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Introduction
Inflammatory bowel diseases (IBDs) are mostly 
diagnosed in people of reproductive age; a 

significant portion of female patients become 
pregnant during the course of the disease. Current 
evidence clearly shows that the disease’s activity is 
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Abstract
Background: Vedolizumab demonstrated different placental pharmacokinetics than other 
immunoglobulin G1 antibodies, leading to lower drug levels in cord blood in contrast to 
maternal blood at the time of delivery. The placental transfer of ustekinumab seems to have 
a pattern similar to anti-tumour necrosis factor agents. Current evidence on the placental 
pharmacokinetics of vedolizumab and ustekinumab is limited. We aimed to assess the placental 
transfer of ustekinumab and vedolizumab in pregnant patients with inflammatory bowel disease.
Methods: Consecutive women from a prospective observational study who were exposed to 
ustekinumab or vedolizumab within 2 months prior to conception or during pregnancy were 
included. Ustekinumab and vedolizumab levels were measured in maternal and cord blood at 
the time of delivery.
Results: Drug levels were available in 31 infant-mother pairs (15 exposed to ustekinumab 
and 16 to vedolizumab). The median maternal and newborn ustekinumab levels were 5.3 mg/l 
and 10.3 mg/l, respectively (the median infant-to-maternal ratio was 1.7), while the median 
maternal and cord vedolizumab levels were 7.3 mg/l and 4.5 mg/l (the median infant-to-
maternal ratio was 0.66). The ustekinumab levels in cord blood positively correlated with 
the maternal levels at delivery (ρ = 0.751, p = 0.001). However, no correlation with the timing 
of the last drug administration was found. In contrast, the vedolizumab levels in cord blood 
demonstrated significant positive correlation with the maternal levels (ρ = 0.831, p < 0.001) 
along with the gestational week of the last infusion (ρ = 0.736, p = 0.001).
Conclusion: Vedolizumab demonstrated different placental pharmacokinetics, leading to 
lower drug levels in cord blood compared to maternal blood at delivery; in contrast, the 
placental transfer of ustekinumab seems to have a pattern similar to anti-tumour necrosis 
factor (TNF) agents.
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a major cause of complications during pregnancy. 
As a result, proper control of inflammatory activ-
ity through effective and safe medical therapy 
during pregnancy is crucial. The risk of foetal 
exposure to medication is widely discussed. The 
most commonly used biologics in IBD, the anti-
tumour necrosis factor (TNF) antibodies, are 
considered safe during pregnancy and breastfeed-
ing; in  
addition, evidence on the safety of new biologic 
agents such as vedolizumab and ustekinumab is 
increasing.1–6 All the above-mentioned biological 
drugs (infliximab, adalimumab, vedolizumab and 
ustekinumab) are monoclonal immunoglobulin 
(Ig) G1 antibodies. In general, IgG1 antibodies 
are actively transmitted through the placenta to 
foetal circulation via the neonatal Fc receptor.5,7 
The transport capacity of the Fc receptor corre-
sponds with the length of gestation, increases 
during the 2nd trimester and is the highest at the 
end of the third trimester. The timing of the last 
drug administration before delivery has to be con-
sidered when assessing the risk of exposure and 
the potential effect on the newborn.

Given the paucity of the data on the placental 
pharmacokinetics of the new biological agents, 
the aim of our study was to evaluate the placental 
transfer of ustekinumab and vedolizumab in a 
prospective cohort of women with IBD who were 
exposed to biological therapy during pregnancy.

Materials and methods

Study population
This is an ongoing, prospective, multicentre, 
observational study conducted in 13 centres in 
the Czech Republic with the aim of assessing the 
safety of using the new biologics ustekinumab 
and vedolizumab during pregnancy. Consecutive 
women with IBD who already delivered and were 
exposed to ustekinumab or vedolizumab within 
2 months prior to conception or during pregnancy 
between March 2019 and December 2020,  
with the available pharmacokinetics data, were 
included in this study.

Data collection
The predefined form was used for data collection 
and was completed by the treating physician of 

each patient. The following data were recorded: 
the mother’s demographics and disease-related 
characteristics prior to conception, the smoking 
status, details on biologic treatment and concom-
itant medication at the time of conception and 
during pregnancy, disease activity at the time of 
conception and during pregnancy, the date and 
mode of delivery, pregnancy and IBD-related 
complications and the new-borns outcome. The 
assessment of disease activity was based on the 
Physician Global Assessment (PGA). The treat-
ment regimen of biological and non-biological 
therapy during pregnancy was at the discretion of 
the attending physician and depended on the 
patient’s clinical condition and disease activity.

Measurement of ustekinumab and  
vedolizumab levels
Ustekinumab and vedolizumab levels were meas-
ured in all the women and new-borns at the time 
of delivery. Blood samples were obtained from the 
cubital vein of mothers, while cord blood samples 
were taken to measure the drug levels in new-
borns. Clotted blood samples were centrifuged for 
10 min at an ambient temperature and 1300 g and 
separated serum aliquots were frozen at −80C and 
placed in the IBD serum bank. All the samples 
were analysed in one certified laboratory.

Ustekinumab and vedolizumab serum levels were 
detected using an Ustekinumab ELISA monoclo-
nal antibody (mAb) based assay (IG-AB121) and 
a Vedolizumab ELISA mAb based assay (IG-
AB116), both manufactured by ImmunoGuide, 
AybayTech Biotechnology Ltd. These immuno-
assays are based on drug-specific mAbs (catcher 
Ab, ImmunoGuide clone IG-9C7 for usteki-
numab and clone IG-19F3 for vedolizumab). For 
ustekinumab, the lowest detectable level that can 
be distinguished from the zero standard was 
1.5 ng/ml, while the upper detection limit was 
600 ng/ml. For vedolizumab, the analytical sensi-
tivity was 5 ng/ml and the upper detection limit 
was 6000 ng/ml. Only diluted samples were used 
in both analyses.

Statistical analysis
Standard descriptive statistical analyses were per-
formed, including frequency distributions for cat-
egorical data and the calculation of the median 
and range or the interquartile range for 
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continuous variables. Spearman’s correlation (ρ) 
was used to analyse the relationship between the 
ustekinumab and vedolizumab levels in cord and 
maternal blood, alongside the gestational week of 
the last administration of the drug and the inter-
val between the last dose and the time of delivery. 
A p-value of <0.05 was considered statistically 
significant. Statistical analyses were performed 
with SPSS software (version 17.0, Chicago III, 
USA).

The data underlying this article are available in 
the article and its online supplemental material 
(Supplemental Tables 1, 2).

Ethical considerations
Ethical approval for the study was obtained from 
the Human Research Ethics Committee ISCARE 
a.s. in Prague (Reference number: 2019/IIa). The 
participants provided written informed consent 
before inclusion.

Results
Data on 32 pregnancies exposed to ustekinumab 
and 24 pregnancies exposed to vedolizumab were 
collected. Of them, 27 pregnancies on usteki-
numab and 22 on vedolizumab resulted in live 
births. The drug levels in the cord and maternal 
blood were obtained in 15 and 16 infant- 
mother pairs on ustekinumab and vedolizumab, 
respectively (Figure 1). Five (15.6%) women on 
ustekinumab experienced a spontaneous abortion 
in the gestational weeks 7–16. Three of them (all 

in remission) had had at least 1 spontaneous abor-
tion in the past while being on other IBD-related 
treatment. One woman had active Crohn’s disease 
and was also treated with systemic corticosteroids. 
The last woman with quiescent Crohn’s disease 
received concomitant treatment with azathioprine. 
Regarding vedolizumab, 2 (8.3%) women termi-
nated their pregnancies without live birth. One 
woman had a therapeutic abortion at gestational 
week 19 due to Down syndrome of the foetus, 
while the other one, who was in remission on ved-
olizumab monotherapy, experienced a spontane-
ous abortion at gestational week 6. All the women 
continued ustekinumab or vedolizumab treatment 
after pregnancy termination.

Biologic treatment during pregnancy
The clinical and demographic characteristics of 
the women with the available pharmacokinetic 
data are presented in Table 1. Almost 60% of 
vedolizumab-exposed women and all but one 
treated with ustekinumab had Crohn’s disease. 
Four (26.7%) women on ustekinumab and 2 
(12.5%) on vedolizumab had an active disease at 
some time during pregnancy as assessed by the 
PGA. Concomitant thiopurines were adminis-
tered to 4 (26.7%) and 7 (43.8%) women on 
ustekinumab and vedolizumab treatment, respec-
tively. Intensified treatment regimens were 
reported for 5 patients on ustekinumab (every 
4–6 weeks) and one woman on vedolizumab 
(every 6 weeks). All of them received treatment 
intensification before pregnancy and continued 
with this regime after conception.

Figure 1.  Study population.
*Therapeutic abortion due to down syndrome.
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Pregnancy and newborn outcome
All children were born at term at a median gesta-
tional period of 39 weeks in both treatment 
groups (Table 2). One child exposed to both 

ustekinumab and vedolizumab had low birth 
weight. Perinatal complications occurred in 6 
(40%) and 4 (25%) new-borns exposed to usteki-
numab and vedolizumab, respectively. Most 
complications were not serious and mainly 
included mild jaundice. However, one newborn 
exposed to vedolizumab experienced right-sided 
pneumonia of streptococcal origin and prolonged 
hypoglycaemia, which was resolved after antibi-
otic treatment and glucose solution application. 
No major congenital malformation was observed 
(Table 2).

Ustekinumab levels in cord blood and  
maternal blood
All but one woman obtained their last ustekinumab 
dose during the 3rd trimester in median gestational 
week 33. Ustekinumab was detected in the cord 
blood of all the new-borns, although at a very low 
concentration in one case, where the mother inter-
rupted her treatment during the 2nd trimester in 
week 22 (cord blood concentration 0.4 mg/l). Drug 
concentrations in the cord blood exceeded those in 
the maternal blood at the time of delivery in all but 
one infant-mother pair (cord versus maternal 
blood: 10.0 versus 15.4 mg/l). The median levels of 
ustekinumab were 10.3 mg/l in the cord blood and 
5.3 mg/l in the maternal blood, resulting in a 
median infant-to-maternal ratio of 1.7 (Table 3).

The ustekinumab levels in the cord blood positively 
correlated with those in the maternal blood at the 
time of delivery (ρ = 0.751, p = 0.001) (Figure 2). 
However, there was no correlation between the 
ustekinumab levels in the cord blood and the gesta-
tional week of the last administration of the drug 
(ρ = 0.299, p = 0.28), nor between the cord drug lev-
els and the interval between the last dose and deliv-
ery (ρ = −0.157, p = 0.58). Likewise, the maternal 
ustekinumab levels did not correlate with the inter-
val between the last dose and delivery (ρ = −0.447, 
p = 0.10) and only a weak significant correlation 
with the gestational week of the last administration 
of ustekinumab was found (ρ = 0.578, p = 0.02).

Vedolizumab levels in cord blood and  
maternal blood
Vedolizumab was administered for the last time 
during pregnancy in a median gestational week of 
32.5. Only 3 (18.8%) women interrupted their 
biological treatment before the 3rd trimester, 
while the majority of patients continued on 

Table 1.  Clinical and demographic characteristics at the time of conception 
and during pregnancy.

Vedolizumab n = 16 Ustekinumab n = 15

Age at conception* 31 (28–35) 28 (26–32)

Crohn’s disease (%) 9 (56.3) 14 (93.3)

Ulcerative colitis (%) 7 (43.8) 1 (6.7)

Disease duration (years)* 11.9 (9.2–16.0) 11.0 (8.3–15.8)

Crohn’s disease behaviour:

  Inflammatory (%) 8 (88.9) 9 (64.3)

  Stricturing (%) 1 (11.1) 3 (21.4)

  Penetrating (%) – 2 (14.3)

Crohn’s disease localization

  Ileal (%) 3 (33.3) 1 (7.1)

  Colonic (%) 1 (11.1) 2 (14.3)

  Ileocolonic (%) 5 (55.6) 11 (78.6)

  Upper (%) 4 (44.4) 3 (21.4)

Perianal disease (%) 4 (44.4) 4 (28.6)

Ulcerative colitis – extension

  Extensive (%) 7 (100) 1 (100)

Previous bowel surgery** (%) 3 (18.8) 8 (53.3)

Smoking# (%) 2 (12.5) 1 (6.7)

Disease activity# (%) 2 (12.5) 4 (26.7)

Concomitant therapy#

  Thiopurines (%) 7 (43.8) 4 (26.7)

  Systemic steroids (%) 1 (6.3) –

  Topical steroids (%) – 2 (13.3)

Duration of biologic therapy 
(months)*

16.7 (5.4–28.1) 16.2 (6.2–19.8)

Intensification of biologic 
therapy during pregnancy (%)

1 (6.3) 5 (33.3)

*Median (interquartile range); **Surgery was performed only in patients with Crohn’s 
disease; #At any time during pregnancy.
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vedolizumab during the last trimester. The drug 
levels in the cord blood were detectable in all but 
one child whose mother obtained her last infusion 
in gestational week 19. In the majority of cases, 
the drug levels in the cord blood were lower than 
in the maternal blood, except for 3 (18.8%) infant-
mother pairs. In the first case, the cord vedoli-
zumab level was 4.3 mg/l while the maternal level 
was 4.2 mg/l; in the second case, the cord levels 
were 3.2 mg/l and the maternal levels 2.2 mg/l; in 
the third case, the cord and maternal levels were 
4.7 mg/l and 3.0 mg/l, respectively. The median 
vedolizumab levels in the cord and maternal blood 
were 4.5 versus 7.3 mg/l, respectively, with a 
median infant-to-maternal ratio of 0.66 (Table 3).

The vedolizumab levels in the cord blood demon-
strated a good positive correlation with the gesta-
tional week of the last administration of the drug 
(ρ = 0.736, p = 0.001) and a strong positive corre-
lation with the maternal vedolizumab levels at the 
time of delivery (ρ = 0.831, p < 0.001) (Figure 3). 
Furthermore, a significant negative correlation 
was observed between the cord blood levels and 
the interval between the last drug exposure and 
delivery (ρ = −0.795, p < 0.001). A similar trend 
was also observed in the correlation of the mater-
nal blood levels, the gestational week of the last 
vedolizumab administration (ρ = 0.751, p = 0.001) 
and the interval between the last infusion and 
delivery (ρ = −0.917, p < 0.001).

Discussion
In this study, we assessed the placental transfer of 
the new biologic agents ustekinumab and vedoli-
zumab in pregnant women with IBD. Our results 
demonstrated the different placental pharmacoki-
netics of these two agents, with lower drug levels 
in the cord blood than the maternal blood in the 
majority of cases exposed to vedolizumab, while 
the opposite was found in infant-mother pairs 
treated with ustekinumab. The vedolizumab  
levels in the cord blood positively correlated with 
the maternal levels at the time of delivery. 
Furthermore, both the cord and maternal blood 
drug levels demonstrated a positive correlation 
with the gestational week of the last drug infusion 
and a negative correlation with the time interval 
to delivery. In contrast, we found no correlation 
between the ustekinumab levels in the cord blood 
with either the gestational week of the last drug 
administration or the interval between the last 
ustekinumab application and delivery. The only 

positive correlation was observed between the 
ustekinumab levels in the cord blood and the 
maternal blood at delivery.

Safety data on the use of ustekinumab in preg-
nancy, mostly from the experience of treating 

Table 2.  Pregnancy and newborn outcome.

Vedolizumab 
n = 16

Ustekinumab 
n = 15

Preterm birth 0 0

Caesarean section (%) 9 (56.3) 8 (53.3)

Birth weight (g)* 3215 (2369–3780) 3300 (2480–3700)

Low birth weight (%) 1 (6.3) 1 (6.7)

Gestational age at birth 39 (38–41) 39 (37–41)

Apgar score <7 0 0

Perinatal complications (%) 4 (25.0) 6 (40.0)

  Mild jaundice 2 6

  Toxoalergic exanthema 1 –

 � Pneumonia and 
hypoglycaemia

1 –

Congenital malformation (%) 0 3 (20.0)

  Hip dysplasia (mild) – 2

  Hydrocoele – 1

*Median (range).

Table 3.  Drug levels in cord blood and maternal blood.

Vedolizumab n = 16 Ustekinumab n = 15

Gestational week of 
the last administration

32.5 (28–35.5) 33 (30–36)

Last administration 
<3rd trimester (%)

3 (18.8)# 1 (6.7)##

Cord blood levels* 4.5 (2.2–10.1) 10.3 (4.1–13.2)

Maternal levels at 
delivery*

7.3 (2.9–17.9) 5.3 (2.3–10.1)

Infant to maternal ratio 
(drug levels)

0.66 (0.54–0.77) 1.7 (1.5–2.1)

Values are expressed as median (interquartile range); *mg/l; #One patient at 
gestational week 19 and two patients at gestational week 25; ##Gestational week 22.
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psoriasis, do not indicate any negative safety sig-
nals.3,8–10 Similarly, increasing, although still lim-
ited, evidence on vedolizumab during pregnancy 
has not raised any safety concerns regarding 
maternal or newborn outcomes.2,11 Our results, 
although in a small cohort of IBD patients, are in 
line with previously published evidence as well as 
with data from the background population in the 
Czech Republic and support a favourable safety 
profile of new biologic agents during pregnancy.12 
Although five (15.6%) women on ustekinumab 
experienced a spontaneous abortion, 4 of them 
had significant risk factors such as personal expe-
rience with abortion before or active Crohn’s 

disease. In any case, these numbers still corre-
spond with the background population.

The data on ustekinumab pharmacokinetics are 
very sparse as only two case reports and a small 
case series including a total of nine infant-mother 
pairs have been published so far.13–15 To our 
knowledge, this prospective study represents the 
largest collection of ustekinumab levels from cord 
blood and maternal blood that assesses the pla-
cental pharmacokinetics of this agent used in IBD 
indication. As previously mentioned, ustekinumab 
is IgG1 antibody actively transported through the 
placenta by the neonatal Fc receptor, similar to 

Figure 2.  Correlation between ustekinumab levels in (a) cord blood and the gestational week of the last 
administration; (b) cord blood and maternal blood.

Figure 3.  Correlation between vedolizumab levels in (a) cord blood and the gestational week of the last 
administration; (b) cord blood and maternal blood.
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anti-TNF agents.5,7 This transfer starts between 
week 14 and 16 of gestation and reaches its high-
est peak in the 3rd trimester. All but one woman in 
our cohort continued the medication throughout 
the 3rd trimester. As expected, the levels in the 
cord blood were detected in all cases and were 
higher than in the maternal blood. These results 
confirm the findings from previously published 
data and demonstrate the similar placental phar-
macokinetics of ustekinumab as described in anti-
TNF agents.13–18 According to the recent PIANO 
study, which comprised the biggest collection on 
placental pharmacokinetic in ustekinumab so far 
(a total of 7 infant-mother pairs), the median 
infant/cord-maternal ratio was 1.4, which is very 
similar to our finding (a median infant to maternal 
ratio of 1.7).15 However, we did not find any cor-
relation between ustekinumab levels in new-borns 
and the time of the last drug administration. This 
correlation had previously been demonstrated for 
both anti-TNF agents: infliximab and adali-
mumab.16,17 Our finding may thus suggest that 
ustekinumab levels in new-borns cannot be pre-
dicted based on the time of the last drug adminis-
tration. Although our study population was 
relatively small, the absence of a correlation can-
not just be explained by the sample size, as in a 
similarly sized cohort of women treated with ved-
olizumab such a correlation was confirmed. The 
other explanation might be a different mode of the 
administration of ustekinumab and vedolizumab 
(subcutaneous versus intravenous). However, with 
another subcutaneous agent, adalimumab, the 
correlation between the cord blood or the mater-
nal blood levels and the timing of the last drug 
exposure had previously been demonstrated.16 We 
assume that these findings might reflect the differ-
ent pharmacokinetics of particular biologics as 
well as different dosing regimens. Differences in 
the pharmacodynamic patterns of biologic agents 
can also play a potential role in this phenomenon. 
Further studies should confirm or disprove our 
findings and can elucidate this hypothesis.

As mentioned above, due to the mechanism of the 
placental transfer of IgG1 antibodies, a similar 
pharmacokinetic pattern in pregnancy was seen in 
anti-TNF agents and ustekinumab. Since vedoli-
zumab is an IgG1 monoclonal antibody against 
α4β7 integrin, its placental transfer was expected 
to be similar to the other IgG1 antibodies. 
Accordingly, vedolizumab levels were detected in 
the cord blood of exposed new-borns. However, in 

the majority of infants, the drug concentrations 
were lower than those in the maternal blood. These 
results correspond with recently published data 
from the United States, Australia and Denmark, 
including 22, 17 and 30 infant-mother pairs, 
respectively.15,19,20 All three studies found signifi-
cantly lower vedolizumab levels in the new-borns 
than in the maternal blood, and the latter two also 
demonstrated a positive correlation between the 
gestational week of the last drug administration 
and both the cord and maternal blood levels. Our 
findings are in line with these results. The exact 
mechanism leading to lower newborn levels com-
pared to maternal levels still remains unclear. 
Given the fact that vedolizumab is an IgG1 anti-
body like ustekinumab and anti-TNF agents, we 
hypothesize that there might be an ‘uptake’ of the 
vedolizumab by the placenta that causes the lower 
drug concentrations in the cord blood compared 
to the maternal blood. This mechanism has also 
been suggested by Flanagan et al.19 Further studies 
are needed to elucidate this mechanism.

Our study has several limitations. Blood samples 
were not obtained from all the pregnancies since 
not all centres had the possibility to provide blood 
sampling. This resulted in a relatively small sam-
ple size which precluded making any further anal-
yses, e.g. on the effect of concomitant thiopurines 
on drug levels, meaningful. Furthermore, most of 
the pregnancies with available drug levels were 
exposed to biologic therapy during the 3rd tri-
mester, and we are missing relevant data on the 
placental pharmacokinetics of the new biologic 
agents in patients who only had earlier exposure. 
Finally, we did not evaluate the postnatal clear-
ance of the drug in infants.

In conclusion, our study confirmed different pla-
cental pharmacokinetics of vedolizumab, leading 
to lower drug levels in the cord blood compared to 
the maternal blood at the time of delivery, while 
the placental transfer of ustekinumab seems to 
have a pattern similar to anti-TNF agents. Our 
findings of absent correlation between the usteki-
numab drug levels at the time of delivery and the 
gestational week of the last exposure or the time to 
delivery need to be confirmed by further studies.
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