
Vol.:(0123456789)

Drugs - Real World Outcomes (2023) 10:503–511 
https://doi.org/10.1007/s40801-023-00384-0

SHORT COMMUNICATION

Analysis of Pregnancy Outcomes Following Exposure to Intramuscular 
Interferon Beta‑1a: The  AVONEX® Pregnancy Exposure Registry

Bianca Weinstock‑Guttman1 · Amy Perrin Ross2 · Jonathan Planton3 · Kurt White3 · Avni Pandhi3 · Andres Greco3 · 
Achint Kumar3 · Nicholas Everage3 · Megan Vignos3 

Accepted: 9 July 2023 / Published online: 22 September 2023 
© The Author(s) 2023

Abstract
Background and Objectives There is a lack of well-controlled US studies of intramuscular (IM) interferon beta (IFNβ)-1a 
use in pregnant women with multiple sclerosis; however, in the European Medicines Agency region, IFNβ formulations may 
be considered during pregnancy if clinically needed based on data from European Union cohort registries. The AVONEX 
Pregnancy Exposure Registry was established to prospectively study the effects of IM IFNβ-1a on the risk of birth defects 
and spontaneous pregnancy loss in a US population.
Methods Pregnant women with multiple sclerosis exposed to IM IFNβ-1a within ~ 1 week of conception or during the first 
trimester were included. Participants were followed until there was a pregnancy outcome, live-born infants were followed 
until age 8–12 weeks. Data were collected on IM IFNβ-1a exposure, demographics, patient characteristics, medical history, 
and pregnancy outcomes, including live births (with or without birth defect), spontaneous abortions/miscarriages and fetal 
death/stillbirth, elective abortions (with and without birth defect), and ectopic pregnancies. A population-based birth defect 
surveillance program, the Metropolitan Atlanta Congenital Defects Program (MACDP), served as the primary external 
control group for evaluating the risk of birth defects.
Results Three-hundred and two patients with a median (range) age of 31.0 (16–48) years and a median (range) gestational 
age at the time of enrollment of 10.1 (4–39) weeks were evaluable. Most patients (n = 278/302; 92%) reported IM IFNβ-1a 
exposure in the week before conception and most (n = 293/302; 97%) discontinued treatment before the end of the first tri-
mester. Of 306 pregnancy outcomes, there were 272 live births, 28 spontaneous abortions of 266 pregnancies enrolled before 
22 weeks’ gestation (rate 10.5%; 95% confidence interval 7.2–15.0), five elective abortions, and one stillbirth. There were 
17 adjudicator-confirmed major birth defects of 272 live births (rate 6.3%; 95% confidence interval 3.8–10.0); the pattern 
of birth defects observed was not suggestive of a relationship to prenatal IM IFNβ-1a exposure.
Conclusions This large US registry study suggests IM IFNβ-1a exposure during early pregnancy was not clinically associ-
ated with adverse pregnancy outcomes in women with multiple sclerosis. These findings help inform clinicians and patients 
in weighing the risks and benefits of IM IFNβ-1a use during pregnancy.
Clinical Trial Registration ClinicalTrials.gov: NCT00168714, 15 September, 2005.

1 Introduction

The prevalence of multiple sclerosis (MS) is up to three 
times higher in women than in men [1–3], and the majority 
of women affected are of childbearing age [4]. Following 
the introduction of disease-modifying therapies (DMTs), 
the management of pregnancy in MS has changed over the 
last 2 decades in that women with MS are no longer dis-
couraged from planning a family [4, 5]. Disease-modifying 
therapies are therefore likely to be widely used by women 
of childbearing potential. Intramuscular (IM) interferon 

beta-1a (IFNβ-1a) is indicated for the treatment of patients 
with relapsing forms of MS to slow the accumulation of 
physical disability and reduce the frequency of clinical exac-
erbations [6]. Having been commercially available for over 
25 years as one of the first DMTs for MS, it has an estab-
lished safety profile; however, there have been no adequate 
and well-controlled studies conducted in the USA with IM 
IFNβ-1a in pregnant women with MS.

In the US Food and Drug Administration (FDA) prescrib-
ing information, there is no clear recommendation for IM 
IFNβ-1a use during pregnancy. In 2020, the wording in the 
FDA prescribing information was also updated for IFNβ, 
indicating there is no increased risk with early pregnancy 
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Key Points 

This national registry is the largest study to date to focus 
exclusively on the effects of intramuscular interferon 
beta-1a exposure in women with multiple sclerosis who 
are pregnant.

Results from this national registry suggest that intra-
muscular interferon beta-1a exposure within ~ 1 week 
of conception or during the first trimester of pregnancy 
is not clinically associated with adverse pregnancy 
outcomes.

Rates of spontaneous abortion were consistent with pre-
vious findings and no patterns of birth defects suggestive 
of an unusual distribution were observed.

exposure in humans, “The majority of observational studies 
reporting on pregnancies exposed to interferon beta products 
did not identify an association between the use of interferon 
beta products during early pregnancy and an increased risk 
of major birth defects [6].” This recommendation is primar-
ily based on two large epidemiological studies in Europe 
and Nordic regions of pregnancies exposed to IFNβ prod-
ucts [7–10], which led to the European Medicines Agency 
updated guidance allowing the use of IFNβ to be considered 
prior to conception, during pregnancy, and while breastfeed-
ing if clinically needed [11, 12].

The  AVONEX® Pregnancy Exposure Registry was estab-
lished to study the effects of IM IFNβ-1a exposure during 
pregnancy in a US population, as mandated by the FDA. 
The aims of this prospective, longitudinal, observational, 
exposure-registration follow-up study were to detect any 
evidence of teratogenic effects in pregnancies inadvertently 
or intentionally exposed to IM IFNβ-1a, and to assess any 
potential increase in the risk of spontaneous loss.

2  Methods

The study population included pregnant women with MS 
exposed to IM IFNβ-1a within ~ 1 week of conception or 
during the first trimester of pregnancy. A participant was 
eligible if: the outcome of the pregnancy was unknown at the 
time of enrollment; she provided verbal consent to partici-
pate; and she provided contact information for herself, her 
healthcare provider (HCP), and the infant’s HCP (if applica-
ble). Women were excluded if they were outside of the USA 
or defined as being reported retrospectively. The sample size 
calculations assumed 300 pregnancy exposures would result 

in 148 live births (assuming 20% were lost to follow-up and 
62% of the clinically recognized pregnancies would result 
in live births), providing 80% power to detect an assumed 
relative risk (birth defect rate) detected of ≥ 2.75 (7.3%).

Participants were followed throughout pregnancy until 
there was an outcome; for pregnancies resulting in live 
births, the infants were followed until 8–12 weeks of age. 
Information on IM IFNβ-1a exposure, demographics, patient 
characteristics, medical history, and pregnancy outcomes 
was collected via telephone contact with participants at 
enrollment, mid-pregnancy (20–25 weeks’ gestation), and 
at 8–12 weeks after the estimated date of delivery [6]. A 
participant’s obstetric HCP was contacted after she provided 
information as to the pregnancy outcome and the infant’s 
pediatric HCP was contacted 8–12 weeks after the outcome. 
Evaluations of pregnancy outcomes included: live births 
(with or without birth defect); fetal loss (spontaneous abor-
tions/miscarriages [loss occurring < 22 weeks gestation] and 
fetal death/stillbirth [loss occurring ≥ 22 weeks gestation; 
with and without birth defect]); elective abortions (with and 
without birth defects); and ectopic pregnancies. Measure-
ments for live-born infants included: gestational age at out-
come; birth weight; sex; head circumference at birth; length 
at birth; and Apgar scores at 1 and 5 min of age.

Methods used to facilitate enrollment included IM 
IFNβ-1a package inserts, informational letters, brochures, 
and digital and social outreach to raise awareness of the 
registry by participants and their HCPs. Data were moni-
tored by an independent scientific advisory committee 
comprising four external experts in the specialties of tera-
tology, epidemiology, maternal and fetal medicine, and 
neurology. The Metropolitan Atlanta Congenital Defects 
Program (MACDP), a population-based birth defect sur-
veillance program administered by the Centers for Dis-
ease Control and Prevention [13, 14], was adopted as the 
primary external control group for evaluating the risk of 
birth defects. All birth defects were reviewed by a geneti-
cist and coded according to the MACDP [15]. Each birth 
defect was assigned an organ system classification to 
facilitate identification of potential signals by grouping 
together similar defects [16], so that any potential causes 
for concern could be determined. For consistency with 
the MACDP [14, 17], the birth defect rate was calculated 
by dividing the number of outcomes with birth defects 
(i.e., live births and all fetal losses occurring at gesta-
tion ≥ 20 weeks with defects) by the total number of live 
births in the analysis population. The rate of spontane-
ous abortions was calculated by dividing the number of 
spontaneous abortions by the total number of pregnancies 
in the evaluable population that were enrolled prior to 22 
weeks gestation. The rate of fetal deaths was calculated 
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by dividing the number of fetal deaths by the sum of live 
births plus fetal deaths in the evaluable population. Cal-
culations of 95% confidence intervals (CIs) were based on 
methods described previously [18].

The primary analysis population consisted of the eval-
uable population, also termed the evaluable population, 
consisted of patients with HCP-confirmed information on 
IM IFNβ-1a exposure and pregnancy outcomes who were 
prospectively enrolled in the registry between 3 March, 
2004 and 8 September, 2011. A report of a pregnancy was 
considered closed when clear information on the exposure 
and the pregnancy outcome was obtained.

2.1  Standard Protocol Approvals, Registrations, 
and Patient Consent

The registry obtained central institutional review board 
approval for the study protocol and all amendments, which 
were performed in accordance with FDA guidance “Estab-
lishing Pregnancy Exposure Registries,” [19] the Interna-
tional Society for Pharmacoepidemiology’s Guidelines for 
Good Pharmacoepidemiology Practices [20], and the ethical 
principles outlined in the Declaration of Helsinki [21].

Verbal informed consent was obtained from participants 
in accordance with local practice and regulations. During 
the initial telephone encounter, participants were asked to 
provide verbal consent to enroll and to provide authoriza-
tion for their HCPs, including their infant’s pediatrician, to 
release medical information to the registry.

3  Results

3.1  Participants

A total of 321 participants were prospectively enrolled 
in the registry between 3 March, 2004 and 8 Septem-
ber, 2011. Of these, 302 met the minimum criteria for 
enrollment with clear exposure and outcome information 
confirmed by their HCPs, and therefore comprised the 
evaluable population; nine (2.8%) participants were lost 
to follow-up, and ten (3.1%) were deemed invalid (Fig. 1). 
The median age of the evaluable population was 31.0 
years (range 16–48 years), and 81 (26.8%) participants 
were aged > 35 years. The median gestational age at the 
time of enrollment was 10.1 weeks (range 4–39 weeks) 
(Table 1). Most participants (n = 278; 92.1%) reported 
exposure to IM IFNβ-1a in the week prior to conception; 
24 (7.9%) reported that the earliest pregnancy exposure 
began in the first trimester. The majority of women (n = 
293; 97%) discontinued IM IFNβ-1a before the end of their 
first trimester; five (1.7%) continued IM IFNβ-1a into the 
second trimester, and four (1.3%) continued into the third 
trimester (Table 1). The median maternal age at the time 
of stopping IM IFNβ-1a exposure was 31.0 years (range 
16─48 years). The mean [standard deviation (SD)] dura-
tion of IM IFNβ-1a exposure during pregnancy was 5.1 
(5.1) weeks (range: the week prior to conception to 40 
weeks).

Most participants (n = 204; 67.5%) had experienced a 
prior pregnancy (Table 2). Three (1.5%) reported a previ-
ous pregnancy ending in fetal death/stillbirth; 64 (31.4%) 
reported a prior history of one or more spontaneous abor-
tions. Only two (1.0%) participants reported a history of 

Fig. 1  Registry enrollment 
and outcomes. aThe Stopped 
therapy population included all 
participants in the evaluable 
population who discontinued 
intramuscular (IM) interferon 
beta-1a (IFNβ-1a) therapy 
within the first trimester of 
pregnancy, defined as prior to 
gestational week 14. b306 preg-
nancy outcomes were reported 
in the evaluable population, 
which included four sets of 
twins (eight infants) and 298 
singleton infants

Prospectively
enrolled (N = 321) 

Known pregnancy
outcomesb  (n = 306)

Evaluable
participants (n = 302)

Live births
(n = 272)

Spontaneous losses
(n = 28) 

Elective abortions
(n = 5) 

Stillbirth
(n = 1)

Birth defects
(n = 14)

Birth defects
(n = 2)

Birth defects
(n = 1)

Invalid (n = 10)
Lost to follow-up (n = 9)

Stopped therapya

(n = 293) 
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offspring with birth defects (one spina bifida; one infant 
death at 6 weeks of age related to gangrenous bowel).

3.2  Pregnancy Outcomes

A total of 306 pregnancy outcomes were reported, includ-
ing four sets of twins and 298 singleton infants: 272 live 

births, 28 spontaneous abortions, five elective abortions, and 
one stillbirth (Fig. 1). There were 266 pregnancies enrolled 
before 22 weeks’ gestation, giving a spontaneous abor-
tion rate of 10.5% (95% CI 7.2–15.0). The one fetal death/
stillbirth reported in this registry occurred at 32.4 weeks 
gestation; the fetal death rate was 0.4% (95% CI 0.0–2.3), 
calculated based on the sum of all evaluable live births and 
fetal deaths (n = 273).

3.3  Birth Defects

There were 16 prenatal tests suggesting a possible malfor-
mation, 23 birth defects of the live births, three elective 
abortions (two at ≥ 20 weeks gestation), and one fetal 
death/stillbirth reported by the HCP. Of those, advisory 
committee-confirmed major birth defects were reported 
in 17 outcomes: 14 in live-born infants, two in elective 
abortions ≥ 20 weeks gestation, and one in a fetal death/

Table 1  Participant characteristics at the time of enrollment and dura-
tion of IM IFNβ-1a exposure

IFNβ-1a interferon beta-1a, IM intramuscular, MS multiple sclerosis, 
SD standard deviation
a One patient was diagnosed with clinically isolated syndrome, for 
which she was being treated with IM IFNβ-1a (301/302 patients diag-
nosed with MS)
b Patients with duration of exposure = zero ended therapy ≤ 1 week 
prior to conception

Characteristic Evaluable patients  
(N = 302)

Duration of  MSa, years
 Mean (SD) 4.6 (4.25)
 Median (range) 3.6 (0–24)

Age at enrollment, years
 Mean (SD) 31.7 (5.57)
 Median (range) 31.0 (16–48)

Age category at enrollment, years, n (%)
 < 25 39 (12.9)
 25 to ≤ 35 182 (60.3)
 > 35 81 (26.8)

Race/ethnicity, n (%)
 White 196 (64.9)
 Black 70 (23.2)
 Hispanic 24 (7.9)
 Asian 2 (0.7)
 Other 10 (3.3)

Gestational week at enrollment
 Mean (SD) 12.6 (7.4)
 Median (range) 10.1 (4–39)

Duration of IM IFNβ-1a exposure during 
pregnancy,b weeks

 Mean (SD) 5.1 (5.1)
 Median (range) 4.1 (0–40)

Earliest exposure of IM IFNβ-1a during 
pregnancy, n (%)

 ≤ 1 week prior to conception 278 (92.1)
 First trimester 24 (7.9)

Latest exposure of IM IFNβ-1a during 
pregnancy, n (%)

 ≤ 1 week prior to conception 6 (2.0)
 First trimester 287 (95)
 Second trimester 5 (1.7)
 Third trimester 4 (1.3)

Table 2  Maternal history of participants

Maternal history, n (%) Patients

Number of previous pregnancies (N = 302)
 0 98 (32.5)
 1 86 (28.5)
 2 53 (17.5)
 3 31 (10.3)
 4 19 (6.3)
 ≥ 5 15 (5.0)

Number of previous live infants of those with a prior 
pregnancy

(N = 204)

 0 34 (16.7)
 1 91 (44.6)
 2 46 (22.6)
 3 18 (8.8)
 4 9 (4.4)
 ≥ 5 6 (2.9)

Number of previous spontaneous abortions of those 
with a prior pregnancy

(N = 204)

 0 140 (68.6)
 1 46 (22.5)
 2 12 (5.9)
 3 6 (2.9)
 4 0
 ≥ 5 0

Number of previous fetal deaths of those with a prior 
pregnancy

(N = 204)

 0 201 (98.5)
 1 3 (1.5)
 2 0
 3 0
 4 0
 ≥ 5 0
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stillbirth (Fig. 1; Table 3). In the unconfirmed cases, the 
geneticist did not have sufficient information for confirma-
tion of the defect. Clusters were reported for hypospadias 
(three live-born male infants), Down syndrome (one live-
born infant and one stillborn infant), and Marcus Gunn 
syndrome (two live-born infants). None of these were 
judged as temporally related to IM IFNβ-1a exposure 
by the geneticist or were of a known cause and therefore 
temporality was irrelevant; both Down syndrome cases 
listed advanced maternal age as a confounding factor. 
The remaining birth defects were diverse in organ system 
classification; several of these defects were not temporally 
related to prenatal IM IFNβ-1a exposure as judged by the 
geneticist based on the intersection of the timing of IM 
IFNβ-1a exposure and the development of the structure 
impacted (Table 3). Of the nine pregnancies with second-
trimester or third-trimester exposure, one had a reported 
birth defect (diaphragmatic hernia). The MACDP reports 

a birth defect prevalence rate of 2.67% among live-born 
infants in the MACDP population [14, 17]; the preva-
lence of geneticist-confirmed birth defects in the evalu-
able population in this registry was 17/272 (6.3% [95% 
CI 3.8–10.0]).

3.4  Characteristics of Live Births

There were 272 live births in the evaluable population; 
mean (SD) gestational age of mothers at birth was 38.3 
(3.0) years (Table 4). Mean (SD) birth weight was 3169 
(689) g; 92% of babies were of normal birth weight, 
5% low birth weight (< 2500 g), and 3% very low birth 
weight (< 1500 g). Mean (SD) Apgar scores were 8.0 
(1.6) at 1 minute and 8.8 (1.0) at 5 minutes. In single-
tons born without geneticist-confirmed birth defects, the 
majority (92%) of births were full term (≥ 36 weeks ges-
tation), 4.5% were preterm (< 36 weeks gestation), and 
3.7% were very preterm (< 32 weeks gestation). Median 

Table 3  Advisory committee-confirmed clinically major birth  defectsa

IFNβ-1a interferon beta-1a, IM intramuscular
a Confirmed clinically major birth defects in live births and fetal losses > 20 weeks’ gestation
b Gestational age at identification of the birth defect
c Geneticist coded the defect as a defect with a known cause; therefore, temporality may be irrelevant. Shaded rows represent birth defects clus-
tered in cases of ≥ 2

Birth defect/s Maternal 
age, years

Pregnancy outcome Gestational 
age,b weeks

Duration of IM 
IFNβ-1a exposure  
during pregnancy 
(weeks)

Confounding factors Temporally  
attributed to IM 
IFNβ-1a exposure?

Hypospadias 35 Live birth 34.1 4.1 – No
Hypospadias 27 Live birth 40.1 3.4 – No
Hypospadias 36 Live birth 36.6 6.0 – No
Down syndrome 35 Live birth 38.4 4.1 Advanced maternal 

age
No known  causec

Down syndrome 39 Stillbirth 32.4 6.1 Advanced maternal 
age

No known  causec

Marcus Gunn  
syndrome

32 Live birth (twin) 31.4 1.3 – No

Marcus Gunn  
syndrome

30 Live birth 39.4 2.6 – No known  causec

Amniotic band  
syndrome

29 Live birth 27.9 5.6 – Unknown

Bilateral hearing loss 33 Live birth 39.1 2.0 – Unknown
Sensory hearing loss 34 Live birth 38.1 1.0 – No
Club feet 36 Live birth 37.1 4.1 – Unknown
Diaphragmatic hernia 26 Live birth 41.0 18.3 – Unknown
Hydronephrosis 22 Live birth 33.1 0.6 – No
Interrupted aortic arch 

and esophagus
32 Live birth 39.9 3.9 – Unknown

Pyloric stenosis 36 Live birth 39.3 4.3 – Unknown
Spina bifida 28 Elective abortion 23.4 5.0 – Unknown
Trisomy 8 mosaicism 30 Elective abortion 22.1 4.0 – Unknown
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(range) head circumference at birth was 34.0 cm. For ref-
erence, median head circumference at birth is 35.8 cm for 
US male newborns and 34.7 cm for US female newborns 
[22].

4  Discussion

Results from this large national registry suggest that IM 
IFNβ-1a exposure within ~1 week of conception or dur-
ing the first trimester of pregnancy was not clinically sig-
nificantly associated with adverse pregnancy outcomes in 
women with MS. The majority of singleton births were full 
term and of normal birth weight. The spontaneous abor-
tion rate of 10.5% (95% CI 7.2–15.0) reported in the cur-
rent registry is consistent with findings from the general 
population in a Danish register-based study (10.9%) [23], 
a Finnish and Swedish cohort pregnancy registry (12%) 
[9], a US study (15.9%) [24], a large epidemiological study 
in Europe (10.7%) [8], and, importantly, those from a lon-
gitudinal study including untreated pregnant women with 
MS (9.8%) [9, 10, 25]. Although the rate of birth defects in 
the current registry, 6.3% (95% CI 3.8–10.0), was statisti-
cally significantly higher than that in the selected MACDP 
comparison group (2.67%), we did not observe patterns 
of defects that were suggestive of an unusual distribu-
tion. Specifically, there were three cases of hypospadias in 
132 male infants in this registry compared with one case 
in 250 male infants born in the USA [26]. In the Finnish 
and Swedish cohort pregnancy registry, the prevalence of 
major congenital anomalies in live births was 1.8% (95% CI 
0.9–3.1) and 3.3% (95% CI 2.2–4.4) in IFNβ-exposed and 
MS DMT-unexposed pregnancies, respectively [9], 2.8% in 
a large European epidemiological study [8], and ranged from 
0% to 7.7% in a longitudinal study of DMT-treated women 
with MS, untreated pregnant women with MS, and non-MS 
pregnant controls[25].

The study design and choice of reference group from 
population-based surveillance data can influence the inter-
pretation of our results given this registry did not include a 
comparator group of pregnant women with MS who were 
not treated with IM IFNβ-1a. European Surveillance of Con-
genital Anomalies (EUROCAT) is a European network of 
population-based congenital anomaly registries [27] and has 
strict criteria for major congenital anomalies. The MACDP 
is a regionally specific surveillance system in a well-defined 
geographic area with data collected through medical record 
abstraction. The differences in both the populations and 
terminology used in EUROCAT and MACDP may lead to 
different classifications of birth defects and therefore make 
the birth defect rate appear higher or lower when in fact 
this difference is because of the classification instead of a 
true difference in the risk of a birth defect. The MACDP 
classification was used in this study, i.e., live births and all 
fetal losses occurring at gestation ≥ 20 weeks with defects. 
This registry includes a population of potentially high risk, 
chronically ill, systematically monitored women with MS 

Table 4  Characteristics of live births

SD standard deviation
a Includes four sets of twins
b n = 269
c n = 249
d n = 224
e n = 196
f n = 206
g n = 205
h n = 243
i n = 223

Characteristic, n (%) Live births (N = 272)a

Sexb

 Female 137 (50.9)
 Male 132 (49.1)

Gestational age at birth,  yearsb

 Mean (SD) 38.3 (3.0)
 Median (range) 38.9 (23–47)

Birth weight,  gc

 Mean (SD) 3169 (689)
 Median (range) 3260 (530–4848)

Birth length,  cmd

 Mean (SD) 49.2 (4.4)
 Median (range) 50.1 (17–57)

Head circumference,  cme

 Mean (SD) 33.7 (2.8)
 Median (range) 34.0 (13–40)

Apgar score, 1  minf

 Mean (SD) 8.0 (1.6)
 Median (range) 8.0 (1–10)

Apgar score, 5  ming

 Mean (SD) 8.8 (1.0)
 Median (range) 9.0 (2–10)

Characteristics in singleton births without geneticist-confirmed 
birth defects (n = 246)

Gestational age, n (%)h

 Full term (≥ 36 weeks gestation) 223 (91.8)
 Preterm (< 36 weeks gestation) 11 (4.5)
 Very preterm (< 32 weeks gestation) 9 (3.7)

Birth weight, n (%)i

 Normal 205 (91.9)
 Low (< 2500 g) 11 (4.9)
 Very low (< 1500 g) 7 (3.1)
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who were receiving IM IFNβ-1a at approximately the time 
of conception or during the first trimester of pregnancy. 
Women with MS, and their HCPs, actively and voluntarily 
participated in this registry throughout pregnancy and early 
infancy; therefore, there is potential for bias given that there 
was considerable opportunity to detect adverse outcomes 
through multiple encounters between the registry, the par-
ticipant, and her HCPs.

Several publications have discussed the results of exposure 
to IFNβ formulations during pregnancy [7–9, 25, 28–34], 
though the current study is the largest to date that focuses 
exclusively on IM IFNβ-1a in patients with MS. Higher rates 
of spontaneous abortion have been shown in pregnant patients 
with MS exposed to IFNβ formulations, including one small 
study of IFNβ-1b (n = 21; 28%), versus unexposed patients 
[25, 28, 29]. Other small studies [30, 31], and also larger 
cohort studies [7–9, 32–34], support findings of the current 
registry and showed no evidence that exposure to IFNβ for-
mulations before conception or during pregnancy increases the 
risk of spontaneous abortion. Furthermore, none of the studies 
[7–9, 25, 28–34] suggested any increased risk of congenital 
abnormalities in babies born to women with MS who received 
treatment with IFNβ formulations prior to, or during, preg-
nancy. Some of the more recent safety data from large cohort 
studies investigating exposure to IFNβ during pregnancy—
the European IFNβ Pregnancy Registry, which evaluated 948 
pregnancies across 26 countries [8], and the Nordic cohort 
study including outcomes from 797 pregnancies [9]—led to 
the European Medicines Agency releasing an update to guid-
ance allowing the use of IFNβ to be considered prior to con-
ception, during pregnancy, and while breastfeeding [12].

Pregnancy exposure registries are valuable tools for assess-
ing the safety of biopharmaceutical products in pregnancy. 
This registry represents the first and largest prospective study 
to date of the safety of IM IFNβ-1a in human pregnancy. 
Limitations of the study include the lack of a comparison 
group of pregnant patients with MS who were not exposed 
to IM IFNβ-1a, and the short follow-up of up to 12 weeks 
for live-born infants. It would be beneficial to evaluate the 
longer term effects of exposure to IM IFNβ-1a during preg-
nancy to understand whether there is any effect on devel-
opmental outcomes. Recently published preliminary data 
from the German Multiple Sclerosis and Pregnancy Registry 
(median 2-year follow-up), and retrospective data from a post-
authorization safety study (PRIMA) including physical growth 
curves to 4 years, show no indication that IFNβ-1a exposure 
during pregnancy (or lactation) adversely affected children’s 
development [35, 36]. However, because of the low number 
of patients with exposure in the second and third trimesters 
in previous studies and in our registry, additional studies are 
needed to assess longer term exposure during pregnancy. The 
European Medicines Agency has requested a cohort study to 
assess the risk of IFNβ exposure in later-stage pregnancies. As 

a result, the noninterventional drug utilization study, INFORM 
(EUPAS38736) [37] is being conducted to determine if the 
number of exposed pregnancies is adequate for a cohort study.

The prospective nature of the registry is a major strength 
as it reduces the bias of missing data and meets the crite-
ria based on FDA guidelines. Early enrollment (mean [SD] 
gestational age at enrollment was 12.6 [7.4] weeks) mini-
mizes bias associated with prenatal testing and the knowl-
edge of pregnancy outcomes prior to enrollment; however, 
enrollment even earlier would have increased the likelihood 
of capturing spontaneous abortions occurring nearer the 
start of the first trimester. The rate of previous spontaneous 
abortions in those patients with a prior pregnancy was 31% 
(64/204), suggesting the true rate is likely higher, as others 
have also suggested [38]. Despite its limitations, the find-
ings of the registry are generally consistent with previous 
findings and are informative to clinicians and their patients 
for weighing the risks and benefits of IM IFNβ-1a exposure 
during pregnancy.

5  Conclusions

Findings from this large national registry study suggest IM 
IFNβ-1a exposure during early pregnancy was not clinically 
significantly associated with adverse pregnancy outcomes 
in women with MS. Thus, these findings will help inform 
clinicians and patients when weighing the risks and benefits 
of IM IFNβ-1a use during pregnancy.
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