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This education review aims to raise awareness of the potential benefits and risks associated with the use of
biologics during pregnancy in patients with autoimmune inflammatory diseases. Since pregnant women are
rarely studied in randomised, controlled trials, data relating to the use of biologics during pregnancy have
come largely from case studies, population-based observational studies, or registry/databases. This review
will briefly outline outcomes from these studies. Data relating to the in utero use of biologics, and during
lactation, on the outcomes of the neonate will also be briefly reviewed.

Introduction

Chronic inflammatory autoimmune diseases such as rheumatoid arthritis (RA), systemic lupus erythematosus
(SLE), ankylosing spondylitis (AS), psoriatic arthritis (PsA), psoriasis (Ps), and inflammatory bowel disease (IBD;
ulcerative colitis [UC] and Crohn’s disease [CD]) are common in women of child-bearing age.' Population-based
studies indicate that women with autoimmune diseases are generally at higher risk of complications during
pregnancy (such as pre-eclampsia, gestational diabetes, infection, preterm birth, and intra-uterine growth
delay).2” For example, population-based studies in women with IBD,*° PsA,® AS,* RA,%®7 or Ps® indicate an
increased risk for selected adverse pregnancy outcomes.

It is therefore crucial that medications used to treat these diseases are used effectively in women who are,
or who are likely to become pregnant, especially since the withdrawal of efficacious therapies can result in
suboptimal care and unfavourable outcomes, including disease flares® and adverse pregnancy outcomes.?”
For women with autoimmune diseases, there is increasing recognition that with well-controlled disease before
pregnancy, and continuation of appropriate therapies alongside close monitoring during gestation, pregnancy
may not be contraindicated.’® "

It is important that women with chronic inflammatory or autoimmune disease consider pre-pregnancy
counselling.'® ™ Women of childbearing age with autoimmune inflammatory diseases commonly have
concerns pertaining to pregnancy and lactation.'” It is essential that these concerns are addressed and advice
is given that relates to the possible risks and complications associated with the mothers’ disease process during
pregnancy.” '® The natural history for many autoimmune disease involves a relapsing-remitting course, with
improved maternal and foetal outcomes associated with entering pregnancy during periods of quiescent/low
activity disease.'® Counselling should also involve the likely impact of current (or alternative medication) on the
mother’s health during pregnancy, on the developing foetus, and on the infant during lactation.™ ™

Pregnancy and drugs

A significant proportion of pregnant women take medication at some point during their pregnancy.™ ' To this
end, Australian Drug Evaluation Committee’s (ADEC) categorisation system provides guidance on the risk of
drugs used in pregnancy (Table 1)."* '® However, this system has limitations — the categories should not be
interpreted as representing a gradation of risk (e.g. Category B3 may not necessarily be safer than Category C)
and this system does not provide guidance on the risks during the different stages of pregnancy.’® The ADEC
categories are often assigned on the basis of animal studies and may be slow to change despite new evidence.™
In addition, ADEC categories do not provide guidance on drug safety during breastfeeding.™ '

Table 1. Australian Drug Evaluation Committee’s (ADEC) categorisation system for drugs used in pregnancy

Category A Drugs which have been taken by a large number of pregnant women and women of childbearing age without any proven increase in
the frequency of malformations or other direct or indirect harmful effects on the foetus having been observed.

CategoryB1  Drugs which have been taken by only a limited number of pregnant women and women of childbearing age, without an increase in
the frequency of malformation or other direct or indirect harmful effects on the human foetus having been observed.
Studies in animals have not shown evidence of an increased occurrence of foetal damage.
Category B2  Drugs which have been taken by only a limited number of pregnant women and women of childbearing age, without an increase in
the frequency of malformation or other direct or indirect harmful effects on the human foetus having been observed.
Studies in animals are inadequate or may be lacking, but available data show no evidence of an increased occurrence of foetal damage.
Category B3 Drugs which have been taken by only a limited number of pregnant women and women of childbearing age, without an increase in
the frequency of malformation or other direct or indirect harmful effects on the human foetus having been observed.
Studies in animals have shown evidence of an increased occurrence of foetal damage, the significance of which is considered
uncertain in humans.

Category C  Drugs which, owing to their pharmacological effects, have caused or may be suspected of causing, harmful effects on the human
foetus or neonate without causing malformations. These effects may be reversible.

Category D Drugs which have caused, are suspected to have caused or may be expected to cause, an increased incidence of human foetal
malformations or irreversible damage. These drugs may also have adverse pharmacological effects. Accompanying texts should
be consulted for further details.

Category X Drugs which have such a high risk of causing permanent damage to the foetus that they should not be used in pregnancy or when
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Asimilar risk categorisation system which was previously
used by the FDA has been replaced by a new labelling
system.”” This labelling system has been designed to
improve the risk versus benefit assessment of drugs
used in pregnant and nursing mothers.' It hoped that
this new system will provide information for both patients
and healthcare providers pertaining to the use of drugs
during pregnancy and lactation, and the effect of drugs
on the reproductive potential of both females and males.

Biologics and pregnancy
Biologic therapy has revolutionised the treatment of
autoimmune diseases, including RA, SLE, AS, PsA,
Ps, and IBD, with new targets for therapy emerging as
the understanding of inflammation and the autoimmune
process improves.'® 2

Biologics are genetically engineered proteins derived
from human genes (Table 2).2° Biologics target key
components of the immune system that play pivotal
roles in inflammation such as cytokines (including
tumour necrosis factor [TNF] and interleukins [ILs])
or immune cells such as T and B cells.? Biologics are
largely composed of immunoglobulin (Ig)G with modified
Fc receptors or Fab fragments that bind and neutralise
their target molecule.?" 2

Placental transfer of antibodies

Biologics are large molecular structures that are not
easily transported across the placenta, especially during
the first trimester when foetal Fc receptors have yet to
develop. Any biologics that reach the foetus prior to
14 weeks’ gestation, do so by passive diffusion, and
consequently only limited amounts reach the foetus
during the period of embryogenesis (up to 12 weeks).

After 17-22 weeks of pregnancy, IgG is actively
transported across the placenta, with most antibodies
being transferred during the third trimester.?*?
IgG crosses the placenta by receptor-mediated binding
of the Fcy portion of the IgG molecule to its receptor,
FcRn (Fc receptor neonatal) [Figure 1].2 This complex
is then transported within coated vesicles to the foetal
circulation allowing the release of intact IgG into the
foetal bloodstream.? The main concern about the
transfer of biologics to the foetus regards their potential
to disrupt the infant’s growth and immunity, and
response to infections and vaccinations.??

Not all biologics have the same affinity for binding to
the neonatal Fc receptor. IgG1 (adalimumab, infliximab,
secukinumab, ustekinumab, guselkumab) and lgG4
(ixekizumab) inhibitors probably cross the placenta in
a similar manner.®?" Certolizumab does not have an
Fc portion and has very low levels of passive placental
transfer, and is thus less likely to impact the fogtus.?6%°

The potential risk for biologics include teratogenicity
and malformations with early exposure (up to week 14
of gestation), increased maternal immunosuppression,
or foetal and neonatal immunosuppression.2"22 At the
time of the first introduction of biologics (anti-TNF drugs)
more than 20 years ago, they were not permitted for use
during preconception, pregnancy, or breastfeeding.?
However, women with autoimmune diseases are
increasingly continuing treatment with biologics during
pregnancy, or at least up to the third trimester.>**'
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Table 2.

Biologics, half-lives, and rate of transplacental tra

Anti-TNF Infliximab?” 32 1gG1
Adalimumab?®”* 19G1
Golimumah® 1gG1
Etanercept® Fusion protein
Certolizumab?®”#° Pegylated 1gG1
Anti-IL12/23 Ustekinumab®®*° IgG1
Guselkumab* 1gG1
Tildrakizumab*' IgG1
Anti-IL17 Secukinumab* lgG1
Ixekizumab* 1gG4
Anti-IL-23 Rizankizumab** IgG1
Anti-IgE Omalizumab*® 1gG1
Anti-IL4/13 Dupilumab*® 1gG4
Anti IL5 Mepolizumab® 1gG1
Benralizumab*® IgG1
Anti-IL-6 Tocilizumab* lgG1
Anti-CTLA 4 Abatacept® Fusion protein
Anti-IL-1 Anakinra® Protein
Anti-integrin a,B; Vedolizumah® 1gG1
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Figure 1. Neonatal transfer of immunoglobulins® (image obtained from Beltagy et al. Front Pharmacol. 2021;12:621247)

Expert comments: Diana Rubel

In women of child-bearing age with chronic autoinflammatory diseases, it is important to consider the impact
of treated versus untreated disease and biologic agents on the outcomes of pregnancy. Frustratingly, there
is a paucity of knowledge and experience in treating pregnant women with biologics due to the exclusion of
pregnant women from clinical trials. However, extensive knowledge of placental transfer of immunoglobulins
allows us to calculate the extent of exposure of the developing baby at various time points during gestation,

to optimise maternal treatment and minimize foetal exposure.
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Expert comments: Paul Bird

Many women in their childbearing years are
prescribed biologic therapy, and it is important
that clinicians assist them in understanding the
benefit/risk information pertaining to therapy
cessation versus continuing therapy throughout
pregnancy so that patients and their partners can
make an informed choice. Medical providers caring
for this patient population must be well informed and
feel comfortable counselling and working with their
patients for the best pregnancy outcome possible.

The data for TNF inhibitors is very reassuring, with
the science and epidemiological data providing
reassurance for clinicians and their patients.
Published guidelines regarding the use of biologics
in pregnancy are an important guide for clinicians,
and these continue to evolve as new data become
available.®® %%

As further data emerge, clinicians will have
increasing confidence in prescribing biologics for
patients in their childbearing years and be confident
in continuing patients on biologics throughout
the pregnancy and postpartum period. It is vital,
however, that we continue to gather and interpret
data, particularly for new and emerging agents.

Biologics during lactation

IgA (not 1gG1) is the predominant immunoglobulin
found in breastmilk, and the large structure of most
biologic molecules means that they are less likely to be
excreted in breastmilk.® In addition, orally administered
immunoglobulins undergo intestinal proteolysis and
have low bioavailability.?' Case studies indicate that the
transfer of biologics from the serum to the mother’s
milk is minimal.”®° Researchers of a multicentre,
prospective study collected breastmilk samples from
women with IBD treated with biologics (n=72),%" and
reported low concentrations of the biologics in the
breastmilk samples. Breastfed infants of these mothers
had similar risks of infection and rates of milestone
achievements compared with non-breastfed infants
or infants unexposed to these drugs.®' Further details
relating to the use of specific biologics in breastfeeding
mothers are given below.

Biologics and the neonate

Limited data are available regarding the outcomes of
children exposed to biological drugs /n utero or during
breastfeeding. Data available from drug registries and
observational studies generally report minimal or no
side effects in infants exposed to biologics, with no
negative impact on infectious complications, allergies,
growth, or psychomotor development compared with
unexposed children.®2%5 However, there was an early
report of a serious disarray in the immune response
of an infant exposed in utero to infliximab, with fatal
consequences when given a Bacille Calmette—Guérin
(BCG) vaccine.®® A more recent study has shown no
adverse effects in infants (whose mothers received TNF
inhibitors during pregnancy) when the BCG vaccination
was given at a median age of 6 months.®” International
guidelines recommend avoiding the administration of
live or live-attenuated vaccines (€.g. BCG, rotavirus) in
the first 6-12 months of life if the infant was exposed to
TNF inhibitors in utero, particularly in the late second
or third trimester, 34 6769
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Biologics and fathers

Limited data are available to address concerns regarding infertility, and pregnancy outcomes after paternal
exposure to biological drugs. Nevertheless, available cohort studies have not indicated any increased risk of
undesirable pregnancy outcomes or congenital malformations in infants whose fathers were exposed to biologics
around the time of conception.”7*

Afew studies have reported decreased spermatozoa number or questionable abnormality of motility and morphology
in men treated with infliximab.” " However, most other studies have indicated no impact of biologics on sperm
quality or male fertility.”> 72 In general, international guidelines indicate that there is no need to discontinue
anti-TNF-a treatment in men who plan to have children.5* 83

Expert comments: Diana Rubel

It is generally considered safe to breastfeed whilst a mother is being treated with biologics, as there is
limited transfer to breastmilk from maternal serum, and low bioavailability to the infant from ingested biologic
proteins. Live or live-attenuated vaccines need to be avoided in the first 6-12 months of life in infants whose
mothers received biologics during pregnancy, particularly during the third trimester. Limited data suggests
that biologics have no impact on sperm quality or male fertility.

Expert comments: Paul Bird

Biologics, particularly TNF inhibitors, have not shown any major adverse effects in multicentre, international
databases. In a study of women receiving treatment for IBD and their infants, low concentrations of infliximab,
adalimumab, certolizumab, natalizumab, and ustekinumab were found in breastmilk samples.®" In this study,
breastfed infants of mothers on biologics, immunomodulators, or combination therapies had similar risks
of infection and rates of milestone achievement compared with non-breastfed infants or infants unexposed
to these drugs.®’ The most important information regarding neonates is avoiding the administration of live
or live-attenuated vaccines (e.g. BCG, rotavirus) in the first 6-12 months of life if the infant was exposed
to TNF inhibitors in utero, particularly in the late second or third trimester.> > 7% Paternal exposure to
biologic agents at the time of conception does not appear to lead to undesirable pregnancy outcomes or
congenital malformations in infants. In a large cohort study of 7453 expectant fathers with immune mediated
inflammatory diseases (IMIDs), exposure to immunosuppressive or biologic agents around conception was
not associated with increased risk of adverse birth outcomes.”

Clinical evidence for the use of biologics

Since pregnant women, neonates, and infants are rarely studied in randomised, controlled trials, studies involving
the risk/benefits of biologics in pregnant women and their foetus/neonates have largely involved population-based
observational studies (individual case reports, case series, or cohort observations) or registry/database analyses
to characterise the safety of biologics in these special populations.’

Large population-based studies have been conducted,® ¢ such as that involving 6218 women (8607 pregnanciss)
who had an autoimmune disease diagnosis; 90 women were exposed to biologics during pregnancy, with
100 babies born to these women.®* Most of these women had RA (44%) or IBD (50%). Data from this study
suggested that the use of biologics during pregnancy was not associated with an increased risk of serious infections
in mothers postpartum or in infants during the first year of life.®? Data from similar large population-based studies
in women with autoimmune diseases suggested that the use of biologics before and during pregnancy was not
associated with an increased risk of preterm delivery or small for gestational age births,® or an increased risk
of congenital anomalies.®

Data from PSOLAR, a multicentre, disease-based, observational registry was used to evaluate the long-term
safety and clinical outcomes for patients receiving or eligible to receive treatment for Ps with biologics and/or
conventional systemic therapies.®® For the 220 women with 298 pregnancies evaluated, 81.9% resulted in live
births.®® Rates of spontaneous abortion, neonatal problems, and congenital anomalies were similar to rates in
the general US population, and pregnancy outcomes for women exposed to biologics were similar to those for
women with exposure to non-biologics.®®

Data involving individual biologics will be reviewed in the following sections.

TNF-a inhibitors

Various population-based studies and meta-analyses indicate that anti-TNFa therapies generally appear to
be safe if used during pregnancy in patients with autoimmune disease.®% Given the overall safety findings,
a number of international guidelines support the use of anti-TNF agents when used earlier in pregnancy in
patients with autoimmune disease, but suggest that anti-TNF agents (with the exception of certolizumab) may
not be advised later in pregnancy (generally beyond the third trimester).%% 54 88.69.90-92 However, the differences
in placental transfer related to molecule structure and half-life need to be taken into account when selecting a
TNF inhibitor for women of fertile age (Table 1).'

Infliximab

Infliximab is a chimeric IgG1, anti-TNF-a antibody (Figure 2), which is not recommended for use during pregnancy
(category C) or during lactation, according to the Australian product information. Infliximab is indicated for use
in patients with RA, AS, PsA, Ps, CD, and UC.*

Data from a global safety database in 8170 reports of innovator infliximab-exposed pregnancies indicated
that the prevalence of adverse pregnancy outcomes was similar to that in the general population.*®
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Figure 2. Structure of tumour necrosis factor-alpha (TNF-a) inhibitors
(Image obtained from Romanowska-Prochnicka, et al. Int J Mol Sci. 2021)

Spontaneous abortion, preterm births, and low birth weight infant rates were 12.1,
9.2, and 3.6%, respectively.*® Trimester of exposure did not appear to affect the
prevalence of congenital anomalies or other adverse outcomes.”

Infliximab can be detected in the serum of infants up to six months following birth.*
Studies have indicated no clinical consequences in neonates (including an increased
rate of infection) who experienced in utero exposure to infliximab.5 93

Afatal case of disseminated Bacillus Calmette-Guérin (BCG) infection was reported
in an infant born to a mother taking infliximab for Crohn’s disease.® A waiting period
of at least six months is recommended following birth before the administration of
live or live-attenuated vaccines to infants exposed in utero to infliximab.*

Adalimumab

Adalimumab is a monoclonal IgG1, anti-TNF-a antibody (Figure 2).3* Adalimumab
binds to TNF and neutralises the biological function of TNF by blocking its interaction
with the p55 and p75 cell surface TNF receptors.** Additionally, adalimumab
modulates biological responses that are induced or regulated by TNF, including
changes in the levels of adhesion molecules responsible for leukocyte migration.®
Adalimumab is indicated for use in patients with RA, AS, PsA, CD, UC, and Ps.**
The product information states that adalimumab should only be used during
pregnancy if clearly needed (Category C). Women of child-bearing potential should
consider the use of adequate contraception to prevent pregnancy and continue
contraception for at least 5 months after the last adalimumab injection.>

Data from a prospective cohort pregnancy exposure registry involving 257 women
with RA or CD treated with adalimumab at least during the first trimester and
120 women with RA or CD not treated with adalimumab indicated no significant
differences in the overall rates of major birth defects in the adalimumab-exposed
group (adjusted odds ratio [OR] 0.84, 95% confidence interval [Cl] 0.34, 2.05).34%
There were no significant differences between the two groups for rates of minor birth
defects, spontaneous abortion, preterm delivery, low birth weight, and serious or
opportunistic infections.>* % No stillbirths or malignancies were reported.®*** Data
from the North American Adalimumab Pregnancy Exposure Registry (72 pregnancies)
found that the relative risk of major birth defects in adalimumab-exposed women
was similar to those of unexposed women with RA and healthy women.* Similarly,
a study involving the Japanese adalimumab safety registry (74 pregnancies) did not
report any additional risk to pregnancy outcomes with adalimumab exposure.®

Administration of live or live-attenuated vaccines to infants exposed to adalimumab
in uterois not recommended for 5 months following the mother’s last adalimumab
injection during pregnancy.®*

Golimumab

Golimumab is a human IgG1k monoclonal antibody (Figure 2) which forms high
affinity, stable complexes with TNF and prevents the binding of TNF to its receptors.*
Golimumab is indicated for use in patients with RA, PSA, AS, non-radiographic axial
spondyloarthritis (axSpA), and UC.*® Golimumab crosses the placenta, = and so
the use of golimumab in pregnant women is not recommended (Category C).*®
Golimumab should be given to a pregnant woman only if clearly needed.*® The use
of golimumab while breastfeeding is not recommended.®
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Etanercept

Etanercept is a dimer of a genetically engineered protein resulting from the fusion of
the extracellular ligand-binding domain of human tumour necrosis factor receptor-2
(TNFR2/p75) to the Fc domain of human IgG1 (Figure 2).* It binds to TNF and
blocks its interaction with cell surface TNF receptors.®” Etanercept is indicated for
use in patients with RA, AS, PsA, Ps, non-radiographic axSpA, juvenile idiopathic
arthritis, and paediatric Ps.¥

According to the prescribing information, the safe use of etanercept during pregnancy
has not been established (Category D).*” Case series, cohort, case-control, claims-
database, and registry studies have addressed the safety profile of etanercept during
pregnancy and lactation.*” " Data from registry studies (included pregnant women
exposed to etanercept during the first trimester in the Organization of Teratology
Information Specialists [OTIS] study) indicate that there was no increased risk of
major birth defects or pregnancy outcomes in women exposed to etanercept during
pregnancy.® ' There was no increase in rates of intrauterine or postnatal growth
deficits or delayed postnatal development, or increased rate of infections in the first
year of life in infants exposed to etanercept during pregnancy.

Studies in breastfeeding women treated with etanercept indicated very low levels
of etanercept in breastmilk and no detected absorption by the child.'®" 1%

Certolizumab

Certolizumab pegol is a recombinant, pegylated humanised Fab’ fragment of an IgG1
monoclonal antibody, and has high affinity for TNF-a (Figure 2).%° According to the
prescribing information, certolizumab is ascribed a category C rating. It is indicated
for use in patients with RA, AS, non-radiographic axSpA, PsA, and plaque Ps.*

A study of a drug company pharmacovigilance safety database analysed 1137
prospectively reported pregnancies with maternal exposure to certolizumab (most
exposures occurred during the first trimester).'® Most mothers had RA or CD.'®®
Outcomes were known for 528 pregnancies.'® Analysis did not indicate a teratogenic
effect of certolizumab, compared with the general population, nor an increased risk of
foetal death.® Although the study had limitations (such as unknown outcomes for a
third of the pregnancies, no untreated control group), the researchers concluded that
the data are reassuring for women of childbearing age wanting to use certolizumab
to control their chronic inflammatory diseases.'®®

Because certolizumab lacks an IgG Fc region, it does not bind to FcRn and is not
expected to undergo FcRn-mediated transfer across the placenta, as confirmed in
preclinical™® and clinical?” 2% 1% studies. An in vitro study found no binding affinity
between certolizumab and placental FcRn, ascribed to the lack of the Fc portion and
in an ex vivo model placental transfer of certolizumab was minimal.”® Studies involving
women treated with certolizumab throughout pregnancy, have detected no or very
low levels of the drug in the cord blood.??¢:1%:1% The prospective, postmarketing,
pharmacokinetic CRIB study reported a lack of transfer of certolizumab from sixteen
women (who were =30 weeks pregnant) to their children.? Given the low placental
transfer, international guidelines consider certolizumab a pregnancy-compatible
medication that may be used if needed during pregnancy,®®:53 55 68.69. 90-92

The pharmacokinetic CRADLE study in 17 lactating women indicated minimal to no
transfer of certolizumab to breastmilk.'”” The median relative infant dose (RID) was
0.15%; an RID <10% is considered safe by lactation specialists.

Interleukin and interleukin receptor inhibitors
Ustekinumab

Ustekinumab is a human IgG1kappa, monoclonal antibody that specifically binds
to the shared p40 protein subunit of the IL-12 and IL-23.% It is indicated for the
treatment of Ps, PsA, CD, UC, and it should be given to a pregnant woman only
if the benefit clearly outweighs the risk (Category B1).* Case reports and case
series involving pregnant women treated with ustekinumab have been published,
with most reporting uneventful pregnancies. - 1%

In pregnant women with IBD (n=39)"® or Ps (n=24)""" enrolled in the ustekinumab
clinical trial programme, no congenital anomalies were reported and rate of observed
spontaneous abortions was generally comparable to the rate in the general US
population. Ustekinumab treatment was discontinued upon the report of pregnancy
in all cases.

Outcomes in pregnant women exposed to ustekinumab are being collected in the
OTIS study registry."®

According to the prescribing information, women of childbearing potential should
use effective methods of contraception during treatment with ustekinumab and for
at least 15 weeks after treatment.®
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Case reports suggest that low levels of ustekinumab can be found in the infants of
breastfeeding mothers, but with no effect on the newborn’s subsequent physical
or mental development.®" '

Guselkumab

Guselkumab is a human IgG1 monoclonal antibody that binds selectively to the
IL-23 protein with picomolar affinity.“’ It is indicated for the treatment of Ps and
PsA, and should only be used during pregnancy under the advice of a physician if
the potential benefit outweighs the potential risk (Category B1).*° Limited data are
available from 24 pregnancies treated with guselkumab in company-sponsored
clinical trials.”® No congenital anomalies were reported and no other safety signals
were identified. Outcomes in pregnant women exposed to guselkumab are being
collected in the OTIS study registry.'®

Tildrakizumab

Tildrakizumab is a humanized IgG1/k monoclonal antibody that specifically binds to
the p19 protein subunit of IL-23 and inhibits its interaction with the IL-23 receptor.*'
It is indicated for the treatment of moderate-to-severe plaque Ps.*' The product
information notes that it is preferable to avoid the use of tildrakizumab during
pregnancy (Category B1). Women of childbearing potential should use an effective
method of contraception during treatment and for at least 17 weeks after treatment.*!
Only limited data are available from 14 pregnancies involving women enrolled in the
phase I-1ll clinical trials. The outcomes from these pregnancies were not associated
with any new safety signals and there were no reports of birth defects.'

Secukinumab

Secukinumab is a fully human IgG1 antibody that selectively binds to and neutralises
the IL-17A.% It is indicated for the treatment of Ps, PsA, non-radiographic axSpA,
and AS.*2 The product information states that secukinumab should be used in
pregnancy only if the benefits clearly outweigh the potential risks (Category C).?
Data from a global safety database involving 292 pregnancies did not identify any
safety signals with regard to spontaneous abortions or congenital malformations.™
Most women discontinued secukinumab during the first trimester.” Data on the
effects of secukinumab on the immune system of neonates born after in utero
exposure were not available.™ If secukinumab has been used during pregnancy,
administration of live or live-attenuated vaccines to new-borns/infants for 16 weeks
after the mother’s last dose of secukinumab is generally not recommended.*2

Risankizumab

Risankizumab is a humanised IgG1 monoclonal antibody that selectively binds with
high affinity to the p19 subunit of human IL-23 and inhibits its interaction with the
IL-23 receptor complex.** It is indicated for the treatment of Ps.** Limited data are
available regarding the use of risankizumab in pregnant women and are insufficient
to inform any drug-associated risks.* Whether risankizumab is excreted in human
milk is unknown.** It should be used during pregnancy and in breastfeeding women
only if the benefits outweigh the potential risks (Category B1).*

Ixekizumab

Ixekizumab is a recombinant human monoclonal anti-human IL-17A antibody of the
lgG1/kappa isotype.* Ixekizumab is indicated for Ps, PsA, AS, and non-radiographic
axSpA.*® The product information notes that ixekizumab should be used in pregnancy
only if the benefits clearly outweigh the potential risks (Category C).*® Data regarding
the use of ixekizumab during pregnancy are limited."'

Dupilumab

Dupilumab is a fully human monoclonal antibody that inhibits IL-4 and IL-13 signalling
by specifically binding to the IL-4Ra subunit of the IL-4 and IL-13 receptor complexes.“®
Itis indicated for the treatment of moderate-to-severe atopic dermatitis.*® It should
be used during pregnancy only if the potential benefit justifies the potential risk to
the foetus (Category B1).*® Data regarding its use during pregnancy are limited to
case studies/series, which do not indicate any safety signals when used in pregnant
women. A retrospective cohort study using administrative healthcare databases
is being conducted to evaluate safety issues associated with the use of dupilumab
during pregnancy.'?

Mepolizumab

Mepolizumab is a humanised monoclonal antibody (IgG1, kappa) directed against
IL-5.4 It is indicated for the treatment of severe eosinophilic asthma, and as an
add-on treatment for relapsing or refractory eosinophilic granulomatosis with
polyangiitis.*” It should be used during pregnancy only if the expected benefit to the
mother justifies the potential risk to the fostus (Category B1).“” Data regarding its
use during pregnancy are limited to a case study.'?® A pregnancy registry has been
established to monitor the outcomes of pregnant women exposed to this drug.'®
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Benralizumab

Benralizumab is an antibody that binds to the alpha subunit of the human IL-5 receptor
with high affinity and specificity.*® It is indicated as add-on therapy for patients
with severe eosinophilic asthma.*® Its administration should only be considered
if the expected benefit to the mother is greater than any possible risk to the
foetus (Category B1).“® Data regarding its use during pregnancy are limited to a
case study involving a successful pregnancy in a woman with hyper-eosinophilic
syndrome.' A prospective, observational, exposure cohort study of pregnancy and
infant outcomes in women with asthma exposed to benralizumab anytime during
pregnancy is currently being conducted.'?®

Tocilizumab

Tocilizumab is a recombinant, humanised monoclonal antibody (IgG1) that binds
to soluble and membrane-bound IL-6 receptors.*® Tocilizumab is indicated for
RA, giant cell arteritis, polyarticular juvenile idiopathic arthritis, systemic juvenile
idiopathic arthritis, and cytokine release syndrome.* The product information states
that tocilizumab should not be used during pregnancy unless clearly necessary
(Category C).* Data relating to tocilizumab is available from case studies/series,*”
127134 and an analysis of a global safety database.” The analysis of the global
safety database did not indicate any substantially increased malformation risk with
tocilizumab treatment in during 180 prospectively followed pregnancies.”

Very low levels of tocilizumab have been detected in cord blood and breastmilk
(1/500 to 1/1000 of those in the mother’s serum).*®

Anakinra

Anakinra, a recombinant protein, blocks the biological activity of IL-1 by competitively
inhibiting IL-1 binding to the IL-1 type | receptor.”” Anakinra is indicated for RA,
cryopyrin-associated periodic syndromes, and systemic juvenile idiopathic arthritis.'
The product information notes that it should be used during pregnancy only if clearly
needed (Category B1).%' There are limited data on the efficacy and safety of anakinra
during pregnancy, with case studies generally reporting successful pregnancies in
women treated with anakinra.®>™ It is not known whether anakinra is secreted
in human breastmilk.”'

IgE inhibitor

Omalizumab

Omalizumab is a recombinant DNA-derived humanised monoclonal antibody (IgG1/
kappa) that selectively binds to human IgE.* It is indicated in chronic spontaneous
urticaria, chronic rhinosinusitis with nasal polyps, and allergic asthma.

According to the prescribing information, treatment with omalizumab may be
considered during pregnancy if clinically needed (Category B1).*> However, there are
no well-controlled clinical studies of omalizumab in pregnant women. A prospective
pregnancy registry study (EXPECT) in 250 pregnant women with asthma treated
with omalizumab indicated that the prevalence of major congenital anomalies was
similar (8.1% vs 8.9%) between the EXPECT data and disease-matched (moderate
and severe asthma) patients.'®® The EXPECT study did not indicate any adverse
effects in 54 infants who had been exposed to omalizumab during pregnancy and
through breastfeeding.*

T-cell co-stimulation modulator

Abatacept

Abatacept is a fusion protein produced by recombinant DNA technology that
consists of the extracellular domain of human cytotoxic T-lymphocyte-associated
antigen 4 (CTLA-4) linked to the modified Fc portion of human IgG1.%° It inhibits the
co-stimulation of T cells by binding to CD80 and CD86 molecules on the surface of
antigen presenting cells.® It is indicated for use in patients with RA, polyarticular
juvenile idiopathic arthritis, or PsA.%° The product information notes that its use
during pregnancy is not recommended (Category C).%

Data from case studies of women exposed to abatacept in the first trimester of
pregnancy have reported positive pregnancy outcomes.®® '* An analysis of the
manufacturer’s clinical trial and post-marketing data involving 151 pregnancies with
maternal exposure to abatacept suggest that incidence of congenital abnormalities
(8.1%) was slightly greater than that seen in the general population (3—5%), although the
study was subject to a number of limitations.” No immunodeficiencies was observed
in the 16 infants followed for up to 1 year after birth.”? A manufacturer’s registry is
currently collecting safety data regarding the use of abatacept during pregnancy.*®
A case study reported that abatacept was secreted into breastmilk at levels 1/200
to 1/300 of those in maternal serum, with no adverse effects on the infant.*
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Anti-a,B.-integrin

Vedolizumab

Vedolizumab is a humanised monoclonal antibody that binds to the a,p; integrin.*
Vedolizumab inhibits adhesion of cells expressing a4B; to mucosal addressin cell
adhesion molecule-1 (MAdCAM-1), but not vascular cell adhesion molecule-1
(VCAM-1).%2 Vedolizumab is indicated for the treatment of UC and CD.%? Vedolizumab
is to be used during pregnancy only if the benefits to the mother clearly outweigh any
potential risk to the foetus (Category B2).5 Vedolizumab has been detected in human
breastmilk and a risk to the infant cannot be excluded.® The use or discontinuation of
vedolizumab during breastfeeding should take into account the benefit of breastfeeding

Expert conclusions: Diana Rubel

Allowing our pregnant patients to continue with effective disease—controlling
therapies is best for both mothers and babies. A lack of controlled data
and heritage for these modern biologics presents challenges to the treating
physician, but a thorough understanding of their mode of action and metabolism
in pregnancy and lactation, coupled with extensive observational data in
numerous specialties, has indicated that in the vast majority of cases, continuing
biologic therapy throughout pregnancy and lactation is associated with no
greater morbidity than that seen in the general population (with the important

for the child and the benefit of therapy for the women.*

Expert comments: Diana Rubel

Large population studies and registries of patients receiving biologics in the real
world have collected data on pregnancy outcomes in women on biologic therapies.
TNF-a inhibitors can exacerbate tuberculosis infections and the use of infliximab
throughout pregnancy in a patient resulted in fatal dissemination of TB in her
infant who received BCG vaccination.®® Certolizumab, a TNF inhibitor which lacks
the Fc component and hence is not actively transported across the placenta, is
considered the safest option in this biologic group for use in pregnant women.

No other significant signals in terms of teratogenicity, immune suppression,
infection, or growth retardation have been seen in observational studies of pregnant
women receiving biologics including TNFa inhibitors, IL-17 inhibitors, IL-12/-23
inhibitors, or IL-23 inhibitors.

Expert comments: Paul Bird

Active inflammation prior to conception and during pregnancy has been
associated with unfavourable maternal and neonatal outcomes.™' Poorly controlled
inflammatory diseases in rheumatology patients and increased prednisone use
have been shown to increase the risk of delivering a low birthweight infant.'*? It has
also been suggested that elevated TNF-a, IL-10, and IL-6 can decrease the level of
the enzyme that deactivates maternal cortisol and may lead to lower birthweights
in a similar mechanism.'*?

Decisions regarding cessation of therapy prior to conception or during pregnancy
should include this information to facilitate a shared patient-doctor decision.
This needs to be balanced against the probability of rheumatic disease remission
during pregnancy versus the risk of postpartum flare.'** 45

Moreover, the safety data for TNF inhibitors as a class, recognising the unique safety
data for certolizumab in pregnancy and lactation, provides reassuring information
for clinicians and patients to guide decisions regarding therapy.

As databases mature and more detailed information is available on newer agents,
this will assist the clinician in framing a personalised, shared-decision treatment
schedule for each patient.

Conclusions

For women with chronic inflammatory autoimmune diseases, the optimisation of
outcomes during pregnancy and for the neonate requires involvement of both the
healthcare professionals and the women even before pregnancy is considered.
Family planning is essential in these diseases so that pregnancy can be timed for
a period when symptoms are stable. Medications (including biologics) compatible
with pregnancy should be maintained, if possible, to control the underlying disease
activity, which requires knowledge and evidence of the impact of the medication
on both the women and foetus. Since infants and pregnant women are generally
excluded from randomised, controlled trials, much of the evidence for the use
of biologics during pregnancy has been derived from case studies and smaller
observational cohort studies. In general, sufficient data are available to suggest
that TNF inhibitors are safe and effective without significant maternal or foetal risk,
especially if used earlier in pregnancy. Most available anti-TNF-a drugs cross the
placenta and can be detected in foetal blood later during pregnancy, except for
certolizumab whose minimal transfer across the placenta increases its potential
to be used safely throughout pregnancy. Analyses of post-marketing registries/
databases and larger epidemiological studies are essential for fully characterising
the safety and effectiveness of biologics for both the pregnant woman and the
developing foetus.

caveat that live or live-attenuated vaccinations must be avoided in the first
6-12 months’ of infant age). Certolizumab, by virtue of its pegylated structure,
is not actively transported across the placenta, and is an optimal choice for
pregnant women with TNF-a— responsive disease.

Expert conclusions: Paul Bird

This review provides a comprehensive analysis of the science and epidemiology
informing shared patient-doctor decisions when prescribing therapy to patients
during pregnancy and lactation. Ongoing data collection and analysis are
critical to the ongoing research agenda if the best outcomes possible are to
be delivered.
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