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Abstract 

Background: Chronic inflammatory diseases, including inflammatory bowel diseases (IBD), psoriasis, 

and psoriatic arthritis (PsA), are prevalent among women of reproductive age. For women with these 

conditions who plan on becoming pregnant, maintaining disease control, without harming the fetus, is 

of utmost concern. Traditional disease-modifying anti-rheumatic drugs (DMARDs) and some biologics, 

including tumour necrosis factor inhibitors (TNFi), have been relatively well studied during pregnancy. 

In contrast, ustekinumab and vedolizumab are newer biologics whose safety in pregnancy is unclear. 

They actively cross the placenta during the 2nd and 3rd trimesters, and cord blood levels can exceed 

maternal levels. Though biologics can increase the risk of serious infections in exposed adults, there is 

currently no available data on serious infections in offspring exposed in utero to ustekinumab, and only 

limited data for vedolizumab. 

Objectives: The primary objective of this thesis was to evaluate serious infection risk in offspring 

exposed to ustekinumab in utero and born to mothers with chronic inflammatory diseases. The 

secondary objective was to evaluate serious infection risk in offspring exposed to vedolizumab. 

Methods: To set the stage for my original research, I performed a structured literature review of 

ustekinumab use during pregnancy. Then, serious infection risk was quantified in a retrospective cohort 

study using US health administrative data. We identified live births among women with psoriasis, PsA, 

and IBD. These pregnancies were classified as being exposed to ustekinumab, vedolizumab, TNFi, 

other biologics, traditional DMARDs, or no drug of interest. The primary outcome was serious 

infection within the first year of life, defined as any infection requiring hospitalization. Multivariate 

logistic regression using generalized estimating equations was used to estimate the adjusted odds ratio 

(OR) for serious infections comparing ustekinumab to no exposure to any drug of interest. The risk of 

serious infection of vedolizumab exposure was assessed in a cohort restricted to women with IBD, as 

this is vedolizumab’s only indication, using the same methods. 

Results: A structured literature review of ustekinumab use during pregnancy indicated that thus far 

there have been no studies clearly associating this drug with an excess risk of adverse pregnancy 

outcomes. Our administrative data cohort identified a total of 16,130 offspring born to 14,712 mothers 

with chronic inflammatory diseases (including 8,507 offspring born to 7,633 women with IBD), with 

52 offspring exposed to ustekinumab and 43 to vedolizumab. Crude infection risk was 3.8% (95% 
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confidence interval (CI) 1.1%, 13.0%) in the ustekinumab group and 2.6% (95 CI 2.3, 2.8) in the 

unexposed comparator. After adjusting for potential confounders, the adjusted OR for serious infection 

was 1.58 (95% CI 0.37, 6.84) with ustekinumab compared to no exposure. Results in the TNFi (OR 

0.85 95% CI: 0.59, 1.22) and traditional DMARDs (OR 0.76 95% CI: 0.55, 1.06) groups all indicated 

no clear increased risk compared to no exposure. Among the offspring of women with IBD (secondary 

objective), the crude infection risk was 2.3% (95% CI 0.4%, 12.0%) in the vedolizumab group and 

3.0% (95% CI 2.6%, 3.6%) in the no-drug comparator. After adjusting for potential confounders, the 

OR was 0.87 (95% CI 0.13, 6.15). 

Discussion: Our structured literature review identified few studies addressing infection risk in 

offspring exposed to ustekinumab. To address this knowledge gap we conducted a cohort study of 

offspring exposed to ustekinumab and vedolizumab in utero. We were the first to use administrative 

health data to study this population, and did not demonstrate whether there is an increased risk of 

infection in offspring exposed to these drugs. We plan to repeat analyses in 2 years, so that more 

definitive statements can be made on the safety of ustekinumab and vedolizumab in pregnancy.  
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Résumé 

Contexte: Les maladies inflammatoires chroniques, comme les maladies inflammatoires intestinales, le 

psoriasis, et l’arthrite psoriasique affectent de façon prédominante les femmes en âge de procréer. Pour 

les femmes atteintes de ces conditions qui veulent planifier une grossesse, il est impératif de contrôler 

les symptômes de la maladie sans affecter le foetus. Les agents anti-rhumatismaux modificateurs de la 

maladie (ARMM) traditionnels et certains agents biologiques, comme les inhibiteurs du facteur de 

nécrose tumorale-α (TNFi), sont relativement bien étudiés pendant la grossesse. Or, l’ustekinumab et le 

vedolizumab sont des nouveaux agents dont la sécurité pendant la grossesse demeure incertaine. 

L’ustekinumab et le vedolizumab traversent activement la placenta pendant les deuxième et troisième 

trimestres de la grossesse, pouvant engendrer des taux sanguins au niveau du cordon ombilical qui 

peuvent dépasser les niveaux sanguins maternels. Il est bien connu que les agents biologiques peuvent 

augmenter le risque d’infections sérieuses chez les adultes exposés. Cependant, jusqu’à maintenant, les 

données sur le risque infectieux des enfants exposés in utero à l’ustekinumab étaient inexistantes et très 

limitées pour le vedolizumab. 

Objectifs: L’objectif principal de cette thèse était d’évaluer le risque d’infections sérieuses chez les 

enfants exposés in utero à l’ustekinumab. Comme objectif secondaire, nous avons évalué le risque 

d’infections sérieuses chez les enfants exposés in utero au vedolizumab. 

Méthode: Le risque d’infections sérieuses a été estimé dans une étude de cohorte rétrospective utilisant 

des données administratives américaines. Nous avons identifié des naissances vivantes chez les femmes 

ayant un diagnostic de psoriasis, d’arthrite psoriasique et/ou de maladies inflammatoires intestinales. 

Ces grossesses ont été classées comme étant exposées à l’ustekinumab, le vedolizumab, aux TNFi, 

d’autres agents biologiques, aux ARMM traditionnels ou non-exposées à un médicament d’intérêt. 

L’issue primaire était la survenue d’une infection sérieuse au cours de la première année de vie. Le 

risque d’infections sérieuses a été calculé en utilisant une régression logistique uni-variée et multi-

variée avec des équations d’estimation généralisées, en se servant du groupe non-exposé à un 

médicament d’intérêt comme comparateur. L’objectif secondaire a été atteint en limitant l’inclusion 

dans la cohorte aux femmes avec maladies inflammatoires intestinales, ces maladies étant les seules 

indications clinique du vedolizumab. 



viii 

 

Résultats: Une analyse de la littérature structurée sur l’utilisation de l’ustekinumab pendant la 

grossesse a indiqué qu’il n’y a aucune étude qui montre un risque excessif d’événements indésirables 

en lien avec la grossesse. Pour l’étude de cohorte rétrospective, nous avons identifié 16,130 enfants nés 

de 14,712 mères avec des maladies inflammatoires chroniques. Au total, il y avait 52 enfants exposés a 

l’ustekinumab et 43 au vedolizumab. Les analyses multi-variées ont montré un rapport de cotes (RC) 

pour le risque d’infections sérieuses de 1.57 [intervalle de confiance à 95% (95% IC) 0.37, 6.58] dans 

le groupe ustekinumab comparativement au groupe non exposé. Dans le groupe d’enfants nés de mères 

avec maladies inflammatoires intestinales (objectif secondaire), le groupe exposé au vedolizumab avait 

un RC de 0.87 (95% CI 0.13, 6.15). 

Discussion: En plus d’une revue de la littérature, nous avons réalisé deux analyses de cohorte 

rétrospective d’enfants exposés in utero à l’ustekinumab et au vedolizumab, respectivement. Nous 

n’avons pas démontré de risque élevé chez les enfants exposés in utero à ces médicaments, bien que 

nos intervalles de confiance soient larges. En conclusion, il sera nécessaire d'effectuer davantage de 

recherche avant que des déclarations plus définitives puissent être faites sur la sécurité de l’utilisation 

de l’ustekinumab et du vedolizumab durant la grossesse.  
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 1. Introduction 

 Chronic inflammatory diseases are a major cause of morbidity and have a particularly 

high prevalence among women of reproductive age. Many of these diseases are associated with 

adverse pregnancy outcomes and, as such, finding ways of safely controlling the symptoms of 

these diseases during pregnancy is of significant interest. Biologics have played a major role in 

the treatment of chronic inflammatory diseases for several decades now, though their safety in 

pregnancy is not entirely understood, especially among newer biologics. Ustekinumab is one 

such newer biologic. It was first approved in 2009, and is currently indicated for psoriasis (PsO), 

psoriatic arthritis (PsA), and inflammatory bowel diseases (IBD). Ustekinumab safety in 

pregnancy has not been extensively studied, with hardly any work dedicated to the risk of serious 

infections in exposed offspring, a biological possibility given that ustekinumab (and most 

biologics) are actively transported across the placenta and infection is a known risk among users.  

 The main objective of this thesis is to assess the risk of serious infections in offspring 

exposed in utero to ustekinumab. The thesis begins with background information on the relevant 

chronic inflammatory diseases (PsO, PsA, IBD) and the drugs used to treat them, establishing the 

necessary context for the rest of the thesis. I then devote the entirety of chapter 3, which includes 

the first manuscript of this thesis, to a structured review of the literature on ustekinumab safety, 

particularly during pregnancy. 

 The remainder of the thesis (chapters 4 to 8) is dedicated to a retrospective cohort study 

whose primary aim was to answer the main objective of this thesis (i.e., to evaluate the risk of 

serious infection in offspring exposed in utero to ustekinumab). chapter 4 describes the methods 

used to conduct this retrospective cohort study of children born to mothers with chronic 

inflammatory diseases. The next two chapters (5 and 6) present manuscripts #2 and #3 which 

describe this study and its results. Manuscript #2 addresses the serious infection risk of 

ustekinumab, while manuscript #3 examines the serious infection risk associated with in utero 

exposure to vedolizumab, another novel biologic, among the subgroup of IBD offspring. Chapter 

7 provides a discussion of the important original findings of this thesis, as well as its strengths 

and limitations. Finally, chapter 8 presents potential avenues for future research related to 

biologic drug safety in pregnancy and conclusions.  
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 2. Background 

 2.1. Chronic inflammatory diseases & pregnancy 

 2.1.1 Psoriasis and psoriatic arthritis  

 PsO is a common inflammatory skin disorder which typically manifests as sharply 

demarcated chronic erythematous plaques covered by silvery white scales (though there are 

several less common variants with different clinical presentations) (1). Psoriasis is believed to 

affect 2-4% of the population globally, but rates vary substantially, with increasing prevalence 

found among Caucasians (2) and with increasing latitude (1,2). Age at disease onset tends to be 

bimodally distributed, with the majority of patients first experiencing symptoms during their late 

teens and early twenties, and another peak occurring in the 7th decade (3). The exact causes of 

PsO are unknown, though strong evidence suggests both genetic and environmental factors (3). 

PsO has a considerable impact on the quality of life and psycho-social function of affected 

patients (4–6) and is associated with an increased risk of cardiovascular disease and depression 

(7). In addition, at least 5% (but perhaps as high as 20%) of PsO patients experience extra-

cutaneous articular manifestations, known as psoriatic arthritis (PsA). 

 PsA is a form of inflammatory arthritis typically involving negative serological tests for 

rheumatoid arthritis and an association with psoriasis. PsA has different clinical presentations, 

the most common of which (accounting for some 70% of cases) is oligo-articular asymmetrical 

arthritis, affecting different joints on different sides of the body (8). PsA can affect any joint in 

the body, but the hands and feet are most commonly involved. Symmetrical polyarthritis 

(affecting the same joints areas on each side of the body) accounts for approximately 15% of 

cases. Manifestations affecting mainly the distal interphalangeal joints, the toes, or the spine 

account for the remaining 5% of cases (8). PsA diagnosis comes on average 10 years after PsO 

diagnosis, usually between age 30 and 55, though pre-existing PsO is not necessarily required for 

PsA diagnosis, nor do all PsA patients have psoriatic skin lesions. PsA is considered a severe 

form of arthritis, with deformities and joint damage occurring in a large percentage of patients, 

leading to bone erosion in 47% of patients in the first 2 years, despite systemic drug use in one 

study (9). 
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 With PsO onset occurring in the late-teens and early twenties (and PsA occurring in some 

on approximately 10 years later), there is a high prevalence of disease among women prior to or 

during their reproductive years. It is well established that the complex hormonal and immune 

system changes that the body undergoes during pregnancy can affect underlying chronic 

inflammatory conditions (10). It is estimated that approximately 50% of women with PsO and/or 

PsA experience clinical remission or substantial improvement in symptoms during pregnancy, 

typically with the disease rebounding in severity after delivery (11–13). The remaining 50% of 

women experiencing no change or a worsening of disease symptoms (13).  

 While pregnancy can alter maternal disease activity, some chronic inflammatory diseases, 

including systemic lupus erythematosus (SLE) and rheumatoid arthritis (RA), are associated with 

an increased risk of adverse outcomes, particularly spontaneous abortion and preterm birth (11–

14). Thus, there has been considerable interest in determining if similar effects are seen among 

patients with PsO and PsA, especially among those with severe disease, though at this time the 

evidence is not as strong as it is for other inflammatory conditions. Individual studies have found 

that there are weak, though statistically significant, associations between PsO (with or without 

PsA) and spontaneous abortion (14,15), small for gestational age (SGA) (12,16), and preterm 

birth (15). However, a systematic review from Bobotsis et al. (13) in 2016 determined that there 

was no strong evidence of an increased risk for adverse pregnancy outcomes among mothers 

who did not take systemic drugs for PsO and/or PsA. There has only been one large retrospective 

cohort study (n = 1,463) by Yang et al. (12) studying pregnancy outcomes among women with 

PsO and showing a potentially increased risk of low birth weight among mothers with PsO. All 

participants in this study, however, had no systemic drug therapy within 2 years of giving birth, a 

likely source of selection bias leading to a potential under-representation of mothers with severe 

PsO (who are more likely to have adverse pregnancy outcomes). Overall, there is a lack of 

conclusive research into the true burden of PsO and PsA on pregnancy outcomes independent of 

drug exposure, though the limited evidence that exists points to an increased risk similar to other 

chronic inflammatory conditions. 
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 2.1.2 Inflammatory bowel diseases  

 IBD encompass a number of idiopathic chronic inflammatory diseases of the 

gastrointestinal tract and are most commonly subdivided into Crohn’s Disease (CD) and 

ulcerative colitis (UC). UC is characterized by inflammation from the rectum to, and typically 

including the entirety of, the colon. On the other hand, CD is characterized by inflammation of 

the entire intestinal tract, from anus to mouth, and often involves the formation of fissures, 

fistulas, and abscesses, which are not found in UC (17–20). Some 5-15% of IBD patients have 

indeterminate colitis, where neither subtype of IBD can be reliably distinguished (17,18). IBD 

are less prevalent than PsO, affecting approximately 0.1% of the population in North America 

and Europe (21,22). As with PsO and PsA, Caucasians are more likely than people of other races 

and ethnicities to experience IBD (19,21). Age at first diagnosis is on average around 30 years, 

with younger age at diagnosis typically associated with more severe disease (23–26). 

 As in PsO, IBD have high prevalence among women of reproductive age, with an 

estimated 25% of female patients diagnosed before their first pregnancy (27). Unlike in PsO, 

there appears to be little association between pregnancy and disease activity, with the risk of a 

flare among pregnant women with IBD being equivalent to that of non-pregnant patients over the 

same follow-up period (25,28,29). Yet, there has been a rising interest related to the potential 

effect of IBD on fetal outcomes. In 2007, Cornish et al. (30) published a meta-analysis 

examining the relationship between IBD and several adverse pregnancy outcomes. As compared 

to pregnant women without IBD, IBD was associated with increased risks of preterm birth, low 

birth weight and cesarean section. These results have been replicated in more recent studies 

(31,32). Although IBD is often grouped with SLE and RA as inflammatory conditions that 

increase the risk of spontaneous abortion, multiple population-based cohort studies have 

suggested that this may not be the case (33–35), reporting similar spontaneous abortion rates 

among women with IBD as in the general population. 

 2.2. Therapies for chronic inflammatory diseases 

 2.2.1 Psoriasis and Psoriatic Arthritis 

 Medical treatment of PsO varies substantially based on the severity of plaques, the 

surface area of the body with plaque involvement and the location of the plaques (36,37). In mild 
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cases, often defined as less than 5% body surface area (BSA) involvement (38), treatment 

usually consists of topical steroids and/or light therapy (11,36,37). In those with moderate (5-

10%) or severe (more than 10% of BSA) disease, treatment is typically systemic, sometimes in 

conjunction with topical and light therapies. Systemic treatment is also often administered to 

patients with <5% BSA but for whom the disease is present in a particularly distressing location, 

such as the face or genitals (36). Systemic treatments for PsO are varied and include the oral 

retinoid acitretin, cyclosporin (CsA) (sometimes spelled ciclosporin), methotrexate (MTX), and 

biologic medications (37). For the purposes of this thesis, biologics refer to highly-specific 

proteins (usually monoclonal antibodies) that target a specific pathway of the immune system 

and are typically derived from living cells, whereas non-biologic disease modifying anti-

rheumatic drugs (DMARDs), which are also called traditional DMARDs, refer to small 

molecules that typically have broader effects. Compared to biologics, traditional DMARDs are 

typically more accessible (both logistically as biologics require subcutaneous or intravenous 

infusions and economically as biologics are much more expensive). 

 As PsA can lead to severe joint damage and disability, systemic therapies are typically 

warranted for disease control (9). Traditional DMARDs, including MTX, leflunomide and 

biologics of several classes (i.e., tumour necrosis factor inhibitors (TNFi), ustekinumab, 

secukinumab) form the cornerstone of PsA treatment (9,39). 

 2.2.2 Inflammatory bowel diseases 

 In IBD, the goals of treatment are typically to achieve remission in patients with active 

disease and to maintain remission once it has been attained. Therapy for IBD is heterogeneous 

and dependent on disease subtype (CD versus UC), disease severity, and potential co-

morbidities. Common initial therapies include systemic corticosteroids, usually budesonide and 

prednisone, 5-aminosalicylates (5-ASA), and biologics (17,40,41). Although not frequently used 

as first-line treatments, other immunomodulating drugs are also used in IBD including MTX, 

CsA, tacrolimus, and thiopurines (azathioprine (AZA), mercaptopurine (MP)), especially among 

cases that have proven resistant to typical first-line therapies (17,40).  



 

6 

 2.3. DMARD safety in pregnancy 

 2.3.1 Non-biologic DMARDs 

 Non-biologic DMARDs play a major role in the systemic treatment of PsO, PsA and 

IBD. On top of the general safety concerns specific to a given drug, there are a host of other 

concerns which must be discussed when considering a pregnant population. Firstly, acitretin and 

MTX are teratogenic, and thus their use prior to or during pregnancy is problematic. Acitretin 

has been shown to be highly teratogenic in animal studies and human reports of offspring 

exposed in utero have described, among many others, serious cardiac, thymic, and nervous 

system birth defects (11,42,43). Acitretin is an especially problematic drug with respect to 

pregnancy due to its long half-life of up to 150 weeks (11,42). Acitretin itself has a half-life of 

only 33-96 hours, but it has the potential to re-estrify to etretinate, which has a half-life of up to 

150 weeks. As such, a woman would need to stop taking acitretin 3 years before she intended to 

become pregnant to ensure the drug and its by-products had fully left her system. Due to the 

obvious impracticalities associated with women planning future pregnancies years in advance 

and the risk of unexpected pregnancies, acitretin is generally avoided in the treatment of women 

with PsO who are of childbearing potential (11). 

 MTX is also a known teratogen and has been associated with numerous congenital 

malformations including cardiac, skeletal, and central nervous system birth defects (44). 

Although some authors suggest that low dose (<10 mg/week) exposure to MTX during the first 

trimester may be safe, reports of malformations developing at doses less than 10 mg/week were 

published as early as 1990, indicating that any exposure should likely be avoided (45). Unlike 

acitretin, MTX does not carry teratogenic risks for years after exposure. As such, it is typically 

recommended that it be discontinued only 3 months prior to conception and is generally 

considered to be safe for general use among women of childbearing age, provided effective 

contraceptive methods are used (11,46,47). 

 CsA is generally considered safe in pregnancy, with the European League Against 

Rheumatism (EULAR) indicating that there is no evidence of increased risks of congenital 

malformations or spontaneous abortion and recommending CsA as a potential DMARD for use 

in pregnant patients and among those who are breastfeeding (46). There have been some signals 
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indicating that there is an increased risk of prematurity and low birth weight among offspring 

exposed to CsA (48), though these studies involved women using CsA post-transplant to prevent 

organ rejection. This patient population typically use much higher doses of CsA than would be 

used among women with IBD or PsO, limiting the generalizability of these results to this patient 

population. Thus, there should be limited concern for the safety in pregnancy of CsA at the 

dosage used for the treatment of PsO and IBD (11,46). 

 For decades, corticosteroids have been used during pregnancy to control many diseases, 

including IBD. Yet the risks associated with corticosteroid exposure in utero remain incompletely 

understood, as its use in active disease likely renders most results confounded by indication. 

Prior observational studies have reported possible associations with adverse outcomes including 

low birth weight and preterm birth (28) and an increased risk of cleft lip, though a more recent 

systematic review suggests there may be no such association (48). Regardless of the extent to 

which a causal relationship exists between corticosteroid exposure and adverse pregnancy 

outcomes, both the EULAR (46) and the IBD in Pregnancy Consensus Group (49) have 

determined that the benefits of corticosteroid treatment during pregnancy clearly outweigh any 

potential risk. They therefore both recommend that, when indicated, corticosteroids should be 

used among pregnant women with IBD, though both groups acknowledge that the level of the 

evidence supporting this recommendation is weak. 

 Regarding safety of 5-ASA, a 2008 meta-analysis found that 5-ASA was not associated 

with greater risk of congenital abnormalities, stillbirth, preterm delivery, or spontaneous abortion 

(50). As such 5-ASA therapy has been recommended to be continued during pregnancy in 

women who have IBD, with one caveat. Phthalates, which have been associated with 

developmental problems in both humans and animals, are used in some 5-ASA formulations. 

Consequently, the IBD in Pregnancy Consensus Group recommends that phthalate-free 5-ASA 

formulations should be used among pregnant women or those contemplating pregnancy (47). 

 Both tacrolimus and thiopurines are also considered safe in pregnancy, with cohort 

studies finding mixed results, though generally indicating no harm (51), and their use is generally 

recommended during pregnancy (46,47,52). As was discussed previously, it is important to 

consider the inherent confounding by indication when interpreting pregnancy outcome results in 

women exposed to DMARDs. For instance, as mentioned in section 2.1.2, IBD themselves are 
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associated with several adverse pregnancy outcomes independent of drug use. Those exposed to 

DMARDs during pregnancy are sicker and more likely to experience adverse events than those 

not exposed to DMARDs, irrespective of the drug effect. 

 2.3.2 Biologic DMARDs 

2.3.2.A Tumour necrosis factor inhibitors in pregnancy 

 Tumour necrosis factor inhibitors (TNFi), the largest class of biologics, have been 

extensively studied in pregnancy. However, there is not sufficient evidence for definitive safety 

statements to be made about all of them specifically. Previous studies have shown that 

infliximab, adalimumab and etanercept are not associated with an increased risk of congenital 

malformations in exposed offspring (53,54), leading guidelines, including those of the EULAR 

and the Canadian Association of Gastroenterology, to not recommend avoiding their use during 

pregnancy (46,47). Similarly, current evidence suggests no increased risk of malformations in 

offspring exposed to golimumab, though the evidence is currently too weak to recommend its 

use in pregnancy (46). 

 During pregnancy, there is active trans-placental transport of maternal circulating 

immunoglobulins G (IgG) through their fragmented crystallizable (Fc) portion. Most TNFi (i.e., 

adalimumab, infliximab, golimumab) are monoclonal IgG harbouring a Fc region, while 

etanercept and certolizumab are respectively a fusion protein with a Fc portion and a pegylated 

Fab fragment without a Fc component. The Fc portion is crucial for allowing active transport of 

antibodies across the placenta from mother to fetus to provide immunity to the offspring. This 

has the unfortunate consequence of also actively transporting most biologic drugs across the 

placenta during the 2nd and 3rd trimesters. As such, the majority of TNFi are actively transported 

across the placenta, with some reaching higher blood levels in the fetus than in the mother. 

Infliximab and adalimumab have the highest trans-placental transfer (reaching cord blood levels 

of 160% and 150% of maternal blood levels respectively), while etanercept and certolizumab 

display the lowest passage (cord blood levels of 4-7% and <0.25% of maternal blood levels 

respectively) (55).  

 As fetuses could be exposed to therapeutic (and potentially supra-therapeutic) TNFi 

doses, there are concerns that TNFi could cause immunosuppression in the offspring. Until 
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recently, there had been only very limited data [i.e. small sample size (n=80) or retrospective 

data collection using maternal report of outcome and covariates] on the risk of serious infections 

in children born to mothers with IBD and exposed in utero to TNFi, showing no increased 

infection risk (56,57). In 2018, Vinet et al. published the first study assessing the risk of serious 

infections among offspring of women with RA exposed to TNFi in utero compared with that of 

unexposed offspring (58). Using data from the IBM MarketScan databases, the study included 

2,989 offspring, of which 380 (12.7%) were exposed to TNFi during pregnancy. The cumulative 

incidence of serious infections (within the first year of life) was similar among offspring of 

women with RA with no in utero TNFi exposure (2.0%, 95% CI 1.5, 2.8) to offspring of women 

without RA (1.9%, 95% CI 1.9, 2.2). In contrast, the cumulative incidence of serious infections 

in RA offspring with TNFi exposure was 3.2% (95% CI 2.0, 6.8). After adjusting for potential 

confounders, there was a trend towards an excess risk of serious infections among offspring of 

women with RA exposed to TNFi versus offspring of women with RA unexposed to TNFi (OR 

1.4, 95% CI 0.7, 2.8), although CIs were wide and included the null value. There was also a 

trends towards a potential 3-fold increase in the risk of serious infections with IFX (which has 

the highest placental transfer among TNFi) vs other TNFi (OR 3.0, 95% CI 0.7, 11.8) (58). 

 Due to the potential immunosuppressive action of these drugs on the immune system of 

the exposed offspring, most best practice guidelines recommend discontinuation of infliximab 

and adalimumab before 20 weeks gestation and etanercept before 31/32 weeks gestation (46,47). 

As there is much less placental transfer of certolizumab compared to the other TNFi, guidelines 

have cautiously suggested that certolizumab can safely be used throughout pregnancy and 

breastfeeding (46,47). However, no or very limited data exist on the infectious risk conferred by 

other monoclonal biologic drugs (such as ustekinumab and vedolizumab) in exposed offspring. 

2.3.2.B Vedolizumab in pregnancy 

 Compared to TNFi, there has been less research into the safety of vedolizumab in human 

pregnancy. Animal studies using both pregnant rabbits and monkeys exposed to supra-

therapeutic vedolizumab doses demonstrated no developmental toxicity in the exposed fetus 

(59). Two recent reviews of vedolizumab safety in human pregnancy identified 7 studies and 141 

pregnancies (60) and 5 studies and 284 pregnancies (61), respectively. Both reviews and most 

individual studies concluded that, though numbers remain small, there have yet to be any signals 
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indicating that vedolizumab increases the risk of adverse pregnancy outcomes (i.e., fetal loss, 

preterm birth, congenital anomalies). 

 As discussed in section 2.3.2, antibodies with an Fc portion, among them vedolizumab, 

are actively transported across the placenta. Unlike most TNFi and ustekinumab (as will be 

discussed in chapter 3), offspring exposed to vedolizumab in utero do not routinely have higher 

systemic drug levels than those of their mothers, with mean maternal:infant ratios of 0.53 (range: 

0.00 - 1.7) across 27 pregnancies (53,62). The impact of these lower concentrations in offspring 

have not been explicitly studied, but any potential concerns of immunosuppression in offspring 

exposed to TNFi or ustekinumab may therefore theoretically be dampened with vedolizumab. To 

date, 3 studies (with sample sizes ranging from 41 to 73 pregnancies) have examined the risk of 

infection among offspring exposed to vedolizumab (though in all studies infection was not the 

primary outcome assessed) and have found no increased risk of infection as compared to 

pregnancies exposed to other drug classes (53,63,64). Though acknowledging the weak level of 

evidence, the American Gastroenterological Association (AGA) IBD Parenthood Project 

Working Group suggested in their best practice guidelines that vedolizumab therapy (which has a 

half-life of approximately 25 days) could be maintained until 6-10 weeks before expected 

delivery (49).   
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 3. Literature review 

 In chapter 2 I provided an introduction to the chronic inflammatory diseases relevant to 

this thesis, the different therapies used in their management, including both traditional and 

biologic DMARDs, and the safety of these drugs in pregnancy. In chapter 3 I provide a summary 

of the efficacy of ustekinumab for the treatment of chronic inflammatory diseases and a 

comprehensive literature review regarding its safety in pregnancy. The latter is the focus of 

manuscript #1. 

 3.1. Ustekinumab efficacy in chronic inflammatory diseases 

 Ustekinumab is a fully human IgG1 monoclonal antibody that inhibits IL-12 and IL- 23, 

which help activate certain T-cells. Both IL-12 and IL-23 are major cytokines in the pathogenesis 

of several chronic inflammatory diseases, including PsO, PsA, and IBD (65,66). Ustekinumab 

was originally tested for use in PsO, with initial phase II and III placebo-controlled randomized 

controlled trials (RCTs) finding ustekinumab to be efficacious in treating moderate-to-severe 

PsO (67,68,68). Following these trials, ustekinumab was approved in the United States (US) for 

the treatment of adults with moderate-to-severe PsO in September of 2009. A 2010 trial was the 

first to compare ustekinumab to an active comparator (etanercept), finding a significantly greater 

improvement (67.5% with 45 mg ustekinumab; 73.8% with 90 mg ustekinumab; 56.8% with 

etanercept) in the number of patients experiencing at least a 75% improvement in Psoriasis Area 

and Severity Index (PASI) among those randomized to ustekinumab versus those randomized to 

high-dose etanercept (69). These original PsO trials were conducted in largely Caucasian 

populations, with phase III trials subsequently showing similar results in Asian populations 

(70,71). Phase III trials of ustekinumab for use in adults with active PsA demonstrated improved 

disease activity in the ustekinumab group, leading to ustekinumab approval in the US for PsA in 

2013 (72,73). 

 Ustekinumab use for the treatment of IBD began with testing in patients with CD. Phase 

II and III trials showed that ustekinumab could be used both for induction and maintenance 

therapy with improvement in rates of remission as compared to placebo (74–77) with effects 

maintained in most patients for the entire 92-week follow up in one trial (78). Following these 
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studies, ustekinumab was approved in the US in September 2016 for adults with moderate-to-

severe CD, though it is known to have been used off-label for CD well before this approval (79). 

A phase III trial published in 2019 demonstrated efficacy of ustekinumab for the treatment of 

UC, leading to its approval for this indication in the US in October 2019 (80).  

 Based on these RCTs and subsequent observational studies, treatment guidelines 

recommend ustekinumab as either a primary or secondary biologic for the treatment of both PsO, 

PsA and IBD. Current IBD guidelines recommend ustekinumab use mainly as a second-line 

biologic among patients with moderate to severe UC or CD, though ustekinumab monotherapy in 

biologic-naïve patients with CD may be considered (20,81,82). In PsO and/or PsA, ustekinumab 

use can be considered as either either a primary or secondary biologic, including its use as the 

first systemic (not just biologic) treatment (83,84).  

 3.1.1 Ustekinumab Safety 

 As with all drugs, understanding ustekinumab’s safety profile was a key part of the 

original phase III trials. Adverse event frequencies were relatively consistent across trials, 

including upper respiratory tract infections (~7%), nasopharyngitis (~10%), arthralgias (~2.5%) 

and headaches (~5.5%) (68,70–72,80,85,86). The most common serious adverse events were 

serious infections (typically defined as requiring or prolonging hospitalization), which occurred 

rarely (<1%). Infections of any type and severity were the most common adverse event, affecting 

approximately 30% of participants. These trials, however, were meant to demonstrate efficacy 

and did not have follow-up past (typically) 72 weeks. 

 When longer-term safety data from the original PsO trials was published, it was shown 

that 75% of participants exposed to ustekinumab experienced infections of any kind, with 1.3% 

and 3.6% of these infections considered seriousi in the 45 mg and 90 mg dosing groups 

respectively (88). Long-term safety data showed that the number of infections was similar 

between the placebo and ustekinumab groups in the PsO population, but with numerically 

increased infection rates in the higher (90 mg) ustekinumab dosing group as compared to the 

lower (45 mg) dosing group, though this difference was not statistically significant (87).  

 
i Serious infection was defined as infection requiring or prolonging hospitalization, and/or causing death or 

significant disability (87) 
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 There is less available evidence about long-term safety of ustekinumab for the treatment 

of CD, as its approval for this indication is more recent. Doses used in CD tend to be higher than 

those used in PsO and/or PsA and consequently the fears of adverse effects are greater. This said, 

currently published long-term safety data show similar results to those seen in the PsO and PsA 

trials (78). An analysis of all the phase II/III trials for ustekinumab across all indications (PsO, 

PsA, and CD) published in 2019 showed that the risk of all infections and serious infections was 

similar between the placebo and ustekinumab groups for each indication (89). Its use for CD was 

associated with more infections than when used for PsO/PsA, though this difference was likely 

due to disease morbidity rather than ustekinumab itself. It should be noted that no trial was 

powered to detect rare, though potentially serious, adverse events, which may only be recognized 

once tens of thousands of person-years of exposure have been accrued and analyzed (such as 

pregnancy-related adverse events).  

 Administrative databases offer large sample sizes of exposed subjects, providing the 

possibility to assess drug safety and drug survival time (which can be seen as an indirect measure 

of drug tolerability and safety). In a study using a Danish registry, drug survival time among 

patients taking ustekinumab was shown to be longer than that for infliximab, adalimumab, and 

etanercept, all TNFi frequently used for treating chronic inflammatory diseases (90). A higher 

proportion of patients remained on ustekinumab compared to any of the TNFi at end of follow-

up (100 months), suggesting a similar (if not more favourable) safety profile. The results of the 

trials discussed above, and the first observational studies of ustekinumab use, suggest that 

ustekinumab is a safe and efficacious alternative to TNFi in patients with chronic inflammatory 

diseases who are either TNFi-naïve or have failed previous TNFi treatment. 

 3.2. Preamble to manuscript #1 

 In the first manuscript of this thesis, I conducted a comprehensive literature review to 

assess the available evidence regarding ustekinumab safety during pregnancy in terms of both 

maternal and fetal outcomes. This manuscript, titled "Ustekinumab safety in pregnancy: a 

comprehensive review", has been submitted to Arthritis Care & Research. Following manuscript 

#1 I provide a more detailed discussion of the literature review and its potential limitations.  
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 3.3. Introduction 

 Chronic inflammatory conditions, including inflammatory bowel diseases (IBD), 

psoriasis (PsO), and psoriatic arthritis (PsA), are prevalent chronic diseases among women of 

reproductive age. Patients with active disease during pregnancy, especially with IBD, are at 

increased the risk of adverse birth outcomes (1,2). For this reason, physicians are focused on 

approaches to control disease activity prior to and during pregnancy. Biologic therapies, such as 

tumour necrosis factor inhibitors (TNFi) and interleukin (IL)-12/23 inhibitors have increasingly 

been used as first and second-line systemic therapies for many inflammatory conditions, such as 

IBD, PsO, and PsA. Traditional disease modifying anti-rheumatic drugs (DMARDs) and TNFi 

drugs have been relatively well studied during pregnancy. Most traditional DMARDs (e.g. 

sulfasalazine, azathioprine, 6-mercaptopurine, cyclosporine, tacrolimus) are believed to be safe 

during pregnancy, with the exception of methotrexate and mycophenolate mofetil, both well-

known teratogens (3). TNFi are also believed to be safe during pregnancy and do not appear to 

increase the risk of adverse pregnancy outcomes, including spontaneous abortions, congenital 

malformations, and serious infections in exposed offspring, though the quality of the evidence 

varies across the different TNFi subtypes (3,4). 

 Ustekinumab was first approved in the United States for use in adults with 

moderate/severe PsO in 2009. It has since been approved for use in IBD (Crohn’s disease (CD) 

in 2016, ulcerative colitis (UC) in 2019). Ustekinumab, an IL-12/23 inhibitor, is currently the 

only approved drug of its class (briakinumab, another IL-12/23 inhibitor was withdrawn from the 

market in 2011 following concerns of increased major adverse cardiac events in adults) (5). 

Ustekinumab is a humanized immunoglobulin G1 (IgG1) monoclonal antibody. IgG1 are 
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actively transported across the placenta during the second and third trimesters via their Fc 

portion. There is extensive cross-placental transfer of ustekinumab during the second and third 

trimesters of pregnancy, exposing offspring to potentially high levels of ustekinumab in utero. It 

is because of this that studying the impact of ustekinumab and other similarly structured drugs 

exposure on pregnancy outcomes is of particular importance. Consequently, we aimed to 

critically review the available data on ustekinumab safety in offspring exposed during pregnancy, 

to provide an overview of what is known and current gaps in knowledge. 

 3.4. Methods 

 3.4.1 Search strategy 

 We searched the MEDLINE database via PUBMED from inception to January 28th, 2021. 

The search term were: (“Ustekinumab”) AND (“Pregnancy” OR “pregnant”). The titles and 

abstracts of each article were read to assess relevance; both animal and human studies of any 

research design, as well as clinical guidelines were considered relevant. Only articles in English 

were considered. The search produced 66 results with no duplicates. Of the 66 articles, 37 were 

deemed relevant and were read in full. In addition, we searched the grey literature and reviewed 

the references of papers which met inclusion criteria. This yielded 7 relevant manuscripts and 

abstracts which were included for full review. A flow chart detailing inclusion process can be 

seen in Figure 3.1. 
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 3.5. Ustekinumab in pregnancy 

 3.5.1 Animal studies 

 Only one animal study was identified. This study of 60 monkeys investigated the risks of 

UST during pregnancy and lactation using cynomolgus macaques, a species in which UST was 

shown to have similar IL-12/23 activity as it does in humans (6). Investigators evaluated the 

effect of both intravenous and subcutaneous UST at doses more than 45 times larger than would 

ever be used in humans. Following all pregnancies from conception until delivery, and the 

newborn monkeys up to 6 months after birth, the investigators noted that there were no apparent 

embryotoxic nor teratogenic effects of UST on the offspring (6). 

 This study also assessed maternal blood ustekinumab concentrations throughout 

pregnancy and in their offspring several times in early life. The investigators found that serum 

concentration levels in the monkeys varied markedly depending on dosing groups, although 

concentrations were very high across the different groups. On gestational day 100, when 

cesarean section was performed, the pregnant female and the fetus both still had high serum 

concentrations of ustekinumab, with the fetal-maternal concentration ratio ranging from 0.39 

±0 .14 µg/mLin the 22.5 mg/kg dosing group to 0.43 ±0.13 µg/mL in 45 mg/kg group. These 

results showed that maternal levels were twice as high as fetal levels at the time of birth, though 

the offspring did have high levels of ustekinumab. In this study there was no indication that 

ustekinumab exposure in utero impacted mortality, growth, or sexual and immunological 

development. 
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 3.5.2 Human case reports, series and observational studies 

 A handful of studies have attempted to quantify ustekinumab placental transfer during 

pregnancy by measuring its cord blood concentration at the time of delivery (4,7,8). The paucity 

of information is likely due to very few pregnancies in which ustekinumab was intentionally 

continued throughout pregnancy. Since ustekinumab has a half-life of approximately 3 weeks, 

measurable concentrations of UST at birth would be unlikely if its use was stopped immediately 

prior to, or during, the first trimester. However, maternal and offspring drug clearance of biologic 

drugs such as TNFi has been shown to be substantially different, with infants having longer 

elimination times. Existing studies show that cord blood levels are often higher in offspring than 

in the mother, as opposed to animal studies, which showed the opposite. Rowan et al. (8) 

followed one woman who took ustekinumab throughout gestation (final dose: 33 weeks, 

delivery: 37 weeks) and found ustekinumab levels in cord blood that were almost twice maternal 

blood levels at birth (4.3 µg/mL versus 8.0 µg/mL). In another study, Klenske et al. (7), also 

prospectively followed one woman throughout her pregnancy (last ustekinumab dose: 30 weeks, 

delivery: 38 weeks) and found ustekinumab blood levels of 0.3 µg/mL in mother and 4.1 µg/mL 

in offspring, a greater than 10x increase.  

 In the PIANO study (4), investigators measured UST blood levels in 7 infants at birth and 

at 3 and 6 months of age. The median cord or infant to maternal concentration ratio was 1.4 

(ranging from 0.7 to 13.7). These results suggest that fetuses exposed to UST throughout 

pregnancy may be born with higher ustekinumab blood concentrations than their mothers. Little 

is currently known about the potential adverse effects of post-birth ustekinumab exposure in 

neonates. 
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 There have been 14 case reports and 2 case series for a total of 32 reported pregnancies 

exposed to ustekinumab. Table 3.1 lists these case reports and case series along with their 

exposure periods, indications for maternal use of ustekinumab, and pregnancy outcomes. A total 

of 26 of the 32 reported pregnancies (81%) involved exposure during the first trimester only. 

Overall, there were 28 (88%) uneventful live births and 4 (13%) spontaneous abortions. In all 

cases of spontaneous abortions, mothers had additional risk factors for fetal loss aside from 

maternal disease (including smoking, >20 cigarettes/day and prior fetal loss). Importantly, the 10 

pregnancies in the case series by Watson et al. (9) represent only 7 different women. In addition, 

both spontaneous abortions occurred in the same year to the same woman; she would go on to 

have a subsequent pregnancy that resulted in lived birth, although it was complicated by 

gestational diabetes, hypertension, inrauterine growth restriction and oligohydramnios. Both 

pregnancies reported in Mugheddu et al. (10) were also from the same woman. Most authors did 

not discuss outcomes among children after birth; 4 studies reported normal development in 4 

children, with follow-up ranging from 12-25 months (11–14). As is standard in case 

series/reports, there was no control group in any of these studies and reporting bias likely 

affected which exposed pregnancies generated case series/reports. 

 In addition to these case series/reports, there have been 2 retrospective and prospective 

cohort studies of women exposed to ustekinumab and 3 registries of exposed pregnancies which 

are described in Table 3.2. Cather et al. (15) presents the results of 29 pregnancies reported 

among participants of the phase II and III PsO trials for ustekinumab. Scherl et al. (16) presents 

the outcomes of the 26 patients who became pregnant during the CD phase II/III trials. Both of 

these have only been published as scientific meeting abstracts and have not been published or 

peer-reviewed. Geldhof et al. (17) describes a registry of pregnant women exposed to 
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ustekinumab during or immediately prior to pregnancy that were reported to the pharmaceutical 

company producing ustekinumab. This study was only published as a meeting abstract. This 

study included 478 exposed pregnancies and suggested that rates of spontaneous abortions 

(18.4%) and congenital anomalies (3.8%) were similar to general population rates. Of the 478 

maternal exposures, 58 were exposed to ustekinumab throughout gestation. It should be noted 

that the origin of these 478 cases was not disclosed. The cases included in this study likely 

included those reported by Cather et al. (15) and Scherl et al. (16), as pregnancies during phase 

II/III trials would surely have been know to the company. As well, drug registries established by 

pharmaceutical companies are subject to reporting bias and a lack of a reference group. There is 

typically under-reporting of cases, meaning the true denominator of exposed pregnancies is 

unknown. Also, as complicated pregnancies are more likely to be reported than those that are 

uncomplicated, data from passive surveillance may exaggerate potential harmful effects. 

 Wils et al (18) published in 2021 the results of a French, multi-centre, retrospective 

cohort study of 29 pregnancies in 27 women exposed to ustekinumab while pregnant. The earlier 

studies((15,16)) had a relatively high proportion of elective abortions, which may be explained 

by ustekinumab’s novelty and the uncertainty associated with its use in pregnancy. By 2021, 

when the French study was published, sufficient evidence had emerged to indicate that 

ustekinumab was likely not a severe teratogen, potentially leading less women to opt for elective 

termination. This paper reported that maternal complications had occurred in 2 patients (1 

gestational diabetes, 1 threat of preterm birth) and 5 (19%) neonatal complications including 3 

preterm deliveries, 2 low birth weights, and 1 congenital birth defect (a cardiac malformation) 

(18). The temporality of exposure varied within this study population, with 7 patients stopping 

ustekinumab within two months of conception, 13 discontinuing use within the first trimester 
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(with IBD relapse in 4 patients) and 9 maintaining ustekinumab use throughout pregnancy (with 

relapse in 3) (18). This level of granular details regarding either offspring outcomes or exposure 

period was not provided in prior studies by Cather (15) or Scherl et al. (16). 

 The PIANO study (4), was a prospective cohort of pregnant women with IBD. The study, 

the first prospective study in this area, recruited 1712 patients exposed to different traditional 

DMARDs and biologic drugs, with most pregnancy outcomes being collected via maternal 

report. A total of 18 pregnancies were exposed to ustekinumab; exposed pregnancies resulted in 

17 live births, with the outcome of the final pregnancy not reported. 

 Across the 21 studies included in this review, only the PIANO study (4) and that by Wils 

et al. (18) followed the offspring past birth to evaluate their risk of serious infections. Of the 43 

live-born offspring exposed in utero to ustekinumab, none developed a serious infection within 

the first year of life. It should be noted that within PIANO, serious infections were defined by 

self-report as “febrile illnesses requiring hospitalization and antibiotics, or sepsis”, and thus it is 

unknown if any serious infections due to viral or non-bacterial pathogens occurred (4).  

 Across all the case reports, case series, registries, and cohort studies, there were no 

signals suggesting that ustekinumab increases the risk of adverse pregnancy outcomes. These 

findings are similar to what is known regarding TNFi, which display similar placental transfer. 

There is substantially more evidence, however, regarding TNFi safety in pregnancy (~5000 

exposed pregnancies), allowing for stronger conclusions to be drawn regarding their safety in 

pregnancy. The potential risks of having high blood levels of UST in offspring after birth, 

however, have not been adequately studied and remain poorly understood.  
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 3.6. Guidelines 

 Several clinical practice guidelines have addressed the safety of UST in pregnancy. These 

guidelines are meant to guide clinical practice by summarizing the state of the evidence 

regarding the safety of different pharmacological therapies for IBD and/or PsO. We will focus on 

the guidelines published on behalf of official professional organizations representing the three 

medical specialties that care for these patients, the American College of Rheumtaology (ACR) 

(19), the European League Against Rheumatism (EULAR) (3), the American Academy of 

Dermatology (AAD) and National Psoriasis Foundation (NPF) (20), and the American 

Gastroenterological Association (AGA) (21). Most of these guidelines use established methods 

for evaluating evidence, including the Grading of Recommendations, Assessment, Development 

and Evaluations (GRADE) methodology (22) (EULAR, ACR) and the Oxford Centre for 

Evidence-based Medicine – Levels of evidence (23) (EULAR). 

 The EULAR (3) 2016 guidelines for antirheumatic drug use before, during, and after 

pregnancy stated that there was limited evidence available regarding the safety of ustekinumab in 

pregnancy and it should thus be replaced prior to conception by other medication, clarifying that 

ustekinumab should only be used when “no other pregnancy-compatible drug can effectively 

control maternal disease”. EULAR rated this recommendation as GRADE level 2, meaning the 

true effect may be markedly different than the published effect estimates, and a level 4 on the 

Oxford scale, indicating the studies used to make the decision were limited in nature, including 

case-series and/or poor quality cohort or case-control studies.  

 In 2019, the AAD-NPF guidelines (20) on biologic therapy in PsO were published. 

Although the guideline writers used a validated grading system to evaluate most of their 
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recommendations (24), their recommendations regarding the use of biologic therapy during 

pregnancy and lactation were only judged based on expert consensus. This guideline states that 

the safety of ustekinumab in pregnancy is uncertain, and make no statement as to how patients 

should be counseled or managed regarding this issue. 

 In the same year, the AGA’s IBD Parenthood Project Working Group published their 

guidelines, which were based on an expert analysis of the available data (21). These guidelines 

advocate planning the final dose of ustekinumab 6-10 weeks prior to delivery if using standard 

12-week ustekinumab dosing or 4-5 weeks prior to delivery if using 4-week dosing, and 

resuming both postpartum. These are the first guidelines to advocate that ustekinumab be 

continued during the 1st and 2nd trimesters of pregnancy. The authors provide no description of 

how they weighed the available evidence or the strength of their recommendation.  

 The ACR’s 2020 guidelines on managing reproductive health in rheumatic disease 

advocate continuing ustekinumab therapy while trying to conceive, but stopping once pregnancy 

has been confirmed (19). However, the authors acknowledge the need to carefully weigh the 

risks and benefits should disease not be controlled with other pregnancy-compatible medications. 

This evidence was judged as being conditional, reflecting that the limited available data led to 

some uncertainty in their recommendation.  

 In summary, only the AGA guidelines (21) recommend continued use of ustekinumab 

through the first and second trimesters of pregnancy. Other than the EULAR recommendations, 

which came out earlier than the others, the same evidence was available to all professional 

organizations when making their recommendations, although each agency used their own criteria 

for determining how they used this available evidence. Of note, lack of disease control across 
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ustekinumab indications has varied effects on pregnancy. Active IBD is well known to increase 

the risk of several adverse pregnancy outcomes (i.e., preterm birth, spontaneous abortion) (1) 

more than active PsO or PsA, potentially explaining the AGA’s willingness to recommend 

continued ustekinumab use through the earlier stages of pregnancy as compared to the 

recommendations from rheumatologists or dermatologists.  

 3.7. Conclusions 

 The current state of the evidence regarding the safety of ustekinumab in pregnancy is 

both limited and slowly evolving. Studies conducted to date have not identified an excess risk of 

adverse pregnancy outcomes, but the total number of exposed pregnancies in these studies 

remains small and they are limited by their lack of reference group and potential for reporting 

bias. There are also certain long-term outcomes, such as serious infections in exposed offspring, 

which require further investigation before more definitive conclusions can be made regarding the 

potential risks of in utero ustekinumab exposure. This paucity of data regarding ustekinumab 

safety in pregnancy represents an important knowledge gap as women with chronic 

inflammatory conditions need to be appropriately counseled when contemplating pregnancy or 

during pregnancy itself. Administrative databases have not yet been employed to study 

pregnancies exposed to ustekinumab. With their large sample sizes and long follow-up durations, 

high generalizability, and the ability to link outcomes in mother and offspring, they represent an 

important way to assess ustekinumab safety in pregnancy going forward. 
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Figure 3.1 Flow chart outlining steps for article inclusion 

 

 

Figure 3.2Flow chart outlining steps for article inclusion 
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Table 3.1: Characteristics of pregnancies exposed to ustekinumab (n=32) reported in the 16 

included case series/reports 

Author Indication Age of 

mother 

(years) 

Exposure period 

(trimester) 

Outcome 

Fotiadou et al. (25) PsO 35 1st Spontaneous abortion at 

12 weeks 

Andrulonis & 

Ferris (26) 

PsO and PsA 22 1st Uncomplicated live birth 

Sheeran & 

Nicolopoulos (27) 

PsO 21, 34 1st Uncomplicated live births 

Rocha et al. (11) PsO 25 1st Uncomplicated live birth 

Alsenaid & Prinz 

(12) 

PsO 24 2nd Uncomplicated live birth 

Galli-Novak et al. 

(13) 

CD and PsO 28 3rd  Uncomplicated live birth 

Lund & Thomsen 

(28) 

PsO 25, 29, 33 1st Uncomplicated live births 

Cortes et al. (14) CD 37 Throughout 

pregnancy 

Uncomplicated live birth 

Echeverria-Garcia 

et al. (29) 

PsO 35 2nd  Uncomplicated live birth 

Venturin et al. (30) CD 32 1st  Spontaneous abortion at 8 

weeks 

Rowan et al. (8) CD 35 Throughout 

pregnancy 

Uncomplicated live birth 

Galluzzo et al. (31) PsO 32, 32, 34, 37 1st  Uncomplicated live births 

Megna et al. (32) PsO 28 1st Uncomplicated live birth 

Klenske et al. (7) CD 24 Throughout 

pregnancy 

Uncomplicated live birth 

Mugheddu et al. 

(10) 

PsO 40, 41 1st  Uncomplicated live birth 
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Watson et al. (9) PsO 20, 34, 19, 19, 

38, 38, 38, 39, 

22, 39 

All 1st except #5, 

2nd  

2 spontaneous abortions, 

rest live births 

 

Table 3.2: Characteristics of the pregnant women exposed to ustekinumab (n=580) and reported 

in 3 registries and 2 cohort studies 

 Cather et al. 

(15) 

Scherl et 

al.(14) 

Geldhof et al.  

(17) 1 

Wils et 

al.(16) 

Mahadevan et al. 

(4) 

Indication PsO CD PsO/PsA/CD CD CD/UC 

Number of pregnancies 29 26 478 29 18 

Pregnancies with known 

outcomes 

26 24 All All 17 

Outcomes no. (%)      

    Live births 14 (53) 15 (63) 341 (71) 26 (90) 17 (100) 

    Spontaneous abortion 5 (19) 4 (17) 88 (18) 2 (7) - 

    Elective abortion 7 (27) 5 (21) - 1 (3) - 

    Congenital malformation 0 (0) 0 (0) 14 (4) 1 (3) - 

PsO: Psoriasis; PsA: Psoriatic arthritis; CD: Crohn’s disease; UC: Ulcerative colitis 

1 Note: Geldhof et al. (17) may double count cases that were also presented elsewhere 
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 3.9.  Discussion of the literature review 

 With manuscript #1, I highlight the important knowledge gap related to ustekinumab 

safety in pregnancy. Available data, although limited, suggest that ustekinumab poses no clear 

excess risk of adverse maternal or fetal outcomes when used during the gestational period. 

However, most clinical guidelines are still apprehensive to recommend its use during pregnancy 

(46,84). Of particular note to this thesis, there is hardly any evidence regarding the risk of serious 

infections in offspring exposed in utero to ustekinumab. The two identified studies addressing 

this issue were limited by their small sample sizes (n=18-29), which did not allow the detection 

of any serious infection events in exposed offspring (53,63).  

 This review has several limitations which must be acknowledged. Firstly, though 

conducted using a structured search, this review is not a rigorous systematic review. Only one 

database was searched (Medline via PubMed), which is the search database most relevant for this 

review, but allows for us to have missed relevant articles indexed exclusively in other databases. 

In addition, the grey literature was searched, looking at preprint databases and past 

rheumatology, gastroenterology, and dermatology abstract repositories. The grey literature, 

though providing several relevant articles, have not undergone peer-review and may contain 

preliminary results unsupported by formal analysis.I also reviewed the references of papers 

which met inclusion criteria looking for relevant literature. I searched the title and abstract for all 

hits and included every relevant article identified from the search for discussion in the paper. 

However, only one reviewer (i.e. Jonah Gorodensky) conducted all stages of the review 

including performing the query and reviewing abstracts. For increased validity, in a systematic 

literature review, a second reviewer should ideally conduct independently the literature search 

and review. As well, a librarian was not included in the literature search; doing so would have 

increased the robustness of our search. Finally, I did not assess the quality of included studies 

using a standardized scale (e.g. Newcastle-Ottawa quality assessment scale) as required for a 

systematic literature review.  

 As well, there are dozens of best practice guidelines which include statements regarding 

ustekinumab use in pregnancy, usually at most a brief paragraph and often times just a sentence 

in an appendix. All these guidelines make very similar recommendations (i.e., replace prior to 

conception due to limited available data on which to determine safety), with only the AGA 
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guidelines suggesting that ustekinumab be continued through the second trimester (49). As a 

mean of consolidating these various guidelines, in manuscript #1, I only discussed the clinical 

guidelines from the major American and European professional organizations representing 

dermatologists, rheumatologists, and gastroenterologists, the three medical specialties that most 

frequently care for patients with chronic inflammatory diseases for which ustekinumab is used. 

 Overall, this literature review highlights the importance of my thesis work, identifying an 

important knowledge gap. There is currently very little evidence regarding serious infection risk 

in offspring exposed to ustekinumab. Furthermore, the manuscript highlights that, until now, 

there have been no published studies serious infections in offspring exposed in utero to 

ustekinumab using administrative data.   
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 4. Cohort study methods 

 In this chapter, I provide a more detailed description of the methods used to conduct the 

retrospective cohort study. As was shown previously, there is a paucity of data regarding the 

safety of ustekinumab use in pregnancy, particularly with respect to infection risk among 

exposed offspring. This cohort was assembled to answer the thesis’ primary objective of 

quantifying the risk of serious infection in offspring exposed to ustekinumab in utero 

(manuscript #2). Similar methods were used to address the secondary objectives of this thesis, 

which was to evaluate the risk of serious infections in children exposed in utero to vedolizumab 

(manuscript #3). Methods are also described, albeit in less detail, in manuscripts #2 and #3, 

which are presented in chapter 5 and 6 respectively. I hope to use the current chapter to provide 

additional insight and rationale into the methods used in both manuscripts. This study was 

approved by the McGill University Faculty of Medicine Institutional Review Board, study 

number A11-M107-14A. 

 4.1. Data source 

 The data source for this thesis was the IBM MarketScan commercial database. 

MarketScan commercial database (hereinafter referred to simply as MarketScan) is a large 

American convenience sample of people who receive health insurance through their work and 

their dependents. The database includes more than 230 million unique individuals, with 

approximately 40 million unique individuals included in any given year who are followed 

longitudinally for as long as they retain eligible insurance (91). Of note, a single patient can be 

followed even if they switch between eligible insurance companies, so follow-up lasts as long as 

any eligible insurance is retained. The database contains information on, among other things, 

hospitalizations, outpatient visits, and outpatient drug claims. Each individual has a unique, de-

identified code which allows for the longitudinal follow-up across insurance companies, and, 

most relevant to this thesis, the ability to link mothers with their offspring. Due to its large size, 

MarketScan is well suited to address questions regarding rare diseases, exposures or outcomes. 

There has been extensive use of MarketScan to answer questions related to pregnancy (i.e, 

(28,92–94)), rheumatic diseases (i.e, (95,96)), or both (i.e, (58)), as well as drug safety in 

general, making this database well-suited for this thesis.  
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 Within the database, diagnoses and procedures were coded using the International 

Classification of Disease (ICD)-9th Revision until December 31st, 2015, and the ICD-10th 

Revision from January 1st, 2016 until present, as well as Current Procedural Terminology (CPT) 

and Diagnosis Related Groups (DRG) codes. Drugs are coded using National Drug Codes 

(NDC). These NDC can be obtained from from the American Food and Drug Administration’s 

website.ii In the process of conducting this thesis I wrote an R package to automatically collect 

these NDC codes and corresponding drug information from the FDA’s website. The package and 

its documentation is available on my GitHub and can be freely used.iii  

 4.2. Creating the study cohort 

 4.2.1 Identifying offspring born to women with chronic inflammatory 

diseases 

 For this thesis the study period was January 1st, 2011 to December 31st, 2018. As was 

discussed in section 4.1, these dates imply a change from ICD-9 to ICD-10 midway through the 

study period. We began by identifying all pregnancies that resulted in a live birth based on a 

ICD-9/10 code for vaginal or cesarean delivery (58,93,94). Multiple pregnancies, ectopic or 

molar pregnancies, those ending in spontaneous or induced abortions, and stillbirths were 

identified using relevant ICD-9/10, CPT or DRG codes and excluded (94). A complete list of 

relevant inclusion and exclusion codes can be found in the supplemental to manuscript 1 (section 

5.10, Table 5.5). For a pregnancy to be included in the cohort, there had to be at least one year of 

continuous enrollment in MarketScan prior to date of delivery, allowing us to assess drug 

exposure during the entire gestational period.  

 From the cohort of pregnancies that resulted in live births, we identified women 

diagnosed with any of the chronic inflammatory diseases of interest (PsO, PsA, and IBD). 

Diagnosis of PsA and/or PsO was made the basis of ≥1 inpatient claim or ≥2 outpatient claims 

before delivery (ICD-9: 696.1X, 696 ICD-10: L40.0, L40.1, L40.2, L40.3, L40.4, L40.8, L40.9, 

M09.0, L40.5, M07.X). This algorithm has been validated using Canadian administrative data, 

where it was shown to have sensitivity of 52% and specificity of 99% for PsO and 51% and 

100% respectively for PsA, with clinician diagnosis based on chart review acting as the reference 

 
ii  https://open.fda.gov/ 

iii  https://github.com/jonahgorodensky/oFDAinfo 

https://open.fda.gov/
https://github.com/jonahgorodensky/oFDAinfo
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standard (97). These sensitivities are relatively low and imply that we may fail to identify some 

patients with PsO/PsA while the very high specificities suggest that the patients we do capture 

are very likely have the disease. Though it could be problematic that we are missing women with 

PsO/PsA, our exposure of interest is not the disease per-se but rather the drug exposure. PsO in 

particular can vary widely, from a mild to a severe and debilitating disease. Those with more 

severe disease are more likely to: 1) be included in our study due to their having more interaction 

with the healthcare system regarding their disease and, 2) be exposed to the drugs of interest. 

Given that our primary objective was to assess the effect of a specific drug exposure on serious 

infection risk in offspring (and not the effect of the disease itself), I do not believe that the low 

sensitivity of the PsO/PsA case definition invalidate our findings. 

 The algorithm to identify IBD cases was similar to the one used to identify PsA/PsO: ≥1 

inpatient or ≥2 outpatient claims for IBD before delivery (combining UC and CD, ICD-9: 

555.xx, 556.xx ; ICD-10: K50.xx, K51.x). This has been validated, with any hospitalization 

shown to have sensitivity of 82.2% and specificity of 96.1% in the UK General Practice 

Research Database, and ≥2 outpatient codes shown to have sensitivity of 86.5% and specificity 

of 91.6% in Kaiser Permanente administrative physician claims data, using medical charts as 

reference in both (98). As was discussed in section 2.1.2, IBD is not a single disorder, but rather 

encompasses several diseases, most notably CD and UC. It is well established, however, that 

accurately differentiating between UC and CD in administrative data is very difficult. Also, there 

is no data suggesting that ustekinumab use or pregnancy outcomes would differ between UC and 

CD. Thus, I did not sub-categorize patients based on which type of IBD they had. Granted, 

ustekinumab was approved for each disease at different times, with FDA approval for UC 

occurring after the end of the study period. However, it is known that ustekinumab was widely 

used off-label in UC over the same time period (99,100). Thus, it is likely that some of the IBD 

pregnancies exposed to ustekinumab identified in our study occurred in mothers with UC, not 

just CD. 

 In addition to identifying live-born pregnancies occurring in mothers with PsO/PsA/IBD, 

we randomly selected pregnancies of women without any of the chronic inflammatory diseases 

of interest to act as a healthy reference group, though they could have had other serious diseases 

which were not considered as part of this study. This allowed for an understanding of baseline 
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serious infection risk and covariate distribution in the general MarketScan population, which is 

not representative of the American population in general (this will be discussed further in section 

7.2). These unaffected pregnancies were matched to pregnancies with a disease of interest based 

on maternal age, year of delivery and geographic location of residence. Geographic location was 

identified at the state level (if state was known) or at the more general region (ie. north-east, 

south-west) if state was unknown (91). 

 To create the final study cohort of offspring we identified the children born alive to the 

women described above, deterministically linking mothers with their infants using family 

identifiers and delivery dates. This method is widely used with MarketScan data (58,93,94), 

having been shown to accurately link 70% of live births (94), and is similar to the algorithms 

used in other databases (101). Once entered into the cohort, offspring were followed from birth 

(the date of cohort entry) until 12 months of age, first serious infection, end of insurance 

eligibility, death, or end of study period (December 2018), whichever came first. One woman 

could contribute more than one pregnancy to the cohort. A flow chart of describing cohort 

creation is provided as part of manuscript #2 (Figure 5.1). 

 4.2.2 In utero exposures in offspring 

 In utero drug exposures were defined as at least one filled prescription or infusion 

procedure code during the pregnancy period for the drugs of interest. The pregnancy period was 

defined based on estimated gestational age, which will be discussed further in section 4.3.1. The 

exposure of interest varied between manuscripts #2 (ustekinumab) and #3 (vedolizumab), with 

minor differences in exposure group definitions. 

 In manuscript #2 (chapter 5), the main exposure of interest was ustekinumab, defined as 

exposure during the pregnancy period. The TNFi group was defined as pregnancies unexposed to 

ustekinumab but exposed to adalimumab, infliximab, certolizumab, etanercept, or golimumab. 

The other biologic group was defined as pregnancies unexposed to ustekinumab or TNFi but 

exposed to a non-TNFi biologic (vedolizumab, secukinumab, guselkumab, ixekizumab, 

brodalumab, natalizumab). Pregnancies unexposed to any biologic but exposed to a systemic 

traditional DMARD (apremilast, MP, mesalamine, MTX, sulfasalazine, 5-ASA, CsA, tacromilus, 

leflunomide) constituted the fourth exposure group. Exposure groups were mutually exclusive, 

meaning a given offspring could only be a part of one group. 
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 In manuscript #3 (chapter 6), the exposure of interest was vedolizumab, defined by any 

offspring exposed during the pregnancy period. The TNFi group was defined as pregnancies 

unexposed to vedolizumab but exposed to adalimumab, infliximab, or certolizumab. The other 

biologic group was defined as pregnancies unexposed to vedolizumab or TNFi but exposed to a 

non-TNFi biologic (ustekinumab, secukinumab, guselkumab, ixekizumab, brodalumab, 

natalizumab). Pregnancies unexposed to any biologic but exposed to a traditional DMARD (MP, 

mesalamine, 5-ASA) constituted the last exposure group.  

 The main comparator group was offspring born to women with a chronic inflammatory 

disease (PsO, PsA and/or IBD) but unexposed to any relevant drug during the gestational period. 

This group was used as the primary reference group, rather than healthy controls, in an attempt to 

reduce potential confounding by indication, ensuring that the resulting effect estimates were from 

the drug and not confounded by underlying the disease. As was discussed in section 2.2.2, 

chronic inflammatory diseases are often linked with increased risk of adverse birth outcomes, 

thus when assessing risks associated with drug exposure it is imperative to compare populations 

with equivalent disease status. There are obvious potential problems with residual confounding 

by disease activity that complicate the comparability of the groups exposed versus unexposed to 

certain drugs and these issues will be discussed in sections 4.3.1 and 7.2. 

 4.2.3 Outcome 

 The outcome of interest was serious infections. This was defined as any single inpatient 

ICD-9/10 code for an infection of any type within the first year of life. Infection codes were 

derived from validated studies, including Henriksen et al., which found discharge diagnoses for 

infection to have sensitivity of 79.9% (95% CI 78.1%, 81.3%) and specificity of 83.9% (95% CI 

82.6%, 85.1%) (102). This study was conducted across a range of infection subtypes (i.e., 

bacterial, viral) in a Danish database, although this was in an adult rather than an infant 

population (102). Two cohort studies looking at neonatal infections also provided lists of 

diagnostic codes for infection, though neither validated their code list (103,104). These studies 

were used to compile an extensive list of ICD-9/10 codes used to identify serious infection in this 

thesis. Serious infections were not restricted to a specific class of pathogen or body area and 

included bacterial, viral, and fungal infections. 
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 Offspring were limited to one outcome (infection) and were censored on the date of first 

serious infection diagnosis. Observations that did not experience an event were censored at 12 

months, end of insurance eligibility, death or end of study period, whichever came first. Certain 

biologics, especially TNFi, are associated with an increased risk of tuberculosis (TB) and, if it 

develops, poor outcomes (ie. hospitalization, meningitis, death) from the infection (105). This 

has led to recommendations for most biologics that testing for latent TB be done before 

initiation, and that all patients taking biologics be actively monitored for TB. Thus, special 

attention was given in our cohort to whether there were any diagnoses of TB in any group.  

 4.3. Statistical Analyses 

 4.3.1 Covariates   

 All multivariate models were adjusted for potential confounders. These variables were 

identified as potential confounders (associated with exposure and outcome) based on subject 

matter expertise and in keeping with similar studies already published in this area. Potential 

confounders included the presence of maternal gestational or pre-existing diabetes, maternal age, 

maternal exposure to systemic corticosteroids at any time from 3 months prior to conception 

until the end of gestation, maternal concomitant drug exposure (e.g. an offspring in the TNFi 

group also being exposed in utero to a traditional DMARD), whether or not the delivery was 

preterm, and disease state (PsO/PsA vs IBD).  

  Gestational or pre-existing diabetes was included as both are associated with adverse 

birth outcomes, including extreme birth weights (both high and low), congenital malformations, 

stillbirth, and neonatal death (106,107). Diabetes is associated with infections and poorer 

prognoses when infection is present in mothers, with some evidence suggesting diabetes may be 

associated with neonatal infection (108). Gestational or type I or II diabetes pre-existing before 

pregnancy was identified as any single physician billing or hospitalization with a relevant ICD-

9/10 code corresponding to either disease (ICD-9: 250.xx, 648.0x, 648.8x; ICD-10: E10.xx, 

E11.xx, O24.xx).   

  Preterm birth is well known to be both associated with infections in offspring (109–113), 

potentially due to an underdeveloped immune system (111,113). Due to this relationship, it was 
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crucial that we identify and control for preterm birth within our cohort. To assess whether a 

delivery was preterm, established algorithms were used to first approximate gestational age 

(GA). Preterm birth was considered as a binary variable for our purposes (either preterm or not) 

though the algorithm used could, in most cases, provide an approximation of GA. Identifying 

gestational age began by identifying whether a GA ICD code was present in the records of 

mother or child. All of the codes are presented with their respective GA in Appendix A, table 9.1. 

An assigned GA of less than 37 weeks or less considered preterm. If none of these codes were 

present, but one of O60.xx (ICD-10) or 644.0x, 644.1x, 644.2x (ICD-9) (all codes referring 

simply to preterm labour/delivery) was present the pregnancy was also deemed preterm, though 

estimating exact GA was not possible. If GA was unknown term pregnancies were assigned 40 

weeks gestation and pre-term pregnancies were assigned 37 week gestation. This method of 

identifying preterm birth is based largely on the work of Marić et al. (93), Margulis et al. (114), 

and Ailes et al. (92), and has been shown to have high sensitivity (91%) and specificity (98%) at 

identifying binary preterm birth with reviewing the delivery discharge record acting as reference 

standard (114). 

 Exposure to corticosteroids was defined as any single filled prescription for 

corticosteroids during pregnancy or during the pre-conception period. Topical or inhaled 

corticosteroids were not considered exposure for this study. In IBD, hospitalized patients are 

sometimes treated with intravenous corticosteroids, mostly hydrocortisone and 

methylprednisolone. In MarketScan, drugs dispensed to inpatients are not available, limiting the 

ability to assess intravenous corticosteroid use (which is generally administered during 

hospitalizations), to only relevant procedure codes (91). We considered any such code as 

exposure to intravenous corticosteroids. Concomitant drug use was assessed in the same way as 

drug exposure in section 4.2.2, wherein exposure to a drug of interest other than a patient’s main 

exposure group (ie. a patient in the ustekinumab group also exposed to MTX) was considered 

concomitant. Corticosteroid use and concomitant use were included as both have been linked 

with an increased risk of maternal infection (which is itself linked with neonatal infection) 

(115,116). 

 Disease state, defined as which of PsO, PsA and/or IBD a patient had, was also included 

as a covariate. This was important since each exposure group may have had differential 
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distribution of disease states based on the indications of the drugs comprising these groups. It has 

been shown that the different disease processes have differential effects on pregnancy outcomes 

(see section 2.1), including preterm birth, and are themselves differentially associated with the 

outcome of interest, serious infections. As disease was associated with both drug exposure and 

outcome it was an important confounder to adjust for.  

 4.3.2 Primary statistical analysis  

 Descriptive statistics were used to characterize the different exposure groups and quantify 

the crude number of serious infections per group. Continuous variables were described as mean 

(standard deviation, SD) and binary variables (such as corticosteroid use) were described as 

absolute numbers and percentages . Crude cumulative incidence proportions for infection were 

calculated as percentages with 95% CI calculated using Wilson CI estimates for binomial 

proportions using the BinomCI function of the DescTools R package (117). These CIs are an 

asymmetric extension of the normal approximation and are known to have good coverage while 

being less conservative than Clopper-Pearson CI. These intervals are also robust to small sample 

sizes and low proportion of events, important in the ustekinumab, vedolizumab, and other 

biologic groups (118). 

 The primary analysis employed univariable and multivariable logistic regression using 

generalized estimating equations (GEEs) to calculate ORs for serious infection. Logistic 

regression typically takes the form 

𝑌𝑖 = 𝛽0 + 𝛽1𝑋𝑖. . . 𝛽𝑛𝑋𝑛 + 𝜖𝑖 

where i represent individuals. These models rely on the assumption that errors (εi) are 

independent of one another. As this study allows for multiple offspring from one mother to be 

included, this assumption does not hold. It is known that pregnancy outcomes are more similar 

within a single mother than they are across several mothers, which violates the assumption that 

errors be independent. There are several ways of accounting for this clustering, including 

random-effects models, Bayesian hierarchical methods, and GEEs (119). For this thesis we chose 

the latter for several reasons, including their robustness and ease of interpretation.  

 GEE are semi-parametric models, with the general equation 
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𝐸[𝑌𝑖𝑗 ∨ 𝑋𝑖] = 𝛽0 + 𝛽1𝑋𝑖𝑗. . . 𝛽𝑛𝑋𝑖𝑗 

where i represents a cluster and j represents an index within that cluster. Within the context of 

this thesis, i represents a mother who may have more than one included pregnancy and j 

represents an individual pregnancy. GEE requires pre-specifying the correlation structure within 

a cluster. I chose to model the correlation structure as being exchangeable, meaning any two 

pregnancies born to the same mother could be considered equally correlated. This said, GEE are 

robust to misclassified correlation, so effect and variance estimates would be correct regardless 

of the true correlation structure, useful as understanding the true correlation between infection 

risk in offspring born to the same mother is difficult (120). 

 GEEs are also preferred over random-effects models when the number of clusters is large 

and the size of clusters is small, as is the case when looking at pregnancies in administrative 

data. The number of included pregnancies to a given women is very small relative to the number 

of total included pregnancies, meaning a very high number of small clusters (max cluster size in 

our cohort was 4). If these data were modeled using random-effects models, it would likely lead 

to high standard errors (121). 

 GEE are also optimal for this analysis because of their interpretation. Unlike random-

effects models, whose coefficients can be interpreted at the individual (woman) level, GEE 

coefficients are interpreted at the population-average level. For the purposes of this thesis, these 

different interpretations can be understood as the difference between understanding the results as 

the effects of drug exposure on an individual's risk of serious infection relative to the reference 

group versus the average increased risk across an exposure group (i.e. the risk in the group 

exposed to ustekinumab) relative to the reference. Our interest in understanding the risk among 

offspring exposed in utero to ustekinumab make the population-average interpretation of GEEs 

most suitable to our analysis.  

 4.3.3 Sensitivity Analyses  

 In addition to the primary analysis described above, I performed three secondary 

analyses, varying the duration of follow-up time, the exposure assessment window, and statistical 

methods to better understand the robustness of our results.  
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4.3.3.A Restricting follow-up time to first 3 months 

 I conducted an analysis wherein follow-up for observing infection was censored at 3 

months (90 days) after birth. By definition this analysis reduces the number of infections within 

the sample, as any child who develops an infection between 3 and 12 months of age is 

considered as not having an infection. At the same time, the first three months are when the 

blood levels of drugs in the exposed infants will be highest and therefore biologically most likely 

to cause immunosuppression. Restricting to the first 3 months helps focus on events that are most 

likely to be due to drug-related immunosuppression. As well, infections in newborns are more 

dangerous than those in older infants, making understanding infection risk within the first three 

months all the more important. This analysis is particularly relevant because current guidelines 

suggest not giving neonates exposed in utero to biologics during the third trimester live vaccines 

within the first 6 months of life (49), although it is not clear if this delaying of vaccination in 

these neonates is warranted. Since there is a differential infection risk between vaccinated and 

unvaccinated neonates, the period before vaccination is most suitable to control for differential 

vaccination rates between exposure groups.  

4.3.3.B Expanding the exposure assessment window to include the pre-

conception period 

 Another sensitivity analysis involved expanding the exposure assessment window from 

pregnancy only to also include the pre-conception period. The pre-conception period was defined 

as the 3 months immediately prior to the pregnancy. Conception was approximated using the 

method discussed in section 4.3.1. Increasing the exposure period increases the number of 

exposed pregnancies and therefore allowed us to see whether we detected any signals of 

increased infections knowing that our sample would be larger. As well, the identification of the 

pregnancy period was not perfect, and as such there is likely misclassification of drug exposure 

around the beginning of pregnancy. Some pregnancies exposed to a drug during the first 

trimester may have been misclassified as preterm (and therefore the beginning of the pregnancy 

period would have been considered pre-pregnancy). Expanding the exposure window allows us 

to potentially account for this misclassification. This said, as IgG typically do not cross the 

placenta until 16 weeks gestation, one would expect that fetuses exposed at conception and/or 

very early in pregnancy would be less at risk of infection caused by immunosuppression from 
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maternal drugs. We would expect the result of this analysis to be closer to the null should there 

be a causal relationship of infection associated with in utero drug use.  

4.3.3.C Time-to-event analysis 

 Finally, we performed a sensitivity analysis wherein we used Cox proportional hazard 

(PH) models with frailties to assess infection risk while accounting for time to infection. This 

survival analysis technique allows us to quantify whether there is a different risk of infection 

over time between the groups of offspring, assuming proportional hazards. Frailties are a method 

of accounting for the clustering that occurs from women having more than one included 

pregnancy and are analogous to, but mathematically distinct from, the GEEs discussed in section 

4.3.2 (122). Conducting these analyses allowed us to confirm that there was no differential 

infection risk over time between the groups and that infection occurred on average equally over 

time within each group. Across the three sensitivity analyses we found our results remained 

consistent with those of the primary analysis. Results of all sensitivity analyses are discussed in 

chapter 5 and tables with full numeric results included in the supplemental to manuscript #2 

(section 5.10). 

 The next two chapters are manuscripts detailing the results of the cohort study described 

here. The first (manuscript #2, chapter 5) will provide results for ustekinumab analysis involving 

the larger cohort of women within chronic inflammatory conditions. The second (manuscript #3, 

chapter 6) will describe the vedolizumab study conducted in the subset of offspring whose 

mothers had IBD.  



 

45 

 5. Manuscript #2 – Serious infections in children exposed 

in utero to ustekinumab 

 5.1. Preamble to manscript #2 

 This manuscript, titled “Serious infections in children exposed in utero to ustekinumab” 

is formatted for submission to Annals of Rheumatic Diseases. Using the methods described in 

chapter 4, it addresses the first objective of this thesis, which is to investigate the risk of serious 

infections in offspring exposed in utero to ustekinumab. In doing so, I attempt to address the 

knowledge gap identified in manuscript #1. Section 5.10 provides the supplemental material to 

this manuscript, which will be available online upon publication. 

 I have presented the findings related to this manuscript at the 2021 Canadian 

Rheumatology Association annual scientific meeting, during a virtual poster tour, with the 

abstract ranking among the top 5 trainee abstracts.
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Abbreviations: 

aOR: adjusted odds ratio 
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CPT: current procedural terminology 

DMARD: disease modifying anti-rheumatic drug 

HR: hazard ratio 

IBD: inflammatory bowel disease 

ICD: International classification of disease 

IgG: immunoglobulin G 

IL: interleukin 

OR: odds ratio 

PsA: psoriatic arthritis 

PsO: psoriasis 

TNFi: tumour necrosis factor inhibitor 

UC: ulcerative colitis 
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 5.2. ABSTRACT 

Background/objectives: To assess the risk of serious infections in offspring exposed in utero to 

ustekinumab. 

Methods: We conducted a retrospective cohort study using the IBM MarketScan database. We 

included live births (01/2011-12/2018) among women with psoriasis, psoriatic arthritis, and 

inflammatory bowel disease. Drug exposure was defined as ≥1 filled prescription or infusion 

during pregnancy. We evaluated serious infections (infections requiring hospitalization) within 

the first year of life. We used multiple logistic regression with generalized estimating equations 

to estimate the odds ratio (OR) for serious infection with ustekinumab versus no drug use, 

adjusting for potential confounders. 

Results: We identified 16,130 offspring born to mothers with chronic inflammatory diseases, 

including 52 exposed to ustekinumab. Risk of serious infection among offspring exposed to 

ustekinumab exposure was 3.8% [95% confidence interval (CI) 1.0%, 13.0%], slightly higher 

than among offspring unexposed to any drug of interest (2.6%, 95% CI 2.3%, 2.8%), but 

confidence intervals overlapped. After adjusting for potential confounders, the odds ratio for 

serious infections after ustekinumab exposure versus no exposure to any drug was 1.58 (95% CI 

0.37, 6.84). 

Conclusion: In the largest cohort of exposed pregnancies assembled to date, we were unable to 

detect a clear excess risk of serious infection in offspring exposed in utero to ustekinumab. More 

research is needed before definitive statements regarding infection risk in offspring exposed to 

ustekinumab can be ascertained.  
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 5.3. INTRODUCTION 

 Chronic inflammatory conditions, including inflammatory bowel diseases (IBD), 

psoriasis (PsO), and psoriatic arthritis (PsA), have a high burden among women of reproductive 

age. There has been significant interest in finding safe ways of controlling disease activity during 

pregnancy without adversely affecting the pregnancy or offspring. Biologic therapies, such as 

tumour necrosis factor inhibitors (TNFi) and interleukin (IL)-12/23 inhibitors have increasingly 

been used as first and second line systemic therapies for many inflammatory conditions 

including PsO, PsA, and IBD.[1,2] Though largely considered safe for the mother and fetus 

during gestation, these drugs are powerful immunomodulators and as such may cause 

immunosuppression in the exposed offspring. 

 Maternal immunoglobulin G (IgG) is actively transported across the placenta (with 

transport beginning at around 16 weeks of gestation and increasing throughout pregnancy), 

giving offspring similar immunity against pathogens as their mother for the first few months of 

life. Many biologic drugs are monoclonal antibodies and are actively transported across the 

placenta via the same mechanism.[3] This mechanism could lead to immunosuppression in the 

offspring born to mothers who used therapeutic monoclonal antibodies (i.e. biologic drugs) 

during pregnancy. There is relatively little research exploring whether children exposed in utero 

to biologic therapies are at increased risk of infection after birth, but two recent studies have 

shown that among 2,989 children born to mothers with rheumatoid arthritis (380 exposed to 

TNFi),[4] and 1712 born to mothers with IBD (846 exposed to TNFi),[5] there was no clear 

increased risk of serious infection among offspring exposed in utero to TNFi as compared to 

unexposed offspring.[4] 
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 Ustekinumab is currently the only approved IL-12/23 inhibitor. The FDA approved its 

use for PsO in 2009, PsA in 2013, Crohn’s disease (CD) in 2016 and ulcerative colitis (UC) in 

2019. As with TNFi, there is documented evidence in both animals and humans that ustekinumab 

crosses the placenta and that offspring often have higher cord blood levels than their mothers, 

with cord levels reaching 113-186% of maternal levels.[5–8] To date, research on ustekinumab 

safety in pregnancy has been limited to assessing complications such as preterm birth, fetal loss, 

and birth defects, with the available evidence largely based on case reports and series. The 

current evidence suggests minimal risk of birth defects in offspring exposed to ustekinumab in 

utero.[9] Though most guidelines still advocate avoiding its use in pregnancy,[10–12] some 

authors have recently suggested that the benefits may outweigh the potential risks in certain 

clinical situations.[13] 

 To date there have been few studies looking at cohorts of offspring exposed in utero to 

ustekinumab and none examining the potential for immunosuppression among exposed 

offspring. In a large retrospective cohort study, we compared the risk of serious infections in 

offspring exposed to ustekinumab, TNFi, and non-biologic immunosuppressives, versus 

offspring unexposed during pregnancy among women with PsO, PsA, and/or IBD. 

 5.4. METHODS 

 5.4.1 Data source and study population 

 We assembled a cohort of children born to mothers with PsO, PsA, and/or IBD using the 

IBM MarketScan commercial databases (January 1, 2011 to December 31, 2018). The 

MarketScan commercial database is a large prospective US database of >230 million people with 
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employer-provided health insurance containing data on hospitalizations, outpatient visits and 

drug claims.[14] Diagnoses are recorded within the database using diagnostic codes from the 

International Classification of Diseases (ICD) 9th edition, and, since January 1, 2016, the ICD 

10th edition, with procedures recorded as Current Procedural Terminology (CPT) codes. 

 We first included all pregnancies resulting in a live birth, based on a single related 

diagnosis (ICD-9/10) or hospital procedure code for vaginal or cesarean delivery (see 

supplemental material).[4,15] In doing so we excluded multiple pregnancies, ectopic 

pregnancies, molar pregnancies, pregnancies ending in spontaneous or induced abortions, and 

stillbirths. Gestational age was estimated from ICD codes using an established algorithm.[15] 

Within this subset of women who had live births, we identified mothers with the diseases of 

interest as having any two outpatients diagnostic codes or any single inpatient code for PsO, 

PsA, and/or IBD diagnosed before delivery (ICD 9: PsO: 696.1x; PsA: 696; IBD: 555.xx, 

556.xx; ICD 10: PsO: L40.0, L40.1, L40.3, L40.4, L40.8, L40.9, M09.0, L40.5; PsA: M07, IBD: 

K50.xx, K51).[16,17] These case definitions demonstrated sensitivity and specificity values of 

52% and 99% for PsO, 51% and 100% for PsA, and 82% and 96% for IBD, using chart review 

as reference.[16,17] For each mother with the disease of interest, we identified 10 mothers with 

neither condition at any time prior to and during pregnancy matched on age, year of delivery, and 

geographic location to act as a non-diseased control group. To be included in our cohort, women 

had to be continuously enrolled within the MarketScan database for 12 months prior to delivery. 

Offspring were deterministically linked to their mothers using family identifiers and delivery 

dates[15,18] and were followed from birth to an event (defined below) or censoring at the end of 

follow-up (12 months), end of insurance eligibility, death, or end of study period (December 31, 

2018), whichever came first. 
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 5.4.2 Exposure definition 

 Drug exposures were defined as at least one filled prescription or infusion procedure code 

during the pregnancy period for a drug of interest. The main exposure of interest was 

ustekinumab exposure during pregnancy. Other exposure groups included pregnancies 

unexposed to ustekinumab but exposed to TNFi (ie. etanercept, infliximab, adalimumab, 

certolizumab, golimumab), those unexposed to ustekinumab and TNFi but exposed to another 

biologic disease modifying anti-rheumatic drug (DMARD) (i.e. vedolizumab, secukinumab, 

ixekizumab, natalizumab), those unexposed to any biologic DMARD but exposed to a systemic 

non-biologic DMARD (i.e. sulfasalazine, mesalamine, cyclosporine, azathioprine, 6-

mercaptopurine), and those unexposed to any systemic DMARD therapy. If exposed to more 

than one type of drug, grouping was assigned to the drug category of greater interest 

(ustekinumab > TNFi > other biologics, etc), but the use of multiple drugs during pregnancy was 

included as a covariate. 

 5.4.3 Outcome 

 The outcome of interest, serious infections, was defined as any single inpatient ICD-9/10 

code for infection of any type within the first year of life (see supplemental material).[19,20] 

This approach of identifying serious infections has been shown to have a high sensitivity 

(79.9%) and specificity (83.9%) when using chart review as a reference. Person-time was 

censored at 12 months, end of insurance eligibility, death, date of admission for the first serious 

infection, or end of study period, whichever came first. 
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 5.4.4 Covariates 

 In addition to drug exposures, we included as covariates in all multivariate models: 

maternal age, maternal gestational or pre-existing diabetes (ICD codes: ICD 9: 250.xx, 648.0x, 

648.8x; ICD 10: E10.xx, E11.xx, O24.xx), any exposure to systemic corticosteroids from 3 

months prior to conception until the end of gestation, other concomitant drug use (i.e., non-

biologic DMARDs), whether or not the delivery was preterm, and disease state (PsO/PsA and/or 

IBD). 

 5.4.5 Statistical analyses 

5.4.5.A Primary analyses 

 We calculated descriptive statistics to characterize the different exposure groups and 

quantify the crude number of infections per groups. Univariate and multivariate analyses using 

generalized estimating equations (GEE) were used to calculate crude and adjusted odds ratios 

(aORs) respectively. GEEs were used to account for correlation that might arise from including 

offspring from mothers with more than one eligible pregnancy during the study period. Analyses 

were performed using children unexposed to any systemic DMARDs as the reference groups. 

Multivariate analyses were adjusted for the covariates discussed above. 

5.4.5.B Secondary analyses 

 We conducted three sensitivity analyses to assess the robustness of our results. First, we 

repeated the primary analysis with follow-up restricted to the first three months of life to verify 

that infections were not being driven by factors unrelated to in utero exposure (e.g. differential 

vaccination of offspring). Second, we conducted analyses extending the exposure assessment 
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window (i.e. the look-back period) to also include the pre-gestational period (3 months prior to 

gestation). Finally, to ensure that infection occurred on average equally over time within each 

group, we repeated the analyses using Cox proportional hazards models with frailties, looking at 

infection rate accounting for follow-up time, though the effect estimates were very similar to 

those calculated using logistic regression. Results of these sensitivity analyses are provided in the 

supplemental. All analyses were performed using SAS, version 9.4 and R version 3.6.1.[21] 

 5.5. RESULTS 

 We identified 16,130 offspring born to 14,712 mothers with chronic inflammatory disease 

(PsA/PsO: 7,623, IBD: 8,319, PsA/PsO & IBD: 188) and 160,762 offspring of matched 

unaffected controls (see Figure 1). The study cohort included 52 offspring exposed to 

ustekinumab during pregnancy, 1,585 exposed to TNFi, 51 exposed to other biologic drugs, 

1,857 exposed to traditional DMARDs and 12,585 unexposed to any systemic DMARDs. Of 51 

women exposed to non-TNFi biologic drugs, 36 were exposed to vedolizumab, 8 to 

secukinumab, 5 to natalizumab, 1 ixekizumab and 1 to both secukinumab and ixekizumab. Of 

1,585 women exposed to TNFi during pregnancy, 650 were exposed to infliximab, 610 to 

adalimumab, 167 to etanercept, 142 to certolizumab pegol and 16 to golimumab. Of the 52 

pregnancies in the ustekinumab group, 2 were also exposed to TNFi and only 1 was 

concomitantly exposed to a traditional DMARD. 

 Table 1 describes the patient characteristics by exposure group. There was little 

difference in age among women across exposure groups. Women exposed to ustekinumab and 

those unexposed to any DMARD were less likely to be exposed to systemic corticosteroids 
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during pregnancy as opposed to women with inflammatory diseases in other drug exposure 

groups. 

 5.5.1 Serious infection risk 

 Table 2 presents the crude cumulative risk of serious infections in the first year of life. 

During the first year of life, serious infections occurred in 3.8% (95% confidence interval (CI) 

1.0 13.0) of offspring exposed to ustekinumab, 2.6% (95% CI 2.0, 3.6) exposed to TNFi, 3.9% 

(95% CI 1.1, 13.2) exposed to other non-TNFi biologics, 2.4% (95% CI 1.8, 3.2) exposed to 

traditional DMARDs and 2.6% (95% CI 2.3, 2.8) unexposed to any relevant drug in utero. The 

risk of serious infections in the healthy comparator group was 2.0% (95% CI 1.9, 2.1).Table 1: 

Maternal characteristics of offspring included in study cohort and matched healthy controls 

(n=176,892) 

 Within our cohort, we identified 412 infections among offspring whose mothers had PsO, 

PsA, and or IBD and 3,224 infections among offspring born to healthy controls. Infections were 

grouped generally by type,[20] which are described in Table 3. Infection types were similar 

between offspring regardless of maternal disease status. The most frequent types of serious 

infections were viral or bacterial lower respiratory tract infections, other viral or systemic 

infections and urinary tract infections, with all other types of infections accounting for less than 

5% of overall infections. Of note, we detected no cases of tuberculosis nor other types of 

mycobacteria infection. 
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Table 5.1: Maternal characteristics of offspring included in study cohort and matched healthy 

controls (n=176,892) 

 

With Disease of Interest 
 

Ustekinumab 

(n = 52) 

TNFi (n = 

1,585) 

Other 

biologics 

(n = 51) 

Traditional 

DMARDs 

(n = 1857) 

No drug 

exposure 

(n = 

12,585) 

Healthy 

control (n 

= 160,762) 

Age, years 

(SD) 

31.2 (4.6) 32.0 (4.1) 32.1 (3.7) 32.6 (4.1) 32.6 (4.3) 32.5 (4.2) 

Preterm birth, 

n (%) 

7 (13) 174 (11) 3 (6) 192 (10) 1,235 (10) 13,876 (9) 

Corticosteroid 

use, n (%) 

3 (6) 261 (16) 13 (25) 270 (15) 591(5) 2,664 (2) 

Pre-

gestational 

diabetes, n 

(%) 

1 (2) 59 (4) 3 (6) 56 (3) 504 (4) 5,078 (3) 

Gestational 

diabetes, n 

(%) 

5 (10) 211 (13) 5 (10) 230 (12) 1,876 (15) 23,132 

(14) 
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Table 5.2: Crude absolute risk estimates of serious infections in offspring included in the cohort 

by exposure categories (n=176,892) 

Exposure categories Serious infections, % (95% 

CI) 

Ustekinumab 3.8 (1.1, 13.0) 

TNFi 2.7 (2.0, 3.6) 

Other biologics 3.9 (1.1, 13.2) 

Traditional DMARDs 2.4 (1.8, 3.2) 

No drug exposure 2.6 (2.3, 2.8) 

Healthy control 2.0 (1.9, 2.1) 

 5.5.2 Effect estimates of serious infection risk 

 Results of univariate and multivariate logistic regression using GEEs are presented in 

Table 4. In multivariate analysis of children exposed to ustekinumab our point estimates were 

consistent with increased risk, but the CIs were wide and included the null value (aOR 1.58, 95% 

CI 0.37, 6.84). Effect estimates were similar among offspring exposed to other non-TNFi 

biologics (aOR 1.26, 95% CI 0.33, 4.74). For those exposed to TNFi (aOR 0.85, 95% CI 0.59, 

1.22) or traditional DMARDs (aOR 0.76, 95% CI 0.55, 1.06), there was no clear excess risk. 

 Of note, children born to healthy control mothers had a lower risk of serious infections 

compared to children born to mothers with chronic inflammatory diseases, even when unexposed 

to systemic DMARDs during pregnancy (aOR 0.80, 95% CI 0.71, 0.90).Table 3: Types of 

serious infections among offspring born to mothers with inflammatory diseases and those born to 

healthy control mothers (n= 3,636) 

 5.5.3 Sensitivity analyses 

 We performed multivariate sensitivity analyses using the same covariates mentioned 

previously. When restricting follow-up to the first 90 days of life, the effect of ustekinumab on 



 

58 

the risk of serious infections was slightly dampened (OR 1.31, 95% CI 0.18, 9.56; aOR 1.33, 

95% CI 0.18, 10.2), though CIs remained wide (supplemental). 

Table 5.3: Types of serious infections among offspring born to mothers with inflammatory 

diseases and those born to healthy control mothers (n= 3,636) 

Infection Type Healthy control, n = 3,224 Inflammatory disease, n = 

412 

Lower respiratory tract, n (%) 1759 (55) 229 (56) 

Other viral/Systemic, n (%) 499 (15) 67 (16) 

Unknown, n (%) 289 (9) 34 (8) 

Urinary tract, n (%) 209 (6) 24 (6) 

Upper respiratory tract, n (%) 171 (5) 18 (4) 

Gastrointestinal, n (%) 132 (4) 21 (5) 

Skin, muscles and bones, n (%) 141 (4) 15 (4) 

Central nervous system, n (%) 24 (1) 4 (1) 

 

When we extended the exposure assessment window to include the 3 months pre-

conception, we identified 19 additional pregnancies which were exposed to ustekinumab during 

the pre-conception period only, bringing the number of exposed pregnancies to 71. In this 

sensitivity analysis, the estimated aOR for serious infections was 1.23 (95% CI 0.3, 5.10) when 

comparing ustekinumab to the reference group of offspring unexposed to any systemic 

DMARDs (both in the 3 months prior to conception and during pregnancy). 
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 When performing analyses using Cox proportional hazards models, accounting for time 

to infection, results were similar to the main analysis using logistic regression [unadjusted hazard 

ratio (HR) 1.6, 95% CI 0.4; 6.5, adjusted HR 1.59, 95% CI 0.4, 6.4]. 

 5.6. DISCUSSION 

 In the largest cohort of offspring exposed to ustekinumab in utero to date, we were unable 

to detect a significantly increased risk of serious infection. This is the first study of 

administrative data to assess ustekinumab safety in pregnancy and provide population-based 

estimates of the risk of serious infections. We observed a trend towards higher risk of serious 

infections in offspring exposed to ustekinumab in utero versus those unexposed to any drugs, 

though CIs were wide and included the null. 

Table 5.4: Univariate and multivariate estimates of the odds ratios (OR) for the risk of serious 

infections comparing different exposure categories among offspring born to mothers with 

inflammatory diseases (n=16,130) 

 
Univariate Analysis Multivariate Analysis 

Exposure groups Odds Ratio (95% CI) Odds Ratio (95% CI) 

No drug exposure Reference Reference 

Ustekinumab 1.53 (0.37, 6.35) 1.58 (0.37, 6.84) 

TNFi 1.04 (0.75, 1.43) 0.85 (0.59, 1.22) 

Other biologics 1.55 (0.38, 6.23) 1.26 (0.33, 4.74) 

Traditional DMARDs 0.94 (0.69, 1.29) 0.76 (0.55, 1.06) 

Note: Adjusted ORs were adjusted for maternal age, maternal diabetes status, preterm status, 

exposure to corticosteriods, concomitant drug exposure, and disease state 
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 Most studies to date investigating ustekinumab safety in pregnancy have not followed 

offspring past birth, and as such there has been minimal evidence regarding potential infection 

risk. Recently, the PIANO study, a prospective cohort study of 1,490 pregnant women with IBD 

has been published. Among 18 offspring exposed to ustekinumab throughout pregnancy, none 

experienced a serious infection within the first year of life.[5] Outcomes of exposed offspring in 

PIANO were measured by maternal report and serious infections were restricted to bacterial 

infections, making comparing our studies difficult. 

 This study has many strengths. It is the first to explicitly evaluate the risk of serious 

infection among live births exposed to ustekinumab in utero, particularly important due to the 

prevalence of PsO, PsA, and/or IBD among women of reproductive age and the efficacy of 

ustekinumab at disease control. It is the first study to use a large administrative database to 

investigate ustekinumab use during pregnancy. The use of a large database allowed us to include 

a large study population with uncommon diseases and with rare drug exposures. In addition, its 

data are relatively free from reporting bias seen in the currently available studies investigating 

ustekinumab exposure in utero. Our sample of 52 offspring exposed to ustekinumab is nearly 

double the size of the next largest peer-reviewed study[22] and of the case series of women who 

became pregnant during the original clinical trials (only published as an abstract).[22–24] 

 As well, due to the availability of maternal medical diagnoses and pharmaceutical claims 

within administrative databases like MarketScan, we were able to perform multivariate models 

controlling for important covariates and potential confounders. MarketScan in particular has 

been used in several other pharmacoepidemiological studies of chronic inflammatory diseases 
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and is useful as it contains both outpatient drug claims and infusion procedure codes, to give as 

close to an accurate measurement of drug exposure as possible.[4,25,26] 

 Our study also has some limitations. Firstly, there may have been residual confounding 

from disease activity. We adjusted for disease severity using corticosteroid use and/or 

concomitant drug use as a proxy for disease severity and activity, but these variables are not 

perfect, though there is no established gold-standard to doing this. Disease activity is likely 

associated with serious infection through preterm birth, which we did account for, so any 

residual confounding likely only modestly affects the effect estimates.[27] 

 Misclassification of cases and outcomes was also possible. As was discussed in the 

methods, ascertaining cases of PsO/PsA/IBD from administrative data is imperfect. Pregnancies 

which were misclassified as not having these diseases were likely less severe cases of the 

diseases and/or early presentations. The sickest patients were likely to be classified correctly and 

are the same patients likely to be exposed to biologic medications. Though misclassification may 

affect generalizability, it is unlikely to affect our study validity. 

 Misclassification on the outcome of interest (serious infections) could exist by either 

serious infections not being entered as such into the database or misidentifying non-infectious 

diseases as infections. In these instances, there is no reason to believe the misclassification would 

be differential between groups and as such any bias would cause the effect estimates to be biased 

towards the null. 

 In addition, drug exposure within our study was defined as filled prescription or drug 

infusion code, as is standard when using administrative data. There is no guarantee that the 

individuals were all compliant in taking their drugs, and thus our study may overestimate drug 
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use. This said, most women had out-of-pocket costs when filling their drugs, which is known to 

be associated with drug adherence and making it more likely that women took the drugs for 

which they filled a prescription.[26] Finally, estimating the beginning of pregnancy (conception) 

can be difficult to do within administrative data, though we used established algorithms based on 

prior literature to do this as effectively as possible.[15,18,28,29] 

 5.7. CONCLUSION 

In the largest study of offspring exposed in utero to ustekinumab, and the first to examine this 

population using administrative data, we were unable to detect a clear excess risk of serious 

infection in offspring exposed in-utero to ustekinumab as compared to offspring unexposed to 

any relevant drug. Further research is needed before definitive statements about the risk of 

serious infections in offspring exposed in utero to ustekinumab can be made.  
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FIGURE CAPTION 

Figure 1: Flow chart of cohort inclusion 
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 5.9. Figures 

 
  

Figure 5.1: Flow chart of cohort inclusion 
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 5.10. Supplemental material to manuscript #2 

Table 5.5: ICD 9/10 codes for included and excluded pregnancies 

Pregnancy type ICD-9 ICD-10 CPT DRG 

Included 640-645, 650, 652-

679 except 652.40 

and 652.41, V27.0, 

V27.9,72.xx, 

73.22,73.59, 

73.6,74.0–74.2, 74.4, 

74.99 

O80-O83, O60.1*X0, 

O60.1*X1, O42.0 

except O42.011, O42.1 

except O42.911 

59409, 59612, 

59514, 59520 

744-768 

Excluded - 

stillbirth 

646.0, 656.40, 

656.41, V27.1 

 88016  

Excluded - 

abortion 

632, 634-637, 639 O03, O04, O08 59840, 59841, 

59850-59852, 

59855-59857 

770, 779 

Excluded – molar 

and ectopic 

630, 633 O00, O01  777 

Excluded – 

multiple birth 

651, V27.2-V27.7, 

V91 

O30   
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Table 5.6: Adjusted and unadjusted odds ratios (OR) for serious infections comparing the 

different exposure groups born to women with chronic inflammatory diseases as well as the 

healthy control group (n = 176,892) 

 Unadjusted OR (95% CI) Adjusted OR (95% CI) 

No drug exposure 1.0 (Ref) 1.0 (Ref) 

Ustekinumab 1.53 (0.37, 6.35) 1.57 (0.37, 6.58) 

TNFi 1.04 (0.75, 1.43) 0.96 (0.67, 1.38) 

Other biologics 1.55 (0.38, 6.23) 1.41 (0.38, 5.31) 

Traditional DMARDs 0.94 (0.69, 1.29) 0.90 (0.66, 1.24) 

Healthy control 0.78 (0.70, 0.88) 0.80 (0.71, 0.90) 

Note: aORs were adjusted for maternal age, maternal diabetes status, preterm status, exposure 

to corticosteriods, concomitant drug exposure and disease state 

 

Table 5.7: Adjusted and unadjusted hazard ratios (HR) for serious infections comparing the 

different exposure groups among offspring born to women with chronic inflammatory diseases to 

those with no drug exposure (n=16,130) 

 Unadjusted HR (95% CI) Adjusted HR (95% CI) 

No drug exposure 1.0 (Ref) 1.0 (Ref) 

Ustekinumab 1.60 (0.39, 6.49) 1.59 (0.39, 6.42) 

TNFi 1.06 (0.77, 1.47) 0.99 (0.69, 1.41) 

Other biologics 1.79 (0.44, 7.27) 1.58 (0.38, 6.49) 

Traditional DMARDs 0.95 (0.70, 1.30) 0.91 (0.66, 1.25) 

Note: aHRs were adjusted for maternal age, maternal diabetes status, preterm status, exposure 

to corticosteriods, and concomitant drug exposure and disease state 
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Table 5.8: Adjusted and unadjusted ORs for serious infection comparing the different exposure 

groups when including drug exposure during pregnancy and during the pre-conception period (3 

months prior to pregnancy) (n=16,130) 

 Unadjusted OR (95% CI) Adjusted OR (95% CI) 

No drug exposure 1.0 (Ref) 1.0 (Ref) 

Ustekinumab 1.10 (0.27, 4.51) 1.23 (0.30, 5.10) 

TNFi 1.04 (0.76, 1.42) 0.90 (0.63, 1.28) 

Other biologics 1.47 (0.37, 5.91) 1.29 (0.34, 4.88) 

Traditional DMARDs 1.00 (0.74, 1.34) 0.81 (0.59, 1.11) 

aORs were adjusted for maternal age, maternal diabetes status, preterm status, exposure to 

corticosteriods, and concomitant drug exposure and disease state 

 

Table 5.9: Adjusted and unadjusted ORs calculated comparing the different exposure groups 

among offspring born to women with chronic inflammatory diseases to those with no drug 

exposure, only considering infections occurring within the first 90 days after birth (n=16,130) 

 Unadjusted OR (95% CI) Adjusted OR (95% CI) 

No drug exposure 1.0 (Ref) 1.0 (Ref) 

Ustekinumab 1.31 (0.18, 9.55) 1.33 (0.18, 10.2) 

TNFi 0.99 (0.64, 1.52) 0.92 (0.57, 1.47) 

Other biologics 2.75 (0.68, 11.1) 2.63 (0.73, 9.55) 

Traditional DMARDs 0.95 (0.63, 1.44) 0.79 (0.51, 1.22) 

aORs were adjusted for maternal age, maternal diabetes status, preterm status, exposure to 

corticosteriods, and concomitant drug exposure and disease state 
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 6. Manuscript #3 – Serious infections in offspring exposed 

in utero to vedolizumab 

 6.1. Preamble to manuscript #3 

 This manuscript, titled “Serious infections in offspring exposed in utero to vedolizumab” 

is formatted as a ‘brief communication’ for submission to the American Journal of 

Gastroenterology and presents a second manuscript originating from the retrospective cohort 

study whose methods are detailed in chapter 4. The abstract pertaining to this manuscript has 

been accepted for presentation at the 2021 Digestive Disease Week (one of the world’s largest 

gastroenterology scientific meeting), as a poster of distinction (top 10% of accepted abstracts). 

 Work presented in this manuscript estimates the risk of serious infection in the offspring 

exposed to vedolizumab and represents a secondary objective of this thesis. Like ustekinumab, 

vedolizumab is a relatively novel non-TNFi biologic whose safety in pregnancy is poorly 

understood and is of particular interest as it is used in women with IBD of reproductive age. 

 Vedolizumab, unlike ustekinumab or many of the TNFi, is not indicated for PsO or PsA 

but only for IBD. Therefore, using the cohort created with the methods described in chapter 4 

and whose results are described in the second manuscript, we further restricted the study 

population to include only offspring whose mother had IBD. Since this smaller cohort is just a 

sub-sample of the larger cohort, the same IBD case definition (described in 4.2.1) was used. 

Other than restricting to IBD and using a different drug (i.e. vedolizumab) as the exposure of 

interest (as described in 4.2.2), the methods employed in this manuscript are the same as those 

used in manuscript #2.  
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 6.2. Abstract 

Controlling symptoms of inflammatory bowel diseases during pregnancy is important for 

optimizing both maternal and fetal outcomes. The goal of this study was to assess the risk of 

serious infections in offspring exposed in utero to vedolizumab. Using the IBM MarketScan 

database, we created a cohort of children born to mothers with inflammatory bowel diseases and 

compared the risk of serious infections in those exposed to vedolizumab versus unexposed 

offspring. We did not detect an increased risk of infections (adjusted odds ratio 0.87; 95% CI 

0.13, 6.15) in the vedolizumab group.  
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 6.3. Introduction 

 Inflammatory bowel disease (IBD) peaks in incidence during reproductive years. Women 

with IBD are more likely to experience adverse pregnancy outcomes, including preterm birth, 

compared to women from the general population.(1) As such, finding ways of controlling IBD 

activity and maintaining remission during pregnancy is of the utmost importance to optimize 

pregnancy outcomes.  

Biologics of several classes are known to be highly efficacious in inducing and maintaining 

remission in IBD, including tumour necrosis factor inhibitors (TNFi) (i.e., adalimumab, 

infliximab), interleukin (IL)-12/23 inhibitors (i.e., ustekinumab), and integrin α4β7 inhibitors 

(i.e., vedolizumab). There has been much interest in assessing their safety in pregnancy. Limited 

evidence suggests that these drugs do not increase the risk of adverse pregnancy outcomes 

including preterm birth, spontaneous abortion or stillbirth.(2,3) These drugs, however, are 

typically immunoglobulins (IgG) which are actively transported across the placenta during the 

2nd and 3rd trimesters. Offspring exposed to TNFi or ustekinumab in utero are known to be born 

with higher blood levels of drug as compared to their mothers, while offspring exposed to 

vedolizumab are known to have high levels, but lower than those of their mothers.(4,5) TNFi and 

ustekinumab are known immunosuppressants and there is established risk of infection in exposed 

adults, raising concerns for potential immunosuppression in offspring exposed in utero. In 

contrast, vedolizumab, acts locally on the gut and is not associated with increased risk of 

infection in adults(6), though the risk of infection in exposed offspring has not been ruled out. 

This issue has been studied with results detecting no signal of increased risk as yet across three 

studies (164 total pregnancies), though research is limited in scope.(5,7,8) 
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 Using a large population-based cohort of children born to mothers with IBD, we aimed to 

evaluate the risk of serious infections in offspring exposed in utero to vedolizumab and compare 

to children exposed in utero to TNFi and other biologics, as well as to unexposed offspring. 

 6.4. Methods 

 We assembled a cohort of children born to mothers with IBD using the IBM MarketScan 

database (January 1, 2011 to December 31, 2018)(9) using the same methodology as described in 

a prior study from our group.(10) We included pregnancies resulting in a singlet live birth using 

relevant ICD-9/10 or procedure codes indicating delivery; all pregnancies with outcomes other 

than live birth were excluded. From this cohort, we identified mothers who had been 

continuously enrolled in MarketScan for at least 12 months prior to delivery with IBD diagnosed 

before delivery using previously validated case definitions.(11)  

 Drug exposure was defined as at least one filled prescription or infusion procedure code 

for a drug of interest during the pregnancy period. The main exposure of interest was 

vedolizumab and other exposure groups included exposure to TNFi, other biologics (including 

ustekinumab), traditional systemic DMARDs or no drug exposure. If there were multiple drug 

exposures, exposure category was mutually exclusive and assigned hierarchically, with 

vedolizumab > TNFi > other biologics > traditional DMARDs.  

 The outcome of interest was serious infection, defined as any single inpatient ICD-9/10 

code for infection of any type within the first year of life.(12,13) Offspring were followed from 

birth until an event or censoring at end of follow-up (12 months of age), death, end of study 

period, or end of insurance eligibility, whichever occurred first. 
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 Descriptive statistics were used to characterize the different exposure groups and crude 

infection risks. We used logistic regression using generalized estimating equations (GEEs) to 

estimate crude and adjusted odds ratios (ORs) for serious infections with the drugs of interest 

compared to no use, adjusting for maternal age, whether the delivery was preterm, presence of 

maternal diabetes (either gestational or pre-existing), corticosteroid use, and concomitant use of 

another drug of interest. 

 6.5. Results 

 We identified a total of 8,507 offspring born to 7,633 women with IBD, with descriptive 

statistics presented in Table 6.1. A total of 43 offspring were exposed to vedolizumab, 1,230 to 

TNFi, 17 to other biologics (13 of whom were exposed to ustekinumab), 1,822 to traditional 

DMARDs and 5,395 unexposed to any drug. Of the 43 exposed to vedolizumab, 7 were 

concomitantly exposed to TNFi and 13 to a traditional DMARD. Maternal age and the 

prevalence of diabetes were similar across groups (Table 6.1). The vedolizumab groups had 

lower percentage of preterm birth and higher corticosteroid use than the other exposure groups. 

 The cumulative incidence of serious infection at 1 year was 2.3% (95% CI 0.4, 12.0) in 

the vedolizumab group, similar to the rate in the TNFi (2.9%; 95% CI 2.1, 4.0), traditional 

DMARD (2.5%; 95% CI 1.9, 3.3), and no drug exposure (3.0%; 95% CI 2.6, 3.6) groups. The 

risk appeared greater in the other biologic group (5.9%; 95% CI 1.0, 27.0.), though confidence 

intervals were wide and overlapped for all categories. Of note, there were no cases of 

tuberculosis detected in any group. 

 Crude and adjusted ORs calculated from logistic regression using GEEs are presented in 

Table 6.2. Compared to children unexposed to any drug, we observed no clear excess risk of 
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serious infections in offspring exposed in utero to vedolizumab (adjusted OR (aOR) 0.87; 95% 

CI 0.13, 6.15), although the CI was wide. For those exposed to non-biologic DMARDs (OR 

0.78; 95% CI 0.55, 1.09) or TNFi (aOR 0.95; 95% CI 0.61, 1.40), the effect estimates did not 

suggest an increased risk. However, there was a potential trend towards an increased risk among 

children in the other biologic group (aOR 2.05; 95% 0.29, 14.5), though the CI was imprecise. 

 6.6. Discussion 

 In this study, among the largest cohort of offspring exposed to vedolizumab in utero ever 

assembled, we did not detect a substantially increased risk of serious infection within the first 12 

months of life, though estimates were imprecise. This aligns with data from the PIANO study(5) 

a French retrospective cohort study,(7) and the pan-European CONCEIVE study,(8) though the 

study design and outcome definitions varied across the studies and differed from ours.  

 Our study has several strengths. We are the first to use large administrative databases to 

provide population-based estimates of the risk of serious infections in IBD offspring exposed in 

utero to vedolizumab. Our data source (MarketScan database) include information on medical 

diagnoses and drugs in both mother and offspring, allowing us to assess exposure, outcome and 

covariates using established algorithms without the potential for recall bias. MarketScan database 

with its large size (including more than 230 million individuals) also provides the opportunity for 

rare outcomes and exposures to be assessed and has been widely used to conduct 

pharmacoepidemiologic studies in rheumatic diseases.(14–16) 

 Our study also has some potential limitations. There may have been residual confounding 

from disease activity. Though we attempted to adjust for this using corticosteroid and/or 

concomitant drug use as proxy for disease activity, these variables are not perfect. This said, 
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disease activity is likely associated with serious infection through preterm birth, which we did 

account for, so any residual confounding likely only modestly affects the effect estimates. In 

administrative database research, imperfect case ascertainment is always a concern. To 

circumvent this, we have used previously established case definitions which have shown good 

validity.(11) 

 In conclusion, we did not detect a clear excess risk for offspring exposed in utero to, 

vedolizumab compared to unexposed offspring born to mothers with IBD. Ongoing caution, as 

well as more research on short and long-term effects, is warranted for vedolizumab and other 

biologics that are actively transported across the placenta.  
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 6.8. Tables 

Table 6.1: Maternal characteristics of the study population (n=8,507) 

 With diseases of interest 

Vedolizumab 

(n = 43) 

TNFi (n = 

1,230) 

Other biologics 

(n = 17) 

Non-biologic 

DMARDs (n = 

1,822) 

No drug 

exposure (n = 

5,395) 

Maternal age 

(years) 

31.6 (4.4) 31.7 (4.0) 32.6 (4.1) 32.6 (4.1) 32.4 (4.3) 

Pre-existing 

diabetes, n (%) 

1 (2) 38 (3) 0 (0) 54 (3) 170 (3) 

Gestational 

diabetes, n (%) 

3 (7) 143 (12) 0 (0) 224 (12) 767 (14) 

Preterm birth , n 

(%) 

2 (5) 133 (11) 2 (12) 191 (10) 569 (11) 

Corticosteroid 

use, n (%) 

14 (33) 220 (18) 2 (12) 263 (14) 361 (7) 

Concomitant 

DMARD use, n 

(%) 

     

Biologic, n (%) 7 (16) 1 (>1) - - - 

Non-biologic, n 

(%) 

13 (30) 240 (19) 2 (13) - - 

 

 

 

 

 

 

 

 

 



 

82 

Table 6.2: Crude and adjusted odds ratios for serious infections across different exposure groups 

(n = 8,507) 

Exposure group Crude ORs (95% CI) Adjusted ORs (95% CI) 

No drug exposure Ref Ref 

Vedolizumab 0.76 (0.11, 5.52) 0.87 (0.13, 6.15) 

TNFi 0.96 (0.66, 1.38) 0.95 (0.61, 1.40) 

Other biologic 2.11 (0.31, 14.2) 2.05 (0.29, 14.5) 

Traditional DMARDs 0.80 (0.58, 1.12) 0.78 (0.55, 1.09) 
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 7. Discussion 

 7.1. Discussion of results 

 As was described in chapter 3, current evidence pertaining to ustekinumab safety in 

pregnancy is limited. It is believed that ustekinumab likely does not significantly increase the 

risk of adverse pregnancy outcomes (i.e. preterm birth, spontaneous abortions, congenital 

malformations), though this evidence is based on only approximately 550 exposed pregnancies 

reported in the literature, most of which were descriptive and did not have a comparator group. 

The relationship between ustekinumab and serious infection in exposed offspring is much more 

unclear and presents an important knowledge gap, having only been investigated in two prior 

studies. The PIANO study, a prospective cohort of 1,490 completed pregnancies looked at this 

relationship and found no increased infection risk as compared to pregnancies exposed to 

thiopurines only, though the study had several limitations, including small number of exposed 

subjects (only 18 exposed to ustekinumab during pregnancy), use of maternal report for outcome 

assessment, and outcome restriction to bacterial infections (53). Wils et. al (63) published the 

outcomes on 29 pregnancies exposed to ustekinumab and identified no serious infections, though 

also suffering from a small sample size. 

 The primary objective of my thesis was to address this knowledge gap via retrospective 

cohort study of the risk of serious infections among offspring exposed in utero to ustekinumab. 

The data (chapter 5) suggested no clear increased serious infection risk in offspring exposed in 

utero to ustekinumab versus offspring unexposed to any relevant drugs, though confidence 

intervals were wide. Our ustekinumab-exposed cohort was the largest assembled to date and 

represents the first use of administrative databases to study this population. This said, the sample 

is still relatively small. Our point estimates indicate a possible increased risk of infection among 

exposed offspring. This is likely caused by the variability inherent with our small sample size, 

but could be indicative of a true increased risk which this study is under-powered to detect.  

 This thesis’ secondary objective was to examine the risk of serious infection among 

offspring exposed in utero to vedolizumab. Though the evidence regarding infection risk from in 

utero vedolizumab exposure is somewhat more established than the evidence for ustekinumab, 

the number of exposed pregnancies remains small (approximately 150 pregnancies), precluding a 
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definitive understanding of infection risk. Manuscript #3 thesis mirrored previously published 

work on vedolizumab, indicating that vedolizumab likely does not increase risk of serious 

infection in exposed offspring.  

 Sensitivity analyses demonstrated the robustness of these results. As was discussed in 

section 4.3.3, three secondary analyses were performed. The first such analysis restricted follow-

up time to 3 months after pregnancy. Assuming a causal relationship between 

immunosuppressive drug exposure and infection risk, one would expect highest risk of infection 

in the exposed offspring when drug levels are highest. Since exposure to biologics via breast 

milk does not lead to increased blood concentrations of the drug in the offspring after birth, 

newborns exposed to ustekinumab/vedolizumab are not exposed to either drug again after birth 

(123). Their highest risk of infection should therefore theoretically be in the months immediately 

after birth. Results in ustekinumab exposure showed results similar to that in the 12 months 

follow up. In the vedolizumab group, the OR in the first three months was 2.04 (95% CI 0.30, 

13.8), numerically higher than in 12 month follow-up, though confidence intervals overlapped.  

 Another sensitivity analysis involved analyzing the data using Cox PH models to estimate 

hazard ratios (HR). This analysis account for survival time between groups (with failure in this 

case referring to first infection) and used frailties to account for the clustering that arose from 

including multiple pregnancies from the same woman. These models found HRs which closely 

approximated the ORs calculated from logistic regression with GEEs, indicating that time to 

event was not substantially different across groups and that events occurred within the follow-up 

period relatively similarly between groups on average. This indicates that our use of logistic 

regression using GEEs as the main analyses was appropriate.  

 Although not a primary research interest, this thesis also demonstrated that, in our cohort 

of patients with PsO, PsA, and/or IBD, TNFi exposure is not clearly associated with serious 

infections in offspring exposed in utero. As was discussed in section 2.3.2, this finding reiterates 

what has been shown in other cohorts and adds to the body of evidence suggesting TNFi do not 

appear to increase the infection risk in exposed offspring (53,58,124), providing more precise 

estimates. However, specific TNFi, may pose differential infection risk due to their differential 

trans-placental transfer and is currently an area of active research by my research group. 
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 Finally, this project showed that administrative databases can be used to generate large 

cohorts of offspring exposed to relatively novel biologics. Such databases have not before been 

used to evaluate either ustekinumab or vedolizumab in pregnancy. This project innovates by 

judiciously using the power of pharmacoepidemiology to address drug safety in pregnant 

women, who are regularly excluded from clinical trials and often underrepresented in 

observational studies. Our research approach has relevance beyond the specific drugs (i.e. 

ustekinumab, vedolizumab) and diseases under study (i.e. PsO, PsA, and IBD), as it will be 

applicable to the study of other biological agents (e.g. rituximab, belimumab), which similarly 

display active trans-placental transfer and are also used in the treatment of various inflammatory 

conditions (e.g. vasculitis, systemic lupus erythematosus) that predominantly affect women of 

reproductive age. 

 7.2. Strengths and limitations 

 The study presented in this thesis had several strengths, many of which were discussed 

within the discussion sections of the manuscripts. Ours was amongst the first studies to actively 

compare risk of infection among offspring exposed in utero to ustekinumab and vedolizumab 

against a control population. As of now, most work in the area has been purely descriptive, either 

due to small samples, lack of a comparator group, or both. Ours was the first study to concretely 

generate an estimated risk of infection using rigorous statistical methods and the first to control 

for important covariates that may impact infection risk. Furthermore, we did this using a diseased 

rather than a healthy comparator for increased robustness. This work can form the basis of future 

quantitative work in the area and will hopefully lead to more work which seeks to quantify the 

infection risk in offspring exposed to ustekinumab and vedolizumab. In order to improve the 

precision of our estimates, repeating these analyses in a year or two could be helpful, as could 

the use of multiple databases. 

 This study also has several potential limitations that must be acknowledged. 

Misclassification may have occurred when defining any of: disease status, drug exposure, 

outcome, or covariates. As was discussed in 4.2.1, defining PsO and PsA in particular suffer from 

low sensitivity, which may cause us to misclassify eligible cases. As was discussed, this 

misclassification would likely have missed milder cases of PsO, who are also unlikely to have 

the exposures of interest, therefore limiting the effect of this bias on our study. We defined drug 
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exposure as filled prescription or infusion codes, another potential source of misclassification. 

Though one can assume patients with an infusion code actually received their drugs, simply 

filling a prescription is not necessarily indicative of adherence, though we assumed as much in 

this study. Fortunately, this bias likely did not affect our results significantly, as it has been well 

established that, due to several factors including the high cost of biologics, patients dispensed 

biologics overall tend to adhere to them better than patients dispensed oral medications, with 

high adherence overall (125,126).  

 Misclassification of preterm birth may have impacted our study in two ways. Firstly, as 

described in 4.3.1, though sensitivity and specificity were high for binary preterm birth, any 

imperfect case attainment may have excluded pregnancies exposed during the first trimester, 

under-counting total pregnancies, though we accounted for this in sensitivity analyses (see table 

5.8). Since there is such a strong association between preterm birth and neonatal infection (with 

certain neonatal infections caused by prematurity) any misclassification of this variable could 

have impacted our results. Our preterm birth rate (approximately 10% across groups) 

approximated that of both the general population (127,128) and MarketScan (58), implying that 

our assessment of preterm birth did not deviate from what one would expect, though individual 

misclassification may still have impacted results within exposure groups with smaller sample 

sizes (ie. ustekinumab). 

 As with all observational studies, this thesis was also susceptible to residual confounding. 

One potential residual confound was confounding by indication, manifesting as disease 

severity/state (PsO/PsA and/or IBD) not being balanced between exposure groups. As was 

discussed above, active IBD is associated with adverse birth outcomes and having active disease 

of any type makes the patient more likely to be exposed to any drug during pregnancy (a patient 

in drug free remission has no reason to take drugs during pregnancy). This could have created a 

situation whereby our “exposed” categories were on average sicker than the comparator (no drug 

exposure) groups, inflating the infection risk. This can be visualized looking at Tables 5.1 and 

6.1, wherein the percentages of pregnancies exposed to corticosteroids (a proxy for disease 

severity) vary by exposure group. To account for this, we adjusted for concomitant drug use (the 

assumption being more drug use equals more severe disease), corticosteroid use (corticosteroids 

are used in short periods in response to disease flares), and disease state. These proxies, though 
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standard in the field, do not provide particularly granular detail on disease activity the way 

reviewing medical records from antenatal physician visits might. Though I cannot confidently 

say that this bias did not substantially impact our results, such a bias would systematically inflate 

effect estimates. Other residual confounds, such as maternal socio-economic status or maternal 

smoking were also likely present in the data. 

 MarketScan is a convenience sample of US insurance companies; unlike the 

administrative databases seen in Canada or other countries where universal access to publicly 

funded health care exist, MarketScan is neither made up of the entire American population nor a 

random sample of it. Rather, the data is acquired from insurance companies and, since American 

healthcare insurance is most commonly accessed through employment, at least one member of a 

family must have a job associated with health insurance in order to be included (129). As well, 

different included insurance plans could reimburse the study drugs of interest, particularly the 

more costly biologics, at different rates. These limitations do not negate our findings, but 

potentially limits the ability to generalize out findings to disadvantaged populations in the US. 

Repeating this study with data from Medicaid, American governmental insurance provided to, 

among other populations, uninsured pregnant women, could expand generalizability. 

 Finally, though we used rigorous statistical methods to reduce bias in our effect estimates, 

our study had limited precision, with wide CI across exposure groups, limiting our ability to 

make strong inferences. This was due largely to small numbers of exposed pregnancies and low 

percentage of infections overall, especially within the ustekinumab and vedolizumab groups. As 

more women become exposed going forward, more precise estimates can be calculated in the 

coming years. Increased sample size will allow for more sensitivity analyses to be performed, 

such as modeling risk based on when in pregnancy biologic exposure occurred. Placental transfer 

begins at approximately 16 weeks gestation and occurs progressively thereafter. Differentiating 

infection risk between offspring exposed during the first trimester (when the fetus is unlikely to 

be exposed to maternal antibodies) and second/third trimester exposures would be interesting and 

could shed additional insight in assessing a causal relationship between drug exposure and 

infection.  
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 8. Conclusions 

 Chronic inflammatory diseases have a large burden on women of reproductive age and 

research seeking to optimize maternal, fetal, and child outcomes is crucial. The objectives of this 

thesis were to assess the risk of serious infections in offspring exposed in utero to ustekinumab 

and vedolizumab. Through literature review and a retrospective cohort study, I did not identify a 

large excess risk of serious infections from either drug, though point estimates suggested a 

potential trend for increased risk for ustekinumab (with wide confidence intervals including the 

null values). These results provide important confirmatory evidence regarding the safety of 

vedolizumab in pregnancy and provide important first steps in understanding the risks associated 

with in utero ustekinumab exposure. 

 More research is necessary to fully understand infection risk in exposed offspring, 

including using other administrative databases. This thesis work provides novel information to 

help assist in the establishment of clinical guidelines and policies for the care of women with 

chronic inflammatory conditions, to ultimately improve reproductive outcomes.   



 

89 

 9. References 

1. Schön MP, Boehncke W-H. Psoriasis. New England Journal of Medicine 2005;352:1899–

1912. 

2. Parisi R, Symmons DPM, Griffiths CEM, Ashcroft DM. Global epidemiology of psoriasis: a 

systematic review of incidence and prevalence. Journal of Investigative Dermatology 

2013;133:377–385. 

3. Henseler T, Christophers E. Psoriasis of early and late onset: Characterization of two types of 

psoriasis vulgaris. Journal of the American Academy of Dermatology 1985;13:450–456. 

4. Rapp S, Feldman S, Exum M, Fleischer AB J, Reboussin D. Psoriasis causes as much 

disability as other major medical diseases. J Am Acad Dermatol 1999;41:401–407. 

5. Feldman SR. Psoriasis causes as much disability as other major medical diseases. Journal of 

the American Academy of Dermatology 2020;82:256–257. 

6. Menter A, Korman NJ, Elmets CA, Feldman SR, Gelfand JM, Gordon KB, et al. Guidelines of 

care for the management of psoriasis and psoriatic arthritis: Section 5. Guidelines of care 

for the treatment of psoriasis with phototherapy and photochemotherapy. J Am Acad 

Dermatol 2010;62:114–135. 

7. Griffiths CE, Barker JN. Pathogenesis and clinical features of psoriasis. The Lancet 

2007;370:263–271. 

8. Zachariae H. Prevalence of joint disease in patients with psoriasis. Am J Clin Dermatol 

2003;4:441–447. 

9. Ritchlin CT, Colbert RA, Gladman DD. Psoriatic arthritis. Longo DL, ed. N Engl J Med 

2017;376:957–970. 

10. Straub RH, Buttgereit F, Cutolo M. Benefit of pregnancy in inflammatory arthritis. Annals of 

the Rheumatic Diseases 2005;64:801–803. 

11. Bangsgaard N, Rørbye C, Skov L. Treating psoriasis during pregnancy: safety and efficacy of 

treatments. Am J Clin Dermatol 2015;16:389–398. 

12. Yang Y-W, Chen C-S, Chen Y-H, Lin H-C. Psoriasis and pregnancy outcomes: A nationwide 

population-based study. Journal of the American Academy of Dermatology 2011;64:71–77. 

13. Bobotsis R, Gulliver WP, Monaghan K, Lynde C, Fleming P. Psoriasis and adverse 

pregnancy outcomes: a systematic review of observational studies. Br J Dermatol 

2016;175:464–472. 



 

90 

14. Cohen‐Barak E, Nachum Z, Rozenman D, Ziv M. Pregnancy outcomes in women with 

moderate-to-severe psoriasis. Journal of the European Academy of Dermatology and 

Venereology 2011;25:1041–1047. 

15. Ben-David G, Sheiner E, Hallak M, Levy A. Pregnancy outcome in women with psoriasis. J 

Reprod Med 2008;53:183–187. 

16. Lima XT, Janakiraman V, Hughes MD, Kimball AB. The impact of psoriasis on pregnancy 

outcomes. Journal of Investigative Dermatology 2012;132:85–91. 

17. Botoman VA, Bonner GF, Botoman DA. Management of inflammatory bowel disease. Am 

Fam Physician 1998;57:57–68, 71–72. 

18. Hosseini-Carroll P, Mutyala M, Seth A, Nageeb S, Soliman D, Boktor M, et al. Pregnancy 

and inflammatory bowel diseases: Current perspectives, risks and patient management. 

World J Gastrointest Pharmacol Ther 2015;6:156–171. 

19. Baumgart DC, Carding SR. Inflammatory bowel disease: cause and immunobiology. The 

Lancet 2007;369:1627–1640. 

20. Lichtenstein G, Loftus E, Isaacs K, Regueiro M, Gerson L, Sands B. ACG clinical guideline: 

management of Crohn’s disease in adults. American Journal of Gastroenterology 

2018;113:481–517. 

21. Biedermann L, Rogler G, Vavricka SR, Seibold F, Seirafi M. Pregnancy and breastfeeding in 

inflammatory bowel disease. Digestion 2012;86 Suppl 1:45–54. 

22. Molodecky NA, Soon IS, Rabi DM, Ghali WA, Ferris M, Chernoff G, et al. Increasing 

incidence and prevalence of the inflammatory bowel diseases with time, based on 

systematic review. Gastroenterology 2012;142:46-54.e42; quiz e30. 

23. Hovde Ø, Moum BA. Epidemiology and clinical course of Crohn’s disease: Results from 

observational studies. World J Gastroenterol 2012;18:1723–1731. 

24. Vind I, Riis L, Jess T, Knudsen E, Pedersen N, Elkjaer M, et al. Increasing incidences of 

inflammatory bowel disease and decreasing surgery rates in Copenhagen City and County, 

2003-2005: a population-based study from the Danish Crohn colitis database. Am J 

Gastroenterol 2006;101:1274–1282. 

25. Woude CJ van der, Kolacek S, Dotan I, Øresland T, Vermeire S, Munkholm P, et al. European 

evidenced-based consensus on reproduction in inflammatory bowel disease. J Crohns 

Colitis 2010;4:493–510. 

26. Loftus EV, Silverstein MD, Sandborn WJ, Tremaine WJ, Harmsen WS, Zinsmeister AR. 

Crohn’s disease in Olmsted County, Minnesota, 1940-1993: incidence, prevalence, and 

survival. Gastroenterology 1998;114:1161–1168. 



 

91 

27. Munkholm P. Crohn’s disease--occurrence, course and prognosis. An epidemiologic cohort-

study. Dan Med Bull 1997;44:287–302. 

28. Korelitz BI. Inflammatory bowel disease and pregnancy. Gastroenterology Clinics of North 

America 1998;27:213–224. 

29. Reddy D, Murphy SJ, Kane SV, Present DH, Kornbluth AA. Relapses of inflammatory bowel 

disease during pregnancy: in-hospital management and birth outcomes. The American 

Journal of Gastroenterology; New York 2008;103:1203–1209. 

30. Cornish J, Tan E, Teare J, Teoh TG, Rai R, Clark SK, et al. A meta‐analysis on the influence 

of inflammatory bowel disease on pregnancy. Gut 2007;56:830–837. 

31. Williams A, Grantz K, Seeni I, Robledo C, Li S, Ouidir M, et al. Obstetric and neonatal 

complications among women with autoimmune disease. Journal of Autoimmunity 

2019;103:102287. 

32. Stephansson O, Larsson H, Pedersen L, Kieler H, Granath F, Ludvigsson JF, et al. Crohn’s 

disease is a risk factor for preterm birth. Clinical Gastroenterology and Hepatology 

2010;8:509–515. 

33. Kornfeld D, Cnattingius S, Ekbom A. Pregnancy outcomes in women with inflammatory 

bowel disease—A population-based cohort study. American Journal of Obstetrics and 

Gynecology 1997;177:942–946. 

34. Fonager K, Sørensen H, Olsen J, Dahlerup J, Rasmussen S. Pregnancy outcome for women 

with Crohn’s disease: a follow-up study based on linkage between national registries. 

American Journal of Gastroenterology 1998;93:2426–2430. 

35. Nørgård B, Fonager K, Sørensen H, Olsen J. Birth outcomes of women with ulcerative 

colitis: a nationwide Danish cohort study. American Journal of Gastroenterology 

2000;95:3165–3170. 

36. Kupetsky EA, Keller M. Psoriasis vulgaris: an evidence-based guide for primary care. J Am 

Board Fam Med 2013;26:787–801. 

37. Menter A, Gottlieb A, Feldman SR, Van Voorhees AS, Leonardi CL, Gordon KB, et al. 

Guidelines of care for the management of psoriasis and psoriatic arthritis: Section 1. 

Overview of psoriasis and guidelines of care for the treatment of psoriasis with biologics. 

Journal of the American Academy of Dermatology 2008;58:826–850. 

38. James W, Elston D, Treat, James, Rosenbach, Misha, Neuhaus, Isaac. Andrews’ Diseases of 

the Skin. 13th ed.; 2019. 

39. Mease PJ. Biologic Therapy for Psoriatic Arthritis. Rheum Dis Clin North Am 2015;41:723–

738. 



 

92 

40. Gomollón F, Dignass A, Annese V, Tilg H, Van Assche G, Lindsay JO, et al. 3rd European 

evidence-based consensus on the diagnosis and management of Crohn’s disease 2016: part 

1: diagnosis and medical management. J Crohns Colitis 2017;11:3–25. 

41. Sandborn WJ. Crohn’s disease evaluation and treatment: clinical decision tool. 

Gastroenterology 2014;147:702–705. 

42. Maradit H, Geiger J-M. Potential risk of birth defects after acitretin discontinuation. 

Dermatology 1999;198:3–4. 

43. Lammer EJ, Chen DT, Hoar RM, Agnish ND, Benke PJ, Braun JT, et al. Retinoic acid 

embryopathy. New England Journal of Medicine 1985;313:837–841. 

44. Buckley LM, Bullaboy CA, Leichtman L, Marquez M. Multiple congenital anomalies 

associated with weekly low-dose methotrexate treatment of the mother. Arthritis & 

Rheumatism 1997;40:971–973. 

45. Kozlowski RD, Steinbrunner JV, MacKenzie AH, Clough JD, Wilke WS, Segal AM. 

Outcome of first-trimester exposure to low-dose methotrexate in eight patients with 

rheumatic disease. The American Journal of Medicine 1990;88:589–592. 

46. Götestam Skorpen C, Hoeltzenbein M, Tincani A, Fischer-Betz R, Elefant E, Chambers C, et 

al. The EULAR points to consider for use of antirheumatic drugs before pregnancy, and 

during pregnancy and lactation. Annals of the Rheumatic Diseases 2016;75:795. 

47. Nguyen GC, Seow CH, Maxwell C, Huang V, Leung Y, Jones J, et al. The Toronto consensus 

statements for the management of inflammatory bowel disease in pregnancy. 

Gastroenterology 2016;150:734-757.e1. 

48. Nulman I, Sgro M, Barrera M, Chitayat D, Cairney J, Koren G. Long-term 

neurodevelopment of children exposed in utero to ciclosporin after maternal renal 

transplant. Pediatr-Drugs 2010;12:113–122. 

49. Mahadevan U, Robinson C, Bernasko N, Boland B, Chambers C, Dubinsky M, et al. 

Inflammatory bowel disease in pregnancy clinical care pathway: a report from the 

American Gastroenterological Association IBD Parenthood Project Working Group. 

Inflammatory Bowel Diseases 2019;25:627–641. 

50. Rahimi R, Nikfar S, Rezaie A, Abdollahi M. Pregnancy outcome in women with 

inflammatory bowel disease following exposure to 5-aminosalicylic acid drugs: A meta-

analysis. Reproductive Toxicology 2008;25:271–275. 

51. Moskovitz DN, Bodian C, Chapman ML, Marion JF, Rubin PH, Scherl E, et al. The effect on 

the fetus of medications used to treat pregnant inflammatory bowel-disease patients. The 

American Journal of Gastroenterology; New York 2004;99:656–661. 



 

93 

52. Kubota-Sjogren Y, Harding K, Irving P, Nelson-Piercy C. Inflammatory bowel disease in 

pregnancy: management strategy based on best evidence and European guidelines. Br J 

Gen Pract 2014;64:593–594. 

53. Mahadevan U, Long MD, Kane SV, Roy A, Dubinsky MC, Sands BE, et al. Pregnancy and 

neonatal outcomes after fetal exposure to biologics and thiopurines among women with 

inflammatory bowel disease. Gastroenterology 2020. 

54. Lichtenstein GR, Rutgeerts P, Sandborn WJ, Sands BE, Diamond RH, Blank M, et al. A 

pooled analysis of infections, malignancy, and mortality in infliximab- and 

immunomodulator-treated adult patients with inflammatory bowel disease. Am J 

Gastroenterol 2012;107:1051–1063. 

55. Mahadevan U, Wolf DC, Dubinsky M, Cortot A, Lee SD, Siegel CA, et al. Placental transfer 

of anti–tumor necrosis factor agents in pregnant patients with inflammatory bowel disease. 

Clinical Gastroenterology and Hepatology 2013;11:e24. 

56. Chaparro M, Verreth A, Lobaton T, Gravito-Soares E, Julsgaard M, Savarino E, et al. Long-

term safety of in utero exposure to anti-tnfα drugs for the treatment of inflammatory bowel 

disease: results from the multicenter European TEDDY study. Am J Gastroenterol 

2018;113:396–403. 

57. Julsgaard M, Christensen LA, Gibson PR, Gearry RB, Fallingborg J, Hvas CL, et al. 

Concentrations of adalimumab and infliximab in mothers and newborns, and effects on 

infection. Gastroenterology 2016;151:110–119. 

58. Vinet É, Moura CD, Pineau CA, Abrahamowicz M, Curtis JR, Bernatsky S. Serious 

infections in rheumatoid arthritis offspring exposed to tumor necrosis factor inhibitors. 

Arthritis & Rheumatology 2018;70:1565–1571. 

59. Crawford D, Friedman M. Evaluation of the developmental toxicity of vedolizumab, an α4β7 

receptor antagonist, in rabbit and nonhuman primate. Int J Toxicol 2019;38:395–404. 

60. Gisbert JP, Chaparro M. Safety of new biologics (vedolizumab and ustekinumab) and small 

molecules (tofacitinib) during pregnancy: a review. Drugs 2020;80:1085–1100. 

61. Terjung B, Schmelz R, Ehehalt R, Klaus J, Knop J, Schwind S, et al. Safety of vedolizumab 

in the treatment of pregnant women with inflammatory bowel disease: a targeted literature 

review. Therap Adv Gastroenterol 2020;13. Available at: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7580131/. Accessed March 2, 2021. 

62. Flanagan E, Gibson PR, Begun J, Ghaly S, Garg M, Andrews JM, et al. Letter: vedolizumab 

drug concentrations in neonates following intrauterine exposure. Alimentary Pharmacology 

& Therapeutics 2018;48:1328–1330. 



 

94 

63. Wils P, Seksik P, Stefanescu C, Nancey S, Allez M, Chambrun GP de, et al. Safety of 

ustekinumab or vedolizumab in pregnant inflammatory bowel disease patients: a 

multicentre cohort study. Alimentary Pharmacology & Therapeutics 2021;53:460–470. 

64. Moens A, Woude CJ van der, Julsgaard M, Humblet E, Sheridan J, Baumgart DC, et al. 

Pregnancy outcomes in inflammatory bowel disease patients treated with vedolizumab, 

anti-TNF or conventional therapy: results of the European CONCEIVE study. Alimentary 

Pharmacology & Therapeutics 2020;51:129–138. 

65. Cargill M, Schrodi SJ, Chang M, Garcia VE, Brandon R, Callis KP, et al. A large-scale 

genetic association study confirms IL12b and leads to the identification of IL23r as 

psoriasis-risk genes. Am J Hum Genet 2007;80:273–390. 

66. Duerr RH, Taylor KD, Brant SR, Rioux JD, Silverberg MS, Daly MJ, et al. A genome-wide 

association study identifies IL23R as an inflammatory bowel disease gene. Science 

2006;314:1461–1463. 

67. Krueger GG, Yeilding N, Dooley LT. A human interleukin-12/23 monoclonal antibody for the 

treatment of psoriasis. NEJM 2007:13. 

68. Leonardi CL, Kimball AB, Papp KA, Yeilding N, Guzzo C, Wang Y, et al. Efficacy and 

safety of ustekinumab, a human interleukin-12/23 monoclonal antibody, in patients with 

psoriasis: 76-week results from a randomised, double-blind, placebo-controlled trial 

(PHOENIX 1). The Lancet 2008;371:1665–1674. 

69. Griffiths CEM, Strober BE, Kerkhof P van de, Ho V, Fidelus-Gort R, Yeilding N, et al. 

Comparison of ustekinumab and etanercept for moderate-to-severe psoriasis. New England 

Journal of Medicine 2010;362:118–128. 

70. Igarashi A, Kato T, Kato M, Song M, Nakagawa H. Efficacy and safety of ustekinumab in 

Japanese patients with moderate-to-severe plaque-type psoriasis: Long-term results from a 

phase 2/3 clinical trial. The Journal of Dermatology 2012;39:242–252. 

71. Tsai T-F, Ho J-C, Song M, Szapary P, Guzzo C, Shen Y-K, et al. Efficacy and safety of 

ustekinumab for the treatment of moderate-to-severe psoriasis: A phase III, randomized, 

placebo-controlled trial in Taiwanese and Korean patients (PEARL). Journal of 

Dermatological Science 2011;63:154–163. 

72. McInnes IB, Kavanaugh A, Gottlieb AB, Puig L, Rahman P, Ritchlin C, et al. Efficacy and 

safety of ustekinumab in patients with active psoriatic arthritis: 1 year results of the phase 3, 

multicentre, double-blind, placebo-controlled PSUMMIT 1 trial. The Lancet 2013;382:780–

789. 

73. Ritchlin C, Rahman P, Kavanaugh A, McInnes IB, Puig L, Li S, et al. Efficacy and safety of 

the anti-IL-12/23 p40 monoclonal antibody, ustekinumab, in patients with active psoriatic 

arthritis despite conventional non-biological and biological anti-tumour necrosis factor 

therapy: 6-month and 1-year results of the phase 3, multicentre, double-blind, placebo-



 

95 

controlled, randomised PSUMMIT 2 trial. Annals of the Rheumatic Diseases 2014;73:990–

999. 

74. Sandborn WJ, Gasink C, Gao L-L, Blank MA, Johanns J, Guzzo C, et al. Ustekinumab 

induction and maintenance therapy in refractory Crohn’s disease. N Engl J Med 

2012;367:1519–1528. 

75. Feagan BG, Sandborn WJ, Gasink C, Jacobstein D, Lang Y, Friedman JR, et al. Ustekinumab 

as Induction and Maintenance Therapy for Crohn’s Disease. N Engl J Med 2016;375:1946–

1960. 

76. Sandborn WJ, Feagan BG, Fedorak RN, Scherl E, Fleisher MR, Katz S, et al. A randomized 

trial of ustekinumab, a human interleukin-12/23 monoclonal antibody, in patients with 

moderate-to-severe Crohn’s disease. Gastroenterology 2008;135:1130–1141. 

77. Davies SC, Nguyen TM, Parker CE, MacDonald JK, Jairath V, Khanna R. Anti-IL-12/23p40 

antibodies for maintenance of remission in Crohn’s disease. Cochrane IBD Group, ed. 

Cochrane Database of Systematic Reviews 2019. Available at: 

http://doi.wiley.com/10.1002/14651858.CD012804.pub2. Accessed March 31, 2021. 

78. Sandborn WJ, Rutgeerts P, Gasink C, Jacobstein D, Zou B, Johanns J, et al. Long-term 

efficacy and safety of ustekinumab for Crohn’s disease through the second year of therapy. 

Alimentary Pharmacology & Therapeutics 2018;48:65–77. 

79. Ma C, Fedorak RN, Kaplan GG, Dieleman LA, Devlin SM, Stern N, et al. Clinical, 

endoscopic and radiographic outcomes with ustekinumab in medically-refractory Crohn’s 

disease: real world experience from a multicentre cohort. Alimentary Pharmacology & 

Therapeutics 2017;45:1232–1243. 

80. Sands BE, Sandborn WJ, Panaccione R, O’Brien CD, Zhang H, Johanns J, et al. 

Ustekinumab as induction and maintenance therapy for ulcerative colitis. N Engl J Med 

2019;381:1201–1214. 

81. Feuerstein JD, Isaacs KL, Schneider Y, Siddique SM, Falck-Ytter Y, Singh S, et al. AGA 

clinical practice guidelines on the management of moderate to severe ulcerative colitis. 

Gastroenterology 2020;158:1450–1461. 

82. Panaccione R, Steinhart AH, Bressler B, Khanna R, Marshall JK, Targownik L, et al. 

Canadian Association of Gastroenterology Clinical Practice Guideline for the Management 

of Luminal Crohn’s Disease. Journal of the Canadian Association of Gastroenterology 

2019;2:e1–e34. 

83. Kim WB, Jerome D, Yeung J. Diagnosis and management of psoriasis. Can Fam Physician 

2017;63:278–285. 



 

96 

84. Menter A, Strober BE, Kaplan DH, Kivelevitch D, Prater EF, Stoff B, et al. Joint AAD-NPF 

guidelines of care for the management and treatment of psoriasis with biologics. Journal of 

the American Academy of Dermatology 2019;80:1029–1072. 

85. Papp KA, Langley RG, Lebwohl M, Krueger GG, Szapary P, Yeilding N, et al. Efficacy and 

safety of ustekinumab, a human interleukin-12/23 monoclonal antibody, in patients with 

psoriasis: 52-week results from a randomised, double-blind, placebo-controlled trial 

(PHOENIX 2). The Lancet 2008;371:1675–1684. 

86. Gottlieb A, Menter A, Mendelsohn A, Shen Y-K, Li S, Guzzo C, et al. Ustekinumab, a human 

interleukin 12/23 monoclonal antibody, for psoriatic arthritis: randomised, double-blind, 

placebo-controlled, crossover trial. The Lancet 2009;373:633–640. 

87. Gordon KB, Papp KA, Langley RG, Ho V, Kimball AB, Guzzo C, et al. Long-term safety 

experience of ustekinumab in patients with moderate to severe psoriasis (Part II of II): 

Results from analyses of infections and malignancy from pooled phase II and III clinical 

trials. Journal of the American Academy of Dermatology 2012;66:742–751. 

88. Kimball AB, Gordon KB, Fakharzadeh S, Yeilding N, Szapary PO, Schenkel B, et al. Long-

term efficacy of ustekinumab in patients with moderate-to-severe psoriasis: results from the 

PHOENIX 1 trial through up to 3 years: Long-term efficacy of ustekinumab in moderate-to-

severe psoriasis. British Journal of Dermatology 2012;166:861–872. 

89. Ghosh S, Gensler LS, Yang Z, Gasink C, Chakravarty SD, Farahi K, et al. Ustekinumab 

safety in psoriasis, psoriatic arthritis, and crohn’s disease: an integrated analysis of phase 

ii/iii clinical development programs. Drug Saf 2019;42:751–768. 

90. Egeberg A, Ottosen MB, Gniadecki R, Broesby-Olsen S, Dam TN, Bryld LE, et al. Safety, 

efficacy and drug survival of biologics and biosimilars for moderate-to-severe plaque 

psoriasis. Br J Dermatol 2018;178:509–519. 

91. IBM. IBM MarketScan Research Databases - Overview - United States. Available at: 

https://www.ibm.com/us-en/marketplace/marketscan-research-databases. 

92. Ailes EC, Simeone RM, Dawson AL, Petersen EE, Gilboa SM. Using insurance claims data 

to identify and estimate critical periods in pregnancy: An application to antidepressants. 

Birth Defects Research Part A: Clinical and Molecular Teratology 2016;106:927–934. 

93. Marić I, Winn VD, Borisenko E, Weber KA, Wong RJ, Aziz N, et al. Data-driven queries 

between medications and spontaneous preterm birth among 2.5 million pregnancies. Birth 

Defects Research 2019;111:1145–1153. 

94. MacDonald SC, Cohen JM, Panchaud A, McElrath TF, Huybrechts KF, Hernández‐Díaz S. 

Identifying pregnancies in insurance claims data: Methods and application to retinoid 

teratogenic surveillance. Pharmacoepidemiology and Drug Safety 2019;28:1211–1221. 



 

97 

95. Yu H, MacIsaac D, Wong JJ, Sellers ZM, Wren AA, Bensen R, et al. Market share and costs 

of biologic therapies for inflammatory bowel disease in the USA. Alimentary 

Pharmacology & Therapeutics 2018;47:364–370. 

96. Vasilakis‐Scaramozza C, Persson R, Hagberg KW, Jick S. The risk of treated anxiety and 

treated depression among patients with psoriasis and PsA treated with apremilast compared 

to biologics, DMARDs and corticosteroids: a cohort study in the United States MarketScan 

database. Journal of the European Academy of Dermatology and Venereology 2020;n/a. 

Available at: http://onlinelibrary.wiley.com/doi/abs/10.1111/jdv.16231. Accessed January 

29, 2020. 

97. Eder L, Widdifield J, Rosen CF, Cook R, Lee K-A, Alhusayen R, et al. Trends in the 

prevalence and incidence of psoriasis and psoriatic arthritis in Ontario, Canada: a 

population-based study. Arthritis Care & Research 2019;71:1084–1091. 

98. Benchimol EI, Guttmann A, Mack DR, Nguyen GC, Marshall JK, Gregor JC, et al. 

Validation of international algorithms to identify adults with inflammatory bowel disease in 

health administrative data from Ontario, Canada. Journal of Clinical Epidemiology 

2014;67:887–896. 

99. Ochsenkühn T, Tillack C, Szokodi D, Janelidze S, Schnitzler F. Clinical outcomes with 

ustekinumab as rescue treatment in therapy-refractory or therapy-intolerant ulcerative 

colitis. United European Gastroenterology Journal 2020;8:91–98. 

100. Simsek M, Lissenberg‐Witte BI, Riswijk MLM van, Verschuren S, Hoentjen F, Oldenburg 

B, et al. Off-label prescriptions of drugs used for the treatment of Crohn’s disease or 

ulcerative colitis. Alimentary Pharmacology & Therapeutics 2019;49:1293–1300. 

101. Johnson KE, Beaton SJ, Andrade SE, Cheetham TC, Scott PE, Hammad TA, et al. Methods 

of linking mothers and infants using health plan data for studies of pregnancy outcomes. 

Pharmacoepidemiol Drug Saf 2013;22:776–782. 

102. Henriksen DP, Nielsen SL, Laursen CB, Hallas J, Pedersen C, Lassen AT. How well do 

discharge diagnoses identify hospitalised patients with community-acquired infections? – A 

validation study. PLoS One 2014;9. Available at: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3963967/. Accessed January 28, 2020. 

103. Miller JE, Wu C, Pedersen LH, Klerk N de, Olsen J, Burgner DP. Maternal antibiotic 

exposure during pregnancy and hospitalization with infection in offspring: a population-

based cohort study. Int J Epidemiol 2018;47:561–571. 

104. Tsao NW, Lynd LD, Sayre EC, Sadatsafavi M, Hanley G, Vera MAD. Use of biologics 

during pregnancy and risk of serious infections in the mother and baby: a Canadian 

population-based cohort study. BMJ Open 2019;9:e023714. 



 

98 

105. Dobler CC. Biologic Agents and Tuberculosis. Microbiology Spectrum 2016;4. Available at: 

http://www.asmscience.org/content/journal/microbiolspec/10.1128/microbiolspec.TNMI7-

0026-2016. Accessed March 23, 2021. 

106. Negrato CA, Mattar R, Gomes MB. Adverse pregnancy outcomes in women with diabetes. 

Diabetol Metab Syndr 2012;4:41. 

107. Murphy HR, Howgate C, O’Keefe J, Myers J, Morgan M, Coleman MA, et al. 

Characteristics and outcomes of pregnant women with type 1 or type 2 diabetes: a 5-year 

national population-based cohort study. The Lancet Diabetes & Endocrinology 2021;9:153–

164. 

108. Li Y, Long D, Liu J, Qiu D, Wang J, Cheng X, et al. Gestational diabetes mellitus in women 

increased the risk of neonatal infection via inflammation and autophagy in the placenta. 

Medicine (Baltimore) 2020;99. Available at: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7535644/. Accessed March 25, 2021. 

109. Daikoku NH, Kaltreider DF, Johnson TR, Johnson JW, Simmons MA. Premature rupture of 

membranes and preterm labor: neonatal infection and perinatal mortality risks. Obstet 

Gynecol 1981;58:417–425. 

110. Nadeau HCG, Subramaniam A, Andrews WW. Infection and preterm birth. Seminars in 

Fetal and Neonatal Medicine 2016;21:100–105. 

111. Collins A, Weitkamp J-H, Wynn JL. Why are preterm newborns at increased risk of 

infection? Arch Dis Child Fetal Neonatal Ed 2018;103:F391–F394. 

112. McGuire W, Clerihew L, Fowlie PW. Infection in the preterm infant. BMJ 2004;329:1277–

1280. 

113. Steiner L, Diesner SC, Voitl P. Risk of infection in the first year of life in preterm children: 

An Austrian observational study. PLOS ONE 2019;14:e0224766. 

114. Margulis AV, Setoguchi S, Mittleman MA, Glynn RJ, Dormuth CR, Hernández‐Díaz S. 

Algorithms to estimate the beginning of pregnancy in administrative databases. 

Pharmacoepidemiology and Drug Safety 2013;22:16–24. 

115. Youssef J, Novosad SA, Winthrop KL. Infection Risk and Safety of Corticosteroid Use. 

Rheumatic Disease Clinics of North America 2016;42:157–176. 

116. Brassard P, Bitton A, Suissa A, Sinyavskaya L, Patenaude V, Suissa S. Oral Corticosteroids 

and the Risk of Serious Infections in Patients With Elderly-Onset Inflammatory Bowel 

Diseases. Official journal of the American College of Gastroenterology | ACG 

2014;109:1795–1802. 



 

99 

117. Signorell A, Aho K, Alfons A, Anderegg N, Aragon T, Arachchige C, et al. DescTools: Tools 

for Descriptive Statistics.; 2021. Available at: https://CRAN.R-

project.org/package=DescTools. Accessed March 24, 2021. 

118. Brown LD, Cai TT, DasGupta A. Interval estimation for a binomial proportion. Statistical 

Science 2001;16:101–117. 

119. Platt RW. The fetuses-at-risk approach: an evolving paradigm. In: Platt RW, Buck Louis 

GM, eds. Reproductive and Perinatal Epidemiology. Oxford University Press. Available at: 

http://www.oxfordscholarship.com/view/10.1093/acprof:oso/9780195387902.001.0001/acp

rof-9780195387902-chapter-014. Accessed April 3, 2020. 

120. Overall JE, Tonidandel S. Robustness of generalized estimating equation (GEE) tests of 

significance against misspecification of the error structure model. Biometrical Journal 

2004;46:203–213. 

121. Ma J, Raina P, Beyene J, Thabane L. Comparison of population-averaged and cluster-

specific models for the analysis of cluster randomized trials with missing binary outcomes: 

a simulation study. BMC Medical Research Methodology 2013;13:9. 

122. Chuang SK, Cai T, Douglass CW, Wei LJ, Dodson TB. Frailty Approach for the Analysis of 

Clustered Failure Time Observations in Dental Research. J Dent Res 2005;84:54–58. 

123. Matro R, Martin CF, Wolf D, Shah SA, Mahadevan U. Exposure Concentrations of Infants 

Breastfed by Women Receiving Biologic Therapies for Inflammatory Bowel Diseases and 

Effects of Breastfeeding on Infections and Development. Gastroenterology 2018;155:696–

704. 

124. Luu M, Benzenine E, Doret M, Michiels C, Barkun A, Degand T, et al. Continuous anti-

TNFα use throughout pregnancy: possible complications for the mother but not for the 

fetus. a retrospective cohort on the French national health insurance database (EVASION). 

American Journal of Gastroenterology 2018;113:1669–1677. 

125. Curkendall S, Patel V, Gleeson M, Campbell RS, Zagari M, Dubois R. Compliance with 

biologic therapies for rheumatoid arthritis: Do patient out-of-pocket payments matter? 

Arthritis Care & Research 2008;59:1519–1526. 

126. Moran K, Null K, Huang Z, Lissoos T, Kane S. Retrospective claims analysis indirectly 

comparing medication adherence and persistence between intravenous biologics and oral 

small-molecule therapies in inflammatory bowel diseases. Adv Ther 2019;36:2260–2272. 

127. Witt WP, Cheng ER, Wisk LE, Litzelman K, Chatterjee D, Mandell K, et al. Preterm birth in 

the United States: the impact of stressful life events prior to conception and maternal age. 

Am J Public Health 2014;104:S73–S80. 

128. Walani SR. Global burden of preterm birth. International Journal of Gynecology & 

Obstetrics 2020;150:31–33. 



 

100 

129. Adamson D, Chang S, Hansen LG. Health research data for the real world: The MarketScan 

databases. Thomson Healthcare 2008:1–32. 

  



 

101 

Appendices 

A. Appendix to this thesis 

Table 9.1: ICD codes for assessing gestational age 

ICD-9 code Assigned gestational 

age (weeks) 

765.21 23 

765.22 24 

765.23 26 

765.24 28 

765.25 30 

765.26 32 

765.27 34 

765.28 36 

765.29 39 

766.21 41 

766.22 42 

Note: For ICD-10, gestational age can be calculated 

 from Z3A.xx where xx refers to GA in weeks 

 

 


