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Abstract 

Objectives

This is a protocol for a Cochrane Review (intervention). The objectives are as follows:

1. To assess the clinical benefits and harms of interleukin‐receptor antagonists and tumor necrosis factor

(TNF) inhibitors for the primary and secondary prevention of atherosclerotic cardiovascular diseases.

2. To determine whether interleukin‐receptor antagonists or TNF inhibitors, provided to people both with and without

pre‐existing cardiovascular disease, are:

1. useful in preventing adverse cardiovascular outcomes; and

2. safe.
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For a medical glossary, see Appendix 1.

Description of the condition

1. Definition of atherosclerotic cardiovascular diseases

Atherosclerotic cardiovascular diseases (ACVDs) are clinical conditions resulting from atherosclerotic plaques in arterial

beds (Maki 2019). ACVDs encompass coronary artery disease, peripheral arterial disease, and disease affecting

the carotid, cerebral, and renal arteries (Maki 2019).

2. Epidemiology of atherosclerotic cardiovascular diseases

Atherosclerotic cardiovascular diseases are the leading cause of mortality in the USA and many countries (Benjamin

2019; Maki 2019). Coronary artery disease and stroke, followed by heart failure and hypertension, are the leading causes

of death attributable to ACVDs (Benjamin 2019). According to the World Health Organization, it is estimated that each

year approximately 18 million people die from ACVDs, representing approximately 31% of all deaths worldwide

(Jagannathan 2019; WHO 2020). Although improvements in lifestyle and treatments have reduced the mortality rates

associated with acute ACVDs, the prevalence of chronic ACVDs continues to increase (Spitzer 2019). Cardiovascular risk

factors, such as obesity and diabetes, are continually increasing in all ethnic groups in the USA and are the major target

for ACVDs' primary and secondary prevention (Benjamin 2018; Maki 2019).

People with coronary artery disease remain at high risk for acute events such as myocardial infarction (Libby 2018; Shah

2019). Inflammation has a central role in forming unstable atherosclerotic plaques, which lead to acute coronary

syndromes (Libby 2018; Shah 2019). Atherosclerotic plaque formation is also strongly influenced by the immune system,

in which B lymphocytes, macrophages, and several interleukins (ILs) are pivotal in enhancing atherogenic inflammatory

pathways (Dechkhajorn 2020; Nguyen 2019; Rus 1996; Tsiantoulas 2015). Interestingly, even though high cholesterol is a

well‐established risk factor in the pathogenesis of atherosclerotic plaques, individuals with controlled low‐density

lipoprotein levels are not exempt from ACVDs, suggesting that even patients with optimal cholesterol levels may benefit

from prevention efforts (Ajala 2020; Lawler 2020).

Peripheral vascular disease (PVD) is another cardiovascular outcome derived from atherosclerosis  (Eid 2021). In 2010,

 more than 68% of the global cases of PVD were in countries with low and middle incomes (Eid 2021). PVD affects the

arteries of the lower limbs and can lead to amputation, especially in black people and those with low socioeconomic

status (Eid 2021; Spittel 2004). It also contributes to poor quality of life (Sharma 2016) and increases the risk of

cardiovascular mortality by four times (Spittel 2004). As in coronary artery disease, PVD is also associated with vascular

inflammatory markers like IL‐6 (Lee 2006; Nylaende 2006; Nylaende 2006a).

3. Relationship between atherosclerosis and inflammation

Atherosclerosis is not only a disorder of lipid accumulation; it is a dynamic process in which inflammation has a

causative role (Brevetti 2010). Atherosclerosis is a complex chronic inflammatory disorder mediated through both

adaptive and innate immunity (Alexander 1994; Charla 2020; Liberale 2020; Liu 2020; Martinod 2020; Masters 2015; Ross

1999; Rymer 2017). It is initiated by a macrophage‐mediated immune response to lipoprotein and cholesterol

accumulation in arterial walls, which results in the formation of plaques (Rahman 2018) that will later manifest as ACVDs

(Chang 2013; Jia 2019; Raggi 2018; Wang 2020; Xu 2018; Zheng 2011). 
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Likewise,  ACVDs are also linked to the inflammatory system (Higaki 2019; McMaster 2015; Peiró 2017; Rai 2020). People

with chronic inflammatory diseases have a higher risk of ACVDs compared to the general population (England

2018; Havnaer 2019; Kallinich 2015; Kasselman 2018; Kwon 2020; Liao 2017; Norouzi 2020; van Boheemen

2020; Widdifield 2018). Recent reports suggest there is a causal relationship between acute infection and myocardial

infarction (Musher 2019), due to the role of cytokines in activated inflammatory cells in atherosclerotic plaques (Libby

2005; Mauriello 2005). 

Cytokines are soluble hormone‐like proteins that allow for communication between leukocytes and between leukocytes

and other cells and the external environment (Abbas 2020; Klimov 2019; O’Shea 2019; Tayal 2008). Cytokines encompass

the following six subfamilies (Klimov 2019).

Interleukins (ILs).

Colony‐stimulating factors.

Interferons.

Tumor necrosis factor (TNF).

Transforming growth factors.

A variety of other proteins.

Several narrative reviews describe the role of cytokines in humans in health and disease (Bartekova 2018; Dayer

2017; Dinarello 2010; Tousoulis 2016; Zhou 2020). Overall, cytokines mediate and regulate cellular communication,

immunity, inflammation, and other processes forming a cytokine network (Williams 2019). Cytokines have three basic

properties (O’Shea 2019; Rider 2016). First, they are pleiotropic, meaning cytokines can have more than one effect in the

same cell (O’Shea 2019; Rider 2016). Second, the activity of one cytokine can be compensated by other cytokines, as the

cytokine receptor signal‐transducing subunit is often shared among different receptor complexes (O’Shea 2019; Rider

2016). Third, they can have specific and unique functions, like the regulation of endothelial cell activation by IL‐1 and

TNF (O’Shea 2019; Williams 2019). Cytokine receptors have one or more ligand‐specific subunits with different affinities.

The expression of cytokine receptors is a regulated process dependent on cell stimulation (O’Shea 2019). Hence,

dysregulation of the cytokine network has been linked to impaired immune response, inflammation, and

atherosclerosis, as shown in various literature reviews (Adamo 2020; Rider 2016; Riksen 2020; Tabas 2017; Upadhye

2020; Wang 2020a).

Interleukin‐1 (IL‐1) is an essential cytokine for local and systemic inflammation (Cavalli 2018; Dinarello 2013; Dayer

2017). A meta‐analysis has demonstrated that high IL‐1 levels are associated with a high risk of cardiovascular diseases

(Herder 2017). There are 11 members of the IL‐1 superfamily (Abbate 2020; Dayer 2017; Giuliani 2017). However, when

considering the atherothrombotic process, IL‐1 is classified into two groups (Ridker 2019). Firstly, there are pro‐
inflammatory and pro‐atherogenic cytokines (IL‐1α, IL‐1β, IL‐18, IL‐33, IL‐36α, IL‐36β, and IL‐36γ). Secondly, there

are anti‐inflammatory and anti‐atherogenic cytokines (IL‐1Ra, IL‐36Ra, IL‐37, and IL‐38) (Ait‐Oufella 2011; Cavalli

2018; Dayer 2017; Giuliani 2017; Kleemann 2008; Ridker 2019). Likewise, IL‐6 is a 'master player' in the cytokine network

(Uciechowski 2020). Due to its pro‐inflammatory nature, IL‐6 induces the expression of various proteins responsible for

acute inflammation. IL‐6 has pleiotropic activity in various tissues and cells and plays an essential role in cell

proliferation and differentiation in humans, and its unregulated expression is responsible for several chronic

inflammatory conditions (Kishimoto 2019; Uciechowski 2020).

Interventions with IL‐receptor antagonists and TNF inhibitors, and their effect on ACVDs, are the scope of this Cochrane

Review. Appendix 2 lists the types of ILs and TNFs, including sources and functions.
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4. Molecular links between atherosclerosis and inflammation

There is a strong link between coronary heart disease and IL‐6 and IL‐1 receptor pathways (Dudbridge

2012; Sarwar 2012; Moriya 2019). The cytokines so far implicated in the atherothrombotic process are IL‐1β, TNF, IL‐6,

and IL‐18 (Libby 2017; Ridker 2019). Many studies have reported the association between acute or chronic heart failure

and increased circulating levels of TNF and other cytokines (Briasoulis 2016; Cain 1999; Koller‐Strametz 1998; Levine

1990; Monda 2020; Pugliese 2020; Rordorf 2014).

Inflammation is a novel therapeutic target in atherosclerosis (Hanna 2020; Li 2017; Nasonov 2018; Nguyen

2019; Oikonomou 2020; Ruparelia 2020; Zhao 2019). It is hypothesised that anti‐cytokine therapies target specific IL

signalling pathways and could serve as powerful adjuncts to lipid‐lowering therapy in the prevention and treatment of

ACVDs (Lim 2020; Montecucco 2017; Ridker 2019). IL‐1 receptor antagonist (IL‐1Ra) is one of the anti‐inflammatory

therapies described to date (Ait‐Oufella 2019; Tayal 2008). IL‐1Ra are monoclonal antibodies (MoAbs). The

mechanism of action of MoAbs has been reviewed elsewhere (Cavalli 2018; Mitoma 2018; Varadé 2020).

There are three approved biologics for blocking IL‐1: anakinra, rilonacept, and canakinumab (Abbate 2020). However, at

present, none of them have an indication for use in ACVD. Anakinra, rilonacept, and canakinumab have been explored in

patients with heart disease (Abbate 2020; Buckley 2018). Clinical trials have assessed the impact of IL‐Ra antagonists (IL‐
1 and IL‐6) and TNF inhibitors for the prevention of cardiovascular outcomes (Abbate 2010; Abbate 2013; Abbate

2020a; Bozkurt 2001; Carroll 2018a; Chung 2003; Deswal 1999; Fichtlscherer 2001; Kleveland 2016; Mann 2004; Morton

2015; Padfield 2013; Ridker 2012; Ridker 2017; Van Tassell 2014; Van Tassell 2017a; Van Tassell 2017; Van Tassell

2016; Van Tassell 2018). Moreover, there are ongoing trials to assess the clinical benefits and harms of these drugs in

ACVDs (NCT02272946; NCT03797001; Tao 2020).

Description of the intervention

This section will only describe the biological agents (IL‐Ra and TNF inhibitors) that have been assessed in preventing

adverse cardiovascular outcomes. These drugs are also known as immunomodulatory drugs (Thornton 2019) or

disease‐modifying drugs (Thornton 2019; Visovsky 2019). The biological agents are as follows (Donnenberg 2017).

Interleukin‐receptor antagonists

Interleukin‐1 receptor antagonists

Anakinra is a recombinant human IL‐1 receptor antagonist protein that inhibits signaling by IL‐1α and IL‐1β (EMA

2020; Rider 2016). It is the recombinant form of the natural IL‐1Ra (Cavalli 2018). It is available as a solution for

subcutaneous injection (EMA 2020). It should be used with caution in patients who have severely reduced liver

function or moderately reduced kidney function (EMA 2020). In patients with severely reduced kidney function, the

clinician should consider giving anakinra every other day (EMA 2020). Anakinra has a short half‐life of about six

hours; treatment, therefore, requires frequent subcutaneous injections. The most common side effect of anakinra is

injection site reaction. The short half‐life of anakinra allows immediate withdrawal of treatment if needed (Rider

2016).

Canakinumab is a human monoclonal anti‐IL‐1β antibody with a longer half‐life than anakinra. Canakinumab is a

human monoclonal antibody produced by recombinant DNA technology and it is administered subcutaneously

(EMA 2020a).

Interleukin‐6 receptor antagonists
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Tocilizumab is a humanized monoclonal antibody directed against soluble and membrane‐bound IL‐6 receptors,

produced by recombinant DNA technology (EMA 2020b; Carroll 2018b; Sheppard 2017; Varadé 2020).

Tumor necrosis factor inhibitors

Etanercept is a dimer of a chimeric protein genetically engineered by fusing the extracellular ligand‐binding domain

of human TNF receptor‐2 (TNFR2) to the fragment crystallizable (Fc) region of the human immunoglobulin G1 (IgG1)

(EMA 2020c; Mitoma 2018; Moreland 2004; Tracey 2008). Etanercept is produced by recombinant DNA technology

(EMA 2020c). Etanercept has a mean elimination half‐life approximately of 70 hours (range: 7 to 300 hours) (Combe

2008; EMA 2020c).

Infliximab is a chimeric human‐murine IgG1 monoclonal antibody produced by recombinant DNA technology (EMA

2020d; Moreland 2004; Varadé 2020).

For a pharmacological summary and primary clinical applications of these biological agents, see Appendix 3 (EMA

2020; EMA 2020a; EMA 2020b; EMA 2020c; EMA 2020d; FDA 2020). Appendix 4 lists warnings and precautions of IL‐
receptor antagonist therapy.

How the intervention might work

Both IL‐receptor antagonists and TNF inhibitors are specific MoAbs (EMA 2020; EMA 2020a; EMA 2020b; EMA 2020c; EMA

2020d; FDA 2020a; FDA 2020c; FDA 2020b; FDA 2020; Moreland 2004). The principal sources of information about these

drugs are on disorders for which they have been used, such as rheumatological, infectious, and immunological

disorders, and cancer (Abbas 2020; Cavalli 2018; Combe 2008; Dinarello 2010; Dinarello 2013; Giles 2020; Giuliani

2017; Havnaer 2019; Kallinich 2015; Kishimoto 2019; Klimov 2019; Kwon 2020; Liao 2017; Liu 2020a; Martinod

2020; Masters 2015; Mitoma 2018; Moreland 2004; O’Shea 2019; Rider 2016; Sheppard 2017; Singh 2018; Tayal

2008; Tracey 2008; Uciechowski 2020; Varadé 2020).

In rheumatoid arthritis, inflammation is associated with heart disorders; therefore, the intervention is an alternative

strategy to attenuate inflammation and subsequent inflammation‐driven comorbidities in rheumatoid arthritis (Chen

2021; Fragoulis 2020). Inflammation is a risk factor for cardiotoxicity (Campana 2021). The intervention can reduce

inflammation, minimizing ventricular arrhythmogenesis by blocking the cardiac macrophages and macrophage‐
secreted inflammatory cytokines (Chen 2020). This outcome has been demonstrated, with a decrease in chronic

inflammation resulting in a reduction in time from the start of the Q wave to the end of the T wave adjusted or corrected

by heart rate (QTc) in people with rheumatoid arthritis (Adlan 2015; Levine 2018), which parallels C‐reactive protein

(CRP) reduction (Kobayashi 2018). In addition to anti‐arrhythmic benefits, intervention therapy increases ejection

fraction and reduces left ventricular mass index associated with rheumatic disease activity (Kobayashi 2014).

Interleukin‐receptor antagonists

Interleukin‐1 receptor antagonists

Anakinra is a recombinant human IL‐1 receptor antagonist (EMA 2020). Anakinra binds to IL‐1, thereby blocking the

binding of IL‐1 to its receptor, preventing cell activation. A blockade of IL‐1 activity may inhibit the cascade of

downstream secretion of pro‐angiogenic factors such as vascular endothelial cell growth factor, TNF alpha (TNFα),

and IL‐6, resulting in inhibition of tumor angiogenesis (NCI 2020a).
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Canakinumab is a human recombinant polypeptide that acts as a receptor antagonist to IL‐1β. Canakinumab

neutralizes the action of human IL‐1β (Singh 2018; EMA 2020a). This event suppresses the inflammatory responses

mediated by IL‐1b (NCI 2020b).

Interleukin‐6 receptor antagonists

Tocilizumab is a human IL‐ 6 receptor antagonist (Sheppard 2017; Singh 2018). Tocilizumab selectively binds to

soluble and membrane‐bound human IL‐6 receptors, thereby inhibiting the binding of IL‐6 to its receptors and

blocking the subsequent signaling cascade of IL‐6 (EMA 2020b; FDA 2020a).

Tumor necrosis factor inhibitors

Etanercept acts as a soluble TNF receptor and binds TNFα and TNF‐beta (TNFβ) (EMA 2020c; Pan 2020; Tracey 2008).

It binds solubilized and cell‐surface TNFα, thus neutralizing its ability to interact with its cell‐surface receptor to

promote inflammation (Moreland 2004). The receptor moiety of etanercept binds to circulating TNF (two molecules

of TNF per receptor) and inhibits its attachment to endogenous TNF‐cell surface receptors, thereby rendering TNF

inactive and inhibiting TNF‐mediated mechanisms of inflammation (NCI 2020c).

Infliximab neutralizes the biological activity of soluble and cell‐surface TNFα by inhibiting its interaction with the

TNF receptor. Moreover, TNFα up‐regulates IL‐6 production (Moreland 2004).

Why it is important to do this review

There are heritable and non‐heritable links between atherosclerosis and inflammation that may explain residual

cardiovascular risk, after accounting for traditional risk factors (Bazeley 2020; Fang 2020; Jung 2020; Sano 2018; Yura

2020). Several molecular mechanisms play an essential role in ACVDs development (Holte 2017; Kleveland 2018; Ueland

2018). The biological agents described above have been approved for non‐ACVDs medical conditions, and their effects

on the cardiovascular system have not been systematically reviewed. The purpose of this review is to synthesize the

current knowledge on the clinical benefits and harms of the IL‐receptor antagonists and TNF inhibitors in preventing

ACVDs; in particular, these drugs are associated with a high risk of developing severe infections, such as the reactivation

of tuberculosis (FDA 2020c; Liu 2020a; Rider 2016; Singh 2018; Visovsky 2019). Evidence from clinical trials has also

highlighted other serious adverse events, such as pulmonary hypertension, interstitial lung disease, pulmonary alveolar

proteinosis, hypertension, hyperlipidemia, and increased risk for developing severe infections, such as the reactivation

of tuberculosis (Liu 2020a; Rider 2016; Singh 2018; Visovsky 2019). Some of these adverse effects may increase rather

than reduce cardiovascular risk. Therefore, a careful analysis of the risk/benefit ratio is essential. 

To date, despite the potential benefits of  IL‐receptor antagonists and TNF inhibitors in decreasing primary and

secondary cardiovascular events, there are no guidelines regarding their use in patients with ACVDs (Arnett

2019; Virani 2020). Therefore, this Cochrane Review could inform decision‐making and improve healthcare quality. This

Cochrane Review will be of interest to epidemiologists and healthcare decision‐makers.

Objectives 
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1. To assess the clinical benefits and harms of interleukin‐receptor antagonists and tumor necrosis factor

(TNF) inhibitors for the primary and secondary prevention of atherosclerotic cardiovascular diseases.

2. To determine whether interleukin‐receptor antagonists or TNF inhibitors, provided to people both with and without

pre‐existing cardiovascular disease, are:

1. useful in preventing adverse cardiovascular outcomes; and

2. safe.

Methods 

Criteria for considering studies for this review

Types of studies

We will include randomized controlled trials (RCTs). We will exclude non‐randomized clinical trials. We will include

studies reported as full‐text, those published as an abstract only, and unpublished data, if available. Furthermore, we

will not apply any limitations regarding language, country, or follow‐up duration. We will only include studies with a

parallel design. Due to the nature of the clinical condition and the intervention's pharmacodynamic properties, we

consider that cross‐over and cluster‐randomized trials are not suitable. 

The IL‐receptor antagonists and TNF inhibitors must meet all of the three following conditions.

They are utilized for a new indication (medications were started in the last five years).

They have been approved for use in the condition in question.

The drug is compared with placebo or usual care in the trial for inclusion in the review.

Types of participants

We will include adults (aged 18 years or more) with or without a history of cardiovascular disease (myocardial infarction,

unstable angina, heart failure, stroke, peripheral vascular disease). We will include participants from those who have or

do not have the following comorbidities: hypertension, diabetes mellitus, and chronic kidney disease.

If a trial includes at least ten participants that meet our inclusion criteria, and it has a clear subgroup analysis, it will be

included in the analysis. Otherwise, we will exclude from the analysis any study that has a mixed population. For

example, if a trial included both adults and children, with no clear subgroup analysis according to the age of the

participants, it will be excluded from our analysis. Nonetheless, before making the final decision, we will try to obtain

the data for the participants of interest from the trialists. 

Types of interventions

We will include trials comparing IL‐receptor antagonists or TNF antagonists with placebo or usual care. For the purposes

of the review, and in the absence of a standard definition of usual care, we will accept the following: "it can include the

routine care received by patients for prevention or treatment of diseases" (Gellman 2013). We will include interventions

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0062
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given at any dosage, and via any administration route, as follows.

Interventions

Interleukin‐1 (IL‐1) receptor antagonists (anakinra, canakinumab)

Interleukin‐6 (IL‐6) receptor antagonists (tocilizumab)

Tumor necrosis factor ionhibitors (etanercept, infliximab)

Comparisons

Placebo

Usual care

For the analysis, comparisons will be treated separately. This means there will be three comparison groups, organised

by the level of prevention, as follows.

Primary prevention:

IL‐1 receptor antagonists (anakinra, canakinumab) compared with placebo or usual care;

IL‐6 receptor antagonists (tocilizumab) compared with placebo or usual care;

TNF inhibitors (etanercept, infliximab) compared with placebo or usual care.

Secondary prevention:

IL‐1 receptor antagonists (anakinra, canakinumab) compared with placebo or usual care;

IL‐6 receptor antagonists (tocilizumab) compared with placebo or usual care;

TNFinhibitors (etanercept, infliximab) compared with placebo or usual care.

We will accept co‐medication use (such as the use of lipid‐lowering medication, antihypertensives, anticoagulants, or

antithrombotic therapies) if all participants had equal access to these co‐medications.

Types of outcome measures

Reporting one or more of the outcomes listed below in the trial is not an inclusion criterion for the review. We will try to

access the trial protocol or contact the trial authors to ascertain all measured outcomes, even if not reported. Relevant

trials that measure these outcomes but do not report the data at all, or not in a usable format, will be included in the

narrative. We will not exclude an RCT solely based on the reporting of the outcome data.

For outcomes that can occur more than once during follow‐up, we will be interested in the number of participants with

at least one event. All outcomes will be assessed at maximum follow‐up.

Primary outcomes

1. All‐cause mortality

2. Myocardial infarction (fatal or non‐fatal)

3. Unstable angina
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4. Adverse events. We will analyze adverse events both by the number of patient events that experienced at least one,

and the total number of adverse events. We will report these analyses separately. We will prioritize reporting of

infections.

Secondary outcomes

1. Peripheral vascular disease

2. Stroke (fatal or non‐fatal). We will include either acute ischaemic stroke or acute cerebral haemorrhage. Clinical

diagnosis with imaging will be an eligibility criterion.

3. Quality of life, measured by validated scales such as the WHO quality of life assessment instrument (WHOQOL),

medical outcomes study 36‐item short‐form health survey (SF‐36), Nottingham Health Profile (NHP), Euro‐quality

of life questionnaire (EuroQol, EQ‐5D), etc. (Gierlaszyńska 2016).

4. Heart failure

Economic costs will be excluded as an outcome of this Cochrane Review. However, economic costs will be narratively

discussed in the 'Discussion' section of the review, if data are available.

Search methods for identification of studies

Electronic searches

We will identify trials through systematic searches of the following bibliographic databases.

Cochrane Central Register of Controlled Trials (CENTRAL) in the Cochrane Library.

MEDLINE (Ovid, from 1946 to present).

Embase (Ovid, from 1980 to present).

Web of Science CPCI‐S (Conference Proceedings Citation Index‐Science) (Clarivate Analytics, from 1990 to present).

LILACS (Latin American and Caribbean Health Science Information database) (Bireme, from 1982 to present).

The preliminary search strategy for MEDLINE (Ovid) will be adapted for use in the other databases (Appendix 5). The

Cochrane sensitivity‐precision maximising RCT filter (Lefebvre 2019) will be applied to MEDLINE (Ovid) and adaptations

of it to the other databases, except CENTRAL. We will search all databases from their inception to the present, and we

will impose no restriction on language of publication or publication status. We will also search the following ongoing

trial registries.

ClinicalTrials.gov (www.ClinicalTrials.gov).

WHO International Clinical Trials Registry Platform (www.who.int/ictrp/en/).

We will also search the following regulatory data websites.

European Medicines Agency (EMA) (www.ema.europa.eu/en).

Food and Drug Administration (FDA) (www.fda.gov/Drugs).

Searching other resources

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0063
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/appendices#CD014741-sec2-0012
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0105
http://www.clinicaltrials.gov/
http://www.who.int/ictrp/en/
http://www.ema.europa.eu/en
http://www.fda.gov/Drugs
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We will check reference lists of all included studies and any relevant systematic reviews identified for additional

references to trials. We will also examine any relevant retraction statements and errata for included studies. We will

contact study authors for missing data and ongoing trials.

 We plan to search relevant manufacturers' websites for trial information on the interventions, as follows.

Anakinra.

Canakinumab.

Tocilizumab.

Etanercept.

Infliximab.

Data collection and analysis

We will follow the recommendations in the Cochrane Handbook for Systematic Reviews of Interventions (Higgins

2019a).

Selection of studies

Two pairs of review authors (AMC/SN; MAEA/ACP) will independently, and in duplicate, screen titles and abstracts of all

the potential studies we identify as a result of the search and code them as 'retrieve' (eligible or potentially

eligible/unclear) or 'do not retrieve'. If there are any disagreements, two authors will be asked to arbitrate (MD, EA). We

will retrieve the full‐text study reports/publications and three review authors (CMA, DM, JMPV) will independently

screen the full‐text and identify studies for inclusion, and identify and record reasons for excluding the ineligible

studies. We will resolve any disagreement through discussion or, if required, we will consult a third person (JBDS). We

will identify and exclude duplicates and collate multiple reports of the same study so that each study rather than each

report is the unit of interest in the review. We will record the selection process in sufficient detail to complete a PRISMA

flow diagram and 'Characteristics of excluded studies' table (Page 2021).

Data extraction and management

We will use a data collection form for study characteristics and outcome data which has been piloted on at least one

study in the review. Three review authors (DM, CMA, SN) will independently, and in duplicate, extract study

characteristics from the included studies. One author (AMC) will check this information. We will extract the following

study characteristics.

1. Methods: study design, the total duration of the study, follow‐up period, details of any 'run‐in' period, number of

study centers and location, study setting, type of trial (superiority, equivalence, or non‐inferiority trial), and date of

the study.

2. Participants: number (N) randomized, N lost to follow‐up/withdrawn, N analyzed, mean age, age range, gender,

the severity of the condition (i.e. New York Heart Association (NYHA) functional classification, etc.), diagnostic

criteria (e.g. how was stroke diagnosed), history of cardiovascular disease (myocardial infarction (fatal or non‐fatal),

unstable angina, heart failure, stroke (fatal or non‐fatal), peripheral vascular disease), comorbidities (hypertension,

diabetes mellitus, and chronic kidney disease), other cardiovascular risk factors  (smoking, dyslipidemia), inclusion

criteria, and exclusion criteria.

https://www.sobi.com/
https://www.novartis.com/
https://www.roche.com/
https://www.pfizer.com/
https://www.merck.com/
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0074
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0145
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3. Interventions: intervention, comparison, concomitant medications, and excluded medications. Appendix 6 shows

details of the intervention description (Hoffmann 2014; Hoffmann 2017). Appendix 7 shows details to recollect

adverse events information with an Excel spreadsheet (Li 2019).

4. Outcomes: primary and secondary outcomes specified and collected, and time points reported.

5. Notes: trial registration number, date trial was conducted, a priori sample estimation, financial disclosures, other

disclosures, and funding/support.

Two review authors (AMC, MAEA) will independently extract outcome data from the included studies. We will resolve

disagreements by consensus or by involving two authors (CMA, JMPV). One review author (AMC) will transfer data into

Review Manager software (RevMan Web 2019). We will double‐check that data are entered correctly by comparing the

data presented in the systematic review with the data extraction form. A second review author (MAEA) will spot‐check

study characteristics for accuracy against the trial report.

Assessment of risk of bias in included studies

Two pairs of review authors (AMC/DM; ACP/CMA) will independently, and in duplicate, assess the risk of bias for each

study using version two of the Cochrane 'Risk of bias' tool (RoB 2), outlined in the Cochrane Handbook for Systematic

Reviews of Interventions (Boutron 2019; Higgins 2019b). We will resolve any disagreements by discussion or by

involving another author (JMPV). We will assess the risk of bias for the outcomes of the included trials that will be

included in our 'Summary of findings' table (Schünemann 2019). 

We will perform analysis based on the intention‐to‐treat principle, which includes all randomized

participants irrespective of the interventions that participants actually received. We will use the following domains to

assess the risk of bias in the individually randomized trials:

bias arising from the randomization process;

bias due to deviations from intended interventions;

bias due to missing outcome data;

bias in the measurement of the outcome; and

bias in the selection of the reported result (Higgins 2019b; Higgins 2021).

We will use the signalling questions in the RoB 2 tool to facilitate rating each domain as 'low risk of bias', 'some

concerns', or 'high risk of bias'.  The response options for the signalling questions will be:

yes;

probably yes;

probably no;

no; or

no information.

We will use algorithms to map our answers to the signalling questions per outcome and will propose a risk of bias for

each domain (Higgins 2021). The following figures show the algorithms used as examples for judgement of risk of bias

from each one of the domains: 

randomization process (Figure 1);

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/appendices#CD014741-sec2-0013
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0079
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0080
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/appendices#CD014741-sec2-0014
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0109
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0153
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0018
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0075
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0168
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0075
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0078
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0078
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Open in figure viewer

Open in figure viewer

due to deviations from the intended interventions (effect of assignment to intervention) (Figure 2);

due to missing outcome data (Figure 3);

in the measurement of the outcome (Figure 4);

in the selection of the reported result (Figure 5) (Higgins 2021).

Figure 1

Algorithm for suggested judgement of risk of bias arising from the randomization process

Figure 2

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0078
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Algorithm for suggested judgement of risk of bias due to deviations from the intended interventions (effect of

assignment to intervention)

Figure 3
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Algorithm for suggested judgement of risk of bias due to missing outcome data

Figure 4

Algorithm for suggested judgement of risk of bias in measurement of the outcome

Figure 5



31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 15/66

Open in figure viewer

Algorithm for suggested judgement of risk of bias in selection of the reported result

When we judge a result to be at a particular level of risk of bias for an individual domain, it implies that the overall result

has a risk of bias that is at least this severe. Therefore, a judgement of ‘high risk of bias' within any domain will have a

similar implication for the result as a whole, irrespective of which domain is being assessed. ‘Some concerns’ in multiple

domains may lead the review authors to decide on an overall judgement of ‘high risk of bias' for that outcome or group

of outcomes (Higgins 2019a; Higgins 2021).

The overall risk of bias for the result will be the least favourable assessment across the domains of bias (Figure 6). 'Low

risk of bias' will denote that the study was judged to be at low risk of bias for all domains for this result. 'Some concerns'

will denote that the study was judged to raise some concerns in at least one domain for this result, but not to be at high

risk of bias for any domain. 'High risk of bias' will denote that the study was judged to be at high risk of bias in at least

one domain for this result, or the study was judged to have some concerns for multiple domains in a way that

substantially lowers confidence in the result (Higgins 2019a; Higgins 2021). We will store the data on a server that can be

accessed by other researchers.  

Figure 6

http://higgins%202019a/
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The overall risk of bias

Measures of treatment effect

We will analyse dichotomous data (all‐cause mortality, myocardial infarction, unstable angina, adverse events, heart

failure, and stroke) with risk ratios (RiRs) and 95% confidence intervals (CIs). With the exception of all‐cause mortality, if

any of these outcomes is reported as incidence rate (count data), we will report the rate ratio (RR) and 95% CI. 

For continuous data (quality of life), we will estimate mean differences (MDs) with 95% CIs. If different scales are used

for measuring quality of life, we plan to use the standardised mean difference (SMD) with 95% CIs. We will also estimate

the ratio of means (RoM), with 95% CIs, from the mean difference (Friedrich 2011). As RoM can only be used when

outcome measurements are positive, we will use RoM for single (post‐intervention) assessments and not for change‐
from‐baseline measures, which could be negative (Higgins 2019c).

Due to practitioners' understanding and preference for dichotomous presentations of continuous outcomes, which they

perceive to be the most useful (Johnston 2016), we will estimate odds ratios (ORs) with 95% CIs and the number needed

to treat for an additional beneficial outcome (NNTB) from the SMD using Furukawa's method (Furukawa 1999; Furukawa

2011). The NNTB is a measure of assessment of clinical usefulness of the consequences of treatment (Laupacis 1988).

We will estimate the NNTB with GraphPad software and with the Cochrane Stroke Group NNT calculator.

As recommended in the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2019a), if necessary we

will multiply the mean values from one set of studies by −1 to ensure that all the scales point in the same direction

(Higgins 2019c). We will narratively describe skewed data reported as medians and interquartile ranges. If statistical

information is missing (such as standard deviations), we will try to extract them from other relevant information in the

paper, such as P values and CIs.

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0058
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0076
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0086
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0059
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0060
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0102
http://graphpad.com/quickcalcs/NNT2/
http://www.dcn.ed.ac.uk/csrg/entity/entity_NNT2.asp
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0074
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0076


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 17/66

Unit of analysis issues

The unit of analysis in this Cochrane Review will be the participant. The time of the analysis will be the longest

established in each trial. In the case of multiple‐armed trials, we plan to combine the groups to yield a single pairwise

comparison (Higgins 2019f). For continuous outcomes, we will divide the control group denominator by two in order to

have two pairwise comparisons. This approach will avoid double‐counting participants. 

Dealing with missing data

We will assess the percentage of dropouts for each included trial, and for each intervention group, and will evaluate

whether an intention‐to‐treat (ITT) analysis had been performed or could have been performed from the available

published information. We will try to contact the study authors to resolve any questions arising from this issue if is

possible.

In order to undertake an ITT analysis, we will seek data from the trial authors about the number of participants in the

treatment groups, irrespective of their compliance and whether or not they were later thought to be ineligible,

otherwise excluded from treatment, or lost to follow‐up. If this information is not forthcoming, we will perform a 'per

protocol' analysis of those who completed the study, being aware that it may be biased.

We will include participants with incomplete or missing data in sensitivity analyses by imputing them according to the

following scenarios.

Extreme‐case analysis favouring the experimental intervention ('best‐worse' case scenario): none of the

dropouts/participants lost from the experimental arm, but all of the dropouts/participants lost from the control

arm, experienced the outcome, including all randomized participants in the denominator.

Extreme‐case analysis favouring the control ('worst‐best' case scenario): all dropouts/participants lost from the

experimental arm, but none from the control arm, experienced the outcome, including all randomized participants

in the denominator (Hollis 1999).

Gamble‐Hollis analysis, which takes account of the uncertainty and generates uncertainty intervals for a trial

incorporating both sampling error and the potential impact of missing data (Gamble 2005). This method increases

the uncertainty of the trials using the results from the best‐case and worst‐case analyses (Chaimani 2014).

Assessment of heterogeneity

We will quantify statistical heterogeneity using the I² statistic, which describes the percentage of total variation across

trials that is due to heterogeneity rather than sampling error (Higgins 2003). We will assume a range of 50% to 90% may

represent substantial heterogeneity (Deeks 2019). For a proper interpretation of the I , we will follow the following

recommendations: "the importance of the observed value of I  depends on (1) magnitude and direction of effects, and

(2) strength of evidence for heterogeneity (e.g. P value from the Chi  test, or a confidence interval for I  : uncertainty in

the value of I  is substantial when the number of studies is small)." (Deeks 2019). However, we will consider statistical

heterogeneity to be present if I² is 70% or above (Deeks 2019). We will quantify the 95% CI or uncertainty interval of I²

with STATA statistical software (Kontopantelis 2010). 

If there is both statistical heterogeneity and three or more RCTs, we will determine the 95% prediction interval, which

takes into account the whole distribution of the effects (Riley 2011). Prediction intervals in meta‐analysis show the

expected range of true effects in similar studies (IntHout 2016). We will estimate the 95% prediction interval with STATA.

If there are 10 or more RCTs and the I² value is 70% or greater, we will conduct a meta‐regression with STATA. The
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outcome variable will be predicted for the following explanatory variables (the potential effect modifiers): diabetes

mellitus, chronic kidney disease, type of receptor antagonist. We plan to conduct the potential meta‐regression

analyses by prevention level.

Assessment of reporting biases

If there are 10 or more RCTs, we will use a contour‐enhanced funnel plot to differentiate asymmetry that is due to

publication bias from that due to other factors (Peters 2008). We will assess the likelihood of publication bias with

Harbord's and Peter's tests (Sterne 2011). We will use STATA to produce conventional and contour funnel plots.

Data synthesis

We will perform meta‐analyses with 95% CIs, using a random‐effects model. In case of statistical heterogeneity (I² value

of 70% or greater), we will report the prediction interval (Deeks 2019; IntHout 2016; Riley 2011). We will conduct the

meta‐analysis using RevMan Web (RevMan Web 2019).

Subgroup analysis and investigation of heterogeneity

We will conduct subgroup analyses either for primary or secondary prevention. If we identify enough trials (five or

more), we will conduct the following subgroup analyses for any outcomes with substantial heterogeneity.

1. Adult participants (18 to 64 years old) versus older participants (65 years old or more). (Hypothesis: older

participants have a higher risk to develop cardiovascular outcomes.)

2. Male participants compared to female participants. (Hypothesis: females have a higher risk of cardiovascular

outcomes due to the high prevalence of rheumatic disorders.)

3. Participants with diabetes mellitus versus participants without diabetes mellitus. (Hypothesis: people with diabetes

mellitus have an additional risk factor to develop cardiovascular outcomes.)

4. Participants with chronic kidney disease versus participants without chronic kidney disease. We will follow the

classification based on the estimated glomerular filtration rate (ml/min/1.73 m ) (Grams 2019). (Hypothesis: chronic

kidney disease is an additional risk factor to develop a cardiovascular outcome.)

5. Trials with 200 participants or less by group versus trials with more than 200 participants by a group; 200 is an

arbitrary threshold or cut‐off point. (Hypothesis: trials with a small sample size show overestimation of effect size.)

6. Trials supported by pharmaceutical companies compared to trials not supported by pharmaceutical companies.

(Hypothesis: pharmaceutical‐supported trials are associated with a positive effect).

We will use the formal test for subgroup differences in RevMan Web (RevMan Web 2019) and base our interpretation on

this. We will conduct a subgroup analysis for all outcomes.

Sensitivity analysis

We will conduct sensitivity analyses in which we will do the following and compare the results with the original

analyses.

Trials with a low risk of bias compared to trials with some concerns and a high risk of bias.

A fixed‐effect model meta‐analysis compared to random‐effects model meta‐analysis.

Trials without missing data compared to trials without missing data.
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We will use the overall risk of bias judgement for studies, rather than specific domains. We will judge whether there is a

difference between the primary analysis and sensitivity analysis by comparing changes in P values.

We will only conduct these analyses for the primary outcomes. 

Summary of findings and assessment of the certainty of the evidence

We will create a 'Summary of findings' table using the following outcomes: all‐cause mortality, myocardial infarction,

unstable angina, adverse events, peripheral vascular disease, stroke, and heart failure. We will use the five GRADE

considerations (study limitations, consistency of effect, imprecision, indirectness, and publication bias) to assess the

quality of a body of evidence as it relates to the studies which contribute data to the meta‐analyses for the prespecified

outcomes (Atkins 2004; Guyatt 2008). We will use the methods and recommendations described in Chapter 14 of the

Cochrane Handbook for Systematic Reviews of Interventions (Schünemann 2019), using GRADEpro GDT software

(GRADEpro GDT 2020). Each comparison (as listed in Types of interventions) will get a separate 'Summary of findings'

table (Appendix 8). We will justify all decisions to downgrade the quality of the evidence using footnotes and we will

make comments to aid the reader's understanding of the review where necessary.

Judgements about evidence quality will be made by two review authors (AMC, JMPV) working independently, with

disagreements resolved by discussion or involving a third author (CEMA). Judgements will be justified, documented,

and incorporated into reporting of results for each outcome. We will communicate the findings of interventions

following the GRADE Working Group's recommendations (Santesso 2020).

References

Additional references

Abbas AK, Lichtman AH, Pillai A. Basic Immunology. Functions and Disorders of the Immune System . 6th edition.
Philadelphia: Elsevier, 2020. [ISBN 978-0-323-54943-1]

Abbate A, Van Tassell BW, Biondi-Zoccai G, Kontos MC, Grizzard JD, Spillman DW, et al. Interleukin-1 blockade with
anakinra to prevent adverse cardiac remodeling after acute myocardial infarction (Virginia Commonwealth University
Anakinra Remodeling Trial [VCU-ART] Pilot study). American Journal Cardiology 2010;105(10):1371-7.e1.

Link to article  Google Scholar

Abbate A, Van Tassell BW, Biondi-Zoccai G, Kontos MC, Grizzard JD, Spillman DW, et al. Effects of interleukin-1
blockade with anakinra on adverse cardiac remodeling and heart failure after acute myocardial infarction [from the
Virginia Commonwealth University-Anakinra Remodeling Trial (2) (VCU-ART2) pilot study]. American Journal of
Cardiology 2013;111(10):1394-400. [PMID: 23453459]

Link to article  Google Scholar

Abbas 2020

Abbate 2010

Abbate 2013

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0013
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0068
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0168
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0066
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/appendices#CD014741-sec2-0015
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0166
https://doi.org/10.1016/j.amjcard.2009.12.059
https://scholar.google.com/scholar_lookup?title=Interleukin-1+blockade+with+anakinra+to+prevent+adverse+cardiac+remodeling+after+acute+myocardial+infarction+(Virginia+Commonwealth+University+Anakinra+Remodeling+Trial+[VCU-ART]+Pilot+study)+&author=A+Abbate&author=BW+VanTassell&author=G+Biondi-Zoccai&author=MC+Kontos&author=JD+Grizzard&author=DW+Spillman&publication_year=2010&hl=en
https://doi.org/10.1016/j.amjcard.2013.01.287
https://scholar.google.com/scholar_lookup?title=Effects+of+interleukin-1+blockade+with+anakinra+on+adverse+cardiac+remodeling+and+heart+failure+after+acute+myocardial+infarction+[from+the+Virginia+Commonwealth+University-Anakinra+Remodeling+Trial+(2)+(VCU-ART2)+pilot+study]+&author=A+Abbate&author=BW+VanTassell&author=G+Biondi-Zoccai&author=MC+Kontos&author=JD+Grizzard&author=DW+Spillman&publication_year=2013&hl=en


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 20/66

Abbate A, Toldo S, Marchetti C, Kron J, Van Tassell BW, Dinarello CA. Interleukin-1 and the Inflammasome as
therapeutic targets in cardiovascular disease. Circulation Research 2020;126(9):1260-80. [PMID: 32324502]

Link to article  PubMed  Google Scholar

Abbate A, Trankle CR, Buckley LF, Lipinski MJ, Appleton D, Kadariya D, et al. Interleukin-1 blockade inhibits the acute
inflammatory response in patients with ST-segment-elevation myocardial infarction. Journal of the American Heart
Association 2020;9(5):e014941. [PMID: 32122219]

Link to article  PubMed  Google Scholar

Adamo L, Rocha-Resende C, Mann DL. The emerging role of B lymphocytes in cardiovascular disease. Annual Review
of Immunology 2020;38:99-121. [PMID: 32340574]

Link to article  PubMed  Google Scholar

Adlan AM, Panoulas VF, Smith JP, Fisher JP, Kitas GD. Association between corrected QT interval and inflammatory
cytokines in rheumatoid arthritis. Journal of Rheumatology 2015;42(3):421-8. [PMID: 25593223]

Link to article  Google Scholar

Ait-Oufella H, Taleb S, Mallat Z, Tedgui A. Recent advances on the role of cytokines in atherosclerosis. Arteriosclerosis,
Thrombosis, and Vascular Biology 2011;31(5):969-79. [PMID: 21508343]

Link to article  PubMed  Google Scholar

Ait-Oufella H, Libby P, Tedgui A. Anticytokine immune therapy and atherothrombotic cardiovascular risk.
Arteriosclerosis, Thrombosis, and Vascular Biology 2019;39(8):1510-9. [PMID: 31294625]

Link to article  PubMed  Google Scholar

Ajala ON, Everett BM. Targeting inflammation to reduce residual cardiovascular risk. Current Atherosclerosis Reports
2020;22(11):66. [PMID: 32880743]

Link to article  PubMed  Google Scholar

Alexander RW. Inflammation and coronary artery disease. The New England Journal of Medicine1994;331(7):468-9.
[PMID: 8035844]

Google Scholar

Abbate 2020

Abbate 2020a

Adamo 2020

Adlan 2015

Ait‐Oufella 2011

Ait‐Oufella 2019

Ajala 2020

Alexander 1994

https://doi.org/10.1161/CIRCRESAHA.120.315937
https://www.ncbi.nlm.nih.gov/pubmed/32324502
https://scholar.google.com/scholar_lookup?title=Interleukin-1+and+the+Inflammasome+as+therapeutic+targets+in+cardiovascular+disease&author=A+Abbate&author=S+Toldo&author=C+Marchetti&author=J+Kron&author=BW+VanTassell&author=CA+Dinarello&publication_year=2020&hl=en
https://doi.org/10.1161/JAHA.119.014941
https://www.ncbi.nlm.nih.gov/pubmed/32122219
https://scholar.google.com/scholar_lookup?title=Interleukin-1+blockade+inhibits+the+acute+inflammatory+response+in+patients+with+ST-segment-elevation+myocardial+infarction+&author=A+Abbate&author=CR+Trankle&author=LF+Buckley&author=MJ+Lipinski&author=D+Appleton&author=D+Kadariya&publication_year=2020&hl=en
https://doi.org/10.1146/annurev-immunol-042617-053104
https://www.ncbi.nlm.nih.gov/pubmed/32340574
https://scholar.google.com/scholar_lookup?title=The+emerging+role+of+B+lymphocytes+in+cardiovascular+disease&author=L+Adamo&author=C+Rocha-Resende&author=DL+Mann&publication_year=2020&hl=en
https://doi.org/10.3899/jrheum.140861
https://scholar.google.com/scholar_lookup?title=Association+between+corrected+QT+interval+and+inflammatory+cytokines+in+rheumatoid+arthritis+&author=AM+Adlan&author=VF+Panoulas&author=JP+Smith&author=JP+Fisher&author=GD+Kitas&publication_year=2015&hl=en
https://doi.org/10.1161/ATVBAHA.110.207415
https://www.ncbi.nlm.nih.gov/pubmed/21508343
https://scholar.google.com/scholar_lookup?title=Recent+advances+on+the+role+of+cytokines+in+atherosclerosis&author=H+Ait-Oufella&author=S+Taleb&author=Z+Mallat&author=A+Tedgui&publication_year=2011&hl=en
https://doi.org/10.1161/ATVBAHA.119.311998
https://www.ncbi.nlm.nih.gov/pubmed/31294625
https://scholar.google.com/scholar_lookup?title=Anticytokine+immune+therapy+and+atherothrombotic+cardiovascular+risk&author=H+Ait-Oufella&author=P+Libby&author=A+Tedgui&publication_year=2019&hl=en
https://doi.org/10.1007/s11883-020-00883-3
https://www.ncbi.nlm.nih.gov/pubmed/32880743
https://scholar.google.com/scholar_lookup?title=Targeting+inflammation+to+reduce+residual+cardiovascular+risk&author=ON+Ajala&author=BM+Everett&publication_year=2020&hl=en
https://scholar.google.com/scholar_lookup?title=Inflammation+and+coronary+artery+disease&author=RW+Alexander&publication_year=1994&hl=en


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 21/66

Arnett DK,  Blumenthal RS,  Albert MA, Buroker AB,  Goldberger ZD, Hahn EJ,  et al. 2019 ACC/AHA guideline on the
primary prevention of cardiovascular disease: a report of the American College of Cardiology/American Heart
Association task force on clinical practice guidelines. Circulation 2019;74:e177-e 232. [DOI:
10.1161/CIR.0000000000000678] [PMID: 30879355]

Link to article  Google Scholar

Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, et al. Grading quality of evidence and strength of
recommendations. BMJ 2004;328(7454):1490. [PMID: 15205295]

PubMed  Google Scholar

Bartekova M, Radosinska J, Jelemensky M, Dhalla NS. Role of cytokines and inflammation in heart function during
health and disease. Heart Failure Teviews 2018;23(5):733-58. [PMID: 29862462]

Link to article  Google Scholar

Bazeley P, Morales R, Tang WHW. Evidence of clonal hematopoiesis and risk of heart failure. Current Heart Failure
Reports 2020;17(5):271-6. [PMID: 32772279]

Link to article  PubMed  Google Scholar

Benjamin EJ, Virani SS, Callaway CW, Chamberlain AM, Chang AR, Cheng S, et al. Heart disease and stroke statistics-
2018 update: a report from the American Heart Association. Circulation 2018;137(12):e67-e492. [PMID: 29386200]

Link to article  PubMed  Google Scholar

Benjamin EJ, Muntner P, Alonso A, Bittencourt MS, Callaway CW, Carson AP, et al. Heart disease and stroke statistics-
2019 update: a report from the American Heart Association. Circulation 2019;139(10):e56-e528. [PMID: 30700139]

Link to article  PubMed  Google Scholar

Boutron I, Page MJ, Higgins JPT, Altman DG, Lundh A, Hróbjartsson A. Chapter 7: Considering bias and conflicts of
interest among the included studies. In: Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA,
editors(s). Cochrane Handbook for Systematic Reviews of Interventions . 2nd edition. Chichester (UK): John Wiley &
Sons, 2019:177-204.

Link to article

Arnett 2019

Atkins 2004

Bartekova 2018

Bazeley 2020

Benjamin 2018

Benjamin 2019

Boutron 2019

Bozkurt 2001

http://dx.doi.org/10.1161/CIR.0000000000000678
https://doi.org/10.1161/CIR.0000000000000678
https://scholar.google.com/scholar_lookup?title=2019+ACC/AHA+guideline+on+the+primary+prevention+of+cardiovascular+disease:+a+report+of+the+American+College+of+Cardiology/American+Heart+Association+task+force+on+clinical+practice+guidelines+&author=DK+Arnett&author=RS+%C2%A0Blumenthal&author=MA+%C2%A0Albert&author=AB+Buroker&author=ZD+%C2%A0Goldberger&author=EJ+Hahn&publication_year=2019&hl=en
https://www.ncbi.nlm.nih.gov/pubmed/15205295
https://scholar.google.com/scholar_lookup?title=Grading+quality+of+evidence+and+strength+of+recommendations&author=D+Atkins&author=D+Best&author=PA+Briss&author=M+Eccles&author=Y+Falck-Ytter&author=S+Flottorp&publication_year=2004&hl=en
https://doi.org/10.1007/s10741-018-9716-x
https://scholar.google.com/scholar_lookup?title=Role+of+cytokines+and+inflammation+in+heart+function+during+health+and+disease&author=M+Bartekova&author=J+Radosinska&author=M+Jelemensky&author=NS+Dhalla&publication_year=2018&hl=en
https://doi.org/10.1007/s11897-020-00476-w
https://www.ncbi.nlm.nih.gov/pubmed/32772279
https://scholar.google.com/scholar_lookup?title=Evidence+of+clonal+hematopoiesis+and+risk+of+heart+failure&author=P+Bazeley&author=R+Morales&author=WHW+Tang&publication_year=2020&hl=en
https://doi.org/10.1161/CIR.0000000000000558
https://www.ncbi.nlm.nih.gov/pubmed/29386200
https://scholar.google.com/scholar_lookup?title=Heart+disease+and+stroke+statistics-2018+update:+a+report+from+the+American+Heart+Association+&author=EJ+Benjamin&author=SS+Virani&author=CW+Callaway&author=AM+Chamberlain&author=AR+Chang&author=S+Cheng&publication_year=2018&hl=en
https://doi.org/10.1161/CIR.0000000000000659
https://www.ncbi.nlm.nih.gov/pubmed/30700139
https://scholar.google.com/scholar_lookup?title=Heart+disease+and+stroke+statistics-2019+update:+a+report+from+the+American+Heart+Association+&author=EJ+Benjamin&author=P+Muntner&author=A+Alonso&author=MS+Bittencourt&author=CW+Callaway&author=AP+Carson&publication_year=2019&hl=en
https://doi.org/10.1002/9781119536604.ch7


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 22/66

Bozkurt B, Torre-Amione G, Warren MS, Whitmore J, Soran OZ, Feldman AM, et al. Results of targeted anti-tumor
necrosis factor therapy with etanercept (ENBREL) in patients with advanced heart failure. Circulation
2001;103(8):1044-7. [PMID: 11222463]

Link to article  PubMed  Google Scholar

Brevetti G,  Giugliano G, Brevetti L,  Hiatt WR. Inflammation in peripheral artery disease. Circulation
2010;122(18):1862-75. [PMID: 21041698]

PubMed  Google Scholar

Briasoulis A, Androulakis E, Christophides T, Tousoulis D. The role of inflammation and cell death in the pathogenesis,
progression and treatment of heart failure. Heart Failure Reviews 2016;21(2):169-76. [PMID: 26872673]

Link to article  PubMed  Google Scholar

Buckley LF, Abbate A. Interleukin-1 blockade in cardiovascular diseases: from bench to bedside. BioDrugs
2018;32(2):111-8. [PMID: 29549570]

Link to article  PubMed  Google Scholar

Cain BS, Meldrum DR, Dinarello CA, Meng X, Joo KS, Banerjee A, et al. Tumor necrosis factor-alpha and interleukin-
1beta synergistically depress human myocardial function. Critical Care Medicine 1999;27(7):1309-18. [PMID:
10446825]

Link to article  PubMed  Google Scholar

Campana C, Dariolli R, Boutjdir M, Sobie EA. Inflammation as a risk factor in cardiotoxicity: an important
consideration for screening during drug development. Frontiers in Pharmacology 2021;12:598549. [PMID: 33953668]

Link to article  PubMed  Google Scholar

Carroll MB, Haller C, Smith C. Short-term application of tocilizumab during myocardial infarction (STAT-MI).
Rheumatology International 2018;38(1):59-66. [PMID: 29067495]

Link to article  PubMed  Google Scholar

Carroll MB. Tocilizumab in the treatment of myocardial infarction. Modern Rheumatology 2018;28(5):733-5. [PMID:
29334841]

Link to article  PubMed  Google Scholar

Brevetti 2010

Briasoulis 2016

Buckley 2018

Cain 1999

Campana 2021

Carroll 2018a

Carroll 2018b

Cavalli 2018

https://doi.org/10.1161/01.CIR.103.8.1044
https://www.ncbi.nlm.nih.gov/pubmed/11222463
https://scholar.google.com/scholar_lookup?title=Results+of+targeted+anti-tumor+necrosis+factor+therapy+with+etanercept+(ENBREL)+in+patients+with+advanced+heart+failure+&author=B+Bozkurt&author=G+Torre-Amione&author=MS+Warren&author=J+Whitmore&author=OZ+Soran&author=AM+Feldman&publication_year=2001&hl=en
https://www.ncbi.nlm.nih.gov/pubmed/21041698
https://scholar.google.com/scholar_lookup?title=Inflammation+in+peripheral+artery+disease&author=G+%C2%A0Giugliano&author=L+Brevetti&author=WR+%C2%A0Hiatt&publication_year=2010&hl=en
https://doi.org/10.1007/s10741-016-9533-z
https://www.ncbi.nlm.nih.gov/pubmed/26872673
https://scholar.google.com/scholar_lookup?title=The+role+of+inflammation+and+cell+death+in+the+pathogenesis,+progression+and+treatment+of+heart+failure+&author=A+Briasoulis&author=E+Androulakis&author=T+Christophides&author=D+Tousoulis&publication_year=2016&hl=en
https://doi.org/10.1007/s40259-018-0274-5
https://www.ncbi.nlm.nih.gov/pubmed/29549570
https://scholar.google.com/scholar_lookup?title=Interleukin-1+blockade+in+cardiovascular+diseases:+from+bench+to+bedside&author=LF+Buckley&author=A+Abbate&publication_year=2018&hl=en
https://doi.org/10.1097/00003246-199907000-00018
https://www.ncbi.nlm.nih.gov/pubmed/10446825
https://scholar.google.com/scholar_lookup?title=Tumor+necrosis+factor-alpha+and+interleukin-1beta+synergistically+depress+human+myocardial+function+&author=BS+Cain&author=DR+Meldrum&author=CA+Dinarello&author=X+Meng&author=KS+Joo&author=A+Banerjee&publication_year=1999&hl=en
https://doi.org/10.3389/fphar.2021.598549
https://www.ncbi.nlm.nih.gov/pubmed/33953668
https://scholar.google.com/scholar_lookup?title=Inflammation+as+a+risk+factor+in+cardiotoxicity:+an+important+consideration+for+screening+during+drug+development+&author=C+Campana&author=R+Dariolli&author=M+Boutjdir&author=EA+Sobie&publication_year=2021&hl=en
https://doi.org/10.1007/s00296-017-3842-y
https://www.ncbi.nlm.nih.gov/pubmed/29067495
https://scholar.google.com/scholar_lookup?title=Short-term+application+of+tocilizumab+during+myocardial+infarction+(STAT-MI)&author=MB+Carroll&author=C+Haller&author=C+Smith&publication_year=2018&hl=en
https://doi.org/10.1080/14397595.2018.1427457
https://www.ncbi.nlm.nih.gov/pubmed/29334841
https://scholar.google.com/scholar_lookup?title=Tocilizumab+in+the+treatment+of+myocardial+infarction&author=MB+Carroll&publication_year=2018&hl=en


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 23/66

Cavalli G, Dinarello CA. Anakinra therapy for non-cancer inflammatory diseases. Frontiers in Pharmacology
2018;9:1157. [PMID: 30459597]

Link to article  PubMed  Google Scholar

Chaimani A, Mavridis D, Salanti G. A hands-on practical tutorial on performing meta-analysis with Stata. Evidence-
based Mental Health 2014;17(4):111-6. [PMID: 25288685]

Link to article  PubMed  Google Scholar

Chang W, Lin J, Dong J, Li D. Pyroptosis: an inflammatory cell death implicates in atherosclerosis. Medical Hypotheses
2013;81(3):484-6. [PMID: 23831306]

Link to article  PubMed  Google Scholar

Charla E, Mercer J, Maffia P, Nicklin SA. Extracellular vesicle signalling in atherosclerosis. Cellular Signalling
2020;75:109751. [PMID: 32860954]

Link to article  PubMed  Google Scholar

Chen M, Li X, Wang S, Yu L, Tang J, Zhou S. The role of cardiac macrophage and cytokines on ventricular arrhythmias.
Frontiers in Physiology 2020;11:1113. [PMID: 33071805]

Link to article  PubMed  Google Scholar

Chen J,  Norling LV,  Cooper D. Cardiac dysfunction in rheumatoid arthritis: the role of inflammation. Cells
2021;10(4):881. [PMID: 33924323]

Link to article  PubMed

Chung ES, Packer M, Lo KH, Fasanmade AA, Willerson JT. Randomized, double-blind, placebo-controlled, pilot trial of
infliximab, a chimeric monoclonal antibody to tumor necrosis factor-alpha, in patients with moderate-to-severe heart
failure: results of the anti-TNF therapy against congestive heart failure (ATTACH) trial. Circulation 2003;107(25):3133-
40. [PMID: 12796126]

PubMed  Google Scholar

Combe B. Update on the use of etanercept across a spectrum of rheumatoid disorders. Biologics: Targets & Therapy
2008;2(2):165-73. [PMID: 19707351]

PubMed  Google Scholar

Chaimani 2014

Chang 2013

Charla 2020

Chen 2020

Chen 2021

Chung 2003

Combe 2008

Dayer 2017

https://doi.org/10.3389/fphar.2018.01157
https://www.ncbi.nlm.nih.gov/pubmed/30459597
https://scholar.google.com/scholar_lookup?title=Anakinra+therapy+for+non-cancer+inflammatory+diseases&author=G+Cavalli&author=CA+Dinarello&publication_year=2018&hl=en
https://doi.org/10.1136/eb-2014-101967
https://www.ncbi.nlm.nih.gov/pubmed/25288685
https://scholar.google.com/scholar_lookup?title=A+hands-on+practical+tutorial+on+performing+meta-analysis+with+Stata&author=A+Chaimani&author=D+Mavridis&author=G+Salanti&publication_year=2014&hl=en
https://doi.org/10.1016/j.mehy.2013.06.016
https://www.ncbi.nlm.nih.gov/pubmed/23831306
https://scholar.google.com/scholar_lookup?title=Pyroptosis:+an+inflammatory+cell+death+implicates+in+atherosclerosis&author=W+Chang&author=J+Lin&author=J+Dong&author=D+Li&publication_year=2013&hl=en
https://doi.org/10.1016/j.cellsig.2020.109751
https://www.ncbi.nlm.nih.gov/pubmed/32860954
https://scholar.google.com/scholar_lookup?title=Extracellular+vesicle+signalling+in+atherosclerosis&author=E+Charla&author=J+Mercer&author=P+Maffia&author=SA+Nicklin&publication_year=2020&hl=en
https://doi.org/10.3389/fphys.2020.01113
https://www.ncbi.nlm.nih.gov/pubmed/33071805
https://scholar.google.com/scholar_lookup?title=The+role+of+cardiac+macrophage+and+cytokines+on+ventricular+arrhythmias&author=M+Chen&author=X+Li&author=S+Wang&author=L+Yu&author=J+Tang&author=S+Zhou&publication_year=2020&hl=en
https://doi.org/10.3390/cells10040881
https://www.ncbi.nlm.nih.gov/pubmed/33924323
https://www.ncbi.nlm.nih.gov/pubmed/12796126
https://scholar.google.com/scholar_lookup?title=Randomized,+double-blind,+placebo-controlled,+pilot+trial+of+infliximab,+a+chimeric+monoclonal+antibody+to+tumor+necrosis+factor-alpha,+in+patients+with+moderate-to-severe+heart+failure:+results+of+the+anti-TNF+therapy+against+congestive+heart+failure+(ATTACH)+trial+&author=ES+Chung&author=M+Packer&author=KH+Lo&author=AA+Fasanmade&author=JT+Willerson&publication_year=2003&hl=en
https://www.ncbi.nlm.nih.gov/pubmed/19707351
https://scholar.google.com/scholar_lookup?title=Update+on+the+use+of+etanercept+across+a+spectrum+of+rheumatoid+disorders&author=B+Combe&publication_year=2008&hl=en


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 24/66

Dayer JM, Oliviero F, Punzi L. A brief history of IL-1 and IL-1 Ra in rheumatology. Frontiers in Pharmacology
2017;8:293. [PMID: 28588495]

Link to article  PubMed  Google Scholar

Dechkhajorn W,  Maneerat Y,  Prasongsukarn K,  Kanchanaphum P,  Kumsiri R. Interleukin-8 in hyperlipidemia and
coronary heart disease in Thai patients taking statin cholesterol-lowering medication while undergoing coronary
artery bypass grafting treatment. Scientifica 2020;2020:5843958. [PMID: 32676215]

PubMed  Google Scholar

Deeks JJ, Higgins JPT, Altman DG (editors). Chapter 10: Analysing data and undertaking meta-analyses. In: Higgins
JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA, editors(s). Cochrane Handbook for Systematic
Reviews of Interventions . 2nd edition. Chichester (UK): John Wiley & Sons, 2019:241-84.

Link to article

Deswal A, Bozkurt B, Seta Y, Parilti-Eiswirth S, Hayes FA, Blosch C, et al. Safety and efficacy of a soluble P75 tumor
necrosis factor receptor (Enbrel, etanercept) in patients with advanced heart failure. Circulation 1999;99(25):3224-6.
[PMID: 10385494]

Link to article  PubMed  Google Scholar

Dinarello CA. Anti-inflammatory agents: present and future. Cell 2010;140(6):935-50. [PMID: 20303881]

Link to article  PubMed  Google Scholar

Dinarello CA, van der Meer JW. Treating inflammation by blocking interleukin-1 in humans. Seminars in Immunology
2013;25(6):469-84. [PMID: 24275598]

Link to article  PubMed  Google Scholar

Donnenberg VS, Mandic M, Rhee JC, Burns TF, Meibohm B, Korth-Bradley JM. Core entrustable professional activities
in clinical pharmacology for entering residency: biologics. Journal of Clinical Pharmacology 2017;57(8):947-55.
[PMID: 28614591]

Link to article  PubMed  Google Scholar

 Dudbridge F, Delaney JA, Wong A, Kuh D, Hardy R, Castillo BA, et al, interleukin-6 receptor Mendelian randomisation
analysis (IL6R MR) consortium. The interleukin-6 receptor as a target for prevention of coronary heart disease: a
mendelian randomisation analysis. Lancet 2012;379(9822):1214-24. [PMID: 22421340]

PubMed  Google Scholar

Dechkhajorn 2020

Deeks 2019

Deswal 1999

Dinarello 2010

Dinarello 2013

Donnenberg 2017

Dudbridge 2012

https://doi.org/10.3389/fphar.2017.00293
https://www.ncbi.nlm.nih.gov/pubmed/28588495
https://scholar.google.com/scholar_lookup?title=A+brief+history+of+IL-1+and+IL-1+Ra+in+rheumatology&author=JM+Dayer&author=F+Oliviero&author=L+Punzi&publication_year=2017&hl=en
https://www.ncbi.nlm.nih.gov/pubmed/32676215
https://scholar.google.com/scholar_lookup?title=Interleukin-8+in+hyperlipidemia+and+coronary+heart+disease+in+Thai+patients+taking+statin+cholesterol-lowering+medication+while+undergoing+coronary+artery+bypass+grafting+treatment+&author=R+%C2%A0Kumsiri&publication_year=2020&hl=en
https://doi.org/10.1002/9781119536604.ch10
https://doi.org/10.1161/01.CIR.99.25.3224
https://www.ncbi.nlm.nih.gov/pubmed/10385494
https://scholar.google.com/scholar_lookup?title=Safety+and+efficacy+of+a+soluble+P75+tumor+necrosis+factor+receptor+(Enbrel,+etanercept)+in+patients+with+advanced+heart+failure+&author=A+Deswal&author=B+Bozkurt&author=Y+Seta&author=S+Parilti-Eiswirth&author=FA+Hayes&author=C+Blosch&publication_year=1999&hl=en
https://doi.org/10.1016/j.cell.2010.02.043
https://www.ncbi.nlm.nih.gov/pubmed/20303881
https://scholar.google.com/scholar_lookup?title=Anti-inflammatory+agents:+present+and+future&author=CA+Dinarello&publication_year=2010&hl=en
https://doi.org/10.1016/j.smim.2013.10.008
https://www.ncbi.nlm.nih.gov/pubmed/24275598
https://scholar.google.com/scholar_lookup?title=Treating+inflammation+by+blocking+interleukin-1+in+humans&author=CA+Dinarello&author=JW+Meer&publication_year=2013&hl=en
https://doi.org/10.1002/jcph.938
https://www.ncbi.nlm.nih.gov/pubmed/28614591
https://scholar.google.com/scholar_lookup?title=Core+entrustable+professional+activities+in+clinical+pharmacology+for+entering+residency:+biologics+&author=VS+Donnenberg&author=M+Mandic&author=JC+Rhee&author=TF+Burns&author=B+Meibohm&author=JM+Korth-Bradley&publication_year=2017&hl=en
https://www.ncbi.nlm.nih.gov/pubmed/22421340
https://scholar.google.com/scholar_lookup?title=The+interleukin-6+receptor+as+a+target+for+prevention+of+coronary+heart+disease:+a+mendelian+randomisation+analysis+&author=F+%C2%A0Dudbridge&author=JA+Delaney&author=A+Wong&author=D+Kuh&author=R+Hardy&author=BA+Castillo&publication_year=2012&hl=en


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 25/66

Eid MA,  Mehta KS,  Goodney PP. Epidemiology of peripheral artery disease. Seminars in Vascular Surgery
2021;34(1):8-46. [PMID: 33757634]

PubMed

European Medicines Agency. Kineret (anakinra). www.ema.europa.eu/en/documents/overview/kineret-epar-
medicine-overview_en.pdf (accessed 10 July 2020).

European Medicines Agency. Ilaris (Canakinumab). www.ema.europa.eu/en/documents/product-information/ilaris-
epar-product-information_en.pdf (accessed 10 July 2020):1-93.

European Medicines Agency. Roactemra (Tocilizumab). www.ema.europa.eu/en/documents/product-
information/roactemra-epar-product-information_en.pdf (accessed 10 July 2020):1-175.

European Medicines Agency. Erelzi (etanercept). www.ema.europa.eu/en/documents/product-information/erelzi-
epar-product-information_en.pdf (accessed 10 July 2020):1-89.

European Medicines Agency. Remsima (infliximab). www.ema.europa.eu/en/documents/product-
information/remsima-epar-product-information_en.pdf (accessed 10 July 2020):1-148.

England BR, Thiele GM, Anderson DR, Mikuls TR. Increased cardiovascular risk in rheumatoid arthritis: mechanisms
and implications. BMJ 2018;361:k1036. [PMID: 29685876]

Link to article  PubMed  Google Scholar

Fang Y, Xu Y, Wang R, Hu L, Guo D, Xue F, et al. Recent advances on the roles of LncRNAs in cardiovascular disease.
Journal of Cellular and Molecular Medicine 2020;24:Online ahead of print. [PMID: 32969576]

Link to article  Google Scholar

Food and Drug Administration. CDER therapeutic biologic products. www.fda.gov/media/76650/download (accessed
10 July 2020):1-78.

Eid 2021

EMA 2020

EMA 2020a

EMA 2020b

EMA 2020c

EMA 2020d

England 2018

Fang 2020

FDA 2020

FDA 2020a

https://www.ncbi.nlm.nih.gov/pubmed/34144749
https://doi.org/10.1136/bmj.k1036
https://www.ncbi.nlm.nih.gov/pubmed/29685876
https://scholar.google.com/scholar_lookup?title=Increased+cardiovascular+risk+in+rheumatoid+arthritis:+mechanisms+and+implications&author=BR+England&author=GM+Thiele&author=DR+Anderson&author=TR+Mikuls&publication_year=2018&hl=en
https://doi.org/10.1111/jcmm.15880
https://scholar.google.com/scholar_lookup?title=Recent+advances+on+the+roles+of+LncRNAs+in+cardiovascular+disease&author=Y+Fang&author=Y+Xu&author=R+Wang&author=L+Hu&author=D+Guo&author=F+Xue&publication_year=2020&hl=en


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 26/66

Food and Drug Administration. Clinical review. www.fda.gov/media/80457/download (accessed 10 July 2020).

Food and Drug Administration. January - March 2018 | Potential signals of serious sisks/new safety information
identified from the FDA adverse event reporting system (FAERS). fda.gov/drugs/questions-and-answers-fdas-adverse-
event-reporting-system-faers/january-march-2018-potential-signals-serious-risksnew-safety-information-identified-
fda-adverse (accessed 10 July 2020).

Food and Drug Administration. Medication guide. ILARIS (i-LAHR-us) (canakinumab) injection for subcutaneous use.
www.fda.gov/media/86042/download (accessed 10 July 2020).

Food and Drug  Administration. Drugs@FDA Glossary of Terms. www.fda.gov/drugs/drug-approvals-and-
databases/drugsfda-glossary-terms (accessed 10 July 2020).

Fichtlscherer S, Rässig L, Breuer S, Vasa M, Dimmeler S, Zeiher AM. Tumor necrosis factor antagonism with etanercept
improves systemic endothelial vasoreactivity in patients with advanced heart failure. Circulation 2001;104(25):3023-
5. [PMID: 11748093]

Link to article  PubMed  Google Scholar

Fragoulis GE, Panayotidis I, Nikiphorou E. Cardiovascular risk in rheumatoid arthritis and mechanistic links: from
pathophysiology to treatment. Current Vascular Pharmacology 2020;18(5):431-46. [PMID: 31258091]

Link to article  PubMed  Google Scholar

Friedrich JO, Adhikari NK, Beyene J. Ratio of means for analyzing continuous outcomes in meta-analysis performed
as well as mean difference methods. Journal of Clinical Epidemiology 2011;64(5):556-64. [PMID: 21447428]

Link to article  PubMed  Google Scholar

Furukawa TA. From effect size into number needed to treat. The Lancet1999;353(9165):1680. [PMID: 10335798]

Google Scholar

Furukawa TA, Leucht S. How to obtain NNT from Cohen's d: comparison of two methods. PloS One 2011;6(4):e19070.
[PMID: 21556361]

Link to article  PubMed  Google Scholar

FDA 2020b

FDA 2020c

FDA 2020d

Fichtlscherer 2001

Fragoulis 2020

Friedrich 2011

Furukawa 1999

Furukawa 2011

Gamble 2005

https://doi.org/10.1161/hc5001.101749
https://www.ncbi.nlm.nih.gov/pubmed/11748093
https://scholar.google.com/scholar_lookup?title=Tumor+necrosis+factor+antagonism+with+etanercept+improves+systemic+endothelial+vasoreactivity+in+patients+with+advanced+heart+failure+&author=S+Fichtlscherer&author=L+R%C3%A4ssig&author=S+Breuer&author=M+Vasa&author=S+Dimmeler&author=AM+Zeiher&publication_year=2001&hl=en
https://doi.org/10.2174/1570161117666190619143842
https://www.ncbi.nlm.nih.gov/pubmed/31258091
https://scholar.google.com/scholar_lookup?title=Cardiovascular+risk+in+rheumatoid+arthritis+and+mechanistic+links:+from+pathophysiology+to+treatment+&author=GE+Fragoulis&author=I+Panayotidis&author=E+Nikiphorou&publication_year=2020&hl=en
https://doi.org/10.1016/j.jclinepi.2010.09.016
https://www.ncbi.nlm.nih.gov/pubmed/21447428
https://scholar.google.com/scholar_lookup?title=Ratio+of+means+for+analyzing+continuous+outcomes+in+meta-analysis+performed+as+well+as+mean+difference+methods+&author=JO+Friedrich&author=NK+Adhikari&author=J+Beyene&publication_year=2011&hl=en
https://scholar.google.com/scholar_lookup?title=From+effect+size+into+number+needed+to+treat&author=TA+Furukawa&publication_year=1999&hl=en
https://doi.org/10.1371/journal.pone.0019070
https://www.ncbi.nlm.nih.gov/pubmed/21556361
https://scholar.google.com/scholar_lookup?title=How+to+obtain+NNT+from+Cohen%27s+d:+comparison+of+two+methods&author=TA+Furukawa&author=S+Leucht&publication_year=2011&hl=en


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 27/66

Gamble C, Hollis S. Uncertainty method improved on best-worst case analysis in a binary meta-analysis. Journal of
Clinical Epidemiology 2005;58(6):579-88. [PMID: 15878471]

Link to article  PubMed  Google Scholar

Gellman MC,  TurnerRJ. Encyclopedia of Behavioral Medicine . New York, Heidelberg, Dordrecht, London: Springer,
2013. [DOI: 10.1007/978-1-4419-1005-9] [ISBN: 978-1-4419-1004-2]

Gierlaszyńska K, Pudlo R,  Jaworska I,  Byrczek-Godula K,  Gąsior M. Tools for assessing quality of life in cardiology and
cardiac surgery. Kardiochirurgia i Torakochirurgia Polska/Polish Journal of Thoracic and Cardiovascular Surgery
2016;13(1):78-82. [DOI: 10.5114/kitp.2016.58974] [PMID: 27212988]

Link to article  PubMed  Google Scholar

Giles JT, Sattar N, Gabriel S, Ridker PM, Gay S, Warne C, et al. Cardiovascular safety of tocilizumab versus etanercept
in rheumatoid arthritis: a randomized controlled trial. Arthritis and Rheumatology 2020;72(1):31-40. [PMID:
31469238]

Link to article  PubMed  Google Scholar

Giuliani AL, Sarti AC, Falzoni S, Di Virgilio F. The P2X7 receptor-interleukin-1 liaison. Frontiers in Pharmacology
2017;8:123. [PMID: 28360855]

Link to article  PubMed  Google Scholar

McMaster University (developed by Evidence Prime)GRADEpro GDT. Hamilton (ON): McMaster University (developed
by Evidence Prime), (accessed 18 September 2020). Available at gradepro.org.

Grams ME, McDonald SP. Chapter 77: Epidemiology of chronic kidney disease and dialysis. In: Feehally J, Floege J,
Tonelli M, Johnson RJ, editors(s). Comprehensive Clinical Nephrology . 6th edition. New York: Elsevier, 2019:903-12.
[978-0-323-47909-7]

Guyatt GH, Oxman AD, Kunz R, Vist GE, Falck-Ytter Y, Schünemann HJ. What is "quality of evidence" and why is it
important to clinicians? BMJ 2008;336(7651):995-8. [PMID: 18456631]

Link to article  PubMed  Google Scholar

Gellman 2013

Gierlaszyńska 2016

Giles 2020

Giuliani 2017

GRADEpro GDT 2020 [Computer program]

Grams 2019

Guyatt 2008

Hanna 2020

https://doi.org/10.1016/j.jclinepi.2004.09.013
https://www.ncbi.nlm.nih.gov/pubmed/15878471
https://scholar.google.com/scholar_lookup?title=Uncertainty+method+improved+on+best-worst+case+analysis+in+a+binary+meta-analysis&author=C+Gamble&author=S+Hollis&publication_year=2005&hl=en
http://dx.doi.org/10.1007/978-1-4419-1005-9
http://dx.doi.org/10.5114/kitp.2016.58974
https://doi.org/10.5114/kitp.2016.58974
https://www.ncbi.nlm.nih.gov/pubmed/27212988
https://scholar.google.com/scholar_lookup?title=Tools+for+assessing+quality+of+life+in+cardiology+and+cardiac+surgery&author=K+Gierlaszy%C5%84ska&author=M+%C2%A0G%C4%85sior&publication_year=2016&hl=en
https://doi.org/10.1002/art.41095
https://www.ncbi.nlm.nih.gov/pubmed/31469238
https://scholar.google.com/scholar_lookup?title=Cardiovascular+safety+of+tocilizumab+versus+etanercept+in+rheumatoid+arthritis:+a+randomized+controlled+trial+&author=JT+Giles&author=N+Sattar&author=S+Gabriel&author=PM+Ridker&author=S+Gay&author=C+Warne&publication_year=2020&hl=en
https://doi.org/10.3389/fphar.2017.00123
https://www.ncbi.nlm.nih.gov/pubmed/28360855
https://scholar.google.com/scholar_lookup?title=The+P2X7+receptor-interleukin-1+liaison&author=AL+Giuliani&author=AC+Sarti&author=S+Falzoni&author=F+DiVirgilio&publication_year=2017&hl=en
https://doi.org/10.1136/bmj.39490.551019.BE
https://www.ncbi.nlm.nih.gov/pubmed/18456631
https://scholar.google.com/scholar_lookup?title=What+is+


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 28/66

Hanna A, Frangogiannis NG. Inflammatory cytokines and chemokines as therapeutic targets in heart failure.
Cardiovascular Drugs and Therapy 2020;9:Online ahead of print. [PMID: 32902739]

Link to article  Google Scholar

Havnaer A, Han G. Autoinflammatory disorders: a review and update on pathogenesis and treatment. American
Journal of Clinical Dermatology 2019;20(4):539-64. [PMID: 30997665]

Link to article  PubMed  Google Scholar

Herder C, de Las Heras Gala T, Carstensen-Kirberg M, Huth C, Zierer A, Wahl S, et al. Circulating levels of interleukin 1-
receptor antagonist and risk of cardiovascular disease: meta-analysis of six population-based cohorts.
Arteriosclerosis, Thrombosis, and Vascular Biology 2017;37(6):1222-7. [PMID: 28428221]

Link to article  PubMed  Google Scholar

Higaki A, Caillon A, Paradis P, Schiffrin EL. Innate and innate-like immune system in hypertension and vascular injury.
Current Hypertension Reports 2019;21(1):4. [PMID: 30659373]

Link to article  PubMed  Google Scholar

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ 2003;327(7414):557-
60. [PMID: 12958120]

Link to article  PubMed  Google Scholar

Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA (editors). Cochrane Handbook for Systematic
Reviews of Interventions . 2nd edition. Chichester (UK): John Wiley & Sons, 2019.

Higgins JP, Savović J, Page MJ, Elbers RG, Sterne JA (editors). Chapter 8: Assessing risk of bias in a randomized trial.
In: Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, , editors(s). Cochrane Handbook for Systematic
Reviews of Interventions . 2nd edition. Chichester (UK): John Wiley & Sons, 2019:205–228.

Higgins JP, Li T, Deeks JJ (editors). Chapter 6: Choosing effect measures and computing estimates of effect. In: Higgins
JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA, editors(s). Cochrane Handbook for Systematic
Reviews of Interventions . 2nd edition. Chichester (UK): John Wiley & Sons, 2019:143–176.

Higgins JPT, Eldridge S, Li T. Chapter 23: Including variants on randomized trials. In: Higgins JPT, Thomas J, Chandler
J, Cumpston M, Li T, Page MJ, Welch VA, editors(s). Cochrane Handbook for Systematic Reviews of Interventions . 2nd

Havnaer 2019

Herder 2017

Higaki 2019

Higgins 2003

Higgins 2019a

Higgins 2019b

Higgins 2019c

Higgins 2019f

https://doi.org/10.1007/s10557-020-07071-0
https://scholar.google.com/scholar_lookup?title=Inflammatory+cytokines+and+chemokines+as+therapeutic+targets+in+heart+failure&author=A+Hanna&author=NG+Frangogiannis&publication_year=2020&hl=en
https://doi.org/10.1007/s40257-019-00440-y
https://www.ncbi.nlm.nih.gov/pubmed/30997665
https://scholar.google.com/scholar_lookup?title=Autoinflammatory+disorders:+a+review+and+update+on+pathogenesis+and+treatment&author=A+Havnaer&author=G+Han&publication_year=2019&hl=en
https://doi.org/10.1161/ATVBAHA.117.309307
https://www.ncbi.nlm.nih.gov/pubmed/28428221
https://scholar.google.com/scholar_lookup?title=Circulating+levels+of+interleukin+1-receptor+antagonist+and+risk+of+cardiovascular+disease:+meta-analysis+of+six+population-based+cohorts+&author=C+Herder&author=T+LasHerasGala&author=M+Carstensen-Kirberg&author=C+Huth&author=A+Zierer&author=S+Wahl&publication_year=2017&hl=en
https://doi.org/10.1007/s11906-019-0907-1
https://www.ncbi.nlm.nih.gov/pubmed/30659373
https://scholar.google.com/scholar_lookup?title=Innate+and+innate-like+immune+system+in+hypertension+and+vascular+injury&author=A+Higaki&author=A+Caillon&author=P+Paradis&author=EL+Schiffrin&publication_year=2019&hl=en
https://doi.org/10.1136/bmj.327.7414.557
https://www.ncbi.nlm.nih.gov/pubmed/12958120
https://scholar.google.com/scholar_lookup?title=Measuring+inconsistency+in+meta-analyses&author=JP+Higgins&author=SG+Thompson&author=JJ+Deeks&author=DG+Altman&publication_year=2003&hl=en


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 29/66

edition. Chichester (UK): John Wiley & Sons, 2019:569-94.

Link to article

Higgins JPT, Savović J, Page MJ, Jonathan AC Sterne JAC on behalf of the RoB 2 Development Group. Revised
Cochrane risk-of-bias tool for randomized trials (RoB 2) template for completation.
drive.google.com/file/d/18Zks7k4kxhbUUlbZ51Ya5xYa3p3ECQV0/view (accessed 26 July 2021).

Hoffmann TC, Glasziou PP, Boutron I, Milne R, Perera R, Moher D, et al. Better reporting of interventions: template for
intervention description and replication (TIDieR) checklist and guide. BMJ 2014;348:g1687. [PMID: 24609605]

Link to article  PubMed  Google Scholar

Hoffmann TC, Oxman AD, Ioannidis JP, Moher D, Lasserson TJ, Tovey DI, et al. Enhancing the usability of systematic
reviews by improving the consideration and description of interventions. BMJ 2017;358:j2998. [PMID: 28729459]

Link to article  PubMed  Google Scholar

Hollis S, Campbell F. What is meant by intention to treat analysis? Survey of published randomised controlled trials.
BMJ 1999;319(7211):670-4. [PMID: 10480822]

Link to article  PubMed  Google Scholar

Holte E, Kleveland O, Ueland T, Kunszt G, Bratlie M, Broch K, et al. Effect of interleukin-6 inhibition on coronary
microvascular and endothelial function in myocardial infarction. Heart 2017;103(19):1521-7. [PMID: 28432157]

Link to article  PubMed  Google Scholar

IntHout J, Ioannidis JP, Rovers MM, Goeman JJ. Plea for routinely presenting prediction intervals in meta-analysis.
BMJ Open 2016;6(7):e010247. [PMID: 27406637]

Link to article  PubMed  Google Scholar

Jagannathan R, Patel SA, Ali MK, Narayan KMV. Global updates on cardiovascular disease mortality trends and
attribution of traditional risk factors. Current Diabetes Reports 2019;19(7):44. [PMID: 31222515]

Link to article  PubMed  Google Scholar

Jia C, Chen H, Zhang J, Zhou K, Zhuge Y, Niu C, et al. Role of pyroptosis in cardiovascular diseases. International
Immunopharmacology 2019;67:311-8. [PMID: 30572256]

Higgins 2021

Hoffmann 2014

Hoffmann 2017

Hollis 1999

Holte 2017

IntHout 2016

Jagannathan 2019

Jia 2019

https://doi.org/10.1002/9781119536604.ch23
https://doi.org/10.1136/bmj.g1687
https://www.ncbi.nlm.nih.gov/pubmed/24609605
https://scholar.google.com/scholar_lookup?title=Better+reporting+of+interventions:+template+for+intervention+description+and+replication+(TIDieR)+checklist+and+guide+&author=TC+Hoffmann&author=PP+Glasziou&author=I+Boutron&author=R+Milne&author=R+Perera&author=D+Moher&publication_year=2014&hl=en
https://doi.org/10.1136/bmj.j2998
https://www.ncbi.nlm.nih.gov/pubmed/28729459
https://scholar.google.com/scholar_lookup?title=Enhancing+the+usability+of+systematic+reviews+by+improving+the+consideration+and+description+of+interventions+&author=TC+Hoffmann&author=AD+Oxman&author=JP+Ioannidis&author=D+Moher&author=TJ+Lasserson&author=DI+Tovey&publication_year=2017&hl=en
https://doi.org/10.1136/bmj.319.7211.670
https://www.ncbi.nlm.nih.gov/pubmed/10480822
https://scholar.google.com/scholar_lookup?title=What+is+meant+by+intention+to+treat+analysis?+Survey+of+published+randomised+controlled+trials+&author=S+Hollis&author=F+Campbell&publication_year=1999&hl=en
https://doi.org/10.1136/heartjnl-2016-310875
https://www.ncbi.nlm.nih.gov/pubmed/28432157
https://scholar.google.com/scholar_lookup?title=Effect+of+interleukin-6+inhibition+on+coronary+microvascular+and+endothelial+function+in+myocardial+infarction+&author=E+Holte&author=O+Kleveland&author=T+Ueland&author=G+Kunszt&author=M+Bratlie&author=K+Broch&publication_year=2017&hl=en
https://doi.org/10.1136/bmjopen-2015-010247
https://www.ncbi.nlm.nih.gov/pubmed/27406637
https://scholar.google.com/scholar_lookup?title=Plea+for+routinely+presenting+prediction+intervals+in+meta-analysis&author=J+IntHout&author=JP+Ioannidis&author=MM+Rovers&author=JJ+Goeman&publication_year=2016&hl=en
https://doi.org/10.1007/s11892-019-1161-2
https://www.ncbi.nlm.nih.gov/pubmed/31222515
https://scholar.google.com/scholar_lookup?title=Global+updates+on+cardiovascular+disease+mortality+trends+and+attribution+of+traditional+risk+factors+&author=R+Jagannathan&author=SA+Patel&author=MK+Ali&author=KMV+Narayan&publication_year=2019&hl=en


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 30/66

Link to article  PubMed  Google Scholar

Johnston BC, Alonso-Coello P, Friedrich JO, Mustafa RA, Tikkinen KAO, Neumann I, et al. Do clinicians understand the
size of treatment effects? A randomized survey across 8 countries. CMAJ 2016;188(1):25-32. [PMID: 26504102]

Link to article  PubMed  Google Scholar

Jung C, Evans MA, Walsh K. Genetics of age-related clonal hematopoiesis and atherosclerotic cardiovascular disease.
Current Opinion in Cardiology 2020;35(3):219-25. [PMID: 32073406]

Link to article  PubMed  Google Scholar

Juo P-S. Concise dictionary of biomedicine and molecular biology . 2nd edition. Boca Raton, Florida, USA: CRC Press
LLC, 2001. [ISBN 0-8493-0940-9]

Kallinich T. Regulating against the dysregulation: new treatment options in autoinflammation. Seminars in
Immunopathology 2015;37(4):429-37. [PMID: 26059720]

Link to article  PubMed  Google Scholar

Kasselman LJ, Vernice NA, DeLeon J, Reiss AB. The gut microbiome and elevated cardiovascular risk in obesity and
autoimmunity. Atherosclerosis 2018;271:203-13. [PMID: 29524863]

Link to article  PubMed  Google Scholar

Kishimoto T. Discovery of IL-6 and development of anti-IL-6R antibody. Keio Journal of Medicine 2019;68(4):96.
[PMID: 31875623]

Link to article  Google Scholar

Kleemann R, Zadelaar S, Kooistra T. Cytokines and atherosclerosis: a comprehensive review of studies in mice.
Cardiovascular Research 2008;79(3):360-76. [PMID: 18487233]

Link to article  PubMed  Google Scholar

Kleveland O, Kunszt G, Bratlie M, Ueland T, Broch K, Holte E, et al. Effect of a single dose of the interleukin-6 receptor
antagonist tocilizumab on inflammation and troponin T release in patients with non-ST-elevation myocardial
infarction: a double-blind, randomized, placebo-controlled phase 2 trial. European Heart Journal 2016;37(30):2406-
13. [PMID: 27161611]

Johnston 2016

Jung 2020

Juo 2001

Kallinich 2015

Kasselman 2018

Kishimoto 2019

Kleemann 2008

Kleveland 2016

https://doi.org/10.1016/j.intimp.2018.12.028
https://www.ncbi.nlm.nih.gov/pubmed/30572256
https://scholar.google.com/scholar_lookup?title=Role+of+pyroptosis+in+cardiovascular+diseases&author=C+Jia&author=H+Chen&author=J+Zhang&author=K+Zhou&author=Y+Zhuge&author=C+Niu&publication_year=2019&hl=en
https://doi.org/10.1503/cmaj.150430
https://www.ncbi.nlm.nih.gov/pubmed/26504102
https://scholar.google.com/scholar_lookup?title=Do+clinicians+understand+the+size+of+treatment+effects?+A+randomized+survey+across+8+countries+&author=BC+Johnston&author=P+Alonso-Coello&author=JO+Friedrich&author=RA+Mustafa&author=KAO+Tikkinen&author=I+Neumann&publication_year=2016&hl=en
https://doi.org/10.1097/HCO.0000000000000726
https://www.ncbi.nlm.nih.gov/pubmed/32073406
https://scholar.google.com/scholar_lookup?title=Genetics+of+age-related+clonal+hematopoiesis+and+atherosclerotic+cardiovascular+disease&author=C+Jung&author=MA+Evans&author=K+Walsh&publication_year=2020&hl=en
https://doi.org/10.1007/s00281-015-0501-9
https://www.ncbi.nlm.nih.gov/pubmed/26059720
https://scholar.google.com/scholar_lookup?title=Regulating+against+the+dysregulation:+new+treatment+options+in+autoinflammation&author=T+Kallinich&publication_year=2015&hl=en
https://doi.org/10.1016/j.atherosclerosis.2018.02.036
https://www.ncbi.nlm.nih.gov/pubmed/29524863
https://scholar.google.com/scholar_lookup?title=The+gut+microbiome+and+elevated+cardiovascular+risk+in+obesity+and+autoimmunity&author=LJ+Kasselman&author=NA+Vernice&author=J+DeLeon&author=AB+Reiss&publication_year=2018&hl=en
https://doi.org/10.2302/kjm.68-007-ABST
https://scholar.google.com/scholar_lookup?title=Discovery+of+IL-6+and+development+of+anti-IL-6R+antibody&author=T+Kishimoto&publication_year=2019&hl=en
https://doi.org/10.1093/cvr/cvn120
https://www.ncbi.nlm.nih.gov/pubmed/18487233
https://scholar.google.com/scholar_lookup?title=Cytokines+and+atherosclerosis:+a+comprehensive+review+of+studies+in+mice&author=R+Kleemann&author=S+Zadelaar&author=T+Kooistra&publication_year=2008&hl=en


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 31/66

Link to article  PubMed  Google Scholar

Kleveland O, Ueland T, Kunszt G, Bratlie M, Yndestad A, Broch K, et al. Interleukin-6 receptor inhibition with
tocilizumab induces a selective and substantial increase in plasma IP-10 and MIP-1ß in non-ST-elevation myocardial
infarction. International Journal of Cardiology 2018;271:1-7. [PMID: 29961572]

Link to article  PubMed  Google Scholar

Klimov VV. From Basic to Clinical Immunology . 1st edition. Switzerland: Springer Nature Switzerland AG, 2019. [DOI:
10.1007/978-3-030-03323-1] [DOI: ISBN 978-3-030-03322-4]

Kobayashi H, Kobayashi Y, Giles JT, Yoneyama K, Nakajima Y, Takei M. Tocilizumab treatment increases left ventricular
ejection fraction and decreases left ventricular mass index in patients with rheumatoid arthritis without cardiac
symptoms: assessed using 3.0 tesla cardiac magnetic resonance imaging. Journal of Rheumatology
2014;41(10):1916-21. [PMID: 25128513]

Link to article  Google Scholar

Kobayashi H, Kobayashi Y, Yokoe I, Kitamura N, Nishiwaki A, Takei M, et al. Heart rate-corrected QT interval duration in
rheumatoid arthritis and its reduction with treatment with the interleukin 6 inhibitor tocilizumab. Journal of
Rheumatology 2018;45(12):1620-27. [PMID: 30173151]

Link to article  Google Scholar

Koller-Strametz J, Pacher R, Frey B, Kos T, Woloszczuk W, Stanek B. Circulating tumor necrosis factor-alpha levels in
chronic heart failure: relation to its soluble receptor II, interleukin-6, and neurohumoral variables. Journal of Heart
and Lung Transplantation 1998;17(4):356-62. [PMID: 9588580]

Google Scholar

Kontopantelis E, Reeves D. Metaan: random-effects meta-analysis. Stata Journal 2010;10(3):395–407.

Link to article  Google Scholar

Kwon OC, Park JH, Park YB, Park MC. Disease-specific factors associated with cardiovascular events in patients with
Takayasu arteritis. Arthritis Research & Therapy 2020;22(1):180. [PMID: 32736654]

Link to article  PubMed  Google Scholar

Kleveland 2018

Klimov 2019

Kobayashi 2014

Kobayashi 2018

Koller‐Strametz 1998

Kontopantelis 2010

Kwon 2020

Lackie 2007

https://doi.org/10.1093/eurheartj/ehw171
https://www.ncbi.nlm.nih.gov/pubmed/27161611
https://scholar.google.com/scholar_lookup?title=Effect+of+a+single+dose+of+the+interleukin-6+receptor+antagonist+tocilizumab+on+inflammation+and+troponin+T+release+in+patients+with+non-ST-elevation+myocardial+infarction:+a+double-blind,+randomized,+placebo-controlled+phase+2+trial+&author=O+Kleveland&author=G+Kunszt&author=M+Bratlie&author=T+Ueland&author=K+Broch&author=E+Holte&publication_year=2016&hl=en
https://doi.org/10.1016/j.ijcard.2018.04.136
https://www.ncbi.nlm.nih.gov/pubmed/29961572
https://scholar.google.com/scholar_lookup?title=Interleukin-6+receptor+inhibition+with+tocilizumab+induces+a+selective+and+substantial+increase+in+plasma+IP-10+and+MIP-1%C3%9F+in+non-ST-elevation+myocardial+infarction+&author=O+Kleveland&author=T+Ueland&author=G+Kunszt&author=M+Bratlie&author=A+Yndestad&author=K+Broch&publication_year=2018&hl=en
http://dx.doi.org/10.1007/978-3-030-03323-1
https://doi.org/10.3899/jrheum.131540
https://scholar.google.com/scholar_lookup?title=Tocilizumab+treatment+increases+left+ventricular+ejection+fraction+and+decreases+left+ventricular+mass+index+in+patients+with+rheumatoid+arthritis+without+cardiac+symptoms:+assessed+using+3.0+tesla+cardiac+magnetic+resonance+imaging+&author=H+Kobayashi&author=Y+Kobayashi&author=JT+Giles&author=K+Yoneyama&author=Y+Nakajima&author=M+Takei&publication_year=2014&hl=en
https://doi.org/10.3899/jrheum.180065
https://scholar.google.com/scholar_lookup?title=Heart+rate-corrected+QT+interval+duration+in+rheumatoid+arthritis+and+its+reduction+with+treatment+with+the+interleukin+6+inhibitor+tocilizumab+&author=H+Kobayashi&author=Y+Kobayashi&author=I+Yokoe&author=N+Kitamura&author=A+Nishiwaki&author=M+Takei&publication_year=2018&hl=en
https://scholar.google.com/scholar_lookup?title=Circulating+tumor+necrosis+factor-alpha+levels+in+chronic+heart+failure:+relation+to+its+soluble+receptor+II,+interleukin-6,+and+neurohumoral+variables+&author=J+Koller-Strametz&author=R+Pacher&author=B+Frey&author=T+Kos&author=W+Woloszczuk&author=B+Stanek&publication_year=1998&hl=en
https://doi.org/10.1177/1536867X1001000307
https://scholar.google.com/scholar_lookup?title=Metaan:+random-effects+meta-analysis&author=E+Kontopantelis&author=D+Reeves&publication_year=2010&hl=en
https://doi.org/10.1186/s13075-020-02275-z
https://www.ncbi.nlm.nih.gov/pubmed/32736654
https://scholar.google.com/scholar_lookup?title=Disease-specific+factors+associated+with+cardiovascular+events+in+patients+with+Takayasu+arteritis+&author=OC+Kwon&author=JH+Park&author=YB+Park&author=MC+Park&publication_year=2020&hl=en


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 32/66

Lackie JM. The Dictionary of Cell and Molecular Biology . 4th edition. Burlington, MA, USA: Elsevier, 2007. [: ISBN 978-
0-12-373986-5]

Laupacis A, Sackett DL, Roberts RS. An assessment of clinically useful measures of the consequences of treatment.
New England Journal of Medicine 1988;318(26):1728-33. [PMID: 3374545]

Link to article  Google Scholar

Lawler PR, Bhatt DL, Godoy LC, Lüscher TF, Bonow RO, Verma S, et al. Targeting cardiovascular inflammation: next
steps in clinical translation. European Heart Journal 2020;Mar 16:Online ahead of print. [PMID: 32176778]

Link to article  Google Scholar

Lee WJ,  Sheu WHH,  Chen YT,  Liu TJ,  Liang KW, Ting CT, et al. Circulating CD40 ligand is elevated only in patients with
more advanced symptomatic peripheral arterial diseases. Thrombosis Research 2006;118(5):619-26. [PMID:
16356539]

PubMed  Google Scholar

Lefebvre C, Glanville J, Briscoe S, Littlewood A, Marshall C, Metzendorf M-I, et al. Chapter 4: Searching for and
selecting studies. In: Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA, editors(s). Cochrane
Handbook for Systematic Reviews of Interventions . 2nd edition. Chichester (UK): John Wiley & Sons, 2019:67–108.

Levine B, Kalman J, Mayer L, Fillit HM, Packer M. Elevated circulating levels of tumor necrosis factor in severe chronic
heart failure. New England Journal of Medicine 1990;323(4):236-41. [PMID: 2195340]

Link to article  Google Scholar

Levine GN. Cardiology Secrets . Fifth edition. Philadelphia, PA, USA: Elsevier, Inc, 2018.

Li B, Li W, Li X, Zhou H. Inflammation: a novel therapeutic target/direction in atherosclerosis. Current Pharmaceutical
Design 2017;23(8):1216-27. [PMID: 28034355]

Link to article  PubMed  Google Scholar

Li T, Higgins JPT, Deeks JJ (editors). Chapter 5: Collecting data. In: Higgins JPT, Thomas J, Chandler J, Cumpston M, Li
T, Page MJ, Welch VA, editors(s). Cochrane Handbook for Systematic Reviews of Interventions . 2nd edition.
Chichester (UK): John Wiley & Sons, 2019:109–142.

Laupacis 1988

Lawler 2020

Lee 2006

Lefebvre 2019

Levine 1990

Levine 2018

Li 2017

Li 2019

https://doi.org/10.1056/NEJM198806303182605
https://scholar.google.com/scholar_lookup?title=An+assessment+of+clinically+useful+measures+of+the+consequences+of+treatment&author=A+Laupacis&author=DL+Sackett&author=RS+Roberts&publication_year=1988&hl=en
https://doi.org/10.1093/eurheartj/ehaa099
https://scholar.google.com/scholar_lookup?title=Targeting+cardiovascular+inflammation:+next+steps+in+clinical+translation&author=PR+Lawler&author=DL+Bhatt&author=LC+Godoy&author=TF+L%C3%BCscher&author=RO+Bonow&author=S+Verma&publication_year=2020&hl=en
https://www.ncbi.nlm.nih.gov/pubmed/16356539
https://scholar.google.com/scholar_lookup?title=Circulating+CD40+ligand+is+elevated+only+in+patients+with+more+advanced+symptomatic+peripheral+arterial+diseases+&author=WHH+%C2%A0Sheu&author=YT+%C2%A0Chen&author=TJ+%C2%A0Liu&author=KW+%C2%A0Liang&author=CT+Ting&publication_year=2006&hl=en
https://doi.org/10.1056/NEJM199007263230405
https://scholar.google.com/scholar_lookup?title=Elevated+circulating+levels+of+tumor+necrosis+factor+in+severe+chronic+heart+failure&author=B+Levine&author=J+Kalman&author=L+Mayer&author=HM+Fillit&author=M+Packer&publication_year=1990&hl=en
https://doi.org/10.2174/1381612822666161230142931
https://www.ncbi.nlm.nih.gov/pubmed/28034355
https://scholar.google.com/scholar_lookup?title=Inflammation:+a+novel+therapeutic+target/direction+in+atherosclerosis&author=B+Li&author=W+Li&author=X+Li&author=H+Zhou&publication_year=2017&hl=en


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 33/66

Liao KP. Cardiovascular disease in patients with rheumatoid arthritis. Trends in Cardiovascular Medicine
2017;27(2):136-40. [PMID: 27612551]

Link to article  PubMed  Google Scholar

Libby P. Act local, act global: inflammation and the multiplicity of "vulnerable" coronary plaques. Journal of the
American College of Cardiology2005;45(10):1600-2. [PMID: 15893173]

Google Scholar

Libby P. Interleukin-1 beta as a target for atherosclerosis therapy: biological basis of CANTOS and beyond. Journal of
the American College of Cardiology 2017;70(18):2278-89. [PMID: 29073957]

Link to article  PubMed  Google Scholar

Libby P, Loscalzo J, Ridker PM, Farkouh ME, Hsue PY, Fuster V, et al. Inflammation, immunity, and infection in
atherothrombosis: JACC review topic of the week. Journal of the American College of Cardiology 2018;72(17):2071-
81. [PMID: 30336831]

Link to article  PubMed  Google Scholar

Liberale L, Montecucco F, Schwarz L, Lüscher TF, Camici GG. Inflammation and cardiovascular diseases: lessons from
seminal clinical trials. Cardiovascular Research 2020;Online ahead of print:Jul 14. [DOI: 10.1093/cvr/cvaa211] [PMID:
32666079]

Google Scholar

Lim GB. Anti-inflammatory therapy for secondary prevention after MI. Nature Reviews. Cardiology 2020;17(2):70-1.
[PMID: 31796889]

Link to article  PubMed  Google Scholar

Liu H, Liu X, Zhuang H, Fan H, Zhu D, Xu Y, et al. Mitochondrial contact sites in inflammation-induced cardiovascular
disease. Frontiers in Cell and Developmental Biology 2020;8:692. [PMID: 32903766]

Link to article  PubMed  Google Scholar

Liu AY. Infectious implications of interleukin-1, interleukin-6, and T helper type 2 inhibition. Infectious Disease Clinics
of North America 2020;34(2):211-34. [PMID: 32334983]

Link to article  PubMed  Google Scholar

Liao 2017

Libby 2005

Libby 2017

Libby 2018

Liberale 2020

Lim 2020

Liu 2020

Liu 2020a

https://doi.org/10.1016/j.tcm.2016.07.006
https://www.ncbi.nlm.nih.gov/pubmed/27612551
https://scholar.google.com/scholar_lookup?title=Cardiovascular+disease+in+patients+with+rheumatoid+arthritis&author=KP+Liao&publication_year=2017&hl=en
https://scholar.google.com/scholar_lookup?title=Act+local,+act+global:+inflammation+and+the+multiplicity+of+
https://doi.org/10.1016/j.jacc.2017.09.028
https://www.ncbi.nlm.nih.gov/pubmed/29073957
https://scholar.google.com/scholar_lookup?title=Interleukin-1+beta+as+a+target+for+atherosclerosis%C2%A0therapy:+biological+basis+of+CANTOS%C2%A0and%C2%A0beyond&author=P+Libby&publication_year=2017&hl=en
https://doi.org/10.1016/j.jacc.2018.08.1043
https://www.ncbi.nlm.nih.gov/pubmed/30336831
https://scholar.google.com/scholar_lookup?title=Inflammation,+immunity,+and+infection+in+atherothrombosis:+JACC+review+topic+of+the+week+&author=P+Libby&author=J+Loscalzo&author=PM+Ridker&author=ME+Farkouh&author=PY+Hsue&author=V+Fuster&publication_year=2018&hl=en
http://dx.doi.org/10.1093/cvr/cvaa211
https://scholar.google.com/scholar_lookup?title=Inflammation+and+cardiovascular+diseases:+lessons+from+seminal+clinical+trials&author=L+Liberale&author=F+Montecucco&author=L+Schwarz&author=TF+L%C3%BCscher&author=GG+Camici&publication_year=2020&hl=en
https://doi.org/10.1038/s41569-019-0323-x
https://www.ncbi.nlm.nih.gov/pubmed/31796889
https://scholar.google.com/scholar_lookup?title=Anti-inflammatory+therapy+for+secondary+prevention+after+MI&author=GB+Lim&publication_year=2020&hl=en
https://doi.org/10.3389/fcell.2020.00692
https://www.ncbi.nlm.nih.gov/pubmed/32903766
https://scholar.google.com/scholar_lookup?title=Mitochondrial+contact+sites+in+inflammation-induced+cardiovascular+disease&author=H+Liu&author=X+Liu&author=H+Zhuang&author=H+Fan&author=D+Zhu&author=Y+Xu&publication_year=2020&hl=en
https://doi.org/10.1016/j.idc.2020.02.003
https://www.ncbi.nlm.nih.gov/pubmed/32334983
https://scholar.google.com/scholar_lookup?title=Infectious+implications+of+interleukin-1,+interleukin-6,+and+T+helper+type+2+inhibition&author=AY+Liu&publication_year=2020&hl=en


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 34/66

Maki KC, Dicklin MR, Nieman KM. Chapter 1. Epidemiologic characterization of risk for cardiovascular diseases. In:
Toth PP, Cannon CP, editors(s). Comprehensive cardiovascular medicine in the primary care setting . 2nd edition.
Switzerland: Humana Press, Springer, 2019:3-20. [DOI: 10.1007/978-3-319-97622-8_1]

Link to article

Mann DL, McMurray JJ, Packer M, Swedberg K, Borer JS, Colucci WS, et al. Targeted anticytokine therapy in patients
with chronic heart failure: results of the randomized etanercept worldwide evaluation (RENEWAL). Circulation
2004;109(13):1594-602. [PMID: 15023878]

Link to article  PubMed  Google Scholar

Martinod K, Deppermann C. Immunothrombosis and thromboinflammation in host defense and disease. Platelets
2020;Sep 8:Online ahead of print. [PMID: 32896192]

Google Scholar

Masters SL. Broadening the definition of autoinflammation. Seminars in Immunopathology2015;37(4):311-2. [PMID:
25994947]

Google Scholar

Mauriello A, Sangiorgi G, Fratoni S, Palmieri G, Bonanno E, Anemona L, et al. Diffuse and active inflammation occurs in
both vulnerable and stable plaques of the entire coronary tree: a histopathologic study of patients dying of acute
myocardial infarction. Journal of the American College of Cardiology 2005;45(10):1585-93. [PMID: 15893171]

Link to article  PubMed  Google Scholar

McMaster WG, Kirabo A, Madhur MS, Harrison DG. Inflammation, immunity, and hypertensive end-organ damage.
Circulation Research 2015;116(6):1022-33. [PMID: 25767287]

Link to article  PubMed  Google Scholar

Mitoma H, Horiuchi T, Tsukamoto H, Ueda N. Molecular mechanisms of action of anti-TNF-α agents - Comparison
among therapeutic TNF-α antagonists. Cytokine 2018;101:56-63. [PMID: 27567553]

Link to article  PubMed  Google Scholar

Monda E, Palmiero G, Rubino M, Verrillo F, Amodio F, Di Fraia F, et al. Molecular basis of inflammation in the
pathogenesis of cardiomyopathies. International Journal of Molecular Sciences 2020;21(18):E6462. [PMID: 32899712]

Maki 2019

Mann 2004

Martinod 2020

Masters 2015

Mauriello 2005

McMaster 2015

Mitoma 2018

Monda 2020

http://dx.doi.org/10.1007/978-3-319-97622-8_1
https://doi.org/10.1007/978-3-319-97622-8_1
https://doi.org/10.1161/01.CIR.0000124490.27666.B2
https://www.ncbi.nlm.nih.gov/pubmed/15023878
https://scholar.google.com/scholar_lookup?title=Targeted+anticytokine+therapy+in+patients+with+chronic+heart+failure:+results+of+the+randomized+etanercept+worldwide+evaluation+(RENEWAL)+&author=DL+Mann&author=JJ+McMurray&author=M+Packer&author=K+Swedberg&author=JS+Borer&author=WS+Colucci&publication_year=2004&hl=en
https://scholar.google.com/scholar_lookup?title=Immunothrombosis+and+thromboinflammation+in+host+defense+and+disease&author=K+Martinod&author=C+Deppermann&publication_year=2020&hl=en
https://scholar.google.com/scholar_lookup?title=Broadening+the+definition+of+autoinflammation&author=SL+Masters&publication_year=2015&hl=en
https://doi.org/10.1016/j.jacc.2005.01.054
https://www.ncbi.nlm.nih.gov/pubmed/15893171
https://scholar.google.com/scholar_lookup?title=Diffuse+and+active+inflammation+occurs+in+both+vulnerable+and+stable+plaques+of+the+entire+coronary+tree:+a+histopathologic+study+of+patients+dying+of+acute+myocardial+infarction+&author=A+Mauriello&author=G+Sangiorgi&author=S+Fratoni&author=G+Palmieri&author=E+Bonanno&author=L+Anemona&publication_year=2005&hl=en
https://doi.org/10.1161/CIRCRESAHA.116.303697
https://www.ncbi.nlm.nih.gov/pubmed/25767287
https://scholar.google.com/scholar_lookup?title=Inflammation,+immunity,+and+hypertensive+end-organ+damage&author=WG+McMaster&author=A+Kirabo&author=MS+Madhur&author=DG+Harrison&publication_year=2015&hl=en
https://doi.org/10.1016/j.cyto.2016.08.014
https://www.ncbi.nlm.nih.gov/pubmed/27567553
https://scholar.google.com/scholar_lookup?title=Molecular+mechanisms+of+action+of+anti-TNF-%CE%B1+agents+-+Comparison+among+therapeutic+TNF-%CE%B1+antagonists+&author=H+Mitoma&author=T+Horiuchi&author=H+Tsukamoto&author=N+Ueda&publication_year=2018&hl=en


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 35/66

Link to article  PubMed  Google Scholar

Montecucco F, Liberale L, Bonaventura A, Vecchiè A, Dallegri F, Carbone F. The role of inflammation in cardiovascular
outcome. Current Atherosclerosis Reports 2017;19(3):11. [PMID: 28194569]

Link to article  PubMed  Google Scholar

Moreland LW. Rheumatology and Immunology Therapy. A to Z Essentials . 1st edition. Italy: Springer-Verlag, 2004. [3-
540-20625-6] [Library of Congress Control Number: 2004103586]

Moriya J. Critical roles of inflammation in atherosclerosis. Journal of Cardiology 2019;73(1):22-7. [PMID: 29907363]

Link to article  PubMed  Google Scholar

Morton AC, Rothman AM, Greenwood JP, Gunn J, Chase A, Clarke B, et al. The effect of interleukin-1 receptor
antagonist therapy on markers of inflammation in non-ST elevation acute coronary syndromes: the MRC-ILA Heart
Study. European Heart Journal 2015;36(6):377-84. [PMID: 25079365]

Link to article  PubMed  Google Scholar

Musher DM, Abers MS, Corrales-Medina VF. Acute infection and myocardial infarction. New England Journal of
Medicine 2019;380(2):171-6. [PMID: 30625066]

Link to article  Google Scholar

Nasonov EL, Popkova TV. Atherosclerosis: perspectives of anti-inflammatory therapy. Terapevticheskii Arkhiv
2018;90(5):4-12. [PMID: 30701884]

Link to article  PubMed  Google Scholar

National Cancer Institute. Humanized monoclonal antibody. Dictionary of Cancer Terms
(www.cancer.gov/publications/dictionaries/cancer-terms/def/humanized-monoclonal-antibody) (accessed 15
September 2020).

National Cancer Institute (NCI) Drug Dictionary. Anakinra. www.cancer.gov/publications/dictionaries/cancer-
drug/def/anakinra (accessed 22 September 2020).

Montecucco 2017

Moreland 2004

Moriya 2019

Morton 2015

Musher 2019

Nasonov 2018

NCI 2020

NCI 2020a

NCI 2020b

https://doi.org/10.3390/ijms21186462
https://www.ncbi.nlm.nih.gov/pubmed/32899712
https://scholar.google.com/scholar_lookup?title=Molecular+basis+of+inflammation+in+the+pathogenesis+of+cardiomyopathies&author=E+Monda&author=G+Palmiero&author=M+Rubino&author=F+Verrillo&author=F+Amodio&author=F+DiFraia&publication_year=2020&hl=en
https://doi.org/10.1007/s11883-017-0646-1
https://www.ncbi.nlm.nih.gov/pubmed/28194569
https://scholar.google.com/scholar_lookup?title=The+role+of+inflammation+in+cardiovascular+outcome&author=F+Montecucco&author=L+Liberale&author=A+Bonaventura&author=A+Vecchi%C3%A8&author=F+Dallegri&author=F+Carbone&publication_year=2017&hl=en
https://doi.org/10.1016/j.jjcc.2018.05.010
https://www.ncbi.nlm.nih.gov/pubmed/29907363
https://scholar.google.com/scholar_lookup?title=Critical+roles+of+inflammation+in+atherosclerosis&author=J+Moriya&publication_year=2019&hl=en
https://doi.org/10.1093/eurheartj/ehu272
https://www.ncbi.nlm.nih.gov/pubmed/25079365
https://scholar.google.com/scholar_lookup?title=The+effect+of+interleukin-1+receptor+antagonist+therapy+on+markers+of+inflammation+in+non-ST+elevation+acute+coronary+syndromes:+the+MRC-ILA+Heart+Study+&author=AC+Morton&author=AM+Rothman&author=JP+Greenwood&author=J+Gunn&author=A+Chase&author=B+Clarke&publication_year=2015&hl=en
https://doi.org/10.1056/NEJMra1808137
https://scholar.google.com/scholar_lookup?title=Acute+infection+and+myocardial+infarction&author=DM+Musher&author=MS+Abers&author=VF+Corrales-Medina&publication_year=2019&hl=en
https://doi.org/10.26442/terarkh20189054-12
https://www.ncbi.nlm.nih.gov/pubmed/30701884
https://scholar.google.com/scholar_lookup?title=Atherosclerosis:+perspectives+of+anti-inflammatory+therapy&author=EL+Nasonov&author=TV+Popkova&publication_year=2018&hl=en


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 36/66

National Cancer Institute (NCI) Drug Dictionary. Canakinumab. www.cancer.gov/publications/dictionaries/cancer-
drug/def/795723 (accessed 22 September 2020).

National Cancer Institute (NCI) Drug Dictionary. Etanercept. www.cancer.gov/publications/dictionaries/cancer-
drug/def/etanercept (accessed 22 September 2020).

Hsue P. Effect of IL--1β inhibition on inflammation and cardiovascular risk. clinicaltrials.gov/ct2/show/NCT02272946?
term=Canakinumab&cond=cardiovascular+diseases&draw=2&rank=1 (accessed 22 September 2020).

Abbate A, Van Tassell B. Interleukin-1 blockade in recently decompensated heart failure - 2 (REDHART2).
clinicaltrials.gov/ct2/show/NCT03797001?cond=03797001&draw=2&rank=1 (accessed 24 September 2020).

Nguyen MT, Fernando S, Schwarz N, Tan JT, Bursill CA, Psaltis PJ. Inflammation as a therapeutic target in
atherosclerosis. Journal of Clinical Medicine 2019;8(8):1109. [PMID: 31357404]

Link to article  Google Scholar

Norouzi S, Javinani A, Aminorroaya A, Masoumi M. Anti-modified citrullinated vimentin antibody: a novel biomarker
associated with cardiac systolic dysfunction in patients with rheumatoid arthritis. BMC Cardiovascular Disorders
2020;20(1):390. [PMID: 32847506]

Link to article  PubMed  Google Scholar

Nylaende M,   Kroese A,  Stranden E,  Morken B,  Sandbaek G,   Lindahl AK, et al. Markers of vascular inflammation are
associated with the extent of atherosclerosis assessed as angiographic score and treadmill walking distances in
patients with peripheral arterial occlusive disease. Vascular Medicine 2006;11(1):21-8. [PMID: 16669409]

Link to article  PubMed  Google Scholar

Nylaende M,  Kroese A,  Stranden E,  Morken B,  Sandbaek G,  Lindahl AK, et al. Prothrombotic activity is associated
with the anatomical as well as the functional severity of peripheral arterial occlusive disease. Thrombosis and
Haemostasis 2006;95(4):702-7. [PMID: 16601842]

Link to article  PubMed  Google Scholar

Oikonomou E, Leopoulou M, Theofilis P, Antonopoulos AS, Siasos G, Latsios G, et al. A link between inflammation and
thrombosis in atherosclerotic cardiovascular diseases: Clinical and therapeutic implications. Atherosclerosis
2020;309:16-26. [PMID: 32858395]

NCI 2020c

NCT02272946

NCT03797001

Nguyen 2019

Norouzi 2020

Nylaende 2006

Nylaende 2006a

Oikonomou 2020

https://doi.org/10.3390/jcm8081109
https://scholar.google.com/scholar_lookup?title=Inflammation+as+a+therapeutic+target+in+atherosclerosis&author=MT+Nguyen&author=S+Fernando&author=N+Schwarz&author=JT+Tan&author=CA+Bursill&author=PJ+Psaltis&publication_year=2019&hl=en
https://doi.org/10.1186/s12872-020-01676-x
https://www.ncbi.nlm.nih.gov/pubmed/32847506
https://scholar.google.com/scholar_lookup?title=Anti-modified+citrullinated+vimentin+antibody:+a+novel+biomarker+associated+with+cardiac+systolic+dysfunction+in+patients+with+rheumatoid+arthritis+&author=S+Norouzi&author=A+Javinani&author=A+Aminorroaya&author=M+Masoumi&publication_year=2020&hl=en
https://doi.org/10.1191/1358863x06vm662oa
https://www.ncbi.nlm.nih.gov/pubmed/16669409
https://scholar.google.com/scholar_lookup?title=Markers+of+vascular+inflammation+are+associated+with+the+extent+of+atherosclerosis+assessed+as+angiographic+score+and+treadmill+walking+distances+in+patients+with+peripheral+arterial+occlusive+disease+&author=M+Nylaende&author=A+%C2%A0Kroese&author=B+%C2%A0Morken&author=G+%C2%A0Sandbaek&author=AK+%C2%A0Lindahl&publication_year=2006&hl=en
https://doi.org/10.1160/TH06-01-0007
https://www.ncbi.nlm.nih.gov/pubmed/16601842
https://scholar.google.com/scholar_lookup?title=Prothrombotic+activity+is+associated+with+the+anatomical+as+well+as+the+functional+severity+of+peripheral+arterial+occlusive+disease+&author=A+%C2%A0Kroese&author=E+%C2%A0Stranden&author=B+%C2%A0Morken&author=G+%C2%A0Sandbaek&author=AK+%C2%A0Lindahl&publication_year=2006&hl=en


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 37/66

Link to article  PubMed  Google Scholar

O’Shea JJ, Gadina M, Siegel RM. Chapter 9. Cytokines and cytokine receptors. In: Rich RR, Fleisher TA, Shearer WT,
Schroeder HW, Frew AJ, Weyand CM, editors(s). Clinical Immunology: Principles and Practice . 5th edition. China:
Elsevier Limited, 2019:127-55. [ISBN: 978-0-7020-6896-6]

Link to article

Padfield GJ, Din JN, Koushiappi E, Mills NL, Robinson SD, Cruden Nle M, et al. Cardiovascular effects of tumour
necrosis factor α antagonism in patients with acute myocardial infarction: a first in human study. Heart
2013;99(18):1330-5. [PMID: 23574969]

Link to article  PubMed  Google Scholar

Page MJ, McKenzie JE,  Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. Updating guidance for reporting
systematic reviews: development of the PRISMA 2020 statement. Journal of Clinical Epidemiology 2021;134:103-12.
[PMID: 33577987]

PubMed  Google Scholar

Pan A, Gerriets V. Etanercept. In: StatPearls [Internet] Treasure Island (FL): StatPearls Publishing . Treasure Island (FL):
StatPearls Publishing, 2020. [PMID: 31424836]

Peiró C, Lorenzo O, Carraro R, Sánchez-Ferrer CF. IL-1β inhibition in cardiovascular complications associated to
diabetes mellitus. Frontiers in Pharmacology 2017;8:363. [PMID: 28659798]

Link to article  PubMed  Google Scholar

Peters JL, Sutton AJ, Jones DR, Abrams KR, Rushton L. Contour-enhanced meta-analysis funnel plots help distinguish
publication bias from other causes of asymmetry. Journal of Clinical Epidemiology 2008;61(10):991-6. [PMID:
18538991]

Link to article  PubMed  Google Scholar

Pugliese NR, Fabiani I, Conte L, Nesti L, Masi S, Natali A, et al. Persistent congestion, renal dysfunction and
inflammatory cytokines in acute heart failure: a prognosis study. Journal of Cardiovascular Medicine 2020;21(7):494-
502. [PMID: 32487865]

Link to article  PubMed  Google Scholar

O’Shea 2019

Padfield 2013

Page 2021

Pan 2020

Peiró 2017

Peters 2008

Pugliese 2020

Raggi 2018

https://doi.org/10.1016/j.atherosclerosis.2020.07.027
https://www.ncbi.nlm.nih.gov/pubmed/32858395
https://scholar.google.com/scholar_lookup?title=A+link+between+inflammation+and+thrombosis+in+atherosclerotic+cardiovascular+diseases:+Clinical+and+therapeutic+implications+&author=E+Oikonomou&author=M+Leopoulou&author=P+Theofilis&author=AS+Antonopoulos&author=G+Siasos&author=G+Latsios&publication_year=2020&hl=en
https://doi.org/10.1016/B978-0-7020-6896-6.00009-0
https://doi.org/10.1136/heartjnl-2013-303648
https://www.ncbi.nlm.nih.gov/pubmed/23574969
https://scholar.google.com/scholar_lookup?title=Cardiovascular+effects+of+tumour+necrosis+factor+%CE%B1+antagonism+in+patients+with+acute+myocardial+infarction:+a+first+in+human+study+&author=GJ+Padfield&author=JN+Din&author=E+Koushiappi&author=NL+Mills&author=SD+Robinson&author=M+CrudenNle&publication_year=2013&hl=en
https://www.ncbi.nlm.nih.gov/pubmed/33577987
https://scholar.google.com/scholar_lookup?title=Updating+guidance+for+reporting+systematic+reviews:+development+of+the+PRISMA+2020+statement+&author=JE+McKenzie&author=I+Boutron&author=TC+Hoffmann&author=CD+Mulrow&publication_year=2021&hl=en
https://doi.org/10.3389/fphar.2017.00363
https://www.ncbi.nlm.nih.gov/pubmed/28659798
https://scholar.google.com/scholar_lookup?title=IL-1%CE%B2+inhibition+in+cardiovascular+complications+associated+to+diabetes+mellitus&author=C+Peir%C3%B3&author=O+Lorenzo&author=R+Carraro&author=CF+S%C3%A1nchez-Ferrer&publication_year=2017&hl=en
https://doi.org/10.1016/j.jclinepi.2007.11.010
https://www.ncbi.nlm.nih.gov/pubmed/18538991
https://scholar.google.com/scholar_lookup?title=Contour-enhanced+meta-analysis+funnel+plots+help+distinguish+publication+bias+from+other+causes+of+asymmetry+&author=JL+Peters&author=AJ+Sutton&author=DR+Jones&author=KR+Abrams&author=L+Rushton&publication_year=2008&hl=en
https://doi.org/10.2459/JCM.0000000000000974
https://www.ncbi.nlm.nih.gov/pubmed/32487865
https://scholar.google.com/scholar_lookup?title=Persistent+congestion,+renal+dysfunction+and+inflammatory+cytokines+in+acute+heart+failure:+a+prognosis+study+&author=NR+Pugliese&author=I+Fabiani&author=L+Conte&author=L+Nesti&author=S+Masi&author=A+Natali&publication_year=2020&hl=en


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 38/66

Raggi P, Genest J, Giles JT, Rayner KJ, Dwivedi G, Beanlands RS, et al. Role of inflammation in the pathogenesis of
atherosclerosis and therapeutic interventions. Atherosclerosis 2018;276:98-108. [PMID: 30055326]

Link to article  PubMed  Google Scholar

Rahman K, Fisher EA. Insights from pre-clinical and clinical studies on the role of innate inflammation in
atherosclerosis regression. Frontiers in Cardiovascular Medicine 2018;5:32. [PMID: 29868610]

Link to article  PubMed  Google Scholar

Rai A, Narisawa M, Li P, Piao L, Li Y, Yang G, et al. Adaptive immune disorders in hypertension and heart failure:
focusing on T-cell subset activation and clinical implications. Journal of Hypertension 2020;38(10):1878-89. [PMID:
32890260]

Link to article  PubMed  Google Scholar

The Nordic Cochrane CentreThe Cochrane Collaboration Review Manager Web (RevManWeb). Available at:
revman.cochrane.org. Copenhagen: The Nordic Cochrane Centre, 2019.

Rider P, Carmi Y, Cohen I. Biologics for targeting inflammatory cytokines, clinical uses, and limitations. International
Journal of Cell Biology 2016;2016:9259646. [PMID: 28083070]

Link to article  PubMed  Google Scholar

Ridker PM, Howard CP, Walter V, Everett B, Libby P, Hensen J, et al, CANTOS Pilot Investigative Group. Effects of
interleukin-1β inhibition with canakinumab on hemoglobin A1c, lipids, C-reactive protein, interleukin-6, and
fibrinogen: a phase IIb randomized, placebo-controlled trial. Circulation 2012;126(23):2739-48. [PMID: 23129601]

Link to article  PubMed  Google Scholar

Ridker PM, Everett BM, Thuren T, MacFadyen JG, Chang WA, Ballantyne C, et al, CANTOS Trial Group.
Antiinflammatory therapy with canakinumab for atherosclerotic disease. New England Journal of Medicine
2017;377(12):1119-31. [PMID: 28845751]

Link to article  Google Scholar

Ridker PM. Anticytokine agents: targeting interleukin signaling pathways for the treatment of atherothrombosis.
Circulation Research 2019;124(3):437-50. [PMID: 30702995]

Link to article  PubMed  Google Scholar

Rahman 2018

Rai 2020

RevMan Web 2019 [Computer program]

Rider 2016

Ridker 2012

Ridker 2017

Ridker 2019

Riksen 2020

https://doi.org/10.1016/j.atherosclerosis.2018.07.014
https://www.ncbi.nlm.nih.gov/pubmed/30055326
https://scholar.google.com/scholar_lookup?title=Role+of+inflammation+in+the+pathogenesis+of+atherosclerosis+and+therapeutic+interventions&author=P+Raggi&author=J+Genest&author=JT+Giles&author=KJ+Rayner&author=G+Dwivedi&author=RS+Beanlands&publication_year=2018&hl=en
https://doi.org/10.3389/fcvm.2018.00032
https://www.ncbi.nlm.nih.gov/pubmed/29868610
https://scholar.google.com/scholar_lookup?title=Insights+from+pre-clinical+and+clinical+studies+on+the+role+of+innate+inflammation+in+atherosclerosis+regression+&author=K+Rahman&author=EA+Fisher&publication_year=2018&hl=en
https://doi.org/10.1097/HJH.0000000000002456
https://www.ncbi.nlm.nih.gov/pubmed/32890260
https://scholar.google.com/scholar_lookup?title=Adaptive+immune+disorders+in+hypertension+and+heart+failure:+focusing+on+T-cell+subset+activation+and+clinical+implications+&author=A+Rai&author=M+Narisawa&author=P+Li&author=L+Piao&author=Y+Li&author=G+Yang&publication_year=2020&hl=en
https://doi.org/10.1155/2016/9259646
https://www.ncbi.nlm.nih.gov/pubmed/28083070
https://scholar.google.com/scholar_lookup?title=Biologics+for+targeting+inflammatory+cytokines,+clinical+uses,+and+limitations&author=P+Rider&author=Y+Carmi&author=I+Cohen&publication_year=2016&hl=en
https://doi.org/10.1161/CIRCULATIONAHA.112.122556
https://www.ncbi.nlm.nih.gov/pubmed/23129601
https://scholar.google.com/scholar_lookup?title=Effects+of+interleukin-1%CE%B2+inhibition+with+canakinumab+on+hemoglobin+A1c,+lipids,+C-reactive+protein,+interleukin-6,+and+fibrinogen:+a+phase+IIb+randomized,+placebo-controlled+trial+&author=PM+Ridker&author=CP+Howard&author=V+Walter&author=B+Everett&author=P+Libby&author=J+Hensen&publication_year=2012&hl=en
https://doi.org/10.1056/NEJMoa1707914
https://scholar.google.com/scholar_lookup?title=Antiinflammatory+therapy+with+canakinumab+for+atherosclerotic+disease&author=PM+Ridker&author=BM+Everett&author=T+Thuren&author=JG+MacFadyen&author=WA+Chang&author=C+Ballantyne&publication_year=2017&hl=en
https://doi.org/10.1161/CIRCRESAHA.118.313129
https://www.ncbi.nlm.nih.gov/pubmed/30702995
https://scholar.google.com/scholar_lookup?title=Anticytokine+agents:+targeting+interleukin+signaling+pathways+for+the+treatment+of+atherothrombosis+&author=PM+Ridker&publication_year=2019&hl=en


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 39/66

Riksen NP, Netea MG. Immunometabolic control of trained immunity. Molecular Aspects of Medicine 2020;Sep
2:Online ahead of print. [PMID: 32891423]

Link to article  Google Scholar

Riley RD, Higgins JP, Deeks JJ. Interpretation of random effects meta-analyses. BMJ 2011;342:d549. [PMID: 21310794]

Link to article  PubMed  Google Scholar

Rordorf R, Savastano S, Sanzo A, Spazzolini C, De Amici M, Camporotondo R, et al. Tumor necrosis factor - α predicts
response to cardiac resynchronization therapy in patients with chronic heart failure. Circulation Journal
2014;78(9):2232-9. [PMID: 24954238]

Link to article  PubMed  Google Scholar

Ross R. Atherosclerosis--an inflammatory disease. New England Journal of Medicine 1999;340(2):115-26. [PMID:
9887164]

Link to article  Google Scholar

Ruparelia N, Choudhury R. Inflammation and atherosclerosis: what is on the horizon? Heart 2020;106(1):80-5. [PMID:
31843811]

Link to article  PubMed  Google Scholar

Rus HG, Vlaicu R, Niculescu F. Interleukin-6 and interleukin-8 protein and gene expression in human arterial
atherosclerotic wall. Atherosclerosis 1996;127(2):263-71. [PMID: 9125317]

Link to article  PubMed  Google Scholar

Rymer JA, Newby LK. Failure to launch: targeting Inflammation in acute coronary syndromes. JACC. Basic to
translational science 2017;2(4):484-97. [PMID: 30062164]

Link to article  PubMed  Google Scholar

Sano S, Oshima K, Wang Y, Katanasaka Y, Sano M, Walsh K. CRISPR-mediated gene editing to assess the roles of Tet2
and Dnmt3a in clonal hematopoiesis and cardiovascular disease. Circulation Research 2018;123(3):335-41. [PMID:
29728415]

Link to article  PubMed  Google Scholar

Riley 2011

Rordorf 2014

Ross 1999

Ruparelia 2020

Rus 1996

Rymer 2017

Sano 2018

Santesso 2020

https://doi.org/10.1016/j.mam.2020.100897
https://scholar.google.com/scholar_lookup?title=Immunometabolic+control+of+trained+immunity&author=NP+Riksen&author=MG+Netea&publication_year=2020&hl=en
https://doi.org/10.1136/bmj.d549
https://www.ncbi.nlm.nih.gov/pubmed/21310794
https://scholar.google.com/scholar_lookup?title=Interpretation+of+random+effects+meta-analyses&author=RD+Riley&author=JP+Higgins&author=JJ+Deeks&publication_year=2011&hl=en
https://doi.org/10.1253/circj.CJ-14-0023
https://www.ncbi.nlm.nih.gov/pubmed/24954238
https://scholar.google.com/scholar_lookup?title=Tumor+necrosis+factor+-+%CE%B1+predicts+response+to+cardiac+resynchronization+therapy+in+patients+with+chronic+heart+failure+&author=R+Rordorf&author=S+Savastano&author=A+Sanzo&author=C+Spazzolini&author=M+DeAmici&author=R+Camporotondo&publication_year=2014&hl=en
https://doi.org/10.1056/NEJM199901143400207
https://scholar.google.com/scholar_lookup?title=Atherosclerosis--an+inflammatory+disease&author=R+Ross&publication_year=1999&hl=en
https://doi.org/10.1136/heartjnl-2018-314230
https://www.ncbi.nlm.nih.gov/pubmed/31843811
https://scholar.google.com/scholar_lookup?title=Inflammation+and+atherosclerosis:+what+is+on+the+horizon?&author=N+Ruparelia&author=R+Choudhury&publication_year=2020&hl=en
https://doi.org/10.1016/S0021-9150(96)05968-0
https://www.ncbi.nlm.nih.gov/pubmed/9125317
https://scholar.google.com/scholar_lookup?title=Interleukin-6+and+interleukin-8+protein+and+gene+expression+in+human+arterial+atherosclerotic+wall+&author=HG+Rus&author=R+Vlaicu&author=F+Niculescu&publication_year=1996&hl=en
https://doi.org/10.1016/j.jacbts.2017.07.001
https://www.ncbi.nlm.nih.gov/pubmed/30062164
https://scholar.google.com/scholar_lookup?title=Failure+to+launch:+targeting+Inflammation+in+acute+coronary+syndromes&author=JA+Rymer&author=LK+Newby&publication_year=2017&hl=en
https://doi.org/10.1161/CIRCRESAHA.118.313225
https://www.ncbi.nlm.nih.gov/pubmed/29728415
https://scholar.google.com/scholar_lookup?title=CRISPR-mediated+gene+editing+to+assess+the+roles+of+Tet2+and+Dnmt3a+in+clonal+hematopoiesis+and+cardiovascular+disease+&author=S+Sano&author=K+Oshima&author=Y+Wang&author=Y+Katanasaka&author=M+Sano&author=K+Walsh&publication_year=2018&hl=en


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 40/66

Santesso N,  Glenton C,  Dahm P,  Garner P,   Akl EA,   Alper B,  for the GRADE Working Group. GRADE guidelines 26:
informative statements to communicate the findings of systematic reviews of interventions. Journal of Clinical
Epidemiology 2020;119:126-35. [PMID: 31711912]

Link to article  PubMed

Sarwar N, Butterworth AS, Freitag DF, Gregson J, Willeit P, Gorman DN, et al, IL6R genetics consortium emerging risk
factors collaboration. Interleukin-6 receptor pathways in coronary heart disease: a collaborative meta-analysis of 82
studies. Lancet 2012;379(9822):1205-13. [PMID: 22421339]

PubMed  Google Scholar

Schünemann HJ, Higgins JPT, Vist GE, Glasziou P, Akl EA, Skoetz N, et al. Chapter 14: Completing ‘Summary of
findings’ tables and grading the certainty of the evidence. In: Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T,
Page MJ, Welch VA, editors(s). Cochrane Handbook for Systematic Reviews of Interventions . 2nd edition. Chichester
(UK): John Wiley & Sons, 2019:375-402.

Link to article

Shah PK, Lecis D. Inflammation in atherosclerotic cardiovascular disease. F1000Research 2019;8:F1000. [PMID:
31448091]

Link to article  Google Scholar

Sharma A. Peripheral Vascular Disease in Primary Care . 2nd edition. Boca Raton, FL: CRC Press Taylor & Francis
Group, 2016. [ISBN: 13: 978-1-84619-435-1]

Sheppard M, Laskou F, Stapleton PP, Hadavi S, Dasgupta B. Tocilizumab (Actemra). Human Vaccines and
Immunotherapeutics 2017;13(9):1972-88. [PMID: 28841363]

Link to article  PubMed  Google Scholar

Singh S, Kumar NK, Dwiwedi P, Charan J, Kaur R, Sidhu P, et al. Monoclonal antibodies: a review. Current Clinical
Pharmacology 2018;13(2):85-99. [PMID: 28799485]

Link to article  PubMed  Google Scholar

Spittel Jr JA. Peripheral vascular disease for cardiologists. A clinical approach . First edition. Elmsford, New York, USA:
Blackwell Publishing, Inc, 2004. [ISBN: 1–4051–0366–3]

Sarwar 2012

Schünemann 2019

Shah 2019

Sharma 2016

Sheppard 2017

Singh 2018

Spittel 2004

Spitzer 2019

https://doi.org/10.1016/j.jclinepi.2019.10.014
https://www.ncbi.nlm.nih.gov/pubmed/31711912
https://www.ncbi.nlm.nih.gov/pubmed/22421339
https://scholar.google.com/scholar_lookup?title=Interleukin-6+receptor+pathways+in+coronary+heart+disease:+a+collaborative+meta-analysis+of+82+studies+&author=N+Sarwar&author=AS+Butterworth&author=DF+Freitag&author=J+Gregson&author=P+Willeit&author=DN+Gorman&publication_year=2012&hl=en
https://doi.org/10.1002/9781119536604.ch14
https://doi.org/10.12688/f1000research.18901.1
https://scholar.google.com/scholar_lookup?title=Inflammation+in+atherosclerotic+cardiovascular+disease&author=PK+Shah&author=D+Lecis&publication_year=2019&hl=en
https://doi.org/10.1080/21645515.2017.1316909
https://www.ncbi.nlm.nih.gov/pubmed/28841363
https://scholar.google.com/scholar_lookup?title=Tocilizumab+(Actemra)&author=M+Sheppard&author=F+Laskou&author=PP+Stapleton&author=S+Hadavi&author=B+Dasgupta&publication_year=2017&hl=en
https://doi.org/10.2174/1574884712666170809124728
https://www.ncbi.nlm.nih.gov/pubmed/28799485
https://scholar.google.com/scholar_lookup?title=Monoclonal+antibodies:+a+review&author=S+Singh&author=NK+Kumar&author=P+Dwiwedi&author=J+Charan&author=R+Kaur&author=P+Sidhu&publication_year=2018&hl=en


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 41/66

Spitzer E, McFadden E, Vranckx P, Garcia-Garcia HM, Seltzer JH, Held C, et al. Critical appraisal of contemporary
clinical endpoint definitions in coronary intervention trials: a guidance document. Journal of the American College of
Cardiology 2019;12(9):805-19. [PMID: 31072504]

Google Scholar

Sterne JA, Sutton AJ, Ioannidis JP, Terrin N, Jones DR, Lau J, et al. Recommendations for examining and interpreting
funnel plot asymmetry in meta-analyses of randomised controlled trials. BMJ 2011;343:d4002. [PMID: 21784880]

Link to article  PubMed  Google Scholar

Tabas I. 2016 Russell Ross Memorial Lecture in vascular biology: molecular-cellular mechanisms in the progression of
atherosclerosis. Arteriosclerosis, Thrombosis, and Vascular Biology 2017;37(2):183-9. [PMID: 27979856]

Link to article  PubMed  Google Scholar

Tao L. Etanercept treating patient with acute ST segment elevated myocardial infarction.
clinicaltrials.gov/ct2/show/NCT01372930?term=Etanercept&cond=cardiovascular+diseases&draw=2&rank=8
(accessed 22 September 2020).

Tayal V, Kalra BS. Cytokines and anti-cytokines as therapeutics--an update. European Journal of Pharmacology
2008;579(1-3):1-12. [PMID: 18021769]

Link to article  PubMed  Google Scholar

Thornton C, Mason JC. Chapter 16. Drugs for inflammation and joint disease. In: Brown MJ, Sharma P, Mir FA, Bennett
PN, editors(s). Clinical Pharmacology . 12th edition. Oxford: Elsevier, 2019:248-68. [ISBN: 978-0-7020-7328-1]

Tousoulis D, Oikonomou E, Economou EK, Crea F, Kaski JC. Inflammatory cytokines in atherosclerosis: current
therapeutic approaches. European Heart Journal 2016;37(22):1723-32. [PMID: 26843277]

Link to article  PubMed  Google Scholar

Tracey D, Klareskog L, Sasso EH, Salfeld JG, Tak PP. Tumor necrosis factor antagonist mechanisms of action: a
comprehensive review. Pharmacology and Therapeutics 2008;117(2):244-79. [PMID: 18155297]

Link to article  PubMed  Google Scholar

Tsiantoulas D, Sage AP, Mallat Z, Binder CJ. Targeting B cells in atherosclerosis: closing the gap from bench to
bedside. Arteriosclerosis, Thrombosis, and Vascular Biology 2015;35(2):296-302. [PMID: 25359862]

Sterne 2011

Tabas 2017

Tao 2020

Tayal 2008

Thornton 2019

Tousoulis 2016

Tracey 2008

Tsiantoulas 2015

https://scholar.google.com/scholar_lookup?title=Critical+appraisal+of+contemporary+clinical%C2%A0endpoint+definitions+in%C2%A0coronary%C2%A0intervention+trials:+a+guidance+document+&author=E+Spitzer&author=E+McFadden&author=P+Vranckx&author=HM+Garcia-Garcia&author=JH+Seltzer&author=C+Held&publication_year=2019&hl=en
https://doi.org/10.1136/bmj.d4002
https://www.ncbi.nlm.nih.gov/pubmed/21784880
https://scholar.google.com/scholar_lookup?title=Recommendations+for+examining+and+interpreting+funnel+plot+asymmetry+in+meta-analyses+of+randomised+controlled+trials+&author=JA+Sterne&author=AJ+Sutton&author=JP+Ioannidis&author=N+Terrin&author=DR+Jones&author=J+Lau&publication_year=2011&hl=en
https://doi.org/10.1161/ATVBAHA.116.308036
https://www.ncbi.nlm.nih.gov/pubmed/27979856
https://scholar.google.com/scholar_lookup?title=2016+Russell+Ross+Memorial+Lecture+in+vascular+biology:+molecular-cellular+mechanisms+in+the+progression+of+atherosclerosis+&author=I+Tabas&publication_year=2017&hl=en
https://doi.org/10.1016/j.ejphar.2007.10.049
https://www.ncbi.nlm.nih.gov/pubmed/18021769
https://scholar.google.com/scholar_lookup?title=Cytokines+and+anti-cytokines+as+therapeutics--an+update&author=V+Tayal&author=BS+Kalra&publication_year=2008&hl=en
https://doi.org/10.1093/eurheartj/ehv759
https://www.ncbi.nlm.nih.gov/pubmed/26843277
https://scholar.google.com/scholar_lookup?title=Inflammatory+cytokines+in+atherosclerosis:+current+therapeutic+approaches&author=D+Tousoulis&author=E+Oikonomou&author=EK+Economou&author=F+Crea&author=JC+Kaski&publication_year=2016&hl=en
https://doi.org/10.1016/j.pharmthera.2007.10.001
https://www.ncbi.nlm.nih.gov/pubmed/18155297
https://scholar.google.com/scholar_lookup?title=Tumor+necrosis+factor+antagonist+mechanisms+of+action:+a+comprehensive+review&author=D+Tracey&author=L+Klareskog&author=EH+Sasso&author=JG+Salfeld&author=PP+Tak&publication_year=2008&hl=en


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 42/66

Link to article  PubMed  Google Scholar

Uciechowski P, Dempke WCM. Interleukin-6: a masterplayer in the cytokine network. Oncology 2020;98(3):131-7.
[PMID: 31958792]

Link to article  PubMed  Google Scholar

Ueland T, Kleveland O, Michelsen AE, Wiseth R, Damås JK, Aukrust P, et al. Serum PCSK9 is modified by interleukin-6
receptor antagonism in patients with hypercholesterolaemia following non-ST-elevation myocardial infarction. Open
Heart 2018;5(2):e000765. [PMID: 30258647]

Link to article  PubMed  Google Scholar

Upadhye A, Sturek JM, McNamara CA. 2019 Russell Ross Memorial Lecture in vascular biology: B lymphocyte-
mediated protective immunity in atherosclerosis. Arteriosclerosis, Thrombosis, and Vascular Biology 2020;40(2):309-
22. [PMID: 31852222]

Link to article  PubMed  Google Scholar

van Boheemen L, van Beers-Tas MH, Kroese JM, van de Stadt LA, van Schaardenburg D, Nurmohamed MT.
Cardiovascular risk in persons at risk of developing rheumatoid arthritis. PloS One 2020;15(8):e0237072. [PMID:
32745151]

Link to article  PubMed  Google Scholar

Van Tassell BW, Arena R, Biondi-Zoccai G, Canada JM, Oddi C, Abouzaki NA, et al. Effects of interleukin-1 blockade
with anakinra on aerobic exercise capacity in patients with heart failure and preserved ejection fraction (from the D-
HART pilot study). American Journal of Cardiology 2014;113(2):321-7. [PMID: 24262762]

Link to article  Google Scholar

Van Tassell BW, Abouzaki NA, Oddi Erdle C, Carbone S, Trankle CR, Melchior RD, et al. Interleukin-1 blockade in acute
decompensated heart failure: a randomized, double-blinded, placebo-controlled pilot study. Journal of
Cardiovascular Pharmacology 2016;67(6):544-51. [PMID: 26906034]

Link to article  PubMed  Google Scholar

Van Tassell BW, Canada J, Carbone S, Trankle C, Buckley L, Oddi Erdle C, et al. Interleukin-1 blockade in recently
decompensated systolic heart failure: results from REDHART (recently decompensated heart failure anakinra
response trial). Circulation. Heart Failure 2017;10(11):e004373. [PMID: 29141858]

Link to article  PubMed  Google Scholar

Uciechowski 2020

Ueland 2018

Upadhye 2020

van Boheemen 2020

Van Tassell 2014

Van Tassell 2016

Van Tassell 2017

https://doi.org/10.1161/ATVBAHA.114.303569
https://www.ncbi.nlm.nih.gov/pubmed/25359862
https://scholar.google.com/scholar_lookup?title=Targeting+B+cells+in+atherosclerosis:+closing+the+gap+from+bench+to+bedside&author=D+Tsiantoulas&author=AP+Sage&author=Z+Mallat&author=CJ+Binder&publication_year=2015&hl=en
https://doi.org/10.1159/000505099
https://www.ncbi.nlm.nih.gov/pubmed/31958792
https://scholar.google.com/scholar_lookup?title=Interleukin-6:+a+masterplayer+in+the+cytokine+network&author=P+Uciechowski&author=WCM+Dempke&publication_year=2020&hl=en
https://doi.org/10.1136/openhrt-2017-000765
https://www.ncbi.nlm.nih.gov/pubmed/30258647
https://scholar.google.com/scholar_lookup?title=Serum+PCSK9+is+modified+by+interleukin-6+receptor+antagonism+in+patients+with+hypercholesterolaemia+following+non-ST-elevation+myocardial+infarction+&author=T+Ueland&author=O+Kleveland&author=AE+Michelsen&author=R+Wiseth&author=JK+Dam%C3%A5s&author=P+Aukrust&publication_year=2018&hl=en
https://doi.org/10.1161/ATVBAHA.119.313064
https://www.ncbi.nlm.nih.gov/pubmed/31852222
https://scholar.google.com/scholar_lookup?title=2019+Russell+Ross+Memorial+Lecture+in+vascular+biology:+B+lymphocyte-mediated+protective+immunity+in+atherosclerosis+&author=A+Upadhye&author=JM+Sturek&author=CA+McNamara&publication_year=2020&hl=en
https://doi.org/10.1371/journal.pone.0237072
https://www.ncbi.nlm.nih.gov/pubmed/32745151
https://scholar.google.com/scholar_lookup?title=Cardiovascular+risk+in+persons+at+risk+of+developing+rheumatoid+arthritis&author=L+Boheemen&author=MH+Beers-Tas&author=JM+Kroese&author=LA+deStadt&author=D+Schaardenburg&author=MT+Nurmohamed&publication_year=2020&hl=en
https://doi.org/10.1016/j.amjcard.2013.08.047
https://scholar.google.com/scholar_lookup?title=Effects+of+interleukin-1+blockade+with+anakinra+on+aerobic+exercise+capacity+in+patients+with+heart+failure+and+preserved+ejection+fraction+(from+the+D-HART+pilot+study)+&author=BW+VanTassell&author=R+Arena&author=G+Biondi-Zoccai&author=JM+Canada&author=C+Oddi&author=NA+Abouzaki&publication_year=2014&hl=en
https://doi.org/10.1097/FJC.0000000000000378
https://www.ncbi.nlm.nih.gov/pubmed/26906034
https://scholar.google.com/scholar_lookup?title=Interleukin-1+blockade+in+acute+decompensated+heart+failure:+a+randomized,+double-blinded,+placebo-controlled+pilot+study+&author=BW+VanTassell&author=NA+Abouzaki&author=C+OddiErdle&author=S+Carbone&author=CR+Trankle&author=RD+Melchior&publication_year=2016&hl=en
https://doi.org/10.1161/CIRCHEARTFAILURE.117.004373
https://www.ncbi.nlm.nih.gov/pubmed/29141858
https://scholar.google.com/scholar_lookup?title=Interleukin-1+blockade+in+recently+decompensated+systolic+heart+failure:+results+from+REDHART+(recently+decompensated+heart+failure+anakinra+response+trial)+&author=BW+VanTassell&author=J+Canada&author=S+Carbone&author=C+Trankle&author=L+Buckley&author=C+OddiErdle&publication_year=2017&hl=en


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 43/66

Van Tassell BW, Buckley LF, Carbone S, Trankle CR, Canada JM, Dixon DL, et al. Interleukin-1 blockade in heart failure
with preserved ejection fraction: rationale and design of the Diastolic Heart Failure Anakinra Response Trial 2 (D-
HART2). Clinical Cardiology 2017;40(9):626-32. [PMID: 28475816]

Link to article  PubMed  Google Scholar

Van Tassell BW, Trankle CR, Canada JM, Carbone S, Buckley L, Kadariya D, et al. IL-1 blockade in patients with Heart
failure with preserved ejection fraction. Circulation. Heart Failure 2018;11(8):e005036. [PMID: 30354558]

Link to article  PubMed  Google Scholar

Varadé J, Magadán S, González-Fernández A. Human immunology and immunotherapy: main achievements and
challenges. Cellular and Molecular Immunology 2020;Sep 2:Online ahead of print. [PMID: 32879472]

Link to article  Google Scholar

Virani SS,  Smith Jr SC,  Stone NJ,  Grundy SM. Secondary prevention for atherosclerotic cardiovascular disease
comparing recent US and European guidelines on dyslipidemia. Circulation 2020;141:1121-23. [DOI:
10.1161/CIRCULATIONAHA.119.044282] [PMID: 32250694]

Link to article  PubMed  Google Scholar

Visovsky CG, Zambroski CH, Hosler SH, Workman ML. Introduction to Clinical Pharmacology . 9th edition. St Louis,
Missouri: Elsevier, 2019. [ISBN: 978-0-323-52911-2]

Wang Q, Wu J, Zeng Y, Chen K, Wang C, Yang S, et al. Pyroptosis: A pro-inflammatory type of cell death in
cardiovascular disease. Clinica Chimica Acta 2020;510:62-72. [PMID: 32622968]

Link to article  Google Scholar

Wang H, Liu Z, Shao J, Lin L, Jiang M, Wang L, et al. Immune and inflammation in acute coronary syndrome:
molecular mechanisms and therapeutic implications. Journal of Immunology Research 2020;2020:4904217. [PMID:
32908939]

Link to article  PubMed  Google Scholar

WHO. Cardiovascular diseases. www.who.int/health-topics/cardiovascular-diseases/#tab=tab_1 (accessed 10 June
2020).

Van Tassell 2017a

Van Tassell 2018

Varadé 2020

Virani 2020

Visovsky 2019

Wang 2020

Wang 2020a

WHO 2020

https://doi.org/10.1002/clc.22719
https://www.ncbi.nlm.nih.gov/pubmed/28475816
https://scholar.google.com/scholar_lookup?title=Interleukin-1+blockade+in+heart+failure+with+preserved+ejection+fraction:+rationale+and+design+of+the+Diastolic+Heart+Failure+Anakinra+Response+Trial+2+(D-HART2)+&author=BW+VanTassell&author=LF+Buckley&author=S+Carbone&author=CR+Trankle&author=JM+Canada&author=DL+Dixon&publication_year=2017&hl=en
https://doi.org/10.1161/CIRCHEARTFAILURE.118.005036
https://www.ncbi.nlm.nih.gov/pubmed/30354558
https://scholar.google.com/scholar_lookup?title=IL-1+blockade+in+patients+with+Heart+failure+with+preserved+ejection+fraction&author=BW+VanTassell&author=CR+Trankle&author=JM+Canada&author=S+Carbone&author=L+Buckley&author=D+Kadariya&publication_year=2018&hl=en
https://doi.org/10.1038/s41423-020-00530-6
https://scholar.google.com/scholar_lookup?title=Human+immunology+and+immunotherapy:+main+achievements+and+challenges&author=J+Varad%C3%A9&author=S+Magad%C3%A1n&author=A+Gonz%C3%A1lez-Fern%C3%A1ndez&publication_year=2020&hl=en
http://dx.doi.org/10.1161/CIRCULATIONAHA.119.044282
https://doi.org/10.1161/CIRCULATIONAHA.119.044282
https://www.ncbi.nlm.nih.gov/pubmed/32250694
https://scholar.google.com/scholar_lookup?title=Secondary%C2%A0prevention%C2%A0for+atherosclerotic+cardiovascular+disease+comparing+recent+US+and+European+guidelines+on+dyslipidemia+&author=SS+Virani&author=SC+%C2%A0SmithJr&author=NJ+%C2%A0Stone&author=SM+%C2%A0Grundy&publication_year=2020&hl=en
https://doi.org/10.1016/j.cca.2020.06.044
https://scholar.google.com/scholar_lookup?title=Pyroptosis:+A+pro-inflammatory+type+of+cell+death+in+cardiovascular+disease&author=Q+Wang&author=J+Wu&author=Y+Zeng&author=K+Chen&author=C+Wang&author=S+Yang&publication_year=2020&hl=en
https://doi.org/10.1155/2020/4904217
https://www.ncbi.nlm.nih.gov/pubmed/32908939
https://scholar.google.com/scholar_lookup?title=Immune+and+inflammation+in+acute+coronary+syndrome:+molecular+mechanisms+and+therapeutic+implications+&author=H+Wang&author=Z+Liu&author=J+Shao&author=L+Lin&author=M+Jiang&author=L+Wang&publication_year=2020&hl=en


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 44/66

Widdifield J, Paterson JM, Huang A, Bernatsky S. Causes of death in rheumatoid arthritis: how do they compare to the
general population? Arthritis Care and Research 2018;70(12):1748-55. [PMID: 29512334]

Link to article  PubMed  Google Scholar

Williams JW,  Huang LH,  Randolph GJ. Cytokine circuits in cardiovascular disease. Immunity 2019;50(4):941-54.
[PMID: 30995508]

Link to article  PubMed

Xu YJ, Zheng L, Hu YW, Wang Q. Pyroptosis and its relationship to atherosclerosis. Clinica Chimica Acta 2018;476:28-
37. [PMID: 29129476]

Link to article  Google Scholar

Yura Y, Sano S, Walsh K. Clonal hematopoiesis: a new step linking Inflammation to heart failure. JACC. Basic to
Translational Science 2020;5(2):196-207. [PMID: 32140625]

Link to article  PubMed  Google Scholar

Zhao TX, Mallat Z. Targeting the immune system in atherosclerosis: JACC state-of-the-art review. Journal of the
American College of Cardiology 2019;73(13):1691-706. [PMID: 30947923]

Link to article  PubMed  Google Scholar

Zheng Y, Gardner SE, Clarke MC. Cell death, damage-associated molecular patterns, and sterile inflammation in
cardiovascular disease. Arteriosclerosis, Thrombosis, and Vascular Biology 2011;31(12):2781-6. [PMID: 22096097]

Link to article  PubMed  Google Scholar

Zhou Y, Little PJ, Downey L, Afroz R, Wu Y, Ta HT, et al. The role of toll-like receptors in atherothrombotic
cardiovascular disease. ACS Pharmacology and Translational Science 2020;3(3):457-71. [PMID: 32566912]

Link to article  PubMed  Google Scholar

Information

DOI:

Widdifield 2018

Williams 2019

Xu 2018

Yura 2020

Zhao 2019

Zheng 2011

Zhou 2020

https://doi.org/10.1002/acr.23548
https://www.ncbi.nlm.nih.gov/pubmed/29512334
https://scholar.google.com/scholar_lookup?title=Causes+of+death+in+rheumatoid+arthritis:+how+do+they+compare+to+the+general+population?&author=J+Widdifield&author=JM+Paterson&author=A+Huang&author=S+Bernatsky&publication_year=2018&hl=en
https://doi.org/10.1016/j.immuni.2019.03.007
https://www.ncbi.nlm.nih.gov/pubmed/30995508
https://doi.org/10.1016/j.cca.2017.11.005
https://scholar.google.com/scholar_lookup?title=Pyroptosis+and+its+relationship+to+atherosclerosis&author=YJ+Xu&author=L+Zheng&author=YW+Hu&author=Q+Wang&publication_year=2018&hl=en
https://doi.org/10.1016/j.jacbts.2019.08.006
https://www.ncbi.nlm.nih.gov/pubmed/32140625
https://scholar.google.com/scholar_lookup?title=Clonal+hematopoiesis:+a%C2%A0new%C2%A0step%C2%A0linking+Inflammation+to%C2%A0heart%C2%A0failure&author=Y+Yura&author=S+Sano&author=K+Walsh&publication_year=2020&hl=en
https://doi.org/10.1016/j.jacc.2018.12.083
https://www.ncbi.nlm.nih.gov/pubmed/30947923
https://scholar.google.com/scholar_lookup?title=Targeting+the+immune+system+in+atherosclerosis:+JACC+state-of-the-art+review&author=TX+Zhao&author=Z+Mallat&publication_year=2019&hl=en
https://doi.org/10.1161/ATVBAHA.111.224907
https://www.ncbi.nlm.nih.gov/pubmed/22096097
https://scholar.google.com/scholar_lookup?title=Cell+death,+damage-associated+molecular+patterns,+and+sterile+inflammation+in+cardiovascular+disease+&author=Y+Zheng&author=SE+Gardner&author=MC+Clarke&publication_year=2011&hl=en
https://doi.org/10.1021/acsptsci.9b00100
https://www.ncbi.nlm.nih.gov/pubmed/32566912
https://scholar.google.com/scholar_lookup?title=The+role+of+toll-like+receptors+in+atherothrombotic+cardiovascular+disease&author=Y+Zhou&author=PJ+Little&author=L+Downey&author=R+Afroz&author=Y+Wu&author=HT+Ta&publication_year=2020&hl=en
https://doi.org/10.1002/14651858.CD014741


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 45/66

See more details

https://doi.org/10.1002/14651858.CD014741 Copy DOI

Database:
Cochrane Database of Systematic Reviews
Version published:
08 September 2021 see what's new
Type:
Intervention
Stage:
Protocol
Cochrane Editorial Group:
Cochrane Heart Group
Copyright:
Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

Article metrics

Altmetric:

Cited by:

Cited 0 times via Crossref Cited-by Linking

Authors

Tweeted by 4

10 readers on Mendeley

Collapse 

 Arturo J Martí-Carvajal

https://www.altmetric.com/details.php?domain=www.cochranelibrary.com&citation_id=113218709
https://www.altmetric.com/details.php?domain=www.cochranelibrary.com&citation_id=113218709
https://doi.org/10.1002/14651858.CD014741
https://www.cochranelibrary.com/search?p_p_id=scolarissearchresultsportlet_WAR_scolarissearchresults&p_p_lifecycle=0&p_p_state=normal&p_p_mode=view&_scolarissearchresultsportlet_WAR_scolarissearchresults_displayText=Heart&_scolarissearchresultsportlet_WAR_scolarissearchresults_searchText=Heart&_scolarissearchresultsportlet_WAR_scolarissearchresults_searchType=basic&_scolarissearchresultsportlet_WAR_scolarissearchresults_searchBy=12&_scolarissearchresultsportlet_WAR_scolarissearchresults_orderBy=displayDate-true
https://www.altmetric.com/details.php?domain=www.cochranelibrary.com&citation_id=113218709&tab=twitter
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/print?abstract&background&objectives&methods&references&information&authors&history&appendices


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 46/66

Correspondence to: Facultad de Ciencias de la Salud Eugenio Espejo (Centro Cochrane Ecuador),

Universidad UTE, Quito, Ecuador

arturo.marti.carvajal@gmail.com
Facultad de Medicina (Centro Cochrane Madrid), Universidad Francisco de Vitoria, Madrid, Spain

Cátedra Rectoral de Medicina Basada en la Evidencia, Universidad de Carabobo, Valencia , Venezuela
 More by this author on the Cochrane Library

Juan Bautista De Sanctis

The Institute of Molecular and Translational Medicine, Palacky University Olomouc, Faculty of

Medicine and Dentistry, Olomouc, Czech Republic

 More by this author on the Cochrane Library

Mark Dayer

Department of Cardiology, Somerset NHS Foundation Trust, Taunton, UK
 More by this author on the Cochrane Library

Cristina Elena Martí-Amarista

Department of Family Medicine, Northwell Health Southside Hospital, Bay Shore, USA

 More by this author on the Cochrane Library

Eduardo Alegría

Faculty of Medicine, Universidad Francisco de Vitoria, Madrid, Spain
 More by this author on the Cochrane Library

Diana Monge Martín

Faculty of Medicine, Universidad Francisco de Vitoria, Madrid, Spain
 More by this author on the Cochrane Library

Mohamed Abd El Aziz

Internal medicine, Texas Tech University Health Sciences Center El PasoPaul L. Foster School of

Medicine, El Paso, , USA
 More by this author on the Cochrane Library

Andrea Correa-Pérez

Faculty of Medicine, Universidad Francisco de Vitoria, Madrid, Spain

Clinical Biostatistics Unit, Hospital Universitario Ramón y Cajal (IRYCIS), Madrid, Spain

 More by this author on the Cochrane Library

Susana Nicola

mailto:arturo.marti.carvajal@gmail.com
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/print?abstract&background&objectives&methods&references&information&authors&history&appendices
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/print?abstract&background&objectives&methods&references&information&authors&history&appendices
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/print?abstract&background&objectives&methods&references&information&authors&history&appendices
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/print?abstract&background&objectives&methods&references&information&authors&history&appendices
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/print?abstract&background&objectives&methods&references&information&authors&history&appendices
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/print?abstract&background&objectives&methods&references&information&authors&history&appendices
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/print?abstract&background&objectives&methods&references&information&authors&history&appendices
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/print?abstract&background&objectives&methods&references&information&authors&history&appendices


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 47/66

Contributions of authors

Drafting the Cochrane Review: all authors


Developing the search strategy: Arturo Martí‐Carvajal, and the Cochrane Heart Group's Information Specialist

Sources of support

Internal sources

Facultad de Ciencias de la Salud Eugenio Espejo, Universidad UTE (Cochrane Ecuador), Quito, Ecuador

Financial and academic

Facultad de Medicina, Universidad Francisco de Vitoria (Cochrane Madrid), Madrid, Spain

Financial and academic

Cátedra Rectoral de Medicina Basada en la Evidencia, Universidad de Carabobo, Venezuela

Financial and academic

External sources

NIHR, UK

This project was supported by the NIHR via Cochrane Incentive funding to the Heart Group. The views and opinions

expressed therein are those of the authors and do not necessarily reflect those of the Systematic Reviews

Programme, NIHR, NHS or the Department of Health and Social Care.

Iberoamerican Cochrane Network, Spain

Academic.

Declarations of interest

Centro Asociado Cochrane Ecuador, Centro de Investigación en Salud Pública y Epidemiología Clínica

(CISPEC), Universidad UTE, Quito, Ecuador

 More by this author on the Cochrane Library

Juan Marcos Parise Vasco

Centro Asociado Cochrane Ecuador, Centro de Investigación en Salud Pública y Epidemiología Clínica

(CISPEC), Universidad UTE, Quito, Ecuador
 More by this author on the Cochrane Library

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/print?abstract&background&objectives&methods&references&information&authors&history&appendices


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 48/66

Mohamed Abd El Aziz: none known

Eduardo Alegría: none known

Andrea Correa‐Pérez: none known

Juan Bautista De Sanctis: none known

Mark Dayer: my department has received support for participating in commercial trials run by Novartis, including the

CANTOS study, which I recruited patients into. I have received no fees personally. I have undertaken talks and chaired

events for Biotronik in the past three years.

Cristina Martí‐Amarista: none known

Arturo Martí‐Carvajal: none known

Diana Monge: none known

Juan Marcos Parise Vasco: none known

Susana Nicola: none known

Acknowledgements

The methods section of this protocol is based on a standard template provided by Cochrane Heart. 

We express our thanks to Dr Sumanth D Prabhu for the peer‐review of this Cochrane review, and Charlene Bridges

(Information Specialist, Cochrane Heart), who built the search strategy. 

Version history

Published Title Stage Authors Version

2021 Sep 08 Interleukin‐receptor antagonist and

tumor necrosis factor inhibitors for

the primary and secondary

prevention of atherosclerotic

cardiovascular diseases

Protocol Arturo J Martí-Carvajal, Juan Bautista De

Sanctis, Mark Dayer, Cristina Elena Martí-

Amarista, Eduardo Alegría, Diana Monge

Martín, Mohamed Abd El Aziz, Andrea Correa-

Pérez, Susana Nicola, Juan Marcos Parise

Vasco

https://

doi.org/
10.100

2/14651
858.CD

014741

https://doi.org/10.1002/14651858.CD014741


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 49/66

Appendices

Appendix 1. Medical glossary

Medical Term Definition

Adaptive immunity Adaptive immunity is slower to react and relies largely on somatic rearrangement of genes and prior

exposure for maximal protection (for example, by immunisation to induce antibody formation)

(Moreland 2004).

 

The adaptive immune response, although integrated into the process of inflammation, becomes

active at later stages. Its key properties are (1) specificity: each B and T lymphocyte recognises a single

specific peptide sequence; and (2) memory: when an invading pathogen has been recognised once, a

small number of specific cells remain dormant within the lymph tissue for many years (Thornton

2019).

 

The two types of adaptive immunity, called humoral immunity (antibodies) and cell‐mediated

immunity (T lymphocytes), are mediated by different cells and molecules and provide defence against

extracellular microbes and intracellular microbes (Abbas 2020).

Atherosclerosis A condition caused by the deposition of lipid in the wall of arteries in atheromatous plaques. Migration

of smooth muscle cells from media to intima, smooth muscle cell proliferation, the formation of foam

cells and extensive deposition of extracellular matrix all contribute to the formation of the lesions that

may ultimately occlude the vessel or, following loss of the endothelium, trigger the formation of

thrombi. Should be distinguished from arteriosclerosis, which is a more general term usually applied

to arterial hardening through other causes. Atherosclerosis is a major medical problem in most of the

developed world (Lackie 2007).

Atheroma A lipid‐containing deposit in the arteries undergoing hardening (Juo 2001).

Biological Product Biological products include a wide range of products such as vaccines, blood and blood components,

allergenics, somatic cells, gene therapy, tissues, and recombinant therapeutic proteins. Biologics can

be composed of sugars, proteins, or nucleic acids or complex combinations of these substances, or

may be living entities such as cells and tissues. Biologics are isolated from a variety of natural sources

— human, animal, or microorganism — and may be produced by biotechnology methods and other

cutting‐edge technologies. Gene‐based and cellular biologics, for example, are often at the forefront

of biomedical research, and may be used to treat a variety of medical conditions for which no other

treatments are available (FDA 2020d).

Chimeric

monoclonal

antibodies

These are therapeutic biological agents developed as structural chimeras containing murine variable

regions, which target the antigen of interest, and human Fc Ig components, which reduce the

immunogenicity of the antibody (Moreland 2004).
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Disease‐modifying

antirheumatic drug

These drugs reduce the progression and tissue destruction of the inflammatory disease process,

especially rheumatoid arthritis, by inhibiting tumor necrosis factor (Visovsky 2019)

Genetic pleiotropy

 

A phenomenon in which multiple and diverse phenotypic outcomes are influenced by a single gene (or

single gene product).

Humanized

monoclonal

antibodies

Therapeutic monoclonal antibodies constructed by grafting the complementarity determining regions

of murine monoclonal antibody directed against the biological target of choice onto the framework of

human light and heavy chain variable regions (Moreland 2004).

 

A type of antibody made in the laboratory by combining a human antibody with a small part of a

mouse or rat monoclonal antibody. The mouse or rat part of the antibody binds to the target antigen,

and the human part makes it less likely to be destroyed by the body's immune system (NCI 2020).

Inflammation A process or state characterised by the accumulation of activated leukocytes (Moreland 2004).

 

It is appropriate as a response to physical damage, microbial infection or malignancy (Thornton 2019).

Immune response The co‐ordinated response of these cells and molecules (immune system) to pathogens and other

substances (Abbas 2020).

Immune system A composite of tissues, cells, and molecules involved in the host defence system against foreign

pathogens; bacteria, viruses, fungi, and parasites. Autoimmune disease results when the multiple

cellular, molecular and tissue interactions leading to host defences malfunctions (Moreland 2004).

 

The collection of cells, tissues, and molecules that mediate these reactions to some noninfectious

substances including harmless environmental molecules, tumours, and even unaltered host

components are also considered forms of immunity (allergy, tumour immunity, and autoimmunity,

respectively) (Abbas 2020).

Immunomodulatory

drugs

They are used both to control symptoms and to retard or arrest the progression of chronic

inflammatory diseases. They act to inhibit inflammation in a variety of ways, and reduce the

proliferation and activation of lymphocytes (Thornton 2019).

Innate immunity An inherited means of defence against infection. It is synonymous of natural immunity (Moreland

2004).

 

Innate immunity, also called natural immunity or native immunity, is always present in healthy

individuals (hence the term innate), prepared to block the entry of microbes and to rapidly eliminate

microbes that do succeed in entering host tissues (Abbas 2020).
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Monoclonal

antibodies

Monoclonal antibodies are produced from the fusion of two cells to generate a hybrid cell or

hybridoma with two characteristics: the production of one specific antibody and immortality (Varadé

2020).

Proinflammatory

cytokines

Potent mediators of numerous biological processes and are tightly regulated in the body. Chronic

uncontrolled levels of such cytokines can initiate and derive many pathologies, including incidences

of autoimmunity and cancer (Rider 2016).

QTc "The QT interval is measured from the beginning of the QRS complex to the end of the T wave. The

corrected QT interval (QTc) takes into account the heart rate, because the QT interval increases at

slower heart rates" (Levine 2018).

 

Appendix 2. Interleukin family assessed in randomized clinical trials
to prevent cardiovascular events

Cytokine

families

Source Function Role in heart

diseases

Interleukin 1 family

IL‐1β Blood

monocytes,

tissue

macrophages,

and dendritic

cells (Klimov

2019).

It is a product of

activated

macrophages

(Moreland

2004).

 

IL‐1β is mainly produced by inflammatory cells of the myeloid

compartment. This self‐sustained induction of IL‐1 is a key

mechanism of

autoinflammation (Cavalli 2018)

 

IL‐1B is one of two forms of IL‐1, which are products of separate

genes. The two forms of IL‐1 act as cytokine hormones and

have similar effects on cells. Il‐1 was first described as an

endogenous pyrogen and is one of the most proinflammatory

molecules known (Moreland 2004).

1. Tissue levels IL‐

1β in ischemia‐
reperfusion.

2. Increased tissue

IL‐1β mRNA in

dilated

cardiomyopathy.

3. Increased

circulating IL‐1β
in dilated

cardiomyopathy.

4. Increased

circulating IL‐1β

in acute

myocarditis.

5. Increased tissue

IL‐1β mRNA in

acute

myocarditis.

6. IL‐1Ra provides

cardioprotection

in ischemia‐

reperfusion.

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0192
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0154
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0107
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0095
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0127
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0027
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0127
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7. Increased serum

IL‐1β predict a

high risk of

mortality in

idiopathic

dilated

cardiomyopathy.

Source: Bartekova

2018 reports several

references.

IL‐1 IL‐1β is an

inducible

cytokine

primarily

produced not

only by

monocytes and

macrophages

but also by

neutrophils

(Abbate 2020).

IL‐1 is a family of cytokines, including IL‐1 and IL‐1 β.These

macrophage products have profound proinflammatory effects

(Moreland 2004).

The IL‐1 family has 11 cytokine members and 10 receptors

(Abbate 2020). IL‐1–mediated inflammation is initiated when IL‐
1 binds to its receptors. There are two receptors for IL‐1; IL‐1R1

(IL‐1 receptor type 1) is the ligand‐binding chain, and IL‐1R3 is

the coreceptor (Abbate 2020).

IL‐1α Although IL‐1α

is also inducible

in myeloid cells,

the IL‐1α

precursor in

present

constitutively in

all

mesenchymal

cells in health,

including the

myocardium

(Abbate 2020).

It is synthesised by a wide variety of cells, may function in the

same manner as IL1 β, but also plays an essential role in the

maintenance of the skin barrier. It is a member of the IL1 family

of cytokines (Klimov 2019).

IL‐6 Macrophages,

endothelial


cells, T cells

IL‐6 is a cytokine that exerts both local and distant effects in the

human body. It is classified as an endogenous pyrogen as it can

increase body temperatures via the hypothalamus. Within an

elevated body temperature pathogens are less likely to thrive,

the adaptive immune responses are more reactive, and host

cells are more resistant to TNF‐α side effects. IL‐6 has an

important direct role in our immune system. It unleashes the

acute‐phase response that produces opsonins, along with

increased opsonization IL‐6 recruits neutrophils from the bone

marrow increasing opsonin identified foreign body

phagocytosis (Moreland 2004).

1. Increased

circulating IL‐6
post‐acute

myocardial

infarction.

2. Increased tissue

IL‐6 mRNA post‐
acute

myocardial

infarction.

3. Increased levels

of sIL‐6R post‐
acute

myocardial

infarction.

4. Recombinant IL‐
6 induced

cardioprotection

in ischemia‐
reperfusion.

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0014
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0004
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0127
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0004
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0004
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0004
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0095
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0127
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5. Increased

plasma IL‐6 in

chronic heart

failure.

6. Increased

plasma IL‐6

predict adverse

cardiovascular

events following

acute coronary

syndrome and

coronary heart

disease.

7. IL‐6 silencing

abrogated

cardioprotection

by explant‐
derived stem

cells.

8. Increased

circulating IL‐6
in dilated

cardiomyopathy

and

hypertrophic

cardiomyopathy.

9. IL‐6

polymorphism is

associated with

risk of dilated

cardiomyopathy.

Source: Bartekova

2018 reports several

references.

Tumor necrosis factors

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0014
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TNFα Macrophages, T

cells,


mast cells

Endothelial cells: activation (inflammation, coagulation).

Neutrophils: activation. Hypothalamus: fever. Liver: synthesis of

acute‐phase proteins. Muscle, fat: catabolism (cachexia). Many

cell types: apoptosis.

1. Toxic or

protective in

acute

myocardial

infarction.

2. Increased in

plasma TNFα in

heart failure.

3. Positive

correlation

between TNFα

gene expression

and level,

severity, and

aetiology of

heart failure.

4. Cardiac‐

restricted

overexpression

of membrane‐

bound TNFα—

ventricular

hypertrophy and

consequent

dysfunction.

5. Cardiac‐

restricted

overexpression

of secreted TNFα

—ventricular

dilation and

consequent

dysfunction.

Source: Bartekova

2018 reports several

references.

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0014
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TNFβ

(lymphotoxin)

Lymphocytes It is secreted by lymphocytes. Its effects are similar to those of

TNFα, but TNFβ is more critical for the development of

lymphoid tissue (Klimov 2019).

1. Involvement in

cardiac

remodelling.

2. Cardiac fibrosis.

3. Positive

correlation

between TGF‐β1

and left

ventricular

mass.

4. Increased TGF‐
β1 gene

expression after

transition from

stable

hypertrophy to

heart failure.

5. Increased TGF‐
β1 level—in

hypertrophic

cardiomyopathy.

6. Involvement in

formation of

border zone

around the

infarcted area.

7. Biomarker

revealing aortic

dilation.

Source: Bartekova

2018 reports several

references.

Sources: Abbas 2020, Klimov 2019; O’Shea 2019, Morton 2015, Cavalli 2018

Abbreviations: 


IL‐1β: interleukin‐1 Beta


IL‐1: interleukin‐1


IL‐1α: interleukin‐ 1 alfa


IL‐6: interleukin‐6


TNFα: tumor necrosis factor alfa


TNFβ: tumor necrosis factor beta

 

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0095
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0014
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0001
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0095
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0143
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0129
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0027


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 56/66

Appendix 3. Pharmacological summary and primary clinical
application of the interleukin‐receptor antagonist therapy in
preventing cardiovascular outcomes

Interleukin‐
receptor
antagonist

Total
Drug
Content

Concentration Dosage Route Presentation Anatomical
therapeutic
chemical

code

Approval date
by Food and
Drugs

Administration

(FDA 2020)

Monoclonal antibodies against interleukin 1 receptors

Anakinra 100

mg/0.67

mL

100 mg/0.67

mL

Solution Subcutaneous Prefilled

syringe

L04AC03


(EMA 2020).

11 April 2001

Canakinumab 150

mg/mL

150 mg/mL Solution Subcutaneous Single‐dose

vial

L04AC08


(EMA 2020a)

22 December

2016

Monoclonal antibodies against interleukin 6 receptors

Tocilizumab 80 mg/4

mL

20 mg/mL Solution Intravenous Single‐dose

vial

L04AC07


(EMA

2020b).

08 January

2010

Tocilizumab 200

mg/10

mL

20 mg/mL Solution Intravenous Single‐dose

vial

08 January

2010

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0051
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0044
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0045
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0046
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Tocilizumab 400

mg/20

mL

20 mg/mL Solution Intravenous Single‐dose

vial

08 January

2010

Tocilizumab 162

mg/0.9

mL

179 mg/mL Solution Subcutaneous Prefilled

syringe

21 Octuber

2013

Tocilizumab 162

mg/0.9

mL

179 mg/mL Solution Subcutaneous Autoinjector 19 November

2018

Tumor necrosis factor inhibitors

Etanercept 25 mg 25 mg/vial Powder Subcutaneous Multi‐dose

vial

L04AB01


(EMA 2020c)

02 November

1998

Etanercept 50

mg/mL

50 mg/mL Solution Subcutaneous Prefilled

syringe

27 September

2004

Etanercept 50

mg/mL

50 mg/mL Solution Subcutaneous Autoinjector 27 September

2004

Etanercept 25

mg/0.5

mL

50 mg/mL Solution Subcutaneous Single‐dose

vial and

prefilled

syringe

27 September

2004

Etanercept 50

mg/mL

50 mg/mL Solution Subcutaneous Autoinjector 09 September

2017

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0047
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Infliximab 100 mg 100 mg/vial Powder Intravenous Single‐dose

vial

L04AB02


(EMA 2020d)

24 August 1998

 

Appendix 4. Interleukin‐receptor antagonist therapy: warnings and
precautions for use

Drug Warnings Comments/Recommendations Source

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0048
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Anakinra
1. Allergic reactions

2. Hepatic events

3. Serious infections

4. Renal impairment

5. Neutropenia

6. Pulmonary events

7. Immunosuppression

 

1. Allergic reactions, including anaphylactic reactions and

angioedema have been reported uncommonly. The majority of

these reactions were maculopapular or urticarial rashes. If a

severe allergic reaction occurs, administration of anakinra

should be discontinued and appropriate treatment initiated.

2. In clinical studies transient elevations of liver enzymes have

been seen. These elevations have not been associated with signs

or symptoms of hepatocellular damage. The efficacy and safety

of anakinra in patients with AST/ALT ≥ 1.5 x upper level of normal

have not been evaluated.

3. The safety and efficacy of anakinra treatment in patients with

chronic and serious infections have not been evaluated.

Treatment should not be initiated in patients with active

infections. The safety of Kineret in individuals with latent

tuberculosis is unknown.

4. Anakinra is eliminated by glomerular filtration and subsequent

tubular metabolism. Consequently, plasma clearance of

anakinra decreases with decreasing renal function. No dose

adjustment is needed for patients with mild renal impairment. In

patients with severe renal impairment or end‐stage renal

disease, including dialysis, administration of the prescribed dose

of Kineret every other day should be considered.

5. It is commonly associated with neutropenia. Anakinra treatment

should not be initiated in patients with neutropenia. The safety

and efficacy of Kineret in patients with neutropenia have not

been evaluated.

6. Interstitial lung disease, pulmonary alveolar proteinosis and

pulmonary hypertension have been reported mainly in

paediatric patients with Still’s disease treated with IL‐6 and IL‐1

inhibitors, including anakinra.

7. The impact of treatment with Kineret on pre‐existing malignancy

has not been studied. Therefore, the use of Kineret in patients

with pre‐existing malignancy is not recommended.

 

EMA

2020

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0044
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Canakinumab
1. Infections and

tuberculosis

screening

2. Neutropenia and

leukopenia

3. Malignancies

4. Hypersensitivity

reactions

5. Hepatic function

 

1. Canakinumab is associated with an increased incidence of

serious infections.

2. Neutropenia count and leukopenia have been observed with

medicinal products that inhibit IL‐1, including canakinumab.

Treatment with canakinumab should not be initiated in patients

with neutropenia or leukopenia.

3. Malignancy events have been reported in patients treated with

canakinumab. The risk for the development of malignancies

with anti‐interleukin (IL)‐1 therapy is unknown.

4. Hypersensitivity reactions with canakinumab therapy have been

reported. The majority of these events were mild in severity.

5. Transient and asymptomatic cases of elevations of serum

transaminases or bilirubin have been reported in clinical trials.

 

EMA

2020a

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0045


31/3/22, 11:31 Interleukin‐receptor antagonist and tumor necrosis factor inhibitors for the primary and secondary prevention of atherosclerotic c…

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/full 61/66

Tocilizumab
1. Low absolute

neutrophil count

2. Elderly

3. Renal impairment

4. Hepatic impairment

5. Infections

6. Tuberculosis

7. Complications of

diverticulitis

8. Hepatotoxicity

9. Cardiovascular risk

 

1. It is not recommended in patients with an absolute neutrophil

count below 2 x 109/l.

2. No dose adjustment is required in elderly patients > 65 years of

age.

3. No dose adjustment is required in patients with mild renal

impairment. RoActemra has not been studied in patients with

moderate to severe renal impairment (see section 5.2). Renal

function should be monitored closely in these patients.

4. RoActemra has not been studied in patients with hepatic

impairment. Therefore, no dose recommendations can be made.

5. Serious and sometimes fatal infections have been reported in

patients receiving immunosuppressive agents including

tocilizumab. Therefore, tocilizumab treatment must not be

initiated in patients with active infections.

6. Patients with latent TB should be treated with standard anti‐

mycobacterial therapy before initiating tocilizumab. Prescribers

are reminded of the risk of false negative tuberculin skin and

interferon‐gamma TB blood test results, especially in patients

who are severely ill or immunocompromised. Patients should be

instructed to seek medical advice if signs/symptoms (e.g.

persistent cough, wasting/weight loss, low grade fever)

suggestive of a tuberculosis infection occur during or after

therapy with tocilizumab.

7. Events of diverticular perforations as complications of

diverticulitis have been reported uncommonly with tocilizumab

in rheumatoid arthritis. That drug should be used with caution in

patients with previous history of intestinal ulceration or

diverticulitis.

8. Transient or intermittent mild and moderate elevations of

hepatic transaminases have been reported commonly with

tocilizumab treatment. Serious drug‐induced liver injury,

including acute liver failure, hepatitis and jaundice, have been

observed with tocilizumab. Serious hepatic injury occurred

between 2 weeks to more than 5 years after initiation of

tocilizumab. Cases of liver failure resulting in liver

transplantation have been reported. Patients should be advised

to immediately seek medical help if they experience signs and

symptoms of hepatic injury.

9. Rheumatoid arthritis people have an increased risk for

cardiovascular disorders and should have risk factors (e.g.

hypertension, hyperlipidaemia) managed as part of usual

standard of care.

 

EMA

2020b

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0046
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Etanercept
1. Infections

2. Tuberculosis

3. Hepatitis B

reactivation

4. Worsening of

hepatitis C

5. Concurrent

treatment with

anakinra

6. Allergic reactions

 

1. Serious infections, sepsis, tuberculosis, and opportunistic

infections, including invasive fungal infections, listeriosis and

legionellosis, have been reported with the use of etanercept.

Patients who develop a new infection while undergoing

treatment with Erelzi should be monitored closely.

Administration of this drug should be discontinued if a patient

develops a serious infection.

2. Cases of active tuberculosis, including miliary tuberculosis and

tuberculosis with extra‐pulmonary location, have been reported

in patients treated with etanercept. Before starting treatment

with etanercept, all patients must be evaluated for both active

and inactive (‘latent’) tuberculosis. If active tuberculosis is

diagnosed, etanercept therapy must not be initiated. All patients

should be informed to seek medical advice if signs/symptoms

suggestive of tuberculosis (e.g. persistent cough, wasting/weight

loss, low‐grade fever) appear during or after etanercept

treatment.

3. In patients who develop HBV infection, etanercept should be

stopped and effective anti‐viral therapy with appropriate

supportive treatment should be initiated.

4. Etanercept should be used with caution in patients with a history

of hepatitis C.

5. Concurrent administration of etanercept and anakinra has been

associated with an increased risk of serious infections and

neutropenia compared to etanercept alone. Thus, the combined

use of etanercept and anakinra is not recommended.

6. Allergic reactions associated with etanercept administration

have been reported commonly. If any serious allergic or

anaphylactic reaction occurs, etanercept therapy should be

discontinued immediately and appropriate therapy initiated.

EMA

2020c

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0047
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Infliximab
1. Infusion reactions

and hypersensitivity

2. Infections

3. Tuberculosis

4. Hepatitis B

reactivation

5. Hepatobiliary events

6. Neurological events

7. Heart failure

 

1. If serious reactions occur, symptomatic treatment must be given

and further infliximab infusions must not be administered.

2. Clinical experience shows that host defence against infection is

compromised in some patients treated with infliximab. Patients

taking TNF‐blockers are more susceptible to serious infections.

Administration of infliximab should be discontinued if a patient

develops a new serious infection or sepsis, and appropriate

antimicrobial or antifungal therapy should be initiated until the

infection is controlled.

3. There have been reports of active tuberculosis in patients

receiving infliximab. It should be noted that in the majority of

these reports tuberculosis was extrapulmonary, presenting as

either local or disseminated disease. Before starting treatment

with infliximab, all patients must be evaluated for both active

and inactive (‘latent’) tuberculosis.

4. Reactivation of hepatitis B has occurred in patients receiving a

TNF‐inhibitors including infliximab, who are chronic carriers of

this virus. Some cases have had fatal outcome. Patients should

be tested for HBV infection before initiating treatment with

infliximab.

5. If jaundice and/or alanine transaminase elevations ≥ 5 times the

upper limit of normal develop(s), infliximab should be

discontinued, and a thorough investigation of the abnormality

should be undertaken.

6. Use of TNF‐inhibitors, including infliximab, has been associated

with cases of new‐onset or exacerbation of clinical symptoms

and/or radiographic evidence of central nervous system

demyelinating disorders, including multiple sclerosis, and

peripheral demyelinating disorders, including Guillain‐Barré

syndrome.

7. Heart failure Infliximab should be used with caution in patients

with mild heart failure (NYHA class I/II). Patients should be

closely monitored and infliximab must not be continued in

patients who develop new or worsening symptoms of heart

failure.

EMA

2020d

 

Appendix 5. Preliminary MEDLINE (Ovid) search strategy

1     Interleukin 1 Receptor Antagonist Protein/ (5267)

2     ((interleukin‐1 or IL‐1) adj2 receptor antagonist*).tw. (6591)

3     IL‐1RA.tw. (5548)

4     il‐1 inhibitor.tw. (153)

5     Anakinra.tw. (1880)

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0048
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6     Canakinumab.tw. (632)

7     ((Interleukin‐6 or IL‐6) adj2 receptor antagonist*).tw. (281)

8     Tocilizumab.tw. (3747)

9     Atlizumab.tw. (18)

10     Tumor Necrosis Factor Inhibitors/ (732)

11     ((Tumor necrosis factor or TNF) adj1 (blocker* or inhibitor*)).tw. (3413)

12     Etanercept/ (5945)

13     Etanercept.tw. (7054)

14     Infliximab/ (10488)

15     Infliximab.tw. (12601)

16     1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 (36922)

17     randomized controlled trial.pt. (522452)

18     controlled clinical trial.pt. (94057)

19     randomized.ab. (510873)

20     placebo.ab. (215697)

21     clinical trials as topic.sh. (194604)

22     randomly.ab. (351797)

23     trial.ti. (235577)

24     17 or 18 or 19 or 20 or 21 or 22 or 23 (1348821)

25     exp animals/ not humans.sh. (4785606)

26     24 not 25 (1242209)

27     16 and 26 (4753)

Appendix 6. Intervention description and replication

1. Brief name: provide the name or a phrase that describes the intervention

2. Why: describe any rationale, theory, or goal of the elements essential to the intervention

3. What (materials): describe any physical or informational materials used in the intervention, including those

provided to participants or used in intervention delivery or in training of intervention providers. Provide

information on where the materials can be accessed (for example, online appendix, URL)

4. What (procedures): describe each of the procedures, activities, and/or processes used in the intervention, including

any enabling or support activities

5. Who provided: for each category of intervention provider (for example, psychologist, nursing assistant), describe

their expertise, background and any specific training given
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6. How: describe the modes of delivery (such as face‐to‐face or by some other mechanism, such as internet or

telephone) of the intervention and whether it was provided individually or in a group.

7. Where: describe the type(s) of location(s) where the intervention occurred, including any necessary infrastructure

or relevant features

8. When and how much: describe the number of times the intervention was delivered and over what period of time

including the number of sessions, their schedule, and their duration, intensity or dose

9. Tailoring: if the intervention was planned to be personalised, titrated or adapted, then describe what, why, when,

and how

10. Modifications: if the intervention was modified during the course of the study, describe the changes (what, why,

when, and how)

11. How well (planned): if intervention adherence or fidelity was assessed, describe how and by whom, and if any

strategies were used to maintain or improve fidelity, describe them

12. How well (actual): if intervention adherence or fidelity was assessed, describe the extent to which the intervention

was delivered as planned

Source: Hoffmann 2014.

Appendix 7. Adverse events information domains

1. Name of the adverse events (e.g. dizziness)

2. The reported intensity of the adverse event (e.g. mild, moderate, severe)

3. Whether the trial investigators categorised the adverse event as ‘serious’

4. Whether the trial investigators identified the adverse event as being related to the intervention

5. Time point (most commonly measured as a count over the duration of the study)

6. Any reported methods for how adverse events were selected for inclusion in the publication (e.g. ‘We reported all

adverse events that occurred in at least 5% of participants’)

Source: Li 2019.

Appendix 8. GRADE and 'Summary of findings' table

1 Interleukin‐receptor antagonist therapy for prevention
cardiovascular outcomes

Interleukin‐receptor antagonist therapy for prevention cardiovascular outcomes

Patient or population: prevention cardiovascular outcomes


Settings: in‐hospital or community


Intervention: interleukin‐receptor antagonist therapy


 

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0079
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD014741/references#CD014741-bbs2-0109
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Outcomes Illustrative comparative risks* (95%

CI)

Relative

effect

(95% CI)

No of

Participants

(studies)

Quality of

the
evidence


(GRADE)

Comments

Assumed

risk

Corresponding risk

Control Interleukin‐receptor

antagonist therapy

All‐cause mortality See

comment

See comment Not

estimable

0


(0)

See

comment

 

Myocardial infarction

(fatal or non‐fatal)

See

comment

See comment Not

estimable

0


(0)

See

comment

 

Unstable angina See

comment

See comment Not

estimable

0


(0)

See

comment

 

Adverse events See

comment

See comment Not

estimable

0


(0)

See

comment

 

Peripheral Vascular

Disease

See

comment

See comment Not

estimable

0


(0)

See

comment

 

Stroke (fatal or non‐

fatal)

See

comment

See comment Not

estimable

0


(0)

See

comment

 

Heart Failure See

comment

See comment   0


(0)

See

comment

 

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The

corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative
effect of the intervention (and its 95% CI).


CI: confidence interval; RR: risk ratio

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.


Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may

change the estimate.


Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is

likely to change the estimate.


Very low quality: We are very uncertain about the estimate.


 

Footnotes

 Assumed risk will be based on median control group risks in the meta‐analysis if it is available.


 Assumed risk for mean difference or standard mean difference with 95% confidence interval.

1

2

1

2


