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Abstract: Eosinophilic granulomatosis with polyangiitis (EGPA) is a systemic disorder characterized
by peripheral eosinophilia, severe eosinophilic asthma, sinusitis, transient pulmonary infiltrates,
and features of medium/small-vessel vasculitis. EGPA belongs to the group of anti-neutrophil
cytoplasm antibody (ANCA)-associated vasculitides, although only 30 to 40% of patients display
ANCA positivity, which is mainly of myeloperoxidase (MPO) specificity. Particularly, ANCA-positive
patients typically show vasculitic features. Interleukin (IL)-5 has been demonstrated to play a crucial
role in determining eosinophilic airway inflammation in EGPA patients. Specifically, maturation,
activation, and survival of eosinophils especially depend on IL-5 availability. Therefore, blocking
IL-5 biological activity may be a rewarding strategy for control of eosinophilic inflammation. Several
monoclonal antibodies with the ability to interfere with the biological activity of IL-5 have been
developed, namely, mepolizumab, reslizumab, and benralizumab. Here, we discuss the role of
these drugs in the management of severe eosinophilic asthma in the context of EGPA and report the
outcome of two EGPA patients with severe eosinophilic asthma treated at our outpatient clinic.

Keywords: eosinophilic granulomatosis with polyangiitis; EGPA; Churg–Strauss syndrome;
mepolizumab; benralizumab; interleukin-5; IL-5; severe eosinophilic asthma

1. Introduction

Eosinophilic granulomatosis with polyangiitis (EGPA, previously known as Churg–
Strauss syndrome) belongs to the group of anti-neutrophil cytoplasmic antibody (ANCA)-
associated vasculitides, which also include granulomatosis with polyangiitis (GPA), for-
merly known as Wegener’s granulomatosis, and microscopic polyangiitis (MPA) [1,2]. In
EGPA, ANCA specificity is mainly directed (~70% of cases) towards myeloperoxidase
(MPO) and is typically associated with a perinuclear fluorescence pattern (p-ANCA) upon
immunofluorescence staining of fixed neutrophils [3]. However, rates of ANCA positivity
in EGPA are lower than those reported in the other two conditions of the group (GPA
and MPA), being around 30–40% [1,2]. In addition, the clinical features of ANCA-positive
patients significantly differ from those of ANCA-negative patients, with vasculitic involve-
ment, in the form of glomerulonephritis, mononeuritis and/or alveolar hemorrhage, more
frequent in the former, and cardiomyopathy more prevalent in the latter [1,2,4]. According
to the 2012 revised Chapel Hill Consensus Conference (CHCC) definition of vasculitides,
EGPA is an eosinophil-rich and necrotizing granulomatous inflammation often involving
the respiratory tract, with necrotizing vasculitis predominantly affecting small to medium
vessels [5,6] and is associated with asthma and eosinophilia. Since both vessel wall inflam-
mation and eosinophilic infiltration are involved in the pathogenesis of organ damage,
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EGPA shares features of both systemic vasculitis and hypereosinophilic syndromes [7].
Clinically, the course of EGPA follows a sequential pattern, with a prodromal phase charac-
terized by late-onset asthma and other allergic-like features, an eosinophilic phase with
blood and tissue eosinophilia, and, eventually, a vasculitic phase, dominated by purpura,
mononeuritis, glomerulonephritis, and/or alveolitis [1,2,8]. These phases may as well
overlap. Patients may also complain of nonspecific constitutional symptoms, such as fever,
fatigue, arthralgia, and weight loss. However, the time interval between onset of initial
symptoms and the vasculitic phase may be rather long, thus delaying a correct diagnosis.
More commonly, indeed, the onset of vasculitic manifestations (such as the appearance
of mononeuritis multiplex, purpura, and glomerulonephritis), in a patient previously
known to be affected by chronic rhinosinusitis, persistent moderate-to-severe asthma and
eosinophilia, alerts the clinician to the diagnosis of EGPA [9–11].

2. Main Contributions

Scant evidence exists about the impact of interleukin (IL)-5-targeted therapies on the
management of EGPA. Targeting IL-5 in EGPA is a reasonable therapeutic strategy, owing
to the pathogenic role of eosinophils in this condition [7]. IL-5 has long been known to be a
cytokine able to sustain several steps of eosinophil biology (Figure 1), however, monoclonal
antibodies with neutralizing activity towards this soluble mediator have been developed
only recently. The largest evidence from their use in EGPA comes from small series or case
reports, whereas only one double-blind, randomized trial has been completed so far.
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Here, we summarize the current knowledge on the role of IL-5-targeted therapies
in EGPA with particular emphasis on the management of EGPA-associated eosinophilic
asthma, which is responsible for a markedly impaired quality of life in nearly all patients.
Moreover, we discuss possible future refinements of IL-5-targeted therapies and contribute
to the field by describing the outcome of two EGPA patients treated at our institution.
Figure 2 summarizes the PubMed-based literature search strategy and the selection criteria
for the papers ultimately considered for the final review.
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3. Therapeutic Management of EGPA
3.1. Standard Therapy

The cornerstone of therapy for EGPA remission induction is represented by glucocorti-
coids. Immunosuppressants are usually added to the glucocorticoid regimen, particularly
in case of life-threatening organ involvement [12], which may be assessed with the aid of
the five factor score (FFS), a prognostic tool proposed in 1996 [13] and revised in 2011 [14]
(Table 1). FFS has been shown to be useful for survival prediction in EGPA; however, the
original 1996 items have been refined in 2011 based on a better knowledge of the disease
outcome [13,14]. Using the original set of items (1996), mortality at 5 years was observed to
be 11.9% in the absence of any prognostic factor; with 1 of the 5 factors present, mortality
increased to 25.9%, while with 2 or more of the 5 factors present (FFS = 2, see explanation
in Table 1), mortality was shown to loom over 45.95% of the patients. In the 2011 update,
age ≥ 65 years was also recognized as an independent predictor of poor prognosis, while
visceral involvement was retained because it was still found to heavily weigh on the out-
come. Conversely, ear, nose, and throat symptoms were associated with a lower relative
risk of death. According to the 2011 set of criteria, mortality at 5 years was as follows:
9%, 21%, and 40% with FFS = 0, 1, and 2, respectively. Hence, the FFS may help identify
patients requiring more aggressive treatment.
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Table 1. Comparison of 1996 and 2011 five factor score (FFS) items.

Original 1996 FFS Revised 2011 FFS

Cardiac involvement
Gastrointestinal disease (bleeding, perforation, infarction, or
pancreatitis)
Renal insufficiency (plasma creatinine concentration >1.6
mg/dL [141 mmol/L])
Proteinuria (>1 g/day)
Central nervous system involvement

Age > 65 years
Cardiac insufficiency
Renal insufficiency
(stabilized peak creatinine 1.7 mg/dL [150 micromol/L])
Gastrointestinal involvement
Absence of ENT manifestations (presence is associated with a
better prognosis)

ENT: ear, nose, and throat. The presence of each factor is given one point. The FFS score ranges from 0 to 2:
a score of 0 is given when none of the factors is present, a score of 1 for 1 factor, and a score of 2 for 2 or more
factors. The 2011 set of criteria has now replaced the original 1996 items.

Glucocorticoids are administered orally at a dose of 0.5–1.0 mg/kg of prednisone
equivalent. EGPA patients with no unfavorable prognostic factors according to the FFS
may obtain remission with glucocorticoid therapy only, albeit relapses may still occur [12].
However, in case of impending organ- or life-threatening disease (Table 1), intravenous (i.v.)
boluses (e.g., methylprednisolone 500–1000 mg daily for 3–5 days) may be preferred over
the oral route as initial therapy, followed by oral administration and progressive tapering,
according to clinical response; cyclophosphamide or rituximab are usually added to the i.v.
glucorticoid induction regimen [12]. Cyclophosphamide may be administered either orally
(1.5–2.0 mg/kg for up to 6 months) or intravenously (15 mg/kg fortnightly for the first
3 infusions, then every three weeks for at least 3 more doses), with the oral route associated
with a slightly greater risk of bladder toxicity and the i.v. route associated with a slightly
greater risk of relapse. Cardiac involvement or ≥2 organ involvement may favor the use
of cyclophosphamide because of an earlier onset of action with respect to rituximab [12].
Rituximab may be considered in ANCA-positive patients, in case of glomerulonephritis,
or unsatisfactory response to cyclophosphamide [12]. Ease of administration with the
protocol borrowed from rheumatoid arthritis (1 g, 2 weeks apart) [15] may favor rituximab
over cyclophosphamide. Maintenance of remission is then attempted with methotrexate,
azathioprine, or mycophenolate mofetil, while glucocorticoids are progressively tapered
down [12]. However, many patients experience relapses, particularly during the tapering
of glucocorticoids.

3.2. Anti-IL-5-Targeted Therapies

Lung involvement is not included among the factors defining severe EGPA (Table 1);
however, the lung is the most commonly involved organ in EGPA (≥90% of cases) [1,2,8,11].
Moderate-to-severe asthma is the main clinical manifestation and chest X-ray may show
transient pulmonary infiltrates, which are due to the accumulation of eosinophils. Up-
per airway involvement is also common, in the form of chronic rhinosinusitis with nasal
polyps [1,2,8]. Asthma is managed according to international guidelines [16]; however,
the severity of symptoms may require prolonged courses with oral steroids, which are
difficult to taper. Therefore, IL-5-targeted therapy may be implemented to spare glucocor-
ticoid side effects. To date, therapeutic monoclonal antibodies capable to interfere with
the IL-5 pathway and, consequently, on eosinophil growth, recruitment, activation, and
survival, include mepolizumab, reslizumab, and benralizumab [17,18]. Mepolizumab
and reslizumab act by sequestering soluble IL-5, making it not available to eosinophils,
whereas benralizumab binds to the IL-5 receptor, thus blocking access to IL-5, but is also
able to induce eosinophil killing by natural killer cells through antibody-dependent cell
toxicity (ADCC) (Figure 3) [17,18]. All three monoclonal antibodies have been approved
for treatment of moderate-to-severe eosinophilic asthma as add-on therapy in patients
unsatisfactorily controlled by standard therapy [19], thus being theoretically administrable
in EGPA-associated eosinophilic asthma as well.



Appl. Sci. 2022, 12, 11535 5 of 13Appl. Sci. 2022, 12, x FOR PEER REVIEW 5 of 13 
 

(a) 

 
(b) 

 

Figure 3. Mechanism of action of IL-5-targeted monoclonal antibodies. (a) Blocking IL-5 by mepoli-
zumab and reslizumab prevents eosinophil maturation, proliferation, recruitment, survival, prim-
ing, and activation (the latter shown here); (b) benralizumab binds to the IL-5 receptor on eosino-
phils, thus inhibiting cytokine-mediated cell stimulation; in addition, the Fc fragment of benrali-
zumab is able to mediate eosinophil killing by NK cells through antibody-dependent cell cytotoxi-
city. 

Moreover, apart from the upper and lower airways, eosinophils are also believed to 
play a crucial role in determining tissue damage in other typical manifestations of EGPA, 
such as peripheral neuritis and vasculitis [7]. Therefore, IL-5-targeted therapies may also 
result in control of non-asthma features of EGPA.  

3.2.1. Mepolizumab 
To date, only mepolizumab has obtained indication for relapsing/remitting or refrac-

tory EGPA [20]. In fact, following reports of encouraging results primarily in small series 
[21–24], a multicenter, double-blind, parallel-group, phase 3 randomized trial was even-
tually carried out to evaluate the efficacy and safety of mepolizumab in patients with re-
fractory or relapsing EGPA on stable oral steroid treatment [25]. Relapses considered by 

Figure 3. Mechanism of action of IL-5-targeted monoclonal antibodies. (a) Blocking IL-5 by
mepolizumab and reslizumab prevents eosinophil maturation, proliferation, recruitment, survival,
priming, and activation (the latter shown here); (b) benralizumab binds to the IL-5 receptor on
eosinophils, thus inhibiting cytokine-mediated cell stimulation; in addition, the Fc fragment of benral-
izumab is able to mediate eosinophil killing by NK cells through antibody-dependent cell cytotoxicity.

Moreover, apart from the upper and lower airways, eosinophils are also believed to
play a crucial role in determining tissue damage in other typical manifestations of EGPA,
such as peripheral neuritis and vasculitis [7]. Therefore, IL-5-targeted therapies may also
result in control of non-asthma features of EGPA.

3.2.1. Mepolizumab

To date, only mepolizumab has obtained indication for relapsing/remitting or re-
fractory EGPA [20]. In fact, following reports of encouraging results primarily in small
series [21–24], a multicenter, double-blind, parallel-group, phase 3 randomized trial was
eventually carried out to evaluate the efficacy and safety of mepolizumab in patients with
refractory or relapsing EGPA on stable oral steroid treatment [25]. Relapses considered by
the investigators included active vasculitis (Birmingham Vasculitis Activity Score [BVAS]
>0 [26]), active asthma symptoms or signs, or active nasal or sinus disease, prompting
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an increase in the glucocorticoid dose, an initiation of or increase in immunosuppressive
therapy, or hospitalization. Relapses could be of more than one type. The study confirmed
the effectiveness of mepolizumab in maintaining remission throughout the study dura-
tion and in delaying major relapses when compared with placebo, with no significant
between-group differences in adverse events [25]. Specifically, the study met the two
primary endpoints, i.e., (1) the accrued weeks of remission (28% vs. 3%, mepolizumab
vs. placebo, respectively, with the treated group showing 24+ weeks of remission) plus
prednisone daily dose ≤4 mg over 52 weeks (44% successfully lowering the dose to ≤4 mg
and 18% discontinuing prednisone vs. 7% and 3%, mepolizumab vs. placebo, respec-
tively) and (2) the proportion of patients in remission at weeks 36 and 48 (32% vs. 3%,
mepolizumab vs. placebo, respectively). Rates of relapses were as follows (mepolizumab
vs. placebo, respectively): vasculitis 43% vs. 65%; asthma 37% vs. 60%; sinusitis 35% vs.
51%. Overall, 20% of the patients had a vasculitic relapse only, while 54% had a combined
vasculitic and asthmatic/sinonasal relapse. Finally, a subgroup analysis revealed that
patients with an absolute eosinophil count greater than 150 cells/mm3 at baseline were
more likely to experience a greater efficacy when compared with patients with a lower
value of eosinophils, who did not actually obtain a significant benefit from treatment [25].
This observation clearly paves the way for a more effective selection of EGPA patients
likely responding to IL-5 therapeutic inhibition in future studies. Therefore, based on these
results, the Food and Drug Administration (FDA) licensed mepolizumab in the USA in
2017 as an add-on therapy with a steroid-sparing effect in adult patients with relapsing or
refractory EGPA, at a dose of 300 mg subcutaneously (s.c.) every 4 weeks.

Subsequent reports from real-world clinical practice confirmed the safety and efficacy
of mepolizumab in small series of patients with relapsing or refractory EGPA. Specifically,
Ueno et al. [27] treated 16 patients, all of them with comorbid asthma, for one year with
the licensed 300 mg dose. At the 12-month assessment, mepolizumab treatment resulted
in a decreased disease activity, a remission rate of 75%, a glucorticoid-sparing effect, and
a reduced number of patients using concomitant immunosuppressants. The retention
rate was excellent (100% of patients). Respiratory symptoms improved immediately af-
ter starting mepolizumab, with only 2 patients still complaining of chest discomfort at
the 12-month evaluation. Only three patients had an infection. The same authors also
retrospectively compared the effectiveness of mepolizumab (300 mg/monthly) with i.v.
cyclophosphamide pulse therapy for remission induction in EGPA patients [28]. Treatment
was ≥6 months and both groups of patients were also administered high-dose steroids at
the initiation of therapy. Even considering the critical issues of the study, mainly related to
the small groups evaluated (7 patients in the mepolizumab group and 13 patients in the
cyclophosphamide group), the results were promising: the retention rate for mepolizumab
was again complete (100%), while only 61.5% of patients completed the pulse therapy
(6 pulses total); adverse events were nearly twice as frequent in the cyclophosphamide
group (53.8% vs. 28.6%, cyclophosphamide vs. mepolizumab, respectively). With regard
to efficacy, there were no significant differences in BVAS and eosinophil count reductions
between the two groups, however, mepolizumab-treated patients benefitted from a greater
steroid dose reduction compared with cyclophosphamide-treated patients. Regarding lung
involvement, chest manifestations decreased from 71.4% to 0% and from 58.3% to 8.3% at
6 months, mepolizumab vs. i.v. cyclophosphamide, respectively. Thus, mepolizumab for
remission induction therapy in severe EGPA appeared to allow control of disease activity
as effectively as cyclophosphamide, but with a greater reduction in concomitant steroid
doses and fewer adverse events [28]. Finally, a small series (11 EGPA patients, 3 with
uncontrolled asthma), characterized by steroid dependence and unsatisfactory disease con-
trol, also achieved improvement of disease activity (no evidence of asthma and vasculitic
manifestations at the last study follow-up) following treatment with mepolizumab [29].
Again, the improvement in disease activity allowed notable glucocorticoid tapering.

Interestingly, mepolizumab efficacy was also investigated at a lower dose (100 mg ev-
ery 4 weeks) in real-life EGPA patients. Vultaggio et al. [30] evaluated whether mepolizumab
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100 mg/month could allow control of asthma symptoms, tapering of glucocorticoids and/or
immunosuppressants, maintenance of remission, and prevention of relapses in 18 EGPA
patients over a 12-month study period. At the final assessment, more than two thirds of
the patients were shown to have been free from asthma exacerbations during treatment,
the daily glucocorticoid dose could be at least halved in 77.7% of the subjects, and im-
munosuppressants could be discontinued in 4 patients. Nearly all patients obtained clinical
remission (94.3%) and no relapses were recorded during the study time frame [30].

Further data on the effectiveness of the 100 mg dose were subsequently published. A
retrospective European collaborative study compared different biologics, including ritux-
imab, omalizumab, and mepolizumab, for treatment of relapsing or refractory EGPA [31].
While rituximab was primarily chosen to address the treatment of prominent vasculitic
features, mepolizumab and omalizumab were administered for the control of steroid-
dependent asthma. Mepolizumab was administered to 51 patients and was shown to
be highly effective with a good safety profile in patients with steroid-dependent asthma,
with a clear advantage over omalizumab in this category of patients (rates of remission
and partial responses: 78% and 10% vs. 15% and 33%, mepolizumab vs. omalizumab,
respectively). In addition, mepolizumab was administered at the reduced dose of 100 mg
monthly in 57% of patients, while the remaining participants received the approved 300 mg
dose. Overall, remission rates at 12 months were 76% and 82% among patients receiving
mepolizumab at a dose of 100 mg and 300 mg, respectively, with no significant differ-
ence [31]. Caminati et al. [32] showed that in 16 EGPA patients in remission phase but
persisting severe steroid-dependent asthma, not only did mepolizumab 100 mg every
4 weeks prevent vasculitis relapse, but it also achieved asthma control during the 6 months
of the study duration. Specifically, both at the 3- and 6-month time points, a significant
improvement in Asthma Control Test (ACT) scores, forced expiratory volume in one sec-
ond (FEV1) %, and exacerbations was observed. Moreover, a significant decrease in the
average corticosteroid daily intake was recorded at any time point, with 56.2% of patients
even completely discontinuing the drug. At the 6-month follow-up, 2 of 11 patients un-
der immunosuppressants suspended the treatment, while 4 of them could taper the dose
with no relapse. No adverse events were recorded. In summary, mepolizumab 100 mg
at 28-day intervals both prevented EGPA relapse and maintained asthma control over
the 6-month study period. Thus, this regimen may have a role in the maintenance phase
as a steroid/immunosuppressant-sparing agent in EGPA patients with persisting severe
steroid-dependent eosinophilic asthma in spite of remission of systemic vasculitis [32].

Finally, Bettiol et al. [33] reported the results observed in the largest series of EGPA
patients (no. 158) treated so far with mepolizumab 100 mg every 4 weeks and compared
the outcome with a smaller series of EGPA patients (no. 33) treated with the conventional
dose (300 mg every 4 weeks). Complete response rates and reductions in BVAS scores,
prednisone doses, and eosinophil counts were comparable between the two regimens.
Asthma exacerbations were recorded in 36% of patients on the 100 mg dose and in 52% of
patients who received the 300 mg dose. Based on these results, both mepolizumab regimens
(100 mg and 300 mg every 4 weeks) appeared to be effective for the treatment of EGPA [33].
However, due to the retrospective nature of the study and the disparity in the sample size
between the two doses, definitive conclusions cannot be drawn until a rigorous comparison
is carried out in the setting of a controlled trial. Nevertheless, evidence on the effectiveness
of the 100 mg dose keeps accumulating [34–36].

3.2.2. Reslizumab

Fewer evidence is available for reslizumab as a controller drug in EGPA. A study
involving nine patients with refractory, steroid-dependent EGPA patients with severe
eosinophilic asthma were treated with reslizumab infusions at a dose of 3 mg/kg every
28 days [37], according to the regimen approved as add-on therapy for treatment of severe
asthma with an eosinophilic phenotype [38]. Patients also had other EGPA features, namely,
paranasal sinus disease (100% of patients), neurological involvement (44% of patients), and
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cardiac involvement (33% of patients). At the end of the 48 weeks of treatment, 7 out of
9 patients (~78%) had their steroid doses reduced to or below 7.5 mg/day (consistent with
remission [39]), while two patients were able to completely stop the drug. No increases
in exacerbation frequency or hospitalization were seen and no treatment-limiting adverse
effects were recorded. Since no significant improvement in overall BVAS scores was seen,
the authors concluded that reslizumab may be less effective in controlling extrapulmonary
manifestations of EGPA, namely, neuropathy, than in quenching activity of airway dis-
ease [37]. Thus, reslizumab may be a therapeutic option in EGPA patients mainly troubled
by severe eosinophilic asthma. Another open-label, pilot study involving 10 patients with
EGPA [40] demonstrated a significant reduction in the daily oral glucocorticoid dose after
7 monthly reslizumab treatments (equivalent to a 24-week treatment phase). Although only
6 of the 10 subjects completed all the study visits, 8 patients could be nonetheless analyzed;
5 out of these 8 patients were considered true responders to reslizimumab because of suc-
cessful tapering of oral steroids, with no exacerbations during the treatment phase. Overall,
three exacerbations were recorded during the treatment, and the most common was the
worsening of asthma symptoms. One patient suffered from a severe adverse event, deemed
to be causally linked with the study drug, requiring removal from the study [40]. Because
of the small numbers of patients and the design of these studies, randomized, controlled
clinical trials are needed to validate the efficacy and safety of reslizumab for EGPA.

3.2.3. Benralizumab

Efficacy of benralizumab in EGPA is mainly supported by case reports [41]. In addition,
a small open-label pilot study including 10 EGPA patients suggested that benralizumab
was effective in reducing both the daily dose of oral steroids and the exacerbation rate
during treatment [42]. Importantly, 8 of 10 subjects reached a minimum oral steroid dose of
<5 mg daily, with 5 (50%) able to stop oral glucocorticoids after 40 weeks of treatment [42].
Intriguingly, benralizumab has been reported to be effective even in EGPA patients failing
previous treatment with mepolizumab or reslizumab. In 2 case studies (16 EGPA patients
overall), including 6 patients failing previous treatment with mepolizumab and 1 patient
failing both mepolizumab and reslizumab, benralizumab (30 mg s.c. every 4 weeks for the
first 3 injections, then 30 mg s.c. every 8 weeks) significantly reduced oral glucocorticoid
doses and improved both BVAS and ACT scores at the completion of the studies [43,44].
Complete depletion of peripheral eosinophils was seen in most of the patients, consistent
with the drug’s mechanism of action (Figure 3b). Currently, a phase three trial comparing
benralizumab with mepolizumab in relapsing or refractory EGPA is ongoing (MANDARA
trial, NCT04157348) [45].

3.3. Other Treatment Strategies

Experience with other investigational or hypothesis-driven monoclonal antibody-
based treatment strategies (e.g., omalizumab, belimumab, obinutuzumab, etc.) is limited or
absent and is beyond the scope of this article.

4. Case Reports

Two patients with EGPA referred to our clinical immunology outpatient clinic were
considered for implementation of IL-5-targeted therapies due to the difficulty in tapering
treatment with high-dose oral steroids. The characteristics of the patients are summarized
in Table 2.
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Table 2. Characteristics of the patients administered IL-5-targeted therapies.

Patients Clinical Manifestations at Onset Laboratory Investigations

Case 1, ♀, 52 years

Asthma
Nasal polyps
Hemoptysis

Sural nerve neuropathy
Proteinuria (500 mg/24 h)

Constitutional symptoms (malaise, fatigue)

Eosinophilia (~1800/µL)
Elevated IgE (~2000 UI/L)

p-ANCA positivity
Anti-myeloperoxidase positivity

Elevated ESR and CRP

Case 2, ♀, 31 years

Asthma
Nasal polyps

Gastrointestinal complaints (nausea, vomiting, diarrhea, abdominal cramping)
Purpura

Peripheral neuropathies (right hand and right leg)
Constitutional symptoms (fever, malaise, fatigue, substantial weight loss)

Eosinophilia (8600/µL)
FIP1L1/PDGFRa absent

p-ANCA positivity
Anti-myeloperoxidase positivity

Elevated ESR and CRP

♀: female; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; FIP1L1/PDGFRa, Fip1-like 1/platelet-
derived growth factor receptor alpha fusion gene; and p-ANCA, perinuclear immunofluorescence pattern of
anti-neutrophil cytoplasm antibody.

4.1. Case 1

A 52-year-old female patient with involvement of upper and lower airways and left leg
paresthesia as a result of peripheral neuropathy due to EGPA diagnosed 10 years earlier at
another institution required consultation because of unsatisfactory asthma control. She had
been administered high-dose steroids at onset of disease and several immunosuppressants
(azathioprine, methotrexate, and cyclophosphamide) thereafter in an attempt to taper the
daily glucocorticoid dose. Although the patient attained remission of most of the several
EGPA manifestations she was suffering from (Table 2), she still complained of daily asthma
exacerbations despite being on both oral prednisone 25 mg/day and a combination of
high-dose inhaled steroids and long-acting bronchodilators. Mepolizumab was therefore
prescribed according to the severe asthma schedule, i.e., 100 mg s.c. every 28 days, since
the 300 mg dose every 4 weeks for EGPA treatment had not yet been approved at the time
of recruitment. One year after commencement of anti-IL-5 treatment, the patient was no
longer on oral steroids, eosinophils were in the normal range (450/µL), anti-MPO were
slightly above the upper limit of detection (6.8 UI/mL, normal range: 0.0–5.0), inflammatory
markers were in the normal range, no further asthma exacerbations had occurred, and
taper of inhaled therapy was started. Low-dose mepolizumab (100 mg every 28 days) was
confirmed as the only maintenance therapy and is still ongoing.

4.2. Case 2

A 31-year-old female patient received diagnosis of EGPA because of sinonasal disease,
severe asthma, peripheral eosinophilia, peripheral neuropathy, purpura, p-ANCA, and
anti-MPO positivity. Because of the remarkable peripheral eosinophilia (Table 2), other
hypereosinophilic syndromes [46] were considered in the differential before making a
definitive diagnosis of EGPA. Specifically, hematologic, parasitic, and allergic diseases
were ruled out by means of specific investigations. The gastrointestinal (GI) complaints
(Table 2) were addressed by means of upper and lower endoscopy of the GI tract, which
only showed a spastic colon; random biopsies carried out along the upper and lower
GI tract did not show eosinophil infiltration consistent with eosinophilic gastroenteritis,
colitis, or esophagitis [47]. The patient was initially started on prednisone 1 mg/kg per day
and obtained acceptable asthma control as well as remission of purpura, gastrointestinal
complaints, and constitutional symptoms just after one month of therapy. An improvement
in symptoms related to peripheral neuropathy was also observed. A 50% reduction in
peripheral eosinophilia (~4000/µL) was recorded after 4 weeks of therapy, along with
normalization of inflammatory markers. At the 3-month follow-up, with the patient on
oral prednisone 20 mg/day, clinical manifestations were in remission and eosinophilia
was mild (~600/µL). However, tapering of oral steroids could not be further accomplished
without incipient rebound of the circulating eosinophil count (~1200/µL) and new asthma
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exacerbations. Because of the exceedingly high count of peripheral blood eosinophils
at diagnosis, benralizumab (30 mg s.c. every 4 weeks for the first 3 injections, then 30
mg s.c. every 8 weeks, according to the schedule approved for eosinophilic asthma [48])
was empirically chosen for its ability to efficaciously deplete these cells. One month later,
asthma was in remission again and oral prednisone could be successfully tapered off in
the subsequent weeks. Three months into benralizumab treatment, the patient was still in
complete remission in all aspects of EGPA, her peripheral eosinophils were undetectable
(0 cells/µL) and oral and inhaled steroids had been completely suspended. Benralizumab
is still ongoing as the only maintenance therapy, 30 mg s.c. every 8 weeks.

5. Discussion

Although often limited by small sample sizes, short duration of the therapeutic in-
terventions, the lack of double-blind placebo controls or other comparators, as well as the
uncertainty about long-term adverse effects, particularly in case of complete eosinophil
depletion, the evidence accumulated thus far appears to support the use of IL-5-targeted
therapies in the treatment of EGPA-associated eosinophilic asthma, as well as for other
significant disease manifestations. Currently, only mepolizumab may be used for in-label
treatment of relapsing/remitting or refractory EGPA [20], while waiting for completion of
ongoing studies or start of new investigations addressing the role of benralizumab and
reslizumab in EGPA management. Moreover, given the likely effectiveness of low-dose
mepolizumab in the management of refractory/relapsing EGPA [30–36], studies are also
warranted to assess whether 100 mg every 4 weeks may be used as a stable maintenance
therapy in patients obtaining initial drug-induced remission. Comparison should be under-
taken with the approved 300 mg dose every 28 days, considering as the main outcomes for
lung involvement the rates of asthma exacerbations and the daily dose of maintenance oral
steroids in the two patient groups. Reslizumab shares the same mechanism of action as
mepolizumab, targeting IL-5 directly [18]. Since mepolizumab can only be prescribed in a
fixed dose [20], reslizumab may provide an additional advantage due to the i.v. route of
administration allowing for weight-based dose adjustments [38], which may be particularly
useful in obese patients. Nevertheless, this potential advantage for dose adjustment needs
confirmation through design of ad hoc studies, upon preliminary verification of differential
responses to mepolizumab treatment between lean and obese EGPA patients. Finally, the
ability of benralizumab to completely deplete circulating eosinophils may theoretically
suggest use of this drug in patients with exceedingly high peripheral eosinophils, as in
case 2 reported above, or in patients failing mepolizumab (or reslizumab, in case of future
indication for EGPA). Again, the hypothetical threshold of the circulating eosinophil count
above which the fixed mepolizumab dose may be expected not to be satisfactorily effec-
tive needs to be determined through specific studies comparing drug responses in EGPA
patients with different levels of eosinophilia, and the same holds true with regard to the
utility of benralizumab as a rescue therapy following mepolizumab (or reslizumab) failure.
A further issue is represented by how long IL-5-targeted therapies should be continued
in patients achieving remission. Relapse rates may be high indeed if EGPA patients in re-
mission on IL-5-targeted therapies are switched to conventional immunosuppressants [24].
Therefore, future trials should also investigate whether a minimally effective dose and/or
lengthening dosing intervals may be an acceptable trade-off between therapy suspension
and relapse rates, as this strategy has been observed to be rewarding in other chronic
conditions requiring long-term therapeutic monoclonal antibody administration [49,50].
Cost-effectiveness may also benefit from this strategy. Meanwhile, further insights on the
role of IL-5 targeted therapies in relapsing or refractory EGPA will hopefully be obtained
at the completion of the MANDARA trial (NCT04157348), comparing mepolizumab vs.
benralizumab [45].
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6. Conclusions

Currently, IL-5-targeted therapies represent the best option for relapsing or refractory
EGPA patients and, possibly, for remission induction. Apart from silencing most of the
disease manifestations, these drugs allow significant sparing of steroid doses, which may
pose a significant burden on patients in terms of unwanted side effects in the long term.
Refinement of IL-5-targeted therapies with future studies is eagerly awaited to further
improve the management of specific subsets of EGPA patients, while hopefully waiting for
definitive, etiology-driven therapies.
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