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Atypical features of cutaneous adverse drug reactions during therapy

 

Hairy cell leukemia (HCL) is a rare mature B-cell leukemia. Patients classically display splenomegaly, pancytopenia, and typical hairy lymphocytes accumulated in the spleen and bone marrow. The purine analog cladribine is the first-line treatment for HCL and induces high rates of long-lasting remission. Recently, some publications have reported a high incidence of cutaneous adverse drug reactions (CADRs) in individuals with HCL treated with cladribine. [START_REF] Ganzel | High incidence of skin rash in patients with hairy cell leukemia treated with cladribine[END_REF][START_REF] Meher-Homji | High prevalence of antibiotic allergies in cladribine-treated patients with hairy cell leukemia-lessons for immunopathogenesis and prescribing[END_REF] Herein, we report clinical features and drug test results related to CADRs in patients with HCL after cladribine therapy.

All patients with suspected CADRs after cladribine therapy for HCL between 2005 and September 2019 in our department were included.

We retrospectively collected clinical data and drug allergy workup data. After chronological analysis of all suspected drugs, patch tests were performed first. If results were negative, skin prick tests and intradermal skin tests (for drugs with injectable form) with delayed reading at day 2 were performed for all suspected drugs (see Table E1 in this article's Online Repository at www.jaci-inpractice.org). Finally, challenge tests were administered for drugs that tested negative. For some patients and when necessary, cross-reactivity between drugs of the same class was explored.

Twelve patients were included (Table I): 5 women and 7 men with a median age of 52 years (31-68). Eight patients had maculopapular exanthema (MPE) with systemic symptoms (MPE-SS, systemic symptoms including fever and visceral involvement appearing simultaneously or in the few days following skin rash and with a RegiSCAR score < 4) (Figure 1, A), 2 patients had acute generalized exanthematous pustulosis (AGEP), and 2 patients had drug rash with eosinophilia and systemic symptoms (DRESS) syndrome (RegiSCAR score ≥ 4). For all patients, skin rash occurred during the aplasia stage, with a median occurrence at 12 days (10-15) after cladribine initiation. class was observed in 4 of 5 patients (Fig CADRs are skin manifestations resulting from systemic drug administration, ranging from erythema to much more severe reactions such as AGEP, DRESS syndrome, or toxic epidermal necrolysis with systemic involvement (hepatitis, interstitial nephritis, or pulmonary, cardiac, or pancreatic involvement). Moreover, overlapping features between MPE and DRESS syndrome, called MPE-SS, have been described, suggesting a continuous spectrum between both diseases, with minor forms of DRESS syndrome, also called MP/DR 3 and mini-DRESS, [START_REF] George | Systemic hypersensitivity reaction to Omnipaque radiocontrast medium: a case of mini-DRESS[END_REF] existing.

Thirty-eight cases of CADRs have been previously reported in patients with HCL treated with cladribine. Among them, 13 patients had systemic symptoms and 2 patients had severe CADRs (1 patient had DRESS syndrome, and 1 patient had lethal toxic epidermal necrolysis). The median delay in onset after cladribine introduction was 14 days (3-187). In 3 patients, a possible cosensitization to multiple drugs was suspected [START_REF] Ganzel | High incidence of skin rash in patients with hairy cell leukemia treated with cladribine[END_REF][START_REF] Grey | Severe skin rash in two consecutive patients treated with 2-chlorodeoxyadenosine for hairy cell leukaemia at a single institution[END_REF][START_REF] Kokunai | Hypersensitivity reactions to multiple drugs during the course of hairy cell leukemia treated with 2-chlorodeoxyadenosine[END_REF] but was confirmed in only 1 patient. [START_REF] Kokunai | Hypersensitivity reactions to multiple drugs during the course of hairy cell leukemia treated with 2-chlorodeoxyadenosine[END_REF] Meher-Homji et al 2 recently showed a higher prevalence of antibiotic allergy in cladribine-treated patients with HCL (26 of 43 patients [60.47%]), compared with that in cladribine-treated patients with hematological malignancies (14%) and that in fludarabine-treated patients with chronic lymphocytic leukemia or follicular lymphoma (25%). Among the 26 patients allergic to antibiotics, 3 had DRESS syndrome (RegiSCAR score = 4) and 1 had MPE-SS. Only 5 of 26 patients had allergological investigations with skin tests, results for which were positive for antibiotics in 4 patients, but cosensitization was not assessed. As in our series, cladribine was also not tested. Indeed, because of its lack of chronological imputability, having a very short elimination half-time, it is not considered as a causal agent.

We report for the first time a very high risk of cosensitization to CADRs in individuals with HCL treated with cladribine. Cosensitization is an unusual situation reported only in approximately 18% of patients with DRESS syndrome, whereas it occurs in relation to only 0.3% of other CADRs. [START_REF] Barbaud | A multicentre study to determine the value and safety of drug patch tests for the three main classes of severe cutaneous adverse drug reactions: drug patch tests for SCAR[END_REF] However, in cladribine-treated patients with HCL, cosensitization was frequently observed (41.7%), even in patients without DRESS syndrome criteria. We also found a risk of CADR reoccurrence after cladribine therapy.

HCL is a rare disease representing 2% of all leukemia and with an annual incidence of 1/500,000. Cladribine is always recommended; it is the first-line treatment. [START_REF] Ganzel | High incidence of skin rash in patients with hairy cell leukemia treated with cladribine[END_REF] CADRs seem to be more prevalent in HCL than in other hematological diseases treated with cladribine. [START_REF] Meher-Homji | High prevalence of antibiotic allergies in cladribine-treated patients with hairy cell leukemia-lessons for immunopathogenesis and prescribing[END_REF][START_REF] Barete | Long-term efficacy and safety of cladribine (2-CdA) in adult patients with mastocytosis[END_REF] Interestingly, in a cohort of 68 patients treated with cladribine for mastocytosis reported by Barete et al, [START_REF] Barete | Long-term efficacy and safety of cladribine (2-CdA) in adult patients with mastocytosis[END_REF] no patient declared CARD. Thus, the role of cladribine is not clear, but we hypothesize that durable immune alterations due to both cladribine therapy and the abnormal functionality of lymphocytes during HCL could be responsible for this high rate of CADRs. Indeed, a profound CD4 + lymphopenia, including regulatory T cells, is induced by cladribine and could result in hypersensitivity and decrease drug tolerance in patients with HCL. [START_REF] Ganzel | High incidence of skin rash in patients with hairy cell leukemia treated with cladribine[END_REF] This could be similar to the immune alterations induced by immune checkpoint blockade in melanoma, which enhance the risk of CADRs with other subsequent therapies. [START_REF] Naqash | Cutaneous adverse reactions in B-RAF positive metastatic melanoma following sequential treatment with B-RAF/MEK inhibitors and immune checkpoint blockade or vice versa: a single-institutional case-series[END_REF] However, there is no study confirming this hypothesis.

Allergists, dermatologists, and hematologists should be aware of the risk of potentially severe CADRs and the high risk of cosensitization for patients with HCL treated with cladribine.

  ; IDT, intradermal test; M, male; ND, not done; PT, patch test.Drug allergy evaluations were positive in 11 of 12 patients, and the results are presented in TableI. Antibiotics (cotrimoxazole, piperacillin-tazobactam, amoxicillin-clavulanic acid), valaciclovir, atovaquone, and iodinated contrast media were inducers in 7, 4, 4, and 2 patients, respectively. Cladribine was not implicated because of the lack of chronological imputability due to its short half-life of a few hours (5.4 hours). A cosensitization (defined by more than 1 positive drug skin test result and/or drug challenge test result) to different molecule classes was found in 5 of 12 patients. A cross-reactivity between molecules of the same

Figure 1 (

 1 Figure 1 (A) MPE in patient 4. (B) Drug skin test results for patient 12: positive patch test results for amoxicillin-clavulanic acid and 2 iodinated contrast agents (iodixanol and iobitridol) on day 2. (C) Reactivation of MPE on day 2 in patient 12 during positive patch test results for amoxicillin-clavulanic acid and iodixanol and iobitridol.

Table I

 I Clinical and allergological data in 12 cladribine-treated patients with HCL with CADRs

		M/31	histology MPE-SS/compatible with CADRs	treatment in days before reaction) Piperacillin-tazobactam (30), meropenem	positive skin test result/positive result provocation test			
	1	F/43	MPE-SS/compatible with CADRs	Cotrimoxazole (10) (10), allopurinol	0/ND	No/ND	0	
	2	F/59	DRESS syndrome/compatible with neutrophilic dermatitis	Valaciclovir (17), atovaquone (17), allopurinol (10)	Atovaquone (PT)/0	Yes/ND	MPE with amoxicillin 8 mo later	
	3	M/54	AGEP/compatible with AGEP	Valaciclovir (21), cotrimoxazole (21)	Valaciclovir, (PT)/ND cotrimoxazole	Yes/yes (aciclovir)	AGEP with amoxicillin and IFN-α-2b 4 y later, DRESS syndrome with cefuroxime 8 y later
	4	F/36	MPE-SS/compatible with CADRs	Piperacillin-tazobactam (9), valaciclovir (9), atovaquone (9), clarithromycin (1), amikacin (1)	Piperacillin-(PT)/0 atovaquone valaciclovir, tazobactam,	Yes/yes (amoxicillin)	0	
	5	M/55	MPE-SS/normal	Cotrimoxazole (10), amoxicillin-clavulanic acid (4) (4), ciprofloxacin	Amoxicillin-(PT)/0 clavulanic acid	No/ND	0	
	6	M/50	MPE-SS/compatible with CADRs	Cotrimoxazole (10) (10), fluconazole	0/cotrimoxazole	No/ND	0	
	7	F/64	DRESS syndrome/compatible with CADRs	Valaciclovir (10), atovaquone (10), cefixime (2) ciprofloxacin (2),	Atovaquone (PT)/0	No/ND	0	
	8	M/43	MPE-SS/compatible with CADRs	Metoclopramide (10), cotrimoxazole (9), (3) (3), ciprofloxacin clavulanic acid amoxicillin-lederfoline (9),	Amoxicillin-(IDT)/ND clavulanic acid	No/ND	0	
	9	M/47	AGEP/ND	Atovaquone (10), valaciclovir (10), ceftriaxone (1), iopromide (0)	Atovaquone, (PT)/ND iopromide valaciclovir,	Yes/no	0	
	10	M/54	MPE-SS/ND	Cotrimoxazole (9), amoxicillin-clavulanic acid (4), ciprofloxacin (4), piperacillin-amikacin (0) tazobactam (0),	Amoxicillin-(PT)/0 tazobactam piperacillin-clavulanic acid,	No/yes	MPE with amoxicillin 5 y later	
	No. 11 12	Sex/age (y) F/68 M/31	Clinical presentation/skin MPE-SS/compatible with CADRs MPE-SS/compatible	Suspected drug (duration of Cotrimoxazole (5), valaciclovir (5) Piperacillin-	Culprit drug confirmed with 0/valaciclovir Piperacillin-	Cosensitization/cross-No/ND reactivity Yes/yes (amoxicillin-	0 MPE with iomeprol 6 mo later	Recurrence

  1, B). Moreover, 4 patients had at least 1 other CADR (3 MPE, 1 DRESS, and 1 AGEP) several months/years after the first episode; the additional CADR appeared after readministration in patients 10 and 12 and after new sensitization to another drug class in patients 2 and 3, confirmed by drug allergy evaluations (see TableE2in this article's Online Repository at www.jaciinpractice.org). For patient 12, reactivation of MPE, without systemic symptoms, was induced by drug skin tests (Fig1, C). All patients were in the aplasia stage during CADRs, and 8 of 12 patients still had lymphopenia at least 6 months after cladribine administration, including 3 of 4 patients with CADR reoccurrence.
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