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Abstract

Introduction Published data on the safety of biologics other than tumor necrosis factor (TNF) inhibitors during pregnancy
are limited.

Objective The aim was to detect pharmacovigilance signals for fetal and neonatal adverse drug reactions (ADRs) to biolog-
ics taken by pregnant women with autoimmune diseases.

Methods We performed a disproportionality analysis of the World Health Organization’s VigiBase® pharmacovigilance
database from 1968 to June 1, 2021. Data were collected in June 2021. By using terms for different hierarchical levels of the
Medical Dictionary for Regulatory Activities, we selected the following fetal or neonatal ADRs: stillbirth, premature birth,
low birth weight, small for gestational age, and congenital malformations. The frequency of all identified ADRs for biologics
of interest (adalimumab, infliximab, golimumab, certolizumab, etanercept, anakinra, canakinumab, tocilizumab, sarilumab,
ustekinumab, guselkumab, secukinumab, ixekizumab, belimumab, abatacept, and rituximab) was compared with that of all
other reports for all other drugs and quoted as the reporting odds ratio (ROR) [95% confidence interval]. Reports with known
concomitant use of teratogenic drugs were excluded from the main analysis. Other analyses included ROR stratifications
by therapeutic indication in the periods 1968-2021 and 2001-2021, and an analysis after excluding reports with steroids.
Results In the main analysis, the RORs were particularly high for musculoskeletal malformations with anakinra (7.18
[3.50-14.73]), canakinumab (19.54 [12.82—-29.79]), and abatacept (5.09 [2.77-9.33]), and for immune system disorders with
canakinumab (347.88 [217.9-555.50]) and rituximab (9.27 [2.95-29.15]). After the exclusion of reports with steroids, the
ROR was significant for neonatal infections with belimumab (28.49 [5.75-141.25]).

Conclusion We identified possible associations with some adverse fetal and neonatal outcomes, suggesting that vigilance is
required when prescribing certain biologics during pregnancy.
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In comparison to tumor necrosis factor inhibitors, safety
outcomes of other biologics taken in pregnancy by
women with autoimmune diseases are limited, and iden-
tification of fetal and neonatal adverse drug reactions is
still primarily dependent on post-marketing surveillance.

Based on a disproportionality analysis of VigiBase® (the
world's largest pharmacovigilance database) and after the
exclusion of reports with known concomitant use of tera-
togenic drugs, strong significant signals were identified
for musculoskeletal and connective tissue disorders with
anakinra, canakinumab, and abatacept, and for immune
system disorders with canakinumab and rituximab.

After the exclusion of reports with steroids, there was a
strong significant disproportionality signal for neonatal
infections with belimumab.

with potentially serious obstetric consequences. Therefore,
pregnancy must be planned during periods of disease inac-
tivity or stability, which can sometimes be achieved by tak-
ing biologics [3, 4]. Discontinuing these drugs might expose
the mother-to-be to a risk of relapse in the following months,
i.e., perhaps during pregnancy [5, 6].

Immunoglobulin (Ig) G and (to a lesser extent) IgA are
the only antibody (Ab) classes that pass from the mother to
fetus through an active process involving the neonatal Fc
receptor in the syncytiotrophoblast [7]. This process starts
after 14 weeks of gestation (after organogenesis), increases
in intensity during the second trimester, and continues until
term [8]. Most immune-modulating biologics are monoclo-
nal IgGs or active protein fractions bound to the Fc fragment
of an Ig. The placental passage of and in utero exposure
to biologics depends on the drug's molecular structure and
in vivo half-life [9, 10].

Pregnant women are usually excluded from clinical trials,
and the identification of teratogenic adverse effects remains
dependent on post-marketing surveillance [11, 12]. Most of
the available literature and registry data refer to the first class
of biologics to be approved; i.e., tumor necrosis factor (TNF)
inhibitors (TNFis) [13-15].

TNFis are prescribed for the treatment of various rheu-
matologic diseases (i.e., rheumatoid arthritis [RA], ankylos-
ing spondylitis [AS], and psoriatic arthritis [PSA]), but also
inflammatory bowel diseases (IBDs) (i.e., Crohn’s disease
[CD] and ulcerative colitis), and plaque psoriasis (Pso). Cer-
tolizumab pegol (CZP) is a humanized polyethylene glycol
(PEG)ylated Fab fragment of an anti-TNFa monoclonal Ab
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that does not contain an Fc fragment [10]. Thus, in vitro
and ex vivo studies have shown that the structure of CZP
limits its transfer through the placenta to the fetus [10]. A
prospective, multicenter, pharmacokinetic study of 16 CZP-
treated pregnant women then confirmed that the placental
transfer of CZP was minimal [9]. Similarly, the fusion pro-
tein etanercept (ETA) crosses the placenta to a much lower
extent than other monoclonal Abs like infliximab (IFX) and
adalimumab (ADA) [10]. ADA and IFX were detected up to
the age of 12 months in infants born to mothers exposed to
these agents during pregnancy, and the drug concentration
was inversely correlated with (1) time since last exposure
during pregnancy and (2) maternal blood levels at delivery
[16-18]. Nevertheless, large, comparative cohort studies
and registry analyses have not highlighted higher rates of
congenital malformations [19-23]. In 2016, the European
League Against Rheumatism (EULAR) did not rule out the
use of CZP prior to and during pregnancy but recommended
that the maintenance or discontinuation of other anti-TNF
agents during pregnancy should be considered on a case-
by-case basis (depending on the woman’s disease activity)
[13]. If required, treatment with ETA can be continued until
30-32 weeks of gestation, and treatment with ADA or I[FX
can be continued until 20 weeks of gestation [13]. The last
American College of Rheumatology (ACR) guidelines are
in line with those issued by the EULAR [14]. It was subse-
quently confirmed that discontinuing TNFi treatment at the
recommended time points resulted in undetectable or low
cord blood levels of TNFi [24]. Furthermore, no signal for
adverse pregnancy outcomes or congenital malformations
was observed in CZP-exposed pregnancies documented in
a large post-marketing pharmacovigilance database [25].
Recent large cohort studies have shown an elevated risk
of relapse in cases of TNFi treatment cessation in mid-
pregnancy in women with IBD, and there was no evidence
of severe adverse neonatal outcomes or an elevated risk
of severe infections in children even when treatment was
continued throughout the third trimester [26, 27]. Hence,
the American Gastroenterological Association (AGA) IBD
parenthood working group 2019 recommends continuation
of CZP, ADA, IFX, and golimumab throughout pregnancy,
without interruption in the third trimester, adjusting only the
timing of the last dose to achieve the lowest possible trough
levels during delivery [15].

The chimeric anti-CD20-Ab rituximab (RTX) is indi-
cated in a large number of conditions, including hemato-
logic malignancies, autoimmune cytopenia, systemic lupus
erythematosus (SLE), RA, pemphigus vulgaris, and multiple
sclerosis. Given the seriousness of some of these diseases,
the EULAR and the ACR support the use of RTX in cases
of severe and life-threatening maternal illness, and the lit-
erature data on pregnancies exposed to RTX are reassuring
[13, 14, 28, 29].
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However, data on the safety of other classes of biologics
(namely interleukin [IL]-1 inhibitors [anakinra and canaki-
numab], IL-6 inhibitors [tocilizumab], IL-12/23 inhibitors
[ustekinumab], IL-17A inhibitors [secukinumab], an anti-B
cell activating factor [anti-BAFF] agent [belimumab], and
cytotoxic T-lymphocyte-associated protein 4-Ig [CTLA4-1g]
[abatacept]) during pregnancy are scarce, and many experts
recommend the discontinuation of these drugs once a preg-
nancy is confirmed [13, 14].

The objective of the present study of an international
pharmacovigilance database was to evaluate outcomes in
fetuses and neonates exposed in utero to biologics taken dur-
ing pregnancy by women with AIDs.

2 Methods
2.1 Data Source

Individual case safety reports (ICSRs) were collected from
VigiBase®—the world’s largest pharmacovigilance database,
curated by the World Health Organization (WHO) [30]. Each
ICSR includes anonymous administrative data (the country,
and the reporter’s qualification), patient information (age
and sex), drug information (the international non-proprietary
name or the trade name, Anatomical Therapeutic Chemical
[ATC] Classification System code, indication, start date,
stop date, dosage, and administration route), and informa-
tion on the suspected adverse drug reaction (ADR, coded
according to the Medical Dictionary for Regulatory Activi-
ties [MedDRAY]) [31]. There are five levels in the MedDRA
hierarchy, ranging from very general to very specific: system
organ class, high level group term, high level term, preferred
term, and lowest level term. MedDRA also includes stand-
ardized MedDRA queries (SMQs), which are collections of
MedDRA terms consistent with a description of a clinical
syndrome associated with an ADR and drug exposure [32].
As such, SMQs are useful for wide-ranging searches. If a
drug is considered to be at least probably responsible for
the ADR, it is defined as “suspect” or “interacting” in the
ICSR; if not, it is defined as “concomitant.” Full informa-
tion on ICSRs is given on the Uppsala Monitoring Centre’s
website [33].

2.2 Study Design

In June 2021, we searched for ICSRs on individuals of
known age and sex recorded in VigiBase® between Janu-
ary 1, 1968, and June 1, 2021, using the “Pregnancy and
neonatal topics” SMQ, which includes preferred terms
related to “Congenital, familial and genetic disorders,”
“Foetal disorders,” “Lactation-related topics,” “Neonatal
disorders,” “Normal pregnancy conditions and outcomes,”

“Pregnancy, labour and delivery complications and risk fac-
tors,” and “Termination of pregnancy and risk of abortion”
(summarized in Supplementary Table S1; see the electronic
supplementary material). ICSRs related to paternal exposure
and to exposure through breastfeeding were excluded. We
also excluded ICSRs in which the indication for treatment
with a biologic drug was coronavirus disease 2019. Lastly,
we identified the subset of newborns (children under the age
of 1 month).

Fetal and neonatal ADRs of interest that belonged to the
“Pregnancy and neonatal topics” SMQ (stillbirth, prema-
ture birth, low birth weight [LBW], small for gestational age
[SGA], infection, cytopenia, chromosomal abnormalities,
gene alterations, and congenital malformations [including
cardiac and vascular disorders, ear and labyrinthine disor-
ders, endocrine disorders, eye disorders, gastrointestinal
tract disorders, hepatobiliary abnormalities, musculoskeletal
and connective tissue disorders, neurologic disorders, renal
and urinary tract disorders, reproductive tract and breast
disorders, respiratory disorders, and immune system disor-
ders]) were identified using the MedDRA hierarchy levels
summarized in Supplementary Table S2. Drugs of interest
considered to be suspect (monoclonal TNFis [ADA, INF,
golimumab, and CZP], ETA, IL-1 inhibitors [anakinra and
canakinumab], IL-6 inhibitors [tocilizumab and sarilumab],
an IL-12/23 inhibitor [ustekinumab], a selective IL.-23 inhib-
itor [guselkumab], IL-17A inhibitors [secukinumab and
ixekizumab], an anti-BAFF agent [belimumab], an CTLA4-
Ig [abatacept], and an anti-CD20 agent [RTX]) were identi-
fied using the ATC code (Supplementary Table S3).

2.3 Statistical Analysis

In our descriptive analysis, categorical variables (number
of ICSRs, number of ICSRs with a single suspect drug, age
groups of pregnant women, the biologics’ therapeutic indica-
tion, the geographical source [the continent] of ICSRs, the
reporter’s qualification of the ICSRs, seriousness criteria,
and the concomitant use of steroids and teratogenic drugs)
were expressed as the number (percentage), and continu-
ous variables (pregnant women’s age, and the vigiGrade™
completeness score [a measure of the amount of clinically
relevant information in an ICSR as it appears in VigiBase®])
were expressed as the median (range).

Several types of disproportionality analysis have been
described in the literature. Here, we chose to calculate the
reporting odds ratio (ROR) and its 95% confidence interval
(CI) as a guide to the strength of an association between a
suspect drug and fetal or neonatal ADRs in the ICSRs fil-
tered over the study period. This case/non-case approach is
the best way to deal with the limitations of an ICSR database
and to interpret the results reliably [34]. Calculation of the
ROR has been described in detail elsewhere [35]. Briefly,
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ROR = (a/c)/(bld), where a is the number of ADRSs of inter-
est with the drug of interest, b is the number of ADRs of
interest with all other drugs in the study population, c is the
number of ADRs other than those of interest but with the
drug of interest, and d is the number of ADRs other than
those of interest with all other drugs in the study population.
If the ROR and the lower boundary of its 95% CI are above
1, the ADR of interest is reported more frequently with the
drug of interest than with all other drugs. It has been sug-
gested that an ROR above 4 corresponds to a “large” effect
size [35]. The ROR is only interpretable if a drug is reported
in at least three ICSRs [36].

Considering that infection and cytopenia can be reported
in an ICSR on a mother and an ICSR on her child, RORs
for each drug—ADR pair were calculated in the subgroup of
newborns.

In the main analysis and given the ADRs of interest, we
excluded ICSRs in which known teratogenic drugs were
reported (namely valproic acid, acitretin, diethylstilbestrol,
alitretinoin, isotretinoin, misoprostol, mycophenolic acid,
testosterone, danazol, methotrexate, cyclophosphamide,
lithium, carbimazole, warfarin, acenocoumarol, fluindione,
carbamazepine, phenobarbital, phenytoin, and topiramate)
[37]. Given the potential fetal and neonatal ADRSs to steroids
(i.e., a risk of premature birth, SGA, LBW, and infections
but not congenital malformations [38, 39]), we excluded
ICSRs in which this drug class was reported when analyz-
ing stillbirth, premature birth, LBW, SGA, and infection.
In another analysis of all the ICSRs that met the selection
criteria (including those with known teratogenic drugs and
steroids), we stratified by indication when the RORs were
statistically significant. Since RTX was the drug of interest
that had been on the market for longest (since 1998), we
calculated RORs from January 1, 2001, to June 1, 2021. To
assess the stability of our results in the sensitivity analyses,
we selected valproate as a positive control (since this drug is
known to be associated with congenital malformations [40])
and paracetamol as a negative control.

All analyses were performed using R software (version
3.6.3, R Foundation for Statistical Computing, Vienna,
Austria).

3 Results
3.1 Study Population

After the exclusion of ICSRs related to paternal exposure
and exposure through breastfeeding, 190,023 ICSRs on
individuals of known age and sex reported to VigiBase®
between 1968 and June 1, 2021, matched the “Pregnancy
and neonatal topics” SMQ, and 9636 of these ICSRs fea-
tured at least one drug of interest. The characteristics of
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the study population are summarized in Table 1 and (for
each monoclonal TNFi [mTNFi] specifically) in Supplemen-
tary Table S4 (see the electronic supplementary material).
In 5704 (59.2%) of the ICSRs, only one suspect drug was
involved. Most of the selected ADRs occurred in patients
taking a TNFi. The main therapeutic indications for RTX
documented in VigiBase® were hematologic diseases;
detailed results are not shown here. Among the individu-
als with serious ADRs, 266 (2.8%) displayed a congenital
anomaly or other birth defect, and 133 (1.4) died.

3.2 Disproportionality Analyses

3.2.1 Main Analysis: The Exclusion of Known Teratogenic
Drugs

The significant RORs for neonatal ADRs of interest after the
exclusion of ICSRs involving teratogenic drugs (n = 18,804)
are represented graphically in Fig. 1.

The RORs [95% CI] were particularly high (above
4) for (1) musculoskeletal disorders with anakinra (7.18
[3.50-14.73]), canakinumab (19.54 [12.82-29.79]), and
abatacept (5.09 [2.77-9.33]), and (2) immune system dis-
orders (detailed in Supplementary Table S5; see the elec-
tronic supplementary material) with canakinumab (347.88
[217.90-555.50]) and RTX (9.27 [2.95-29.15]).

3.2.2 Analysis After the Exclusion of ICSRs with Steroids

After the exclusion of ICSRs with suspected or concom-
itant use of steroids (n = 8164), the ROR [95% CI] was
particularly high for infection with belimumab (28.49
[5.75-141.25], Fig. 2).

3.2.3 Stratified Analyses by Indication

RORs were stratified by indication for cases with available
data on this variable (Fig. 3). In patients with other AIDs
(including familial Mediterranean fever, TNF receptor-
associated periodic syndrome, hyperimmunoglobulinemia
D with periodic fever syndrome, and cryopyrin-associated
periodic syndromes), the RORs were particularly high
for musculoskeletal malformations with anakinra (7.74
[2.51-32.90]) and canakinumab (31.22 [12.91-75.49])
and for immune system disorders with canakinumab
(31.25 [6.63-147.41]). In patients with Pso/PsA, the RORs
were particularly high for stillbirth with mTNFis (5.73
[2.98-10.99]) and for neurologic disorders with ETA (4.38
[1.88-10.17]). In patients with RA, the ROR was particu-
larly high for LBW with mTNFis (9.10 [2.03—-40.73]). In
patients with AS, the ROR was particularly high for eye
disorders with ETA (6.30 [1.94-34.72]). In patients with
SLE, the ROR was particularly high for infection with
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Biologics in Pregnant Women: Analysis from VigiBase

YSOI 9[3uls e ur pajiodar aq pinod s3nIp JIueF0IeIs) JUBIIWOIUOD [EIOADS,

110da1 yors Ur SYQV JO 1oquunu 3y} uo Surpusdap YSDI S[SUIS € 0} PSUSISSE 3q P[NOJ BLIALIO SSAUSNOLISS [EIIAJS

sawoIpuks drporsad pajerdosse-utikdoA1o pue ‘OwoIpuAs 1A9) drpotrad yim ( erwdulnqo[SounwwiiadAy ‘owoIpuLs o1porrad pajeroosse-101dadar NI, ‘TASJ UBQURLIIPIA [EI[Itue) SUIpn[ouf,

ASOI A[SuIs & ur parodar aq p[nod JSaIa)ul JO STNIP [BIASS,

J1030€]J SISOIOQU Jown) AL ‘SnsojewaiAIe sndnf orwoIsAs F7§ ‘SHLIYIe projewunayl yy ‘siseriosd osg ‘snuayire oneriosd ysg J0)IqIUUI JOJOe] SISOIOU JOWN) [BUO[OOUOW 1,/ AL “WINWITUTU
Ui “URIPAW paus ‘WINWIXeW xpus ‘snLyIe onyedoiprt ojruaan( 7, ‘a3uer opnaenbiojur Y@y ‘urynaprut ;77 ‘urpnqojSounurwl §7 41odar A1ofes 9sed [enpIAIPUL Y§)] ‘OSeISIP [omoq AIojeunueyul (7g7
‘ureyo1d pajeroosse-91A0oydwA]-], 9TX0303Ad V7LD ‘10Joe] JuneAnde [[90 g 4V ‘SniApuods Sutso[Ayue Sy ‘9seasIp s [[NS JOSUO-I[NPe (FSOV @SEasIp JUNWWIOINE (7]} ‘UOTIORAI SNIP 9SIdAPE YTV

90 ¢ (SRS 601 0 @D ¥ 0 @Dy 0 Towu 0 €oc (6'0) 61 (L'0) 8¢ (L'0) 69 PO
proe o1j0u
S i1e Lot 086 0 0 0 0 0 o1 0 0 o1 Tos (¥'0) 9¢ -oydook N
s)sruogejue
8D €1 (A4 ((92XS 0 €01 0 €01 0 (60 ¢ 0 0 Tos (r'0) ¥T (S0 s 3 urerp
oprwreyd
(81¢) ¥91 0 601 0 0 0 0 0 o1 0 0 o1 109 DLl -soydopk)
(Ton 8y (679 LY (86) 11 61 09 L1 0 0oL 009) v (§9¢) 8 aprt oy (6'6) 01C (6°9) sve (6'9) 899 AEXaMOYIPN
,S3n1p
(S9v) 61 0so0s (€St 601 99 61 0 @o 11 009 v  (98€) 06 apr (88)s oDt (89 L6€  (96) 676  OwASoRIL
(62S) 67T (809) v (Toy sy 0 [CXIKa (cone '8) 6T 0sL9 @y €01 (som) o1 (8'60) L1 (Ten oLz e s6L (€61 LLYT SpIoIalg
(%) u ‘uoryeIIPIW JULIIWOIUO))
qewnu qewnu
qewrxmry ydooejeqy  qewnwiIeg  qeUINZINOX] -DNOJS  qeWNY[snD -DOIS()  qEWN[LIES QRWNZI[IO0], qewnuIyeue)  BIUIYeUY 1doorouerg AN LW
€Tl
0cdd-huy SPVILD  dAVE-Duy VLI-TI-huy €¢Iy -huy 9-II-huy 1-11-huy SI0MqIUT ANL gL

(ponunuoo) | sjqey

A\ Adis



A. Dernoncourt et al.

belimumab (16.12 [2.75-94.60]). In patients with IBD, the
ROR was particularly high for infection with ustekinumab
(11.50 [1.84-71.95]).

3.2.4 Sensitivity Analyses

When we repeated the analyses for the period 2001-2021,
the results were generally consistent with those of the main
analysis (Fig. 4).

The RORs with valproate were significant for many mal-
formations (i.e., cardiac, vascular, ear, eye, gastrointestinal
tract, musculoskeletal, neurologic, renal and reproductive
tract malformations) and for SGA (Supplementary Figure
S1; see the electronic supplementary material). None of the
RORs were significant with paracetamol, except for infec-
tions (Supplementary Figure S2).

4 Discussion

Potential fetal and neonatal ADRSs related to in utero expo-
sure of biologics are difficult to identify and document
because pregnant women are very often excluded from
clinical trials [41-43], and few biologics are authorized in
pregnant women. Hence, post-marketing pharmacoepide-
miologic studies are important for detecting these ADRs.
Disproportionality analysis lies at the interface between
pharmacovigilance and pharmacoepidemiology. It can detect
early disproportionality signals for specific ADRs, which
must then be confirmed in more specific pharmacoepidemio-
logic studies [35]. To the best of our knowledge, the present
study is the first to have examined reports on these potential
ADRSs in VigiBase®—the world’s largest pharmacovigilance
database.

After the exclusion of reports with known teratogenic
drugs, one of our main findings was a set of strong dis-
proportionality signals for musculoskeletal malformations
with the IL-1 inhibitors anakinra and canakinumab and the
CTLA-4-Ig abatacept. We do not have a clear mechanistic,
pharmacologic explanation for these associations. In fact,
the biologics of interest in the present study do not readily
cross the placenta until after the critical organogenesis stage
because they are all high-molecular-weight macromolecules
(17.3 kilodaltons [kDa] for anakinra, 92 kDa for abatacept,
and more than 100 kDa for the others) [44, 45]. Thus, a
direct teratogenic effect of these molecules is unlikely.

Regarding anakinra and canakinumab, it was shown that
the pro-inflammatory IL-1 pathway has a major role in preg-
nancy (i.e., embryo implantation, placenta development, and
protection against infections) and is involved in several dis-
orders of pregnancy (such as pre-eclampsia). Blockade of
the IL-1 pathway appears to reduce the incidence of these
complications and protect the placenta and fetal/neonatal
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development [46]. However, there are no data on whether
inhibition of this signaling pathway is teratogenic. Indication
bias is a possible explanation for the association between
IL-1 inhibitors and musculoskeletal malformations, since
cryopyrin-associated autoinflammatory syndrome—an indi-
cation for IL-1 inhibitors—corresponds to a range of often
inherited genetic diseases with skeletal abnormalities [47].
However, in the present study, the disproportionality signal
remained significant after stratification for this indication.
It should be noted that studies in monkeys have prompted
concerns about a relationship between rilonacept (another
IL-1-blocking agent) and fetal skeletal abnormalities [48].
Furthermore, the authors of a recent systematic review
(including 88 pregnancies exposed to IL-1 inhibitors from
22 studies) did not reveal any musculoskeletal malformation,
and found only two cases of renal agenesis [46].

Regarding abatacept, the mechanism underlying fetal
malformations has not been well characterized. This mol-
ecule downregulates activated T cells via selective modu-
lation of their co-stimulatory signal. Activated T cells are
closely involved in bone formation by promoting the dif-
ferentiation of mesenchymal stem cells into osteoblasts, and
then increasing osteoblast proliferation and differentiation
[49]. In Kumar et al.’s clinical study (including clinical tri-
als and post-marketing data), seven congenital anomalies
were observed among 86 live births (from 151 pregnant
women exposed to abatacept): cardiovascular disorders (n
=2), cleft lip (n = 1), meningocele (n = 1), pyloric stenosis
(n = 1), skull malformation (n = 1), and Down’s syndrome
(n = 1). However, an effect of concomitantly administered
methotrexate or other teratogenic drugs could not be ruled
out [50]. No fetal disorders were described in two other case
series [29, 51].

In the present study, the other main findings were strong
disproportionality signals for immune system disorders with
canakinumab and RTX, after the exclusion of concomitant
known teratogenic drugs. As mentioned above, there is no
clear pharmacologic mechanism for the putative effect of
canakinumab. Again, confounding bias (i.e., an indica-
tion bias) might explain these results because many of the
AIDs for which IL-1 receptor antagonists are prescribed
are hereditary genetic pathologies with innate immune sys-
tem disorders and often severe immunodeficiencies [47].
Regarding RTX, this chimeric monoclonal Ab induces B cell
depletion (often associated with hypogammaglobulinemia)
by directly targeting CD20 on the surface of B cells. Since
RTX crosses the placental barrier, hypogammaglobulinemia
can be observed in fetuses exposed in utero to RTX and can
lead to transient lymphopenia and a decrease in IgG levels
in the first days of life [29]. However, no major infectious
complication was observed [28, 29].

Two factors prompted us to perform an analysis after the
exclusion of reports with steroid use. First, given that the
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Etanercept N ROR _ 95% ClI

Eye disorders 22 1.55 [1.01-2.37]
Immune system disorders 8 - 3.30 [1.63-6.70]
Anakinra N ROR _ 95% ClI
Musculoskeletal and connective tissue disorders 9 -— 7.18 [3.50-14.73]
Canakinumab N ROR __ 95% ClI
Musculoskeletal and connective tissue disorders 34 —— 19.54  [12.82-29.79]
Immune system disorders 27 347.88 [217.90-555.50]
Abatacept N ROR _ 95% ClI
Musculoskeletal and connective tissue disorders 12 |+ 5.09 [2.77-9.33]
Rituximab N ROR _ 95% CI
Immune system disorders 3 —-— 9.27 [2.95-29.15]
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Figure T RORs for congenital malformations, after the exclusion of ICSRs involving teratogenic drugs. ADR adverse drug reaction, CI confi-
dence interval, /CSR individual case safety report, N number of drug—ADR pairs, ROR reporting odds ratio
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most frequently reported indications for the investigated
biologics were RA, Pso/PsA, AS, and IBD, steroid use can
be an indirect marker of disease activity. Thus, analyzing
reports without steroids indirectly avoided a confounding
bias—namely, the activity of these diseases. In fact, several
studies have shown that women with these conditions are at
high risk of obstetrical complications (including premature
birth) even when they are not being treated with biolog-
ics and especially when the disease is not controlled [3, 4,
52-54]. Nevertheless, steroid use was a very indirect esti-
mate of disease activity in our study. Second, steroid use in
pregnant women with AIDs is independently associated with
premature birth, SGA, LBW, and infections (but not congen-
ital malformations) [38, 39] in a dose-dependent manner. In
a cohort of 528 pregnant women with RA and after adjust-
ment for a large number of confounding factors (including
maternal age, comorbidities, disease activity, and other RA-
related medications), the relative risk of premature birth was
higher in both high-use and medium-use steroid groups than
in a non-steroid-use group before 20 weeks of gestation. The
mean total cumulative prednisone equivalent doses in the
high use and medium use groups were 2208.6 mg and 883.0
mg (adjusted relative risk 4.77 [95% CI 2.76-8.26] and 1.81
[95% CI 1.10-2.97], respectively) [39]. Prednisone equiva-
lent doses > 10 mg later in pregnancy were also associated

with a higher premature birth rate (adjusted hazard ratio
2.45 [95% CI 1.32-4.56]) [39]. Desai et al. showed that
high-dose steroid use (average daily doses > 10 mg) was
an independent risk factor of serious maternal infections
during pregnancy in women with AIDs; these infections
might contribute to premature deliveries and poor neonatal
outcomes [55]. Moreover, according to a recent pregnancy
registry study of 1490 mothers with IBD, steroid use was
associated with an elevated risk of premature birth, SGA,
LBW, and intrauterine growth restriction. In a multivariate
analysis adjusted for biologics and other immunomodulator
drugs, steroid use was also associated with preterm birth
(odds ratio [OR] 1.79 [95% CI 1.18-2.73]) and LBW (OR
1.76 [95% CI 1.07-2.88]) [26]. Furthermore, among live
births, late corticosteroid use (second and third trimesters)
is associated with a high risk of serious infections during
the first year after birth in children exposed in utero [38].
In the present study and after the exclusion of reports with
steroid use, we still observed a strong disproportionality
signal for infection with belimumab. This association was
somewhat unexpected because (1) the risk of infections with
belimumab is moderate in large cohorts of men and non-
pregnant women with SLE, and (2) no infectious events were
reported among the newborns born to 13 women with SLE
exposed to belimumab during pregnancy [56-58]. Neonatal
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Monoclonal TNF inhibitors N ROR _ 95% CI
Stillbirth 236 = 1.95 [1.70-2.23]
IBD 114 1.71 [1.05-2.76]
RA 26 p 1.98 [1.10-3.56]
PsA 40 -— 5.73 [2.98-10.99]
Premature birth 486 1.41 [1.28-1.55]
Low birth weight 51 d 2.48 [1.86-3.30]
RA 12 9.10 [2.03-40.73]
Infection 60 1.39 [1.06-1.83]
IBD 21 - 275 [1.20-6.28]
Etanercept N ROR _ 95% CI
Premature birth 244 & 2.02 [1.77-2.31]
98 1.40 [1.06-1.85]
PsA 48 1.72 [1.18-2.49]
Eye disorders 25 1.51 [1.01-2.25]
AS 4 — 6.30 [1.14-34.72]
Immune system disorders 8 .- 2.90 [1.43-5.86]
Neurological disorders 35 0.91 [0.65-1.27]
PsA 14 = 4.38 [1.88-10.17]
Anakinra N ROR _ 95% CI
Congenital malformations 16 P 2.36 [1.32-4.20]
Musculoskeletal and connective tissue disorders 11 -— 7.67 [3.97-14.81]
Other AIDs* 6 —-— 7.74 [2.51-23.90]
Canakinumab N ROR _ 95% ClI
Congenital malformations 64 —-— 12.48  [8.13-19.18]
Other AIDs* 37 —-— 9.42 [4.92-18.02]
Musculoskeletal and connective tissue disorders 34 —— 17.94  [11.78-27.31]
Other AIDs* 26 —_—— 31.22 [12.91-75.49]
Immune system disorders 27 331.82 [208.54-527.96]
Other AIDs* 10 31.25 [6.63-147.41]
Ustekinumab N ROR _ 95% CI
Infection 4 — 3.39 [1.08-10.66]
IBD 3 —— 11.50  [1.84-71.95]
Belimumab N ROR _ 95% CI
Renal and urinary tract disorders 4 o= 3.25 [1.20-8.82]
Infection 7 -— 6.53 [2.49-17.19]
SLE 6 —_— 16.12  [2.75-94.60]
Abatacept N ROR _ 95% ClI
Small for gestational age 6 -— 5.05 [2.23-11.46]
Congenital malformations 37 . 2.1 [1.45-3.07]
Musculoskeletal and connective tissue disorders 13 = 3.21 [1.81-5.67]
Neurological disorders 6 - 2.37 [1.04-5.36]
Rituximab N ROR _ 95% ClI
Premature birth 56 p 2.08 [1.57-2.75]
Immune system disorders 8 —_— 13.30  [6.54-27.05]
Chromosomal abnormalities and gene alterations 51 . 4.01 [3.00-5.37]
Cytopenia 9 —— 1428  [6.40-31.86]
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Figure 3 RORs calculated in the period 1968-2021 for fetal and
neonatal ADRs, with stratification by indication. ADR adverse drug
reaction, AID autoimmune disease, AS ankylosing spondylitis, CI
confidence interval, /BD inflammatory bowel disease, /CSR individ-
ual case safety report, N number of drug—ADR pairs, PsA psoriatic

infections were not mentioned in another analysis of 13
pregnancies in patients with SLE exposed to belimumab
[59]. In a recent prospective cohort study of 55 pregnancies
exposed to belimumab (performed by the manufacturer), six
out of 46 infants (13%) had at least one infection or episode
of fever of "unknown origin" within the first 3 months of life
[60]. The investigators emphasized the scarcity of data on
the use of belimumab in pregnancy, and noted that they had
reported several major birth defects [60].

Araujo et al. also performed a disproportionality analysis
of ADRs to biologics (TNFis, abatacept, anakinra, RTX,
and tocilizumab) used by patients with AIDs, albeit not
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arthritis, RA rheumatoid arthritis, ROR reporting odds ratio, SLE sys-
temic lupus erythematosus, TNF tumor necrosis factor. * Including
familial Mediterranean fever, TNF receptor-associated periodic syn-
drome, hyperimmunoglobulinemia D with periodic fever syndrome,
and cryopyrin-associated periodic syndromes

specifically in pregnant women [61]. The researchers iden-
tified 75 congenital anomalies (out of the 411,063 reports
analyzed) but did not report any RORs. Araujo et al.’s study
population [61] differed from ours because (1) the pharma-
covigilance data came from the US Food and Drug Admin-
istration’s Adverse Event Reporting System (which contains
fewer reports than VigiBase®), (2) patients under 18 were
excluded, (3) the study period was 2003-2016 (prior to the
EULAR recommendations about biologics during pregnancy
[13]), and (4) several biologics (such as canakinumab or
belimumab) were not included.
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Monoclonal TNF inhibitors N ROR _ 95% CI
Stillbirth 236 » 2.1 [1.85-2.42]
IBD 114 » 1.99 [1.19-3.33]
RA 26 » 2.07 [1.14-3.75]
PsA 40 -— 5.72 [2.98-10.98]
Premature birth 486 1.32 [1.20-1.46]
Low birth weight 51 . 2.28 [1.71-3.04]
RA 12 9.03 [2.02-40.40]
Infection 60 1.32 [1.00-1.74]
IBD 21 - 275 [1.20-6.28]
Etanercept N ROR _ 95% CI
Premature birth 244 1.91 [1.67-2.18]
98 1.39 [1.05-1.84]
PsA 48 1.72 [1.18-2.49]
Eye disorders 25 1.62 [1.09-2.41]
AS 4 — 6.25 [1.13-34.44]
Immune system disorders 8 - 2.61 [1.29-5.29]
Neurological disorders 35 0.95 [0.68-1.33]
PsA 14 = 4.37 [1.88-10.16]
Anakinra N ROR _ 95% CI
Congenital malformations 16 P 243 [1.36-4.33]
Musculoskeletal and connective tissue disorders 11 -— 8.52 [4.41-16.46]
Other AIDs* 6 —-— 7.74 [2.51-23.90]
Canakinumab N ROR _ 95% ClI
Congenital malformations 64 —-— 12.89  [8.39-19.80]
Other AIDs* 37 -— 9.42 [4.92-18.02]
Musculoskeletal and connective tissue disorders 34 —— 20.00 [13.11-30.39]
Other AIDs* 26 —_— 31.22 [12.91-75.49]
Immune system disorders 27 289.57 [187.64-475.06]
Other AIDs* 10 31.25 [6.62-147.41]
Ustekinumab N ROR _ 95% CI
Infection 4 — 3.21 [1.02-10.10]
IBD 3 —— 11.50  [1.84-71.95]
Belimumab N ROR _ 95% CI
Renal and urinary tract disorders 4 — 3.21 [1.18-8.70]
Infection 7 -— 6.19 [2.36-16.28]
SLE 6 —_—— 15.75  [2.68-92.46]
Abatacept N ROR __ 95% ClI
Small for gestational age 6 -— 4.79 [2.11-10.87]
Congenital malformations 37 . 2.18 [1.50-3.16]
Musculoskeletal and connective tissue disorders 13 - 3.56 [2.01-6.31]
Neurological disorders 6 - 247 [1.09-5.60]
Rituximab N ROR _ 95% CI
Premature birth 56 » 1.96 [1.48-2.59]
Immune system disorders 8 —-— 11.99  [5.89-24.38]
Chromosomal abnormalities and gene alterations 50 . 3.64 [2.71-4.89]
Cytopenia 9 —_— 13.64 [6.11-30.45]

0.01 25 50 75 100 125

Figure 4 RORs calculated in the period 2001-2021 for fetal and
neonatal ADRs, with stratification by indication. ADR adverse drug
reaction, AID autoimmune disease, AS ankylosing spondylitis, CI
confidence interval, /BD inflammatory bowel disease, /CSR individ-
ual case safety report, N number of drug—ADR pairs, PsA psoriatic

It is important to bear in mind that disproportionality
studies do not prove the existence of an association between
drug exposure and an effect; in fact, they generate pharma-
covigilance signals that must then be confirmed in phar-
macoepidemiologic studies like the VALORE project. The
potential of this Italian project (designed to optimize post-
marketing surveillance of biologics, including biosimilars)
has recently been emphasized [12]. Many biologics (both
originators and biosimilars: TNFis, anakinra, tocilizumab,
secukinumab, ustekinumab, ixekizumab, brodalumab, sari-
lumab, guselkumab, tildrakizumab, risankizumab, abata-
cept and vedolizumab) were studied during the period

150

175 200 225 250 275 300 325 350 375 400

arthritis, RA rheumatoid arthritis, ROR reporting odds ratio, SLE sys-
temic lupus erythematosus, TNF tumor necrosis factor. * Including
familial Mediterranean fever, TNF receptor-associated periodic syn-
drome, hyperimmunoglobulinemia D with periodic fever syndrome,
and cryopyrin-associated periodic syndromes

2010-2019. During this time, 794 women with at least one
delivery were exposed to biologics during pregnancy. Post-
marketing surveillance for this project includes ADRs to
biologics in newborns exposed in utero (such as congeni-
tal anomalies, preterm delivery, and stillbirth). Many con-
founding factors (such as disease activity and the trimester
of pregnancy) will be documented.

Our study had several limitations, most of which are
inherent to pharmacovigilance database studies and case/
non-case designs [35]. Firstly, underreporting prevented
us from determining the absolute frequency of drugs asso-
ciated with each maternal and neonatal ADR of interest.
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Nevertheless, widespread underreporting would not affect
the results of a disproportionality analysis [35]. Secondly,
data on some variables were missing or incomplete. For
example, the indications for treatment were rarely stated. As
a result, the vigiGrade™ completeness score in the present
study was not very high (median [interquartile range {IQR}]
0.44 [0.34-0.63], Table 1). This completeness score—meas-
uring the amount of clinically relevant information in an
ICSR as it appears in VigiBase®, and ranging from 0.07 to 1
[62]—does not imply or reflect causality between a drug and
an adverse event but focuses on information that is impor-
tant when assessing causality. To the best of our knowledge,
a well-documented threshold has not been defined, but a
vigiGrade™ score > (.8 has already been suggested [63].
However, in Bergvall et al.’s study of report completeness
and predictors of well-documented reports in VigiBase®,
the median (IQR) completeness score was 0.41 (0.26-0.63)
over the period 2007-2012 (including all VigiBase® ICSRs),
which is consistent with the values observed in the present
study [63]. Thirdly, it is important to note that the VigiBase®
pharmacovigilance database was not specifically designed
to record ADRs during pregnancy. Consequently, several
data items are not collected, including the patient’s medi-
cal history, the trimester of pregnancy, the gestational age
(conditioning several ADRs studied here) at live and pre-
term birth, and the duration of drug exposure. Moreover,
we did not consider the age of the mother or other potential
underlying conditions in the mother (e.g., obesity, diabetes
mellitus, cardiovascular disease, and nephropathy) that can
impact the course of the pregnancy [64]. Fourthly, RORs
that were below 4 but were statistically significant and had
a lower boundary of the 95% CI above 1 should be inter-
preted with caution because a significant size effect is not
usually considered below this threshold [35]. Fifthly, due to
the large number of countries involved in VigiBase® and the
heterogeneity of each country's methods for assessing cau-
sality, the database does not include a causality assessment.
The likelihood that the reported event was caused by the
medicine varies from one report to another; some countries
collect only ADRs with at least a possible causal relationship
between the drug and the adverse event, while other coun-
tries collect all adverse events observed in patients using the
drug in question [65].

Conversely, our case/non-case study has several impor-
tant strengths [35]. Firstly, we studied the world’s largest
pharmacovigilance database, which reflects routine medica-
tion use. Secondly, the case/non-case design is a validated
method of investigating disproportionality between reports
and drugs [35]. Thirdly, we used the “Pregnancy and neo-
natal topics” SMQ to identify the population of interest.
SMQs are validated, pre-determined sets of MedDRA terms
grouped together after extensive reviewing, testing, analy-
sis, and expert discussion [32]. The specific “Pregnancy and
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neonatal topics” SMQ was built according to the European
Medicines Agency's guideline on exposure to medicinal
products during pregnancy [66, 67].

5 Conclusion

Using data from the world's largest pharmacovigilance data-
base, we found high disproportionality signals for certain
fetal or neonatal ADRs with some biologics: musculoskel-
etal malformations with anakinra, canakinumab, and abata-
cept, and immune system disorders with canakinumab and
RTX. Until more robust, post-marketing, pharmacoepide-
miologic studies are conducted, we recommend particular
vigilance and close monitoring in pregnancies for which
these drugs are needed to control the woman’s AID.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40259-022-00564-4.
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