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Abstract

Objective: Postpartum, patients with multiple sclerosis (MS) and neuromyelitis
optica spectrum disorder (NMOSD) have increased risk for disease activity.
Anti-CD20 IgGl monoclonal antibodies (mAb) are increasingly used as disease-
modifying therapies (DMTs). Patients may wish to both breastfeed and resume
DMT postpartum. This study aimed to determine the transfer of anti-CD20
IgGl mAbs, ocrelizumab, and rituximab (OCR/RTX), into mature breastmilk
and describe maternal and infant outcomes. Methods: Fifty-seven cis-women
receiving OCR/RTX after 59 pregnancies and their infants were enrolled and fol-
lowed up to 12M postpartum or 90 days post-infusion. Breastmilk was collected
pre-infusion and serially up to 90 days and assayed for mAb concentration. Med-
ical records and patients’ questionnaire responses were obtained to assess neuro-
logic, breastfeeding, and infant development outcomes. Results: The median
average concentration of mAb in breastmilk was low (OCR: 0.08 pg/mL, range
0.05-0.4; RTX: 0.03 pug/mL, range 0.005-0.3). Concentration peaked 1-7 days
post-infusion in most (77%) and was nearly undetectable after 90 days. Median
average relative infant dose was <1% (OCR: 0.1%, range 0.07-0.7; RTX: 0.04%,
range 0.005-0.3). Forty-three participants continued to breastfeed post-infusion.
At 8-12 months, the proportion of infants’ growth between the 3rd and 97th
World Health Organization percentiles did not differ for breastfed (36/40) and
non-breastfed (14/16, p > 0.05) infants; neither did the proportion with normal
development (breastfed: 37/41, non-breastfed: 11/13; p > 0.05). After postpartum
infusion, two mothers experienced a clinical relapse. Interpretation: These con-
firm minimal transfer of mAb into breastmilk. Anti-CD20 mAb therapy stabilizes
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Anti-CD20 Monoclonal Antibodies during Lactation

A. Anderson et al.

MS activity before conception to the postpartum period, and postpartum treat-
ments appears to be safe and well-tolerated for both mother and infant.

Introduction

The safe and effective management of neurological disease
during gestation and lactation represents major unmet
treatment goals across many neurological conditions. Both
multiple sclerosis (MS) and neuromyelitis optica spectrum
disorder (NMOSD) are more prevalent in females than in
males, with onset often occurring during childbearing
years.! Stabilization of inflammatory activity while plan-
ning a pregnancy, during gestation, and postpartum where
a heightened risk of inflammatory activity has been
reported,” * requires appropriate selection and timing of
disease-modifying therapies (DMTs). Anti-CD20 IgGl
monoclonal antibodies (mAbs), including ocrelizumab
(OCR) and rituximab (RTX), are increasingly used to treat
neurologic and other inflammatory conditions. The pro-
longed period of B-cell depletion expected after elimination
from the bloodstream, and lack of IgG1 placental transfer
during the first trimester,” have led to the use of these
mAbs in the pregnancy planning period. Their rapid onset
of effect is attractive for reducing the potential for postpar-
tum rebound activity as well. Questions remain, however,
about the safety of mAbs during lactation. This is all the
more relevant in MS, where breastfeeding benefits general
maternal and infant health, supports maternal-infant
bonding and the maternal role, and also appears to protect
against relapses.® Reassuringly, the large molecular size, low
lipid solubility and low oral bioavailability of IgGl mAbs
likely result in minimal breastmilk transfer and absorption
by infant through breastfeeding.” Two case studies,>” a case
series,'’ and a small prospective cohort study'' have sug-
gested minimal transfer of RTX in breastmilk with no bio-
logical impact on breastfed infants; however, larger
numbers are required to confirm these findings. This pro-
spective, multicenter cohort study aimed to evaluate the
transfer of OCR and RTX into breastmilk, as well as
growth, development, and immune health of infants whose
mothers were treated with anti-CD20 mAbs after delivery.

Methods

Study design and population

This prospective study enrolled international patients with
a clinical diagnosis of MS or NMOSD receiving OCR or
RTX clinically prescribed by their treating neurologist while
breastfeeding or weaning and who were willing to provide
breastmilk samples. All participants were enrolled in the
University of California, San Francisco (UCSF) Pregnancy
Registry, Infants, and Milk/Serum Analysis (PRISMA)

study, which includes patients followed at the UCSF and
other MS centers if they sought enrollment in the study.
The samples included in this analysis were collected
between November 2017 and December 2021, from partici-
pants referred from 10 MS centers in the United States and
Germany. A combination of maternal records (59 pregnan-
cies), infant records (55 total pregnancies, 56 infants), and
breastmilk samples (51 pregnancies, 53 treatment cycles)
was collected. A subset of the 29 women (30 pregnancies)
receiving ocrelizumab were enrolled in an investigator-
initiated sub-study sponsored by Genentech. Among the 59
pregnancies, only nine in which women received rituximab
were previously reported."'

Standard protocol approvals, registrations,
and patient consent

The UCSF Institutional Review Board (IRB) approved
this study (17-22422). Under the same IRB, a sub-study
of ocrelizumab in breastmilk was sponsored by Genentech
as an investigator-initiated study (IIS) and listed on
clinicaltrials.gov, NCT04387110. Written informed con-
sent was obtained from all the enrolled participants in
their preferred language by the UCSF study team.

Maternal outcomes

Maternal medical records were reviewed to capture demo-
graphic data, medical history, mAb infusion date(s)/time
and dose(s), and neurological data during the 12 months
(M) before conception and up to 12M after delivery (or
90 days from the time of first maternal infusion, if occur-
ring after 12M postpartum). Questionnaires were com-
pleted prospectively by participating mothers to provide
pertinent pregnancy information, including medications
used before and during pregnancy, pregnancy complica-
tions, MS or NMOSD relapses, infections, infusion reac-
tions, and breastfeeding status. Telephone interviews were
used to supplement missing information as needed. Clini-
cal relapses, defined as new or worsening neurologic symp-
toms for >24 h in the absence of infection, were
prospectively collected using the patient-reported assessing
relapses in MS Questionnaire at 1, 4, 8, and 12M postpar-
tum and corroborated by the treating neurologist’s note.
When Expanded Disability Status Scale (EDSS) score was
not explicitly included in the treating neurologist’s note,
this was extrapolated from the neurologic examination,
documented symptoms, and reported ambulatory abilities
by a neurologist (R.B.), blinded to the timing of the neuro-
logical exam relative to pregnancy.

2054 © 2023 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.
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Infant outcomes

Infant medical records were reviewed to record delivery
outcomes, immunizations, growth, laboratory results,
infections, and developmental concerns. Weight, length,
and head circumference recorded in medical records from
delivery to 12M of age were plotted on the World Health
Organization (WHO) clinical growth charts and reported
as percentiles for age. When available, clinically assessed
CD19 count and immunoglobulin levels from cord blood
or peripheral blood were collected for infants with potential
exposure to maternal anti-CD20 therapy either in utero or
during lactation. The Ages and Stages Questionnaire Ver-
sion 3 (ASQ3) was completed prospectively by parents at 2,
4, 6, 8, 10, and 12M of age (when rituximab was received,
ASQ3 was given at only 4, 8, and 12M). Due to the low
number, survey timing was not adjusted for prematurity.
The ASQ3 evaluates five domains of child development
(communication, gross motor, fine motor, problem solv-
ing, and personal-social). Each domain is scored and cate-
gorized as “below cutoff”, “monitoring range”, and “above
cutoff”. Both the “monitoring range” and “above cutoff”
are considered on-schedule development. “Below cutoff”
suggests delayed development and indicates need for pro-
fessional assessment.

Breastmilk collection

For most participants, serial breastmilk samples were sys-
tematically collected before infusion (drug-naive) and at 8
and 24 h post-infusion, in addition to 7, 18-21, 30, 60,
and 90 days after one or two OCR (300 or 600 mg) or
RTX (500 or 1000 mg) infusion(s) at the first and/or sec-
ond postpartum treatment cycle. During an initial period
of study feasibility (November 2017 to April 2019), four
participants provided single- or two-timepoint samples,
and another five participants provided serial samples;
these were previously reported'' and the results were
included here with the current samples to provide an
overview of the entire cohort and sufficient power.
Between April 2019 and December 2021, 42 participants
provided serial samples after 44 treatment cycles, and 2
participants who were actively weaning or enrolled post-
infusion provided single- or two-timepoint samples.

Quantification of anti-CD20 mAb in
breastmilk

To determine the breastmilk concentration of anti-CD20
mAb therapies, fluorescent enzyme-linked immunosor-
bent assay (ELISA) was used. Samples provided by partic-
ipants treated with OCR were analyzed with ELISA by
Syneos Health Laboratories (Richmond, VA), using

Anti-CD20 Monoclonal Antibodies during Lactation

affinity-purified goat anti-ocrelizumab polyclonal anti-
body as coat and a goat anti-IgG1 antibody conjugated to
horseradish peroxidase as detection. Samples provided by
participants treated with RTX were analyzed by Marin
Biologic Laboratories (Novato, CA) with the Eagle Biosci-
ences rituximab ELISA Kit, using methods previously
reported.!

Anti-CD20 breastmilk concentrations were measured in
duplicate for each sample and averaged, and when repli-
cates of a sample were analyzed across several assays,
these replicates were averaged.

Statistical analysis

Descriptive statistics were used to characterize the cohort
and infant outcomes. Then, to evaluate breastmilk param-
eters, for the participants who provided serial (at least 3)
samples, the breastmilk concentrations of mAb were ana-
lyzed using R software (4.2.2) with pharmacokinetic
methods (Ubiquity 2.0.0 non-compartmental analysis
package'?). Two assumptions were made to conduct this
analysis. First, pre-infusion concentrations were assumed
to be 0 pg/mL. Second, concentrations below the detec-
tion threshold for both OCR and RTX (0.16 and 0.01 pg/
mL) were assumed to be 0.0795 and 0.005 pg/mL, respec-
tively. Applying the trapezoidal rule, the area under the
breastmilk concentration-time curves (AUCs) was calcu-
lated for each sample set. The average concentration in
breastmilk (Csyg) was calculated by dividing the AUC by
the number of days from infusion at the time of last col-
lection for each individual set. The maximum concentra-
tion (Cpmax) and the time of Cyax were also reported.

Using methods described by Bennett,”” the absolute
average and maximum OCR and RTX doses to the infant
in a 24-h period and the relative infant doses (RIDs) were
calculated. Calculation of the absolute average and maxi-
mum dose, as well as the RID assumes the infant will
ingest an approximately 0.15 L/kg/d of breastmilk within
a 24-h period. The absolute average infant dose over 24 h
is determined by multiplying the Cayg by 0.15 L/kg/d,
while the maximum absolute infant dose uses Cyax. The
RID estimates an infant’s potential exposure to a drug via
lactation as a percentage of the maternal dose over a 24-h
period and is calculated by taking the Cpyg in mg/L, mul-
tiplying by 0.15 L/kg/d of breastmilk and by the maternal
weight at the time of infusion, and then dividing by the
maternal dose. The RID was also calculated using Cyiax
to determine the maximum RID observed. As established
by Bennett,"> a RID less than 10% is generally safe for an
infant to breastfeed, although the drug toxicity should
also be considered on a case-by-case basis.

Across the participants who provided serial samples,
median and range were calculated for each of these
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measures. Participants who provided 1-2 samples were
not included in these calculations; however, they were
compared to those of the serially collected samples and
contributed to our overall assessment of anti-CD20 mAb

Results

Demographics and clinical characteristics

transfer into breastmilk. Fifty-five cis-women with relapsing—remitting MS and two
ciss-women with NMOSD enrolled in the PRISMA study.
Altogether, these 57 participants provided data corresponding
to 59 pregnancies, including 33 pregnancies with postpartum
treatment with OCR and 26 pregnancies with postpartum
treatment with RTX. The mean age was 33.4 (SD 3.9) years,
with low disability (median EDSS of 1.5) and median disease
duration of 5.1 (range 0.1-14.0) years (Table 1). Among these
59 pregnancies, anti-CD20 mAbs were also used in the year

In relation to infant outcomes, Fisher’s exact test (JMP
Pro 17.0.0 statistical software package) was used to assess
the difference in proportion of infants breastfed post-
maternal infusion versus not with normal growth and
development (categorical) at 8-12M, reflecting methods
outlined by Matro et al. 2018.'* Statistical significance
threshold was set at p < 0.05. Maternal clinical outcomes
were compared descriptively.

Table 1. Demographic and clinical characteristics of the cohort (n = 59 pregnancies in 57 women).

Pregnancies (n = 59)

Characteristic

Ocrelizumab (n = 33)

Rituximab (n = 26)

Entire cohort (n = 59)

Maternal age at conception, mean years (SD) 33.7 (3.6) 33.8 (4.3) 33.4 (3.9
Race, n (%)
White 32 (97.0) 18 (69.2) 50 (84.7)
Asian 1(3.0) 5(19.2) 6(10.2)
African American 0 2(7.7) 2 (3.4)
Other 0 1(3.8) 1(1.7)
Education, median years (min—-max) 16 (12-22) 17 (12-23)
Diagnosis at enrollment, n
RRMS 332 24P 5720
NMOSD 0 2 2
Disease duration, median years (min—-max) 5.1 (0.4-14.0)° 4.9 (0.1-13.0) 5.1 (0.1-14.0)°
Preconception EDSS, median (min—-max) 1.5 (0-2.5)° 1.5 (0-4.0)° 1.5 (0-4.0)%4
DMT prior to conception, n (%)
Anti-CD20 mAb 18 (54.5) 15 (57.7) 33 (55.9)
Other DMT 9 (27.3) 7 (26.9) 16 (27.1)
DMT naive 6(18.2) 4 (15.4) 10 (16.9)
If treated with anti-CD20 mAb <12 M of conception
Duration of treatment prior to conception, median M (min—max) 8.9 (1.6-31.6) 16.6 (2.2-42.3) 14.9 (0.5-42.3)
Infusion to conception, median M (min-max) 4.1 (0.7-10.2) 2.3 (-0.3-7.3)° 3.5(-0.3-10.2)¢
Delivery to first postpartum infusion, median M (min—-max) 4.3 (0.1-36.0) 1.9 (0.2-12.1) 2.6 (0.1-36.0)
Postpartum anti-CD20 mAb dose, n
1 x half dose' 2 2 4
2 x half dose 17 9 26
1 x full dose® 14 11 25
2 x full dose? 0 4 4
No. of infants breastfed (>2 weeks) post-infusion, n (%) 24 (72.7) 19 (70.4)" 43 (71.7)"
Exclusively, n 17 10 27
Partially, n 7 9 16

DMT, Disease-modifying therapy, EDSS, Expanded Disability Status Scale; M, month(s); mAb, monoclonal antibody; NMOSD=neuromyelitis optica
spectrum disorders; RRMS, relapsing—remitting multiple sclerosis; SD, standard deviation.
“n = 32 with diagnosis before pregnancy and n = 1 with postpartum onset in the ocrelizumab treatment group.
®n = 1 diagnosis was amended to myelin oligodendrocyte glycoprotein antibody disorder 3 years after completing participation in the rituximab

treatment group.

‘n =31 (n = 1 with postpartum onset, n = 1 without exam) in the ocrelizumab treatment group.
d9n =22 (n = 1 with onset in pregnancy, n = 2 with NMOSD, n = 1 without exam) in the rituximab treatment group.

€n = 1 with infusion at 7 weeks and 1 day in the rituximab treatment group.

f*Half" dose is 300 mg (ocrelizumab) or 500 mg (rituximab).
9“Full” dose is 600 mg (ocrelizumab) or 1000 mg (rituximab).

PDenominator of n = 27 infants (one twin pregnancy) in the rituximab treatment group.

2056 © 2023 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.
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prior to conception for 33 (n = 27 < 6 M prior to concep-
tion). The median time between delivery and postpartum
infusion in the samples provided was 2.6 M (range 0.1-36.0).
Among the 59 total pregnancies (n = 58 singleton, n =1
twin), 51 were term pregnancies and 8 pregnancies were pre-
term (<37 weeks gestation).
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Maternal clinical outcomes
Participants with MS

Clinical relapses and their association with DMT use from
12M before conception through 12M postpartum are visual-
ized in Figure 1. Altogether, in the 12M before conception, a

12M
Postpartum

*

» >

A Legend

A Clinical Relapse

o Conception

& Dimethyl fumarate

M Fingolimod
Glatiramer acetate

" Natalizumab

M Ocrelizumab

7 Rituximab

* Ocrelizumab started

36M postpartum

-660 -600 -540 -480 -420 -360 -300 -240 -180 -120 -60
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Time from delivery (days)

Figure 1. Timing of maternal relapse and DMT use relative to pregnancy in women with MS (n = 57 pregnancies). Each line on the y-axis
indicates a single pregnancy. The x-axis indicates observation period from 12 months before conception, through pregnancy, and up to
12 months postpartum. The color of each line indicates maternal DMT at a given timepoint; anti-CD20 and natalizumab treatment were graphed
with extension to 6M and 1M past the last infusion, respectively. Conception is indicated by a circle. Relapse is indicated by a triangle and was

assessed from 12 months before conception to 12 months after delivery.
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relapse occurred in 15/57 pregnancies; in five of these, the
patient was untreated at the time of the relapse and subse-
quently started anti-CD20 DMT (one of whom relapsed 1M
later after receiving only one half of the ocrelizumab start
dose, 300 mg). During pregnancy, a relapse occurred in 5/57
pregnancies (n = 3: no DMT, one of whom subsequently
started glatiramer acetate during pregnancy, n = 1: fingoli-
mod discontinued before conception, n = 1: fingolimod dis-
continued before conception and switched to glatiramer
acetate during pregnancy, with four relapses). Postpartum, a
relapse occurred in 13/57 pregnancies between delivery and
first anti-CD20 infusion. Between anti-CD20 infusion and
the 12M postpartum, one relapse occurred among 57 preg-
nancies, 2 days after infusion.

Focusing on patients treated using optimized windows for
anti-CD20, with treatment within 6M of conception, 1/25
experienced a relapse between infusion and delivery (1M
after receiving only one half of the ocrelizumab start dose); 2/
25 experienced a relapse between delivery and infusion (infu-
sion was >5 weeks postpartum in both cases); and 1/25 expe-
rienced a relapse 2 days after infusion (i.e., before treatment
was therapeutic). Of all 14 participants who were treated with
anti-CD20 within 5 weeks of delivery, 0/14 experienced a
clinical relapse between delivery and 12M postpartum.

Participants with NMOSD

Two participants with NMOSD received anti-CD20 ther-
apy within 6M prior to conception. Neither experienced a
relapse in the year before conception or during preg-
nancy. Postpartum, one relapse occurred in one preg-
nancy 1.5M after delivery, 14 days after anti-CD20
therapy had been resumed.

Ocrelizumab

1 Infusion (N=16) 2 Infusions (N=16)

1.2
1.0
0.8

0.6

0.5

second infusion

0.4 l

0.3

Concentration (ug/mL)

0.2

Threshold of detection (0.16 pg/mL)

0.1

[ 20 40 60 80 100 120 140 160 0 20 40 60

80 100 120 140 160
Time from Infusion (days)
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Immunological parameters

Maternal infections were also prospectively collected
(COVID-19, Flu, Cold, etc.). No maternal infections requir-
ing hospitalization were reported. Four women reported
mastitis during their participation in the study; however,
none of these infections coincided with breastmilk collection.
In 17 pregnancies, serum IgG, IgM, and/or IgA levels
were assessed clinically postpartum and prior to maternal
infusion (median 50 days after delivery, range 0-850).
Among women with anti-CD20 within 6M of conception,
IgG (13/16 pregnancies), IgM (7/8 pregnancies), and IgA
(14/15 pregnancies) were within normal range. The three
abnormal postpartum IgG levels were: 275, 589, and
652 mg/dL (normal range: 672—-1,760 mg/dL). Among the
women with low postpartum IgG postpartum, two
women had been treated with OCR for >12M prior to
conception and one participant was DMT naive.

Anti-CD20 mAb concentration in breastmilk

A total of 393 breastmilk samples were collected after 53
treatment cycles in 51 pregnancies. The concentration of
OCR and RTX in breastmilk measured in all samples is
displayed in Figure 2. For the 49 treatment cycles (47
pregnancies) providing three or more serial milk samples,
median average concentration of mAb was low at
0.08 pg/mL for OCR (range 0.05-0.4) and 0.03 pg/mL
for RTX (range 0.005-0.3). In sample sets with detectable
concentrations, peak concentration occurred in most
(77%) 1-7 days post-infusion and was nearly undetect-
able by 90 days post-infusion, with a median maximum
concentration 0.3 pg/mL for OCR (range 0.2-0.5 [n = 16

Rituximab

1 Infusion (N=10) 2 Infusions (N=11)

second infusion

|
v

0 20 40 60 80 100 120 140 160 0 20 40 60

Threshold of detection (0.01 pg/mL)

80 100 120 140 160

Figure 2. Anti-CD20 mAb in breastmilk (n = 32 Ocrelizumab and n =21 Rituximab treatment cycles). Breastmilk concentration (ug/mL) in 51
pregnancies up to 174 days post-infusion. Lines connect samples from a given individual during a single collection period. Pre-infusion concentration
was assumed to be O pg/mL. Samples below the detection threshold (ocrelizumab: 0.16 pg/mL, rituximab: 0.01 pg/mL) were plotted arbitrarily at
concentrations under the threshold for visual clarity. Pregnancies with no detectable concentration of anti-CD20 mAb in any sample are plotted in black.
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with detectable concentrations]) and 0.1 pg/mL for RTX
(range 0.01-0.9 [n = 15 with detectable concentrations]).
Based on Cayg, RID was 0.1% for OCR (range 0.07-0.7)
and 0.04% for RTX (range 0.005-0.3) (Table 2).

Among the participants who provided a single or two
samples, the observed concentrations were similar to
those of patients with serial samples sets apart from one
outlier with a concentration of 1.15 pg/mL at 14 days
post-infusion (RID 3.4%). This outlying concentration
and similar sample sets ending on a peak in concentration
were collected at the time of weaning and subsequent
samples were not available; thus the rate of decline from
peak concentration could not be calculated.

Infant outcomes

Neonatal outcomes relating to preconception
maternal treatment

Eight infants with maternal anti-CD20 treatment within
6M of conception and one infant with maternal infusion
at 7 weeks and 1 day underwent clinical evaluation of
cord and/or peripheral blood for IgG and CD19 levels; all
were within normal range (Fig. 3).">'® All infants were
exclusively breastfeeding at the time of peripheral blood
collection.

Postnatal outcomes relating to postpartum
maternal infusion

After maternal postpartum anti-CD20 infusion, partici-
pants continued to breastfeed for at least 14 days in 43
pregnancies (n = 27 exclusively, n = 16 partially); median
duration of breastfeeding post-infusion and up to 12M
postpartum was 6.4 M (range 0.3—11.7). When comparing
the breastfed versus non-breastfed infants, there were no
differences in the proportion of infants whose 8-12 M
measurements fell within the WHO standards for normal
growth (i.e., 3rd and 97th percentiles, p > 0.05 for weight,
height, and head circumference; Figure 4). In total, 36/40
breastfed infants had normal measurements across all three
parameters, as did 14/16 non-breastfed infants (p > 0.05).
Additionally, there were no differences in the proportion of
breastfed (37/41 with normal development) versus non-
breastfed infants (11/13 with normal development) in
ASQ3 development scores up to 8—-12M (Fig. 5), p > 0.05
in all domains (communication, gross motor, fine motor,
problem solving, and personal-social). From the clinical
records available for 56 infants (including both breastfed
and non-breastfed), there were minor but nonserious infec-
tions which are common in infancy (e.g., upper respiratory
infection, otitis media, COVID-19 infection, common cold;

Supplementary Table S1); there were no infant

© 2023 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.

Table 2. Minimal transfer of anti-CD20 monoclonal antibodies into breastmilk serially collected across 43 pregnancies (n = 45 mAb treatment cycles).

15 treatments)**

Rituximab (n

Ocrelizumab (n = 30 treatments)*

=2)

2 x 1000 mg (n

=5)

2 x 500 mg (n

=6)

1 x 1000 mg (n

=2)

1 x 500 mg (n

=16)

2 x 300 mg (n

10)

=4) 1 x600mg(n=

1 x 300 mg (n

Anti-CD20 Monoclonal Antibodies during Lactation

Median (min-max)

Parameters

12.3(9.7-14.8)

(0.2-9.7)
31 (16-104)

0.7

(0.3-28.1)
73 (21-90)

2.1

1(0.8-1.3)
58 (30-86)

(2.1-18.6)
90 (14-174)

8.2

7.7 (2.9-20.1)
90 (7-107)

4.3(0.07-7.2)

49 (1-91)

AUCO-Tmax: pgd/mL

Tmax, d

(44-104)
0.2 (0.1-0.2)

74

0.02 (0.007-0.3)
0.1 (0.01-0.9)
2 (0.3-18)

0.04 (0.005-0.3)
0.07 (0.005-1.0)

7 (0.3-30)

0.03 (0.01-0.04)
0.04 (0.02-0.06)

4(0-7)

0.08 (0.05-0.3)
0.2 (0.2-0.4)

7 (1-19)

0.1 (0.1-0.4)
0.3 (0.2-0.5)
7 (1-7)

0.08 (0.3-7.2)

0.4

Cave, ng/mL
Cmax, ng/mL®

0.6 (0.4-0.9)

11 (7-14)

Time of Cyax, d*°
RID from Cave,

0.09 (0.06-0.1)
0.3 (0.3-0.4)

0.01 (0.007-0.3)

0.1 (0.03-0.9)

0.05 (0.005-0.3)
0.07 (0.005-0.8)

0.1 (0.07-0.3) 0.06 (0.02-0.1)

0.5 (0.3-0.8)

0.1 (0.1-0.6)

0.6 (0.3-0.8)

0.2 (0.2-0.7)
1.4

%

0.08 (0.03-0.1)

o2

RID from Cpax,

0.03 (0.02-0.03)
0.1 (0.06-0.1)

0.006 (0.0007-0.05)  0.003 (0.001-0.05)
0.01 (0.0007-0.01) 0.02 (0.002-0.1)

0.004 (0.001-0.007)

0.01 (0.008-0.04)
0.03 (0.03-0.05)

0.01 (0.01-0.06)

0.05 (0.03-0.08)

0.01 (0.01-0.03)

0.06

Absolute infant dose by Cave, mg/kg/d

0.006 (0.003-0.009)

Absolute infant dose by Cyax, markg/d®

The AUC, average concentration, maximum concentration, and RID of both ocrelizumab and rituximab is presented.

AUCo.tmax, area under the drug—concentration-time curve in milk; Cave, average drug concentration over the interval; Cyax, maximum drug concentration measured; RID, relative infant dose,

Tmax, Mmaximum time of milk collection.

@Only calculated for patients with a detectable concentration (above the assay threshold).

PCalculated relative to most recent infusion (first or second).

*ELISA conducted by Syneos Health Laboratories
**ELISA conducted by Marin Biologic Laboratories.
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Figure 3. Infant CD19 levels (n = 9 infants). Individual lines connect collection timepoints provided by a given infant. Red timepoints indicate
sample collection in infant wih maternal treatment with mAb <6 months before conception (n = 8). Blue timepoints indicate sample collection
after infant exposure to mAb via lactation (n = 4, breastfeeding after maternal postpartum infusion). Boundaries indicating the 10th-90th
percentiles for absolute CD19+ cells among healthy infants (300-2000 CD19+ cells/uL aged 0-3 months, 430-3000 CD19+ cells/uL 3-6 months)

are plotted as a gray dashed line.

hospitalizations due to infection. Routine vaccinations
were given in 53/56 per CDC guidelines'’; three parents
deferred the live rotavirus vaccination for their infants.

Four infants between the ages of 2.1 and 6.2M who
were breastfed after maternal infusion underwent clinical
evaluation of peripheral blood for IgG and CD19 levels,
all were within the normal range (Fig. 3).

Discussion

In this large prospective multicenter international study
of women with MS and NMOSD treated clinically with
anti-CD20 mAbs (OCR and RTX), minimal concentration
of mAb was found in mature breastmilk, corresponding
to a very low RID, well below the theoretically acceptable
threshold. Infants who were subsequently breastfed did
not differ in growth or development from infants who
were weaned, and immunological parameters were normal
when measured, suggesting negligible uptake of any resid-
ual undigested anti-CD20 IgG drug molecules into the
infant circulation.'® Additionally, there were almost no
maternal relapses postpartum after treatment, and no
relapses during the entire preconception to postpartum
time period in women completing treatment within 6M
of conception and 1M postpartum.

Several aspects of the findings, reassuringly, support the
safety of breastfeeding during anti-CD20 treatment. First,
similar trends were observed for both OCR and RTX,
including RID (<1%) and time to peak (1-10 days).

Second, the findings from the preliminary cohort of RTX
patients were reaffirmed in the current larger dataset. Third,
the highest concentrations were noted in the mothers who
were actively weaning, which is consistent with the
physiology of the mammary gland when discontinuing
breastfeeding."” Finally, these findings are in alignment with
other reports of anti-CD20 transfer in breastmilk.® '® While
this dataset was comprehensive, large, and multicentric, lim-
itations included the low number of infants with blood
drawn clinically for CD19 count and immunoglobulins; a
consequence perhaps of the COVID-19 pandemic as well as
general reassurance by treating pediatricians about the low
likelihood of breastmilk transfer and low risk to the infant.
In fact, both the American College of Rheumatology and
the American Gastroenterological Association already sup-
port breastfeeding with mAb treatment.***'

Historically, about one third of all women with MS
relapse postpartum,*** and over 50% develop new lesions
on brain MRL**** Similarly, women with NMOSD also
face heightened risk for postpartum relapse.”” This risk
depends on baseline disease activity, age, and treatment
parameters of the cohort. In the current study of women
treated with anti-CD20 therapy, there were very few
relapses; none relapsed before or during pregnancy when
treated within 6M of conception. Further, none relapsed
postpartum when infused within 5 weeks of delivery. His-
torically, when interpreting effects of breastfeeding on
postpartum relapse risk, there was concern that breast-
feeding reflected a more benign disease course since

2060 © 2023 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.
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Infant Growth Velocity (Delivery to 12 Months)

Infants Breastfed for > 2 Weeks Post-Maternal Infusion

No (N=16)
Infant Sex
Female Male

Height (cm) Weight (kg)

Head Circumference (cm)
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Figure 4. Infant growth velocity. Weight, length, and head circumference from birth to 12 months (n = 56). Normal percentiles, defined by the
WHO as 3rd-97th percentiles, are graphed in red. Each black line corresponds to a given infant relative to age indicated on the x-axis. There were
no statistical differences in growth between breastfed and non-breastfed infants (weight, height, and head circumference: p > 0.05 on Fisher’s

exact test).

women with higher relapse risk may be advised to forego
breastfeeding and resume treatment early.’* More
recently, however, there has been a trend toward more
actively treating women before and after pregnancy, even
if breastfeeding. In fact, use of anti-CD20 mAbs in this
period could reflect concern about a patient’s elevated
relapse risk. Altogether, the low risk of relapses observed
likely reflects the true effect of these high efficacy mAbs,
which have little therapeutic lag in the postpartum
period.

Clinically, these results confirm that anti-CD20 therapy
effectively reduces MS disease activity before conception
through to the postpartum period, minimal transfer into
breastmilk, and reassuring infant development, growth, and
CD109 levels when exposed to anti-CD20 therapies via breast-
feeding. The findings may have relevance to the use of several
other IgG1 mAbs in the management of pregnant and lactat-
ing women with neurological diseases, including MS,
NMOSD, myasthenia gravis, and other neuroimmune condi-
tions, as well as more common conditions such as migraines.

© 2023 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association. 2061
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Infant Development (Delivery to 12 Months)

Infants Breastfed for > 2 Weeks Post-Maternal Infusion
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Figure 5. Infant development ASQ scores in five domains of
development (n = 54 infants). “Above cutoff” and “monitoring
range” indicated on schedule development. Lines connect timepoints
for a given infant. Surveys were not adjusted for gestational age at
delivery. There were no statistical differences in growth between
breastfed and non-breastfed infants (p > 0.05 for each domain on
Fisher’s exact test).
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