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Safety of canakinumab during pregnancy: seven new cases
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To the Editor, Interleukin (IL)-1 inhibitors are mainly used to treat systemic autoinflammatory disorders (SAIDs). Most of these diseases are genetically determined and affect young individuals. For most SAIDs, lifelong treatment is required and many women of reproductive age will not be able to discontinue treatment before conception, during pregnancy, or while breastfeeding [START_REF] Valentin | Adult-onset Still's disease and pregnancy: about ten cases and review of the literature[END_REF][START_REF] Zhang Jian | Pregnancy outcomes and perinatal complications of Asian mothers with juvenile idiopathic arthritis -a case-control registry study[END_REF][START_REF] Ursin | Disease Activity of Juvenile Idiopathic Arthritis during and after Pregnancy: A Prospective Multicenter Study[END_REF]. As with many other DMARDs, there is a lack of available data regarding the use of IL-1 blockers during pregnancy and postpartum [START_REF] Smith | Five successful pregnancies with antenatal anakinra exposure[END_REF][START_REF] Chang | Anakinra use during pregnancy in patients with cryopyrin-associated periodic syndromes (CAPS)[END_REF].

Data mainly arise from case reports or case series, leaving the clinician at a loss when the patient expresses a desire for pregnancy [START_REF] Youngstein | International multi-centre study of pregnancy outcomes with interleukin-1 inhibitors[END_REF][START_REF] Egawa | Placental transfer of canakinumab in a patient with Muckle-Wells Syndrome[END_REF][START_REF] Gunn | 021 Canakinumab use during pregnancy for the treatment of systemic onset juvenile idiopathic arthritis and refractory macrophage activation syndrome[END_REF][START_REF] Bosshard | Rituximab and Canakinumab Use During Lactation: No Detectable Serum Levels in Breastfed Infants[END_REF].

Currently, the three available IL-1 inhibitors are anakinra, canakinumab, and rilonacept (not marketed in all countries). Canakinumab is a human anti-IL-1β monoclonal antibody, indicated for cryopyrinassociated periodic syndrome (CAPS), tumor necrosis factor receptor associated periodic syndrome (TRAPS), mevalonate kinase deficiency (MKD), familial Mediterranean fever (FMF), adult-onset Still's disease (AOSD) and systemic juvenile idiopathic arthritis (SJIA).

We describe seven new cases and add new evidence of canakinumab safety in the setting of reproduction.

Detailed case descriptions are provided in the supplementary material.

Seven pregnancies, from seven women, were exposed to canakinumab and resulted in seven live births (Table 1). Canakinumab was given for CAPS (n=3), SJIA (n=2), FMF (n=1), and MKD (n=1), at a median dose of 150 mg every four weeks.

The mean maternal age at the start of pregnancy was 25 years (range, 17-32 years) and all women were in complete clinical and biological remission. Pregnancies were uneventful. However, three women had a disease flare and required treatment escalation. All except one (case 7, preterm membrane rupture) reached full term, normal birth weight (mean, 3.4 kg). Of the six cases for which data were available on mode of delivery, all were vaginal deliveries.

The duration of treatment and its relation to pregnancy was different in each case. Six conceptions occurred while the mothers were receiving canakinumab. In case 1, the mother received canakinumab (150 mg per month) throughout the pregnancy, with a last injection at 40/41 gestational weeks (GW).

In case 2, canakinumab (300 mg /month) had to be started during the third trimester (start: 27/37 GW) due to a disease flare. This patient had already been treated with canakinumab with a final injection six months before conception. In case 3, due to denial of pregnancy, canakinumab was not stopped until 16 GW. In the remaining three cases (cases 5, 6 and 7), the last injection was given 7-10 days before conception. However, since canakinumab has a serum half-life of 26 days (i.e. 5-6 half-lives = 18.5-22.3 weeks), it is assumed that these three mothers were still exposed at the time of conception [START_REF] Brunner | Half-life and safety of canakinumab in pediatric patients: comment on the article by Ilowite et Al[END_REF].

Two babies were breastfed by mothers who were prescribed canakinumab during the postpartum. No serious infections or developmental abnormalities were reported at an average follow-up of nine months (range, 3 -104 weeks).

Two remarkable events occurred during pregnancy in the patient who did not discontinue canakinumab (case 1). In the second trimester, she developed numerous anal and vulvar condylomas, for which the indication for laser treatment was retained. However, by the time the operation was scheduled, all lesions had disappeared. Later (27 GW), the patient was infected with SARS-CoV2, with a very mild form.

Adding our seven cases to those in the literature, 18 pregnancies resulted in 17 live births (Table 1).

The only case of miscarriage occurred at 6 GW in a patient with uncontrolled Cogan syndrome and a previous history of miscarriage [START_REF] Youngstein | International multi-centre study of pregnancy outcomes with interleukin-1 inhibitors[END_REF]. All the 17 pregnancies were uneventful, reaching full term and normal birth weight. No serious infections, adverse events, or developmental abnormalities were reported.

Canakinumab is a monoclonal IgG1 antibody, which is expected to be transferred transplacentally. We measured canakinumab levels at the time of delivery in case 1. Canakinumab measurement in maternal blood, cord blood and breast milk were performed with a liquid chromatography-high resolution mass spectrometry quantification method. The limit of detection in serum was fixed at 1 µg/mL, whereas it was 0.5 µg/mL in breast milk. We found canakinumab concentrations of 35 µg/mL and 70 µg/mL in maternal and cord blood, respectively. These results were similar to those of Egawa et al. who reported twofold higher concentrations in cord blood and fetal blood compared to the maternal blood assay [START_REF] Egawa | Placental transfer of canakinumab in a patient with Muckle-Wells Syndrome[END_REF]. The expected passage of canakinumab in breast milk is low and the digestive absorption of IgG by the fetus is rather virtual. Actually, Bosshard et al. measured canakinumab levels in the mother's serum, in serial milk samples and in the infant's serum [START_REF] Bosshard | Rituximab and Canakinumab Use During Lactation: No Detectable Serum Levels in Breastfed Infants[END_REF]. They found minimal drug concentrations in breast milk and no detectable levels in the infant's sera (median relative infant dose, 0.1%). Canakinumab in the breast milk from case 1, drawn on day 4 (ie. 14 days after the last injection), was not detectable (<0.5 µg/mL).

Further studies and continued case reporting will be required to confirm the safety of canakinumab during pregnancy but our new data are reassuring. 1RA levels were 13 times higher in cord blood (8286 pg/ml) than in maternal serum (631 pg/ml; normal range, 30-435).

The baby was treated for 24 hours in intensive care for meconium inhalation without complication.

Breastfeeding was initiated, postpartum was uncomplicated, and the patient and baby were discharged home on the fourth day. Three months later, there have been no remarkable new events and the disease is still under control with canakinumab.

Case 2: A 25-year-old female patient presented with severe erosive familial SJIA (mutation in LACC1).

She was cortico-dependent at >20 mg/d. Case 5: A 30-year-old woman was treated with canakinumab for CAPS (familial cold urticaria). The last injection of canakinumab was one week before conception. She presented with arthralgias, myalgias, skin lesions from the 7th month until delivery at 39 GW. A baby boy with no abnormalities was born and artificial feeding was started. On the second day, he developed skin lesions which resolved spontaneously. Canakinumab was resumed 3 weeks after delivery and was immediately effective. No subsequent complications were reported.

Case 6: A 29-year-old female patient had been treated with canakinumab for CAPS (Muckle Wells syndrome) for 7 years. The last injection (250 mg) was given one week before conception.

Canakinumab was replaced by anakinra, due to persistent arthralgia during pregnancy. Delivery took

Table abbreviations :

 abbreviations SJIA, systemic-onset juvenile idiopathic arthritis; MKD, mevalonate kinase partial deficiency; CAPS, cryopyrin-associated periodic syndrome; FMF, familial Mediterranean fever; MAS: macrophage activation syndrome; un-SAID: undetermined systemic autoinflammatory syndrome; PC, prior to conception; D, delivery; GW: gestational weeks; NA, not available; VD, vaginal delivery; CS, caesarean section; NR, not reported
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  Treatments with methotrexate, infliximab, adalimumab, and tocilizumab had failed. Anakinra was effective but caused intolerable skin reactions.Canakinumab (5 mg/kg, every 4 weeks) resulted in dramatic improvement. The patient could be weaned off corticosteroids. Canakinumab caused abdominal pain with dyspepsia and flares of bartholinitis. Canakinumab was discontinued due to desire for pregnancy. The patient became pregnant 6 months later. Corticosteroids had to be resumed (10 mg/d) due to increased joint pain in the first trimester. Anakinra, prescribed on demand, caused an anaphylactic reaction in the second month of pregnancy, which definitely contraindicated its use. The remainder of the pregnancy was marked by a significant recurrence of polyarthritis requiring pulsed i.v. methylprednisolone. An 18-year-old woman had a medical history of genetically proven partial MKD since the age of 9 (cough, fever, abdominal pain). She was treated with anakinra and then canakinumab (150 mg/month) since the age of 12 years with good efficacy on mouth ulcers, skin lesions, abdominal pain and arthralgia. Six years later, she became pregnant. Due to denial of pregnancy, canakinumab was not stopped until 16 GW. She had no complications during the pregnancy and no relapse of the disease. A 3.5 kg boy was born at term. The APGAR score was 10, 10, 10. The baby's growth was normal at the last follow-up 9 months later. A young woman with CAPS was treated with canakinumab, which was discontinued 17 weeks before conception. She received anakinra (100 mg/d) from 20 GW until delivery at 39 GW. She gave birth to a 4.450 kg boy, APGAR was normal. A heart murmur was noted on physical examination of the baby, but was not confirmed by cardiac ultrasound. The child was formula-fed. No subsequent complications were reported.

	Case 3: Case 4:
	Resumption of canakinumab (300 mg/4 weeks) was decided at 27 GW. The patient gave birth to a
	boy (vaginal delivery), weighing 3.2 kg, at 37 GW, ie. 3 weeks after the last canakinumab
	administration. The APGAR score was 10, 10, 10. Breastfeeding was initiated. The postpartum period
	was marked by canakinumab escape, requiring a switch to sirolimus and then tofacitinib. At 18
	months postpartum, the clinical condition was stabilised and the baby had no developmental
	abnormalities.

The authors are grateful to the clinicians who provided information about the family's previous follow-up, and to the Centre de référence sur les agents tératogènes (CRAT).

SUPPLEMENTARY MATERIAL for: Safety of canakinumab during pregnancy: seven new cases and literature review

Detailed case description

Case 1 was a 21-year-old woman, born to consanguineous parents, who had been treated for refractory SJIA since the age of 15. She presented with a classic picture of fever, arthritis, diffuse macular rash, and odynophagia. There was also a biological inflammatory syndrome, liver disorders and (extreme) hyperferritinemia. SJIA was complicated by recurrent macrophage activation syndrome (MAS) and the patient was treated with corticosteroids and subcutaneous anakinra at a dose of 100 mg/d. The course was marked by six relapses (with MAS) during the first year requiring the increase of anakinra and then the addition of cyclosporine. Genetic investigations (familial whole exome sequencing) were negative. Anakinra caused immunoallergic skin reactions and had to be discontinued. The patient received methotrexate and tocilizumab, which were discontinued due to ineffectiveness and severe anaphylactic reaction, respectively. Canakinumab (150 mg/4 weeks) resulted in complete and rapid resolution of the disease. Four months after the introduction of canakinumab, the patient started an unplanned pregnancy. SJIA was in complete clinical remission and did not recur during the pregnancy.

The pregnancy was marked by the occurrence of vulvar and perianal condylomas in the second trimester, which resolved spontaneously within two months. The patient presented with a mild form of SARS-CoV2 infection at 27 gestational weeks (GW). The course was favourable. Delivery was induced at 41 GW. The last injection of canakinumab had been given 10 days before. The patient gave birth to a 3.305 kg girl by vaginal delivery. The APGAR score was 3, 8, 8 and 9.

Inflammatory cytokines were measured in maternal serum and cord blood. IL18 was measured at place at 38 GW, a 3.8 kg baby boy was born without abnormality. After the pregnancy, the disease relapsed and canakinumab was restarted at 150 mg/month. After a follow-up of more than one year, no further abnormalities were noted.

Case 7: A 29-year-old woman was treated with canakinumab (150 mg/4 weeks) for familial Mediterranean fever due to colchicine resistance. The last injection was one week before conception. The dosage of colchicine was increased from the beginning of the pregnancy, with good tolerance. A 2.180 kg baby girl was born at 35 GW (premature rupture of membranes) without complications. Breastfeeding was initiated. The patient relapsed rapidly, requiring continuation of colchicine 2 mg daily for 1 month. No subsequent complications were reported.