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Abstract: (1) Background: The purpose of study was to compare the safety profile of glatiramer with
natalizumab, alemtuzumab and ocrelizumab in pregnant and lactating women affected by multiple
sclerosis (MS). (2) Methods: Individual case safety reports (ICSRs) were retrieved from the European
spontaneous reporting system database (EudraVigilance). The reporting odds ratios (RORs) were
computed to compare the reporting probability of events between natalizumab, alemtuzumab and
ocrelizumab vs. glatiramer. (3) Results: A total of 1236 ICSRs reporting at least one DMT as a sus-
pected drug were selected. More adverse drug reactions (ADRs) unrelated to pregnancy and breast-
feeding (n = 1171; 32.6%) were reported than ADRs specific to pregnancy and breastfeeding (n =
1093; 30.4%). The most frequently reported unrelated ADR was MS relapse. Alemtuzumab and na-
talizumab seem to have a lower reporting probability of MS relapse compared to glatiramer (ROR
0.17, 95% CI 0.07-0.45 and ROR 0.34, 95% CI 0.20-0.57). Among pregnancy- and breastfeeding-re-
lated ADRSs, the first most reported event was spontaneous abortion (1 = 321; 8.9%). Natalizumab
and ocrelizumab were associated with a higher reporting probability of spontaneous abortion com-
pared to glatiramer (ROR 2.22, 95% CI 1.58-3.12; ROR 2.18, 95% CI 1.34-3.54, respectively), while
alemtuzumab had a lower reporting frequency (ROR 0.32, 95% CI 0.17-0.60). (4) Conclusions: This
study did not suggest any strong or new insights for DMTs in this special subpopulation. However,
further studies need to be performed.

Keywords: disease-modifying therapies; pregnancy; breastfeeding; women; adverse drug reaction;
safety; database; spontaneous reporting

1. Introduction

Multiple sclerosis (MS), an inflammatory demyelinating disease of the central nerv-
ous system, is the most common chronic neurological disease with a risk of permanent
motor and sensory disability and cognitive deterioration [1]. The course of this disease is
unpredictable and changes from person to person [2]. Genetic predisposition, lifestyle and
environmental drivers (such as high latitude, female sex, smoking, low vitamin D levels,
Epstein-Barr virus infection and obesity) are risk factors for the onset of MS [3]. MS is
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diagnosed more often in women, with a probability of occurrence about three times higher
than that for men. Based on the literature, sex hormones, genes, the immune system and
response to immunotherapy may play an important role in this sex difference [4]. In ad-
dition, affected people are aged between 20 and 40 years, on average. Therefore, at least
20% to 30% of women with MS are of childbearing age [5]. To date, many studies have
shown that MS has no impact on fertility, foetal development or the course of pregnancy
and delivery; moreover, pregnancy-related outcomes in MS women are not significantly
different from those of the general population [6-8]. However, before the end of the 1990s,
women with MS were discouraged to undertake pregnancy for reasons related to MS [9].
Thereafter, several studies showed that the activity of MS reduces during pregnancy and
significantly increases in the first 3 months post-partum [10,11]. This seems to be due to
fluctuations in estrogenic hormone levels in the immune system that could potentially
control disease activity [12]. In the last few decades, many disease-modifying therapies
(DMTs) have been approved by the European Medicines Agency (EMA) and United States
Food and Drug Administration (FDA). However, pre-marketing data did not include rel-
evant information about safety profiles in pregnancy and breastfeeding. Thus, regulatory
agencies did not approve any DMTs for pregnant and lactating women. Accordingly, Eu-
ropean and American guidelines for MS treatment contraindicated the use of DMTs dur-
ing pregnancy and breastfeeding [13]. Nevertheless, regulatory agencies continue to
steadily review benefit/risk profiles of DMTs. For some older or first-line DMTs (e.g., gla-
tiramer acetate and interferon beta), no relevant safety concerns have emerged and more
active MS women sometimes continue to receive them during pregnancy and breastfeed-
ing. In fact, the European regulatory agency removed the contraindication on the label for
glatiramer and interferon beta respectively in 2017 and 2019 and allowed their use as clin-
ically needed [12]. These drugs can be referred to as platform therapies in pregnancy and
breastfeeding [14]. For some newer or second-line DMTs (e.g., monoclonal antibodies,
such as natalizumab (anti-a4 integrin), alemtuzumab (anti-CD20) and ocrelizumab (anti-
CD52)) there are limited human data about their safety profiles in pregnancy and breast-
feeding. According to the literature, natalizumab seems to have a good benefit/risk bal-
ance during conception and the first trimester of pregnancy [15]. However, there are con-
flicting opinions about maternal and foetal risks. In particular, on the one hand, there is
evidence that natalizumab does not appear to increase the risk of spontaneous abortions
[16]. On the other hand, natalizumab exposure showed a higher risk of spontaneous abor-
tion or birth defects in pregnant women with MS [17,18]. Moreover, animal data sug-
gested foetal risks requiring a washout period before conception. Therefore, MS women
planning pregnancy or with an unplanned confirmed pregnancy were advised to delay
starting or discontinue their treatments before conception, during gestation and post-par-
tum, except for cases with high disease activity. Considering that a percentage of preg-
nancies are unplanned and clinical practice sometimes diverges from official recommen-
dations, and not least that in high-activity MS cases, treatment often needs to be continued
based on the clinical choice of the specialist/neurologist, pregnant and lactating women
with MS may be exposed to these DMTs [19,20]. Moreover, in the last few years, an in-
creasing proportion of women becoming pregnant during MS therapy has been observed.
This different approach is probably due to the decision to bear children after diagnosis, a
higher trust in the safety profiles of DMTs gained to date and a greater awareness of the
risks related to therapy withdrawal in the case of high disease activity [5]. Regardless,
limited evidence is available in the literature on the safety of DMTs in this special female
population, which may be due to the low prevalence of MS. Despite several limitations,
observational studies and/or pregnancy exposure registries represent relevant tools to in-
vestigate this topic thoroughly. Even the pharmacovigilance databases may be a favoura-
ble option to provide real-world evidence on the safety data for DMTs in pregnant and
lactating women with MS [21,22]. In light of this, herein, we choose to describe and com-
pare the adverse events in pregnant and lactating women with MS receiving one of the
platform therapies (glatiramer) or some of the monoclonal antibodies (natalizumab,
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alemtuzumab and ocrelizumab) using data from the European spontaneous reporting sys-
tem database, EudraVigilance (EV).

2. Results

During the study period, 24,587 individual case safety reports (ICSRs) reporting at
least one DMT as a suspected drug were retrieved from the EV: 7582 for natalizumab,
7514 for glatiramer, 5753 for ocrelizumab and 3738 for alemtuzumab. A total of 1236 cases
met selection criteria, of which 839 (67.8%) referred to natalizumab, 201 (16.2%) to glati-
ramer, 100 (8.0%) to alemtuzumab and 96 (7.7%) to ocrelizumab. The selection process of
ICSRs from the EV database is shown in the flowchart (Figure 1).

EV database for DMTs
(n=24,587)
alillos «Abortiony «Pregnancy»  «Foetal death»
«Breast feeding»  «Still birthw «Foetals «Transplacental»
«Maternals wMalformations «Placentals «Transmammarys
«Neonatals «Congenitals «Prematuren «Maternal exposure timing unspecified»
«Babys

Preliminary dataset

(n=1289)
" | Exclusion criteria
«Premature menopausa»
«Malformation» (adult related)
«Congenitals (adult related)
ICSRs Excluded B — £ gatemal”
Duplicate & Dartuen
Suspect association
A4
‘ Final dataset (n=1236) ‘
Natalizumab Alemtuzumab Glatiramer Ocrelizumab
(n=839) (n=100) (n=201) (n=96)

Figure 1. Flowchart of the selection process of ICSRs from the EudraVigilance database.

More cases referred to pregnant and lactating women (1 = 722; 58.4%) than to the
offspring (n =188; 15.2%). A high percentage of patients with unknown age was observed
(n = 326; 26.4%). As expected, almost all ICSRs included pregnant and lactating women
aged 18-64 years (58.2%), and only three (0.2%) cases involved adolescent pregnant
women (12-17 years). The most reported baby age group was “neonate” for all groups (n
= 135; 10.9%). Regarding the baby sex, most ICSRs referred to males (1 = 69; 5.6% vs. n =
53; 4.3%), except for ICSRs with alemtuzumab that reported mostly females (1 = 8; 8.0%
vs. n = 4; 4.0%). All ICSRs were spontaneous (n = 1236, 100.0%), and the primary source
was the healthcare professional (1 = 1051; 85.0%). The most reported geographic origin of
ICSRs was the European Economic Area for alemtuzumab (1 = 67; 67.0%), glatiramer (n =
145; 72.1%) and natalizumab (1 = 529; 63.1%), while the Non-European Economic Area for
ocrelizumab (n = 55; 57.3%). Of ICSRs, 79.8% (n = 986) were serious, while 20.2% (n = 250)
were not serious. Similar distributions were observed for each DMT. Of ICSRs, 84.8% (n =
1048) were codified as “Maternal/Foetal exposure during pregnancy” and/or “Trans-
placental” (alemtuzumab: n = 39; 39.0%; glatiramer: n = 180; 89.6%; natalizumab: n = 770;
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91.8%; ocrelizumab: n = 59; 61.5%), while 2.8% (n = 34) as “Exposure via breast milk/ma-
ternal exposure during breastfeeding” and/or “Transmammary” (alemtuzumab: n = 3;
3.0%; glatiramer: n = 6; 3.0%; natalizumab: n = 22; 2.6%; ocrelizumab: n = 3; 3.1%). The
overall number of ICSRs related to DMT exposure before pregnancy (preferred terms
(PTs) “Maternal exposure before pregnancy/drug exposure before pregnancy” and/or
“Transplacental”) was 46 (3.7%), of which 22 (22.0%) by alemtuzumab, 4 (2.0%) by glati-
ramer and 20 (20.8%) by ocrelizumab. No ICSRs reported pre-gestation exposure with
natalizumab. A small percentage of ICSRs reported an unspecified exposure timing (n =
13; 1.0%) (PTs “Maternal exposure timing unspecified/foetal exposure timing unspeci-
fied”), while the remaining ICSRs (1 = 95; 7.7%) did not report these PTs. Of ICSRs, 74.6%
(n =921) included a DMT without any other suspected drug, while 17.8% reported one
suspected drug other than a DMT (n = 220). In most ICSRs, concomitant drugs were not
reported (n = 1013; 82.0%). In the remaining ICSRs, 18.0% reported one/two concomitant
drugs. All characteristics of ICSRs for each DMT are shown in Table 1.

Table 1. Characteristics of ICSRs related to maternal exposure during pregnancy and breastfeeding
to drugs for multiple sclerosis (MS) reported in EudraVigilance from 1 January 2019 to 31 December
2022.

Event Groups Glatiramer Alemtuzumab Natalizumab Ocrelizumab Total
(n=201) (n=100) (n=839) (n=96) (n=1236)

Child age group

Foetus 2(1.0) 3(3.0) 5(0.6) 5(5.2) 15 (1.2)

Neonate (0-1 m) 13 (6.5) 8(8.0) 107 (12.8) 7(7.3) 135 (10.9)

Infant 2 m-2y) 6 (3.0) 4 (4.0) 25 (3.0) 3(3.1) 38 (3.1)
Mother age group

12-17 Years 1(0.5) 0(0) 2(0.2) 0(0) 3(0.2)

18-64 Years 126 (62.7) 72 (72.0) 481 (57.3) 40 (41.7) 719 (58.2)
Not specified age group

Not specified 53 (26.4) 13 (13.0) 219 (26.1) 41 (42.7) 326 (26.4)
Baby sex

Female 6 (3.0) 8(8.0) 35(4.2) 4(4.2) 53 (4.3)

Male 12 (6.0) 4 (4.0) 45 (5.4) 8(8.3) 69 (5.6)

Not specified 3 (1.5) 3(3.0) 57 (6.8) 3(3.1) 66 (5.3)
Type of reporting

Spontaneous 201 (100.02) 100 (100.0) 839 (100.0) 96 (100.0) 1236 (100.0)

Not spontaneous 0 (0) 0 (0) 0(0) 0(0) 0 (0)
Primary source qualification

Healthcare professional 117 (58.2) 84 (84.0) 766 (91.3) 84 (87.5) 1051 (85.0)

Non-healthcare professional 84 (41.8) 16 (16.0) 73 (8.7) 12 (12.5) 185 (15.0)
Primary source country

European economic area 145 (72.1) 67 (67.0) 529 (63.1) 41 (42.7) 782 (63.3)

Non-European economic area 56 (27.9) 33 (33.0) 310 (36.9) 55 (57.3) 454 (36.7)
Seriousness

Not serious 36 (17.9) 31 (31.0) 168 (20.0) 15 (15.6) 250 (20.2)

Serious 165 (82.1) 69 (69.0) 671 (80.0) 81 (84.4) 986 (79.8)
Type of exposure

Maternal/Foetal exposure during 180 (89.6) 39 (39.0) 770 (91.8) 59 (61.5) 1048 (84.8)

pregnancy or transplacental route

Exposure via breast milk/during

breast feeding or transmammary 6 (3.0) 3 (3.0) 22 (2.6) 3(3.1) 34 (2.8)

route
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Maternal/Drug exposure before 420) 22 (22.0) i 20 (20.8) 16 (3.7)
pregnancy
Mate‘r'nal/Foetal exposure timing un- i 4(40) 2(02) 7 (73) 13 (1.0)
specified or transplacental route
Not specified 11 (5.4) 32 (32.0) 45 (5.4) 7(7.3) 95 (7.7)

Suspect drug(s) other than DMT
0 150 (74.6) 85 (85.0) 604 (72.0) 82 (85.4) 921 (74.6)
1 28 (13.9) 6 (6.0) 178 (21.2) 8(8.3) 220 (17.8)
2 16 (8.0) 4 (4.0) 46 (5.5) 6 (6.3) 72 (5.8)

3 1(0.5) 3(3.0) 6 (0.7) 0(0) 10 (0.8)
>4 6 (3.0 2 (2.0 5 (0.6) 0(0) 13 (1.1)
Concomitant drug(s)
1 10 (5.0) 7(7.0) 49 (5.8) 5(5.2) 71 (5.7)
2 8 (4.0) 3(3.0) 36 (4.3) 11 (11.5) 58 (4.7)
3 4(2.0) 4 (4.0) 21 (2.5) 1(1.0) 30 (2.4)
4 1(0.5) 4 (4.0) 12 (1.4) 3(.1) 20 (1.6)
>5 4 (2.0) 10 (10.0) 24 (2.9) 6 (6.3) 44 (3.6)
Not reported 174 (86.6) 72 (72.0) 697 (83.1) 70 (72.9) 1013 (82.0)
Data are expressed as n (%).
2.1. Characteristics of Adverse Drug Reactions (ADRs)
All ICSRs (n = 1236) were associated with 3590 PTs, of which 1943 were for natali-
zumab, 720 for glatiramer, 666 for alemtuzumab and 261 for ocrelizumab (Table 2).
Table 2. Adverse Drug Reactions (ADRs) related to maternal exposure during pregnancy and
breastfeeding to drugs for multiple sclerosis (MS) distributed by Event Groups and Preferred Terms.
Event Groups Glatiramer Alemtuzumab Natalizumab Ocrelizumab Total
(n=720) (n = 666) (n =1943) (n=261) (n=3590)§*

Maternal other ADRs 254 (35.3) 501 (75.2) 204 (10.5) 69 (26.4) 1028 (28.6)
Multiple sclerosis relapse 30 (4.2) 5(0.7) 28 (1.4) 5(1.9) 68 (1.9)
Haemorrhage 2(0.3) 2(0.3) 8(0.4) 3(1.1) 15 (0.4)
Anaemia 4 (0.6) 2(0.3) 7(0.4) - 13 (0.4)
Dyspnoea 4 (0.6) 7 (1.1) 1(0.1) 1(0.4) 13 (0.4)

Ei;mma“on of pregnancy and risk of abor- .7 ¢ 20 (3.0) 266(137)  38(14.6) 379 (10.6)
Abortion spontaneous 42 (5.8) 13 (2.0) 235 (12.1) 31 (11.9) 321 (8.9)
Abortion 6 (0.8) 2(0.3) 8(0.4) - 16 (0.4)
Abortion missed 3(0.4) - 6(0.3) 3(11) 12 (0.3)
Foetal death 1(0.1) 1(0.2) 2(0.1) 2 (0.8) 6(0.2)

Pregnancy, labour and delivery complica-

tions and risk factors (excl abortions and 54 (7.5) 7(1.1) 284 (14.6) 15 (5.7) 360 (10.0)

stillbirth)

Caesarean section 13 (1.8) - 93 (4.8) - 106 (2.9)
Premature delivery 2 (0.3) - 35(1.8) 3(1.1) 40 (1.1)
Gestational diabetes 6 (0.8) 1(0.2) 8 (0.4) 3(1.1) 18 (0.5)
Pre-eclampsia 1(0.1) - 16 (0.8) - 17 (0.5)

Neonatal disorders 18 (2.5) 8(1.2) 130 (6.7) 6(2.3) 162 (4.5)
Premature baby 5(0.7) 1(0.2) 52 (2.7) 4 (1.5) 62 (1.7)
Low birth weight baby 1(0.1) - 24 (1.2) - 25(0.7)
Anaemia neonatal - - 16 (0.8) 1(0.4) 17 (0.5)
Jaundice neonatal 1(0.1) - 5(0.3) - 6 (0.2)
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Congenital, familial and genetic disorders 23 (3.2) 8 (1.2) 103 (5.3) 5 (1.9) 139 (3.9)
Trisomy 21 - - 6(0.3) 1(0.4) 7(0.2)
Atrial septal defect 2 (0.3) 1(0.2) 3(0.2) - 6 (0.2)
Ventricular septal defect 1(0.1) - 4(0.2) - 5(0.1)
Talipes - - 4(0.2) - 4 (0.1)

Neonatal other ADRs 3(0.4) 18 (2.7) 56 (2.9) 12 (4.6) 89 (2.5)
Thrombocytopaenia - - 9 (0.5) - 9 (0.3)
Anaemia - - 4(0.2) - 4(0.1)
Platelet count decreased - - 3(0.2) - 3(0.1)
Anti-thyroid antibody positive - 2(0.3) - - 2 (0.06)

Foetal disorders 12 (1.7) 4 (0.6) 36 (1.9) 1(0.4) 53 (1.5)
Foetal growth restriction 5(0.7) 3(0.5) 10 (0.5) 1(0.4) 19 (0.5)
Foetal heart rate abnormal 2(0.3) - 5(0.3) - 7(0.2)
Foetal malformation 2(0.3) - 5(0.3) - 7(0.2)
Foetal distress syndrome - - 4(0.2) - 4 (0.1)

Infant other ADRs 9(1.3) 5(0.8) 20 (7.7) 10 (3.8) 44 (1.2)
Anaemia - - 3(0.2) - 3(0.1)
Autism spectrum disorder - - 3(0.2) - 3(0.1)
COVID-19 2 (0.3) - - 1(0.4) 3(0.1)
Blood thyroid-stimulating hormone de- i 2(03) i i 2(0.1)
creased

Foetal other ADRs - 6 (0.9) - 4 (1.5) 10 (0.3)
Bladder dilatation - - - 1(0.4) 1(0.0)
Cerebral calcification - 1(0.2) - - 1 (0.0)
Cerebral cyst - 1(0.2) - - 1 (0.0)
Cerebral ventricle dilatation - 1(0.2) - - 1(0.0)

§ In this Table, the first four most-reported Preferred Terms are listed; All PTs for each event group
are reported in the electronic Supplementary Table S1 (Parts I-IX). * The group “PTs not indicating
ADRs” is tabled separately in the electronic Supplementary Table S1 (Part X). Data are expressed as
n (%).

The mean number of events per ICSR was 2.9. The “Maternal other ADRs” group
was the most frequent (1 = 1028; 28.6%). The most commonly reported PTs in this group
were multiple sclerosis relapse (1 = 68; 1.9%), haemorrhage (1 = 15; 0.4%), anaemia (n = 13;
0.4%), dyspnoea (n = 13; 0.4%) and fatigue (n = 13; 0.4%). Focusing on each DMT, we ob-
served mainly pregnancy (n = 14; 0.4%), fatigue (n = 10; 0.3%), Basedow’s disease (n = 10;
0.3%), hyperthyroidism (n=9; 0.2%), lymphocyte count decreased (n=9; 0.2%) and thyroid
disorder (1 =9; 0.2%) for alemtuzumab; multiple sclerosis relapse (n =30; 0.8%), pregnancy
(n=11;0.3%), injection site erythema (1 =9; 0.2%), hypoaesthesia (1 =7; 0.2%) and injection
site induration (n = 7; 0.2%) for glatiramer; multiple sclerosis relapse (1 = 28; 0.8%), haem-
orrhage (n = 8; 0.2%), anaemia (n = 7; 0.2%), urinary tract infection (n = 14; 0.4%), hyper-
tension (n = 14; 0.4%), and thrombocytopaenia (1 = 14; 0.4%) for natalizumab; multiple
sclerosis relapse (n = 5; 0.1%), pregnancy (n = 4; 0.1%), haemorrhage (n = 3; 0.1%) and
vaginal haemorrhage (n = 3; 0.1%) for ocrelizumab (Supplementary Table S1). A total of
1093 events (30.4%) were included in the five event groups (Standardised Medical Dic-
tionary for Regulatory Activities (MedDRA) Queries (SMQs)), which are strictly related
to pregnancy and breastfeeding both in the mother and in the offspring. Among them, a
similar percentage of ICSRs was related to “Termination of pregnancy and risk of abor-
tion” (n=379; 10.6%) and “Pregnancy, labour and delivery complications and risk factors
(excluding abortions and stillbirth)” (n = 360; 10.0%), with “abortion spontaneous” (n =
321; 8.9%) and “Caesarean section” (n = 106; 2.9%) as the first PTs, respectively. The “Ne-
onatal disorders” group was reported in 4.5% of cases, characterised mainly by “prema-
ture baby” (n = 62; 1.7%), “low birth weight baby” (n = 25; 0.7%), and “anaemia neonatal”
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(n=17; 0.5%). In the following two event groups related to “Congenital, familial and ge-
netic disorders” (n = 139; 3.9%) and “Foetal disorders” (n = 53; 1.5%), the first PT was
“trisomy 21” and “foetal growth restriction”, respectively. Although not included in these
five specific event groups, 143 events (4.0%) were related to the offspring. Specifically, the
most reported PTs were “thrombocytopaenia” (1 =9; 0.3%) and “anaemia” (n=4; 0.1%) in
the “Neonatal other ADRs” group (1 = 89; 2.5%); “anaemia” (n = 3; 0.1) and “autism spec-
trum disorder” (n = 3; 0.1) in the “Infant other ADRs” group (n = 44; 1.2%). Regardless of
the event groups, all PTs related to each DMT are reported in the electronic Supplemen-
tary Table S1 (Parts I-IX). The group “PTs not indicating ADR” (n = 1326; 36.9%) is re-
ported separately in the electronic Supplementary Table S1 (Part X). The overall distribu-
tion of non-serious and serious events was 26.5% (n = 952) and 73.5% (n = 2638), respec-
tively. Considering the reported seriousness criteria, “other medically important condi-
tion” (n=1738; 48.4%) and “caused or prolonged the hospitalisation” (1 =601; 16.7%) were
the most commonly selected. They were followed by “congenital anomaly” (1 =203;5.7%),
“results in death” (n =78; 2.2%) and “life threatening” (n = 14; 0.4%). Similar distributions
were observed for each DMT. However, glatiramer was the only drug reporting “disa-
bling” as serious criteria (n = 4; 0.6%). Overall, in half of ADRs (n = 1724; 48.0%), the out-
come was “unknown” (77.8% for ocrelizumab, 75.3% for glatiramer, 52.4% for
alemtuzumab and 32.4% for natalizumab). For the remaining ADRs, the majority reported
a positive outcome, such as “recovered/resolved” (n = 1326; 36.9%), with the highest per-
centage for natalizumab (57.5%). The DMT mostly related to a negative outcome was
alemtuzumab with “not recovered/not resolved” (34.7%). Seriousness and outcome crite-
ria for each DMT are presented in Table 3.

Table 3. Seriousness and outcome of ADRs (as PTs) related to maternal exposure during pregnancy
and breastfeeding to drugs for multiple sclerosis (MS) reported in EudraVigilance from 1 January
2019 to 31 December 2022.

Glatiramer Alemtuzumab Natalizumab Ocrelizumab Total

(n="720) (n = 666) (n=1943) (n=261) (n = 3590)
Seriousness
Results in death 2(0.3) 1(0.2) 67 (3.4) 8(3.1) 78 (2.2)
Life threatening 1(0.1) 3(0.5) 10 (0.5) 0(0) 14 (0.4)
Caused/prolonged hospitalisation 141 (19.6) 99 (14.9) 334 (17.2) 27 (10.3) 601 (16.7)
Disabling 4 (0.6) 0 (0) 0 (0) 0(0) 4(0.1)
Congenital anomaly 22 (3.1) 3(0.5) 171 (8.8) 7 (2.7) 203 (5.7)
Other medically important condition 341 (47.4) 330 (49.5) 978 (50.3) 89 (34.1) 1738 (48.4)
Not serious 209 (29.0) 230 (34.5) 383 (19.7) 130 (49.8) 952 (26.5)
Outcome
Recovered/Resolved 108 (15.0) 64 (9.6) 1117 (57.5) 37 (14.2) 1326 (36.9)
Recovering/Resolving 14 (1.9) 21 (3.2) 9 (0.5) 0(0) 44 (1.2)
Recovered/Resolved with sequelae 9(1.3) 0 (0) 11 (0.6) 2 (0.8) 22 (0.6)
Not recovered/not resolved 45 (6.3) 231 (34.7) 109 (5.6) 11 (4.2) 396 (11.0)
Fatal 2 (0.3) 1(0.2) 67 (3.4) 8 (3.1) 78 (2.2)
Unknown 542 (75.3) 349 (52.4) 630 (32.4) 203 (77.8) 1724 (48.0)

Data are expressed as n (%).

2.2. Reporting Odds Ratio (ROR)

Alemtuzumab and natalizumab were associated with a lower reporting probability
of events belonged to the group “Termination of pregnancy and risk of abortion” com-
pared to glatiramer (ROR 0.37, 95% confidence interval (CI) 0.22-0.63 and ROR 0.16, 95%
CI 0.10-0.26, respectively, Figure 2a,b). On the contrary, ocrelizumab was associated with
a higher reporting probability than glatiramer for the same event group (ROR 2.06, 95%
CI 1.33-3.20, Figure 2c).
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a) Event groups (alemtuzuimab vs glatiramer) ROR 95% CI  p-value
Termination of preganancy/abortion -, 037  0.22-0.63 <0.001
Pregnancy and delivery complications . | 0.13 0.06-0.29 <0.001
Neonatal disorders - 047 0.20-1.10 0.075
Congenital and genetic disorders - 0.37 0.16-0.83 0.012
Foetal disorders - 036  0.11-1.11 0.063
Infant other ADR - 0.60 0.22-1.79 0.35306
Neonatal other ADR : = 4.66  1.75-12.42 0.00075
Mother other ADR - | 0.17  0.07-045 <0.001

'
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b) Event groups (natalizamab vs galatiramer) ROR 95% CI p-value
Termination of preganancy/abortion ", 0.16 0.10-0.26 <0.001
Pregnancy and delivery complications I 2.10 1.55-2.85 <0.001
Neonatal disorders R 2.80 1.704.61 <0.001
Congenital and genetic disorders i—i— 1.70 1.07-2.69 0.023
Foetal disorders -ll— 1.11 0.58-2.15 0.748
Infant other ADR e 099 0.45-2.14 0976
Neonatal other ADR ¢ = 5.03 2.0-12.53 0.000
Mother other ADR il 034 0.2-0.57 0.000

:
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¢) Event groups (ocrelizumab vs galatiramer) ROR 95% CI p-value
Termination of preganancy/abortion | —— 2.06 1.33-3.20 0.001
Pregnancy and delivery complications - 0.75 0.42-1.36 0.343
Neonatal disorders - 092 0.36-2.34 0.857
Congenital and genetic disorders - 0.59 0.22-1.57 0.288
Infant other ADR | —— 381 1694  0.001
Neonatal other ADR | - 6.89 2.4-19.76 0.000
Mother other ADR "E‘ 045 0.2-1.17 0.093

1
1
$333333233333333323333

Figure 2. ROR of event groups for the comparisons between monoclonal antibodies ((a)
alemtuzumab, (b) natalizumab and (c) ocrelizumab) and glatiramer. ROR, reporting odds ratio; 95%
CI, 95% confidence interval.

Moreover, alemtuzumab was also associated with a lower reporting frequency of
events in the groups “Pregnancy, labour and delivery complications and risk factors (ex-
cluding abortions and stillbirth)” and “Congenital, familial and genetic disorders” (ROR
0.13, 95% CI 0.06-0.29 and ROR 0.37, 95% CI 0.16-0.83, respectively) compared to glati-
ramer. On the contrary, natalizumab was associated with a higher reporting probability
of events belonging to event groups “Pregnancy, labour and delivery complications and
risk factors (excluding abortions and stillbirth)”, “Neonatal disorders” and “Congenital,
familial and genetic disorders” compared to glatiramer (ROR 2.10, 95% CI 1.55-3.85; ROR
2.80, 95% CI 1.70-4.61; ROR 1.70, 95% CI 1.07-2-69, respectively). Alemtuzumab, natali-
zumab and ocrelizumab were associated with a higher reporting probability of events be-
longing to the group “Neonatal other ADRs” compared to glatiramer (ROR 4.66, 95% CI
1.75-12.42; ROR 5.03, 95% CI 2.0-12.53 and ROR 6.89, 95% CI 2.4-19.76, respectively). Op-
positely, alemtuzumab and natalizumab were associated with a lower reporting probabil-
ity of events belonging to the group “Maternal other ADRs” compared to glatiramer (ROR
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0.17, 95% C1 0.07-0.45 and ROR 0.34, 95% CI 0.2-0.57, respectively); ocrelizumab showed
a similar result, but without statistical significance. Only ocrelizumab was associated with
a higher reporting probability of “Infant other ADRs” than glatiramer (ROR 3.81, 95% CI
1.6-9.4). No other statistically significant difference was observed for the other event
groups. The PTs reported in more than three cases for every DMT were “abortion sponta-
neous” and “multiple sclerosis relapse”. Alemtuzumab had a lower reporting probability
of spontaneous abortion compared to glatiramer (ROR 0.32, 95% CI 0.17-0.60), while na-
talizumab and ocrelizumab had a higher reporting frequency of spontaneous abortion
than glatiramer (ROR 2.22, 95% CI 1.58-3.12; ROR 2.18, 95% CI 1.34-3.54, respectively,
Figure 3a). Moreover, a statistically significant difference between alemtuzumab or natali-
zumab and glatiramer was observed for multiple sclerosis relapse (ROR 0.17, 95% CI 0.07-
0.45 and ROR 0.34, 95% CI 0.20-0.57), but not for ocrelizumab (ROR 0.45, 95% CI 0.17—
1.17, Figure 3b).

a) Abortion spontaneous ROR 95% CI p-value
Alemtuzumab —-— ' 321 0.17-0.60 <0.001
Natalizumab | o 2221 1.58-3.12 <0.001
Ocrelizumab i = 2.176 1.34-3.54 0.001

b) Multiple Sclerosis relapse ROR 95% CI p-value
Alemtuzumab vs Glatiramer - ) 0.17 0.07-0.45 <0.005
Natalizumab vs Glatiramer —- : 0.34 0.20-0.57 0.000
Ocrelizumab vs Glatiramer —'—E— 0.45 0.17-1.17 0.093

|
1

0.0

3]

Figure 3. ROR of PTs “abortion spontaneous” (a) and “multiple sclerosis relapse” (b) for the com-
parisons between monoclonal antibodies (alemtuzumab, natalizumab and ocrelizumab) and glati-
ramer. ROR, reporting odds ratio; CI, confidence interval.

3. Discussion

In our study, we investigated the maternal and foetal/neonatal adverse events of sev-
eral DMTs that occurred in multiple sclerosis women during pregnancy and breastfeeding
by analysing data from the EV database. Our results suggested that different frequencies
of serious but manageable adverse events may occur with DMTs for expectant and lactat-
ing women and their babies, requiring appropriate and careful risk monitoring. The
choice to evaluate these specific safety concerns was driven by the need to gain more and
more scientific evidence on the safety profile of DMTs in pregnant and breastfeeding MS
women from the real-life context. A careful evaluation of DMTs’ safety is needed for MS
women planning to have children or who are pregnant or are lactating because real-life
evidence is meagre [23]. Moreover, the management and treatment of MS in pregnant and
lactating women is also complex because many drugs are now available with different
routes of administration, mechanisms of action and effectiveness and safety profiles. Fur-
thermore, it is important to evaluate suitably the results of clinical and post-marketing
studies in order to appropriately translate data from them to clinical practice. The intro-
duction of DMTs has changed not only the natural history of the disease but also the per-
spective of pregnancy in women with MS. However, women of childbearing age affected
by MS have doubts about the possibility of disease transmission to the child and the im-
pact of drugs, especially DMTs, during pregnancy and breastfeeding [11]. The available
literature directing gynaecologists/obstetricians, neurologists and pregnant and lactating
patients with MS is increasing and becoming less conflicting. The different safety profiles
of DMTs may depend on the target antigen they recognise. Moreover, their ability to cross
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the placental barrier or to be secreted in milk can also influence their safety profile, repre-
senting a potential risk for the developing foetus or neonate or pregnancy complications.
For example, alemtuzumab can cross the placental barrier, while natalizumab only mini-
mally crosses it during the first trimester, but its crossing capacity increases during the
second and third trimesters [24]. However, in spontaneous reporting, a high number of
safety reports for a drug is not necessarily indicative of a worse safety profile because it
could also depend on its greater use in clinical practice. For this reason, it is important to
apply disproportionality methods. In our study, most ICSRs referred to natalizumab
probably because this drug was associated with a higher use during pregnancy than the
other DMTs. All DMTs should have the recommended washout periods before planned
conception or should be stopped when unplanned pregnancy is confirmed [25,26]. Natali-
zumab should be stopped 2-3 months before conception. However, natalizumab can be
continued in some circumstances (such as in patients with more active or refractory dis-
ease) until 30-34 weeks because evidence showed a higher risk of MS relapse during these
special conditions and also because it does not cross the placental barrier during the first
trimester of pregnancy [25-27]. In our study, glatiramer was the second most reported
DMT, probably due to its safety in pregnancy and breastfeeding, as evaluated by regula-
tory agencies. Glatiramer is a complex polypeptide with a large size that does not allow it
to cross the placental barrier. There are no data for glatiramer teratogenicity in animal
studies [26,28]. In addition, post-marketing clinical studies also confirmed the safety of
glatiramer when received in the first trimester [29-32]. The lower number of ICSRs related
to alemtuzumab and ocrelizumab may be because their use in pregnancy is not advised,
since they are able to cross the placental barrier [33,34]. The washout periods recom-
mended by the EMA are 4 and 12 months (6 by the FDA) for alemtuzumab and ocreli-
zumab, respectively [12,35,36]. Moreover, if these DMTs are stopped according to the es-
tablished recommendations, the potential correlation between those drugs and an adverse
event occurring in future is doubtful. This may lead to less reporting. The high percentage
(70%) of serious ADRs may be due to several factors, such as the subpopulation of preg-
nant and lactating women, who are considered vulnerable and consequently associated
with more concerns [37]. However, although half of the events (48.0%) did not report the
outcome, favourable results predominated over the negative ones (38.7% vs. 13.2%).
Moreover, 85.0% of ICSRs were reported by HCPs. Taking into account the seriousness of
events, more severe and unexpected clinical occurrences are probably more likely to be
reported by HCPs than minor ones, even though they can be coincidental and linked to
other causes. Our results showed that most ICSRs (and PTs with a similar trend) were
mainly typified by adverse events not related to the special condition of the woman and
could also occur in the general population. Among these other maternal adverse events,
the sore point was that the first most reported ADR was MS relapse (6.4%). However, the
disproportionality analysis showed a reporting probability of MS recurrence that was sta-
tistically lower for two of the three newer DMTs analysed (alemtuzumab and natali-
zumab) than glatiramer. Based on a recent systematic review, a complex and conflicting
scenario of the relationship between DMT exposure in relapsing MS women and relapses
during and after pregnancy has emerged [38]. However, some evidence suggested the
pre-conception exposure of natalizumab was associated with increased risk of relapses
during pregnancy [38,39]. In our cases, MS relapses were reported for maternal drug ex-
posure during pregnancy, suggesting the no interruption of natalizumab use during ges-
tation, even if we did not have information about the trimester of pregnancy. In a nation-
wide observational cohort study of pregnant women with MS exposed to several DMTs
and conducted using data from the German MS and Pregnancy Registry (DMSKW), at
least one relapse during pregnancy occurred in 19% of women, with a minimum of 6%
during the third trimester of pregnancy [40]. The ICSRs related to pregnancy/breastfeed-
ing complications were mostly associated with the “pregnancy” condition both in the
mother and the baby compared to the “breastfeeding” condition. This could be due to the
possibility for the mother to choose between natural and artificial lactation, based on the
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need to restart DMT therapy immediately or postpone it to avoid potential damage to the
baby [41]. In a cohort of approximately one million pregnant women identified using a
wide US healthcare and pharmacy database, MacDonald et al. selected 1649 women with
MS of whom 35% were exposed to DMTs during pregnancy. Women with MS with and
without DMT use had similar risks (risk ratio) of the pregnancy outcomes (spontaneous
abortion, infections, Caesarean section, pre-term delivery, poor foetal growth, pre-ec-
lampsia and major structural malformations) [20]. Based on the literature, a recent study
showed that natalizumab exposure resulted in an increased risk of spontaneous abortion
(17.3-17.4%), although comparable to that expected in the general Italian population [18].
Moreover, an analysis from the Italian pharmacovigilance database supported this find-
ing; in fact, the authors found a potential safety signal for spontaneous abortion in preg-
nant women treated with natalizumab (ROR = 208.1; 73.4-590.1) [42]. On the contrary,
there is evidence that natalizumab did not induce an increased risk of spontaneous abor-
tion. In fact, a systematic review and meta-analyses of pregnancy and foetal outcomes in
women with multiple sclerosis suggested that natalizumab does not appear to increase
the risk for spontaneous abortions, pre-term birth or major congenital malformations [16].
Few data are available in literature on alemtuzumab- and ocrelizumab-related spontane-
ous abortion [35,43]. In our study, among the event groups related to pregnancy, the main
one was the termination of pregnancy and risk of abortion, in which the most representa-
tive ADR was spontaneous abortion (8.9%). Specifically, natalizumab and ocrelizumab
had an about two-fold increased reporting probability of spontaneous abortion compared
to glatiramer, while it was lower by 70.0% for alemtuzumab. Because of the spontaneous
nature of adverse reaction reporting, the increased reporting probability of spontaneous
abortion after natalizumab exposure requires a cautious interpretation. This may reflect
the risk to report association between a drug and adverse reaction due to an imbalance in
reporting. Generally, spontaneous abortion could be related to several risk factors, and it
was difficult to establish the real cause [44]. In several studies based on data of SM Na-
tional Registries, the overall rate of spontaneous abortion related to DMTs was 6-7%, and
it was lower than observed in the general population (8-20%) [39,45]. The may be due to
underreporting of abortions, which is often not compulsory in the registries, especially if
the pregnancy loss occurred before patient inclusion. A similar reason could also explain
our estimate of spontaneous abortion because the phenomenon of underreporting usually
also affects the spontaneous reporting system. This means that spontaneous abortion
could be underreported by healthcare professionals or patients. In our study, we found a
significantly higher probability of reporting other neonatal ADRs related to the three mon-
oclonal antibodies compared to glatiramer. However, the confidence intervals at 95%
were very large and this could be explained by the low number of ICSRs retrieved, and it
needs to be appropriately interpreted. Natalizumab was mostly associated with thrombo-
cytopenic and anaemic events in neonates but also in infants. In line with our results, Go-
dano et al. showed that natalizumab can cause disorders of haematopoiesis in newborns
of patients treated during pregnancy [46]. Also, Proschmann et al. reported a risk of hae-
matological alterations (e.g., pancytopaenia) in neonates because natalizumab can cross
the placental barrier before delivery and can be secreted into breast milk [24,47]. Thyroid-
related events were mainly reported in ICSRs with alemtuzumab. In the literature, it is
known that alemtuzumab can induce a high risk of thyroid disease in the mother (in up
to 40% of patients), with Graves’ disease accounting for most of the cases [48], but also in
the child (e.g., thyrotoxicosis) [49]. However, unlike other DMTs such as natalizumab,
data on pregnancy outcomes in women exposed to alemtuzumab were poor and derived
from safety reports of clinical trials [35,50]. The evidence of ocrelizumab safety during
pregnancy and breastfeeding was also inadequate, although a risk of B-cell depletion in
the foetus or infant was observed after exposure in the second and third trimester [11,24].
In our analysis, we were intrigued by the three cases of autism spectrum disorder (ASD)
in the offspring reported after maternal exposure to natalizumab, although no safety alert
emerged from a statistical point of view. In the literature, the risk of neurodevelopmental
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disorders (NDDs) (including specific learning disorders, attention deficit/hyperactivity
disorder and ASD) in the progeny is again poorly investigated, but it represents a topic of
relevant interest for both clinical and research fields. However, the development of ASD
in children can be, at least in part, related to maternal immune activation (MIA)/inflam-
mation during the gestational period. Factors associated with MIA are gestational diabe-
tes mellitus, pre-eclampsia, overweight and obesity, infections, maternal anti-foetal brain
antibodies, fever episodes, imbalances in cytokine systems and maternal microbiota [51].
Some studies have been conducted in order to investigate the potential relationship be-
tween the childhood NDDs and maternal MS, but no risk emerged [52,53]. Moreover, ma-
ternal MS pharmacological treatments in pregnancy did not seem to influence the off-
spring’s cognitive and behavioural outcomes. However, some controversies should be
settled on the negative impact of natalizumab during pregnancy on the neurodevelop-
ment of the foetus, inducing predisposing conditions for childhood NDD diagnosis.
Therefore, further animal and human studies are needed to answer this current hot ques-
tion [45,54].

Strengths and Limits

EudraVigilance is one of the widest databases in pharmacovigilance, collecting dis-
parate information from different countries and populations. In our study, we could ob-
serve DMT-related adverse events in a population subgroup that is typically underrepre-
sented or excluded in pre-authorisation clinical trials and in which the mother is affected
by a serious illness (such as multiple sclerosis), which requires treatment, or a condition
that untreated may pose significant risk to the foetus [21,55]. Therefore, spontaneous re-
porting during the post-authorisation phase is one primary source of information on ad-
verse reactions occurring during pregnancy or breastfeeding. However, our study has
several limits. First, ICSRs varied in quality and completeness. In fact, our data did not
allow us to relate the onset of ADRs with the specific period of exposure in pregnant and
lactating women (e.g., first, second and third trimesters of pregnancy) because the infor-
mation was not specified. These data would have been essential because generally medic-
inal products may have a different impact at different stages of pregnancy. For example,
during the period of organogenesis exposure to a potentially teratogenic agent may in-
duce major malformation, growth retardation or death, while during the second or third
trimester the exposure may induce growth retardation, alterations of organ functionality,
stillbirth, etc. In our study, we could only identify the exposure as before or during preg-
nancy. Therefore, the lack of additional useful information (e.g., exact mother’s age, pre-
vious abnormal pregnancy outcomes, the drug exposure time, the severity of the under-
lying MS, a causality assessment, a detailed description of the adverse events or follow-
up) made it impossible to infer a causal relationship between a single product and an
adverse outcome. Thus, no causality link was performed in this analysis. Although the
nature of spontaneous reports from pregnancies infrequently allows the establishment of
a causal link, the presence of several reports of a distinct congenital abnormality or any
adverse reaction occurring during pregnancy or breastfeeding may constitute a signal and
a number of teratogenic agents have been identified in this way [56]. However, spontane-
ous reporting systems should be improved in order to obtain more detailed data on ad-
verse outcomes related to pregnancy and breastfeeding during drug exposure. Another
important limitation is the risk of bias linked to the spontaneous nature of adverse reac-
tion reporting. In particular, we cannot estimate the actually treated quota of patients but
only an overview of cases related to adverse drug reactions. Moreover, more than 80% of
ICSRs were reported by healthcare professionals; however, we could not distinguish the
medical and non-medical reporters in such broad category. We might suppose that the
proportion of the medical category was higher than the non-medical one, because this
illness is of the expertise of neurologists. However, this is only a hypothesis. Additionally,
during the case selection in the EV database, we decided to add several keywords related
to pregnancy/breastfeeding outcomes, in addition to the encoding of PTs indicative of
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pregnancy/breastfeeding, because not all ICSRs could be formally compliant with the reg-
ulatory indications suggested in the EMA guideline. However, we may not have selected
all cases of our interest. Despite this, a high percentage of ICSRs (92.3%) were appropri-
ately codified as required by the EMA. Another limitation of our study was the exclusion
of ICSRs related to paternal SM drug exposure because we wanted merely to focus our
attention on pregnant and lactating MS women’s health problems. Therefore, we did not
describe all scenarios of DMT exposure. To end, given the limitation of the data source
(e.g., the lack of a denominator) and the descriptive nature of our analysis, the interpreta-
tion of these results requires caution.

4. Materials and Methods
4.1. Data Source

EV is the database of the EMA used for reporting ICSRs of suspected ADRs and ad-
verse events following immunisation (AEFIs). The ICSRs are aimed to inform the compe-
tent authorities or marketing authorisation holders regarding the adverse events that oc-
cur in patients. The access to safety data from EV is open both to those involved in phar-
macovigilance activities and the general population (http://www.adrreports.eu/en/in-
dex.html, accessed on 6 March 2023). All ICSRs related to a single drug or vaccine can be
downloaded in a single Excel file from this database. The information contained in each
ICSR included the following: patient age group, sex, type of reporting (spontaneous or
not spontaneous), primary source qualification (healthcare professional, non-healthcare
professional), geographic origin (European Economic Area, Non-European Economic
Area), adverse reaction list, suspect/interacting drug list, concomitant drug list, outcome
(recovered/resolved, not recovered/not resolved, recovering/resolving, recovered/re-
solved with sequelae, fatal, unknown) and seriousness (caused/prolonged hospitalisation,
other medically important condition, life threatening, congenital anomaly, disabling, re-
sults in death). MedDRA was used in the pharmacovigilance database for coding signs
and symptoms of an adverse reaction according to the PTs. MedDRA is a hierarchical
system that is organised in five levels, like a matryoshka system, starting with “System
Organ Classes” (general level) and ending with the “PTs” (more detailed level). The last
level is divided into low-level terms (LLTs) (more specific level). Other MedDRA details
are described elsewhere [22,57]. Regarding pregnancy and breastfeeding, the minimum
required data for the reports of adverse outcomes (e.g., congenital abnormality, etc.) and
data on pregnancy/breastfeeding exposure (with or without ADR) are similar to those re-
quired for any ADR report, i.e., an identifiable patient, an identifiable reporter, a sus-
pected ADR and a suspected medicinal product [56]. However, as described in the EMA
guideline on good pharmacovigilance practices (GVPs) (Module VI), in the reports of
pregnancy- and breastfeeding-related ADRs from spontaneous reporting or other sources,
the “route of administration” should be encoded as “transplacental” or “transmammary”
and the “reaction/event section” as the MedDRA term “exposure in utero” or “drug ex-
posure via breast milk”, respectively [37].

4.2. Data Retrieval

We recovered all ICSRs related to each selected drug for MS (glatiramer,
alemtuzumab, natalizumab, ocrelizumab) from the EV website for the period from 1 Jan-
uary 2019 to 31 December 2022. In a unique Excel file, we shared the information of all
selected DMTs. Firstly, to identify the ICSRs related to pregnancy and breastfeeding, we
carried out an initial selection by searching the PTs “maternal/foetal exposure in/dur-
ing/before pregnancy”/“foetal exposure timing unspecified” or “exposure during breast-
feeding/via breast milk” and then several PTs related to pregnancy and breastfeeding out-
comes (including the words “foetal”, “placental”, “premature”, “milk”, “breastfeeding”,
“maternal”, “neonatal”, “baby”, “abortion”, “still birth”, “malformation”, “congenital”
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and “foetal death”), in the column of the PT list. In addition, we searched the terms “trans-
placental”, “transmammary”, “maternal exposure timing unspecified” in the column re-
lated to the suspected drug list (where the information on administration route was re-
ported). In an ICSR, the patient affected by an adverse event due to maternal SM drug
exposure during pregnancy or breastfeeding could be the mother, the foetus or the new-
born. Secondarily, we excluded the ICSRs with PTs referring to adult age conflicting with

our study aim (e.g., including words “premature”, “malformation”, “congenital”) or re-
lated to paternal SM drug exposure.

4.3. Data Analyses

For each DMT, we categorised all ICSRs for age, baby sex, type of reporting, primary
source qualification, primary source country for regulatory purposes and number of sus-
pected or concomitant drugs. When the information in each category was not available, it
was indicated as “not specified”. Regarding to ADRs, all PTs were distributed in “event
groups”. According to the SMQs, we used the SMQ “Pregnancy and neonatal topics” (di-
vided into five sub-SMQs). Thus, we considered the following groups: (1) “Termination
of pregnancy and risk of abortion”; (2) “Pregnancy, labour and delivery complications
and risk factors (excluding abortions and stillbirth)”; (3) “Neonatal disorders”; (4) “Con-
genital, familial and genetic disorders” and (5) “Foetal disorders”. For the PTs not in-
cluded in these SMQs, we considered other four groups: (6) “Foetal other ADRs”; (7) “Ne-
onatal other ADRs”; (8) “Infant other ADRs” and (9) “Maternal other ADRs”, if they oc-
curred in the foetus, the neonate, the infant or the pregnant or lactating woman, respec-
tively. Lastly, all other PTs not indicative of an ADR were tabled as “PTs not indicating
ADRs” separately from the other groups. In this group, we included the MedDRA terms
“exposure in utero” or “drug exposure via breast milk” (and similar terms, such as drug
exposure before pregnancy, exposure during pregnancy, foetal exposure during preg-
nancy, foetal exposure timing unspecified, maternal exposure before pregnancy, maternal
exposure during pregnancy, maternal exposure timing unspecified, exposure via breast
milk, maternal exposure during breast feeding) used to codify these women’s special con-
ditions and those PTs which represent conditions predisposing the onset of an ADR but
not the ADR itself. The four most reported PTs for each event group were estimated based
on the total number of PTs for all DMTs and then distributed for each DMT. All data
analyses were carried out using Excel (Excel, Microsoft 365 office) and the statistical soft-
ware R Studio (version 4.2.3, R Development Core Team).

4.4. Disproportionality Analyses

We conducted a disproportionality analysis applying the ROR and its 95% CI. This
method was used to compare the reporting frequency for every event group for each
newer DMT (natalizumab, alemtuzumab and ocrelizumab) vs. the older one (glatiramer)
considered as the reference drug. Regarding the PTs, we computed ROR and its 95% CI
only for those PTs reported at least in 3 cases for each DMT. The ROR was computed as
(a/c)/(b/d): “a” is the number of events reported with the DMT of interest, “c” the number
of events reported with the comparator, “b” the number of other events reported with the
DMT of interest and “d” the number of other events reported with the comparator. For all
data, statistical significance was considered with a p-value < 0.05.

4.5. Compliance with Ethical Standards

Safety data deriving from the spontaneous reporting system are anonymous and fol-
low ethical standards; therefore, no further ethical measure was required.
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5. Conclusions

The current study provides an overview of spontaneous reports of adverse events in
pregnant and breastfeeding MS women receiving DMTs. Thirty percent of adverse events
associated with DMTs were strictly related to pregnancy and breastfeeding complications
both in the mother and in the offspring. Natalizumab and ocrelizumab were associated
with a higher reporting probability of spontaneous abortion compared to glatiramer,
while alemtuzumab had a lower reporting frequency. Moreover, glatiramer seemed to
have a higher risk of multiple sclerosis relapse compared to alemtuzumab and natali-
zumab. In agreement with available data in the literature, the results of this post-market-
ing analysis did not suggest any strong and new insights for DMTs in this special popu-
lation. Given the above-mentioned limitations of this analysis, further studies need to be
performed to better investigate the safety profile of DMTs.
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