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Novel targeted inhibition of the
IL-5 axis for drug reaction with
eosinophilia and systemic
symptoms syndrome
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Background: The drug reaction with eosinophilia and systemic symptoms

(DRESS) syndrome represents a severe hypersensitivity reaction. Up-to-date

treatment is based on withdrawal of medication, supportive care, and

immunosuppression using high-dose corticosteroid (CS) therapy. However,

evidence-based data are lacking regarding second-line therapy for steroid-

resistant or steroid-dependent patients.

Objectives: We hypothesize that the interleukin (IL)-5 axis plays a critical role in

the pathophysiology of DRESS; hence, inhibition of this signaling pathway could

offer a potential therapy for steroid-dependent and/or steroid-resistant cases,

and it may offer an alternative to CS therapy in certain patients more prone to CS

toxicity.

Methods: Herein, we collected worldwide data on DRESS cases treated with

biological agents targeting the IL-5 axis. We reviewed all cases indexed in

PubMed up to October 2022 and performed a total analysis including our

center experience with two additional novel cases.

Results: A review of the literature yielded 14 patients with DRESS who were

treated with biological agents targeting the IL-5 axis as well as our two new

cases. Reported patients are characterized by a female-to-male ratio of 1:1 and a

mean age of 51.8 (17–87) years. The DRESS-inducing drugs, as expected from

the prospective RegiSCAR study, were mostly antibiotics (7/16), as follows:

vancomycin, trimethoprim-sulfamethoxazole, ciprofloxacin, piperacillin-

tazobactam, and cefepime. DRESS patients were treated with anti-IL-5 agents

(mepolizumab and reslizumab) or anti-IL-5 receptor (IL-5R) biologics

(benralizumab). All patients have clinically improved under anti-IL-5/IL-5R
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fimmu.2023.1134178/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1134178/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1134178/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1134178/full
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2023.1134178&domain=pdf&date_stamp=2023-04-28
mailto:oded.shamriz@mail.huji.ac.il
mailto:yuvalt@hadassah.org.il
https://doi.org/10.3389/fimmu.2023.1134178
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2023.1134178
https://www.frontiersin.org/journals/immunology


Abbreviations: CS, corticosteroid; DRESS, drug reaction

systemic symptoms; ECT, electroconvulsive therapy; ER

interleukin; i.v., intravenous; IVIG, intravenous immu

function test; mAbs, monoclonal antibodies; SC

computerized tomography.
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biologics. Multiple doses of mepolizumab were needed to achieve clinical

resolution, whereas a single dose of benralizumab was often sufficient. Relapse

was noted in one patient receiving benralizumab treatment. One patient

receiving benralizumab had a fatal outcome, although mortality was probably

related to massive bleeding and cardiac arrest due to coronavirus disease 2019

(COVID-19) infection.

Conclusion: Current treatment guidelines for DRESS are based on case reports

and expert opinion. Understanding the central role of eosinophils in DRESS

pathogenicity emphasizes the need for future implementation of IL-5 axis

blockade as steroid-sparing agents, potential therapy to steroid-resistant

cases, and perhaps an alternative to CS treatment in certain DRESS patients

more prone to CS toxicity.
KEYWORDS

drug reaction with eosinophilia and systemic symptoms (DRESS), interleukin (IL),
monoclonal antibodies (mAbs), IL-5 antibody, biotherapeutic agent
1 Introduction

Drug reaction with eosinophilia and systemic symptoms

(DRESS), also known as drug-induced hypersensitivity syndrome,

is a severe type of intravenous cutaneous drug-induced eruption

accompanied by visceral organ involvement, most commonly the

liver. The prognosis of patients with DRESS is linked to the severity

of visceral involvement, with an approximate mortality rate of 2%–

10% mainly due to liver failure (1).

The pathophysiology is multifactorial and associated with drug

metabolism, specific human leukocyte antigen (HLA), and viral

reactivation especially of the human Herpesviridae (HHV) family.

The immunological response directed against viral reactivation and/

or culprit drug precipitating the disease includes CD4+ and CD8+

T-cell activation and hence the development of a cytokine cascade

with the production of interleukin (IL)-5, IL-4, IL-13, IL-17, IL-25,

and eotaxin-1 (2). In addition, dermal dendritic cells, endothelial

cells, and monomyelocytes secrete thymus activation-regulated

chemokine (TARC/CCL17), IL-33, transforming growth factor b,
and thymic stromal lymphopoietin. These chemokines, in synergy

with IL-5, promote eosinophil chemoattraction, activation,

proliferation, and infiltration and hence result in eosinophilic

inflammation and tissue damage (3) (Figure 1).

Consequently, patients with DRESS present with increased

eosinophil levels in the blood, skin, and involved organs. The

diagnosis of DRESS is based on clinical and biological criteria as

calculated by the RegiSCAR score, such as fever >38°C, acute rash,

lymphadenopathy, internal organ involvement, and blood count
with eosinophilia and

, emergency room; IL,

noglobulin; LFT, liver

, subcutaneous; CT,

02
abnormalities including atypical lymphocytes and eosinophilia,

found in 80% of patients (4). There are no randomized trials

evaluating treatments for DRESS following the withdrawal of the

culprit drug. The current mainstay of treatment is topical and

systemic corticosteroids (CSs) (5).

During the last 5 years, limited reports of DRESS patients who were

treated with immunotherapy inhibiting the IL-5 axis were presented.

Maverakis et al. (6) were the first to describe the potential advantages of

anti-IL-5/anti-IL-5 receptor (IL-5R) monoclonal antibodies (mAbs)

over current therapies to DRESS patients, emphasizing the rapid onset,

once-monthly dosing, and safety, with avoidance of the

immunosuppressive and metabolic adverse events of prolonged high-

dose systemic CSs. Recently, Gschwend et al. (7) reviewed 14 patients

with DRESS who were treated with mAbs inhibiting the IL-5 axis.

Patients were reported to have been successfully treated with the anti-

IL-5 agents mepolizumab (7–11) and reslizumab (12), as well as the

anti-IL-5R agent benralizumab (7, 13–15).

Herein, we aimed to present our experience with two new cases

and conduct a literature review as a proof of concept to the

hypothesis that IL-5 inhibition offers an efficient and safe

therapeutic strategy for specific cases of DRESS.
2 Methods

2.1 Study design and patients

This is a retrospective analysis of computerized medical records

of patients who were diagnosed with DRESS and treated with IL-5

modulation in the period of February to September 2022. Patients

were diagnosed and treated at the Division of Medicine, Hadassah

Medical Center, Jerusalem, Israel. Data regarding clinical

manifestations, treatments, and outcomes were retrieved from the

files and analyzed.
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2.2 Systematic review of the literature

In addition, we conducted a systematic review of the literature

concerning patients with DRESS who were treated with IL-5-

inhibiting mAbs. We used PubMed for data search. Keywords

included “DRESS” and (“IL-5” or “benral izumab” or

“mepolizumab” or “reslizumab”). Inclusion criteria consisted of

English-language reports of DRESS patients who were treated with

mAbs targeting the IL-5 axis and published in the period of May

2018 to October 2022. Only studies in which the DRESS diagnosis

was based on the RegiSCAR score were included (Supplementary

Table S1) (4). This score is available in Supplementary Table S1.

Studies with a misdiagnosis of DRESS or a limited availability of full

text were excluded. Data were analyzed for the clinical presentation,

course, and outcome.
2.3 Ethical considerations

The reported patients from our medical center have signed a

written informed consent for the publication of their clinical data.
Frontiers in Immunology 03
3 Results

3.1 Patient description

Our search yielded two female patients (17 and 59 years old)

who were admitted to our medical center within the study period. A

summary of their clinical characteristics is presented in Table 1.

Patient (P)1 presented with rash, hepatitis, fever, eosinophilia, and

lymphadenopathy induced by olanzapine. She was CS-resistant, and

subcutaneous (s.c.) mepolizumab was initiated as a single dose of

300 mg. P2 developed rash, eosinophilia, fever, hepatitis, and acute

kidney injury following treatment with vancomycin. She was

treated with s.c. benralizumab 30 mg. Both patients have

demonstrated clinical resolution of their symptoms following IL-5

inhibitory treatment without recurrence in a follow-up of 10–12

months. The trend of hepatocellular liver enzyme levels and

absolute eosinophil counts of P1 following treatments with CSs

and mepolizumab is presented in Figure 2. The clinical presentation

and skin histopathology of P1 and P2 are presented in Figure 3. The

full clinical and laboratory description of the two patients is

presented in the Supplementary Material.
FIGURE 1

Immunological pathways in DRESS pathogenesis and immunotherapy targeted inhibition of the IL-5 axis. IL, interleukin; IL-5R, interleukin-5 receptor;
mAb, monoclonal antibody; EBV, Epstein–Barr virus; HHV, Herpesviridae virus; ILC-2, Type 2 innate lymphoid cells; TSLP, thymic stromal
lymphopoietin; TARC, thymus- and activation-regulated chemokine; TGFb, transforming growth factor b; IFN-g, interferon g; TNFa, tumor necrosis
factor a.
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3.2 Literature review

A review of the literature yielded 14 patients with DRESS who

were treated with biological agents targeting the IL-5 axis (Table 2).

The first case was reported on May 2018. Nine studies that met the

inclusion criteria (7–15) and our two clinical cases were included in

the analysis. The reported patients are characterized by a female-to-

male ratio of 1:1 and a mean age of 51.8 (17–87) years. The DRESS-

inducing drugs, as expected from the prospective RegiSCAR study,

were mostly antibiotics (7/16), as follows: vancomycin,

trimethoprim-sulfamethoxazole, ciprofloxacin, piperacillin-

tazobactam, and cefepime. The DRESS patients were treated with

anti-IL-5 agents (mepolizumab and reslizumab) or anti-IL-5R

biologics (benralizumab).
3.2.1 Reslizumab
Reslizumab was administered in one 62-year-old woman with

imatinib-induced DRESS (12). Her RegiSCAR DRESS score was 3,

and histopathology was not available when confirming the DRESS

diagnosis. Reslizumab treatment has enabled complete resolution of

the patient’s symptoms, facilitated desensitization, and succeeded in

safely maintaining the drug imatinib treatment for 2 years.
3.2.2 Mepolizumab
Six DRESS patients were treated with mepolizumab (7–11). The

mean (range) age of the patients was 50.8 (17–70) years. The

RegiSCAR score calculated ranged between 5 and 7. Four out of

seven patients had histopathologic evidence supporting

eosinophilic inflammation. Five out of seven DRESS patients

treated with mepolizumab need two or more doses, and only two

have clinically improved following a single dose. All patients

received concurrent CS therapy, one received additional therapy

with intravenous immunoglobulin (IVIG), and two received

concurrent immunosuppressant therapy with cyclosporine and

one with cyclophosphamide. The clinical indication for the

initiation of anti-IL-5-targeted therapy was due to steroid

resistance and dependence in three and two patients, respectively.

In one patient, IL-5-blocking agents were initiated to avoid

CS toxicity.

All patients responded with complete resolution of DRESS

symptoms, laboratory recovery, and complete weaning off from

steroid therapy. Relapse was noted in one patient.
3.2.3 Benralizumab
Seven DRESS patients were treated with benralizumab (7,13–

15). The mean patient age was 68.7 (34–87) years. The RegiSCAR

score ranged from 5 to 8. All patients receiving benralizumab had

histopathology supporting tissue eosinophilic infiltration. The

indication for benralizumab initiation was CS resistance in all

patients. Two patients required two or more doses. Relapse was

noted in one patient receiving benralizumab treatment (15).

Moreover, one patient had a fatal outcome, although mortality

was probably related to massive bleeding and cardiac arrest due to

coronavirus disease 2019 (COVID-19) infection (13).
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FIGURE 2

Hepatocellular liver enzymes and absolute eosinophil count. Trend of hepatocellular liver enzymes and absolute eosinophil counts following
treatments with prednisone and mepolizumab in patient 1.
A B

DC

FIGURE 3

Clinical description and skin histopathology of the patients. (A) Clinical presentation of DRESS in patient 2 consisting of diffuse erythematous rash
involving the lower limbs. (B) One week following benralizumab therapy, partial resolution of the skin rash. (C) Punch biopsy of skin consisting of
hematoxylin and eosin stain demonstrating changes compatible with the clinical diagnosis of DRESS, most notably an inflammatory infiltrate
composed of lymphocytes and numerous eosinophils stretching from the epidermis to the deep dermis in ×10 magnification. The inset
demonstrates eosinophils present in the deep dermis in ×100 magnification (arrows). (D) Secondary changes including parakeratosis and interstitial
edema with blister formation in the papillary dermis (arrowheads) in ×40 magnification.
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TABLE 2 Clinical characterizations of the DRESS patients treated off-label with monoclonal antibodies of the IL-5 axis.

nal com-
junct treat-
ent

Outcome Ref.

nisolone,
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ethasone g

Complete resolution of symptoms.
Reslizumab enabled desensitization to
safely maintain imatinib treatment for 2
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(12)

isone followed
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syndrome and complete weaning from
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f/o- 6 months symptom-free

Current
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syndrome and complete weaning from
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ment regimen
(Indication)
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TABLE 2 Continued

tional com-
adjunct treat-
ment

Outcome Ref.

c high-dose CSs*
Rapid improvement, complete remission

of DRESS and weaning from CSs
(7)

stemic CSs*
Minor improvement, possibly because

TEN/DRESS overlap
(7)

ortisone 100 mg
with prednisone
40 mg

Complete resolution of relapsing DRESS
syndrome and complete weaning from

CSs;
f/o – 4 m symptom-free

Current
report

lprednisolone h Clinical and laboratory improvement
over the following 18 days

(13)

lprednisolone i

Cutaneous improvement, decline in liver
function tests and eosinophil levels;
developed disseminated intravascular

coagulation
secondary to COVID-19 and died from
cardiac arrest after massive bleeding 17

days later.
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Rapid and complete clinical recovery
(defined as regression of cutaneous-
systemic symptoms and eosinophilia)

with concurrent tapering of low-dose GC
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3 days of the first dose given together with mepolizumab, prednisone dose was reduced to 10 mg weekly, until 20 mg over the next 6 weeks, and thereafter it was

ily due to progression of DRESS symptoms Mepolizumab was administered.
se of i.v. 250 mg methylprednisolone was administered, with transition to oral prednisolone 1 mg/kg. However, due to troponin elevation, another 3-day course of
epolizumab with 6-month course of monthly intravenous 1,500 mg cyclophosphamide; 3 weeks following mepolizumab injection troponinemia–another dose of

ition to colchicine 0.6 mg two times per day, followed by prednisone 60 mg daily, and cyclosporine 100 mg two times per day, upon tapering to 30 mg prednisone

g desensitization and intravenous dexamethasone was given before, but not after reslizumab.
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DRESS
score a

Histopatholo
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thrombocytopen

M 39 6
Liver biopsy - eosin

hepatitis

M, male; F, female; CSs, corticosteroids; ANEM, acute necrotizing eosinophilic myocarditis; IVIG, intraven
aAccording to RegiSCAR DRESS validation scoring system criteria; cutoff points include the following: sus
bOne patient in addition to benralizumab received two doses of mepolizumab 100 mg (4-week interval).
cDexamethasone 10 mg four times a day and i.v. IgG 70 g (1 g/kg) for 2 days; after clinical improvement, she
syndrome diagnosis, prednisone dose was increased to 110 mg per day for 2 days with good response; within
tapered at a slower rate until it was ceased completely in 3 months.
dUpon DRESS diagnosis i.v. methylprednisolone (1 g daily for 6 days), followed by prednisolone 60 mg da
eInitially, 75 mg oral prednisolone 5 days and tapering down, following diagnosis of myocarditis a 3-day cour
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kMethylprednisolone i.v. 2 mg/kg/day, then 1 g/day for 3 days and IVIG 1 g/day for 2 days.
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4 Discussion

DRESS syndrome is a rare life-threatening hypersensitivity

reaction; hence, scarce data exist regarding treatment protocols.

Data presented in our study, including two unreported patients

from our medical center, support treatment of DRESS with mAbs

directed toward IL-5 or IL-5R, which are already Food and Drug

Administration (FDA)-approved for other eosinophilic disorders.

IL-5 plays a crucial role in eosinophilic pathophysiology and is

proposed as a novel therapeutic target for hypereosinophilic

syndrome and rare eosinophilic conditions (16, 17). This cytokine

is the major differentiation factor for eosinophils, playing a pivotal

role in innate and acquired immune responses and eosinophilia

(18). The IL-5R is a heterodimer comprising one alpha subunit (IL-

5Ra) and one beta subunit (IL-5Rb) that, upon activation by IL-5

signals, stimulate the Janus kinase (JAK)–signal transducer and

activator of transcription proteins (STATs) pathway (19).

Therefore, the reduction of blood eosinophil levels by

antagonizing IL-5 and its receptor using mAbs recently becomes

an important immunotherapeutic strategy (Figure 1).

Second-line therapy for patients with DRESS and severe organ

involvement who do not respond to systemic CSs or for patients in

whom CSs are contraindicated includes cyclosporine, IVIG,

cyclophosphamide, and the JAK inhibitor tofacitinib, despite

evidence of high failure rates, relapse, and excess of adverse

events including serious infections (20–23).

With novel targeted biological agents and a better understanding

of the key role of the IL-5 axis in DRESS, there are case reports of

treatment with anti-IL-5 or anti-IL-5R mAbs, such as mepolizumab,

reslizumab, or benralizumab. Mepolizumab is an anti-IL-5 humanized

IgG1k antibody that is FDA-approved for the treatment of severe

eosinophilic asthma, hypereosinophilic syndrome, and eosinophilic

granulomatosis with polyangiitis (EGPA) (24). Reslizumab is an anti-

IL-5 humanized IgG4k antibody with FDA approval for severe

eosinophilic asthma (25), and benralizumab is a humanized

fucosylated IgG1k anti-IL-5Ra antibody approved by the FDA for

the treatment of severe eosinophilic asthma (26).

Two previously published studies involving large cohorts

reported treatment with anti-IL-5 agents in DRESS patients. In a

European international multicenter cohort, Kridin et al. (27)

identified four DRESS patients who were treated with anti-IL-5

biologics. DRESS patients treated with anti-IL-5/IL-5R agents were

mostly CS-refractory cases who had longer hospitalizations, increased

rates of intensive care unit admissions, and a higher risk of relapses

(27). Gschwend et al. (7) summarized 14 DRESS patients treated with

anti-IL-5 agents. While treatment with reslizumab or mepolizumab

appeared to require repeated doses to achieve clinical resolution in

most patients, a single dose of benralizumab was shown to be

sufficient, thus indicating that treatment with benralizumab is more

efficient than that with mepolizumab or reslizumab (7).

P1 in our report emphasizes the complexity in the initiation and

prolonged administration of CS therapy in the psychiatric patient due

to its adverse effects (28). This also stresses the role of therapy with an

IL-5-/IL-5R-targeting mAbs as a CS-sparing agent. Gschwend et al.

(7) recommended using anti-IL-5/IL-5R biologics in specific DRESS
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patients including those with a severe course, CS-resistant disease,

severe disease with concomitant infection, or severe end-organ

damage at presentation. P1 further expands these criteria, as her

psychiatric disorder indicated the need for a CS-sparing treatment.

This can be further implemented on DRESS patients with underlying

disorders that constitute relative or absolute contraindications for

prolonged CS treatment, such as uncontrolled diabetes. On the other

hand, P2 emphasizes the role of early initiation of therapy with an IL-

5-/IL-5R-targeting mAb to avoid CS toxicity, as the CS effect on bone

reabsorption is a secondary insult to a patient presenting with a

pathologic bone fracture from osteomyelitis (29).

Systemic CSs are still considered to be the mainstay of treatment

for DRESS. Early initiation of a steroid-sparing agent is vital to

reduce CS side effects. Cumulatively, as evident from our patients

and all others reviewed (Table 2) (7, 30), it is evident that therapy

with mAbs directed toward the IL-5/IL-5R axis combined with

adjunct treatments could offer an alternative to CS therapy in some

patients. DRESS patients eligible to receive anti-IL-5/IL-5R mAbs

include those recommended by Gschwend et al. (7) and other

patients with a high risk for CS toxicity including patients with

psychiatric disorders or comorbidities such as metabolic disorders,

immunocompromised patients, and the elderly.

This study presents several limitations, mainly its retrospective

design and small number of patients. Furthermore, the

characteristics of patients such as age and sex and drug

treatments differed among the different studies. A multicenter

study with a larger sample size is required for prolonged follow-

up and investigation of the proper dose regimen of anti-IL-5/IL-5R

treatment for DRESS. DRESS often shows severe symptoms in the

acute phase with serious disease sequelae in the chronic phase.

Therefore, careful follow-up is required. Since there is no definite

view on how to treat and which regimen to follow, the use of mAbs

directed toward the IL-5/IL-5R axis is an important emerging issue

in DRESS therapy deserving further clinical investigations.

In conclusion, future implementation of mAbs directed toward

the IL-5/IL-5R axis in DRESS cases presents a promising

therapeutic strategy in DRESS patients. Selected DRESS patients

eligible to receive anti-IL-5-/IL-R-blocking agents as first-line

treatment consist of patients with contraindications to CS

therapy, while the risk of relapse may still exist. IL-5-modulating

agents can also be used in DRESS patients with a CS-dependent or

-resistant clinical course. Thus, anti-IL-5/IL-5R biologics may offer

a novel therapeutic modality in these patients.
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