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There is clear association between the intensity of the acute inflammatory response during acute

myocardial infarction (AMI) and adverse prognosis after AMI. Interleukin-1 (IL-1) is a pro-inflammatory

cytokine released during AMI and involved in adverse remodeling and heart failure (HF). We describe

a study to evaluate the safety and efficacy of IL-1 blockade using an IL-1 receptor antagonist (ana-

kinra) during the acute phase of ST-segment elevation myocardial infarction (STEMI). The Virginia

Commonwealth University–Anakinra Remodeling Trial-3 (VCU-ART3; http://www.ClinicalTrials.gov

NCT01950299) is a phase 2, multicenter, double-blinded, randomized, placebo-controlled clinical trial

comparing anakinra 100 mg once or twice daily vs matching placebo (1:1:1) for 14 days in 99 patients

with STEMI. Patients who present to the hospital with STEMI within 12 hours of symptom onset will

be eligible for enrollment. Patients will be excluded for a history of HF (functional class III–IV), severe

valvular disease, severe kidney disease (stage 4–5), active infection, recent use of immunosuppressive

drugs, active malignancy, or chronic autoimmune/auto-inflammatory diseases. We will measure the

difference in the area under the curve for C-reactive protein between admission and day 14, separately

comparing each of the anakinra groups with the placebo group. The P value will be considered signifi-

cant if <0.025 to adjust for multiple comparisons. Patients will also be followed for up to 12 months

from enrollment to evaluate cardiac remodeling (echocardiography), cardiac function
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(echocardiography), and major adverse cardiovascular outcomes (cardiovascular death, MI, revasculari-

zation, and new onset of HF).
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1 | INTRODUCTION

Acute myocardial infarction (AMI) remains a major cause of morbidity

and mortality in the United States and worldwide. Despite consider-

able advances in the treatment of AMI, >20% of AMI survivors

develop heart failure (HF) within 1 year.1 This observation suggests

that the current treatment paradigm misses 1 or more key pathophysi-

ologic mechanisms. Therefore, an urgent need exists to develop addi-

tional treatments to prevent HF after AMI.

1.1 | Inflammation and HF after AMI

A close interplay exists between inflammation, adverse cardiac remo-

deling, and HF after AMI. Acute myocardial ischemia and infarction

initiate an intense inflammatory response within the myocardium.2 In

experimental animal models of AMI due to surgical coronary artery

ligation, the degree of the inflammatory response is a strong predictor

of adverse cardiac remodeling independent of infarct size.2 Likewise,

in patients with AMI, the intensity of the inflammatory response,

reflected in levels of circulating biomarkers, predicts adverse cardiac

remodeling, HF, and death.3 Modulation of the inflammatory

response, therefore, represents an intriguing target for therapeutic

intervention. Although previous attempts to target inflammation have

failed, interleukin-1 (IL-1) blockade is a novel and substantially differ-

ent approach to modulating the inflammatory response.4

1.2 | IL-1 in experimental AMI

IL-1 is a prototypical inflammatory cytokine involved in virtually every

inflammatory response in the body and plays a critical role in the path-

ophysiologic sequelae of AMI.5 In experimental mouse models of AMI

due to surgical coronary artery ligation, genetic deletion of the IL-1

type 1 receptor (IL-1R1) protects against adverse cardiac remodeling,

whereas genetic deletion of the naturally occurring receptor antago-

nist (IL-1 receptor antagonist [IL-1Ra]) amplifies the response to IL-1

and promotes worse cardiac remodeling compared with wild-type

mice.6 Anakinra, a recombinant human IL-1Ra (Kineret; Biovitrum,

Stockholm, Sweden) is approved for the treatment of rheumatoid

arthritis and is generally well tolerated following daily subcutaneous

injection.7 Mice treated with daily injections of anakinra had improved

survival at 7 days after large anterior AMI, and the survivors had evi-

dence of more favorable cardiac remodeling (smaller left ventricular

[LV] end-diastolic and end-systolic diameters), higher LV ejection frac-

tion, and reduced cardiomyocyte apoptosis.6

Based on the preliminary benefits observed in the experimental

AMI model and the established safety profile of anakinra, 2 pilot clini-

cal trials were conducted with anakinra in ST-segment elevation myo-

cardial infarction (STEMI): VCU-ART8 and VCU-ART2.9 Collectively,

these phase 2 pilot studies enrolled 40 patients with reperfused

STEMI and randomized them (within 12 hours of coronary angiogra-

phy) to daily treatment with anakinra 100 mg or placebo for 14 days.

Anakinra was well tolerated and reduced serum levels of C-reactive

protein (CRP), a surrogate marker of IL-1 activity. Anakinra-treated

patients tended to have more favorable LV remodeling and a lower

incidence of HF at mid- and long-term follow-up.10

2 | STUDY DESIGN

The Virginia Commonwealth University–Anakinra Remodeling Trial-3

(VCU-ART3; http://www.ClinicalTrials.gov NCT01950299) is a phase

2, multicenter, double-blinded, randomized, placebo-controlled clinical

trial comparing anakinra 100 mg twice daily, 100 mg once daily, and

placebo once daily or placebo twice daily (1:1:1). The study will test

the hypothesis that IL-1 blockade will quench the inflammatory

response during acute STEMI, as measured by area under the curve

(AUC) for CRP between admission and day 14 (Figure 1).

2.1 | Screening and enrollment

Patients age ≥ 21 years presenting to the hospital with acute STEMI,

defined as chest pain or equivalent with electrocardiographic evidence

of new or presumably new ST-segment elevation (>1 mm) in ≥2 ana-

tomically contiguous leads and who undergo coronary angiography

for potential intervention within 12 hours of symptoms onset will be

approached by the investigators for enrollment. Potential subjects will

be provided with an informed consent form in accordance with the

local institutional review board oversight. Patients will be excluded

from the study if they have contraindications to treatment with ana-

kinra or preexisting structural or functional cardiac abnormalities (see

Supporting Information, Table 1, in the online version of this article).

2.2 | Randomization and allocation concealment

The manufacturer has provided anakinra and identical matching placebo

syringes to the investigational pharmacy at the coordinating center. A

randomization log was prepared by a consultant not involved in the con-

duct of the study and sent electronically to the director of the investiga-

tional pharmacy at Virginia Commonwealth University Health System,

and then distributed to the other centers. Syringes were sequentially

numbered from 1 to 28 to maintain allocation concealment.

2.3 | Treatment with investigational drug

Patients will receive the first dose of anakinra 100 mg or placebo at

time of enrollment, which will occur within 12 hours of coronary
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angiography. One group of patients (n = 33) will receive anakinra

100 mg twice daily for 14 days; a second group (n = 33) will receive

anakinra 100 mg alternated with placebo twice daily approximately

12 hours apart for 14 days, so that anakinra will be given every

24 hours; and the third group (n = 33) will receive placebo twice daily

approximately 12 hours apart for 14 days. Patients in the study will

also receive guideline-based medical treatments as indicated.

2.4 | Endpoints and objectives

The primary endpoint will be the AUC for CRP between admission

and day 14. The rationale for measuring AUC for CRP is that it inte-

grates measurements across multiple time points to more accurately

capture the acute inflammatory response and IL-1 activity and is also

an established prognostic marker in STEMI.3 The primary endpoint will

then be used to compare the anakinra 100 mg twice-daily group with

the placebo group, and then the anakinra 100 mg daily group with the

placebo group, separately.

Exploratory endpoints will include changes in structural and func-

tional echocardiographic parameters such as LV and right ventricular

dimensions, ventricular mass, and systolic and diastolic function

between baseline and 12 months. Additional cardiac biomarkers will

be tested including N-terminal pro brain natriuretic peptide. These will

provide mechanistic insight as to whether the hypothesized changes

in the acute inflammatory response will correlate with changes in car-

diac dimensions, function, or biomarkers.

Incidence of death (cardiac and noncardiac), hospitalizations (for HF

and for other cardiac causes not related to HF or for noncardiac rea-

sons), and new onset of HF (defined as hospitalization for HF or need

for a new prescription for loop diuretic in the appropriate clinical setting)

will be recorded at each time point throughout the study and verified by

chart review or telephone interview after the last subject visit. The

investigators and clinicians caring for the patients will remain blinded to

treatment allocation and to the CRP data throughout the study. An ad

hoc committee composed of a general cardiologist, a HF specialist, and

an internal medicine hospitalist—who are also blinded to treatment

allocation and to CRP data—will perform event adjudication (see Sup-

porting Information, Table 4, in the online version of this article).

2.5 | Safety assessment

All patients will undergo a complete physical examination and clinical

evaluation at each visit. Disease-related assessments will include

changes in physical symptoms, exercise tolerance, vital signs (including

weight), renal function, and changes in medications. Given that ana-

kinra may mask signs of infection (eg, fever), patients will be evaluated

for signs and symptoms of occult infection at each visit.

A Data and Safety Monitoring Board composed of a HF cardiolo-

gist, 2 interventional cardiologists, a general internal medicine special-

ist, and an infectious disease specialist will oversee the study (see

Supporting Information, Table 5, in the online version of this article).

This study will be conducted in accordance with the National

Institutes of Health Good Clinical Practice guidelines. An Investiga-

tional New Drug use from the Division of Cardiovascular and Renal

Products, Center for Drug Evaluation and Research, US Food & Drug

Administration is held by Dr. Abbate. The study protocol, consent, and

Data and Safety Monitoring Plan have been approved by the VCU

institutional review board.

2.6 | Sample size and statistical analysis

The sample size for this study was calculated with a superiority scope

according to the objective of comparing AUC for CRP with anakinra

(high dose) vs placebo and anakinra (standard dose) vs placebo. Given

an expected average AUC for CRP of 350 �250 mg/L for placebo-

treated STEMI patients (based on the pilot studies) and an average

AUC for CRP of 175 �150 mg/L for anakinra (standard dose; also

based on the pilot studies), 33 patients per group would provide an

85% power (2-tailed α 0.025 considering multiple testing) to detect a

further 50% reduction in the anakinra (high dose; estimated AUC for

CRP of 88 �75 mg/L) vs anakinra (standard dose) and a > 99% power

(2-tailed α 0.025) vs placebo. A conservative estimate of 20% loss to

follow-up or withdrawal would retain >80% power for all analyses.

For statistical analysis, all values will be reported as the median

and interquartile range for potential deviation from Gaussian distribu-

tion. The differences between treatment groups will be computed

using the Wilcoxon signed-rank test for continuous variables or the

Fisher exact test for discrete variables. The differences in interval

changes between the treatments will be compared using random-

effect analysis of variance for repeated measures to analyze the

effects of time and group allocation. Unadjusted P values will be

reported throughout, with statistical significance set at the 2-tailed

0.025 levels for the primary analysis, to adjust for multiplicity. Second-

ary analyses will account for potential confounders (eg, group

FIGURE 1 Design of the Virginia Commonwealth University–
Anakinra Remodeling Trial-3 (VCU-ART3). The overall study design is
represented as a schematic. Abbreviations: CRP, C-reactive protein;
Echo, transthoracic echocardiography; STEMI, ST-segment elevation
myocardial infarction

TABLE 1 Baseline demographics (N = 99 patients)

Demographics

Age, y, mean � SD 56.0 � 10.4

Male sex, % 83

African American race, % 42

Abbreviations: SD, standard deviation.

1006 VAN TASSELL ET AL.



imbalances at baseline, differences in post-MI treatment regimens

between groups). All analyses will be completed using SPSS, version

24.0 (IBM Corp., Armonk, NY).

2.7 | Progress to date

The study began enrollment in July 2014 and completed enrollment in

December 2017. A total of 99 patients were enrolled at 3 study sites

in Virginia and Washington, DC (Table 1). The final follow-up visit is

scheduled for December 2018.

3 | DISCUSSION

Patients presenting with STEMI are at particularly high risk for

adverse cardiac remodeling and HF.11 A growing body of evidence

suggests that cardiovascular disease is both a metabolic and inflamma-

tory disorder. Whereas atherogenesis is a slow process, promoted or

accelerated by chronic subclinical inflammation, acute atherothrombo-

tic events are rather stochastic, with sudden events leading to acute

coronary syndrome (ACS) facilitated by inflammatory processes.12 A

recent large study of IL-1β blockade using canakinumab in patients

with prior AMI has shown that systemic inflammation is a significant

driver of recurrent AMI.13 In the VCU-ART3 study, we propose to

explore the role of IL-1 during the intense acute systemic inflamma-

tory response observed following myocardial ischemic injury and esti-

mate the relationship between this response and subsequent

remodeling. Moreover, the use of an IL-1 receptor antagonist (ana-

kinra) instead of an IL-1β antibody (canakinumab) may help to clarify

the role of other IL-1 isoforms (eg, IL-1α) in ACS.14,15

Three prior studies (VCU-ART,8 VCU-ART2,9 and the MRC ILA-

HEART Study16) of IL-1 blockade with anakinra during ACS confirm

that IL-1 is an important mediator of inflammation at the time of ACS

and that IL-1 blockade is sufficient to provide (at least) partial inhibi-

tion of the CRP response. However, there remains some uncertainty

over the benefits of IL-1 blockade in the ACS setting and the CRP

response after discontinuation of IL-1 blockade.16 Due to observa-

tions in these prior studies that CRP levels in many patients remained

elevated (>2 mg/L) after 14 days of treatment with the standard ana-

kinra dose (100 mg daily), the VCU-ART3 study will explore the dose–

response relationship between anakinra and CRP through use of a

higher anakinra dose (100 mg twice daily). Normalization of CRP

levels may be particularly important for long-term prognosis, given

that on-treatment CRP >2 mg/L in the CANTOS study was associated

with reduced efficacy of canakinumab.13,17

As with all pilot clinical trials, there are inherent limitations to the

design of VCU-ART3. In particular, the study will be underpowered

for detecting differences in clinical outcomes, and therefore the

results will need to be considered hypothesis-generating.

4 | CONCLUSION

Despite the increasing interest in inflammation and AMI, there are

few clinical trials of anti-inflammatory drugs in patients with AMI, and

no drugs are currently approved for use in the acute setting. IL-1 has

emerged as a key pro-inflammatory mediator in cardiovascular dis-

ease. The VCU-ART3 study will investigate the safety of standard or

high-dose anakinra in patients with STEMI, as well as the effects on

the acute inflammatory response as measured by the AUC for CRP at

14 days. The study will also explore the effects of anakinra on interval

changes in LV dimensions and systolic/diastolic function at 12 months

and on clinical cardiovascular outcomes, including new-onset of HF,

up to 1 year from enrollment of the study. Ultimately, the findings

from this phase 2 study may be used to inform the design of future

phase 3 studies.
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