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ABSTRACT
Objective Describe available data on birth defects and 
pregnancy loss in women with systemic lupus erythematosus 
(SLE) exposed to belimumab.
Methods Data collected from belimumab clinical trials, the 
Belimumab Pregnancy Registry (BPR), and postmarketing/
spontaneous reports up to 8 March 2020 were described. 
Belimumab exposure timing, concomitant medications 
and potential confounding factors were summarised 
descriptively.
Results Among 319 pregnancies with known outcomes 
(excluding elective terminations), 223 ended in live births 
from which birth defects were identified in 4/72 (5.6%) 
in belimumab- exposed pregnancies and 0/9 placebo- 
exposed pregnancies across 18 clinical trials, 10/46 (21.7%) 
belimumab- exposed pregnancies in the BPR prospective 
cohort (enrolled prior to pregnancy outcome) and 0/4 
belimumab- exposed pregnancies in the BPR retrospective 
cohort (enrolled after pregnancy outcome), and 1/92 (1.1%) 
in belimumab- exposed pregnancies from postmarketing/
spontaneous reports. There was no consistent pattern of 
birth defects across datasets. Out of pregnancies with known 
outcomes (excluding elective terminations), pregnancy 
loss occurred in 31.8% (35/110) of belimumab- exposed 
women and 43.8% (7/16) of placebo- exposed women in 
clinical trials; 4.2% (2/48) of women in the BPR prospective 
cohort and 50% (4/8) in the BPR retrospective cohort; 
and 31.4% (43/137) of belimumab- exposed women from 
postmarketing/spontaneous reports. All belimumab- exposed 
women in clinical trials and the BPR received concomitant 
medications and had confounding factors and/or missing 
data.
Conclusions Observations reported here add to 
limited data published on pregnancy outcomes following 
belimumab exposure. Low numbers of exposed pregnancies, 
presence of confounding factors/other biases, and 
incomplete information preclude informed recommendations 
regarding risk of birth defects and pregnancy loss with 
belimumab use.

INTRODUCTION
Systemic lupus erythematosus (SLE) is an autoim-
mune disease that predominantly affects women 
of childbearing age and poses considerable risks to 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Children of women with systemic lupus 
erythematosus (SLE) have a higher risk of birth 
defects than those born to women without SLE, 
and women with SLE are at increased risk of 
pregnancy loss. This is due to disease activity, 
antiphospholipid antibodies and exposure 
to certain commonly used SLE therapeutic 
agents. Belimumab is a targeted human IgG1 
monoclonal antibody approved in patients 
≥5 years of age for the treatment of active, 
autoantibody- positive SLE in combination with 
standard therapy.

 ⇒ Pregnant women are traditionally excluded 
from enrolling in clinical trials, and as such, 
there are limited safety data on the use of 
belimumab in pregnancy and any associated 
risk of birth defects and pregnancy loss.

WHAT THIS STUDY ADDS
 ⇒ This is the largest descriptive summary of birth 
defects and pregnancy losses among women 
exposed to belimumab during pregnancy. Data 
sources included belimumab clinical trials, 
the Belimumab Pregnancy Registry (BPR) 
and postmarketing/spontaneous reports of 
belimumab- exposed pregnant women with  
SLE.

 ⇒ Overall, among pregnancies ending in live birth, 
the numbers of birth defects in belimumab- 
exposed pregnancies were 4/72 (5.6%) in 
clinical trials, 10/46 (21.7%, ad hoc 95% CI 
9.8% to 33.7%) and 0/4 in the BPR prospective 
and retrospective cohorts, respectively, and 
1/92 (1.1%) in the postmarketing/spontaneous 
reports, with no consistent pattern of 
malformations. The numbers of pregnancy 
losses (out of pregnancies with known 
outcomes excluding elective terminations) were 
35/110 (31.8%) in clinical trials, 2/48 (4.2%, 
ad hoc 95% CI 0.0 to 9.8%) and 4/8 (50.0%) 
in the BPR prospective and retrospective 
cohorts, respectively, and 43/137 (31.4%) in the 
postmarketing/spontaneous reports.
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both mother and foetus during pregnancy.1 2 SLE- related factors 
such as renal disease and presence of antiphospholipid antibodies 
have been associated with poor pregnancy outcomes, including 
pre- eclampsia/eclampsia, miscarriage, abortion, preterm birth 
and maternal death, compared with women without SLE.3

Children of women with SLE have a higher risk of birth 
defects than those born to women without SLE.4–8 For instance, 
congenital heart block—a severe manifestation of neonatal 
lupus—has been associated with presence of the maternal auto-
antibodies anti- Ro/Sjögren’s syndrome- related antigen A (SSA) 
and anti- La/Sjögren’s syndrome- related antigen B (SSB), which 
can occur in SLE.8–10 Analysis of data from the 2000–2011 
Nationwide Inpatient Sample of the Healthcare Cost and Utili-
zation Project found a 4% increased risk of miscarriage among 
women with SLE compared with pregnancies in women without 
SLE.3 A meta- analysis of studies published between 2017 and 
2019 that included 9696 SLE- associated pregnancies reported 
a significantly increased risk of stillbirth and pregnancy loss in 
pregnant women with SLE compared with those without SLE.11

Standard SLE therapeutic agents, such as cyclophosphamide, 
methotrexate and mycophenolate mofetil (MMF), have been 
implicated in birth defects and pregnancy loss.1 12 13 A recent 
study suggested that there may be a small increased risk of 
birth defects after hydroxychloroquine exposure, although this 
finding is not consistent with other studies.14–17 Medical organ-
isations in Europe (European Alliance of Associations for Rheu-
matology) and in the USA (American College of Obstetrics and 
Gynecology and American College of Rheumatology (ACR)) 
recommend against the use of several high- risk agents including 
cyclophosphamide, MMF, mycophenolic acid, leflunomide and 
methotrexate during conception and pregnancy.18–20 There are 
also limited birth defect data for novel SLE treatments, such as 
biologic drugs.1 Therefore, SLE management often needs to be 
adjusted when pregnancy is planned, or when unplanned preg-
nancy is confirmed, to control disease while minimising harm.1 20

Belimumab is a disease- modifying biologic therapy that 
inhibits soluble B- lymphocyte stimulator (also known as B- cell 
activating factor),21 22 with a distribution and terminal half- 
life of 1.8 and 19.4 days, respectively.23 Efficacy and safety of 
belimumab plus standard therapy (ST) versus ST alone in patients 
with SLE have been demonstrated consistently across four phase 
III clinical trials.24–27 Belimumab is indicated for treatment of 
active, autoantibody- positive SLE in patients aged 5 years and 
older who are undergoing ST. Belimumab was first approved in 
2011 and is now approved in a number of regions, including the 
European Union, Japan, Latin America, the USA and China.28–32

In an animal combined embryo–foetal and prenatal and post-
natal development study with monkeys that received belimumab 
by intravenous administration, there was no evidence of foetal 
harm nor pregnancy loss rates, with exposures approximately 9 
times (based on intravenous administration) and 20 times (based 
on subcutaneous administration) the exposure at the maximum 
recommended human dose.29 However, there was evidence of 
reductions of immature and mature B- cell counts; while foetal 
B- cell counts decreased after in utero exposure to 5 and 150 mg/
kg of belimumab every 2 weeks during pregnancy, the B cells of 
infant monkeys fully recovered by 3 months of age.29 33

Here, we present birth defect and pregnancy loss data from 
belimumab clinical trials, the Belimumab Pregnancy Registry 
(BPR), and postmarketing/spontaneous reports in women with 
SLE exposed to belimumab prior to or during pregnancy.

METHODS
Data on birth defects and pregnancy loss (miscarriage or still-
birth) with belimumab exposures prior to or during pregnancy 
were collected from belimumab clinical trials, the BPR and post-
marketing/spontaneous reports from the Argus database (which 
included searches of the US Food and Drug Administration 
Adverse Event Reporting System and EudraVigilance databases) 
up to 8 March 2020.

Clinical trials
Although pregnant women were excluded from GSK- sponsored 
belimumab phase III trials, if pregnancy inadvertently occurred, 
the patient was withdrawn, but outcomes were monitored for 
the remainder of gestation. The exception was the phase IV 
Belimumab Assessment of Safety in SLE (BASE) trial (GSK Study 
BEL 115467, NCT01705977), where pregnant women could 
continue on- study at the discretion of the investigator. Inves-
tigators were required to report pregnancies to GSK within 24 
hours–2 weeks of learning of the pregnancy. Adverse pregnancy 
outcomes, including birth defects, were reported as serious 
adverse events. However, because the trials were not designed to 
study pregnancy outcomes, pertinent variables were not routinely 
collected (eg, confounding information, antiphospholipid anti-
bodies and factors associated with birth defects). Duplicate preg-
nancy cases, cases in which the sperm or egg donor was exposed to 
belimumab and cases where the male partner of the pregnant 
woman was exposed to belimumab preconception or during 
pregnancy were excluded from clinical trial cumulative counts. 
Eighteen belimumab trials were included in this summary (online 
supplemental table 1). Trial data were combined and summarised 
as one dataset for belimumab and placebo treatment arms, for all 
pregnancies ending in live birth (for birth defect summaries) or 
all pregnancies with known outcomes excluding elective termi-
nations (for pregnancy loss summaries).

Belimumab Pregnancy Registry
The BPR (GSK Study BEL114256, NCT01532310) is a global, 
multicentre observational cohort study collecting data from indi-
viduals with SLE exposed to commercially available belimumab 
up to 4 months before and/or during pregnancy.34 35 Individuals 
self- enrolled and were categorised into a prospective cohort (if 
they enrolled before the end of the pregnancy) or a retrospective 
cohort (if they enrolled after the pregnancy outcome occurred).

The primary objective of the BPR was to evaluate birth defects 
in women with SLE exposed to belimumab using the Metropol-
itan Atlanta Congenital Defects Program criteria36 and/or the 
European Surveillance of Congenital Anomalies criteria.34 35 37 

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY

 ⇒ These findings add to the limited data available on outcomes 
following maternal exposure to belimumab during pregnancy. 
Due to small sample sizes, presence of confounding factors, 
limitations related to capture of complete information, 
heterogeneity of the data sources, and the fact that the 
clinical trials and postmarketing/spontaneous reports were 
not designed to assess pregnancy outcomes, they cannot 
be used to make informed recommendations regarding risk 
of birth defects and pregnancy loss following belimumab 
exposure. This highlights the need for an alternative approach 
related to future efforts to evaluate outcomes in women 
exposed to belimumab during pregnancy.

https://dx.doi.org/10.1136/annrheumdis-2022-222505
https://dx.doi.org/10.1136/annrheumdis-2022-222505
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Secondary objectives were to evaluate the number of miscar-
riages, live births (including preterm birth and births of infants 
classified as small for gestational age), stillbirths, elective termi-
nations and infant outcomes through 12 months of age. Only 
birth defects and cases of pregnancy loss that were miscarriages 
or stillbirths have been included in this summary.

Belimumab exposure timing, SLE disease activity and concom-
itant medications, where available, were reported at registration, 
at the end of the second trimester and at the time of pregnancy 
outcome.

Birth defects were reviewed by the study Birth Defect Evalu-
ator to assess defect classification, exposure timing with outcome 
and potential confounding factors. With respect to pregnancy 
loss, the BPR defines miscarriage as foetal death or expulsion of 
products of conception prior to 20 weeks gestation; stillbirths 
were defined as foetal death occurring at 20 weeks of gestation 
or greater or for a fetus weighing ≥500 g if gestational age was 
unknown. Additionally, the BPR Scientific Advisory Committee, 
comprising the Birth Defect Evaluator and independent experts 
in SLE, paediatrics and obstetrics, reviewed and interpreted 
the cumulative data primarily from the BPR but also across the 
other datasets included in this report. This summary includes 
data collected between the start of the BPR on 16 July 2012 and 
8 March 2020.

Postmarketing/spontaneous reports
The GSK worldwide clinical safety database Argus, a postmar-
keting reporting system, was searched for postmarketing/sponta-
neous reports describing pregnancy or lactation with belimumab 
on 8 March 2020. Clinical trial and BPR cases, duplicate preg-
nancy cases, cases in which the sperm or egg donor was exposed 
to belimumab, and cases where the male partner of the pregnant 
woman was exposed to belimumab preconception or during 
pregnancy were excluded from the spontaneous report cumu-
lative counts. The remaining reports were then further assessed 
for pregnancy outcomes of live birth with a birth defect and for 
pregnancy losses.

Statistical analysis
Due to small sample sizes, limitations related to capture of 
complete information, the heterogeneity of the data sources and 
the presence of confounding factors, only cumulative numbers 
are reported for each of the individual data sources. Birth defect 
and pregnancy loss data are presented separately throughout for 
each data source. Ad hoc 95% CIs for the proportion of BPR 
cases with birth defects or pregnancy loss were calculated using 
the Wald method (simple asymptotic) without continuity. No 
statistical testing was performed; other data were summarised 
descriptively.

Patient and public involvement
It was not appropriate or possible to involve patients or the 
public in the design, conduct, reporting or dissemination plans 
of our research.

RESULTS
Summary of sources
A total of 586 pregnancy reports were identified across 18 
clinical trials (n=181 belimumab+ST, n=28 placebo+ST), 
the BPR (n=57 prospective, n=10 retrospective belimumab 
+ST) and from postmarketing/spontaneous reports (n=310 
belimumab+ST) outside of the BPR (table 1). Pregnancies with 
known outcomes excluding elective terminations are summarised 

herein: 126 were identified in clinical trials (n=110 belimumab, 
n=16 placebo); 56 (n=48 prospective, n=8 retrospective) were 
identified in the BPR; and 137 were postmarketing/spontaneous 
reports, with a collective total of 319.

Birth defects and pregnancy losses in belimumab clinical 
trials
Birth defects: belimumab+ST (n=4/72), placebo+ST (n=0/9)
Of 110 pregnancies with known outcomes excluding elective 
terminations in women exposed to belimumab during pregnancy 
in belimumab clinical trials, there were 72 pregnancies ending 
in live births, and birth defects were identified in four (5.6%) 
(tables 1 and 2). Two infants from the four pregnancies had more 
than one birth defect (table 2). In three cases, the investigator 
was of the opinion that the defect was unlikely to be associated 
with belimumab exposure; for the case of bilateral enlarged 
kidneys with severely abnormal function, the investigator indi-
cated that the event was possibly related to belimumab. Investi-
gators are required to mention if they find the association of an 
adverse event is likely or unlikely to be related to the investiga-
tional product. Foetal abnormalities were detected sonographi-
cally in two of these cases and abnormalities were not identified 
in prenatal testing in two cases. Patient characteristic data for 
the four women from a post hoc summary are shown in table 3. 
All four patients received prednisone and hydroxychloroquine 
(table 3).

There were no cases of birth defects reported in women with 
live births exposed to placebo (n=9).

Pregnancy loss cases: belimumab+ST (n=35/110) and placebo+ST 
(n=7/16)
Pregnancy loss occurred in 31.8% (n=35) of pregnan-
cies with known outcomes excluding elective terminations 
in women receiving belimumab and 43.8% (n=7) in those 
receiving placebo (table 1). None of the pregnancy losses in the 
belimumab group and one in the placebo group were associated 
with a birth defect.

Patient characteristic data from a post hoc summary are 
shown in table 3. For all 27 cases of belimumab exposure 
in the first trimester only, the pregnancy losses occurred 
within the first trimester. For the one woman who reported  
belimumab exposure during the first, second and third trimes-
ters, the pregnancy loss occurred within the third trimester. The 
most common concomitant medications of interest were cortico-
steroids, hydroxychloroquine and azathioprine (table 3). In eight 
cases of belimumab exposure, a concomitant medication (a preg-
nancy category D or X drug; methotrexate, MMF, azathioprine, 
enalapril, amlodipine or tretinoin) was thought to be likely caus-
ative of the pregnancy loss. For 22 cases of belimumab exposure, 
an alternative diagnosis or concurrent disease was thought to be 
the most likely cause of the pregnancy loss.

Birth defects and pregnancy losses in the BPR
Pregnancies with known outcomes excluding elective termi-
nations were reported in 56 women who enrolled in the BPR 
(table 1); of these, 50 pregnancies ended in live births (46 in the 
prospective cohort and four in the retrospective cohort).

Birth defects: belimumab+ST, prospective cohort (n=10/46); 
belimumab+ST, retrospective cohort (n=0/4)
Of the 46 pregnancies ending in live births (including two 
sets of twins) within the prospective cohort, 10 were asso-
ciated with a birth defect (21.7%, ad hoc 95% CI 9.8% to 
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33.7%), while no birth defects were reported in the retro-
spective cohort (n=0/4) (table 1). Patient characteristic and 
concomitant medications of interest data from an ad hoc 
summary are shown in table 3.

The birth defects within the 10 live birth pregnancies ranged 
in type and severity according to organ system. Three of the 10 
live birth pregnancies had more than one birth defect reported 
(table 2).

Nine women (90%) had prenatal testing prior to enrolment in the 
BPR; one had an abnormal result (infant with atrial septal defect) and 
another case where results were not available (Arnold- Chiari type II 
malformation) (table 2). All 10 pregnancies resulting in birth defects 
had prenatal testing results post enrolment in the BPR. Among these, 
two defects were detected prenatally (bilateral clubfoot and congen-
ital heart block), and one defect (hydronephrosis) was suspected by 
ultrasound or abnormal prenatal screening post enrolment.

Table 2 Cases of birth defects in patients receiving belimumab in clinical trials, the BPR and postmarketing/spontaneous reports

Cumulative count 
of reported cases Reported defect

The event fulfils 
MACDP* criteria?

EUROCAT classified 
defect?† Additional considerations

Clinical trials‡

1 Microcephaly NP NP –

Atrioventricular septal defect NP NP There is no reason to predict an IgG antibody would affect interventricular 
septum development (which completes by 7 weeks in humans) because 
belimumab is highly specific for B- lymphocyte stimulator which binds to 
receptors primarily localised to B lymphocytes and because there is very 
little placental transfer of IgG antibodies during the first trimester.55

Unbalanced translocation, 
involving chromosomes 11 
and 13

NP NP Unbalanced translocation involving chromosomes 11/13 is not plausibly 
linked to belimumab because it is not expected that a monoclonal IgG 
antibody would interact with DNA or chromosomal material

2 Bilateral enlarged kidneys 
with severely abnormal 
function

NP NP Oligohydramnios, ambrisentan use

Positional deformities of the 
head and extremities

NP NP –

3 Dandy- Walker syndrome NP NP –

4 Mild pulmonic stenosis 
(valvular with no intra- atrial 
shunt)

NP NP –

BPR

1 Bilateral clubfoot Yes Yes Can occur due to mechanical factors that take place within the pregnancy

2 Non- descending testis Yes No May not have involved belimumab exposure during the critical window of 
development

3 Very mild Ebstein’s anomaly 
of the tricuspid

Yes Yes –

4 Congenital heart block Yes No Confounded by neonatal lupus with presence of anti- Ro/SSA and anti- La/
SSB antibodies

5 Small ventricular septal 
defect

Yes Yes Described as tiny atypical ventricular septal defect and muscular

Congenital hydronephrosis Yes Yes –

6 Low- lying conus medullaris Yes Yes –

Pelviectasis Yes No –

7 Positional plagiocephaly Yes No Can occur due to mechanical factors that take place within the pregnancy

Positional torticollis Yes No Can occur due to mechanical factors that take place within the pregnancy

8 Small fenestrated atrial septal 
defect

ED§ Yes Prenatal testing prior to enrolment with abnormal results

9 Severe Arnold- Chiari type II 
malformation

Yes Yes Enrolled in third trimester, prenatal testing done prior to enrolment but 
results unknown

10 Ankyloglossia Yes No –

Postmarketing/spontaneous reports

1 Extrarenal pelvis NP NP Sibling with a cardiac defect reported separately and included in this report; 
this presents a potential for a reporting bias and/or an underlying genetic 
predisposition

*Inclusive of birth defects that are tracked by MACDP via the CDC/BPA 6- digit code defect list. Cases were also considered defects if the infant or foetus had two or more 
conditional defects. MACDP classification analyses were not performed for the cases from clinical trials and postmarketing/spontaneous reports.
†Inclusive of birth defects classified by EUROCAT (eurocat- network.eu/), coded using ICD- 10 with a BPA 1- digit extension. EUROCAT classification analyses were not performed 
for the cases from clinical trials and postmarketing/spontaneous reports.
‡Data shown for belimumab treatment arms only.
§Single EDs within an infant were not considered to be birth defect cases.
BPA, British Paediatric Association; BPR, Belimumab Pregnancy Registry; CDC, Centers for Disease Control and Prevention; ED, exclusionary defect; EUROCAT, European 
Surveillance of Congenital Anomalies; ICD- 10, International Statistical Classification of Diseases and Related Health Problems, 10th Revision; MACDP, Metropolitan Atlanta 
Congenital Defects Program; NP, not performed; SSA, Sjögren’s syndrome- related antigen A; SSB, Sjögren’s syndrome- related antigen B.
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Table 3 Patient characteristics and concomitant medications of interest from belimumab clinical trials (post hoc summary) and the BPR (ad hoc 
summary)

Birth defects Pregnancy loss

Belimumab Belimumab Placebo

Clinical trials* n=4 n=35 n=7

  Mean (SD) age at enrolment (years) 27.5 (4.51) 28.6 (5.29)† 32.0 (5.48)

  Mean SLEDAI at baseline (SD) 11.0 (7.75) 9.2 (4.80)‡ 8.4 (1.81)

  Trimesters of exposure, n (%)     

   First trimester only 1 (25) 27 (77) 3 (43)

   First and second trimesters 3 (75) 7 (20) 4 (57)

   First, second and third trimesters 0 1 (3) 0

  Prednisone use >10 mg/day, n (%) – 12 (34) 2 (29)

  Concomitant medications of interest, n (%)     

   Azathioprine 0 6 (17) 2 (29)

   Enalapril 0 4 (11) 0

   Hydroxychloroquine 4 (100) 18 (51) 2 (29)

   Lisinopril 0 2 (6) 0

   Losartan 0 3 (9) 0

   Methotrexate 0 2 (6) 0

   Methylprednisolone 0 4 (11) 0

   Mycophenolate 0 4 (11) 0

   Corticosteroids: Prednisone/meprednisone/prednisolone 4 (100) 21 (60) 3 (43)

   Tretinoin 0 1 (3) 0

aCL baseline status, n (%)     

  Baseline status data available   13 6

  aCL status positive at baseline   5 (39) 0

BPR n=10 n=6 –

  Mean (SD) age at enrolment (years) 34.2 (3.2) 34.0 (3.4) –

  Earliest belimumab exposure, n (%)     

   Preconception 9 (90) 5 (84) –

   First trimester only 1 (10) 1 (17) –

  Last belimumab exposure, n (%)     

   First trimester 2 (20) 0 –

   Second trimester 6 (60) 0 –

   Postpartum 2 (20) 6 (100) –

  Concomitant medications of interest, n (%)     

   Antimalarials 9 (90) 3 (50) –

   Immunosuppressants     

   Azathioprine 2 (20) 0 –

   Cyclosporin 1 (10) 1 (17) –

   Methotrexate 1 (10) 1 (17) –

   MMF 0 1 (17) –

   Corticosteroids 6 (60) 3 (50) –

   Epilepsy medication 1 (10) 0 –

   NSAIDs 2 (20) 1 (17) –

   Folate 7 (70) 2 (33) –

   ACE inhibitors 0 0 –

   Heparin 2 (20) 0 –

   Aspirin 3 (30) 1 (17) –

   Calcium channel blockers 0 1 (17) –

   Beta blockers 0 1 (17) –

*Other concomitant medications in the birth defects group include, but are not limited to, prochlorperazine, zolpidem, amlodipine, furosemide and ambrisentan (all n=1). 
Relevant concomitant medications were teratogens, medications associated with pregnancy loss, medications indicating severe or refractory diagnosis or acetylsalicylic acid/
warfarin.
†N=34.
‡N=33.
aCL, anticardiolipin; BPR, Belimumab Pregnancy Registry; MMF, mycophenolate mofetil; NSAID, non- steroidal anti- inflammatory drug.
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Pregnancy loss cases: belimumab+ST, prospective cohort (n=2/48) 
and belimumab+ST, retrospective cohort (n=4/8)
Within the prospective cohort, pregnancy loss occurred in 4.2% 
(n=2 miscarriages, ad hoc 95% CI 0.0 to 9.8%) of the 48 women 
with known pregnancy outcomes excluding elective termina-
tions (table 1). Of the two women in the prospective cohort who 
had a miscarriage, one reported not having any prenatal testing 
prior to enrolment, and no antiphospholipid test, physician 
global assessment or Systemic Lupus International Collaborating 
Clinics/ACR Damage Index data were available for both women. 
None of the pregnancy losses were associated with a birth defect.

Half (n=4/8) of the women from the retrospective cohort 
with a known pregnancy outcome excluding elective termina-
tions had a pregnancy loss (all miscarriages) prior to BPR enrol-
ment (table 1). One patient with known anticardiolipin (aCL) 
and lupus anticoagulant (LAC) test data was aCL negative and 
LAC positive; aCL and LAC data were not known for all other 
cases. None of the pregnancy losses were associated with a birth 
defect.

Patient characteristic data from an ad hoc summary are shown 
in table 3. None of the six women with a pregnancy loss from 
both BPR cohorts had a history of gestational diabetes, pre- 
eclampsia, eclampsia or haemolysis, elevated liver enzymes and 
low platelets syndrome. The most common concomitant medi-
cations of interest during pregnancy among the six women were 
corticosteroids (n=3, all retrospective cases) and antimalarials 
(n=3, two prospective and one retrospective case) (table 3).

Birth defects and pregnancy loss in postmarketing/
spontaneous reports
Known outcomes excluding elective terminations were available 
for 137 postmarketing or spontaneous reports of pregnancies 
outside of the BPR in women exposed to belimumab.

One stillbirth and one miscarriage case had a birth defect 
(table 1). A total of 92 pregnancies ended in live births (including 
two twin pregnancies), of which 1 (1.1%) pregnancy reported 
a birth defect (table 1). Pregnancy losses were reported in 
43 (31.4%) of the 137 pregnancies with known outcomes, 
excluding elective terminations (table 1). Confounder analysis 
was not performed for these postmarketing/spontaneous report 
cases due to lack of documentation.

DISCUSSION
This report summarises the available data on birth defects and 
pregnancy loss (miscarriage or stillbirth) in women exposed to 
belimumab during pregnancy from three available data sources up 
to 8 March 2020. However, limitations in the data sources used 
in the present summaries (discussed further) prevented quantita-
tive comparisons of the prevalence and risk of birth defects and 
pregnancy loss in the pregnancies of belimumab- exposed women 
with SLE. Furthermore, differences in study populations and 
timing, diagnostic capabilities, information on SLE severity, clin-
ical factors, concomitant medications, comorbidities and incon-
sistent definitions of birth defect preclude comparisons between 
our data and the limited published literature.

SLE and some SLE therapies are associated with birth defect 
and pregnancy loss. The risk of birth defects in infants of women 
with SLE is higher than in the general population.5–7 38 Detailed 
anatomy ultrasound scans, foetal echocardiography and serial 
scans are recommended for pregnant individuals with SLE due 
to increased risks of congenital heart block and foetal growth 
restriction. Over the past decade, advances in ultrasound tech-
nology have enhanced the ability to detect malformations in 

utero and after birth.39–41 Estimates of pregnancy loss among 
women with SLE are ~20% (range across 44 studies: 2.9%–
52.6%; see online supplemental file 1), with estimates increasing 
for those with a longer duration of disease.42–45

Available data on belimumab use in pregnant women are insuf-
ficient to determine whether there are drug- associated risks for 
birth defects.29 Current prescribing information recommends use 
during pregnancy only if the potential maternal benefit justifies 
the potential foetal risk.29 The European Alliance of Associations 
for Rheumatology and the British Society for Rheumatology 
advise caution for belimumab treatment during pregnancy,18 46 
and discontinuation once pregnancy is confirmed is recom-
mended by the ACR.20 These recommendations are based on a 
lack of data on the effect of belimumab on pregnancy outcomes. 
Small studies have not identified birth defects with belimumab: 
a recent real- world study of 13 patients exposed to belimumab 
during pregnancy in Taiwan reported no birth defects among 11 
live births.47 Similarly, a study of 13 pregnancies of women with 
SLE exposed to belimumab across three Italian centres reported 
no defects among 12 live births.48

The pregnancy loss results of this summary are a continuation 
of a previous belimumab safety evaluation published in 2013, 
in which Wallace and colleagues reported 13 pregnancy losses 
out of 44 pregnancies with known outcomes (29.5%) in patients 
receiving belimumab and three pregnancy losses out of six preg-
nancies (50.0%) in those receiving placebo.49 These data are 
included within the current summary.

Consistent with SLE treatment recommendations, the most 
common concomitant medications across data sources were 
antimalarials and corticosteroids. The use of these medications 
is generally considered safe during pregnancy.1 12 13 Immuno-
suppressants were also reported for many pregnancies, of which 
azathioprine was the most common. This is consistent with 
evidence that suggests certain immunosuppressant medications 
should be avoided during pregnancy, including MMF, cyclo-
phosphamide and methotrexate, whereas azathioprine use is 
considered safe at the minimum effective dose.1 12 13

There are several limitations to the data used in this summary. 
The data presented are from various sources with different 
lengths of belimumab exposure; the clinical trials and post-
marketing/spontaneous reports were not specifically designed 
to assess birth defects nor pregnancy loss and variables poten-
tially impacting pregnancy outcomes were not generally 
collected in the clinical trials. The impact of SLE disease activity 
may confound our findings since various adverse pregnancy 
outcomes are more frequent in SLE pregnancies where disease is 
more active.3 This report had insufficient information to deter-
mine an association between the timing of belimumab exposure 
and occurrence of malformations, particularly since some of the 
observed malformations are associated with other factors (eg, 
congenital heart block is linked to the presence of maternal 
anti- Ro/SSA and anti- La/SSB autoantibodies).9 50 SLE treatment 
commonly includes immunosuppressants, which can increase the 
risk of infection; some infections (eg, maternal rubella virus and 
cytomegalovirus infections) can be teratogenic,51 although no 
infections were captured across these data sources. Furthermore, 
the use of pregnancies ending in live births as the denominator 
for birth defects likely overestimated the true defect prevalence.

We cannot provide informed recommendations on the use 
of belimumab during pregnancy owing to insufficient numbers 
of observed pregnancies, lack of suitable unexposed groups for 
comparisons, missing information, presence of confounding 
factors and insufficient methodology to examine birth defects 
and pregnancy losses, which prevented full statistical analysis. 

https://dx.doi.org/10.1136/annrheumdis-2022-222505
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Understanding the effects of risk factors associated with foetal 
loss during pregnancy requires complete data capture from 
conception; as most data used in this report did not collect Safety 
of Estrogens in Lupus National Assessment- Systemic Lupus 
Erythematosus Disease Activity Index (SELENA-SLEDAI) scores 
at the time of conception and at pregnancy loss, our summaries 
could not accurately assess the frequency of SLE flares during 
pregnancy. In the clinical trials and BPR, aCL antibody data were 
only available for approximately half of pregnancy cases, and 
LAC data were not available. In addition, women voluntarily 
enrolled in the BPR, and as such may not be representative of 
all belimumab- exposed SLE individuals, possibly being more 
motivated and/or having higher pregnancy risks than those who 
did not volunteer.52–54 Other limitations include the BPR not 
having a sufficiently powered control group of pregnant women 
unexposed to belimumab within the prospective cohort, which 
may have biased this cohort toward a higher rate of belimumab- 
related events. Lastly, spontaneous reports are more likely to 
capture negative rather than positive outcomes, frequently lack 
the documentation necessary to ascertain causality and are diffi-
cult to interpret given the high baseline risk of pregnancy loss 
in patients with SLE. As such, data should be interpreted with 
caution.

CONCLUSIONS
We present a summary of data across several sources reporting 
birth defects and pregnancy loss after maternal exposure to 
belimumab. Given the limitations of the data, birth defect and 
pregnancy loss that occurred following belimumab exposure 
could be presented only descriptively. Increased rates of patient 
enrolment into pregnancy studies and enhancing quality of data 
collection in pregnancy studies would allow for better evaluation 
of birth defects and pregnancy loss risks after maternal exposure 
to treatment.

Author affiliations
1Rheumatology, Johns Hopkins University School of Medicine, Baltimore, Maryland, 
USA
2Maternal And Fetal Medicine, Georgetown University Medical Center, Northwest 
Washington, Washington, DC, USA
3Department of Obstetrics and Gynecology, MedStar Georgetown University Hospital, 
Northwest Washington, Washington, DC, USA
4Department of Medicine, Duke University School of Medicine, Durham, North 
Carolina, USA
5Value Evidence and Outcomes, GSK, Stevenage, Hertfordshire, UK
6Medical Affairs, GSK, Dubai, UAE
7Biostatistics, GSK, Collegeville, Pennsylvania, USA
8Specialty Care, Global Medical Affairs, GSK, Collegeville, Pennsylvania, USA
9Global Clinical Safety and Pharmacovigilance, GSK, Brentford, UK
10US Case Management Group, GSK, Research Triangle Park, North Carolina, USA
11Immunoinflammation, GSK, Collegeville, USA
12Epidemiology, GSK, Uxbridge, Middlesex, UK
13Value Evidence Outcomes Epidemiology, GSK, Research Triangle Park, North 
Carolina, USA
14Department of Epidemiology, University of North Carolina Gillings School of Global 
Public Health, Chapel Hill, North Carolina, USA
15Safety and Medical Governance, GSK, Research Triangle Park, North Carolina, USA
16Epidemiology, GSK, Research Triangle Park, North Carolina, USA
17Immunology Biostatistics, GSK, Brentford, UK
18Clinical Sciences, GSK, Research Triangle Park, North Carolina, USA
19Vaccines, GSK, Collegeville, Pennsylvania, USA

Acknowledgements Medical writing support was provided by Liam Campbell, 
PhD, of Fishawack Indicia, UK, and was funded by GSK. The authors acknowledge 
the contributions of Marcy Powell (GSK), Damon L Bass (GSK),and Daniela Negrini 
(GSK) to the summaries contained in this report.

Contributors KG, MKu, RM, JMP, PJ and DAR contributed to the conception or 
design of the study. All authors contributed to the data analysis or interpretation. All 
authors contributed towards the preparation of the manuscript, approved the final 
submitted version and agreed to be listed as authors.

Funding This summary (GSK Study BEL201182) and the BPR (GSK Study 
BEL114256; NCT01532310) were funded by GSK.

Competing interests KG, MKh, RAL, AL, RM, MBC, KW, JHNH, HQ, PJ and DAR 
are employees of GSK and hold shares in the company. KG is a previous employee 
of Novartis and holds shares in the company. At the time of the study, MKu, PM and 
JMP were employees of GSK and hold shares in the company. MP received grant 
support from GSK and is a member of the BPR Scientific Advisory Committee. HL 
received royalties/licences from UpToDate Inc (Wolters Kluwer Health), has received 
consulting fees from AMAG Pharmaceuticals and is a member of the BPR Scientific 
Advisory Committee. KS is employed by the University of North Carolina at Chapel 
Hill to assist GSK with research. HT is a member of the BPR Scientific Advisory 
Committee and a GSK retiree. MEBC received grants from GSK and UCB, and acted 
as a consultant to GSK and UCB. RAL is the guarantor.

Patient and public involvement Patients and/or the public were not involved in 
the design, conduct, reporting or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. 
Anonymised individual participant data and study documents can be requested for 
further research ( www. clin ical stud ydat arequest. com).

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Michelle Petri http://orcid.org/0000-0003-1441-5373
Megan E B Clowse http://orcid.org/0000-0002-8579-3470
Roger A Levy http://orcid.org/0000-0001-6393-6031
Holly Quasny http://orcid.org/0000-0002-1659-0004

REFERENCES
 1 Taulaigo AV, Moschetti L, Ganhão S, et al. Safety considerations when using drugs 

in pregnant patients with systemic lupus erythematosus. Expert Opin Drug Saf 
2021;20:523–36.

 2 Tani C, Zucchi D, Haase I, et al. Are remission and low disease activity state ideal 
targets for pregnancy planning in systemic lupus erythematosus? A multicentre study. 
Rheumatology 2021;60:5610–9.

 3 Ling N, Lawson E, von Scheven E. Adverse pregnancy outcomes in adolescents and 
young women with systemic lupus erythematosus: a national estimate. Pediatr 
Rheumatol Online J 2018;16:26.

 4 Vinet É, Pineau CA, Scott S, et al. Increased congenital heart defects in children born 
to women with systemic lupus erythematosus: results from the offspring of systemic 
lupus erythematosus mothers registry study. Circulation 2015;131:149–56.

 5 Wallenius M, Salvesen KÅ, Daltveit AK, et al. Systemic lupus erythematosus and 
outcomes in first and subsequent births based on data from a national birth registry. 
Arthritis Care Res 2014;66:1718–24.

 6 Bundhun PK, Soogund MZS, Huang F. Impact of systemic lupus erythematosus 
on maternal and fetal outcomes following pregnancy: a meta- analysis of studies 
published between years 2001- 2016. J Autoimmun 2017;79:17–27.

 7 Nili F, McLeod L, O’Connell C, et al. Maternal and neonatal outcomes in pregnancies 
complicated by systemic lupus erythematosus: a population- based study. J Obstet 
Gynaecol Can 2013;35:323–8.

 8 Brito- Zerón P, Izmirly PM, Ramos- Casals M, et al. Autoimmune congenital heart block: 
complex and unusual situations. Lupus 2016;25:116–28.

 9 Ambrosi A, Wahren- Herlenius M. Congenital heart block: evidence for a pathogenic 
role of maternal autoantibodies. Arthritis Res Ther 2012;14:208.

 10 Sonesson S- E, Wahren- Herlenius M. Surveillance of congenital heart block in highly 
specialised care. Lancet Rheumatol 2020;2:e203–4.

 11 He WR, Wei H. Maternal and fetal complications associated with systemic lupus 
erythematosus: an updated meta- analysis of the most recent studies (2017- 2019). 
Medicine 2020;99:e19797.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-1441-5373
http://orcid.org/0000-0002-8579-3470
http://orcid.org/0000-0001-6393-6031
http://orcid.org/0000-0002-1659-0004
http://dx.doi.org/10.1080/14740338.2021.1893298
http://dx.doi.org/10.1093/rheumatology/keab155
http://dx.doi.org/10.1186/s12969-018-0242-0
http://dx.doi.org/10.1186/s12969-018-0242-0
http://dx.doi.org/10.1161/CIRCULATIONAHA.114.010027
http://dx.doi.org/10.1002/acr.22373
http://dx.doi.org/10.1016/j.jaut.2017.02.009
http://dx.doi.org/10.1016/S1701-2163(15)30959-2
http://dx.doi.org/10.1016/S1701-2163(15)30959-2
http://dx.doi.org/10.1177/0961203315624024
http://dx.doi.org/10.1186/ar3787
http://dx.doi.org/10.1016/S2665-9913(20)30028-X
http://dx.doi.org/10.1097/MD.0000000000019797


225Petri M, et al. Ann Rheum Dis 2023;82:217–225. doi:10.1136/annrheumdis-2022-222505

Systemic lupus erythematosus

 12 Knight CL, Nelson- Piercy C. Management of systemic lupus erythematosus during 
pregnancy: challenges and solutions. Open Access Rheumatol 2017;9:37–53.

 13 Østensen M, Förger F. How safe are anti- rheumatic drugs during pregnancy? Curr 
Opin Pharmacol 2013;13:470–5.

 14 Andersson NW, Skov L, Andersen JT. Fetal safety of chloroquine and 
hydroxychloroquine use during pregnancy: a nationwide cohort study. Rheumatology 
2021;60:2317–26.

 15 Bérard A, Sheehy O, Zhao J- P, et al. Chloroquine and hydroxychloroquine use during 
pregnancy and the risk of adverse pregnancy outcomes using real- world evidence. 
Front Pharmacol 2021;12:722511.

 16 Huybrechts KF, Bateman BT, Zhu Y, et al. Hydroxychloroquine early in pregnancy and 
risk of birth defects. Am J Obstet Gynecol 2021;224:290.e1–290.e22.

 17 Braga A, Barros T, Faria R, et al. Systemic lupus erythematosus and pregnancy: 
a retrospective single- center study of 215 pregnancies from Portugal. Lupus 
2021;30:2165–75.

 18 Andreoli L, Bertsias GK, Agmon- Levin N, et al. EULAR recommendations for women’s 
health and the management of family planning, assisted reproduction, pregnancy and 
menopause in patients with systemic lupus erythematosus and/or antiphospholipid 
syndrome. Ann Rheum Dis 2017;76:476–85.

 19 ACOG Committee opinion no. 776: immune modulating therapies in pregnancy and 
lactation. Obstet Gynecol 2019;133:e287–95.

 20 Sammaritano LR, Bermas BL, Chakravarty EE. 2020 American College of 
rheumatology guideline for the management of reproductive health in rheumatic and 
musculoskeletal diseases. Arthritis Rheumatol 2020;72:529–56.

 21 Baker KP, Edwards BM, Main SH, et al. Generation and characterization of 
LymphoStat- B, a human monoclonal antibody that antagonizes the bioactivities of B 
lymphocyte stimulator. Arthritis Rheum 2003;48:3253–65.

 22 Halpern WG, Lappin P, Zanardi T, et al. Chronic administration of belimumab, a BLyS 
antagonist, decreases tissue and peripheral blood B- lymphocyte populations in 
cynomolgus monkeys: pharmacokinetic, pharmacodynamic, and toxicologic effects. 
Toxicol Sci 2006;91:586–99.

 23 Struemper H, Chen C, Cai W. Population pharmacokinetics of belimumab following 
intravenous administration in patients with systemic lupus erythematosus. J Clin 
Pharmacol 2013;53:711–20.

 24 Navarra SV, Guzmán RM, Gallacher AE, et al. Efficacy and safety of belimumab in 
patients with active systemic lupus erythematosus: a randomised, placebo- controlled, 
phase 3 trial. Lancet 2011;377:721–31.

 25 Furie R, Petri M, Zamani O, et al. A phase III, randomized, placebo- controlled study of 
belimumab, a monoclonal antibody that inhibits B lymphocyte stimulator, in patients 
with systemic lupus erythematosus. Arthritis Rheum 2011;63:3918–30.

 26 Zhang F, Bae S- C, Bass D, et al. A pivotal phase III, randomised, placebo- controlled 
study of belimumab in patients with systemic lupus erythematosus located in China, 
Japan and South Korea. Ann Rheum Dis 2018;77:355–63.

 27 Stohl W, Schwarting A, Okada M, et al. Efficacy and safety of subcutaneous 
belimumab in systemic lupus erythematosus: a fifty- two- week randomized, double- 
blind, placebo- controlled study. Arthritis Rheumatol 2017;69:1016–27.

 28 European Medicines Agency. ANNEX I - summary of product characteristics, Benlysta., 
2021. Available: https://www.ema.europa.eu/en/documents/product-information/ 
benlysta-epar-product-information_en.pdf [Accessed 08 Jun 2021].

 29 GlaxoSmithKline. Benlysta prescribing information. Available: https://gskpro. 
com/content/dam/global/hcpportal/en_US/Prescribing_Information/Benlysta/pdf/ 
BENLYSTA-PI-MG-IFU.PDF [Accessed Apr 2021].

 30 GlaxoSmithKline. GSK receives approval for Benlysta in Japan for the treatment of 
systemic lupus erythematosus, 2017. Available: https://www.gsk.com/en-gb/media/ 
press-releases/gsk-receives-approval-for-benlysta-in-japan-for-the-treatment-of- 
systemic-lupus-erythematosus/ [Accessed 03 Aug 2020].

 31 GlaxoSmithKline. The world’s first biologic therapy for patients with SLE, Benlysta 
receives NMPA approval for children with lupus aged five years and above, 2020. 
Available: https://www.gsk.com/en-gb/media/press-releases/china-s-national-medical- 
products-administration-approves-benlysta-belimumab-for-adult-patients-with-active- 
lupus-nephritis/ [Accessed 14 Dec 2020].

 32 Anvisa NHSA-. Benlysta® (belimumab): use extension, 2020. Available: https://www. 
gov.br/anvisa/pt-br/assuntos/medicamentos/novos-medicamentos-e-indicacoes/ 
benlysta-r-belimumabe-ampliacao-de-uso [Accessed Aug 2021].

 33 Auyeung- Kim DJ, Devalaraja MN, Migone T- S, et al. Developmental and peri- postnatal 
study in cynomolgus monkeys with belimumab, a monoclonal antibody directed 
against B- lymphocyte stimulator. Reprod Toxicol 2009;28:443–55.

 34 GlaxoSmithKline. Belimumab (BENLYSTA™) pregnancy registry, 2014. Available: 
https://www.bprgsk.com/ [Accessed 04 Aug 2020].

 35 GlaxoSmithKline. GSK pregnancy registries. Available: http://pregnancyregistry.gsk. 
com/belimumab.html [Accessed Feb 2021].

 36 Centers for Disease Control and Prevention. Metropolitan Atlanta congenital defects 
program, 2019. Available: https://www.cdc.gov/ncbddd/birthdefects/macdp.html# 
Reports [Accessed 29 June 2020].

 37 EUROCAT. EUROCAT guide 1.4: instruction for the registration of congenital 
anomalies (last update version 15/11/2019), 2013. Available: https://eu-rd-platform. 
jrc.ec.europa.eu/eurocat/data-collection/guidelines-for-data-registration_en [Accessed 
29 Jun 2020].

 38 Egbe A, Uppu S, Lee S, et al. Congenital malformations in the newborn population: a 
population study and analysis of the effect of sex and prematurity. Pediatr Neonatol 
2015;56:25–30.

 39 Rayburn WF, Jolley JA, Simpson LL. Advances in ultrasound imaging for congenital 
malformations during early gestation. Birth Defects Res A Clin Mol Teratol 
2015;103:260–8.

 40 Pasupathy D, Denbow ML, Rutherford MA, et al. The combined use of ultrasound 
and fetal magnetic resonance imaging for a comprehensive fetal neurological 
assessment in fetal congenital cardiac defects: scientific impact paper No. 60. BJOG 
2019;126:e142–51.

 41 Chaoui R, Abuhamad A, Martins J, et al. Recent development in three and four 
dimension fetal echocardiography. Fetal Diagn Ther 2020;47:345–53.

 42 Zamani B, Shayestehpour M, Esfahanian F, et al. The study of factors associated with 
pregnancy outcomes in patients with systemic lupus erythematosus. BMC Res Notes 
2020;13:185.

 43 Clowse MEB, Wallace DJ, Weisman M, et al. Predictors of preterm birth 
in patients with mild systemic lupus erythematosus. Ann Rheum Dis 
2013;72:1536–9.

 44 Yan Yuen S, Krizova A, Ouimet JM, et al. Pregnancy outcome in systemic lupus 
erythematosus (SLE) is improving: results from a case control study and literature 
review. Open Rheumatol J 2008;2:89–98.

 45 Park E- J, Jung H, Hwang J, et al. Pregnancy outcomes in patients with systemic lupus 
erythematosus: a retrospective review of 62 pregnancies at a single tertiary center in 
South Korea. Int J Rheum Dis 2014;17:887–97.

 46 Flint J, Panchal S, Hurrell A, et al. BSR and BHPR guideline on prescribing drugs in 
pregnancy and breastfeeding- Part I: standard and biologic disease modifying anti- 
rheumatic drugs and corticosteroids. Rheumatology 2016;55:1693–7.

 47 Kao J- H, Lan T- Y, Lu C- H, et al. Pregnancy outcomes in patients treated 
with belimumab: report from real- world experience. Semin Arthritis Rheum 
2021;51:963–8.

 48 Crisafulli F, Gerardi MC, Moschetti L, et al. POS0702 pregnancy in SLE patients 
treated with BELIMUMAB: experience from 3 ITALIAN centers. Ann Rheum Dis 
2021;80:600–1.

 49 Wallace DJ, Navarra S, Petri MA, et al. Safety profile of belimumab: pooled data 
from placebo- controlled phase 2 and 3 studies in patients with systemic lupus 
erythematosus. Lupus 2013;22:144–54.

 50 Wainwright B, Bhan R, Trad C, et al. Autoimmune- mediated congenital heart block. 
Best Pract Res Clin Obstet Gynaecol 2020;64:41–51.

 51 Ye Z, Wang L, Yang T, et al. Maternal viral infection and risk of fetal congenital heart 
diseases: a meta- analysis of observational studies. J Am Heart Assoc 2019;8:e011264.

 52 Benevent J, Montastruc F, Damase- Michel C. The importance of 
pharmacoepidemiology in pregnancy- implications for safety. Expert Opin Drug Saf 
2017;16:1181–90.

 53 Johnson KA, Weber PA, Jones KL, et al. Selection bias in teratology information service 
pregnancy outcome studies. Teratology 2001;64:79–82.

 54 Charlton R, de Vries C. Systematic overview of data sources for drug safety in 
pregnancy research. Consultancy EMA/2010/29/CN, 2012. Available: http://www. 
encepp.eu/structure/documents/Data_sources_for_medicines_in_pregnancy_ 
research.pdf [Accessed April 2021].

 55 Simister NE. Placental transport of immunoglobulin G. Vaccine 2003;21:3365–9.

http://dx.doi.org/10.2147/OARRR.S87828
http://dx.doi.org/10.1016/j.coph.2013.03.004
http://dx.doi.org/10.1016/j.coph.2013.03.004
http://dx.doi.org/10.1093/rheumatology/keaa592
http://dx.doi.org/10.3389/fphar.2021.722511
http://dx.doi.org/10.1016/j.ajog.2020.09.007
http://dx.doi.org/10.1177/09612033211050340
http://dx.doi.org/10.1136/annrheumdis-2016-209770
http://dx.doi.org/10.1097/AOG.0000000000003176
http://dx.doi.org/10.1002/art.41191
http://dx.doi.org/10.1002/art.11299
http://dx.doi.org/10.1093/toxsci/kfj148
http://dx.doi.org/10.1002/jcph.104
http://dx.doi.org/10.1002/jcph.104
http://dx.doi.org/10.1016/S0140-6736(10)61354-2
http://dx.doi.org/10.1002/art.30613
http://dx.doi.org/10.1136/annrheumdis-2017-211631
http://dx.doi.org/10.1002/art.40049
https://www.ema.europa.eu/en/documents/product-information/benlysta-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/benlysta-epar-product-information_en.pdf
https://gskpro.com/content/dam/global/hcpportal/en_US/Prescribing_Information/Benlysta/pdf/BENLYSTA-PI-MG-IFU.PDF
https://gskpro.com/content/dam/global/hcpportal/en_US/Prescribing_Information/Benlysta/pdf/BENLYSTA-PI-MG-IFU.PDF
https://gskpro.com/content/dam/global/hcpportal/en_US/Prescribing_Information/Benlysta/pdf/BENLYSTA-PI-MG-IFU.PDF
https://www.gsk.com/en-gb/media/press-releases/gsk-receives-approval-for-benlysta-in-japan-for-the-treatment-of-systemic-lupus-erythematosus/
https://www.gsk.com/en-gb/media/press-releases/gsk-receives-approval-for-benlysta-in-japan-for-the-treatment-of-systemic-lupus-erythematosus/
https://www.gsk.com/en-gb/media/press-releases/gsk-receives-approval-for-benlysta-in-japan-for-the-treatment-of-systemic-lupus-erythematosus/
https://www.gsk.com/en-gb/media/press-releases/china-s-national-medical-products-administration-approves-benlysta-belimumab-for-adult-patients-with-active-lupus-nephritis/
https://www.gsk.com/en-gb/media/press-releases/china-s-national-medical-products-administration-approves-benlysta-belimumab-for-adult-patients-with-active-lupus-nephritis/
https://www.gsk.com/en-gb/media/press-releases/china-s-national-medical-products-administration-approves-benlysta-belimumab-for-adult-patients-with-active-lupus-nephritis/
https://www.gov.br/anvisa/pt-br/assuntos/medicamentos/novos-medicamentos-e-indicacoes/benlysta-r-belimumabe-ampliacao-de-uso
https://www.gov.br/anvisa/pt-br/assuntos/medicamentos/novos-medicamentos-e-indicacoes/benlysta-r-belimumabe-ampliacao-de-uso
https://www.gov.br/anvisa/pt-br/assuntos/medicamentos/novos-medicamentos-e-indicacoes/benlysta-r-belimumabe-ampliacao-de-uso
http://dx.doi.org/10.1016/j.reprotox.2009.07.002
https://www.bprgsk.com/
http://pregnancyregistry.gsk.com/belimumab.html
http://pregnancyregistry.gsk.com/belimumab.html
https://www.cdc.gov/ncbddd/birthdefects/macdp.html#Reports
https://www.cdc.gov/ncbddd/birthdefects/macdp.html#Reports
https://eu-rd-platform.jrc.ec.europa.eu/eurocat/data-collection/guidelines-for-data-registration_en
https://eu-rd-platform.jrc.ec.europa.eu/eurocat/data-collection/guidelines-for-data-registration_en
http://dx.doi.org/10.1016/j.pedneo.2014.03.010
http://dx.doi.org/10.1002/bdra.23353
http://dx.doi.org/10.1111/1471-0528.15620
http://dx.doi.org/10.1159/000500454
http://dx.doi.org/10.1186/s13104-020-05039-9
http://dx.doi.org/10.1136/annrheumdis-2012-202449
http://dx.doi.org/10.2174/1874312900802010089
http://dx.doi.org/10.1111/1756-185X.12435
http://dx.doi.org/10.1093/rheumatology/kev404
http://dx.doi.org/10.1016/j.semarthrit.2021.06.005
http://dx.doi.org/10.1136/annrheumdis-2021-eular.2862
http://dx.doi.org/10.1177/0961203312469259
http://dx.doi.org/10.1016/j.bpobgyn.2019.09.001
http://dx.doi.org/10.1161/JAHA.118.011264
http://dx.doi.org/10.1080/14740338.2017.1363177
http://dx.doi.org/10.1002/tera.1048
http://www.encepp.eu/structure/documents/Data_sources_for_medicines_in_pregnancy_research.pdf
http://www.encepp.eu/structure/documents/Data_sources_for_medicines_in_pregnancy_research.pdf
http://www.encepp.eu/structure/documents/Data_sources_for_medicines_in_pregnancy_research.pdf
http://dx.doi.org/10.1016/S0264-410X(03)00334-7

	Belimumab use during pregnancy: a summary of birth defects and pregnancy loss from belimumab clinical trials, a pregnancy registry and postmarketing reports
	Abstract
	Introduction
	Methods
	Clinical trials
	Belimumab Pregnancy Registry
	Postmarketing/spontaneous reports
	Statistical analysis
	Patient and public involvement

	Results
	Summary of sources
	Birth defects and pregnancy losses in belimumab clinical trials
	Birth defects: belimumab+ST (n=4/72), placebo+ST (n=0/9)
	Pregnancy loss cases: belimumab+ST (n=35/110) and placebo+ST (n=7/16)

	Birth defects and pregnancy losses in the BPR
	Birth defects: belimumab+ST, prospective cohort (n=10/46); belimumab+ST, retrospective cohort (n=0/4)
	Pregnancy loss cases: belimumab+ST, prospective cohort (n=2/48) and belimumab+ST, retrospective cohort (n=4/8)

	Birth defects and pregnancy loss in postmarketing/spontaneous reports

	Discussion
	Conclusions
	References


