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Monoclonal antibodies targeting
type 2 inflammation in
eosinophil-associated diseases
during pregnancy: insights from
two eosinophilic granulomatosis
with polyangiitis cases and a
comprehensive literature review

Federica Davanzo, Luca lorio, Antonia Calligaro, Andrea Doria®
and Roberto Padoan

Rheumatology Unit, Department of Medicine DIMED, University of Padua, Padua, Italy

Background: With the widespread availability of monoclonal antibodies targeting
type 2 inflammation, managing pregnancies in patients with eosinophil-
associated diseases, including eosinophilic granulomatosis with polyangiitis
(EGPA), has become a crucial issue.

Methods: Starting from a two-case series of patients with EGPA, safely treated
with anti-interleukin (IL)5/ILSR monoclonal antibodies during pregnancy, we
conducted a comprehensive literature review to identify cases reporting the
use of monoclonal antibodies for treating EGPA and other eosinophil-
associated diseases in pregnant women.

Results: We present two cases of patients with ANCA-negative EGPA. The first
case involves a 35-year-old patient with benralizumab, resulting in successful
disease control and a healthy pregnancy despite a history of miscarriage and
gestational diabetes. The second case describes a 35-year-old woman who
continued mepolizumab during pregnancy, leading to a healthy infant despite
two prior early miscarriages. A literature review of 22 papers, covering 97
patients using biologics during pregnancy found no reports specific to EGPA
but documented safe outcomes with monoclonal antibodies like
mepolizumab, benralizumab, and dupilumab in other eosinophil-associated
disorders. These biologics were effective in managing symptoms and reducing
the need for oral glucocorticoids, with no observed teratogenic effects.
However, complications such as gestational diabetes and preterm births were
noted, particularly with dupilumab. No adverse events or pregnancy
complications directly attributable to the biological therapy were reported.
Conclusions: Uncontrolled disease during pregnancy significantly threatens
pregnancy viability, while the use of monoclonal antibodies effectively
manages maternal disease, reduces glucocorticoid use, and helps prevent
complications, even though more data are needed to establish risks and benefits.

KEYWORDS

EGPA, pregnancy, mepolizumab, dupilumab, benralizumab, vasculitis, conception,
breastfeeding

01


http://crossmark.crossref.org/dialog/?doi=10.3389/flupu.2024.1479884&domain=pdf&date_stamp=2020-03-12
mailto:adoria@unipd.it
https://doi.org/10.3389/flupu.2024.1479884
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/flupu.2024.1479884/full
https://www.frontiersin.org/articles/10.3389/flupu.2024.1479884/full
https://www.frontiersin.org/articles/10.3389/flupu.2024.1479884/full
https://www.frontiersin.org/articles/10.3389/flupu.2024.1479884/full
https://www.frontiersin.org/articles/10.3389/flupu.2024.1479884/full
https://www.frontiersin.org/articles/10.3389/flupu.2024.1479884/full
https://www.frontiersin.org/articles/10.3389/flupu.2024.1479884/full
https://www.frontiersin.org/journals/lupus
https://doi.org/10.3389/flupu.2024.1479884
https://www.frontiersin.org/journals/lupus
https://www.frontiersin.org/

Davanzo et al.

Over the past two decades, a range of inflammatory diseases
affecting multiple organ systems and characterized by elevated
eosinophil counts have been described and characterized. These
eosinophil-associated diseases include common conditions such as
asthma, chronic rhinosinusitis with nasal polyps (CRSWNP), and
atopic dermatitis (AD), less common eosinophilic gastrointestinal
diseases, and rare conditions such as allergic bronchopulmonary
aspergillosis (ABPA), eosinophilic granulomatosis with polyangiitis
(EGPA), and hypereosinophilic syndromes (HES) (1).

EGPA is a rare, potentially life-threatening autoimmune
vasculitis associated with antineutrophil cytoplasmic antibodies
(ANCA). It is characterized by necrotizing vasculitis of small
vessels, eosinophil-rich  granulomatous inflammation, and
elevated blood eosinophils. EGPA typically presents between the
5th and 6th decades of life but can also affect women of
childbearing age (2). Treating EGPA is challenging due to its
rarity, broad clinical manifestations, and similarities with other
vasculitic or eosinophilic conditions. The primary treatment is
(GGs), with
immunosuppressive agents depending on disease severity and the

systemic  glucocorticoids often  combined
organs involved (3).

Monoclonal antibodies targeting type 2 inflammation have
proven effective in treating eosinophil-associated diseases,
especially when conventional treatments are ineffective or poorly
tolerated. Initially approved for asthma, these therapies are now
also approved for chronic spontaneous urticaria, AD, EGPA,
CRSwWNP, and HES.

omalizumab,

Currently, seven biologics, namely

mepolizumab, reslizumab, benralizumab,
dupilumab, tezepelumab, and tralokinumab, are approved for
these conditions (4, 5). Nevertheless, the randomized clinical
trials that led to Food and Drug Administration (FDA) approval
frequently excluded pregnant women, thereby leaving the safety
and efficacy of these biologics during pregnancy largely unknown.

Managing pregnancies in patients with eosinophil-associated
diseases requires a careful risk-benefit assessment. This due to
the potential exacerbation of eosinophilic and atopic conditions,
which can lead to unfavorable pregnancy outcomes, and limited
availability of drugs during this period (6-8).

In this paper, we present a two-case series of patients with
EGPA who were safely treated with anti-interleukin (IL)5/IL5R
monoclonal antibodies during pregnancy. Additionally, we
provide a comprehensive review of the available English-language
literature on the use of biologics targeting type 2 inflammation
during pregnancy in eosinophil-associated disorders, focusing on

their safety concerning maternal and fetal outcomes.

Starting from clinical cases of two patients with long-standing
EGPA in regular follow-up at the Padua Vasculitis Center,
successfully treated with anti-IL5/R during pregnancy, we

conducted an extensive literature search in MEDLINE via
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PubMed for original articles published up to July 15, 2024,
reporting on the use of monoclonal antibodies to treat EGPA
and other eosinophil-associated diseases in pregnant women. The
following MeSH terms:
“EGPA”,
syndrome”,
with
esophagitis”,

search utilized the “eosinophilic

granulomatosis with polyangiitis”, “Churg-Strauss
“HES”,
polyps”, “atopic

“Benralizumab”,

syndrome”,  “hypereosinophilic “severe

asthma”, “chronic sinusitis nasal

dermatitis”,  “eosinophilic

“Dupilumab”, “Mepolizumab”, “Reslizumab”, “Tezepelumab”,

“Tralokinumab”, “pregnancy”, “post-partum”, and “breastfeeding”.
Omalizumab was excluded from the review due to established
safety data in pregnancy from the Xolair Pregnancy Registry
(EXPECT) study on severe asthma (9). The EXPECT study, the
largest prospective study on omalizumab use during pregnancy,
found similar rates of live births and major congenital
malformations in 230 pregnant women with asthma exposed to
omalizumab compared to a matched external cohort.

For each publication, we focused on clinical findings, treatment
management, and maternal and fetal outcomes. We excluded
studies where biologics were used after delivery to treat relapses
or worsening of the diseases, as well as studies where biologics
were discontinued before conception or where the treatment
involved the father instead of the mother.

Statistical analysis was performed using the free software
Jamovi (version 1.6.15). Medians and interquartile range were
calculated for continuous variables, while percentages and relative
frequency distributions were used for categorical variables.
Analyses were conducted only on subjects with available data.

All patients signed informed consent forms, and this study was
conducted in accordance with the Ethical Principles for Medical

Research outlined in the Declaration of Helsinki.

3.1 Case description

311Casel

The first case involves a 35-years-old patient diagnosed with
ANCA-negative EGPA in 2018, fulfilling the 2022 ACR/EULAR
classification criteria for EGPA (10). At the time of diagnosis,
she presented with hypereosinophilia (blood eosinophil count of
15,000/mmc), pulmonary infiltrates, systemic symptoms, and skin
purpura, along with a history of severe asthma and chronic
sinusitis with nasal polyposis. Initially, she was treated with GCs,
methotrexate up to 15 mg/week, followed by mepolizumab
100 mg/4 weeks (as the 300 mg/4 weeks dose was not approved
at that time), but asthma control was not achieved. Subsequently,
she was administered benralizumab 30 mg every 8 weeks for a
period of two years in order to control her uncontrolled asthma.
This resulted in the successful cessation of oral GCs after six
years of continuous treatment, and the achievement of disease
remission. The patient had no history of smoking, was
overweight with a body mass index (BMI) of 36, and tested
positive for lupus anticoagulant. While on benralizumab, she
experienced a miscarriage at 7 weeks of gestation. However, she
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subsequently became pregnant again and continued benralizumab
treatment alongside antiplatelet therapy. Benralizumab was
discontinued at the end of the second trimester, and the patient
refrained from further benralizumab treatment throughout
breastfeeding. The pregnancy was complicated by gestational
diabetes, which required insulin treatment, and ended in a
cesarean delivery at 40 weeks of gestation. No vasculitic relapses,
asthma exacerbations, or increases in eosinophil levels were
observed. The infant was born healthy. During breastfeeding, the
mother received a short course of oral GCs due to an asthma
exacerbation accompanied by a transient increase in blood
eosinophils (2,300/mmc) and C-reactive protein (17 mg/L).

3.1.2 Case 2

The second case involves a 36-years-old patient diagnosed with
ANCA-negative EGPA, fulfilling the 2022 ACR/EULAR
classification criteria for EGPA (10). She had a history of adult-
onset asthma, chronic rhinosinusitis with nasal polyps, systemic
symptoms, myocarditis and serositis. Initially, she was treated
with high-dose GCs combined with cyclophosphamide, followed
by azathioprine and oral GCs for 6 years Due to uncontrolled
asthma and persistent eosinophilia (blood eosinophil count above
1,000/mmc), she was switched to mepolizumab 300 mg every 4
weeks. The patient was a former smoker and had previously
undergone a cesarean delivery in a prior pregnancy. While
receiving mepolizumab, the patient experienced two early
spontaneous miscarriages at 6 weeks of gestation. However,
during a subsequent pregnancy, which occurred one year after
starting the biologic, she continued mepolizumab until the end
of the second trimester (25 weeks of gestation). The pregnancy
proceeded without complications, resulting in the birth of a
healthy infant via cesarean delivery at 38 weeks of gestation.
Throughout her pregnancy, the patient did not experience any
adverse events, hypereosinophilia, or disease relapse. However,
during the postpartum period, her asthma symptoms worsened
and were not adequately managed by combination inhalers.

10.3389/flupu.2024.1479884

These symptoms were effectively controlled with the resumption
of mepolizumab at a dosage of 300 mg every GC weeks.

Clinical features, blood tests and patient-reported outcome
measures of the two EGPA cases during conception, pregnancy
and post-partum are listed in Table 1.

3.2 Literature review

A total of 22 papers documenting the use of biologics in
eosinophil-associated diseases during pregnancy, encompassing
97 patients, were retrieved from the published literature (11-32).
These include mostly case reports, along with four case series
(1, 30),
retrospective cohort study (32).

15, 25, one longitudinal study (27) and one
No reports were found for EGPA patients treated with
monoclonal antibodies targeting type 2 inflammation during
pregnancy. Monoclonal antibodies were used, continued or
started when disease control was lost before or during pregnancy
and other therapeutic options were unavailable. Most patients
had only partial responses to standard therapies or encountered
issues with immunosuppressants (20) or infections (16, 25).
Table 2 provides a summary of maternal and neonatal outcomes
following exposure to biologic therapies at different stages of
pregnancy. Table 3 presents a summary of all cases retrieved
from the literature review, including our two EGPA cases,
detailing demographic and clinical features, timing of biologic
exposure, and maternal and neonatal outcomes in patients with
eosinophil-associated diseases treated with biologic therapies.

The median duration of therapies before conception could not
be calculated due to insufficient data, and information on the
duration of treatment in terms of gestational weeks was often
unavailable. However, Figure 1 illustrates the proportion of
patients exposed to mepolizumab, benralizumab, and dupilumab
during various stages of pregnancy, including conception, the
first, second, and third trimesters, and breastfeeding.

TABLE 1 Blood tests, disease activity and damage scores of the two patients treated with anti-IL5/5R monoclonal antibodies at different stages of

pregnancy.

| sefoepregnangy

Case 1 (benralizumab 30 mg every 8 weeks)

Eosinophils (cell/mmc) 0
CRP (mg/L) 7.5
BVASv3 0
VDI 3
ACT 23
Oral GC use No

Case 2 (mepolizumab 300 mg every 4 weeks)

Eosinophils (cell/mmc) 100
CRP (mg/L) 0.5
BVASv3 0
VDI 3
ACT 21
Oral GC use No

During pregnancy

Post partum Breastfeeding

20 0 2,300
49 - 17
0 0 2
3 3 3
21 25 17
No No Yes
0 300 -
0.6 0.4 -
0 2 0
3 3 3
21 18 25
No No No

ACT, asthma control test; BVASv3, Birmingham vasculitis activity score version 3; CRP, C-reactive protein; GC, glucocorticoid; VDI, vascular damage index.
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TABLE 2 Maternal and neonatal outcomes following exposure to mepolizumab, benralizumab, and dupilumab during different stages of pregnancy.

Mepolizumab

(n=6)

Benralizumab
(n=8)

10.3389/flupu.2024.1479884

Dupilumab
(n = 88)

Disease (n. of patients) SA (3), EGPA (1) SA (5), HES (1), AD (84), PG (4)
EGPA (1)

Efficacy of biologics and maternal outcomes
Patients treated with GC before biologics, n 1 EGPA, 2 SA 1 EGPA, 5 SA 28/30 (AD)
GC reduction/discontinuation, n - 1/1 4/5 (3 PG, 1 AD)
Relapses with biologics, n 1/4 2/7 1/88
Relapses without biologics, 1 2/4 1/7 4/88
Pregnancy and neonatal outcomes
Numbers of deliveries, n 3/5 6/7 55/60

(2 miscarriages) (1 miscarriage) (5 miscarriages)®
Pregnancy complications, n 0/3 1/6 7155
Neonatal complications, n 0/3 0/6 13/60

AD, atopic dermatitis; EGPA, Eosinophilic Granulomatosis with Polyangiitis; GC, glucocorticoids; HES, hypereosinophilic syndrome; PG, pemphigoid gestations; SA, severe asthma.

1 twin couple.

Globally, no teratogenic effects were observed, and all infants
were healthy at birth and during the observation period.

3.2.1 Mepolizumab

A total of three pregnant patients with chronic asthma were
treated with mepolizumab 100 mg every 4 weeks (11, 12). All
patients were exposed to the drug at conception and during the
first trimester (11, 12). Only one patient continued treatment
into the third trimester and during breastfeeding (12). One
pregnancy was voluntarily terminated during the first trimester
due to concerns about drug’s potential unknown effects (11). No
adverse events or pregnancy complications were reported, except
for the voluntary abortion mentioned above (11). The efficacy of
the drug in controlling the disease exhibited considerable
variability. One patient experienced a relapse after discontinuing
the drug in the second trimester (11), while another patient
achieved only partial asthma control, with two relapses during
treatment (12). Two patients had previously received oral GCs
but were not using them at the time of conception. Both patients
who experienced relapses required a short course of oral GCs
(11, 12). No further details on the timing and dosage are of oral
GCs available in the published literature.

3.2.2 Benralizumab

Six pregnant patients, comprising five patients with chronic
asthma (13, 15) and one with HES (14), were treated with
benralizumab 30 mg every 8 weeks. Five patients were exposed to
the drug at conception (13-15), and four continued into the first
trimester (14, 15). Six were exposed to the drug during the
second trimester (13-15). Five patients continued treatment
through the third trimester (14, 15), and three infants were
breastfed while their mothers were receiving benralizumab (15).
Two patients experienced asthma attacks during treatment, but
other risk factors, such as smoking habits and poor adherence to
topical treatment, were also reported (15). No pregnancy
complications occurred. Blood eosinophils were measured in two
infants and were undetectable for several weeks, with no

Frontiers in Lupus 04

observed developmental or immune system issues (14, 15). Five
patients had previously received oral GCs (13-15). Only one
patient was using GCs when starting benralizumab and was able
to reduce the dosage during the pregnancy (13).

3.2.3 Dupilumab

A total of 88 pregnant patients were identified, including 84
patients with AD (16-19, 21-23, 25, 27, 28, 30-32) and four
with pemphigoid gestationis (PG) (20, 24, 26, 29) treated with
dupilumab. Among these, 74 out of 84 patients with AD (17-19,
21-23, 25, 27, 28, 30-32) were exposed to the drug at
conception, while none of the patients with PG were exposed at
conception. In the first trimester, 74 patients continued treatment
(17-19, 21-23, 25, 27, 28, 31, 32), decreasing to 30 in the second
trimester (17-19, 21-23, 25, 27-31) and 31 in the third trimester
(16-18, 20-31). 15 infants were breastfed while their mothers
were on dupilumab (16-18, 25, 28, 31).

Dupilumab generally controlled disease activity, though
one patient (1.1%) with AD experienced a flare during treatment
and shortly after the delivery (16). Additionally, four (4.5%)
patients with AD relapsed after discontinuing dupilumab, with
relapses occurring in both the first (30) and third trimesters
(19, 22, 30). All patients with PG achieved disease control and
remission (20, 24, 26, 29).

Pregnancy complications were reported, including three cases
of gestational diabetes (16, 19, 32), two cases of oligohydramnios
(32), one case of postpartum hemorrhage (32), five miscarriages
(32) in AD, and one case of premature rupture of membranes in
PG (20). Of the three cases of gestational diabetes, two occurred
in patients receiving GC treatment, and one occurred in a patient
not treated with GC. Additionally, there were 11 preterm births
(20, 25, 26, 32), one infant with respiratory distress and one
infant with pulmonary hypertension (32). Most pregnancy and
neonatal complications occurred in cases where dupilumab was
discontinued before the third trimester. Of the 7 pregnancy
complications, 5 occurred in these cases. Similarly, 9 out of 11
neonatal complications (after excluding 2 cases with missing data

frontiersin.org
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TABLE 3 Demographic and clinical features, timing of biologic exposure, maternal and neonatal outcomes in patients with eosinophil-associated diseases treated with biologic therapies.

‘le 1@ ozueaeq
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640"UISI213UOIY

Author, Disease Age at Age at Previous Biologic Timing of Maternal Pregnancy Neonatal
year disease | pregnancy, y pregnancies and exposure biologic outcomes complications outcomes
onset, y complications before exposure
pregnancy, m
Mepolizumab (n = 4)
Ozden, 2021 SA 20 25 0 1 Conception, 1T Disease remission, 2 No Healthy infant
(11) relapses after drug
discontinuation
requiring GC
SA 30 36 1 Conception, 1T Disease remission - Voluntary abortion
Vittorakis, 2023 SA 16 26 0 4 Conception, 1 T, 2 T, | Partial remission, 2 No Healthy infant by CD
(12) 3 T, breastfeeding relapses requiring GC
Present case EGPA 25 36 1 12 Conception, 1 T, 2T | Disease remission, 1 No Healthy infant by CD, 2
post-partum relapse miscarriages (6th gw)
Benralizumab (n=7)
Saco, 2018 (13) SA - 31 - - Conception, 2T Disease remission, GC - -
reduction
Manetz, 2021 HES 22 36 - - Conception, 1T, 2 T, | Disease remission No Healthy infant by CD,
(14) 3T Eosinophil depletion for 7
months
Naftel, 2023 SA with CRS 27 29 3,1 GD 24 Conception, 1 T, 2 T, | Disease remission No Healthy infant by CD,
(15) 3 T, breastfeeding Eosinophil depletion for 7
weeks
SA with CRS 10 29 4, 1 abortion 1 Conception, 1T, 2 T, | Partial remission, 2 No Healthy infant
3T, relapses
breastfeeding
SA with CRS Lifelong history 23 0 12 Conception, 1 T, 2 T, | Partial remission, 4 No Healthy infant
3T relapses
SA with CRS 22 27 3, - 2T,3T, Disease remission No Healthy infant by CD
1 abortion breastfeeding
Present case EGPA 31 34 1 24 Conception, 1T Partial remission, 1 post- GD Healthy infant by CD,
partum relapse requiring 1 miscarriage (7th gw)
GC
Dupilumab (n = 88)
Mian, 2020 (16) AD Lifelong history 28 2 - 3 T, breastfeeding Partial remission, 1 GD Healthy infant
post-partum relapse, GC
discontinuation
Kage, 2020 (17) | AD with allergic | Lifelong history 35 0 8 Conception, 1T, 3 T, | Disease remission No Healthy infant
asthma breastfeeding
Kage, 2021 (18) | AD with allergic | Lifelong history 36 1 24 Conception, 1 T, 2 T, | Disease remission No Healthy infant
asthma 3 T, breastfeeding
Lobo, 2021 (19) | AD with asthma | Lifelong history 36 1 12 Conception, 1 T, 2T | Disease remission, 1 GD Healthy infant
relapse after drug
cessation

(Continued)
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TABLE 3 Continued

Author,
year

Disease

Age at
disease
onset, y

Age at

Previous

pregnancy, y pregnancies and

complications

Biologic
exposure
before

pregnancy,

Timing of
biologic
exposure

Maternal
outcomes

Pregnancy
complications

Neonatal
outcomes

Riquelme- Mc PG - 37 5, 1 abortion, 1 PG - 3T Disease remission Premature rupture of | Healthy preterm infant
Loughlin 2021 membranes (34th gw) by CD
(20)
Gracia-Darder, AD, hyper IgE 10 28 0 10 Conception, 1T, 2 T, | Disease remission No Healthy infant
2022 (21) syndrome, 3T
ulcerative colitis,
asthma
Akhtar, 2022 AD Lifelong history 33 1 12 Conception, 1T, 2 T, | Disease remission, 1 No Healthy infant by CD
(22) 3T relapse during drug
discontinuation
Costley and AD Lifelong history - - Several months Conception, 1T, 2 T, | Disease remission No Healthy infant
Murphy, 2022 3T
(23)
Alvarez PG - 28 - - 3T, up to 6 weeks Disease remission, GC No Healthy infant
Martinez, 2023 postpartum discontinuation
(24
Escola, 2023 AD 30 33 - Before pregnancy (9) | Conception (9), 1 T - No 12 healthy infants, 1 twin
(25) (16-39) (28-41) 9),2T (8),3T (8), preterm (35th gw)
(N=13) breastfeeding (10) pregnancy by CD
Liu, 2023 (26) PG - 28 2, 2 abortions - 3T Disease remission, GC - Healthy preterm infant
reduction (36th gw) by CD
Schoder, 2023 AD - - - - Conception (25), 1T - - -
(27) (25),2T (11),3T
(N=29) (11)
Alvarenga, 2023 AD 0 37 - 36 Conception, 1 T, 2 T, | Disease remission No Healthy infant
(28) 3T, breastfeeding
Chen, 2023 (29) PG - 36 1 PG - 2T, 3T, after Disease remission, GC No Healthy infant
delivery discontinuation
Hong, 2024 AD - 33, 35, 39, 29 - - Conception (3), 2T | Disease remission, 2 No Healthy infants
(30) (3),3T (1) relapses
(N=4)
Di Lernia, 2024 AD Lifelong history 35 0 24 Conception, 1T, 2 T, - No Healthy infant
(31) 3 T, breastfeeding
Avallone, 2024 AD - 30 2 pregnancy loss, 2 adverse 22.5 weeks Conception, 1 T and | Disease remission, 1 GC 1 GD, 1 PPH, 2 Healthy infants, 5
(32) (19-45) events (IQR 3-118) 2T course oligohydramnios miscarriages, 7 prematurity,
(N=29) 1 respiratory distress, 1

pulmonary hypertension

1T, first trimester; 2T, second trimester; 3T, third trimester; AD, atopic dermatitis; CD, cesarean delivery; CRS, chronic rhinosinusitis; EGPA, eosinophilic granulomatosis with polyangiitis; GC, glucocorticoids; GD, gestational diabetes; HES, hypereosinophilic syndrome;

IgE, immunoglobulin E; IUGR, intrauterine growth restriction; PG, pemphigoid gestationis; PPH, post-partum hemorrhage; SA, severe asthma.
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FIGURE 1
Proportion of patients receiving mepolizumab, benralizumab and dupilumab across different stages of pregnancy and lactation.

from a total of 13) were associated with early discontinuation of
dupilumab. Despite these complications, no teratogenic effects
were observed, and all infants were healthy at birth and during
the observation period.

Regarding GCs, 28 out of 30 patients had previously received
GC treatment, while no data on prior GC use were available for
the remaining 58 patients. Of the 28 patients, only five were
undergoing GC therapy at the start of dupilumab treatment
(16, 20, 24, 26, 29). Four of these patients were able to reduce or
discontinue GCs during pregnancy (16, 24, 26, 29). Finally, one
patient who had not previously been treated with GCs required a
short course of GCs to control AD symptoms (32).

3.2.4 Reslizumab, tezepelumab and tralokinumab

There are no published human data on the use of
reslizumab, tezepelumab, or tralokinumab during pregnancy,
making the potential risks to maternal and fetal outcomes
unknown. Animal studies in mice, rabbits, and monkeys
exposed to these drugs at higher doses have shown no
(33-35).
However, the absence of human data leaves the safety of these

evidence of embryo-fetal developmental harm

treatments during pregnancy uncertain.

Frontiers in Lupus

4 Discussion

To the best of our knowledge, the clinical cases described in
this paper are the first published reports of managing EGPA in
pregnancy with benralizumab or mepolizumab. Both patients had
relapsing, refractory EGPA and responded well to biologic
therapy, without the wuse of oral glucocorticoids during
pregnancy. There were no adverse events or relapses, although
the treatments were stopped in the third trimester. Both
pregnancies ended in cesarean sections with healthy neonates.
While both patients experienced miscarriages during treatment, a
direct link to the biologics could not be established due to the
presence of additional risk factors such as advanced maternal age
and autoimmune diseases. Moreover, in the patient treated with
benralizumab, the complication of gestational diabetes was
associated with other risk factors, such as maternal age and
overweight. In both of our patients, other potential predictors of
miscarriage were excluded.

The patients presented in this paper underscore the challenges
of managing pregnancy in patients with EGPA and eosinophil-
associated diseases. A major concern is the limited availability of
safe medications during this period. Most immunosuppressive
drugs, except azathioprine and cyclosporine, are contraindicated
(36). Additionally,

during pregnancy glucocorticoids, a
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cornerstone of treatment for eosinophil-mediated diseases, carry
gestational risks, including gestational diabetes, stillbirth, preterm
birth, low birth weight, and cesarean delivery (37). Optimizing
medical management for these patients is crucial, but current
data and guidelines are insufficient for routine clinical practice.

The widespread use of monoclonal antibodies targeting type 2
inflammation in eosinophil-associated conditions raises concerns
about their safety during pregnancy, given the limited data
available. Pregnant or breastfeeding women, or those planning
conception, are typically excluded from clinical trials, leaving
safety assessments reliant on case reports, animal studies, small
retrospective studies, or pregnancy registries, which may be
biased and lack consistent medication adherence.

Current literature indicates that many patients discontinue
monoclonal antibody therapy in the third trimester due to
concerns about transplacental transfer and persistence in breast
milk. Immunoglobulins are transported across the placenta in a
linear fashion as pregnancy progresses (38), aligning with the
development of the fetal Fc receptor for immunoglobulin G
(IgG) (39-41). While IgG can be transferred through breast milk,
its secretion and absorption are limited to the first few days of
life and in preterm infants with immature gastrointestinal tracts
(42, 43). Preclinical studies indicate that benralizumab and
mepolizumab cross the placenta in the third trimester, with
mepolizumab present in breast milk at less than 0.5% of
maternal serum concentration (44).

No adverse fetal effects have been observed with any of the
treatments. In cases where benralizumab and mepolizumab were
continued throughout pregnancy, no complications were
reported, and full-term healthy infants were delivered. The
absence of eosinophils in two infants exposed to benralizumab
until birth was not linked to developmental or immune issues,
although long-term effects remain unclear (14, 15). Eosinophil
suppression in mice also shows no associated developmental
problems (45). Data on dupilumab suggests that complications
mainly occur when the drug is discontinued before the third
trimester, though most infants were born healthy. Additionally,
there are concerns that inhibiting IL-13, which promotes mucus-
secreting goblet cell proliferation, might impact fetal conjunctival
development (27, 46-48), particularly before the third trimester
when these cells mature (49, 50). However, no infants exposed to

dupilumab exhibited any eye-related developmental issues.
Moreover, aside from a single reported case of benralizumab-
induced eosinophil depletion in an infant, no safety concerns
have been identified in breastfed infants. Overall, the available
data suggest that biologics are unlikely to have a significant
impact on pregnancy or fetal outcomes. However, it is crucial to
highlight that data on long-term risks and the potential effects of
these drugs on fetal and neonatal development remain uncertain,
as follow-up was not reported in many cases.

During pregnancy, the immune system shifts from cell-mediated
immunity (type 1 inflammation) to humoral immunity (type 2
inflammation) to maintain immunotolerance and prevent fetal
rejection (51). However, this immunological shift can also trigger,
exacerbate, or worsen underlying autoimmune or eosinophilic

conditions. Some observational studies have explored the outcomes
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of patients affected with systemic vasculitis during pregnancy (36,

), with reports of EGPA onset, miscarriage or vasculitis flare,
particularly in the first and second trimesters and postpartum (6, 46,

). Active EGPA is associated with a range of pregnancy
complications, including preeclampsia (rare), fetal loss (10%-15%),
therapeutic abortion (5%-10%), preterm deliveries (10%-40%),
cesarean deliveries (15%-40%), intrauterine growth restriction (10%-
25%) and low birth weight infants (10%-30%) (7, 46). Asthma
attacks and AD flares also tend to increase during pregnancy (48,

). Uncontrolled asthma is linked to adverse pregnancy outcomes,
including gestational hypertension, diabetes, preeclampsia, premature
rupture of membranes, ante- or postpartum hemorrhage, as well as
neonatal complications like preterm birth, low birth weight, neonatal
death, and congenital malformations (53, 54). Premature rupture of
membranes and preterm labor are also complications associated with
PG (55), while gestational diabetes is common, particularly with
comorbidities and advanced maternal age (56). Although AD itself is
not a direct risk factor for adverse pregnancy outcomes, uncontrolled
AD can lead to complications like eczema herpeticum, bacterial
infections, and reduced quality of life (57-59). In the literature,
relapses of asthma and AD have been reported in both treated
patients, with some confounding factors as mentioned above, and in
untreated patients, particularly after the discontinuation of biologics.
However, the use of glucocorticoids during pregnancy, known to
carry risks for both mother and infant, has significantly decreased
with the introduction of biologics, leading to improved management
of the underlying disease.

These data underscore the ongoing risk of disease relapse after
biologics  discontinuation or following delivery due to
immunological shifts. Consequently, uncontrolled disease during
pregnancy significantly threatens pregnancy viability, while the use
of monoclonal antibodies effectively manages maternal disease,
reduces glucocorticoid use, and helps prevent complications. Given
that, the 2020 European Respiratory Society/Thoracic Society of
Australia and New Zealand (ERS/TSANZ) consider omalizumab
probably safe, while mepolizumab, benralizumab, reslizumab, and
dupilumab possibly acceptable if conventional therapies fail (60).

We must acknowledge several limitations, primarily related to
data heterogeneity, incomplete reporting of maternal and infant
outcomes, and the lack of a control group. Additionally, safety
information for benralizumab, mepolizumab, and dupilumab in
EGPA patients must be inferred from studies in other conditions,
thus preventing definitive conclusions. Moreover, the conclusions
of this study are constrained by the unavailability of some key
predictors, such as maternal age, underlying medical conditions,
comorbidities and concomitant drug treatments, which were not
reported in the analyzed papers.

In conclusion, our cases, along with the literature review, are
encouraging and suggest favorable outcome for monoclonal
antibodies targeting type 2 inflammation during pregnancy and
breastfeeding. However, more data are needed to establish risks
and benefits. These preliminary results can help prevent adverse
outcomes that may arise when effective biologic therapy is
discontinued due to uncertainty about the medication’s effects
during pregnancy. They may also aid in the risk-benefit
assessment, supporting the decision to continue therapy in
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patients who become pregnant unintentionally, based on their
individual risk profiles.

Currently, observational studies and industry-sponsored
registries evaluating pregnancy outcomes are accumulating
evidence for dupilumab in AD and asthma (61-64),

mepolizumab in asthma (65, 66) and benralizumab in asthma
(67). Although no specific registries exist for monoclonal
antibodies in EGPA, the Vasculitis Pregnancy Registry (VPREG)
covers all vasculitides (68). Longitudinal studies with adequate
follow-up and comparison cohorts are necessary due to the
limited number of current cases.
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