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Safety of biologics for atopic diseases during pregnancy
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Abstract

The high prevalence of atopic diseases in women of childbearing age reveals the need to
determine the safety of biologics during pregnancy. This review summarizes the effects of seven
FDA-approved biologics (omalizumab, mepolizumab, reslizumab, benralizumab, dupilumab,
tezepelumab, and tralokinumab) on maternal and fetal outcomes. For this purpose, we reviewed
English-language publications to investigate whether the use of biologics for atopic diseases
during pregnancy increased the risk of preterm delivery, stillbirth, low birth weight, or congenital
malformations. Most publications found were case reports, case series, or observational studies
reporting outcomes in a total of 313 pregnancies. No randomized controlled studies were
identified. We found that biologics do not seem to influence maternal or fetal outcomes. Indeed,
worsening of the underlying atopic disease during pregnancy appears to be more detrimental to
the viability of the pregnancy. Given the small sample size and scarcity of studies, future research
should include prospective studies with comparable control groups without exposure to biologics
and multicenter registries for long-term follow-up.
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Introduction

Atopic diseases are highly prevalent in women of childbearing age, affecting up to 30%
of women in this age group (1). New onset or worsening of preexisting atopic diseases
may occur during pregnancy, which can be detrimental to the viability of the pregnancy.
Therefore, optimizing the medical treatment of atopic diseases is imperative for favorable
pregnancy outcomes.
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Several studies have linked poorly controlled asthma with unfavorable pregnancy outcomes.
For instance, a meta-analysis published in 2011 summarized the literature between 1975
and 2009 concerning the risks of adverse maternal and fetal outcomes in women with
asthma. This study revealed that maternal asthma was associated with an increased risk

of low birth weight, small size for gestational age, preterm delivery, and preeclampsia.

This same study demonstrated that active asthma management reduced the relative risk of
preterm labor and delivery to non-significant levels (2). Another meta-analysis published

in 2013 showed that maternal asthma was associated with a significantly increased risk of
congenital malformations, cleft lip with or without cleft palate, neonatal death, and neonatal
hospitalization (3). As such, these studies indicate that the benefit of active treatment

to maintain asthma control and prevent exacerbations outweighs the potential risks of
medications. The effects of other atopic diseases on maternal or fetal outcomes are less
known.

Biologics have revolutionized the management of atopic diseases, with more patients
achieving remission from active disease. Biologics are considered when conventional
treatments are poorly tolerated or ineffective. Biologics were first approved for asthma,
followed by chronic urticaria, atopic dermatitis, eosinophilic granulomatosis with
polyangiitis (EGPA), chronic rhinosinusitis with nasal polyps, and hypereosinophilic
syndrome (HES). There are currently seven biologics approved for atopic diseases,
including omalizumab, mepolizumab, reslizumab, benralizumab, dupilumab, tezepelumab,
and tralokinumab. Notably, the randomized clinical trials (RCT) that served as the basis for
the United States (US) Food and Drug Administration (FDA) approvals of these medications
commonly excluded pregnant women. Thus, the applicability of data regarding the safety
and efficacy of these biologics when used in pregnant women is largely unknown.

In this article, we reviewed the available English-language literature to investigate if the
use of biologics during pregnancy increases the risk of preterm delivery, stillbirth, low birth
weight, or congenital malformations. The articles included in our review are summarized in
Table 1.

Omalizumab

Omalizumab is a monoclonal humanized IgG1 antibody that binds to IgE heavy chain and
prevents its binding to receptors on mast cells and basophils, which dampens the release

of proinflammatory mediators and blunts the downstream allergic response (4). Like other
IgG molecules, omalizumab crosses the placenta during the second and third trimesters (5).
Omalizumab was first approved by the FDA for severe asthma in 2003, followed by chronic
idiopathic urticaria in 2014.

In 2019, the European Public Assessment Report (EPAR) and the European Medicines
Agency (EMA) stated that omalizumab could be considered for asthma treatment during
pregnancy. The currently published consensus does not recommend the initiation of
omalizumab during pregnancy. However, if a woman becomes pregnant while receiving
omalizumab, it is suggested that therapy can be continued if the benefits are estimated to
outweigh the potential harms (6).
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To our awareness, there are no published RCT involving omalizumab use during pregnancy.
Clinical data for the safety of omalizumab during pregnancy in women with atopic disease
mainly involve case reports, case series, and one pregnancy registry. In a reproduction study,
no evidence of fetal harm was observed in cynomolgus monkeys with a subcutaneous dose
of omalizumab up to five times the maximum recommended human dose (7).

Omalizumab and asthma

The Observational Study of the Use and Safety of Xolair (omalizumab) during Pregnancy
(EXPECT), conducted in the US from 2006 to 2018, is the largest prospective study on this
subject. It reported outcomes in 230 pregnant women with asthma exposed to omalizumab
eight weeks prior to or anytime during pregnancy. This study identified a congenital
anomaly rate of 8.1%, a live birth rate of 99.1%, a stillbirth rate of 0.9%, and a preterm
delivery rate of 15.0% in this cohort. Registry findings were compared to the age-adjusted
disease-matched cohort of 1,153 pregnant women with asthma and without exposure to
omalizumab, called the Quebec External Comparator Cohort (QECC). This comparison
revealed that the rate of live births and the prevalence of major congenital malformation
were similar to that of the EXPECT sub-cohort. There was an increased rate of low birth
weight in infants among patients who had received omalizumab (13.7% in EXPECT versus
9.8% in QECC). However, 64.9% of women in the EXPECT sub-cohort had severe asthma
compared to 21.2% in QECC, which makes it difficult to establish whether the low birth
weight was due to drug exposure or disease severity (8, 9). It is worth mentioning that, in the
US general population, the estimated background risk of birth defects is approximately 3%,
stillbirth 0.625%, preterm birth 10.1%, and low birth weight 8.24% (10, 11).

A case study from Turkey analyzed the data from 20 women with a history of asthma who
were exposed to omalizumab pre-conception or during pregnancy. These 20 women were
retrospectively evaluated using a questionnaire regarding their disease and therapy and the
health of their infants. One patient gave birth to twins, two patients to two infants each in
different years, and 17 to one infant each. Three infants (13%) had low birth weight, and
five infants (21.7%) were born prematurely. No congenital anomalies were detected. Seven
(30.4%) infants developed atopic diseases (12).

Furthermore, we reviewed five case reports describing the outcomes of six women who
had a history of severe asthma that improved on omalizumab therapy. All of them were
exposed to omalizumab during the first trimester or throughout pregnancy. Importantly, all
pregnancies led to live births. No congenital abnormalities were observed. There were two
premature births, and one infant had low birth weight (13-17). These findings were not
unexpected given their asthma severity before initiation of omalizumab therapy.

Omalizumab and chronic urticaria

A descriptive analysis from the EXPECT registry on pregnancy and infant outcomes in
women with chronic spontaneous urticaria treated with omalizumab was recently presented
at the 2021 American Academy of Allergy, Asthma & Immunology (AAAAI) annual
meeting. This analysis revealed that there were 37 patients enrolled in the registry who

had a diagnosis other than asthma. Of the 37 patients, 30 had a diagnosis of chronic
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idiopathic urticaria (CIU). All 30 patients were exposed to omalizumab at least during
the first trimester. The analysis identified a spontaneous abortion rate of 3%, premature
birth rate of 13%, and major congenital anomalies rate of 7%. Overall, the results were
comparable to that of patients with asthma in EXPECT (18).

Additionally, we reviewed six case reports and one case series describing the outcomes

in twelve pregnant women who used omalizumab for chronic refractory urticaria. All
twelve women were exposed to omalizumab during the first trimester of pregnancy. Two

of the twelve women discontinued therapy for fear of potential fetal harm. However,

one of the two patients experienced a severe disease exacerbation, which prompted the
resumption of omalizumab. Two women conceived twice during omalizumab therapy. All
pregnancies showed a normal progression and delivered live, normal-weight infants at term.
No congenital abnormalities were reported (19-24). Five of the 14 children were followed
and remained developmentally normal (21, 23, 24).

Mepolizumab

Mepolizumab is a humanized IgG1 monoclonal antibody that inhibits the interleukin-5
(IL-5) by blocking its binding to the IL-5 receptor expressed on eosinophils, thereby
reducing the production and survival of eosinophils (25). Mepolizumab was first approved
by the FDA in 2015 as an add-on therapy for severe asthma. It was subsequently approved
for eosinophilic granulomatosis with polyangiitis (EGPA) in 2017 and for hypereosinophilic
syndrome (HES) in 2020. There are no published RCT on pregnancy exposure to
mepolizumab. There is one ongoing pregnancy exposure registry on mepolizumab, which

is estimated to be completed in 2023 (26). A prenatal and postnatal developmental study
conducted in cynomolgus monkeys showed no evidence of fetal harm with intravenous (1V)
mepolizumab at doses nine times the maximum recommended human dose (27).

We reviewed a case study that reported outcomes in two women who became pregnant
while on mepolizumab therapy for severe asthma. Both women conceived after two doses of
mepolizumab. One woman decided to terminate the pregnancy due to the unknown effects
of mepolizumab on pregnancy. The other woman decided to hold mepolizumab therapy

and continue with her pregnancy. She delivered a healthy child at term without congenital
abnormalities (28).

Benralizumab

Benralizumab is a humanized 1gG1 monoclonal antibody that inhibits IL-5. By blocking
IL-5 activity, it reduces the production and activation of eosinophils, which are one of

the primary mediators of inflammation in allergic asthma and nonallergic forms of asthma
with prominent eosinophilia (29). Benralizumab was approved by the FDA in 2017 for

the treatment of severe asthma. There are no published RCT on pregnancy exposure to
benralizumab. An ongoing benralizumab pregnancy exposure study is in the recruitment
phase and is expected to be completed in 2026 (30). Animal developmental studies did not
show evidence of fetal harm when cynomolgus monkeys received IV benralizumab at a dose
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310 times the maximum recommended human dose. Eosinophil counts were suppressed in
infant monkeys with subsequent gradual recovery (31).

We reviewed two case reports regarding the pregnancy outcomes in two women

exposed to benralizumab during pregnancy. The first woman was on benralizumab for
hypereosinophilic syndrome and severe eosinophilic gastrointestinal involvement. The
patient delivered a healthy, normal-weight girl at 38 weeks. Post-delivery, the newborn’s
eosinophil counts were undetectable for seven months. The one-year follow-up revealed
normal growth and development without any sick visits or atopic disorders (32). The
second woman was on benralizumab for severe eosinophilic asthma. She discontinued
the benralizumab when she conceived; however, she resumed benralizumab therapy at
20 weeks’ gestation due to severe exacerbations. The authors reported improvement in
asthma control, eosinophilia, and lower extremity edema with limited fetal complications.
No further information on fetal outcomes was provided (33).

Reslizumab

Reslizumab is a humanized monoclonal antibody (IgG4), which blocks IL-5 signaling,
thereby reducing the production and survival of eosinophils and downstream eosinophilic-
driven inflammation (34). Reslizumab was approved by the FDA in 2016 as an add-on
maintenance therapy for severe asthma with an eosinophilic phenotype. To our knowledge,
there are no published human data during pregnancy, and therefore, the potential risks on
maternal and fetal outcomes are unknown in humans. Reproductive studies in pregnant
mice and rabbits exposed to 1V reslizumab at six times and seventeen times the

maximum recommended human dose, respectively, did not show evidence of embryo-fetal
developmental effects (35).

Dupilumab

Dupilumab is a monoclonal humanized 1gG4 antibody which binds to the interleukin-4
receptor alpha subunit (IL-4Ra). IL-4Ra is also part of the IL-13 receptor. Thus,
dupilumab blocks the effects of 1L-4 and IL-13, both known mediators of atopic dermatitis
(36). Dupilumab was first approved by the FDA for eczema or atopic dermatitis in

2017. Subsequently, FDA approved dupilumab for the treatment of moderate-to-severe
eosinophilic asthma in 2018 and inadequately controlled chronic rhinosinusitis with nasal
polyps in 2019. There are no published RCT regarding dupilumab exposure during
pregnancy. There are currently two observational studies aiming to evaluate pregnancy
outcomes after dupilumab use. These studies are currently in the recruitment phase and
are estimated to be completed in 2026 and 2027, respectively (37, 38). In an enhanced
prenatal and postnatal developmental study, no adverse developmental effects were observed
in offspring born to pregnant monkeys after subcutaneous dupilumab at doses up to ten
times the maximum recommended human dose(39).

We reviewed seven case reports evaluating the consequences in seven women and their
offspring who were exposed to dupilumab during pregnancy. Six women were on dupilumab
for atopic dermatitis, while one received this biologic for the treatment of pemphigoid
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gestationis. All seven pregnancies led to live births. There was one premature birth, while
another infant had low birth weight (40-47). Furthermore, data presented in a different case
series suggested that paternal use of dupilumab does not impact male fertility and fetal
outcomes (48).

Tezepelumab

Tezepelumab is a humanized IgG2 monoclonal antibody that inhibits the action of thymic
stromal lymphopoietin, an epithelial cell-derived cytokine involved in the pathogenesis of
asthma (49). Tezepelumab received its first approval by the FDA in December 2021 as

an add-on therapy for severe asthma. There are no available published human data on
tezepelumab exposure during pregnancy to evaluate any drug-associated risk of adverse
maternal and fetal outcomes. In an animal developmental study in cynomolgus monkeys,
placental transport of tezepelumab was observed, but there was no evidence of fetal harm
following IV administration of tezepelumab throughout pregnancy (50).

Tralokinumab

Tralokinumab is a humanized 1gG4 monoclonal antibody, which binds to and neutralizes
the effect of IL-13, thereby preventing its interaction with IL-13 receptors and subsequent
downstream signaling (51). Tralokinumab was first approved by the FDA in December 2021
for moderate to severe atopic dermatitis. Additional studies are needed to determine the
effects of tralokinumab on pregnancy and fetal outcomes. In an enhanced developmental
study, the administration of IV tralokinumab to pregnant monkeys did not result in adverse
developmental effects in their offspring (52).

Discussion

In summary, we reviewed 25 non-randomized studies (2 cohort studies and 23 case reports/
series). Our search did not reveal randomized controlled trials involving biologics for atopic
diseases during pregnancy. In total, all publications reported 313 exposures to biologics
prior to/at conception or during pregnancy. Among the 313 pregnancies, 311 were maternal
exposure, while 2 were paternal exposures. Medical indications for biologic exposure

were asthma, chronic urticaria, atopic dermatitis, eosinophilic granulomatosis polyangiitis,
hypereosinophilic syndrome, and pemphigoid gestationis.

This review suggests that women who inadvertently become pregnant while taking biologics
can be reassured that continuing these therapies does not appear to impose an increased

risk to themselves or their children. However, it is important to note that among the 313
pregnancies reviewed, 298 describe the outcomes after exposure to omalizumab. Among

the remaining 15 pregnancies, 11 were exposed to dupilumab, 3 to mepolizumab, and 1 to
benralizumab. There were no published human pregnancy data on reslizumab, tezepelumab,
or tralokinumab. Therefore, there is insufficient data for most biologics to make a firm
conclusion about drug-associated risks. We should also keep in mind that biologics are
more commonly used in patients with severe disease activity, which might influence
pregnancy outcomes, especially if patients are not compared with pregnant women with
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a similar degree of disease severity treated without biologics. Therefore, in these instances,
it may become difficult to establish whether maternal or fetal abnormalities are due to

the medication or the severity of the underlying disease. Finally, many reports lacked
information on maternal age, disease activity, birth weights, co-morbidities, or concomitant
medications.

Importantly, this review revealed that one woman decided to terminate her pregnancy after
biologic exposure and several women stopped effective biologic therapy due to unknown
effects of medication on their pregnancies. Unfortunate outcomes like these suggest the
strong need for future research. Future studies assessing these maternal and fetal outcomes
should be prospective and include comparable women with similar disease severity but
without exposure as a control group to draw a firm conclusion. Furthermore, the long-term
implications of fetal exposure to biologics in the uterus should be conducted, especially to
elucidate the risk of therapy on the neonatal immune system.

Due to the practical and ethical challenges of interventional studies in this patient group,

we emphasize the importance of specialists publishing any cases that become available.

As more biologics are approved for the management of atopic diseases, we encourage
allergists and other specialists to enroll their pregnant patients with exposure to these
medications in the ongoing national or international registries. These include registries for
mepolizumab (https://mothertobaby.org/ongoing-study/nucala-mepolizumab/), benralizumab
(https://mothertobaby.org/ongoing-study/fasenra-benralizumab/). and dupilumab (https://
mothertobaby.org/ongoing-study/dupixent-dupilumab%e2%80%8e/).
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EXPECT Observational Study of the Use and Safety of Xolair (omalizumab)

during Pregnancy

QECC Quebec External Comparator Cohort

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2023 December 01.


https://mothertobaby.org/ongoing-study/nucala-mepolizumab/
https://mothertobaby.org/ongoing-study/fasenra-benralizumab/
https://mothertobaby.org/ongoing-study/dupixent-dupilumab%e2%80%8e/
https://mothertobaby.org/ongoing-study/dupixent-dupilumab%e2%80%8e/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shakuntulla and Chiarella Page 8

References
1

10

11.
12.

13

14.

15.

16.

17.

18.

19.

20.

. Pfaller B, Bendien S, Ditisheim A, Eiwegger T. Management of allergic diseases in pregnancy.

Allergy. 2021.

. Murphy V, Namazy J, Powell H, Schatz M, Chambers C, Attia J, et al. A meta-analysis of

adverse perinatal outcomes in women with asthma. BJOG: An International Journal of Obstetrics &
Gynaecology. 2011; 118(11):1314-23. [PubMed: 21749633]

. Murphy VE, Wang G, Namazy JA, Powell H, Gibson PG, Chambers C, et al. The risk of congenital

malformations, perinatal mortality and neonatal hospitalisation among pregnant women with
asthma: a systematic review and meta-analysis. Bjog. 2013;120(7):812-22. [PubMed: 23530780]

. Lowe PJ, Tannenbaum S, Gautier A, Jimenez P. Relationship between omalizumab

pharmacokinetics, IgE pharmacodynamics and symptoms in patients with severe persistent allergic
(IgE-mediated) asthma. Br J Clin Pharmacol. 2009;68(1):61-76. [PubMed: 19660004]

. Saito J, Yakuwa N, Sandaiji N, Uno C, Yagishita S, Suzuki T, et al. Omalizumab concentrations in

pregnancy and lactation: A case study. J Allergy Clin Immunol Pract. 2020;8(10):3603-4. [PubMed:
32544544]

. Asthma Gio. Global strategy for asthma management and prevention. 2022.
. data Fa. Omalizumab full prescribing information/FDA access data.
. Namazy J, Cabana MD, Scheuerle AE, Thorp JM Jr., Chen H, Carrigan G, et al. The Xolair

Pregnancy Registry (EXPECT): the safety of omalizumab use during pregnancy. J Allergy Clin
Immunol. 2015;135(2):407-12. [PubMed: 25441639]

. Namazy JA, Blais L, Andrews EB, Scheuerle AE, Cabana MD, Thorp JM, et al. Pregnancy

outcomes in the omalizumab pregnancy registry and a disease-matched comparator cohort. J
Allergy Clin Immunol. 2020;145(2):528-36 el. [PubMed: 31145939]

. report C. Birth Defects/Data and statistics/CDC reports.
report C. Rate of low birth weight and preterm birth rate in U.S/CDC report.

Gemicioglu B, Yalgin AD, Havlucu Y, Karakaya G, Ozdemir L, Keren M, et al. Country-based
report: the safety of omalizumab treatment in pregnant patients with asthma. Turk J Med Sci.
2021;51(5):2516-23. [PubMed: 34174791]

. Kuprys-Lipinska I, Tworek D, Kuna P. Omalizumab in pregnant women treated due to

severe asthma: two case reports of good outcomes of pregnancies. Postepy Dermatol Alergol.
2014;31(2):104-7. [PubMed: 25097476]

Hirashima J, Hojo M, likura M, Hiraishi Y, Nakamichi S, Sugiyama H, et al. [A case of an

asthma patient receiving omalizumab during pregnancy], Arerugi. 2012;61(1l):1683-7. [PubMed:
23328225]

Kuschnir F, Emerson F, Cordeiro N, Rocha MV, Filho SL, Rios JL. 273 Fetal Loss in Severe
Asthma and Posterior Healthy Pregnancy and Birth with the Use of Omalizumab—Case Report.
The World Allergy Organization Journal. 2012;5(Suppl 2):S106-S.

Cortese S, Di Lizia M, Di Bartolo M, Cavallucci E, Di Tommaso L, Malandra A, et al.
Omalizumab and pregnancy: a case report: 974. Allergy: European Journal of Allergy and Clinical
Immunology. 2013;68:364-5.

Majou D, Moreira B, Martin C, Chhun S, Treluyer JM, Tsatsaris V, et al. Safety of Omalizumab
During Pregnancy and Breast-Feeding With Assessment of Placental Transfer: A Case Report.
Allergy Asthmalmmunol Res. 2021;13(3):515-6.

Namazy J. Pregnancy and infant outcomes among pregnant women with Chronic Spontaneous
Urticaria (CSU) treated with omalizumab: a descriptive analysis from the EXPECT pregnancy
registry. 2021.

Cuervo-Pardo L, Barcena-Blanch M, Radojicic C. Omalizumab use during pregnancy for CIU: a
tertiary care experience. Eur Ann Allergy Clin Immunol. 2016;48(4):145-6. [PubMed: 27425170]
Liao SL, Yu M, Zhao ZT, Maurer M. Case Report: Omalizumab for Chronic Spontaneous Urticaria
in Pregnancy. Front Immunol. 2021;12:652973. [PubMed: 33796115]

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2023 December 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Shakuntulla and Chiarella

21.

22.

23.

24.

25.

26.

217.
28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.
40.

Page 9

Losappio LM, Mirone C, Schroeder JW, Scibilia J, Balossi L, Pastorello EA. Omalizumab Use in
Chronic Spontaneous Urticaria during Pregnancy and a Four Years' Follow-Up: A Case Report.
Case Rep Dermatol. 2020;12(3):174—7. [PubMed: 33173477]

Ensina LF, Cusato-Ensina AP, Camelo-Nunes IC, Solé D. Omalizumab as Third-Line Therapy for
Urticaria During Pregnancy. J Investig Allergol Clin Immunol. 2017;27(5):326-7.

Ghazanfar MN, Thomsen SF. Successful and Safe Treatment of Chronic Spontaneous
Urticaria with Omalizumab in a Woman during Two Consecutive Pregnancies. Case Rep Med.
2015;2015:368053. [PubMed: 25705229]

Gonzalez-Medina M, Curto-Barredo L, Labrador-Horrillo M, Gimenez-Arnau A. Omalizumab

use during pregnancy for chronic spontaneous urticaria (CSU): report of two cases. J Eur Acad
Dermatol Venereol. 2017;31(5):e245—€6. [PubMed: 27868240]

Smith DA, Minthorn EA, Beerahee M. Pharmacokinetics and pharmacodynamics of mepolizumab,
an anti-interleukin-5 monoclonal antibody. Clin Pharmacokinet. 2011;50(4):215-27. [PubMed:
21348536]

Administration USFaD. The Mepolizumab Pregnancy Exposure Registry: OTIS Vaccines and
Medications in Pregnancy Surveillance Study (VAMPSS) [Available from: https://www.fda.gov/
science-research/womens-health-research/list-pregnancy-exposure-registries.

accessdata FDA. Mepolizumab full prescribing information/FDA access data.

Ozden G, Pinar Deniz P. May mepolizumab used in asthma correct subfertility? Ann Med.
2021;53(1):456-8. [PubMed: 33739210]

Matera MG, Calzetta L, Rinaldi B, Cazzola M. Pharmacokinetic/pharmacodynamic drug
evaluation of benralizumab for the treatment of asthma. Expert Opin Drug Metab Toxicol. 2017;
13 (9):1007-13. [PubMed: 28737051]

ClinicalTrial.gov. The Benralizumab Pregnancy Exposure Study: A

VAMPSS Post Marketing Surveillance Study Unites states: ClinicalTrial.gov;

2019 [cited 2022. Available from: https://clinicaltrials.gov/ct2/show/NCT03794999?
cond=benralizumab+AND+pregnancy&draw=2&rank=1#armgroup.

accessdata FDA. Benralizumab full prescribing information/FDA access data.

Manetz S, Marie I, Brown T, Kuang FL, Wetzler L, Battisto E, et al. Successful pregnancy in the
setting of eosinophil depletion by benralizumab. J Allergy Clin Immunol Pract. 2021;9(3):1405-
7.e3. [PubMed: 33316460]

Saco T, Tabatabaian F. BREATHING FOR TWO: A CASE OF SEVERE EOSINOPHILIC
ASTHMA DURING PREGNANCY TREATED WITH BENRALIZUMAB. Annals of Allergy,
Asthma & Immunology. 2018;121(5):S92.

Matera MG, Calzetta L, Rogliani P, Cazzola M. Monoclonal antibodies for severe asthma:
Pharmacokinetic profiles. Respir Med. 2019;153:3-13. [PubMed: 31136930]

Horn S, Pisano M. Reslizumab (Cingair): An Interleukin-5 Antagonist for Severe Asthma of the
Eosinophilic Phenotype. P T. 2017;42(9):564-8. [PubMed: 28890642]

Heilskov S, Deleuran MS, Vestergaard C. Immunosuppressive and Immunomodulating Therapy for
Atopic Dermatitis in Pregnancy: An Appraisal of the Literature. Dermatol Ther (Heidelb). 2020;
10(6):1215-28. [PubMed: 33140290]

ClinicalTrial.gov. Post-Authorization Safety Study to Monitor Pregnancy and Infant

Outcomes Following Administration of Dupilumab During Planned or Unexpected Pregnancy

in North America 2018 [Available from: https://clinicaltrials.gov/ct2/show/NCT04173442?
cond=dupilumab+AND+pregnancy&draw=2&rank=1.

ClinicalTrial.gov. Dupilumab and Pregnancy Outcomes: A Retrospective Cohort Study

Using Administrative Healthcare Databases (Dupi PODS) 2019 [Available from: https://
clinicaltrials.gov/ct2/show/NCT03936335?cond=dupilumab+AND+pregnancy&draw=2&rank=2.
accessdata FDA. Dupilumab full prescribing information/FDA access data.

Lobo Y, Lee RC, Spelman L. Atopic Dermatitis Treated Safely with Dupilumab during Pregnancy:
A Case Report and Review of the Literature. Case Rep Dermatol. 2021;13(2):248-56. [PubMed:
34177514]

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2023 December 01.


https://www.fda.gov/science-research/womens-health-research/list-pregnancy-exposure-registries
https://www.fda.gov/science-research/womens-health-research/list-pregnancy-exposure-registries
http://ClinicalTrial.gov
http://ClinicalTrial.gov
https://clinicaltrials.gov/ct2/show/NCT03794999?cond=benralizumab+AND+pregnancy&draw=2&rank=1#armgroup
https://clinicaltrials.gov/ct2/show/NCT03794999?cond=benralizumab+AND+pregnancy&draw=2&rank=1#armgroup
http://ClinicalTrial.gov
https://clinicaltrials.gov/ct2/show/NCT04173442?cond=dupilumab+AND+pregnancy&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04173442?cond=dupilumab+AND+pregnancy&draw=2&rank=1
http://ClinicalTrial.gov
https://clinicaltrials.gov/ct2/show/NCT03936335?cond=dupilumab+AND+pregnancy&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT03936335?cond=dupilumab+AND+pregnancy&draw=2&rank=2

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shakuntulla and Chiarella

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.
5L

52.

Page 10

Kage P, Simon JC, Treudler R. A case of atopic eczema treated safely with dupilumab

during pregnancy and lactation. J Eur Acad Dermatol Venereol. 2020;34(6):e256—7. [PubMed:
31990389]

Kage P, Simon JC, Treudler R. Case of atopic eczema treated with dupilumab throughout
conception, pregnancy, and lactation. J Dermatol. 2021;48(10):E484—e5. [PubMed: 34342905]
Mian M, Dunlap R, Simpson E. Dupilumab for the treatment of severe atopic dermatitis in a
pregnant patient: A case report. JAAD Case Rep. 2020;6(10):1051-2. [PubMed: 32995444]
Gracia-Darder I, Pons De Ves J, Reyero Cortina M, Martin-Santiago A. Patient with atopic
dermatitis, hyper IgE syndrome and ulcerative colitis, treated successfully with dupilumab during
pregnancy. Dermatol Ther. 2021:15237. [PubMed: 34850510]

Costley M, Murphy B. Successful treatment of a pregnant mother with dupilumab therapy for
severe atopic dermatitis throughout pregnancy. Clin Exp Dermatol. 2021.

Riquelme-Mc Loughlin C, Mascar6 JM, Jr. Treatment of pemphigoid gestationis with dupilumab.
Clin Exp Dermatol. 2021;46(8):1578-9. [PubMed: 34048080]

Akhtar NH, Khosravi-Hafshejani T, Akhtar D, Dhadwal G, Kanani A. The use of dupilumab

in severe atopic dermatitis during pregnancy: a case report. Allergy Asthma Clin Immunol.
2022;18(1):9-. [PubMed: 35115035]

Bosma AL, Gerbens LAA, Middelkamp-Hup MA, Spuls PI. Paternal and maternal use of
dupilumab in patients with atopic dermatitis: a case series. Clin Exp Dermatol. 2021;46(6):1089—
92. [PubMed: 33969522]

Zheng Y, Abugayyas L, Megally A, Fuhr R, Satapa K, Downie J, et al. Tezepelumab
Pharmacokinetics, Safety, and Tolerability After Administration via Vial-and-syringe,
Accessorized Prefilled Syringe, or Autoinjector: A Randomized Trial in Healthy Volunteers. Clin
Ther. 2021;43(1):142-55.€5. [PubMed: 33380362]

data FDAa. Tezepelumab full prescribing information/FDA access data.

Tsoi LC, Rodriguez E, Degenhardt F, Baurecht H, Wehkamp U, Volks N, et al. Atopic Dermatitis
Is an IL-13-Dominant Disease with Greater Molecular Heterogeneity Compared to Psoriasis. J
Invest Dermatol. 2019;139(7):1480-9. [PubMed: 30641038]

accessdata FDA. Tralokinumab full prescribing information/FDA access data.

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2023 December 01.



Page 11

Shakuntulla and Chiarella

[8el (tzoz
0 0 0 0 T Z Ja)sowiLy 18414 ZIuaQ Jeuld pue usapzQ) uodal ased BLIYISY gewnzijodaN ST
[vel (2102 "|e 10 opaireg
0 0 0 0 Z Z a|qeLIeA -01NYD ‘BUIP3IN-Z9|eZU0D) 1odal ased nio T
(013 AKoueuBald [ez] (sTOZ
0 0 0 0 PaAIadu0d) g T noybnoay L uaswoy | pue Jejuezeys) Hodal ased nio €T
[z2] (2102 12
0 0 0 0 (sumi g) € Z a|gelLien 19 BUISUT-03eSND ‘BUISUT) 1odal aseD) nio T
Koueubad [t2] (0zoz
0 0 0 0 T T noybno.y L ‘e 38 auoJ1 ‘oiddeso) 1odal aseD nio 1T
0 0 0 0 [ [ 3]geLIeA [0z] (t20z [e 30 NA ‘oeIT) Hodsal aseD nio o1
KoueuBaid [67] (9102 "|e 39 Youelg
0 0 0 0 ¥ ¥ noybnoay L -euddIeg ‘opsed-oAIan)) Hodal ase) nio 6
[87] (1202 " ‘AZeweN)
0 4 T I 62 0 Jajsawiny isii4 (103dx3) Apmis [euoieAIBSAO nio 8
Koueubad [21] (t202
0 0 0 0 T T noybnouy L ‘e 18 ea12J0N ‘nofely) 1iodas ased PWILISY /
[91] (eTOC
0 T VN 0 T T Ja1sawiliy 114 ‘e 18 ®1ZI 1Q ‘8s810D) Modal ased BUlIYISY 9
[s1] (eT02
0 0 0 0 T T Ja)sowiLy 18414 ‘e 18 UoSJaWT ‘11uyasnyy) Lodal ased LIYISY S
[v1] (zTOZ
0 T T 0 T T Ja)sawiLy 1s414 ‘e 18 oloH ‘ewiyseliH) 1odai ased BPLIYISY ¥
KoueuBald [eT] (vTOZ 1230
0 0 0 0 Z Z noybnoay L Malom ‘exsuidi]-sAidnyy) suodal ase) PLIYISY €
[et] (1202 "2 30 UIdjeA
0 g ) 0 (sumi 2) €2 0z alqeLeA ‘nigoriwan) Apns asea aanvadsoey BLYISY I
[6 ‘sl
(0202 '1e 3o steig ‘AzeweN) (LO3dX3)
(suim QT pue Ja)sawiL 1s41y Aoueubald Buning (qewnzijewo)
suoja|buls £22) Burinp pasodxa 11B[0X J0 A18jeS pue asn
(%6°0) ¢ (%ST) | (%L€T) (%1°8) (%T°66) €62 (11564 a1am syuayed 9z U3 Jo Apn)S [euoneAIssqo ay L ewyIsy gewnzifewo T
pasodxa
1ybram [SEETE] syuaned
syuiIq yuiq yuiq J0 aunsodxs
syuIgIns | wasiead Mo Jofey SyMIQg aAIT] JagquinN 10 Bulwi ubisap Apn1s aseasiq uonedIpsiN
‘MBIABJ 8] Ul papnjaul salpnis Jo sdnsLisldeIeyd
‘T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2023 December 01.



Page 12

"papIACId Sem SBLI2INO [L19) U0 UOIBWIoUI 31N OU “19AsmoH AoueuBaid Burinp qewnzifjelusg o) pasodx3
*¥

*3sn qewnzijodaw 0} paINgLINE 8¢ 10U PIN0J $8W02IN0 Aoueuliaid ‘a104818y | *A1aAijap sy} Jaye UsAIB sem qewnzijods|y
¥
e1IedIUN d1yredoIpl AIU0IYD = NID

a|qeat|dce J0N/a|qe]1eA. 10N = /N

Shakuntulla and Chiarella

4 YA4 8¢ |¥4 81¢ €1e leloL
[ov] (202 9JedseIN pue siuolesah
0 T V/N 0 T T J1sawiL) payL unybnooN-awjanbiy) 1odas asen proBiydwad 9z
AKoueubaid [2v] (zz0zZ "Ie 18 1UeloysyeH
0 0 1 0 T 1 noyBnouy L ~IABISOU ‘Ielyyy) Hodal ased siireulsp ordoyy 14
Koueubaid [s¥] (1202
0 0 0 0 T T noybnoay L Aydin|n pue As[31s0D) 1odas ased snewJap o1doy A
Aoueubaud [vv] (1202 "[e 10 SN
0 0 0 0 T T noybnoly | aQ suod ‘JapJed-e1oelo) yodas ased sniewdap o1doly £z
[ev]
0 0 0 0 T T JasawiLy pay L (0z0z ‘Ie 18 dejung ‘uelN) Hodas ased snirew.sp o1dory 44
Aoueubaid [y ‘T¥] (1202 ‘Ie 18 uowis ‘abey]
0 0 0 0 T 1 noyBnouy | ‘0202 '[e 18 uowis ‘afey) uodal 8sed siireulsp o1dory 12
Ja1sawi [ov]
0 0 0 0 T T puodss pue 1siiy (1202 "2 19 9971 ‘0q07) Hodas ased siireulisp o1dory (014
uondaouod
01 Jord uswom
Z uondsouod [8v] (1202
0 0 0 0 % v Je usw g ‘e 19 SUBQJRD ‘BWSOY) SaLIBS 3SeD sniewdap o1doyy qewnjidng 6T
L LE€1 (8TOC
VIN VIN VIN VIN VIN VIN Jaisawi paiy L Ueleqeyede] pue 0es) Hodal ased BuiyIsvy 8T
JUBLIBAJOAUI
(syuow / 01 |e unsajulonsed
yuig e Junod a1j1ydouisoa a1anas
J1iydouisoa Aoueubaid [ze] UM 3WOIPUAS
0 0 0 00 T T noybnoay L (T20zZ "1 18 aLeN ‘Z3suey) Modas ased | oijiy doulsoasadAH | qewnzijeiusg /T
(ainsodxa snnbueAjod
J0 awn AKianifap - (6102 Yum sisorewojnue.d
V/IN VIN VIN V/IN 01anQ) V/N T Jayje pasodx3 ‘[e 18 ouely ‘eAnseyq) Lodal ased 2111ydouisos alanas 9T
pasodxa
yBram $109)9p sjuaned
symMIq ymiq yuiq j0 ainsodxa
syuiquns | waslaad Mo Jofey SyMIQ anIT] JaquinN 10 Butwi ubisap Apms aseasiq uonedIpaN

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2023 December 01.



	Abstract
	Introduction
	Omalizumab
	Omalizumab and asthma
	Omalizumab and chronic urticaria

	Mepolizumab
	Benralizumab
	Reslizumab
	Dupilumab
	Tezepelumab
	Tralokinumab
	Discussion
	References
	Table 1.

