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Methods: We collected safety data of patients with IBD who were treated with al-
lopurinol during pregnancy between January 2013 and March 2022. Additionally, we
performed a systematic review about the teratogenic potential of allopurinol.

Results: We collected data from 42 allopurinol-exposed pregnancies, including

one twin pregnancy; in all women, allopurinol was combined with a thiopurine. Six
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pregnancies (14.3%) resulted in miscarriage and one in stillbirth at 32 weeks. A con-
genital anomaly was observed in one newborn (coarctation of the aorta discovered
postpartum). Three pregnancies, including the twin pregnancy, ended in moder-
ate preterm delivery and one in very preterm delivery. Five neonates (15.2%) were
small for gestational age. From our literature search, we identified an additional 102
allopurinol-exposed pregnancies resulting in 129 live births, including 36 infants from
our cohort. Ten infants (7.8%) were born with a congenital anomaly. Two (1.6%) had a
comparable pattern of multiple anomalies. The systematic review sub-analysis includ-
ing only infants born to mothers with IBD (n=76) revealed that 2.6% of infants had
congenital anomalies after in utero exposure to a low dose of allopurinol.

Conclusions: Overall, the teratogenicity of allopurinol remains inconclusive. Children

conceived by mothers treated for IBD with allopurinol/thiopurine co-therapy do not

1 | INTRODUCTION

Allopurinol, a xanthine oxidase inhibitor, was discovered five decades
ago and is still widely used as treatment for gout and in the preven-
tion of tumour lysis syndrome and recurrent nephrolithiasis.®™ It
is also used in the management of autoimmune hepatitis (AIH) and
inflammatory bowel disease (IBD) via the optimisation of the metab-
olism of immunomodulating therapy with thiopurines (azathioprine
and mercaptopurine).’” The addition of allopurinol to a thiopurine
leads to a reduction of the potential toxic 6-methylmercaptopurine
(6-MMP) levels and a concomitant rise in the pharmacologically ac-
tive 6-thioguanine nucleotide levels.®® Therefore, patients with a
preferential metabolism towards 6-MMP can benefit from the ad-
dition of allopurinol to a reduced dose of the original thiopurine.®
Moreover, it was recently shown that the remission rate in IBD was
significantly higher in ulcerative colitis (UC) patients on azathioprine
combined with allopurinol compared to azathioprine monotherapy
(OR 2.54; 95% ClI, 1.00-6.78; p<0.048).5 Because IBD incidence
peaks in the second and third decades, and AIH also occurs during
the reproductive years, many women wish to bear children, regard-
less of allopurinol treatment. Maternal and foetal safety of medica-
tion used during pregnancy is important and needs to be balanced
with the potential risk of disease relapse. Especially considering that
active disease is associated with adverse pregnancy outcomes. 10!
As allopurinolinhibits purine synthesis and hence may have direct
effects on foetal dividing cells, the Food and Drug Administration
stated that this drug should only be used during pregnancy when
there is no safe alternative and when the disease itself carries risks
for mother or child. A 2018 review, including a total of 53 first tri-
mester allopurinol-exposed infants, concluded that the association
between allopurinol and teratogenicity appears to be weak, but
there were not enough cases to draw firm conclusions.*? Since both
the American Gastroenterological Association guideline and the
European Crohn's and Colitis Organisation (ECCO) guideline high-

lights that the available data are insufficient, no recommendation

seem to have an increased risk of congenital anomalies.

can be made regarding its use during pregnancy, hence making it
difficult to counsel women of fertile age/pregnant women.%! To fill
this gap in current knowledge about the use of allopurinol in preg-
nancy, the aim of the present multicentre study was to investigate
the risk of adverse pregnancy outcome after maternal allopurinol
use in combination with a systematic literature review about the po-

tential teratogenicity of allopurinol during pregnancy.

2 | MATERIALS AND METHODS
2.1 | Study design

This multicentre study was performed from January 2013 to March
2022 in 11 centres in the Netherlands and one centre in Denmark.
Moreover, the Pharmacovigilance Centre Lareb, a Dutch institute
that identifies and reports adverse drug reactions, was approached
for IBD cases. Patients were identified by their treating physician
by personal recall and/or by quiring the local hospital database.
They were included if diagnosed with Crohn's disease (CD), UC or
IBD-unclassified and exposed to allopurinol during their pregnancy.
Allopurinol exposure was defined as use of allopurinol at any given
time during estimated time of conception and/or pregnancy. In some
cases, the researchers were notified by the treating physician when
patients became pregnant and data were collected prospectively,
while in other cases the researchers were notified after the delivery

and data were collected retrospectively.

2.2 | Maternal and IBD-related characteristics

The following patient characteristics were collected: age at delivery,
smoking habits and alcohol consumption during conception or preg-
nancy, type of IBD, disease duration, daily dosage of allopurinol, co-

medication and obstetric history.
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2.3 | Pregnancy and neonatal characteristics

The following data on pregnancy and neonatal outcome were col-
lected: disease activity during pregnancy, antibiotics-treated in-
fections during pregnancy, obstetric complications (e.g. pregnancy
induced hypertension, gestational diabetes, preeclampsia, HELLP
[haemolysis, elevated liver enzymes and low platelets], hyperem-
esis gravidarum), mode of delivery, birthweight, gestational age
at birth, Apgar scores (5min), congenital anomalies and neonatal
complications (i.e. neonatal infections, neonatal ward admission
or neonatal intensive care unit admission including the reasons for
admission).

Pregnancy loss before the 16th week was considered a mis-
carriage and after 16 weeks a stillbirth.*® Very preterm birth was
defined as birth before 32 weeks and moderate preterm birth as a
birth between 32 and 37 weeks gestational age. Low birthweight
was defined as a birthweight below 2500g. In the Netherlands,
small for gestational age (SGA) was defined as birthweight below
the 10th percentile of the gestational age computed in the na-
tional pregnancy cohort.** In Denmark, this was defined as a birth-
weight of more than 2 standard deviations (SD) below the mean
for children of similar gestation age, according to the reference
curve of estimated foetal growth.'® An Apgar score of less than
7 after 5min was considered low and a score of 7 or higher was
considered normal. In our manuscript, congenital anomalies were
defined as structural or functional anomalies present at birth,
with the exclusion of known chromosomal or genetic conditions.
A flare in IBD disease activity during pregnancy was assessed by
the treating physician and was based on either clinical symptoms,

biomarkers or endoscopy.

2.4 | Statistical considerations

Categorical variables were described as numbers with percentages.
Continuous variables were presented as means with SD or as medi-
ans with interquartile ranges (IQR1-1QR3), depending on their distri-
bution. Normality was tested by visual inspection of histograms and
with the Shapiro-Wilk test. All analyses were performed with SPSS
statistics version 26 (IBM, Armonk, NY, USA).

2.5 | Systematic literature review and search

A systematic literature search was performed using the Embase
and PubMed databases to collect publications before November
2022. The PubMed/Embase search strategy has been included as
a File S1.

The search was restricted exclusively to human subjects and
the reference lists of identified papers were cross-checked for
additional relevant studies missed during the original search.
Any original article, case report or conference abstract written in

English or Dutch was eligible and there was no restriction in terms
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of publication date. Non-original articles and duplicates were ex-
cluded from this review.

After the search, the collected literature was screened on title
and abstract by the first and last author for eligibility for full text
evaluation. Disagreement regarding study eligibility was resolved by
consensus between the first and last author. The same process was
used for the full text screening. Studies that included women who
took allopurinol at any time during pregnancy for a maternal indica-
tion such as gout, AlH or IBD, and reported foetal outcomes were in-
cluded. Studies in which allopurinol was used for a foetal indication,
for example, reduction of hypoxic-ischemic brain injury, cardiopro-
tective effect, placental dysfunction, were excluded. Also, studies
that only reported maternal outcomes or did not mention anything
about congenital anomalies in live born children were not eligible for
inclusion. The primary outcome of our review was the number and
type of congenital anomalies. The secondary outcomes were other

adverse pregnancy outcomes.

3 | RESULTS
3.1 | Maternal characteristics

We identified 42 pregnancies (41 singleton and 1 twin pregnancy)
in 31 women with IBD, including four pregnancies previously men-
tioned by Julsgaard et al.?®'” Required additional data was provided
by the treating physician for these four previously described preg-
nancies. In 35 (83%) pregnancies, data were collected retrospec-
tively and in seven (17%) pregnancies prospectively.

A thiopurine in combination with daily allopurinol was used by
all women during the first trimester. Maternal characteristics are
shown in Table 1.

3.2 | Pregnancy complications

Obstetric complications were observed in seven pregnancies (17%).
One patient was admitted at week 40 for fever caused by influenza
type A virus, after which it was decided to induce labour. Obstetrical
outcomes are shown in Table 2.

Seven (17%) women, all but one diagnosed with UC, experi-
enced a disease relapse. Watchful waiting was chosen in two
cases, and no alterations to medical treatment was needed. In the
other five cases treatment was started with 25 mg of oral predni-
sone (n=1), oral budesonide (n=1), oral mesalamine (n=1), short-
ening the infliximab interval (n=1) or by restarting, 15 weeks after
the discontinuation, azathioprine with allopurinol at 24-week ges-
tational age (n=1).

Six pregnancies (14.3%) resulted in a first trimester miscarriage
after a median of 8 weeks and 4days (IQR 8-10 weeks). One preg-
nancy resulted in a still birth at 32 weeks. During this pregnancy, the
patient developed disease activity at week 27 for which treatment

with oral prednisolone 25mg daily was started. At 32weeks, there
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TABLE 1 Maternal characteristics of allopurinol-exposed

pregnancies (n=42).

Dutch cohort

Dutch Pharmacovigilance Centre Lareb
Danish cohort

Age at delivery in years, mean (SD)

Disease duration in years, median (IQR)

Inflammatory bowel disease subtype, n (% of cases):

Ulcerative colitis
Crohn's disease
Previous IBD surgery, n (% of cases)
Smoking, n (% of cases)
Yes
No
Missing
Multiparous, n (% of cases)
Previous miscarriage, n (% of cases)
Allopurinol used during pregnancy, n (% of cases)
Conception and First trimester
Second trimester
Third trimester
Throughout pregnancy
Daily dosage of allopurinol in milligram, median
(IQR)
Type of thiopurine, n (% of cases)
Azathioprine
Daily dosage in milligram, median (range)
Mercaptopurine
Daily dosage in milligram, median (range)
Unknown

IBD co-medication during first trimester, n (% of
cases)

Thiopurine

Oral mesalazine
Anti-TNF-«
Vedolizumab
Other

IBD co-medication during second trimester, n (%
of cases)

Thiopurine

Oral mesalazine
Anti-TNF-«
Vedolizumab
Oral prednisone
Other

IBD co-medication during third trimester, n (% of
cases)

Thiopurine

34 (81%)
2 (5%)

6 (14%)
30(5.1)
6(3-8)

9 (21)
33(79)
3(7.1)

3(7)
31 (74)
8(19)
22(52)
10 (24)

42 (100)
32(76)

32(76)

31(74)

100 (100-100)

19 (45)

50 (50-75)
17 (41)
25(25-50)
6(14)

42 (100)

42 (100)
8(19)

9 (21)
2(5)
2(5)

36 (100)

35(97)
8(22)
8(22)

2 (6)
1(3)

2 (6)

36 (100)

35(97)

CROUWEL ET AL.
TABLE 1 (Continued)
Oral mesalazine 8(22)
Anti-TNF-a 6(17)
Vedolizumab 2 (6)
Oral prednisone 1(3)
Oral budesonide 1(3)
Other 2 (6)

Abbreviations: Anti-TNF-a, anti-tumour necrosis factor-a; IBD,
inflammatory bowel disease; IQR, interquartile range; SD, standard
deviation.

was a foetal demise after which labour was induced, resulting in a
stillborn baby with a weight normal for gestational age (1970g) with-
out any congenital malformations. Placental examination did not re-
veal the cause of foetal death, and no further investigations were
performed.

In 14 of the 35 completed pregnancies (40%), a caesarean section
was performed; seven were elective and seven were performed in
an emergency setting. The indication for an elective caesarean were:
perianal disease (n=3), previous caesarean section (n=1), breech
position (n=2) and on advice of the gastroenterologist (n=1). The
indications for an emergency caesarean were: foetal distress (n=3),

obstructed labour (n=2) and severe preeclampsia (n=2).

3.3 | Foetal and neonatal outcomes

Three pregnancies, including the twin pregnancy, ended in a mod-
erate preterm delivery (range 32-35+6weeks) and one in a very
preterm delivery (28 weeks). In none of these pregnancies did the
mother have a disease flare during pregnancy. The five children
born preterm had a median birthweight of 2145 gram (range 1030-
2680g), and one was SGA (singleton pregnancy). During four ad-
ditional singleton pregnancies, the offspring were also SGA. In one
of these pregnancies, a flare occurred at gestational week 28, and
was resolved with oral budesonide. One neonate was born with a
congenital anomaly (coarctation of the aorta). During pregnancy this
neonate was exposed to infliximab and azathioprine in combination
with allopurinol and no genetic cause was detected. Neonatal char-
acteristics are provided in Table 2.

Six newborns (17%) were admitted to the neonatal ward for
various reasons (Table 2). On day two after delivery, one newborn,
initially admitted due to hypoglycaemia and hypotonia was trans-
ferred to the neonatal intensive care unit due to respiratory distress
syndrome.

In 30 (86%) of 35 completed pregnancies, allopurinol was continued
during the postpartum period. Overall, 12 (40%) offspring of mothers
on allopurinol were breastfed for an unspecified period, without any
reports of adverse infant outcomes based on maternal information pro-
vided to their treating gastroenterologist. The reasons for not breast-

feeding in the remaining 18 (60%) cases were not reported.
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TABLE 2 Pregnancy complications and outcomes of 42 women who received allopurinol during pregnancy.

Complications
PIH, n (% of cases)
Gestational diabetes, n (% of cases)
Pre-eclampsia (including HELLP), n (% of cases)
Hyperemesis gravidarum, n (% of cases)

Infectious maternal complications during pregnancy which required
hospitalisation or antibiotics, n (% of cases)

Influenza type A virus
Pregnancy outcomes
Miscarriage, n (% of cases)
Stillbirth, n (% of cases)
Number of live born children
Gestational age in weeks, median (IQR)
Birth weight (g), median (IQR)
Preterm birth, n (% of cases)
Very preterm <32 weeks GA
Moderately preterm 32-36 weeks GA
Low birthweight (<2500g), n (% of cases)
Small for gestational age, n (% of cases)
Congenital anomalies in live born children, n (% of cases)
APGAR score <7 after 5min, n (% of cases)
Caesarean section, n (% of cases)
Infant admission to neonatal ward or neonatal intensive care unit
Neonatal ward admission, n (% of cases)
Reasons for neonatal ward admission, n (% of cases)?
Prematurity
Glucose monitoring/ neonatal hypoglycaemiab
Jaundice
Hypotonia
Neonatal intensive care admission, n (% of cases)
Reasons for neonatal intensive care admission, n (% of cases)

Respiratory distress syndrome

Singleton pregnancies (n=41)
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All pregnancies including
1 twin pregnancy (n=42)

1(2.4) 1(2.4)
2(4.9) 2(4.8)
4(9.8) 4(9.5)
0(0) 0(0)
1(2.4) 1(2.4)
1(2.4) 1(2.4)

6 (15) 6 (14)

1(2) 1(2)

34 (83) 36 (84)

39 (38-40) 39 (38-40)

3375 (2970-3800)

3320 (2807-3743)

1(3) 1(3)

2 (6) 3(9)

2 (6) 4(11)
5(16.1,n=31) 5(15.2,n=33)
1(3) 1(2.8)
0(0,n=29) 0(0,n=31)
14 (41) 14 (40)
6(18) 6(17)

1(3) 1(3)

5(15) 5(14)

1(3) 1(3)

1(3) 1(3)

1(3) 1(3)

1(3) 1(3)

Abbreviations: HELLP, haemolysis, elevated liver enzymes and low platelets; IQR, interquartile range; PIH, pregnancy-induced hypertension.

2Some infants were admitted for more than one reason.

PInfant was initially admitted at the neonatal ward admission due to hypoglycaemia and hypotonia but later transferred to the neonatal intensive care

unit due to respiratory distress syndrome.

3.4 | Results systematic literature review

The search strategy yielded 693 articles and nine articles were iden-
tified from citation searching. After removing duplicates 583 articles
were screened for title and abstract. Of the 80 articles selected for
full-text review, 28 were included in this study. In order to avoid du-
plicates, the two studies with the total of four cases included in the
present multicentre study were excluded from the review.!®'” The

selection process is depicted in Figure 1.

3.5 | Allopurinol exposure during pregnancy:

Review of all cases

A total of 102 allopurinol-exposed pregnancies have been de-
scribed in the literature (Table 3). Together with the 42 pregnan-
cies in this cohort, we collected data of 144 allopurinol-exposed
pregnancies. Allopurinol was used in varying dosages (range 50-
600mg/day) for different indications such as IBD, gout, related

hyperuricaemia conditions and leukaemia. These pregnancies
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources
[ Identification of via and reg ] [ Identification of studies via other methods ]
—
s
E= Records identified from*: Records removed before screening: g . i
E Pubmed (n = 146) - Duplicate records removed (n = Re°°F ds< identified _from_ -
% Embase (n= 547) > 119) Citation searching (n =9 )
s
3
I
—
Records screened Records excluded**
—>
(n=574) (n=502)
Reports sought for retrieval 5| Reports not retrieved Reports sought for retrieval Reports not retrieved
2 (n=72) (n=1) (n=9) (n=0)
=
@
Qo
: ! |
(7]
—— Reports excluded: i o Reports excluded:
Reports assessed for eligibili i Report ed for eligibil P!
o :71) ass or eligibility m° original data (n =14) (nesg)s assessed for eligibility 5 Same pregnancy discussed
o allopurinol use during pregnancy in other article (n =1)
(n=13)
Allopurinol for a neonatal indication
(n=3)
Foreign language (n=7)
No pregnancy data (n=11)
v No data about congenital
malformations (n=1)
3 Data included in our case series(n=2)
] Reports of included studies
=] (n=28)
£
=)

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the total number across all databases/registers).
**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by automation tools.

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71.

doi: 10.1136/bmj.n71. For more information, visit: http://www.prisma-statement.org/

FIGURE 1 Flow chart of study selection.

resulted in 129 live births (including three twin pregnancies),
12 miscarriages (8%), three stillbirths (2%) and three elective
abortions (2%). A preterm birth occurred in 17% of pregnancies
(n=20/120+ missing data in 6 cases) and 14% (n=13/91 + miss-
ing data in 38 cases) of infants were born with a low birthweight.
Ten infants (7.8%) were born with one or more congenital
anomalies (Table 3 and Table S1), one with an inborn error of
metabolism (phenylketonuria) and one with a genetic disorder
(congenital hypoparathyroidism).'8-22 There was no clear corre-
lation between pregnancy outcome and disease type (Table S1).
The median daily maternal allopurinol dosage in the infants with
a congenital anomaly was 100 mg (range 100-400mg). Except
for two infants, only exposed in the second and third trimes-
ter, all other congenital anomalies occurred in infants at least
exposed to allopurinol in the first trimester (n=8; Table 3). The
percentage of reported congenital anomalies was lower among
low-dose allopurinol exposure (<100mg/day, as prescribed in
IBD pregnancies: n=6/58 [10.3%]) compared with a high dos-
age (n=4/15 [26.7%]). Of note, a high percentage of missing
data in relation to allopurinol dosage in pregnancy was reported
(n=56/129 [43.4%]).

Two infants had a comparable pattern of major external and
internal malformations including ocular (microphthalmia), orofa-

cial (cleft lip and palate, auditory and mandibular abnormalities),

urogenital and gastrointestinal defects.?®? In one pregnancy
the mother was treated with allopurinol 300mg/day for recur-
rent kidney stones for at least 12years.?® Her remaining medi-
cations included multivitamins and methyldopa, which are not
considered to be teratogenic.2¥?* The second mother had hyper-
oxaluria and was, in addition to allopurinol 100 mg/day, treated
with hydrochlorothiazide and pyridoxine, both not considered
as teratogens.zo'25 Both infants had a normal foetal karyotype
(46,XY), but further genetic analysis was not performed.?%?3 In
the other eight infants, the congenital anomalies were present in
different systems, but most were in the musculoskeletal (1x in-
guinal hernia and 2x umbilical hernia) and circulatory system (1x
coarctation of the aorta, 2x patent foramen ovale, 1x pulmonary
artery stenosis, 2x patent ductus arteriosus, 1x small pericardial
effusion, increased flow velocity, small right ventricular dilatation
and a patent ductus arteriosus aneurysm, compatible with cardiac
insufficiency).m'zo'22

Overall, 76 (59%) of the 129 allopurinol-exposed infants were
born to mothers with IBD, all but one were treated with allopurinol
100mg/day or less and all combined with a thiopurine. In this IBD-
cohort, two infants were born with a congenital anomaly (2.6%), an
inguinal hernia and a coarctation of the aorta, respectively. In the
non-1BD cohort, there was a congenital anomaly rate of 15.1% (8 of

53 cases).

85U801 SUOWIIOD AITeID) 8|l jdde ay) Aq peusencb 8. 9o VO ‘88N JO S9N I0J AeIq1T 8UIUQ AB]1M UO (SUONIPUOD-PUR-SLLIBI WD A8 | AReIq 1 jBulU0//:SANY) SUORIPUOD PUe SWie | 8y} 88s *[20z/20/62] U0 AkeidiTauljuo 8|1 ‘SpuepeyN 8Ueyo0D Aq 9ZT8T 1de/TTTT OT/I0p/W0D A8 1M Ale.q 1 pul|uoy/Sdny Woij pepeojumod ‘v ‘vZ0Z ‘9E02S9ET



13652036, 2024, 4, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/apt.18126 by Cochrane Netherlands, Wiley Online Library on [29/07/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

509

APST Alimentary Pharmacology & Therapeutics—W ] LLEY:

CROUWEL ET AL

(senuijuod)

wJs1 e ‘oN

(uonejjuqly

|elI3e) uoljesipul
|eulajew e Joj 5D
‘SYIBM G +E ‘SOA

WOYS
"SH9M G +GE ‘SOA

S32am /¢ ‘ON

S}29M € ‘ON
SalIdAIPp wialald
snoauejuods

ou ‘Adueudaid
UM} T Ul sapisag

SYIM QL
Aj91ewixoadde ‘sap

Syoamgg
Aj9jewixoudde ‘oN

umounun
(ersdwe|d9aud)
uonesipul
|eulajew e 1oy 5D
‘SHI9MQE ‘SOA
(s2am £€>)
AJaAlap wislaud

367¢¢ 'ON

805¥T ‘SOA

o3e |euolje)sad
104 91eludosddy

weld g40€ ‘ON

3T0TC ‘SPA

Ssjuejul Mg ou
‘Adueudaad uimy
T Ul sopisag

80862 ‘ON

300z¢ 'ON

umoudun

3GETT 'S

(80052>)
yB1MyLIg MO

elINuo3ayjAuayd

QUoN

auoN

suoN

|ed Jejnsdeagns

apeday pue Asupp| 349 oy

J0O sisoaydauoipAy wouy

P34244NS JUejul 3Y3 JOAOBIOIA

'sisauade |euas 1y3ry

sauoN

QUON

auoN

3uoN

auoN

S19pJosip d13ouad
J10 saljewoue [epuasuo)

SD ‘wsijogejaw
JO JoJJa usoqul
ue yum jueju|

$D ‘Jueyul AyyesH

juejul AyyjesH

an
‘Juegul AyyjesH

Alewoue
|eyuaduod e
YHm juequ|
'SY9IMGZ

1€ yjesp |e3a04
T ‘©8euiedsiw
T ‘syMiq anl zg

uol310qe dA1393[3

juejur AyyjesH

juejul Ayyjesy

juejul Ayyjeay

S uejul AyyjesH

Sawod3no yuig

uoJl

|eaajuaJed pue |eJo ‘ulj|Ridwy
pIoe djuljoy ‘sajnsded
ased||auoued ‘sjozesdosue|
‘ej|e uippodaquep ‘a1euoqJed
wnio|ed ‘pide J1joyd2AX0aposin
‘UI1eISeAWIS ‘UIDAWOIY}IZe
‘wnipos ajeyiawoyd|ns
uljsi|od ‘sjozexoyiaweydins
-wdoylawiil ‘snwijolde|

SulwelAlnW ‘uod|

auosiupaud ‘Bul3slIdUIA
‘uignioxop ‘aplweydsoydo|dA)

uey|nsng

saunndoly ]

S, dIVSN ‘@A13daoesjuod jedQ
suluensoly; ‘spisouiqe.e
9UISO0JAD ‘upPAweLpy
aurindojdediaw ‘9jexaljoylaw
‘opiweydsoydo|dAd
‘aseu|3esedse-| ‘auojosiupaud
‘QUIISIIDUIA ‘UDAWeELIpY

ej|e U0Ja44a3U]

[1PNGuelolyD

Adueusaud
Surinp uojespaw-0)

19)SaW1I} 3414
ul paddoys ‘Aep/3w Qg

umousjun

Aep/Swo0g
Adueudaud

JO € >oam e paddols
pue 9T 3oam je
pajJels ‘umouun

Adueugaud

4O /€ 29M je paddols
pue Oz >oam je
pajlels Aep/3w o0t

umouiun

umouiun

Adueudaud Jo {7 doam
1e papels ‘Aep/3wQOE

Adueudaud Jo /T Yoom
1e pajJels ‘Aep/3w Qg

Adueudaud Jo gz Yoam
1€ pa3}Je)s ‘umounun

0cCoamie
paddoss ‘Aep/3w 00g

asesop [ourindoj|y

g1 2dA3} aseasip
93e.03s ua802A|H

4203
anp juejdsuedy [eual
pue Sun| ‘ueaHq

noo

ewoydwA|
S,up|3poH-uoN

elwaena|
J13Ad20|nue.d
J1uo4yD

sijod
9AI3eI|N OT pue
2se3sIp s,uyot) ¢

umouxun

elWae)N3| 93NdY

elWaENN3| 93N0Y
SIELNET

pIojoAw d1uoIyd
ansod elydiapejiyd

elwaena|
o13A00ydwA|
J1uoJyd ||92-9
uonediput
juawijeal)

}40dau
95D ‘9/ 4T

uewom o/A gg o 1832 4aqueq

140das ased

‘ZT0Z ('3

uewom o/A g¢ nysuuoyq

140das ased
‘6L6T o112

uewom o/A 0g uo38uippod)

}4odau
9sed ‘T00¢

uewom o/A /g o |B 32 UMOIg

140dau
9sed ‘//6T

uewom o/A 9z o7 1839 soJog

(£e-5T d8uel)

A zg 23e uelpajn
‘USWOM &T Ul
sapueudaid €7

salas

9582 ‘9T0C
e [E 32 2IMsag

}J0dau

ased ‘6002

umounun gy 1€ 321119
uewom o/A gz

}4odau

9582 ‘86T

uewom o/A gg 1, 1830 1pIMmy

}J0dau

9sed ‘G002

UBWOM O/A /T o, ’[E 33 IPUBY|Y

jJ0dau

ased ‘6002

uewom o/A 9g eIV

salsi9)dRIRYD usisop

jusaned pue.seah ‘Apnis

"M3IARJ 24NJEIDH| D13BWISISAS U3 JO LIS AY|IqISI2 2y} Suizeaw salpnis paysiiqnd ay3} JO0 MIIAIBAQ € F74dVL



13652036, 2024, 4, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/apt.18126 by Cochrane Netherlands, Wiley Online Library on [29/07/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

CROUWEL €T AL.

WI LE Y- AP Alimentary Pharmacology & Therapeutics

510

s}oamgg ‘ON

SY29M 9 +9g ‘SO

SHOIMZ + 6T ‘SOA

SY32MZ + /€ ‘ON
AJaA119p
wJaj e ‘oN

sjuejul
ainjewsald G ‘Sap

S)eam /g ‘ON
S)YoaMgE ‘ON
SEWNIETY)
wJal e ‘oN

S)aam /¢ ‘ON

(s19am £€>)
AJaA119p wivlaud

umouiun

umouiun

umouiun

umousun

umouiun

umouxun

30v6C 'ON

umouun

umouiun

3000€ ‘ON

(80052>)
1y81MyLIg MO

ewol3uewaeH

(3ueulwop-|jewosoine)
wsiploJAyjesedodAy
|jeyuaduo)

eluIay [ed1jIquin ‘9Ad
1y3u sisoid pjiw ‘snsolialle
snjonp juajed |lews

(3ueas|al

J0U Aj|ed1WeUApOWaY)
sisouls Ausyie Azeuownd
‘9|BAO USWe.0) JuUaled

SuoN

SuoN

SUON

auoN

QUoN

SuoN

ejuiay [euinsul

sJapJosip Jo13auald
10 saljewoue |ejuasuo)

saljewoue
|e3uasuod
YHMm jueyu|

J2pJ0SIp d132Ua8
e y3im Jueyu

saljewoue
|e3uasuod
YHMm juequ|

saljewoue
|e3uaguod
YHM jueju|

sjuejul Ayjjeay 9T
sjuejul

ainjewsaud g
suolyioqe
EINIRETERA
SI3UOIUWEOLIOYD
03} 3np 0¢

A99M je gvs

avs

$D ‘Jueyul AyyesH
SD ‘Juejul AyjesH

SO ‘Juejul Ayjjesay
SD ‘Ajewoue
|eyuasuod e

yam uesy|

S3WO023N0 Yiig

Ul3e}SeALIDD
‘upelseesd ‘Opiwasolny

|jou1deD

auipejelo|sap ‘edop|Aylaw
-eyd|e ‘apizelyjoso|ys04pAy
‘lojoidojaw ‘uelaes|eA
‘auidipojuy

o.dsi| ulnsul

‘uiinsul ‘p1oe o1jAaljes|Alaoe
‘lowejadeled ‘Duoxojeu ‘uipl|i}
‘QUIXBJB|UBA ‘UlwlojIaW
‘uipelseAws ‘suldipojwe
‘apizely3o.4o|yd0ipAy
‘edop|Aylaw-eyd|e
‘lojoidojaw ‘|udiwey

umouiun

umouiun

umouun

SpIZe1Yy3040|Yd0IpAY ‘Uelies|ep

saAlsualiadAyiiue snoliea
aul10dso|2Ad ‘9jejouaydodAin

uliedexous
‘uownodoiduayd ‘uizojySedwy

gewnuwijepe ‘aulidolyiezy
21e|0y
‘auojosiupaid ‘aunidolylezy

aulidolyiezy

Aoueusaid
Surinp uojed’paw-0)

Adueu8aud Jo T Yoam
1e paddoss ‘Aep/3w Q0E

Adueudaud

JO €+ 6 99M e
paddoss ‘Aep/3w g
Adueu3aud

JO Z+8°am e
paddols ‘Aep/3w QT

Adueudaud

JO Z+Goam e
paddols ‘Aep/8w QT
Aep/3wQ09-05 28uey

Aep/3w09-05 d8uey

Aep/8w09-0G 28uey

Aep/8w09-0G 28uey

Aep/3w09-0g 23uey

Adueudaud Jo G Yoam

1e paddojs ‘umouun

Aep/3wo0T

Aep/3w 0T

Aep/3w 00T
98esop |ourindo)y

noo

ejwaesnIadAH

sijuydauojniawo|9

ejwaedlnIadAH

umouiun

umouxun

umouun

umouun

uojjejue|dsuely
jeuay

S2u01s Asupiy
pue T 2dA} aseasip
93e.03)s uaB02A|H

9seasIp S,uyold

SI31|02 2AI13EIDD|N

SI131|02 dA13e4IN

uonesIpul
jusweal]

s|ie3ap umouun

s|ie3ap umouun

s|ie3ap umouun

S|1e3op umousun
uewom
9T J0 |ejoL

Uewom g jJo |ejo|

UBWOM Z JO [e30]

s|ielap umousun

s|ie3ap umouun

uewom o/A gg

uewom o/A gz

uewom o/A ¢z

Uewom o/A g7

sa1ysia3dEIRYD
juaiied

(panunuo))

10yod
9AI32adsoud
€10¢C (71839
ulaquazyaoH
jJ0dau

3se2 ‘2Z0Z
A EERSCIIE)

salas
9Sed £10¢C
2z 1839 [ezed

usisep
pue ieak ‘Apnis

€ 319vl



13652036, 2024, 4, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/apt.18126 by Cochrane Netherlands, Wiley Online Library on [29/07/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

511

APST Alimentary Pharmacology & Therapeutics—W ] LLEY:

CROUWEL ET AL

(sanunuod)

eisejdodAy

Aseuownd 3J3| punojoud
pue ua3|ds Al0ssad0e ||lews
‘Asupp| 13| Juasqe ‘Asupiy
papis-1ysil pagiejus Ajpjiw
‘aoeds oijewseaydelp ay3 ojul
ua3|ds pue Ydoewols JaAl| 3y}
JO uoisnajul ym wsdeaydelp
19| 9Y3 Jo sisauade ‘essoy
|ejuody |lews ‘elw|eyydoioiw
19| ‘Aydouie aalau d13do

1J9] ‘wnsoj[ed sndiod ay)

Jo eisejdodAy ‘Ajjesazeliq
59359} papuadsapun ‘ajejed
Ho[2 ‘dlj Y32 papis-}3)

‘3ey Jejnolineasd e yum

Jea y3u payidwis ‘jeued
AJojipne |eulaixa 39|

1U3sge ‘e110421W pPapIs-143|
‘pl19As Jaddn ay) SuIA|OAUl
equwio|od ‘elw|eyydoidiw
8¢65€ 'ON papis-}3| ‘Wisiioja1adAH

umouxun

S}oaM T ‘ON

umouun SuoN

umouun umouxun SUON
e1us2doa)so ‘S9|2LIIUSA

J0 Juawadie|ua ‘siuadoudiw
‘wisipiyoJoldAad |eaaje|iq
‘eisejdodAy |eual ‘siseisajoyd
/AjeSawous|dsoleday
‘elwleyaydouoiw
‘elyjeusouyal ‘ssaujeap
9A130NPUOD ‘S1eD 195-MO|
‘(1421) @3ejed pue di| 143D

S}o9ME+ /€ ‘ON umouun

eluIay [ealiquin
‘geno usweloy yusjed

umouxun ‘snsolu9lle SN3dNp jualsisiad

(300s2>)

SH29M BT ‘SOA

(s§amLe>) sJapJosip J13auald

AJ2A113p W3R

1y81My1IIg MO

J10 saljewoue [e}uasuo)

)

‘a}1] Jo 8 Aep uo
palp ‘saljewoue
|jeyuaduod
a|dinw

YHm juequ|

juejul Ayyjeay

juejul Ayyjeay

sajjewoue
|jeyuaduod

a|diynw
YHm juequ|

sajjewoue
|jeyuaduod
YHm juequ|

SaW023N0 Y1iig

edop|Ayisw ‘sulweliAl N

umouiun

umouiun

auIxoplAd ‘@jeuoqJed

wnipos ‘apizelyloloyd0pAH
|opidjeseje

‘(049412]€29|02 ‘SP1049150211410D
‘uliedexous ‘plotedeuep

‘ej|e uipaodagJep ‘sulpiuo|d
Splwasoany ‘Duipluoxow
‘lojoadojaw ‘edoplAyraw-eyd|y
Adueusaud

Sulinp uonesipaw-0)

Aep/3w00g
Aep/3wQ0g

Ayjedoiydau

pIoe o1n a1nde 0}

anp 91 Y9am je Aep
/8w Q0T parieIsay
‘Aoueudaud Jo G oam
Je paddols Aep/3wQOg

Aep/3w Q0T

Aep/3w Q0T

agesop [ourindoj|y

siselyjjoaydaN

@)D puenoo

@)D puenoo

T 2dAy
eLinjexoJadAH

SWOJpUAS
J1WwaJn d13AjowaeH
uopesipul
juawieal]

uewom o/A gg

uewom o/A €z

uewom o/A 0z

s|ie3ap umouun

s|ie3ap umouun

140dau
9sed ‘ITT0C

o7 € 39 03juazZ0)

}J0dau

9sed :_“NON
oo 1832 Uy

solysLuIaloeIRYD usisap
jusned pue.seah ‘Apnis
(penupuod) € 3719VL



13652036, 2024, 4, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/apt.18126 by Cochrane Netherlands, Wiley Online Library on [29/07/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

CROUWEL €T AL.

WI LE Y- AP Alimentary Pharmacology & Therapeutics

512

S329M Q¥ ‘ON

SY99M Oty
Ajojewixoidde

‘ON

S)oamM¢g +g¢ ‘ON

S}eaM{+8¢ ‘ON

w93 je ‘oN

S3oaM /¢ ‘ON

S)2aMgg ‘ON

(s19am £€>)
AJaA119p wivlaud

o3e
|euolje}sasd Joy
9jelidoudde ‘oN

300065 ‘ON

809z¢ ON

30€5E ON

umouiun

30052 ‘ON

3£96¢ 'ON

(80052>)
1y81MyLIg MO

suoN

(pow0ysad Jou sem
3uidAjoAuey y3noyije) suoN

SuoN

suoN

auoN

SuoN

auoN

SuoN

sJapJosip Jo13auald
10 saljewoue |ejuasuo)

avs xg

juejul Ayyjeay
*Jd 949A3S

ym pasouseip
190U ‘S>29M 47
1€ yieap
auIvIN-eJju|

an
‘Jueyur AyyjeaH

juejur Ayyjesy

uegul Ayyjeay

juejul AyzjesH
$2
‘ejwaedA|3odAy
pue ssaulsip
Aiojeaidsau Joy

uoissiwpe NDIN
papaau jueju|

an
‘Jueyur AyyjesH

S3WO023N0 Yiig

uljejseAn|y
‘urtedoapeu ‘auosiupald

umouxun

uIgniounep ‘apisouige.e
auIs03Ad ‘auluensoly |

upigniounep ‘apisouigele
2uIs0}Ad ‘auiuensoly |

umousun

umouiun

0d3 ‘I

ENCIINER)
Jjuad ‘pioe djwexauel|

9)eX3430U3oW [BD3Y3ELUI

‘auigeJelAd ‘oplweydsoydo|dAd

‘aurundoldedsaw ‘DuI3SIIDUIA
‘auosiupald ‘apiwe|oze}ady

Aoueusaid
Surinp uojed’paw-0)

Aep/3wQQg

Adueugaud
ul paddois ‘umouun

GT oM
je pajleys Aep/SwO0g

VA4 EEIN
1e paysels Aep/3wQ0E

umousun

umouiun

J931sawd3 p4iy3 pue
puodas ul Aep/3wQGT

19]1S2Wl4} 3S414 Ul Ajues
paddols ‘umounun

umouiun

98esop |ourindo)y

umouiun

q1 2dA} aseasip
93e103s uUa802A|H

elwaena|
o13se|qoydwiA|
91ndy

elwae) N3]
213s€|qoj2AW 33NdY

e1 2dA} aseasip
98e103s uaB02A|H

e1 adA} aseasip
93e.03s uad02A|D

9seasIp Asupiy
oluoJyd pue nos
‘elwaedlntadAH
‘Ayjedoaydsu
olwaeduntadAy
a|luaAn( |eljiwey

qT 2dA} aseasip
93e103s uUa302A|H

elwaena|
J13A00ydwA| 93noy
uoljesipul
juawijeal)

28e umouun
‘salpueudaud
€ ‘UBWIOM T

uewom o/A g

uewom o/A 4z

uewom o/A ¢

uewom o/A 1¢

uewom o/A ¢

uewom o/A €z

uewom o/A gz

uewom o/A GT

sa1ysia3dEIRYD
juaiied

(panunuo))

140yod
9AI329dsou3ad
RAATANS R E]
3sjopod
1iodau

9sed ‘6002
o 1€ 30 1Ded

1JodaJ ased
‘6L6T ¢c1B 3
|ouuog,O

140das ased

‘8007 ;183
Suaje|n

1J0dau

ased .mOON
'8 32 enoy]

}lodau

ased /102
R ERVCY

jJ0dau

9sed ‘9/61
o 1832 493Ny

usisep
pue ieak ‘Apnis

€ 319vl



13652036, 2024, 4, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/apt.18126 by Cochrane Netherlands, Wiley Online Library on [29/07/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

513

APST Alimentary Pharmacology & Therapeutics—W ] LLEY:

CROUWEL ET AL

(sanunuod)

SHOOM G ‘SOA

S)oam g ‘ON

SY99MgE ‘ON

SHoaMgE ‘ON

SY9aMgE ‘ON

SHoaMgg ‘ON

SH99MQE ‘SoA

S3oaM g ‘ON

S)}oaMgg ‘ON

S¥22M Ot ‘ON

S3aM6g ‘ON

S)2aMg¢ ‘ON

S)oaM T ‘ON

umouun

(s39am £€>)
AJaA119p wialaud

8001> ‘SOA

3008¢ ‘ON

800T€ ON

300T€ ON

300¥€ ‘ON

3005€ ‘ON

80062 ‘ON

3000¢€ ON

8008¢ ‘ON

3000% ‘ON

300v¢€ ‘ON

3006Z ©N

3005€ ©N

umousun

(300sz>)
1yS1emy3Iq Moy

SuoN

suoN

SuoN

SuoN

SUON

SuoN

SUoN

SuoN

ENIN

ENNIN]

QUoN

JuoN

SuoN

auoN

sJapJosip o13auald
10 saljewoue |ejuasuo)

JSEINIET)

1s0d SYoaMET
palp wayy jo
duo‘sillAq
pajedljdwod
Aoueu8aud uim)

an
‘Juegul AyyjesH

50}
‘Juejul AyyjesH

an
‘Juegul AyyjesH

an
‘Juejul AyyesH

0]
‘Juegul Ayyesy

50}
‘Jueyul Ayyesy

an
‘Jueyur AyyeaH

an
‘Jueyul AyyesH

an
‘Jueyur AyyeaH

5]
‘Juejul Ayyjeay

)
‘Jueyur AyyjeaH

an
‘Jueyur Ayyjea

sjuejur Ayyeay g

S3W023IN0 Ypig

auizejesaw ‘urindojdedssin

apize|es|eq ‘@ulindojdedis|n

a1eJewny
snoJauay ‘surundojdedlsin

aurindojdedusin

9}eJewny snoJJay
‘qewnuwijepe ‘surindojdedssin

oleJewny
snoJJay ‘sulindojdedsaln|

9)eJewny snoJiay

‘Quli0dso|dAd ‘Durindojdedisin
aulize|esaw ‘durindojdedsaja|
opize|es|eq ‘aulindoldeds|n
9jeJewny snoJiay ‘suridolyiezy
sundolyiezy

esejuad ‘sulidolylezy

|ease

‘ojelewny snolisy ‘esejuad
‘gjozesdawo ‘sulidolyiezy

umousun

Aoueu8aid
Suninp uopespaw-0)

JM/p ‘8w Q0T

AM/P G ‘BWOO0T

JM/p G ‘BwQOT

9 yjuow 3e paddols

SM/P 7 ‘BWO0T

JM/P ¢ ‘BWOOT

AM/p 9 ‘8WOOT

AM/p € ‘BwoOT

JIM/p G ‘8WOOT

AM/p G ‘BwoOT

Aep/3w 00z

Aep/3wo0T

Aep/3w Q0T

Aep/3w Q0T

Adueugaud uunp
paddols ‘umounun

a8esop |ourindo|y

|02 2A13IDD|N

S131]02 dA13€132|N

SI31|02 DAI3E4DI|N

9seasip s,uyo.)

9seas|p s,uyo.d

9seasip s,uyo.)

S131]0 2AI3E43|N

SI}[02 DAI3EIDI|N

SI131]02 9A1EID|N

SI}1|02 2A13EIDD|N

S131]02 3A13EID|N

SI}1|02 2A13EIDD|N

SI}1|02 SAI3EIDD|N

qr 2dAy
1o ef adA} aseasip
93e103s us302A|D

uopesipu
juawieal)

uswom o/A T

uswom o/A zg

uswom o/A zge

uswom o/A ¢z

uswom o/A ¢

uswom o/A ¢z

uswom o/A zg

uswom o/A 9¢

uswom o/A 0§

uswom o/A Tg

usawom o/A ¢

uswom o/A 1z

11oyod

9AI329dsou3ad

‘

Uewom o/A Tz

STOZ 41832
WivYS

}4oyod

9AI109dsou3al

uewom

€40 [e10}
sopysiIa3dRIRYD
janed

(panuRuOD)

‘z102
19183214295

usissp

pue ieak ‘Apnis

€ 319vl



514
—I—W] LE Y- APST Alimentary Pharmacology & Therapeutics

(Continued)

TABLE 3

Preterm delivery

(<37 weeks)

Low birthweight

(<2500g)

Congenital anomalies or

genetic disorders

Co-medication during

pregnancy

Treatment

Study, year and Patient

Birth outcomes

Allopurinol dosage

indication

characteristics

design

Yes, 31 +4weeks

Yes, 1670g

Infant with Small pericardial effusion,

Dexamethasone, doxorubicin,

filgrastim, vincristine

300mg/day, started at

26 y/o woman B-cell acute
week 23

Theodora

increased flow velocity,
small right ventricular

a congenital

lymphoblastic
leukaemia

etal.?! 2019,
case report

anomaly, CS

dilatation and a patent

ductus arteriosus aneurysm,

compatible with cardiac

insufficiency

No, 39 weeks

No, 3550g

None

Healthy infant,
elective CS

Mercaptopurine, mesalazine,

topical mesalazine

Ulcerative colitis 100 mg/day

25 y/o woman

Seinen et al.®?
2012, case
report

No, 39 weeks

No, 3811¢g

None

Healthy infant,

Hydrocodone, glyburide
VD

Unknown, stopped
at pregnancy

Gout

37 y/o woman

Van Veen

et al.®® 2015,
case report

confirmation and

restarted at 34 weeks

No, 37 weeks

Yes, 2000g

None

Healthy infant,
elective CS

300mg/day, started at  Hydroxyurea, imatinib

Chronic myeloid
leukaemia

Yadav et al.%* 30 y/o woman

2013, case
report

32weeks of pregnancy

Abbreviations: CF, cystic fibrosis; CKD, chronic kidney disease; CS, caesarean section; EPO, erythropoietin; LBW, low birthweight; NICU, neonatal intensive care unit; NSAID, non-steroidal anti-

inflammatory drug; PE, pre-eclampsia; SAB, spontaneous abortion; SROM, spontaneous rupture of the membranes; TTTS, twin to twin transfusion syndrome; VD, vaginal delivery.
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4 | DISCUSSION

This multicentre study and systematic review is the largest study
to date comprehensively examining risk of adverse pregnancy
outcome after allopurinol use in pregnancy. The present study in
IBD-pregnancies and the systematic review sub-analysis in IBD-
pregnancies revealed a relatively low risk of congenital malforma-
tions after in utero exposure to a relatively low dose of allopurinol
in pregnancy. However, the overall risk of congenital malformations
comprising all types of patients exposed to allopurinol in variable
dosage in pregnancy resulted in congenital malformations in nearly
one in 13 live-born infants. Further, overall, one in six infants were
born preterm, although the risk was lower in the sub-population of
IBD patients.

Since allopurinol inhibits purine synthesis it may have a direct
effect on dividing cells in utero.?® Studies about the teratogenicity
of allopurinol in animals have shown variable results.?"?® One ani-
mal study reported skeletal abnormalities, a cleft palate or a harelip
in mice embryos exposed to a large dose (50 or 100mg/kg) of in-

1,27 while studies in other species reported

traperitoneal allopurino
no foetal harm.?® Even though the congenital anomaly rate in our
systematic review (7.8%) is high, it is comparable to the congenital
anomaly rate among all live births from mothers with IBD of 9%
found in the large, prospective Pregnancy in Inflammatory Bowel
Disease and Neonatal Outcomes (PIANO) registry.”’30 In contrast,
the EUROCAT registry (European network of population-based reg-
istries for the epidemiologic surveillance of congenital anomalies), a
registry that covers about 25% of the European birth population, re-
ported in 2019 a major congenital anomalies rate (excluding genetic
anomalies) of 2.1% in all cases.>! We speculate the higher overall risk
found in our review compared to the European population, might
partially be explained by maternal comorbidity, although a clear cor-
relation between pregnancy outcome and disease type was lacking
(Table S1). Moreover, it is very likely that there is an over-reporting in
literature of cases with congenital anomalies and an underreporting
of uneventful allopurinol-exposed pregnancies, given the scarcity of
allopurinol-related pregnancy data over the many decades that allo-
purinol has been used.

When specifically looking at IBD pregnancies, our cohort study
and the systematic review sub-analysis in IBD-pregnancies revealed
that 2.8% and 2.6% of infants had congenital anomalies after in
utero exposure to a low dose of allopurinol, respectively. This rel-
atively low risk was comparable to the one found in a large Dutch
retrospective study, including 1000 children born to mothers with
IBD, in which 3% of the thiopurine-exposed children and 2% of the
non-exposed had a congenital anomaly.?? The difference between
the congenital anomaly risk reported in IBD pregnancies after in
utero exposure to allopurinol and the overall risk found in our re-
view, might be explained by the use of a different study design. In
both our cohort and in most studies included in the systematic re-
view IBD sub-analysis, all allopurinol-exposed pregnancies within a
specific timeframe were reported or, as was the case in one study,

were collected via a national mail audit.>*3* This may lead to a more
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representable cohort and a decreased risk of over-reporting congen-
ital anomalies. In contrast, the studies in which allopurinol was used
for a different maternal indication were mostly case reports/series
orincluded a patient cohort that was referred to a clinical teratology
and drug risk assessment clinic for risk consultation.?° Moreover, our
data suggest that a maternal allopurinol dosage of <100 mg/day, as
prescribed in IBD pregnancies, might give a lower risk of congenital
anomalies (10.3%, 6/58 cases) than a dosage of >100 mg/day (26.7%,
4/15 cases). However, due to a high percentage of missing data in re-
lation to allopurinol dosage in pregnancy (43%, 56/129 cases), more
research is necessary to determine the precise influence of maternal
allopurinol dosage on the risk of congenital anomalies.

Previous reports compared maternal allopurinol use to mycophe-
nolate use, as the two cases with a comparable pattern of congenital
anomalies which occurred during maternal allopurinol exposure re-
sembled congenital anomalies which occurred during mycopheno-
late usage.?%23% The latter is an immunosuppressant, mostly used
in transplantation medicine, which also interacts in the purine me-

t.3° However, in con-

tabolism and is recognised as a teratogenic agen
trast to the teratogenicity observed during mycophenolate therapy,
the association between allopurinol and teratogenicity is scarce and
mostly limited to the two cases with comparable major congenital
anomalies with a potential uncertain causality, especially since addi-
tional genetic analysis was not performed.m23 Moreover, additional
risk factors for congenital anomalies, as maternal behaviours and en-
vironmental exposures, paternal health or low socioeconomic status
were not provided in these two cases.?%?3

The overall risk of preterm birth was high, given that one in six
children was born premature. The high risk of preterm birth persisted
when excluding one case-series including 27 live born infants with a
preterm birth rate of 19% in allopurinol-exposed pregnancies.20 We
cannot rule-out that there is a true association between allopurinol
in utero exposure and risk of preterm birth. However, the increased
risk of preterm birth in our review could potentially be influenced
by maternal co-morbidity but also by the high congenital anomaly
risk in the included studies, since these factors significantly impact
the likelihood of being born preterm.3¢ When only looking at IBD
pregnancies, the risk of preterm birth was also relatively high in both
the systematic review (11.8%) and our study (11.1%), but comparable
to the risk reported in previous large prospective and retrospective
studies. The prospective American PIANO registry including 1712
pregnant IBD patients of whom 379 were not exposed to biologicals
nor thiopurines, reported preterm birth in 10% of singleton non-
exposed pregnancies.30 While the European retrospective TEDDY
study (453 non-exposed pregnancies) and a Dutch retrospective
cohort study (564 non-exposed pregnancies) reported a preterm
birth risks of 7.3% and 11% in non-exposed IBD pregnancies, re-
spectively.e'z*37 Non-exposed pregnancies were in the TEDDY study
defined as no maternal anti-TNF« use and in the Dutch study as not
exposed to anti-TNFa nor thiopurines.3>%7

The risk of SGA is highly dependent on the reference popula-
tion.%837 The risk of SGA in our multicentre IBD study (15.2%) was

increased compared to the general population in the Netherlands
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(9.5%), when using a comparable definition.*® Possibly, this differ-
ence could be explained by the fact that all patients in our cohort
had a chronic disease, which is a known risk factor.*! When spe-
cifically looking at IBD pregnancies, one Dutch study including
1000 children born to mothers with IBD, reported a SGA risk of
3% and 4% in thiopurine-exposed and non-exposed children, re-
spectively.32 However, this study used another and older Dutch
reference curve. Furthermore, they defined SGA as a weight below
2 SD for gestational age. When applying this older definition and
curve in our cohort, none of the children in the present study were
born SGA.3242

Data about the safety of allopurinol continuation during breast-
feeding are very limited. There is only one case report which
demonstrated that both allopurinol and the active metabolite oxy-
purinol were transferred via breastmilk in a woman treated with
a daily dose of 300mg allopurinol.*® In her exclusively breastfed
infant this led to near-therapeutic dose and plasma levels without
any reported adverse events.*® In the present study, the rate of
breastfeeding during allopurinol treatment was low but comparable
to the results found in a Dutch study including 1000 infants born
to women with IBD in which breastfeeding rates varied between
19% and 56% depending on the medical maternal treatment.®? A
Danish population-based study, including 105 women diagnosed
with CD who gave birth, also demonstrated that the main reason for
being non-adherent to medication was fear of transmission of med-

ication to breastmilk.**

This could indicate that the type of medical
treatment influences the mother's choice regarding breastfeeding.
Moreover, the ECCO guideline stated that due to limited data no
recommendation was made regarding breastfeeding and allopuri-
nol, which might also result in an advice from the treating physician
against breastfeeding.!!

Although being the largest study to date, it is still limited by the
small sample size, so it is possible that uncommon congenital anom-
alies related to allopurinol use were not detected. The inclusion
of multiple pregnancies from the same woman could also induce
bias. We also recognise the existence of missed and therefore not
reported cases, especially since in some centres the hospital data-
base was queried while in other centres the physician identified the
patients by personal recall. Moreover, since all of our patients with
IBD were treated simultaneously with low-dose thiopurines and ma-
ternal 6-thioguanine nucleotide levels were only measured in four
women, we cannot determine whether maternal and/or neonatal
complications are related to the relatively low-dose thiopurines or to
allopurinol. Our literature review was limited due to heterogeneity
between the studies with different dosages of allopurinol usage, va-
riety of co-medication and indications, as well as the lack of control
groups. As a consequence, the results are difficult to compare and
interpret, and a meta-analysis of studies comparing the teratogenic-
ity could not be performed. Moreover, it is very likely that our results
are affected by a publication bias.

In conclusion, due to the possibility of reporting bias, the current
evidence about the teratogenicity of varying dosages of allopurinol

in all types of patients remains limited and is mainly restricted to two
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similar cases with major congenital anomalies. Interestingly, both the
present study in IBD-pregnancies and the systematic review sub-
analysis in IBD-pregnancies revealed a relatively low risk of congen-
ital malformations after foetal exposure to a low dose of allopurinol
in pregnancy. Nevertheless, larger studies are needed to draw firm
conclusions about risk of adverse pregnancy outcomes such as con-
genital anomalies and preterm birth after allopurinol exposure in
pregnancy. Further, long-term safety data in infants exposed in utero

to allopurinol are warranted.
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