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Abstract

The autoimmune connective tissue diseases predominantly affect women and often occur during
the reproductive years. Thus, specialized issues in pregnancy planning and management are
commonly encountered in this patient population. This chapter provides a current overview of
pregnancy as a risk factor for onset of autoimmune disease, considerations related to the course of
pregnancy in several autoimmune connective tissue diseases, and disease management and
medication issues before and during pregnancy and the postpartum period. A major theme that has
emerged across these inflammatory diseases is that active maternal disease during pregnancy is
associated with adverse pregnancy outcomes, and that maternal and fetal health can be optimized
when conception is planned during times of inactive disease and through maintaining treatment
regimens compatible with pregnancy.
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The autoimmune connective tissue diseases (CTD) are associated with strong female
preponderance, and often present before or during the reproductive years [1]. As such,
specialized issues in pregnancy planning and management are commonly encountered in this
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patient population, which includes rheumatoid arthritis (RA), systemic lupus erythematosus
(SLE), antiphospholipid antibody syndrome (APS), systemic sclerosis (SSc), primary
Sjogren’s syndrome (PSS) and inflammatory myositis. For decades, women particularly
with SLE were advised against pregnancy given high rates of observed poor outcomes,
concern for disease flare and lack of evidence for safe treatment options. Indeed, women
with SLE/APS especially have higher rates of preeclampsia, intrauterine growth restriction
(IUGR), and prematurity [2-4]. However, with advances in disease management, pregnancy
outcomes in these populations have improved, and increasingly more women with CTDs are
choosing to attempt pregnancies [5]. Furthermore, exciting research in the field is leading to
identification of predictors for high risk pregnancies, which will increasingly allow for a
personalized approach to pregnancy management. An emphasis on pre-conception
counseling and tight disease control in the months leading up to conception are essential
components of this new era of pregnancy and CTD. Equally important is the recognition that
untreated disease in pregnancy is associated with risks to the mother and child [6], and the
preponderance of evidence demonstrates the importance of continuing medications that
prevent active disease and that do not harm the baby throughout pregnancy. A thorough
understanding of the range of therapeutic options available for treatment during pregnancy is
therefore essential, and has expanded over recent years to include monoclonal antibody
therapy. In this context, and with increasing accrual of follow-up data for children born to
mothers with CTDs, the best practices for management of these pregnancies are evolving
rapidly.

PREGNANCY AND SUBSEQUENT RISK OF AUTOIMMUNE CONNECTIVE
TISSUE DISEASES

Whether pregnancy is a risk factor for the development of new-onset autoimmune
connective tissue disease remains an open question. Among the rheumatic diseases,
rheumatoid arthritis has perhaps received the most attention on this topic. As reviewed
elsewhere, a significantly decreased risk of RA has been described in several retrospective
studies for women who have ever been pregnant compared to nulliparous women [7-10],
whereas a number of other studies, including population-based cohort studies, have not
detected an association between parity and subsequent risk of RA [11-16]. Conflicting
results have been reported in other diseases such as SLE and systemic sclerosis, also
reviewed elsewhere [17].

Notably, a large population-based Danish study examining the autoimmune diseases as a
group found that risk of development of maternal autoimmune disease significantly
increased during the first year postpartum, but subsequently trended in the opposite direction
[18]. Onset of RA has particularly been described to occur with increasing frequency during
the postpartum period. In fact, a 1953 study concluded that “The onset of rheumatoid
arthritis during pregnancy or immediately after it is so common that in certain circumstances
pregnancy can be regarded as an aetiological factor” [19]. A 1992 British case-control study
found a reduced incidence of RA onset during pregnancy, but a postpartum increase that was
of highest magnitude during the first 3 months postpartum (OR 5.6) and remained elevated
during the subsequent 9 months [20]. A 1993 case-control study from the Netherlands
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reported similar trends [21]. Together these studies underscore the importance of delineating
time windows in relation to pregnancy, and suggest that the postpartum period warrants
special consideration in terms of risk of autoimmune diseases among women.

PREGNANCY CONSIDERATIONS IN AUTOIMMUNE CONNECTIVE TISSUE
DISEASES

Systemic Lupus Erythematosus

Systemic lupus erythematosus (SLE, or “lupus”), affects females in a 9:1 ratio to males
[22,23], with a 2.5 fold increase in prevalence among African Americans [24]. The adverse
pregnancy outcomes observed with lupus are well known, and include increased rates of
intrauterine growth restriction (IUGR), preterm birth and fetal loss, as well as the syndrome
of neonatal lupus (NL), associated with the transplacental passage of autoantibodies,
discussed below. A 2006 study using the Nationwide Inpatient Sample in 2002 comparing
CTD pregnancies to control pregnancies revealed significantly higher rates of hypertensive
disorders (OR 3.3 [95% CI 2.8-4.0]), IUGR (OR 3.5 [95% CI 2.5-4.9]) and Cesarean
delivery (OR 1.6 [95% CI 1.4-1.9]) among lupus patients, who had an increased length of
hospital stay even after adjustment for Cesarean delivery [25]. A subsequent study focusing
on lupus pregnancy within this database for years 2000-2003 revealed that maternal
mortality was 20-fold higher among women with SLE, as was preterm labor, preeclampsia,
and other comorbidities associated with adverse pregnancy outcomes such as diabetes,
hypertension and thrombopbhilia [3]. Observations that high disease activity at the time of
conception, or in the months preceding conception, is an independent predictor for increased
risk of adverse pregnancy outcomes including prematurity, IUGR and fetal demise has led to
the current recommendations that lupus patients achieve 6 months of disease quiescence
prior to attempting conception [26,27]. Furthermore, the benefit of treating lupus to maintain
good disease control throughout pregnancy, particularly with hydroxychloroquine (HCQ),
has been demonstrated in studies where improved birth outcomes among lupus mothers who
continued HCQ were observed when compared to lupus mothers who did not take HCQ in
pregnancy [28-30].

In the context of these practice patterns, and with emphasis on a multidisciplinary approach
to management from preconception through the postpartum period, improved outcomes have
been increasingly observed in lupus pregnancies [5,31]. Furthermore, recent work has
focused on identifying predictors of poor pregnancy outcomes in this patient population,
which will no doubt continue to improve care, as it may help identify a subset of patients for
whom closer follow-up is indicated. Prospective data on predictors of adverse pregnancy
outcomes in SLE pregnancies has recently been reported from the PROMISSE study
(Predictors of Pregnancy Outcome: Biomarkers In Antiphospholipid Antibody Syndrome
and Systemic Lupus Erythematosus), an ongoing multicenter, prospective observational
study of pregnancies in women with antiphospholipid antibodies (aPL), SLE, or both [32].
385 pregnant women with stable lupus, with and without APS, were enrolled and compared
to pregnant control women. In this population, predictors of adverse pregnancy outcomes in
lupus pregnancies included African and Hispanic decent, antihypertensive use at baseline,
the presence of the lupus anticoagulant (LAC), mild or moderate flare of lupus, moderate
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clinical disease activity at baseline and thrombocytopenia. Of note, the lupus patients
enrolled in the PROMISSE cohort had very low disease activity: the rate of flare in the
second and third trimesters was 2.5% and 3% respectively, which is much lower than flare
rates reported in previous pregnancy studies [33]. The enrollment criteria for this study
included optimized lupus disease activity (exclusion of patients with urine protein/creatinine
ratio of >1000mg/g, creatinine >1.2mg/dL, prednisone use >20mg/d), confirming that
effective preconception planning results in favorable outcomes in this population.

Lupus nephritis—In a large meta-analysis of pregnancy outcomes in SLE and lupus
nephritis (LN), in which 37 studies with 1842 lupus patients and 2751 pregnancies were
included, significant associations were observed between LN and both premature birth and
preeclampsia [34]. It can also be difficult to distinguish active LN in pregnancy from
preeclampsia. Both are associated with proteinuria and rising creatinine, but examination of
urinary sediment will reveal activity in LN as opposed to a bland urinary sediment in
preeclampsia. Serum uric acid may be elevated in preeclampsia and could provide another
marker to help distinguish between the two processes, but often times the clinical picture is
nebulous, highlighting a large knowledge gap that can lead to inappropriate treatment
decisions, as gram doses of intravenous (IV) corticosteroid and 1V cyclophosphamide would
be indicated for severe LN, whereas prompt delivery of the baby would be indicated for
preeclampsia.

Antiphospholipid antibody syndrome (APS)

Obstetric antiphospholipid antibody syndrome (OB-APS) was defined according to the
updated Sydney classification criteria developed by expert consensus agreement in 2006
[35,36]. aPLs include the lupus anticoagulant, anticardiolipin 1gG and IgM and anti-B2-
glycoprotein I antibody. In addition to the detection of aPLs on at least two occasions more
than 12 weeks apart, OB-APS is defined by any one of the following adverse pregnancy
outcomes: 1) otherwise unexplained recurrent pregnancy loss before the 10th week of
gestation, 2) otherwise unexplained fetal death =10 weeks of gestation, 3) preterm birth
before 24 weeks of gestation due to preeclampsia or placental insufficiency [35]. Other OB-
APS complications include catastrophic APS, thrombosis, HELLP syndrome (hemolysis,
elevated liver enzymes, low platelet count), IUGR, fetal distress, premature rupture of
membranes, and thrombocytopenia [4,37].

Poor pregnancy outcomes, including second trimester pregnancy loss, fetal growth
restriction and preeclampsia have been observed in association with APS for years [33,38-
43], but only recently has it been recognized that the lupus anticoagulant (LAC), among the
three aPLs, is the primary predictor of poor pregnancy outcomes in women both with or
without SLE, and with or without other aPLs [44]. Of the 144 women enrolled in the
PROMISSE study between 2003 and 2011, 28 had adverse pregnancy outcomes defined as
otherwise unexplained fetal demise after 12 weeks gestation, neonatal death prior to
discharge associated with complications of prematurity, preterm delivery prior to 34 weeks
because of gestational hypertension, preeclampsia or placental insufficiency, or small for
gestational age (birth weight <5th percentile). 39% of women with LAC had adverse
pregnancy outcomes compared to 3% of those without LAC (p<0.0001). Of the remaining

Best Pract Res Clin Rheumatol. Author manuscript; available in PMC 2017 June 25.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Marder et al.

Page 5

aPLs, only 1gG aCL at =40 units/ml appeared to also be associated with adverse pregnancy
outcomes (8% vs 43% who were also positive for LAC; p= 0.002). In multivariate analysis,
the other contributors to obstetric risk included SLE (RR=2.16; 95% CI 1.27-3.68;
p=0.005), a history of thrombosis (RR = 1.90; 95% CI 1.14-3.17; 0=0.01), age (RR=1.56
for every 5 years decrease in age; 95% Cl: 1.18-2.08;p=0.002), and race (RR= 3.24 for
white vs non-white; 95% CI: 1.16-9.07; p=0.03).

Regarding treatment of patients with anticoagulation in the PROMISSE study, the patients’
physicians made all treatment decisions. Upon study entry, of 75 women who were treated
with heparin, 56 were receiving low molecular weight heparin (LMWH) and 19 were
receiving unfractionated heparin (36 at therapeutic doses and 39 at prophylactic doses). Of
97 women who regularly took aspirin, all but one took 81 mg per day, the other took 325 mg
a day. No benefit of heparin was found, and a protective effect of aspirin was not significant
after adjustment for the predictors mentioned above. However, the study was not designed or
powered as a treatment trial.

Low dose aspirin to mitigate the risk of fetal loss in women with APS has been used for
years [45]. More recent systematic reviews and meta-analyses comparing the use of low
dose aspirin versus low dose aspirin and heparin in pregnant women with aPLs and recurrent
miscarriage has shown that combination treatment with aspirin and heparin is superior to
aspirin alone in conferring a significant benefit in live births [46,47]. LMWH has been
accepted as the standard of care when treating pregnant women with APS [48]. Heparin does
not cross the placenta and is considered safe for the embryo-fetus. LMWH may offer some
advantages over unfractionated heparin. The most notable is that LMWH is less likely to
cause heparin-induced thrombocytopenia, osteoporosis and is more bioavailable than
unfractionated heparin.

Despite this treatment, and even with comprehensive medical and obstetric management,
around 30% of APS pregnancies will still result in pregnancy loss [43]. Other proposed
therapies to prevent adverse pregnancy outcomes in OB-APS are being investigated,
including the use of HCQ, for which prospective trials data are lacking, but for which
encouraging results from /n vitro and animal models exist [49]. Mechanistically, the anti-
inflammatory, anti-thrombotic and pro-endothelial effects of HCQ, in addition to its safety
profile in pregnancy, suggest a potential protective effect in OB-APS [50]. Lacking
substantial clinical data on the ability of HCQ to affect adverse pregnancy outcomes in OB-
APS, an expert panel was recently convened to formulate an opinion about its use for
prevention of OB-APS based on available literature and expert judgment of clinical OB-APS
scenarios [49]. They concluded that adding HCQ could be considered in selected cases or
after standard treatment failure with aspirin and a heparin agent. Specific scenarios where
the majority opinion was to add HCQ included women with previous thrombosis or previous
ischemic placenta-mediated complications.

Rheumatoid arthritis (RA)

A widely held perception based on retrospective data is that the majority of RA patients
experience spontaneous remission during pregnancy, and a tendency toward postpartum flare
within 3-4 months. Newer prospective data from RA patients followed during and after
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pregnancy, and with objective assessments of disease activity, have provided a more
complete picture related to disease activity during and after pregnancy. Of importance,
because physiologic changes of pregnancy influence standard disease assessment
parameters, such as the Global Health scale of the Disease Activity Score (DAS) and
erythrocyte sedimentation rate (ESR) levels, modified assessment tools for use in studies of
RA pregnancies have been suggested [51]. The DAS28-CRP without the Global Health scale
(and excluding ESR as an inflammatory marker) has been shown to perform well in
pregnancy [51]. A major study of 84 RA patients in the Netherlands recruited between
2002-2006 indeed found that mean disease activity scores (by modified DAS28-CRP)
declined during pregnancy despite reduced rates of medication use compared to before
conception [52]. Approximately 25% of women experienced RA remission during the 3™
trimester, a substantial yet smaller proportion than previously expected. Based on EULAR
response criteria among the 52 women with moderate baseline disease activity in the first
trimester (DAS28 >3.2), 30.8% had a “moderate” response and 17.3% had a “good”
response between the first and third trimesters. In the postpartum period, disease activity
increased, with greater than one third of the women having a moderate or severe flare
(defined by revised EULAR response criteria), even in the context of increased medication
use after delivery.

In terms of pregnancy outcomes, a national study in the US of approximately 1400 RA
pregnancies in 2002 documented IUGR in 6.4% and premature rupture of membranes in
3.9% -- rates that were 1.5-2 times higher than in the general obstetric population even
when controlling for factors such as maternal age [25]. Significant progress has also been
made in recent prospective studies with respect to understanding the contribution of disease
severity to pregnancy outcomes in RA. Data now indicate that for women with well-
controlled RA, pregnancy outcomes are comparable to the general obstetric population [53],
whereas higher levels of RA disease activity are associated with increased risk of less
favorable pregnancy outcomes [53,54]. de Man et al found that among 152 Dutch RA
patients with singleton pregnancies, higher levels of disease activity in the third trimester
were independently associated with lower birth weight, controlling for several covariates
including smoking, maternal age, and prednisone use [53]. Further, prednisone use during
pregnhancy was linked to lower gestational age at birth (no effect of prednisone dose
observed), with deliveries on average 1 week earlier and more often occurring at <37 weeks
compared to RA patients not taking prednisone during pregnancy [53]. The earlier
gestational age underlies an association between prednisone use and lower birth weight. In a
North American study, which enrolled 440 pregnant women with RA between 2005-2015,
Bharti et al found that RA disease severity, measured in early pregnancy, was predictive of
preterm delivery and small for gestational age [54]. Consistent with the Dutch study,
prednisone use (=10 mg) during pregnancy was also associated with preterm birth, and not
thought to simply serve as a marker of disease severity, as the relationship between disease
severity and preterm delivery also held up.

Systemic sclerosis (SSc, or scleroderma)

As with SLE, pregnancy in women with systemic sclerosis (SSc) was previously considered
fraught and discouraged due to concern for poor outcomes [55]. Newer research has revealed
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a more favorable picture of SSc pregnancies; however, certain patterns of increased risk do
exist. In a US study based on the 2002—-2004 Nationwide Inpatient Sample of the Healthcare
Cost and Utilization Project, SSc was associated with increased risk of hypertensive disease
of pregnancy, including preeclampsia, IUGR and increased length of hospital stay [56].
Retrospective data on 214 women with SSc, 167 women with RA, and 2015 healthy controls
in the US have also identified an increase in premature births and low birth weight for babies
born to SSc mothers [57]. These finding were later confirmed in a study of pregnancy
outcomes in an Italian multicenter study of 109 pregnancies among 99 women with SSc
from 2000 to 2010, in which data was obtained prospectively starting a year before
conception [58]. The mean age at conception was 31.9 years in this population; 54 had
limited cutaneous SSc, 48 diffuse cutaneous SSc, 6 fulfilled Leroy and Medsger criteria for
early SSc, and 1 scleroderma sine sclerosis [59,60]. When compared to a control population,
preterm deliveries were found to be significantly increased among women with SSc (25% vs
12%), including severe preterm deliveries defined as <34 weeks gestation (10% vs 5%).
IUGR and low birth weight were also increased, and in multivariate analysis, the use of
corticosteroids was associated with preterm deliveries (OR 3.63, [95% CI 1.12-11/78). No
significant differences in pregnancy outcomes were found in diffuse vs limited cutaneous
subsets. While no woman in the study had pulmonary hypertension or severe cardiac or renal
disease at baseline, 2 women had severe Gl disease associated with intestinal malabsorption,
one with IUGR and one delivering preterm, and 3 women had severe lung fibrosis associated
with forced vital capacity <50%, none with obstetrical complications. The use of folic acid
and the presence of anti-topoisomerase were protective, and in general Raynaud’s
phenomenon and digital ulcers improved temporarily starting in the second trimester;
however, the effect did not persist after pregnancy. In general, disease stayed stable during
pregnancies. These authors concluded that women with SSc can have successful
pregnancies, but are at higher risk than the general population for preterm deliveries, low
birth weight babies and IUGR, and should be cautioned against pregnancy if severe target
organ damage is present.

Data on inflammatory myositis and pregnancy are sparse, reflecting the rarity of disease and
onset that typically occurs after the reproductive years. A 2014 review of 36 publications
comprised only 78 pregnancies from 59 women [61]. Approximately 60% of the
pregnancies occurred among women with preexisting myositis, and an overall trend was that
disease activity, especially during early pregnancy, appeared to be associated with adverse
pregnancy outcomes, whereas treatment of disease during pregnancy (with corticosteroids or
IVIG) appeared to be beneficial [61]. Based on the available data, neonatal outcome was
described as generally good, with preterm delivery and small for gestational age reported as
the main complications [61]. The most extensive individual study, also published in 2014
and thus not included in the above review, included a total of 102 pregnancies from a
retrospective Spanish cohort of 51 women with idiopathic inflammatory myopathies
diagnosed between 1983-2013 [62]; 80% of women were classified as dermatomyositis, and
20% as polymyositis according to Bohan and Peter criteria for definite or probable myositis
[63,64]. The authors concluded that pregnancy did not appear to be associated with adverse
maternal or fetal outcomes, and that clinical improvement tended to occur during pregnancy,
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while postpartum relapse was common [62]. They also found no evidence for pregnancy as a
trigger of myositis [62].

Sjogren’s Syndrome

Incidence of primary Sjogren’s syndrome (PSS) is highest during postmenopausal years.
However, it can occur at any age, and indeed, a pregnancy resulting in neonatal lupus (NL,
discussed below) may be the earliest indication of PSS associated with anti-Ro/La antibodies
[65]. Pregnancy outcomes beyond cardiac NL have not been studied as extensively as in
SLE or APS, but from small case control studies, it appears that PSS may be associated with
lower mean birthweights in offspring, older maternal age, and more common delivery by
Cesarean section or vacuum extraction than in the background population [66]. A study of
over 100 pregnancies from women with primary and secondary SS revealed that only the
presence of concomitant SLE and likely aPL were associated with higher rates of
spontaneous abortion and premature deliveries when compared to controls [67]. As
discussed below, however, appropriate screening for the presence of NL is essential in the
management of pregnancy in patients with primary or secondary SS and anti-Ro/La
antibodies.

Neonatal lupus syndrome

Neonatal lupus (NL) syndrome represents passively acquired autoimmunity resulting from
transplacental transfer of maternal anti-Ro/SSA (52 or 60 kD) or La/SSB (48 kD)
antibodies. While transient features of the syndrome (characteristic rash of NL, hepatic and
hematologic abnormalities) may be observed, the major morbidity and mortality associated
with NL involve the developing fetal cardiac tissue, leading to autoimmune congenital heart
block (ACHB) due to inflammatory and fibrotic changes of the AV node, in addition to more
severe complications including endocardial fibroelastosis (EFE) and dilated cardiomyopathy
that may develop even in the absence of conduction abnormalities [68,69].

While the overwhelming majority of ACHB cases involve anti-Ro positive mothers, isolated
anti-La associated cases have also been reported, representing less than 1% of total cases
[70-72]. Therefore recommendations for screening and therapy apply to mothers positive for
either autoantibody. Among mothers positive for anti-Ro/SSA, an incidence of ACHB of 2%
is widely accepted, and comes from a large prospective study of pregnancy outcomes in 100
anti-Ro positive women [73]. The estimated recurrence of heart block in subsequent
pregnancies for a mother with a previous child born with ACHB is around 18% [74]. Among
children born with ACHB, a 20% overall mortality rate, with 79% 3-year survival, has been
observed, with pacemaker requirement in 64% [72].

Recommendations for early, non-invasive diagnosis of ACHB involve fetal
echocardiography with Doppler mechanical PR interval measurement beginning between
weeks 16-18 and continuing weekly through week 26 [75]. While there is support for the
use of fluorinated steroids (FS) aimed at reversing incomplete heart block presumably due to
ongoing inflammation, treatment recommendations have been less clear for advanced heart
block until recent evidence against their use was published [76-78]. A 2015 retrospective
study from the Research Registry for Neonatal Lupus (RRNL) of babies from anti-Ro+
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pregnancies born with isolated advanced ACHB revealed similar outcomes for those who
received FS (n=71) within one week of detection compared to those who received no
treatment (n=85) [79]. The risk of development of extranodal disease in this study was
similar, revealing that 14 (19.7%) of 71 fetuses exposed to FS developed extranodal disease
compared to 17 (20%) of 85 unexposed fetuses, with an unadjusted hazard ratio of 1.02
(95% CI1 0.51-2.06; p=0.96). FS furthermore failed to improve survival, with deaths in 7/71
(9.9%) of FS-exposed compared with 7/80 (8.8%) of untreated [HR=1.19 (95% CI 0.42—
3.40; p=0.74)]. Likewise, FS treatment did not prevent future pacemaker implantation, with
42/64 (66%) of FS-exposed live births paced compared to 60/78 (75%) of untreated
[HR=0.94 (95% CI 0.64 to 1.40; p=0.77)]. These data therefore do not support the use of FS
for fetuses with isolated advanced heart block, which, in addition to extranodal cardiac
disease, remains a marker of poor outcome [77,78].

Support for the use of hydroxychloroquine (HCQ) for prevention of cardiac NL comes from
an analysis of 257 anti-SSA/Ro positive SLE pregnancies at high risk for cardiac NL in the
RRNL database [80]. The authors compared outcomes of 40 mothers who had taken HCQ
throughout their pregnancies, having started within 10 weeks of gestation, to 217 mothers
unexposed to HCQ, subsequent to the birth of a child with cardiac-NL. The recurrence rate
of cardiac-NL in HCQ exposed fetuses was 7.5% (3 of 40) compared with 21.2% (46 of
217) in the unexposed group (P=0.05), a significant association that persisted after
multivariable analysis adjusting for maternal race/ethnicity, anti-SSB/La status, and
confounding by indication. The authors therefore concluded that HCQ therapy may be
protective in subsequent pregnancies among mothers with a history of having a child with
cardiac NL. An open label prospective trial, the Preventive Approach to Congenital Heart
Block with Hydroxychloroquine (PATCH) study (NCT01379573) is currently recruiting,
which will assess the effect of HCQ in preventing recurrence of cardiac NL in high-risk
women with a previously affected child.

There is no convincing evidence in support of 3-agonists, IVIG therapy or plasmapheresis
for prevention of cardiac-NL lupus, and no agreement on appropriate dose or schedule [81-
83].

Contraindications to preghancy

Contraindications to pregnancy for women with lupus in particular, and rheumatic
connective tissue diseases in general, include pulmonary hypertension defined by a mean
pulmonary artery pressure of >25 mm Hg at rest, measured during right heart catheterization
[84,85], advanced heart failure, severe restrictive lung disease (FVC <1L), chronic renal
failure (Cr > 2.8 mg/dL), previous severe preeclampsia or HELLP syndrome despite therapy
with aspirin and heparin, stroke or severe lupus flare within the previous 6 months [86].

PRECONCEPTION MANAGEMENT ISSUES

Opportunities for pregnancy optimization begin in advance of conception, and fall into two
broad categories — ovarian protection and orchestration of pregnancy timing and relevant
medication adjustments.
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Ovarian protection in the context of gonadotoxic therapy

For the subset of premenopausal CTD patients facing treatment regimens with gonadotoxic
agents, such as cyclophosphamide (CYC), ovarian protection options and co-management
with reproductive endocrinology specialists warrant consideration. As cumulative exposure
to CYC is associated with increased risk of diminished ovarian reserve and premature
ovarian insufficiency (POI) [87], minimizing overall CYC exposure is a treatment goal. In
general, daily oral CYC regimens are associated with higher cumulative exposure compared
to IV. The “Euro-lupus” regimen, a low-dose IV CYC regimen consisting of six 500mg
CYC pulses every 2 weeks, followed by maintenance therapy with azathioprine (AZA),
results in 3 grams of total CYC exposure, which is substantially lower than cumulative doses
resulting from standard 6 month courses [88]. Induction with mycophenolate mofetil (MMF)
is another alternative for induction therapy for mild lupus nephritis [89,90]. However,
standard CYC induction is indicated for patients with severe lupus nephritis with renal
insufficiency, or those who have not responded to MMF.

Studies in both rheumatic and non-rheumatic disease populations suggest that adjunctive
GnRH-a treatment during CYC therapy has ovarian protective effects [91,92]. The regimen
used at our institution utilizes depot-leuprolide acetate 3.75 mg/month (and more recently a
11.25 mg 3 month preparation); the first injection should be timed 10 days before the next
CYC pulse in order to avoid CYC administration while ovaries are hyperstimulated due to a
transient GnRH-a induced estrogen surge. When 1V CYC is required urgently, GnRH-a
administration is delayed until 10-21 days before the subsequent (second) IV CYC
treatment. An estradiol patch of 0.05 or 0.1 mg (to be worn continuously and begun after
onset of withdrawal symptoms) may be used to avoid estrogen withdrawal symptoms and
reduce the risk of osteoporaosis; this is contraindicated for APS or other patients with
hypercoagulability. Depot medroxyprogesterone acetate (DPMA) 150 mg every 3 months or
IUD for contraception are concurrently used unless otherwise contraindicated. This regimen
is continued during bolus CYC administration.

Timing of pregnancy and contraception

It is increasingly recognized that the risks of pregnancy associated with connective tissue
diseases can be minimized if conception is planned and undertaken during a period of
minimally active disease. Pre-pregnancy planning further allows for appropriate medication
adjustments to be made when relevant. With an estimated 45% of pregnancies in the US
each year unintended [93], early discussion of future pregnancies, even if not currently
contemplated, should be a priority in women with autoimmune CTDs. In terms of time
windows, women with active disease, such as lupus nephritis, are generally advised that 6
months or more of inactive disease is desirable before conception and is associated with
more favorable maternal and fetal outcomes [94].

Contraception—Pregnancy timing clearly relies on reliable and safe contraception
options. Due to thrombotic risks associated with many forms of hormonal contraception,
special considerations pertain to their use in rheumatic disease patients given their
underlying risk for thrombosis even in the absence of aPLs [95,96]. For aPL negative
patients, combined and progestin-only contraceptives are acceptable. Long-acting reversible

Best Pract Res Clin Rheumatol. Author manuscript; available in PMC 2017 June 25.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Marder et al.

Page 11

contraception (LARC) methods, which include the intrauterine device (IUD) and birth
control implant, offer highly effective contraception and are an attractive option for many
women with rheumatic diseases. DMPA by intramuscular injection is another highly
effective option that lasts 3 months, though long-term use is associated with osteoporosis,
which is a particular concern for patients with significant cumulative corticosteroid
exposure.

It should be noted that data providing support for use of oral contraceptives in the SLE
population, such as from the SELENA-OC randomized controlled trial [97], were based on
formulations with 2" generation progestins. Newer 3 generation pill, patch and vaginal
rings carry a higher risk of venous thrombosis in the general population and may be prudent
to avoid in rheumatic disease patients. The birth control implant also contains a 3"
generation progestin for which it is unclear whether there is an increased risk of venous
thrombosis.

For aPL positive patients, combined pills, patch and ring methods are contraindicated and
classified by CDC “Medical Eligibility Criteria for Contraceptive Use” as Category 4:
“unacceptable health risk (method not to be used)” [98]. Progestin only options (including
progestin only pills, injections, implants and 1UD) are classified as Category 3: “theoretical
or proven risks usually outweigh the advantages.” The copper-lUD, which lasts 10 years and
contains no hormones, is categorized by CDC as having no restriction for use in SLE
patients with positive (or unknown) aPL status [98]. However, due to increased menstrual
bleeding it is not recommended for patients with severe thrombocytopenia [98].
Levonorgestrel (LNg)-1UDs containing a 2" generation progestin and lasting 3-5 years
after placement, are classified by the CDC for aPL positive patients as Category 3. However,
decreased menstrual bleeding after the first 3 months may be a benefit for patients on
warfarin; in patients for whom pregnancy may be riskier than contraception, this may be a
viable option to consider with caution.

Medication adjustments prior to pregnancy—Medications for which a washout
period is indicated prior to pregnancy include methotrexate, mycophenolate mofetil (MMF),
and leflunomide. While medications are considered in more depth below, a general guide is
that a 1-3 month period prior to conception is sufficient for washout of most medications
used for rheumatic diseases (see also section on “Medications contraindicated in
preghancy”). If medication adjustments are needed in advance of pregnancy, a 6-month
period is ideally advisable in order to establish whether disease stability can be maintained
in the context of new treatment regimens.

MEDICATIONS DURING AUTOIMMUNE CTD PREGNANCIES

It is of paramount importance that multidisciplinary management involving the patient and
care team address decisions about drug therapy prior to and during pregnancy. As stated
throughout, untreated, active disease during pregnancy increases risk of adverse pregnancy
outcomes. Here we review safety data and recommendations pertaining to some of the most
frequently used medications in rheumatic disease pregnancies and highlight key issues. It is
not an exhaustive list, and we refer the reader to guidance put forth by expert bodies related
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to anti-rheumatic drugs and their uses before and during pregnancy, and in lactation. Both a
European League Against Rheumatism (EULAR) task force [99] and the British Society for
Rheumatology/British Health Professionals in Rheumatology [100,101] recently published
recommendations, which provide timely and expertly adjudicated information that will serve
the rheumatology community well.

Medications compatible with pregnancy

Non-steroidal anti-inflammatory drugs (NSAIDs)—There is no evidence of
increase in congenital malformations associated with non-selective COX inhibitors, and they
can be continued safely during the first and second trimesters. However, there is insufficient
data to make recommendations about selective COX Il inhibitors, and they should therefore
be avoided in pregnancy. With the exception of low dose aspirin, NSAIDs should be
discontinued in the third trimester due to risk of prolongation of labor and premature closure
of ductus arteriosus [102,103].

Glucocorticoids—Oral glucocorticoids are widely used as treatment for connective
tissue diseases as they are both rapidly acting and efficacious. When glucocorticoids are
needed in pregnancy, it has been generally recommended to use the lowest effective dose for
the shortest duration of time. Whereas fluorinated glucocorticoids (e.g., dexamethasone,
betamethasone) cross the placenta, and may be indicated for treatment of fetal conditions
including lung development in prematurity, non-fluorinated glucocorticoids (e.g.,
prednisone, prednisolone) cross the placenta at a much lower rate. At doses of <20 mg,
approximately 10% of non-fluorinated glucocorticoids cross into the fetal circulation
[104,105]. Thus, prednisone and prednisolone at these doses are considered safe for treating
mild manifestations of maternal rheumatic diseases throughout pregnancy.

In addition to the known risks associated with glucocorticoids, in particular hypertension
and diabetes, their use during the first trimester also increases the risk of cleft palate
formation by 2-3 fold, although the absolute risk is still considered low, with baseline risk of
approximately 1/1000 live births [106,107]. A meta-analysis of 10 studies observed over a
30+ year time period revealed a non-significant increase in risk of major malformations
associated with /n utero exposure [107]. Use of glucocorticoids later in pregnancy increases
the risk of premature rupture of membranes and small for gestational age births, and high or
prolonged doses puts the newborn at risk for adrenal insufficiency [102]. However, use of
high dose intravenous glucocorticoids may be necessary for treatment of severe disease
manifestations during pregnancy and should not be withheld if indicated.

Antimalarial therapy (hydroxychloroquine and chloroquine)—Antimalarials,
such as chloroquine and hydroxychloroquine (HCQ), are used as monotherapy or in
combination with other immunosuppressives to treat many CTDs, most commonly SLE. An
increase in the rate of disease flare has been observed in SLE patients with quiescent disease
who discontinued HCQ [108]. Given its known safety profile in pregnancy [80,109], and the
acknowledged risk to both mother and fetus associated with heightened lupus disease
activity in pregnancy, discontinuing HCQ during pregnancy is not advised. Indeed, several
studies have suggested that HCQ therapy in SLE improves birth outcomes: in a study of 118
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lupus pregnancies in which 41 women were treated with HCQ and compared to 77 SLE
women who were not taking HCQ, significantly lower rates of preterm delivery (15.8% vs
44.2%; p= 0.006) and IUGR (10.5% vs 28.6%; p=0.03) were observed in the group taking
HCQ [29]. In another retrospective study of outcomes of lupus pregnancies, 56 women who
took HCQ through their pregnancies were compared with 163 who took no HCQ, and 38
who stopped HCQ either three months prior to conception or during their first trimesters out
of concern for medication exposure to the baby [30]. While pregnancy outcomes were not
different between the three groups, lupus disease activity was significantly higher in the
women who had stopped HCQ therapy, necessitating increase in background steroid therapy.
The safety data for HCQ is also reassuring: while HCQ has been demonstrated in cord blood
and breast milk, although at lower concentrations than found concomitantly in maternal
blood, no increased risk of congenital defects, spontaneous abortions, retinal or otoxoticy in
offspring of CTD mothers exposed to /n utero HCQ has been observed [110-112]. The
recommendation that HCQ be continued during pregnancy as a DMARD, steroid sparing
agent was strongly confirmed by the EULAR task force recently, along with a consensus
that HCQ is compatible with breastfeeding [99,110,113]. While less is known about the
effect of chloroquine, there is no evidence that it is unsafe to use in pregnancy and
breastfeeding.

Steroid sparing immunosuppressive medications—In addition to antimalarials,
azathioprine (AZA), sulfasalazine, tacrolimus and cyclosporine are considered to be safe for
use throughout pregnancy [102].

Sulfasalazine—Sulfasalazine is a disease modifying anti-rheumatic medication used for
mild RA symptoms primarily, and is considered safe for use in pregnancy [53,99,100]. Large
administrative database linkage studies as well as meta-analyses have revealed no increase in
miscarriage or congenital malformations associated with its use in pregnancy for treatment
of inflammatory bowel or rheumatic diseases [114,115]. Sulfasalazine inhibits absorption
and metabolism of folic acid; folic acid antagonists as a group, when taken during the first
two months since the last menstrual period, have been associated with a greater than
doubling of risk for neural tube defects [116]. While causality in relation to sulfasalazine
specifically has not been confirmed, some guidelines specify that folic acid supplementation
of 5 mg/day be taken in conjunction with sulfasalazine during pregnancy [100].
Recommendations for breastfeeding are complicated by the potential effects of mesalamine
(5-aminosalicylic acid) and sulfapyridine, the active components of sulfasalazine, in a G6PD
deficient or premature infant and the risk of hyperbilirubinemia [99]. Therefore, some
recommend that breastfeeding while taking sulfasalazine be restricted to full term, healthy
infants [100].

Azathioprine—Azathioprine (AZA) is a thiopurine inhibitor, inhibiting synthesis of
DNA and RNA precursors adenine and guanine. AZA has been used for over 50 years in
organ transplantation, and in SLE is used as a steroid sparing agent and for maintenance
therapy following CYC induction [117]. Of available drug options for SLE during
pregnhancy, AZA is considered to have the best benefit to risk ratio for active disease for
which CYC or MMF would otherwise be indicated. As administered, AZA is inactive,
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requiring nonenzymatic and enzymatic intracellular metabolism to its active metabolites, not
all of which have been detected in the fetal circulation, indicating that the placenta may form
a “relative barrier” to AZA and its metabolites. As thiopurine metabolism is altered during
pregnancy, monitoring of 6-thioguanine nucleotide and 6-methylmercaptopurine levels
during pregnancy could be considered; these assays are available through some commercial
laboratories [118,119]. Potential rare side effects in the newborn may include transient
hypogammaglobulinemia and pancytopenias, which tend to normalize within 10 weeks of
birth [120-124]; a complete blood count in newborns and vigilance for neonatal infection
after /n utero AZA exposure has been recommended by some [116,117]. Recent data also
suggest a potential association with developmental delays in offspring [125], which warrants
vigilance in the pediatric setting given the clear benefit of early interventions. It should be
emphasized that given strong evidence that active maternal disease is associated with
adverse maternal and fetal outcomes, the benefits of AZA treatment outweigh potential
risks, and this medication should not be withheld during pregnancy.

Tacrolimus—Tacrolimus is a calcineurin inhibitor that has been used successfully in
both the maintenance of stable disease and treatment of lupus nephritis flare in pregnancy in
several case series, in which no adverse outcomes were observed [126,127]. It is considered
safe for use in pregnancy [128,129]; the lowest effective dose should be used and levels must
be followed to avoid toxicity.

Cyclosporin—Much of what is known about cyclosporin in pregnancy comes from the
transplant literature, in which it does not appear to increase the risk of fetal malformations or
adverse pregnancy outcomes. It can be continued during pregnancy at the lowest effective
dose [99].

Cyclophosphamide (CYC)—Women of child bearing age who are started on CYC for
severe manifestations of rheumatic diseases must have highly effective birth control due to
its known teratogenic and abortifacient properties [117]. The use of CYC in pregnancy is
contraindicated in the first trimester of pregnancy, but long term follow-up studies have not
demonstrated any developmental abnormalities in children exposed to CYC in later
preghancy [130,131]. The use of CYC during later stages of preghancy must be carefully
considered, and used if no other safer option is available for treating disease flare.

Biologics

TNF inhibitors: Tumor necrosis factor inhibitors are prescribed regularly for use in
moderate to severe RA and psoriatic arthritis and appear to be safe in pregnancy. In a large,
multi-center observational prospective study looking at women with inflammatory arthritis
taking biological drugs immediately before or during gestation, the rate of fetal
malformation was found to be similar to that expected in the general population, without any
increase in neonatal adverse events; it was noted that 95% of the population was taking TNF
inhibitors, with a mean exposure time prior to discontinuation of the drug being 41 days
after last menstrual period [132]. Studies comparing TNF-inhibitor levels in maternal blood
to fetal cord blood at time of delivery have shown variability across different anti-TNF
agents [133]. Concentrations of the anti-TNF IgG1 monoclonal antibodies infliximab and
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adalimumab were higher in infants and their cord blood at birth than in their mothers;
furthermore, infliximab and adalimumab were detected in infant blood for up to 6 months
[133]. This is in contrast to certolizumab, a PEGylated anti-TNF monoclonal antibody,
which is present in much lower levels in cord blood at time of delivery. Etanercept, the
fusion protein of TNF receptor to the constant region of IgG1 antibody;, is also found in
lower concentrations in newborn cord blood compared to concentrations in maternal blood,
supporting its lower rate of cross-placental transport [134,135]. Early concern for
association of /in utero exposure to etanercept and infliximab with VACTERL (vertebral
abnormalities, anal atresia, cardiac defect, tracheoesophageal, renal, and limp abnormalities)
has since been challenged, in part due to the possibility of confounding by exposure to
concomitant teratogenic medications [136,137], and because subsequent studies and
systematic reviews across all anti-TNF agents have revealed no congenital anomalies or
serious complications within this medication class [134,138,139].

Given the persistence of therapeutic levels of these anti-TNF agents in exposed infants, a
concern for infant infection and response to vaccination has been raised. This is illustrated
by a case report from 2010 of an infant exposed to infliximab /in utero who received the
Bacillus Calmette-Guerin vaccine (BCG) at 3 months and subsequently died of disseminated
BCG infection at 4.5 months [140]. This case has raised the issue of withholding live
vaccines (e.g., varicella, rotavirus, measles, mumps, rubella, intranasal influenza, BCG) in
infants exposed to anti-TNF agents /in utero until at least 6 months of age, a recommendation
which has been adopted by several groups of gastroenterologists [119]. The British
guidelines suggest that live vaccines in the infant be avoided until 7 months of age when
these drugs are used later in pregnancy (after 16 weeks for infliximab, and after 2"d trimester
for etanercept and adalimumab) [100].

Other biologic agents: Little data exists regarding the safety of pregnancy and
breastfeeding during therapy with rituximab, anakinra, ustekinumab, tocilizimab, abatacept,
and belimumab. Therefore, it is recommended that alternative medications be considered
during pregnancy and breastfeeding [99].

Breastfeeding—Medications considered safe in breastfeeding include NSAIDs,
glucocorticoids, cyclosporin, and HCQ due to minimal to low exposure in the breast milk
and a long history of safe use [112]. Caution regarding breastfeeding during therapy with
AZA is recommended in thiopurine methyltransferase deficient mothers and children [99],
and with sulfasalazine in premature babies as discussed above [100]. Biologic agents such as
anti-TNF inhibitors are considered safe as their size reduces the likelihood of bioavailability
due to poor gut absorption [99]. A general recommendation to reduce risk of exposure while
nursing is to recommend that mothers avoid feeding at the time of peak levels in the breast
milk, which usually occurs several hours after they take their medications.

Medications contraindicated in pregnancy

Methotrexate, leflunomide, and mycophenolate mofetil are contraindicated in pregnancy and
lactation. It is recommended that therapy with any of these medications be discontinued
prior to conception, anywhere from 6 weeks in the case of mycophenolate mofetil to at least
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3 months in the case of methotrexate, and patients be transitioned to a medication that is safe
for use in pregnancy, such as AZA [99,100,141]. For leflunomide, due to the long half-life
of its active metabolite and individual variation in drug clearance, it may take up to two
years after cessation of treatment for metabolite levels to become non-detectable [142].
Documentation of metabolite blood levels of <0.02 pug/ml is recommended prior to
conception for women who have taken leflunomide within the preceding two years
[142,143]. A cholestyramine drug elimination procedure is recommended for women with
detectable metabolite levels planning conception and those who inadvertently become
pregnant while on leflunomide, with subsequent documentation of maternal blood levels
maintained at <0.02 pg/ml for 14 days [142,143]. Reassuringly, the Organization of
Teratology Information Specialists (OTIS) Collaborative Research Group reported on 64
women with RA who were treated with leflunomide during pregnancy (95.3% of whom
received cholestyramine), among whom no substantial increased risk of adverse pregnancy
outcomes was observed when compared to RA patients not treated with leflunomide and
normal pregnant controls [143].
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PRACTICE POINTS

. Pre-conception counseling should be conducted routinely for
reproductive age females with autoimmune connective tissue diseases,
with the goal of planning for pregnancies during periods of disease
quiescence in order to optimize maternal and fetal outcomes

. During pregnancy and the postpartum period, frequent monitoring by a
multidisciplinary team is imperative

. Active disease may be more detrimental to the fetus than potential side
effects of medications, thus medications necessary for disease control
and that are deemed compatible with pregnancy should not be withheld
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RESEARCH POINTS

. Longitudinal cohort studies including reproductive endpoints and
postmarketing surveillance of drugs used during pregnancy and
breastfeeding are imperative and should include assessment of long
term outcomes of children of these pregnancies

. Differentiation between lupus nephritis and preeclampsia remains a
great clinical challenge; there is an urgent need to identify biomarkers
or clinical tools that will aid in this setting

. There is a critical need to develop and evaluate strategies for the
prevention and progression of cardiac neonatal lupus
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SUMMARY

Increasingly more women with connective tissue diseases are attempting pregnancy, with
improved outcomes as multidisciplinary disease management becomes more widespread.
Effective preconception counseling should be part of routine clinical care of these
women, with emphasis on safe and effective contraception, pregnancy planning that
allows time for anticipatory medication adjustments, and continuation of treatment to
maintain remission throughout pregnancy with medications that will not harm the baby.
Recent identification of risk factors that predict adverse pregnancy outcomes in women
with SLE, including the presence of the lupus anticoagulant, will allow for closer follow-
up of these higher risk patients, and hopefully improve outcomes for mothers and their
children. Accumulating data on the safety of biologic therapy in pregnancy is also
evolving thanks to the OTIS Collective Research Group and long term surveillance data,
adding to the options for safe and effective treatment of rheumatic diseases in pregnancy.
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