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Abstract

Background and Objectives Supplementary Material

Although anti-CD20 monoclonal antibodies (anti-CD20s) theoretically represent an ideal
treatment option for women with multiple sclerosis (wwMS) planning a pregnancy, the paucity
of real-world data still limits their use in this context. Through our Italian registry “CD20-
PREGNANCY,” we aim to report pregnancy, infant, and maternal outcomes in wwMS treated
with anti-CD20s.

Methods

In this observational study, wwMS having received rituximab (RTX), ocrelizumab (OCR), or
ofatumumab (OFA) before and/or during pregnancy (<12 months for RTX/OCR, <6 months for
OFA) were included. Considering drug pharmacokinetics and timings of immunoglobulin placental
transfer, pregnancies were classified as “exposed” (last administration pre-pregnancy <2.3 months
for RTX, <3 for OCR, <1.8 for OFA) and “not-exposed” (last administration beyond these
intervals) for comparative analysis.

Results

A total of 153 pregnancies (85 “not-exposed,” 68 “exposed”) across 27 Italian MS centers were
collected. The median age at conception was 33.9 years (interquartile range 30.0-37.6) with
39.9% of women older than 35 years. Most pregnancies occurred in patients treated with OCR
(77.1%). 80.4% of pregnancies ended in livebirth and 13.1% in spontaneous abortions (SA),
without stillbirths/neonatal deaths. There was a significantly higher percentage of SA in “ex-
posed” pregnancies than “not-exposed” (20.6% vs 7.1%, p = 0.014), but with values similar to
those reported in general population. One serious perinatal infection (“exposed” group) and 2
major congenital anomalies (MCA) (one per group) were reported. Compared with the
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Glossary

anti-CD20s = anti-CD20 monoclonal antibodies; ARR = annualized relapse rate; ART = assisted reproductive technology;
CDW = confirmed disability worsening; CRP = C-reactive protein; CUA = combined unique active; DA = disease activity;
DMD = disease-modifying drug; EDC = expected date of conception; EDSS = Expanded Disability Status Scale; ET = elective
terminations; FU = follow-up; GA = gestational age; IQR = interquartile range; LB = livebirths; LBW = low birth weight;
MCA = major congenital anomalies; ND = neonatal deaths; OCR = ocrelizumab; OFA = ofatumumab; OR = odds ratio; RTX =
rituximab; SA = spontaneous abortions; SB = stillbirths; WHO = World Health Organization; wwMS$ = women with multiple
sclerosis.

12 months pre-pregnancy, annualized relapse rate remained stable during pregnancy but slightly increased postpregnancy
(0.00 vs +0.09) in “not-exposed.” Conversely, it decreased in both periods (-0.02 vs —0.13) among “exposed”. Compared with
pre-pregnancy, postpregnancy combined unique active lesions decreased in both groups (-0.15 in “not-exposed”, —0.38 in
“exposed”), while 2 confirmed disability worsening were observed (“not-exposed”).

Discussion

In conclusion, a good control of disease activity was observed without an increased risk of MCA or perinatal infections.
Percentages of SA were overall in line with those of general population, although with a higher proportion in the “exposed”
group. These findings support the use of anti-CD20 therapies in wwMS planning pregnancy, although further data are needed to

better define their safety profile in this setting.

Introduction

Multiple sclerosis (MS) mainly affects women of childbearing
potential. In the past years, a better knowledge of the disease
and the development of effective therapies have dramatically
changed the approach to family planning in MS. Relapse rate
typically decreases during pregnancy, to increase again in the
first 3 months after delivery.! Although exposure to disease-
modifying drugs (DMDs) in the 2 years before pregnancy has
proven protective for disease activity (DA) in postpartum,2
discontinuing a DMD can lead to disease reactivation,
underscoring the importance of continuing treatment as long
as safely possible. Nevertheless, a well-defined therapeutic
planning is also crucial to minimize potential risks for the
offspring. Anti-CD20 monoclonal antibodies (anti-CD20s),
namely rituximab (RTX), ocrelizumab (OCR), and ofatu-
mumab (OFA) , could represent a convenient therapeutic
option in women with MS (wwMS) planning a pregnancy. In
fact, they are very eflicacious in controlling DA with long-
lasting effect after withdrawal, in the absence of rebound risk.
However, robust evidence of their safety for both mother and
fetus is still lacking, and labeling indications remain conser-
vative with the exception of recent modifications for OCR in
Europe.4

From a biologic perspective, maternal drug exposure does not
necessarily imply concomitant fetal exposure. RTX, OCR, and
OFA are all IgG1 type monoclonal antibodies, with their ca-
pability to cross the placenta depending on the presence of
neonatal Fc receptor, which is expressed from the second
trimester on. Therefore, IgG levels are undetectable in fetal
circulation during first trimester.” To estimate the timings of
fetal exposure during pregnancy, the pharmacokinetic
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properties of each drug must be considered. In particular,
RTX (off-label) has an elimination time of approximately
100 days, OCR of 130 days, and OFA of 80 days.®

Existing literature about the topic, comprising case series,
single-center studies,”® and a large multicenter study,9 has
shown no increased risk of adverse pregnancy or infant out-
comes in women exposed to anti-CD20s while seeking or
during pregnancy. However, because of the rarity of events
like congenital malformations, additional data are needed.
Here, we present data collected through the Italian, multi-
center registry, CD20-PREGNANCY, with the aim to expand
current evidences about the use of anti-CD20s in wwMS
planning a pregnancy. Our objective is to describe pregnancy
and infant outcomes, including spontaneous abortions (SA),
major congenital anomalies (MCA), perinatal infections, and
hematologic abnormalities, and to assess maternal DA, to
better understand whether the use of anti-CD20s in this
setting is safe for the offspring and provides advantages in
maternal disease control.

Methods

Study Population and Data Collection

Our study included 27 Italian MS centers. Each involved MS
expert neurologist spontaneously reported all known preg-
nancies in wwMS under treatment with RTX/OCR/OFA.
For this analysis, data were collected both retrospectively and
prospectively between December 2023 and November 2025.
To ensure an adequate postpregnancy observation period,
only pregnancies ended by August 31, 2025, were included.
Cases were defined as pregnancies in women who had
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received at least one dose of RTX/OCR/OFA, either before
last menstrual period (LMP) or during pregnancy. Main in-
clusion criteria were diagnosis of MS according to 2017 revision
of McDonald criteria'% last RTX/OCR administration up to
12 months before LMP or during pregnancy or last OFA ad-
ministration up to 6 months before LMP or during pregnancy;
and RTX/OCR/OFA as last DMD before delivery/abortion.
Abovementioned timings were decided on the basis of drugs
European Summary of Product characteristics (SmPC) (with-
drawal timings according to European SmPCs: 12 months be-
fore seeking pregnancy for RTX; recently shortened from 12 to
4 months for OCR; 6 months for OFA).*' 2 The whole cohort
was divided into “not-exposed” and “exposed” pregnancies, by
considering the different elimination times of each drug and the
timings of placental Fc neonatal receptor expression. In previous
studies,”” pregnancies in OCR were considered exposed when
occurred within 3 months from last administration. We main-
tained this timing for OCR and scaled it to elimination times of
RTX and OFA, so that pregnancies were considered exposed
when last RTX had been administered up to 2.3 months, when
last OCR had been administered up to 3 months, and when last
OFA had been administered up to 1.8 months before LMP or

during pregnancy.

Outcomes

Pregnancy outcomes were livebirths (LB); spontaneous abor-
tions (any fetal death occurred at a gestational age [GA] < 22
weeks); elective terminations (ET); stillbirths ([SB]—any fetal
death occurred at a GA > 22 weeks); neonatal deaths ([ND]—
any death of a LB occurred before 28 days of agel3’14). Among
LB, preterm were defined as infants born at a GA < 37 weeks.

Maternal infections during pregnancy were recorded. Congenital
anomalies were collected both in case of LB and fetal deaths and
categorized as “major” or “minor” according to epidemiologic
surveillance of congenital anomalies (EUROCAT) definitions.

Anthropometric measurements (weight, length, and cranial cir-
cumference) at birth, APGAR §’, as well as any known hema-
tologic abnormalities and serious perinatal infections, were
collected for LB. Given the observational design of the study, any
clinical examinations and laboratory tests in the infants were
performed per clinical practice. Among LB, infants were defined
as low birth weight (LBW) when weight at birth was <2,500 gr.
Finally, infant general health status (absence of major health
concerns, including recurrent infections, developmental dis-
turbances, or need for additional clinical evaluations beyond
routine care) at last follow-up (FU) was collected.

As regards maternal disease outcomes, number of clinical
relapses before pregnancy (previous 12 months), during preg-
nancy (interval between LMP and delivery date), and in the
postpregnancy (3 months after delivery/abortion) were col-
lected. A relapse was defined as occurrence of new neurologic
signs/symptoms reflecting a CNS demyelinating event, lasting at
least 24 hours, in the absence of fever/infections.'® Individual
annualized relapse rate (ARR) for each patient was calculated as
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“number of relapses/observation time in years”. Global ARR for
each period was then calculated as a mean of individual ARR with
95% confidence interval (CI). Expanded Disability Status Scale
(EDSS) at the beginning of pregnancy and 6 and 12 months after
delivery was collected. The number of patients with 12-month
confirmed disability worsening (CDW), compared with the pre-
pregnancy period, were assessed. CDW was defined as an in-
crease of 2 points in the EDSS for patients with EDSS 0.0, of 1
point for patients with EDSS lower than S.5, and of 0.5 points for
patients with an EDSS higher than 5.5." Finally, number of
new/enlarging T2 lesions, gadolinium-enhancing lesions, and
combined unique active (CUA) lesions at last MRI before
pregnancy and at first MRI postpartum were collected.

Standard Protocol Approvals, Registrations,
and Patient Consents

Data collection was approved by local ethic committees, and
all enrolled patients signed a written informed consent, in
accordance with the Declaration of Helsinki.

Statistical Analysis

Pregnancy outcomes, congenital anomalies, and categorical infant
outcomes were reported as percentages relative to the total
number of known outcomes for that variable. Given the small
sample size, continuous variables were assumed to be not nor-
mally distributed and reported as median and interquartile range
(IQR), except for ARR and MRI lesions. Comparisons between
the 2 study groups, “not-exposed” and “exposed,” were conducted
using the Wilcoxon test for continuous variables and the Chi
square or Fisher exact test for categorical variables as appropriate,
with 0.05 significance level. As regards MCA, hematologic ab-
normalities, and perinatal infections, given the small number of
events, no statistical comparisons between “not-exposed” and
“exposed” pregnancies, were performed. Odds ratios (OR) and
their corresponding 95% CI were estimated using Firth logistic
regression to assess the association between the risk of SA and
preterm births and factors including drug exposure, disease du-
ration, EDSS before pregnancy, duration of therapy before preg-
nancy, and time to expected date of conception (EDC). This
approach was used to provide reliable estimates in the context of
rare events like SA. ARR and MRI lesion counts were compared
between “not-exposed” and “exposed” groups using adjusted
Poisson or negative binomial regression models, depending on
data dispersion, including age at conception and EDSS as cova-
riates. Analyses were performed with R version 4.5.0.

Data Availability
Pseudonymized data will be shared upon any reasonable re-
quest from qualified investigators.

Results

Baseline Characteristics

Baseline characteristics of women before each pregnancy are
summarized in Table 1. A total of 153 pregnancies (85 “not-
exposed” and 68 “exposed”) in 136 women were collected.
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The median age at conception was 33.9 years (IQR 30.0-
37.6), with 39.9% of women older than 35 years and a median
disease duration of 7.9 years (IQR 4.4-11.7). In the whole
cohort, 94.1% (n = 144) of patients had relapsing-remitting
MS, 3.3% (n = 5) secondary progressive MS, and 2.6% (n = 4)
primary progressive MS. Overall, 3.3% (n = S) of patients were
on treatment with RTX, 77.1% (n = 118) with OCR, and
19.6% (n = 30) with OFA. The median EDSS at conception
was 2.0 (IQR 1.0-2.5). The median duration of therapy before
conception was 1.5 years (IQR 0.9-2.6), with a median FU
postpregnancy of 1.9 years (IQR 1.2-3.1). The 2 study groups,
“not-exposed” and “exposed” pregnancies, significantly differed
in terms of percentage of women older than 35 (31.8% in “not-
exposed” vs 50.0% in “exposed”, p = 0.034), a known risk factor
for unfavorable pregnancy outcomes. They also significantly
differed in terms of type of anti-CD20 (“not-exposed”: RTX
2.4%, OCR 95.2%, OFA 2.4%; “exposed”: RTX 4.4%, OCR
54.4%, OFA 41.2%; p < 0.001), duration of therapy with anti-
CD20 before pregnancy (2.0 in “not-exposed” vs 1.2 years in
“exposed,” p < 0.001), and duration of FU after pregnancy (2.4
in “not-exposed” vs 1.6 years in “exposed,” p = 0.040). As
expected, time to EDC was significantly higher in “not-
exposed” than “exposed” pregnancies (164.0 in “not-exposed”
vs 12.0 days in “exposed”, p < 0.001).

Pregnancy Outcomes

Pregnancy outcomes are summarized in Table 2. In the whole
cohort, 80.4% (n = 123) of pregnancies ended in LB, 13.1%
(n=20) in SA, and 6.5% (n = 10) in ET, in the absence of SB
or ND. There was a significantly higher percentage of SA in
“exposed” group compared with “not-exposed” [20.6% (n =
14) vs 7.1% (n = 6), p = 0.014]. Most LB were full-term, with
a preterm birth rate of 11.4% (n = 14) across the entire cohort,
and a significantly higher percentage of preterm in “exposed”
group than “not-exposed” [19.2% (n = 10) vs 5.6% (n = 4),
p = 0.023]. Despite the small number of events, exploratory
univariate analyses were conducted to assess factors associ-
ated with SA and preterm (see eTables 1 and 2). Drug ex-
posure and age at conception were significantly associated
with higher risk of SA (OR = 3.41, 95% CI 1.28-10.15, p =
0.018 and OR = 1.14, 95% CI 1.03-1.27, p = 0.017 re-
spectively), with exposure remaining significant after adjust-
ing for age at conception (OR =2.83,95% CI 1.04-7.74, p=
0.042). Other variables including disease duration, EDSS
before pregnancy, duration of therapy before pregnancy, and
time to EDC, were not significantly associated with SA risk.
Even in the case of preterm, exposure was significantly asso-
ciated with higher risk (OR = 3.71, 95% CI 1.21-13.21, p =
0.021), together with EDSS before pregnancy (OR = 1.47,

Table 1 Baseline Characteristics of Women at Each Pregnancy

Whole cohort Not exposed Exposed p Value

Pregnancies N =153 N =85 N =68 —
Women N=136 N=78 N =66 —
Age at conception (y), median (Q1; Q3) 33.9(30.0; 37.6) 33.8(29.5; 35.9) 35.0(30.6; 39.3) 0.0722
Age 235, N (%) 61(39.9) 27(31.8) 34 (50.0) 0.034¢
Disease duration (y), median (Q1; Q3) 7.9(4.4,11.7) 8.4(5.2;11.8) 7.4 (3.1, 11.5) 0.198°
MS subtype, N (%) 0.149°

RR 144 (94.1) 83 (97.6) 61 (89.7)

SP 5(3.3) 1(1.2) 4(5.9)

PP 4(2.6) 1(1.2) 3(4.4)
Type of anti-CD20, N (%) <0.001°

RTX 5(3.3) 2(2.4) 34.4)

OCR 118(77.1) 81(95.2) 37 (54.4)

OFA 30(19.6) 2(2.4) 28 (41.2)
EDSS, median (Q1; Q3) 2.0(1.0; 2.5) 1.5(1.0; 2.1) 2.0(1.4;3.0) 0.085?
Duration of therapy with anti-CD20 before conception (y), median (Q1; Q3) 1.5(0.9; 2.6) 2.0(1.1;2.9) 1.2 (0.6; 1.8) <0.001°
Time to EDC (d), median (Q1; Q3) 109.0(17.0; 171.0)  164.0 (129.0; 215.0) 12.0(-12.3;42.3) <0.001°
Post-pregnancy follow-up duration (y), median (Q1; Q3) 1.9(1.2; 3.1) 2.4 (1.4;3.3) 1.6 (1.0; 2.8) 0.040?

Abbreviations: d = days; EDC = expected date of conception; EDSS = Expanded Disability Status Scale; MS = multiple Sclerosis; N = number; OCR = ocrelizumab;
OFA = ofatumumab; PP = primary progressive; Q = quartile; RR = relapsing-remitting; RTX = rituximab; SP = secondary progressive; y = years.

2Comparison with the Wilcoxon test between the 2 groups.
bComparison with the Fisher exact test between the 2 groups.
“Comparison with the x test between the 2 groups.
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Table 2 Pregnancy Outcomes

Whole cohort Not exposed Exposed p Value
Pregnancies N =153 N =85 N =68 —
Pregnancy outcomes
Spontaneous abortions, N (%) 20 (13.1) 6(7.1) 14 (20.6) 0.014?
Elective terminations, N (%) 10 (6.5) 8(9.4) 2(2.9 0.186°
Stillbirths, N (%) 0(0.0) 0(0.0) 0(0.0) —
Neonatal deaths, N (%) 0(0.0) 0(0.0) 0.0 —
Livebirth, N (%) 123 (80.4) 71 (83.5) 52 (76.5) 0.2742
Preterm 14(11.4) 4(5.6) 10(19.2) 0.023°
Full-term 109 (88.6) 67 (94.4) 42 (80.8) 0.023°

Abbreviation: N = number.
aComparison with the x? test between the 2 groups.
®Comparison with the Fisher exact test between the 2 groups.

95% CI 1.02-2.12, p = 0.038) and duration of therapy before
pregnancy (OR = 1.34, 95% CI 1.02-1.76, p = 0.038), while
age at conception was not significant. After adjustment for
EDSS and duration of therapy before pregnancy, exposure
remained significantly associated with an increased risk of
preterm birth (OR = 7.04, 95% CI 1.60-30.87; p = 0.01).

Congenital Anomalies and Infant Outcomes

Congenital anomalies and infant outcomes are summarized in
Table 3. Infant follow-up was aligned with maternal follow-up
(see Table 1). A detailed description of all malformations can
be found in eTable 3. The rate of MCA was 1.7% (n=2/117)
in the whole cohort, 1.5% (n = 1/67) in “not-exposed” and
2.0% (n = 1/50) in “exposed” group. In not-exposed preg-
nancy (last OCR 4.6 months before LMP), MCA consisted of
encephalocele, bringing to ET because of the severity of
malformation; the mother was in her late 30s at conception,
and she had recurred to assisted reproductive technology
(ART) because of infertility; a subsequent pregnancy in the

same woman brought to a healthy LB (not-exposed preg-
nancy). The other case occurred in “exposed” group (last
OFA 6 days before LMP) and resulted in a LB with slight
aortic isthmus narrowing associated with a minor malforma-
tion (renal pelvis ectasia); the infant was precautionary
monitored in intensive care unit for 1 day but was otherwise
healthy and had no perinatal infections (412 days FU after
delivery). A further pregnancy in the “exposed” group (last
OCR 1.7 months before LMP) ended in a SA because of
trisomy 16; a previous pregnancy in the same patient (“not-
exposed”) had similarly brought to SA.

As regards hematologic abnormalities, 2 events were reported,
both in “exposed” group. One case, in which OCR was firstly
prescribed during pregnancy as rescue therapy, involved
a late-term birth with isolated IgA deficiency, persisting at 1-
year FU and not associated to B-cell depletion; the infant’s
general health status at FU (more than 1 year) was good.
Maternal IgA levels were within the normal range both before

Table 3 Congenital Anomalies and Infant Outcomes

Whole cohort Not exposed Exposed
Congenital malformations, N (%) 7 (6.0) 4 (6.0) 3(6.0)
Reported, N/total of livebirths 117/153 67/85 50/68
Major, N (%) 2(1.7) 1(1.5) 1(2.0)
Minor, N (%) 5(4.3) 3(4.5) 2(4.0)
Infections, N (%) 1(1.0) 0(0.0) 1(2.4)
Reported, N/total of livebirths 96/123 55/71 41/52
General good health status at FU, N (%) 92 (100) 52 (100) 42 (100)
Reported, N/total of livebirths 92/123 52/71 42/52
Abbreviations: FU = follow up; N = number.
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Table 4 Anthropometric Measurements and APGAR

Whole cohort Not exposed Exposed p Value
N of livebirths 123 71 52 —
Weight at birth (gr), median (Q1; Q3) 3,140.0 (2,900.0; 3,450.0) 3,160.0 (2,900.0; 3,360.0) 3,102.5 (2,790.0; 3,500.0) 0.7212
Reported, N/total of livebirths 1137123 65/71 48/52 —
Low birth weight, N (%) 7 (6.2) 1(1.5) 6(12.5) 0.041°
Length at birth (cm), median (Q1; Q3) 50.0 (49.0; 51.0) 50.0 (49.0; 51.0) 49.6 (48.0; 51.0) 0.329°
Reported, N/total of livebirths 105/123 61/71 44/52 —
Cranial circumference (cm), median (Q1; Q3) 34.0 (33.0; 35.0) 34.0 (33.5; 36.0) 34.0 (33.0; 35.0) 0.1172
Reported, N/total of livebirths 81/123 48/71 33/52 —
APGAR 5’ normal, N (%) 96 (96.0) 51(94.4) 45 (97.8) 0.621°
Reported, N/total of livebirths 100/123 54/71 46/52 —

Abbreviations: N = number; gr = grams; cm = centimeters.
“Comparison with the Wilcoxon test between the 2 groups.
bComparison with the Fisher exact test between the 2 groups.

and after delivery. The second case involved a new-born of
a woman treated with OCR, delivered at 38 + 5 weeks, with
thrombocytopenia and C-reactive protein (CRP) increase;
the infant remained clinically stable and FU beyond 1 year
showed no health concerns. Only one serious perinatal in-
fection was reported (“exposed” group), in a woman treated
with OCR, and consisted of bronchiolitis and blood cultures
positivity for staphylococcus and enterococcus faecalis. Gen-
eral health status of the infant at FU was good.

A detailed report of anthropometric measurements of infants
at birth can be found in Table 4. Overall, 6.2% (n = 7) LB
turned to be LBW, with a significantly higher percentage in
“exposed” group [12.5% (n=6) vs 1.5% (n = 1), p = 0.041];
however, 5/7 LBW infants were preterm. A detailed de-
scription can be found in eTable 4. As regards weight, length,
and cranial circumference at birth, all values were between
fifth and ninety-fifth percentile according to World Health
Organization (WHO), and no significant differences between

Table 5 Maternal Disease Activity

Whole cohort Not exposed Exposed IRR I p Value
ARR before pregnancy (95% Cl) 0.10 0.05 0.16 3.44° 1.09-10.80 0.034
(0.04-0.16) (0.00-0.09) (0.05-0.28)
ARR during pregnancy (95% Cl) 0.04 0.05 0.14 1.45% 0.28-7.53 0.661
(0.00-0.08) (0.00-0.12) (0.02-0.26)
ARR after pregnancy (95% Cl) 0.13 0.14 0.03 0.89° 0.36-2.18 0.803
(0.00-0.31) (0.00-0.31) (0.00-0.08)
New/enlarging T2 lesions before pregnancy, mean (+SD) 0.35 (x1.35) 0.15 (+0.55) 0.61 (£1.93) 3.94° 2.10-7.38 1.873
Gd enhancing lesions before pregnancy, mean (+SD) 0.08 (+0.31) 0.04 (+0.19) 0.13 (x0.42) 3.51? 0.93-13.24 0.063
CUA lesions before pregnancy, 0.32 (£1.41) 0.19 (+0.95) 0.50 (+1.86) 2.66% 1.46-4.84 0.322
Mean (+SD)
New/enlarging T2 lesions after pregnancy, mean (+SD) 0.20 (+1.09) 0.14 (+0.95) 0.29 (+1.26) 2.09° 0.37-11.73 0.205
Gd enhancing lesions before pregnancy after pregnancy, mean (+SD) 0.03 (+0.18) 0.04 (£0.20) 0.02 (0.13) 0.42° 0.04-4.0 0.458
CUA lesions after pregnancy, mean (+SD) 0.07 (+0.26) 0.04 (+0.20) 0.12 (+0.33) 2.74° 0.69-11.0 0.153
12mo CDW, N/N of reported outcome 4/81 3/50 1/31 — - —

Abbreviations: ARR = annualized relapse rate; CDW = confirmed disability worsening; Cl = confidence interval; CUA = combined unique active; Gd =

gadolinium; IRR = incidence rate ratio; mo = months; N = number.
IRR were obtained with
“Poisson regression or

®Negative binomial regression, by considering “not-exposed” the reference group.
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the 2 study groups were observed. Most infants [96.0% (n =
96) in the whole cohort; 94.4% (n = 51) “not-exposed”;
97.8% (n = 4S) “exposed”] had normal APGAR §”.

Maternal Disease Outcomes

MS outcomes are summarized in Table S. In the year before
pregnancy, ARR was 0.10 (95% CI 0.04-0.16) in the whole
cohort, significantly lower in the “not-exposed” group (0.05,
95% CI10.00-0.09) than in the “exposed” group (0.16,95% CI
0.05-0.28; p = 0.034). ARR remained low during pregnancy
and postpregnancy, with no significant differences between
groups. During pregnancy, ARR was 0.04 (95% CI 0.00-0.08)
in the whole cohort, 0.05 (95% CI 0.00-0.12) in “not-
exposed,” and 0.14 (95% CI 0.02-0.26) in “exposed” (p =
0.661). Postpregnancy ARR was 0.13 (95% CI 0.00-0.31),
0.14 (95% CI 0.00-0.31), and 0.03 (95% CI 0.00-0.08), re-
spectively (p = 0.803).

Three relapses occurred during pregnancy (one “exposed”
and 2 “not-exposed”). The “exposed” patient (7 cycles of
OCR), had high pre-pregnancy disease activity (2 relapses in
the 12 months before pregnancy). As regards “not-exposed”
cases, one patient had only received titration and one more
cycle of OFA before LMP; the other had been in treatment
with OCR for approximately 3 years with no history of DA
before pregnancy. All remained clinically and radiologically
stable postpartum. An additional patient experienced a relapse
during pregnancy, but occurred before initiating anti-CD20
(OCR administered as rescue therapy in second trimester).
Five postpregnancy relapses were recorded (3 “not-exposed”,
2 “exposed”). Women in the “not-exposed” group were
clinically and radiologically stable before pregnancy. One had
been treated with 4 cycles of OCR before conception (time to
LMP 4.9 months), remained stable during pregnancy and
delayed therapy resumption for breastfeeding. She had the
relapse 75 days after delivery, and OCR was restarted 17 days
after the relapse (OCR-free-interval 16 months); EDSS pro-
gressed from 2.0 to 3.5. Another, previously treated with §
cycles of OCR (time to LMP 11.1 months), remained stable
during pregnancy and also delayed therapy resumption; she
had the relapse 20 days after delivery, and OCR was resumed
30 days after the relapse (OCR-free interval 21.8 months);
EDSS before pregnancy was 1.5 and increased to 2.0 after the
relapse. The third patient, who had received only 2 cycles of
OCR before conception (time to LMP 6.4 months), remained
stable during pregnancy but had a relapse the day after de-
livery; she restarted OCR 20 days after the relapse (OCR-free
interval 15.6 months); EDSS before pregnancy was 2.0 and
improved to 1.5 postpartum. The 2 women in “exposed”
group were clinically and radiologically stable both before and
during pregnancy. One had been treated with 9 cycles of OFA
before conception (time to LMP-9 days) and resumed ther-
apy the day after abortion; she had the relapse 30 days after
therapy resumption. The other one had received 18 cycles of
OFA before conception (time to LMP -50 days) and resumed
therapy 13 days after abortion; she had a relapse 70 days after
therapy resumption.
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At last MRI before pregnancy, mean numbers of new/
enlarging T2 lesions were 0.35 + 1.35 (whole cohort), 0.15 +
0.55 (“not-exposed”), and 0.61 * 1.93 (“exposed”; p = 1.873).
Mean Gd-enhancing lesions were 0.08 + 0.31, 0.04 £ 0.19, and
0.13 + 0.42 (p = 0.063), while CUA lesions were 0.32 + 1.41,
0.19 £ 0.95, and 0.50 * 1.86 (p = 0.322), respectively. Post-
pregnancy MRI activity remained low. Mean new/enlarging
T2 lesions were 0.20 + 1.09 overall, 0.14 + 0.95 in “not-
exposed,” and 0.29 + 1.26 in “exposed” (p = 0.205). Mean Gd-
enhancing lesions were 0.03 * 0.18, 0.04 + 0.20, and 0.02 *
0.13 (p = 0.458), while mean CUA lesions were 0.07 + 0.26,
0.04 + 0.20, and 0.12 + 0.33 (p = 0.153), respectively.

CDW was observed in 2 patients, both in “not-exposed”
group: one patient progressed from an EDSS of 2.0-3.5 be-
cause of a relapse in the postpartum; the other one progressed
from an EDSS of 1.0-2.0 in the absence of clinical relapses.

Discussion

MS is a potentially disabling disease that predominantly
affects young women, often before completion of their family
planning. Anti-CD20s are large molecules, requiring neonatal
Fc receptor to cross the placenta, which is expressed from the
20th-21st gestational week.>*'® With these premises and
given their unique characteristics (high efficacy in controlling
DA, pharmacodynamic effect persisting long after drug
elimination, no rebound risk at withdrawal), anti-CD20s
could represent an optimal therapeutic strategy for wwMS
who wish to become pregnant. Until recently, real-world data
were scarce, and drugs labelling indications reported exces-
sively long discontinuation timings, potentially compromising
patient safety and/or leading to the abandonment of preg-
nancy plans. Today, with the emergence of real-life studies, we
are witnessing an initial update of labelling information.

First data about the use of anti-CD20s during pregnancy in
MS derive from case series on the use of RTX as rescue
therapy in women with DA during pregnancy.”’18 In a study
of 2020 about RTX (74 pregnancies)lg, no serious infectious
or obstetric complications were reported, although a relatively
high rate of SA was observed, attributed to pre-existing fer-
tility issues. Another study of 2021 about OCR and RTX?,
evaluated 67 pregnancies and found outcomes consistent with
those observed in the general population, except for a higher
rate of preterm births and 2 MCA in the group exposed during
pregnancy. Both studies showed good disease control during
and after pregnancy. In 2022, another study7 analyzed data
about OCR from a Canadian cohort, categorizing pregnancies
as “in utero exposure” or “not in utero exposure” (cutoff
3 months after last OCR). Of 65 pregnancies, 72.3% resulted
in LB and 20% in SA (21.2% in exposed group vs 15.4% in
not-exposed). Preterm births were similar between groups,
and only one MCA was reported. In 2025, data from over
3,200 pregnancies (outcome known for 1880) - collected in
the OCR global pharmacovigilance database and categorized
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similarly - were published, leading to modification of OCR
labelling indications in Europe. The majority of pregnancies
resulted in LB (84.4% in “not-exposed”, 82.4% in “exposed”
group and 70.1% in “unknown exposure” group), with com-
parable preterm birth (7.4%, 9.2% and 5.6%, respectively) and
SA rates (11.4%, 9.4% and 22.6%, respectively) among
groups. A total of 22 MCA was reported, with percentages
comparable with those reported by EUROCAT. Three neo-
natal deaths were reported, all in the “exposed” group, at-
tributed to extreme prematurity and associated conditions.
Overall, the study found no increased risk of adverse out-
comes for pregnancies or offspring exposed to OCR. No data
about maternal disease outcomes were reported.” To date,
data on OFA exposure during pregnancy are limited to a few
abstracts.”® Last update was presented at the 2025 Annual
Meeting of the Consortium of MS Centers. Over a total of
275 pregnancies occurred within 180 days from last OFA
administration, the outcome was known for 103: 70.9% LB,
12.6% ET, 12.6% SA, 1.9% ectopic pregnancies, 1.0% SB, and
1.0% abortion not otherwise specified. No MCA were
reported.”'

Our study provides, on a national multicenter basis, valuable
insights into the efficacy and safety, for both mother and off-
spring, of anti-CD20s in wwMS with pregnancy desire. In our
population, in the whole cohort, the majority of pregnancies
(80.4%) ended in LB. The rate of SA was 13.1%. A significantly
higher percentage of SA was observed in the “exposed” group
compared with “not-exposed” group (20.6% vs 7.1%, p =
0.014), which is in line with the study of 2020 about RTX."” SA
is a phenomenon normally occurring in the general population,
with many possible etiologies (i.e., infertility, nulliparity, ad-
vanced maternal age). A review of 2021 reported a pooled
miscarriage risk of 15.3% (95% CI, 12.5-18.7) in the general
population, with a maximum of 21.6% (95% CI, 21.2-22.0),"*
which is not different from that observed in our study in the
“exposed” group, as well as in aforementioned studies about
RTX,"” OCR,” and OCR global pharmacovigilance database
(pregnancies with unknown exposure).”

At univariate exploratory analysis, pregnancy exposure and
age at conception were significantly associated with an in-
creased risk of SA (OR = 3.41 and 1.14, respectively). As
maternal age is a known risk factor for miscarriage,14 and the
“exposed” group included a higher proportion of women
older than 35 years (50.0% vs 31.8%, p = 0.034), analyses were
adjusted for age. Even after adjustment, exposure remained
independently associated with SA (OR = 2.83). In light of
these findings, we cannot exclude that immunosuppression in
first trimester could have played a role in increasing SA risk,
given that a good inflammatory response is fundamental for
implantation and placentation.22 Among LB, the preterm
delivery rate was 11.4%, significantly higher in the “exposed”
group (20.6% vs 7.1%, p = 0.023). Even in this case, exposure
was significantly associated with a higher risk (OR = 3.71),
together with EDSS and therapy duration before pregnancy
(OR = 1.47 and 1.34, respectively). After adjustment for these
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2 factors, exposure remained independently associated (OR =
7.04). Notably, preterm cases included intercurrent infec-
tions, premature rupture of membranes, and relapse requiring
steroid treatment, highlighting the importance of disease
stability before conception. Nevertheless, it is worth noting
that abovementioned associations should be interpreted
cautiously, as the wide CI indicates limited precision, likely
because of the small sample size and the low number of SA
and preterm birth events. Moreover, given the observational
nature of our study—partially prospective but predominantly
retrospective—a degree of selection bias cannot be excluded.
In particular, pregnancies exposed to anti-CD20s may have
been subject to closer clinical attention, potentially increasing
the likelihood of identifying and reporting adverse outcomes.

Only 2 MCA were reported, one per group (1.5% vs 2.0%),
with proportions similar to those reported in the study of
2025 from OCR pharmacovigilance database’: One case in-
volved encephalocele (“not-exposed”) and led to ET of
pregnancy because of severity; the other consisted of mild
aortic arch narrowing (“exposed”) in association with a minor
malformation. Encephalocele is a neural tube defect with
multifactorial and incompletely understood aetiology.”® In
our cohort, it occurred in a woman in her late 30s who con-
ceived through ART, a context associated with increased risks
of chromosomal abnormalities, congenital malformations,
and adverse pregnancy outcomes. Aortic isthmus narrowing is
a relatively common congenital defect (=5/1,000 births),
which may present early with cardiac symptoms or remain
asymptomatic and be diagnosed later in life.** In our case, it
was incidentally detected during routine evaluation of the
child and to date had no impact on his healthy status.

As regards hematologic abnormalities, only 2 events were repor-
ted. One was IgA deficiency, the most common primary antibody
deficit in the general population.”® Anti-CD20s are associated with
a risk of hypogammaglobulinemia, which typically develops after
several treatment cycles, with available data suggesting that IgA
reduction is relatively uncommon and typically mild, even after
repeated dosing. In this case, pregnancy was exposed to OCR
during second trimester, with certain fetal exposure. However, the
patient received only a single OCR cycle, making a causal asso-
ciation between the abnormality and drug exposure unlikely. This
affirmation is also supported by the observation that IgA levels in
the mother at delivery were normal %%’
characterized by transient thrombocytopenia and CRP increase,
without perinatal infections. General health status of the child at
FU was good. Finally, only one serious perinatal infection was
reported: a case of bronchiolitis in an “exposed” pregnancy,
without consequences on long-term health status of the infant and
which could still be due to chance.

The other case was

All anthropometric measurements of the infants at birth were
between fifth and ninety-fifth percentile of the same variable
reported by WHO. There was a significantly higher percent-
age of LBW in the “exposed” group compared with “not-
exposed” (12.5% vs 1.5%, p = 0.041), but 5/7 infants were
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preterm, which could explain this finding, together with other
associated conditions, unrelated to drug exposure.

Finally, as regards maternal disease outcomes, although the
number of patients is relatively low to provide robust data, we
can affirm that overall, DA remained low in our study pop-
ulation, both during and after pregnancy. Baseline ARR was
slightly higher in the “exposed” group (0.16 vs 0.05) and
decreased both during and after pregnancy (-0.02 and -0.13
compared with pre-pregnancy, respectively). A slight increase
in the ARR was observed in the “not-exposed” group (0.00
and +0.09 compared with pre-pregnancy, respectively), to-
gether with the evidence of 2 CDW. MRI activity was well-
controlled after pregnancy, without relevant differences be-
tween groups (Table S).

To conclude, in January 2025, the results of the largest
pregnancy registry about anti-CD20 OCR for MS have been
published.” Despite some differences, our study displays
results which are in line with those of the Roche registry and
of previously published literature.

Our study has some limitations: low sample size, not allowing
the detection of rare events, and limiting the statistical power of
some analyses. Most cases were reported retrospectively, with
possible reporting bias. A contribution of selection bias to the
higher percentage of unfavorable outcomes in “exposed” group
cannot be excluded. Nevertheless, some strengths of our work
can also be highlighted: all currently used anti-CD20s are
considered (ublituximab not approved at the time of our reg-
istry start), the small sample size has allowed an accurate col-
lection of relevant information, and maternal DA outcomes
have also been analyzed. Data collection through the CD20-
PREGANCY registry is still ongoing to further expand sample
size and to explore additional aspects such as lactation and
physical and psychological development of the infant. Despite
its limitations, our study highlights how pregnancy is possible in
wwMS with active disease, who are in treatment with anti-
CD20s. The long-lasting effect of anti-CD20s can allow us to
achieve full disease control and prevent disability accumulation,
enabling patients to plan their families, which is particularly
significant when considering a disease affecting young adults at
the height of their social and personal lives.
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