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Summary

Background: The impact of pregnancy on biologic levels in patients with IBD is undefined

and time to elimination in vedolizumab-exposed infants is unknown.

Aims: To determine the effect of pregnancy on infliximab, adalimumab and vedolizumab

drug levels andto,study infant vedolizumab clearance.

Methods: In a prospective observational study, maternal drug levels were measured pre-
conception;in each trimester, at delivery and postpartum and the association between drug
levels and gestation in weeks was assessed using generalised estimating equation
modelling. Infant'vedolizumab levels were performed at birth (cord blood), six weeks and

three months or until undetectable.

Results: 50 IBD"patients (23 on infliximab, 15 on adalimumab, 12 on vedolizumab) with at
least two intrapartum observations, plus 5 patients on vedolizumab with only mother and
baby samples at delivery were included. Modelling showed no change in adalimumab levels,
an increase in infliximab levels of 0.16 (95% Cl 0.08-0.24) ug/L/week (p<0.001) and a
decrease of 0,18 (95% Cl: -0.33 —-0.02) ug/L/week (p=0.03) for vedolizumab. In 17 mother-
baby pairs, median infant vedolizumab levels at birth were lower than maternal levels
(p<0.05) with.an“infant:maternal ratio of 0.7 (IQR 0.5-0.9). Vedolizumab was undetectable

between 15-16 weeks of age in all 12 infants completing follow-up testing.

Conclusions: During pregnancy, adalimumab levels remain stable, while infliximab levels
increase andwedolizumab levels decrease. However, the increments were small suggesting
intrapartumtherapeutic drug monitoring and dose-adjustment are not indicated. Unlike
infliximab and adalimumab, infant vedolizumab levels are lower in cord blood than in

mothers and appear to clear rapidly.
Keywords: Inflammatory bowel disease, Pregnancy, Clinical Pharmacology
Introduction

Infliximab:and adalimumab are anti-TNF monoclonal antibodies and vedolizumab is a newer
anti-integrin monoclonal antibody. These biologic drugs are used to both induce and
maintain remission in inflammatory bowel disease (IBD). During pregnancy, exposure to
anti-TNF therapy is not associated with increased rates of adverse pregnancy outcomes?.

Data relating to vedolizumab during pregnancy are currently more limited, but its risk is also
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considered low?3. This is in contrast to active disease in pregnancy, which can be associated
with adverse outcomes including pre-term birth and low birth weight*. Biologic drugs
including anti-TNF therapy and more recently vedolizumab therefore form an integral part

of IBD treatment during pregnancy.

As immunoglobulin'G1 (IgG1) antibodies, anti-TNF agents are actively transferred across the
placenta viaithe Fc receptor in an exponential fashion from the mid second trimester of
pregnancy°. Vedolizumab, also an 1gG1 antibody, is assumed to have the same transfer
characteristics. The pharmacodynamics and pharmacokinetics of many drugs are altered
during pregfnancy. One small study has documented anti-TNF drug levels in pregnant IBD
patients. In this study, by Seow et al, including fifteen women who received infliximab and
ten women treated with adalimumab, it was observed that infliximab levels increased
during pregnaneyswhile adalimumab levels remained stable®. Maternal vedolizumab drug

levels throughoutspregnancy are unknown.

Cord blogd concentrations and clearance patterns of anti-TNF agents in infants following
intrauterine exposure have previously been studied”®. The infant:maternal ratio of
infliximab is higher and the infant clearance time of infliximab is longer than they are for
adalimumab’:2. The placental transfer and clearance time in vedolizumab-exposed infants

has not yet been established.

Although current data suggest there is no need to reduce these medications in pregnancy,
the paucity of long term data results in a commonly expressed desire to minimise infant
exposure wherespossible without compromising maternal disease control. Hence, we aimed
to advance oursunderstanding of the pharmacokinetics of infliximab, adalimumab and
vedolizumabsiby measuring these drug levels across pregnancy, in order to inform optimal
intrapartum desing. Secondly, we aimed to evaluate the placental transfer, time to
elimination, and short-term infant outcomes following intrauterine exposure to

vedolizumab.
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Materials and Methods

Study design and population:

A prospective observational study was performed in women with a confirmed diagnosis of
IBD who were either planning a pregnancy or were pregnant and on infliximab, adalimumab
or vedolizumab. Patients were referred to the IBD and Pregnancy service at St Vincent's
Hospital Melbourne, Australia between August 2017 and October 2019, from public hospital

IBD clinics, andsprivate specialists across Australia.

Study procedures:

Peripheral blood was drawn from patients to measure maternal anti-TNF and vedolizumab
levels pre-conception (up to 12 months), in each trimester of pregnancy, at delivery and
postpartum (up to six months) where possible. Maternal infliximab and vedolizumab levels
were measured at trough and adalimumab levels at steady state®°, Results were excluded
from the analysis of maternal levels across pregnancy when observations were not
representative.of trough or steady state levels, for example if participants had adjusted

dosing to facilitate a break in therapy prior to delivery.

For participantstreated with vedolizumab, umbilical cord blood and infant peripheral blood
samples were taken at birth with further samples at approximately six weeks and three
months, or antil vedolizumab drug levels were undetectable. Maternal vedolizumab levels

were measured.at delivery to correlate with infant levels.

Clinical dataffelevant to pregnancy outcomes were recorded including IBD-related medical
history, obstetrichistory, medication history, disease activity during pregnancy based on
Physician Global Assessment (PGA), smoking and alcohol use during pregnancy and
pregnancy complications. For participants on anti-TNF therapy, patient body mass index
(BMI), serum albumin, C-reactive protein (CRP) and faecal calprotectin in each trimester
were collected where possible and co-therapy with a thiopurine was documented. Baseline
data were collected pre-conception when possible, and in the case of a patient being
recruited to the study when already pregnant, available baseline and pre-conception data
were collected at the time of recruitment. Dosing and timing of anti-TNF and vedolizumab

therapy were at the discretion of the treating physician, not based on drug levels. Some
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participants on infliximab or vedolizumab had two levels measured within one trimester

depending on the timing of infusions.

Pregnancy outcomes including mode of delivery, gestational age, neonatal birth weight,

congenital anomalies and APGAR scores were recorded for all participants. Infant outcomes
were documented by participant-reported questionnaires at six weeks and three months for
infants exposed:to vedolizumab in utero, including infant growth, infections, chronic medical

conditions, allergies and adverse reactions to vaccinations.

Laboratory methods:

Serum was extracted from blood samples by centrifugation and frozen in aliquots at -20 °C
until assays were performed at Monash University Department of Gastroenterology, Alfred
Health, Australia. Serum adalimumab and infliximab concentrations were measured by
enzyme linked immunosorbent assay (ELISA) using the Q-INFLIXI and Q-ADA, Matriks Biotek,
Ankara, Turkey.kits according to the manufacturer’s instructions. Samples were tested

in duplicate'and. the average expressed as pg/mL serum. The coefficient of variation
between'assay wells was < 10%. In case of very high concentrations, the sample was re-
tested in different dilutions. In case of variation between the two results, a third analysis
was performed. Serum vedolizumab levels were measured by ELISA using either the Lisa-
Tracker (Theradiag, France) or Ridascreen (R-Biopharm AG, Germany). The lower limit of
detection was2.pg/mL for the Lisa-Tracker Vedolizumab kit and 0.25 ug/mL for the

Ridascreen kit. In<house testing of the two vedolizumab kits yielded similar results.

A minority of samples were sent to external laboratories for quantitative analysis of anti-
TNF drug levels, where other commercially available ELISA (Promonitor (Grifols, Spain)) or
Lisa-Tracker (Theradiag, France)) were used, amongst which good correlation has been

reportedil-14,

Statistical analysis:
Data are reported as median [interquartile range (IQR)] or number (%). Between group
differences were compared by y2 test, Fisher’s exact test and Wilcoxon rank-sum test, as

appropriate and for continuous variables with more than two categories the Kruskal-Wallis

This article is protected by copyright. All rights reserved



test was used. The Wilcoxon sign rank was used to compare drug levels between two time
points. The association between biologic drug levels during pregnancy and gestation in
weeks was assessed using a generalised estimating equation (GEE) for each drug (infliximab,
adalimumab and vedolizumab). A GEE model was selected in order to account for
longitudinal'within-subject correlations®®. An exchangeable covariance matrix was specified
in order to control for adjustment for dependencies between repeated observations within
individuakparticipants. The models also specified robust errors. The effect of clinical
parameters.including maternal BMI, CRP, serum albumin and combination therapy on anti-
TNF levels was also examined, and those that were found to be significantly associated were
added to the respective multivariable GEE model. Where CRP or faecal calprotectin were
reported as'alevel below normal such as <5, a fixed number such as 4.9 was used in the
analysis. Statistical analysis was performed using STATA version 16.1 (STATA LP College

Station, TX,"'USA). A p value < 0.05 was considered statistically significant.

Ethical considerations:
Ethical approval for the study was obtained from the Human Research Ethics Committees at
St Vincent’s Hospital Melbourne (HREC/17/SVHM/116) and participants provided written

informed consent before inclusion.

Results

50 patients (23.en infliximab, 15 on adalimumab, 12 on vedolizumab) with at least two
observations,in pregnancy (trimester one to delivery) while on stable dosing were included
for analysis of maternal levels. A further five patients on vedolizumab had mother-baby
paired samples¥or vedolizumab levels at delivery (total mother-baby paired levels n=17).
Patient demographics are shown in Table 1. Patients on vedolizumab more commonly had a
diagnosis of ulcerative colitis (UC) and were more likely to have active disease in pregnancy

than women on.anti-TNF therapy (p<0.02).
Infliximab cohort (n=23):

Infliximab was administered 6-8 weekly at a dose of 5 mg/kg in 21 patients, while one

received 4-weekly dosing and another patient 10 mg/kg. The last intrapartum dose was
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given at a median 31 (IQR 29-33) weeks. Individual trough infliximab levels including

delivery levels (if representative of trough levels) are shown in Figure 1.

All participants on infliximab were in remission according to the Physician Global
Assessment at the time of trough level measurements except for one. This participant, on 4-
weekly infliximab, had persistently elevated faecal calprotectin from pre-conception to
postpartumywithsa faecal calprotectin up to 1400 ug/g in the third trimester. Another
participant,;ons6-weekly dosing, had mildly active disease in the first trimester, prior to
inclusion in/the study. One other participant, who elected to cease her infliximab at 24
weeks gestation,.experienced recurrence of her perianal fistulising Crohn’s disease

postpartum (infliximab levels following adjusted therapy not included).

For the patients on infliximab, the median available BMI, CRP and faecal calprotectin levels
showed no significant difference between trimesters one to three (p>0.05), although there
was a numericalincrease in BMI. Median albumin levels decreased from 36.0 g/L (n=17) in
trimester one, t0.30.5 g/L (n=26) in trimester two and fell to 28.0 g/L (n=21) in trimester
three (p<0.001).

The median number of trough levels per patient was 4 (range 2-6). Median infliximab trough
levels were(stable overall (Table 2, Figure 2). There were no significant differences in paired
levels in trimester one (median 8.8, IQR 5.5-12.4 pug/mL) compared to trimester two
(median 10.0,.1QR 7.1-13.7 ug/mL), trimester two compared to trimester three (median
11.0, IQR 7.4-16.8 ug/mL) or trimester one compared to trimester three (all p>0.05,
Wilcoxon). There was no significant difference in the median number of weeks between

infusions (eight weeks) at each trimester (p=0.77).

There was, however, a small but statistically significant increase observed in infliximab level
by gestational,week when modelled using a generalised estimating equation, with a
univariate regression coefficient of 0.16 (95% Cl 0.08-0.24, p<0.001). This positive

association between infliximab levels and gestational week remained significant in
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multivariable models following the individual addition of BMI, albumin, CRP or concomitant

thiopurine therapy.

Adalimumab cohort (n=15):

Thirteen patients were on adalimumab fortnightly and two were on weekly dosing. Two
patients were commenced on adalimumab in pregnancy at least 12 weeks before the
earliest adalimumab level. Ten patients continued adalimumab throughout pregnancy and
five stopped at:30-:33 weeks. The last intrapartum dose was given at a median 37 (IQR 31-
38) weeks.

All patients'on adalimumab were in remission according to PGA at the time of included drug
levels. One patient had a faecal calprotectin of 453 ug/g in trimester one, which
subsequently normalised and she remained clinically well. Another patient, who was
switched fram infliximab to adalimumab in the second trimester due to anti-drug
antibodies, had.a,;severe postpartum flare in the setting of a postpartum adalimumab level
of 0.73 pug/mL (postpartum result excluded in the setting of loss of response to anti-TNF; the
participant.previously had therapeutic adalimumab levels and was well throughout

pregnancy).

For the patients.on adalimumab, the median available BMI, CRP and faecal calprotectin
levels showed nosignificant difference across trimesters one to three (p>0.05), although
there was amumerical increase in BMI. Median albumin levels decreased from 33.5 g/L
(n=8) in trimesterone, to 30.0 g/L (n=12) in trimester two and fell to 27.0 g/L (n=15) in

trimester three (p=<0.001).

Individual.adalimumab levels including delivery levels that were reflective of steady-state
(with no break'imstherapy prior to delivery) are shown in Figure 3. The median number of
adalimumab levels per patient was 3 (range 2-6). Median adalimumab levels were stable
across pregnancy (Table 3, Figure 4). There were no significant differences in paired levels in

trimester one (median 5.7, IQR 4.8-10.2 ug/mL) compared to trimester two (median 5.2,
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IQR 4.0-6.8 pug/mL), trimester two compared to trimester three (median 5.8, IQR 4.8-8.0

ug/mL) or trimester one compared to trimester three (all p>0.05, Wilcoxon).

No association was found between adalimumab levels and gestational weeks when
modelled using a generalised estimating equation, with a regression coefficient of -0.01

(95% Cl: -0.10, 0.09, p=0.90).

Vedolizumab:cohort (n=17):
Vedolizumab was administered at a dose of 300 mg, 8-weekly in fourteen patients and 4-

weekly in three patients. The last intrapartum dose was given at a median 30 weeks.

Of the 17 patients on vedolizumab, six experienced active disease during pregnancy,
reflecting a more refractory and biologic-experienced cohort. One had active disease in early
pregnancy while on 4-weekly dosing, two patients required prednisolone, one required
antibiotics for.perianal disease and another continued vedolizumab to 35 weeks gestation.
Another patient.had a severe flare requiring hospital admission for intravenous steroids and
was subsequently re-commenced on vedolizumab at 14 weeks gestation; her vedolizumab
trough levels,were not included throughout pregnancy (only mother-baby paired samples at

delivery).

In the 12 patients with at least two observations in pregnancy, maternal trough
vedolizumah,levels are shown in Table 4 and Figures 5 and 6. The median number of
intrapartumflevels per patient (n=12) was 3 (range 2-4). In one of the patients on 4-weekly
dosing, vedolizumab was de-escalated to 8-weekly for the third trimester (following an
atypical lower respiratory tract infection) and hence the subsequent trough levels were not
included in the analysis of maternal levels across pregnancy for this patient. One other
patient was commenced on vedolizumab at around three weeks’ gestation, with steady
state troughulevels included from late in her second trimester of pregnancy. Vedolizumab
levels were not representative of trough levels in the majority of participants at delivery and

postpartum due to timing of the dose around delivery.
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There were no significant differences in paired levels between trimester one (median 19.0,
IQR 13.0-23.0) pg/mL) and trimester two (median 15.1, IQR 8.6-21.7ug/mL), trimester two
and trimester three (median 9.5, IQR 3.7-20.0 ug/mL) or trimester one and trimester three

(all p>0.05, Wilcoxon).

However, there was a small but statistically significant decrease observed in vedolizumab
level by gestational week when modelled using the generalised estimating equation, with a

univariate regression coefficient of -0.18 (95% Cl: -0.33 —-0.02, p=0.03).

Placental transfer of vedolizumab (n=17):

The medianinfant vedolizumab level was 5.0 (IQR 2.5-7.1) ug/mL, which was lower than the
median level in their mothers at delivery, 9.5 (IQR 3.0-13.0) ug/mL) (p<0.05). The median
infant to maternal vedolizumab ratio was 0.7 (IQR 0.5-0.9). There was a strongly positive
correlation between infant vedolizumab levels and maternal vedolizumab levels at delivery
(r=0.91, p<0:00%)s(Figure 7). The time since last intrapartum dose inversely correlated with

infant vedolizumab levels at delivery (r=-0.79, p<0.001) (Figure 8).

Individual infant vedolizumab levels at birth were all lower than their mother’s, except in
two infants with low cord blood levels; one infant had vedolizumab level of 2.5 ug/mL when
the mother’s delivery level was also low at 1.6 ug/mL and another infant had a vedolizumab

level of 1.9 ug/mL when the maternal level was 1.6 pug/mL).

Vedolizumab time to clearance in infants:

Vedolizumab was undetectable at 6-8 weeks of age in four infants, and at 10-15 weeks of
age in another seven infants (Table 5). One infant, who was exposed to 4-weekly
vedolizumab.to.33 weeks gestation, had a vedolizumab level of 1.9 ug/mL at 12 weeks and
an undetectablé level at 16 weeks (Patient 12). Three infants had very low levels at 6-8
weeks of age'and further blood testing was declined (Table 5). One participant declined all
follow up blood testing after birth (Patient 13) and one infant remains in follow up testing

(Patient 17).
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Overall Pregnancy Outcomes:
The majority of babies were delivered at full term with normal birthweight, showing rates
similar to the population norms in Australia. Pregnancy outcomes are shown in Table 6. One

infant exposedite.vedolizumab was diagnosed with hip dysplasia at birth.

One participant on 6-weekly infliximab who had active UC in early pregnancy and placenta
praevia underwent an elective caesarean at 36 weeks + 5 days. One participant who was
induced with vedolizumab in the second trimester due to active UC in pregnancy delivered
at 34 weeks gestation following preterm premature rupture of membranes. Another
participant on 4-weekly vedolizumab with chronic active colitis delivered at 35 weeks

gestation after preterm premature rupture of membranes.

Infant outcomes following intrauterine vedolizumab exposure up to three months of age
(n=16):

16 infants haves€ompleted follow up of infant outcomes to three months of age, while one
baby remains in follow-up testing (Table 7). All babies were reported to be well at three
months of age. Two infants had hip dysplasia; one diagnosed at birth (reported above),
which resolved;and another diagnosed at three months in the setting of breech positioning
and pre-term delivery. Another infant was diagnosed with a neck mass at around two
weeks of age; which was improving and thought to be a submandibular gland on imaging;
the infant'Was"otherwise well. Two infants had a possible allergy to cow’s milk-based

formula.

Discussion

Therapeuticdrug monitoring of biologic levels is increasingly used to optimise and guide
therapy when clinical response is inadequate. Given the importance of maintaining an
adequate clinical response during pregnancy, it is important to understand whether

pregnancy impacts drug levels. In this prospective observational study, the effect of
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pregnancy was determined by longitudinal measurements of drug levels with utilisation of
GEE modeling to gain an accurate understanding of the association between maternal levels
and gestational week of pregnancy. For adalimumab, levels are stable in pregnancy whether
examined by the median levels in each trimester or by modelling. In contrast, modelling
indicates that infliximab levels can display a small increase, while maternal vedolizumab
levels decreased through pregnancy. Additionally, this study examined the placental
transfer and.clearance time of vedolizumab following intrauterine exposure, showing that
median vedolizumab levels in infants are lower than maternal levels and are cleared by
sixteen weeks or earlier. Pregnancy and infant outcomes in this cohort, although small,

appeared consistent with the background population.

The elimination of anti-TNF monoclonal antibodies, while predominantly linear, is subject to
multiple physiological, drug-specific and disease-related factors that include changes in
body weight andsserum albumin concentrations, the development of anti-drug antibodies,
the type of anti-TNF drug’, and more severe disease activity'®'’. The marked physiological
changes that occur in association with pregnancy might be anticipated to change the
clearance of these drugs. The clearance of many drugs is known to be increased during
pregnancy?®, therefore lower drug levels may be expected. It is also possible that TNFa itself
may be reduced during pregnancy??, resulting in less binding with anti-TNF antibodies and

therefore increased levels of free drug might be seen.

Clearance of adalimumab in pregnancy, however, appears unchanged. Both the current
study and that by Seow et al have shown that adalimumab levels are stable in pregnancy®.
Meanwhile/Jinfliximab levels increased in pregnancy, suggesting clearance appears mildly
reduced foriinfliximab. Given the similarities between the two anti-TNF antibodies, this is
somewhat Unexpected. However, the data from Seow et al also supports our findings. In the
previous report, median infliximab trough levels increased from 8.5 pug/mL in trimester one
(5 included observations) to 21.0 ug/mL in trimester three (16 included observations), and
logistic regression modelling suggested that, after adjusting for albumin, CRP and BMI,
maternal infliximab levels increased by 4.2 ug/mL each trimester®. In contrast, in the

present study that reports on a larger cohort with more complete longitudinal drug levels,
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no significant differences between median infliximab levels were observed in trimester one
through trimester three. However, our modelling has shown a small but significant increase
in infliximab levels of 0.16 pug/mL per gestational week, which is equivalent to an estimate of
4.8 (95% Cl 2.4-7.2) ug/mL over 30 weeks from the first measurement towards the end of
the first trimester, assuming a constant linear rise in infliximab in pregnancy. This was not
influenced by changes in albumin, CRP, BMI or concomitant thiopurine. The effect of a 4-5
ug/mL inereasesindevels is unknown, but is unlikely to be associated with adverse effects?°.
While the direction of change seems similar, the more than two-fold greater increase in
maternal infliximab levels found in the previous study compared with that in the current

cohort may havereflected the lower numbers of observations in the earlier report.

In contrast to infliximab, median maternal vedolizumab levels tended to fall across
pregnancy and modelling indicated a small but statistically significant decrease in
vedolizumab levels per gestational week. This amounted to about the same rate of fall as
the increasefominfliximab. Evidence regarding an exposure-efficacy relationship is weaker
with vedolizumab than infliximab?2122, therefore a small drop across pregnancy may not be
clinically significant. As an IgG monoclonal antibody, pharmacokinetic properties of
vedolizumab.should be expected to be similar to the anti-TNF agents!’. Vedolizumab
exhibits a slower, linear elimination at levels above 10 pug/mL, but rapid, saturable, non-
linear elimination at lower concentrations?3. Clearance also appears increased with higher
body weightandilow albumin?%23, Although distribution is slower for adalimumab as it is
subcutaneously.injected, the distribution of monoclonal antibodies remains mainly within
the plasma @nd extracellular fluid due to their large molecular size, with a relatively small
volume of distribution ranging from approximately 3-6 L for infliximab, adalimumab and
vedolizumab?3?4. During pregnancy, plasma volume increases by around 40-50%, but, with
their limited volume of distribution, the pharmacokinetics of monoclonal antibodies are not
considered likely'to be substantially altered?*, despite other physiological adaptations in
pregnancy sueh as the reduced albumin concentrations later in pregnancy. However, the
current study suggests there may be pregnancy-related changes that marginally increase
vedolizumab clearance in pregnancy. In contrast to the changes seen with infliximab and

adalimumab, the increased clearance of vedolizumab during pregnancy observed in the
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current study appears more consistent with what might be the typical expectation of drug

clearance change in pregnancy.

Our data show that median infant levels of vedolizumab at birth are lower than maternal
levels. The median infant:maternal vedolizumab level ratio in 17 mother-baby pairs at
delivery was 0.7 (IQR 0.5-0.9). Along with a possible decrease in maternal vedolizumab
levels in pregnaney, this study suggests placental transfer of vedolizumab is less than with
infliximab and.adalimumab, for which the median infant:maternal ratios from the ERA study
were 1.97 and 1.21, respectively’. Preliminary findings from our study were presented in a
letter to the editor reporting the first five of these mother-baby pairs and time to clearance
in three infants?>,/Our results relating to placental transfer of vedolizumab are consistent
with two other smaller studies, including preliminary data from the ongoing Pregnancy in
Inflammatory Bowel Disease and Neonatal Outcomes (PIANO) registry (n=7) and another
small case series from Denmark (n=2), where infant vedolizumab levels at birth were also
reported as lower.than maternal levels?®?’, Given that vedolizumab is also an I1gG1
molecule, which_is thought to be actively transported across the placenta in a similar way to
infliximal and adalimumab, it is unclear why infant vedolizumab levels are lower than
maternal levels#The expression of integrin receptors in the placenta is unknown but it is
possible that vedolizumab remains bound within the placenta rather than transferring to

the neonater

A novel finding of our study is that vedolizumab levels are undetectable by sixteen weeks of
age in exposédinfants (median time to undetectable concentration of 10.5 weeks, range 8-
16 weeks)."The"only previous report was of one baby from the Danish case series with a very
low vedolizumab level of 0.10 ug/mL at six months of age?®. Infant clearance time for anti-
TNF medications has previously been established, with a mean clearance time of 7.3 months
for infliximab and4.0 months following intrauterine adalimumab exposure’. In contrast, the
current study.has shown that vedolizumab was cleared at a median of 2.5 months (Table 5).
Although vedolizumab has a longer half-life than infliximab and adalimumab, the rapid
clearance in neonates may be in keeping with the known vedolizumab pharmacokinetic

property of increased clearance at lower concentrations.
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There is some uncertainty regarding the safety of the live rotavirus vaccine following
antenatal vedolizumab exposure, particularly given its gut-specific mode of action. In a small
subset from the PIANO registry data, there were no serious adverse events reported in
infants administered the rotavirus vaccine (n=40)%2. However, these data do not include
vedolizumab-exposed infants?8. Reassuringly, from our study to date it appears that in over
90% of babies vedolizumab is cleared by the recommended age limit at which the rotavirus
vaccine can;be.given in Australia (fifteen weeks). Until further data regarding infant
clearance time.are available, if the rotavirus vaccine is to be given to vedolizumab-exposed
infants we advocate for consideration of one serum vedolizumab level assessment prior to

vaccine administration.

Limitations of the study include the potential variance in drug levels due to the use of ELISA
kits from different sources for maternal infliximab and adalimumab levels. Previous
studies!?*@nd our own in-house evaluation (unpublished) show similar levels across the
different assay.kits. Small differences would be unlikely to significantly influence the results
as the majority of intrapartum levels were measured using the Q-INFLIXI and Q-ADA assays,
respectively. Paired mother and infant vedolizumab samples were performed using the
same assay. Additionally, adalimumab levels were defined as steady-state rather than
documented trough levels, as is widely practiced (including in the previous study by Seow et
al)®°. Nonetheless, we routinely advised trough adalimumab levels to be performed and the
majority of intrapartum adalimumab levels were measured at trough; thus the effect of
potential intra-patient variability in adalimumab levels was deemed to be minimal%2°,
Another limitation of the study includes the small sample size, particularly for intrapartum
vedolizumab levels and vedolizumab-exposed infants, although this is the largest study in
the field to date and we have included more serial observations in each participant across

pregnancy than previously described.

In conclusionjithis longitudinal study indicates that biological drugs used in patients with IBD
differ in their altered clearance profiles during pregnancy. Adalimumab levels remain stable
in pregnancy, while there can be a small increase in infliximab levels and decrease in

vedolizumab levels during pregnancy. However, the alterations in concentrations predicted
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are small and unlikely to be of clinical significance regarding efficacy or toxicity. Hence,
routine therapeutic drug monitoring and intrapartum dosing adjustment are not indicated.
Unlike anti-TNF monoclonal antibodies, infant vedolizumab levels are lower in cord blood
than in mothers and are likely to be fully eliminated by sixteen weeks of age in infants

following intrauterine exposure.
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Table 1: Pahmographlcs

32.3 (28.8-
35.2)

65.0 (58.0-

73.0)

17 (74%)

4 (17%)

2 (9%)

7 (30%)

5 (22%)
5 (22%)

8 (35%)
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34.0 (30.2-
36.7)

70.0 (65.0-

86.0)

14 (93%)

1 (7%)

0 (0%)

4 (27%)

3 (20%)
7 (47%)

10 (67%)

30.7 (27.8- 0.43
33.5)

67.0 (58.0- 0.20
81.0)

5 (29%) <0.001
12 (71%)

0 (0%)

2 (12%) 0.74
2 (12%)

1 (6%)

3 (18%) 0.59



6 (26%) 7 (47%)
- b o
1 (4%) 0 (0%)

5 (22%) 1(7%)

8.0(6.9-14.1) 8.6(4.1-12.6)

2.2(1.6-45) 1.4(0.8-3.8)

2 (9%) 0 (0%)

14 (61%) 9 (60%)

tIn patients with intrapartum maternal vedolizumab levels (n=12)
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2(12%)
0 (0%)

4 (19%)

1 (6%)

5 (31%)

7 (44%)

11.6 (7.9-14.2)

1.4 (0.7-2.9)

12 (71%)

6 (35%)

4 (24%)

0.23

0.47

0.73

0.30

0.24

0.012

0.044



IBD: inflammatory bowel disease; PGA: Physician global assessment

Table 2: Median infliximab levels across pregnancy (n=23)

7.9 (6.3-11.0)
8.8 (5.5-12.4)
10.0 (7.1-13.7)
11.0 (7.1-16.8)
11.2 (8.4-15.7)

12 10.3 (4.3-13.8)

T 1 participa levels within trimester 1; ¥ 9 participants had two levels within trimester 2;

§2 participa@two levels within trimester 3

Table 3: Medi alimumab levels across pregnancy (n=15)

10.4 (10.0-10.8)

9 5.7 (4.8-10.2)
12 5.2 (4.0-6.8)
14 5.8 (4.8-8.0)
8 6.7 (5.1-8.0)
8 7.2 (4.3-9.7)

Table 4: Trough vedolizumab levels during pregnancy (n=12)
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5 19.0(13.0-23.0)

16t 15.1 (8.6-21.7)
9 9.5 (3.7-20.0)
2t 5.5 (1.1-9.9)

15 participasts had two levels within trimester 2; 1 other delivery levels not trough

SC

Table 5: Infant vedolizumab levels

0.0

4.9 0.70 Declined
5.9 0.86 Declined
8.7 0.0 NA
1.0 0.0 NA
19.0 - 0.0
5.0 0.0 NA
4.1" - 0.0
2.5 - 0.0
4.4 0.50 0.0
- 9.0 0.65 Declined
- 13.0 4.40 1.9 (12 weeks)
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6.2 Declined Declined

7.1 = 0.0

5.0 - 0.0
1.9 0.0 NA
1.9 Pending

t venous sample collected (not cord blood)

Table 6: Pre cy outcomes

39 (38-39) 38.5 (38-39) 0.34

1(3%) 2 (12%) 0.17

3295 (3010-3650) 3390 (2896-3470) 0.67

3 (8%) 2 (12%) 0.64

50.25 (49-52) 50 (48-51) 0.48
18 (47%) 8 (47%) 0.98
20 (53%) 9 (53%)
9 (24%) 2 (12%) 0.42
12 (32%) 9 (53%)
12 (32%) 5 (29%)
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5 (13%) 1(6%)

9(9-9) 9(9-9)

9 (9-9) 9(9-9)

4 (11%) 3 (18%)

0 (0%) 1(6%)

4 (11%) 3 (18%)

3 (8%) 1 (6%)

1(3%) 0 (0%)

0 (0%) 1(6%)

4 (11%) 0 (0%)

- Iniditighial|

Table 7: Inf;

three m f age (n=16)
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10 (26%) 13 (76%)

0.23

1.00

0.46

0.26

0.59

0.78

<0.001

0.38

0.19

comes reported following intrauterine vedolizumab exposure up to

1 (6%)



13 (81%) 11 (69%)
1 (6%) 1(6%)
0 (0%) 3 (19%)

16 (100%) 16 (100%)

2 (12%) 1 (6%)
0 (0%) 0 (0%)
0 (0%) 2 (12%)

9 (56%) 9 (56%)

Manu

Figure Iegeh

Figure 1: Inc@l trough infliximab levels during pregnancy
Figure 2: Wrough infliximab levels across pregnancy
Figure 3: In;I adalimumab levels during pregnancy
Figure 4: Me dalimumab levels across pregnancy

Figure 5: Individual trough vedolizumab levels during pregnancy
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Figure 6: Median trough vedolizumab levels in pregnancy

Figure 7: Correlation between maternal and infant vedolizumab levels at delivery

Figure 8: Correlation between infant vedolizumab level at delivery and weeks since last

intrapartum infusion

Appendix 1
PICCOLO Study Group collaborators who assisted with recruitment of patients:

Susan Connor

Liverpool Hospital, Liverpool, Australia

Ilana Gory

Alfred Health, Melbourne, Australia

Nik S Ding

St Vincent’stHospital Melbourne, Australia

Emily Prewett

Barwon Health, Geelong, Australia

Simon Ghaly

St Vincent’s Hospital, Sydney, Australia

Antony Friedman
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Alfred Health, Melbourne, Australia

Mayur Garg

Eastern Health, Melbourne, Australia; Northern Health, Melbourne Australia

Julia Dingley.

Wyoming; NewsSeuth Wales, Australia

Lena Thin

Fiona Stanley Hospital, Perth, Australia

Neal Martin

Princess Alexandra Hospital, Brisbane, Australia

Yoon-Kyo An

Mater Hospital, Brisbane, Australia

Krupa Krishnaprasad

St Vincent’s Hospital Melbourne, Australia
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Figure 1: Individual trough infliximab levels during pregnancy
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Figure 3: Individual adalimumab levels during pregnancy
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Figure 5: Individual trough vedolizumab levels during pregnancy
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Figure 7: Correlation between maternal and infant vedolizumab levels at delivery
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Figure 8: Correlation between infant vedolizumab level at delivery and weeks since last

intrapartuq infu"on
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