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Abstract

Background: Infliximab therapy during pregnancy in inflammatory bowel disease is

challenged by a dilemma between maintaining adequate maternal disease control

while minimizing fetal infliximab exposure. We investigated the effects of pregnancy

on infliximab pharmacokinetics.

Methods: The study population comprised 23 retrospectively identified pregnan-

cies. Patients with inflammatory bowel disease were generally in clinical remission

at pregnancy conception (74%) and received steady infliximab maintenance therapy

(5 mg/kg q8w n = 17; q6w n = 4; q10w n = 1; 10 mg/kg q8w n = 1). Trough blood

samples had been obtained in the same patients prior to pregnancy (n = 119), the

first trimester (n = 16), second trimester (n = 18), third trimester (n = 7), and

postpregnancy (n = 12). Data were analyzed using nonlinear mixed‐effects popu-

lation pharmacokinetic modeling.

Results: Dose‐normalized infliximab concentrations were significantly higher during

the second trimester (median 15 mg/ml/kg, interquartile range 10–21) compared to

prepregnancy (7, 2–12; p = 0.003), the first trimester (9, 1–12; p = 0.04), or post-

pregnancy (6, interquartile range 3–11; p > 0.05) in patients with inflammatory bowel

disease. Similar trends were observed in the third trimester (13, 7–36; p > 0.05).

A one‐compartment model with linear elimination described the pharmacokinetics of

infliximab (volume of distribution n = 18.2 L; clearance 0.61 L/day). Maternal inflix-

imab exposure was influenced by the second and third trimester of pregnancy and

anti‐infliximab antibodies, and not by pregnancy‐imposed physiological changes in,

for example, body weight or albumin. Infliximab clearance decreased significantly

during the second and third trimesters by up to 15% as compared to pre‐ and post-

pregnancy and the first trimester. The increased maternal infliximab exposure was

weakly associated with lowered clinical disease activity. Pharmacokinetic model
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simulations of virtual patients indicated the increased maternal infliximab trough

concentrations imposed by pregnancy will not completely counteract the decrease in

infliximab concentration if therapy is paused in the third trimester.

Conclusion: Infliximab clearance decreases significantly in the second and third

trimesters, leading to increasing maternal infliximab concentrations in any given

regimen. Maternal infliximab levels may thus be maintained as constant in a de‐
intensified regimen by therapeutic drug monitoring guidance in inflammatory bowel

disease.
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Key Summary

Summarize the established knowledge on this subject

� IFX during pregnancy is challenged by a dilemma between maintaining adequate maternal

disease control while minimizing fetal drug exposure.

� Clinicians may refrain from administering IFX in the last part of pregnancy to lower the risk

of imposing unknown effects of anti‐TNF‐a therapy on the fetus.

� International guidelines are conflicting regarding whether IFX should be paused in the third

trimester.

What are the significant and/or new findings of this study?

� IFX CL significantly decreases in the second and third trimesters of pregnancy by up to 15%,

resulting in increasing maternal circulating IFX levels.

� Maternal IFX exposure during pregnancy is affected by trimester and anti‐IFX Abs

(increasing IFX CL by 69%).

� Increased maternal IFX exposure during pregnancy correlated weakly with lower disease

activity.

� Maternal IFX concentrations may be maintained at a constant level at a de‐intensified

therapeutic regimen in the second and third trimesters via a therapeutic drug monitoring

guided‐dose adjustments.

INTRODUCTION

Infliximab (IFX) therapy during pregnancy in patients with inflamma-

tory bowel disease (IBD) is challenged by a dilemma between main-

taining adequate maternal disease control and at the same time

minimizing fetal IFX exposure. IFX is a monoclonal immunoglobulin (Ig)

G1 antibody (Ab) and, along with endogenous IgG molecules, is actively

transported from maternal to fetal circulation via placental neonatal Fc

receptors (FcRn) expressed by syncytiotrophoblasts.1–3 This natural

maternal‐fetal transfer of immunoglobulins gives immunological sup-

port to the newborn and occurs with increasing efficiency over the

pregnancydue to the upregulationof placental FcRn expression.4,5 As a

result, IFX concentrations in infants, whose mothers have been

exposed to IFX during pregnancy, are often supramaternal and IFX can

be detected for up to 1 year postpartum.6,7 IFX exposure of the fetus

and newborn have not been associated with severe adverse outcomes

for the child, and reported associationswith lowerbirth weight, shorter

gestational term, and increased risk of delivery by cesarean section

may have been attributable to confounding by disease activity.8–12

However, pharmacological use during pregnancy is often done care-

fully and with extra safety precautions. Current European guidelines

advocate pausing IFX in the third trimester whereas North American

guidelines recommend pausing in the last 6–10 weeks prior to de-

livery.13,14 Keeping this in mind, clinicians may refrain from adminis-

tering IFX in the last part of pregnancy to reduce fetal IFX exposure.

This proof‐of‐concept study aimed to elucidate, and subsequently

quantify, potential effects of pregnancy per se on the pharmacokinetics

(PK) of IFX in patients with IBD.

METHODS

Study design

This was a retrospective study including IBD patients, irrespective of

disease activity status, who had all received IFX therapy during
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pregnancy until 2018 at two tertiary IBD centers (Copenhagen

University Hospital Herlev, Denmark, and Sheba Medical Center, Tel

Aviv University, Israel). Included patients were required to have at

least one bio‐banked trough (Cmin) blood sample obtained during

each pregnancy available for analysis. As part of the standard of care,

patients had been evaluated by disease activity scorings (Harvey–

Bradshaw Index [HBI] for Crohn's disease and Simple Clinical Colitis

Activity Index or partial Mayo Score for ulcerative colitis), and with

storage of trough blood samples drawn immediately prior to IFX in-

fusions. As part of this study, IFX concentrations and presence or

absence of anti‐IFX Abs were measured in all available bio‐banked

samples obtained while on IFX therapy during and before and/or

after pregnancy in the same patients. All patients received steady IFX

maintenance therapy at the time of conception (5 mg/kg q8w n = 17;

q6w n = 4; ql0w n = 1; 10 mg/kg q8w n = 1). The dosing regimen was

not adjusted during pregnancy and all patients thus continued to

receive IFX dosing based on their prepregnancy body weight.

IFX and anti‐IFX Ab analyses

IFX concentrations and anti‐IFX Abs were measured in bio‐banked

trough serum samples, which had been stored at −80°C. IFX was

measured using a time‐resolved fluorometric assay performed on the

automated dissociation‐enhanced lanthanide fluorescent immuno-

assay platform (AutoDELFIA; PerkinElmer), and with limit of detec-

tion (LOD) of 0.1 μg/ml.15 Samples with IFX ≤5 μg/ml were assessed

for anti‐IFX Abs using an automated inhibition assay on the Auto-

DELFIA platform and with LOD 15 arbitrary units/L.15 All analyses

were done simultaneously and blinded (Department of Medical

Biochemistry, Oslo, Norway).

IFX PK model development and effects of covariates

Circulating IFX, anti‐IFX Abs, and clinical data were analyzed using the

population approach (i.e., nonlinear mixed‐effects modeling) to quan-

tify structural PK parameters (clearance [CL], volume of distribution

(VD), interpatient variabilities in PK parameters), and the impact of

patient, pregnancy, and therapy‐related factors on these PK parame-

ters using the software programs NONMEM® (version 7.3; ICON), PsN

(version 4.7.0), R (version 3.3), and RStudio (version 1.1.447).16 Before

PK model development, statistical (Wilcoxon test) and graphical ana-

lyses were performed. For the purpose of modeling, IFX data were log

transformed. Samples with IFX < LOD were excluded (10% of sam-

ples).17 The model development strategy comprised the following

steps.

1. Based on prepregnancy data, a fundamental PK model structure

explaining the general IFX concentration‐time profile (PK model I)

was established, whereby PK parameters such as CL, VD, and the

impact of anti‐IFX Abs as well as interpatient variability in PK

were determined. In addition, preselected covariates (e.g., body

weight, concomitant therapies, disease type, serum albumin con-

centration, thrombocyte count, and white blood cell count) were

investigated for impact on CL, by means of investigation of each

single covariate separately and via forward addition. This

approach allowed characterization of the PK in the population

without a potential interference of pregnancy, so any potential

effect of pregnancy could be investigated in the next step, and by

using the totality of the data.

2. The PK model I was subsequently applied to the entire dataset (PK

model II), and effects of pregnancy/trimester on PK model param-

eters was investigated as a covariate. In this step, the previously

determined PK parameters were fixed, making the assumption that

anydifferences inPKduring/post pregnancyweredue topregnancy

itself––an assumption deemed valid considering no dosing or other

therapy‐related adjustments had been made during pregnancy.

3. Based on the data availability (range of covariate values or number

of patients per covariate category) and graphical and statistical

analyses, re‐assessment of potential effects of the preselected

other covariates was performed. The effects of these on IFX PK

were investigated by implementing them into the PK model II.

4. The final PK model II was applied to illustrate effects of pregnancy

and anti‐IFX Abs on the PK of IFX during pregnancy by model

simulations, as detailed in the Supporting Information Material.

Statistics

Descriptive data are presented as percentages for discrete variables,

and for continuous variables as medians with ranges or mean with

standard error of the mean (SEM). Maternal disease activity was

reported as all available clinical disease activity scores recorded in

each patient during ongoing IFX therapy from up to 1 year prior to

conception and up to 1 year after delivery, and analyzed by non-

paired analyses by Welch's unequal variances t test. Dose‐normalized

IFX concentrations were used to adjust for body weight changes of

the administered doses in the pregnancy (unit of IFX concentration:

mg/ml/kg). Values less than LOD were set to 0. Missing data were

excluded. As this was a mechanistic and exploratory proof‐of‐
concept study and there are no relevant data available in this

vulnerable population from other studies available at the time of

study, formal sample size calculations had not been carried out. PK

model simulations are detailed in the Supporting Information Mate-

rial. Basic statistical analyses were carried out in GraphPad Prism

version 5 for Windows (GraphPad Software). Two‐sided p values of

less than 0.05 were considered significant.

RESULTS

Study population

The study population comprised 23 pregnancies from 19 women

(Table 1). Of these, 20 pregnancies resulted in healthy children
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TAB L E 1 Characteristics of the study population

Patient characteristics

Diagnosis, n (%)

Crohn's disease 14 (74)

Ulcerative colitis 5 (26)

Disease duration at IFX initiation (years), median (IQR) 6 (2–9)

Crohn's disease location, n (%)

Ileal 0 (0)

Colonic 6 (43)

Ileocolonic 8 (57)

Isolated upper disease 0 (0)

Crohn's disease behavior, n (%)

Nonstricturing, nonpenetrating 5 (36)

Stricturing 4 (29)

Penetrating 5 (36)

Crohn's disease perianal disease, n (%) 6 (43)

Ulcerative colitis extent, n (%)

Proctitis 0 (0)

Left sided 1 (20)

Extensive 4 (80)

Previous abdominal surgery, n (%) 3 (16)

Smoking, n (%) 0 (0)

Age at conception (years), median (IQR) 31 (27–34)

Clinical disease activity at last clinical visit before conceptiona

Harvey–Bradshaw Index, median (IQR) 3 (2–5)

Simple Clinical Colitis Activity Index, median (IQR) 2.5 (0.0–5.5)

Number of pregnancies per patient, n (%)

One pregnancy 16 (84)

Two pregnancies 2 (11)

Three pregnancies 1 (5)

IFX therapy during pregnancy, n (%)

First trimester IFX therapy 23 (100)

Second trimester IFX therapy 20 (87)

Third trimester IFX therapy 7 (30)

Concomitant therapy during pregnancy, n (%)

Thiopurines 3 (15)

Steroids systemic 1 (5)

Blood sample characteristics

Trimester, n (%)

Prepregnancy 119 (69)

First 16 (9)

Second 18 (11)
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assessed at 1 year after delivery, two pregnancies resulted in mis-

carriages, and one child was born with congenital abnormality (cleft

soft palate and impaired intrauterine growth [2692 g]). Most patients

were in clinical remission at conception of pregnancy (17 of 23; 74%)

and most paused IFX therapy in the third trimester (16 of 23; 70%;

Table 1).

A total of 172 samples was available for PK analysis (Table 1).

Samples were obtained prior to pregnancy (n = 119), in the first

trimester (n = 16), second trimester (n = 18), third trimester (n = 7),

or postpregnancy (n = 12). The timing of sampling after the last IFX

dosing covered a wide time interval as samples originated from both

the induction and maintenance phases and from patients who

received different dosing intervals (Figure 1a,b).

Maintenance phase IFX before, during, and after
pregnancy

The graphical and statistical analysis revealed that samples obtained

during pregnancy had significantly higher dose‐normalized IFX con-

centrations compared to samples obtained from nonpregnancy pe-

riods (Figure 1c). Furthermore, anti‐IFX Ab‐positive samples had

significantly lower dose‐normalized IFX trough concentrations as

compared to anti‐IFX Abnegative samples (Figure 1d). The frequency

of anti‐IFX Ab detection was similar (p > 0.5) in periods with or

without pregnancy, indicating pregnancy is neither preventive nor

predisposing to anti‐IFX Ab development.

Maintenance phase IFX during trimesters of
pregnancy

Having found that dose‐normalized IFX concentrations increased

during pregnancy, we next explored IFX concentrations during

different trimesters (Figure 1e). Dose‐normalized IFX was higher

during the second trimester (median 15.0 mg/ml/kg, interquartile

range [IQR] 9.8–20.5) compared to prepregnancy (7.3, 2.0–11.6;

p = 0.003), the first trimester (8.5, 1.4–11.5; p = 0.04), or post-

pregnancy (5.9, IQR 3.3–11.1; p > 0.05). Similar trends were

observed for the third trimester (13.0, 6.5–35.8; p > 0.05 compared

to pre‐pregnancy) despite the limited sample size. IFX concentrations

were similar in pre‐ and postpregnancy samples and first trimester

samples (p = 0.9 and p = 0.9, respectively). These observations raised

the question of whether IFX CL is decreased in the second and third

trimesters, resulting in higher circulating IFX concentrations

compared to the first trimester or periods without pregnancy.

Population PK modeling

Effects of pregnancy on IFX PK

The PK model I comprised one compartment with linear elimination.

All parameters were estimated with high precision (relative standard

error [RSE] <35%) and low shrinkage (<35%). The volume of distri-

bution was 18.2 L and CL was 0.608 L/d with moderate interpatient

variabilities of 51.2% and 40.7% coefficient of variation (CV),

respectively (Table 2). None of the investigated covariates had sig-

nificant impact on CL, and no covariates except anti‐IFX Abs were,

thus, maintained in PK model I.

As indicated by the observations above, PK modeling utilizing the

entire dataset (PK model II) clearly demonstrated that IFX CL was

significantly decreased by 12% in combined second to third trimesters

of pregnancy compared to the first trimester, pre‐, and postpregnancy

levels. Due to the low number of samples from the third trimester, the

second and third trimester samples were initially combined. However,

when analyzing data from the second and third trimesters separately,

IFX CL was found to additionally decrease in the third trimester to a

final decrease of 15%. These trimester‐specific effects were estimated

with high imprecision (RSE > 50%), presumably due to the low number

of samples available from the third trimester. The model did not detect

changes in VD in addition to the changes in CL over the pregnancy.

Effects of other variables on IFX PK

In addition to pregnancy status and trimester of pregnancy, anti‐
IFX Abs strongly influenced the PK of IFX. Hence, anti‐IFX Abs

T A B L E 1 (Continued)

Blood sample characteristics

Third 7 (4)

Postpregnancy 12 (7)

Anti‐IFX Ab positive, n (%) 41 (30)

Albumin concentration (g/L), median (min‐max) 37 (27–44)

C‐reactive protein (mg/dl), median (min‐max) 2.5 (0–128)

Thrombocyte count (109 cells/L), median (min‐max) 349 (217–1283)

White blood cell count (109 cells/L), median (min‐max) 5 (3.5–22)

Abbreviations: Abs, antibodies; IFX, infliximab; IQR, interquartile range.
a<3 months from conception (median 26 days, IQR 5–52).
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detected in 30% of samples markedly increased IFX CL by 69%

(Table 2).

Based on mechanistic plausibility, available patient and therapy‐
associated data (Table 1), and graphical and statistical analyses,

further effects of selected covariates on IFX CL were explored; for

example, body weight, concomitant therapies, disease type, serum

albumin concentration, thrombocyte count, and white blood cell

count. None of these factors influenced the PK of IFX (all p > 0.1).

Thus, PK model II was considered the final PK population model. This

final PK model described well both the typical PK profile and inter-

patient variability in PK, and it performed well in predicting the

observed data as the 90% confidence intervals of the simulation

range (the gray area in Figure 2) covered the observations, and with

adequate matching of the corresponding 5th, median, and 95th

percentile lines of observed and model‐simulated data (Figure 2).

Disease activity

Having shown that IFX CL significantly decreases in the second and

third trimesters of pregnancy and is accompanied by increased

maternal IFX exposure, we next explored how these altered
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F I GUR E 1 Exploratory graphical analysis of concentration of infliximab (IFX; QFX) over time (a) since last dose, and (b) since conception.
Effect of pregnancy and anti‐IFX Ab (ADA) status on IFX exposure for dose‐normalized maintenance phase IFX concentrations (CIFX) (c) per

pregnancy status, (d) per ADA status with 0 representing ADA− and 1 ADA+ samples, and (e) per trimester

TAB L E 2 Final pharmacokinetic model parameters

Clearance, L/d (RSE%) 0.608a (16)b

Volume of distribution, L (RSE%) 18.2a (23)b

Effect of anti‐IFX Abs on clearance0 (RSE%) 0.685a (24)b

Effect of second/third trimester on clearancec (RSE%) −0.121 (56)

Interpatient variability in clearance, CV% (RSE%; shrinkage) 30.7 (28, 23)

Interpatient variability in volume of distribution, CV% (RSE%; shrinkage) 53.3 (30, 23)

Residual unexplained variability, mg/ml (RSE%; shrinkage) 0.371 (13, 6)

Abbreviations: Abs, antibodies; CV, coefficient of variation; IFX, infliximab; RSE, relative standard error.
aParameter value fixed to the final estimate from PK model I.
bRSE from PK model I.
cThe covariate effects on clearance were defined as: CL = CLtypical* (1 + effect of anti‐IFX Abs on clearance) � (1 + effect of second/third trimester on

clearance).
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pharmacological conditions correlated with maternal disease activity.

As illustrated in Figure 3a, clinical disease activity in patients with

Crohn's disease tended to decrease during pregnancy starting from the

first trimester (HBI mean 2.8 [1.6–4.1], p= 0.02) and lasting throughout

the second (3.7 [2.5–5.0] p = 0.22) and third trimesters (4.1 [1.7–6.6],

p = 0.60), compared to prepregnancy activity (4.8 [3.6–5.9]). Following

delivery, disease activity tended to increase in the first 3 months (6.5

[3.9–9.2], p = 0.20), after which it returned to pre‐pregnancy scores

(4.2 [3.0–5.4], p = 0.46). Similar trends were observed in the small

number of patients with ulcerative colitis (Figure 3b).

PK model simulations

Lastly, we explored the extent to which the increased maternal IFX

exposure arising from decreased IFX CL in the second and third

trimesters counteracted the decline in IFX trough concentrations

caused by pausing IFX throughout the entire third trimester, applied

as a precautionary measure. Thence, in a separate exploratory anal-

ysis utilizing the final population PK model II, we simulated the

theoretical effects of pausing IFX in the entire third trimester on the

proportion attaining predefined IFX PK targets as points of reference

(Figure 4). For simulation purposes, “standard” patients treated with

“standard” IFX regimens were applied as detailed in the Supporting

Information Material. As shown in Table 3, pausing IFX in the third

trimester in anti‐IFX Ab‐negative patients resulted in a notable

reduction of the proportion of patients attaining the PK targets as

compared to steady‐state nonpregnant patients or patients having

continued IFX treatments during the third trimester. However, only a

small proportion of anti‐IFX Ab‐positive patients attained the PK

targets irrespective of scenario, illustrating the profound negative

effects of anti‐IFX Abs on circulating IFX.
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DISCUSSION

This is the first quantitative assessment using state‐of‐the‐art

population PK modeling of the effects of pregnancy on the PK of

any monoclonal therapeutic Ab. In this proof‐of‐concept study, IFX

CL was found to significantly decrease by 12% during the second

and third trimesters of pregnancy in patients with IBD, and with a

trend of additional decrease from the second to third trimester to

a final of 15%. Maternal IFX exposure was influenced only by

pregnancy and anti‐IFX Abs (increasing IFX CL by 69%), and not

by other patient‐, disease‐, or pregnancy‐related characteristics

including changes in body weight, VD, or albumin. Our findings

imply that pregnant IBD patients in the second and third tri-

mesters have higher circulating IFX trough concentrations than in

non‐pregnant periods or the first trimester. Apart from effects on

tumor necrosis factor (TNF)‐related processes in the fetus, the

altered IFX CL during pregnancy may also have maternal implica-

tions as well as consequences for the maternal‐fetal transfer of

IFX, but these aspects were not examined.

Available observations have not indicated serious safety sig-

nals for anti‐TNF therapies during pregnancy, but clinicians

nevertheless sometimes pause IFX therapy in the third trimester

as an extra precaution to diminish fetal IFX exposure and as

suggested by European guidelines.13,14 Hence, prospective cohort

studies have demonstrated an inverse correlation between time

from last IFX dose and IFX concentration in the umbilical cord, an

infant‐to‐mother IFX concentration ratio of approximately 2, and a

median time to complete infant IFX CL of approximately

7 months.6,18 A study used nonnormalized raw IFX concentrations
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without PK modeling and indicated increased IFX levels over the

pregnancy.19 Having determined that IFX CL decreases signifi-

cantly in the second and third trimesters by up to 15%, we wanted

to explore the relative impact of this effect on the ability to

maintain IFX PK targets of >3–5 mg/ml if IFX therapy was paused

throughout the entire third trimester.19 Even though these results

should be interpreted with care as they originate from PK model

simulations, they indicate the increased maternal IFX trough con-

centrations imposed by pregnancy will not completely counteract

the decrease in IFX concentration if therapy is paused in the third

trimester. Hence, if a constant maternal IFX concentration until

the end of pregnancy is desired, dosing in the late second

trimester or early third trimester is necessary. It is unknown

whether a short period of subtherapeutic IFX in the last part of

pregnancy imposed by pausing therapy in the third trimester has

clinical implications in form of increased risk of disease flare or

anti‐IFX Ab formation.8,11 A recent study indicated more steroid

usage and a higher risk of preterm pregnancies when IFX was

discontinued in the first or second trimesters.20 Of note, the ab-

solute decrease in IFX levels if therapy is paused in the second

and third trimester will be lower than at a drug holiday of similar

duration in non‐pregnant patients due to the decreased IFX CL. If

IFX is continued in the last part of pregnancy, therapeutic drug

monitoring can aid balancing a deintensified dose regimen that

secures a constant maternal drug level and thus avoids increasing

IFX exposure of the fetus.

This study was not designed to examine the underlying

mechanisms for the observed decrease in IFX CL during pregnancy.

However, despite well‐known changes in body composition,

immunological state, and albumin concentrations, which could

impact the PK of IFX during pregnancy, along with our study and

another study indicated no influence of body weight, concomitant

therapies, disease type, albumin, platelets, or leukocytes on

maternal IFX CL.19

Our study has limitations. The cohort was relatively small and

comprised mainly Crohn's disease patients in clinical remission

receiving steady IFX q8w maintenance therapy at pregnancy

conception. The sample size was limited, especially during the third

trimester, and only seven patients had samples available from

prepregnancy, pregnancy, and postpregnancy, implicating potential

imprecision in the estimated PK differences between the second

and third trimesters. Thus, our findings, especially for the third

trimester, should be interpreted with care. However, nonlinear

mixed effects population PK modeling was used as this is a highly

versatile approach when a sample size is low. This method analyses

all data points simultaneously and allows describing the central

tendency (“typical behavior”) in the population, as well as individual

PK parameters/profiles by quantifying in addition to the central

tendency the between‐ and within‐patient variability. Clinical dis-

ease activity can be challenging to evaluate during pregnancy, and

we did not have systematic endoscopic data obtained shortly prior

to conception (median 289 days, IQR 224–492). Furthermore, the

correlation between decreased IFX CL and lowered disease activity

during pregnancy was weak and not matched to individual patients.

Although only trough samples were included, availability of samples

from both induction and maintenance phase, and different dosing

regimens, rendered the data to be sufficiently informative for

population PK modeling. The lack of detection of changes in VD in

addition to changes in CL is likely caused by the limited sample size

combined with IFX predominantly being distributed in the circula-

tion, which only increases to a small extent over the pregnancy. The

latter is also most likely the explanation of our data being described

by a one‐compartment model, and others have also found this

model appropriate.21–24 Of note, we used dose‐normalized IFX

concentrations to adjust for any changes in bodyweight. As the

therapeutic threshold for IFX is not well defined, we included

simulations of PK targets of 3–5 mg/ml.25–27 This study investi-

gated maternal implications of IFX therapy during pregnancy, and

PK in the fetus or infant was not explored. Further studies on the

effect of pregnancy on the kinetics of other biologics are

warranted.

In conclusion, maternal IFX CL decreases significantly during

the second and third trimesters, leading to increased maternal‐
fetal IFX trough levels at a constant therapeutic regimen. Thera-

peutic drug monitoring can aid balancing a de‐intensified IFX

regimen that secures constant maternal drug levels during

TAB L E 3 Pharmacokinetic (PK) model simulations of attainment of PK targets of trough infliximab (IFX) concentrations of >3 mg/ml,
>4 mg/ml, or >5 mg/ml for anti‐IFX antibody negative (ADA−) or positive (ADA+) patients in case of safety pausing IFX therapy in the entire
third trimester of pregnancy (IFX‐stop); continuation of steady IFX maintenance therapy in the third trimester of pregnancy (IFX cont.); and

nonpregnant patients receiving standard IFX maintenance therapy

Pregnant, IFX‐stop in third trimester Pregnant, IFX cont. in third trimester Nonpregnant patients

ADA− %n > 3 μg/ml = 30 %n > 4 μg/ml = 65 %n > 4 μg/ml = 51

%n > 4 μg/ml = 19 %n > 5 μg/ml = 52 %n > 5 μg/ml = 39

%n > 5 μg/ml = 11 %n > 3 μg/ml = 41 %n > 3 μg/ml = 28

ADA+ %n > 3 μg/ml = 3 %n > 4 μg/ml = 17 %n > 4 μg/ml = 11

%n > 4 μg/ml = 1 %n > 5 μg/ml = 9 %n > 5 μg/ml = 5

%n > 5 μg/ml = 1 %n > 4 μg/ml = 3 %n > 4 μg/ml = 2
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pregnancy and at the same time avoids increasing IFX exposure of

the fetus.
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