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CONTEMPORARY REVIEW

Emerging Therapies for Recurrent 
Pericarditis: Interleukin- 1 inhibitors
Saberio Lo Presti , MD; Tarec K. Elajami , MD; Reza Reyaldeen , MD; Chris Anthony , MD, PhD; 
Massimo Imazio , MD; Allan L. Klein , MD

ABSTRACT: Recurrent pericarditis (RP) is a complex inflammatory disorder associated with adverse outcomes and poor qual-
ity of life. After the first episode of acute pericarditis, a non- negligible group of patients will fail to achieve complete remission 
despite treatment and will be challenged by side effects from the chronic use of medications like corticosteroids. The cause 
of RP remains unknown in the majority of cases, mainly due to a gap in knowledge of its complex pathophysiology. Over the 
past 2 decades, the interleukin- 1 (IL- 1) pathway has been uncovered as a key element in the inflammatory cascade, allowing 
the development of pharmacological targets known as IL- 1 inhibitors. This group of medications has emerged as a treatment 
option for patients with RP colchicine- resistance and steroid dependents. Currently, anakinra and rilonacept, have demon-
strated beneficial impact in clinical outcomes with a reasonable safety profile in randomized clinical trials. There is still paucity 
of data regarding the use of canakinumab in the treatment of patients with RP. Although further studies are needed to refine 
therapeutic protocols and taper of concomitant therapies, IL- 1 inhibitors, continue to consolidate as part of the pharmacologi-
cal armamentarium to manage this complex condition with potential use as monotherapy. The aim of this review is to highlight 
the role of IL- 1 pathway in RP and discuss the efficacy, safety, and clinical applicability of IL- 1 inhibitors in the treatment of RP 
based on current evidence.
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Recurrent pericarditis (RP) is associated with sig-
nificant morbidity and adversely impacts quality 
of life.1 Disease burden negatively affects both 

patients and society with severe symptoms reported 
in 60% of cases leading to work impairment in half of 
the patients.2 RP is defined by flare of symptoms 4 to 
6 weeks following the index episode of pericarditis.3 The 
annual incidence of pericarditis ranges from 27.7 to 168 
cases per 100 000 population/year, with 15% to 30% 
of these cases reporting recurrent symptoms within 
18  months.4- 6 RP is considered a rare condition with 
an annual incidence in the United States of around 20 
000 cases and a prevalence of approximately 37 000 
cases. Half of these patients are expected to develop 
a complication or require a procedure within 2 years of 
diagnosis.7 After the first recurrence, half of these pa-
tients will continue to have persistent symptoms despite 

appropriate therapy.8 The following criteria are estab-
lished to make the diagnosis of RP: (1) proven first epi-
sode of acute pericarditis; (2) recurrence of pericarditis 
type pain; and (3) association with at least one of the 
following findings: pericardial friction rub, ECG changes, 
new or increased pericardial effusion, elevated CRP   
(C- reactive protein) , evidence of pericardial inflamma-
tion established by an imaging modality (magnetic res-
onance imaging or computed tomography scan).3,9,10

The cause of RP in adults remains unknown in 70% 
to 90% of cases and is reported as “idiopathic.” The 
lack of serial investigation during recurrent attacks 
and a gap in knowledge of its pathophysiology ac-
count for this inflated number.11,12 Emerging evidence 
has demonstrated that auto- inflammatory pathways, 
such as the interleukin- 1 (IL- 1), are critical in the dis-
ease process.12- 14 Treatment adherence is also a major 
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determinant and premature cessation of therapies 
from rapid tapering or intolerable side effects are con-
tributors for the perpetuation of inflammation.7,11,13 The 
standard of care in RP includes non- steroidal NSAIDs, 
colchicine, and corticosteroids. Due to chronic use- 
related side effects from corticosteroids, alternative 
regimens with azathioprine and human intravenous 
immunoglobulin have been implemented with variable 
success, though the level of evidence is limited.15,16

Enhanced understanding of the pathophysiology of 
this disease and the need for better tolerated therapies, 
have increased the recognition of the IL- 1 pathway as a 
promising target therapy.14 The aim of this review is to 
highlight the role of IL- 1 pathway in RP and discuss the 
efficacy, safety, and clinical applicability of the IL- 1 inhib-
itors in the treatment of RP based on current evidence.

We present a narrative review which focuses on the 
role of IL- 1 inhibitors in RP. The literature reported in this 
study corresponds primarily to randomized controlled 
trials, however, due to scarcity of data, nonrandomized 
studies, case series and case reports are also discussed.

PATHOPHYSIOLOGY OF RECURRENT 
PERICARDITIS AND THE IL- 1 
PATHWAY
Two main hypotheses have been associated with the 
pathophysiology of the disease, the auto- immune and 
auto- inflammatory processes. Based on the predomi-
nance of one over the other, patients can manifest a 
non- inflammatory phenotype (for example, in the set-
ting of underlying autoimmune disease) or an auto- 
inflammatory phenotype.17

Adaptive Immunity or Autoimmune 
Hypothesis
Adaptive immunity was previously considered the key 
pathway in the development of RP through several in-
appropriate response mechanisms as follows:18

• Reactivation of dormant viral particles residing in the 
pericardium secondary to incomplete viral clearance 
or steroid- induced viral replication.19

• Transformation of self- antigen into foreign antigens 
promoted by inflammatory tissue as a consequence 
of cell injury, apoptosis, and oxidative stress.20

• Molecular mimicry between self and foreign antigens 
that triggers recurrent inflammatory attacks.21

• Production of auto- antibodies such as anti- heart, 
anti- nuclear, and anti- intercalated discs found in ele-
vated concentrations in pericardial fluid.22,23

The presence of auto- antibodies, found in 50% of 
adults, in addition to clinical findings such as dry eyes, 
arthralgias, a subacute course and the association with 
underlying autoimmune disorders are hints towards an 
autoimmune phenotype of RP.12 The most common au-
toimmune conditions associated with RP are systemic 
lupus erythematosus, systemic sclerosis or Sjogren syn-
drome and rheumatoid arthritis.7

Innate Immunity or Autoinflammatory 
Hypothesis
Similar signal pathways identified in idiopathic RP and 
auto- inflammatory conditions such as Tumor necrosis 
factor Alpha- associated Periodic Syndrome (TRAPS) 
and Familial Mediterranean Fever (FMF) have high-
lighted the role of innate immunity.24 In these condi-
tions, unprovoked inflammatory response occurred in 
the absence of T- cell specific antigens or high titers 
of autoimmune antibodies. The cytosolic complex 
of the “inflammasome”, a fundamental component 
of inflammatory pathways, recognizes pathogens 
and molecular damage to generate an inflammatory 
response.18

Infectious and non- infectious stimuli acting on the 
pericardial cells lead to the release of IL- 1α deposits, 
which alongside with other cytokines/pathogens bind 
to specific membrane and intracellular receptors in 
monocytes, further activating the Pathogen- Associated 
Molecular Patterns (PAMPs) or Damage- Associated 
Molecular Patterns (DAMPs), respectively.14,25 This step 
is followed by assembly and activation of the 3 compo-
nents of the Inflammasomes: the adaptor protein ASC, 
procaspase- 1 enzyme, and a sensor molecule called 
nucleotide- binding oligomerization domain– like recep-
tor (NLR). NLR pyrin domain- containing 3 (NLRP3), the 
best characterized sensor molecule, stimulates the NF- 
KB transcription complex leading to the release of pro 
IL- 1. Procaspase- 1 of NLRP3 converts the IL- 1ß pre-
cursor into its active form.18,26 This proinflammatory cy-
tokine has 2 main isoforms, the previously mentioned 
IL- 1α that is produced and stored in healthy cells and 
excreted when damaged, and IL- 1β that is produced 
by inflammatory leukocytes. IL- 1 β binds to receptors 

Nonstandard Abbreviations and Acronyms

AOSD Adult Onset Still Disease
CAPS Cryopyrin- Associated Periodic Syndrome
DAMPs Damage- Associated Molecular Patterns
FDA Food and Drug Administration
FMF Familial Mediterranean Fever
NRS Numeric Rating Scale
PAMPs Pathogen- Associated Molecular Patterns
RP Recurrent Pericarditis
TRAPS Tumor Necrosis Factor Alpha-

Aassociated Periodic Syndrome
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and activates endothelial adhesion molecules facilitat-
ing pericardial infiltration with monocytes, neutrophils, 
and macrophages promoting recurrent pericardial at-
tacks. This inflammatory milieu enhances pericardial 
inflammation via further activation of NLRP3 amplify-
ing IL- 1 production, self- perpetuating the inflammatory 
cycle. Finally, IL- 1β also activates cyclooxygenases, the 
main target of corticosteroids and non- steroidal anti- 
inflammatory drugs.18,27- 29 (Figure 1).

IL- 1 INHIBITORS
Anakinra
Anakinra is a recombinant version of the naturally oc-
curring IL- 1 receptor antagonist. It exerts its mechanism 
of action binding selectively to IL- 1 receptors, block-
ing the activity of circulating IL- 1α and IL- 1β (Table). 
It was first approved in 2001 for rheumatoid arthritis 
and has been studied in different severe inflammatory 
diseases.30

The cardiovascular efficacy of anakinra was stud-
ied in the AIRTRIP (Anakinra Treatment of Recurrent 
Idiopathic Pericarditis) trial, a randomized- withdrawal, 
double- blinded, placebo- controlled trial of 21 patients 
from Italy, with colchicine- resistant and corticosteroids- 
dependent idiopathic RP (at least 3 episodes) and sys-
temic inflammation (elevated CRP>1 mg/dL). The study 

was conducted in 2 phases. The first, an open- label 
phase in which all patients received 2  mg/kg/day of 
anakinra subcutaneous injection (up to 100  mg) for 
2 months. This was followed by the double- blind with-
drawal second phase where patients who responded 
to anakinra (at least 30% reduction in pericardial pain 
scale, at least 10% decrease in CRP concentration, and 
no increase in pericardial effusion on echocardiogram), 
were randomized to continue treatment or placebo for 
6  months. Median follow- up was 14  months. At the 
end of the study, the anakinra group had a significantly 
lower incidence of RP (18.2%, 0.11% per year; 95% 
CI, 0.03%– 0.45%) compared to placebo (90%, 2.06% 
per year; 95% CI 1.07%– 3.97%) (P=0.001) (Figure 2). 
Time- to- flare could not be calculated in patients re-
ceiving anakinra, however, in the placebo group the 
first flare occurred at 72  days after randomization. 
From 72 days until the end of the study, the percent-
age of patients free of flare in the anakinra group was 
significantly higher than placebo (>50% versus 50%, 
respectively, P<0.001). In patients with recurrences, 
the time- to- flare was significantly longer with anakinra 
(76.5 versus 28.4  days, respectively, P<0.001). More 
than half of patients continued colchicine during the 
second phase (57%). When results were adjusted by 
colchicine treatment, there were no significant differ-
ences in recurrence rate and time- to- flare between 
those treated with colchicine plus anakinra versus 

Figure 1. Inflammasome and activation of Interleukin- 1β.
Infectious and sterile noxious stimuli injure the pericardial cells primarily through the activation of pathogen- associated molecular 
patterns and damage- associated molecular patterns, leading to the expression/release of IL- 1α deposits. This promotes along with 
other triggers, the transcription of the IL- β precursor and the assembling of the inflammasome in the cytosol of innate immune response 
cells (ex., tissue macrophage). The inflammasome enzymatic component Procaspase- 1 cleaves the IL- 1ß precursor into its active form. 
Ultimately, both IL- 1α and IL- 1ß bind to IL- 1 receptors in capillary endothelial cells promoting further pericardial inflammation by various 
mechanism enhancing pericardial damage which perpetuate the inflammatory cascade of events. COX indicates cyclooxygenase; 
CRP, C- reactive protein; DAMPs, damage- associated molecular patterns; IL, interleukin; NLRP3, nucleotide- binding oligomerization 
domain– like receptor pyrin domain- containing 3; PAMPs, pathogen- associated molecular patterns; and WBC, white blood cells. 
Reprinted from Klein et al,25 with permission. ©2020, Elsevier.
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anakinra alone. However, the study was not powered 
to detect differences in monotherapy. In patients with 
recurrent episodes, the mean time- to- flare was signifi-
cantly shorter in the non- colchicine group compared 
to the colchicine group (10 versus 52.7 days, respec-
tively). Corticosteroids treatment was withdrawn from 
all patients within 6 weeks.31

Regarding its safety profile, 95% of patients treated 
with anakinra developed local reactions in the injection 
site. In addition, 1 patient developed herpes zoster and 
3 patients had elevated transaminases, however, there 
was no permanent discontinuation of the active drug. 
One patient developed ischemic optic neuropathy un-
related to the treatment.31 Its efficacy and safety have 
been also confirmed in an international registry. The 
registry included 224 patients with corticosteroids- 
dependence and colchicine- resistant refractory RP 
(46 ± 14 years old, 63% women, 75% idiopathic, 91% 
with elevation of CRP, and 88% with pericardial effu-
sion). Refractory pericarditis was defined as the first 
episode of RP followed by at least 2 recurrences 
on conventional therapy including NSAIDs, colchi-
cine, and/or corticosteroids. Conventional treatment 
was maintained, discontinued, or tapered based on 

clinical evaluation. Patients with hypersensitivity to ac-
tive substance of anakinra or Escherichia coli- derived 
proteins, neutropenia (absolute neutrophil count less 
than 1.5 × 109/L), active TB and malignancy, were all 
excluded. Anakinra 100 mg daily subcutaneous injec-
tion reduced pericarditis recurrences by 6- fold (2.33 to 
 0.39 per patient per year), emergency department ad-
missions by 11- fold (1.08 to  0.10 per patient per year), 
and hospitalizations by 7- fold (0.99 to  0.13 per pa-
tient per year) after a median treatment of 6 months. 
Corticosteroids use was significantly decreased by 
anakinra (respectively from 80% to  27%; P<0.001). No 
serious adverse events occurred; adverse events con-
sisted mostly of transient skin reactions (38%) at the in-
jection site. Adverse events led to drug discontinuation 
in 3% of the patients. A full- dose treatment duration 
of more than 3 months followed by a tapering period 
of more than 3 months were the therapeutic schemes 
associated with a lower risk of recurrence.32

These data suggests that anakinra is a promising 
effective biologic agent in RP. Its short half- life could 
be beneficial in clinical scenarios where rapid discon-
tinuation of the medication is needed to allow immuno-
logical reconstitution avoiding fatal outcomes in severe 

Figure 2. Kaplan– Meier analysis of patients with recurrent pericarditis free of relapse in the 
double- blind withdrawal phase, from day 0 to day 180 after randomization (intention- to- treat 
analysis).
Recurrent pericarditis relapse in the double- blind withdrawal phase, from day 0 to day 180 after 
randomization to either anakinra (blue) or placebo (green).
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infections. Anakinra allows successful withdrawal from 
steroids reducing its deleterious long- term side effects. 
Some of the limitations to its use include high- cost, 
long duration of therapy before withdrawal of conven-
tional treatment, and limited evidence on withdrawal 
protocols. Expert consensus opinion is to gradually 
taper anakinra based on clinical evidence of remission. 
Important aspects of management with anakinra are 
screening for hepatitis B virus and latent tuberculosis 
before administration, and use is contraindicated in ac-
tive infection or pre- existing malignancy.33

Canakinumab
Canakinumab is IgG1 human monoclonal antibody 
targeting IL- 1β. It is the IL- 1 inhibitor with the longest 
half- life, around 22 to 26 days. Due to its pharmacoki-
netics, it is administered in adults as a single fixed dose 
of 150 mg every 4 weeks. Canakinumab is approved 
for the treatment of various auto- inflammatory condi-
tions (colchicine resistant FMF, TRAPS, cryopyrin- 
associated periodic syndrome [CAPS] amongst others) 
but has not been used commonly in pericarditis due 
to its high cost and scarce data mainly limited to case 
series with mixed results.34- 36 Canakinumab was used 
in a case series of 3 adult patients with colchicine- 
resistant, corticosteroids- dependent RP, and previous 
failed response to biologic agents including anakinra. 
Two patients were diagnosed with adult- onset Still’s 
disease (AOSD) and one with seronegative rheumatoid 
arthritis, all sharing in common evidence of systemic 
inflammation. In patients with AOSD, the use of canaki-
numab as monotherapy achieved rapid and long- term 
remission (up to 3.5  years) with successful tapering 
of corticosteroids. In the patient with seronegative 
rheumatoid arthritis, anakinra was effective by taper-
ing corticosteroids to 5  mg/day. However, anakinra 
was discontinued due to injection site reaction. After 
failed trials of other biologics and multiple RP relapses, 
canakinumab was used and achieved only partial re-
sponse and was later discontinued due to high cost.37 
AOSD is an autoinflammatory disease characterized 
by elevation of IL- 1β levels.38 Similarly, there is evidence 
that IL- 1β is implicated in the pathogenesis of both se-
ronegative and seropositive RA.39 Therefore, this ex-
plains the response seen in these patients. In a case 
report of a 6.5- year- old boy with colchicine- resistant 
and corticosteroids- dependent idiopathic RP with 
evidence of systemic inflammation, canakinumab was 
used as alternative to anakinra after an episode of ana-
phylactic reaction. The combination of colchicine with 
canakinumab was successful in achieving remission 
for 2 years.36

This suggests that canakinumab can be consid-
ered in patients unresponsive to conventional treat-
ment, however, more studies are required to examine 

its efficacy and safety in adults and children. Of note, 
canakinumab only targets IL- 1β while anakinra and 
rilonacept targets both IL- 1α and IL- 1ß which could 
potentially have clinical implications. Additionally, iden-
tification of inflammatory phenotypes is an important 
aspect of management of RP to target the predom-
inant pathogenic pathway and tailor of therapies for 
maximal efficacy.

Rilonacept
Rilonacept is a novel IL- 1 inhibitor; it consists of a di-
meric fusion protein. It is composed of 3 main com-
ponents: the ligand binding- domain of the human 
IL- 1 receptor (IL- 1RI), IL- 1 receptor accessory protein 
(IL- 1RAcP), and the Fc portion of the human IgG1.25 
Rilonacept binds to the circulating IL- 1α and IL- 1β and 
with less affinity to the IL- 1 receptor antagonist, acting 
as an “IL- 1 trap.” This interaction inhibits the engage-
ment of IL- 1β to its receptor, blocking the downstream 
inflammatory cascade.29,40,41 (Figure 3).
In 2008, rilonacept received Food and Drug 
Administration (FDA) approval for the treatment 
of the rare genetic condition CAPS.41 In 2019, the 
phase II RHAPSODY trial was published. This pilot 
was an open- label, single- arm, 5- part study that 
evaluated the efficacy and safety of rilonacept in pa-
tients with RP. Eligible candidates included adults 
(18– 75  years) or children (≥6 to <18  years) with at 
least 2 recurrences, presenting with either ac-
tive disease (symptoms, CRP>1  mg/dL or delayed 
Gadolinium enhancement on cardiac magnetic reso-
nance imaging) or without active disease attributable 
to corticosteroids- dependence. Based on the clin-
ical presentation and cause, 5 different subgroups 
(“parts”) were defined. Active treatment consisted of 
loading dose of 320 mg rilonacept (KPL- 914), admin-
istered via subcutaneous injection on day 0, followed 
by 160 mg SC weekly for 5 more doses. An additional 
18- week treatment- extension period was optional 
with the possibility to taper concomitant therapy.

Twenty- five adults were enrolled from 9 sites in the 
United States between January 2018 and May 2019 and 
23 entered the extended period (mean age 42.8 years, 
60% female, majority White, 80% were taking at least 
2 anti- inflammatory medications). For symptomatic pa-
tients with elevated CRP>1 mg/dL secondary to post- 
pericardiotomy syndrome or idiopathic cause (n=13), 
pain was reduced by an average of 4 points on the 
11- points pain numeric rating scale (NRS), and CRP 
normalized in all patients (median time=9  days). For 
the remaining 3 symptomatic patients with active in-
flammation on cardiac magnetic resonance imaging 
(part 2), there was a decrease in NRS score and CRP 
remained normal (Figure 4). A substantial reduction in 
recurrences rate was reported with rilonacept with a 
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decreased annualized incidence from 3.9 (SD 3.66) 
episodes/year prior to study entry to 0.18 (SD 0.62) 
in patients with idiopathic RP and elevated CRP, and 

to 0.0 for the remaining study parts. Eleven patients 
(84.6%) out of 13 who were receiving corticosteroids at 
baseline were able to discontinue this medication and 

Figure 3. Rilonacept mechanism of action.
Rilonacept ultrastructure with 3 main components: the ligand binding- domain of the human IL- 1 receptor, 
IL- 1 receptor accessory protein, and the Fc portion of the human IgG1. Rilonacept “pocket” binds to IL- 1α 
and IL- 1ß acting as an IL- 1 trap blocking the interaction with their specific receptor. Fc indicates fragment 
crystallizable region; IL- 1RAcP, IL- 1 receptor accessory protein; IL- 1RI, IL- 1 receptor; IL, interleukin. 
Reprinted from Klein et al25 with permission. ©2020, Elsevier.

Figure 4. NRS scores (pain) and CRP levels in symptomatic patients with elevated CRP.
Numerical rating score for pain (NRS) (orange curve) and C- reactive protein (CRP) levels (blue curve) 
in patients with active disease and elevated CRP during the treatment period and optional extension 
treatment period. Normalization of CRP levels was achieved at a median of 9 days. BL indicates baseline; 
CRP, c- reactive protein; EoEP, end of extension period; EoTP, end of treatment period; NRS, numerical 
rating score for pain; SE, standard error; W, week. Adapted from Klein et al.42
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the remaining 2 reduced the dose without recurrence 
of symptoms.42

These results were followed by phase III 
RHAPSODY trial. This study was a double- blinded, 
placebo- controlled, multicenter randomized- withdrawal 
trial in patients with symptomatic RP (at least 2   
recurrences) and elevated CRP (≥ 1  mg/dL) colchi-
cine refractory or corticosteroids dependents. Patients 
were treated in the “run- in period” with rilonacept 
for 12  weeks (loading dose 320  mg or 4.4  mg/kg if 
<18 years of age; followed by weekly 160 or 2.2 mg/
kg if <18 years of age). In addition, concomitant anti- 
inflammatory therapy was weaned and rilonacept was 
continued as monotherapy in the last 2 weeks. At the 
end of this period, patients with clinical response (no 
symptoms and CRP≤0.5  mg/dL) underwent 1:1 ran-
domization to weekly rilonacept versus placebo. After 
accrual of a prespecified number of recurrences, the 
trial was closed, and eligible patients were offered up 
to 24 months of open- label rilonacept.

The primary efficacy end point was the devel-
opment of RP and secondary efficacy end points 
included assessment of clinical response, time to nor-
malization of the CRP level and the time by which the 
patients discontinued standard therapy and were re-
ceiving rilonacept monotherapy. A total of 86 patients 
were enrolled, 61 patients completed the run- in period 
and underwent randomization before enrollment was 
stopped (mean age 44.7 years, 57% female, 85% of 
cases were idiopathic and 15% post– cardiac- injury). 
The median duration of rilonacept treatment, including 
the run- in period, was 9 months (3– 14 months). The 
rilonacept group had significantly lower recurrences 
compared to placebo (7% versus 74%; hazard ratio, 
0.04; 95% CI 0.01– 0.18; P<0.001 by the log- rank test 
[Figure 5A]). There was a rapid resolution of pericarditis 
pain (median of 5 days), normalization of CRP (median 
time of 7 days), and successful withdrawal of cortico-
steroids in the treatment group (Figure 5B). Interestingly, 
the median time from initiation of rilonacept to tapering 
and discontinuing standard therapy was 7.9  weeks 
in the run- in period. There was no re- introduction of 
corticosteroids or pericarditis recurrence in the run- in 
period.43,44

The phase II study demonstrated the safety and tol-
erability of rilonacept with 92% of the adverse events 
reported as mild to moderate in severity. The most 
common side effects included transient injection site 
reactions (60%), nasopharyngitis (16%), arthralgia 
(12%), and diarrhea (12%). None of these events led 
to drug discontinuation and all were treated with con-
servative measures. No major laboratory abnormalities 
were reported, however, there was an increase in non- 
fasting total cholesterol, low- density lipoprotein cho-
lesterol, and triglycerides but did not require therapy 
initiation.42

The favorable safety profile and tolerability was cor-
roborated in the phase III RHAPSODY study. The most 
common adverse reactions were injection site reac-
tions (34%), and upper respiratory tract infections (23%). 
The majority of adverse events were transient, mild to 
moderate in severity. Four patients had adverse events 
that warranted drug discontinuation including alopecia, 
extrinsic allergic alveolitis, systemic allergic reaction 
and erythema, all reported during the run- in period.43 
These results suggest rilonacept is an effective and safe 
therapy for RP. It may be used as a monotherapy and 
help discontinue standard corticosteroids- dependent 
therapy.43,44 Some of the limitations to its use include 
high- cost, extended half- life when used in patients at 
increased risk for infections, as well as the lack of data 
about long- term remission and well- characterized taper-
ing protocol. The results from the planned RESONANCE 
(Registry of the Natural History of Recurrent Pericarditis 
in Pediatric and Adult Patients : ClinicalTrials.gov num-
ber NCT04687358) are highly anticipated to aid in an-
swering some of these gaps in knowledge.44

CLINICAL APPLICATION OF IL- 1 
INHIBITORS
The efficacy of IL- 1 inhibitors, specifically, rilonacept 
and anakinra, has been demonstrated only in pa-
tients with RP with at least 2 recurrences secondary 
to non- prohibited conditions for IL- 1 inhibitors use 
(including active infection, tuberculosis, active malig-
nancy, immunocompromised). These patients have 
failed treatment with conventional therapies (including 
colchicine[“colchicine resistant”] and corticosteroids), 
and have evidence of systemic inflammation (fever, el-
evated CRP ≥1 mg/dL, and/or delayed gadolinium en-
hancement on cardiac magnetic resonance imaging) 
or experience recurrence while attempting to withdraw 
corticosteroids (corticosteroids- dependent).31,32,43,44 
The European Society of Cardiology 2015 guidelines 
recommend anakinra as a third line therapy in pa-
tients intolerant or non- responsive to corticosteroids.3 
Although, most recently rilonacept received approval 
from the FDA in March 2021 for its use in RP in adults 
and children >12  years, no formal American College 
of Cardiology/American Heart Association guidelines 
recommendations are available at the moment.7,45 No 
data is available regarding the role of IL- 1 inhibitors in 
the treatment of patients with RP without systemic in-
flammation or after the first recurrence. In essence, 
additional studies are required to address these lat-
ter gaps, and long- term follow- up data are required 
to determine the recurrence rate beyond 8  months 
for anakinra and 14 months for rilonacept. Better un-
derstanding of the pathophysiology of RP, has per-
mitted  the identification of phenotypes, allowing the 
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Figure 5. Rhapsody Phase III trial outcomes.
A, Time to the First Adjudicated Pericarditis Recurrence. Curves for the time to the first adjudicated pericarditis 
recurrence in the randomized- withdrawal period are shown. Circles indicate the time of data censoring for reasons 
other than a primary efficacy end- point event (e.g., a visit at the end of the randomized- withdrawal period). Overall, 
2 patients (7%) in the rilonacept group and 23 (74%) in the placebo group had pericarditis recurrence. The median 
time to recurrence could not be estimated in the rilonacept group and was 8.6 weeks (95% CI, 4.0 to 11.7) in the 
placebo group. CI indicates confidence interval; No, number. B, Mean Numerical Rating Scale Scores for Pain and 
C— reactive protein Levels over the 12- Week Run- In Period. Numerical rating scale scores for pain and C- reactive 
protein (CRP) levels as assessed by a central laboratory were recorded during the run- in period, during which all 
the patients received rilonacept. The mean pain numerical rating scale score and mean CRP level at the baseline 
visit differ from those recorded for the qualifying pericarditis episode; to allow for the completion of screening 
procedures, the investigator was permitted to treat each patient with standard- of- care medications temporarily 
during the interval between presentation with the qualifying episode and the baseline visit or trial enrollment. A 
3- day rolling mean was calculated on the basis of non- missing values over each successive 3- day interval. In 
accordance with the protocol, pain was assessed daily with the use of a numerical rating scale (with scores ranging 
from 0 to 10 and with higher scores indicating greater pain severity). CRP was measured at baseline, on day 4, 
and at weeks 1, 2, 4, 6, and 12. At week 12, a total of 81 patients had assessments of the CRP level, but 2 of 
these patients had discontinued treatment before week 12; therefore, only 79 patients were considered to still be 
participating in the run- in period. I bars indicate the standard error. No indicates number; Wk, week. Reprinted from 
Klein et al.43 with permission. ©2020, Massachusetts Medical Society.
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individualization of treatment based  on elevated lev-
els of IL1 and inflammatory markers like CRP. Future 
studies should emphasize the characterization of in-
flammatory profiles to identify responders to treatment. 
Figure  6 demonstrates a proposed flowchart for the 
incorporation of IL- 1 agents in the treatment algorithm 
for patients with RP.

IL- 1 INHIBITORS IN SPECIAL 
POPULATIONS
Pregnancy
There is limited data regarding the safety of anakinra 
during pregnancy and lactation.35 In humans, case 
series of women with various types of auto- inflam-
matory conditions utilizing anakinra during pregnancy 
were reported with favorable outcomes.46,47 The cur-
rent expert consensus is that anakinra can be used 

before and after pregnancy.48 From the largest series 
of 23 pregnant women exposed to anakinra with 21 re-
ported healthy infants, there were 2 miscarriages and 
1 case of congenital malformation. Fourteen infants 
were breast fed without complications or developmen-
tal delay after a median follow up of 18 months.47 It is 
also reassuring that the natural equivalent of anakinra 
IL- 1 receptor antagonist is present in human milk pos-
ing no risk to infants.48

The safety data of rilonacept and canakinumab in 
pregnancy and lactation are even more scarce. The 
case series from Youngstein and colleagues reported 
the use of canakinumab in 8 pregnant women resulting 
in 7 live births. Four infants were breast fed with no re-
ported serious infections or developmental abnormali-
ties at a mean follow- up of 2.2 years.47

Regarding rilonacept, only animal studies have 
shown a possible harmful effect on embryo- fetal de-
velopment, however, no human studies exist to explore 

Figure 6. Proposed flowchart for the introduction of IL- 1 inhibitors in the management of 
recurrent pericarditis.
CMR indicates cardiac magnetic resonance; CRP, C- reactive protein; CT, computed tomography; NRS, 
numerical rating scale; and PeFF, pericardial effusion.

Anakinra or rilonacept failure
- Intensify an� inflammatories

- Consider pericadiectomy

Colchicine resistant/ steroid dependent
-NSAIDs,  Colchicine, prednisone (Taper down as clinically 

tolerated).
+

-Anakinra or rilonacept as steroid sparing

Second Recurrence 
-NSAIDs, Colchicine, prednisone

[Consider anakinra or rilonacept instead of prednisone]

First Recurrence
- NSAIDs (weeks-months) Colchicine (≥6 months)

± prednisone

Acute Episode
- NSAIDs (weeks), Colchicine (3 months)

Check echocardiogram for 

evaluation of PeFF, myocardial 

involvement and constriction

-Echocardiogram for constriction

-CMR in selected cases for 

pericardial inflammation and 

constriction

-Check echocardiogram and CMR

-Identify inflammation: NRS≥4, 

CRP ≥1 mg/dL

Similar as second recurrence plus 

cardiac CT to assess for calcific 

changes and preoperative planning

-Check echocardiogram and CMR

-Identify inflammation: NSR≥4, 

CRP ≥1 mg/dL
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this toxic effect. Therefore, rilonacept is classified as 
category C and should be used when benefits to the pa-
tient outweighs risk of fetal toxicity. Otherwise, it should 
be discontinued before pregnancy. It is also unknown 
whether rilonacept is secreted during lactation.45

Children
Albeit there is limited data about the use of anakinra in 
pediatric patients, available results in children favor its 
safety and efficacy. In a multicenter retrospective study 
of 12 children (age at commencement of anakinra 
6– 16 years) with colchicine- resistant and corticosteroids- 
dependent RP, anakinra 1 to 2 mg/kg/day reduced 95% 
of flares compared to pre- treatment and allowed rapid 
withdrawal of concomitant treatment including corticos-
teroids.49 Based on data in adults and limited evidence 
in children, it is reasonable to use anakinra in pediatrics 
and perhaps at early stages for long- term control of re-
currences. Future randomized control trials in this group 
of patients will help in building on the available evidence 
on RP management in this population.35

Although no pediatric patients were enrolled in 
RHAPSODY PHASE II, a total of 7 patients between 
12 and 17 years of age received rilonacept in the run- in 

period of the RHAPSODY phase III trial. Subsequently, 
1 patient was randomized to rilonacept and 2 to pla-
cebo during the randomized- withdrawal period with-
out safety concerns based on this variable.42,43 FDA 
approval was granted for the use of rilonacept in RP 
including children >12 years, in concordance with its 
previous authorization in children of this age with auto- 
inflammatory syndromes.43,45

COVID- 19
Although these medications could hypothetically 
mitigate the immune response elicited by the mRNA 
COVID- 19 vaccines, patients with pericarditis treated 
with immunosuppressive therapy were not included 
in the vaccines trials and this remains only specu-
lative.50,51 Furthermore, COVID- 19 vaccines can be 
administered in patients on treatment with these 
drugs. Anti- IL1 agents appear to be well tolerated in 
the context of COVID- 19 infection and it seems to 
be safe to continue treatment if necessary, for symp-
toms control.52 At the moment, no data is available 
regarding the use of this group of medications con-
comitantly with other viral vectors or live attenuated 
virus based COVID- 19 vaccines.

Table 1. Comparison of IL- 1 Antagonists Used in Recurrent Pericarditis in Adults

Anakinra Rilonacept Canakinumab

Ultrastructure Recombinant protein Fc fusion protein IgG monoclonal antibody

IL- 1 α receptor antagonist + + −

IL- 1 β receptor antagonist + + + (Binds plasma IL-  β and prevents 
interaction with receptor)

Half- life 4 to 6 h 7 d 22 to 26 d

Frequency of administration Daily Weekly Every 4 to 8 wks

Administration route Subcutaneous intravenous Subcutaneous Subcutaneous

Loading dose − 320 mg −

Maintenance dose 2 mg/kg (up to 100 mg) 160 mg 4 mg/kg or 150 mg (single dose)

Duration of treatment 6 to 12 months (can extend in patients 
with recurrences)

9 months with range of   3 to 
14 months (can extend in patients 
with recurrence)

Up to 2 y

Dose adjustment for renal 
impairment

CrCl ≥30 mL/min: not required  
CrCl <30 mL/min or ESRD:  
consider changing dose to every other 
day.  
Not dialyzable (<2.5%)

Not required Not required

Dose adjustment for hepatic 
impairment

Not required Not required Not required

Adverse events Injection site reactions, hepatitis, 
infections

Injection site reactions, infections, 
neutropenia, hyperlipemia

Injection site reactions, infections, 
neutropenia

Monitoring CBC, CRP, symptoms/signs of 
infection, hepatitis B and TB screening 
at baseline

CBC, CRP, lipid profile, symptoms/
signs of infection, hepatitis B and 
TB screening at baseline

CBC, CRP, symptoms/signs of 
infections, hepatitis B and TB 
screening at baseline

Main clinical evidence in 
pericarditis

1. AIRTRIP clinical trial
2. International Registry of Anakinra 

for Pericarditis (IRAP)

RHAPSODY Phase III clinical trial 
and Phase II study.

Case reports & Case Serie

CBC indicates complete blood count; CrCl, creatinine clearance; CRP, C- reactive protein; Fc, fragment crystallizable region; IL, interleukin; and TB, 
tuberculosis.
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Drug Interactions
There are no studies that investigated drug interac-
tions with IL- 1 inhibitors. Elevated IL- 1 levels in RP may 
inhibit the production of CYP450 enzymes. Therefore, 
it is hypothesized that IL- 1 inhibitors may restore the 
production of CYP450 enzymes requiring further eval-
uation of drug concentrations and dose adjustments 
of medications metabolized by this enzyme. The con-
comitant use of IL- 1 inhibitors with a TNF- alpha block-
ing agent is not recommended due to the presumed 
potentiation of immunosuppression and risk for seri-
ous infections.45

CONCLUSIONS
Improved understanding of the pathophysiology of RP 
has shifted the paradigm for the management of this 
debilitating disease. Identification of targets along the 
IL- 1 pathway has permitted the therapeutic use of 3 IL- 1 
inhibitors. Clinical data have highlighted the efficacy of 
mainly 2 drugs, rilonacept and anakinra, while there 
is still paucity of data for canakinumab. These drugs 
demonstrated substantial effect ameliorating clinical 
symptoms, decreasing inflammatory markers and the 
incidence of recurrences with a favorable safety pro-
file. Differences in the pharmacokinetics of these med-
ications, allows physicians to individualize treatment 
based on the patients immunosuppresive risk, pre-
venting infection-related complications. Further studies 
are needed to expand the knowledge of interactions 
with other medications, safety and efficacy in special 
populations such as in pregnancy, and to delineate the 
appropriate length of therapy and taper protocols.
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