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Clinical implications box

Dupilumab immediate hypersensitivity is rarely described in pivotal studies : we report two cases of grade I and II immediate allergic reactions to dupilumab proven by positive IDTs. Three additional cases from the French pharmacovigilance database are described.

Dupilumab is a human monoclonal antibody against interleukin (IL)4 receptor alpha. It inhibits IL-4 and IL-13 in vivo. In the European Union, subcutaneously administered dupilumab has been approved for moderate-to-severe atopic dermatitis (AD), uncontrolled inflammatory/eosinophilic asthma in adults, adolescents and children aged six and over, and chronic rhinosinusitis with nasal polyposis in adults.

Dupilumab's safety profile has been described in clinical trials and real-life studies; the most frequent adverse events are injection-site reactions, conjunctivitis, blepharoconjunctivitis, and blood hypereosinophilia which is typically transient.

Here, we report on two adults who experienced immediate hypersensitivity reactions after subcutaneous injections of dupilumab for an indication of AD. Furthermore, we identified three cases of immediate hypersensitivity reactions notified in the French pharmacovigilance database (FPVD) between 2018 and 2022. All five patients provided informed consent to the publication of their personal medical data.

A 27-year-old woman was started on Dupilumab (Dupixent®, Sanofi, Paris, France) for severe AD. She experienced rhinitis within an hour of each the first five subcutaneous injections of Dupilumab (dose: 300 mg), and then facial oedema, generalized urticaria, vomiting, and dizziness within a minute of the sixth injection (dose: 300 mg). The signs and symptoms resolved with self-administration of desloratadine, followed by treatment with intravenous corticosteroids and fluids. The basal serum tryptase level was normal (5.3 μg/l). Grade II immediate hypersensitivity to dupilumab was diagnosed.

Skin tests were performed four months after the reaction. Skin prick tests (SPTs) with undiluted dupilumab (150 mg/ml) and undiluted excipient polysorbate-80 contained in Dupixent® (PS80, associated with hypersensitivity reactions) were both negative. An intradermal test (IDT) of undiluted dupilumab was positive (immediate reading at 15 minutes: mean wheal diameter of 12 mm with erythema, vs 4 mm for initial wheal). She received only doses of the SARS-CoV-2 Pfizer-BioNTech vaccine (Comirnaty®) containing PEG without any reaction, which couldn't rule out PS80 hypersensitivity.

Hence, IDTs with PS80-containing Kenacort (4 mg/mL) were conducted (pure and diluted 0:10 and 0:100) and were negative. For comparison, IDTs with DUPIXENT® were conducted in nine healthy controls (members of the department's medical staff) and showed an irritative reaction with pure formulation in 5/9 cases, possibly due to potent irritative PS80.

A 59-year-old man was treated with dupilumab for severe AD. He experienced injection-point urticaria and then generalized urticaria within hours of the fourth subcutaneous injection of dupilumab (dose: 300 mg). The signs and symptoms resolved spontaneously but recurred after the fifth and sixth subcutaneous injections of dupilumab and self-resolved each time. Grade I immediate hypersensitivity to dupilumab was diagnosed clinically, and the treatment was permanently discontinued.

An SPT with undiluted dupilumab (150 mg/ml) was negative (Figure 1) and an IDT test with dupilumab diluted 1:100 was positive (immediate reading at 15 minutes: mean wheal diameter of 13 mm at 15 minutes with erythema vs 4 mm for initial wheal).

Intradermal tests with PS80-containing Kenacort (4 mg/mL) were conducted (pure and diluted 0:10 and 0:100) and were negative. Furthermore, the patient had received a first dose of the AstraZeneca-vaccine (Vaxzevria® containing PS80) and a second dose of the SARS-CoV-2 Pfizer-BioNTech mRNA-vaccine (Comirnaty® containing PEG) without any reaction.

The characteristics of the cases notified in the FPVD are summarized in Table 1.

We observed two cases of immediate hypersensitivity to dupilumab; the reaction's allergic nature was evidenced by positive IDTs. We also identified three additional cases in the FPVD.

Although monoclonal antibodies are usually considered to be safe, adverse reactions are sometimes reported several years after market authorization. Hypersensitivity reactions are less frequent with fully humanized antibodies: for example, in a retrospective study of data from the US Food and Drug Administration's Adverse Event Reporting System, statistically significant links to anaphylaxis were observed for omalizumab and mepolizumab but not dupilumab [START_REF] Li | Anaphylactic risk related to omalizumab, benralizumab, reslizumab, mepolizumab, and dupilumab[END_REF]. In most cases, the mechanisms of hypersensitivity to biologics have not been extensively studied or characterized in detail. However, direct β-type (IgE-or immune-complex-mediated) hypersensitivity to a therapeutic protein or excipient is often suspected, as described by Pichler et al. [START_REF] Pichler | Adverse side-effects to biological agents[END_REF]. Although hypersensitivity to polysorbate (an excipient is found in around 70% of monoclonal antibody formulations) is well known, reports of direct hypersensitivity to the active antibody are much less common.

Dupilumab hypersensitivity is described as being very rare in the French and European summaries of product characteristics; indeed, only one case of anaphylaxis (with no further details provided) was reported during the pivotal SOLO CONTINUE study (3), with another case reported in the asthma development program(4). Horisberger ( 5) then reported on a case of a grade II hypersensitivity reaction (nausea, dyspnea, and angioedema) starting minutes after the 13 th injection of dupilumab in a 22-year-old man treated for AD and asthma. The signs and symptoms resolved after the administration of intramuscular epinephrine, inhaled beta-2 agonists, and unspecified corticosteroids and antihistamines. An SPT with undiluted dupilumab was negative but IDTs for both PS80 and 1:100 diluted dupilumab were positive. Given the presence of dyspnea and a peakflow decrease after the IDT, PS80 was considered to be responsible for this grade II reaction.

Furthermore, eight cases of isolated, dupilumab-induced urticaria were observed in pivotal studies (3). Ludriksone et al. [START_REF] Ludriksone | Acquired hypersensitivity to dupilumab: first case report[END_REF] reported on a 39-year-old woman with AD who developed injection-point urticaria (IPU) within 1 or 2 hours of each of the 10 th to 18 th dupilumab injections; the treatment was then discontinued. The IDT for dupilumab was positive (immediate test reading, dilution status not available) but the IDT for PS80 (undiluted, and 1:10,000 to 1:10 dilutions) was negative, prompting a diagnosis of true dupilumab hypersensitivity. Three other cases of immediate IPU have been reported, with negative IDTs and SPTs after 20 min, 12 h and 24 h for both dupilumab and PS80 (the latter's dilution was not reported) [START_REF] Mastorino | Dupilumab-induced Urticaria[END_REF][START_REF] Xu | Delayed onset localized urticarial reactions to Dupilumab[END_REF]. It is noteworthy that dupilumab treatment is sometimes pursued after the occurrence of IPU, which is considered to be a nonserious adverse reaction. In contrast, immediate hypersensitivity is considered to be serious and leads to discontinuation of the dupilumab treatment [START_REF] Xu | Delayed onset localized urticarial reactions to Dupilumab[END_REF].

A case of face and hand angioedema recurring over several months after dupilumab injections was observed in a 12-year-old girl with AD and asthma [START_REF] Fritz | Angioedema: A potential complication of dupilumab in atopic dermatitis[END_REF]. The angioedema appeared within 24 hours of each injection but no tests were performed.

In summary, we detail two cases of immediate hypersensitivity to dupilumab and describe several additional cases of type 1 hypersensitivity reaction, an adverse reaction very rarely described in the pivotal studies. Allergy work-up (including IDTs, notably) might be useful for differentiating between sensitization to dupilumab and sensitization to PS80. Tables -Unmarked
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