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Successful treatment with benralizumab in a patient with eosinophilic granulomatosis
with polyangiitis refractory to mepolizumab
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Introduction: Eosinophilic granulomatosis with polyangiitis (EGPA) is characterized by necrotizing eosinophilic
granulomatous inflammation that frequently involves the respiratory tract (90% of cases). Asthma in EGPA is system-
atically severe and often refractory to common treatment, it is corticosteroid resistant and can often anticipate the onset
of systemic vasculitis by many years. A release of cytokines necessary for the activation, maturation and survival of
eosinophils, such as IL-4, IL-5 and IL-13 occurs in the activated Th-2 phenotype. In particular, IL-5 level is high in
active EGPA and its inhibition has become a key therapeutic target. Oral glucocorticoids (OCS) are effective treatment
options but unfortunately, frequent relapses occur in many patients and they lead to frequent side effects. As for now,
there are currently no official recommendations on doses and treatment schedules in the management of EGPA.
Case presentation: In this article, we describe the case of a man with EGPA, severe asthma and chronic rhinosinusitis
with nasal polyps (CRSwWNP), with poor asthma and CRSwNP control despite OCS and mepolizumab treatment.
Respiratory and vasculitis symptoms improved markedly after therapeutic switch to benralizumab. During the treat-
ment, in addition to clinical effects, we witnessed a depletion of blood eosinophils, as well as an improvement in both
pulmonary function tests, CT scan and skin lesions present initially.

Conclusions: While there are many studies confirming the efficacy of benralizumab in EGPA, the most interesting
aspect of our report is that efficacy was confirmed in a patient previously unresponsive to mepolizumab, known to be
effective in EGPA.
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Introduction

Eosinophilic granulomatosis with polyangiitis (EGPA) is char-
acterized by necrotizing eosinophilic granulomatous inflammation
that frequently involves the respiratory tract (90% of cases).
Another feature of this disease is the presence of a necrotizing vas-
culitis that mainly affects small and medium vessels and is associ-
ated with asthma and eosinophilia. In 2012, after the Chapel Hill
international consensus conference [1], the name “Churg-Strauss
syndrome” was replaced by EGPA [2]. The evolution of EGPA
commonly follows three phases [3,4]: 1) onset of asthma associated
with rhinitis; ii) tissue eosinophilia; and iii) extrapulmonary
eosinophil involvement with vasculitis. Asthma in EGPA is sys-
tematically severe and often refractory to common treatment [5], it
is corticosteroid resistant and can often anticipate the onset of sys-
temic vasculitis by many years [6,7]. Antineutrophil cytoplasmic
antibodies (ANCA) are present in approximately 40% of EGPA
patients [8,9]. ANCA play an important role in the diagnosis and in
the pathogenesis of EGPA. These autoantibodies cause endothelial
damage, as well as the infiltration of eosinophils, which are mech-
anisms underlying the typical histological damage. The patho-
genetic effects of ANCA are due to their ability to activate neu-
trophils with consequent tissue and vascular damage [10,11]. A
release of cytokines necessary for the activation, maturation and
survival of eosinophils, such as IL-4, IL-5 and IL-13 occurs in the
activated Th-2 phenotype [12,13]. In particular, IL-5 level is high
in active EGPA and its inhibition has become a key therapeutic tar-
get as in severe eosinophilic asthma [14-16]. The increase in
cosinophils has a cytotoxic and pro-coagulant effect that often
determines not only pulmonary, but also cardiovascular and cere-
brovascular organ damage [17,18]. The existence of a cross-talk
between T lymphocytes and eosinophils has also been demonstrat-
ed. It is driven by a high concentration of IL-25, which induces T
cells to produce cytokines stimulating the Th-2 and eosinophilic
response, due to a positive feedback effect. The pathogenesis of
EGPA is not due only to an increased Th-2 response [19]. The
immune response is also amplified by endothelial and epithelial
cells that produce chemokines, mainly eotaxin-3 (CCL-26) and
chemokine-17 (CCL-17), which have a chemotaxis effect on
eosinophils [20]. Eotaxin-3 is particularly elevated in patients with
active EGPA and it significantly correlates with the level of
eosinophils, total IgE and inflammation related parameters [21].

Oral glucocorticoids (OCS) reduce blood and tissue
eosinophils by inducing apoptosis and inhibiting survival signaling
pathways; they have long been regarded as the first-line treatment
for EGPA [22]. Unfortunately, frequent relapses occur in many
patients after dose tapering or despite high maintenance doses
[23,24]. Prolonged therapies with OCS (or sometimes high doses
for short periods) lead to severe and sometimes irreversible
adverse effects, such as infections, osteoporosis, diabetes and sec-
ondary adrenal insufficiency [25,26]. Immunosuppressive agents
are indicated as maintenance therapy and in the treatment of EGPA
exacerbations [27]. Despite this use, some evidence indicates that
immunosuppressive drugs do not lead to significant reductions in
relapse rates [28]. As a result, there is a great need for truly effec-
tive treatment options which are burdened with fewer side effects.
Mepolizumab, a fully humanized anti-IL-5 IgG1 monoclonal anti-
body (mAb), was evaluated in the MIRRA trial [29], at a dose of
300 mg / 4 weeks in patients with EGPA, demonstrating its supe-
riority over standard treatment in terms of remission rate, time
required for first relapse, reduction in OCS dose. However, a sig-
nificant proportion of the patients in this study (approximately
half) did not even achieve remission with mepolizumab co-admin-
istered with OCS. Anyway, the US Food and Drug Administration
(FDA) approved mepolizumab 300 mg / 4 weeks for EGPA [30].
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In addition to this, there are retrospective real-life studies confirm-
ing the efficacy of mepolizumab even at the dose of 100 mg
(approved for asthma) in EGPA during a remission phase [31,32].
Benralizumab, a humanized IgG1k afucosylated monoclonal anti-
body anti IL-5 receptor o chain, demonstrated efficacy in numer-
ous studies, especially in real contexts, in terms of reduction of the
average dose of OCS, a rapid depletion of blood eosinophils, a
consistent improvement of respiratory symptoms and lung func-
tion in patients with EGPA [33-37]. In this article, we describe the
case of a man with EGPA, severe asthma and chronic rhinosinusitis
with nasal polyps (CRSwWNP), with poor asthma control despite
OCS and mepolizumab treatment. Respiratory symptoms
improved markedly after therapeutic switch to benralizumab.

Case presentation

A 57-year-old man, non-smoker, came to our observation. He
worked as an industrial machinery mechanic. The patient was not
exposed to inhalation of chemicals and there were no changes in
respiratory symptoms away from the workplace. In May 2018, due
to persistent dry cough, dyspnea and wheezing he was sent by his
general practioner for a respiratory clinical assessment. On the
physical examination of the chest, rhonchi and wheezing were
detected. Respiratory function tests showed moderate bronchial
obstruction (Forced expiratory volume in 1 second (FEV)) 62% of
predicted) with a significant response to the bronchodilation test (+
18%; + 480 ml). Skin prick tests were negative for inhalant aller-
gens while blood tests showed eosinophilia (790 cells/ul, 8%).
Body mass index (BMI) was 24. Therefore, bronchial asthma was
diagnosed and therapy was started with high dose salmeterol / flu-
ticasone, salbutamol spray as needed and prednisone 25 mg 2
tablets a day for 5 days, with gradual reduction. A computed
tomography (CT) scan of the paranasal sinuses showed mucosal
thickening in the right maxillary sinus with osteomeatal engage-
ment and initial mucosal thickening in the left maxillary sinus and
both frontal sinuses. Sinonasal Outcome Test 22 (SNOT-22) score
was 51.5. For persistence of cough and bronchospasm, the patient
referred to an otolaryngologist, who evidenced mucosal secretion
with post-nasal drip, edema of the right meatus and bilateral poly-
posis. He also hypothesized gastroesophageal reflux due to typical
physical examination findings, including arytenoid erythema and
edema. An esophagogastroduodenoscopy (EGD) was then per-
formed, revealing grade A reflux esophagitis. A therapy with a pro-
ton pump inhibitor (PPI) was then set up, with esomeprazole 40
mg per day. Then, the patient repeated a pulmonology examination
in July 2018 due to poor improvement in respiratory symptoms. An
assessment of medication adherence had been made, and was
appropriate. Consequently, the therapy was modified by stopping
salmeterol/fluticasone  and  starting  high  dose  of
beclometasone/formoterol spray and adding tiotropium bromide.
Prednisone 25 mg per day was also included due to recurrence of
asthma symptoms after an attempted withdrawal of OCS. Blood
tests performed in September 2018 showed eosinophilia (4790
cells/ul, 27%), Antineutrophil myeloperoxidase cytoplasmic anti-
bodies (MPO-ANCA) level was 17.9, whilst proteinase 3 (PR3-
ANCA), antinuclear Antibodies (ANA), extractable nuclear anti-
gen (ENA) were negative. Total immunoglobulin E (IgE) were 113
IU/mL (v.n. <100) and fractional exhaled nitric oxide (FeNO)
value (ppb) 43. Allergic bronchopulmonary aspergillosis and intes-
tinal parasites infection were ruled out. The patient then underwent
a high-resolution chest CT scan, that showed parenchymal cen-
trilobular nodules and the presence of multiple, faded, bilateral
ground glass areas. Skin lesions on the back of the hands were
detected and they were compatible with vasculitis according to the
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dermatologist’s diagnosis and a skin biopsy showing leukocyto- g LB
clastic vasculitis with several eosinophils in the dermal infiltrate. % $8 =
In suspicion of vasculitis, the patient underwent a fibrobron- & = g v 3 g g
choscopy with bronchoalveolar lavage (BAL) and transbronchial 2 £ 3 = & g 8 £
biopsies; histological findings showed necrotizing small vessel s _ e s = 2S 2
vasculitis associated with eosinophil infiltrates and perivascular %
and extravascular granulomas. BAL demonstrated macrophages 5 2 -
and rare lymphocytes with neutrophilic granulocytes and alveolar ;' E S g =
eosinophilia (35%). Doppler echocardiography was normal. The S SEE ==
patient was seen by a rheumatologist, who confirmed the diagnosis
of EGPA but did not indicate add-on immunosuppressive therapy s
with azathioprine/mycophenolate or rituximab/cyclophosphamide, £ » ;% _ s
also considering the absence of mononeuritis multiplex in our g § 2 § § § § §
patient. Mononeuritis multiplex predicts the need for immunosup- = § § g S 8 § = E
pressive or immunomodulatory drugs for EGPA, and its absence o = T2 & £ 8
reduces the need for these add on drugs burdened with important é . =
side effects [38]. On January 2019, due to the persistence of poor 5 E z E S= 2
. . . = n O = o o
asthma control with the need for daily therapy with OCS, after a g % £ g5 £ 82
pulmonology evaluation, the patient began therapy with ] = 8 =8 858 QE’
mepolizumab 100 mg subcutaneously (SC). Four months later, 832 £ % S 8 = & e g
asthma symptoms persisted unchanged and, in an attempt to 25 £ 2 S= & 2&& 5
improve respiratory symptoms, the patient underwent Functional =] g
Endoscopic Sinus Surgery (FESS) for CRSWNP. The patient had a ‘E
temporary improvement in nasal and bronchial symptoms, with a g ‘2 g - 50
SNOT-22 score of 44.3, compared to the baseline of 51.5. § _E < E’ > E 2
Subsequently he returned to previous symptoms. Blood Q = ~ e =8
cosinophils were 280 cells/ul (3%) and FeNO was 18 ppb. In .
August 2019 a new pulmonology examination was carried out, due o ‘g
to suboptimal asthma control without the possibility of reducing Sy £ -8
OCS dosage. Therefore, it was decided to discontinue mepolizum- § § S § § § § E
ab after seven administrations due to lack of efficacy. After a 3- S § £EsS 8 $28
month washout period the patient started benralizumab 30 mg sc SSes & S 8K
once every 4 weeks for the first three doses, then once every 8
weeks. We excluded mepolizumab 300 mg once every 4 weeks
because it was not approved in Europe for EGPA therapy yet and = ° °
our local ethics committee hardly grants approval to the higher o £ ‘E - E - %
dose since an alternative therapeutic option such as benralizumab 5 f'; é = 'eT% g 2 ; =
is available. In contrast, the standard dose (30 mg) of benralizumab g “:':‘ % 2 E g . T 'i §
was very effective and in the literature there are studies that con- & g g E EEE 22 g
firm the great efficacy of benralizumab in EGPA thanks to pro- =2 = kS|
found antieosinophilic effect in different tissues. These could be 5 % £
potential advantages of this biologic in the treatment of EGPA [39]. 8 Sl o B
Respiratory symptoms progressively improved after just 3 months. | E ;a' E S g e g g
The patient was reassessed by a respiratory physician in March E % SEEE S s == =
2020, recording excellent asthma control and an improvement in < B g =
symptoms related to CRSWNP (SNOT-22 score improved to 34.6). g = £y = - £
The dosage of prednisone was then reduced to 8 mg per day, then < § K § % « E g 8 § g
subsequently reduced to 4 mg per day and finally withdrawn 6 g §. . § 'S § .1:3 ‘§~ é SiEs §
months after starting benralizumab therapy (Table 1). Regarding 5 ] £S§8§ & & § § §
blood tests, an important reduction in MPO-ANCA and blood & E
eosinophils was found (0 cells/ul, 0.1%). FeNO value was 13 ppb. g o . - E_
Since the start of benralizumab therapy 12 months before, the %D 2 s S ‘E . £
patient has not presented any asthma exacerbation (Figure 1) and i % é 2 é = = £
respiratory function tests have improved, returning to normal lev- £ f E é -fF; 2 _ % E
els (FEV, pred., FVC 91%pred., FEV,/FVC 105%) (Table 2 and § g g EEZE o z
Figure 2). High-resolution chest CT no longer showed ground- 9 - g
glass opacities and centrilobular nodules present at baseline con- g" é %
trol and also the skin lesions on the back of the hands present _s"’ 5 2 IS E
before the start of biological therapy had disappeared. Another fun- o ;;' E S g 2 = =
damental aspect was the absence of side effects with the use of _E = = s 2 x5 8 £
benralizumab during the whole observation period. i g § E
. S = - = =, 2
! SESEE 8 I3 5
= EESIESIES IS TR IS =
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the dose approved for the treatment of SEA [31,42]. In the
Discussion and conclusions DREAM pivotal study, a comparable clinic efficacy was demon-
strated with three intravenous (IV) doses of mepolizumab: 75, and
750 mg, every 4 weeks; in the subsequent MENSA trial, the eftec-
tive dose was 100 mg SC every 4 weeks [40,41]. The first studies
on the use of mepolizumab in EGPA reported clinical efficacy at
the 750 mg IV dose [43-46]. Considering these findings, we treated
our patient with the lowest dose of mepolizumab, but without
obtaining positive clinical results. As the indication of mepolizum-
ab for EGPA at a dose of 300 mg has not been approved in Europe
yet, it is usually necessary to obtain approval from ethics commit-
tees to treat patients. Therefore, we decided to carry out a therapeu-
tic switch to benralizumab, given its potent effect on reducing
eosinophils, which are the key of EGPA pathogenesis. The high
affinity of benralizumab to the o chain of IL-5R blocks activation

Despite the great progresses made in recent years in the knowl-
edge of the pathogenesis of EGPA, management and therapy of
this disease remain difficult tasks. Patients often suffer from
refractory or relapsing conditions despite immunosuppressant and
corticosteroid therapies. These drugs are also burdened with
important side effects. After the excellent results obtained with
mepolizumab in the treatment of severe eosinophilic asthma
(SEA), the anti-ILS biologic has also been studied in EGPA
[40,41]. Mepolizumab was approved by the FDA at a dose of 300
mg SC every 4 weeks after the results of just one randomized clin-
ical trial (RCT) [29]. Nevertheless, in some real-life studies
mepolizumab was given at the dose 150 of 100 mg every 4 weeks,
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Figure 1. Clinical trend of the patient. Figure 2. Functional trend of the patient.
Table 2. Clinical outcomes comparing baseline, mepolizumab and
benralizumab treatment.
Mepolizumab therapy Benralizumab therapy
TO T6* T6# T12§
AQLQ (score) 3.4 3.5 4.6 5.7
ACQ (score) 3.2 B 1.3 1
ACT (score) 12 12 22 23
Exacerbations (n) 6 2 0 0
ER visit (n) 2 1 0 0
Hospitalizations (n) 1 0 0 0
Hospitalizations’ duration (days) 7 0 0 0
Days missed from work 33 9 0 0
OCS daily dose (prednisone, mg) 50 25 12.5 0
FEV1 (%) 62 65 85 100
FEVI (L) 2.03 2.1 2.77 347
FVC (%) 75 76 91 110
FVC (L) 2.9 2.9 42 4.86
FEVI/FVC (%) 70 72 65 71

T6*, 6 months after mepolizumab therapy; T6#, 6 months after benralizumab therapy; T12§, 12 months after benralizumab therapy.
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and signal transduction. Furthermore, the afucosylation increases
the function of cell-mediated cytotoxicity dependent on antibodies
(ADCC), making this biological drug able to reduce the number of
circulating eosinophils between 90 and 100% in various tissues
[47]. This peculiar mechanism of action could represent an advan-
tage in EGPA. As for mepolizumab, various studies in real world
settings confirmed efficacy of benralizumab not only in SEA, but
also in EGPA [33-36,39]. Data from an ongoing RCT suggesting
the efficacy and OCS sparing effect of benralizumab
(NCT04157348) are not available yet [48]. Another ongoing RCT
(NCT03010436) is recruiting patients with the purpose to evaluate
the efficacy and safety of benralizumab 30 mg compared to
mepolizumab 300 mg administered by SC injection (SC) in
patients with relapsed or refractory EGPA on OCS therapy with or
without stable immunosuppressive therapy [49]. A recent prospec-
tive open-label pilot study in a small number of EGPA patients
treated with benralizumab 30 mg sc showed that the drug was well
tolerated and it allowed to reduce OCS and EGPA relapses [34]. In
our OCS and mepolizumab refractory EGPA patient, benralizumab
confirmed great clinical efficacy while maintaining an excellent
safety profile and also allowing complete weaning from OCS.
During the course of treatment, in addition to the positive clinical
effects, we witnessed a rapid and stable depletion of blood
eosinophils and MPO-ANCA, as well as an improvement in both
pulmonary function tests and CT scan. Consequently, there was no
need for initiating therapy with mepolizumab 300 mg every 4
weeks, probably more effective than the lower dose but also bur-
dened with much higher pharmacoeconomic costs, already high at
the 100 mg dose [50].

The present study shows that benralizumab was effective in
obtaining a great improvement in our patient outcomes, with posi-
tive results just after a few weeks, that were mainteined after a
year, thanks to its “aggressive” effect of tissue depletion of
eosinophils. These excellent effects are even more remarkable as
they were obtained in a patient unresponsive to a previous treat-
ment with an anti-IL5 agent, known to be effective in EGPA. It is
important to note that our patient had some characteristics that
allowed better results with benralizumab, notably high blood
eosinophilia, CRSwNP, impaired respiratory function and frequent
exacerbations. These aspects could guide the choice of this thera-
peutic option in EGPA, as it already happens in SEA as well.
Nevertheless, clinical studies on larger populations with selected
patients and head-to-head comparisons between anti-IL5 biologics
are needed.

Abbreviations

EGPA: Eosinophilic granulomatosis with polyangiitis;
ANCA: Antineutrophil cytoplasmic antibodies;

OCS: Oral glucocorticoids;

FDA: US Food and Drug Administration;

CRSwNP: chronic rhinosinusitis with nasal polyps;
FEV,.Forced expiratory volume in 1 second;

BMI: body mass index;

CT: computed tomography scan,

EGD: esophagogastroduodenoscopy;

PPI: proton pump inhibitor;

PR3-ANCA: proteinase 3 antineutrophil cytoplasmic antibodies;
ANA: antinuclear antibodies;

ENA: extractable nuclear antigen;

IgE: Immunoglobulin E;

FeNO: fractional exhaled nitric oxide;

FESS: functional endoscopic sinus surgery;

SEA: severe eosinophilic asthma;
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RCT: randomized clinical trial;

1Vv:

intravenous;

ADCC: cell-mediated cytotoxicity dependent on antibodies.
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