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Anakinra, an interleukin-1 receptor antagonist (IL-1 Ra), is a treatment option for recurrent pericarditis refractory to conventional
therapy. However, some patients cannot discontinue anakinra treatment without relapse. This is of particular concern for women
of childbearing age, as data on its safety during pregnancy and lactation is limited.

We report the case of a 36-year-old White woman with recurrent pericarditis of an inflammatory phenotype. Pericardial biopsy
revealed virus-negative fibro-productive pericarditis, and genetic testing showed no identifiable cause. Despite treatment with non-
steroidal anti-inflammatory drugs, colchicine, and corticosteroids, the patient experienced multiple recurrences and developed cor-
ticosteroid-related side effects. Introduction of anakinra resulted in immediate clinical improvement and allowed corticosteroid
withdrawal. However, several attempts to discontinue anakinra led to pericarditis recurrences. The patient tested positive for neu-
tralizing anti-IL-1Ra antibodies. During the stable phase of the disease, as confirmed by cardiac magnetic resonance imaging, and
while on anakinra and colchicine, she conceived spontaneously. She maintained anakinra treatment throughout the full-term preg-
nancy and breastfeeding, with no impact on foetal or child development.

Our paper provides evidence supporting the safe use of anakinra in pregnancy and lactation in a patient with recurrent pericarditis.
It also reports the first case of anti-IL-1Ra antibodies in a patient receiving anakinra for recurrent pericarditis, which may help explain
the dependency on the medication. The potential role of these antibodies as biomarkers for anakinra dependency or tools for op-
timizing immunosuppressive treatment warrants further research. A patient-centred counselling and a multidisciplinary approach
are essential for achieving optimal outcomes.
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Learning points
tial effects of drug exposure on foetal development.
and lactation when no other treatment options are available.

pericarditis warrant further research.

e Managing recurrent pericarditis during pregnancy requires a personalized approach weighing the risks of sub-optimal treatment with poten-
e Anakinra, an IL-1 antagonist, is effective for recurrent pericarditis resistant to conventional therapy and may be continued during pregnancy

e The presence of neutralizing anti-IL-1Ra antibodies may explain anakinra dependency but their exact pathophysiological role in recurrent

Introduction

Recurrent pericarditis occurs in 15%—30% of patients with acute
pericarditis and is associated with significant morbidity due to
repeating symptoms and medication-related side effects.” It is
presumed to be caused by viral infections or immune-related
processes, involving either an autoinflammatory mechanism of
the innate immune system or an autoimmune response of the
adaptive immune system.? Autoinflammatory mechanism is charac-
terized by excessive production of interleukin-1(IL-1)B due to
dysregulated activation of the nucleotide-binding oligomerization
domain-, leucine-rich repeat-, and pyrin domain-containing protein
3 (NLRP3) inflammasome. Genetic variants influencing innate im-
mune response may play an important role.® The result is recur-
rent pericarditis with an inflammatory phenotype presenting with
intermittent inflammatory attacks with fever, serositis, and elevated
C-reactive protein (CRP) levels. The described autoinflammatory
mechanism is regulated by an anti-inflammatory cytokine IL-1
receptor antagonist (IL-1Ra), which inhibits the binding of IL-1 to
its receptor.
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Often first and second line therapy, including non-steroidal anti-
inflammatory drugs (NSAIDs), colchicine and corticosteroids, is not suc-
cessful. Anakinra, a recombinant human IL-1Ra that binds to the IL-1 recep-
tor (IL-1R), inhibiting both IL-1a.and B pro-inflammatory activity, emerged
as a novel treatment option in corticosteroid-dependent, colchicine-
resistant recurrent pericarditis.4 However, a certain proportion of patients
is unable to discontinue anakinra treatment without relapse of the disease.
This phenomenon is of particular concern in female patients of childbearing
age since safety data on anakinra treatment during pregnancy and lactation
is limited. The presence of neutralizing anti-IL-1Ra antibodies might be in-
volved, however their role in the pathogenesis of the disease and in the re-
sponse to treatment remains to be elucidated.>®

We report the case of a young woman with corticosteroid-
dependent, colchicine-resistant recurrent pericarditis, who tested posi-
tive for anti-IL-1Ra antibodies. She responded well to anakinra but was
unable to discontinue treatment without experiencing a relapse.
Consequently, she continued anakinra therapy throughout both preg-
nancy and lactation. To the best of our knowledge, this is the first re-
ported case of the presence of anti-IL-1Ra antibodies in a patient with
recurrent pericarditis undergoing long-term anakinra treatment.
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Al pericarditis episodes were characterized by typical chest pain and elevated CRP.
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Anakinra during pregnancy and lactation

Timeline of events depicting pericarditis episodes and treatment
regimen.

Case presentation

We present the case of a 36-year-old White woman with recurrent
pericarditis (Summary figure). At first pericarditis manifestation she
was 29 years-old and already had a complex medical history with a
spectrum of immune-mediated conditions, including celiac disease, sec-
ondary hypothalamic-pituitary—adrenal axis insufficiency treated with
hydrocortisone, hypothyroidism following autoimmune thyroiditis
and radioiodine treatment, Raynaud’s phenomenon, human leucocyte
antigen (HLA) B27 positivity, and high anti-nuclear antibody (ANA) ti-
tres (> 1:160). She presented with severe pericarditic chest pain and
fever. Her heart rate was 126 beats per minute and blood pressure
90/70 mmHg. Physical examination revealed muffled heart sounds,
but no appreciable pericardial rub. No peripheral oedema or pulmon-
ary crackles were present. Laboratory results showed elevated

BEFORE
ANAKINRA
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inflammatory markers, with a CRP level of 108 mg/L and a leucocyte
count of 15 x10°/L, while troponin | remained within the normal range.
Electrocardiogram (ECG) revealed sinus tachycardia, low QRS voltages,
and subtle diffuse ST elevation with PR depression. Chest X-ray de-
monstrated a small pleural effusion, while echocardiography confirmed
a moderate pericardial effusion with evidence of hemodynamic com-
promise. Urgent pericardiocentesis was performed and 190 mL of ser-
ous fluid was withdrawn. A comprehensive diagnostic workup excluded
microbiological, rheumatoid, malignant and metabolic causes of pericar-
ditis. She received initial treatment with ibuprofen 600 mg three times
daily and colchicine 0.5 mg once daily.

Two montbhs later, after slow tapering of ibuprofen, she suffered the
first recurrence with fever and increased CRP level of 125 mg/L.
Cardiac magnetic resonance imaging (MRI) showed a small pericardial
effusion and a thickened pericardium of 4 mm, along with signs of active
inflammation, including late gadolinium enhancement (LGE) and in-
creased signal intensity on short tau inversion recovery (STIR-T2w) se-
quences (Figure 7). There were no signs of constrictive physiology or
myocardial involvement. A pericardial biopsy was performed and

AFTER
ANAKINRA

Figure 1 Cardiac magnetic resonance imaging showing significant regression of pericardial inflammation, with minimal residual pericardial late gado-
linlum enhancement (LGE) and no evidence of oedema on short tau inversion recovery (STIR-T2w) imaging after anakinra treatment.
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revealed a virus-negative fibro-productive pericarditis. Colchicine treat-
ment was continued while ibuprofen was switched to indomethacin
50 mg three times daily. The clinical response was insufficient. As a re-
sult, a low-moderate dose of methylprednisolone at 0.4 mg/kg daily was
added.

Six months since the first recurrence, after methylprednisolone dis-
continuation, she experienced the second recurrence with typical chest
pain and elevated CRP level of 75 mg/L. Given the multiple recurrences,
a potential genetic background was explored. A targeted analysis of 20
genes associated with autoinflammatory diseases revealed a heterozy-
gous variant NM_000234.2 (c.1772T > C, p.lle591Thr) in the
Mediterranean fever (MEFV) gene, which was classified as a variant of
yet uncertain clinical significance. Triple therapy with indomethacin, col-
chicine, and methylprednisolone was restarted. However, the patient
developed side effects from steroids therapy, including facial swelling,
mood swings, and symptoms of depression. Therefore, during hospital-
ization tapering of the methylprednisolone was attempted but led to
another flare. Treatment with anakinra at full dose of 100 mg once daily
via subcutaneous injection was initiated. This resulted in immediate clin-
ical improvement with a marked reduction in symptom severity and
CRP normalization and allowed methylprednisolone discontinuation.

After 6 montbhs, initial dose of anakinra was slowly tapered by omit-
ting one 100 mg dose per week every month. The patient’s condition
remained stable on a maintenance regimen of anakinra 100 mg twice
weekly and colchicine 0.5 mg once daily.

However, multiple attempts to discontinue anakinra after 2, 3, and 4
years of treatment were unsuccessful as recurrent symptoms and ele-
vated CRP levels developed upon each attempt. During subsequent
follow-up, the patient experienced two mild flares: one following mes-
senger ribonucleic acid (MRNA) vaccination for severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) and the other during a
SARS-CoV-2 infection. Both episodes were successfully treated with
transiently increasing the dose of anakinra to 100 mg daily for 1
week. A follow-up cardiac MRI performed 5 years after the initial pres-
entation showed a mildly thickened pericardium and a significant de-
crease in inflammation, with only remnant pericardial LGE and no
oedema visible on STIR-T2w imaging (Figure 7). Due to the apparent
dependence on anakinra, the presence of neutralizing anti-IL-1Ra anti-
bodies was assessed using an in-house enzyme-linked immunosorbent
assay (ELISA) (L. Thurner, Homburg/Saar, Germany),”® following a
2-week asymptomatic anakinra-free interval. The titre of anti-IL-1Ra
antibodies was markedly increased (Figure 2).

Six months after the last cardiac MRI, she conceived spontaneously.
Given her medical history, a multidisciplinary team including a cardiolo-
gist, gynaecologist, rheumatologist, and clinical geneticist, all agreed that
continued therapy with anakinra was necessary. She was treated with
anakinra at a dose of 100 mg twice weekly, but colchicine was discon-
tinued due to gastric problems. Throughout the entire pregnancy, she
was closely monitored at the clinic for high-risk pregnancies and cardi-
ology outpatient clinic. Foetal development was carefully monitored
with regular ultrasound examinations at weeks 13 (early foetal morph-
ology with nuchal translucency measurement), 18, 20 (foetal morph-
ology), 26, 30, 33, 35, 36, and 39. One month before delivery she
complained of mild chest pain with no CRP elevation. Consequently,
the anakinra dose was temporarily increased to 100 mg three times
weekly until delivery. Foetal growth was appropriate for gestational
age until it began to slow after 38 weeks (Figure 3). At 39 weeks and
6 days of gestation, just one day before the expected delivery date, la-
bour was induced using local prostaglandin, and the patient delivered a
healthy male vaginally. At birth, the baby weighed 2980 g, measured
51 cm in length, had a head circumference of 34 cm, and achieved an
APGAR score of 9 at both the first and fifth minutes. The patient con-
tinued anakinra treatment at a dose of 100 mg twice weekly during
breastfeeding for 12 months and is still following this regimen. The
child’s growth and development are normal.
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Anti-IL-1Ra antibodies in patient’s plasma detected by in-
house ELISA (L. Thurner, Homburg/Saar, Germany) were markedly
increased. OD, optical density.

Our case contributes to the growing evidence supporting the safety of
continuous anakinra treatment during pregnancy and lactation in a pa-
tient with corticosteroid-dependent, colchicine-resistant recurrent
pericarditis. Due to the presence of anti-IL-1Ra antibodies, our patient
could not discontinue anakinra and remained on the medication from
pre-conception through pregnancy and breastfeeding, without any ad-
verse effects on foetal development or the child’s health.

Recurrent pericarditis is believed to be an infectious or immune-
mediated condition. In our patient, a comprehensive diagnostic work-
up including pericardial biopsy excluded infectious causes of the disease.
Immune-related causes can vary from entirely autoinflammatory to en-
tirely autoimmune diseases though the aetiology may involve a combin-
ation of both.? Inflammatory response of the innate immune system is
predominantly mediated by cytokines whereas the inflammatory re-
sponse of the adaptive immune system is predominantly mediated by
autoantibodies or autoreactive T lymphocytes. In our patient, the
history of coeliac disease, autoimmune thyroiditis, and the presence
of high ANA titres suggested an autoimmune origin. However, relaps-
ing course of the disease with fever, elevated CRP levels, polyserositis
and rapid response to IL-1 inhibition were more indicative of
autoinflammatory pathogenesis. Recently, recurrent pericarditis with
inflammatory phenotype has been attributed to excessive production
of IL-1 due to dysregulated activation of the NLRP3 inflammasome.?

Genetic polymorphisms in genes encoding innate immune system
may contribute to some recurrent pericarditis cases. Genetic variants
in MEFV gene, primarily associated with familial Mediterranean fever,
have been detected in idiopathic recurrent pericarditis. Recently, the
potential pathogenicity of the homozygous R202Q variant in the
MEFV gene in recurrent pericarditis has been described.® Other, still
unknown mutations may also be present. In our patient, a comprehen-
sive exome analysis for periodic fever syndromes identified a heterozy-
gous variant NM_000234.2 (c.1772T > C, p.lle591Thr) in the MEFV
gene, with yet uncertain clinical significance.

Managing recurrent pericarditis resistant to conventional therapies is
challenging.4 Our patient had recurrences despite treatment with a

920z Atenige 1z uo 1senb Aq G10.S18/08ZIBIA/9/6/91011E/10ly8/W00 dno"oIWepeo.)/:sdy Woly papeojumoq



Anakinra during pregnancy and lactation

Biparietal diameter (mm)

Head circumference (mm)

120 450
10 400
100 95% 95%
L1 {—1 (]
% et su 30 e s
80 - 300
7 %% i
ANA 250 -
60 A
50 i 200 -~
7 |4
40 ;’4,/ 150 // «
30 .4 //
77 100 2 %
d
10 50
0 0
12 16 20 24 28 32 36 40 12 16 20 24 28 32 36 40
Gestational age (w) Gestational age (w)
Abdominal circumference (mm) Femur length (mm)
450 100
400 90
L 95%  gq 95%
350 - =
A 5% e 5%
o s
// + 60 j Fe
250 - 2
prd 50 P
209 40 v
150 2 30 7
100+ 4 //,F/
7 20 A7
L
50 7 10
0 0
12 16 20 24 28 32 36 40 12 16 20 24 28 32 36 40
Gestational age (w) Gestational age (w)
Estimated fetal weight (g)
5000
4500 95%
4000
3500 =
/
3000 // {./ ; S0
2500 / ‘4 /‘
2000 %z
/]
1500 7
1000 5;/ g
it
o

0
10 14 18 22 26 30 34 38
Gestational age (w)

Figure 3 Foetal growth according to ultrasound examinations was consistent with gestational age until it began to slow down after 38 weeks.
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combination of different NSAIDs, colchicine, and corticosteroids, with
worsening symptoms when corticosteroids was reduced below a critical
threshold. This condition is referred to as corticosteroid-dependent and
colchicine-resistant recurrent pericarditis. Anakinra, a recombinant hu-
man IL-1Ra that inhibits binding of IL-1B to the IL-1 receptor, is a
guideline-recommended therapeutic option in these patients." Its effect-
iveness was confirmed in a randomized clinical trial and an international
r‘egistr‘y.7'8 In our patient, introducing anakinra resulted in immediate clin-
ical improvement and allowed corticosteroid withdrawal. However, at-
tempts to discontinue anakinra failed despite various tapering protocols.
The development of neutralizing anti-IL-1Ra antibodies might explain
this phenomenon. These autoantibodies impair endogenous and recom-
binant human IL-1Ra-dependent inhibition of IL-1f signalling and may pro-
mote inflammatory state. It has been shown that a high proportion of
patients (79%) treated with anakinra for cryopyrin-associated periodic
syndromes developed anti-drug antibodies within 3 months.” The anti-
body titres subsided subsequently and had no impact on drug efficiency.
However, anti-IL-1Ra antibodies detected in our patient are the same as
reported in context of multisystem infllmmatory syndrome in children or
myocarditis linked with mRNA vaccination against SARS-CoV-2 and are
unlikely to relate to an anti-drug phenomenon, as none of the individuals
tested in these studies has been exposed to anakinra prior to antibody
testing>® Instead, these antibodies likely arise in course of a transient
break in peripheral immune tolerance towards endogenous IL-1Ra due
to specific post-translational modifications.>® Whether or not these auto-
antibodies may provide clinically useful biomarkers of anakinra depend-
ency or non-invasive tools to tailor immunosuppressive treatment
warrants future assessment.

Women with autoinflammatory diseases face a higher risk of pregnancy
complications due to the systemic impact of inflammation. Ideally, remis-
sion in autoinflammatory diseases should be achieved at least 6 months
prior to conception.10 In recurrent pericarditis, clinical diagnosis of remis-
sion is challenging. Cardiac MRl is effective in assessing pericardial inflam-
mation by detecting pericardial thickening, effusion, oedema/inflammation
on STIR-T2w, and inflammation or fibrosis on LGE."" The combination of
increased STIR-T2w signal and prominent pericardial LGE is consistent
with active pericardial inflammation, whereas pericardial LGE in the set-
ting of normal pericardial STIR-T2w signal suggests a subacute process. '
In our patient, cardiac MRI confirmed disease remission prior to concep-
tion, showing substantial regression of pericardial inflammation, as evi-
denced by minimal residual LGE and the absence of oedema on
STIR-T2w imaging.

During pregnancy, the immune system undergoes various adjust-
ments to ensure the foetus is not rejected, which can also affect the
course of autoimmune diseases. Some autoimmune diseases tend to
improve during pregnancy while others may worsen or remain un-
changed. There are at least two mechanisms for overcoming immune
reactions during pregnancy including active immunosuppression with
decrease in pro-inflammatory cytokines and enhanced tolerance with
increased cluster of differentiation (CD)25+ CD4 + regulatory T cells.
IL-1B and IL-1Ra appear to play a key role in implantation and placenta
development.13 IL-1Ra regulates IL-1f activity and has been impli-
cated in pregnancy and parturition. In pregnant women, serum
IL-1Ra levels increase, while IL-1f levels decrease as gestational age
advances. The IL-1 system also plays a role in the initiation of partur-
ition, as it may mediate the pro-inflammatory state that induces spon-
taneous labour.

Management of complicated recurrent pericarditis in pregnancy
and breastfeeding requires personalized approach by weighting the
risk-benefit profile of therapeutic options. NSAIDs treatment is al-
lowed up to 20 weeks of gestation, while colchicine and corticoster-
oids, at the lowest effective dose, can be used throughout
pregnancy.™ Due to limited data on the safety of anakinra there is
only low-grade evidence supporting its use during pregnancy and
breastfeeding. The European League Against Rheumatism guidelines

A. Cerne Cercek et al.

suggest that anakinra may be tolerated in early pregnancy and can
be continued if no alternative treatments are available.'*

Most of the data on anakinra during pregnancy and lactation come
from patients with rheumatic diseases or other immune-mediated con-
ditions, which often have negative impact on fertility and pregnancy.
Only individual case reports and analyses of small patient groups who
received daily subcutaneous injections of 100 mg anakinra throughout
their pregnancies have been published. Two cases of foetal renal mal-
formations have been described, but it remains unclear whether these
were directly related to IL-1 pathway inhibition or uncontrolled mater-
nal disease.”>"® Additionally, a small registry reported two cases of oli-
gohydramnios, which could be associated with uncontrolled maternal
hyperthermia.'” A recent meta-analysis of 69 pregnancies exposed to
anakinra, mainly for rheumatic or other immune-mediated conditions,
found that the risk of major congenital malformations and miscarriages
was comparable to that of the general popula‘cion.18 Lack of well-
controlled studies make data on the use of anakinra in pregnancy diffi-
cult to interpret.

In two recent cases of corticosteroid-dependent, colchicine-
resistant recurrent pericarditis, anakinra was discontinued during preg-
nancy but resumed in the second month due to recurrence. The dose
was temporarily increased to 100 mg daily for 1 month, with no re-
ported foetal adverse effects.’®?® One case resulted in a full-term
twin birth, while the other resulted in a pre-term birth at 34 weeks ges-
tation. Unlike previous cases, our patient’s treatment was guided by the
presence of anti-IL-Ra antibodies, leading to continuous anakinra ther-
apy at 100 mg twice weekly throughout pregnancy. The foetal develop-
ment was closely monitored with ultrasound examinations including an
additional morphology scan at 20 weeks gestation, which showed nor-
mal results. One month before delivery, our patient complained of mild
chest pain without an elevation in serum inflammatory markers. This
symptom may have coincided with the pro-inflammatory shift that oc-
curs towards the end of pregnancy. However, we did not assess the
plasma levels of IL-1P and IL-1Ra during pregnancy. Increasing the ana-
kinra dose to 100 mg three times weekly resulted in complete symp-
tom resolution. Labour was induced at 39 weeks/6 days, one day
before the expected date.

Since pericarditis flares may occur post-partum, we maintained the
increased dose of anakinra for 1 month after childbirth before transi-
tioning back to the maintenance dose. There is no available data on
the transfer of IL-1 inhibitors into breast milk. However, since endogen-
ous IL-1Ra is a normal component of human milk, it is unlikely that ana-
kinra would have a significant clinical impact on a breastfeeding infant.™*
In our case, the baby was breastfed for a year with no reported infec-
tions or developmental abnormalities. Our patient remained asymp-
tomatic throughout lactation, and subsequent follow-ups.

Managing corticosteroid-dependent, colchicine-resistant recurrent
pericarditis during pregnancy requires a personalized approach, ideally
with disease stability before conception. Cardiac MRI can accurately
evaluate the grade of pericardial inflammation and help guide treatment
decisions. In cases of recurrent pericarditis with an inflammatory
phenotype, genetic testing for periodic fever syndromes should be per-
formed. Additionally, searching for neutralizing anti-IL-1Ra antibodies
may be considered when anti-IL-1 therapies cannot be discontinued.
Whether these autoantibodies could serve as clinically useful biomar-
kers for anakinra dependency or as tools for personalizing immunosup-
pressive treatment warrants future investigation.

The risks of sub-optimal treatment must be carefully weighed against
the potential effects of drug exposure on foetal development; therefore
a patient-centred counselling and a multidisciplinary approach are cru-
cial for optimal outcomes. Anakinra may be continued during
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pregnancy and lactation in selected patients when no other treatment
options are available.
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