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Abstract

Background: PYRAMID was an international post-marketing registry that aimed to
collect data on the long-term safety and effectiveness of adalimumab treatment per
local standard of care in patients with moderately to severely active Crohn's disease
(CD). Here, we present post hoc analyses of observational data from patients who
became pregnant while participating in this registry and receiving adalimumab.
Methods: From the subpopulation of patients receiving adalimumab who became
pregnant while taking part in PYRAMID, data on patient characteristics, pregnancy
outcomes, and complications of pregnancy were analysed retrospectively.

Results: Across the PYRAMID registry, 293 pregnancies occurred in patients who
had gestational adalimumab exposure (average disease duration at last menstrual
period: 8.6 years), resulting in 300 pregnancy outcomes. A total of 197 pregnancies
(67.2%) were exposed to adalimumab in all trimesters per physician's decision. Of the
known reported outcomes (96.3%), 81.7% (236/289) were live births, 10.4% (30/289)
were spontaneous abortions, 4.8% (14/289) elective terminations, 2.8% (8/289)
ectopic pregnancies, and 0.3% (1/289) was a stillbirth. Congenital malformations
(pulmonary valve stenosis and tricuspid valve incompetence) were reported in one
infant. In addition to the pregnancy outcomes described above, 23 complications of
pregnancy were reported in 20 patients.

Conclusions: This analysis showed that adalimumab treatment in patients with CD,
who became pregnant whilst participating in the PYRAMID registry, contributed no

additional adverse effects during the pregnancy course or on pregnancy outcomes.
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INTRODUCTION

Crohn's disease (CD) is a chronic inflammatory bowel disease (IBD),
with characteristic symptoms including abdominal pain, diarrhoea,
and fatigue.r Almost half of female patients diagnosed with CD are
under 40 years of age and still in their peak reproductive years.2
Compared with healthy controls, patients with IBD have been shown
to be at significantly higher risk of adverse pregnancy outcomes.®*
These included a higher risk of preterm births (odds ratio [OR] = 1.4,
95% confidence interval [Cl], 1.1-1.8), low birth weight (OR = 1.4
[95% ClI, 1.1-1.8]), and postpartum haemorrhage (OR = 1.3 [95% Cl,
1.0-1.6]) versus healthy controls.®> Further studies have demon-
strated that disease activity is an important risk factor for adverse
pregnancy outcomes* ’; therefore, maintaining clinical remission or
low disease activity is important during pregnancy.

Anti-tumour necrosis factor (anti-TNF) therapies, including ada-
limumab, certolizumab pegol (in certain countries), and infliximab, are
available for the treatment of CD.® Adalimumab is a fully human
monoclonal antibody that has been licenced to treat adults and
children with CD in the United States and Europe, and is currently
also approved for the treatment of ulcerative colitis (adults and
children), rheumatoid arthritis (RA), juvenile idiopathic arthritis,
psoriatic arthritis, ankylosing spondylitis, plaque psoriasis, hidrade-
nitis suppurativa, and noninfectious uveitis.” Monoclonal antibodies,
such as adalimumab, are increasingly transported across the placenta
as the pregnancy progresses, with active transport during the third
trimester.’® While the European Crohn's and Colitis Organisation
(ECCO) 2015 guidelines recommend that anti-TNF therapies may be
discontinued around gestational week 24-26 if appropriate to mini-
mise risk due to transplacental transfer,® more recent guidelines
recommend that most patients with active CD should continue
treatment throughout pregnancy.'1? This is supported by data from
a prospective observational study in the United States, which showed
that exposure to biologic therapies during pregnancy was not asso-
ciated with adverse pregnancy outcomes.*® In addition, a multicentre
retrospective study in the Netherlands of 1000 children born to
mothers with IBD showed no association between maternal anti-TNF
and/or thiopurine use during pregnancy and adverse long-term
health outcomes of their offspring, up to 5 years of age.!* ECCO
guidelines also recommend that live vaccines in infants whose
mothers have had exposure to anti-TNF agents during pregnancy
should be avoided in the first 6 months after birth.%?

PYRAMID was a 6-year, prospective, multicentre, post-
marketing, observational registry (NCT00524537) designed to
assess the long-term safety and effectiveness of adalimumab in
routine clinical practice in adult patients with CD, with the primary
objective of ruling out a doubling of lymphoma risk in patients
receiving adalimumab. Patients included in this registry received
adalimumab administered by their treating physician according to the
local product label. Data from PYRAMID revealed that adalimumab
therapy was well tolerated, and improved physician- and patient-
reported disease outcomes, with maintained remission rates of up

to 6 years in clinical practice.*>*¢

Key summary

Summarise the established knowledge on this subject

e Compared with healthy controls, patients with inflam-
matory bowel disease have been shown to be at signifi-
cantly higher risk of adverse pregnancy outcomes.

e Maintaining clinical remission or low disease activity is
important during pregnancy to minimise adverse preg-
nancy outcomes in patients with Crohn's disease (CD).

e Data from observational studies suggest that exposure
to biologic therapies during pregnancy is not associated
with adverse pregnancy outcomes or adverse health of
their offspring.

e There are few real-world studies on pregnancy outcomes

among those receiving adalimumab during pregnancy.

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

e |n this large single cohort of 293 pregnancies, adalimu-
mab treatment contributed no additional adverse effects
during the pregnancy course or on pregnancy outcomes
in patients with CD who became pregnant while
participating in the PYRAMID registry.

A subgroup of patients became pregnant during their participa-
tion in the PYRAMID registry while being treated according to the
local standard of care. This provided an opportunity to collect real-
world data on pregnancy outcomes in patients who had received
adalimumab within 6 months prior to pregnancy and/or during
pregnancy. According to the registry protocol, the decision to
continue adalimumab in patients who became pregnant during their
participation was solely at the discretion of the treating physician. No
additional registry visits were planned when pregnancy occurred, and
the scheduled data collection was maintained per protocol. In this
post hoc observational analysis, we report the outcomes from 293
pregnancies with adalimumab exposure that occurred during the
PYRAMID registry.

METHODS
Patients

Patients included in PYRAMID (NCT00524537) have been described
previously.'>%® Adults with moderately to severely active CD were
eligible to participate if they were naive to adalimumab treatment,
were prior participants in investigational studies with adalimumab
who continued adalimumab treatment, or were currently receiving
adalimumab per the local product label. All patients were treated
with adalimumab in a routine clinical practice setting and were fol-
lowed up during regular clinic visits every 3 months for a year, and

every 6 months thereafter for up to 6 years. Pregnancies that
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occurred in patients participating in PYRAMID were followed up per
local standard of care from the time the pregnancy was reported until
the outcome of the pregnancy was reported, with no additional
registry-related visits included. Infants were followed for 70 days
after delivery per protocol. Mothers with more than one pregnancy
during the PYRAMID registry were counted for each pregnancy. Twin
gestations were counted as one pregnancy with two pregnancy
outcomes.

Demographics and disease characteristics

Maternal data recorded at entry into the registry included de-
mographics and disease characteristics, medical history, prior and
concomitant medication use, and complications of CD (selected from
a predefined list: arthralgia/arthritis, iritis/uveitis, erythema nodo-
sum, pyoderma gangrenosum, oral aphthous ulcers, anal fissure,
draining fistula, perianal abscess, bowel obstruction, bowel resection,
and CD surgery).

Exposure to adalimumab and other medications was also recor-
ded throughout the registry. Other medications which were started
and stopped >6 months prior to pregnancy were classified as medi-
cations used prior to the pregnancy. Other medications taken be-
tween 6 months prior to last menstrual period (LMP) date and
delivery date were classified as concomitant medications to adali-
mumab during the pregnancy; if LMP or delivery date was missing, a

15-month window was conservatively assumed.

Complications of pregnancy

Overall safety assessments have previously been described.'®
Complications of pregnancy were included based on medical and

literature review,>”

and defined as any event relating to the
pregnancy that occurred during the interval from LMP date
through to delivery date plus 3 months. Where an LMP date or
delivery date was missing, a 12-month window was conservatively
assumed. The events deemed relevant were: postpartum haemor-
rhage, pre-eclampsia/eclampsia, antepartum haemorrhage, metror-
rhagia, bartholinitis, arterial thrombosis, venous thromboembolism,
gestational diabetes, abruptio placenta, chorioamnionitis, hydrops
fetalis, foetal distress, infection, maternal blood transfusion,
maternal death, delivery complications, premature labour, placenta
previa, premature rupture of membranes, prolonged rupture of
membranes, uterine contractions during pregnancy, and urine

group B streptococcus.

Pregnancy outcomes

The following pregnancy outcomes were considered: live birth,
spontaneous abortion (defined as a fatal pregnancy outcome at

<20 weeks' gestation), stillbirth (defined as a fatal pregnancy

outcome at >20 weeks' gestationls), elective termination, or ectopic
pregnancy. Information recorded for live births included congenital
anomalies, gestational age, preterm birth (defined as a live birth
before 37 completed weeks of gestation and subdivided into
extremely preterm [gestational age <28 weeks], very preterm
[gestational age >28 to <32 weeks], and moderate-to-late preterm
[gestational age >32 to <37 weeks]),'? and low birth weight (defined
by the World Health Organization as <2500 g2°).

Effectiveness measures

Effectiveness measures, used to evaluate disease activity, have been
previously described.'® In brief, these included change from base-
line in Physician's Global Assessment (PGA) of Disease Activity
(derived from the Harvey-Bradshaw Index [HBI]), Short Quality of
Life in Inflammatory Bowel Disease Questionnaire, and Work Pro-
ductivity and Activity Impairment questionnaire; and clinical
remission defined by HBI <5. These were collected in patients
receiving adalimumab and evaluated at entry into the registry, at
LMP, and at delivery date (which reflect the closest available
measurement within 12 months prior to LMP date and +90 days
around delivery date, respectively); and reported as exploratory

outcomes in this patient subpopulation.

Statistical analysis

Only pregnancies with gestational adalimumab exposure were
included in this analysis, defined as >1 dose of adalimumab within
6 months (<183 days) prior to the LMP date and/or any time
during the pregnancy. The timing of adalimumab exposure, rela-
tive to pregnancy was further classified as ‘before conception
only’, ‘first trimester only’, ‘after first trimester only’, ‘in the first
and second or in the first and third trimesters’, or ‘throughout
the pregnancy’. Due to registry data capture and study visit
schedules, it was not always possible to ascertain whether the
use of adalimumab was consistent throughout these time frames.
Therefore, exposure in these subcategories was defined as >1
dose of adalimumab within the trimester(s) of interest. Pregnan-
cies where the information on gestational exposure could not be
retrieved from the registry database were excluded from the
analyses.

An a priori sample size was not determined for this analysis
and no statistical comparisons were performed. All data were
summarised descriptively. Exact Clopper-Pearson 95% Cls were
included for pregnancy outcomes. Complications of pregnancy
were summarised by system organ class (SOC) and preferred term
(PT) as the number of patients with >1 event and number of
events. A patient with several reports of the same PT was only
counted once per PT. A patient who reported two or more
different PTs that were in the same SOC was counted only once in
the SOC total.
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Ethical considerations

The PYRAMID study was conducted in accordance with the Inter-
national Conference on Harmonization guidelines, applicable regu-
lations, and the Declaration of Helsinki. Study-related documents
were approved by institutional ethics committees and review boards.
Patients provided written informed consent at enrolment and signed
a Patient Authorization for Use/Disclosure of Data form.

RESULTS
Patient demographics and disease characteristics

Overall, 5061 patients were included in the PYRAMID registry,
with 57% of 5025 evaluated patients being female.!®> Of the total
of 356 pregnancies reported, 59 pregnancies did not have
gestational adalimumab exposure (defined as having stopped
adalimumab at least 6 months prior to LMP) and were excluded
from this analysis. Last menstrual period date was missing for
another 19/356 pregnancies, but it was possible to assign the
exposure as gestational for 15 of these pregnancies since >1 dose
of adalimumab was taken within 6 months of the delivery date;
however, the remaining four pregnancies could not be categorised
as having adalimumab exposure due to missing LMP and/or de-
livery date and were excluded. Thus, 293 pregnancies with
gestational adalimumab exposure in 238 patients were included in
this analysis, including seven twin pregnancies, resulting in 300
pregnancy outcomes (Figure 1). Of the included pregnancies, 197/
293 (67.2%) were exposed to adalimumab in all three trimesters
per physician's discretion within the local standard of care and the
patient's decision (Table 1).

Maternal demographics and disease characteristics for pregnan-
cies that occurred during the PYRAMID registry are summarised in
Table 2, and prior biologic use and the use of concomitant medications

5061 patients enrolled
in the PYRAMID registry

l

5025 patients evaluable

|

356 pregnancies (365 outcomes)
reported (including 9 sets of twins)

63 pregnancies (65 outcomes) excluded

+ 4 pregnancies (5 outcomes) due to
missing LMP and/or delivery date

+ 59 pregnancies (60 outcomes) due to
pregestational adalimumab exposure

293 pregnancies (300 outcomes) with
gestational adalimumab exposure
(including 7 sets of twins)

236 live births
53 other known outcomes
11 lost to follow-up

FIGURE 1 All PYRAMID maternal pregnancies. Gestational
exposure was defined as adalimumab exposure within 6 months
(<183 days) prior to last menstrual period (LMP) date and/or any
time during the pregnancy

during pregnancy are summarised in Table 3. Across the included
pregnancies, mean maternal age was 31.1 years at pregnancy outcome
and the mean maternal duration of CD was 8.6 years at LMP. PGA
score (mean =+ standard deviation [SD]) was lower at the time of LMP
(3.1 4 4.3) or delivery date (3.2 £ 4.3) than at the time of registry entry

TABLE 1 Maternal gestational exposure to adalimumab
during the PYRAMID registry

Number of pregnancies® 293

Gestational adalimumab exposure, n (%)

Before conception only (<6 months prior to LMP) 12 (4.1)
First trimester only 22 (7.5)
Second and/or third trimester only 1 (0.3)
First and second or first and third trimester 35 (11.9)
Throughout pregnancy® 197 (67.2)
Unknown exposure timing 26 (8.9)

Note: Gestational exposure was defined as adalimumab exposure within
6 months (<183 days) prior to the LMP date and/or any time during the
pregnancy.

Abbreviation: LMP, last menstrual period.

aTwin gestations were counted as one pregnancy.

b>1 dose of adalimumab within each trimester.

TABLE 2 Demographics and clinical characteristics of patients
with Crohn's disease with reported pregnancies

Number of pregnancies® 293
Maternal age at registry entry (years) n =293
Mean + SD 283 £ 4.7
Maternal age at pregnancy outcome (years) n =282
Mean + SD 31.1+47
Race, n (%) n=293
White 281 (95.9)
Black 5(1.7)
Asian 3 (1.0)
Other 4 (1.4)
Alcohol use at registry entry, n (%) n =284
Current drinker 135 (47.5)
Ex-drinker 5(1.8)
Nondrinker 144 (50.7)
Tobacco use at registry entry, n (%) n =285
Current smoker 79 (27.7)
Ex-smoker 46 (16.1)
Nonsmoker 160 (56.1)
CD duration at registry entry (years) n =287
Mean + SD 72 +53
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TABLE 2 (Continued) TABLE 3 Medication use prior to or during pregnancy
CD duration at LMP (years) n=272 Number of pregnancies 293
Mean + SD 8.6 + 5.4 Prior anti-TNFs/biologics started and finished >6 months
prior to LMP, >n (%)
Involved intestinal area at registry entry, n (%) n =293
Infliximab 151 (51.5)
Anal 66 (22.5)
Certolizumab/certolizumab pegol 17 (5.8)
Colon 213 (72.7)
Investigational drug 0
Gastroduodenum 16 (5.5)
. Concomitant CD medications started during pregnancy
lleum and other areas (excluding colon) 203 (69.3) (medication started or ended with >1 dose in a period
Jejunum 16 (5.5) of 6 months prior to LMP and delivery date), n (%)
Rectum 54 (18.4) 5-Aminosalicylates (aminosalicylic acid, sulfasalazine, 57 (19.5)
mesalazine, olsalazine, balsalazide)
lleum only 49 (16.7)
Azathioprine 98 (33.4)
Colon only 35 (11.9)
6-Mercaptopurine 25 (8.5)
lleum and colon 138 (47.1)
Methotrexate 15 (5.1)
Other 9(3.1)
Corticosteroids (prednisone, prednisolone, 92 (31.4)
Prior CD surgery, n (%) n =189 methylprednisolone, budesonide, hydrocortisone,
46 (24.3) beclomethasone, dexamethasone)
CD complications history, prior to and during registry n=189 Antibiotics (_ciproﬂoxacin, metronidazole, ampicillin, 43 (14.7)
entry, n (%) tetracycline)
Arthralgia/arthritis 64 (33.9) Narcotic analgesics (fentanyl, hydrocodone, 9(3.1)
hydromorphone)
Iritis/uveitis 0
Abbreviations: CD, Crohn's disease; LMP, last menstrual period; TNF,
Erythema nodosum 0 tumour necrosis factor.
Oral aphthous ulcers 1 (0.5)
Anal fissure 2(1.1) (4.5 + 4.6). The number of pregnancies occurring in patients with a
Draining fistula 52 (27.5) history of draining fistulas, internal fistulas, or arthralgia/arthritis
were 27.5%, 18.0%, and 33.9%, respectively. For over half of the
Internal fistula 34 (18.0) pregnancies (51.5%), patients had received infliximab prior to the
Pyoderma gangrenosum 31 (16.4) pregnancy (started and stopped >6 months prior to pregnancy).
Perianal abscess 71 (37.6) Corticosteroids and thiopurines (azathioprine/6-mercaptopurine),
. . o o o . .
Bowel obstruction 31 (16.4) prescribed in 31.4% and 33.4%/8.5% of pregnancies, respectively,
were the most frequently administered concomitant medications to
Bowel resection 64 (33.9) . .
adalimumab during the pregnancy.
PGA score at registry entry n =280
Mean + SD 45+ 4.6
PGA score at LMP® n = 241 Complications of pregnancy
M 4+ SD 3.1+£43
ean Complications occurring during the defined pregnancy time frame
PGA score at delivery date® n =189 were reported by 20 patients (23 individual events; Table 4). The only
Mean + SD 32+43 events occurring in more than 1 patient were pre-eclampsia (3 pa-

Note: PGA, derived from the Harvey-Bradshaw Index, was used to
assess general well-being (scored from O to 4), abdominal pain (scored
from O to 3), diarrhoea (the number of semisolid/liquid stools per day
during the past 7 days), blood in stool (scored from O to 2), abdominal
mass (scored from O to 3), and CD-related extraintestinal manifestation
(scored as 1 per complication).

Abbreviations: CD, Crohn's disease; LMP, last menstrual period; PGA,
Physician's Global Assessment; SD, standard deviation.

aTwin gestations were counted as one pregnancy.

BLast available PGA score within 12 months prior to LMP.

“Closest available PGA score +90 days around delivery date.

tients) and premature labour (2 patients).

One case of hydrops fetalis was reported, caused by a parvovirus
infection detected at a gestational age of 20 weeks in a 40-year-old
mother. Treatment with adalimumab may have increased the sus-
ceptibility of the mother to parvovirus infection during the pregnancy
due to an increased risk of infection with immunosuppressant
agents.? This pregnancy resulted in a stillbirth.

In addition, a 30-year-old mother, who received adalimumab in
all three trimesters throughout pregnancy, delivered an infant with
cerebral palsy after experiencing a uterine rupture and emergency
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TABLE 4 Complications of pregnancy during the pregnancy
interval® by system organ class and preferred term

n =238

System organ class preferred term Patients,” n Events,® n

Any pregnancy complication 20 23
Cardiac disorders 1 1
Atrial thrombosis 1 1
Infections and infestations 8 9
Candida infection 1 1
Device-related infection 1 1
Endometritis 1 1
Mastitis 1 1
Pelvic abscess 1 1
Pyelonephritis 1 1
Sialadenitis 1 1
Staphylococcal bacteraemia 1 1
Vulvovaginal mycotic infection 1 1
Injury, poisoning, and procedural 1 1
complications
Uterine rupture 1 1
Pregnancy, puerperium, and perinatal 9 9
conditions
Hydrops fetalis 1 1
Complication of delivery 1 1
Pre-eclampsia 3 3
Premature labour 2 2
Premature rupture of membranes 1 1
Uterine contractions during pregnancy® 1 1
Reproductive system and breast disorders 2 2
Bartholinitis 1 1
Metrorrhagia 1 1
Respiratory, thoracic, and mediastinal 1 1
disorders
Pulmonary embolism 1 1

Abbreviation: LMP, last menstrual period.

2The pregnancy interval was defined from LMP date through to delivery
date +3 months. If LMP date or delivery date was missing, a 12-month
window was conservatively assumed. Adverse pregnancy complications
were included based on medical and literature review. Pregnancy
outcomes are summarised in Table 5 and not included here as
complications of pregnancy.

PA patient with several reports of the same PT is counted once per PT.
The sum of the total number of patients reporting each of the preferred
terms should be greater than or equal to the SOC total. A patient who
reported two or more different preferred terms that were in the same
SOC was counted once in the SOC total.

°All events were counted.

dLikely to have been premature contractions.

caesarean section. Two days later she had a pulmonary embolism
thought to have been causally related to the surgical procedure.
According to the investigator, the infant's cerebral palsy and post-
operative maternal pulmonary embolism were both attributed to
the uterine rupture.

Pregnancy outcomes

Of the 300 foetuses with maternal adalimumab exposure included in
this analysis, 289 (96.3%) had a known outcome (Table 5). Among the
known outcomes, most (236/289; 81.7% [95% Cl, 76.7-86.0]) were
live births. There were 30 spontaneous abortions (10.4% [95% Cl,
7.1-14.5]), 14 elective terminations (4.8% [95% Cl, 2.7-8.0]; one case
was a known foetal defect of trisomy 21 [case vignette in Supple-
mentary Text]), eight ectopic pregnancies (2.8% [95% Cl, 1.2-5.4]),
and one stillbirth (0.3% [95% Cl, 0.0-1.9]; this occurred in the case of
hydrops fetalis reported in the previous section).

Congenital malformation was observed in one live-born infant
(0.3% [95% Cl, 0.0-1.9]). This event was reported in a 34-year-old
patient with CD, obesity, and a cigarette smoking history of 15 pack-
years who gave birth to a full-term female infant with low birth
weight (1.8 kg), pulmonary valve stenosis, and tricuspid valve
incompetence. The mother experienced pre-eclampsia during the
pregnancy. This patient was treated with adalimumab during the first
and second trimesters of pregnancy, and concomitant medications
included metamizole and labetalol.

Preterm births (<37 weeks) were reported in 32/236 (13.6%
[95% CI, 9.5-18.6]) live births; of these, 25 (78.1%) were moderate-

TABLE 5 Pregnancy outcomes
n = 300%
Known outcomes, n (%) 289 (96.3)
Pregnancy outcomes®, n (%) [95% Cl]
All live births 236 (81.7) [76.7-86.0]
Preterm (gestational age <37 weeks)® 32 (13.6) [9.5-18.6]
Live birth with congenital anomaly 1 (0.3) [0.0-1.9]
Spontaneous abortion 30 (10.4) [7.1-14.5]
Elective termination® 14 (4.8) [2.7-8.0]
Stillbirth 1 (0.3) [0.0-1.9]

Ectopic pregnancy 8 (2.8) [1.2-5.4]

Abbreviation: Cl, confidence interval.

2Each foetus was counted separately.

bAs percentage of known outcomes (n = 289).

“As percentage of live births with/without congenital anomaly.

9Not all elective terminations have analysis of foetus to determine if
there were chromosomal abnormalities or foetal defects. One elective
termination was reported as a chromosomal defect (see Supplementary
Text).
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to-late preterm (>32 weeks to <37 weeks). Very preterm (>28 to
<32 weeks) and extremely preterm (<28 weeks) births were less
frequent, accounting for 5/32 (15.6%) and 2/32 (6.3%) of the total
preterm births, respectively. Two of the preterm births (one
extremely preterm and one very preterm [twins]) resulted in three
infant deaths (case vignettes in Supplementary Text).

Of 208 live births with known birth weights, 27 infants had low
birth weight (13.0%; Table S1); 12 infants with low birth weight were
born preterm (44.4%).

Disease activity and patient-reported outcomes in patients who
became pregnant during the PYRAMID registry are presented in
Table S2 and Figures S1-3 (see Supplementary Text).

DISCUSSION

These post hoc observational data on 293 pregnancies were
collected from 238 patients with CD receiving adalimumab who
became pregnant while participating in the PYRAMID registry. This
allowed us to observe the real-world pregnancy outcomes among
those receiving adalimumab. These pregnancies generally occurred in
patients in their early 30s and the mean maternal disease duration
was approximately 9 years. Overall, more than 50% of pregnancies
occurred in patients who were receiving their second biologic ther-
apy; 27.5% and 18.0% of pregnancies occurred in patients who were
burdened with either a draining or internal fistula, respectively. Most
pregnancy outcomes (81.7% [95% Cl, 76.7-86.0]) were live births, of
which 13.6% (95% Cl, 9.5-18.6) were preterm births, and one infant
was born with a birth defect. Since 2007 when the first patient was
enrolled in the PYRAMID registry, therapeutic drug monitoring
(TDM) has recently emerged as the new standard of care for opti-
mising anti-TNF therapy in CD. Therefore, it is possible that the
monitoring of mother and baby may have been different then
compared with standard of care today.

The rates of live births and adverse pregnancy outcomes
(congenital anomalies, spontaneous abortion, preterm birth, stillbirth)
reported in this analysis were generally comparable to previously
published pregnancy outcomes in patients with CD receiving adali-
mumab (Organization of Teratology Information Services [OTIS] and
Pregnancy in Inflammatory Bowel Disease and Neonatal Outcomes
[PIANOQ] registries) or other anti-TNF inhibitors, including infliximab
(The Crohn's Therapy, Resource, Evaluation, and Assessment Tool
registry) and certolizumab pegol.t321-24

In this analysis, the number of infants born with birth defects was
small (0.3% [95% CIl, 0.0-1.9], one infant) and not higher than the
rates reported in the general population, as approximately 3%-5% of
all infants born in the United States have congenital anomalies.?® The
infant was born with pulmonary valve stenosis and tricuspid valve
incompetence, which is reflective of common congenital cardiac
malformations.2>2¢

The observed rate of preterm live births in this analysis (13.6%
[95% Cl, 9.5-18.6]) was consistent with that reported for patients with
CD or RA exposed to adalimumab (11.5%) in the OTIS registry.21 It was

also consistent with the rate of preterm births observed in the global
general population (11.1%).2” Of the 3 infants who died in this analysis,
all were preterm (<32 weeks' gestation), which is one of the leading
causes of infant mortality.?® Preterm births often result in low birth
weight infants and, consistent with this, almost half of the infants with
low birth weights were preterm births. Overall, the observed rate of
pregnancies resulting in a low-birth-weight infant in this analysis
(13.0%) was similar to that reported in patients with IBD exposed to
TNF inhibitors (10.9%) or TNF-naive patients with IBD (8.0%).*

The rate of spontaneous abortion reported in this analysis was
10.4% (95% Cl, 7.1-14.5), which was consistent with the published
rate in patients with CD (or RA in the OTIS registry) with nonbiologic
exposure (8.9%-11.1%)?1?2 or exposure to TNF inhibitors (12.9%-
16.9%).21222% This was also similar to background rates reported for
the general population (5.2%-15.3%).2127731 The risk of spontaneous
abortions increases with maternal age (>35 years) and prior history
of miscarriage,®? and almost half of the patients with spontaneous
abortions in this analysis had one of these known risk factors.

The rate of stillbirths was also low in PYRAMID, with one (0.3%
[95% CI, 0.0-1.9]) stillbirth noted in an infant with hydrops fetalis.
Parvovirus infection occurred in this 40-year-old patient prior to
20 weeks of gestation and was found in the placenta after foetal
demise. Parvovirus B19 infection may affect 1%-5% of pregnancies
and has a wide range of clinical presentations ranging from uncom-
plicated pregnancy to severe hydrops fetalis or infant death.>® When
parvovirus infections occur before 20 weeks of gestation, there is a
higher foetal loss rate compared with infections after 20 weeks
(14.8% vs. 2.3%).2° There was one elective termination resulting from
a prenatal diagnosis of a chromosomal defect (trisomy 21) in a 38-
year-old patient; however, alterations to chromosomal DNA cannot
reasonably be attributed due to the known, nongenotoxic mechanism
of adalimumab.”

The rate of ectopic pregnancies in this analysis (2.8% [95% Cl,
1.2-5.4]) was similar to that previously reported among pregnancies
in patients with CD (1.9%).3* Of the 8 ectopic pregnancies, 1 patient
had prior abdominal surgery (bowel resection secondary to disease-
related obstruction) and another was of advanced maternal age; both
risk factors are associated with ectopic pregnancy.®”

The most common complications of pregnancy reported included
pre-eclampsia (3 patients) and premature labour (2 patients). Pa-
tients with IBD are at increased risk of severe pre-eclampsia
compared with patients without IBD, with increased risk of pre-
eclampsia also observed in patients with IBD receiving anti-TNF
therapy.3¢®” However, the pre-eclampsia rates (1.3%) reported in
the current analysis were within the pre-eclampsia/eclampsia rates
observed in patients with (2.4%) or without (1.8%) 1BD.Y”

As IBD activity is an important contributor to adverse maternal
and infant outcomes,” it is crucial to control disease activity, aiming
for disease remission before conception, and to maintain remission

throughout the pregnancy.”*8~%° Current guidelines®1%:1241

recom-
mend maintaining treatment for CD during gestation, as the benefits
of controlled disease may be greater than potential treatment-

related risks, and discontinuation of therapy should only be
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considered in patients at low risk of relapse. Indeed, in this analysis,
around two-thirds of patients received adalimumab treatment
throughout their pregnancies at their physician's discretion. An
improvement in disease activity and quality of life outcomes, from
point of registry entry to LMP or delivery was observed in this cohort
of patients.

Strengths and limitations

This analysis used data from the PYRAMID registry, which is one of
the largest data repositories of adult patients with CD receiving a
biologic therapy in routine clinical practice. The primary objective of
the registry was to evaluate the long-term safety of adalimumab; the
registry also captured rare data on pregnancy outcomes and other
pregnancy-related events, and therefore adds to the body of evi-
dence observing the safety of biologic therapy in this patient popu-
lation. Given the size of the registry and the broad patient
populations it captures, this analysis provides a unique real-world,
representative experience of the effects of adalimumab on pregnancy
outcomes in patients with CD.

In relation to this post hoc, non-a priori analysis, a limitation of
the registry design is that it lacked a comparator group to control for
selection bias. Moreover, as PYRAMID was an open-label, non-
interventional, observational registry, adalimumab treatment was
administered at the discretion of the physician, including the decision
of whether or when adalimumab would be discontinued after a
pregnancy was reported. In addition, the study was carried out
before TDM was performed routinely in clinical practice. The
schedule of study visits was the same for all patients, and gaps of
<70 days' treatment interruption were not considered as a break in
therapy. Local treatment practices and recommendations from
guidelines have been updated throughout data collection for the
PYRAMID registry between 2007 and 2016. In addition, the limita-
tions of longitudinal, noninterventional, long-term data capture,
including missing data, the oversight of data entry and monitoring,
and patient withdrawal from the registry, should be considered in the
interpretation of these data.

Finally, infants were only followed for 70 days after delivery, so
there was no long-term follow-up to assess infections, including
opportunistic and serious infections, or any other adverse event

reporting in this separate population.

CONCLUSIONS

Discontinuation of effective CD therapies during pregnancy due to a
lack of available safety data may lead to adverse outcomes for the
mother and infant. Data collected for patients with CD who became
pregnant while participating in the PYRAMID registry suggested that
adalimumab treatment contributed no additional adverse effects

during the pregnancy course or on pregnancy outcomes.

These observational data will help inform patients with CD and
their treating physicians when considering the management of CD
activity prior to and during pregnancy and support the need for
further clinical knowledge to improve the standard of care of preg-
nant patients with CD.
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SUPPORTING INFORMATION
Additional supporting information can be found online in the Sup-

porting Information section at the end of this article.
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