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1.0 PURPOSE

The purpose of this paper is to review the use of sodium valproate (Epilim) in pregnancy. The
European Union (EU) is currently conducting an investigation into this issue. Therefore, it is timely to
review the teratogenic and neurodevelopmental effects and investigate whether use in pregnancy
has decreased since Medsafe issued reminders regarding this issue.

2.0 BACKGROUND

2.1 Sodium valproate

Sodium valproate (VPA), brand name Epilim, is a branched-chained fatty acid, which exerts its effects
mainly on the central nervous system. Its main mechanism of action seems to be related to a
reinforcement of the gamma-aminobutyric acid-ergic pathways.

The first international approval for valproate and related substances was obtained in France on 23
January 1967. Epilim was first approved in New Zealand in 1975.

Valproate and related substances are approved and marketed in more than 120 countries.

2.2 Previous MARC discussion

Since Epilim was approved the Medicines Adverse Reactions Committee (MARC) have reviewed
many case reports of suspected adverse reactions including reports of teratogenic effects.

Sodium valproate and fetal abnormalities was a Watching Brief from December 2004. The Watching
Brief was triggered by a Centre for Adverse Reactions Monitoring (CARM) report of a child born with
probable fetal valproate syndrome and developmental delay. The mother had been started on
valproate for the treatment of severe post-natal psychosis after her first child was born. Previous
reports had occurred in mothers taking valproate for seizures and it had been argued that the fetal
abnormalities might have been caused by seizures.

The MARC were provided with an update on the Watching Brief in December 2005. The MARC
agreed that the issue could be removed from the Watching Brief. In December 2006, the MARC
considered a further CARM report of fetal valproate syndrome and recommended that an article was
included in Prescriber Update. The article was published in 2009.

In June 2009, the MARC considered a CARM report of twins who were diagnosed with fetal valproate
syndrome at birth; the mother had been taking sodium valproate. The MARC noted that recent
studies had been published showing that in utero exposure to valproate was associated with an
increased risk of impaired cognitive function. The MARC recommended that the data sheet be
reviewed. In November 2009, the MARC reviewed the information in the data sheet on use in
pregnancy. The MARC recommended that the data sheet be updated to include information on
cognitive impairment.

In 2015, the Committee MARC were presented with the text of the alert communication on use of
sodium valproate in pregnancy.

2.3 Data sheets

The indications for sodium valproate (Epilim) are:

Epilepsy: Primary generalised epilepsy (petit mal absences, various forms of myoclonic epilepsy and
tonic-clonic grand mal seizures). Partial (focal) epilepsy either alone or as adjuvant therapy.

Bipolar Disorder: For the treatment of manic episodes, maintenance and prophylactic treatment of
bipolar disease.

Medicines Adverse Reactions Committee: 14 September 2017
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Epilim IV: The treatment of patients with epilepsy or bipolar disorder, who would normally be
maintained on oral sodium valproate, and for whom oral therapy is temporarily not possible.

Comments

In Europe, Epilim is only indicated for treatment of epilepsy. Valproate semisodium, brand name
Depakote has the following indication:

Treatment of manic episode in bipolar disorder when lithium is contraindicated or not tolerated. The
continuation of treatment after manic episode could be considered in patients who have responded
to Depakote for acute mania.

Contraindications include:

Use of sodium valproate is contraindicated in pregnancy.

Warnings related to pregnancy:

Female children, female adolescents, women of child bearing potential and pregnant women:

This medicine should not be used in female children, in female adolescents, in women of child-
bearing potential and pregnant women unless alternative treatments are ineffective or not tolerated
because of this high teratogenic potential and risk of developmental disorders in infants exposed in
utero to valproate. The benefit and risk should be carefully reconsidered at regular treatment
reviews, at puberty and urgently when a woman of child bearing potential treated with Epilim plans a
pregnancy or if she becomes pregnant. This assessment is to be made before sodium valproate is
prescribed for the first time, or when a woman of child bearing potential treated with sodium
valproate plans a pregnancy. Women of child-bearing potential must use effective contraception
during treatment.

Epilim should be initiated and supervised by a specialist experienced in the management of epilepsy
or bipolar disorder. Treatment should only be initiated if other treatments are ineffective or not
tolerated, and the benefit and risk should be carefully reconsidered at regular treatment reviews.
Preferably Epilim should be prescribed as monotherapy and at the lowest effective dose, if possible
as a prolonged release formulation. The daily dose should be divided into at least two single doses
during pregnancy.

Women of child-bearing potential must use effective contraception during treatment and be
informed of the risks associated with the use of Epilim during pregnancy. The prescriber must ensure
that the patient is provided with comprehensive information on the risks.

In particular the prescriber must ensure the patient understands

¢ The nature and the magnitude of the risks of exposure during pregnancy, in particular the
teratogenic risks and the risks of developmental disorders.

* The need to use effective contraception.
¢ The need for regular review of treatment.

* The need to rapidly consult her physician if she is thinking of becoming pregnant or there is a
possibility of pregnancy.

In women planning to become pregnant all efforts should be made to switch to an appropriate
alternate treatment prior to conception, if possible.

Epilim therapy should only be continued after a reassessment of the benefits and risks of the
treatment with Epilim for the patient by a physician experienced in the management of epilepsy or
bipolar disorder.

Use in Pregnancy (Category D)

Medicines Adverse Reactions Committee: 14 September 2017
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Before Epilim is prescribed for use in women with epilepsy of any form, who could become pregnant,
they should receive specialist advice. Due to the potential risks to the foetus, the benefits of Epilim
should be weighed against the risks. When treatment with Epilim is deemed necessary, precautions
to minimise the potential teratogenic risk should be followed.

Overall, the risk of having a child with abnormalities as a result of antiepileptic medication is far
outweighed by the dangers to the mother and foetus of uncontrolled epilepsy.

Notwithstanding the potential risks, no sudden discontinuation of antiepileptic therapy should be
undertaken, without reassessment of the risks and benefits, as this may lead to breakthrough
seizures which could have serious consequences for both the mother and the foetus. If after careful
evaluation of the risks and benefits, sodium valproate treatment is to be continued during
pregnancy, it is recommended to use sodium valproate in divided doses over the day at the lowest
effective dose. The use of a prolonged release formulation may be preferable to any other treatment
form.

In bipolar disorder, cessation of sodium valproate should be considered.

During pregnancy, maternal tonic clonic seizures and status epilepticus with hypoxia carry a
particular risk of death for mother and for the unborn child.

In animals, teratogenic effects have been demonstrated in mice, rats and rabbits,

Congenital malformations:

The risk of a mother with epilepsy giving birth to a baby with an abnormality is about three times
that of the normal population. An increased incidence of minor or major malformations including
neural tube defects, craniofacial defects, malformation of the limbs, cardiovascular malformations,
hypospadias and multiple anomalies involving various body systems has been reported in children
born to mothers treated with valproate, when compared to the incidence for certain other
antiepileptic drugs. Data has shown an incidence of congenital malformations in children born to
epileptic women exposed to valproate monotherapy during pregnancy. This is a greater risk of major
malformations than for the general population. Women treated with Epilim IV have a potentially
increased risk of giving birth to a baby with an abnormality due to the higher Cmax of the
intravenous formulation compared with the oral formulation.

Mothers taking more than one anticonvulsant medicine might have a higher risk of having a baby
with a malformation than mothers taking one medicine. Sodium valproate (valproic acid), if taken in
the first trimester of pregnancy, is suspected of causing an increased risk of neural tube defects
(especially spina bifida) in the exposed foetus. This has been estimated to be in the region of 1-2%.
This risk is dose dependent but a threshold dose below which no risk exists cannot be established.

Developmental disorders:

Data has shown that exposure to valproate in utero can have adverse effects on mental and physical
development of the exposed children. The risk seems to be dose-dependent but a threshold dose
below which no risk exists, cannot be established based on data. The exact gestational period of risk
for these effects is uncertain and the possibility of a risk throughout the entire pregnancy cannot be
excluded.

Studies in preschool children exposed in utero to valproate show that some children may experience
delays in their early development such as talking and walking later, lower intellectual abilities, poor
language skills (speaking and understanding) and memory problems.

Some data have suggested an association between in-utero valproate exposure and the risk of
impaired cognitive function, including developmental delay (frequently associated with craniofacial
abnormalities), particularly of verbal IQ. IQ measured in school aged children with a history of
valproate exposure in utero, was lower than those children exposed to other antiepileptics. Although

Medicines Adverse Reactions Committee: 14 September 2017
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the role of confounding factors cannot be excluded, there is evidence in children exposed to
valproate that the risk of intellectual impairment may be independent from maternal IQ. There is
limited data on the long term outcomes.

Developmental delay has been very rarely reported in children born to mothers with epilepsy. It is
not possible to differentiate what may be due to genetic, social, environmental factors, maternal
epilepsy or antiepileptic treatment. Autism spectrum disorders have also been reported in children
exposed to valproate in-utero.

Limited data suggests that children exposed to valproate in utero may be more likely to develop
symptoms of attention deficit/hyperactivity disorder (ADHD).

Both valproate monotherapy and valproate polytherapy are associated with abnormal pregnancy
outcome. Available data suggest that antiepileptic polytherapy including valproate is associated with
a higher risk of abnormal pregnancy outcome than valproate monotherapy.

In view of this data, the following recommendation should be taken into consideration:

This medicine should not be used during pregnancy and in women of child-bearing potential unless
clearly necessary, that is, in situations where other treatments are ineffective or not tolerated. This
assessment is to be made before sodium valproate is prescribed for the first time, or when a woman
of child-bearing potential treated with sodium valproate plans a pregnancy. Women of child-bearing
potential must use effective contraception during treatment.

Women of child-bearing potential should be informed of the risks and benefits of the use of
valproate during pregnancy.

Treatment advice:

It is recommended that women of child-bearing potential taking sodium valproate should:
e receive counselling with regard to the risk of foetal abnormalities;

¢ have their drug treatment reviewed before conception. This may involve dose adjustments or
alternative therapy options. If sodium valproate is to be continued, monotherapy should be used if
possible at the lowest effective dose given in divided doses, as risk of abnormality is greater in
women taking combined medication and in women taking a higher total daily dose;

¢ undergo routine ultrasound and amniocenteses for specialist prenatal diagnosis of such
abnormalities;

* take folic acid supplementation (5mg daily) for at least 4 weeks prior to and 12 weeks after
conception as folic acid may have a role in the prevention of neural tube defects in infants of women
taking antiepileptic therapy.

It is recommended that in bipolar disorders indication, cessation of valproate therapy should be
considered.

There have been rare reports of haemorrhagic syndrome in neonates whose mothers have taken
sodium valproate during pregnancy. This syndrome is related to thrombocytopenia, hypofibrinaemia
and/or to a decrease in other coagulation factors. Afibrinaemia has also been reported and may be
fatal. Hypofibrinaemia is possibly associated with a decrease of coagulation factors. Phenobarbital
and other enzyme inducers may also induce haemorrhagic syndrome as they decrease the vitamin-K
factors. Platelet count, fibrinogen plasma level and coagulation status should be investigated in
neonates.

Cases of hypoglycaemia have been reported in neonates whose mothers have taken valproate during
the third trimester of the pregnancy.

Medicines Adverse Reactions Committee: 14 September 2017
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Cases of hypothyroidism have been reported in neonates whose mothers have taken valproate
during pregnancy.

Withdrawal syndrome (such as, in particular, agitation, irritability, hyperexcitability, jitterness,
hyperkinesia, tonicity disorders, tremor, convulsions and feeding disorders) may occur in neonates
whose mothers have taken valproate during the last trimester of pregnancy.

2.4 Actions taken by international regulators
241 EMA

On 10 October 2013, the European Medicines Agency (EMA) started a review of valproate and
related substances use in pregnancy under Article 31 of Directive 2001/83/EC. This review was
initiated at the request of the UK Medicines and Healthcare Products Regulatory Agency (MHRA)
following the publication of new studies suggesting that in some children problems in
neurodevelopment, which can include autism, may be long-lasting. On 19 November 2014, the
Coordination group for Mutual recognition and Decentralized procedure human (CMDh) adopted by
consensus the Pharmacovigilance Risk Assessment Committee (PRAC) recommendation and the EMA
agreed on measures to strengthen warning and restrictions on valproate use in women and girls, due
to the risk of malformations and neurodevelopmental disorders in babies who are exposed to
valproate in the womb and also recommended studies (Drug Utilization Study and prescriber survey)
at EU level to measure how effective the proposed risk minimization measures were.

The 2014 review also recommended studies at EU level to measure how effective the proposed
measures were. Some EU member states have since carried out additional assessments of the impact
of the measures at national level and concerns have been raised about how effective the measures
have been in increasing awareness and reducing valproate use appropriately in its various
indications. The French medicines regulator, ANSM, therefore asked EMA to review the effectiveness
of the measures and to consider whether further EU-wide action should be recommended to
minimise the risks in women who are pregnant or of childbearing age.

24.2 FDA

The United States Food and Drug Administration (FDA) issued a safety communication in May 2013
regarding the risks of valproate in pregnancy.

‘The U.S. Food and Drug Administration (FDA) is advising health care professionals and women that
the anti-seizure medication valproate sodium and related products, valproic acid and divalproex
sodium, are contraindicated and should not be taken by pregnant women for the prevention of
migraine headaches. Based on information from a recent study, there is evidence that these
medications can cause decreased IQ scores in children whose mothers took them while pregnant.
Stronger warnings about use during pregnancy will be added to the drug labels, and valproate’s
pregnancy category for migraine use will be changed from "D" (the potential benefit of the drug in
pregnant women may be acceptable despite its potential risks) to "X" (the risk of use in pregnant
women clearly outweighs any possible benefit of the drug).

With regard to valproate use in pregnant women with epilepsy or bipolar disorder, valproate
products should only be prescribed if other medications are not effective in treating the condition or
are otherwise unacceptable. Valproate products will remain in pregnancy category D for treating
epilepsy and manic episodes associated with bipolar disorder.

With regard to women of childbearing age who are not pregnant, valproate should not be taken for
any condition unless the drug is essential to the management of the woman's medical condition. All
non-pregnant women of childbearing age taking valproate products should use effective birth
control.’

Medicines Adverse Reactions Committee: 14 September 2017
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3.0 SCIENTIFIC INFORMATION
3.1 Company report

Sanofi has provided their response to the PRAC list of questions (see Annex 1 for full report).

I
3.1.1.1 -
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3.1.2

3.1.21
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3.1.3 Review of the literature
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3.14

3.1.4.1 -

Medicines Adverse Reactions Committee: 14 September 2017

Page 16 of 82



Epilim in pregnancy CONFIDENTIAL

3.1.51
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3.1.8.1
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3.1.8.3
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3.1.9.2
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3.2 Information from France

The French agency (ANSM) triggered the current EU referral which started in March 2017. Since the
referral began ANSM have contraindicated the use of sodium valproate in pregnant women and
women of childbearing age not using effective contraception for the bipolar indication. ANSM states
that this action was taken because more women of childbearing age are treated with valproate for
bipolar disorder than epilepsy. It was also noted that most women taking valproate for bipolar
disorder stop therapy in the first trimester and no patient treated for bipolar disorder has been
identified who only tolerates valproate.

3.2.1 Exposure to sodium valproate in pregnancy in France

An observational study was conducted with the CNAMTS (national sickness insurance fund for
employees) using data from the SNIIRAM (national interregional health insurance system), the
results are published on the ANSM website. The study identified pregnant women from 1 January
2007 to 31 December 2014. The indication for prescription was identified and the speciality of the
prescriber.

The results showed that around 2 pregnancies per 1000 were exposed to sodium valproate between
2007 and 2014. There was a 42% decrease in exposure over this time period, but it still remains high.

A total of 14,322 pregnancies were exposed between 2007 and 2014 (Figure 2).
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Figure 2: Number of pregnancies exposed to sodium valproate in France.

The indication for use of sodium valproate is shown in Figure 3. The number of women with epilepsy
taking sodium valproate in pregnancy has reduced. However, the number of women taking sodium
valproate for bipolar disorder remains static.
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Figure 3: Number of pregnancies exposed to sodium valproate in different indications in France

Sodium valproate is one of the most widely used treatments in WCBP for bipolar disorder in France.
Although this may be starting to change (Figure 4).
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Figure 4: Number of pregnancies exposed to different medicines for bipolar disorder treatment in France

The timing of exposure during pregnancy was different between the two indications. The majority of
women taking sodium valproate for bipolar disorder stopped treatment in the first trimester (Figure
5).
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Figure 5: Timing of exposure to sodium valproate in France

The dose of sodium valproate was generally lower in women with bipolar disorder: 46% were taking
< 700mg compared to 26% of women with epilepsy. The speciality of the prescriber is shown in Table

22 below.

Table 22: Prescribers of sodium valproate in pregnancy in France

Spécialite Epilepsie Troubles bipolaires
du prescripteur* (n=8 204) (n=6 149)

Médecin hospitalier 1 595 (19,4%) 2011 (32,7%)
Généraliste libéral 5 496 (67,0%) 2 342 (38,1%)
Psychiatre libéral 128 (1,6%) 1701 (27,7%)

Neuropsychiatre libéral 29 (0,4%) 40 (0,7%)

Neurologue libéral 755 (9,2%) 11 (0,2%)

Autre spé. libérale 201 (2,5%) 44 (0,7%)

Of the 14,322 pregnancies there were 8,701 live births (accouchements), 115 stillbirths (autres),
4,300 terminations and 1,206 miscarriages (interruptions grossesses) (Figure 6).
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1500 | accouchements
autres (fausse couche, GEU )
1000 +— —
minterruptions grossesses

) ] I I I I i

0 - T T T T T I T I T l

2007 2008 2009 2010 2011 2012 2013 2014

Figure 6: Outcomes of pregnancies exposed to sodium valproate in France

In a second study, data from which was published more recently, the same group looked at
congenital malformations diagnosed in children exposed to sodium valproate in utero.

The exposure data was linked to information about the child. This linkage was partially available from
2011 (58%). Therefore, this study included data on births, stillbirths and medical terminations (from

22 weeks) from 1 January 2011 to 31 March 2015. A total of 26 major congenital malformations
(MCMs) identifiable from the information in the national interregional health insurance system:
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SNIIRAM were selected for study. The risk of MCM was compared between pregnancies exposed to
sodium valproate monotherapy and unexposed pregnancies (no medicine for epilepsy or bipolar
disorder). In addition, some comparisons were made between valproate monotherapy and
lamotrigine.

In order to evaluate the total number of cases of MCM among live births exposed to valproate the
group extrapolated back to 1967 when valproate was first approved. The group took into account the
different marketing years for the different indications and used several hypotheses on the temporal
evolution and number of pregnancies exposed and the proportion of live births. The number of live
births from pregnancies exposed between 1967 and 2016 was assessed based on sales data and the
study above. The number of children born alive with an MCM was calculated from the rates of MCM
among live births in the general population and the risk of MCM determined from the study.

From 1 January 2011 to 31 March 2015 there were 1,897,359 pregnancies of which 1,345 were
exposed to valproate.

A total of 43 cases of MCM were identified born to mothers with epilepsy taking valproate rate 46.5
per 1,000 the unexposed rate was 10.2 per 1,000. There was an increased risk of spina bifida,
interventricular communication, inter-arterial communication, pulmonary artery atresia, left
ventricular hypoplasia, cleft palate, anorectal atresia, hypospadias, pre-axial polydactyly. The risk
increased with increasing dose.

A total of 16 cases of MCM were identified born to mothers with bipolar disorder taking valproate
rate 22.2 per 1000. There was an increased risk of hypospadias, craniosynostosis.

Over the period 1967 to 2016 the group calculated that between 64,100 and 100,000 pregnancies
would have been exposed to sodium valproate. This would have resulted in between 2150 and 4100
children affected by at least one MCM. It is noted that this range is based on unverifiable
assumptions and should therefore be interpreted with caution.

Comments

Only a summary of the data from the second study has been published therefore it is difficult to
assess the validity of the conclusions.
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3.3 Published Literature

A summary of recent published literature on use of sodium valproate in pregnancy is summarised
below. This is not a comprehensive review but is provided as a reminder of the nature of the safety
concerns.

3.3.1 Weston et al.2016 Cochrane review on malformations [6]

This Cochrane review was performed to assess the effects of prenatal exposure to AEDs on the
prevalence of congenital malformations in the child. The primary outcome was the proportion of
children who presented with any type of major congenital malformation. The secondary outcomes
were specific malformations: neural tube malformations, cardiac malformations, orofacial
cleft/craniofacial malformation, skeletal or limb malformations and all minor congenital
malformations (including minor malformations of facial features and limbs).

The authors searched the Cochrane Epilepsy Group Specialized Register (September 2015), Cochrane
Central Register of Controlled Trials (CENTRAL) (2015, Issue 11), MEDLINE (via Ovid) (1946 to
September 2015), EMBASE (1974 to September 2015), Pharmline (1978 to September 2015),
Reprotox (1983 to September 2015) and conference abstracts (2010-2015) without language
restriction.

The authors included prospective cohort controlled studies, cohort studies set within pregnancy
registries and randomised controlled trials. Participants were women with epilepsy taking AEDs; the
two control groups were women without epilepsy and women with epilepsy who were not taking
AEDs during pregnancy.

Three authors independently selected studies for inclusion. Five authors completed data extraction
and risk of bias assessments. Where meta-analysis was not possible, the authors reviewed included
studies narratively. 50 studies were included, with 31 contributing to meta-analysis. Study quality
varied, and given the observational design, all were at high risk of certain biases. However, biases
were balanced across the AEDs investigated and the authors believe that the results are not
explained by these biases.

Children exposed to carbamazepine were at a higher risk of malformation than children born to
women without epilepsy (N = 1,367 vs 2,146, risk ratio (RR) 2.01, 95% confidence interval (Cl) 1.20 to
3.36) and women with untreated epilepsy (N = 3,058 vs 1,287, RR 1.50, 95% Cl 1.03 to 2.19).

Children exposed to phenobarbital (PB) were at a higher risk of malformation than children born to
women without epilepsy (N = 345 vs 1,591, RR 2.84, 95% Cl 1.57 to 5.13).

Children exposed to phenytoin (PHT) were at an increased risk of malformation compared with
children born to women without epilepsy (N =477 vs 987, RR 2.38, 95% Cl 1.12 to 5.03) and to
women with untreated epilepsy (N = 640 vs 1,256, RR 2.40, 95% Cl 1.42 to 4.08).

Children exposed to topiramate (TPM) were at an increased risk of malformation compared with
children born to women without epilepsy (N = 359 vs 442, RR 3.69, 95% Cl 1.36 to 10.07).

The children exposed to valproate (VPA) were at a higher risk of malformation compared with
children born to women without epilepsy (N =467 vs 1,936, RR 5.69, 95% Cl 3.33 t0 9.73) and to
women with untreated epilepsy (N =1,923 vs 1,259, RR 3.13, 95% Cl 2.16 to 4.54) (Figure 7).

There was no increased risk for major malformation for lamotrigine (LTG). Gabapentin (GBP),
levetiracetam (LEV), oxcarbazepine (OXC), primidone (PRM) or zonisamide (ZNS) were not associated
with an increased risk, however, there were substantially fewer data for these medications.

For AED comparisons, children exposed to VPA had the greatest risk of malformation (10.93%, 95% ClI
8.91to 13.13).
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In the meta-analyses a consistent pattern emerged: children exposed to VPA were at an increased
risk of both a higher overall malformation risk and risk of a specific malformations including neural
tube, cardiac, oro-facial cleft and craniofacial and skeletal and limb malformations (Figure 8).

The prevalence of major malformation following exposure to VPA in the womb was 10.93%, once
variation between the studies had been taken into consideration. Children exposed to VPA were at
an increased risk of being born with a malformation compared with both the children of women
without epilepsy and the children of women with untreated epilepsy, with the risk difference being
8% and 6% compared with the respective control groups.

Analysis of the risks associated with VPA treatment at the specific malformation level was limited by
a lack of control data; however, children exposed to VPA remained at a significantly increased risk for
neural tube, cardiac and skeletal malformations compared with control children.
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Figure 7: VPA versus controls for all major malformations
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Children exposed to VPA were at an increased risk of malformation compared with children exposed

to

— Carbamazepine (N =2,529 vs 4,549, RR 2.44,95% Cl 2.00 to 2.94)

— Gabapentin (N=1,814vs 190, RR 6.21, 95% Cl 1.91 to 20.23)

— Levetiracetam (N=1,814vs 817, RR5.82,95% Cl 3.13 to0 10.81)
— Lamotrigine (N =2,021 vs 4,164, RR 3.56, 95% Cl 2.77 to 4.58)
— Topiramate (N=1,814vs 473, RR 2.35,95% Cl 1.40 to 3.95)

— Oxcarbazepine (N =676 vs 238, RR 3.71, 95% Cl 1.65 to 8.33)

— Phenobarbital (N=1,137 vs 626, RR 1.59, 95% Cl 1.11 to 2.29)

— Phenytoin (N=2,319vs 1,137, RR 2.00, 95% Cl 1.48 to 2.71)

— Zonisamide (N =323 vs 90, RR 17.13, 95% CI 1.06 to 277.48).

At the specific malformation level, children exposed to VPA were at an increased risk of neural tube
malformation compared with the children exposed to carbamazepine, levetiracetam, lamotrigine,
phenobarbital and phenytoin, with the increases in risk ranging from 1% to 4%. The authors did not
note any increase compared to children exposed to gabapentin, oxcarbazepine or topiramate, but

this could be due to limited data (Figure 8).

The authors found significantly higher rates of specific malformations associating phenobarbital
exposure with cardiac malformations and valproate exposure with neural tube, cardiac, oro-
facial/craniofacial, and skeletal and limb malformations in comparison to other AEDs. Dose of
exposure mediated the risk of malformation following VPA exposure; a potential dose-response

association for the other AEDs remained less clear.

Exposure in the womb to certain AEDs carried an increased risk of malformation in the foetus and
may be associated with specific patterns of malformation. Based on current evidence, levetiracetam
and lamotrigine exposure carried the lowest risk of overall malformation; however, data pertaining
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to specific malformations are lacking. Physicians should discuss both the risks and treatment efficacy
with the patient prior to commencing treatment.

Comments

This analysis confirms the adverse effects of sodium valproate exposure in pregnancy. It should be
noted that congenital malformation are also associated with other anti-epileptics.

3.3.2 Veroniki et al. 2017 meta-analysis of congenital malformations [14]

The authors aimed to compare the risk of congenital malformation in infants/children who were
exposed to different AEDs in utero through a systematic review and Bayesian random-effects
network meta-analysis.

MEDLINE, EMBASE, and Cochrane CENTRAL were searched from inception to 15 December 2015.
Two reviewers independently screened titles/abstracts and full-text papers for experimental and
observational studies comparing mono- or poly-therapy AEDs versus control (no AED exposure) or
other AEDs, then abstracted data and appraised the risk of bias. The primary outcome was incidence
of major congenital malformations, overall and by specific type (cardiac malformations, hypospadias,
cleft lip and/or palate, club foot, inguinal hernia, and undescended testes).

A random-effects meta-analysis model was applied because the studies differed methodologically
and clinically. Outcome data were pooled using the odds ratio (OR) and, for two or more studies, the
OR was estimated using Bayesian hierarchical models and a Markov Chain Monte Carlo algorithm.
When treatment comparisons formed a connected network of evidence, a random-effects network
meta-analysis (NMA) was conducted using treatment nodes pre-specified by the team. Multiple
doses were combined in nodes, because this information was not reported consistently across the
studies.

In both pairwise meta-analyses and NMAs, the authors assumed common within-network between-
study variance (12) across treatment comparisons, since there were many treatment comparisons,
including a single study where the (t2) was not estimable.

For each outcome, the entire network was evaluated for inconsistency using the design-by-treatment
interaction model sensitivity analyses were conducted on the same outcomes restricting to studies
with treatment indication (ie, including only women with epilepsy), timing of at least first trimester
exposure, large study size (ie, > 300 patients), maternal alcohol intake, and higher methodological
quality using two items of the Newcastle-Ottawa Scale for cohort studies (adequacy of follow-up of
cohorts, comparability of cohorts) and low overall risk-of-bias for randomised controlled trials
(component approach using randomization and allocation concealment items).

The safety of AED medications was ranked using the surface under the cumulative ranking (SUCRA)
curve. The larger the SUCRA value for a treatment, the higher its safety rank among all the available
treatment options. Ideally, one would like to observe a steep gradient in the SUCRA curve suggesting
that the corresponding treatment is most likely the safest. A rank-heat plot was used to depict the
SUCRA values for all outcomes.

After screening 5,305 titles and abstracts, 642 potentially relevant full-text articles, and 17 studies
from scanning reference lists, 96 studies were eligible (n = 58,461 patients) see Figure 9.
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Figure 9: Study flow

Across all major congenital malformations, many AEDs were associated with higher risk compared to
control (Figure 11). For major congenital malformations risks were:

ethosuximide (OR, 3.04; 95% Crl, 1.23-7.07)
valproate (OR, 2.93; 95% Crl, 2.36-3.69)
topiramate (OR, 1.90; 95% Crl, 1.17-2.97)
phenobarbital (OR, 1.83; 95% Crl, 1.35-2.47)
phenytoin (OR, 1.67; 95% Crl, 1.30-2.17)
carbamazepine (OR, 1.37; 95% Crl, 1.10-1.71)

In addition, 11 poly-therapies were significantly more harmful than control.

Lamotrigine (OR, 0.96; 95% Crl, 0.72—1.25) and levetiracetam (OR, 0. 72; 95% Crl, 0.43-1.16) were
not associated with congenital malformations.

There is concern that most AEDs introduce the risk of abnormal or delayed physical development for
infants who are exposed in utero. These results show that, across major and minor congenital
malformations outcomes, many AEDs were associated with higher risk of congenital malformations
than control (Figures 10 - 14).

The monotherapies associated with statistically significant risk of congenital malformations (CMs)
and prenatal harms compared to control across two or more NMAs were:

carbamazepine (overall major and minor CMs),

clobazam (prenatal growth retardation, preterm birth),

ethosuximide (overall major CM, cleft lip/palate, club foot),

gabapentin (cardiac malformations, hypospadias),

phenobarbital (overall major CM, prenatal growth retardation, cleft lip/palate),

phenytoin (overall major CM, cleft lip/palate, club foot),

topiramate (overall major CM, combined fetal losses, prenatal growth retardation, cleft
lip/palate), and

valproate (overall major and minor CMs, combined fetal losses, hypospadias, cleft lip/palate,
club foot).
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Figure 10: Rank heat plot for overall major congenital malformations (CMs), combined fetal losses, prenatal
growth retardation, and preterm birth. Rank-heat plot of 49 treatments (presented in 49 radii) and four
outcomes (presented in four concentric circles). Each sector is coloured according to the SUCRA value of the
corresponding treatment and outcome using the transformation of three colours: red (0%), yellow (50%),
and green (100%). carbam carbamazepine, clobaz clobazam, clonaz clonazepam, ethos ethosuximide, gabap
gabapentin, lamot lamotrigine, levet levetiracetam, oxcar oxcarbazepine, pheno phenobarbital, pheny
phenytoin, primid primidone, topir topiramate, valpro valproate, vigab vigabatrin
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Figure 11: Network meta-analysis forest plots for each treatment versus control. Each rhombus represents
the summary treatment effect estimated in the network meta-analysis on the odds ratio (OR) scale. The black
horizontal lines represent the credible intervals (Crl) for the summary treatment effects, and the red horizontal
lines represent the corresponding predictive intervals (Prl). In the absence of heterogeneity, the Crls and Prls
should be identical. The vertical blue line corresponds to an OR = 1. The total sample size (n) included in each
treatment is also presented. a Overall major congenital malformations (78 studies, 35,016 cases, 48
treatments). b Combined fetal losses (31 studies, 13,487 cases, 28 treatments)
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Figure 12: Network meta-analysis forest plots for each treatment versus control. Each rhombus represents
the summary treatment effect estimated in the network meta-analysis on the odds ratio (OR) scale. The black
horizontal lines represent the credible intervals (Crl) for the summary treatment effects, and the red horizontal
lines represent the corresponding predictive intervals (Prl). The vertical blue line correspondstoan OR=1. a
Prenatal growth retardation (16 studies, 18,177 cases, 23 treatments). b Preterm birth (17 studies, 17,133

cases, 23 treatments)
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Figure 13: Network meta-analysis forest plots for each treatment versus control. Each rhombus represents
the summary treatment effect estimated in the network meta-analysis on the odds ratio (OR) scale. The black
horizontal lines represent the credible intervals (Crl) for the summary treatment effects, and the red horizontal
lines represent the corresponding predictive intervals (Prl). In the absence of heterogeneity, the Crls and Prls
should be identical. An OR > 1 suggests that control is safer, whereas an OR < 1 suggests that the comparator
active treatment is safer. The vertical blue line corresponds to an OR =1 (i.e., the treatment groups compared

are equally safe). The total sample size (n) included in each treatment is also presented. a Cardiac

malformations (51 studies, 21,935 cases, 40 treatments).

The study has some limitations worth noting.

First, the authors did not incorporate differences in drug dosages of the AEDs because this
information was rarely reported across the included studies, although a dose-response relationship
has been observed for these agents. For instance, a potential modification of the estimated
treatment effects may occur if the doses vary considerably across treatment indications, and
accounting for the fact that certain AEDs were more widely utilized in other conditions, while some
AEDs are almost exclusively used for epilepsy.
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Figure 14: Network meta-analysis forest plots for each treatment versus control. Each rhombus represents
the summary treatment effect estimated in the network meta-analysis on the odds ratio (OR) scale. The black
horizontal lines represent the credible intervals (Crl) for the summary treatment effects, and the red horizontal
lines represent the corresponding predictive intervals (Prl). The vertical blue line correspondsto an OR=1.a
Cleft lip/palate (29 studies, 18,987 cases, 33 treatments). b Club foot (23 studies, 8836 cases 27 treatments).
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Second, the paucity of available data is a limitation; many poly-therapies were informed by only a
few studies and patients, and many studies included zero events in all arms for the specific
congenital malformations and were excluded from those analyses. This impacted the treatment
group risk across studies; for example, the median risk of the major congenital anomalies per
treatment ranged between 0% and 24%. The lack of adequate knowledge of risks for multiple AEDs
impacts the NMA results. This affected the SUCRA estimates, which showed several poly-therapies
with high OR estimates, but with extremely wide Crls.

Third, quality of reporting of the identified observational studies may have introduced bias; 81% did
not control for important cofounders, such as maternal age and epilepsy type and severity, and 59%
had large attrition rates.

Fourth, despite no evidence of inconsistency, the assessment of transitivity for most treatment effect
modifiers suggested that there was an imbalance in the different levels of quality appraisal across
treatment comparisons and most outcomes, which may affect NMA results.

Fifth, although adjusted funnel plots suggested no evidence of publication bias and small-study
effects, asymmetry may have been masked given several studies compared multiple arms.

Sixth, the strength of evidence in most NMAs may be low due to the small number of studies
compared to the number of treatments included in each network.

Seventh, the authors combined data across study designs to determine how AEDs behave in the ‘real
world’. However, this may have introduced heterogeneity in the analyses.

The authors concluded that newer generation AEDs, lamotrigine and levetiracetam, were not
associated with significant increased risks of congenital malformations compared to control, and
were significantly less likely to be associated with children experiencing cardiac malformations than
control. However, this does not mean that these agents are not harmful to infants/children exposed
in utero. Counselling is advised concerning teratogenic risks when the prescription is written for a
woman of childbearing age and before women continue with these agents when considering
pregnancy, such as switching from poly-therapy to monotherapy with evidence of lower risk and
avoiding AEDs, such as valproate, that are consistently associated with congenital malformations.
These decisions must be balanced against the need for seizure control.

Comments

Interestingly, in this study overall risks of congenital malformations were greatest with ethosuximide
when considering monotherapies. Risk was generally higher with poly-therapy particularly if this
included valproate.

3.3.3 Guveli et al. 2017 focus on dysmorphic features [15]

This was a retrospective study of malformations in children born to mothers currently followed up in
the authors’ outpatient clinics who used or discontinued AED during their pregnancy. Their children
were then investigated using echocardiography, urinary ultrasound, cranial magnetic resonance
image, and examined by geneticists and paediatric dentists.

One hundred and seventeen children were included in the study (Table 23). Ninety one of these
children were exposed to AED during pregnancy. The most commonly used AED were valproic acid
and carbamazepine in monotherapy. The percentage of major anomaly was 6.8% in all children
(Table 24).
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Table 23: The features of mothers and children

Varable On AED MNon-AED p value
Mother (n=88)
Epilepsy onset age (year) 147458 161241 034
Epilepsy type
diopathic epiepsy a1 12
Unknown epilepsy a0 5 0.08*
Symptomafic epilepsy 10 0
Mean gestafional age (yean 29+4.5 313261 049
Seizure frequency duling pregnancy
No change &4 18
Increased 13 & 0.39*
Decreased 14 2
Children (n=117)
Age (yn) A44+35 4H5£35 007
Gender (female/male) A6f45 1610 032

Values are preserded o8 meand standard devidation, o number only.
AED, anfiepileptic drug.
*Rsher exact test.

Table 24: Congenital malformations

Malfomrnations Drug (mg/day) Folic acid*
Major malformations (n=8)
Afral septal defect+alrial septal aneurysm WRA 300 |
Atral septal defect CBZ 200 i
Afral septal defect VPEA B00+PB 150 |
Patent foramen ovale+atial septal defect +left persstent superior vena cava FB 300+ PHT 100+CE2 300 —
Hydronephirosis PHT 180 +CXC 1,200 —
Syndachyly WPA BO0 {
Congenital hip didocation WRA 1,000 i
Venticular septal defect Non-AED {
Miror malfomations (n=23)
Left intraventicular band/t VPA 2,000 }
Patent foramen ovale +strabismus PB 200 {
Patent foramen ovale CBZ 100 -
Patent foramen ovale CBZ 200 -
Patent foramen ovale VPA 500 {
Patent foramen ovale OXC 900 -
Patent foramen ovale Non-AED {
Left intraventicular band/t Norn-AED
Bilateral medullar nephrocalcinosis WPA BO0 {
Bilateral medullar nephrocalcinass CLZ 0.5 —
Bifid renal pelvis+ptofic kidney PB 100+ PHT 100 —
Ptofic kidrey PB 300+PRM 50 -
Renal agenesis VPRA 1.000+LTE 100 —
Dilatation in peficaliceal  system WPA BO0 {
Renal agenesis Non-AED —
Hypernternse noduler lesion CLZ 50 —
Choroid fissure cyst PB 100 -
Arachnoid cysts VRA 500 —
Venticular asymmetry +deep white maftter lesion PB 100 -
Periventricular leukomalacia+arachnoid cyst+cerebellar atrophy VPA 200 —
Inguinal hernia Non-AED t
Strabismus (n=2) WEA 2000 {

AED, antiepileptic dug; VPA, vdproic acid; CBZ, carbamazepine; PB, phencbarbital; PHT, phenytoin; OXC, oxcarbazeping; LTS, lamotrigine;
CLZ, clonazepam; PRM, primidone.
*p=0.05 major malformations and folic acid using.

Dysmorphic features and dental anomalies were observed more in children exposed especially to
valproic acid (Table 25). Dysmorphism was detected in 79.7% of the children by the medical
geneticist according to the list comprised for this study. The mean number of dysmorphic features
was 3.2+7.7 in the AED group, and 0.9+2.5 in the non-AED group (p<0.001). Dysmorphic features
had no statistically significant correlation with either mono/poly-therapy or type of epilepsy (p>
0.05). The most common dysmorphic features were observed in children whose mothers used VPA,
regardless of the daily dosage (p<<0.05).
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Table 25: Dysmorphic features and developmental dental anomalies

R Monatherapy (n=76) Polytherapy Non-AED
WPA CBZ PB  PHT OXC CIZ (n=15) (n=24)

Eye” 48 25 9 1 8 2 14 8
Nose® 35 & 4 0 1 1] 14 5
Ear 3 1] 1 1 1] 1] 1 1]
Math® 23 20 7 1 2 2 13 10
Joint® 8 3 4 0 1 0 & 0
Others’ 14 & 2 0 2 1] & 1
Dental anomalies® 11 9 & 1 2 2 9 4
Total mean number of dysmomphic features’ A1£8 6456 09+25
Tatal mean number of dysmomhic features for AED group 32477
Ratio of af dental anomalies (%)" 538 235

Values are presented as number only, meantstandard deviafion, or percent only.

AED, anfiepieptic dug; VPA, vdproic acid: CRZ, cabamazepine; PB. phenobarbital; PHT, pherytoin; OXC, oxcarbarepine; CLZ clonazepam.
“Medial deficiency of eyebrow, epicanthus, infraorbital grooves, hyperelodsm, upward slanting palpebral fissures, downward slanting
palpebral fissures, prominent eyelashes, telecanthus, blue sclem, supraorbitd fullness; “Broad nasal root, shot nose, anteverted nares, broad
nasal fip, hypoplastic nasal alae, tubular nose; “Retroverted ears, low set ear “Smoath prhittrumn, thin upper lip. thick lower lip, down turned
comers of the mouth, large mouth, smal mouth, high arched pdate, prominent columelia; “Hyperexlersible joints, cubitus valgus, fetd
finger pad, tapering fingess; "Broad farehead, high forehead, facid hirsuitisr, nail hypoplasia, frontal bossing, micrognathia, maongolian spot,
pectus excavatum; ®Hypoplasia, delayed emption, mdocdlusion, distubances of shape, supemumerary teeth, hypodontia.

*Every patient has more than one diysmomphic feature.

'p <0.001 in AED ard non-AED groups, but p>005 in monoteraphy and polteraphy; Tpf:lfl.f_lﬁ in AED and norn-AED groups.

There were 26 mothers with two and four mothers with three pregnancies from the same fathers
(Table 26).

Table 26: The conditions of children from the same parents with two or more pregnancies

i 1. Pregnancy , 2. Pregnancy 5 3. Pregnancy i
Patient AED (mg/day) Mdfomnation AED (ma/day) Malfarmation AED (mg/day) Malfomrmation
1 CBZ 100 - CBZ 100 PFO
2 CBZ BOO Teeth CBZ 800 Teeth
3 CBZ 200+VPA 500 - CBZ 200 PFO
4 CBZ 300 - CBZ &00 -

5 VPA 500 Dilatation in VPA 800
pencalyxial system
& WRA 2,000 Strabismus WPA 2,000 Strabismus
7 WRA 1,000 - WVEA 1,000 -
3] WRA 400 - WVPA 200
9 WPA 1,500 Teeth WPA 1,000 -
10 VPA 500 Teeth VPA 500 - VPA 500
1 PB 200 Teeth WPA 500 -
12 PB 100 Teeth PB 300 Teeth
13 PHT 300 Teath PHT 180+PB 150 Hydronephross
14 OXC 1,000 PFO OXC 1,000 -
15 CLZ 05 Teeth CLZ 05 Teeth
16 FB 25 - Mor-AED PFO
17 CHZ 300+PB Teeth CBZ 300+PB 300 Teeth+PRO+ASDY CBZ 200+FB 300 Teeth
A00+PHT 300 +PHT 100 left persistant superor +PHT 100
vena cava®
18 Non-AED Renal agenesis WVRA 1,000 Renal ageness
19 Nor-AED - Mar-AED VED MNor-AED
20 Nor-AED - Mar-AED Left intraventicular
bBard/t
21 Non-AED - WVRA B0O Syndactyly
22-25 Non-AED - Non-AED -
26 Nar-AED - Mar-AED - MNorrAED

AED, anfiepileptic dug; CBZ, cabamczepine; VPA, valproic acid; PB, phenobarbital; PHT, phenytain; OXC., oxcarbazepine; CLZ clonazepam;
PRO. patent foramen ovale; ASD, atial septal defect; VSD, venticular septal defect.

No correlation was found between the distribution of malformations in recurring pregnancies and
AED usage. For instance, in one family both siblings had renal agenesis although their mother was on
AED (1,000 mg/day VPA and 100 mg/day lamotrigine [LTG]) during her first pregnancy but
discontinued AEDs during her second. In another example of three siblings, their mother never used
AED during pregnancies, the first and last children were healthy, whereas the second child had a

major malformation. In the case of two other siblings, the first child was healthy despite being
exposed to phenobarbital (25 mg/day) during pregnancy; the second child had a minor

malformation, although not exposed to an AED during pregnancy.
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Comments

This study was included as it provided information on the frequency of dysmorphic features in
children exposed in utero to anti-epileptics and information on recurrence of malformation in
subsequent pregnancies.

3.3.4 Bromley et al. Cochrane review of neurodevelopmental outcomes [7]

To assess the effects of prenatal exposure to commonly prescribed AEDs on neurodevelopmental
outcomes in the child and to assess the methodological quality of the evidence.

The authors searched the Cochrane Epilepsy Group Specialized Register (May 2014), Cochrane
Central Register of Controlled Trials (CENTRAL) in The Cochrane Library (2014, Issue 4), MEDLINE (via
Ovid) (1946 to May 2014), EMBASE (May 2014), Pharmline (May 2014) and Reprotox (May 2014). No
language restrictions were imposed. Conference abstracts from the last five years were reviewed
along with reference lists from the included studies.

Prospective cohort controlled studies, cohort studies set within pregnancy registers and randomised
controlled trials were selected for inclusion. Participants were women with epilepsy taking AED
treatment; the two control groups were women without epilepsy and women with epilepsy who
were not taking AEDs during pregnancy.

The developmental quotient (DQ) was lower in children exposed to carbamazepine (n = 50) than in
children born to women without epilepsy (n = 79); mean difference (MD) of -5.58 (95% CI -10.83 to -
0.34, P = 0.04). The developmental quotient of children exposed to carbamazepine (n = 163) was also
lower compared to children of women with untreated epilepsy (n = 58) (MD -7.22, 95% CI - 12.76 to -
1.67, P = 0.01). Further analysis using a random-effects model indicated that these results were due
to variability within the studies and that there was no significant association with carbamazepine.

The intelligence quotient (1Q) of older children exposed to carbamazepine (n = 150) was not lower
than that of children born to women without epilepsy (n = 552) (MD -0.03, 95% ClI -3.08 to 3.01, P =
0.98). Similarly, children exposed to carbamazepine (n = 163) were not poorer in terms of IQ in
comparison to the children of women with untreated epilepsy (n = 87) (MD 1.84, 95% Cl -2.13 to
5.80, P =0.36).
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Figure 15: Comparison of valproate versus women without epilepsy for IQ

The intelligence quotient of children exposed to valproate (n = 76) was lower than for children born
to women without epilepsy (n = 552) (MD -8.94, 95% Cl -11.96 to -5.92, P < 0.00001) (Figure 15).
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Children exposed to valproate (n = 89) also had lower intelligence quotient than children born to
women with untreated epilepsy (n = 87) (MD -8.17, 95% Cl -12.80 to -3.55, P = 0.0005) (Figure 16).

Mean Mean
Study or subgroup VEA Mo AED treatment Difference Weight Difference
M Mean(s0) N Mean(5D) IV, Fined, 93% Cl IV, Fineed, 95% CI
Prospective
Bromiley 2010 5 4.7 (11.8) 15 104 (13) —— 587 % 230 [-1534,-326 ]
Subtotal (95% CI) 51 25 — 58.7 % -9.30 [ -15.34, -3.26 ]
Heterogeneity: not e
Test for overall effiect: 7 = 3.02 (F = QWD025)
1 Registry
Eriksson 2005 3 845 (249878) 13 96(F6I2) — 06 % -15.10 [ -29.30, 090 ]
Gaily 2004 3 B9.7 (1298) 45 95.6 (18.783) — WBEB% -SSR0 [-1484, 304 ]
Thomas 2007 2 65 (135) 4 B&B (214) - 40 % ILTO[-11.54, 3494 ]
Subtotal (95% CI) 38 62 ——— 413 % -6.38[-13.77,0.62]
Heterogeneity: Chi* = 378, df = 2 (P = 0.I15) P =47%
Test for overall effiect 7 = .79 (P = 0073)
Total (95% CI) 89 87 - 100.0 % -8.17 [ -12.80, -3.55 ]
Heterogeneity: Chi® = 4.10, df = 3 (P = 0.25); P =27%
Test for overall effiect: 7 = 3.46 (P 3)
Test for subgroup differences: Chi® = 032, df = | (P = 0.57), I* =0.0%
1 1 1 1

20 10 0 0 0
Poorer cutcome (VR&) Foorer outcome {Controls)

Figure 16: 1Q in children exposed to valproate versus controls (women with epilepsy no AED treatment)

The DQ in children exposed to VPA (n = 123) was lower than the DQ in children of women with
untreated epilepsy (n = 58) (MD -8.72, 95% -14.31 to -3.14, P = 0.002) (Figure 17).

Study or subgroup VPA, Mo AED treatment

26 10496 (1102) —— 8 4
mas 200 — [-18
Total (95% CI) 123 58 — 100.0 % -8.72[-14.31,-3.14 ]

Figure 17: Development in children exposed to valproate versus controls (women with epilepsy but no
treatment)

In terms of drug comparisons, in younger children there was no significant difference in the DQ of
children exposed to carbamazepine (n = 210) versus valproate (n=160) (MD 4.16, 95% CI -0.21 to
8.54, P = 0.06). However, the IQ of children exposed to valproate (n = 112) was significantly lower
than for those exposed to carbamazepine (n = 191) (MD 8.69, 95% Cl 5.51 to 11.87, P < 0.00001).

The 1Q of children exposed to carbamazepine (n = 78) versus lamotrigine (n = 84) was not
significantly different (MD -1.62, 95% Cl -5.44 to 2.21, P = 0.41).

There was no significant difference in the DQ of children exposed to carbamazepine (n = 172) versus
phenytoin (n = 87) (MD 3.02, 95% Cl -2.41 to 8.46, P = 0.28). The 1Q abilities of children exposed to
carbamazepine (n = 75) were not different from the abilities of children exposed to phenytoin (n =
45) (MD -3.30, 95% Cl -7.91 to 1.30, P = 0.16).
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1Q was significantly lower for children exposed to valproate (n = 74) versus lamotrigine (n = 84) (MD -
10.80, 95% Cl -14.42 to -7.17, P < 0.00001). Developmental quotient was higher in children exposed
to phenytoin (n = 80) versus valproate (n = 108) (MD 7.04, 95% Cl 0.44 to 13.65, P = 0.04). Similarly
IQ was higher in children exposed to phenytoin (n = 45) versus valproate (n = 61) (MD 9.25, 95% Cl
4.78 t0 13.72, P < 0.0001).

A dose effect for valproate was reported in six studies, with higher doses (800 to 1000 mg daily or
above) associated with a poorer cognitive outcome in the child.

No convincing evidence of a dose effect for carbamazepine, phenytoin or lamotrigine was identified.
Studies not included in the meta-analysis were reported narratively, the majority of which supported
the findings of the meta-analyses.

The authors concluded that the most important finding is the reduction in 1Q in the valproate
exposed group, which are sufficient to affect education and occupational outcomes in later life.
However, for some women valproate is the most effective drug at controlling seizures. Informed
treatment decisions require detailed counselling about these risks at treatment initiation and at pre-
conceptual counselling. We have insufficient data about newer AEDs, some of which are commonly
prescribed, and further research is required. Most women with epilepsy should continue their
medication during pregnancy as uncontrolled seizures also carries a maternal risk.

Comments

The data only consistently shows an effect for sodium valproate. It should be noted that fewer
studies were identified for inclusion in this analysis compared to the analysis on congenital
malformations.

3.3.5 Baker et al. 2016 effect on intelligence quotient [16]
The authors investigated the effect of antiepileptic medicines on intelligence quotient.

Women with epilepsy (WWE) were recruited from antenatal clinics at 11 National Health Service
hospitals between 2000 and 2004. The inclusion criterion was a diagnosis of epilepsy. WWE were
excluded from recruitment if they had a severe learning disability or other chronic health condition
requiring medication.

Because of the neuropsychological measures, families were required to have English as their primary
language. Women without epilepsy were recruited from the same antenatal clinics. For each
participant with epilepsy, a control of similar age (5/2 5 years), parity, and employment and residing
within the same postal area was recruited to ensure comparable groups. The same exclusion criteria
applied to the women without epilepsy. Children born to women with epilepsy (n = 5,243) and
women without epilepsy (n = 5,287) were recruited during pregnancy and followed prospectively
(characteristics are outlines in Table 27). Of these, 408 were blindly assessed at 6 years of age.
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Table 27 Demographics and mean child 1Q scores by treatment group

Damographics®
Moan child 1Q {5D) of lin ilopsy  Seizure Matomal Child
Ago at
Full Initia,® Missing. Sampled® IGE FE. UG, <20wk % »20wk % Convulsive,” Age,y, mean IQ moan mssessment, Gestationa Sex %
scale  Verbal Nomwerbal Spatid n n n 3] W % % oy yos W 180} [=1] mo (5D} age,mao (SO] famale
Controls 107 103 1064(13) 108 287 77 Mo — - - — - - 294(5) 1034 7305 395(2) 481
na a2 13 (- -]
Epilepsy
Momodication 104 99 104 (14) 105 34 o 25 (74) 320 400 280 160 A0 40 250(5) 962 (11) 751(5 399 (1) 280
3 a2 f13)
Troatment
VPAlow, <BD0 98 o4  @A(g w1 25 4 21 (54) 762 95 143 238 238 286 264 (5) 938 (14) T7RO(A 396 (2) 286
™ [ ] (14)
WP A high, 93 90 9615 96 34 4 30 (88 600 300 100 633 56.7 50.0 271 (7 97.0111) 7414 385 (2) 333
>B00 mg [5%- e s | (16}
CBZ 105 98 108(14) 106 59 o 50 (85 98 B804 98B 314 255 19.6 294 (5) 994 (15) Ta1 (4 393 (2) 510
1 n8 (18)
LTG 103 33 103{12) 107 36 7 29 (81 233 567 200 400 400 400 27718 100.0 7374 3942) 567
1y 3y =) [ ¥-]
Othar o8 96 101 {15) o9 14 1 13 {93 2H6 714 00 429 50.0 357 299(7) 968 T740(3 401 (1) 429
monatherapy (L5 (15 f15)
Palytharapy
With VPA 28 a3 100(15) 102 30 11 18 (63 350 550 100 524 423 476 257 (5) 916 (11) 754 (6 389 (2) 476
3 1o 12)
Without VPA 103 99 105(16) 103 11 [} 11 {100) 00 818 182 EL8 0.9 818 2a8 (6) 947 4] 737 (A 3882 455
s 13 (a7

Abbrevistions: CBE - carbemarepine; FE = focal epilepay; IGE = idiopsthic generslized epilepay, LTG = lamotrigine: UC = unclzasified VPA = welproic sdd.

* A number of subjects had missing covaristes maternal 1Q {24), gestational age (5], socioecon omic status (1), meternal age (1), alcohol | during pregnancy] (2), and emoking during pregnancy] (2] Three subjects had
multiple missing covaristes snd so sre counted sa "misaing” only once, resulting in & total of 31 subjects with st lesst one missing covariate.

Figures inclusive of children recruited between 2000 and August 2004 who attended st least one appointment with investigators Thirty-two children recruited wenre not aged 6 st study close and are thersfore
not reported here. An additionsl 7 cases excluded becsuse of genetic or matemal conditions likely influential on cognitive development fincluding chromosomeal disorders and hydrocephalus]

“Percentege of those heving selzunes that were comvulgve, IGE, FE, or UC epilepay type. The other monotherspy group comprised B cases of phenytoin, 1 vigsbstrin 1 cxcarbarepine 2 gebspentin, and 2
topiramate.

The adjusted mean |Q was 9.7 points lower (95% Cl 24.9 to 214.6; p, 0.001) for children exposed to
high-dose (>800 mg daily) valproate, with a similar significant effect observed for the verbal,

nonverbal, and spatial subscales (Figure 18). Children exposed to high-dose valproate had an 8-fold
increased need of educational intervention relative to control children (adjusted relative risk, 95% ClI

8.0, 2.5-19.7; p, 0.001). Valproate at doses <800 mg daily was not associated with reduced 1Q, but

was associated with impaired verbal abilities (25.6, 95% Cl 211.1 to 20.1; p 5 0.04) and a 6-fold

increase in educational intervention (95% Cl 1.4-18.0; p 5 0.01). In utero exposure to carbamazepine

or lamotrigine did not have a significant effect on 1Q, but carbamazepine was associated with

reduced verbal abilities (24.2, 95% Cl 20.6 to 27.8; p 5 0.02) and increased frequency of 1Q <85.

Child general cognitive ability

Controd {n=210)

Valproate low dose (n=21)

Frobability density
[=
=
Lk
1

Valproate high dose (n=30)

i i []

L] L] L]

004 - I
L] L] L]

L]

[ I T I 1
60 &0 100 120 140

Score

Jecsuse of the amall semp le size, the histograma in the figure may not look nomally distrib-
sted, but the medians of the groups were very similar to the highlighted means.

Figure 18: Distribution of 1Q scores across the control and valproate-exposed groups
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Table 28: Child 1Q scores after exposure to carbamazepine, lamotrigine and other monotherapies relative to
children exposed to sodium valproate

Full-scala 1Q Verbal Momverbal Spatial
VPA low, VPA high, VPA low, VPA high, VPA low, VIPA high, VPA low, VPA high,
Troatment group <B0D mg B >B00 mg B <B0D mg B >B00 mg B <B00 mg P =800 mg B <800 mg B >B00 mg P
caz 4533 014 9729 <0001 1431 065 5228 007 8336 002 105133 0001 39(3s) 030 G534 0008
I-15 119 l4.0 153 |-47, 76 I-o4, 108 12, 154] ja1,169 |-34,119 28,163
LTe 2036 058 6833 004  28(35 042 68332 004 2740 048 s50(ER 018  35(43) 040 9Qo0i3q o2
|I-50, 2.0] 0.4, 132] I-40 98] 03 129| I-51 106 I-2.3 1223] I-47.117 L4, 166
Other manatherapy ] 070 3141 D44 0643 0.90 4.4 41 D28 2249 065 44047 D34 -3.4(52) 051 2249 066
|-102, 6.9 I-49,111] |-78 20| I-36,124] I-7.4, 119§ |-4.7, 135] I-135 &7] I-7.4,118]

&bbrevistions: CBY = carbemarepine; LTG = lemotrigine; VPA = valproic acid

Jata are coeffident (standard ermor] [95% confidence interval]. Statistical comparisons based on the fitted medel deaaribed in table 2. Mo adjustments heve been made for multiple comparisona.
Exposure to seizures in utero has been reported to be associated with reduced cognitive ability, but
this has not been replicated by others and is not supported by the data here. The numbers of
children exposed to frequent convulsive seizures limited the investigation here into the reported
association between five or more convulsive seizures and child intelligence quotient. It is of note that
the majority of prospective studies to date have failed to find a significant association between
exposure to transient seizures and poorer child intelligence quotient. However, none of these studies
undertook rigorous collection of seizure data. The relationship between convulsive seizure exposure
and increased educational needs demonstrated here was not through an association with poorer IQ
levels, and future research needs to consider both biological and postnatal environmental factors.
The number of children requiring additional educational assistance is outlined in Table 29.

Table 29: Prevalence of children with additional educational needs in relation to exposure to maternal drug
treatment

Educational :;.lraﬂonal Incidence
Group Total needs neads rate, % OR [25% CI) RR (95% CI) P
Control 213 5 208 23 Referance group
Epilepsy
No medication 25 2 23 8.0 41 (0.9,19.8) 3909 13.7) 0.08
Treatment group
VPA
Low, <800 mg 21 4 17 191 6.6 (L5, 30.4) 59(1L4, 18.0) 0.01
High, >B00 mg 30 11 19 367 96 (26, 35.7) 80 25 19.7) <0.001
CBZ 50 5 45 10,0 32 (0.9, 115 3.0(0.9 9.2 0.07
LTG 30 1 29 33 1.0(01, 87 10101, 7.4 0.99
Other monotherapy 14 5 9 357 23.1(54,986) 15.2(4.9,299) =0.001

Abbreviations: CBZ = carbamazepine; Cl = confidence interval; LTG = lamotrigine; OR = odds ratio; RR = relative risk; VPA = valproic acid.
Prevalence rates, adjusted ORs, and adjusted RRs (including 95% Cls) from the logistic regression model with educational needs as the outcome (event).
Two covariates were significantly associated with educational needs: gestational age (OR 0.7, 95% CI 06 to 0.8; p < 0.001) and convulsive seizures (OR
2.9,95% Cl11 to 7.9; p — 0.03).
The authors concluded that consistent with data from younger cohorts, school-aged children
exposed to valproate at maternal doses more than 800 mg daily continue to experience significantly
poorer cognitive development than control children or children exposed to lamotrigine and
carbamazepine.

3.3.6 Deshmukh et al. 2016 adaptive behaviour in exposed children [17]

The aim of this study was to evaluate adaptive behaviour outcomes of children prenatally exposed to
lamotrigine, valproate or carbamazepine, and to determine if these outcomes were dose-dependent.

Unfortunately, most studies investigating neurodevelopmental outcomes of exposed children have
relied on language testing and 1Q to assess cognitive function, while adaptive behaviour outcomes
have been significantly less well-studied. Although IQ tests measure general intelligence, they neither
assess functional abilities nor adaptive behaviours required for independent daily living, such as
socialization, communication, self-care, and motor skills.
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Table 30: Baseline characteristics

CBE LT VFA p-valoe
N=0T N=14 N=F1
% (mo)
Maternal Edncation 003z
High School or Less 1.1%(2) 5.7% (7 DEW(3)
Some College 1% 20 | 173% (18) | 23.5%(12)
Collzge Graduate IR (BT | 3B5% (400 | 52.9%2T)
Post-Graduate TN | 3TSWNGE | 13T
Inzurance p=0.101
Canadian 1.5%(3) 12% (1) 0.0% (09
Medicaid 1.5% (1) 12% (1) 6.7%(2)
Private 00.0% (36) | 97.6% (B1) | 93.3%(28)
Marital Statos p=00040
Mamied Q6.0°%C (48) | 95.7% (B8) | B4.1%(32)
Unmarried 4.0°% (2) 3% 15.8% (&)
Multivitamin Use p=0114
Tes G383 (60) | TE.0% (79 | T6.5%(39)
o 36.2% (34) | 24.0% (25) | 23.5%(12)
Falic Acid Use p=0L017
HNons I 24) | 132% (1) | 25.6%(11)
Soms 68832 (53) | B6.8% (79) | T44%(32)
Cigarette Exposure p=0475
Tes 11.6% (11) 17%(8) T.E8%(#)
o IREN 34 | 442%(44) | 250%23)
Don't remember FLE (50 | 4B.1% (300 | 47.0%024)
Alcabol Exposure 0360
Tes HMINEY | B1%EN | 333%07)
o TRER (T | TEe% (B0) | 86.7%(34)
Major Malformation p=0.025
Tes 6.3% (5) EEEYE)] 158% (T
HNo 03T (M4 | AT (EY) | B41%(3T)
Epilepsy Trped p=0.001
IGE 53%(3) 1B.1% (15 | 60.0% (21)
NCE 41820 24) | 325% 027 | 15TRE
FE FAWGEH | 49485 | 143%0F
Prenatal Seizures p=0001
Tes 16.0°: (15 | 39.8% (41) | 183%(8)
No B0 (T | 602% (62) | B3.7%(41)
Mean Matermal Age at Delivery (yr) 313=54 311=44 31.3=5.0 p=0.474
Gestational Age (whs) 38.7=24 3B5=x1S 3B.B=1.4 p=0.434
Birth Weight (kg) 3.41=0.58 3342060 | 335061 | p=0.701
Birth Length {cm) 50.8=3.1 50063 4 51.3=28 p=0433
Interview Age (yr3) 5311 46=1.1 48=11 p=0.0a1
First trimester drug dose (mg'day), avg (ramge) 05 3 77 NA
(100-2000) | (75-1500) | (100-1500)

rJIGE = Idiopathic Generalized Epilepsy, PE = Partial Epilepsy, NCE = Nonclassifiable Epilepsy
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Deficits in these areas have significant implications for long-term behavioural outcomes.
Impairments in socialization and communication, along with repetitive, stereotyped behaviours,
form the basis for diagnosis of autism spectrum disorder
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Figure 19: Scatterplots and regression lines for Adaptive Behaviour Composite (ABC), socialisation, motor
and communication domain standard scores versus standardised 1° trimester dose (mg/day) for each
exposure group

Data were collected from women enrolled in the North American Anti-epileptic Drug (AED)
Pregnancy Registry who had taken lamotrigine, valproate or carbamazepine monotherapies
throughout pregnancy to suppress seizures (Table 30).
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The adaptive behaviour of 252 exposed children (including 104 lamotrigine-exposed, 97
carbamazepine-exposed, and 51 valproate-exposed), ages 3- to 6-years-old, was measured using the
Vineland-1l Adaptive Behaviour Scales, administered to each mother by telephone.

Mean Adaptive Behaviour Composite, domain standard scores for communication, daily living,
socialization and motor skills, and adaptive levels were analysed and correlated with first trimester
drug dose.

After adjusting for maternal age, education, folate use, cigarette and alcohol exposure, gestational
age, and birth weight by propensity score analysis, the mean Adaptive Behaviour Composite score
for valproate-exposed children was 95.6 (95% Cl [91, 101]), versus 100.8 (95% CI [98, 103]) and 103.5
(95% CI [101, 106]) for carbamazepine- and lamotrigine-exposed children, respectively (ANOVA;
p=0.017).

Significant differences were observed among the three drug groups in the Adaptive Behaviour
Composite (p=0.017), socialization (p=0.026), and motor (p=0.018) domains, with a trend toward
significance in the communication domain (p=0.053) (Figure 19, Table 31). Valproate-exposed
children scored lowest and lamotrigine-exposed children scored highest in every category.

Valproate-exposed children were most likely to perform at a low or moderately low adaptive level in
each category (Figure 19). Higher valproate dose was associated with significantly lower Adaptive
Behaviour Composite (p=0.020), socialization (p=0.009), and motor (p=0.041) scores before adjusting
for confounders. After adjusting for the above variables, increasing VPA dose was associated with
decreasing Vineland scores in all domains, but the relationships were not statistically significant. No
dose effect was observed for carbamazepine or lamotrigine.

Table 31: Frequency of low and moderately low adaptive levels in the overall ABC domain and subdomain
categories for each group

CBE LT VFA P-value
U (m) % (m) W o)
ABC 51% (%) 9% (3 | 198 (10 | <0u001
Comnnmication 10.2% (1) T (3) 17.6% (%) 0156
Racaptive 1% (1) | 38% & 17.6% (%) 0.017
Exprassive 5.1% () SE%(E) | 333% (7 | <0001
Written 3% (W IF%(14) | 198% (10 | 0198
Daily Living Skills | 51%(3) 1006% (11} | 17.6% (%) 0049
Parzomal 143% (14) | 154% (16) | 27.5% (149 | 0.103
Diomastic 41% 4 48% (5 15.7% (%) 0.016
Community §.1% () 106% (11) | 25.5%(13) | 0002
Socialization 51% (5) 48%(5) | 21.68% (1) | <0.001
Interpersomnal 21% (%) SE%(6) | 2181 | o0z
Play 51% (%) IR | 235 (1) | <0001
Coping 123%(12) | 125%(13) | 27.5% (149 | ooee
Motor Skills B2%(B) TT%(E) | 314% (14 | <0.001
Grozs 133%(13) | &7% (7 | 333% (17 | <0.001
Fina W02 (10 | 7% @ | 235 (1L | o022

Unlike carbamazepine and lamotrigine, prenatal valproate exposure was associated with adaptive
behaviour impairments with specific deficits in socialization and motor function, along with a relative
weakness in communication. Increasing valproate dose was associated with a decline in adaptive
functioning. This finding of a linear dose-dependent teratogenic effect suggests that valproate should
be avoided at any dose during pregnancy.
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However, some women with epilepsy controlled only by valproate will decide, in consultation with
their provider, that the benefits of continuing valproate during pregnancy outweigh the fetal risks.
Faced with difficult choices, clinicians should be supportive as these patients consider their options.

3.3.7 Wood et al. 2015 prospective autism study [18]

The association between autism spectrum disorders (ASDs) and prenatal anticonvulsant exposure
using a comprehensive, blinded assessment using a validated instrument for autism within a well-
characterized prospective cohort has not been conducted. Therefore, the authors conducted a
prospective cohort study in children exposed to anticonvulsants during pregnancy, with all
assessments conducted by examiners who were blinded to drug-exposure status.

Participants were 105 Australian children aged 6—8 years who were recruited via the Australian
Pregnancy Register for Women on Antiepileptic Medication (Table 32). Maternal epilepsy,
pregnancy, and medical history data were obtained prospectively. Autism traits were assessed using
the Childhood Autism Rating Scale (CARS).

Table 32: Maternal characteristics by drug-exposure group

Maternal IQ Age at seizure Epilepsy onset type Seizures during Pregmnancy
(mean [SD]) (range) onset (years) (generalized/pardal)  pregnancy (nofyes)  duration (weeks) Child 1Q
VPA (mono) 1059 (12.8) 15.6 (6.6) 21G/5P 20N/EY 39.4(1.8) 95.8(13.3)
(N = 26) B3-129 5-31 34-42 66-117
VPA (poly) 91.7(14.8) 11.4(7.5) 1 1G/4P AN/ Y 39.3(3.1) BIL.O(17.5)40-103
(N =15) 65-120 |-28 29-4|
CBZ (mono) 108.7 (12.3) 16.8(10.1) TG/23P/MHUK 2IN/2Y 39.3(1.4) 100.7 (14.3)
(N =34) BI-129 0-32 36-41 71-126
“Other”
MNon-VPA poly 102.3 (14.3) 12.9(74)0.5-28 SGI3P/IUK NN 39.4(1.0) 93.8(10.6)
(N=19) 72-123 38-4| 72-110
LTG meno 109.3 (8.1) 23.3(10.3) 2G/7P AN/Y 39.8(1.7) 105.1(5.7)
N=19) 99-119 1-36 38-42 95-115
Other mono” 1095 (38.9) 16.0 (8.5) 2P INAIY 385(0.7) 96.0(31.5)
N=12) 109-110 10-22 38-39 73-119
WPA, valproate; LTG, lamotrigine; CBZ, carbamazepine.
“One each topiramate, gabapentin.

Table 33: Rates of elevated CARS scores

CARS =30 CAR527-29 Total
Valproate (monotherapy) 1726 126 226
3.8% 3.8% 7%
Valproate (polytherapy) &/15 /15 s
40.0% 6.7% 46.7%
Carbamazepine 1734 1/34 234
(monotherapy) 2.9% 2.9% 5.9%
Other (monofpolycherapy) 0730 0/30 0730
0.0% 0.0% 0.0%
Tomal Br105 31105 117105
7.6% 2.9% 10.5%

Eleven children (10.5%) had elevated CARS scores (Table 33). Two were exposed to valproate
monotherapy (2/26; 7.7%), two to carbamazepine monotherapy (2/34; 5.9%), and seven to valproate
in poly-therapy (7/15; 46.7%) Table 34.

Linear regression analysis showed that the mean valproate dose during pregnancy was a significant
predictor of CARS scores after controlling for poly-therapy, mean carbamazepine dose, folic acid use,
seizures during pregnancy, tobacco and marijuana use, maternal intelligence quotient, and
socioeconomic status. First trimester folic acid supplementation and marijuana use were also
significant predictors of CARS scores (Table 35).
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CARS scores were not elevated in children exposed to poly-therapy without valproate, suggesting
that valproate, or valproate dose, rather than poly-therapy per se is the critical determinant of the

CONFIDENTIAL

relationship, an observation that requires verification in future studies. The observation of a dose—
response relationship within those exposed to valproate in monotherapy suggests a role for

valproate in ASD risk.

In this cohort, the proportion of children exposed to carbamazepine monotherapy with elevated
scores (5.9%) was higher than the general population, and at a level similar to that of valproate

monotherapy.

Table 34: maternal pregnancy history for children with autism spectrum disorders or autistic traits

Learning and
social difficulties

Daily dose Family
Child Antiepileptic (rangeacross history of
Case ASD details 1Q drug(s) pregnancy)” Other drug(s) Folic acid® ASD
I Autism® (CARS = 35) 66 Valproate 3,000 mg Tobaceo (25 500 pg daily AC Mo
cigarecres/day)
Marijuana (3
jointsiweek)
Alcochol (2-5
units/day
untl 12 weeks)
2 Autism® (CARS = 32.5) 78 Valproate 1,200 mg Tobacco (=30 400 mcgdaily BC Mo
Levetiracetam 2,000 mg cigarettes/day)
Alcohol (<1 unit/day)
3 Autism® (CARS = 33) 82 Carbamazepine  600-800 mg Paroxetine (dose MNone Mo
not specfied;
unl 12 weeks)
4 PDD-MNOS® 6l Valproate 2500 mg MNone 10 mg daily BC Mo
(CARS = 38.5) Clonazepam 0.5 mg
5 CARS = 50; Intellectual 40 Clonazepam 0.5 mg (until 21 Tebacco (<10 5 mgdaily BC Mo
and language delay; Walpreate weeks) cigarettes/day)
Socially unresponsive 200400 mg Marijuana (3 joints/day
{from 2| weeks) untl 12 weeks)
& CARS = 37, Intellectual 80 Valproate 3,000 mg MNone MNeone Sibling (Case 7)
and language delay; Lamotrigine 100 mg
Social difficuldes
7 CARS = 30; Intellectual 64 Valproate 2,500-3,000 mg MNone 5 mgdaily BC Sibling (Case &)
and language delay; Lamotrigine 50-200 mg
Social difficultes Ethosuximide 500 mg (until 4
weeks)
CARS = 34.5; Intellectual 67 Valproate 1,000 mg Alcohol 5 mgdaily BC Sibling with
and language delay; Lamotrigine 400 mg (undl 12 (=1 unit'week) similar
Social difficultes weeks) prc:-t:-lv;-.n'lsef
9 CARS = 2% Language 92 Lamotrigine 400 mg MNone 5 mgdaily BC Sibling with
delay; Social difficulties Valproate 300 mg (from 29 autsm®
weeks)
10 CARS = 28 Language delay; 75 Valproate [,000-1,500 mg Diclofenac potassium 500 mcgdaily AC Mo
Social difficuldes (irregular from
28 weeks)
I CARS = 27.5; ADHD", 96 Carbamazepine 1,200 mg MNeone 5 mgdaily BC Sibling with

Asperger's®

“Previously diagnosed.
9Cases 6 and 7 were siblings.

“Where one value is given, the dese was unchanged across pregnaney.
BAC, commenced after conception; BC, commenced before conception.

“By parental report; child was not seen because they were outside the study age range. All three siblings were alse AED-exposed.

Nevertheless, children exposed to poly-therapy without valproate were most often exposed to

carbamazepine and yet did not show elevated rates of autistic traits, and carbamazepine dose was

unrelated to CARS scores. Thus, this data should be interpreted with caution and additional studies
are required before changes in practice with regard to carbamazepine in pregnant women should be

considered.
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Table 35: Predictors of CARS scores in linear regression

Variable B coefficient (std. error) tip)
Mean valproate dose 0.002 (0.001) 3.20(0002)
Folic add first trimescer 8.631 (2830) 3.05 (0.003)
Marijuana use |4.844 (2.88) 516 (<=0.001)
Mean carbamazepine dose 0.000 (0.001) 0.07 (0945)
Polytherapy L.727 (1.126) .53 (0.128)
Seizure(s) during pregnancy 0.963 (1.013) 0.95(0345)
Maternal 1Q 0.000 (0.044) 0.007 (0.994)
Socioeconomic status 0.014 (0.027) 0.52 (0607)
Constant 25,831 (5.007) 506 (=0.001)

The authors concluded that there was an elevated rate of autism traits across the sample. The most
important determinant of association with autistic traits was higher doses of sodium valproate
exposure.

Comment

It should also be noted that cannabis use was a bigger factor for predicting autism traits than sodium
valproate use (Table 35). Given the interest in using cannabis in patients with refractory epilepsy this
concern should be monitored.

3.3.8 Inoyama and Meador 2015 review of cognitive impairment [19]

There have been numerous animal studies demonstrating poor behavioural, cognitive, and motor
functioning in offspring that were prenatally exposed to anti-epileptic drugs. On the cellular level,
several groups have demonstrated increased apoptosis and impairment of neurogenesis and
synaptogenesis with some AEDs. The effects were dose dependent and were found to occur
predominantly during a specific phase of development, between postnatal days 0 to 14, through a
mechanism hypothesized to be due to impaired signalling of cell survival pathways.

It was not until years later in 2000 that the question of whether the presence of maternal epilepsy
itself causes cognitive dysfunction was systematically addressed, when Holmes et al. published
results of a larger cohort of child-mother pairs comparing those without maternal epilepsy and those
with a history of maternal epilepsy, excluding all who had taken AEDs during pregnancy or had tonic-
clonic seizures while pregnant. Testing was performed to evaluate the intelligence of children ages
6—16 years and both parents, and there was no difference in scores between the groups, indicating
that the presence of maternal epilepsy itself was not a risk factor for poor cognitive outcomes in the
offspring.

The Neurodevelopmental Effects of Antiepileptic Drug (NEAD) study group performed a multi-centre,
prospective study controlling for multiple potentially confounding variables. Their first report on
cognitive outcomes evaluated children at 3 years of age, and found children with prenatal exposure
to valproate had a reduction in mean |Q score of 9 points compared to lamotrigine, 7 points
compared to phenytoin, and 6 points compared to carbamazepine, with those exposed to higher
valproate dosages faring worse. Follow-up evaluations at 4.5 years and at 6 years of age
demonstrated persistently worse cognitive outcomes in the valproate treated group, not only for IQ
but also other measures such as verbal and memory abilities compared to the other monotherapy
exposure groups. Further, children exposed to valproate had significantly fewer right handers and
lower verbal than non-verbal index scores suggesting the possibility that valproate may affect normal
development of cerebral lateralization.

Most studies conducted up to the 1990s lacked evaluation of the mother’s 1Q, which has been shown
to be strongly correlated with the intelligence of her children. A retrospective study by Adab et al.
took this into account and assessed 249 children between 6 to 16 years of age and found lower
verbal 1Qs in children with prenatal exposure to valproate. Performance 1Q, however, was not
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affected even with valproate exposure. In a prospective study with data on maternal 1Q, mothers
with epilepsy who were on valproate had lower IQ scores and lower education levels than mothers
with epilepsy on carbamazepine monotherapy or not on AEDs. However, after controlling for
maternal 1Q, there was no difference in child IQ amongst the groups, which could either be due to
small sample size (total of 39 children) or other inherent differences in the valproate treated group.
In contrast, the NEAD study found reduced IQ for children exposed to valproate even after control
for maternal IQ, the 1Q of children exposed to valproate did not correlate with their mothers’ IQ
suggesting that fetal valproate exposure disrupts this normal relationship.

Evaluation of prenatal AED exposure in children revealed that 8.9% exposed to valproate and 2.5%
exposed to carbamazepine met diagnostic criteria for ASD. A recent large population study from
Norway reported that fetal valproate exposure was associated with an increase in autistic spectrum
disorder and autism.

There have been inconsistent results as to whether maternal seizures affect intellectual functioning
of the offspring. Lower verbal IQ scores were found in children exposed to 5 or more maternal tonic-
clonic seizures in utero. In contrast, other studies have shown no such correlation. Data from the
other studies demonstrated no effect of exposure to maternal seizures in utero in children evaluated
at 24 months of age, but did find poorer outcomes in language comprehension as well as gross
motor skills, personal and social skills, hand and eye coordination, and performance skills during
evaluations at 36-54 months of age.

There are numerous possible reasons why studies have found inconsistent results for the cognitive
effects of prenatal AED exposure. Various methodologies, including demographic differences in the
sampled populations, age at which testing was performed, the types of cognitive tests utilized, and
lack of control for confounding variables are at least in part responsible for the variability of results.
Confounding factors include maternal IQ and education, which have been found to be closely
correlated with child 1Q, but were not considered in most studies prior to 2000. In addition, maternal
cognitive test scores may also be lowered due to the cognitive side effects of epilepsy and AEDs,
further complicating interpretation.

The long term consequences of AED exposure during early infancy on cognitive effects are also not
established and require attention. With animal data demonstrating impaired outcomes with AED
exposure during the immediate postnatal period, which largely corresponds with a portion of the
third trimester and neonatal period in humans, it is highly plausible that the deleterious effects of in
utero AED exposure translate to neonatal exposure as well.

3.3.9 Gerard and Meador 2015 — review of behaviour problems [20]

Of all the AEDs, valproate has been most clearly associated with cognitive and behavioural
teratogenesis across several human studies. When compared with controls, standardized norms and
children exposed to other AEDs, children exposed to valproate in utero have been shown to have a
delay in achieving developmental milestones and lower IQ scores with particular weaknesses in
verbal skills. Valproate-exposed children are also more likely to demonstrate poor adaptive skills and
are at an increased risk for neurodevelopmental disorders such as attention- deficit hyperactivity
disorder, autism, and autism spectrum disorders.

A relationship between higher doses of valproate and worse developmental outcomes was also
suggested in the Australian cohort as well as the Neurodevelopmental Effects of Antiepileptic Drug
study. First-trimester valproate dose was significantly correlated with poorer core language scores in
the school-age Australian children even when controlling for maternal IQ. In the NEAD study, higher
standardized doses of valproate were correlated with lower scores for intelligence measures as well
as memory and executive function. While this dose relationship supports the conclusion that
valproate can cause neurodevelopmental toxicity, it is not clear that there are “safe” doses of
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valproate below which human cognitive teratogenesis does not occur. Further prospective data
incorporating valproate levels are needed to address this important point.

In addition to poorer cognitive outcomes, in utero valproate exposure has also been associated with
impaired behavioural outcomes. A small population-based study conducted in Aberdeen, Scotland
reported elevated rates of autism and ASD in children prenatally exposed to valproate monotherapy.
In a population based study from Demark, school-age children who were born to mothers prescribed
valproate monotherapy during pregnancy had a significantly increased risk of receiving a formal
diagnosis of autism or ASD according the national psychiatric register. The absolute risk in the
valproate exposed cohort was 2.5% for autism and 4.42% for ASD compared with 0.48 and 1.53% in
the general population.

Studies of carbamazepine’s effect on cognitive development have been conflicting. Many have found
no effect of carbamazepine on cognitive development or academic achievement when compared
with controls, other studies, however, did report increased rates of developmental delay in children
exposed to carbamazepine.

In summary, it is clear that carbamazepine poses less of a risk for cognitive and behavioural

teratogenesis compared with valproate, and is comparable to healthy controls. However, whether
certain individuals or behavioural domains are particularly susceptible to carbamazepine exposure
needs further study. The authors provided a summary of recent relevant studies (Tables 36 and 37)

Table 36: Antiepileptic drug exposure and cognitive development: Recent studies

Control
gmoup

Study Population Age MNumber Measures Maternal 1) | Findings Comments

Baker et al (2014)" UK 62y
LMNG: prospec (6-6.8y)
tive cohaort with
antenatal recruit-
ment from ante-
natal clinics

CEZ = 50 Yes DAS Yes
TG =29 n=210 Need for IEP
VPA (= 800 mag) = 21 4 FSIQ) (9.7 points)
(=800 mg) = 30 1 Risk of F5IQ < 55 (RR
VPA PalyTx = 19 =8

Other PalyTx =11 1 Need for IEP (RR = B)
Mo AEDs = 25 WPA = BDOmg/d, ¢/wlTG,
Other AEDs = 13 CEZ:

1 FEIQ, nonverbal and
spatial 1),

1 Verbal I o'w LTG only
WVPA < BD0 mg/d cfw con-
trols:

Nadifference inmean FSIQ
or FSI) < BS

4 Verbal 1D

1 Need for [EP (RR = 6)
VPA < BDD mg/d cfw LTG,
CEZ:

No difference in FSIQ, ver-
bal or spatial I

1 Mean nonverbal 1 of'w
CEZ anly

CB? cjw contrals:
Nodifference inmean FSIQ
1 Risk of FSIQ < 85 (RR
=15),

1 Verbal 10 (4.6 pts)

No difference in IEP

LTG cfw controks:

Nao difference in I scores
or [EP

PolyTx ofw controls:

WPA PolyTx—1 FSIQ (6.4
paints)

Other PolyTx—No change
in I scores

WVPA = BD0 mg/d cfw con-
trols:

VPA use strongly

variance attributed to
AED exposure than
epilepsy type

assodated with IGE and
CEZ with LRE making it
difficult to independenthy
assess effects butmore of

Cummings et d (20117

Ireland

WWE: UK epilepsy
and pregnancy
register (Irish sub-
jects anly)
Controls: Child
Health System
Database

Subjects:
20y
0575y
Controls:
434y
(1.1-65 y)

CBZ = 49
TG =35
VPA = 58

Yes
n=44

BSID
GMDE

No

WPA cfw contrals:

1 Risk of delayed perfor-
mance

(40 ws. 5%)

CB? cjw contrals:

1 Risk of delayed perfor-
mance

(20 ws. 5%)

LTG cfw controls:

No increased risk of de-
layed performance

Antenatal identification
of subjects but postnatal
recruitment; recruitment
rates:

58% exposed

15% controls

No materna 10); VPA
mothers had lower
educational achievement
Control group older than
exposed groups
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register
Controls: LMNG

guage score
WPA c/w LEV

1 Gross motor skills (15.8
points)

LEV cfw controks

No difference in any tested
scales

Meador et al [2DI332C' U.5.and UK B2y CBZ = 61 No ERIEF Yes FSIQ and subscores: Included4ﬁmmher—c|'|i]-d
NEAD study: pro- | (6-7.25y) | TG =74 oMms CBZ = LTG = PHT pairs from Baker et al,™”
spective cohort PHT = 40 DAS NEPSY VPA = CEZ, LTG, PHT Na control group
with antenatal VPA = 49 DTVMI WPA cfw CBEZ, TG, PHT:
recruitment One-word pic 1 FSIQ) and verbal 10

ture vocabulary 1 Memaory scores,
4 Norverbal 1Q ofw LTG
only
1 Executive index cfw LTG
onl
VPA = 1,000 mg/d of
w < 1,000 mgjd:
1 Verbal and nonverbal IQ,
1 General memory and
executive index scores

Madebaum et al (2011)" | Australia Tay CBZ = 34 No CELF-4 Yes Language scores: Antenata identification
Australian register | (6-8 y) Tc=9 VPA PolyTx < VFA = LTG of subjects but postnatal
for women with VPA =23 CBZ = LTG = Other Pol requitment; recruitment
epilepsy and dlied Other = 2 yTx = expected nom ate: 83%
disorders VPA PolyTx = 15 WPA dose in first timester | No contral group; stan-

Other PalyTx = 19 negatively correlated with | dardized test norms used
language scores for comparison
VPA PolyTx ofw expected LTG group smal
norm:
4 language scomes
1 Risk language score < B85
VPA PolyTx ofw CBZ, LTG,
VPA:
1 Language scores cfw TG
and VPA only

Nadebaum etal (2011)% | Australia Tay VPA =23 No WISCIV Yes VPA cfw expected norms | Same cohort as above
Australian register | (6-8 y) Other = 2 1owal, wnM
for women with VPA PolyTx = 15 T Risks of IQ = BO(17.3 ws.
epilepsy and dlied Other PalyTx = 19 B89%)
disorders VPA dose inversely related

to WCl

VPA PolyTx o/ w expected
norms

4 WO, WM, PS

T Risk of 1) < 80 (40 vs.
89%)

Other PolyTs cfwexpected
narms

4 WO, WM

T Risk of IQ) < 80 (15.8 vs.
89%)

Study Population Age Number Control Measures Maternal 1) | Findings Comments

group

Rihtman et 4 [20I2)m lsrzel 4 TPM =19 Yes Beery No TPM o'w controls: Antenatd identifiation
Exposed: [3-56Yy) n=18 Do 1 General IQ, VIQ, non- of exposed subjects but
Teratogen infor- M-Fun wverbal 1] postnatal recruitment;
mation service SBS 1 WM, quantitative and requitment rates not
Controls: fluid reasoning reported
Convenience 1 Visual perception, motor | Small exposed group; 3/9
sample scores subjects exposed in

first-trimester onby
Mo assessment maternal
I} or education

Rihtman et a (2013)% Israel LTG: ITG = 42 Yes Beery No General 1) and subscores: | Antenatd identification
Exposed: 35y WPA = 30 n=52 Do) WPA = LTG = controls of exposed subjects but
Teratogen infor- WPA M-Fun WPA c/w controks: postnatal recruitment;
mation service 43y SES No difference in IR, mo- | recuitment rates:
Controls: Controls SP, S5P tor and sensory scores 36% VPA
Convenience 5y LTG cfw controls: 50% LTG
sample 3-7y) 1 Visual perception, 1 No maternal 1;

maotor, and sensory scores | educational achieve-
WPA c/w LTG ment: ITG = VPA =
No differences on any controls

scales Control group older

Shalqos etal 2014)"® | UK 5 LEV =53 Yes GMDS Yes VPA ofw controls, | motor, | Antenatad identifiation
WWE: UK epilepsy | (3-45v) VPA = 44 n=131 Reynell and personal skills of exposed subjects but
and pregnancy 1 Comprehensive lan- postnatal recruitment;

recruitment rates:
35% VPA
3% LEV

Abbreviations: ABAS-I, Adaptive Behavior Assessment System 2nd ed; AFD, antiepileptic drusg; ASD, autism spactrum disorden, AS(), ages and stages questionnairs; BASC, behavior asessment system for children; Beary, Beery—
Buktenica Developmental Test of VisuakMotor integration Sth ed; BRIEF, behavior rating inventory of executive function; BSID, Bayley scales of infant development; cfw, compared with; (BZ, carbamarepine; CELF-4, inical
Evalsation of Language Fundament als 4th ed; CMS, children's memaony scale; Conners’, Conners' rating scales—revised, CZP donazepam; DAS, differential ability seales; DCDO, developmentsal coordination questionnaire; DTVMI,
developmentaltestof visualmotor integra tion; ESAT, early screening of autistic traits questionnaire; FSIQ, fullsc ale intalligence quotient; GMDS, Griffiths mental development scales; IEP, individual eduwca tional plan; IGE, diopathic
generalized epilepsy; 1), intelligence quotient; LMNG, Liverpod and Manchester Newrodevelopmenital Group; LRE, localzationrelated epilepsy: LTG, lamotrigine; MCHAT, modified cheddist of autism in toddlers; MFUN, Miller
func tion and participation scales; MoBA, the Norwegian mother and child cohart; NEAD, neursdevalopmental effects of antiepileptic drugs; NEPSY, developmental neuropsye hological asessment; Other PolyTx, pobytherapy
without valproic acid; Owe, cxcarbazepine; PHT, phenytoin: PS, processing speed: PSHIL Parent Stress index 3rded: Reynell, Reynall language development scale: RR, relative rek; SBS, Stanford -Binet Intelligence Scales Sth ed: 500,
social commiunication questionnaire, S B, sensany profile; SSE short sensory profile; TPM, topiramats; UK, United Kingdom; ULS., Unibed States; WO, verbal comprehensionindes; VPA PolyTx, polythera pyinduding valproic acid, VRS,
walproic acid; WAS], Wechsler abbreviated score of intelligence; WISC I, Wechder Intelligence Scale for Children 4th ed; WM, working memary; WWE, women with epllepsy.

Rats exposed to several AEDs including benzodiazepines, lacosamide, lamotrigine, phenobarbital,
valproate, and vigabatrin either in utero or in the early postnatal period exhibited behavioural
abnormalities compared with unexposed controls. Valproate exposure has been used to create a rat
model of autism.

Lamotrigine or valproate treatment of pregnant rats during embryogenesis was associated with
hippocampal or cortical dysplasias in the offspring, which is presumably due to abnormal neuronal
migration. AED exposure may also lead to aberrant neurogenesis. Rats treated with gamma-
aminobutyric acid (GABA) agonists such as clonazepam, diazepam, or phenobarbital in the early
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postnatal period demonstrated decreased proliferation of new neurons in the dentate gyrus of the
hippocampus. Magnetic resonance imaging studies in humans have also suggested that aberrant
neuronal migration is associated with AED exposure.

In rats, early postnatal exposure to therapeutic doses of clonazepam, diazepam, phenytoin,

phenobarbital, valproate, and vigabatrin can cause dose-dependent widespread apoptosis. The
apoptotic effects of AEDs on the developing brain are very similar to those seen in rat models of fetal
alcohol syndrome.

In addition to affecting the creation and removal of neurons, antiepileptic drugs also, appear to
affect the connections between neurons. For example, in the rat model of autism, rat pups exposed
to valproate during embryogenesis were found to have an increased number of cortical to cortical
connections but each of these connections was less efficient.

Genetic or more specifically, epigenetic mechanisms likely play an important role in AED
teratogenesis, though to date this concept has been explored by only a few studies. In a zebrafish
model, embryos exposed to valproate had decreased micro-RNA expression. MicroRNA are small
noncoding components of DNA that regulate transcription of messenger RNA and hence play an

important role in development.

Table 37: Anti-epileptic drug exposure and behavioural development: Recent studies

Study Population Age humber Control Megsures Matemal I Fined ings Comments

group

Bromiey et al (2037% | uk B2y e Diagnesis of NDD | Yes WPA ¢fw controls: MDD were not analyzed
LMNG: prospective co- 6—6.8 y] n=214 NDD = ADHD or 1 Risk of NDD {12 vs. individually due 1o smal
hort with antenatal re- ASD of 187X} urver s
cruitment: from dyspraxia WPA PolyTx o jw controls: | Community specialist
antenatal clinics Other PolyTx = 11 1 Risk of NDD {15 vs. making NDD diagnosis

ho AEDs = 26 187X} not blinded
Othes AEDS = 14 OBZ, TG ¢fw controls
No difference in ik of
NDD
{CBZ 2%, LTG 6.7 va
187%)
Other PolyTx, no AEDS fw
contron
No difference in ridk of
NDD
{Other PolyTx 9%, No
AEDs D ws. 1.87%)

Cohen ot A :2::13::‘5 U.5 + UK &y (BZ =53 No ABAS-N s ABASI general adaptive Included 46 mother-
NEAD study: prospec- Mean and TG = 63 BASC scores: child pairs from Bromiley
tive cohortwith ante- range &milar o PHT =31 FSHI BE = LTG = PHT et al,
natal recruitment Meador et al® WA = 45 WPA « LTG, PHT ho control orougp: stan-

VPA (BZ, TG, PHT: dardized nonm s used for
+ Adaptive soores Cfw ADHD asesment
LTG, PHT only Pamntal ssessments

1 Atypical behavior ¢fw introduce possible bis
ITGPHT anly

t Inattention ofw TG,

PHT only

Adaptive score inversaly

related to VPA and PHT

s

WPA ¢fwr standard noom:

t Risk of ADHD based on

combined parent and

teacher msessment {21

wa. 5%}

Chwistensenet 3l (2014 * | Denmark B84y CBZ = 346 Disgnesis of au- | Ne VPA ¢fw controls: Exposure databased on
Popula tion study: Gl @14 y) CZP =263 L of ASD T Risk autism (2.5 va. fi it
registers of births and TG = 647 0.A48%) Ce
payc hiatric diagnoses OxC =321 ONC = 321 T Risk ASD (4.42 wi. =y

WPA = 38R VPA = 388 148%) Community s pecialist
VPA = 750 mafd ¢f making diagnoses not
w750 mg fd inded
Mo difference in risk of Mo difference if ViR
autism or ASD presoribed for epilepsy
CBY, (FP, LTG, OXC ¢fw | or other diagnosis
control
No difference in risk of
autism of ASD
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Rihtman et al (20125 lsrae ay ay Ve BRIEF No Antenatal identification
Exposed (3-56y {3-5.6y) n=18 Conners’ nt reported inat- of expoed subjects but
formats sonfcognitive prob- pestnatal recruitment;

o recrubment rates not
sample T Parentseported perfee | reported
tionism Small exposed groug: 3]
Mo difference in teacher S subjects expaed in
ratings first trimester only

Rihtman et al (2013 Isiae G TG = 42 Yes BRIEF No Antenatal identification

Exposed: Teratogenin- | 35y WVPA = 30 n =52 Conners’ of exposed subjects but
ar g VA pestnatal recruitment;
3 43y recrul ment rates:
Comnitrods index 36X VPA
3y S% 1ITG
37w No matemal I educa
Mo difference in parent or
teacher measures
WPA ¢fw ITG
Mo differences on any
scales

veiby et al {2013)72 Mo ay 15and3y Maothers with epilepsy: | Yes ASD Mo WPA ¢fw controk Parent ffu by mail s
MoBA: Pros pactive co- {15 yf3y) n = 107,597 ESAT L Gress motor ot 1.5y vey. Response rate:
hort with antenatal OBZ = 4131 MICHAT I Language at 3y T At 15y
recruitment IT = 65/44 MoBA checidist BZ ¢fw controk B at 3y

WPA = 25/19 for ADHD  Fine motor &t 1.5y Parental asessments
PolyTx = 26/25 Sentence come L Social deills at3 y introduce possible bias
No AED = 321/154 plexity tAggressivesymplomsat | Primary outcome ag-
Fathers with epil epsy: 500 3y gregate AED ef fect. AED
(1.5 w3y} TG cfw controks enposure associated
AFD = 1477110 T Autistic traits at 3y with increased autistic

No AED = 216/173

! Language score ot 3 y
Ne AEDS ¢ w controls

Mo difference in any
sennes

Fathers with e pilepsy ¢jw
controk

T Autistic traits at 1.5 yif
father on AEDs

L Fine motor at 1.5 yif
father not on AEDS

No difference in any
scones at 3y

traits, poor senten ce
skills, and goss mobor
skils at3 y

PolyTx not divided by
type. PolyTx &5 a gioup
had poo e form ance
on all scores at 1.5 y but
not st 3y

Abbrevations: ABAS-I, Adaptive Behavior Assessment System 2nd ed; ADHD, attention deficit hyperactivity disorden, AED, antiepileptic dreg; ASD, avtism spectrum disorder; ASQ), ages and stages questionnaire;
BASC, behavior asssssment system for children; BRIEF, behavior rating imventory of executive function; ¢fw, compared with; CBZ, carbamazepine; (2P, donazepam; ESAT, eary screening of autistic traits

questionnaire; 10, intaligence quotient; LMNG, Liverpool and Manchester Newrodevelop mental Group; TG

lamotri gine; MCHAT, modified checklist of autism in toddlers; MoB A, the Norwegian mother and child

cohort; NDD, nevurodevelop mental disorders; NEAD, neurodeve opmental effects of antiepileptic drugs; OXC, oxcarbazepine; PHT, phenytoin; PolyTx, poltherapy; PSHIl, Parent Stress index 3rd ed; SCQ, sodal
communication questionnaire; TPM, topiramate; UK, United Kingdom; LS., United States; VPA, valproic add.

Valproate is thought to exert epigenetic effects by interfering with histone acetylation and DNA
methylation, two interconnected processes that regulate gene transcription. Duration of AED
exposure correlates with global hypomethylation. Methylation patterns did not seem to be affected
by the condition for which the mother was taking AEDs (mood disorder versus epilepsy). The exact
mechanism by which AEDs alter DNA methylation is not known but it is speculated that alterations in
the folate/ homocysteine metabolic pathways, which have been associated with many AEDs

including lamotrigine and the enzyme inducing AEDs, may be responsible.

If epigenetic modification is found to mediate AED teratogenesis, it may also be possible to uncover

individuals whose genomes are more or less susceptible to these effects. For example, in a

population-based study in Aberdeen, Scotland, AED-exposed children with congenital malformations
and fetal anticonvulsant syndrome were more likely to be born to mothers with a certain
polymorphism of methylene-tetrahydrofolate reductase when compared with AED-exposed children
who were unaffected. In the same study, AED-exposed children with neurodevelopmental disorders
and/or fetal anticonvulsant syndrome were more likely to have polymorphisms of methionine
synthase and methionine synthase reductase at trend levels as compared with the healthy children.

Folic acid supplementation is an example of the kind of intervention that might be able to prevent or
reduce the epigenetic effects of AEDs, particularly those that are mediated by the DNA methylation
pathway: In animal models, folate is able to prevent DNA hypo-methylation and other metabolic
changes associated with valproate exposure.

In the Neurodevelopmental Effects of Antiepileptic Drug study, the mean full scale intelligence

guotient (FSIQ) of six-year-old children whose mothers reported periconceptional folic acid use was
higher than the mean FSIQ of those who were not exposed to supplementation early in pregnancy,
even after controlling for other factors such as maternal IQ.

Several recent studies have demonstrated a relationship between periconceptional folic acid
supplementation and higher cognitive and behavioural outcomes in the general population. At this
point, there is insufficient evidence to conclude that folic acid supplementation mitigates the
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structural or developmental teratogenic effects of AEDs; at best it is likely only one of the necessary
targets for intervention. More research in this area is greatly needed.

3.3.10 Ban et al. 2015 effect of taking folic acid [21]

The authors included 258,591 singleton live-born children of mothers aged 15-44 years in 1990-2013
from The Health Improvement Network, a large UK primary care database. All major congenital
anomalies according to the European Surveillance of Congenital Anomalies classification were
identified.

Absolute risks and adjusted odds ratios (aOR) were calculated comparing children of mothers
prescribed AEDs to those without such prescriptions, stratified by folic acid prescriptions around the
time of conception (one month before conception to two months post-conception).

Previous literature estimates that the prevalence of congenital anomalies is 2.8% and the prevalence
of mothers prescribed AEDs in pregnancy is 0.5%. Based on these numbers, we calculated that at
least 76,953 children were needed to detect an OR of 2.0 for the association of congenital anomalies
with antenatal AED exposure, with 80% power at a 5% significance level. The required sample size to
achieve 80% power at a 5% significance level for system-specific anomalies was much larger (257,105
children were needed for heart anomalies based on our study population’s prevalence of 0.8%,
408,514 for limb anomalies based on its prevalence of 0.5%, 509,459 for genital anomalies based on
its prevalence of 0.4% and 1,014,199 for nervous system anomalies based on its prevalence of 0.2%).
Maternal characteristics are outlined in Table 38.

Table 38: Maternal characteristics for children according to their mothers’ prescriptions of antiepileptic
medicines in pregnancy

No AEDs in pregnancy AEDs in the 1*! AEDs only in the 2™
trimester or 3" trimester
n = 257,153 n=1,259 n =179
n o n Yo n Yo

Maternal Age, years

15-24 50,246 19.54 222 17.63 43 2402

25-34 152,447 59.28 764 60.68 105 58.66

35-44 54460 21.18 273 21.68 Kl 17.32
Body Mass Index (kg/m?)

Normal (18.5-24.9) 116,794 58.07 510 50.00 82 59.85

Underweight (<18.5) B8.669 4.31 42 412 5 3.65

Overweight (25-29.9) 47 646 23.69 251 24.61 18 13.14

Obese (> = 30) 28,009 13.93 217 21.27 32 23.36

Missing* 56,035 [21.79] 239 [18.98] 42 [23.46)
Maternal smoking

Non-smokers 164,544 81.10 7 74.93 107 79.85

Smokers 38,346 18.90 258 25.07 27 2015

Missing* 54263 [21.10] 230 [18.27] 45 [25.14]
Townsend Deprivation Index

1 (least deprived) 60,602 2528 235 20.40 30 17.34

2 47 865 19.96 195 16.93 19 10.98

3 51,148 2133 23 20.05 il 17.92

4 46,386 19.35 275 23.87 51 29.48

5 (most deprived) 33.769 14.08 216 18.75 42 2428

Missing* 17,383 [6.76] 107 [8.50] 6 [3.35]
Indication for AED prescriptions

Epilepsy — 1,024 81.33 144 80.45

Serious mental ilness — 54 4.29 8 447

Neon-epileptic neurclogical conditions® = 202 16.04 25 1397

Indication unknown = 139 11.04 26 1453
Folic acid prescriptions®

None 217,355 84.52 502 39.87 125 69.83

Less than 5mg daily 35,529 13.82 104 8.26 24 13.41

At least 5mg daily 4,135 161 653 51.87 30 16.76

Dosage unknown 134 0.05 0 0.00 0 0.00

* Percentages in square brackets were calculated when including missing data;
# migraine, neuralgia, neuropathic pain and essential tremor in the year before and or during pregnancy’;
© prescriptions of folic acid in two weeks before pregnancy or in the first eight weeks of pregnancy; AEDs = antiepileptic drugs

doi:10.1371/joumal. pone.0131130.1001
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Congenital anomalies risk was 476/10,000 in children of mothers with first trimester AEDs compared
with 269/ 10,000 in those without AEDs equating to an aOR of 1.82, 95% confidence interval 1.30-
2.56 (Table 39). The highest system-specific risks were for heart anomalies (198/10,000 and 79/
10,000 respectively, aOR 2.49,1.47-4.21). Sodium valproate and lamotrigine were both associated
with increased risks of any congenital anomalies (aOR 2.63,1.46-4.74 and aOR 2.01,1.12-3.59
respectively) and system-specific risks. Stratification by folic acid supplementation did not show
marked reductions in AED-associated risks (eg, for congenital anomalies overall aOR 1.75, 1.01-3.03
in the high dose folic acid group and 1.94, 95%Cl 1.21-3.13 in the low dose or no folic acid group).
However, the majority of mothers taking AEDs only initiated high dose folic acid from the second
month of pregnancy (Figure 20).

60.0%

‘ Time before pregnancy In the 1% trimester

0
=)
o
ES

40.0%

30.0% B Any folic acid

5mg folic acid

The first day of the last menstrual period

Percentage of women with prescriptions of folic acid

20.0%
) I I I
0.0%
month 3 month 2 month 1 month 1 maonth 2 month 3

Figure 20: Percentages of women prescribed folic acid among those with first trimester antiepileptic
medicine prescriptions

When stratifying the analysis by children of mothers with and without prescriptions of high dose folic
acid around early pregnancy, the adjusted ORs were similar (Table 40). When restricting to children
of mothers with high dose folic acid throughout the whole periconceptional period, we found that
only 66 women with AEDs in the first trimester had high dose folic acid prescribed throughout the
whole periconceptional period and less than five had a major congenital anomaly of which none was
nervous system anomaly (adjusted OR = 1.52, 95%CI 0.16— 14.16 compared to children of women
without AEDs for the overall congenital anomalies risk).

When assessing the effects for individual AEDs, the absolute risks of overall congenital anomaliess
were generally highest in children of mothers prescribed valproate (687 per 10,000) and other old
AEDs combined (710 per 10,000), followed by the risks in those of mothers prescribed newer drugs
(514 per 10,000 for lamotrigine and 369 per 10,000 for other newer drugs combined).
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Table 39: Absolute risks (per 10,000 children) of major congenital anomalies in children according to their
mothers’ prescriptions of antiepileptic medicines in pregnancy

No AEDs in pregnancy AEDs in the 1 trimester
Overall Monotherapy Polytherapy®
n= 257,153 n=1259 n= 1,032 n =227

n nf10,000 n n/10,000 n n/10.000 n n/10,000
Any major anomaly 6922 269 60 476 44 426 16 705
Heart 2,041 79 25 198 20 194 5 220
Limb 1,263 49 10 79 7 68 3 132
Genital system 1,023 40 1 87 7 68 4 176
Mervous system 367 14 4 32 3 29 1 44
Other anomalies® 2872 112 17 135 14 136 4 176

*#Results for 179 children bom to women with AEDs only in the 2" or 3" trimester, of which 5 had major congenital anomalies, are presented in the text
only:

* more than one type of antiepileptic drug was prescribed;

“ All other major congenital anomalies not classified as heart, limb, genital system, or nervous system;

AEDs = antiepileptic drugs

doi:10.1371/joumal.pone.0131130.1002

The pattern was similar for system-specific anomalies (Table 39). Compared with children of mothers
without AEDs, the adjusted ORs of overall congenital anomalies were statistically significant for
valproate (2.63, 95%Cl 1.46—-4.73), lamotrigine (2.01, 1.12—-3.59) and other older AEDs (2.67, 1.18—
6.04) but not for carbamazepine (1.58, 0.86-2.89) and other newer AEDs (1.44, 0.57-3.65).

After stratifying the analysis by folic acid prescriptions, the lamotrigine-associated congenital
anomalies risk decreased in the group with high dose folic acid (adjusted OR = 1.60, 95%CI 0.66—
3.93), but remained statistically significant in the group with no or low dose folic acid (2.89, 1.29-
6.46). However, the confidence intervals of the two ORs overlapped.

Table 40: Odds ratios for the association of major congenital anomalies with antiepileptic medicines in the 1%
trimester of pregnancy and risk stratification according to whether high dose (5mg daily) folic acid was
prescribed

AEDSs in the 1% trimester

Overall Monotherapy Polytherapy®
cOR 95%C1 aOR 95%Cl a0R 95%CI aOR 95%CI
Overall population n exposed = 1,259 n exposed = 1,032 n exposed = 227
Any major anomaly 1.81 129-2.55 1.82 1.30-2.56 1.62 1.10-242 2.7 1.39-5.29
Heart 254 151-4.29 2.49 147421 2.44 1.36—4.37 270 0.84-8.70
Limb 1.62 0.71-367 1.66 0.73-3.75 142 0.54-375 -
Genital system 224 1.02-4.89 2.28 1.04—4.99 1.78 0.67-472 -
Nemnvous system - - - -
Prescriptions of folic acid At least 5Smg daily n exposed = 653 n exposed = 521 n exposed = 132
Any major anomaly 1.63 0.95-2.80 1.75 1.01-3.03 1.56 0.83-292 2.54 0.99-6.54
Heart 27 1.19-6.21 3.25 1.41-7.52 3.07 1.25-755 -
Limb - - - -
Genital system 212 063-7.18 2.18 0.61-7.84 - -
Nemnvous system - - - -
None/less than Smg daily n exposed = 606 nexposed = 511 n exposed = 95
Any major anomaly 1.96 122-3.15 1.94 1.21-3.13 1.71 0.98-296 322 1.23-8.44
Heart 231 1.05-5.08 222 1.10-692 2.16 0.91-5.16 -
Limb 272 1.09-6.83 2.76 1.12-7.01 2.05 0.64-6.55 -
Genital system 211 0.66—6.69 2.15 0.68-6.82 - -

Nemvous system - - - -

* 134 children whose mothers’ were prescribed folic acid had no information on dosage. Empty cells indicate there were fewer than five exposed cases,
for which statistical analyses were not performed;

# more than one type of antiepileptic drug was prescribed;

cOR = crude odds ratie; aOR = odds ratio adjusted for matemal age, year of childbirth, maternal body mass index, smoking and socioeconomic status;
AEDs = antiepileptic drugs; 95%Cl = 95% confidence interval

d0i:10.1371/joumal. pone.0131130.1003
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Table 41: Absolute risks (per 10,000 children) of major congenital anomalies in children according to type of
antiepileptic medicine in the 1* trimester of pregnancy

Individual types of AEDs in the 1*! trimester of pregnancy

Carbamaze pine Sodium valproate Other older Lamotrigine Other newer
AEDs® combined AEDs"
combined
n =450 n=291 n =155 n =389 n=217
n n/10,000 n n/10,000 n n/10,000 n n/10,000 n n/10,000
Any major anomaly 19 422 20 687 11 710 20 514 8 369
Heart 8 178 6 206 5 323 9 231 2 92
Limb 2 44 5 172 1 65 4 103 1] -
Genital system 5 111 4 137 3 194 2 &1 3 138
Nervous system 2 44 3 103 0 - 1 26 0 -
Other anomalies® 5 111 4 137 4 258 5 129 4 184

“ phenytoin, clonazepam., clobazam, phenobarbital, ethosuximide, or primidone;

“ gabapentin, levetiracetam, pregabalin, topiramate, vigabatrin, zonisamide, or lacosamide;

“ All other major congenital anomalies not classified as heart, imb, genital system, or nervous system;
AEDs = antiepileptic drugs

doi:10.137 joumal pone. 01311301004

The authors concluded that children of mothers with AEDs in the first trimester of pregnancy have a
2-fold increased risk of major congenital anomalies compared to those unexposed. There was no
evidence that prescribed high dose folic acid supplementation reduced such AED-associated risks.
Although statistical power was limited, prescribing of folic acid too late for it to be effective during
the organogenic period or selective prescribing to those with more severe morbidity may explain
these findings.

Comments

Folic acid supplementation needs to start at least three months prior to conception (UK
recommendation) in order to be effective. Given the results starting to emerge regarding risk being
associated with polymorphisms in enzymes associated with folate metabolism other forms of folate
other than folic acid may be more effective.

3.3.11 Vajda et al. 2015 untreated epilepsy [22]

The aim of this study was to determine the outcomes in pregnant women with epilepsy not treated
with anti-epileptic medicines.

Analysis of data from the Australian Register of AEDs in Pregnancy on 148 women with epilepsy who
were not receiving AEDs before and during at least the first trimester of pregnancy (Table 42).

The Register, which has been collecting data since 1999, is estimated to have captured some 8 to 9%
of all Australian pregnancies in women with epilepsy. These women initiated their own participation
in the Register’s database once they had become aware of its existence. All contact between the
women and the Register was by means of telephone, with interviews on 4 occasions — at recruitment
as early in pregnancy as feasible, at 7 months of gestation, in the post-partum month and, as far as
possible, one year after childbirth.
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Table 42: Characteristics of the untreated and anti-epileptic drug treated pregnant women with epilepsy and
outcomes

Mo AEDS P < .05 AEDs R.R. or Difference 95% ClL.
Number 148 1532
Mean Age (years) 30.74 30.69 —0.05* —-1.02, #1.12
Referral source — neurologist 51.4% 47.9% 1.07 0.91, 1.26
Referral source - other medical practitioner 12.2% 15.5% 0.77 0.45, 1.20
Pregnancy number = 1 46.6% 41.6% 1.12 0.83, 1.34
Pregnancy number - 2 32.4% 29.6% 1.0 0.86, 1.40
Pregnancy number - 3 11.5% 16.1% 0.71 0.45, 1.49
Pregnancy number - 4 6.1% TA% 0.85 0.44, 1.65
Pregnancy number - =4 3.4% 5.4% 0.62 0.25, 1.49
Pregnancies 1 and 2 combined 79.1% 731% 1.11 1.01,1.21
Assisted fertilisation involved 5.4% 5.8% 0.93 0.43, 1.68
Previous malformed offspring (N=79, 884) 25% 4.8% 0.53 0.13, 213
Previous neonatal deaths (N=79, 884) 1.3% 0.8% 1.62 0.20, 12.97
Epilepsy duration {mean in years) 123 s 141 —1.80° —-325, -035
Epilepsy type - partial 44.6% 49,0% 0.91 0.76, 1.10
Epilepsy type - generalised 45.9% 42.5% 1.08 0.50, 1.30
Epilepsy type = uncertain 9.5% 8.6% 1.11 0.65, 1.07
AED change before pregnancy 41.9% 14.2% 3.03 242,379
Preconception folate intake 65.5% J0.8% 0.85 0.75, 098
Seizures during pregnancy - any 56.1% 46.9% 1.20 1.03, 1.39
Seizures during pregnancy - convulsive 24.3% 18.9% 1.29 0.95, 1.74)
Active epilepsy before pregnancy 50.0% 43.6% 1.15 0.97, 1.36
Seizures during pregnancy - any 82.4% 79.1% 1.04 0.93, 1.16
Seizures during pregnancy - convulsive 36.5% 32.8% 1.13 0.81, 1.53
Seizures during birth 27% 3.6% 0.75 0.18, 3.12
Inactive epilepsy before pregnancy 50,0% 56.4% 0.89 0.75, 1.05
Seizures during pregnancy - any 29.7% 21.9% 1.36 0.941.97
Seizures during pregnancy - convulsive 12.2% 8.2% 1.48 0.77, 2.84
Seizures during birth 4% 0.9% 2492 0.63, 13.50
Malformed foetus 3.4% TA% 0.47 0.20,1.15
Malformed foetus® 3.4% 4.5% 0.74 0.30, 1.84
Malformed foetus® 3.4% < 121% 0.28 0.11, 068

* A difference, not a R.R value.

¥ Pregnancies exposed to VPA and TPM excluded.

© Pregnancies exposed to VPA or TPM.
Within the 148 pregnancies not treated with AEDs at the time of conception a number of features,
mainly concerning seizure activity, were compared between the women whose seizure disorders
were active before pregnancy and those whose disorders were inactive (Table 43). The only
significant difference between the two groups was a considerably higher rate of seizure occurrence
during pregnancy in the women with already active epilepsies at entry into pregnancy (any seizures:
82.4% versus 29.7%; convulsive seizures: 36.5% versus 12.2%).

Seizure control was less likely to be maintained in AED-untreated pregnancies. Whether AED therapy
had been ceased in preparation for pregnancy, or had not been employed for long periods before
pregnancy, made no statistically significant difference to seizure control outcomes, but those who
ceased therapy in preparation for pregnancy were more likely to again be taking AED therapy by
term. Fetal malformation rates were reasonably similar in untreated pregnancies, and in treated
pregnancies if pregnancies exposed to known AED teratogens (valproate and probably topiramate)
were excluded from consideration.

It appeared that the main determinant of the outcome regarding seizure occurrence in anti-epileptic
drug-untreated pregnancy was not so much the length of time before pregnancy over which no anti-
epileptic drug treatment was taken, but whether the women’s epilepsy was active or inactive when
they entered pregnancy. If the epilepsy was active, women would probably tend to experience
further seizures during pregnancy so that the disadvantages and hazards that they were already
experiencing would continue. If the epilepsy prior to pregnancy was inactive, the women seemed to
have less risk of having seizures during pregnancy than the women whose pre-pregnancy epilepsy
was active. However, the women with inactive epilepsy still had about a 30% risk of seizures in
pregnancy. This risk appeared greater, though not statistically significantly so, than the risk of
seizures returning in pregnancy in the women with inactive pre-pregnancy epilepsy who continued to
take antiepileptic medication in pregnancy.
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Table 43: Comparisons between women with active and inactive epilepsies that were not treated with anti-
epileptic drugs at least in earlier pregnancy. The likelihood (RR) of various items occurring in the active
epilepsy group is expressed relative to that for the women with inactive epilepsies

Active Epilepsy P= 05 Inactive Epilepsy R.R or Difference 95% CL.
Number 74 74
Mean Age (years) 301 314 -130° —2.85,0.25
Referral source - neurclogist 54.1% 48 6% 111 081, 152
Referral source - other medical 16.2% 81% 200 0.79, 5.05
Pregnancy numbers - 1 or 2 78.4% T97% 098 083, 116
Pre-conception folate intake 59.5% 743% 0.80 064, 1.01
Epilepsy = partial 47.3% 419% 113 0.79, 162
Epilepsy - generalised 41.9% 50.0% 084 059, 119
Epilepsy = type uncertain 10.8% 83% 130 047,355
Epilepsy duration {mean in years) 10.6 14.1 —3.50° —6.54, +0.46
Seizures during pregnancy - any 82.4% 297% 4.00 2.39, 6.70
Seizures during pregnancy - convulsive 36.5% 122% 3.00 1.52, 593
Seizures during birth 27% 27% 1.00 0.14, 691
Taking AEDs by 7 months 53.1% 297% 1.79 1.18, 272
Taking AEDs by term 55.4% 37.8% 146 1.03, 2.09
Taking AEDs by term - had seizures 51.2% 57.14% 090 0.58,139
Foetal Malformations 27% 41% 067 0.11, 387

* A difference, not a RR.

The authors concluded that leaving epilepsy untreated during pregnancy appears disadvantageous
from the standpoint of seizure control; it also does not reduce the hazard of fetal malformation
unless it avoids valproate or topiramate intake during pregnancy.

3.3.12 Tomson et al. 2015 guidance on epilepsy treatment [3]

A joint Task Force of the Commission on European Affairs of the International League Against
Epilepsy and the European Academy of Neurology, reviewed the use of valproate in women following
strengthened warnings from the Coordination Group for Mutual Recognition and Decentralised
Procedures-Human (CMDh) of the European Medicines Agency.

To produce these recommendations, the Task Force considered teratogenic risks associated with use
of valproate and treatment alternatives, the importance of seizure control and of patient and fetal
risks with seizures, and the effectiveness of valproate and treatment alternatives in the treatment of
different epilepsies.

Recommendations for the use of valproate in the treatment of epilepsy in girls and women of child
bearing potential.

— The choice of treatment for girls and women of childbearing potential should be that of a
shared decision between clinician and patient, and be based on a careful risk—benefit
assessment of reasonable treatment options for the patient’s seizure or epilepsy type.

— Given the risks associated with exposure in utero, valproate should be avoided wherever
possible as initial treatment of epilepsy in girls and women of child bearing potential.

— Valproate should thus generally not be used for treatment of focal epilepsies, and
withdrawal of valproate or switch to treatment alternatives should be considered for women
of childbearing potential who are established on treatment with valproate for focal seizures
and who are considering pregnancy.

— In cases where valproate is considered the most appropriate option (eg, some
idiopathic/genetic generalized epilepsies), every female patient and the parents of a female
child must be fully informed of the risks associated with valproate use during pregnancy as
well as of the risks and benefits of treatment alternatives.

— When used in girls and women of childbearing potential, valproate should be prescribed at
the lowest effective dose, when possible aiming at doses not exceeding 500-600 mg/day,
although, at times, higher doses may be necessary to attain seizure control.

— Women of childbearing potential who are not planning pregnancy and who continue
treatment with valproate should utilize effective contraception methods or otherwise ensure
that unplanned pregnancies can be avoided.
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— ltis generally not advisable to switch from valproate to another treatment in women who

discover that they are pregnant while on valproate.

— Women should be informed about the possibilities and limitations of prenatal screening,
which may detect major malformations but cannot identify children whose
neurodevelopment will be affected.

The Task force also provided guidance on use of valproate in different clinical situations (Table 44

and 45).
Table 44: Risk-benefit analysis of valproate use and alternative treatment strategies in different clinical
situations
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Table 45: Specific epilepsy syndrome where valproate may be considered the most appropriate initial

treatment
Chil dbsearing
Syndrome Evidence potential Comment
Childhood sbsence epilepsy Randomized controlled Motaffected  Ethosuwdimide equally effectveand bemer wlerared™
sudies™ Seli-limiting in childhood in the majority
| uvenile myadonic epdlepsy Randomized controlled Motaffected Damderived fromstedies addressing setzure types, not
studies syndromes (see tesxt)
|uvenile sbsenc e epilepsy Randomized controlled Motaffected Damderived fromstedies sddressing absence setzures,
stisdies ot symdromes [see test)
Epilepsy with generalized tonic—donic setzures Randomized controlled Motaffected Damderived fromstedies addressing setzure types, not
allone stisdies syndromes (see test)
Myodonic epilepsy in infancy Oibserationa ™ Motaffecred  Selfdimiting in childhood
Arypical benign focal epilepsy (arypicsl evolution of  Observationl ¥ Motaffected  Seff-limiting around puberty
BECTS)
Eydlid myodonia and absences (jeavons syndrome) Obse vt ional 2 Mot affes ted
Epil epsy with myoclonic absences Observationa 75 Reduced
Epil epay with miyockonic stonic seirures Observations = Reduced Variable cowrse
Epil eptic encephalopathy with contineous spike- Observationa * Reduced ESES self-limidng arownd puberty
and-wave waves in sleep (ESESAC W), induding
Lan dau-Klefrer syndrome
Progressive myodonic epil epsies Observational ™ Reduced Valproste ¢ ontraindic ated for some mitoch ondrial
disorders, espedially with POLG mu mtion™
Dirzvet syndrome Observations ™ Very rmre RCT evidence for stiripents| sdded to the combinxton
of valproate and clobazam*®
Lennox-Gastaut syndrome Observations T Very mre

BECTS, benign epilepsy with cent robermporal spikes:
contralled trial

ESES, electric status epilepticus in sleep COWSE, continuous spike-waves during slee RCT, randomized
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3.3.13 Epstein et al. 2015 — guidance on bipolar treatment [23]

Bipolar disorders, including bipolar | disorder, bipolar Il disorder, and bipolar disorder not otherwise
specified, are serious, chronic psychiatric illnesses characterized by alternating episodes of mania or
hypomania and major depression, or mixtures of manic and depressive features. They represent a
spectrum of illnesses characterized by frequent relapses, symptom recurrences, and persisting
residual symptomatology. Bipolar disorders have major adverse clinical, social, and economic effects
that often interfere with the patient’s ability to work and function normally in other instrumental life
roles and in social relationships. The annual incidence of bipolar disorders ranges from three to ten
cases per 100,000 population, with an estimated lifetime prevalence of 3%—-7%.

The incidence of bipolar disorders in women peaks from 12 to 30 years of age, (eg, during the
primary reproductive years), raising the possibility of considerable bipolar illness burden during
pregnancy and the postpartum period.

The treatment of bipolar disorders during pregnancy presents numerous clinical challenges (Tables
46 and 47). Many primary mood stabilizers are associated with increased risk of congenital
malformations. However, stopping treatment during pregnancy may increase the risk of bipolar
mood-episode relapses. In the last 15 years, there has been increasing antepartum use of atypical
antipsychotic drugs, many of which could be viable alternatives to mood stabilizers. However,
relatively little is known about the reproductive safety of these agents.

Compared to control mothers, mothers with bipolar disorder were at significantly higher risk of
experiencing placental abnormalities, antepartum haemorrhages, and toxicities related to alcohol,
tobacco, and illicit-substance use. In a large-scale observational study using the Taiwan National
Health Insurance Research Database, a diagnosis of bipolar disorder was associated with significantly
higher likelihood of low birth weight, preterm birth, and smallness for gestational age delivery
compared with absence of a psychiatric diagnosis

Regardless of treatment status, rates of smoking, overweight, and substance abuse were significantly
higher among women with a diagnosis of bipolar disorder compared with control women.

Previous research has also shown that the offspring of women with bipolar disorder have increased
rates of neurocognitive and psychiatric impairment. In a cohort study of 117 offspring (ages 4-18
years) of 88 parents with bipolar disorder (high-risk youth) and 171 offspring of parents without a
major affective disorder (control youth), high-risk youth had significantly increased rates of affective,
anxiety, and disruptive behavioural disorders, memory and attention disturbances, and impaired
social functioning than control youth

Finally, uncontrolled or untreated bipolar disorder exposes affected mothers to well-documented
behavioural risks that accompany acute manic or depressive relapses. These include increases in
impulsive and risky behaviours, unplanned pregnancy, substance use, poor adherence to prenatal
care, disruptions in support structures and family functioning, and maternal suicide: a leading cause
of perinatal mortality.

Recently published meta-analysis of 68 randomized trials (16,703 subjects) showed that
antipsychotic drugs were significantly more effective than mood stabilizers for treating acute mania,
and that haloperidol performed the best on an integrated assessment of anti-manic effectiveness
These results and the better-known reproductive safety profile of haloperidol compared with many
other agents for treating acute mania may increase its appeal for acute treatment of mania during
pregnancy, notwithstanding other factors (eg, extrapyramidal side effects, tardive dyskinesia with
long-term use, lack of bipolar anti-depressive efficacy, etc) that may limit its usefulness.

Fewer established treatments exist for acute bipolar depression than acute manic or mixed episodes.

Medicines Adverse Reactions Committee: 14 September 2017

Page 73 of 82



Epilim in pregnancy CONFIDENTIAL

Meta-analyses of randomized trials support the effectiveness of quetiapine, an olanzapine—
fluoxetine combination, and lamotrigine although patients with severe depression appear to be more
likely to benefit from lamotrigine than those with milder depression.

Table 46: Pharmacotherapeutic options for treating cute manic (or mixed) episodes

Drug class/iname Regulatory approval*® Pregnancy-safety Summary of major reproductive safety concerns
rating (US)*

Mood stabilizers
Lithium Adultsme D
Youth (aged |2+ years)

Overall MCM rate 2.8% (prospective studies)
Includes low risk of Ebstein’s anomaly (one case per
1,000-2.000 births)

Reported cases of necnatal adaptation syndrome; risk
miay be higher with higher maternal lithium levels
Reported cases of other neonatal complications

Valproate Adultsme=* D Highest MCM rates among all mood stabilizers
(5%—1 1%, based on registry study data); risk may be
dose-dependent (maternal daily dose)

Increased MCM risk when combined with other

anticonvulsants

Increased risk of adverse neurodevelopmental
outcomes

Reported cases of necnatal toxicity syndromes

L=}
.

Carbamazepine Adulgdmsn=* Overall MCM rate 2%—6% based on registry study data
Several adverse neonatal events aside from birth

defects reported

Antipsychotics, atypical

Clozapine - B & MCM risk unclear, very few large-scale studies
Risperidone Adultsm=n==m C * Very limited data on reproductive risks associated
Olanzapine Adultsmers=m® C with individual drugs
Quetiapine Adultgmerse=m® C * FDA safety warning regarding risk of abnormal muscle
Ziprasidone Adults™="=* C movements and withdrawal symptoms in necnates
Aripiprazole Adulfgmereems C * Possible risks of excessive weight gain and gestational
Asenapine AdultgmensssmF C diabetes require additional study

Antipsychotics, typical Adults (chlorpromazine only) C * Low risk of MCMs, but this is based on very few

reports
» FDA safety warning regarding risk of abnormal muscle
movements and withdrawal symptoms in neonates

A retrospective study, Viguera et al. compared recurrence rates for 42 patients with bipolar | or II
disorder during pregnancy or the postpartum period following rapid (over #14 days) or gradual (over
15-30 days) discontinuation of lithium maintenance therapy. Lithium discontinuation commenced
within six weeks of the estimated date of conception. A cohort of 59 age-matched non-pregnant
women with bipolar disorder who also discontinued lithium treatment served as a control group.
Recurrence rates following lithium discontinuation did not differ significantly between pregnant
women and non-pregnant controls (52% versus 58%). However, recurrence rates were lower in both
groups during the year prior to medication discontinuation (21%).

A subsequent prospective cohort study by the same group compared the risk of recurrence in 89
euthymic women with bipolar | or Il disorder who continued mood-stabilizer treatment during
pregnancy or discontinued mood stabilizers during the time period beginning six months before and
ending 12 weeks after conception. The risk of recurrence during pregnancy was 85.5% for women
who discontinued mood stabilizers and 37.0% for those who continued mood-stabilizer treatment.
Median time to recurrence was four times shorter and the proportion of weeks ill during pregnancy
was five times greater with mood-stabilizer discontinuation compared with continuation of mood
stabilizers. Women who discontinued mood stabilizers spent over 40% of pregnancy in an episode of
illness compared with 8.8% for those who continued mood stabilizers. Recurrences were
predominantly depressed or mixed episodes occurring in the first trimester of pregnancy.
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Table 47: Pharmacotherapeutic options for treating acute depressive episodes

Drug class/iname Regulatory Fregnancy-safety Summary of major reproductive safety concerns
approval“ rating (U%)*

Mood stabilizers
Lithium - D

Owerall MCM rate 2.8% (prospective studies)

Includes low risk of Ebstein’s anomaly (one case per 1.000—2.000 births)
Reported cases of necnatal adaptation syndrome; risk may be higher
with higher maternal lithium levels

Reported cases of other neonatal complications

Valproate - D Highest MCM rates among all mood stabilizers (5% -11%, based on
registry study data); risk may be dose-dependent (maternal daily dose)
Increased MCM risk when combined with other anticonvulsants

* Increased risk of adverse neurodevelopmental outcomes

Reported cases of neonatal toxicity syndromes

Carbamazepine - D

Overall MCM rate 2% -6% based on registry study data
Several adverse neonatal events aside from birth defects reported

Lamotrigine - C

Unclear if lamotrigine increases risk of MCMs above background rates
Unclear if lamotrigine increases risk of other neonatal adverse events
outside of birth defects

Mo evidence of increased risk of adverse neurodevelopmental
outcomes

Antipsychotics, atypical

Olanzapine Adults? C * MCM risk unclear, very few large-scale studies
* Very limited data on reproductive risks associated with individual drugs
* FDA safety warning regarding risk of abnormal muscle movements and
withdrawal symptoms in neonates
* Possible risks of excessive weight gain and gestational diabetes require
additional study
Quetiapine Adulgsm== C * MCM risk unclear, very few large-scale studies
* Very limited data on reproductive risks associated with individual drugs
* FDA safety warning regarding risk of abnormal muscle movements and
withdrawal symptoms in neonates
« Possible risks of excessive weight gain and gestational diabetes require
additional study
Lurasidone Adultgmar=s=m B * Mo evidence of teratogenicity in animals: no reproductive safety data

in humans
Available only relatively short time for clinical use

A systematic review of information about the risk of major congenital malformations with in utero
exposure to lithium concluded that lithium should not be considered a major human teratogen based
on reports published between 1969 and 2005, and that lithium should be administered to pregnant
women if indicated. However, the authors also recommended due caution and supported existing
recommendations for performing fetal echocardiography to exclude the possibility of cardiac
malformations.

Exposure to lithium late in pregnancy has been associated with development of a neonatal
adaptation syndrome characterized by hypotonicity, muscle twitching, respiratory and feeding
difficulties, cardiac arrhythmias, cyanosis, poor suck, grasp, and Moro reflexes, and lethargy. The
syndrome resolves in 1-2 weeks, and usually without further complication; however, intensive
neonatal monitoring and longer hospital stays may be required.

Other neonatal effects have been associated with maternal lithium use during the second and third
trimesters that may reflect complications of lithium use in the neonate, rather than toxicity. These
include reversible hypothyroidism, nontoxic goiter, nephrogenic diabetes insipidus, and
hypoglycaemia.

Based on two systematic reviews of observational studies and case literature, there is no clear
evidence of an association between typical or atypical antipsychotic drugs and major congenital
malformations. Among the typical antipsychotics, reproductive safety risks are best understood for
haloperidol, chlorpromazine, and perphenazine. For example, in a prospective study of 188
pregnancies exposed to haloperidol and 27 to penfluridol, major congenital malformation rates in
both exposure groups combined (3.4%) approximated major malformation rates in the general
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population, and did not differ statistically in comparison to that of 631 unexposed control
pregnancies (3.8%).

Both typical and atypical antipsychotics have been associated with perinatal complications, including
extrapyramidal signs, respiratory distress, seizures, feeding difficulties, tachycardia, low blood
pressure, and transient neurodevelopmental delay

In a very large population-based retrospective cohort study of 169,338 antipsychotic-exposed and
357,696 -unexposed pregnancies, antipsychotic drug use during pregnancy was associated with an
increased risk of gestational diabetes compared with the total population of births, after adjusting
for birth order and maternal age, country of birth, cohabitation, smoking, and height (adjusted OR
1.77,95% Cl 1.04-3.03).

There have been very few investigations of possible adverse neurodevelopmental outcomes in
children with in utero exposure to antipsychotic drugs. In one prospective controlled study Infants
with prenatal antipsychotic drug exposure had significantly lower neuromotor-performance scores as
measured by the Infant Neurological International Battery, a standardized assessment of posture,
muscle tone, reflexes, and motor skills, in comparison with antidepressant-exposed children or
children with no psychotropic exposure.
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4.0 NEW ZEALAND DATA

4.1 Use in women of child bearing age

The number of community dispensed prescriptions of Epilim for women of child-bearing age is

shown in Tables 48 and 49.

Table 48: Data provided by PHARMAC to Medsafe in 2011 for the 2010 calendar year

Sodium valproate Sodium valproate
Age at YE Dec Female Male Age at YE Dec Female Male
0 8 9 26 135 164
1 14 21 27 122 180
2 34 38 28 141 185
3 22 41 29 125 185
4 39 49 30 142 179
5 42 54 31 148 185
6 49 58 32 138 172
7 49 62 33 158 203
8 49 57 34 151 194
9 46 65 35 141 222
10 42 71 36 223 201
11 53 51 37 183 229
12 68 62 38 209 247
13 50 68 39 234 257
14 55 79 40 225 267
15 63 80 41 248 267
16 76 111 42 245 241
17 61 94 43 241 256
18 60 131 44 237 270
19 112 147 45 227 240
20 111 157 46 249 249
21 115 135 47 255 237
22 118 157 48 265 281
23 120 195 49 289 267
24 113 186
25 123 183
Grand Total all 12,826 13,670
ages

Table 49: Number of community dispensed prescriptions of Epilim for women, 2014 to 2016

Number of female clients under 50 years old dispensed Sodium Valproate, by quarter, gender and age group.
Source: MoH Phams colleclion exlracted March 2017

CONFIDENTIAL

Female - only 2014 2015 2016

Agegroup  |Q1 |Q2 [Q3 |Q4 Q1 [Q2 ja3 [Q4 Q1 |Q2 |03 [Q4

Oto4 127 118 127 120 99 89 99 97 87 81 73 73
5109 149 149 148 147 130 147 150 142 132 136 140 140
1010 14 193 187 191 205 194 202 180 177 194 184 183 184
151019 310 321 323 324 317 313 32 307 287 297 287 288
201024 41 407 396 382 392 3n 372 382 365 360 385 370
251029 457 458 464 450 437 440 435 425 430 404 423 430
301034 558 542 551 547 534 535 530 540 515 503 536 533
351039 838 826 838 833 799 797 817 788 749 121 742 741
4010 44 918 926 969 982 921 937 940 937 935 966 998 1,002
4510 49 163 163 169 149 151 163 169 166 165 171 177 167
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Comments

There has been a reduction in the number of women of child bearing age taking Epilim, since 2010.

4.2 Number of children born to mothers taking sodium valproate

The number of live births where the mother was dispensed valproate during estimated duration of
pregnancy by year of delivery is shown in Table 50.

Table 50: Number of live births to mothers taking Epilim in pregnancy

Year of birth Live Births
2007 124
2008 116
2009 103
2010 58
2011 86
2012 73
2013 56
2014 47
2015 51
2016 36

Source: Ministry of Health Pharmaceutical Collection, extracted June 2017, ref: 2016-2644

Please note that reporting on valproate dispensing during pregnancy requires an NHI number to be recorded
on the pharmaceutical dispensing. Before 2007, NHI reporting was infrequent, therefore data before this time
has not been provided.

Data is only provided for dispensings of PHARMAC subsidised community pharmaceuticals. Birth data for 2016
is provisional and subject to change. Still births and births with pregnancy outcome not stated have been
excluded.

Comments

There has been a reduction in the number of children born to mothers taking Epilim.

4.3 CARM data

To date, CARM have received 27 cases of Epilim exposure during pregnancy.

7 cases described 26 pregnancies and 28 fetuses.

The daily dose taken by the mother was provided in 23 cases and ranged from
-he first case was reported in 1978. In 19 cases, use of only one antiepileptic- sodium
valproate was reported. In 7 cases, sodium valproate was taken with other anti-epileptics.

Congenital malformations (often coded as fetal valproate syndrome) were reported in 24 fetuses.
Behavioural/neurodevelopmental problems were reported for 13 children. Death was reported as
the outcome for five fetuses/infants. A full line listing is at Annex 2.

4.4 Risk minimisation and education

Healthcare professionals were informed in clinical services letter 165 in 1977 that prescribing of
Epilim had been restricted ‘based on the desire for further long-term clinical data and in particular,
the possible dangers of a link between sodium valproate and teratogenicity in humans’'.

In clinical services letter 216 in 1983 it was stated regarding valproate ‘Attention is drawn to recent
reports of spina bifida occurring in 1 percent of foetuses exposed to sodium valproate during
pregnancy.’
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More recently a Prescriber Update article was published in 2009 on the risk of congenital
abnormalities with all anti-epileptics. An article specific to Epilim was published in 2013 with a follow
up alert communication in 2014 (see summary on page 1).

The company made their additional educational materials available in New Zealand in 2014, a link
was included in the alert communication.

The packaging also includes the written warning outlined above and the pictogram described above
will also be added.

In addition, Medsafe has been working with other agencies in an ACC-led project to create
information booklets for healthcare professionals and consumers outlining the risks of all anti-
epileptic medicines in pregnancy (Annex 3).

5.0 DISCUSSION AND CONCLUSIONS

A referral is ongoing in the EU with the intention of determining whether the risk minimisation
activities initiate after the last referral are working. Therefore, Medsafe used this opportunity to
assess the situation in New Zealand.

The risk of teratogenicity caused by exposure to Epilim in utero was suspected when this medicine
was first approved for use. This risk was confirmed in the early 1980’s. In the early 2000’s it also
started to become clear that exposure to Epilim in utero also affected cognitive development.

It should also be noted that there appears to be a dose-effect relationship and that other anti-
epileptics may also cause congenital malformations. There also appears to be an interaction between
Epilim exposure and genetic factors and other environmental factors. Although folic acid
supplementation has not been shown to be effective at reducing the risk of congenital
malformations in most cases this was initiated too late to be effective.

A number of risk minimising activities have been undertaken in New Zealand: Prescriber Update
articles, alert communication, provision of additional educational materials by the company and the
inclusion of a warning on the packaging for Epilim.

The pregnancy contraindication was included in the Epilim data sheet in 2005 and there are
extensive warnings relating to pregnancy and treatment advice as noted in section 2.3.

The data on use in women of child bearing age and the number of exposed pregnancies in New
Zealand indicates that there has been a reduction in use in this population. The rate of decrease in
exposure may be limited by access to specialist services to supervise changes in treatment. It is
debatable whether the number of exposed pregnancies can be ever be reduced to zero, since there
are women with epilepsy for whom there are no other effective treatments. However, for other
indications this may not be the case. Certainly the French regulator is of the opinion that Epilim can
be avoided in pregnancy in women with bipolar disorder. In this respect it should be noted that the
current NZ indication for bipolar disease is much broader than the current EU indication. Compare:

Bipolar Disorder: For the treatment of manic episodes, maintenance and prophylactic treatment of
bipolar disease.
With:

Treatment of manic episode in bipolar disorder when lithium is contraindicated or not tolerated. The
continuation of treatment after manic episode could be considered in patients who have responded
to Depakote for acute mania.

In addition the French have restricted the bipolar indication further to contraindicate use in women
of child bearing potential not taking effective contraception. This may be adopted throughout the EU
as a result of the referral.
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6.0 ADVICE SOUGHT

The Committee is asked to advise whether:

— further regulatory action is required (eg, changes to the data sheet or indication)
—  further communication is required.
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7.0 ANNEXES

1. Full company report
2. CARM data

3. ACCbooklets
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