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Abstract
Objective
Despite the high incidence of rheumatic diseases during the reproductive years, little is known about the impact of disease-
modifying anti-rheumatic drug (DMARD) use during pregnancy. Our objective was to systematically review and appraise
evidence in women with rheumatic disease on the use of traditional and biologic DMARDs during pregnancy and the risk
of congenital malformation outcomes.

Methods
We conducted a systematic search of MEDLINE, EMBASE, and INTERNATIONAL PHARMACEUTICAL ABSTRACTS
databases. Inclusion criteria were: 1) study sample including women with rheumatic disease; 2) use of traditional and/or
biologic DMARDs during pregnancy, and 3) congenital malformation outcome(s) reported. We extracted information on
study design, data source, number of exposed pregnancies, type of DMARD, number of live births, and number of
congenital malformations.

Results
Altogether, we included 79 studies; the majority were based on designs that did not involve a comparison group, including
26 case reports, 17 case series, 20 cross-sectional studies, and 4 surveys. Studies that had a comparator group included
1 case control, 10 cohort studies, and 1 controlled trial. Hydroxychloroquine and azathioprine represent the most studied
traditional DMARD exposures and, among biologics, most of the reports were on infliximab and etanercept.

Conclusion
This is the first systematic review on the use of both traditional and biologic DMARDs during pregnancy among
women with rheumatic diseases and congenital malformation outcomes, with a focus on study design and quality.
Findings confirm the limited number of studies, as well as the need to improve study designs.
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Introduction

Autoimmune rheumatic diseases, in-
cluding systemic lupus erythematosus
(SLE) (1), rheumatoid arthritis (RA)
(2), and juvenile idiopathic arthritis
(JIA) (3), are more prevalent among
women than among men (4), often
striking during reproductive years (5).
With improved remission rates, more
women with rheumatic disease consid-
er pregnancy (6). Although some dis-
eases show improvement during preg-
nancy, particularly RA (7), treatment is
often required throughout pregnancy
(8). A study among pregnant women
with RA reported that use of traditional
and biologic disease-modifying anti-
rheumatic drugs (DMARDs) occurred
in 23% and 12.5% of pregnancies, re-
spectively (9), which underscores the
importance of understanding their peri-
natal impacts.

Occurring in approximately 3% of the
general population, congenital malfor-
mations are conditions present at birth
that cause structural changes in one or
more parts of the body and associated
with adverse effects on health, develop-
ment, or function (10). They represent
a perinatal outcome that most women
fear when considering drugs during
pregnancy (11). Since pregnant women
are largely excluded from clinical trials
(12), much of the data on the impact of
medications, including DMARDs, on
congenital malformations are largely
based on observational studies (13).
Our objective was to systematically
review and describe studies reporting
use of DMARDs during pregnancy in
women with rheumatic disease and the
risk of congenital malformation out-
comes. Throughout this paper, the ac-
ronym “DMARDs” refers both to tra-
ditional and biologic DMARD:s.

Methods

Literature search strategy

We conducted database searches of
MEDLINE (1946-2013), EMBASE
(1974-2013), and International Phar-
maceutical Abstracts (1970-2013).
Where search concepts were well-
indexed, subject headings were used.
Where concepts were less well-indexed
or had not yet been assigned subject
headings, key words were used. These
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were database dependent, but analo-
gous to Medical Subject Headings in
Medline. An information scientist con-
ducted all searches. Search concepts,
corresponding subject headings, and
key words are provided as supplemen-
tary material (Appendix 1, on line).

Study selection

Inclusion criteria were: original study;
population that included women with
rheumatic disease (e.g. RA, SLE, JIA);
women of childbearing age (1545
years); reporting of DMARD use dur-
ing pregnancy, whether as a single ex-
posure or in combination; reporting of
birth outcomes including congenital
malformations and; publication in Eng-
lish, French, or Spanish. We did not ex-
clude studies based on design. Where a
subsequent article provides an update
or larger sample, we included only the
most recent article.

Data extraction and synthesis

We considered study design and distin-
guished whether studies used a com-
parator group of women with rheu-
matic disease who were not exposed
to DMARDs during pregnancy. Stud-
ies without a comparator group were
defined as: case report (detailed report
on 1 pregnancy); case series (detailed
reports on >1 pregnancy allowing case-
specific extraction of drug exposure
and outcome); cross-sectional study
(aggregate reporting on >1 pregnancy),
and survey (information/data obtained
from surveys of physicians or patients).
Studies with a comparator group were
classified according to established defi-
nitions for case control and cohort de-
signs (14). Where possible, extraction of
case-specific information on rheumatic
disease, DMARD(s) exposure, includ-
ing type, time, and duration, whether
used singly or in combination, and con-
genital malformation outcome(s) was
completed. As studies may report on
one or more drug exposures, we noted
whether a study is reporting a primary
drug of interest (D1), reporting a con-
comitant drug to a primary drug studied
(D2), studying multiple drugs (DM), or
studying a disease primarily but with
reporting of exposure to a particular
drug (DD).
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Results

Literature search

Of 1,824 articles identified, 79 were
ultimately included (Fig. 1). Figures
2 and 3 summarise study designs ac-
cording to specific traditional DMARD
and biologic. Tables I and II list all in-
cluded studies for specific DMARD:s.
Studies without a comparison group in-
cluded 26 case reports, 17 case series,
25 cross-sectional studies, and 4 sur-
veys. Studies with a comparator group
included 1 case control, 10 cohort stud-
ies, and 1 controlled trial (additionally
summarised in Table III). Detailed in-
formation (e.g. dosage, timing of ex-
posure) for case reports and case series
is included as supplementary material
(Appendices 2 and 3, on line).

DMARDs
Chloroquine/hydroxychloroquine
Among 3 chloroquine studies, there
was 1 case report of a patient with SLE
(15) and 2 case series involving pa-
tients with SLE (16), and SLE and RA
(17). Of 27 pregnancy exposures, 24
were singly and 3 were in combination
with another DMARD (1 hydroxychlo-
roquine, 1 azathioprine, and 1 D-Peni-
cillamine). Pregnancies resulted in 19
live births including 2 infants with ab-
normalities — hearing loss and Wilm’s
tumour — born to the same mother with
separate pregnancies exposed to chlo-
roquine (15).

Of 31 hydroxychloroquine studies,
there were 5 case reports (18-22), 8
case series (16-17, 23-28), 12 cross-
sectional studies (29-40), 1 patient-
survey (41), 1 case control (42), 3 co-
hort studies (43-45), and 1 controlled
study (46). We extracted case-specific
information from 21 studies, which
represent 359 pregnancies exposed
to hydroxychloroquine, of which 311
were single exposures. The remaining
48 exposures occurred in combina-
tion with another DMARD, includ-
ing cyclophosphamide in 5 cases (18,
28), azathioprine in 13 cases (44-45),
methotrexate in 10 cases (23-24),
mycophenolate mofetil (MMF) in 13
cases (20, 39), gold in 6 cases (27)
and gold and etanercept in 1 case (27).
Altogether, there were 294 live births
with 10 congenital abnormalities re-

Fig. 1. Systematic
review study flow
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ported, including 3 infants with mul-
tiple severe abnormalities following
exposure to hydroxychloroquine in
combination with MMF (20, 39), and
one case each of transposition of the
great arteries, Down syndrome, cleft
lip, hypospadias, craniostenosis, Du-
ane’s syndrome, and minor unspeci-
fied malformation. Among the remain-
ing 10 reports for which we could not
extract case-specific data, there were
at least 234 pregnancies exposed to
hydroxychloroquine, which may or
may not have occurred in combina-
tion with other DMARDs. From these
there were 3 reported malformations,
including one infant each with scapho-
cephaly and microcephaly (34). One
neonatal death was reported in an in-
fant with Down syndrome and multi-
ple cardiac defects; however, it was
unclear if this infant had been exposed
to other DMARD:s (35). Hydroxychlo-
roquine was the only drug for which
there is a published controlled trial —
with 20 pregnant patients with SLE
randomised to hydroxychloroquine or
placebo (46). No malformations were
reported in either study group (46).
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Gold

Four studies, mostly in women with
RA, represented 24 pregnancy ex-
posures to gold including one each
of case report (47), case series (27),
cross-sectional study (29) and cohort
study (48). In 14 pregnancies, exposure
occurred singly and in 8, in combina-
tion with other DMARDs including
hydroxychloroquine (27), sulfasalazine
(27), and etanercept and hydroxychlo-
roquine (27). At least 17 live births re-
sulted from these exposures including
3 infants with congenital abnormalities
— 1 infant with multiple severe anoma-
lies described as hypertelorism, occipi-
tal encephalocele, cleft lip and palate,
short neck and abnormal ears (47), 1
infant with mild abnormalities includ-
ing a blocked tear duct (27), and 1 in-
fant with mild Duane’s syndrome (27).
Although Verstappen et al.’s cohort
study, using data from the British Soci-
ety for Rheumatology Biologics Reg-
ister (BSRBR), primarily investigated
anti-tumour necrosis factor (TNFs),
it warrants mention as some were re-
ported to have concomitant exposures
to other DMARD:s including gold, sul-
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Fig. 3. Number of included studies according to design for biologics.

fasalazine, azathioprine, methotrexate,
and leflunomide (Table III) (48). How-
ever, it was not possible to link these
exposures to underlying rheumatic
disease or extract outcomes for these
patients (48).

Sulfasalazine

We identified 4 studies reporting preg-
nancy exposure to sulfasalazine includ-
ing 1 case report (49) and 1 case series
in RA (27), and 1 survey (to Teratology

Information Services [TIS]) (50) and
1 cohort study which both included
women with various rheumatic dis-
eases (48). None of the included papers
reported on sulfasalazine primarily (i.e.
assigned “D1” in Table I), however, we
synthesised three pregnancies with ex-
posure to sulfasalazine in women with
RA (27, 49-50), with two exposures
occurring in combination with another
DMARD including methotrexate (50)
and gold (27). All 3 pregnancies result-
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ed in live births with minor congenital
malformations reported in 2 infants — 1
with bilateral metatarsus varus and 1
with eyelid haemangioma (50).

Azathioprine

We identified 27 studies reporting
pregnancies exposed to azathioprine,
including 4 case reports (22, 51-53),
5 case series (17, 28, 54-56), 9 cross-
sectional (29, 33, 35-39, 57-58), 1 case
control (42), and 8 cohort studies (43-
45,48, 59-62). We were able to extract
complete data from 13 (17, 22, 28, 29,
33, 35-39, 42, 51-59), which represent
42 pregnancies exposed to azathio-
prine, with SLE as the most common
indication. One exposure occurred in
combination with phenytoin (17) and at
least 10 exposures in combination with
other DMARDs including chloroquine,
hydroxychloroquine, cyclosporine,
MMF, cyclophosphamide, and inflixi-
mab. Of the 33 live births there were
3 infants with abnormalities, including
1 with preaxial polydactyly (51) and 2
with multiple severe abnormalities (52-
53), 1 of which followed from a preg-
nancy that was also exposed to MMF
(53). There was 1 neonatal death in a
premature infant with Down syndrome
and associated multiple severe cardiac
abnormalities (35). In 14 studies rep-
resenting at least 144 pregnancy expo-
sures to azathioprine and 43 reported
abnormalities, extraction of case-spe-
cific data was not possible. Thirty of
these congenital malformations were
reported, along with an increased risk
of congenital malformations associated
with azathioprine use in early pregnan-
cy (odds ratio 2.82; 95%CI 1.13-5.82),
in a cohort study by Cleary et al. (62)
that primarily included women with
other indications, particularly inflam-
matory bowel disease (Table III).

Cyclosporine

Five studies reported outcomes in preg-
nancies exposed to cyclosporine, includ-
ing 1 case report (18), 1 case series (63),
2 cross-sectional studies (29, 58), and 1
case control study (42). Altogether, these
represent 19 pregnancy exposures to cy-
closporine across indications of SLE (29,
42,58, 63), scleroderma (58), PsA (58),
JIA (18), and mixed connective tissue
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Table I. Included studies for synthetic DMARDs according to design.

1D Study Design Rheumatic ~ Case- ID Study Design Rheumatic ~ Case-
disease*  specific disease®  specific
data data
extracted® extracted®
Chloroquine (CQ) Gold
1 Matz 1968 (15) Case report®! SLE Y 33 Rogers 1980 (47) Case report P! RA Y
2 Parke 1988 (16) Case series”! SLE Y (13) Almarzouqi 2007 (27) Case series ! RA Y
3 Levy 1991 (17) Case series?! SLE,RA Y (15) Ostensen 1992 (29) Cross-sectional study PP JIA Y
Hydroxychloroquine (HCQ) 34 Verstappen 2011 (48) Cohort study (R)>2 RA,JTA N
4 Airo 2002 (18) Case report™ SLE Y Sulfasalazine (SZS)
5 Stirnemann 2002 (19) Case report ! SLE Y 35  Ostensen 2005 (49) Case report °P RA Y
6 Anderka 2009 (20) Case report™ SLEn Y (13) Almarzougi 2007 (27) Case series P? RA Y
7 Keeling 2009 (21) Case report®! SLE Y 36  Lewden 2004 (50) Survey (TIS) P2 RA, PsA Y
8 Streit 2009 (22) Case report ? SLE Y (34) Verstappen 2011 (48) Cohort study (R) P2 RA,JIA N
(2)¥  Parke 1988 (16) Case series”! SLE Y Azathioprine (AZA)
9 Kozlowski 1990 (23) Case series 2 RA,JIA Y 37  Williamson 1982 (51) Case report P! SLE Y
(3)  Levy 1991 (17) Case series”! SLE,RA Y 38  Ostrer 1984 (52) Case report ! SLE Y
10 Donnenfeld 1994 (24) Case series P? RA Y 39 Schoner 2008 (53) Case report SLE Y
11 Parke 1996 (25) Case series 2 SLE Y (8)  Streit 2009 (22) Case report SLE Y
12 Mok 2004 (26) Case series”! AOSD Y 40  Sharon 1974 (54) Case series P! SLE Y
13 Almarzougi 2007 (27) Case series P? RA Y (3) Levy 1991 (17) Case series”? SLE,RA Y
14 Lannes 2011 (28) Case seriesP? SLE Y 41  Clowse 2005 (55) Case series ? SLEn Y
15 Ostensen 1992 (29) Cross-sectional study PP JIA Y 42 Rosner 2007 (56) Case series 2 RA,JIA Y
16  Huong 1994 (30) Cross-sectional study 22 SLE Y (14) Lannes 2011 (28) Case series P? SLE Y
17 Buchanan 1992 (31) Cross-sectional study PP SLE N (15) Ostensen 1992 (29) Cross-sectional study PP JIA Y
18 Huong 2001 (32) Cross-sectional study PP SLEn N 43 Tincani 1992 (57) Cross-sectional study PP SLE N
19 Carmona 2005 (33) Cross-sectional study °M SLEn N (19) Carmona 2005 (33) Cross-sectional study ™M SLEn N
20 Renaud 2006 (34) Cross-sectional study ™! SLE N 44 Ostensen 2008 (58) Cross-sectional study "M SLE,RA Y
21 Silva 2008 (35) Cross-sectional study PM SLE N (21) Silva 2008 (35) Cross-sectional study PM SLE Y
22 Ambrosio 2010 (36) Cross-sectional study °M SLE N (22) Ambrosio 2010 (36) Cross-sectional study °M SLE N
23 Carvalheiras 2010 (37) Cross-sectional study °M SLE N (23) Carvalheiras 2010 (37) Cross-sectional study °M SLE N
24 Teh 2011 (38) Cross-sectional study PM SLE N (24) Teh 2011 (38) Cross-sectional study PM SLE N
25 Hoeltzenbein 2012 (39) Cross-sectional study (T)®2 SLE Y (25) Hoeltzenbein 2012 (39)  Cross-sectional study (T)?? SLE N
26 Mekinian 2013 (40) Cross-sectional study (R)”® SLE N (28) Andrade 2008 (42) Case control study P° SLE N
27  Bonaminio 2006 (41) Survey (patient) °P SLE Y 45  Ramsey 1993 (59) Cohort study "M SLE Y
28 Andrade 2008 (42) Case control study P° SLE N (29) Buchanan 1996 (43) Cohort study ? SLE N
29  Buchanan 1996 (43) Cohort study P! SLE Y (30) Costedoat 2003 (44) Cohort study P? SLEn N
30  Costedoat 2003 (44) Cohort study ™! SLE Y (31) Clowse 2006 (45) Cohort study ? SLEn N
31 Clowse 2006 (45) Cohort study P! SLEn Y 46 Goldstein 2007 (60) Cohort study (T)P! SLEn N
32 Levy 2001 (46) Controlled trial ®! SLE Y 47  Langagergaard 2007 (61) Cohort study (A) P! SLE, PAN N
48 Cleary 2009 (62) Cohort study (A)P! SLE N
(34) Verstappen 2011 (48) Cohort study (R) 2 RA,JIA N
Cyclosporine (CSP) Leflunomide (LEF)
(4)  Airo 2002 (18) Case report ! SLE Y 68  Heine 2008 (82) Case report "' JIA Y
49 Hussein 1993 (63) Case series P! SLEn Y 69  Hajdyla-Banas 2009 (83) Case series®! RA Y
(15) Ostensen 1992 (29) Cross-sectional study PP JIA Y (64) Hyrich 2006 (78) Cross-sectional study (R)?»> RA Y
(44) Ostensen 2008 (58) Cross-sectional study PM SLE,RA Y (44) Ostensen 2008 (58) Cross-sectional study PM SLE,RA Y
(28)  Andrade 2008 (42) Case control study P° SLE N (66) Chakravarty 2003 (80) Survey (rheumatologist)®® RA Y
Cyclophosphamide (CTX) 70  Chambers 2010 (84) Cohort study (T)P! RA,JIA Y
50 Kirshon 1988 (64) Case report ! SLE Y (34) Verstappen 2011 (48) Cohort study (R) P2 RA,JIA N
51 Enns 1999 (65) Case report P! SLEn Y (67) Cassina 2012 (81) Cohort study (T)P! RA,JIA Y
52 Aslan 2005 (66) Case report PP SIS Y Mycophenolate mofetil (MMF)
53 Escobar 2011 (67) Case report ! SLEn Y (6)  Anderka 2009 (20) Case report ! SLEn Y
54 Lazalde 2012 (68) Case report P! SLEn Y (39) Schoner 2008 (53) Case report P! SLE Y
(41) Clowse 2005 (55) Case series ! SLEn Y 71  Somalanka 2009 (85) Case report P! SLEn Y
(14) Lannes 2011 (28) Case series P! SLE Y (42) Rosner 2007 (56) Case series 2 RA,JIA Y
(18) Huong 2001 (32) Cross-sectional study PP SLEn N (44) Ostensen 2008 (58) Cross-sectional study ™M SLE,RA Y
55  Huong 2002 (69) Cross-sectional study ™! SLE Y (65) Chakravarty 2011 (79) Cross-sectional study (R)?»> RA,SLE N
56  Park 2004 (70) Cross-sectional study P! SLEn N (24) Teh 2011 (38) Cross-sectional study PM SLE Y
(21)  Silva 2008 (35) Cross-sectional study °M SLE N (25) Hoeltzenbein 2012 (39)  Cross-sectional study (T)?! SLE Y
57 Whitelaw 2008 (71) Cross-sectional study PP SLE Y D-Penicillamine (D-Pen)
(28) Andrade 2008 (42) Case control study PP SLE N 72 Solomon 1977 (86) Case report "' RA Y
(45) Ramsey 1993 (59) Cohort study M SLE Y (3) Levy 1991 (17) Case series”? SLE,RA Y
Methotrexate (MTX) (15) Ostensen 1992 (29) Cross-sectional study PP JIA Y
58  Feldkamp 1993 (72) Case report P! RA Y
59  Buckley 1997 (73) Case report P! JIA Y
60  Delatycki 2005 (74) Case report ! RA Y
61 Corona 2010 (75) Case report ! SLE Y
62 Piggott 2011 (76) Case report P! SLE Y
(9)  Kozlowski 1990 (23) Case series ™! RA,JIA Y
(10) Donnenfeld 1994 (24) Case series P! RA Y
63 Ostensen 2000 (77) Case series P! RA Y
64 Hyrich 2006 (78) Cross-sectional study (R)®»> RA Y
(44) Ostensen 2008 (58) Cross-sectional study PM SLE,RA Y
65 Chakravarty 2011 (79) Cross-sectional study (R)®>  RA, SLE N
66  Chakravarty 2003 (80) Survey (rheumatologist)®®  RA Y
(36) Lewden 2004 (50) Survey (TIS)™' RA, PsA Y
(34) Verstappen 2011 (48) Cohort study (R) P2 RA,JIA N
67  Cassina 2012 (81) Cohort study (T)P? RA,JIA Y

*: indicates underlying rheumatic disease of women with pregnancy exposures to DMARD under study. In studies involving women with other conditions (e.g. inflammatory bow-
el disease), we listed the two most representative rheumatic conditions studied; ¥ indicates whether case-specific DMARD exposure(s) and congenital malformation outcome(s)
was conducted; P': indicates primary drug of interest studied; P?: indicates that drug is concomitant to a primary drug studied; PM: indicates multiple drugs studied or reported in
single paper including particular drug; P°: indicates primary disease(s) studied with reporting of exposure to particular drug.

SLE: systemic lupus erythematosus; RA: rheumatoid arthritis; SLEn: lupus nephritis; JIA: juvenile idiopathic arthritis; ASOD: adult-onset Still’s disease; PAN: polyarteritis
nodosa; R: registry data; T: teratology information service (TIS) data; A: administrative data.
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disease (18). In two pregnancies, expo-
sure to cyclosporine was in combination
with an additional DMARD, including
hydroxychloroquine, cyclophosphamide
(18), and azathioprine (29). We recorded
1 premature infant who was born with
multiple abnormalities resulting in neo-
natal death (58).

Cyclophosphamide

We identified 14 studies reporting preg-
nancy exposure to cyclophosphamide
including 5 case reports (64-68), 2 case
series (28, 55), 5 cross-sectional stud-
ies (32, 35, 69-71), 1 case control (42),
and 1 cohort study (59). We extracted
information on 21 pregnancies exposed
to cyclophosphamide, 5 of which were
exposed in combination with hydroxy-
chloroquine (28, 67) and 3 with aza-
thioprine (28, 55). Among these there
were 11 live births and 3 reports of 3
infants with multiple severe anomalies
(64-65, 68). In 4 studies aggregately re-
porting pregnancy outcomes in women
with SLE, we could not extract case-
specific cyclophosphamide exposure
(with or without other DMARDs) (32,
35,42,70).

Methotrexate

Fifteen studies reported outcomes fol-
lowing methotrexate exposure during
pregnancy including 5 case reports (72-
76), 3 case series (23-24, 77), 3 cross-
sectional studies (58, 78-79), 2 surveys
(to rheumatologist; to TIS) (50, 80),
and 2 cohorts studies (48, 81). We ex-
tracted case-specific information from
13 studies, representing 108 pregnan-
cies. Of these, 19 exposures occurred
in combination with another DMARD
including hydroxychloroquine (23-24),
sulfasalazine (50), leflunomide (81),
and anti-TNFs (78), and 89 occurred in
the absence of other DMARD:s. Sixty-
four of these 108 exposed pregnancies
resulted in live births and we extracted
the following information on malfor-
mations: 3 infants with multiple se-
vere abnormalities (73, 75-76), 3 with
un-described congenital abnormalities
(80), 1 with bilateral metatarsus varus
and eye lid hemangioma (50), and 1
with functional abnormality (seizures
and developmental delay) (74). Al-
though Chakravarty et al.’s 2011 study

DMARD:s in pregnancy: a review of congenital malformation risk / C. Baldwin et al.

Table II. Included studies for biologic DMARDs according to design.

ID Study Design (data) Rheumatic Case-specific
disease™ data
extracted®
Infliximab (IFX)
42) Rosner 2007 (56) Case series P! RA,JIA Y
73 Katz 2004 (90) Cross-sectional study (R)P! RA,JIA N
(64) Hyrich 2006 (78) Cross-sectional study (R) P! RA Y
(44) Ostensen 2008 (58) Cross-sectional study °M SLE,RA Y
(66) Chakravarty 2003 (80) Survey (rheumatologist) °P RA Y
74 Berthelot 2009 (91) Survey (rheumatologist) °! SpA,RA Y
(34) Verstappen 2011 (48) Cohort study (R) P! RA,JIA N
Etanercept (ETA)
75 Carter 2006 (87) Case report P! PSA Y
(13) Almarzougqi 2007 (27) Case series P? RA Y
76 Roux 2007 (88) Case series P! RA Y
(42) Rosner 2007 (56) Case series P! RA,JIA Y
77 Scioscia 2011 (89) Case series P! RA Y
(64) Hyrich 2006 (78) Cross-sectional study (R)P! RA Y
(44) Ostensen 2008 (58) Cross-sectional study "M SLE,RA Y
(66) Chakravarty 2003 (80) Survey (rheumatologist) PP RA Y
(74) Berthelot 2009 (91) Survey (rheumatologist) °! SpA,RA Y
(34) Verstappen 2011 (48) Cohort study (R) P! RA,JIA N
Adalimumab (ADA)
(76) Roux 2007 (88) Case series P! RA Y
(64) Hyrich 2006 (78) Cross-sectional study (R)P! RA Y
(74) Berthelot 2009 (91) Survey (rheumatologist) °! SpA,RA Y
(34) Verstappen 2011 (48) Cohort study (R) P! RA,JIA N
Rituximab (RTX)
78 Sangle 2013 (92) Case series PP SLEn Y
(44) Ostensen 2008 (58) Cross-sectional study °M SLE,RA Y
(65) Chakravarty 2011 (79) Cross-sectional study (R) P! RA,SLE N
Ustekinumab (UST)
79 Andrulonis 2012 (93) Case report ! PsA Y

*indicates underlying rheumatic disease of women with pregnancy exposures to DMARD under study.
In studies involving women with other conditions (e.g. inflammatory bowel disease), we listed the two
most representative rheumatic conditions studied.

Yindicates whether case-specific DMARD exposure(s) and congenital malformation outcome(s) was
conducted; P! indicates primary drug of interest studied; °* indicates that drug is concomitant to a pri-
mary drug studied; "™ indicates multiple drugs studied or reported in single paper including particular
drug; PP indicates primary disease(s) studied with reporting of exposure to particular drug. SLE: sys-
temic lupus erythematosus; RA: rheumatoid arthritis; SLEn: lupus nephritis; JIA: juvenile idiopathic
arthritis; ASOD: adult-onset Still’s disease; PAN: polyarteritis nodosa; R: registry data; T: teratology
information service (TIS) data; A: administrative data.

primarily described 153 pregnancies
exposed to rituximab (79), it warrants
mention here as some patients (includ-
ing RA and SLE), had concomitant ex-
posures to methotrexate, although the
number (and the timing of exposure)
was not provided. In the previously de-
scribed cohort study by Verstappen et
al. (Table III), which primarily investi-
gated anti-TNFs, 13 pregnancies were
also exposed to methotrexate (48).
However, as previously described, it
was impossible to link these exposures
to underlying rheumatic disease or ex-
tract outcomes of these patients (48).

Leflunomide
Eight studies reported pregnancies ex-
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posed to leflunomide, including 1 case
report (82), 1 case series (83), 2 cross-
sectional studies (58, 78), 1 survey (to
rheumatologists) (80), and 3 cohort
studies (48,81, 84). From 7 studies (58,
78,80-84), we extracted information on
99 pregnancies exposed to leflunomide,
of which 94 occurred in the absence of
other DMARDs, 2 occurred in com-
bination with an anti-TNF (78), and 3
occurred in combination with metho-
trexate (81). Among 78 live births,
congenital abnormalities were reported
in 7 infants: 1 set of twins, each with
a patent ductus arteriosus in associa-
tion with atrioseptal and ventricular
septal defect, and coccygeal vertebrae
dysplasia, respectively (82); 1 infant
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Table III. Summary of studies that included a comparator group.

1D Study Design Rheumatic DMARD Congenital Outcome(s) Reported congenital malformation Reported risk
disease* exposure(s) malformation is outcomes? estimates
primary outcome? (OR/RR)?
Exposed Unexposed
(/* pregnancies)  (/* pregnancies)
28  Andrade 2008 (42) Case control SLE HCQ N 1. combined adverse N N N
CTX outcome
CSpP
AZA
45 Ramsey 1993 (59) Cohort SLE AZA N 1. miscarriage 0(/23) 0 (/113) N
CTX 2. stillbirth
MTX 3.SGA
4.CM
29 Buchanan 1996 (43) Cohort SLE HCQ N 1. miscarriage 1 (/36) 1 (/53) N
2. prematurity
3.CM
30 Costedoat 2003 (44) Cohort SLE HCQ N 1. miscarriage 3(/133) 4 (/70) N
2. prematurity
3.CM
31 Clowse 2006 (45) Cohort SLE HCQ N 1. miscarriage 1.(/79) 1(/163) N
2. prematurity
3.CM
46 Goldstein 2007 (60) Cohort (TIS data) SLEn AZA Y 1. prematurity 6 (/189)§ 6 (/230)§ OR 1.17§
2. birth weight (95%CI 0.37-3.69)
47 Langagergaard 2007 (61) Cohort SLE,PAN AZA N 1. miscarriage 6 (/64)§ 49 (/1,243)§ OR 2.3§
(administrative data) 2. prematurity (95%CI1 1.0-5.2)
3.CM
48  Cleary 2009 (62) Cohort SLE AZA N 1. miscarriage All 55,548 (1,181,450) § OR 141§
(administrative data) 2. prematurity 30 (/476)§ (95%C1 0.98-2.04)
3.CM Cardiac 0 OR 2.82§
7 (/476)§ (95%CI 1.13-5.82)
70  Chambers 2010 (84) Cohort (TIS data) RA, JIA LEF N 1. miscarriage 3 (/56) 4(/95) N
2. prematurity
3.CM
34 Verstappen 2011 (48) Cohort RA,JIA Gold N 1. miscarriage 4 (/109) 0 (/10) N
(registry data) LEF 2. prematurity
SZS 3.CM
AZA
MTX
LEF
IFX
ETA
ADA
67 Cassina 2012 (81) Cobhort (TIS data) RA,JIA MTX N 1. miscarriage 2 (/16) 0 (/27) N
LEF 2. prematurity
3.CM
32 Levy 2001 (46) Controlled trial SLE HCQ N Baby: 0 (/10) 0 (/10) N

1. gestational age
2. Apgar score
Mother:

3. flares

4. skin changes
5. toxemia

* indicates underlying rheumatic disease of women with pregnancy exposures to DMARD under study. In studies involving women with other conditions (e.g. inflammatory bowel
disease), we listed the two most representative rheumatic conditions studied; ¥ estimate obtained for entire cohort, which includes women without rheumatic disease.

HCQ: hydroxychloroquine; CTX: cyclophosphamide; CSP: cyclosporine; AZA: azathioprine; MTX: methotrexate; LEF: leflunomide; SZS: sulphasalazine; IFX: infliximab;
ETA: etanercept; ADA: adalimumab; SGA: small-for-gestational-age; CM: congenital malformation.

with aplasia cutis congenita (81); 1 in-
fant each with Pierre-Robin sequence,
spina bifida occulta, patent ductus arte-
riosus, chondrodysplasia punctate with
congenital heart block (81); 1 infant
with occult spinal dysraphism (84);
1 infant with unilateral ureteropelvic

junction obstruction and multicystic
kidney disease (84), and 1 infant with
microcephaly (84). Three infants had
functional abnormalities including one
infant each with sensorineural hearing
loss (81), vesico-uteroreflux (84), and
grade 2 hydronephrosis (84).
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Mycophenolate mofetil

There were 8 studies reporting out-
comes following exposure to MMF
including 3 case reports (20, 53, 85), 1
case series (56), and 4 cross-sectional
studies (38-39, 58,79). From 7 studies,
we extracted information on at least 44



pregnancies in women with rheumatic
disease exposed to MMF (20, 38-39,
53, 56, 58, 85). At least 5 exposures
occurred in combination with another
DMARD such as hydroxychloroquine
(20), azathioprine (53), or etanercept
(56). There were 6 cases of congenital
abnormalities including 3 infants with
multiple severe abnormalities (39), 1
with bilateral moderate-to-severe mi-
crotia, external auditory canal atresia,
bilateral conductive hearing loss, and
mild microcephaly (20), 1 with severe
facial clefts, preaxial limb anomalies,
cardiovascular, gastrointestinal and
urogenital malformations (53), 1 with
tracheoesophageal atresia (39), and 1
non-communicating esophageal dupli-
cation (85). Of note, the mother of the
infant described in the case report by
Anderka et al. was also exposed to an
ACE inhibitor (20) and the mother of
the infant described by Somalanka et
al. had concomitant exposure to an an-
giotensin receptor blocker (85). Finally,
the cross-sectional study by Chakravar-
ty et al. described co-exposure to MMF
and Rituximab and, although two ab-
normalities were reported (see Rituxi-
mab section), the outcomes were not
linked to either treatment indication
(rheumatic disease versus other) or ex-
posure to MMF (79).

D-Penicillamine

Three studies reported on pregnancy
exposures to D-Penicillamine, includ-
ing 1 case report (86), 1 case series
(17), and 1 cross-sectional study (29).
We extracted information on 3 preg-
nancies exposed to D-Penicillamine,
resulting in 3 live births. Two expo-
sures occurred in the absence of other
DMARD:s (17, 29). In a case report by
Solomon et al., D-Penicillamine expo-
sure in combination with chloroquine,
and an infant with multiple congeni-
tal abnormalities resulting in neonatal
death was reported (86).

Biologic DMARDs

Anti-tumour necrosis factor (TNF)
biologics

Eleven studies reported outcomes of
pregnancies exposed to anti-TNFs in-
cluding 1 case report (87), 4 case series
(27, 56, 88-89), 3 cross-sectional stud-
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ies (58,78,90), 2 surveys (80, 91), and
1 cohort study (48). From 9 of the stud-
ies, we extracted information on 143
pregnancies exposed to anti-TNFs in-
cluding 24 to infliximab, 99 to etaner-
cept, and 20 to adalimumab. Thirty-
six exposures occurred in combina-
tion with another DMARD, including
methotrexate in 22 cases, leflunomide
in 5 cases, azathioprine in 4 cases, sul-
fasalazine in 4 cases, hydroxychloro-
quine in 4 cases, and gold and MMF in
one case each. There were 91 live births
among which there were 3 congenital
abnormalities including pyloric steno-
sis (48), congenital dysplasia of the hip
(48), and VATER association (87). Katz
et al.’s study, reported on 96 pregnan-
cies exposed to anti-TNFs prescribed
primarily for inflammatory bowel dis-
ease, and a small subset for RA. Of
68 live births, 2 children had congeni-
tal abnormalities, including tetralogy
of fallot and intestinal rotation, and 1
child had developmental delay (90).
The indication for the anti-TNF in the
infant with intestinal malrotation was
RA; however, the biologic was given
in combination with leflunomide. The
indication for therapy was not provided
for the other two infants. Finally, while
warranting mention in prior sections as
patients had concomitant exposures,
Verstappen et al.’s cohort study using
data from the BSRBR primarily inves-
tigated anti-TNF pregnancy exposures
among women with rheumatic disease,
mostly RA (48). They reported 88 live
births from 130 exposures to anti-TNF
before or during pregnancy, noting 4
infants with congenital malformations
—2 among women exposed to anti-TNF
alone during pregnancy and 2 among
women exposed to anti-TNF alone
prior to conception (Table III) (48). No
risk estimates were provided and au-
thors commented that no firm conclu-
sions can be drawn on the safety of anti-
TNFs based on their study.

Rituximab

Three studies reported pregnancy ex-
posure to rituximab including 1 case
series (92) and 2 cross-sectional stud-
ies (58, 79). Sangle et al. reported on
5 women who conceived 8 months or
more after rituximab treatment was
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stopped and, therefore, do not represent
a true exposure (92). Ostensen ef al. re-
ported on 3 SLE pregnancies exposed
to rituximab resulting in two live births
with no congenital anomalies (58). Fi-
nally, Chakravarty et al. reported on
153 pregnancies exposed to rituximab
using manufacturer registry data; how-
ever, the indication and concomitant
medications were not linked with the
outcomes of 90 live births (79). Among
infants, there were two with abnormali-
ties including 1 with ventral septal de-
fect, patent foramen ovale, and patent
ductus arteriosus, and 1 twin with a
clubfoot (79).

Other biologics

A case report of a PsA patient exposed
to Ustekinumab during pregnancy re-
ported delivery of an infant with no
abnormalities (93).

Discussion

To our knowledge, there are no clini-
cal practice guidelines on the manage-
ment of rheumatic diseases and use of
DMARDs in pregnancy. Clinicians’
decisions are often based on the US
Food and Drug Administration (FDA)
classification system (94). Sulfasala-
zine is the only traditional DMARD
assigned to category B and considered
generally safe to use through pregnan-
cy. Hydroxychloroquine, chloroquine,
gold, and cyclosporine are assigned to
category C, meaning the risk through
pregnancy cannot be ruled out and must
be weighed with the risk of withdraw-
ing therapy. In the context of SLE where
the risk of flare in pregnancy may be
increased or withdrawal of hydroxy-
chloroquine may lead to increased and
sometimes serious flare (95), continu-
ing therapy may be more beneficial than
withdrawing therapy. However, in RA,
which tends to remit in pregnancy (7),
continuing these DMARDs may not be
justified and the decision must be indi-
vidualised to the patient. Azathioprine,
MMF, and cyclophosphamide are as-
signed category D, meaning there is
evidence of risk but azathioprine is
sometimes continued in particular clini-
cal conditions. Methotrexate and leflu-
nomide are assigned category X and
contraindicated in pregnancy. Patients
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considering pregnancy must discontin-
ue these medications according to their
half-lives. However, there are cases of
healthy pregnancies following exposure
to these medications and therefore, in
unplanned pregnancies, patients should
be provided with a balanced overview
of the risks. In terms of biologics, all
anti-TNFs are under category B and
Rituximab is assigned to category C. Of
note, this system is largely based on ani-
mal studies and is limited in that once
assigned, drug categories are generally
unchanged despite addition of new data.
As such, clinical decisions regarding the
management of DMARDs during preg-
nancy should involve careful discussion
with the patient, taking into account dis-
ease severity and, risk and implications
to both the patient and her unborn child,
while considering the available infor-
mation and its quality.

With 79 articles, this is the largest sys-
tematic review to specifically address
the use of DMARDs during pregnancy
among women with rheumatic disease
and the risk of congenital malforma-
tions. An important consideration was
the extent of published information for
each particular DMARD. We rigor-
ously extracted data on pregnancy ex-
posures to obtain a count of the num-
ber of studies, accounting for the fact
that a particular study may describe
more than one DMARD (singly or in
combination). This led to a key find-
ing that the number of included studies
was less than ten for most drugs, ex-
cept hydroxychloroquine (n=31), aza-
thioprine (n=27), methotrexate (n=15),
cyclophosphamide (n=14), and etaner-
cept (n=10). However, given how drug
exposures were reported in the papers,
it was often not possible to assign a sin-
gle study to a single drug exposure. As
such, a paper that may have been as-
signed as primarily studying a particu-
lar drug, such as Almarzouqi et al.’s
case series (27) reporting on gold expo-
sures and assigned “D1” for gold, may
have also been assigned as one report-
ing a concomitant exposure to another
drug, for example, hydroxychloroquine
“D2” (Table I). Of note, the five afore-
mentioned drugs also represent the
most primarily studied drugs or having
“D1” assignment (hydroxychloroquine

10, azathioprine 6, methotrexate 9, cy-
clophosphamide 8, etanercept 7).
Along with the extent of the published
information, we also considered the
quality of publications, according to
study design. Since pregnant women
are excluded from clinical trials, re-
search on pregnancy exposures and out-
comes is largely based on observational
studies. The majority of studies were
descriptive in nature and lacked com-
parator groups, precluding the ability to
evaluate associations between DMARD
pregnancy exposure and congenital
malformation outcomes. Nonetheless,
case reports and case series allowed the
extraction of case-specific data, as well
as detailed data on dosage and timing of
exposure in pregnancy, and thus will re-
main important since outcomes such as
congenital malformations may be clini-
cally significant although previously un-
described. While cross-sectional stud-
ies provided descriptions over a larger
number of women (and pregnancies),
they were more limited given our in-
ability to extract case-specific data — for
example, actual DMARD(s) used, tim-
ing of exposure, and specific outcomes.
We identified a much smaller number
of analytic observational studies (n=12)
(Table IIT). Of these, only 1 cohort study
by Goldstein et al. evaluated a specific
DMARD exposure (azathioprine) and
primary congenital malformation out-
comes (60). Eight studies did not report
risk estimates (odds ratios or relative
risks) for congenital malformations and
the 3 studies (60-62) that did were based
on cohorts that included women with
rheumatic disease as well as other indi-
cations, primarily inflammatory bowel
disease (IBD), with no reported disease-
specific estimates. As in cross-sectional
studies, we also found a limitation in
that we could not extract case-specific
exposures and outcomes from included
analytic observational studies.

Taking together considerations on the
extent and quality of published evi-
dence, there are key conclusions that can
be drawn from our systematic review.
First, for drugs that represent the major-
ity of included studies, findings are in
line with recommendations or current
attitudes towards safety of particular
medications. For example, we synthe-
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sised 10 congenital malformations out
of 294 live births that we could ascertain
exposure to hydroxychloroquine, which
approximately corresponds to a malfor-
mation rate of 3.4% (compared to rate in
the general population of approximately
3%). Methotrexate represents another
well-studied drug in our review and we
synthesised 6 congenital abnormalities
out of 64 live births, which correspond
to a malformation rate of 9.4%. In-
deed, as controlled trials in this patient
population are unlikely, observational
studies will continue to be important in
this area; however, there is need for im-
proved future studies. Specifically, from
our data extraction and synthesis, we
put forward recommendations for future
studies to include detailed information
on timing of exposure during pregnan-
cy, which we found to be an important
limitation with many studies we in-
cluded. Also an important consideration
for future research is the type of data,
particularly consideration of emerging
data resources. While the majority of
included studies were based on medical
chart or record data, a few were based
on registry data such as the BSRBR (48)
and administrative data (61-62). Despite
limitations of these data, which may
include lack of information on comor-
bidities or disease activity, advantages
such as information on medication use
(of potentially both exposed and non-
exposed women) and outcomes (of po-
tentially both mother and infant) allow
for evaluation of associations.

Our synthesis expands on the small
number of systematic reviews on the
impacts of DMARDs during pregnan-
cy in rheumatic diseases, which to our
knowledge are limited to methotrex-
ate (96), hydroxychloroquine (97), and
biologics (8). As with these works, we
solely focused on women with rheu-
matic diseases for reasons including the
fact that in contrast to IBD (98), there
is consistent evidence on the impact of
rheumatic diseases on congenital mal-
formations (99, 100). Furthermore, by
focusing on rheumatic diseases, this
systematic review addresses an impor-
tant clinical question in rheumatology.
Nonetheless, experiences in other pa-
tient populations may be drawn from,
particularly for less-studied DMARDs



in rheumatology such as sulfasalazine,
which has received greater study in IBD
(101-103). However, despite provid-
ing a comprehensive synthesis of the
published information on DMARDs
and congenital malformations, no clear
recommendations can be drawn from
our systematic review. Another limita-
tion that arose was assigning exposures
in instances where more than one drug
was reported. While this reflects ac-
tual clinical practice, we attempted to
ameliorate this challenge by indicating
whether a study was reporting a primary
drug of interest, reporting on a concomi-
tant drug to a primary drug studied, re-
porting on multiple drugs or studying a
disease primarily but with reporting of
exposure to a particular drug. Finally,
we specifically focused on congenital
malformations, although we extracted
information on other outcomes such as
stillbirths and prematurity whenever
possible.

Conclusion

Overall our systematic review de-
scribes the extent and quality of pub-
lished data on use of traditional and
biologic DMARDs during pregnancy
among women with rheumatic diseases
and congenital malformation outcomes
and highlights the need for future, well-
designed, observational studies that re-
port detailed medication exposure data.

Acknowledgements
We thank Mary-Doug Wright, BSc, MLS,
for conducting the database searches.

References

1. BERNATSKY S,JOSEPH L, PINEAU CA, TAM-
BLYN R, FELDMAN DE, CLARKE AE: A pop-
ulation-based assessment of systemic lupus
erythematosus incidence and prevalence-
-results and implications of using admin-
istrative data for epidemiological studies.
Rheumatology (Oxford) 2007; 46: 1814-8.

2. SYMMONS D, TURNER G, WEBB R et al.:
The prevalence of rheumatoid arthritis in
the United Kingdom: new estimates for a
new century. Rheumatology (Oxford) 2002;
41: 793-800.

3. PACKHAM JC, HALL MA: Long-term fol-
low-up of 246 adults with juvenile idiopath-
ic arthritis: social function, relationships
and sexual activity. Rheumatology (Oxford)
2002; 41: 1440-3.

4. BADLEY E, KASMAN N: The Impact of Ar-
thritis on Canadian Women. BMC Womens
Health 2004; 4 (Supp. 1): S18.

DMARD:s in pregnancy: a review of congenital malformation risk / C. Baldwin et al.

20.

21.

22.

. CHAKRAVARTY EF, NELSON L, KRISHNAN

E: Obstetric hospitalizations in the United
States for women with systemic lupus ery-
thematosus and rheumatoid arthritis. Arthri-
tis Rheum 2006; 54: 899-907.

. GAYED M, GORDON C: Pregnancy and rheu-

matic diseases. Rheumatology (Oxford)
2007; 46: 1634-40.

BARRETT JH, BRENNAN P, FIDDLER M, SIL-
MAN AJ: Does rheumatoid arthritis remit
during pregnancy and relapse postpartum?
Results from a nationwide study in the Unit-
ed Kingdom performed prospectively from
late pregnancy. Arthritis Rheum 1999; 42:
1219-27.

. VINET E, PINEAU C, GORDON C, CLARKE

AE, BERNATSKY S: Biologic therapy and
pregnancy outcomes in women with rheu-
matic diseases. Arthritis Rheum 2009; 61:
587-92.

. PALMSTEN K, HERNANDEZ-DIAZ S, KURI-

YA B, SOLOMON DH, SETOGUCHI S: Use of
disease-modifying antirheumatic drugs dur-
ing pregnancy and risk of preeclampsia. Ar-
thritis Care Res (Hoboken) 2012; 64: 1730-
8

. DASTGIRI S, GILMOUR WH, STONE DH:

Survival of children born with congenital
anomalies. Arch Dis Child 2003; 88: 391-4.

. MATSUI D: Adherence with drug therapy in

pregnancy. Obstet Gynecol Int 2012; 2012:
7965-90.

. SHIELDS KE, LYERLY AD: Exclusion of

pregnant women from industry-sponsored
clinical trials. Obstet Gynecol 2013; 122:
1077-81.

. BERARD A, LACASSE A: Validity of perinatal

pharmacoepidemiologic studies using data
from the RAMQ administrative database.
Can J Clin Pharmacol 2009; 16: €360-9.

. ETMINAN M, SAMII A: Pharmacoepidemiol-

ogy I: a review of pharmacoepidemiologic
study designs. Pharmacotherapy 2004; 24:
964-9.

. MATZ GJ, NAUNTON RF: Ototoxicity of

chloroquine. Arch Otolaryngol 1968; 88:
370-2.

. PARKE A: Antimalarial drugs and pregnan-

cy. Am J Med 1988; 85: 30-3.

. LEVY M, BUSKILA D, GLADMAN DD,

UROWITZ MB, KOREN G: Pregnancy out-
come following first trimester exposure to
chloroquine. Am J Perinatol 1991; 8: 174-8.

. AIRO P, ANTONIOLI CM, MOTTA M et al.:

The immune development in a child born
to a cyclosporin A-treated woman with sys-
temic lupus erythematosus/polymyositis.
Lupus 2002; 11: 454-7.

. STIRNEMANN J, FAIN O, LACHASSINNE E

et al.: Neonatal lupus erythematosus. Lu-
pus cutane neonatal. Presse Med 2002; 31:
1407-9.

ANDERKA MT, LIN AE, ABUELO DN,
MITCHELL AA, RASMUSSEN SA: Reviewing
the evidence for mycophenolate mofetil as
a new teratogen: Case report and review of
the literature. Am J Med Genet A 2009; 149:
1241-8.

KEELING SO, OSWALD AE: Pregnancy and
rheumatic disease: “by the book™ or “by the
doc”. Clin Rheumatol 2009; 28: 1-9.
STREIT M, SPEICH R, FISCHLER M, ULRICH

181

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

S: Successful pregnancy in pulmonary arte-
rial hypertension associated with systemic
lupus erythematosus: a case report. J Med
Case Rep 2009; 3: 7255.

KOZLOWSKI RD, STEINBRUNNER JV, MAC-
KENZIE AH, CLOUGH JD, WILKE WS, SEGAL
AM: Outcome of first-trimester exposure
to low-dose methotrexate in eight patients
with rheumatic disease. Am J Med 1990; 88:
589-92.

DONNENFELD AE, PASTUSZAK A, NOAH JS,
SCHICK B, ROSE NC, KOREN G: Methotrex-
ate exposure prior to and during pregnancy.
Teratology 1994; 49: 79-81.

PARKE A, WEST B: Hydroxychloroquine in
pregnant patients with systemic lupus ery-
thematosus. J Rheumatol 1996; 23: 1715-8.
MOK MY, LO Y,LEUNG PY, LAU CS: Pregnan-
cy outcome in patients with adult onset Still’s
disease. J Rheumatol 2004; 31: 2307-9.
ALMARZOUQI M, SCARSBROOK D, KLINK-
HOFF A: Gold therapy in women planning
pregnancy: outcomes in one center. J Rheu-
matol 2007; 34: 1827-31.

LANNES G, ELIAS FR, CUNHA B et al.: Suc-
cessful pregnancy after cyclophosphamide
therapy for lupus nephritis. Arch Gynecol
Obstet 2011; 283 (Suppl. 1): 61-5.
OSTENSEN M: The effect of pregnancy on
ankylosing spondylitis, psoriatic arthritis,
and juvenile rheumatoid arthritis. Am J Re-
prod Immunol 1992; 28: 235-7.

HUONG DLT, WECHSLER B, PIETTE JC et al.:
Pregnancy and its outcome in systemic lupus
erythematosus. Q J Med 1994; 87: 721-9.
BUCHANAN NM, KHAMASHTA MA, MOR-
TON KE, KERSLAKE S, BAGULEY EA,
HUGHES GR: A study of 100 high risk lupus
pregnancies. Am J Reprod Immunol 1992;
28:192-4.

HUONG DL, WECHSLER B, VAUTHIER-
BROUZES D, BEAUFILS H, LEFEBVRE G, PI-
ETTE JC: Pregnancy in past or present lupus
nephritis: a study of 32 pregnancies from
a single centre. Ann Rheum Dis 2001; 60:
599-604.

CARMONA F, FONT J, MOGA I et al.: Class
III-IV proliferative lupus nephritis and
pregnancy: A study of 42 cases. Am J Re-
prod Immunol 2005; 53: 182-8.

RENAUD C, DE MONTGOLFIER I, VAUTIER-
BROUZES D, COSTEDOAT-CHALUMEAU N,
LAPILLONNE A, GOLD F: Perinatal conse-
quences of maternal connective tissue dis-
eases: a prospective study of 73 cases. Arch
Pediatr 2006; 13: 1386-90.

SILVA CA, HILARIO MO, FEBRONIO MV et
al.: Pregnancy outcome in juvenile systemic
lupus erythematosus: a Brazilian multi-
center cohort study. J Rheumatol 2008; 35:
1414-8.

AMBROSIO P, LERMANN R, CORDEIRO A,
BORGES A, NOGUEIRA I, SERRANO F: Lu-
pus and pregnancy -- 15 years of experience
in a tertiary center. Clin Rev Allergy Immu-
nol 2010; 38: 77-81.

CARVALHEIRAS G, VITA P, MARTA S et al.:
Pregnancy and systemic lupus erythemato-
sus: review of clinical features and outcome
of 51 pregnancies at a single institution.
Clin Rev Allergy Immunol 2010; 38: 302-6.
TEH CL, WONG JS, NGEH NKN, LOH WLH:



DMARD:s in pregnancy: a review of congenital malformation risk / C. Baldwin et al.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Systemic lupus erythematosus pregnan-
cies: The Sarawak experience and review
of lupus pregnancies in Asia. Rheumatol Int
2011; 31: 1153-7.

HOELTZENBEIN M, ELEFANT E, VIAL T et
al.: Teratogenicity of mycophenolate con-
firmed in a prospective study of the Euro-
pean Network of Teratology Information
Services. Am J Med Genet A 2012; 158A:
588-96.

MEKINIAN A, LOIRE-BERSON P, LACHAS-
SINNE E et al.: European registry of babies
born to mothers with antiphospholipid syn-
drome. Ann Rheum Dis 2013; 72: 217-22.
BONAMINIO PN, DE REGNIER R, CHANG E,
DAY N, MANZI S, RAMSEY-GOLDMAN R:
Minor physical anomalies are not increased
in the offspring of mothers with systemic
lupus erythematosus. Ann Rheum Dis 2006;
65: 246-8.

ANDRADE R, SANCHEZ ML, ALARCON GS
et al.: Adverse pregnancy outcomes in wom-
en with systemic lupus erythematosus from
a multiethnic US cohort: LUMINA (LUI).
Clin Exp Rheumatol 2008; 26: 268-74.
BUCHANAN NM, TOUBI E, KHAMASHTA
MA, LIMA F, KERSLAKE S, HUGHES GR:
Hydroxychloroquine and lupus pregnancy:
review of a series of 36 cases. Ann Rheum
Dis 1996; 55: 486-8.
COSTEDOAT-CHALUMEAU N, AMOURA Z,
DUHAUT P et al.: Safety of hydroxychlo-
roquine in pregnant patients with connec-
tive tissue diseases: a study of one hundred
thirty-three cases compared with a control
group. Arthritis Rheum 2003; 48: 3207-11.
CLOWSE ME, MAGDER L, WITTER F, PETRI
M: Hydroxychloroquine in lupus pregnancy.
Arthritis Rheum 2006; 54: 3640-7.

LEVY RA, VILELA VS, CATALDO MIJ et al.:
Hydroxychloroquine (HCQ) in lupus preg-
nancy: double-blind and placebo-controlled
study. Lupus 2001; 10: 401-4.

ROGERS JG, ANDERSON RM, CHOW CW,
GILLAM GL, MARKMAN L: Possible terato-
genic effects of gold. Aust Paediatr J 1980;
16: 194-5.

VERSTAPPEN SM, KING Y, WATSON KD,
SYMMONS DP, HYRICH KL, BSRBR CON-
TROL CENTRE CONSORTIUM BSRBR: Anti-
TNF therapies and pregnancy: outcome of
130 pregnancies in the British Society for
Rheumatology Biologics Register. Ann
Rheum Dis 2011; 70: 823-6.

@STENSEN M, RAIO L: A woman with rheu-
matoid arthritis whose condition did not
improve during pregnancy. Nat Clin Pract
Rheumatol 2005; 1: 111-4.

LEWDEN B, VIAL T, ELEFANT E et al.: Low
dose methotrexate in the first trimester of
pregnancy: results of a French collaborative
study. J Rheumatol 2004; 31: 2360-5.
WILLIAMSON RA, KARP LE: Azathioprine
teratogenicity: review of the literature and
case report. Obstet Gynecol 1981; 58: 247-
50.

OSTRER H, STAMBERG J, PERINCHIEF P:
Two chromosome aberrations in the child
of a woman with systemic lupus erythema-
tosus treated with azathioprine and pred-
nisone. Am J Med Genet 1984; 17: 627-32.
SCHONER K, STEINHARD J, FIGIEL J, RE-

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

HDER H: Severe facial clefts in acrofacial
dysostosis: A consequence of prenatal ex-
posure to mycophenolate mofetil? Obstet
Gynecol 2008; 111: 483-6.

SHARON E, JONES J, DIAMOND H, KAPLAN
D: Pregnancy and azathioprine in systemic
lupus erythrmatosus. Am J Obstet Gynecol
1974; 118: 25-8.

CLOWSE ME, MAGDER L, PETRI M: Cyclo-
phosphamide for lupus during pregnancy.
Lupus 2005; 14: 593-7.

ROSNER I, HADDAD A, BOULMAN N et al.:
Pregnancy in rheumatology patients ex-
posed to anti-tumour necrosis factor (TNF)-
alpha therapy. Rheumatology (Oxford)
2007; 46: 1508.

TINCANI A, FADEN D, TARANTINI M et al.:
Systemic lupus erythematosus and pregnan-
cy: a prospective study. Clin Exp Rheumatol
1992; 10: 439-46.

@STENSEN M, LOCKSHIN M, DORIAA et al.:
Update on safety during pregnancy of bio-
logical agents and some immunosuppres-
sive anti-rheumatic drugs. Rheumatology
(Oxford) 2008; 47 (Suppl. 3): iii28-31.
RAMSEY-GOLDMAN R, MIENTUS M,
KUTZER JE, MULVIHILL JJ, MEDSGER TA,
JR.: Pregnancy outcome in women with sys-
temic lupus erythematosus treated with im-
munosuppressive drugs. J Rheumatol 1993;
20: 1152-7.

GOLDSTEIN LH, DOLINSKY G, GREENBERG
R et al.: Pregnancy outcome of women ex-
posed to azathioprine during pregnancy.
Birth Defects Res A Clin Mol Teratol 2007;
79: 696-701.

LANGAGERGAARD V, PEDERSEN L, GIS-
LUM M, NGRGARD B, SORENSEN HT: Birth
outcome in women treated with azathio-
prine or mercaptopurine during pregnancy:
A Danish nationwide cohort study. Aliment
Pharmacol Ther 2007; 25: 73-81.

CLEARY BJ, KALLEN B: Early pregnancy
azathioprine use and pregnancy outcomes.
Birth Defects Res A Clin Mol Teratol 2009;
85: 647-54.

HUSSEIN MM, MOOIJ JM, ROUJOULEH H:
Cyclosporine in the treatment of lupus ne-
phritis including two patients treated during
pregnancy. Clin Nephrol 1993; 40: 160-3.
KIRSHON B, WASSERSTRUM N, WILLIS R,
HERMAN GE, MCCABE ER: Teratogenic ef-
fects of first-trimester cyclophosphamide
therapy. Obstet Gynecol 1988; 72: 462-4.
ENNS GM, ROEDER E, CHAN RT et al.:
Apparent cyclophosphamide (cytoxan) em-
bryopathy: a distinct phenotype? Am J Med
Genet 1999; 86: 237-41.

ASLAN E, TARIM E, KILICDAG E, SIMSEK
E: Sjogren’s syndrome diagnosed in preg-
nancy: a case report. J Reprod Med 2005;
50: 67-70.

ESCOBAR MR: Successful pregnancy after
inadvertent exposure to cyclophosphamide
in the first trimester in a patient with active
lupus. Case report. latreia 2011; 24: 320-4.
LAZALDE B, GRIJALVA-FLORES J, GUERRE-
RO-ROMERO F: Klippel-Feil syndrome in a
boy exposed inadvertently to cyclophospha-
mide during pregnancy: a case report. Birth
Defects Res A Clin Mol Teratol 2012; 94:
249-52.

182

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

HUONG DL, AMOURA Z, DUHAUT P et al.:
Risk of ovarian failure and fertility after in-
travenous cyclophosphamide. A study in 84
patients. J Rheumatol 2002; 29: 2571-6.
PARK MC, PARK YB, JUNG SY, CHUNG IH,
CHOI KH, LEE SK: Risk of ovarian failure
and pregnancy outcome in patients with
lupus nephritis treated with intravenous cy-
clophosphamide pulse therapy. Lupus 2004;
13: 569-74.

WHITELAW DA, HALL D, KOTZE T: Preg-
nancy in systemic lupus erythematosus: A
retrospective study from a developing com-
munity. Clin Rheumatol 2008; 27: 577-80.
FELDKAMP M, CAREY JC: Clinical teratolo-
gy counseling and consultation case report:
Low dose methotrexate exposure in the ear-
ly weaks of pregnancy. Teratology 1993; 47:
533-9.

BUCKLEY LM, BULLABOY CA, LEICHT-
MAN L, MARQUEZ M: Multiple congenital
anomalies associated with weekly low-
dose methotrexate treatment of the mother.
Arthritis Rheum 1997, 40: 971-3.
DELATYCKI MB: A de novo, apparently bal-
anced reciprocal translocation in a child
with developmental delay whose mother
was being treated with low-dose methotrex-
ate at the time of conception. Birth Defects
Res A Clin Mol Teratol 2005; 73: 253-4.
CORONA-RIVERA JR, REA-ROSAS A,
SANTANA-RAMIREZ A, ACOSTA-LEON 1J,
HERNANDEZ-ROCHA J, MIGUEL-JIMENEZ
K: Holoprosencephaly and genitourinary
anomalies in fetal methotrexate syndrome.
Am J Med Genet A 2010; 152A: 1741-6.
PIGGOTT KD, SORBELLO A, RIDDLE E,
DECAMPLI W: Congenital cardiac defects:
a possible association of aminopterin syn-
drome and in utero methotrexate exposure?
Pediatr Cardiol 2011; 32: 518-20.
OSTENSEN M, HARTMANN H, SALVESEN
K: Low dose weekly methotrexate in early
pregnancy. A case series and review of the
literature. J Rheumatol 2000; 27: 1872-5.
HYRICH KL, SYMMONS DPM, WATSON KD,
SILMAN AJ, BRITISH SOCIETY FRBR: Preg-
nancy outcome in women who were ex-
posed to anti-tumor necrosis factor agents:
results from a national population register.
Arthritis Rheum 2006; 54: 2701-2.
CHAKRAVARTY EF, MURRAY ER, KELMAN
A, FARMER P: Pregnancy outcomes after
maternal exposure to rituximab. Blood
2011; 117: 1499-506.

CHAKRAVARTY EF, SANCHEZ-YAMAMOTO
D, BUSH TM: The use of disease modify-
ing antirheumatic drugs in women with
rheumatoid arthritis of childbearing age: a
survey of practice patterns and pregnancy
outcomes. J Rheumatol 2003; 30: 241-6.
CASSINA M, JOHNSON DL, ROBINSON LK et
al.: Pregnancy outcome in women exposed
to leflunomide before or during pregnancy.
Arthritis Rheum 2012; 64: 2085-94.

HEINE K, POETS CF: A pair of twins born
after maternal exposure to leflunomide.
J Perinatol 2008; 28: 841-2.
HAJDYLA-BANAS 1, BANAS T, RYDZ-
STRYSZOWSKA 1 et al.: Pregnancy course
and neonatal outcome after exposure to
leflunomide - 2 cases report and review of



84.

85.

86.

87.

88.

89.

90.

91

literature. Przegl Lek 2009; 66: 1069-71.
CHAMBERS CD, JOHNSON DL, ROBINSON
LK et al.: Birth outcomes in women who
have taken leflunomide during pregnancy.
Arthritis Rheum 2010; 62: 1494-503.
SOMALANKA S, TAWIL M, BAIKUNIJE S:
Oesophageal anomaly in a newborn after
maternal exposure to mycofenolate mofetil.
BMJ Case Rep [Epub 2009 Sep 2].
SOLOMON L, ABRAMS G, DINNER M, BER-
MAN L: Neonatal abnormalities associ-
ated with D-penicillamine treatment during
pregnancy. N Engl J Med 1977; 296: 54-5.
CARTER JD, VALERIANO J, VASEY FB: Tu-
mor necrosis factor-alpha inhibition and
VATER association: a causal relationship.
J Rheumatol 2006; 33: 1014-7.

ROUX CH, BROCQ O, BREUIL V, ALBERT C,
EULLER-ZIEGLER L: Pregnancy in rheuma-
tology patients exposed to anti-tumour ne-
crosis factor (TNF)-alpha therapy. Rheuma-
tology (Oxford) 2007; 46: 695-8.

SCIOSCIA C, SCIOSCIA M, ANELLI MG,
PRAINO E, BETTOCCHI S, LAPADULA G:
Intentional etanercept use during pregnancy
for maintenance of remission in rheumatoid
arthritis. Clin Exp Rheumatol 2011;29: 93-5.
KATZ JA, ANTONI C, KEENAN GF, SMITH
DE, JACOBS SJ, LICHTENSTEIN GR: Out-
come of pregnancy in women receiving inf-
liximab for the treatment of Crohn’s disease
and rheumatoid arthritis. Am J Gastroen-
terol 2004; 99: 2385-92.

. BERTHELOT J-M, DE BANDT M, GOUPILLE P

DMARD:s in pregnancy: a review of congenital malformation risk / C. Baldwin et al.

92.

93.

94.

95.

96.

97.

et al.: Exposition to anti-TNF drugs during
pregnancy: outcome of 15 cases and review
of the literature. Joint Bone Spine 2009; 76:
28-34.

SANGLE SR, LUTALO PM, DAVIES RJ, KHA-
MASHTA MA, D’CRUZ DP: B-cell depletion
therapy and pregnancy outcome in severe,
refractory systemic autoimmune diseases.
J Autoimmun 2013; 43: 55-9.

ANDRULONIS R, FERRIS LK: Treatment of
severe psoriasis with ustekinumab during
pregnancy. J Drugs Dermatol 2012; 11:
1240-1.

CHAMBERS CD, TUTUNCU ZN, JOHNSON
D. JONES KL: Human pregnancy safety for
agents used to treat rheumatoid arthritis:
adequacy of available information and strat-
egies for developing post-marketing data.
Arthritis Res Ther 2006; 8: 225-35.
TSAKONAS E, JOSEPH L, ESDAILE JM et al.:
A long-term study of hydroxychloroquine
withdrawal on exacerbations in systemic lu-
pus erythematosus. The Canadian Hydroxy-
chloroquine Study Group. Lupus 1998; 7:
80-5.

MARTINEZ LOPEZ JA, LOZA E, CARMONA
L: Systematic review on the safety of meth-
otrexate in rheumatoid arthritis regarding
the reproductive system (fertility, pregnan-
cy, and breastfeeding). Clin Exp Rheumatol
2009; 27: 678-84.

SPERBER K, HOM C, CHAO CP, SHAPIRO D,
ASH J: Systematic review of hydroxychloro-
quine use in pregnant patients with autoim-

183

98.

99.

100.

101.

102.

103.

mune diseases. Pediatr Rheumatol Online J
2009; 7: 9.

BAN L, TATA L, FIASCHI L, CARD T: Lim-
ited risks of major congenital anomalies in
children of mothers with IBD and effects of
medications. Gastroenterology 2014; 146:
76-84.

NORGAARD M, LARSSON H, PEDERSEN L
et al.: Rheumatoid arthritis and birth out-
comes: a Danish and Swedish nationwide
prevalence study. J Intern Med 2010; 268:
329-37.

VINET E, PINEAU C, SCOTT S, CLARKE A,
PLATT R, BERNATSKY S: Increased congeni-
tal heart defects in children born to women
with systemic lupus erythematosus: Results
from the Offspring of Systemic Lupus Ery-
thematosus Mothers Registry Study. Circu-
lation 2015; 131: 149-56.

N@RGARD B, CZEIZEL AE, ROCKENBAUER
M, OLSEN J, SGRENSEN HT: Population
based case control study of the safety of sul-
phasalazine used during pregnancy. Alimen-
tary Pharmacology and Therapeutics 2001;
15: 483-6.

MOGADAM M, DOBBINS WO, KORELITZ
BI, AHMED SW: Pregnancy in inflammatory
bowel disease: effect of sulfasalazine and
corticosteroids on fetal outcome. Gastroen-
terology 1981; 80: 72-6.
HERNANDEZ-DIAZ S, WERLER MM, WALK-
ER AM, MITCHELL AA: Folic acid antago-
nists during pregnancy and the risk of birth
defects. N Engl J Med 2000; 343: 1608-14.



