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Abstract
Background and Objectives
Oral delayed-release dimethyl fumarate (DMF) is not recommended during pregnancy and
should only be used if the potential beneﬁt justiﬁes the potential fetal risk. Although DMF was
well tolerated in clinical trials with consistent safety results in postmarketing surveillance, data
are limited in pregnant women. The objective was to provide pregnancy outcomes and DMF
exposure information from an interim analysis from a prospective, international registry
(TecGistry; NCT01911767).
Methods
Women exposed to DMF from the ﬁrst day of their last menstrual period before conception or
during pregnancy were evaluated. Data were obtained at enrollment; 6−7 months’ gestation; 4
weeks after estimated due date; and 4, 12, and 52 weeks after birth. Outcomes included live
births, gestational size, pregnancy loss, birth defects, and infant or maternal death after delivery.
Outcomes were analyzed cumulatively from October 30, 2013 (the start of TecGistry), to April
8, 2020.
Results
Of 345 enrolled patients, median (range) age was 32 (20–43) years. The mean (SD) duration
of gestational weeks of DMF exposure was 4.9 (3.8). Most infants were full-term at birth (n =
249/274; 91%) and of average gestational size (n = 190/232; 82%). Of 351 outcomes, 277 were
live births; 17 (5%) spontaneous abortions (95% conﬁdence interval [CI] 2.6%–7.1%), including 1 (<1%) molar and 1 (<1%) ectopic pregnancy, were reported. There were 8 (2.9%
[95% CI 1.3%–5.6%]) adjudicator-conﬁrmed birth defects among the 277 live births.
Discussion
Interim results from this large registry indicate that early DMF exposure was not signiﬁcantly
associated with adverse pregnancy outcomes. Outcomes are consistent with previous smaller
reports and with the general population.
Trial Registration Information
TecGistry; clinical trial registration number: NCT01911767.
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Glossary
DMF = dimethyl fumarate; CI = conﬁdence interval; MS = multiple sclerosis.

The global prevalence of multiple sclerosis (MS) is 2 and up
to 4 times higher in women than in men1; a large proportion
of women with MS are of childbearing age.1,2 Delayed-release
dimethyl fumarate (DMF) is recommended for the treatment
of relapsing-remitting MS, but DMF is not recommended
during pregnancy. DMF should be used only if clearly needed
and if the potential beneﬁt justiﬁes the potential risk to the
fetus.3 As of June 30, 2021, >535,000 patients have been
treated with DMF, representing >1,100,000 patient-years of
exposure. No risk of fetal abnormalities or adverse pregnancy
outcomes has been observed in relation to DMF exposure in
clinical trials, which have shown 97 of 142 (68%) live births,
16 of 142 (11%) spontaneous abortions, 24 of 142 (17%)
elective terminations, and 5 of 142 (4%) preterm births
(Biogen, Periodic Safety Update Report, May 24, 2018).
Nonetheless, additional data are needed from the postmarketing setting.4
There is no known adverse association or mechanism of action related to DMF with pregnancy outcomes. However, a
large proportion of women diagnosed with MS are of childbearing age. Therefore, a global registry was established to
evaluate whether DMF exposure may aﬀect pregnancy and
infant outcomes. Study coordinating centers in 8 countries are
enrolling DMF-exposed pregnant women into an ongoing,
prospective, observational, international registry (TecGistry;
NCT01911767) to assess pregnancy and infant outcomes.
We report results from an interim analysis of the registry as of
April 8, 2020.

Methods
Participants included pregnant women with MS exposed to
DMF since the ﬁrst day of their last menstrual period before
conception or during pregnancy. Women were excluded if
diagnosed with abnormalities in prenatal testing or the
pregnancy outcome was known at enrollment. Speciﬁcally,
the evidence of abnormalities found in an ultrasound, amniocentesis, or maternal serum alpha-fetoprotein/serum
would exclude the patients. In addition, the following speciﬁc infectious diseases would exclude patients: rubella (by
titer), toxoplasmosis (by screening), venereal disease research
laboratory (rapid plasma screen), hepatitis B (by screening),
or triple screen. Otherwise, patients were included and any
other potential confounders or causes of abnormalities would
be handled analytically. The number of pregnancy outcomes
needed to detect a prevalence risk ratio of 2.9 with 80% power
was 300. Evaluations consisted of live births (premature birth
[<37 weeks] and full-term birth); pregnancy loss (elective or
therapeutic pregnancy terminations, spontaneous abortions,
and fetal death, including still birth); ectopic and molar
2

pregnancies, birth defects, or congenital anomalies (including
minor anomalies) occurring at age ≤52 weeks; any infant
death occurring at age ≤52 weeks; and any maternal death
occurring ≤12 weeks after delivery. Data were collected at
enrollment; 6–7 months of gestation; 4 weeks after estimated
delivery date; and 4, 12, and 52 weeks after birth. No information on breastfeeding with DMF or associated outcomes were collected. Outcomes were analyzed cumulatively
from October 30, 2013 (the start of TecGistry), to April 8,
2020. The methods used to increase enrollment included
increasing the number of coordinating centers, ensuring internal follow-up on pharmacovigilance reports as permitted
by local legislation, and improving digital and social outreach
to generate greater awareness of the registry in accordance
with local guidance and laws.
Potential birth defects were adjudicated by an external teratology expert and classiﬁed according to both the Metropolitan Atlanta Congenital Defects Program and/or the
European network for the surveillance of congenital anomalies schemas. Gestational size was classiﬁed based on the
World Health Organization or country-speciﬁc growth
charts as small (birth weights <2,500 g), appropriate (birth
weights 2,500–4,000 g), or large (birth weights >4,000 g).
Percentages associated with gestational age and size were
based on births with available data. This interim analysis was
descriptive in nature. The prevalence of birth defects and
95% conﬁdence intervals (CIs) for the registry population
were calculated for this interim analysis. The ClopperPearson exact CIs were implemented.
Standard Protocol Approvals, Registrations,
and Patient Consents
Participating physicians obtained centralized and/or local
ethics committee approval of the protocol, informed consent
form, and other required study documents before starting the
study. The study was conducted in accordance with the International Conference on Harmonisation and Good Pharmacovigilance Practices guidelines. In accordance with the
Declaration of Helsinki, strict respect was given to the patients’ privacy; physical, mental, and social integrity; and
conﬁdentiality of personal information.
Patient consent (written or verbal per local regulations) was
obtained by the reporting healthcare provider, investigator, or
coordinating center (if permitted by local regulations) before
the patient’s enrollment in the registry. If the patient was a
minor, written consent was obtained from the parent or legal
guardian. A release of medical information was obtained from
the patient to permit the coordinating center or reporting
healthcare provider to contact healthcare providers related to
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the pregnancy (e.g., the patient’s obstetric health care provider). A release of medical information was also obtained by
the enrolling healthcare provider from the parent or the infant’s personal representative so that the coordinating center
or reporting healthcare provider could contact the pediatric
healthcare provider.

Table 1 Patient Characteristics at the Time of Enrollment
and DMF Exposure
Characteristic

All patients (N = 345)

Median (range) age, y

32 (20–43)

Median (range) education, y

Data Availability
This trial is registered on ClinicalTrials.gov (NCT01911767).
The data sets generated during this study are available on
request through the Biogen Data Request Portal (biogenclinicaldatarequest.com).

Full-time

173 (53)

Part-time

90 (27)

Unemployed

66 (20)

Earliest trimester of DMF
exposure, n (%)b

Results
Of 345 enrolled patients in this pregnancy registry, there were
351 known or anticipated outcomes (Figure): 243 from
Germany, 65 from the United States, 16 from the United
Kingdom, 9 from Italy, 8 from Australia, and 2 each from
Canada and Ireland. Mean (SD) gestational week of enrollment was 11.9 (8.1). Earliest DMF exposure occurred in the
ﬁrst (>99%; 341/342) and second (<1%; 1/342) trimesters in
the 342 women with a known exposure date (Table 1). Of 351
observed or expected pregnancy outcomes, 17 (5%) spontaneous abortions, including 1 ectopic and 1 molar pregnancy,
were reported (Table 2). One neonatal death was reported,
and no maternal or perinatal deaths were reported.
The median (range) duration of gestational DMF exposure
was 5 weeks (0–40), and more than 99% of pregnancies were
only exposed to disease-modifying therapy in the ﬁrst trimester (Table 1). There were 277 live births; of these, 7 were
from 4 sets of twin pregnancies. Of live births with known
results, most infants were full-term at birth (n = 249/274;
91%) and 25 (9%) were premature. Of the 232 infants with
neonatal weight data, 26 (11%) were classiﬁed as small,
190 (82%) as appropriate, and 16 (7%) as large. Of 277 live
births, there were 8 (2.9% [95% Clopper-Pearson exact
CI 1.3%–5.6%]) conﬁrmed birth defects (Table 2).

Figure Patient Disposition

a
Some pregnancies resulted in multiple (twin) births. b Known or anticipated
outcomes; missing patients may have known pregnancy outcomes but
further follow-up is in progress or not yet complete. c Percentages based on
births with available birth status n = 296 because 1 patient had missing data.

Neurology.org/NN

Employment status, n (%)

14 (9–23)

a

First

341 (>99)

Second

1 (<1)

Third

0

Gestational wk at enrollmentc
Mean (SD)

11.9 (8.1)

Median (range)

9 (0.0–39.3)

Duration of gestational weeks of
DMF exposurec
Mean (SD)

4.9 (3.8)

Median (range)

5 (0-40)

Abbreviation: DMF = delayed-release dimethyl fumarate.
n = 329.
n = 342.
c
n = 344.
a

b

Eighty-six percent (232/271) of women indicated they
breastfed their infants at any time after birth.

Discussion
Interim results from this large, international registry indicate
that DMF exposure in the ﬁrst trimester was not signiﬁcantly
associated with adverse pregnancy outcomes. The proportion
of spontaneous abortions is less than that reported in MS
clinical trials (8%)4 and in the general US population
(12%–16%).5 Compared with the 3% of birth defects reported in the registry, birth defects are detected in 4% of people
with MS6 and in 2%–5% of the general population.7 The
prevalence of ventricular septal defect is estimated to range
from 192 to 1,045 per 100,000 live births,8-10 whereas the
prevalence in this registry was 722 per 100,000 live births.
Most women indicated they breastfed their infants. Very low
excretion of DMF in breast milk has been demonstrated by 2
recent case reports.11 This is currently under investigation.
There are several limitations to this analysis. At the time of this
data cut and analysis, 300 pregnancy outcomes (the targeted
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Table 2 Incidences of Pregnancy and Infant Outcomes
Maternal and fetal deaths

Outcomes, n (%)

Maternal death (N = 351)

0

Fetal deaths (N = 296)

a

Elective or therapeutic pregnancy
termination

0

Loss of fetus

19 (6)
b

Spontaneous abortion, (95% CI)

17 (6), (2.6, 7.1)

Ectopic pregnancy

1 (<1)

Molar pregnancy

1 (<1)

Still birth (≥28 wk of gestation)

1 (<1)

Unknown, pending further follow-up

1 (<1)

Infant deaths and birth defects (N = 277)

Outcomes, n (%)

Neonatal death (occurring <28 d of life)

1 (<1)c

Perinatal death (occurring ≥28 d to
<12 wk of life)

0

Infant death (occurring ≥12–52 wk of life)

0

Adjudicator-confirmed birth defects, n (%)

8 (3)d

Ventricular septal defect

2

Congenital hydronephrosis

1

Premature newborn with multiple
birth defectse

1

Pyloric stenosis

1

Transposition of the great vessels

1

Unilateral developmental dysplasia
of the hip

1

Ureter duplication

1

a
Percentages in this category based on based on pregnancies with known
outcomes.
b
Spontaneous abortion was defined as any loss of a fetus because of natural
causes at <22 weeks of gestation.
c
The infant was born with genetic defect and multiple anomalies.
d
For the specified defects of ventral septal defect, pyloric stenosis, transposition of the great vessels, congenital hydronephrosis, hip dysplasia,
ureter duplication, and multiple potential anomalies, particular studies in
the population live-born to mothers with multiple sclerosis were not
available.
e
Multiple defects applied to 1 infant (transposition and patent ductus
arteriosus).

number of patients needed to detect a prevalence risk ratio of 2.9
with 80% power, assuming an expected prevalence of birth defects of 2.2%) had not been observed, limiting the potential to
draw ﬁnal conclusions. Subsequent enrollment and follow-up of
pregnancies will enable more detailed and robust analyses. Most
exposure occurred in the ﬁrst trimester with only a single pregnant woman and fetus exposed in the second trimester, suggesting minimal exposure to DMF during pregnancy and in
utero in this registry. Thus, limited conclusions can be made
about long-term DMF exposure during pregnancy or in utero.
The results are also limited by the potential for underestimation
4

of spontaneous abortions. Although TecGistry is an international registry, 70% of participants are from Germany, thus
potentially limiting the transferability of these results to other
countries.
Interim results from this large, international registry indicate
that DMF exposure in the ﬁrst trimester was not signiﬁcantly
associated with adverse pregnancy outcomes. The outcomes
are consistent with previous reports of smaller groups of
patients.4,5 Ongoing recruitment to this registry will allow the
publication of outcomes up to 1 year of age and provide
essential information on pregnancy outcomes among women
exposed to DMF during pregnancy.
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