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Abstract
Objective
Todescribe pregnancies exposed to teriflunomide (TERIF) inwomen
with multiple sclerosis (MS) in France over the period 2014–2016.

Methods
All 15- to 49-year-old women with MS in the national health in-
surance database were included. Pregnancies that had started be-
tween August 2014 and March 2016 were identified from their
outcomes. Three groups according to treatment exposure were
compared: TERIF, interferons (IFNs) or glatiramer acetate, and no medication.

Results
Among the 44,008 women with MS followed 24.5 months on average, 2,639 pregnancies were
identified. There were 1,538 pregnancies (58.3%) that were not exposed to any MS treatment
in accordance with the guidelines. A total of 673 pregnancies (25.5%) were exposed to IFN
and/or glatiramer acetate, and possible or probable exposure to contra-indicated treatments
was observed in 428 pregnancies (16.2%), of whom 47 pregnancies were exposed to TERIF.
The annual incidence rate of pregnancies exposed to TERIF was 1.4 per 100 patient-years; i.e., 3
times less than the 2 control groups (5.6 and 4.7, respectively). The median exposure duration
to TERIF was 45 days after conception. The outcomes comprised 23 live births, 22 abortions (3
times more than the 2 other groups), and 2 miscarriages. All newborns were healthy at birth.

Conclusions
Despite specific TERIF guidelines for pregnancy-related issues and the availability of alternative
therapies, some pregnancies exposed to TERIF were identified. Most of the cases were because
of the absence of the recommended accelerated elimination procedure and appeared to be
mostly unplanned pregnancies that probably reflect a lack of effective contraception.

Epidemiology of multiple sclerosis (MS) shows that a high proportion of patients are women of
childbearing age. The therapeutic arsenal has substantially expanded in the past 20 years with 10
disease-modifying treatments (DMTs) currently available to neurologists1 including teri-
flunomide (TERIF) (Aubagio; Sanofi Genzyme, Cambridge, MA).2,3 As animal studies have
shown embryotoxic and teratogenic effects in rats and rabbits,4–6 it is contraindicated in pregnant
women and its prescription must be accompanied by an effective contraception. Moreover, as its
plasma concentration remains significant for 8 months on average, specific guidelines have been
devised,7 and an accelerated elimination procedure (AEP) must be implemented in case of
a desire to become pregnant.
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If it is not possible to stop DMT during pregnancy because of
high MS activity,8 interferons (IFN) and glatiramer acetate
(GA) can be alternative therapies,9–11 as their in utero exposure
has been shown to not entail risks for the fetus.12,13 Therefore,
in light of these guidelines, exposure of pregnant women with
MS to TERIF should be avoided. However, a retrospective
analysis of all the participants in TERIF clinical trials14 allows
identification of 70 exposed pregnancies. In terms of real-life
exposure, at the time of study, the French pharmacovigilance
was aware of 22 cases and at international level, 232 cases have
been reported,15 but underreporting is strongly suspected in
such spontaneous reporting systems.16

The aim of the present study was to describe pregnancies that
have been exposed to TERIF in France using the French
health insurance database.

Methods
Study design
This was a retrospective cohort study using prospectively
collected data. Study period covered 29months, from August
1, 2014 (3 months before TERIF became available in phar-
macies in France) to December 31, 2016 (the most recent
available data when the study was performed).

Data source
The study was performed using data derived from the French
national health insurance database (“Système d’Information
Inter-Régimes de l’Assurance-Maladie,” SNIIRAM) linked to
the French hospital discharge database (“Programme de
Médicalisation des Systèmes d’Information,” PMSI).17 This
database covers nearly the entire French population (97% of
the 65.3million inhabitants) and contains exhaustive data on all
reimbursements for health-related expenditures, including
medicinal products and outpatient medical and nursing care
prescribed or performed by health care professionals, as well as
demographic data such as age, sex, area of residence, and vital
status. The medical indication for outpatient reimbursements
was not available although the patient’s status for 100% re-
imbursement of care related to a severe and costly long-term
disease (LTD) (MS being on this list) is recorded and cate-
gorized according to the International Classification of Dis-
eases, 10th revision (ICD-10; i.e., “G35” for MS). For hospital
admissions, detailed medical information is available for all
admissions to French public and private hospitals, including the
dates of hospital admission and discharge, the discharge di-
agnoses based on ICD-10 codes, and medical procedures
performed during the hospital stay.

Study population
All 15-49 year-old women identified as having MS and who
received at least one reimbursement from the French health
insurance system over the study period (to ensure active
coverage) were eligible for inclusion in this nationwide
study.

The identification of MS was performed from January 1,
2010 to December 31, 2016 and based on a 3-criteria al-
gorithm18: the presence of a LTD for MS, MS-related
hospital admissions (principal, related, or associated di-
agnosis code = “G35” in medicine/surgery/obstetrics
[MSO] hospitals as well as in postacute care and re-
habilitation hospitals [REHAB]) or reimbursement for
a MS-specific DMT (TERIF, GA, IFN, fingolimod, di-
methyl fumarate, and natalizumab).

Women with a history of a procedure corresponding to
a hysterectomy, interruption of tubal patency, or Essure
(Bayer AG, Leverkusen, Germany) implant placement were
excluded at that date.

For each included woman, the follow-up started on August 1,
2014 (start of the study) if all of the inclusion criteria were
met and if not, at the latest between the MS identification
date and the 15th birthday. It ended at the first occurrence of
the following events: death, permanent sterilization, 50th
birthday, or the end of the study on December 31, 2016.

Identification of pregnancies
Pregnancies were identified through their outcome by the
hospital stay for birth or abortion (diagnosis and/or medical
procedures) from hospital discharge databases or by re-
imbursement of either a nonhospital medical abortion or
a home delivery.19

The date of the start of pregnancy was calculated using the
gestational age indicated in the hospital records or by using
the estimated start date as reported in the pregnancy decla-
ration to the health insurance system. When unavailable, it
was calculated using the median pregnancy duration in 2014
in France according to the pregnancy outcome.

Only pregnancies that started later than August 1, 2014 and
before March 31, 2016 were counted. March was chosen to
allow any pregnancy to reach 9-month duration by study end
date, and not favor adverse outcomes to be collected.

Definition of exposure to TERIF and otherDMTs
This immuno-active drug is administered orally once per day
at a single dose in Europe (14 mg). TERIF and other DMTs
were identified by their CIP13 code (TERIF’s CIP13 code
3400927499890). For each medication reimbursement, the
date and the quantity were available.

The 47 exposed cases received initial

TERIF prescription by different

doctors in different hospitals, in

different French regions.
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Because of TERIF’s long half-life, it must be terminated at
least 8 months prior to conception.4 Otherwise, an AEP is
recommended using cholestyramine (8 g, 3 times per day for
11 days; i.e., dispensation of 66 packages of 4 g is expected
for a complete procedure). Activated charcoal can also be
used (50 g, twice per day for 11 days); however, as it is not
reimbursed by the health insurance system, it could not be
assessed in the present study. Two TERIF plasma concen-
tration tests under the threshold of 0.02 mg/L with a 14-day
interval must be obtained before conception can safely take
place. As these laboratory tests are exclusively paid for by the
company that markets TERIF and not by the health in-
surance system, this information was not available to us.

Three groups of patients were compared according to their
drug exposure (at least 1 day) during pregnancy: exposed to
TERIF, exposed to IFN or GA, or not exposed to any DMT.
A pregnancy was considered as exposed to TERIF if the
woman had at least one reimbursement (1) during preg-
nancy, or (2) in the 8-month period preceding the onset of
pregnancy in the absence of a complete AEP. If TERIF was
stopped without AEP, TERIF exposure remained ongoing,
i.e., exposure duration does not mean current TERIF intake.
A pregnancy was considered as exposed to IFN or GA if at
least one reimbursement fell within the pregnancy period. If
a woman was exposed to both TERIF and IFN or GA during
pregnancy, she was included in the TERIF group.

Other data
Regarding TERIF, we knew who the initial prescribers were.
The circumstances of exposure to TERIF were also studied, by
looking at the reimbursement of ovulation induction medi-
cations and folic acid (in the conception period, as recom-
mended by French guidelines to prevent from neural tube
defects20) to approximate the desire or the intention to become
pregnant, and of oral contraceptives to approximate its absence.

We also described the mode of delivery and data related to
the newborn: sex, gestational age, length of the hospital birth
stay, diagnosis and procedures performed during the birth
stay if any, and the admission in an intensive care unit.

Statistical analysis
The incidence rate of pregnancies was calculated for the period
between the August 1, 2014 and the March 31, 2016 in the 3

groups (TERIF, IFN-GA, and no treatment), overall and by age
groups. Pregnancy outcomes, characteristics of pregnancies,
deliveries, and newborns were compared between the 3 groups
using χ2 tests (or Fisher’s tests) and analysis of variance tests, as
appropriate. The significance threshold was set at 5%. The
statistical analyses were performed using SAS software.

Standard protocol approvals, registrations,
and patient consents
The present study was conducted in accordance with the
French legislation and after scientific validation from the French
National Agency for Medicines and Health Products Safety.

Data availability
Data cannot be shared for legal reasons. Indeed, under
French law and regulations, patient-level data from the
French health insurance database cannot bemade available.17

Results
Study population
A total of 44,008 women were included (figure 1), with an
average follow-up of 24.5 months (SD: 8.6). Their charac-
teristics are presented in table 1.

TERIF exposure
Over the 29-month period, 5,628 women with MS received
TERIF at least once: 2,227 as the only treatment and 3,401
before or after another DMT. TERIF was started at a median
age of 39.9 years. The mean number of TERIF packages was
12.8 (SD 8.6), which approximately represented one year of
treatment. Half of the TERIF initial prescribers were hospital
doctors (n = 2,978, 53%) and more than a third (n = 2,176,
39%) were private neurologists. Non-neurologist prescribers
were identified for 3% (n = 188) of the initial prescriptions
(general practitioners (79, 1.4%), neuropsychiatrists (23, 0.4%),
obstetricians/gynecologists (11, 0.2%) and others) while the
prescriber’s specialty was not mentioned for the remaining 5%.

Pregnancies
A total of 2,639 pregnancies were identified over the period
fromAugust 1, 2014 toMarch 31, 2016,which correspond to an
incidence rate of pregnancies in women withMS of 4.4 per 100
patient-years (7.6, 11.5, and 1.5 per 100 patient-years in <25
years, 25–35 years, and >35 years, respectively). The outcomes
were 1,980 (75.0%) live births, 12 (0.5%) stillborn children,
438 (16.6%) voluntary or medical abortions, 127 (4.8%) mis-
carriages, 36 (1.4%) ectopic pregnancies, and 46 (1.7%) others
(e.g., hydatidiform moles and other abnormal products of
conception).

Overall, 1,538 (58.3%) pregnancies were not exposed to any
DMT, 673 pregnancies (25.5%) were exposed to IFN and/or
GA, and possible or probable exposure to contra-indicated
DMTs (including TERIF) was observed in the 428 remaining
pregnancies (16.2%) (figure 2).

We identified 5 profiles of TERIF

exposure and found that the

guidelines regarding pregnancy-

related issueswere not adhered to for

most of the exposed pregnancies.
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Pregnancies exposed to TERIF
A total of 47 pregnancies were considered to be exposed to
TERIF. The annual incidence rate of pregnancies exposed to
TERIF was 3 to 4 times lower than that of the 2 other groups
(table 2).

In 24 cases, TERIF was stopped in the 8-month period
preceding conception but no AEP was performed (20
cases) or it was either incomplete (3 cases) or performed
too late (starting less than 11 days before conception, 1
case). For the 23 other cases, pregnancy started before
TERIF discontinuation. For 3 of them, a complete AEP has
reduced the exposure duration of the exposure, while no
procedure was started or performed in an incomplete way
for the 20 others.

The median duration of TERIF exposure was 45 days (1st
quartile, Q1: 30–3rd quartile, Q3: 220). The exposure oc-
curred in the first trimester of pregnancy for 32 cases (69%)
and lasted less than one month and 2 months for respectively
12 and 16 pregnancies. It lasted more than 7 months in 13
cases (27%) because of the absence of complete AEP at
TERIF discontinuation.

Pregnancy outcomes
The 47 pregnancies exposed toTERIF resulted in 23 live births,
22 abortions, and 2 miscarriages (table 2). The proportion of
abortions in the TERIF group was higher than in the 2 other
groups (47% vs 10% and 15%, p < 0.0001). No stillbirths or
ectopic pregnancies occurred in the TERIF group.

Circumstances of TERIF exposure
None of the pregnancies exposed to TERIF seem to be
medically anticipated as no folic acid supplementation or
medically assisted procreation procedures was found in the
47 cases (table 3). By contrast, these reimbursements were
identified in about 30% of cases in the 2 other groups (folic
acid in 12.7% [n = 86] and 8.5% [n = 130], and ovulation
induction medications in 19.7% [n = 135] and 20.8% [n =
320], for the IFN-GA and the untreated groups,
respectively).

Moreover, 6.4% of the patients exposed to TERIF (3 cases)
received an oral contraception in the month prior to con-
ception, which was higher than in the 2 other groups (0.9% in
the IFN-GA group and 1.5% in the untreated group) and
suggests unintended pregnancies.

Different profiles of TERIF exposure
and outcomes
The 47 exposed cases received initial TERIF prescription by
different doctors in different hospitals, in different French
regions. The analysis of the 47 exposed cases allowed 5 dif-
ferent profiles of TERIF exposure to be identified (figure 3).

Profile 1 refers to pregnancies started when TERIFwas either
ongoing or stopped, and a complete AEP was carried out in
the first 2 months of pregnancies, and the pregnancies were
pursued without further exposure to TERIF. Four pregnan-
cies matched this profile with a median duration of exposure
to TERIF of 32.5 days (Q1: 27.0–Q3: 39.5) and they led to 4

Figure 1 Flowchart of the study population (n = 44,008)

MS = multiple sclerosis.
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live births. TERIF was stopped before pregnancy onset for
one of them.

Profile 2 refers to women for whom an AEP was performed
but the quantity dispensed was not sufficient (50 of the 66
packages recommended for treatment) to be considered as
complete. The women were, therefore, considered to still be
exposed even if TERIFwas stopped. Six pregnanciesmatched
this profile with a median duration of exposure to TERIF of
232 days (Q1: 100–Q3: 250) and they led to 5 live births and
one miscarriage. For 3 women, TERIF was discontinued
before pregnancy onset and for the 3 others, it was not.

Profile 3 refers to women exposed to TERIF during several
months of the pregnancy, because of the fact that no

elimination procedure was performed. Twelve pregnancies
matched this profile with a median duration of exposure to
TERIF of 232 days (Q1: 222.5–Q3: 239.5) and they led to 12
live births. TERIF was stopped in the 8 months before
pregnancy onset for 7 cases.

Profile 4 refers to pregnancies started when treatment with
TERIF was either ongoing or stopped, and for which
no elimination procedure was undertaken and the preg-
nancy was terminated at an early stage. Twenty-three
pregnancies matched this profile and they led to 22 abor-
tions (21 voluntary and 1 medical abortions) and 1 mis-
carriage. For 13 cases, TERIF was stopped before
pregnancy onset.

Profile 5 refers to a totally different situation, as it con-
cerned women who received TERIF at the end of the
pregnancy with a unique package being dispensed in the
last trimester. These women were considered to be ex-
posed according to our definition, although it probably
reflects an anticipated prescription to resume TERIF in the
postpartum period. The 2 pregnancies that matched this
profile led to 2 live births. Liver function tests recom-
mended at TERIF initiation were not carried out in one
case and carried out several weeks after birth in the other
case, which reinforces our hypothesis that these 2 cases
were false positive cases of exposed pregnancies.

Characteristics of the deliveries and health of
the newborns
The rate of vaginal delivery for pregnancies exposed to
TERIF was lower than in the 2 other groups (although not
significant, p = 0.4) (table 3), whereas the rate of in-
strumental extractions was higher (p = 0.005).

For the 1,737 exposed pregnancies that led to a live birth,
data for 1,680 (96.7%) birth stays, including the 23 exposed
cases to TERIF, were available. In total, data could be
collected for 1,718 newborns owing to multiple pregnan-
cies (table 4). All newborns characteristics were compa-
rable between the 3 treatment groups. In the TERIF group,
no intensive care was needed for the newborns and the
diagnoses made at birth were diverse and nonspecific
(table 5).

Discussion
The present nationwide population-based cohort study
highlights that, despite the availability of specific guidelines
regarding pregnancy-related issues, 47 pregnancies were ex-
posed to TERIFwithin the first 20months of its availability in
France, among a total of 5,628 women with MS of child-
bearing age who initiated this treatment.

We identified 5 profiles of TERIF exposure and found that
the guidelines regarding pregnancy-related issues were not

Table 1. Characteristics of the women with MS included
in the study (n = 44,008)

N (%) ormean±SD

Age at inclusion (years) 38.5±8.2

Age at inclusion (years) by group

15-25 3 281 (7.5)

26-34 10 587 (24.1)

>=35 30 140 (68.5)

Long-Term Disease status (LTD) 38 560 (87.6)

Duration of MS LTD at inclusion (years)a 6.6±6.1

Disease-Modifying Treatments (DMT)
during the study periodb

No DMT 15 649 (33.5)

Single DMT:

Teriflunomide 2 227 (5.1)

Interferon 5 592 (12.7)

Glatiramer acetate 2 568 (5.9)

Fingolimod 3 257 (7.4)

Dimethyl fumarate 3 544 (8.1)

Natalizumab 2 121 (4.8)

Azathioprine 387 (0.9)

Mycophenolate mofetil 625 (1.4)

Several DMtsc 8 038 (18.3)

Including teriflunomide 3 401 (42.3)

Number of sources for MS identification

1 3 673 (8.3%)

2 20 900 (47.5%)

3 10 818 (24.6%)

4 8 617 (19.6%)
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adhered to for most of the exposed pregnancies. Half of
pregnancies occurred while TERIF was ongoing and half
while TERIF was stopped, but with a high probability of
plasma concentrations being significant. Indeed, the AEPwas
often found to be lacking or performed in an incomplete
manner. Almost half of the exposed pregnancies led to an
abortion (46.8%). This rate was much higher than for the 2
other groups (10.3% and 15.3%) and in the general French

population (19.0%),19 but similar to that from TERIF clin-
ical trials.14

Our results are in line with the small amount of data collected in
real-life settings and confirmed the under-notification in phar-
macovigilance systems based on spontaneous notification. Re-
garding the 22 cases known from the national pharmacovigilance
system at study start (unpublished), AEP was reported only in 9

Figure 2 Distribution of disease-modifying therapies exposure in pregnancies (n = 2,639)

Y-axis: disease-modifying therapies. X-
axis: number of pregnancies exposed
over the study period.

Table 2 Pregnancy incidence rates and outcomes according to the drug exposure group

TERIF exposure IFN or GA exposure Not exposed

Number of pregnancies 47 673 1,538

Number of PY 3,264 11,964 32,663

Incidence rate per 100 PY 1.4 5.6 4.7

Incidence rate by maternal age per 100 PY

<25 years old 4.0 8.5 7.7

25–35 years old 4.2 16.1 12.3

>35 years old 0.4 12.3 1.8

Pregnancy outcomes,a n (%)

Abortion 22 (46.8) 69 (10.3) 236 (15.3)

Voluntary abortion 21 (95.0) 62 (90.0) 215 (91.0)

Medical abortion 1 (5.0) 7 (10.0) 21 (9.0)

Birth with at leastb one stillbirth 0 (0.0) 0 (0.0) 10 (0.6)

One or severalb live births 23 (47.9) 556 (82.6) 1,158 (75.3)

Miscarriage 2 (4.2) 31 (4.6) 79 (5.1)

Ectopic pregnancy 0 (0.0) 12 (1.8) 19 (1.2)

Others 0 (0.0) 5 (0.7) 36 (2.3)

Abbreviations: GA = glatiramer acetate; IFN = interferon; PY = patient-years; TERIF = teriflunomide.
a One outcome for each pregnancy.
b In case of multiple pregnancies.
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cases (40.9%). It was notified that pregnancy was intended in 2
cases, unintended in 8 cases, and the status was unknown in
12 cases.

In the Danish prospective cohort study,21 31 pregnancies
were identified, 13 women with MS and 18 of partners to
a man treated with TERIF. Among the 13 pregnant women
treated with TERIF, 11 (85%) chose an elective abortion and
the 2 others resulted in live births, with normal gestation
time, normal birth weight, and no congenital malformations.

In the international report presented at ECTRIMS in 2017,15

232 exposed pregnancies were identified, 62 being clinical
study cases and 170 being postmarketing cases, of which
respectively 62 and 67 had documented outcomes. AEP was
performed in half of the cases (27/62 clinical study cases
[43.5%] and 33/67 postmarketing cases [49.3%]). Out-
comes were live birth in 22/62 (35.5%) and 30/67 (44.8%),
spontaneous abortion in 8/62 (12.9%) and 19/67 (28.3%),
elective abortion in 30/62 (48.4%) and 17/67 (25.4%), and

ectopic pregnancy in 2/62 (3.2%) and fetal death in 1/67
(1.5%). Three structural abnormalities have been reported,
but there was no increased frequency of birth defects.

It should be reminded that TERIF is the main active sub-
stance of leflunomide, used in the treatment of rheumatoid
arthritis. A total of 2.4 million patient-years of postmarketing
surveillance are available and have not shown to be a human
teratogen.22 However, the limited number of exposed
pregnancies suggests being prudent.

As mentioned earlier, it seems that none of the pregnancies
exposed to TERIF in the present study were medically
anticipated as there was no mention of medically assisted
procreation or folic acid supplementation. However,
according to reproductive health experts, folic acid sup-
plementation before conception is not systematically car-
ried out in the French general population.20 Moreover, it
may not be reimbursed (if bought without any physician
prescription or if integrated into food supplementation

Table 3 Characteristics of pregnancies and deliveries according to the exposure group

TERIF exposure IFN or GA exposure Not exposed

p Valuen (%) n (%) n (%)

Pregnancies N = 47 N = 673 N = 1,538

Desire to become pregnant

Folic acid delivery 0 86 (12.7) 130 (8.5) 0.008

<25 years old 0 2 (2.3) 8 (6.2)

25–35 years old 0 65 (75.6) 89 (68.5)

>35 years old 0 19 (22.1) 33 (25.4)

Ovulation induction medications 0 135 (19.7) 320 (20.8) 0.002

<25 years old 0 1 (0.1) 14 (4.4)

25–35 years old 0 79 (58.5) 208 (65.0)

>35 years old 0 55 (40.7) 98 (30.6)

Unintended pregnancy

Oral contraception 3 (6.3) 4 (0.9) 23 (1.5) 0.002

Live births N = 23 N = 556 N = 1,158

Type of birth

Vaginal 13 (56.5) 381 (68.5) 801 (69.2)

Instrumental extraction 5 (21.7) 75 (13.5) 107 (9.2)

Caesarean section 5 (21.7) 100 (18.0) 250 (21.6)

Type of anesthesia

Unspecified 4 (17.4) 86 (15.5) 238 (20.5)

Loco-regional anesthesia 14 (60.9) 361 (64.9) 647 (55.9)

General anesthesia 5 (21.7) 109 (19.6) 273 (23.6)

Abbreviations: GA = glatiramer acetate; IFN = interferon; TERIF = teriflunomide.
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mixtures) and then is not systematically available in the
database. For these 2 reasons, folic acid use cannot be
considered as a good marker of the desire of pregnancy.
Only 3 cases reported oral contraceptives but it should be
kept in mind that most of them are not reimbursed in France
and thus cannot be identified in the health insurance database.
We also looked for intrauterine devices and found 8 insertion
acts among the 47 TERIF cases in the 5 years preceding the
onset of pregnancy. However, this information was not se-
lected, as removal of such devices cannot be identified in the
database and may lead to the overestimation of women really
using this contraceptivemethod. A large number of unintended

pregnancies are compatible with the high rate of abortions and
the lack of a peak in the frequency of pregnancies in women
between 25 and 35 years old. It also reflects that guidelines that
advocate effective contraception for TERIF-treated women are
probably not adhered to properly. However, the high rate of
abortions may also be a reflection of the decision made by the
women and their partner when they found out that the fetus
was exposed to a teratogenic drug.

Regarding the delivery, the rate of instrumental extractions was
higher for pregnancies exposed to TERIF than for the 2 other
groups, with no clear explanation. In the general population,

Table 4 Description of the newborns (n = 1,718) according to the drug exposure group

Newborn characteristics TERIF exposure IFN or GA exposure Not exposed p Valueb

Number of pregnancies that led to live
birthsa

23 556 1,158

Number of live births whose childbirth
stay could be linked to the mother’s
delivery stay

23 535 1,122

Number of multiple pregnancies 0 11 26

Number of newborns with available data 23 546 1,149

Male, n (%) 11 (47.8) 276 (50.5) 601 (52.3) >0.7

Gestational age (w. Of a.),c m (SD) 39.1 (1.1) 38.9 (2.0) 38.8 (2.1) >0.6

Hospital stay duration (d), m (SD) 4.8 (2.5) 5.1 (7.4) 4.8 (6.2) >0.7

Need for intensive care/reanimation,
n (%)

0 19 (3.5) 48 (4.2) >0.6

Weight at birth (g), m (SD) 3,125 (477) 3,178 (539) 3,206 (577) >0.5

Abbreviations: GA = glatiramer acetate; IFN = interferon; TERIF = teriflunomide.
a A total of 1,737 pregnancies (23 + 556 + 1,158) led to one or several live births. For 57 of these (3%), the mother’s delivery stay could not be linked to the
childbirth stay (21 in the IFN or GA group and 36 in the not exposed group), but because of multiple pregnancies, data could be collected for 1,718 newborns
(23 in the TERIF group, 546 in the IFN or GA group, and 1,149 in the not exposed group).
b Chi-square or Fisher’s tests for qualitative data and analysis of variance for quantitative data.
c Weeks of amenorrhea.

Figure 3 Five profiles of pregnancies exposed to TERIF (n = 47)

Vertical line represents pregnancy start.
Dotted arrows represent potential TERIF
discontinuation before pregnancy start.
Profile 1: n = 4; Profile 2: n = 6; Profile 3: n =
12; Profile 4: n = 23; Profile 5: n = 2. AEP =
accelerated elimination procedure; ex-
posed = patient still exposed to TERIF after
its prescription was stopped; iAEP = in-
complete accelerated elimination pro-
cedure; not exposed = patient no more
exposed to TERIF; TERIF = teriflunomide.
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instrumental extraction is involved in approximately 12% of
deliveries while caesareans amount to 20% of all deliveries.23

Regarding the TERIF initial prescriptions, about 3% were not
prescribed by a neurologist while its prescription is restricted to
this medical specialty.4 Errors in data entry are strongly sus-
pected, but misuse by other specialists cannot be excluded.

We had the opportunity to study the risk and occurrence from
exposed pregnancies since TERIF became available in France
and to follow it over time. The number of exposed pregnancies
did not decrease over time. Moreover, 19 additional pregnancies
between April 1, 2016 andDecember 31, 2016 were identified as
having been exposed to TERIF, but they were not analyzed
because they occurred after the end of the study period (the
inclusion of cases that started after this date would have led to an
overestimation of the proportion of adverse pregnancy out-
comes). Considering the 47 exposed cases, the 19 additional
cases, and the 2probablymisclassified cases (profile 5), theremay
be a total of 64 TERIF-exposed pregnancies in 2 years in France.

The use of medico-administrative data in the present study
implies some limitations. First of all, only data for reimbursed
drugs were available; treatments that were not reimbursed by
the health insurance system could not be studied and taken
into account. This bias may apply to oral contraceptives,
intrauterine devices, folic acid, and activated charcoal.
According to the experts, cholestyramine is used much more
widely than charcoal, so the use of the AEP may only be
slightly underestimated. Regarding the AEP, we can assume
that it could have been stopped prematurely in some cases
because of a dosage of TERIF concentration under the
threshold considered as significant (<0.02 mg/L), but these
dosages and their results are not available as they were
generated by the pharmaceutical company that markets
TERIF. Nevertheless, the initial quantity dispensed by the
pharmacist should be sufficient to cover the treatment pe-
riod, irrespective of the intended control dosage.

Furthermore, the dispensing of a drug by a pharmacist does
not necessarily equate with effective use of the treatment by

Table 5 Most frequent diagnoses of newborns at birth according to the 3 treatment groups

Diagnosis Number of cases

ICD-10 Label

TERIF exposure IFN or GA exposure Not exposed

n = 23 n = 546 n = 1,149

P050 Low weight for gestational age 2 9 81

P071 Other low weight at birth 2 21 79

B008 Other forms of infection because of herpes
virus

1 0 0

G258 Other specified extrapyramidal syndromes
and movement disorders

1 0 0

P051 Small size for gestational age 1 1 20

P052 Fetus malnutrition, without the specification
of low weight or small size

1 0 0

P599 Neonatal jaundice, without specification 1 9 52

P700 Syndrome in the child whose mother has
gestational diabetes

1 12 68

P918 Other specified brain diseases of the
newborn

1 0 0

Q530 Testicle in abnormal position 1 3 1

Q531 Unilateral cryptorchidism 1 0 1

Q620 Congenital hydronephrosis 1 1 7

Q668 Other congenital morphologic defects of the
foot

1 1 3

Q680 Congenital morphologic defect of
sternocleidomastoid muscles

1 1 2

Z601 Difficulties linked to an inadequate family
support

1 1 4

Z632 Difficulties linked to an atypical parental
situation

1 0 0

Abbreviations: GA = glatiramer acetate; ICD-10 = International Classification of Diseases, 10th revision; IFN = interferon; TERIF = teriflunomide.
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the patient, which means that the length of TERIF exposure
is only an estimation of the true exposure and it may be
overestimated in case the woman did not take all of the pills in
the package.

Despite these limitations, this data source also has several
strengths. Firstly, it allows for studies to be conducted
on exhaustive populations at a national scale, without any
selection or recruitment bias, with data collection fully in-
dependent of self-declaration by individuals (either patients
or health care providers), thereby avoiding the risk of
underreporting or memory bias, as often found in pharma-
covigilance system or in postmarketing studies.

Regarding data quality, the dates for the onset of pregnancy
weremostly calculated using the gestational age specified in the
hospital records (97.5%), 2.0% was estimated from the preg-
nancy declaration, and only 0.5% was calculated using the na-
tional median pregnancy duration, which suggest a good
reliability in the dating.

Moreover, ascertainment of medication use based on claims
data is independent of maternal or infant outcomes, which
avoids parental recall bias.19 Therefore, use of medico-
administrative databases could be generalized for monitoring
pregnancy-related issues in relation to exposure to other
drugs and could increase the comparability of studies con-
ducted in different countries.

In conclusion, health care providers (primarily neurolo-
gists, but also pharmacists and general practitioners) should
be reminded of the guidelines that stipulate combining
TERIF with an effective contraception and the need to
systematically carry out an AEP when the treatment is
stopped because the patient wishes to become pregnant.
Patients also have a role to play by informing their physician
of their intentions regarding pregnancy. Lastly, there is no
specific signal regarding newborns’ health after TERIF ex-
posure, but it is essential to continue to monitor the
number of exposed pregnancies and the children’s health
over the long term to better document any potential ad-
verse health outcomes linked to in utero exposure to
TERIF.
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TAKE-HOME POINTS

Despite existing contraindications during preg-
nancy, 47 TERIF-exposed pregnancies were identi-
fied in a French nationwide cohort of women with
MS, within the first 20 months following its market
availability.

Half of the pregnancies occurred while TERIF was
ongoing and the other half while TERIFwas stopped.

Most of the cases were considered as TERIF-
exposed because of problems in the recommended
AEP (either lacking or performed in an incomplete
manner).

Almost half of the TERIF-exposed pregnancies led to
an abortion, without knowing whether this large
proportion reflects unplanned pregnancies or con-
sequences of the exposure.

Health care providers as well as patients with MS
should be reminded of the TERIF guidelines re-
garding pregnancy-related issues.
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