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Introduction
Rheumatoid arthritis (RA) is a chronic systemic 
inflammatory disorder that can affect women in 
their reproductive years. With the expanded 
armamentarium of disease-modifying therapies 
available in the ‘biologic era’ and targeted 
approach to therapy, there is increasing ability to 
achieve adequate control of disease activity. 
However, the desire to start a family adds addi-
tional complexity to management decisions pre-
conception, during pregnancy and following 
delivery given the lack of safety data and potential 
teratogenicity of available therapies. Male patients 
anticipating family planning often desire appro-
priate guidance in view of the potential effects on 
fertility and conception. Well-established data 
supporting the safe use of medications in preg-
nancy and lactation are available for a few medi-
cations, while for many others the safety profile is 
much less certain and guidance is based on the 
manufacturer’s recommendations. Based on the 
evidence available from animal and human data, 

the US Food and Drug Administration (FDA) 
has established pregnancy risk categories of drugs 
(Table 1). This provides a broad guideline, which 
supports but does not take the place of open dia-
logue and shared decision making which is critical 
in discussing the risks and benefits of the treat-
ment approach that may be unique to each indi-
vidual patient. In this review, we seek to provide 
the rheumatologist with an overview on the safety 
profile of drugs used for RA preconception, dur-
ing pregnancy (Table 1) and lactation (Table 2). 
Preconception recommendations for men using 
RA medications are also discussed.

Effect of pregnancy on RA
Dr Philip S. Hench described in 1938 a remark-
able improvement in the signs and symptoms of 
inflammatory arthritis (primarily RA) during 
pregnancy [Hench, 1938], an observation that led 
to the quest to find ‘substance X’ that resulted in 
the Nobel Prize-winning discovery of cortisone a 

Use of DMARDs and biologics during 
pregnancy and lactation in rheumatoid 
arthritis: what the rheumatologist needs to 
know
Megan L. Krause, Shreyasee Amin and Ashima Makol

Abstract: Rheumatoid arthritis (RA), a chronic autoimmune inflammatory disease of 
synovial joints, can lead to chronic pain and structural joint damage, as well as other 
organ involvement, especially if not adequately controlled. Because it can affect women in 
their reproductive years, care of pregnant women with RA requires a delicate balance of 
maintaining disease control while limiting potential toxicity to the fetus and neonate. While 
most women experience a substantial improvement in disease activity during pregnancy, 
for some women their RA remains active. It can even manifest itself for the first time during 
pregnancy or early in the post-partum period. Optimizing disease control prior to conception 
is key, but utilizing disease-modifying treatments effectively and safely throughout pregnancy 
and lactation requires open dialogue and shared decision making. This review provides 
evidence-based recommendations for use of disease-modifying antirheumatic drugs 
(DMARDs) and biologic response modifiers to guide rheumatologists in their care of pregnant 
and lactating women with RA and serves as a guide to counsel male patients with RA on family 
planning decisions.

Keywords: biologics, DMARDs, lactation, pregnancy, rheumatoid arthritis

Correspondence to: 
Ashima Makol, MD 
Department of Internal 
Medicine, Division of 
Rheumatology, Mayo 
Clinic,  College of 
Medicine, 200 First Street 
SW, Rochester, MN 55905, 
USA 
makol.ashima@mayo.edu

Megan L. Krause, MD 
Division of Rheumatology, 
Department of Internal 
Medicine, Mayo Clinic 
College of Medicine, 
Rochester, MN, USA

Shreyasee Amin,  
MD CM, MPH 
Division of Rheumatology, 
Department of Internal 
Medicine; and Division of 
Epidemiology, Department 
of Health Sciences 
Research, Mayo Clinic 
College of Medicine, 
Rochester, MN, USA

551568 TAB0010.1177/1759720X14551568Therapeutic Advances in Musculoskeletal DiseaseM. L. Krause et al.
research-article2014

Review

http://www.sagepub.co.uk/journalsPermissions.nav


Therapeutic Advances in Musculoskeletal Disease 6(5)

170 http://tab.sagepub.com

decade later. Although cortisone was not the true 
explanation, the subsequent decades saw an 
upsurge in an interest to gain better understand-
ing of the immunological and hormonal changes 
of pregnancy and its influence on RA disease 
activity [Amin et al. 2011]. The goal has been to 
try and induce a similar immune environment in 
the nonpregnant state for amelioration of RA 
associated symptoms.

It is now well established through large observa-
tional prospective studies that women with RA 
often experience a spontaneous improvement or 
stabilization of their disease during pregnancy 
[Ostensen and Villiger, 2007; De Man et al. 2008], 
but only to flare post-partum. Complex and well-
coordinated changes in cytokine profiles, immune 
cell number and function (particularly regulatory 
T cells) and hormone levels work in conjunction 
to prevent maternal rejection of the developing, 
genetically distinct fetus [Amin et al. 2011] dur-
ing pregnancy and it appears likely that this state 
of immune tolerance may be a key factor to 
understanding the improved disease activity state 
in RA, much about which remains to be learned.

Unfortunately, many pregnant women will require 
some treatment during pregnancy as only a 
minority achieve complete remission without 

medication [De Man et  al. 2008]. Moreover, 
many women develop a flare of their RA symp-
toms post-partum and require rapid initiation of 
medical therapy [Nelson and Ostensen, 1997; 
Barrett et al. 1999; De Man et al. 2008] for symp-
tomatic management. It thus becomes necessary 
for the treating rheumatologist to not only coun-
sel the patient on the safe use of analgesics and 
immunosuppressant medications before and dur-
ing pregnancy but also develop a strategic plan to 
optimize disease control post-delivery with a 
preemptive discussion of the potential risks to the 
neonate if breastfeeding is a consideration.

When a woman of child-bearing age is diagnosed 
with RA, the rheumatologist is entrusted with mul-
tiple responsibilities. A discussion of the need for 
contraception and safest time for conception is 
critical. The choice of disease-modifying antirheu-
matic drug (DMARD) or biologic response modi-
fier (‘biologic’) can be influenced by the desire of 
the patient to start a family and must be taken into 
consideration, in addition to discussing the risk of 
the medication during preconception, pregnancy 
and lactation. In the case of an unplanned preg-
nancy while on therapy, immediate discontinuation 
of the medications (if considered toxic or high risk) 
and referral to a high-risk obstetrician for monitor-
ing and review of options is recommended.

Table 1. Summary of recommendations for safety of therapies for rheumatoid arthritis during pregnancy.

Therapy FDA pregnancy 
category1

Toxicity concerns

NSAIDs B Concern for risk in third trimester exposure including closure of ductus arteriosus
Corticosteroids B Question of increased risk of cleft abnormalities
Sulfasalazine B No reported risk
TNFα inhibitors B Question of concerns for VACTERL abnormalities
Anakinra B Inadequate data
COX 2 inhibitors C Concern for risk in third trimester exposure including closure of ductus arteriosus
Hydroxychloroquine C No reported risk
Rituximab C Reports of hematologic abnormalities, infection
Abatacept C Inadequate data
Tocilizumab C Inadequate data
Tofacitinib C Inadequate data
Azathioprine D Rare reports of congenital abnormalities but overall not felt to increase risk
Methotrexate X Aminopterin syndrome
Leflunomide X Toxicity in animal studies

1US Food and Drug Administration pregnancy category (see http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfCFR/CFRSearch.cfm?fr=201.57): 
A, controlled human studies show no risk; B, no evidence of risk in studies; C, risk cannot be ruled out; D, positive evidence of risk; X, contraindi-
cated in pregnancy.
NSAID, nonsteroidal anti-inflammatory drug; TNF, tumor necrosis factor; VACTERL, vertebral anomalies, anal atresia, cardiac defects, tracheo-
esophageal, renal, and limb abnormalities.
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We will discuss below, in order, nonsteroidal anti-
inflammatory drugs (NSAIDs) and glucocorti-
coids (GCs), followed by safe and unsafe 
DMARDs and biologic response modifiers in the 
context of pregnancy and lactation in RA patients. 
Guidelines for safe use of these medications will 
be provided when possible, including for men.

NSAIDs
NSAIDs are often a readily available, inexpensive 
treatment of pain and swelling in RA. The FDA 
considers these agents category B (Table 1). While 
NSAIDs are a relatively safe option for managing 
pain symptoms in pregnant women with RA, they 
do need to be used with caution, especially early 
in pregnancy, and are contraindicated in the last 
trimester of pregnancy.

In a Danish cohort of 1462 pregnant women who 
used NSAIDS during pregnancy there was no 
association of NSAIDs with prematurity, low 
birth weight, or congenital abnormalities [Nielsen 
et al. 2001]. Yet, there are reports suggesting that 
these medications may be associated with an 
increased risk for miscarriage when used early in 
pregnancy. In a case-control study [Nielsen et al. 
2001] 4268 Danish women with miscarriages 

were compared with 29,750 women with live 
births and found a higher risk of miscarriage with 
NSAID use. The risk was more with NSAID use 
within one week of miscarriage [Nielsen et  al. 
2001]. In a population-based cohort identified 
using Kaiser Permanente data [Li et al. 2003], 5% 
of 1055 women (followed for the first 20 weeks of 
their pregnancy) utilized NSAIDs and were 
reported to have higher rates of miscarriage (haz-
ard ratio [HR] 1.8, 95% confidence interval (CI) 
1.0–3.2) than those who did not use NSAIDs. 
This risk was higher with prolonged use (greater 
than 1 week) or use near conception [Li et  al. 
2003]. In a case-control study examining 4705 
cases of spontaneous abortion, of which 7.5% 
were exposed to NSAIDs, it was reported that 
there was an increased risk with NSAID use (odds 
ratio [OR] 2.43, 95% CI 2.12–2.79) [Nakhai-
Pour et al. 2011]. In contrast, in a cohort of 2780 
women, where 43% used NSAIDs before the 
sixth week of gestation, there was no increased 
risk of spontaneous abortion associated with use 
of NSAIDs even when adjusted for maternal age 
[Edwards et  al. 2012]. The disparity in results 
may be related to ascertainment of exposure to 
NSAIDs given the different prevalence rates 
between the cohorts. Nonetheless, NSAID use in 
early pregnancy warrants caution.

NSAIDs are also not recommended for use in the 
third trimester of pregnancy. In pregnant rats, 
NSAIDs have been demonstrated to constrict the 
fetal ductus, with indomethacin having a stronger 
effect compared with aspirin [Momma and 
Takeuchi, et al. 1983; Momma et al. 1984; Koren 
et al. 2006]. This effect of NSAIDs on premature 
ductal closure was also confirmed in a meta-anal-
ysis [Koren et al. 2006]. This can result in fetal 
pulmonary hypertension and even death [Koren 
et al. 2006]. COX-2 inhibitors, considered Class 
C pregnancy risk category by the FDA, have also 
been reported to induce constriction of fetal lamb 
ductus arteriosus [Takahashi et al. 2000]. In addi-
tion, use of NSAIDs later in pregnancy has been 
demonstrated to decrease amniotic fluid levels 
resulting in oligohydramnios and inadequate pul-
monary development via inhibition of renal pros-
taglandin synthesis and fetal urinary output 
[Hickok et al. 1989].

NSAIDs, including COX-2 inhibitors, are thus 
contraindicated in the third trimester, but may be 
used with caution prior to 24 weeks of gestation, 
with intermittent use of those with a short half-
life preferred [Makol et al. 2011].

Table 2. Summary of recommendations for safety of 
therapies for rheumatoid arthritis during lactation.

Safe to continue during lactation
NSAIDs
Corticosteroids
Hydroxychloroquine
Sulfasalazine1

Inadequate data regarding lactation
TNFα inhibitors
Anakinra
Abatacept
Rituximab
Tocilizumab
Tofacitinib
Contraindicated during lactation
Methotrexate
Leflunomide
Azathioprine2

1Use caution in setting of prematurity, hyperbilirubine-
mia, glucose-6-phosphate dehydrogenase deficiency.
2Avoidance is recommended by the manufacturer and 
expert opinion which is primarily based on theoretical 
risk.
NSAID, nonsteroidal anti-inflammatory drug; TNF, 
tumor necrosis factor.
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Glucocorticoids
GCs are frequently used for management in preg-
nant RA patients and are considered category B 
by the FDA (Table 1). They were the most com-
monly utilized medication during pregnancy in 
one cohort [Kuriya et al. 2011]. The rapidity of 
symptom relief and minimal transplacental trans-
fer [Beitins et al. 1972] make prednisone, corti-
sone or hydrocortisone the ideal choice for 
management of RA flares in pregnancy. 
Dexamethasone and betamethasone should be 
avoided in pregnant women (unless required for 
fetal indications) as they cross the placenta with 
similar maternal and fetal concentrations [Ogueh 
and Johnson, 2000].

Unlike NSAIDs, GCs do not appear to be associ-
ated with early fetal loss. In a nested case-control 
study of 10,974 women with first time miscar-
riage, oral corticosteroids demonstrated no asso-
ciation with the rate of miscarriage [Bjorn et al. 
2013].

There are reports suggesting that GCs use during 
pregnancy may increase the risk for cleft lip, but 
not other major congenital anomalies. In one 
meta-analysis, there was no difference in major 
congenital abnormalities [Park-Wyllie et al. 2000]. 
In a large Danish cohort [Bay Bjorn et al. 2014], 
there was no association between early GC expo-
sure and congenital abnormalities or oral cleft. 
This study also compared previous studies of GC 
exposures and described the published range of 
odds ratios as 0.8–2.1 for congenital abnormali-
ties and 0.6–5.2 for oral cleft [Bay Bjorn et  al. 
2014]. In an additional evaluation of a Danish 
cohort [Hviid and Molgaard-Nielsen, 2011], cor-
ticosteroids were not demonstrated to increase 
the risk for cleft lip or palate. Of note, the major-
ity of corticosteroid exposure was in the form of 
topical or inhaled, only 4.2% of the steroid expo-
sure was in an oral form [Hviid and Molgaard-
Nielsen, 2011]. While there are variable reports of 
risk regarding oral cleft, women should be coun-
seled about this potential risk.

There has been conflicting data regarding associ-
ation between GC use and prematurity and low 
birth weight [Ostensen and Forger, 2009]. In a 
prospective study evaluating 184 women exposed 
to GC in pregnancy [Park-Wyllie et  al. 2000], 
there were higher rates of prematurity and lower 
birth weight in comparison with 188 pregnant 
women without GC exposure. Greater rates of 
preterm delivery associated with premature 

rupture of membranes were identified in patients 
with antiphospholipid antibody syndrome treated 
with prednisone [Cowchock et al. 1992]. On the 
other hand, in a Danish cohort of 900 children 
born to mothers with Crohn’s disease there was 
no association between GC exposure and prema-
turity, low birth weight, or congenital abnormali-
ties [Norgard et al. 2007].

Labor and delivery can be equated to moderate 
medical or surgical stress, and it has been recom-
mended that in women on GCs through their 
pregnancy, a stress dose of hydrocortisone (50–75 
mg) or methylprednisolone (10–15 mg) be given 
on the day of the procedure and quickly tapered 
over 1–2 days [Rosandich et al. 2004; Temprano 
et al. 2005].

GCs appear to be a safe option for the manage-
ment of RA in pregnancy and if these are neces-
sary, the goal is to keep the patient on the lowest 
dose possible to control disease activity. 
Counselling the mother on the low risk of fetal 
oral clefts with first trimester exposure is reason-
able. Besides the above, counselling with regard 
to a close observation on blood pressure and 
blood glucose values may be good practice.

DMARDs safe for use in pregnancy

Hydroxychloroquine
Hydroxychloroquine is frequently used in RA as 
part of triple therapy in conjunction with metho-
trexate and sulfasalazine [Singh et  al. 2012]. 
Much of the data regarding the safety of hydroxy-
chloroquine in pregnancy comes from its use for 
malaria and connective tissue diseases, particu-
larly systemic lupus erythematosus (SLE). 
Hydroxychloroquine has been reported to have 
transplacental passage with similar concentra-
tions between maternal blood and cord blood at 
the time of delivery [Costedoat-Chalumeau et al. 
2002]. In a recent prospective study evaluating 
114 women with exposure to hydroxychloroquine 
during pregnancy for varied clinical indications 
compared with women without this exposure, 
lower birth weight, earlier gestational age, and 
higher preterm delivery rates were associated with 
hydroxychloroquine although there were no dif-
ferences observed in congenital abnormalities 
[Diav-Citrin et al. 2013]. This may be related to 
maternal disease rather than hydroxychloroquine 
exposure. Nevertheless, several earlier studies 
have observed no differences in rates of adverse 
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fetal or pregnancy outcomes, including congeni-
tal anomalies [Buchanan et al. 1996; Costedoat-
Chalumeau et  al. 2003; Clowse et  al. 2006]. 
Furthermore, a meta-analysis evaluating hydrox-
ychloroquine use in pregnancy demonstrated its 
safety with no association with fetal death, spon-
taneous abortion, rates of live births, prematurity, 
or congenital defect [Sperber et al. 2009]. There is 
data extending into childhood with a mean fol-
low-up of 33 months demonstrating no abnor-
malities [Parke and West, 1996].

Based on the balance of evidence available to 
date, hydroxychloroquine is a reasonable RA 
treatment option for women of childbearing 
age, particularly in the setting of mild disease 
(see the Hydroxychloroquine Prescription 
Insert, http://products.sanofi.ca/en/plaquenil.
pdf) and can be continued safely during a preg-
nancy, if clinically indicated. It is labelled FDA 
category C (Table 1).

Sulfasalazine
Sulfasalazine is frequently used in combination 
therapy for treatment of RA [Singh et al. 2012]. 
Much of the information regarding sulfasalazine’s 
safety in pregnancy is from patients with inflam-
matory bowel disease (IBD). Its transplacental 
passage is demonstrated by equal maternal serum 
and cord blood levels [Jarnerot et  al. 1981]. 
Nevertheless, several studies have reported safe 
use of sulfasalazine during pregnancy. In a Danish 
cohort of children born to women with Crohn’s 
disease, the use of sulfasalazine was not associ-
ated with low birth weight, congenital abnormali-
ties, or prematurity [Norgard et al. 2007]. Among 
287 pregnancies in a cohort of IBD patients 
treated with sulfasalazine and/or corticosteroids 
[Mogadam et  al. 1981], pregnancy outcomes 
were similar when compared with women not on 
these therapies or the general population. In those 
exposed to sulfasalazine the risk of spontaneous 
abortion was less than 3% [Mogadam et al. 1981]. 
Although none of the infants whose mothers were 
exposed to sulfasalazine developed jaundice, one 
child of a mother treated with sulfasalazine and 
corticosteroids developed cleft palate and 
microglossia, while another infant whose mother 
had been treated with sulfasalazine and corticos-
teroids suffered congenital deafness [Mogadam 
et al. 1981]. On the other hand, in a case-control 
study comparing infants with (22,865) and with-
out (38,151) congenital abnormalities, there was 
no difference in the rate of sulfasalazine exposure 

between the two groups (0.07% in both groups) 
[Norgard et  al. 2001]. Furthermore, in a meta-
analysis reviewing 642 women with IBD who 
were treated with mesalazine, sulfasalazine, or 
olsalazine during their pregnancy as compared 
with 1158 women who received no medications, 
there was no difference in the rates of congenital 
abnormalities, stillbirth, spontaneous abortion, 
preterm delivery, or low birth weight [Rahimi 
et al. 2008]. There is a report of transient neutro-
penia in a newborn born to a mother treated with 
sulfasalazine during pregnancy that resolved 
spontaneously in approximately 6 weeks [Levi 
et al. 1988].

Sulfasalazine is considered to be FDA category B 
(Table 1; see also the Sulfasalazine Prescription 
Insert at http://labeling.pfizer.com/ShowLabeling.
aspx?id=524) and based on the balance of evi-
dence available, can be used safely during preg-
nancy. Folate supplementation is encouraged 
during its use preconception and throughout 
pregnancy [Ostensen et al. 2006] as it is a strong 
inhibitor of the reduced folate carrier [Jansen 
et al. 2004].

Azathioprine
While not used as frequently with the availability 
of newer drugs, azathioprine is FDA approved for 
treatment of RA (see that Azathioprine 
Prescription Insert at http://www.tritonpharma.
ca/uploads/files/pdf/imuran-tablet-en.pdf). Safety 
data in pregnancy is primarily derived from obser-
vational studies in the IBD and transplant patient 
population. A Danish cohort study [Norgard et al. 
2007] reported that children born to mothers 
with Crohn’s disease were more likely to be born 
prematurely and have congenital abnormalities 
when their mothers were exposed to 
azathioprine/6-mercaptopurine. The congenital 
abnormalities included occipital encephalocele, 
sternocleidomastoid anomalies and congenital 
cataract [Norgard et  al. 2007]. However, other 
reports have been very reassuring. In women with 
IBD, azathioprine use did not increase the risk of 
congenital abnormalities compared with the gen-
eral population [Moskovitz et al. 2004]. In another 
cohort of women exposed to azathioprine versus 
those who were not [Goldstein et al. 2007], there 
was no difference in congenital abnormalities. 
However, there were higher rates of prematurity, 
lower gestational age, and low birth weight 
[Goldstein et al. 2007]. In another cohort evaluat-
ing women with IBD, a subset 149 (8.7%) of 

http://www.tritonpharma.ca/uploads/files/pdf/imuran-tablet-en.pdf
http://products.sanofi.ca/en/plaquenil.pdf
http://labeling.pfizer.com/ShowLabeling.aspx?id=524
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women were exposed to azathioprine/6-mercap-
topurine, with no association noted with its use 
and congenital abnormalities [Ban et al. 2014].

Azathioprine is considered category D (Table 1; 
see also the Azathioprine Prescription Insert at 
http://www.tritonpharma.ca/uploads/files/pdf/
imuran-tablet-en.pdf). Despite this FDA cate-
gory, its demonstrated safety in human studies 
has made it a safer option for use in pregnancy.

DMARDs not safe for use in pregnancy

Methotrexate
Methotrexate is frequently used as the foundation 
drug for RA management [Singh et  al. 2012]. 
This however poses a dilemma when initiating 
therapy for RA in women of childbearing age. 
Methotrexate is an effective abortifacient 
[Hausknecht, 1995] and hence considered cate-
gory X for pregnancy. Even though a recent case-
control study evaluating induced abortions 
reported a lower rate of methotrexate use in indi-
viduals who had an induced abortion versus those 
who did not [Vinet et al. 2013], this study does 
not capture the rates of spontaneous abortions or 
the outcomes of pregnancies. Their results may 
also be reflective of contraception recommenda-
tions in the setting of methotrexate.

Pregnant women exposed to methotrexate are at 
increased risk of the ‘aminopterin syndrome’ 
characterized by fetal central nervous system, 
skeletal and cardiac abnormalities. A patient with 
juvenile idiopathic arthritis who received a total of 
100 mg of methotrexate over the first 8 weeks of 
pregnancy delivered an infant with aminopterin 
syndrome [Buckley et al. 1997]. Even with lower 
doses (5 mg weekly for 8 weeks) reports of toxic-
ity including skull abnormalities have been noted 
[Powell and Ekert, 1971].

While there is significant data regarding the risk of 
methotrexate both in terms of spontaneous abor-
tions and congenital abnormalities, there are 
reports of pregnant women with exposure to meth-
otrexate having no complications. One example is 
surveillance data from France [Lewden et al. 2004], 
28 pregnancies were identified with exposure to 
methotrexate with 26 of 28 stopping it prior to 8 
weeks gestation. Of these, 19 resulted in live births, 
4 spontaneous abortions, and 5 elective abortions. 
One child had metatarsus varus and eyelid angioma 
[Lewden et  al. 2004]. Other studies demonstrate 

the risk of spontaneous abortion but also reports of 
live births without congenital anomalies [Kozlowski 
et al. 1990; Ostensen et al. 2000, 2007; Chakravarty 
et al. 2003]. This should not lead to underestima-
tion of the risk of methotrexate during pregnancy, 
but is data that can be used to counsel women with 
unintentional pregnancies in the setting of metho-
trexate exposure.

Methotrexate is absolutely contraindicated in 
pregnancy and when used in women of childbear-
ing age, strict contraception must be advised with 
two different methods. It is also recommended 
that methotrexate be stopped at least 3 months 
prior to attempting conception (see the 
Methotrexate Prescription Insert available at 
h t t p : / / w w w . r h e u m a t r e x . i n f o / p d f /
RheumatrexPackageInsert.pdf). In the case of an 
unplanned pregnancy while on methotrexate, 
methotrexate should be discontinued immedi-
ately and the patient referred to a genetic counsel-
lor for discussion of appropriate options for 
observation versus intervention.

Leflunomide
Leflunomide is FDA approved for the treatment 
of RA and often used in cases of methotrexate 
intolerance [Singh et al. 2012]. Leflunomide has 
been demonstrated to cause significant abnor-
malities in animal models at pharmacokinetic 
doses similar to those used in humans. In mice, a 
wide range of abnormalities have been noted 
ranging from fetal death to ventricular septal 
defect, persistent truncus arteriosus, skeletal, and 
neural tube defects [Fukushima et  al. 2007]. 
Given these reports in animals, it is considered a 
category X medication for pregnancy (Table 1).

The drug has a long half-life of 14–15 days but 
also undergoes enterohepatic circulation as a 
result of which it may take up to 2 years for com-
plete elimination from the body after discontinu-
ation [Temprano et  al. 2005]. Cholestyramine 
wash out procedures have thus been identified to 
augment leflunomide elimination (see the 
Leflunomide Prescription Insert at http://prod-
ucts.sanofi.us/arava/arava.html) and are often 
recommended prior to conception. 
Cholestyramine 8 grams is given three times daily 
for 11 days and plasma levels, checked twice sepa-
rated by 2 weeks, should be below 0.02 mg/l with 
additional cholestyramine administration if the 
level is higher than this cut-off [Brent, 2001]. 
Conception should be avoided for three 

http://www.tritonpharma.ca/uploads/files/pdf/imuran-tablet-en.pdf
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menstrual cycles after elimination [Temprano 
et al. 2005]. Drug level monitoring has been rec-
ommended to help with counseling regarding the 
optimal timing of pregnancy [Brent, 2001].

Outcomes of inadvertent pregnancies in the set-
ting of leflunomide exposure have been reported. 
In 64 women exposed to leflunomide compared 
with disease matched controls and healthy con-
trols, there were no differences in the number of 
live born infants or spontaneous abortions. 
Further, there was no difference between major 
or minor congenital abnormalities [Chambers 
et al. 2010]. An additional 45 pregnancies with 16 
exposed during pregnancy and 29 prior to con-
ception were evaluated [Cassina et al. 2012]. All 
patients with exposure during pregnancy deliv-
ered liveborn infants while those with exposure 
previously, the vast majority, 93.1%, had a live-
born infant. Two infants had congenital abnor-
malities in the group with exposure during 
pregnancy including aplasia cutis congenita in 
one and the other with multiple including Pierre–
Robin sequence, spina bifida occulta, patent duc-
tus arteriosus, chondrodysplasia punctata, and 
congenital heart block. No congenital abnormali-
ties occurred in those exposed prior to conception 
[Cassina et al. 2012]. Of note, the vast majority of 
patients with leflunomide exposure prior to con-
ception or during pregnancy underwent the 
cholestyramine wash-out protocol.

Leflunomide is contraindicated in the setting of 
pregnancy. Caution must be used when it is pre-
scribed to women of childbearing age, due its 
long half-life, even after complete cessation, and 
the risk during pregnancy. Women of childbearing 
potential should be appropriately counselled 
about this risk.

Biologic response modifiers
There is a relative lack of safety data in pregnancy 
to counsel patients with regards to the biologic 
response modifiers. The most is known regarding 
tumor necrosis factor α (TNFα) inhibitors. Much 
of this data is drawn from large observational 
studies of patients with IBD. This underscores the 
importance of counseling patients about potential 
risks.

TNFα inhibitors
TNFα inhibitors are recommended for the man-
agement of RA refractory to methotrexate alone 

or as first-line therapy in the setting of poor prog-
nostic factors [Singh et al. 2012]. As a category, 
TNFα inhibitors are considered category B pri-
marily due to the absence of risk in animal studies 
(see the Adalimumab Prescription Insert at 
}http://www.fda.gov/downloads/Drugs/Develop- 
ment  ApprovalProcess/ HowDrugsareDeveloped 
andApproved/ApprovalApplications/ Therapeutic 
BiologicApplications/ucm092762.pdf, Certolizumab 
Prescription Insert at http://www.cimzia.com/ 
pdf/prescribing_information.pdf, Etanercept 
Prescription Insert at http://www.accessdata.
fda.gov/drugsatfda_docs/label/2003/etanimm06 
0503LB.pdf, Golimumab Prescription Insert at 
http://www.simponi.com/shared/product/sim-
poni/prescribing-information.pdf, and Infliximab 
Prescription Insert at http://www.remicade.com/
shared/product/remicade/prescribing-informa-
tion.pdf). However, case reports of congenital 
anomalies following exposure to TNFα inhibitors 
have raised concerns about their safety profile 
during pregnancy. However, since these case 
reports, larger observational studies have become 
available.

One case report described a woman treated with 
etanercept who delivered an infant with vertebral 
anomalies, anal atresia, cardiac defects, tracheoe-
sophageal fistula and/or esophageal atresia, renal 
anomalies and limb defects (VATER/VACTERL) 
association [Carter et al. 2006]. In review of the 
FDA database up until December 2005 [Carter 
et al. 2009], there were 40 children with 54 con-
genital abnormalities born to mothers exposed to 
TNFα inhibitors. VACTERL anomalies occurred 
at a statistically significantly higher rate in women 
exposed to TNFα inhibitors. Anomalies were only 
seen in mothers exposed to etanercept and inflixi-
mab. No abnormalities were reported with expo-
sure to adalimumab [Carter et al. 2009]. Utilizing 
the British Society for Rheumatology Biologics 
Register (BSRBR) [Hyrich et al. 2006], informa-
tion is available about 32 pregnancies with the 
majority having RA. A total of 23 were receiving 
therapy at the time of conception. Two patients 
continued therapy past the first trimester with 
one continuing for the entire pregnancy. There 
were 14 live births while there were 6 first trimes-
ter miscarriages and 3 elective first trimester ter-
minations. Nine other patients stopped TNFα 
inhibitors before conception (mean time 5 
months); and there was 1 first trimester miscar-
riage and 8 live births [Hyrich et al. 2006]. In a 
cohort created by the infliximab manufacturer’s 
data base of 131 women exposed to infliximab 

http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/HowDrugsareDevelopedandApproved/ApprovalApplications/TherapeuticBiologicApplications/ucm092762.pdf
http://www.cimzia.com/pdf/prescribing_information.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2003/etanimm060503LB.pdf
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with either RA or Crohn’s disease, there was no 
difference in rates of live births, miscarriages, or 
therapeutic abortions as compared with the gen-
eral population or patients with Crohn’s disease 
not exposed to infliximab [Katz et al. 2004]. In 
the TREAT registry of patients with Crohn’s dis-
ease including 142 pregnancies involving women 
and treated male partners, infliximab as com-
pared with other therapies for IBD did not have 
any difference in rates of live births or congenital 
abnormalities [Lichtenstein et al. 2012]. In a pro-
spective study of 83 women exposed to TNFα 
inhibitors, there was no difference in the rate of 
major congenital anomalies compared with those 
both disease-matched and those without any 
exposures. VACTERL cases did not occur [Diav-
Citrin et al. 2014]. In a systematic review evaluat-
ing IBD and pregnancy, there was no association 
with congenital abnormalities, prematurity, low 
birth weight, or spontaneous abortions when 
evaluating infliximab, adalimumab, and certoli-
zumab [Nielsen et  al. 2013]. In one systematic 
review of 472 pregnancies (194 infliximab, 261 
adalimumab, 17 certolizumab), the rates of spon-
taneous abortions and congenital anomalies were 
similar to the US general population [Marchioni 
and Lichtenstein, 2013].

There is little data available on continuation of 
TNFα inhibitor therapy through pregnancy. 
Much of the data is isolated to exposures within 
the first trimester. As of 2009, there were 29 
reports of women continuing TNFα inhibitor 
therapy throughout their pregnancy making it dif-
ficult to draw conclusions about use throughout 
pregnancy [Berthelot et al. 2009].

Due to different composition of TNFα inhibitors, 
some risk may depend on the individual agent 
rather than just the drug class. At birth, both 
infant and cord blood demonstrated higher con-
centrations of infliximab and adalimumab as 
compared with the mother whereas certolizumab 
in contrast had very low concentrations in infant 
and cord blood. This is attributed to the absence 
of an Fc portion on certolizumab such that it can-
not be bound by the neonatal Fc receptor 
[Mahadevan et al. 2013]. A patient who received 
two doses of certolizumab during pregnancy had 
a full-term pregnancy with the infant suffering no 
consequences [Oussalah et al. 2009].

In conclusion, although initial reports raised con-
cerns for VACTERL abnormalities with use of 
TNFα inhibitors, recent large meta-analyses do 

not seem to suggest an increased risk for this or 
other congenital anomalies. Overall, these agents 
are rated as FDA category B (Table 1; see also the 
Adalimumab, Certolizumab, Etanercept, 
Golimumab, and Infliximab Prescription Inserts). 
However, most of the safety data available is based 
on women discontinuing TNFα therapy in the 
first trimester; little data exists about exposure 
throughout the pregnancy.

Rituximab
Rituximab is frequently reserved for patients who 
have failed to have their disease controlled by 
combination DMARDs or TNFα inhibitors 
[Singh et al. 2012]. Rituximab depletes B cells via 
its mechanism of a monoclonal antibody against 
CD20. Animal studies are limited; no teratogen 
effect has been noted but B cells have been dem-
onstrated to be reduced in offspring (see the 
Rituximab Prescription Insert at http://www.
gene.com/download/pdf/rituxan_prescribing.
pdf). A total of 231 pregnancies were identified 
from the rituximab global drug safety database 
with wide-ranging maternal indications 
[Chakravarty et al. 2011] with known outcomes 
available in 153 pregnancies. Live births occurred 
in 90 (58.8%), spontaneous abortions in 33 
(21.6%), and therapeutic abortions in 28 (18.3%). 
Premature births occurred in 22 with one death 
at 5 weeks. Congenital abnormalities occurred in 
two with one infant suffering a clubfoot and 
another infant with ventral septal defect, patent 
foramen ovale, and patent ductus arteriosus. In 
addition, 11 infants had hematologic abnormali-
ties and 4 different infants suffered complications 
of infection [Chakravarty et al. 2011]. In one case 
series, two patients received rituximab during 
their pregnancy with normal resulting pregnan-
cies [Ojeda-Uribe et al. 2013]. In a case series of 
six patients [Sangle et  al. 2013], one with GPA 
and five with SLE, all treated with rituximab, four 
had normal pregnancies. One baby was born pre-
maturely and had esophageal atresia in one 
woman with lupus nephritis. Another woman 
with lupus nephritis had premature delivery. The 
time range from rituximab to conception was 
8–22 months [Sangle et  al. 2013]. Six women 
experienced eight pregnancies following treat-
ment with rituximab for anti-neutrophil cytoplas-
mic antibody (ANCA)-associated vasculitis 
[Pendergraft et al. 2013]. One patient had a mis-
carriage at 15 weeks with findings demonstrating 
Beckwith–Wiedemann syndrome. The remaining 
seven pregnancies resulted in live births. Fetal 

http://www.gene.com/download/pdf/rituxan_prescribing.pdf
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cord blood was tested in three infants and B cells 
were present in all [Pendergraft et  al. 2013]. 
Concern has been raised about hematologic side 
effects for infants as well as infection.

Rituximab is considered to be category C (Table 1) 
with limited data available. It is ideally recom-
mended that at least 12 months should elapse 
between rituximab discontinuation and concep-
tion (see the Rituximab Prescription Insert).

Abatacept
Abatacept inhibits T-cell activation by blocking 
interactions between antigen-presenting cells and 
T cells via binding to CD80/CD86 on antigen-
presenting cells. Abatacept is FDA class C in 
terms of risk for pregnancy. Animal studies saw 
no increased risk when exposed to the maximum 
recommended human dose; however, at extremely 
elevated doses there were alterations in immune 
function noted (see the Abatacept Prescription 
Insert http://packageinserts.bms.com/pi/pi_oren-
cia.pdf). In one case report, a woman with RA 
being treated with abatacept and methotrexate 
became pregnant. Both medications were stopped 
in the first trimester. A full-term infant was born 
without health issues [Ojeda-Uribe et al. 2013]. 
There is inadequate data to fully comment on the 
safety of abatacept during pregnancy.

Anakinra
Anakinra is a recombinant interleukin-1 receptor 
antagonist. It was a FDA-approved therapy for 
RA in 2001. In animal studies of anakinra, no 
harm has been demonstrated to the fetus. Per the 
prescription insert, anakinra should only be used 
in pregnancy if clearly required (see the Anakinra 
Prescription Insert at http://www.accessdata.fda.
gov/drugsatfda_docs/label/2003/anakamg062703 
LB.pdf). In a single woman with adult onset Still’s 
disease, anakinra was continued throughout preg-
nancy. She did experience retention of the pla-
centa necessitating manual abruption but there 
were no other abnormalities [Berger et al. 2009]. 
Anakinra is considered category B (Table 1) but 
little has been reported about its safety in this set-
ting (see the Anakinra Prescription Insert).

Tocilizumab
Tocilizumab is a monoclonal antibody directed 
against interleukin-6 receptors blocking downstream 
signaling. It was approved for RA in 2010 either alone 

or in combination with methotrexate or other 
DMARDs. According to the manufacturers’ package 
insert, no teratogenicity has been demonstrated in 
animal models but at high dose there was increased 
risk of abortion (see that Tocilizumab Prescription 
Insert at http://www.accessdata.fda.gov/drugsatfda_
docs/label/2010/125276lbl.pdf). In an abstract 
describing 32 patients, the majority of which were 
receiving methotrexate and tocilizumab, 13 had an 
elective abortion, with 7 experiencing a spontaneous 
abortion. One child died 3 days after birth due to 
acute respiratory distress syndrome (ARDS) follow-
ing hemorrhage secondary to placenta previa 
[Rubbert-Roth et al. 2010]. There is limited informa-
tion about tocilizumab and it is considered category C 
(Table 1) by FDA (see the Tocilizumab Prescription 
Insert).

New therapy options: Janus kinase inhibitor

Tofacitinib
Tofacitinib is a Janus kinase (JAK) inhibitor 
recently approved by FDA in 2012 for RA. 
Tofacitinib is a category C medication. Animal 
studies have demonstrated teratogenicity and feti-
cidal effect at much higher levels than the maxi-
mum recommended human dose. A registry has 
been created by Pfizer®, the manufacturer of 
tofacitinib, to monitor safety of tofacitinib in the 
setting of pregnancy and breast feeding (see the 
Tofacitinib Prescription Insert at http://www.xel-
janz.com/).

Use of DMARDs and biologics for RA during 
lactation
Little data is available about the safety of RA 
medications during breastfeeding (Table 2). 
Certain NSAIDs are considered compatible with 
breastfeeding by the American Academy of 
Pediatrics including flufenamic acid, ibuprofen, 
indomethacin, diclofenac, mefenamic acid, nap-
roxen, piroxicam, and tolmetin [Committee on 
Drugs, American Academy of Pediatrics, 2001]. 
It is recommended to time the breastfeeding 
immediately before the NSAID dose to reduce 
the risk of exposure [Ostensen et al. 2006].

When evaluating mother’s serum and milk con-
centrations while taking oral GCs, the milk con-
centrations were found to be 5–25% of the serum 
levels [Ost et al. 1985]. Even on high-dose predni-
solone 80 mg daily, the absorption for an infant is 
felt to represent less than 10% of their daily 

http://www.accessdata.fda.gov/drugsatfda_docs/label/2003/anakamg062703LB.pdf
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cortisol production [Ost et  al. 1985]. Although 
exposure is minimal, it can be further reduced by 
nursing immediately before or more than 4 hours 
after the GC dose [Ost et al. 1985].

In evaluating DMARDs, only case reports and 
case series are available to help guide decisions. 
Hydroxychloroquine is secreted in breast milk 
but no visual or other abnormalities have been 
reported in neonates thus far as a result of expo-
sure through breastfeeding [Committee on 
Drugs, American Academy of Pediatrics, 2001; 
Costedoat-Chalumeau et al. 2002]. Among eight 
women treated with sulfasalazine through lacta-
tion, metabolites were detectable in infants’ serum 
as well as breast milk. However, the concentration 
in infants was not high enough to displace biliru-
bin from albumin and no episodes of kernicterus 
were reported [Esbjorner et al. 1987]. One case 
report identified an infant who experienced 
bloody diarrhea between ages of 2 and 3 months 
in the setting of his mother taking sulfasalazine 
during pregnancy with resolution within 72 hours 
of his mother discontinuing sulfasalazine [Branski 
et al. 1986]. It is recommended that sulfasalazine 
be used with caution particularly with premature 
or ill infants or in the setting of hyperbilirubine-
mia and glucose-6-phosphate dehydrogenase 
deficiency [Committee on Drugs, American 
Academy of Pediatrics, 2001; Ostensen et  al. 
2006]. From among 10 women treated with aza-
thioprine, 31 samples of breast milk were obtained 
of which only 2 samples from the same woman 
demonstrated low levels of azathioprine metabo-
lites. There were no findings to suggest neonatal 
immunosuppression [Sau et al. 2007]. The use of 
azathioprine in breastfeeding has been conflict-
ing. The prescription insert and expert opinion 
recommend against its use due to the theoretical 
risk [Ostensen et al. 2006] and must be addressed 
with the patient.

A woman treated with methotrexate for chorio-
carcinoma did have evidence of its secretion in 
breast milk with the highest milk to plasma ratio 
of 0.08 [Johns et  al. 1972]. Methotrexate is not 
recommended in the setting of breastfeeding due 
to concern for accumulation in neonatal tissue 
[Lloyd et  al. 1999; Committee on Drugs, 
American Academy of Pediatrics, 2001]. Given 
the absence of safety data on leflunomide and 
breastfeeding, its use is discouraged (see the 
Leflunomide Prescription Insert at http://prod-
ucts.sanofi.us/arava/arava.html).

In terms of biologic therapy, most information 
available is for TNFα inhibitor therapy. In one 
women receiving etanercept while breastfeeding, 
etanercept was undetectable in the infant (12 
weeks of age), despite it being present in breast 
milk suggesting transplacental transfer but not 
transfer via breast milk [Murashima et al. 2009]. 
In three women who utilized infliximab during 
pregnancy, infliximab was undetectable in breast 
milk samples and serum of infants [Kane et  al. 
2009]. Infliximab was detectable in the serum of 
an infant whose mother was treated throughout 
her pregnancy with infliximab but it was not 
detected in the breast milk [Vasiliauskas et  al. 
2006]. For adalimumab, breast milk levels only 
reached 1/100 concentration as compared with 
the mother’s serum [Ben-Horin et  al. 2010]. A 
single woman continued anakinra during breast-
feeding with no abnormalities identified with 
regard to neonatal growth [Berger et  al. 2009]. 
There is no safety information to guide the use of 
abatacept, tocilizumab, or tofacitinib during lac-
tation (see the Abatacept, Tocilizumab, and 
Tofacitinib Prescription Inserts).

Implications of DMARDs and biologics on 
male fertility and family planning in RA 
patients
Data to support the safety of DMARDs and bio-
logics in the context of male fertility is extremely 
limited and available mostly in the form of case 
reports or series besides recommendations pro-
vided from the manufacturer. The limited availa-
ble evidence is summarized and stresses the 
importance of discussing uncertainties with the 
patient.

Methotrexate
Methotrexate has been associated with temporary 
oligospermia which recovers after holding metho-
trexate [Sussman and Leonard, 1980]. In a sur-
vey of Swiss patients, three men reported 
methotrexate use at the time of conception. In 
one, an induced abortion occurred, in another a 
live birth, and the third had an unknown outcome 
[Ostensen et al. 2007]. In a survey of Swiss rheu-
matologists, of eight men exposed to methotrex-
ate at conception, two neonates experienced birth 
defects including one with atrophy of one hand 
and a small fistula beneath the ear and the other 
anomalies of the toes [Ostensen et  al. 2007]. 
Among 42 pregnancies occurring in 40 men with 
methotrexate exposure at the time of conception, 
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no congenital abnormalities occurred. There were 
three cases of spontaneous abortions and three 
voluntary abortions. The remaining pregnancies 
resulted in live births [Beghin et al. 2011]. Per the 
manufacturer’s recommendation, pregnancy 
should be delayed by a minimum of 3 months 
after a man has been on methotrexate (see the 
Methotrexate Prescription Insert available at 
http://www.rheumatrex.info/pdf/Rheumatrex 
PackageInsert.pdf). Appropriate discussion with 
all young and middle-aged males and contracep-
tion counselling as necessary is thus important.

Sulfasalazine
In comparing men with IBD who were treated 
with sulfasalazine with a group of men on no ther-
apy and those who had stopped sulfasalazine over 
3 months earlier, only men who were treated with 
sulfasalazine currently had reduction in sperm 
count, mobility and increased sperm morpho-
logic abnormalities. Of the 39 men being treated 
with sulfasalazine, 3 were able to able to have suc-
cessful pregnancies. When attempting to become 
pregnant, the median time from stopping sul-
fasalazine and having a successful pregnancy was 
2.5 months [O’Morain et al. 1984].

Leflunomide
A single case reported a male patient who contin-
ued leflunomide from 6 months prior to concep-
tion through the entire length of his partner’s 
pregnancy with a full-term baby without any 
abnormalities [De Santis et al. 2005].

TNFα inhibitors
There is conflicting data regarding the effects of 
TNFα in in vivo models of spermatogenesis. In a 
rat model, TNFα improved survival of seminifer-
ous epithelium, an effect that was blocked by inf-
liximab [Suominen et al. 2004]. In contrast, when 
human spermatozoa were exposed to TNFα fol-
lowed by infliximab, the quality of spermatozoa 
was decreased in those exposed to TNFα alone in 
comparison to those exposed to TNFα and inf-
liximab [Said et al. 2005]. In a study of men with 
spondyloarthritis, 15 men receiving TNFα inhibi-
tors were compared with 11 men who were not 
and 102 controls. There was no demonstrable dif-
ference in sperm measurements among those 
treated with TNFα compared with healthy con-
trols. However, higher rates of poor motility and 
viability were noted in those not receiving TNFα 

inhibitor therapy [Villiger et  al. 2010]. In the 
TREAT registry of patients with Crohn’s disease, 
there was no impact of infliximab on men in terms 
of live births or congenital abnormalities 
[Lichtenstein et  al. 2012]. In 10 pregnancies of 
men treated with infliximab, 9 resulted in live 
births [Katz et al. 2004]. In a report of four men 
with ankylosing spondylitis treated with inflixi-
mab, six healthy pregnancies occurred [Paschou 
et al. 2009]. In general, the human data for expo-
sure in men seem quite reassuring.

Rituximab
Little data is available with regard to rituximab 
exposure in male partners. Among 22 pregnan-
cies, data was available on 11 of which 2 resulted 
in spontaneous abortions, 7 in live births and the 
remaining 2 pregnancies were ongoing at the time 
of report [Chakravarty et al. 2011].

Other biologic therapy and JAK inhibitors
Data is very limited about other biologics and 
JAK inhibitors and fertility in treated male part-
ners. Male patients with RA should be counseled 
regarding this uncertainty.

Conclusion
Rheumatologists are a critical source of support 
and information for RA patients in the reproduc-
tive age group as they begin to consider raising a 
family. Adequate disease management with 
DMARDs and biologics is necessary to prevent 
joint damage and long-term disability, and fortu-
nately the treatment armamentarium only contin-
ues to expand as we gain better understanding of 
the pathophysiology of RA. Care providers must 
be able to counsel the patient regarding the risks 
and benefits of these drugs and individualize ther-
apeutic regimens for each patient to optimize the 
chances for a healthy pregnancy and healthy new-
born. This can be achieved by choosing the most 
suitable disease-modifying therapy in accordance 
with the patients’ desire for pregnancy, education 
regarding appropriate contraception, appropri-
ately timing the pregnancy when RA is stable, 
ensuring adequate follow up during pregnancy to 
ensure disease stability and initiating appropriate 
therapy post-partum to prevent severe flares from 
developing while taking into account the desire 
for breast feeding. The Organization of Teratology 
Information Services (OTIS) is a useful resource 
in helping provide women information and 
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answers on questions related to medications taken 
during pregnancy (see http://www.otispregnancy.
org). Men should also be appropriately educated 
as several drugs can cause reversible sterility, 
impair fertility or potentially cause embryotoxic-
ity. Limitations of safety data on newer medica-
tions should be discussed as human experience is 
limited and mostly restricted to cases of acciden-
tal exposure during conception or early preg-
nancy besides animal and preclinical data. The 
importance of an early and thorough dialogue 
with the patient cannot be overemphasized.

Acknowledgement
The authors have not sought any outside assis-
tance with regard to study design, data collection, 
data analysis, or manuscript preparation.

Funding
This research received no specific grant from any 
funding agency in the public, commercial, or not-
for-profit sectors.

Conflict of interest statement
None of the authors have any relevant financial 
interests to disclose.

References
Amin, S., Peterson, E., Reed, A. and Mueller, 
D. (2011) Pregnancy and rheumatoid arthritis: 
insights into the immunology of fetal tolerance and 
control of autoimmunity. Curr Rheumatol Rep 13: 
449–455.

Ban, L., Tata, L., Fiaschi, L. and Card, T. (2014) 
Limited risks of major congenital anomalies 
in children of mothers with IBD and effects of 
medications. Gastroenterology 146: 76–84.

Barrett, J., Brennan, P., Fiddler, M. and Silman, 
A. (1999) Does rheumatoid arthritis remit during 
pregnancy and relapse postpartum? Results from a 
nationwide study in the United Kingdom performed 
prospectively from late pregnancy. Arthritis 
Rheumatism 42: 1219–1227.

Bay Bjorn, A., Ehrenstein, V., Holmager Hundborg, 
H., Aagaard Nohr, E., Toft Sorensen, H. and 
Norgaard, M. (2014) Use of corticosteroids in early 
pregnancy is not associated with risk of oral clefts and 
other congenital malformations in offspring. Am J 
Therapeut 21(2): 73–80.

Beghin, D., Cournot, M., Vauzelle, C. and Elefant, 
E. (2011) Paternal exposure to methotrexate and 
pregnancy outcomes. J Rheumatol 38: 628–632.

Beitins, I., Bayard, F., Ances, I., Kowarski, A. and 
Migeon, C. (1972) The transplacental passage of 
prednisone and prednisolone in pregnancy near term. 
J Pediatrics 81: 936–945.

Ben-Horin, S., Yavzori, M., Katz, L., Picard, O., 
Fudim, E., Chowers, Y. et al. (2010) Adalimumab 
level in breast milk of a nursing mother. Clin 
Gastroenterol Hepatol 8: 475–476.

Berger, C., Recher, M., Steiner, U. and Hauser, T. 
(2009) A patient’s wish: anakinra in pregnancy. Ann 
Rheumatic Dis 68: 1794–1795.

Berthelot, J., De Bandt, M., Goupille, P., Solau-
Gervais, E., Liote, F., Goeb, V. et al. (2009) 
Exposition to anti-TNF drugs during pregnancy: 
outcome of 15 cases and review of the literature. Joint 
Bone Spine 76: 28–34.

Bjorn, A., Nielsen, R., Norgaard, M., Nohr, E. and 
Ehrenstein, V. (2013) Risk of miscarriage among 
users of corticosteroid hormones: a population-
based nested case-control study. Clin Epidemiol 5: 
287–294.

Branski, D., Kerem, E., Gross-Kieselstein, E., 
Hurvitz, H., Litt, R. and Abrahamov, A. (1986) 
Bloody diarrhea - a possible complication of 
sulfasalazine transferred through human breast milk. J 
Pediatric Gastroenterol Nutrition 5: 316–317.

Brent, R. (2001) Teratogen update: reproductive 
risks of leflunomide (Arava); a pyrimidine synthesis 
inhibitor: counseling women taking leflunomide 
before or during pregnancy and men taking 
leflunomide who are contemplating fathering a child. 
Teratology 63: 106–112.

Buchanan, N., Toubi, E., Khamashta, M., 
Lima, F., Kerslake, S. and Hughes, G. (1996) 
Hydroxychloroquine and lupus pregnancy: review of a 
series of 36 cases. Ann Rheumatic Dis 55: 486–488.

Buckley, L., Bullaboy, C., Leichtman, L. and 
Marquez, M. (1997) Multiple congenital anomalies 
associated with weekly low-dose methotrexate 
treatment of the mother. Arthritis Rheumatism 40: 
971–973.

Carter, J., Ladhani, A., Ricca, L., Valeriano, J. 
and Vasey, F. (2009) A safety assessment of tumor 
necrosis factor antagonists during pregnancy: a review 
of the Food and Drug Administration database. 
J Rheumatol 36: 635–641.

Carter, J., Valeriano, J. and Vasey, F. (2006) Tumor 
necrosis factor-alpha inhibition and vater association: 
a causal relationship. J Rheumatol 33: 1014–1017.

Cassina, M., Johnson, D., Robinson, L., Braddock, 
S., Xu, R., Jimenez, J. et al. (2012) Pregnancy 
outcome in women exposed to leflunomide before or 
during pregnancy. Arthritis Rheumatism 64: 2085–
2094.

http://www.otispregnancy.org


ML Krause, S Amin et al.

http://tab.sagepub.com 181

Chakravarty, E., Murray, E., Kelman, A. and Farmer, 
P. (2011) Pregnancy outcomes after maternal 
exposure to rituximab. Blood 117: 1499–1506.

Chakravarty, E., Sanchez-Yamamoto, D. and Bush, 
T. (2003) The use of disease modifying antirheumatic 
drugs in women with rheumatoid arthritis of 
childbearing age: a survey of practice patterns and 
pregnancy outcomes. J Rheumatol 30: 241–246.

Chambers, C., Johnson, D., Robinson, L., Braddock, 
S., Xu, R., Lopez-Jimenez, J. et al. (2010) Birth 
outcomes in women who have taken leflunomide 
during pregnancy. Arthritis Rheumatism 62: 1494–
1503.

Clowse, M., Magder, L., Witter, F. and Petri, M. 
(2006) Hydroxychloroquine in lupus pregnancy. 
Arthritis Rheumatism 54: 3640–3647.

Committee on Drugs, American Academy of 
Pediatrics (2001) Transfer of drugs and other 
chemicals into human milk. Pediatrics 108: 
776–789.

Costedoat-Chalumeau, N., Amoura, Z., Aymard, 
G., Le, T., Wechsler, B., Vauthier, D. et al. 
(2002) Evidence of transplacental passage of 
hydroxychloroquine in humans. Arthritis Rheumatism 
46: 1123–1124.

Costedoat-Chalumeau, N., Amoura, Z., Duhaut, 
P., Huong, D., Sebbough, D., Wechsler, B. et al. 
(2003) Safety of hydroxychloroquine in pregnant 
patients with connective tissue diseases: a study of one 
hundred thirty-three cases compared with a control 
group. Arthritis Rheumatism 48: 3207–3211.

Cowchock, F., Reece, E., Balaban, D., Branch, D. 
and Plouffe, L. (1992) Repeated fetal losses associated 
with antiphospholipid antibodies: a collaborative 
randomized trial comparing prednisone with low-
dose heparin treatment. Am J Obstetrics Gynecol 166: 
1318–1323.

De Man, Y., Dolhain, R., Van De Geijn, F., 
Willemsen, S. and Hazes, J. (2008) Disease activity of 
rheumatoid arthritis during pregnancy: results from a 
nationwide prospective study. Arthritis Rheumatism 59: 
1241–1248.

De Santis, M., Straface, G., Cavaliere, A., Carducci, 
B. and Caruso, A. (2005) Paternal and maternal 
exposure to leflunomide: pregnancy and neonatal 
outcome. Ann Rheumatic Dis 64: 1096–1097.

Diav-Citrin, O., Blyakhman, S., Shechtman, S. and 
Ornoy, A. (2013) Pregnancy outcome following in 
utero exposure to hydroxychloroquine: a prospective 
comparative observational study. Reprod Toxicol 39: 
58–62. 

Diav-Citrin, O., Otcheretianski-Volodarsky, A., 
Shechtman, S. and Ornoy, A. (2014) Pregnancy 
outcome following gestational exposure to TNF-

alpha-inhibitors: a prospective, comparative, 
observational study. Reprod Toxicol 43: 78–84.

Edwards, D., Aldridge, T., Baird, D., Funk, M., 
Savitz, D. and Hartmann, K. (2012) Periconceptional 
over-the-counter nonsteroidal anti-inflammatory drug 
exposure and risk for spontaneous abortion. Obstetrics 
Gynecol 120: 113–122.

Esbjorner, E., Jarnerot, G. and Wranne, L. (1987) 
Sulphasalazine and sulphapyridine serum levels 
in children to mothers treated with sulphasalazine 
during pregnancy and lactation. Acta Paed Scand 76: 
137–142.

Fukushima, R., Kanamori, S., Hirashiba, M., 
Hishikawa, A., Muranaka, R., Kaneto, M. et al. 
(2007) Teratogenicity study of the dihydroorotate-
dehydrogenase inhibitor and protein tyrosine kinase 
inhibitor leflunomide in mice. Reprod Toxicol 24: 
310–316.

Goldstein, L., Dolinsky, G., Greenberg, R., 
Schaefer, C., Cohen-Kerem, R., Diav-Citrin, O. 
et al. (2007) Pregnancy outcome of women exposed 
to azathioprine during pregnancy. Birth Defects Res A 
79: 696–701.

Hausknecht, R. (1995) Methotrexate and misoprostol 
to terminate early pregnancy. N Engl J Med 333: 
537–540.

Hench, P. (1938) The ameliorating of pregnancy on 
chronic atrophic (infectious, rheumatoid) arthritis, 
fibrositis and intermittent hydrarthrosis. Proc Staff 
Meet Mayo Clin 13: 161–167.

Hickok, D., Hollenbach, K., Reilley, S. and 
Nyberg, D. (1989) The association between 
decreased amniotic fluid volume and treatment with 
nonsteroidal anti-inflammatory agents for preterm 
labor. Am J Obstetrics Gynecol 160: 1525–1530; 
discussion 1530–1521.

Hviid, A. and Molgaard-Nielsen, D. (2011) 
Corticosteroid use during pregnancy and risk of 
orofacial clefts. CMAJ 183: 796–804.

Hyrich, K., Symmons, D., Watson, K. and Silman, 
A. (2006) Pregnancy outcome in women who 
were exposed to anti-tumor necrosis factor agents: 
results from a national population register. Arthritis 
Rheumatism 54: 2701–2702.

Jansen, G., Van Der Heijden, J., Oerlemans, R., 
Lems, W., Ifergan, I., Scheper, R. et al. (2004) 
Sulfasalazine is a potent inhibitor of the reduced 
folate carrier: implications for combination therapies 
with methotrexate in rheumatoid arthritis. Arthritis 
Rheumatism 50: 2130–2139.

Jarnerot, G., Into-Malmberg, M. and Esbjorner, 
E. (1981) Placental transfer of sulphasalazine and 
sulphapyridine and some of its metabolites. Scand J 
Gastroenterol 16: 693–697.



Therapeutic Advances in Musculoskeletal Disease 6(5)

182 http://tab.sagepub.com

Johns, D., Rutherford, L., Leighton, P. and Vogel, C. 
(1972) Secretion of methotrexate into human milk. 
Am J Obstetrics Gynecol 112: 978–980.

Kane, S., Ford, J., Cohen, R. and Wagner, C. (2009) 
Absence of infliximab in infants and breast milk from 
nursing mothers receiving therapy for Crohn’s disease 
before and after delivery. J Clin Gastroenterol 43: 
613–616.

Katz, J., Antoni, C., Keenan, G., Smith, D., Jacobs, 
S. and Lichtenstein, G. (2004) Outcome of pregnancy 
in women receiving infliximab for the treatment 
of Crohn’s disease and rheumatoid arthritis. Am J 
Gastroenterol 99: 2385–2392.

Koren, G., Florescu, A., Costei, A., Boskovic, R. and 
Moretti, M. (2006) Nonsteroidal antiinflammatory 
drugs during third trimester and the risk of premature 
closure of the ductus arteriosus: a meta-analysis. Ann 
Pharmacother 40: 824–829.

Kozlowski, R., Steinbrunner, J., Mackenzie, A., 
Clough, J., Wilke, W. and Segal, A. (1990) Outcome 
of first-trimester exposure to low-dose methotrexate in 
eight patients with rheumatic disease. Am J Med 88: 
589–592.

Kuriya, B., Hernandez-Diaz, S., Liu, J., Bermas, 
B., Daniel, G. and Solomon, D. (2011) Patterns 
of medication use during pregnancy in rheumatoid 
arthritis. Arthritis Care Res 63: 721–728.

Levi, S., Liberman, M., Levi, A. and Bjarnason, I. 
(1988) Reversible congenital neutropenia associated 
with maternal sulphasalazine therapy. Eur J Pediatrics 
148: 174–175.

Lewden, B., Vial, T., Elefant, E., Nelva, A., Carlier, 
P. and Descotes, J. (2004) Low dose methotrexate 
in the first trimester of pregnancy: results of 
a French collaborative study. J Rheumatol 31: 
2360–2365.

Li, D., Liu, L. and Odouli, R. (2003) Exposure 
to non-steroidal anti-inflammatory drugs during 
pregnancy and risk of miscarriage: population based 
cohort study. BMJ 327: 368.

Lichtenstein, G., Feagan, B., Cohen, R., Salzberg, B., 
Diamond, R., Price, S. et al. (2012) Serious infection 
and mortality in patients with Crohn’s disease: more 
than 5 years of follow-up in the treat registry. Am J 
Gastroenterol 107: 1409–1422.

Lloyd, M., Carr, M., Mcelhatton, P., Hall, G. and 
Hughes, R. (1999) The effects of methotrexate 
on pregnancy, fertility and lactation. QJM 92: 
551–563.

Mahadevan, U., Wolf, D., Dubinsky, M., Cortot, A., 
Lee, S., Siegel, C. et al. (2013) Placental transfer of 
anti-tumor necrosis factor agents in pregnant patients 
with inflammatory bowel disease. Clin Gastroenterol 
Hepatol 11: 286–292; quiz e224.

Makol, A., Wright, K. and Amin, S. (2011) 
Rheumatoid arthritis and pregnancy: safety 
considerations in pharmacological management. Drugs 
71: 1973–1987.

Marchioni, R. and Lichtenstein, G. (2013) Tumor 
necrosis factor-alpha inhibitor therapy and fetal risk: a 
systematic literature review. World J Gastroenterol 19: 
2591–2602.

Mogadam, M., Dobbins, W., III, Korelitz, B. and 
Ahmed, S. (1981) Pregnancy in inflammatory bowel 
disease: effect of sulfasalazine and corticosteroids on 
fetal outcome. Gastroenterology 80: 72–76.

Momma, K., Hagiwara, H. and Konishi, T. (1984) 
Constriction of fetal ductus arteriosus by non-steroidal 
anti-inflammatory drugs: study of additional 34 drugs. 
Prostaglandins 28: 527–536.

Momma, K. and Takeuchi, H. (1983) Constriction 
of fetal ductus arteriosus by non-steroidal anti-
inflammatory drugs. Prostaglandins 26: 631–643.

Moskovitz, D., Bodian, C., Chapman, M., Marion, 
J., Rubin, P., Scherl, E. et al. (2004) The effect 
on the fetus of medications used to treat pregnant 
inflammatory bowel-disease patients. AM J 
Gastroenterol 99: 656–661.

Murashima, A., Watanabe, N., Ozawa, N., Saito, 
H. and Yamaguchi, K. (2009) Etanercept during 
pregnancy and lactation in a patient with rheumatoid 
arthritis: drug levels in maternal serum, cord blood, 
breast milk and the infant’s serum. Ann Rheumatic Dis 
68: 1793–1794.

Nakhai-Pour, H., Broy, P., Sheehy, O. and Berard, 
A. (2011) Use of nonaspirin nonsteroidal anti-
inflammatory drugs during pregnancy and the risk of 
spontaneous abortion. CMAJ 183: 1713–1720.

Nelson, J. and Ostensen, M. (1997) Pregnancy and 
rheumatoid arthritis. Rheumatic Dis Clin North Am 23: 
195–212.

Nielsen, G., Sorensen, H., Larsen, H. and Pedersen, 
L. (2001) Risk of adverse birth outcome and 
miscarriage in pregnant users of non-steroidal anti-
inflammatory drugs: population based observational 
study and case-control study. BMJ 322: 266–270.

Nielsen, O., Loftus, E., Jr and Jess, T. (2013) Safety 
of TNF-alpha inhibitors during IBD pregnancy: a 
systematic review. BMC Med 11: 174.

Norgard, B., Czeizel, A., Rockenbauer, M., Olsen, 
J. and Sorensen, H. (2001) Population-based 
case control study of the safety of sulfasalazine 
use during pregnancy. Aliment Pharmacol Ther 15: 
483–486.

Norgard, B., Pedersen, L., Christensen, L. and 
Sorensen, H. (2007) Therapeutic drug use in women 
with crohn’s disease and birth outcomes: a Danish 



ML Krause, S Amin et al.

http://tab.sagepub.com 183

nationwide cohort study. Am J Gastroenterol 102: 
1406–1413.

O’morain, C., Smethurst, P., Dore, C. and 
Levi, A. (1984) Reversible male infertility due to 
sulphasalazine: studies in man and rat. Gut 25: 
1078–1084.

Ogueh, O. and Johnson, M. (2000) The metabolic 
effect of antenatal corticosteroid therapy. Human 
Reprod Update 6: 169–176.

Ojeda-Uribe, M., Afif, N., Dahan, E., Sparsa, 
L., Haby, C., Sibilia, J. et al. (2013) Exposure 
to abatacept or rituximab in the first trimester of 
pregnancy in three women with autoimmune diseases. 
Clin Rheumatol 32: 695–700.

Ost, L., Wettrell, G., Bjorkhem, I. and Rane, A. 
(1985) Prednisolone excretion in human milk. J 
Pediatrics 106: 1008–1011.

Ostensen, M. and Forger, F. (2009) Management 
of RA medications in pregnant patients. Nat Rev 
Rheumatol 5: 382–390.

Ostensen, M., Hartmann, H. and Salvesen, K. (2000) 
Low dose weekly methotrexate in early pregnancy. A 
case series and review of the literature. J Rheumatol 
27: 1872–1875.

Ostensen, M., Khamashta, M., Lockshin, M., 
Parke, A., Brucato, A., Carp, H. et al. (2006) Anti-
inflammatory and immunosuppressive drugs and 
reproduction. Arthritis Res Ther 8: 209.

Ostensen, M. and Villiger, P. (2007) The remission 
of rheumatoid arthritis during pregnancy. Sem 
Immunopathol 29: 185–191. 

Ostensen, M., Von Esebeck, M. and Villiger, P. 
(2007) Therapy with immunosuppressive drugs and 
biological agents and use of contraception in patients 
with rheumatic disease. J Rheumatol 34: 1266–1269.

Oussalah, A., Bigard, M. and Peyrin-Biroulet, L. 
(2009) Certolizumab use in pregnancy. Gut 58: 608.

Park-Wyllie, L., Mazzotta, P., Pastuszak, A., Moretti, 
M., Beique, L., Hunnisett, L. et al. (2000) Birth 
defects after maternal exposure to corticosteroids: 
prospective cohort study and meta-analysis of 
epidemiological studies. Teratology 62: 385–392.

Parke, A. and West, B. (1996) Hydroxychloroquine in 
pregnant patients with systemic lupus erythematosus. 
J Rheumatol 23: 1715–1718.

Paschou, S., Voulgari, P., Vrabie, I., Saougou, I. 
and Drosos, A. (2009) Fertility and reproduction in 
male patients with ankylosing spondylitis treated with 
infliximab. J Rheumatol 36: 351–354.

Pendergraft, W. III, Mcgrath, M., Murphy, A., 
Murphy, P., Laliberte, K., Greene, M. et al. (2013) 
Fetal outcomes after rituximab exposure in women 

with autoimmune vasculitis. Ann Rheumatic Dis 72: 
2051–2053.

Powell, H. and Ekert, H. (1971) Methotrexate-
induced congenital malformations. Med J Australia 2: 
1076–1077.

Rahimi, R., Nikfar, S., Rezaie, A. and Abdollahi, 
M. (2008) Pregnancy outcome in women with 
inflammatory bowel disease following exposure to 
5-aminosalicylic acid drugs: a meta-analysis. Reprod 
Toxicol 25: 271–275.

Rosandich, P., Kelley, J. III and Conn, D. (2004) 
Perioperative management of patients with 
rheumatoid arthritis in the era of biologic response 
modifiers. Curr Opin Rheumatol 16: 192–198.

Rubbert-Roth, A., Goupille, P., Moosavi, S. and 
Hou, A. (2010) First experiences with pregnancies in 
RA patients receiving tocilizumab therapy. Arthritis 
Rheumatism (November Suppl.): abstract 384.

Said, T., Agarwal, A., Falcone, T., Sharma, R., 
Bedaiwy, M. and Li, L. (2005) Infliximab may reverse 
the toxic effects induced by tumor necrosis factor 
alpha in human spermatozoa: an in vitro model. 
Fertility Sterility 83: 1665–1673.

Sangle, S., Lutalo, P., Davies, R., Khamashta, M. 
and D’cruz, D. (2013) B-cell depletion therapy and 
pregnancy outcome in severe, refractory systemic 
autoimmune diseases. J Autoimmun 43: 55–59.

Sau, A., Clarke, S., Bass, J., Kaiser, A., Marinaki, 
A. and Nelson-Piercy, C. (2007) Azathioprine and 
breastfeeding: is it safe? BJOG 114: 498–501.

Singh, J., Furst, D., Bharat, A., Curtis, J., Kavanaugh, 
A., Kremer, J. et al. (2012) 2012 update of the 2008 
American College of Rheumatology recommendations 
for the use of disease-modifying antirheumatic drugs 
and biologic agents in the treatment of rheumatoid 
arthritis. Arthritis Care Res 64: 625–639.

Sperber, K., Hom, C., Chao, C., Shapiro, 
D. and Ash, J. (2009) Systematic review of 
hydroxychloroquine use in pregnant patients with 
autoimmune diseases. Pediatric Rheumatol 7: 9.

Suominen, J., Wang, Y., Kaipia, A. and Toppari, J. 
(2004) Tumor necrosis factor-alpha (TNF-alpha) 
promotes cell survival during spermatogenesis, and 
this effect can be blocked by infliximab, a TNF-alpha 
antagonist. Eur J Endocrinol 151: 629–640.

Sussman, A. and Leonard, J. (1980) Psoriasis, 
Methotrexate, and Oligospermia. Archives of 
dermatology 116: 215–217.

Takahashi, Y., Roman, C., Chemtob, S., Tse, M., 
Lin, E., Heymann, M. et al. (2000) Cyclooxygenase-2 
inhibitors constrict the fetal lamb ductus arteriosus 
both in vitro and in vivo. Am J Physiol 278: R1496–
R1505.



Therapeutic Advances in Musculoskeletal Disease 6(5)

184 http://tab.sagepub.com

Temprano, K., Bandlamudi, R. and Moore, T. (2005) 
Antirheumatic drugs in pregnancy and lactation. Sem 
Arthritis Rheumatism 35: 112–121.

Vasiliauskas, E., Church, J., Silverman, N., Barry, 
M., Targan, S. and Dubinsky, M. (2006) Case report: 
evidence for transplacental transfer of maternally 
administered infliximab to the newborn. Clin 
Gastroenterol Hepatol 4: 1255–1258.

Villiger, P., Caliezi, G., Cottin, V., Forger, F., 
Senn, A. and Ostensen, M. (2010) Effects of TNF 
antagonists on sperm characteristics in patients with 
spondyloarthritis. Ann Rheumatic Dis 69: 1842–1844.

Vinet, E., Kuriya, B., Pineau, C., Clarke, A. and 
Bernatsky, S. (2013) Induced abortions in women 
with rheumatoid arthritis receiving methotrexate. 
Arthritis Care Res 65: 1365–1369.

Visit SAGE journals online 
http://tab.sagepub.com

SAGE journals


