisation into effector | Elevated levels associated with MACE and grea
cells, macrophages and Th1/Th17, and subsequent release of pro| infarct size at 60 days in one stutfwhile another

other cells!t? inflammatory mediators via its receptor study foundthat reduced levels were associated

CXCR%° with MACE* No association with MACRund in

two studies?*®’
MCRL1 (CCLR Many cells, especially Causes more monocytes to travel to the Elevated levels associated with MACE in two
monocytes & cardiac injury site via its chemokine receptd studies?’'*?No association with MACE found in o
macrophages!? CCR241 study?°

MIP-1h o/ [ Released by activated Causes leukocytes to travel to the cardiag Elevated levels associated with MACE in one
platelets and other immune injury site via its receptors CCR1 and | study!*®but not in two studie$®1%? Reduced levels

cellsi13114 CCRB11113 associated with LV dysfunction in one stuéfy.
MIP-1i 0 / /| Released by various immun  Causes monocytes to travel to the cardiaq Elevated levels associated witkhospital death in

cells*4 injury site via its receptor CCR5:116 ACS patients with cardiogenic shd¢kiNo

association with MACE or LV dysfunctidi#*
RANTES (CCL5 Released hy leukocytes, | Causes monocytes, T cells & natural Killer ¢ Elevated levels associated with MAEHut

smooth muscle cells and to travel to the cardiac injury site via its reduced levels associated with LV dysfunction ¢
activated plateletg?!? chemokine receptor, CCRE:!18 infarct sizet®>1°No association with MACE foun(

in two studies?®°7

This table summarises the activation of chemokines commonly investigaséedite coronary syndromé\C$patients, their role in the ACS
context, and evidence of their ability to predict adverse outcomes@3%. The bracketed names in the chemokine column are the alternative
name for the respective chemokin€Cl- GC motif chemokine ligandCCR GC motf chemokinereceptor; CXCLGX-C motif chemokine ligand,;
CXCRGX-C motif chemokine receptor; {F0 - interferon gammainduced proteirl0; L\+ left ventricular; MACEmajor adverse cardiovascular

events; MCHL - monocyte chemoattractant proteii; MIP- macrophage inflammatory protein; RANTE8gulated upon activation, normal T
cell expressed and secreted; Th(numbe€r)helper (number) cell

20



1.2.3.3 Remaining cytokines with importaotittions in ACS

There are many additional cytokines outside of the ilgekin or chemokine
families that have important functions in inflammation and repair following ACS.
Growth factors, such as fibroblast growth factors (FGF), granulocyte estiomylating
factor (GCSF) and vascular endothelial growth factor (VEGFpreregroup of these
cytokines. They support the growth of various cells essential for inflammation or repair,
such as smooth muscle cells, new blood vessels, and neutrophil progenitof:t&is.
¢dzy2dzNJ ySONRP&AAA FIFOU2NJ 60¢bCO A& | &a&dzLIJSNF
of functions, such as apoptosis and activation of the nuclear factor kappa B patfwvay.

TNP is the maincytokine and CD40 ligand (CD4@Lthe main liganaf the family that

are frequently investigated in ACS patients. Selectins, suchsake&tin and Eselectin,

help immune cells to adhere to the endothelial wall or sites of injagtell adhesion
molecules are another family that facilitate movement of leukocytes areas where they
are required®?* Vascular cell adhesion molecule (VCAML) and intracellular
adhesion moleculd (ICAML1) are a few examples of thiginally, interferons are a

family of cytokines that help attract leukocytes to the site of injury and stimulate the
production of chemokines and cell adhesion molecdfés. y G SNF SNRY 3l YYl

the main interferon investigated in ACS patients.

Table 1.3 summarises these remaining cytokines that are commonly iratestig
in the ACS context for their inflammatory actions and their ability to predict adverse
outcomes. As with the previous two tables (Tables 1.1 and 1.2), there are mixed findings

for several of the cytokines on their associations with adverse outcorA€ 8 patients.
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Tablel.3 Other gtokinescommonly tudiedin ACS patientsActivation, function and prognostidility

released by T cell8.

selectins, & stimulates leukocyte
adhesion’®

Cytokine Stimulated by or Action in ACSantext Prognostic utilityfor adverse aitcomes
released from
bFGF (FGE) Growth factor Extracellular Stimulates angiogenesis and | No association found between bFGF and MA
matrix.126 mitosis of smooth muscleells and in two studies?®127
endothelial cellg!®
CD40L TNF Mainly platelets'?® Activates CD40 molecuté& Elevated sCD40L associated vad#ath and re
infarction in one study?®° No association with
cardiac death in another study?®
Eselectin Selectin IL-6 & [l-17 103131 Involved in leukocyte adhesion tg No association wittMACE or longerm
sites of injury and endothelial death?2132.133
cells??3
FGR23 Growth factor Extracellular Stimulates angiogenesis and | Elevated levels associated with MACE and-o
matrix .12 mitosis of smooth muscle cells an term death?2134
endothelial cellst*®
GCSF Growth factor Any cell e.g. Acts in the bone marrow and | Elevated levels weakly associated with increa
endothelial, controls the proliferation, growth | LV volumé?® No association with survival &Ml
macrophages & and survival of neutrophil patients with cardiogenic shodk¢As a
fibroblasts!3® progenitor cellst?° therapeutic agent, a Cochrane metaalysis
showed no association with outcomes compatr
with a placebo group®®
ICAM1 Immunoglobulin Various cells e.g. Causes leukocytes to travel to | Elevated levels associated with death and CH
superfamily of cell endothelial, inflammatory sites e.g. the cardia one study'*®but not for MACE in two
adhesion molecules fibroblasts®’ injury site!?4 studies!33137
IFNy Interferon Stimulated by K18 & Stimulates ICAM, VCAML & Elevated levels associated with MACEin-

hospital death in AMI patients with cardiogeni
shock!!®
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Cytokine Stimulated by or Action in ACSantext Prognostic utilityfor adverse aitcomes
released from

P-selectin Selectin Endothelial cells and  Proinflammatory- involved in No association with MACE2 133
platelets® leukocyte adhesion, throtrus
formation and formation of scar
tissue!®®
PDGF Growth factor Platelets, Involved in wound repaig No association with MACE?2°86
macrophages, stimulates mitosis of fibroblasts &

smooth muscle cells| smooth muscle cells, and cause
& endothelial cell$?! | immune cells to travel to the site

injury 2
TGF ™ Growth factor Endothelial cells & Sippresses chemaokine No association with LV dysfunction
macrophages?® production*° Involved in cardiac parameters?°

fibrosis & remodelling,
angiogenesis, & cdiomyocyte

apoptosis’®
TNRE TNF Mainly by Involved in various actions e.g.| Elevated levels associated with death & CHF
macrophages but als(  dampens cardiac contractility one study*** No association with MACE or
released fronother causing reduced heart rate, parameters of LV dysfunction in three
immune cells® angiogenesis, & apoptosi&. studies’4142.143
VCAM1 Immunoglobulin Macrophages® Causes leukocytes to adhere to tf  Elevated levels associated with MACE in on
superfamily of cell endothelium and travel to the site study*” but no association with MACE in
adhesion molecules of injury® another study**
VEGF Growth factor Transcription factor Stimulates angiogenesis, & Elevated levels of VEGF, VEGE VEGI were
hypoxiainduced endothelial cell migration & associated with MACE in two studi@s?’
factor-1.1%7 production!?! Another study foud no associatioff®

This table summarises ttativation of cytokines commonly investigated in ACS patients, their role in the ACS context, and evidence of their
ability to predict adverse outcomes peACS. This table excludes the cytokines previously included in Tables 1.1 ar IL8l. names fothe
abbreviations in this thessanbe found in theAbbreviationssection.
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1.3 Antiinflammatory trials

With such an abundant number of inflammatory markers that have been found to
be involved in ACS, it is no surprise thany clinical trials have been conducted to
assess the use of antiflammatory therapies in ACS patients. If these therapies can
minimise the risk of an overexpressed or prolonged inflammatory response, it may lead
to improved healing and lontgrm outcames for the patients. However, as discussed in
sectionl.1.2 a certain level of inflammation is required to promote the essential repair
and healing following AMI. Therefore, a fine balancing act is needed to dampen
exaggerated inflammatory respons&gthout preventingcritical responses for repair. It
is unknown how much of the inflammation measured in ACS patients is pathological.
Most randomised controlled trials (RCTs) assdihat the majority of inflammation in
ACSatientswas excessive and saddhot incorporate measurement of inflammatory
levels prior to commencing treatment or placebihis has led to some landmark anti
inflammatory trials having unfavourable outcomes, which is discussed in the sub
sections belw. There is also the inherent problem of the randomness in RCT study
designs. Different RCTs halesen to target one inflammatory molecule over another,
and useddifferent sampling times, patient populatis, andor endpoints#44° These
factors contributed to the inconsistent findings between studies. However, this
randomness in study design refleasrr limited understanding of the inflammatory

network.

Thefollowing subsectiontitt S R & dzy A @ $iedent RCTahéde lalf patients
were treated with an antinflammatory therapy regardless of whether or not the
patients had elevated inflammation prior to commencing the therapy. The other
adzo AaSOUA2Y Kl a 0 RSH NRIE SifétxS By KISINBa @BIANB/SG 2 F

was an inclusion critéwn for participating in the clinical trial.
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Table 1.4 summarises the major RCTs oniafitimmatorytherapies that were
given to Mlpatients regardless of inflamatory marker levels. A wide variety of anti
inflammatory medications have been studied, ranging from drugs that inhibit individual
inflammatory markers to drugs that target a numberioflammatory pathways. For
eight trials, there was no statistically sificant different in MACE between the
treatment and control group!41®147.150154 Three RCTs investigated the use of
colchicine in different Ml populations, and all fouadsigrficant difference in MACE
rates in the treatment group'*®1551%6Two of he studies foundadverse evers
(pneumoniaand myalgia) that mighlimit the feasibility of the drg being used in Ml
patients!4®15%6The remaining study did not discuss adverse events in the gap@ne
studythat investigated anakinra, an-il inhibitor,'*°and two studies that investigatl
a MMPinhibitor, doxycyclin®’” and PG116800'** found reduced rates of MACE in
patients who were randomised to these treatments, with only nsarious adverse
events being more frequent in most of these studiés!4® Contrary to the positive
finding from the Virginia Commonwealth University AnakiReanodelling Trial 3 (VEU
ART3), the Medical Research Council Interletkfntagonist Heart (MRICAHeart)

study found increased MACE rates in patients treated waithkinral4®

The differences in the associations with MACE above paayally be due to the
differentdefinitions of MACIEhat wereused. MACE is a composite of adverse outcomes
that are known to occur poshACSMACEmay include some or all of the following:
cardiacrelated death, alcause death, resuscitated cardiac arrest, #iatal myocardial
infarction, heart failure, stroke, stent thrombosis, significant cardiac arrhythmia,
unplanned revascularisation, and unkta angina (that may or may not have required
hospitalisation or invasive intervention). There is no gold standard definition of MACE
that is used in clinical research and it is unknown which definition of MACE is most
appropriate when investigating inflammatory biomarkersHowever MACHEs commonly
used in cardiovascular research because it increases the power to investigate outcomes
with a smaller study population. This means that studies can be completed in a shorter

timeframe with fewer resources, malgrit more costeffective. This is whylACHs such
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a popular endpointA disadvantage is that because using a composite score allows a
smaller study population, studies are often not powered to investigate associations
between inflammation and individuahelpoints that make up MACHhis has led t@a
limited understanding of how inflammation may be associated with MACE. It is
unknown how much of the pathological inflammation following ACS affects the adverse

outcomes within MACE.

A disadvatage of this approach is that these aitflammatory therapies dampen
an aspect of the inflammatory response in all ACS patients. As explained in section
1.1.2.2 some elevation of inflammatory markers isquered for wound healing and
repair to occur In an era of increasing personalised medicine, this has led to the
hypothesis that if only patients with excessively high levels of inflammation were
treated, this would produce more favourableutcomes. Theres also insufficient
evidence to determine the optimal time to start patients on these amtiammatory

therapies and how long they should be prescribed the medications for.
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Tablel.4 Summary of major clical rials ofanti-inflammatory herapies in Mpatients

Population (n)

Treatment; control

Outcome; follow-up

Adverse effects

length

VCU STEMI patients Anakinra for 14 days-2 | MACE4ll-cause death & Rate of death + HF was Higher injectiorsite
ART3 | presenting <12 houry times daily; placebo HB; 12 months lower in the treatment reactions in the treatment
(2020} | from symptom onset group (9.4% vs 25.7%, p group (p = 0.016); no
(99) 0.046). significant differences in
serious adverse events
MRGILA | NSTEACS, recruited| Anakinra (It antagonist)| MACE (dath, stroke & | MACE rate was significant| Higher injectiorsite
Heart <48 hours from for 14 days; placebo Ml) at 30 days, 3 monthg higher in the treatment reactions in the treatment
(2015}4¢ | symptom onset (182] & 1 year group at 1 year (p = 0.023 group (p<0.0001); no
significant diffeences in
serious adverse events
LoDoCo2| Chronic coronary | Colchicine for the duration MACE (cardiac death, HR = 0.69, p<0.001 Higher rates of myalgia in
(2020%48 disease (5522) of the study; placebo spontaneous M| the treatment group
ischaemic stroke & (p<0.05); norsignificant
ischaemiadriven higher rates of norcardiac
coronary death (HR 1.51, 95% CI 0-9
revascularisation)mean 2.31)
28.6 months
COLCOT| MI + PCI within 30 | Colchicine for the duration MACHcardiac death, HR =0.77, p =0.02 Higher rates of pneumonia
(2019¥°¢ | days of recruitment of the study; placebo resuscitateccardiac flatulence & nausea in the

(4745)

arrests, Ml, stroke or

urgent hospitalisation for
angina leading to
revascularisatio)

median 22.6 months

treatment group (p<0.05)
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weeks; placebo

UA leading to urgent
revascularisatio)) 16
weeks

Study Population (n) Treatment; control Outcome; follow-up Adverse effects
(year) length
LoDoCo Stable coronary | Colchicindor the duration MACE (ACS, cof- HR = 0.33, p<0.001 Not discussed
(2013}* disease (532) of the study; standard hospital cardiac arrest,
treatment ischaemic stroke);
median 3 years
TIPTOP | STEMI patients with Doxycycline (MMP MACHdeath, Rate was lower in the None observed
(2013y°7 LVEF <40%, inhibitor) for 7 days; reinfarction, CHF or | treatment group (10.9% v
presenting <12 houry standard care stroke);6 months 22.5%), p = 0.04
from symptom onset
(110)
PREMIER STEMI + LVEF-15| PG116800 (MMP inhibitor) MACHdeath, Nonsignificant difference| Dyspepsia and joint stiffnes
(200644 40%, measured for 90 days; placebo reinfarction, cardiac in MACE rate (p = 0.10).|  were significantly more
48+24 houss from arrest or major Major arrhythmiaalone common in the treatment
symptom onset (253] arrhythmia)and was sgnificantly higher in group (p<0.05); no
individual cardiac events| the treatment group (p = significant differences in
90 days 0.03) serious adverse events
SOLIB | ACS, recruited withir Darapladib (sPLA2 MACE(cardiac death, HR =1.00, p =0.93 | Higher complaint of odour o
TIMI 52 30 days of onset | inhibitor) for the duration non-fatal Ml or faeces, urine and/or skin an
(2014y%° (13,026) of the study; placebo myocardial ischaemia diarrhoea in the treatment
leading to urgent group (p<0.05); no
revascularisatioy) significant differexes in
median2.5 years serious adverse events
VISTAL6 | ACS, <96 hours fron Varespladib (sPLA2 MACH(cardac death, HR =1.35, p =0.08 Higher discontinuation rate
(20144 admission (5145) | inhibitor) formean of 13.4| non-fatal Ml, stroke or in treatment group (2.8% Vs

1.4%) & higher rate of
elevated ALT (p = 0.0005)
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Study Population (n) Treatment; control Outcome; follow-up Adverse effects
(year) length
(LATITUD  Type | AMI, <24 Losampimod (p38 MAPK| MACHcardiac death, HR =16, p=0.24 Similar rates of adverse
E)}TIMI | hours for NSTEMI o| inhibitor) for 12 weeks; | nonfatal Ml or recurrent events between treatment
60 <12 hours for STEM placebo ischaemia reqiing and control groups
(2016} (3503) urgent revascularisation)
24 weeks after enrolmen
APEXAMI | STEMI patients whg Pexelizumab (Complemer] All-cause mortality330 HR =1.04, p=0.78 | Uncommon and similar rate
(2007¥°* | presented <6 hours| C5 monoclonal antibody), days between treatment and
of symptom onset | given as an IV bolus priof control groups for both
(5745) to PCl and a 24our serious and minor adverse
infusion postPCI; placebo events
COMMA STEM# PCI Pexelizumabeither as IV MACE (death, new or | Nonsignificant differences Uncommon and similar rate
(2003}*2 | presenting <6 hours bolus or IV bolus + IV worsened HFshock or in rates between the 3 between treatment and
before symptom infusion for 20 hours; stroke) 90days groups (p>0.05) control groups for both
onset(960) placebo serious and minor adverse
events
COMPLY| STEMI + fibrinolysis| Pexelizumab, either as I\y MACE (death, new or | Non-significant differences Uncommon and similar rate
(2003¥°® | presenting <6 hours|  bolus or IV bolus + IV | worsened HF, shock or| in rates between the 3 between treatment and
before symptom infusion for 20 hours; stroke); 90 days groups (p>0.05) control groups for both
onset (943) placebo serious and minor adverse
events
LIMITF STEM# rtPA rhuMAb CD1§CD18 MACE (death, recurrent, No significant differences|  Similar rates of adverse
AMI presenting <12 recombinant monoclonal | MI, serious/severe HF); between the 3 groups events between treatment
(2001y° hours from antibody)at 0.5mg/kg or 30 days (p>0.05) and control groups
symptom onset | 2.0mg/kg IV bolus; placebi
(394)

This table summarises the ajor anttinflammatory therapy trials in acute coronary syndrome stable Ml patients where elevai
inflammatory levels was notstudy criteria.The resultsncludedwere MACE outcomesihey were assesse®therwisea hard clinical endpoint
was includedThe full names of the abbreviations in this tabsnbe found in theAbbreviationssection.
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Table 1.5 summarises the major trials antrinflammatory therapies that were
given to stable MI patients witkigns of elevated inflammatio®nly two RCTs had tried
to stratify their study population to patients with elevated levels of inflammatidhe
Canakinumab Ardinflammatory Thrombsis OutcomeStudy (CANTO)Sinvestigators
used a direct measure of inflammation andly included MI patients with high CRP
levels'®8 Meanwhile,in the Cardiovascular Inflammation Reduction Trial (CliRdirect
criteria of elevated inflammation &re used, vhere only patients who also hathe
inflammatory conditions ofliabetes or metabolic syndromeere included>® CANTOS
found that canakhumab, an antiLl-1 monoclonal antibody, reduced the incidence of
MACE>® but in the CIRBtudy, methotrexate was of no benefit? Both trials found
that patients in the treatment group had significantly greater rates ofoses adverse

events1s8.159

It is interesting that the relationspibetween inflammatory cytokines and MACE
do not always correlate with the relationship between agyiokine therapies and
MACE. In Tables 1.4 and 1.5, anakinra and canakinumab, tivcatitagonists, were
found tohavereduced the incidence of MACE in two out of three clinical tridfs4°.158
However, Table 1.1 shows that although one study fouhdt elevated |1
concentrations ere associated with impaired LV remodellitfanother study found it
was not associated with MACGEThis may reflecthe differences in trial designs or the
complexities of the inflammatory networRhere is insufficient knowledge surrounding
pathological inflammation in ACS patients and how it may lead to suboptimal
myocardial repair or other adverse outcomes. A greater understanding of the
inflammatory biomarkers and the action of amtiflammatory therapies in the ACS

context is required.

It is important to note that Ridker et alwho werethe investigators for both
CANTOS and CIRT, used different definitions of MACE in the two trials. The definition of
MACE used in CANTOS was a composite of catdath, recurrent Ml or stroke, where
they found that MACE rates were lower in patients who were prescribed 150mg of

canakinumal#®® CIRT initially used the same definition of MACE that CANTOS had
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used®® However, in an attapt to increase the power of the study, UA leading to
hospitalisation and urgent revascularisatiorene added to the MACE definitiof??
Unfortunately methotrexate did not affect MACE rates, even with a broader definition

of MACE> This again reflects our poor undeasiing of how pathological
inflammation may contribute to adverse outcomes. However, CANTOS and CIRT used
stable MI patients as their study participartt;!>°so it mght be that the adverse
events seen in these patientgere partially be driven by inflammatory processes that

were not in response to the initial AMI.
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Tablel.5 Summary of major clinical trials of amifilammatory therapies in Ml patients with elevatetlammation

Study (year) Population (n)  Treatment (@fe]plife] Primary autcome; follow- Results Adverse dfects
=, ~__uplength

CANTOS | MI + CRP >2mg/| Canakinumab,  Placebo First MACE (composite of Only the group on Significantly higher rateg

(2017}%®8 (10,061) (anti-IL-1 v non-fatal MI, nonfatal 150mg of canakinumalj of death due to infection
either 50mg, stroke or cardiac death); | had significantly lowe or sepsis,
150mg or median follow up 3.7 year§ MACE than the placeb¢ pseudomembranous
300mg, for the group (HR =0.85, p = colitis, leukopenia and
duration of 0.0208) thrombocytopenia, but
the study lower rates of cancer an

arthritis in the treatment
group (p<0.05)
CIRT MI or multivessell  Low-dose Placebo + First MACE (composite off HR =0.96, p=0.67 | Significantly higher rateg

(2019%° coronary disease methotrexate folate cardiac death, notfiatal M, of infection or
+ diabetes or | + folate for the stroke & UA leading to infestation, motuh sores,
metabolic duration of hospitalisation & urgent oral pain, unintended
syndrome (4786)  the study revascularisation); median weight loss, modest
follow-up 2.3 years leukopenia, elevated AL

and AST, & cancer
incidence in the
treatment group
(p<0.05)

This table displays theajor anttinflammatory therapy trials in@ite coronary syndrome or stabll patients where a study critean that
aimed to stratify for patients with higher levels of inflammation was included. Outcomes included are only the primaryeoifitadrard clinical
endpoint was the primary outcome assessed, or a secondary outcom@sisessed a hard clinical endpoint.

ALT- alanine transaminase; AS&spartateamindaranderase; CANTO& anakinumab Ardinflammatory Thrombosis Outcon&udy CIRT
- Cardiovascular Inflammation Reduction Tr@RR Greactive potein; HR- hazard ratio; MACEmajor adverse cardiovascular events; Mi
myocardial infarction; UAunstable angina
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1.4 ACS Management

This section will present an overview of the clinical context in which the research
presented in this thesis has occudras well as the common cardiovascular medications

prescribed to ACS patients, several of which modulate inflammation.

1.4.1 Clinicakontextof research

This research has largely been situated at Wellington Regional Hipsdigw
Zealand which acts as a tagry centre that accepts referrals for coronary angiography
and/or PCI from Whanganui, Hawkes Bay, Palmerston North, Wairarapa, and Hutt
Hospitals. The clinical pathways for patients differ depending on which District Health
Board region they live in andhat type of ACS they are diagnosed with (STEMI, NSTEMI
or UA).

Wellington Regional Hospital follows the ESC guidelines. Although the ESC
guidelines for NSTECS were recently updated in August 2024l patient recruitment
for the studies in this thesis occurred between 2012 and 2018. Therefore, clinical
management based on the 2085d 2011 ESC NSAES guidelines, and the 2017 and
2012 ESC STEMI guidelines will be discussed Bel&#161The Cardiac Society of
Australia and New Zealand (CSANZ) also published their own guidelines for STEMI
patients in 2013 and NSTALCS patients in 20192163 Different District Health Boards
may also have their own guidelines. Thesp&cific guidelines are usually based on the
ESC guidelines, but any differences in guidelineshagblighted in the paragraphs

below.

According to the 2017 ESC STEMI guidelihestients who have been confirmed
to have STEMI from their EC&ults and cardiac troponin levels require reperfusion
management. The gold standard treatment is coronary angiography and immediate
reperfusion via primary PCI, but this is only recommended for patients who are able to

arrive at Wellington Regional Hasd and receive PCI within 120 minutes of initial
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hospital presentation. This tee main reperfusion strategy for STEMI patients frithra
GreaterWellington City and the Hutt Vallé§* For STEMI patients who are unable to
arrive at Wellington Regional Hospital within 120 minutes i.e. those fraamstéfton,
Palmerston North, Hawkes Bay and Whanganui Hospitals, the ESC guidelines suggest
they are reperfused via fibrinolysis first, and then be transferred for angiography and
PCI. If at 60 to 90 minutes, there is less than 50% resolution of the Sifi@teseen at
diagnosis, or new ST depressi@present, it is recommended that rescue PCI is
conducted as it signifies fibrinolysis was not succeg&fblowever, if fibrinolysis is
successful, then coronary angiography may be considered between two and 24 hours
postfibrinolysis’® The 202 ESC STEMI guidelines and the 2013 CSANZ guidelines are
largely identical to the 2017 guidelinés!61.1635ome exceptions are that both the 2012

and 2013 guidelines suggeahkit rescue PCI be considered at 60 minutes (not up to 90
minutes) postfibrinolysis and that routine coronary angiography following successful

fibrinolysis may occur fromhtee to 24 hours (instead of two to 24 hour§).61.163

According to the 2015 ESC N&IES guidelines, patients who arentirmed to
have NSTHACS should have an acute risk assessment to help inform the optimal
management strateg§’ Risk assessment is conducted using a combination of the
clinical presentation, troponin levels, ECG, GRACE risk score (which is a score used to
assess risk of mortality at 30 days or 12 moHiBsbleeding risk using a score such as
the Can Rapid Risk Stratification of Unstable Angina Patients Suppress Adverse
Outcomes With Early Implementation of the American College of Cardiology
(ACC)/American ¢&irt Association (AHA) GuidelingSRUSADEisk score, and other
O2YaAARSNI GA2ya &adzOK & (KS “Oheie &ar€ four sk F NI A
categories: very high risk, high risk, intermediate risk, and low®figlatients are
consideredat very high risk if they have recurrent or persistent angina and either acute
heart failure, lifethreatening arrhythmia, haemodynamic instétyi, cardiogenic shock,
ECG changes that are significant and recurrent or demonstrate occlusion of the left
circumflex artery, or mechanical complications of ®These patients should receive
invasive management (coronary angiography with or without PCI) within two hours of
hospital admission or immediately be transferrema hospital that can conduct PCI,

such as Wellington Regional HospffaHigh risk patients are defined as those with
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