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Abstract

Background: Dupilumab shows promising results in the management of several type 2 disorders. However, it often leads to tran-
sient, early increases in blood eosinophil count (BEC). This has led to awareness of possibly associated eosinophilic complications,
such as eosinophilic granulomatosis with polyangiitis (EGPA) and hypereosinophilic syndrome (HES). Aim of the current work was
to collect all eosinophilic complications reported in literature.

Methodology: PubMed, Embase, Scopus, and Web of Science were systematically searched for papers reporting on eosinophilic
complications of dupilumab therapy for type 2 disorders.

Results: While around one million patients are treated with dupilumab globally, we identified a total of 35 reports on 53 patients.
The most common complications were EGPA: 24 patients, eosinophilic pneumonia: 15, and HES: 6. Complications developed after
amedian of 9 (range: 0-71) weeks and the median eosinophilic count at the moment of diagnosis was 6.38x109 cells/L (IQR 3.13-
9.08). Most complications were treated with systemic corticosteroids. Of all patients, 89% discontinued dupilumab therapy and no
deceased patients were reported.

Conclusions: Reported eosinophilic complications during dupilumab therapy are extremely rare and mostly develop during the
first months of treatment, challenging the need for (prolonged) BEC monitoring during dupilumab therapy. No patient patterns or
predictors were identified.
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Introduction

Type 2 inflammation is a response that the immune system phy-
siologically employs to target parasites, venoms and toxins .
Under specific conditions, such as impaired epithelial integrity,
an aberrant and perpetuated type 2 inflammatory response

can arise. This leads to the development of the so-called type 2
chronic inflammatory diseases @, the most common of which
are asthma, chronic rhinosinusitis with nasal polyps (CRSWNP),
allergic rhinitis, atopic dermatitis (AD), and eosinophilic oe-
sophagitis (EoE). Patients with such a condition are at risk of
developing severe and uncontrolled symptoms characterized by
poor response to conventional therapies ¢#. Over the last years
the increasing understanding of the molecular pathways of type
2 inflammation has led the way for the development of tailored
therapies, designed to target specific etiopathological pathways
(biological therapy) .

Dupilumab is a humanized monoclonal antibody directed
against the IL-4 receptor alpha subunit, which targets type 2 in-
flammation by blocking IL-4 and IL-13 signalling ©. It has shown
excellent results in the management of CRSWNP ©, asthma ),
atopic dermatitis ® and eosinophilic esophagitis ©. For severe
uncontrolled CRSWNP specifically, it has the potential to reduce
the need for surgery and oral corticosteroids and is much more
effective in restoring the sense of smell that the foregoing the-
rapies % Reported treatment emergent adverse events from
dupilumab are mostly mild and well-tolerable, both in phase il
trials and real-life studies >4, Injection site erythema, conjunc-
tivitis (mostly in AD) and arthralgia are among the most repor-
ted. Furthermore, transient hypereosinophilia (blood eosinophil
count (BEC) > 1.5 x 10° cells/L) is relatively common during the
first months of dupilumab treatment 529,

The reporting of sporadic eosinophilic-related complications
during dupilumab therapy has gained increasing attention from
the scientific community *, due to the severe, life-threatening
potential of these manifestations, such as hypereosinophilic
syndrome (HES), eosinophilic granulomatosis with polyangiitis
(EGPA) or other clinical manifestations of eosinophil-induced
organ damage ®®. This has led to the development of strict
clinical protocols for the monitoring of BEC during dupilumab
therapy @

The present study was set out to provide a comprehensive re-
view of all reported eosinophilic complications that developed
during dupilumab treatment for the most frequent indications
(asthma, CRSWNP, atopic dermatitis and eosinophilic esopha-
gitis). To the best of our knowledge, this is the first systematic
review on the topic and our goal is to evaluate the necessity and
duration of close BEC monitoring during dupilumab treatment.

Materials and methods
The reporting of this study is in accordance with the PRISMA
2020 statement @ and followed the recommendations of the

Eosinophilic complications of dupilumab
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Figure 1. Prisma Flowchart of the study selection process.

Cochrane Handbook for Systematic Reviews of Interventions ©9.

Eligibility criteria

We included studies that met the following eligibility criteria: 1)
reports on patients receiving dupilumab treatment for Asthma,
CRSwNP, Atopic Dermatitis or Eosinophilic Esophagitis, 2) pre-
senting with eosinophilic complications.

Search strategy and data extraction

We systematically searched PubMed, EMBASE, Scopus and Web
of Science in May 2024 using “Dupilumab AND (eosinophilia OR
eosinophils OR hypereosinophilia OR "hypereosinophilic syndro-
me")" as search strategy. Two authors (ML and PK) independently
screened titles and abstracts; potential articles were read in full
text. Disagreements were resolved through discussion, with the
involvement of a third author (SR) acting as an arbiter if neces-
sary. Every study that discussed the use of dupilumab for any of
the included indications was read in full text. This approach was
intended to ensure that no relevant study was missed, particu-
larly the ones that did not mention eosinophilic complications

in their title and abstract. Conference abstracts presenting
patients with eosinophilic complications of dupilumab were also
included in an effort towards making this systematic review as
comprehensive as possible. Lastly, we consulted EudraVigilance,
the electronic system for managing and analysing information
on suspected adverse reactions to medicines in the European
Economic Area, in an effort to contrast reporting bias or under-
reporting in medical literature.
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Eosinophilic complications of dupilumab
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Figure 2. Histogram showing the time of onset (in weeks) of eosinophilic complications after dupilumab initiation.

The following information was retrieved from the included stu-
dies: name of the first author, year of publication, country, study
design, patients’demographic characteristics (age, sex, comorbi-
dities and medication history of oral corticosteroid use directly
prior to start of dupilumab therapy), indication for dupilumab,
type of eosinophilic complication, week of onset of eosinophilic
complication after dupilumab initiation, BEC level at onset of the
complication, treatment, clinical outcome, discontinuation of
dupilumab.

Statistical analysis

Due to the highly heterogeneous study designs and populations
no statistical analysis was employed to provide quantitative
synthesis. Data was summarized descriptively and presented

as valid percentages or medians with interquartile range (IQR),
unless otherwise specified. When applicable, visual representa-
tion of the results by appropriate graphs was provided using R
(version 4.2.1; 2022-06-23).

Quality assessment

The Cochrane Collaboration's tool RoB-2 &V was used to assess
the risk of bias for RCTs by two independent reviewers, while the
Risk Of Bias In Non-randomized Studies - of Interventions tool
(ROBINS-I) 2 was used for observational studies. The Joanna
Briggs Institute (JBI) critical appraisal checklist for case reports
3 was employed for case reports. Disagreements were settled
through discussion, with a third author (SR) acting as an arbiter
if necessary.

Results

The search strategy yielded 4355 results. After the removal of
duplicate records, 2336 remained. After screening on title and
abstract, 616 articles were read in full text for eligibility. A total
of 35 studies (119223465 met all inclusion criteria. We included 17

391

case reports 6459, 6 RCTs 1>°1%9, 7 case series *¢¢'%% and 5 obser-
vational cohort studies (1226264 The PRISMA flow diagram with
the performed selection process is shown in Figure 1.

Demographics

Patients’ characteristics are presented in Table 1. In total, 53
patients were included. Their median age was 56 years (IQR
49-63). Of these patients, 73% were females and 27% were male.
Dupilumab was prescribed for asthma in 27 patients, for both
uncontrolled asthma and CRSWNP in 12, only CRSWNP in 10 and
for atopic dermatitis in 4. No studies on eosinophilic esophagitis
fulfilled the inclusion criteria for the present systematic review
due to the lack of eosinophilic complications. Medication history
of oral corticosteroid (OCS) use was available only for 22 of the
53 patients: among them 5 had not been taking OCS, and 9 had
received short cycles of OCS treatment for asthma or CRSWNP
exacerbations. Prior use of different biologics targeting type 2
inflammation, such as mepolizumab, omalizumab and benrali-
zumab was reported only for 6 patients (50575861,

Eosinophilic complications

EGPA appeared in 24 patients, eosinophilic pneumoniain 15 and
hyper eosinophilic syndrome in 6. We also found isolated reports
of eosinophilic myopericarditis, eosinophilic pleuritis, myositis,
eosinophilic vasculitis (non-EGPA), atrial fibrillation, stroke and
anaphylaxis. The eosinophilic complications developed after a
median of 9 (IQR 4-19) weeks following the first administration
of dupilumab (Figure 2). The median eosinophilic count at the
moment of diagnosis was 6.38 x 10° cells/L (IQR 3.13-9.06). In

11 of the 24 EGPA patients, prior OCS use was reported; 6 used
continuous or intensive OCS before dupilumab.

Within 6 months of dupilumab treatment 85% of complications
were identified; on a rare occasion, one patient was reported to
develop EGPA after 71 weeks. This latter patient was a 30-year-

Rhinology Vol 63, No 4, August 2025



Lazzeroni, Kemp et al.

@
@
@
©
@

Domains:

®
®
@
®
©
®

Risk of bias domains

®
®
®
©
O
®
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D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.

D3: Bias due to miss

D4: Bias in measurement of the outcome.

D5: Bias in selection

Some concerns

. Low

ing outcome data.

of the reported result.

Figure 3. Results of the risk of bias assessment for randomized studies through the RoB2 tool.

old female with asthma as her main indication for dupilumab
therapy. She was also reported to have ‘sinusitis and allergic
rhinitis, experienced multiple episodes of elevated BEC during
dupilumab treatment and was diagnosed with EGPA after 71
weeks of treatment. Unfortunately, no further details were
reported, such as BEC at baseline or at the discovery of EGPA, or
history of any prior OCS use.

Treatment and outcomes

Dupilumab therapy was discontinued in 89% of the patients
and systemic glucocorticosteroids were started in 93% of cases.
Specifically, oral prednisolone was prescribed in 60% of the pa-
tients, intravenous methylprednisolone in 18% and intravenous/
subcutaneous hydrocortisone in 5%. Furthermore, 13% of the
patients switched to mepolizumab and 13% to benralizumab.
Among the studies reporting on patient outcomes, the eosinop-
hilic complications did not lead to any death. Clinical remission
was achieved in 62% of the cases, while 38% showed clinical
improvement at least for the reported follow-up of these cases.
Detailed information on treatments and outcomes is presented
inTable 1.

EudraVigilance consultation

Our search of the EudraVigilance database found 144 reported
cases of EGPA, 119 cases of eosinophilic pneumonia and 20
cases of hyper eosinophilic syndrome. Of these patients 48%
were female, 52% male. The vast majority (72%) of the cases
was aged between 18-64 years. The complications resolved or
are resolving without sequelae in 82% of the cases and resulted
only in 2% of the cases in a fatal outcome.

Quality assessment
As shown in Figure 3, four out of six included RCTs were deemed

at“low” risk of bias, while two were rated as“some concerns”. Re-

Rhinology Vol 63, No 4, August 2025

garding observational studies the overall results are presented
in Figure 4: two studies were deemed at “low” risk of bias, three
at“moderate” and seven “critical” The risk of bias assessment of
case reports is presented in Supplementary Table 1.

Discussion

This comprehensive systematic review on eosinophilic com-
plications during dupilumab treatment highlights the rarity of
these manifestations. In the entire literature, only 53 patients
from a total of 35 studies were found to have developed eosi-
nophilic complications, whereas at this moment (September
2024) roughly one million patients are receiving dupilumab
therapy for its approved indications globally (Sanofi, personal
communication).

The increased availability of type 2-targeted monoclonal anti-
bodies has revolutionized the management of type 2 disorders
such as asthma, CRSWNP, atopic dermatitis and eosinophilic
esophagitis 2. In case of dupilumab, transient BEC elevations
are commonly reported. Although the exact mechanism un-
derlying this effect is still not fully understood, it is thought that
the inhibition of IL-4 downregulates the expression of vascular
cell adhesion molecule 1 (VCAM1) in endothelial cells, and

the inhibition of IL-13 suppresses the production of eotaxins,
thus blocking eosinophilic migration from the bloodstream to
peripheral organs ?°. The encounter of unusually high BEC has
alarmed clinicians for potential manifestations of eosinophilic-
mediated organ damage, leading to strict clinical protocols with
frequent BEC monitoring. As we now show, the incidence of
such complications during dupilumab therapy is extremely low.
In atopic dermatitis, eosinophilic complications of dupilumab
use are very rare. We currently do not have a sound explanation
for this difference across the type2 diseases

Notably, the vast majority of the reported eosinophilic compli-
cations occurred in patients for which dupilumab was prescri-
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Figure 4. ROBINS-I tool evaluation of the risk of bias for observational

studies.

bed for asthma or CRSWNP, and not in any case for eosinophilic
esophagitis. This may be since dupilumab was only approved by
regulatory organizations for this latter condition in 2022 ©% and
large-scale data regarding its safety in this context is lacking,
especially in real life settings.

The most common eosinophilic complication under dupilu-
mab therapy was found to be EGPA. However, it is still unclear

if dupilumab treatment can directly lead to the development

of the disease or if its role is only to unmask an already existing
EGPA ©”), by allowing patients on chronic glucocorticosteroid
therapy for type 2 diseases to taper their treatment 8. In this
regard, EGPA manifestations have also been described following
the introduction of other anti-type 2 monoclonal antibodies,
such as omalizumab ©%? and benralizumab 7. More recently,
the potential safety and efficacy of an off-label application of
dupilumab for refractory EGPA-related asthma and CRSWNP has
been explored ", As shown in Figure 2, four of the included
eosinophilic complications have occurred in the first two weeks
after the administration of the first dose of dupilumab. Espe-
cially in these early onset cases it is important to consider the
role of other contributing factors such as masked eosinophilic
systemic conditions.

In regard to our findings, the relatively high number of patients
with systemic corticosteroid-dependence before dupilumab
initiation in those with reported EGPA seems to suggest this
disease was already present at baseline. However, medication
history of oral corticosteroid use was reported only for 44% of
the patients included in the present review and should be con-
sidered by future studies on eosinophilic complications related

Eosinophilic complications of dupilumab

to dupilumab.

Most of the complications that we found developed within the
first 24 weeks of treatment (Figure 2): this coincides with the
timeframe in which transient eosinophilic peaks are observed
during dupilumab therapy ®?”. A meta-analysis by Zhou et al. @
has shown alternated increases and decreases of BECs between
weeks 8 and 24 after treatment initiation. Furthermore, a post
hoc analysis of randomised controlled trials (RCTs) by Wechsler
et al. ® indicated that from week 24 BECs start to decline gene-
rally below baseline and are not associated to severe adverse
events. Indeed, in our review eosinophilic levels were markedly
elevated in most cases, being 2 (6%) times only (39,60) under
the threshold of 1.5 x10° cells/L typically used to define hypere-
osinophilia ", All reported eosinophilic complications but one
were identified within the first year of treatment. This suggests
that strict BEC monitoring after the first 52 weeks is not neces-
sary (and one could argue whether monitoring is relevant at all
in the light of the very low number of reported complications).
This study underscores the rarity of eosinophilic complications
during dupilumab therapy for any type 2 indication. Our results
corroborate the safety profiles of dupilumab, suggesting that
the transient elevations of eosinophilic levels observed during
the first months of treatment are seldom associated with clinical
complications.

The present study has some limitations. General conclusions
drawn from our results should be interpreted with caution

due to the limited number of included patients and the risk of
underreported eosinophilic complications in current literature.
Indeed, publication bias and underreporting of adverse events
pose a challenge to the quality of systematic reviews 7 and

to address this issue we have also searched for eosinophilic
complications of dupilumab in the database of the European
Medicines Agency, EudraVigilance. The numbers of reported
suspected adverse events that we found were somewhat higher
than those present in medical literature, but still extremely
small compared to the overall number of patients that are being
treated by dupilumab. The same consideration applies to the
recently published results of Gershnabel Milk et al. who provide
an overview of eosinophilic complications of dupilumab, among
other anti-type 2 inflammation biologics, according to the Food
and Drug Administration Adverse Event Reporting System Pu-
blic Dashboard 7%. Even if fatal outcomes were not reported in
current literature, the real-life data of eosinophilic complications
in the EudraVigilance database comprised two patient deaths.
However, these are impossible to contextualize since no specific
patient information is provided in these cases.

Conclusion
In the attempt to make the present review as comprehensive as

possible different types of studies were included, with a hetero-
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geneous quality of evidence that needs to be considered when
interpreting our results. Furthermore, due to the high variability
in study design, populations, and interventions undertaken after
the onset of eosinophilic complications of dupilumab, we did
not perform a meta-analysis in accordance with the recom-
mendations outlined in the Cochrane Handbook for Systematic
Reviews of Interventions €%, Despite these limitations, the
occurrence of eosinophilic complications during treatment with
dupilumab is extremely rare, challenging the need for (prolon-
ged) BEC monitoring in these patients.
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SUPPLEMENTARY MATERIAL

Table S1. JBI checklist for case reports.

Were Was the pa- Was the cur- Were Was the Was the post- Were adverse Does the
patient’s tient’s history rent clinical diagnostic  intervention(s) intervention events case report
demographic  clearly de- condition of tests or or treatment clinical condi-  (harms) or provide

characteris- scribedand  the patient assessment  procedure(s) tion clearly unantici- takeaway les-

ticsclearly presentedas onpresenta- methodsand clearly de- described?  pated events sons?

described? a timeline? tion clearly the results scribed? identified and

described? clearly de- described?
scribed?
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