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Anti-interleukin (IL)-1 agents have been developed for the treatment of autoinflammatory and rheumatic conditions, where overproduc-
tion of IL-1 is an important pathophysiologic process. IL-1a and IL-1b are the most studied members of the IL-1 family of cytokines and
have the strongest proinflammatory effects. A naturally occurring antagonist (IL-1Ra) mitigates their proinflammatory effects.
Overproduction of both IL-1a (released by inflamed/damaged pericardial cells) and IL-1b (released by inflammatory cells) is now a well-
recognized therapeutic target in patients with recurrent idiopathic pericarditis. Currently, there are three available anti-IL-1 agents: ana-
kinra (recombinant human IL-1Ra), rilonacept (a soluble decoy receptor ‘trap’, binding both IL-1a and IL-1b), and canakinumab (human
monoclonal anti-IL-1b antibody). For patients with corticosteroid-dependent and colchicine-resistant recurrent pericarditis with evidence
of systemic inflammation, as evidenced by elevated C-reactive protein, the efficacy and safety of anakinra (2 mg/kg/day up to 100 mg/day
subcutaneously usually for at least 6 months, then tapered) and rilonacept (320 mg subcutaneously for the first day followed by 160 mg
subcutaneously weekly) have been clearly demonstrated in observational studies and randomized controlled clinical trials. Severe side
effects are rare and discontinuation rates are very low (<4%). The most common reported side effect is injection site reactions (>50% of
patients). In this article, we describe the historical and pathophysiological background and provide a comprehensive review of these
agents, which appear to be the most significant advance in medical therapy of recurrent pericarditis in the last 5 years.
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Introduction

Recurrent pericarditis is one of the most common and troublesome
complications of pericarditis, affecting 15–30% of patients after an ini-
tial episode, and >40% after a first recurrence.1,2 Moreover, 5–10%
of patients with recurrent pericarditis develop multiple recurrences
that are particularly difficult to treat and often refractory to conven-
tional anti-inflammatory drugs.

Based on current evidence, pericarditis should be considered an
inflammatory reaction to various stimuli, including chemical/physical
and infectious, with viral infection being a common aetiology.

Interaction of pathogens or irritants with toll-like receptors leads to
an increased transcription of proinflammatory genes, including those
needed for assembly of the nucleotide-binding domain, leucine-rich-
containing family, pyrin domain-containing 3 (NLRP3) inflammasome,
which leads to activation of interleukin-1 (IL-1; autoinflammatory
pathway).3 This pathogenetic scheme has been confirmed indirectly
by the beneficial effect of both colchicine (an indirect inhibitor of the
NLRP3 inflammasome)1,2 and specific IL-1 blockers in patients with
recurrent pericarditis (Graphical Abstract).4,5

The aim of this review is to provide a focused primer for clinicians
on the use of anti-IL-1 agents for pericarditis, including their historical

Graphical Abstract

Mechanism of action of available IL-1 agents for pericarditis: (1) anakinra (Anak) is a recombinant IL-1 receptor antagonist blocking either IL-1a or IL-1b;
(2) rilonacept is a fusion protein forming a trap that binds IL-1a or IL-1b and IL1Ra; (3) canakinumab is an IgG1 human monoclonal antibody targeted
at IL-1b.

...................................................................................................................................................................................................
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background, how they were developed, their mechanism of action,
dosing, side effects, and practical tips for clinical use.

Historical background

The first report of the use of anti-IL-1 agents in pericarditis was by
paediatricians from the Gaslini Institute (Genova, Italy) in 2009. They
described the first cases of children with recurrent pericarditis who
were successfully treated with the recombinant IL-1 receptor antag-
onist anakinra (Kineret VR , Swedish Orphan Biovitrum, Stockholm,
Sweden). These patients were all corticosteroid dependent and had
fever and evidence of systemic inflammation based on elevated C-re-
active protein (CRP).6 Anakinra administered subcutaneously was
associated with very rapid disappearance of symptoms and normal-
ization of CRP and other acute-phase reactants. Continuous treat-
ment with anakinra allowed rapid tapering and then discontinuation
of corticosteroid treatment. At a mean follow-up of 6 months from
the initial administration of anakinra, none of the patients had experi-
enced a new disease relapse.

Most patients had idiopathic recurrent pericarditis, which has
many features in common with autoinflammatory diseases (periodic
fever, elevation of markers of inflammation, and serositis with peri-
carditis). Recurrent episodes of apparently unprovoked inflammation
are the most characteristic feature of autoinflammatory diseases, and
familial Mediterranean fever is a well-known cause of recurrent peri-
carditis.7 Moreover, familial cases of recurrent idiopathic pericarditis
have been described, with 6% reported to carry a mutation in the
TNFRSF1A gene responsible for tumour necrosis factor receptor-
associated periodic syndrome.8

Based on these favourable experiences in the paediatric setting,
anakinra was then used in adults. One of the first descriptions of the
use of anakinra in adult patients was published in 2012 by
Vassilopoulos et al.9 They reported successful use in cases of drug-
resistant and corticosteroid-dependent recurrent pericarditis with
elevation of inflammatory markers. The medication was well toler-
ated in all but one patient, who exhibited a reversible elevation of
transaminases. This is in agreement with the literature in rheumatoid
arthritis patients, where anakinra has demonstrated an excellent
safety profile, even after prolonged administration.9

Based on this preliminary experience with anakinra, the 2015
European Society of Cardiology (ESC) guidelines on the management
of pericardial diseases gave a class IIb recommendation (level of evi-
dence C) for the use of anakinra in patients with recurrent pericardi-
tis and corticosteroid dependence not responsive to colchicine, as a
third-line treatment after non-steroidal anti-inflammatory drug and
corticosteroid failure.10 The same level of recommendation was pro-
vided for other alternative third-line options for recurrent pericardi-
tis,10 specifically, azathioprine,11 and intravenous human
immunoglobulins,12 although based on weaker evidence from case
reports and expert opinion without randomized trials. In some insti-
tutions (especially in the USA), pericardiectomy may be an earlier
preferred option instead of third-line options, mainly after many failed
attempts to discontinue steroid therapy. Additional clinical trials are
warranted to better address this issue and other evidence-based
treatments (Figure 1).

A subsequent systematic review of cases with refractory recurrent
idiopathic pericarditis reported clinical experience with anakinra in
34 patients (20 men, mean age 26.8 years).13 The mean disease dur-
ation was 31 months and the number of recurrences was 8.2.
Anakinra was generally administered as a daily subcutaneous injection
of 100 mg daily with a mean full-dose duration of 9.2 months. CRP
normalized within 7.1 days, and corticosteroids were withdrawn
within 62 days. During an average 28.3-month follow-up, 8 (23.5%)
out of 34 patients were disease free off treatment, after having
received anakinra for an average of 10.4 months.13

This initial evidence provided the rationale to conduct randomized
trials,14–16 and establish an international registry.17

Mechanism of action and anti-IL-1
agents

Mechanism of action
IL-1 is a master cytokine which is released after the activation of the
NLRP3 inflammasome. The IL-1 family is a group of 11 cytokines that
plays a central role in the regulation of the inflammatory response to
infections or sterile insults. The discovery of these cytokines began
with studies on the pathogenesis of fever in experimental animal
models. IL-1 was the name given to the products derived from mac-
rophages. In 1985, two distinct proteins sharing human IL-1 activity
were identified: IL-1a and IL-1b. These remain the most studied
members of the family and possess the strongest proinflammatory
effects.18,19

IL-1 is a pivotal cytokine that induces a complex network of other
proinflammatory cytokines and regulates and initiates inflammatory
responses by expression of integrins on leukocytes and endothelial
cells. An important effect of IL-1 is the induction of fever in the
thermoregulatory centre in the hypothalamus, as well as induction of
hyperalgesia (increased pain sensitivity), vasodilatation, and hypoten-
sion.18–20 A naturally occurring IL-1a and IL-1b receptor antagonist
(IL-1Ra) mitigates their inflammatory effects by competing for the
same receptor. Both IL-1a and IL-1b bind to the same IL-1 receptor
(IL-1R).18–20

IL-1a is produced as a precursor protein and is constitutively
stored in the cytoplasm of cells of mesenchymal origin and in epithe-
lial cells. Pericardial cells produce and store this cytokine. Pericardial
injury by either infectious (e.g. bacteria, viruses) or non-infectious
agents (e.g. irritants, toxic agents, trauma) is responsible for the re-
lease of IL-1a and damage-associated molecular pattern (DAMP) and
pathogen-associated molecular patterns (PAMPs), which activate in-
flammatory cells (Figure 2).19–21 IL-1a also stimulates the transcrip-
tion of IL-1b from monocytes and acts as an amplifier of inflammation
by recruiting additional inflammatory cells. In contrast, IL-1b is syn-
thetized as a precursor form only after stimulation. Its expression is
induced by transcription factor NF-kB after exposure to DAMPs and
alarmins. The active form of IL-1b is generated in monocytes after
the activation of the inflammasome, a cytosolic macromolecular
structure composed of an adaptor protein, procaspase 1, and a sen-
sor molecule. The sensor molecule contains a nucleotide-binding
oligomerization domain-like receptor (Nod-like receptor, NLR).
When this sensor molecule is activated by DAMPs or PAMPs, the

2948 M. Imazio et al.
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.precursor pro-IL-1b is cleaved to active IL-1b. Colchicine blocks
tubulin polymerization affecting microtubule function that is neces-
sary for the assembly of the inflammasome and acts as a non-specific
inhibitor of the inflammasome.22

Anti-IL-1 agents
Several different anti-IL-1 agents have been developed (Table 1 and
Figure 3). Anakinra (Kineret VR , Swedish Orphan Biovitrum) is a re-
combinant human IL-1Ra and is currently registered for the treat-
ment of rheumatoid arthritis and cryopyrin-associated periodic
syndromes, which are characterized by overproduction of IL-1, and,
as discussed, has more recently been used for corticosteroid-
dependent and colchicine-resistant recurrent pericarditis.13,14,17,23

Anakinra interferes with both IL-1a and IL-1b. Rilonacept, originally
developed by Regeneron Pharmaceuticals, Inc, is a dimeric fusion
protein consisting of the ligand-binding domains of the extracellular
portions of the human IL-1 receptor component (IL-1RI) and IL-1 re-
ceptor accessory protein (IL-1RAcP) linked in-line to the Fc portion
of human immunoglobulin G1.21 Rilonacept operates as a soluble
decoy receptor or ‘trap’, which binds IL-1a or IL-1b and prevents en-
gagement with the cell-surface receptor for IL-1, thus inhibiting IL-1
activity.21

Canakinumab, a monoclonal antibody that selectively blocks IL-1b,
is a third anti-IL-1 agent. Its use has been only anecdotally reported
to treat pericarditis.24–26 It is best known in cardiovascular medicine
because of the Canakinumab Antiinflammatory Thrombosis

Figure 1 Management algorithm for the treatment of recurrent pericarditis with first-line agents (non-steroidal anti-inflammatory drugs and colchi-
cine), second-line drugs (low-dose corticosteroids and colchicine), third-line options (anakinra, azathioprine, and intravenous human immunoglobu-
lins), and fourth-line treatment (pericardiectomy) according to the 2015 ESC guidelines.10 In some institutions (especially in the US), pericardiectomy
may be an earlier preferred option instead of taking injection of anti-IL-1 agents, after many failed attempts to be off steroid therapy. Additional clinical
trials are warranted to better address this issue.

2949Anti-interleukin-1 agents for pericarditis
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Outcome Study (CANTOS),27 a randomized, double-blind trial,
involving 10 061 patients with previous myocardial infarction and a
high-sensitivity CRP level >2 mg/L. CANTOS is an important proof
of concept trial, which showed that an anti-IL-1 agent reduces cardio-
vascular risk solely because of its anti-inflammatory effect, with no
effects on lipids.27

In 2018, a first, very small series of patients with recurrent pericar-
ditis treated with canakinumab was published. Results were mixed,
with responses in 2 out of 3 cases and inability to achieve prolonged
control of the disease in one case.24 Subsequent case reports also
provided mixed results.25,26 Overall, canakinumab failed to achieve
stable control of pericarditis in most case reports of recurrent peri-
carditis.24–26 This may reflect selective blocking of IL-1b.

Evidence from clinical trials and
registries: safety of anti-IL-1
agents

Clinical trials and registries
The first and thus far only investigator-initiated randomized, placebo-
controlled trial of anakinra for corticosteroid-dependent and
colchicine-resistant recurrent pericarditis was the Anakinra-
Treatment of Recurrent Idiopathic Pericarditis (AIRTRIP) trial.14

The AIRTRIP trial was a double-blind, placebo-controlled,
randomized withdrawal trial including an open-label treatment with
anakinra followed by a double-blind withdrawal phase with anakinra
or placebo until recurrent pericarditis occurred. The study hypoth-
esis was based on the striking efficacy reported in children and adults,
requiring only 21 patients to be randomized for adequate power. To

be enrolled in this study, an increased level of CRP was mandatory.
Anakinra was administered at 2 mg/kg per day, up to 100 mg, for
2 months. All patients responded with the resolution of pericarditis
and were randomized to continue anakinra (n = 11) or switch to pla-
cebo (n = 10) for 6 months or until a pericarditis recurrence. After a
median follow-up of 14 months, recurrent pericarditis occurred in 9
of 10 patients (90%; incidence rate, 2.06% of patients per year)
assigned to placebo and 2 of 11 patients (18.2%; incidence rate,
0.11% of patients per year) assigned to anakinra, for an incidence rate
difference of -1.95% (95% CI, -3.3% to -0.6%). During anakinra treat-
ment, 20 of 21 patients (94.8%) experienced transient local skin reac-
tions, 1 (4.8%) herpes zoster, 3 (14.3%) transaminase elevation, and
1 (4.8%) ischaemic optic neuropathy. No patient permanently discon-
tinued the active drug.

The efficacy and safety of anakinra for corticosteroid-dependent
and colchicine-resistant pericarditis was also confirmed in a real-
world international registry, the International Registry of Anakinra
for Pericarditis (IRAP).17 In the IRAP registry, investigators enrolled
consecutive patients with recurrent pericarditis who were
corticosteroid-dependent and colchicine-resistant for treatment
with anakinra. The primary outcome was pericarditis recurrence
rate after treatment. Secondary outcomes included emergency de-
partment visits, hospitalzations, corticosteroid use, and adverse
events. Among 224 patients (46 ± 14 years old, 63% women, 75%
idiopathic aetiology, 13% post-cardiac injury syndrome), the me-
dian duration of disease was 17 months (interquartile range 9-33).
Most patients had elevated CRP (91%) and pericardial effusion
(88%). After a median treatment of 6 months, pericarditis recur-
rences were reduced six-fold (from 2.33 to 0.39 per patient per
year), emergency department admissions were reduced 11-fold
(from 1.08 to 0.10 per patient per year), and hospitalizations were
reduced seven-fold (from 0.99 to 0.13 per patient per year).
Corticosteroid use was decreased by anakinra (from 80% to 27%
of patients; P < 0.001). No serious adverse events were recorded;
adverse events consisted mostly of transient skin reactions (38%)
at the injection site. Adverse events led to discontinuation in 3%
of cases. A full-dose treatment duration of over 3 months followed
by a tapering period of over 3 months were the therapeutic
schemes associated with a lower risk of recurrence.17

A new anti-IL-1 agent, rilonacept (Arcalyst VR

, Regeneron/
Kiniksa, USA) was more recently tested in patients with recur-
rent pericarditis. Rilonacept is a soluble chimeric fusion protein
that functions as a decoy receptor, inhibiting the function of
both IL-1a and IL-1b. In a sponsored open-label phase II study,15

25 adult patients with idiopathic or postpericardiotomy recur-
rent pericarditis were enrolled. They were either symptomatic
(>_2 pericarditis recurrences) or corticosteroid-dependent (>_2
prior recurrences). Patients received rilonacept 320 mg Sc load
and then 160 mg SC weekly during a 6-week base treatment
period followed by an optional 18-week on-treatment extension
period. Rilonacept led to rapid and sustained improvement in
pain, inflammation (CRP and pericarditis manifestations), and
health-related quality of life.15

These positive findings provided the rationale for a sponsored
phase 3 trial, the RHAPSODY trial.16 RHAPSODY was a multicentre,
double-blind, event-driven, randomized-withdrawal trial of rilonacept
in patients with acute symptoms of recurrent pericarditis (as assessed

Figure 2 Pericardial injury by either infectious (e.g. bacteria,
viruses) or non-infectious agents (e.g. irritants, toxic agents, trauma)
is responsible for the release of IL-1a by pericardial cells and dam-
age-associated molecular pattern and pathogen-associated molecu-
lar pattern release. Damage-associated molecular patterns and
pathogen-associated molecular patterns trigger the activation of nu-
clear factor kB that leads to gene transcription of pro-inflammatory
mediators and the activation of the inflammasome leading to the
generation of activated pro-inflammatory cytokines such as IL-1
(target of anti-IL-1 agents). Colchicine is able to concentrate in
white blood cells and interferes with microtubule function. Another
anti-inflammatory mechanism is related to the non-specific inhib-
ition of the inflammasome (the assembly of the inflammasome is
allowed by microtubules).

2950 M. Imazio et al.
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on a patient-reported scale) and systemic inflammation (as shown by
elevated CRP levels). Patients presenting with a pericarditis recur-
rence while receiving standard therapy were enrolled in a 12-week
run-in period, during which rilonacept (320 mg SC for the first day
followed by 160 mg SC weekly) was initiated and background medi-
cations were discontinued. All patients had a clinical response (i.e.
met prespecified response criteria) and were then randomly assigned

in a 1:1 ratio to receive continued rilonacept monotherapy (n = 30)
or placebo (n = 31), administered subcutaneously once weekly. The
primary efficacy endpoint was the time to the first pericarditis recur-
rence. The median time to the first adjudicated recurrence in the pla-
cebo group was 8.6 weeks [95% confidence interval (CI), 4.0–11.7;
hazard ratio in a Cox proportional-hazards model, 0.04; 95% CI,
0.01–0.18; P < 0.001 by the log-rank test]. During this period, 2 of 30

Figure 3 Mechanism of action of available IL-1 agents in current clinical practice: (i) anakinra (Anak) is a recombinant IL-1 receptor antagonist
blocking either IL-1a or IL-1b; (ii) rilonacept is a fusion protein consisting of extracellular domains of IL-1 receptor 1 (IL-1R1) and IL-1 receptor acces-
sory protein (IL-1RacP; both IL-1R components) attached to each arm of an IgG Fc portion forming a trap that binds IL-1a or IL-1b and IL-1Ra; and
(iii) canakinumab is an IgG1 human monoclonal antibody targeted at IL-1b. All anti-IL-1 agents interfere with the binding of IL-1 with its membrane
receptor.

....................................................................................................................................................................................................................

Table 1 Anti-IL-1 agents in clinical use

Anakinra Rilonacept Canakinumab

Form Recombinant human IL-1Ra IL-1a and IL-1b trap Human monoclonal antibody anti-

IL-1b

IL-1 target IL-1a and IL-1b IL-1a and IL-1b IL-1b

Half-life 4–6 h 7 days 26 days

Administration SC or IV SC SC

Dosing Every day Weekly Every 1–2 months

Dose adjustment for renal failure Yes No No

Anti-inflammatory potency þþþ þþ þþþ
FDA-approved indications CAPS, RA CAPS CAPS, TRAPS, FMF, HIDS/MVK, sys-

temic juvenile IA, adult-onset Still

disease

EMA-approved indications CAPS, systemic juvenile IA, adult-

onset Still disease, RA

None CAPS, TRAPS, FMF, HIDS/MVK, sys-

temic juvenile IA, adult-onset Still

disease, gout flare

Adverse Events Injection site reactions, hepatitis,

infections

Injection site reactions, infections,

neutropenia, hyperlipidemia

Injection site reactions, infections,

neutropenia

CAPS, cryopyrin-associated periodic syndromes; FMF, familial Mediterranean fever; HIDS, hyperimmunoglobulin D syndrome; IA, idiopathic arthritis; IV, intravenous; MVK,
mevalonate kinase deficiency; RA, rheumatoid arthritis; SC, subcutaneous; TRAPS, tumor necrosis factor receptor-associated periodic syndrome.

2951Anti-interleukin-1 agents for pericarditis
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patients (7%) in the rilonacept group had a pericarditis recurrence, as
compared with 23 of 31 patients (74%) in the placebo group. In the
run-in period, 4 (13%) patients had adverse events leading to discon-
tinuation of rilonacept therapy. The most common adverse events
with rilonacept were injection site reactions and upper respiratory
tract infections.16

Safety of anti-IL-1 agents
Anti-IL-1 agents are in general safe drugs, which have now been pre-
scribed for years. If we consider only randomized controlled clinical
trials, anti-IL-1 agents have been associated with an increased risk of
any adverse events compared to placebo [risk ratio (RR) 5.38, 95%
CI 2.08–13.92, I2 = 0%], including injection site reactions (RR 14.98,
95% CI 2.09–107.09, I2 = 0%) and infections (RR 3.93, 95% CI 1.33–
11.66; Figure 4).14,16,28

The most common reported side effect is injection site reactions,
which occur in the majority of patients treated with anakinra
(>50%),14,17 a significant proportion of those treated with rilona-
cept (up to 60%),15,16 and approximately 10% of those treated
with canakinumab.24–27 Patients receiving anakinra usually report
stinging during injection, but injection site reactions usually occur
after 1–2 weeks of therapy.14,17,23 Multiple prior injection sites
may simultaneously become red and painful (Figure 5). These ad-
verse events usually resolve within 1–2 months. They are typically
transient and do not evolve. In order to minimize and resolve this
side effect, it is recommended to allow the syringe to come to
room temperature before injection (the drug is stored in a re-
frigerator at 2–8�C). Oral antihistamines and topical corticoste-
roids can be used for treatment. It is important to inform the
patients of this common adverse event and reassure them that the
reaction is transient and passes without sequelae in the large ma-
jority of patients.14,17,23

The second most common side effect is infections (especially
upper respiratory or skin infections). Based on all of its indica-
tions, anakinra is associated with a lower risk of infections (3–

5%)14,17,23 compared with rilonacept15,16 and canakinumab.24–

27,29 Infections reported with anakinra or rilonacept in patients
with pericarditis have, for the most part, been mild respiratory
or skin infections and not due to opportunistic pathogens.14–

17,23 Arthralgias and myalgias have been reported in 6–12% of
patients.15,17,23 Elevation of transaminases is reported in at least
4% of cases and rarely associated with hepatitis,14–17,24 while
additional laboratory findings include neutropenia and leukopenia
(1–3%),14,17,23,24 and elevation of non-fasting blood lipids (up to
8% in patients treated with rilonacept).15,16 These laboratory
abnormalities are generally mild and not clinically significant.
No significant differences in the overall incidence of malignan-
cies in patients exposed or unexposed to anti-tumour necrosis
factor a or anakinra treatment were found. The same applied to
the risk of recurrent malignancies.30

Figure 4 Drug-related adverse events in patients treated with or without anti-IL-1 agents.

Figure 5 A representative case of intense injection site reaction
after 1 week of therapy with anakinra (see text for additional
explanations).

2952 M. Imazio et al.
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On this basis, measurement of blood cell count and transaminases

is recommended at least at baseline before starting these drugs, and
at 1, 3, and 6 months, and then according to the duration of therapy
and possible clinical events. A permanent discontinuation of the drug
because of adverse events is uncommon and reported in up to 3% of
patients treated with anakinra and rilonacept.16,17,23 The main
reported side effects are summarized in Table 2.

Current indications, therapeutic
scheme, and monitoring

Current indications
Current 2015 ESC guidelines give a class IIb recommendation (level
of evidence C) for the use of anakinra in patients with recurrent peri-
carditis and corticosteroid dependence, not responsive to colchicine,
based on limited case reports available at that time.10 However, sub-
sequent research has expanded to larger observational studies and
the first randomized controlled clinical trial. The strongest evidence
to support the use of anti-IL-1 agents in pericarditis is for cases with
recurrent pericarditis with corticosteroid dependence (unable to
taper or withdraw corticosteroids) and colchicine resistance (recur-
rences despite use of colchicine). Including the larger observational
studies,15,17,23,31 and randomized controlled clinical trials,14,16 after a
median follow-up of 14 months (interquartile range 12–39), patients
receiving anti-IL-1 agents (anakinra or rilonacept) had a significantly
lower incidence rate ratio (IRR) for recurrent pericarditis (IRR 0.06,
95% CI 0.03–0.14, I2 = 95%) compared to patients receiving placebo
and/or standard medical therapy (Figure 6). Anti-IL-1 agents reduced
the risk of recurrent pericarditis both in the subgroup of randomized
controlled clinical trials (IRR 0.04, 95% CI 0.01–0.12, I2 = 0%) and ob-
servational studies (IRR 0.07, 95% CI 0.03–0.17, I2 = 95%). On this
basis, current evidence supports upgrade of current recommenda-
tions for the use of anti-IL-1 agents (anakinra or rilonacept) in
patients with recurrent pericarditis, not responsive to colchicine and
other conventional anti-inflammatory therapies (including non-
steroidal anti-inflammatory drugs and colchicine), and with elevation

of CRP. These agents should be recommended as a first-line treat-
ment option for these patients, especially those with >1 recurrence.

Therapeutic scheme and monitoring
Currently, two anti-IL-1 agents (anakinra and rilonacept) have been
proven to be efficacious and safe in the setting of recurrent pericardi-
tis with corticosteroid dependence and colchicine resistance. Both
anakinra and rilonacept provide combined IL-1a and IL-1b antagon-
ism, which seems important to achieve optimal control of the inflam-
matory mechanisms in pericarditis, as compared with selective IL-1b

antagonism (canakinumab).
Anti-IL-1 treatments should be commenced in a hospital or clinic

environment with a first dose provided under medical supervision and
then continued on an outpatient basis with scheduled follow-up blood
tests and visits. Before initiating treatment, it is recommended to
measure a complete blood count, renal function, and transaminases.
Females of childbearing potential should be screened for pregnancy
and counselled appropriately with respect to issues related to preg-
nancy and lactation (see below). Screening for latent tuberculosis,
hepatitis B and C and human immunodeficiency virus (HIV) should be
performed. The most important issue is latent tuberculosis, and ap-
propriate discussion with an infectious disease expert should be done
in individual cases to assess the use of prophylactic antituberculous
therapy for those with a positive TB Quantiferon test. IL-1 inhibitors
generally do not appear to complicate these conditions and, when
treatment is urgently indicated, it may be reasonable to initiate therapy
while waiting screening results.20

Anakinra
Anakinra is administered SC without a loading dose (usual dose for
adults 1–2 up to 100 mg/kg/day), and it is rapidly efficacious with pain
relief within hours in patients with pericarditis.14,17 No major safety
issues were reported in cases in which anakinra was used during
pregnancy in women with autoinflammatory diseases; however, due
to the limited total number of exposed pregnancies, the use of anti-
IL-1 agents should be considered in pregnancy when the risk–benefit

....................................................................................................................................................................................................................

Table 2 Reported adverse events of anti-intereukin-1 agents in clinical use for pericarditis

Anakinra14,17,23 Rilonacept15,16 Canakinumab24–27,29

Severe side effectsa <1–4% Up to 6% Up to 12%

Injection site reactions 38–95% 34–60% <10%

Infections 3–5% Variable* 3–7%

Elevation of transaminases 3–14% Up to 4% 2–4%

Arthralgias, myalgias 6–8% Up to 12% 2%

Elevation of blood lipids Possibleb Up to 8% NR

Neutropenia or leukopenia 1–3% Possiblea <1%

Permanent discontinuation due to adverse events 3% 3% NR

NR, not reported.
*Depending on treatment times up to 40% (RHAPSODY trial) and usually mild to moderate.
aReported severe side effects included an ischaemic optic neuropathy in the AIRTRIP trial14 that was judged to be probably unrelated to treatment; skin reactions and intoler-
able arthralgias and myalgias leading to drug discontinuation were reported in the IRAP registry17; squamous-cell carcinoma, alopecia, extrinsic allergic alveolitis, erythema, and
hypersensitivity reactions were reported in the RHAPSODY trial.16 Fatal infections and sepsis were the main adverse events reported in the CANTOS trial.27

bAdverse events reported without a precise quantification.

2953Anti-interleukin-1 agents for pericarditis
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assessment of maintaining disease control justifies the potential risk
to the foetus.

Anakinra is a large molecule, and it is unlikely that significant
amounts of this medication will be transferred to breast milk, but not-
ably IL-1Ra is a normal component of human milk where it may play a
role as an anti-inflammatory agent.32,33

The minimal duration of therapy should be 3 months according to
the IRAP registry, where an increased rate of relapses was documented
for therapies lasting for <3 months.17 The usual duration of therapies is
6–12 months but longer durations may be required to ensure pro-
longed remissions. The drug can also be given IV if necessary. It has a
high rate of injection site reactions of mild to moderate intensity in
>50–60% of cases. These usually can be managed without treatment
discontinuation with systemic antihistamines and topical corticoste-
roids. The shorter half-life (compared with rilonacept) provides the ad-
vantage of a faster reversibility of the effect (especially useful for
acutely ill patients), but has the disadvantages of a daily administration
and need for tapering. Abrupt discontinuation of anakinra is followed
by recurrences in the short term in 50–70% of cases.17,34 Thus, taper-
ing should be strongly recommended in patients treated with anakinra.
The best tapering scheme is unknown. It has been proposed to start by
reducing the weekly dosing schedule by one administration every
week. As an alternative, the drug can be provided every other day at
full dose at the beginning (usually for 3 months) then with half doses at
the end of tapering (additional 1–3 months).17

Rilonacept
Rilonacept is administered SC with a loading dose of 320 mg on the
first day (or 4.4 mg/kg if <18 years of age) followed by 160 mg weekly
(or 2.2 mg/kg if <18 years of age). The relief of pain is seen within a

few days.15,16 The minimal duration of therapy should be 6–8 months
and varied according to the clinical response. Due to weekly adminis-
tration, skin reactions are less common. At present, relevant data for
rilonacept are not available in regard to the need for tapering. Due to
the longer half-life, it is plausible that tapering may be less relevant in
patients treated with this drug. The suggested therapeutic schemes
are summarized in Table 3. No information is available concerning
rilonacept in pregnancy and breast-feeding.

Use of imaging to guide therapy and
monitoring
Cardiac magnetic resonance (CMR) allows objective identification of
pericardial inflammation by means of evidence of pericardial thicken-
ing, oedema, and late gadolinium enhancement, since the inflamed
pericardium is thickened and neovascularized.35,36 On this basis,
CMR guided therapy may be a useful option, especially in cases where
clinical evaluation and blood testing is insufficient to clearly determine
the remission state (e.g. symptomatic patients with non-elevated
markers of inflammation).35,36 Additional studies are ongoing and
needed to better clarify the role of CMR in these settings.

Monitoring is required with blood cell count, transaminases, renal
function, and blood lipids at baseline, and then during follow-up at
least after 1 month, and then every 3 months. A careful follow-up is
needed also to address the possible increased risk of infections (espe-
cially respiratory and skin infections).

Information for patients

Patients with complicated and/or refractory recurrent pericarditis
should be ideally referred to cardiologists with special expertise in
the management of pericarditis and the use of anti-IL-1 agents.

Figure 6 Recurrent pericarditis assessed as incidence rate ratio in patients treated with or without anti-IL-1 agents.

2954 M. Imazio et al.
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..Prescription and dosing
The use of anti-IL-1 agents is currently off label for the treatment of
pericarditis and informed consent is requested in these patients (in
Italy anakinra can be prescribed for patients with corticosteroid-
dependent and colchicine-resistant recurrent pericarditis within the
National Healthcare System). Rilonacept has been currently
approved by the FDA in the USA, but still under evaluation in
Europe. Appropriate information should be provided on indications,
possible side effects, and expected outcomes. Moreover, specific in-
formation should be provided on reproductive issues, pregnancy, lac-
tation, and vaccination. An additional issue is related to the
compatibility of these therapies with SARS-CoV-2 infection and
vaccination.

Side effects
Although generally well tolerated, possible side effects should be
anticipated, especially injection site skin reactions. Advice should be
given on their usual timing after 1–2 weeks of therapy, and how to
cope with these side effects. Patients should also be advised about
the need for monitoring of blood tests during therapy after 1 month
and then at least every 3 months.

Pregnancy and lactation
These are specific issues to be discussed with women of childbearing
potential. The largest experience of use in the setting of pregnancy
and lactation is with anakinra. Based on limited information, anakinra
may be continued through conception in women with rheumatic and
musculoskeletal diseases who are planning a pregnancy and are not
able to use alternative therapies, although it is suggested to plan dur-
ing a period of quiescent/low disease activity.32,33,37

Based on limited information, use of anakinra may be continued in
males with rheumatic and musculoskeletal diseases who are planning
to father a child.33

For women, the drug can be used through conception and it is also
safe during lactation. However, there are no data or very limited data
with other anti-IL-1 agents during pregnancy and lactation.

Immunizations and COVID-19
Patients should be brought up to date with all immunizations before
initiating therapy with anti-IL-1 or other immunomodulatory agents;
live vaccines should not be given concurrently. There are no data
available concerning the effects of therapy on vaccination or second-
ary transmission of live vaccines in patients receiving therapy.
Another issue is related specifically to COVID-19 vaccines. The vac-
cine stimulates production of antibodies that protect patients from
COVID-19. It is not possible to become infected with COVID-19
from receiving the vaccine, and it is safe to receive it regardless of
other immunosuppressive medications. Patients with pericarditis on
immunomodulatory medications were not included in the COVID-
19 vaccine clinical trials, which are similar to trials for other vaccines.
However, we strongly recommend the COVID-19 vaccine, and this
issue should be discussed further with patients and referral physi-
cians. There is a possibility that the effect of the vaccine may be par-
tially blunted by the use of these drugs, but there are no available
data at present.

The last important consideration is that during the COVID-19 pan-
demic anti-IL-1 agents as well as colchicine are safe in patients with
pericarditis and are probably also useful for COVID-19 management
in patients who display pericardial involvement.38

....................................................................................................................................................................................................................

Table 3 Therapeutic schemes and monitoring of anti-IL-1 agents in pericarditis

Anakinra Rilonacept Canakinumab

Loading dose Not recommended 320 mg SC on first day (or

4.4 mg/kg if <18 years of age)

Not recommended

Maintenance dose 1–2 mg/kg/day up to 100 mg/

day SC (usual dose for

adults)

160 mg weekly SC (or 2.2 mg/kg if

<18 years of age)

4–5 mg/kg SC usually every 4 weeks; for

patients >40 kg usually 150 mg every 4 weeks;

if inadequate response after 7 days may re-

peat dose and increase to 300 mg every

4 weeks

Duration 3–6 months (usual), longer

times in specific cases

At least 6–8 months At least for 6–12 months

Tapering Suggested for at least 3–

6 monthsa

Probably not necessary Probably not necessary

Monitoringb Blood cell count, transami-

nases, renal function, blood

lipids

Blood cell count, transaminases,

renal function, blood lipids

Blood cell count, transaminases, renal function,

blood lipids

Pregnancy It can be used through

conception

No data Limited data; alternative drug to be preferred

Lactation Compatible No data Limited data

aDifferent possible tapering schemes: reducing the dose of a single daily dose every week, as alternative with full dose every other day for 1–3 months and then half dose every
other day for 1–3 months.
bBe aware of possible increased risk of infections (especially respiratory and skin infections).

2955Anti-interleukin-1 agents for pericarditis
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Conclusions and future
perspectives

Anti-IL-1 agents appear to be a major advance in medical therapy of
recurrent pericarditis. These drugs represent a paradigm shift in the
treatment of recurrent pericarditis, allowing more targeted and per-
sonalized therapy for patients showing evidence of systemic inflam-
mation (e.g. fever and/or CRP elevation).39 Selection of patients
remains very important; not all subjects with pericardial diseases are
good candidates for anti-IL-1 agents, especially if evidence of systemic
inflammation is absent. At present, although data are limited, there is
evidence of efficacy of these agents in patients with other aetiologies
besides idiopathic recurrent pericarditis (e.g. postpericardiotomy
syndrome and systemic autoimmune and autoinflammatory diseases).
The AIRTRIP14 and RHAPSODY16 trials enrolled patients with idio-
pathic recurrent pericarditis or postpericardiotomy syndromes,
while 11% of patients in the IRAP registry15 had systemic auto-
immune or autoinflammatory diseases.

Current pooled data suggest that anti-IL-1 agents should be
a first option for corticosteroid-dependent and colchicine-
resistant recurrent pericarditis with the evidence of systemic in-
flammation by means of elevated CRP. This will very likely
translate into an upgraded recommendation for these agents in
future guidelines.

What are the remaining questions to be addressed? First, the
best duration of therapy and the need for tapering remain to be
investigated: 6–8 months appear to be an optimal duration for a first
therapeutic cycle, but some patients may require longer treatments
to prevent additional recurrences. The second question is whether
tapering is indicated and what is the best scheme to follow.
Tapering is generally recommended with these agents, especially
with anakinra. However, the best tapering regimen should be
addressed in additional clinical studies. The third question is
whether these drugs can be used before corticosteroids in order to
avoid their side effects, and whether they are efficacious as mono-
therapy without colchicine. The use of anti-IL-1 agents as alternative
drugs should be addressed in randomized trials, since these agents
may offer the opportunity to replace corticosteroids, if efficacy and
safety are confirmed. Lastly, regarding the possibility of replacing
colchicine with anti-IL-1 agents, this is certainly an option. However,
these agents may be synergistic in interfering with the inflamma-
some, i.e. non-specific inhibition by colchicine and specific inhibition
by anti-IL-1 agents, when combination therapy is needed to control
the disease.
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