
Vol.:(0123456789)

Drug Safety (2020) 43:409–425 
https://doi.org/10.1007/s40264-020-00926-3

REVIEW ARTICLE

Safety of Eosinophil‑Depleting Therapy for Severe, Eosinophilic 
Asthma: Focus on Benralizumab

David J. Jackson1,2 · Stephanie Korn3 · Sameer K. Mathur4 · Peter Barker5 · Venkata G. Meka6 · Ubaldo J. Martin5 · 
James G. Zangrilli7

Published online: 2 April 2020 
© The Author(s) 2020

Abstract
Eosinophils play a pivotal role in the inflammatory pathology of asthma and have been the target of new biologic treatments 
for patients with eosinophilic asthma. Given the central role of interleukin (IL)-5 in the eosinophil lifecycle, several therapies 
directed against the IL-5 pathway have been developed, including the anti-IL-5 antibodies mepolizumab and reslizumab and 
the IL-5 receptor α (IL-5Rα)–directed cytolytic antibody benralizumab. Eosinophil-depleting therapies represent a relatively 
new class of asthma treatment, and it is important to understand their long-term efficacy and safety. Eosinophils have been 
associated with host protection and tumor growth, raising potential concerns about the consequences of long-term therapies 
that deplete eosinophils. However, evidence for these associations in humans is conflicting and largely indirect or based on 
mouse models. Substantial prospective clinical trial and postmarketing data have accrued, providing insight into the poten-
tial risks associated with eosinophil depletion. In this review, we explore the current safety profile of eosinophil-reducing 
therapies, with particular attention to the potential risks of malignancies and severe infections and a focus on benralizumab. 
Benralizumab is an IL-5Rα–directed cytolytic monoclonal antibody that targets and efficiently depletes blood and tissue 
eosinophils through antibody-dependent cell-mediated cytotoxicity. Benralizumab is intended to treat patients with severe, 
uncontrolled asthma with eosinophilic inflammation. The integrated analyses of benralizumab safety data from the phase III 
SIROCCO and CALIMA trials and subsequent BORA extension trial for patients with asthma, and the phase III GALATHEA 
and TERRANOVA trials for patients with chronic obstructive pulmonary disease, form the principal basis for this review.
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Key Points 

Eosinophil-reducing treatments have a favorable  
benefit‒risk profile when used as add-on therapy for 
patients with severe asthma with a dominant eosinophilic 
phenotype.

Concerns around potential risk of immunosuppression 
due to impaired eosinophil function or eosinophil deple-
tion have been raised, primarily based on circumstantial 
associations and nonclinical models.

Safety data of the eosinophil-depleting therapy ben-
ralizumab include more than 1600 patients with severe 
asthma, approximately 1000 of whom received benrali-
zumab continuously for up to 2 years, and for approxi-
mately 2700 patients with chronic obstructive pulmonary 
disease treated for up to 1 year.

Benralizumab was generally well-tolerated by patients, 
with no apparent association between treatment and 
increased risks of infections or malignancies.

http://crossmark.crossref.org/dialog/?doi=10.1007/s40264-020-00926-3&domain=pdf
https://doi.org/10.1007/s40264-020-00926-3
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to the egress of eosinophil-committed progenitors from the 
marrow to the intravascular compartment [21] and attracts 
eosinophils and primes them for activation [22]. IL-5 has 
also been demonstrated to prolong the survival of eosino-
phils in submucosa [22].

Given the central role of IL-5 in the eosinophil life cycle, 
several therapies targeting the IL-5 pathway have been 
developed with the aim of decreasing eosinophilic inflam-
mation and associated tissue damage for patients with 
asthma. Two monoclonal antibody treatments inhibiting 
IL-5—mepolizumab and reslizumab—have been approved 
in the USA, Canada, Europe, and Japan for the treatment of 
patients with severe asthma with an eosinophilic phenotype, 
and mepolizumab is available in more than 20 other markets 
as well [23–26]. Both mepolizumab and reslizumab directly 
bind to circulating IL-5 and reduce eosinophil counts via 
inhibition of IL-5 signaling. By contrast, benralizumab is 
an IL-5Rα–directed cytolytic monoclonal antibody that 
induces rapid and nearly complete eosinophil depletion via 
enhanced antibody-dependent cell-mediated cytotoxicity 
[27, 28]. Benralizumab is approved in the USA, Europe, 
Japan, and many other countries for the treatment of patients 
with severe asthma and an eosinophilic phenotype.

Benralizumab has been explored for the treatment of 
diseases other than asthma with prominent tissue eosino-
philia, including hypereosinophilic syndromes (HES) and 
chronic obstructive pulmonary disease (COPD). HES are 
rare and often debilitating chronic inflammatory disorders 
characterized by blood and tissue eosinophilia, with asso-
ciated eosinophil-mediated organ damage and/or dysfunc-
tion [20]. In a phase II trial, benralizumab reduced absolute 
eosinophil counts compared with placebo for patients with 
platelet-derived growth factor receptor A (PDGFRA)-nega-
tive HES [29]. Sustained clinical and hematologic responses 
were observed for most patients during the open-label phase 
of the trial. COPD is characterized by persistent respiratory 
symptoms and airflow limitation due to airway and/or alveo-
lar abnormalities usually caused by significant exposure to 
noxious particles or gases [30]. It is estimated that up to 
40% of patients with COPD have eosinophilic inflammation 
[31, 32], and approximately 20% of exacerbations have been 
identified as eosinophilic exacerbations [33–35]. The role of 
eosinophils in COPD may differ notably from that in asthma 
and other diseases [36].

Because eosinophil-lowering therapies represent a new 
class of compounds to treat asthma and potentially other dis-
eases associated with eosinophilic inflammation, it is impor-
tant to examine their long-term efficacy and safety. Eosino-
phils have traditionally been associated with host protection 
against helminthic parasitic infections. However, recent 
studies have demonstrated a contrasting role for eosinophils 

1 Introduction

Asthma is a highly prevalent airway disease that affects more 
than 339 million people worldwide, approximately 10% of 
whom have severe or uncontrolled asthma [1, 2]. Global Ini-
tiative for Asthma (GINA) recommendations and European 
Respiratory Society/American Thoracic Society (ERS/ATS) 
guidelines define severe asthma as requiring high-dosage 
inhaled corticosteroids (ICS) plus a second controller and/or 
systemic corticosteroids for the prevention of uncontrolled 
asthma or asthma that remains uncontrolled despite therapy 
[3, 4]. Extensive research has been conducted on the under-
pinning pathogenic mechanisms of severe asthma.

A successful novel treatment approach for patients with 
severe asthma has focused on decreasing eosinophilic 
inflammation. Eosinophils are enigmatic cells of the innate 
immune system, and defining their role is a topic of intense 
scrutiny and debate [5]. Eosinophils have a recognized role 
in the defense against helminth parasitic infections and con-
tribute to the pathology of a variety of diseases, including 
conditions involving T-helper type 2 (Th2) inflammation [6]. 
Studies have indicated that approximately 50% of patients 
with mild to moderate asthma have airway eosinophilia 
and that elevated blood eosinophil counts are associated 
with greater disease severity [7–11]. Sputum and blood 
eosinophil counts are also important factors for predicting 
asthma exacerbations [12, 13]. Eosinophils accumulate in 
patients’ lungs and play a role in inflammation and tissue 
damage through the release of cytotoxic products contained 
in their granules [14]. Eosinophils promote Th2 inflamma-
tion through a wide range of surface molecules and recep-
tors, including antigen presentation and cytokine-mediated 
modulation of local lymphocytes [5, 6]. There is also strong 
evidence that eosinophils contribute to airway remodeling 
in asthma through the release of several growth factors and 
fibrogenic mediators [15]. Recent studies in mice have dem-
onstrated that, in addition to their proinflammatory roles, 
eosinophils may also contribute to homeostatic functions, 
including immunomodulation [16, 17]. These studies sup-
port the “LIAR hypothesis” put forth by Lee et al. [18], 
which proposes that accumulating tissue eosinophils are 
actually regulators of local immunity and/or remodeling/
repair in both health and disease.

Interleukin (IL)-5, a homodimer cytokine, is one of the 
main eosinophil modulators and acts at several functional 
levels and time points during the eosinophil lifecycle. IL-5 
exerts its effects on proliferation, differentiation, and matu-
ration via receptors that comprise an IL-5–specific α- and 
common β-subunit [19]. The IL-5 receptor α (IL-5Rα) chain 
is highly expressed in human eosinophils and, to a lesser 
extent, by basophils and mast cells [20]. IL-5 contributes 
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in supporting the growth and protection of parasites [37]. 
Innate eosinophil functions have also been implicated in 
the immune response to viruses in animal models—find-
ings that may have implications for humans [38]. It is also 
well-established that eosinophils infiltrate a variety of solid 
and hematologic tumors, playing both pro- and antitumori-
genic roles [39]. Consequently, it is important to understand 
whether eosinophil depletion or reduction could incur poten-
tial safety concerns for patients. In this review, we explored 
the safety of the eosinophil-depleting therapy benralizumab 
and the potential risks associated with eosinophil depletion, 
with particular focus on malignancies and severe infections.

2  Epidemiology of Malignancies 
and Infections in Patients with Asthma

Asthma is characterized by chronic lung inflammation, 
with airway hyperreactivity, excessive mucous formation, 
and respiratory obstruction [2]. Patients with asthma have a 
greater risk of developing a range of other health conditions 
than does the general population [3]. Before focusing on 
eosinophils, we provide a summary of the published evi-
dence and the potential underpinning pathophysiology by 
which patients with severe asthma may be more susceptible 
than patients without asthma to cancers and infections. A 
similar discussion on the epidemiology of malignancies and 
infections in patients with COPD and other eosinophilic dis-
orders for which anti-eosinophil biologics are being inves-
tigated is beyond the scope of this paper. However, clinical 
safety data for benralizumab in COPD and HES are briefly 
reviewed in Sects. 4.2 and 4.3 to provide a holistic view of 
its safety profile.

2.1  Malignancies in Patients with Asthma

While inflammation can play a beneficial role in repairing 
injured tissues, chronic inflammation has been associated 
with the development and malignant progression of many 
types of cancers [40]. Epidemiologic and clinical studies 
have reported that ≥ 20% of all cancers begin as a direct 
consequence of chronic inflammatory disease [41, 42]. The 
unregulated production of growth factors and oxygen spe-
cies has been demonstrated to result in permanent genetic 
alterations and tumor initiation. Inflammatory mediators also 
play a role in tumor promotion, malignant conversion, and 
metastatic dissemination by acting directly on cancer cells 
and the tumor microenvironment [40, 42].

Given the important role of chronic inflammation in 
cancer development, a link between inflammatory condi-
tions such as asthma and rates of malignancies has been 

investigated. Several studies have suggested a significant 
association between asthma and the risk of developing 
lung cancer. Finnish [43] and Swedish [44] patients with 
asthma demonstrated an increased risk of lung cancer, with 
a marginally greater standard incidence ratio reported for 
female (1.66 and 1.78, respectively) than for male (1.32 and 
1.51, respectively) patients. A meta-analysis of 1.6 million 
patients with asthma across 18 studies reported a significant 
association between asthma and an increased overall risk of 
lung cancer [45]. Investigations into a correlation between 
asthma and lung cancer are often confounded by tobacco 
smoking. However, an increased risk of lung cancer has 
been reported to be maintained following adjustments for 
smoking (odds ratio [OR] 1.35; 95% confidence interval [CI] 
1.15–1.59) [46] and is also evident for nonsmoking patients 
with asthma (OR 1.28; 95% CI 1.10–1.50) [45].

The possibility that asthma may be associated with 
greater general rates of cancer has also been explored. 
Patients with asthma have been reported to have elevated 
risks of colon and rectal cancers [43], and limited data 
suggest an inverse association between history of allergy 
and cancer-related mortality [47]. However, in another 
study, asthma was not associated with an overall greater 
risk of cancer, and the risk of non-smoking–related cancer 
was slightly reduced for patients with asthma [46]. Given 
the limited data and contradictory findings, it is unclear 
whether patients with asthma are at greater risk of cancers 
other than lung cancer.

2.2  Infections in Patients with Asthma

The presence of asthma can influence patients’ susceptibil-
ity to infections [48]. This increased risk of infection is, in 
general, viewed as secondary to airway inflammation, par-
ticularly for patients with severe asthma. However, some 
evidence suggests that ICS may also be associated with an 
increased risk of respiratory tract infection in patients with 
asthma [49]. It has also been suggested that, in some cases, 
underlying immune dysfunction may be a phenotypical or 
clinical feature of asthma [48]. This is in light of findings 
that the risks of pertussis [50], Streptococcus pyogenes 
upper respiratory tract infection (URTI) [51], and Herpes 
zoster [52] are independent of asthma control status or sever-
ity. It has been reported that rhinovirus infection, the severity 
of which might relate to impaired immune function, is a risk 
factor for bacteria, such as Streptococcus pneumoniae, for 
patients with asthma [53]. Thus, some clinicians have sug-
gested making vaccination (e.g., pneumococcal) a part of all 
adult asthma treatment plans and not limiting its use to older 
patient groups [48, 54, 55].
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3  The Role of Eosinophils in Malignancies 
and Infections

3.1  Eosinophils in Malignancies

It is well-established that eosinophils infiltrate a variety 
of solid and hematologic tumors. However, the contradic-
tory pro- versus antitumorigenic roles of eosinophils in 
cancer have been difficult to reconcile [56]. Evaluation of 
current evidence regarding eosinophil function in infec-
tious disease and tumor biology will help address potential 
concerns regarding the therapeutic ablation of eosinophils 
for patients with asthma. The principal question of interest, 
based primarily on retrospective epidemiologic studies or 
animal models, is whether the absence of eosinophils alters 
the natural history of tumor progression. Whether eosino-
phil infiltration is associated with a favorable or unfavorable 
prognosis remains controversial and appears to depend on a 
range of factors, mainly the type of cancer [39]. An associa-
tion between eosinophil infiltration and prolonged survival 
has been reported in biopsies for patients with rectal/colo-
rectal cancer [57, 58], oral squamous cell carcinoma [59], 
pulmonary adenocarcinoma [39], and nasopharyngeal carci-
noma [60]. Similarly, elevated serum eosinophil counts dur-
ing prostate cancer therapy were associated with a survival 
benefit [61]. By contrast, eosinophil infiltration is associated 
with poor prognosis in some, but not all, patients with Hodg-
kin lymphoma [62–64], multiple myeloma [65], or cervical 
cancer [66, 67]. Associations between prolonged survival 
and low eosinophilic markers in microarray biopsy data for 
patients with lung cancer have indicated that eosinophils 
may also contribute to tumorigenesis in the lung [68].

Although eosinophil infiltration of tumors is common, 
the causes and consequences of eosinophil recruitment and 
accumulation for tumorigenesis are unclear. Several lines of 
evidence have suggested that tumor-associated eosinophilia 
may be an epiphenomenon related to elaboration of eosino-
phil-active factors or tumor stage, without clear influence on 
the natural history of the disease [57, 69]. Notably, patients 
lacking eosinophils, in the setting of immunodeficiency or 
as a consequence of immunoglobulin G-mediated eosino-
phil precursor destruction, do not display any distinguishing 
abnormalities related to eosinophil reduction [70–72]. Prior 
to the advent of biologics, oral corticosteroids (OCS), which 
also deplete eosinophils [73], were used for decades without 
any reports of increased malignancy rates [74, 75].

Several murine studies have provided conflicting results 
on the role of eosinophils in cancer. First, there have been 
no reports of a distinctive syndrome or health failure across 
several eosinophil-deficient mice strains under ordinary 
laboratory conditions [69, 76–78]. While some studies have 
reported that eosinophils have no tumoricidal activity [79, 

80], preclinical models of inducible or transplantable tumors 
have suggested a role for eosinophils in tumor regression and 
an increase in tumor incidence in the absence of eosinophils 
[81–83]. Other preclinical studies have examined the poten-
tial mechanisms linking eosinophils to cancer, with a par-
ticular focus on IL-5. While initial studies reported that IL-5 
did not alter lung tumor formation [84], subsequent reports 
noted that IL-5 enhanced adenocarcinoma-induced malignant 
pleural effusion [85] and facilitated metastatic colonization 
through recruitment of sentinel eosinophils in the distal lung 
microenvironment [86]. IL-5–producing cells may also play 
a role in tumor surveillance through lung eosinophils [87]. 
The direct relevance of findings in mice to patient risk dur-
ing treatment with eosinophil-lowering therapies remains 
unclear. This is particularly relevant because benralizumab 
does not bind to murine IL-5Rα [88]. Benralizumab does bind 
to IL-5Rα on human and cynomolgus monkey eosinophils 
with similar affinities, suggesting this is a more suitable model 
for benralizumab studies [89]. Repeat-dosing studies for up 
to 39 weeks in cynomolgus monkeys indicated no adverse 
changes in organ weights or any histologic findings suggestive 
of preneoplastic lesions [89].

There is no evidence that persistently low or absent eosino-
phil counts, as a result of pharmacological targeting, genetic 
manipulation, or a pathologic process, result in an increased 
incidence of cancer. The incidence of treatment-emergent 
malignant neoplasms for the anti‒IL-5 treatment arms of the 
controlled asthma exacerbation trials for mepolizumab and 
reslizumab was < 1% and generally similar to that for placebo 
for exposures up to 1 year [90, 91]. The published incidence 
of malignancy over extended exposure times for these same 
modalities was 6/347 (2%) for open-label mepolizumab (up to 
4.5 years) and 12/1051 (1.1%) for reslizumab (up to 2 years) 
[92, 93]. Similar results were observed for benralizumab 
in patients with severe asthma during the approximately 
1-year placebo-controlled and 56-week extended treatment 
periods (4/1663 [0.24%] and 12/1576 [0.8%], respectively) 
[94–96]. The incidence of malignancy for patients continu-
ously exposed to benralizumab from the start of the controlled 
treatment period through the end of the extension period (up 
to 2 years) was 8/1030 (0.8%). The incidence for patients with 
any benralizumab exposure (including patients previously 
treated with placebo) during this period was 17/1655 (1%). 
The results for benralizumab are detailed in Section 4.1.3.

3.2  Eosinophils in Infections

3.2.1  Viral and Microbial Infection

There is increasing evidence that eosinophils may play a role 
in protecting against bacterial and viral pathogens. Nonclini-
cal data support that eosinophils may be activated by, and have 
the ability to kill, certain bacteria, and eosinopenia has been 
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described as a feature of modeled, acute bacterial infections 
[5, 97, 98]. In patients, an inverse relationship between bacte-
rial load and peripheral blood eosinophils has been reported 
[99, 100], and eosinopenia may predict a bacterial etiology for 
patients with sepsis [101]. Eosinophil degranulation products 
have been detected in respiratory secretions from patients dur-
ing respiratory syncytial viral (RSV) infections [102], and 
eosinophil degranulation was associated with a more favora-
ble outcome in mice infected with pneumonia virus of mice 
(PVM), a respiratory virus infection in mice similar to human 
RSV [103]. Antiviral activity of eosinophils has also been 
demonstrated in mice for other respiratory viruses, includ-
ing influenza, parainfluenza, and HIV [104, 105]. However, 
the immunopathogenic mechanisms remain to be elucidated 
[106].

3.2.2  Helminth Infection

Eosinophilia is a common feature of the host response to 
helminth infection. Traditionally, eosinophils are viewed as 
a host defender and have been shown to have toxic effects 
on various larval worm forms in vitro [107, 108]. How-
ever, recent studies in animal models have demonstrated 
that eosinophils can have detrimental effects on the host 
depending on the parasite species, infection location, and 
whether the infection is primary or secondary [37]. In fact, 
eosinophils have been observed to support the growth and 
protection of some parasites [109, 110], particularly in pri-
mary infection of extraintestinal sites, in which eosinophils 
promote delivery of essential host resources to the parasite, 
which then prevents a toxic immune response that causes 
larval destruction [37]. Together, these data underline the 
role of eosinophils in generating both protection and pathol-
ogy against helminth diseases.

3.3  Resident/Regulatory Eosinophils and Role 
for Homeostasis

Studies in mice have demonstrated that, in addition to the 
classic proinflammatory and antiparasitic roles of eosino-
phils, they may also contribute to homeostatic functions, 
including immunomodulation. Mainly in murine studies, 
these so-called resident eosinophils have been reported to 
regulate glucose concentrations in adipose tissue [16] and 
to influence microbiotic content and mucus development 
in the small intestine [17, 111]. Reports in human tissues 
have been more variable. Greater numbers of eosinophils 
have been preliminarily described in adipose tissue samples 
obtained from lean versus obese humans [112]. In addition, 
published evidence for a resident eosinophil population in 
the human gut is quite sparse except for the detection of 
eosinophil degranulation products in biopsy specimens from 
ostensibly healthy human jejunum [113].

Lung-residing eosinophils (rEOS) with characteristics 
distinct from those of inflammatory eosinophils have also 
been identified in mice, in which they have been observed 
to have an immunoregulatory function capable of restricting 
adaptive immune responses [114]. These data suggest that, in 
healthy mice, a population of resident eosinophils suppresses 
maturation of antigen-loaded dendritic cells and maintains 
homeostatic Th2 responses in the lung tissues. Interestingly, 
despite expressing IL-5R, the numbers of murine rEOS did 
not meaningfully change in response to IL-5 inhibition by 
IL-5–neutralizing antibodies [114], suggesting that their 
homeostatic role may not be perturbed by anti–IL-5 therapies. 
However, this conclusion conflicts with other results from 
the same study in which isolates of the same rEOS displayed 
typical downstream responses when exposed to IL-5 in vitro 
(i.e., ERK phosphorylation and viability enhancement). Since 
tissue eosinophil functions and activation state are largely a 
product of their microenvironment, and anti‒IL-5 antibody 
treatment, even at high dosages, does not eliminate airway 
eosinophilia in patients with asthma, an alternative explana-
tion may be that these cells are being maintained by other 
locally active eosinophil-viability-enhancing factors [115]. In 
contrast, the mechanism of action of benralizumab does not 
rely on cytokine neutralization, which is the likely explanation 
for the observed near-complete depletion of eosinophils in 
sputum and inflamed tissue and other tissues [29, 116, 117]. 
The increased appreciation that the eosinophil is a product 
of its environment casts doubt on whether any conclusions 
can be drawn at all when the expression of surface mark-
ers is compared between eosinophils from the healthy lung 
parenchyma and those derived from asthmatic sputum [114].

More recently, intravital images of fluorescently labeled 
eosinophils in the murine lung in both the basal and aller-
gen-challenged state have been published [118]. Within the 
limits of the technique, transient eosinophil retention in 
the lung was observed in the basal state, with cells rapidly 
detaching and re-entering the blood flow and having certain 
morphologic features consistent with a “patrolling” function.

The homeostatic role of eosinophils raises potential 
concerns about the consequences of therapeutically ablat-
ing eosinophils in humans. However, these data have been 
derived from murine studies, and the translational signifi-
cance remains unknown. To date, there is no direct clinical 
evidence to support detrimental consequences of eosinophil 
depletion in humans.

4  Benralizumab Safety

Regarding the estimated cumulative exposure of clini-
cal trial patients to benralizumab, approximately 11,377 
patients and/or healthy volunteers have been enrolled into 
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the clinical development program, of whom approximately 
8088 have received benralizumab [119]. The safety profile 
of benralizumab for its approved asthma indication is the 
primary focus of the following discussion, with the inclu-
sion of safety results for other indications in development 
for additional context.

4.1  Asthma

4.1.1  Integrated Analyses of SIROCCO/CALIMA and BORA

The overall placebo-controlled and extended safety profiles 
for benralizumab for patients aged ≥ 12 years with severe 
asthma, elevated blood eosinophil counts, and requiring 
high-dosage ICS/long-acting β2-agonist with or without 
other controllers have been previously published and are 
summarized here [94–96, 120]. In SIROCCO and CALIMA, 
two randomized, placebo-controlled phase III trials in severe 
asthma, patients received benralizumab 30 mg every 4 weeks 
(Q4W) or every 8 weeks (Q8W; first three doses Q4W) or 
placebo for 48 weeks (SIROCCO) or 56 weeks (CALIMA) 
[94, 95]. In the randomized, double-blind, parallel-group, 
phase III BORA extension study, patients who had com-
pleted the SIROCCO or CALIMA trials remained on sub-
cutaneous benralizumab 30 mg Q4W or Q8W. Patients who 
had received placebo in those trials were rerandomized to 
benralizumab 30 mg either Q4W or Q8W (first three doses 
Q4W). Treatment in BORA was for 56 weeks for adult 
patients (aged ≥ 18 years) and 108 weeks for adolescent 
patients (aged 12–17 years) [96, 120].

Here, we present additional details from the safety 
analyses of these studies and their respective integrations, 
particularly as they pertain to the potential risk of adverse 
events (AE) related to eosinophil lowering, including infec-
tion/infestation and malignancy events. Table 1 summarizes 
the principal, sponsored data sources for this review and 
includes the safety assessments for the pooled SIROCCO/
CALIMA studies (1663 patients receiving benralizumab 
[Q4W and Q8W dosing combined] and 847 patients receiv-
ing placebo) and for the 1576 patients from the SIROCCO/
CALIMA studies (both benralizumab-treated and placebo-
treated patients) that formed the basis for the main analysis 
at 56 weeks in the BORA extension study [96]. Pooling of 
data was possible because of similarities in study design and 
patient population. The principal supportive analysis for this 
review was the recently published integration of patients 
who received benralizumab in SIROCCO/CALIMA and 
continued into the BORA extension study, thus providing 
continuous benralizumab exposure for 1030 patients for 
up to 2 years [120]. An additional supportive analysis of 
patients who received benralizumab in SIROCCO/CALIMA 
or in BORA gives insight into patients with any exposure 
to benralizumab, continuous or noncontinuous, for 2 years 
(n = 1655; not tabulated).

For the analysis of overall AEs, we assessed all patients 
from the SIROCCO [29] and CALIMA [95] predecessor 
trials who received at least one dose of study treatment (ben-
ralizumab, n = 1663; placebo, n = 847). The frequency of 
overall and serious AEs during SIROCCO or CALIMA was 
reported by similar percentages of patients receiving ben-
ralizumab (73.7 and 11.5%) and placebo (78.0 and 14.0%) 

Table 1  Adverse events during the on-treatment periods for phase III SIROCCO or CALIMA trials preceding BORA, the BORA extension 
study, and the integrated treatment period

Data are presented as n (%). Group names are treatment received in the SIROCCO or CALIMA trials preceding BORA (integrated, safety 
analysis set, n = 1663 for benralizumab and n = 847 for placebo) or in the BORA extension study and include patients receiving high-dosage ICS/
LABA with any eosinophil count who received at least one dose of study treatment during their respective on-treatment periods. The on-treat-
ment period was defined as the day of the first dose of study treatment to the scheduled end-of-treatment visit. The benralizumab groups include 
the combined Q4W and Q8W patients. The BORA extension study (all patients, n = 1576) includes both adult and adolescent patients, is trun-
cated at week 56 or at the investigational product discontinuation visit (whichever was earlier), and includes previous placebo-treated patients 
and previous benralizumab patients from the predecessor trials. The integrated treatment period (full analysis set, n = 1030) includes patients 
who were randomized to benralizumab in the SIROCCO/CALIMA predecessor trials and continued into the BORA extension study (receiving at 
least one dose of benralizumab), and excludes patients who received placebo during the predecessor trials
AE adverse event, ICS inhaled corticosteroids, LABA long-acting β2-agonist, QxW, every x weeks

AEs SIROCCO/CALIMA trials  
preceding BORA

BORA extension,  
full analysis set (weeks 1–56)

Integrated treatment (≤ 2 years)

Benralizumab 
(n = 1663)

Placebo (n = 847) Benralizumab (n = 1576) Benralizumab (n = 1030)

Any AE 1226 (73.7) 661 (78.0) 1114 (70.7) 888 (86.2)
Any serious AE (including death) 192 (11.5) 119 (14.0) 194 (12.3) 174 (16.9)
Any AE leading to treatment discontinuation 36 (2.2) 8 (0.9) 32 (2.0) 18 (1.7)
Any AE with outcome of death 9 (0.5) 3 (0.4) 9 (0.6) 3 (0.3)
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(Table 1). Most AEs were mild to moderate. The percentage 
of AEs leading to treatment discontinuation was greater for 
benralizumab than placebo (2.2 vs. 0.9%), and there were no 
apparent trends of types of AEs leading to discontinuation. 
The most frequent types of AEs (≥ 3%) in benralizumab- 
and placebo-treated patients in the predecessor SIROCCO/
CALIMA studies are given in Table 2 and were consistent 
with those that would be expected in a predominantly adult 
population with severe asthma. Overall, add-on treatment 
with benralizumab was generally well-tolerated by patients 
with severe asthma treated during these approximately year-
long asthma exacerbation studies, with overall AE types and 
frequencies similar to those with placebo.

A detailed internal peer review panel assessment of data 
from the phase III asthma exacerbation studies, pertinent 
information from other elements of the development pro-
gram (e.g., nonclinical information), and information from 
outside the benralizumab development program (e.g., data 
from the literature and postmarketing AE reporting) indi-
cated that several AEs are considered to have a reasonable 
possibility of having a causal association with benralizumab. 
These AEs include pharyngitis, hypersensitivity reactions, 
anaphylactic reaction, headache, pyrexia, and injection-site 
reactions and are included in the current US FDA-approved 
labeling and European Medicines Agency-approved labeling 
for benralizumab for asthma [121, 122].

The BORA study extended benralizumab treatment for 
patients who completed SIROCCO or CALIMA for an addi-
tional 56 weeks (adult patients) or 108 weeks (adolescent 
patients). The results for 1576 adult and adolescent patients 
(truncated at 56 weeks) have been published. The follow-
on results for year 2 for adolescent patients are currently 
pending [96]. Patients in BORA continued to receive ben-
ralizumab Q4W or Q8W according to their treatment assign-
ments in the predecessor studies. Patients who had received 
placebo were randomized to benralizumab Q4W or Q8W. 
The full analysis set excluded patients who, during BORA, 
transitioned into MELTEMI (NCT02808819), a subsequent 
separate open-label, 130-week safety extension study.

The results for the BORA study are presented in Table 1. 
The percentage of patients who had any AE (including any 
serious AE) was similar between SIROCCO or CALIMA 
and BORA, as was the percentage of patients who had an AE 
that led to treatment discontinuation (Table 1). The AE types 
and frequencies between the previous benralizumab and pre-
vious placebo groups were similar, with the most commonly 
occurring AEs for any group being viral URTI and wors-
ening asthma (data not shown) [96]. The most commonly 
occurring AEs (≥ 3%) for BORA patients continuously 
treated with benralizumab since the start of SIROCCO/
CALIMA were similar to those reported during the prede-
cessor studies (Table 3); slight differences in preferred ter-
minology are primarily a result of differences in the Medical 

Dictionary for Regulatory Activities  (MedDRA®) version 
used at the time of study completion. No new safety signals 
were detected in previous SIROCCO/CALIMA patients after 
an additional 56 weeks of benralizumab exposure as part of 
the BORA extension study. Of note, reductions in asthma 
exacerbation rates and improvements in forced expiratory 
volume in 1 s  (FEV1), asthma control, and disease-specific 
quality-of-life measures were sustained, without diminution, 
over the integrated 2-year observation period [120]. Periph-
eral blood eosinophil counts gradually returned toward base-
line numbers after cessation of benralizumab treatment [96].

4.1.2  Infections and Infestations

The frequencies of overall, serious, and discontinua-
tion adverse infection/infestation events in the pooled 
SIROCCO/CALIMA trials were similar between ben-
ralizumab- and placebo-treated patients: 857/1663 (52%) 
and 466/847 (55%), 30/1663 (1.8%) and 19/847 (2.2%), 
and 2/1663 (0.1%) and 0/847 (0%), respectively [94, 95]. 
Similar frequencies were observed during the BORA exten-
sion study: 756/1576 (48%), 33/1576 (2.1%), and 1/1576 
(< 0.1%), respectively [96]. The two infection AEs that 

Table 2  Adverse events in the phase III SIROCCO or CALIMA  
trials preceding BORA by preferred term frequency ≥ 3% during the 
on-treatment period

Data are presented as n (%). Group names are treatment received in 
the SIROCCO or CALIMA trials preceding BORA (safety analysis 
set, n = 1663 for benralizumab and n = 847 for placebo). The safety 
analysis set consists of all patients who received at least one dose of 
benralizumab or placebo in SIROCCO or CALIMA. The on-treat-
ment period was defined as the day of the first dose of study treat-
ment to the scheduled end-of-treatment visit. Adverse events were 
defined according to the Medical Dictionary for Regulatory Activities 
 (MedDRA®) Version 18.1 for SIROCCO/CALIMA and Version 20.0 
for BORA
URTI upper respiratory tract infection

Adverse event Benralizumab  
(n = 1663)

Placebo  
(n = 847)

Nasopharyngitis 266 (16.0) 141 (16.6)
Asthma 225 (13.5) 151 (17.8)
URTI 144 (8.7) 79 (9.3)
Headache 135 (8.1) 53 (6.3)
Bronchitis 132 (7.9) 84 (9.9)
Sinusitis 85 (5.1) 69 (8.1)
Influenza 74 (4.4) 49 (5.8)
Pharyngitis 67 (4.0) 22 (2.6)
Allergic rhinitis 60 (3.6) 32 (3.8)
Pyrexia 57 (3.4) 14 (1.7)
Rhinitis 56 (3.4) 32 (3.8)
Hypertension 52 (3.1) 35 (4.1)
Arthralgia 51 (3.1) 22 (2.6)
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resulted in discontinuation of benralizumab during the 
SIROCCO/CALIMA controlled treatment period were the 
nonserious events chronic pyelonephritis and nasopharyn-
gitis. The discontinuation due to an infection AE during 
the BORA extension was related to pulmonary sepsis. Of 
note, the frequencies of overall and common infection/infes-
tation AEs in the subset of BORA patients continuously 
treated with benralizumab from the start of SIROCCO/
CALIMA were similar to those observed in the predeces-
sor studies (Table 4) [120]. No helminth infections were 
reported during the SIROCCO/CALIMA studies or during 
the BORA extension. It should be noted that such infections 
are uncommon in countries where IL-5–targeted therapies 
have generally been studied; however, the safety results for 
CALIMA/SIROCCO are based on results from 447 global 
sites, including representation beyond North America and 
Europe (Argentina, n = 269; Brazil, n = 36; Chile, n = 31; 
Peru, n = 97; Philippines, n = 61; South Africa, n = 26; and 
Vietnam, n = 15). Herpes zoster, which has been reported as 
an AE associated with certain anti‒IL-5 therapies [25], was 
observed in similar percentages of patients in SIROCCO/
CALIMA (0.5% for both placebo and benralizumab) and 
the integrated treatment period (≤ 2 years) (0.6%) (Table 4). 
No predisposition to other opportunistic infections was evi-
dent based on these data. In summary, the overall incidence 
and type of infection/infestation AEs during the SIROCCO/
CALIMA trials were similar between benralizumab- and 
placebo-treated patients and remained stable through the 
extended treatment period.

4.1.3  Malignancies

Malignancy AEs were assessed by an independent safety 
event adjudication committee (SEAC) throughout the ben-
ralizumab phase III asthma program. Only patients with an 
event determined by the SEAC as meeting the established 
criteria for a malignancy were tabulated. In contrast to the 
overall AE summaries, this included events reported during 
both the on-treatment and the post-treatment periods. Five 
patients reported new malignancies during the SIROCCO 
and CALIMA asthma exacerbation studies (four [0.2%] with 
benralizumab, one [0.1%] with placebo) (Table 5). A total 
of 12/1576 (0.8%) patients reported new malignancies dur-
ing the BORA extension, which included events reported 
during both the on-treatment and the post-treatment periods 
as assessed by SEAC. Of these 12 patients, eight (0.5%) 
were previously treated with benralizumab in the predeces-
sor studies and four (0.25%) were previously treated with 
placebo. One additional patient was diagnosed with pros-
tate cancer prior to treatment in the CALIMA trial (in the 
placebo group) and did not reveal the diagnosis until after 
randomization to Q8W benralizumab treatment in BORA. 
This event was adjudicated by the malignancy subcom-
mittee as a new malignancy but is not included in Table 5. 
Taken together, there were 17 malignancies as determined 
by SEAC during the on-treatment or post-treatment periods 
of SIROCCO/CALIMA or BORA, irrespective of the con-
tinuity of exposure to benralizumab. Therefore, the overall 
incidence of malignant neoplasms AEs in benralizumab-
treated patients during the SIROCCO/CALIMA studies 
and the BORA extension was low (< 1%), with no apparent 
trends in organs or tissue types affected.

4.1.4  Comparisons with the ZONDA  
Oral Corticosteroid‑Reduction Trial

The 28-week, phase III ZONDA trial in OCS-depend-
ent asthma patients also evaluated benralizumab 30 mg 
(Q4W or Q8W [first three doses Q4W]) versus placebo for 
patients with severe asthma, and the primary endpoint was 
benralizumab’s OCS-sparing effect [117]. Benralizumab 
and placebo were associated with similar patterns of AEs, 
mostly consisting of nasopharyngitis, asthma worsen-
ing, and bronchitis. The only notable infection/infestation 
AE in the ZONDA trial was URTI, which was reported in 
similar percentages of patients who received placebo (5%) 
and benralizumab (6%, Q4W; 7%, Q8W). Overall, results 
from the ZONDA trial did not change the characterization 
of the potential risks associated with benralizumab beyond 
what was concluded from the phase III asthma exacerbation 
studies.

Table 3  Adverse events in the BORA extension study for patients 
continuously receiving benralizumab by preferred term frequency  
≥ 3% during the on-treatment period

Data are presented as n (%). The full analysis set (n = 1030) includes 
patients who were randomized to benralizumab in the SIROCCO/
CALIMA predecessor trials and continued into the BORA exten-
sion study (receiving at least one dose of benralizumab) and excludes 
patients who received placebo during the predecessor trials. Adverse 
events were defined according to the Medical Dictionary for Regula-
tory Activities  (MedDRA®) Version 20.0 for BORA
URTI upper respiratory tract infection

Adverse event Benralizumab (n = 1030)

Viral URTI 158 (15.3)
Asthma 90 (8.7)
URTI 61 (5.9)
Bronchitis 60 (5.8)
Headache 57 (5.5)
Hypertension 38 (3.7)
Allergic rhinitis 34 (3.3)
Acute sinusitis 45 (4.4)
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The 28-week benralizumab treatment data from ZONDA 
were integrated with data from the 56-week phase III BORA 
safety extension study [123]. The 1.5-year integrated analy-
sis demonstrated that safety from ZONDA was maintained 
with further follow-up, and safety results were consistent 
with published data with no unexpected AEs reported. 
Of note, the significant OCS reductions achieved during 
ZONDA [117] were maintained during the 56-week BORA 
extension [123]. No helminth infections or malignancies 
were reported for predecessor ZONDA patients. The most 
common serious infections for patients receiving benrali-
zumab were lower respiratory tract infection, pneumonia, 
and bacterial urinary tract infection (n = 1 each).

4.1.5  Postmarketing Surveillance in Asthma

Currently, the cumulative worldwide, post-approval patient 
exposure to benralizumab since launch is estimated to be 
36,680 patient-years [119]. During the most recent report-
ing period, the most commonly reported serious infection 
was pneumonia (17 events). In total, 17 cases of spontane-
ous malignancies were reported, with breast recurrent (three 
events) and lung neoplasm malignant (two events) being the 
most frequent. A limitation of postmarketing data is their 
dependence on continual spontaneous reporting, which may 
not include all current, relevant events. The data received 
during the most recent reporting period, combined with 
analyses of the cumulative efficacy and safety data avail-
able, do not indicate a change in the positive benefit–risk 
balance of benralizumab.

4.2  Chronic Obstructive Pulmonary Disease (COPD)

The efficacy and safety of three dosages of benralizumab for 
the prevention of exacerbations for patients with moderate 
to very severe COPD has recently been explored in two ran-
domized, placebo-controlled phase III trials, GALATHEA 
(benralizumab 30 and 100 mg Q8W vs. placebo) and TER-
RANOVA (benralizumab 10, 30, and 100 mg Q8W vs. pla-
cebo) [124]. GALATHEA and TERRANOVA offer insight 
into the safety of benralizumab in large, 56-week phase III 
trials, including a greater dosage of 100 mg Q8W and a dif-
ferent patient population. To provide a more detailed under-
standing of benralizumab’s safety profile, we conducted an 
integrated safety analysis of patients in the GALATHEA and 
TERRANOVA trials.

Across GALATHEA and TERRANOVA, a total of 2792 
patients received benralizumab (10 mg, n = 561; 30 mg, 
n = 1117; 100 mg, n = 1114), with a mean treatment dura-
tion of 358.6 days compared with 360.8 days for placebo 
(n = 1118). AE types and frequencies were similar between 
benralizumab and placebo groups, and the most com-
mon AEs were related to COPD or respiratory conditions 
(Table 6). Several infection-related AEs and serious AEs 
were reported in GALATHEA and TERRANOVA, with 
similar frequencies between the benralizumab and placebo 
groups (Table 7).

As for the asthma development program, reports of 
malignancies were adjudicated by an independent SEAC. 
The frequencies of adjudicated malignancies were low in 
the benralizumab (10 mg, 6/561 [1.1%]; 30 mg, 20/1117 
[1.8]; 100 mg, 22/1114 [2.0%], and 48/2792 [1.7%] for 
total benralizumab) and placebo arms (24/1118 [2.1%]). 
The types of malignancies were scattered across multiple 
system organ classes and representative of tissue types 
that would not be unexpected in this population, with the 
most commonly reported preferred terms (more than two 

Table 4  Infection/infestation adverse events for patients during the 
predecessor phase III SIROCCO or CALIMA trials who received at 
least one dose in the BORA extension study

Data are presented as n (%). The integrated treatment full analysis set 
(n = 1030) includes patients who were randomized to benralizumab 
in the SIROCCO/CALIMA predecessor trials and continued into the 
BORA extension study (receiving at least one dose of benralizumab) 
and excludes patients who received placebo during the predeces-
sor trials. Group names are treatment received in the SIROCCO or 
CALIMA trials preceding BORA and the BORA extension study. 
The on-treatment period was defined as the day of the first dose of 
study treatment to the scheduled end-of-treatment visit. AEs were 
defined according to the Medical Dictionary for Regulatory Activities 
 (MedDRA®) Version 18.1 for SIROCCO/CALIMA and Version 20.0 
for BORA
AE adverse event, NR not reported, URTI upper respiratory tract 
infection

AE Patients receiving ben-
ralizumab during the 
integrated treatment 
period (n = 1030)

Year 1 Year 2

Any infection/infestation AE 554 (53.8) 501 (48.6)
Any infection/infestation AE for ≥ 3% of 
patients
 Viral URTI 182 (17.7) 158 (15.3)
 URTI 93 (9.0) 61 (5.9)
 Bronchitis 84 (8.2) 60 (5.8)
 Sinusitis 52 (5.0) 21 (2.0)
 Influenza 46 (4.5) 15 (1.5)
 Pharyngitis 39 (3.8) 28 (2.7)
 Acute sinusitis 20 (1.9) 45 (4.4)
 Rhinitis 36 (3.5) 25 (2.4)

Any serious infection/infestation AE 17 (1.7) 16 (1.6)
Infection/infestation AEs of note
 Herpes zoster 5 (0.5) 6 (0.6)
 Viral infection
 Helminth infections

12 (1.2)
NR

8 (0.8)
NR
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patients) for the total benralizumab group being prostate 
cancer (six [0.2%]), basal cell carcinoma (four [0.1%]), 
lung neoplasm malignant (four [0.1%]), and pancreatic 
carcinoma (three [0.1%]) (see the electronic supplemen-
tary material). In summary, the types and frequencies of 
AEs reported as part of the phase III development program 
in COPD to date were similar in the benralizumab and 
placebo groups. There was no evidence of increased risks 
of infection or malignancy for patients with moderate to 
very severe COPD treated with benralizumab at dosages 
up to 100 mg Q8W over a period of 52 weeks.

4.3  Conditions Other Than Asthma and COPD

Anti–IL-5Rα therapy has been explored in diseases other than 
asthma with prominent tissue eosinophilia, including HES 
and immune responses following vaccination. In a 12-week 
phase II trial of 20 patients, benralizumab was demonstrated 
to reduce absolute eosinophil counts compared with placebo 
for patients with PDGFRA-negative HES [29]. The most 

common drug-related AEs—headache and elevated lactate 
dehydrogenase concentration—occurred for 32% of patients 
after the first dose of benralizumab and resolved within 48 h 
for all patients. Other AEs occurred with similar frequency in 
the two groups, including URTI. The only serious AE (hypo-
tension) occurred in a patient receiving placebo, and there 
were no reports of helminth infections or Herpes zoster.

4.4  Potential Effects on Other Immune 
or Homeostatic Functions in Humans

Because eosinophils have been shown to have antigen-pre-
senting functionality, at least in vitro [125], the possibility 
that benralizumab may modify immune system function 
following seasonal influenza vaccination was investigated 
[126]. The phase IIIb ALIZE trial evaluated benralizumab 
30 mg at weeks 0, 4, and 8, plus tetravalent influenza vac-
cination at week 8 for 103 patients with moderate or severe 
asthma. Benralizumab did not impair the antibody response 
to seasonal influenza vaccination (assessed at week 12), 
and the number of patients with AEs was similar in the 

Table 5  Neoplasm and malignancy adverse events in the phase III SIROCCO or CALIMA trials preceding BORA and BORA extension study 
during the on-treatment period

Data are presented as n (%). Group names are treatment received in the SIROCCO or CALIMA trials preceding BORA (integrated, safety 
analysis set, n = 1663 for benralizumab and n = 847 for placebo) or in the BORA extension study and include patients receiving high-dosage ICS/
LABA with any eosinophil count who received at least one dose of study treatment during their respective on-treatment periods. The BORA 
extension study (all patients, n = 1576) includes both adult and adolescent patients, is truncated at week 56 or at the investigational product dis-
continuation visit (whichever was earlier) and includes previous placebo-treated patients and previous benralizumab-treated patients from the 
predecessor trials. The on-treatment period was defined as the day of the first dose of study treatment to the scheduled end-of-treatment visit. 
AEs were defined according to the Medical Dictionary for Regulatory Activities  (MedDRA®) Version 18.1 for SIROCCO/CALIMA and Version 
20.0 for BORA
AE adverse event, ICS inhaled corticosteroids, LABA long-acting β2-agonist

AEs SIROCCO/CALIMA trials preceding 
BORA

BORA extension study (weeks 1–56)

Benralizumab
n = 1663

Placebo
n = 847

Benralizumab
N = 1576

All reported malignant neoplasm AEs 4 (0.2) 1 (0.1) 12 (0.9)
Predecessor benrali-

zumab
Predecessor placebo

Colon neoplasm 1 (< 0.1)
Gallbladder cancer 1 (< 0.1)
Gastric cancer 1 (< 0.1)
Breast cancer 1 (0.1)
Basal cell carcinoma 1 (< 0.1) 2 (0.1)
Solid pseudopapillary tumor of the pancreas 1 (< 0.1)
Diffuse large B cell lymphoma 1 (< 0.1) 1 (< 0.1)
Chronic myeloid leukemia 1 (< 0.1)
Colon cancer stage 0 1 (< 0.1)
B-cell lymphoma 1 (< 0.1)
Nasal cavity cancer 1 (< 0.1)
Prostate cancer 2 (0.1)
Adenocarcinoma of colon 1 (< 0.1)
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benralizumab and placebo groups. The most common AEs 
(≥ 3%) included asthma, headache, nasopharyngitis, oro-
pharyngeal pain, viral gastroenteritis, and URTI. These 
results suggest that eosinophil depletion by benralizumab 
does not impair vaccine immune response, supporting the 
notion that benralizumab may not increase risk of infection. 

Further, indirect evidence for a lack of effect of eosinophil 
lowering on the humoral immune system comes from the 
observation that total immunoglobulin concentrations were 
not different for patients receiving benralizumab compared 
with those receiving placebo in the CALIMA and SIROCCO 
trials [127].

Table 6  Summary of adverse 
events in the integrated analysis 
of the phase III GALATHEA 
and TERRANOVA trials during 
the on-treatment period (safety 
analysis set)

Data are presented as n (%). The safety analysis set included all patients from GALATHEA and  
TERRANOVA who received at least one dose of study treatment. The on-treatment period was defined 
as the day of the first dose of study treatment to the scheduled end-of-treatment visit. AEs were defined 
according to the Medical Dictionary for Regulatory Activities  (MedDRA®) Version 20.0
AE adverse event, COPD chronic obstructive pulmonary disease, URTI upper respiratory tract infection

AEs GALATHEA/TERRANOVA trials

Benralizumab (n = 2792) Placebo (n = 1118)

Any AE 2048 (73.4) 809 (72.4)
Any AE for ≥ 3% of patients
 COPD 442 (15.8) 181 (16.2)
 Viral URTI 336 (12.0) 129 (11.5)
 URTI 329 (11.8) 128 (11.4)
 Bronchitis 324 (11.6) 139 (12.4)
 Lower respiratory tract infection 135 (4.8) 46 (4.1)
 Pneumonia 122 (4.4) 58 (5.2)
 Urinary tract infection 118 (4.2) 32 (2.9)
 Headache 102 (3.7) 42 (3.8)

Any serious AE (including death) 736 (26.4) 306 (27.4)
Any AE leading to treatment discontinuation 132 (4.7) 35 (3.1)
Any AE with outcome of death 64 (2.3) 24 (2.1)

Table 7  Summary of infection/
infestation adverse events 
in the integrated analysis of 
phase III GALATHEA and 
TERRANOVA trials during 
the on-treatment period (safety 
analysis set)

Data are presented as n (%). The safety analysis set included all patients from GALATHEA and  
TERRANOVA who received at least one dose of study treatment. The on-treatment period was defined 
as the day of the first dose of study treatment to the scheduled end-of-treatment visit. AEs were defined 
according to the Medical Dictionary for Regulatory Activities  (MedDRA®) Version 20.0
AE adverse event, NR not reported, URTI upper respiratory tract infection

GALATHEA/TERRANOVA trials

Benralizumab 
(n = 2792)

Placebo (n = 1118)

Any infection/infestation AE 1425 (51.0) 547 (48.9)
Any infection/infestation AE for ≥ 3% of patients
 Viral URTI
 URTI
 Bronchitis
 Lower respiratory tract infection
 Pneumonia
 Urinary tract infection

336 (12.0)
329 (11.8)
324 (11.6)
135 (4.8)
122 (4.4)
118 (4.2)

129 (11.5)
128 (11.4)
139 (12.4)
46 (4.1)
58 (5.2)
32 (2.9)

Infection/infestation AEs of note based on literature search
 Herpes zoster
 Viral infection
 Parasitic gastroenteritis
 Helminth infections

25 (0.9)
16 (0.6)
NR
NR

12 (1.1)
8 (0.7)
NR
NR

Any serious AE (including death) 165 (5.9) 75 (6.7)
Any AE leading to treatment discontinuation 18 (0.6) 8 (0.7)
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Recent observations in experimental mouse models sug-
gesting a role for eosinophils in certain homeostatic func-
tions such as fat and glucose metabolism naturally raise 
questions regarding possible effects in humans treated with 
eosinophil-lowering agents [16, 17]. We are not aware of any 
reports of disturbances in metabolic function in humans as 
a result of targeted, eosinophil-lowering therapies in the lit-
erature. The scope of the sponsored benralizumab database 
is inadequate to resolve these issues definitively. However, 
currently available assessments do not support a critical role 
for eosinophils in these homeostatic functions. No clini-
cally important shifts or changes in hematology or chem-
istry in the integrated safety analysis of the SIROCCO and  
CALIMA registration trials were observed, and there have 
been no clinically important shifts in vital signs or electro-
cardiograms. No meaningful change in body mass index was 
observed in SIROCCO/CALIMA patients treated with ben-
ralizumab over the treatment period compared with placebo 
[127]. In addition, the frequencies of AEs related to diabetes 
diagnoses, glucose intolerance or hyperglycemia, or reports 
of “weight increased” for benralizumab-treated patients were 
low (< 1%) during both the predecessor and the extended 
(weeks 1‒56) treatment periods in the 1030 continuously 
exposed patients in the integration analysis (up to 2 years).

4.5  Pregnancy

Monoclonal antibodies such as benralizumab are transported 
across the placenta during the third trimester of pregnancy, 
and any potential fetal effects are likely to be greater dur-
ing the third trimester. A prenatal and postnatal develop-
ment study reported no evidence of fetal harm following 
intravenous administration of benralizumab in cynomolgus 
monkeys at exposures up to 310-fold the maximum recom-
mended subcutaneous human dosage of 30 mg [121]. No 
AEs related to fetal or neonatal growth were observed up 
to 6.5 months after birth, despite suppressed eosinophil 
counts with gradual recovery by 6 months postpartum in 
most infant monkeys. A postmarketing surveillance study 
(NCT03794999) investigating pregnancy and infant out-
comes for women with asthma exposed to benralizumab 
at any point during pregnancy is currently recruiting. In a 
long-term safety trial of mepolizumab for HES, one patient 
became pregnant twice during the study. The first pregnancy 
was electively terminated, and the second resulted in the 
birth of a healthy neonate [128].

5  Discussion

Eosinophil-reducing therapies that have been approved 
for the treatment of severe asthma include benralizumab 
and the anti–IL-5 monoclonal antibodies mepolizumab 

and reslizumab. The benefit‒risk profile of IL-5– and 
IL-5Rα–targeted therapies has been periodically reviewed 
both in the scientific exchange and as part of regular regula-
tory updates for the marketed products. Beyond the observed 
AE of hypersensitivity and potential risk of helminthic para-
sitic infections common to the IL-5– and IL-5Rα–targeted 
therapies, major safety concerns have not been reported 
[20, 129–131]. The most recent ERS/ATS guidance sug-
gests using anti‒IL-5 and anti‒IL-5Rα agents for severe 
uncontrolled adult eosinophilic asthma phenotypes, based 
on a meta-analysis of published efficacy and safety data, 
and acknowledges the adequate long-term safety profiles for 
these modalities thus far [4].

Eosinophils have been reported to promote tumor rejec-
tion or mitigate their growth based on indirect associations 
in humans and models of cancer progression in animals, 
raising potential concerns about the consequences of their 
therapeutic diminution [39, 69]. Attributing causality to a 
numerical imbalance in rare events such as malignancies 
or opportunistic infection is challenging in a clinical trial 
setting for several reasons. Observation times are typi-
cally short, statistical power is lacking, and AE reporting 
is potentially skewed (relative to the real-world setting) 
when patients are frequently and specifically asked about 
their health. Recent examples of this uncertainty involve the 
anti-asthma biologics omalizumab and reslizumab in which 
slight numerical imbalances in the overall frequencies of 
malignancies between active treatment and control arms 
in clinical trials resulted in precautionary language being 
required in certain product labels [26, 132]. This precaution 
remains in place for omalizumab in the USA despite the 
results of the 5-year observational cohort study EXCELS 
failing to demonstrate a meaningful difference in malignan-
cies between the omalizumab (n = 5007) and non-omali-
zumab (n = 2829) cohorts [133]. The COLUMBA study 
reported a reassuring safety profile for 347 patients with 
severe asthma treated with open-label mepolizumab for an 
average of 3.5 years (maximum up to 4.5 years) total [92], 
with similar results reported for 1051 patients receiving res-
lizumab for up to 2 years [93]. The integrated analyses of 
patients with severe asthma (SIROCCO/CALIMA/BORA) 
and COPD (GALATHEA/TERRANOVA) demonstrated 
comparable occurrences of malignant neoplasms between 
benralizumab and placebo with no apparent change in risk 
during a second year of exposure for patients with asthma. 
The types and incidences of neoplasms that have developed 
during clinical trials would not be unexpected in the primar-
ily middle-aged, adult populations studied [20, 134, 135].

Eosinophils may be involved in the immunologic response 
to infection. Occurrences of Herpes zoster infection have 
been reported with treatment with IL-5–targeted therapies. 
Our analysis demonstrated comparable incidences of Herpes 
zoster between benralizumab and placebo for patients with 
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severe asthma and COPD. Herpes zoster has been reported 
post approval [136]. Cases of Herpes zoster have also been 
reported with mepolizumab, including during the initial clin-
ical trials and post approval [137, 138]. Patients with known 
helminth infections were excluded from participation in reg-
istration clinical trials for benralizumab, mepolizumab, and 
reslizumab, and such infections are uncommon in countries 
where IL-5–targeted therapies have generally been trialed. 
Therefore, the safety of eosinophil-depleting therapies for 
patients traveling to endemic regions remains to be deter-
mined. To date, no data supporting increased susceptibility 
to other opportunistic infections have been reported [20].

As legitimate concerns around the potential risk of sus-
tained eosinophil lowering/depletion still exist, continued 
pharmacovigilance is important. A subset of the original 
SIROCCO/CALIMA patients continue to be monitored 
as part of the ongoing MELTEMI (NCT02808819) safety 
extension, with estimated study completion in 2020. In 
addition, two large ongoing AstraZeneca-supported severe 
asthma registries (International Severe Asthma Registry 
[ISAR; http://isare gistr ies.org/] and US CHRONICLE 
[NCT03373045]) will assess certain safety measures 
(including incident malignancies) across the range of 
biologic and nonbiologic asthma treatments for patients 
with severe asthma, with an anticipated combined total 
of > 14,000 patients when fully recruited and observation 
times of at least 5 years.

6  Conclusions

Eosinophils have been associated with host protection 
against certain infections and malignancies primarily 
based on results from retrospective observational stud-
ies and nonclinical models of tumor progression, rais-
ing potential concerns in the medical community about 
the consequences of their therapeutic diminution. These 
observations conflict with the substantial clinical trial 
and real-world experience to date for eosinophil-lower-
ing modalities, in general, with no evidence of specific 
differences in risk profile between the benralizumab 
mechanism of action and anti–IL-5 modalities. In clinical  
trials, anti–IL-5Rα therapy has been well-tolerated, with 
an overall AE profile similar to that with placebo in type 
and frequency. The integrated analyses of approximately 
1600 patients with asthma (approximately 1000 of whom 
were exposed to benralizumab continuously for up to 
2 years) and approximately 2700 patients with COPD 
(with exposure for approximately 1 year) suggests that 
eosinophil depletion by benralizumab treatment does not 

increase risk of infections or malignancies. The postmar-
keting experience to date supports this conclusion in the 
severe asthma population, for whom benralizumab is indi-
cated. Rare cases of Herpes zoster have been reported, but 
the incidence is too small to determine an association with 
benralizumab. Helminthic infections were not reported in 
the clinical development program; however, the trials were 
generally not conducted in regions with a high prevalence 
of such infections, and patients with known helminth 
infections were excluded from participation in clinical 
trials [121]. Prospective, adequately powered, real-world 
studies should provide further insight into the potential 
risks of eosinophil-lowering therapies in the longer term.
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