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Summary

Based on data‘from tHEURAP observational international antiepileptic drugs (AEDs) and
pregnancy registry, we assessed changes in seizure control and subsequent AEDnchanges i
women who underwent attempts to withdraw valproic acid (VPA) during the first trimester of
pregnancy.“Appling Bayesian statistics, we compaiggizure control ipregnancies where

VPA waswithdrawnwithdrawal group, n=93), switched to another AED (switch group,
n=38), or maintainednfaintaineetherapy groupn=1,588) during the first trimesterhe
probability‘of primarily or secondarily generalized tonlonic seizures (GTCS) was lower in
themaintaineetherapy group compared with the other two groups both in the first trimester
and for the entire duration of pregnan@i.CS were twice as commaluring pregnancy in

the withdrawal (33%) and switch groups (29%) compared witmtnataineetreatment

group (16%)."Limitations in the data and study design do not allosstablisha causeeffect
relationship between treatment changes and seizurernat but theeobsevations provide a
signal that withdrawal ¢br switch from VPA during the first trimester couldad to loss of
seizure controland highlight the need for a specifically designed prospective observational

study.

Key words: Valproic acid, Pregnancy, Epilepsy, Seizures
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Introduction

The risks t0 the fetus of maternal use of valproic aclA)/during pregnancy is well
documented'and include increased frequency of major congenital malforrhatigrasred
cognitive development of the pre-natatiyposed child™ and possibly alsimcreased risk of
autiam speectrum-disordet& These observations have led to a consensus that, whenever
possible, VRA.should be avoided in women with epilepsy of childbearing poteltiigialso
generally recommendebatanytreatmenthanges for women on VPA should ideally be
completed-and-assessed before conceptitmwever, the strengthened warnings for the use
of VPA in girls and women recently issued by thedpean Medicines Agengygould

prompt physicians to consider withdrawal of, or switch from, VPA during the course of
pregnancyThis strategy has been questioned becpatantial benefits in terms of reduced
teratogenic effects are uncertain, whereasisikeof loss of seizure controhnbe

significanf. Recent studiesave highlighted the maternal risks associated with epilepsy
during pregnancy, whictaninclude epilepsyelated mortality*°. In this context, th&ack of
data on outeomes of pregnancies where VPA treatment has been withdrawn during pregnancy
is highly unsatisfactoryin the present repordata from the observational international
antiepileptic drug$AEDs) and pregnancy registry, EURARere analyzed to assess epas

in seizure“control and subsequé&iD changes invomenwho underwenattempts to
withdraw VVPAduringthe first trimester opregnancy, the period during which concerns
about teratogenic risks are greatest

Methods

Inclusion criteria'and study procedures

EURAPIs an observational study set up in 1999 which relies on the cladoof
investigators from more than 40 countries from Europe, Asia, Australia, amdAragrica

(seeSupplementary Appendix 1 and"2)To be eligible for prospectivessessment, women
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taking AEDs at the time of conception need to be enrolled before gestation week 16 and
before foetal outcome is known. At enrolment, information is obtained on demographics, type
of epilepsy, seizure frequency, comorbidities, parensabhy of MCMSs, drug treatment
including folate, smoking habits, alcohol intake, and other risk factors. Follow-a@udat
collected-by-the-treating physician at each trimester, at birth and 12 moethisiraift
EURAP’s primary objective is to compareethisk of major congenital malformations in
offspring expoesedto different AEDs in fetal life, but information on seizure caarobl
treatment ehanges is also obtained prospectfely

The present analysis focuses on prospectively asspssgthnciesn women with epilepsy
treated with VPA at the time of conception, whose offspring completegeargpostnatal
follow-up by May 24, 2013.

The assessed €ohorts inclu€lid pregnanciem which VPA was withdrawrduring the first
trimester(withdrawal group), 3®regnancies in whiciiPA was switched to another AED
during the first timester(switch group), and 1,588 pregnancies in W& therapy was
maintainedduring the first trimestefmaintaineetherapygroup) Included in themaintained
therapy groupvere U5 pregnancies where the VPA dose could have been changed during the
first trimester, provided that VPA was not withdrawmnegnancies where VPA was
withdrawn(n=7)"or switched (n=2fter the first trimester weralso classified as maintained
therapy group..Of the 38 pregnancies in trevitchgroup,two were switchedo

barbexaclone, fouo carbamazepinégur to clobazamsix to clonazepanmne to gabapentin,
sevento lamotrigine pneto levetiracetaml 1 to phenobarbital, orte topiramag¢, andone to
oxcarbazepine.

Seizure contro(occurrence oprimarily or secondarilgeneralized tonicionic seizures
(GTCY9) in each of the three group&s assessddr each trimester anfr the entire

pregnancy.

Statistical methods

Proportionssef.womemvith GTCS in the three groups were compared by using Bayesian
statistics. lnsthe Bayesian modeling paradigm, all parameters are considered to be random
variables and are given a prior distribution (prior belief). All inference about these parameters
is mack from their posterior distribution obtained by applying Bayes'’s theorem to combine

the information given in the observed data with the information given in the prior

distribution®. These posterior distributiohsan be summarized by calculating the Bayes
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Credible Interval (BCI), which resembles a traditional frequentist confidence interval, and can
be used to compute the probability that the proportions differ across HtaAilpstatistical
computations were performed using R software version 3n2l3& Inequality Calculator

software version 3.0 (M.D. Anderson Department of Biostatistics — University o§)lexa

TWhen the parameter of interest is a proportion, the postertabditon obtained by applying the Bayes’s
theorem is @eta probability function parameterized witt+ [x + 0.01] andb =[(n —x) + 0.01] where: X is the
number of events (number of women with GTCS}); k) is the number of neavents (humber of women
without GTCS) and 0.01 is the value used here to expitedack of prior information through a non
informativeBeta prior distribution i.e. B(0.01, 0.01).

Results

Demographierand clinical data for the three cohorts are shown in Table 1. At congcepti
VPA was used as monotherapy in 39/93 pregnancies¥1n2he withdrawal group, in

none of the 38 pregnanciestheswitch group, and in 1,224/1,588 pregnancies (7iidi)e
maintaineétherapy group. TheneanVPA dose at conception was lower (688.1 mg/day) in
the withdrawal groughan inthe svitch (830.6 mg/day) omaintainedtherapy group (845.3
mg/day). Women wih juvenile myoclonic epilepsy were unégresented ithe withdrawal
group cempared with the other two groypable 1)

Frequencies of women with GTCS during pregnancy with associated 95% Cietdiblals

in each of three.groups are shown in Table 1, with their posterior probability distnibuti
being illustratedhin Figure 1. Compared with the other two groups, the porpof women

with GTCS 'was'lower in thmaintainedtherapy group both in the first trimes{&ig. 1a)and

for the entire duration of pregnancy (Fig. ady the probability that such differences are real
and not attributable to chance is high ranging from (F&p 1c) to 0.99 (Fig. 1a, 1b, 1d).
When assessed over the entire pregnancy, the frequency of women with GTCS were about
twice as common in the witirawal and switch groups as in thaintaineetherapy group.

The proportion.ef women with GTCS in theintainedtherapy group was also lower than in
the withdrawal group during the second trimester, and lower than the switch group deiring th
third trimester with high probabilities that such findings are real and not attributable to
chance.

In the withdrawal groupyPA was reintroduced after the first trimester in 13/93 pregnancies

(14%), four on polytherapy and nine on monotheraplile adifferent AED was introduced
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in 5/93 (5.4%). In the switch grougPA was reintroduced after the first trimester in 3/38
pregnancies (7.9%). ChangesvRA treatment after the first trimester were rare in the
maintaineetherapy group. Such changes includéA withdrawalin 7/1,588 pregnancies
(0.5%) and switclirom VPAto another AED in 2/588 pregnancies (0.1%).

Seizure eontrelduring treecondandthird trimester was also assessed for women who were
seizure free during thiast trimester. Within thigopulation, GTC®ccurred in 9/70 (12.9%)
womenin the"withdrawal group, in 4/31 (12.9%pmenin the switch group, and in
125/1,424(8.8%yvomenin themaintainedtherapy grougTablel, Fig. 1e).

Status epilepticus occurred in 2/93 pregnancies in the withdrawal group (BdtBanon
convulsive), in none of the 3@egnancies the switch group, and in 8/1,588gnancies in

in themaintainedtherapygroup (0.5%threeconvulsive andive non-convulsive).

Discussion

In the current analysise applied Bayesian statistics becawben dealing witlsmall and
unbalanced.cohertas in our casat providesmoremeaningful andntuitive inferences
compared to ¢lassic frequentist statistit&ased on this analysiomenwho had their VPA
treatment witldrawn or switched to another AEIring the first trimestewere found to have

a higher probability ofexperiencing GTC8uring pregancycompared with those who
remained o maintainedreatmentvith VPA throughouthe first trimesterFurthermore in
almost 20% of pregnancies in whiglPA was withdrawn dung the first trimesterVPA was
reintroduced later in pregnancy or another AED was added. VPA wasdatdmduced in

8% of pregnancies in which an attempt had been made to switch to another AED during the

first trimester.

These findings raise important concers well as interpretative questions. Interpretation of
the data should take into account the fact EBR#\an observational study awmdmen were

not randomized to different treatment strategBzseline demographic and clinical
characteristics of the three groups digigin potentially important variables suchegdepsy
syndromeVPA dose at conception, and propontieceiving PA monotherapy. Information
on pre-conception seizure frequency is not collected in the registry, arehsom(sjor
makingtreatment changen the first trimesteare not recordedor do we know exactly how
quickly VPA was withdrawn. Aerations inconcomitant AED medication could have had an

impact on the observed seizure contaslcould the fact that withdrawal of VRay have
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altered theserumconcentration of concomitaAEDs. In particular, available information

does nopermit to determine wather the seizures reported during the first trimester occurred
before or after the treatment chasgeheefore,it is unclear whethesome treatment changes
(e.g. a switch to another AED)ere made in response to a poor seizure clomiravhether
theseizuresswere caused by the treatnohiainges, owereunrelated to the changes. Inclusion

in themaintainedherapy group of some pregnancies where the VPA dose was changed (but
not withdrawn) could also affect our comparisons. However, to the extétiéisa patients
mayrepresent failed withdrawal attempts, their inclusion imtlagntainedtherapy groujs

likely to reduce.the difference in the comparison with the withdrawal and switch groups.

In conclusienfalthough this study does establish alefinite causeeffect relationship

between treatment changes and seiputeome, it does provide a signlaht withdrawal of or
switch from VPA during the first trimesteould lead to loss of seizure contue to the

small numbers with status epilepticus, we cannot conclude if there is a difference in this risk.
The signal'regarding seizure control should stimulate the development of weHates
observational stddsto evaluate the precisedications forandthe exact timing of treatment

changes, along with information on seizure occurrence before and after the change.
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(Fig. 1b), during thehird trimester (Fig. 1c), and durintbe entirepregnancy (Fig. 1d). Figure
1le shows posterior distributions of the proportion of women with GTCS dilnéngntire

pregnancy among those seizure free durinditsietrimester.
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Table 1. Demographic dataand seizure control(n=1,719)

VPA withdrawn without any

switch during first trimester

VPA switched to other AED

during first trimester (n=38)

VPA maintained during the
first trimester (n=1,588)

This article is protected by copyright. All rights reserved

(n=93)
lamotrigine, phenobarbital, lamotrigine,
Three most.comman concomitant carbamazepine, lamotrigine, carbamazepine
AEDs levetiracetam clonazepam phenobarbital
mean range mean range Mean range
Maternal ageat time of enrolment
(years) 26.9 (15.1-38.1) 26.4 (17.838.9) 28.9 (14.1-45.8)
Duration of pregnancy, at time of
enrolment (weeks) 8 (3-16) 7 (4-13) 8 (2-16)
VPA daily dose at coneeption (mg) 688.1 (100-2,000) 830.6 (266-3,000) 845.3 (100-3,000)
VPA intake duration since conception VPA throughout
(days) 451 (4-92) 46.5 (7-87) pregnancy
n percentage n percentage N percentage
Type of epilepsy
other idiopathicigeneralized epilepsy 39 41.9% 12 31.6% 710 44.7%
juvenile myoclonic-epilepsy 12 12.9% 10 26.3% 395 24.9%
localisationrelated epilepsy 27 29.1% 13 34.2% 323 20.3%
undetermined/unclassifiable 15 16.1% 3 7.9% 160 10.1%
VPA dose groups
VPA < 700 mg 55 59.1% 16 42.1% 648 40.8%
VPA >700 mg 34 36.6% 19 50.0% 755 47.5%
VPA > 1;500 mg 4 4.3% 3 7.9% 185 11.7%
Number of AEDs taken during the first
trimester
1 39 41.9% - 1,224 77.1%
2 40 43.0% 33 86.9% 364 22.9%
3 or higher 14 15.1% 5 13.1% -
Parity
0 65 69.9% 27 71.1% 1,007 63.4%
1 21 22.6% 6 15.8% 451 28.4%




2 or higher 7 7.5% 5 13.1% 130 8.2%
Type ofdelivery

caesarean section 27 29.7% 21 55.3% 495 31.7%

other instrumental deliveries 9 9.9% 2 5.2% 103 6.6%

norrinstrumental 55 60.4% 15 39.5% 956 61.1%

information missing - - 9 0.6%

Median (95% CI) [Ratio]*

Median (95% CI) [Ratio]*

Median (95% CI) [Ratio]*

Proportion of women with GTCS

during the first trimester

0.235 (0.156 0.328)
[22/93]

0.179 (0.086 0.320)
[7/38]

0.083 (0.07 0.097)
[132/1,588]

Proportion of women with GTCS

during the second trimester

0.172 (0.104 0.257)
[16/92]

0.125 (0.046 0.254)
[5/38]

0.075 (0.063 0.089)
[120/1,58§

Proportion of women with GTCS

during the thirdtrimester

0.118 (0.063 0.195)
[11/91]

0.179 (0.086 0.320)
[7/38]

0.086 (0.072 0.1)
[133/1,55(

Proportion of women with GTCS

during whole pregnancy

0.332 (0.242 0.432)
[31/93]

0.286 (0.159 0.441)
[11/38]

0.163 (0.145 0.181)
[257/1,580]

Proportion of womenwith GTCS
during whole pregnancy among those

seizure free during the first trimester

0.125 (0.062 0.216)
[9/7Q]

0.121 (0.038 0.266)
[4/31]

0.088 (0.074 0.103)
[1251,424

A/PA was withdrawn after the first trimester in 7/1,588 pregies and switched to another AED in 2/1,588

* Median and 95% Credible Intervals in parentheses are derivedHfeoradpective Posterior Distributions. Ratio indicate®bserved proportions

expressed as ratios (i.e. number of women with GTCS /notaber of women with information availabletire respective subgroup).

GTCS, primarily orssecondarily generalized tenlonic seizures
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