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Title

A post-authorisation safety study (PASS) to evaluate the paternal exposure to
valproate and the risk of neurodevelopmental disorders including autism spectrum
disorder as well as congenital abnormalities in offspring — a population-based
retrospective study

Version identifier of
the final study
protocol

Version 6.0

Date of last version
of the final study
protocol

23 January 2023

EU PAS register
number

EUPAS34201

Active substance

Antiepileptic drugs (AEDs) including valproate
ATC WHO code: NO3A

Medicinal product

Antiepileptic drugs (AEDs) including valproate

Product reference

EMEA/H/A-31/1454

and objectives

Marketing The joint initiative involves several companies via a consortium:

authorisation APOTEX EUROPE B.V.; ARISTO PHARMA GMBH; ARROW GENERIQUES;

holder(s) BETAPHARM ARZNEIMITTEL GMBH; CONSILIENT HEALTH LIMITED;
CRESCENT PHARMA LIMITED; DESITIN ARZNEIMITTEL GMBH; GENERIS
FARMACEUTICA S.A.; G.L. PHARMA GMBH; SANDOZ/HEXAL AG; LUPIN
HEALTHCARE LIMITED; MYLAN BVBA/SPRL: BE; VIATRIS SANTE (LYON): FR;
NEURAXPHARM ARZNEIMITTEL GMBH; ORION CORPORATION; SANOFI
AVENTIS GROUP; STADA ARZNEIMITTEL AG; TECNIFAR S.A.; TEVA
PHARMACEUTICALS EUROPE and; WOCKHARDT UK LIMITED

Joint PASS YES

Research question | Overall aim

The aim of this retrospective cohort study is to assess the risk of
neurodevelopmental disorders (NDD), including autism spectrum disorder (ASD), as
well as congenital malformation (CM) in offspring from fathers exposed to valproate
monotherapy at the time of conception, compared to offspring from fathers exposed
to lamotrigine or levetiracetam monotherapy, at the time of conception.

Primary objective

1. To investigate the risk of NDD, including ASD, in offspring paternally
exposed to valproate (monotherapy), compared to lamotrigine/levetiracetam
treatment at the time of conception.

Secondary objectives

2. Toinvestigate the risk of CM in live and non-live offspring paternally exposed
to valproate (monotherapy), compared to lamotrigine/levetiracetam
treatment at the time of conception, in Norway and Denmark.

3. To describe AED exposure (posology and duration) data and health
characteristics of male patients prescribed AEDs (including valproate and
lamotrigine/levetiracetam) in treatment of epilepsy and other indications at
the time of conception of their offspring, both for NDD and CM cohort.
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4. To identify potentially important risk factors for outcomes of interest, in
offspring paternally exposed to valproate (monotherapy) or
lamotrigine/levetiracetam at the time of conception, by examining AED
exposure and health characteristics of the offspring and their mothers.

Exploratory objectives

5. To describe the putative risk factors and frequency of NDD, including ASD,
as well as CM in offspring paternally exposed to valproate (in combination
with other AEDs) and to lamotrigine/levetiracetam in combination with other
AEDs, excluding valproate, at the time of conception.

6. To describe the risk factors and frequency of NDD, including ASD, as well
as CM in paternally and maternally matched exposure-discordant (valproate
versus lamotrigine/levetiracetam monotherapy) siblings at conception.

7. Toinvestigate the risk of CMin live offspring paternally exposed to valproate
(monotherapy), compared to lamotrigine/levetiracetam treatment at the time
of conception in Sweden.

8. To describe the frequency of CM by target body system organ class in live
and non-live offspring paternally exposed to valproate (monotherapy), and
to lamotrigine/levetiracetam treatment at the time of conception.

Country(-ies) of
study

Authors

The study is conducted in Denmark, Sweden, and Norway.




DocuSign Envelope ID: 3BBAOESC-1EBC-417C-8506-5FBF3BF4A64B

PASS - Paternal exposure to valproate — Corrigendum to the Final Report v1.1 V1.0, 02 October 2023

Marketing authorisation holder(s)

Marketing
authorisation holder(s)

MAH contact person

APOTEX EUROPE B.V.; ARISTO PHARMA GMBH; ARROW GENERIQUES;
BETAPHARM ARZNEIMITTEL GMBH; CONSILIENT HEALTH LIMITED;
CRESCENT PHARMA LIMITED; DESITIN ARZNEIMITTEL GMBH; GENERIS
FARMACEUTICA S.A.; G.L. PHARMA GMBH; SANDOZ/HEXAL AG; LUPIN
HEALTHCARE LIMITED; MYLAN BVBA/SPRL: BE; VIATRIS SANTE (LYON):
FR; VIATRIS GX BV/SRL: BE; NEURAXPHARM ARZNEIMITTEL GMBH;
ORION CORPORATION; SANOFI AVENTIS GROUP; STADA ARZNEIMITTEL
AG; TECNIFAR S.A.; TEVA PHARMACEUTICALS EUROP and; WOCKHARDT
UK LIMITED

SANOFI| R&D
Avenue Pierre Brossolette
91385 Chilly Mazarin

France mailto: ||




DocuSign Envelope ID: 3BBAOESC-1EBC-417C-8506-5FBF3BF4A64B

PASS - Paternal exposure to valproate — Corrigendum to the Final Report v1.1 V1.0, 02 October 2023

Table of Contents

B =10 L= 0o 1 (= L = 6
1.  List Of ADDreviations .....cccccccerermmmmessssssnseermmmmmmssssssssssssssmnmessssssssssssssssssssssssssssssssnnssssssssnsssssssnsss 9
728 1 4 | (1] 1 10
2.1 NOIWAY SUMMAIY ......ooeiiiieiiiieieeeeeeeeeetetesteeeeseesseseseeeeeessnsesssssssssssssssnssssssnnnnnnnnnnnnnnnnnnnnnnsnnn 12
2.2 Denmark SUMMATY .........eeueeeeerreeirrrre s sssnnsnnnnnnnnnnsannnaaaaaaaaaaaaaaaaan 13
3. RESUIES . ciiiiiiiiiimrrrnr s s s rrs s ———————————————————————————— 16
3.1 MEt@-ANAIYSIS....eiiiuueeeeeeeer ittt ————————————————————————————————————————————————————————_ 17
3.1.1 Neurodevelopmental disorders including autism spectrum disorder cohort............... 17
3.1.2  Congenital Malformation COhOrt ............... e 23
I T2 & C=YST011 €538 o] gl 1] T 26
3.21 Neurodevelopmental disorders including autism spectrum disorder.......................... 29
3.2.1.1  Description of the offspring, maternal and paternal characteristics by paternal
E©XPOSUIE GFOUP .rvvrrrrrrrnnnnnnnnnsnsnsssssssssssssssssssssssansssssssssssssssssssssssssssssssssssnssnnsssssssnssnsssssssssnnns 29
3.2.1.2  Cumulative incidence proportion............cccccccccccceeeeserrrniniiiiirrrrr ... 49
3.2.1.3  Cumulative incidence rate and time to NDD diagnosis.........cc....ccccccuvvremerennnnnnnes 53
3.2.1.4  Association between potential risk factors/confounders for NDD including ASD
and paternal @XPOSUIE GrOUP .......coeeeeemmmrurrrrrrrrrrrrrrurnrrrnrereeseeeeeeennenenneeennenennnnnesnenesnnnnsnnnnnnnes 57
3.2.1.5  Association between potential risk factors/confounders and NDD including ASD6
.......................................................................................................................... 7
3.2.1.6  Variable estimates from propensity SCOre ......cccccevvrriiiiiiiiiiiiieee e 77
3.2.1.7  Effect estimation for NDD including ASD ........cceeueeemmmmemmmmmmmmmeeeeeeeeeeeeeeeeeeeeeeneneees 80
3.2.1.8  CaS@ @SSESSMENT .....ccceiiiiiieeeinerrreee e s sssssssnr e e e e e e s s e s s sbnnrneeeeaesssssssnnnnnnnnesssesnnnne 84
3.2.1.9  Exploratory Analyses — NDD including ASD cohort............cccccevviriccineeennenssnnnnns 85
3.2.1.10 Sensitivity Analyses for NDD including ASD .......ccceveeccciimrrreeeesececseneeeeeeeeseeenes 88
3.2.2  Congenital Malformations ..............ooceiiimmimmeriiinscc s anne e e e s nnas 94
3.2.2.1  Description of the offspring, maternal and paternal characteristics by paternal
E©XPOSUIE GFOUP ....evveeeeeeeeeeeeeeeeeeeeseaeeeessessessesessrane—————sssssssssssssssssssssssssssssnnnnnnnnnnnnnnnnnnnnnnssssnns 94
3.2.2.2  Cumulative incidence proportion..........uueccecceermmmeeninsiiiieeees s ssssssssessssnnses 105
3.2.2.3  Association between potential offspring risk factors/confounders for CM and
PAtErNal EXPOSUIE GIOUP..........ceeeeeeeerererrnrnerrnenessssssesssesssnmmmmmnmmsmmenmenmmnmmeesteeeeeeeeeeenmmmmmnnnnnn 108
3.2.2.4  Association between potential offspring risk factors/confounders and CM ....... 113
3.2.2.5 Variable estimates from propensity SCOre .........cccccvviiivvcrnrenissccsserne s cseeenes 119
3.2.2.6  Effect estimation for Congenital Malformation............cccooeioomiiiie i 119



DocuSign Envelope ID: 3BBAOESC-1EBC-417C-8506-5FBF3BF4A64B

PASS - Paternal exposure to valproate — Corrigendum to the Final Report v1.1

V1.0, 02 October 2023

3.2.2.7 Exploratory Analyses - CM CONORt..............ummmiieieeeeccceeeeee e 120
3.2.2.8  Sensitivity analyses fOr CM..........ccciieiiiiicciinerine e sssssssnrees e s enne s s ssssrnne 121
L LT o1 L= oo 125
41 KEY RESUILS........ooeeeeeeeieeeeeeeeeee i r b rnrr s nnnnnnnnnns 126
4.1.1 Primary outcome cohort — Neurodevelopmental disorder including autism spectrum
Lo [E=To ] (o =T TP PP PP TP PP PP TPTPPRTT 126
4.1.2  Secondary outcome cohort - Congenital malformations.............cccceeeeeveveeeeecceccne, 131
4.2  Limitations and Strengths ... 133
T JC TN 101 (=T g o= €= (1o ] o 1 PP 137
4.4  Generalizability ... e e e e e e aaeaaaaas 141
4.5  Additional diSCUSSION .....uuvvuuuuuueuunnnnnnnnnnnnnrrrtrrrrrrrrrransnnsnssnsssssssssnssssssnnsnnsnnnnnnnsnnnnnnnnnnnnnses 141
451 Descriptive analysis for the primary outcome for Denmark, Sweden, and Norway .. 141
45.2 Descriptive analysis for the secondary outcome for Denmark and Norway ............. 147
453 Exploratory analysis diSCUSSION .........cccceeeiiiiiiiiii e 149
5. Other information........cccccccciiiiiccccccccccrrccrrcrr s rs s s s e e e e e e e e e e e e e e e e e e e e neennnee s 150
N 0 T 3 o [T =3 o T 150
7 (=3 {1 = 1= 151
TR - o o Y=Y o ' [ 156
8.1 INOIWAY ...eeiiiiiiuuuuuunnnnnnnnnnnnnnnnnnnnntrerserrbresss e s s nnsssssssssssanssssssssssssssssssssssnsnnssnnnnnnnnnnnnnnnnnnnnnns 156
8.1.1 Description of the offspring, maternal and paternal characteristics in the Primary
OULCOME CONOTL ... .ceieccseseseseess s s e ss s s sess s s s s s s s s s s s s s s s s s a e e e a s s e s anaaaaaaaaaaaaaanssassesaasssaesssannnnnnnnnnnenennnees 156
8.1.2  Description of the offspring, maternal and paternal characteristics in the secondary
Lo T0] (ore] 04T oxe] 5T o PP TRR PP 162
8.1.3  Cumulative incidence proportion of NDD by gender..........cccocceimmmriiiiscsisneeeessessssenns 168
8.1.4 Cumulative incidence rate and time to NDD diagnosis by gender........................... 172
8.1.5  Variables estimate from propensity SCOre ...........cccccimmeriiinscsisnernnnne e ee e 177
8.1.6  Exposure to valproate or lamotrigine/levetiracetam in polytherapy (Explorative
2T aF= 1) T Lo ) P PPTOPPR 185
8.1.7  Exposure to valproate or lamotrigine/levetiracetam in paternally and maternally
matched siblings (Explorative analysis 6).........c..uiiiiiiiccceeerreeeressssecsnree e e 202
8.1.8  Exposure to valproate or lamotrigine/levetiracetam in polytherapy (Explorative
L= T aF= 1T LR T 07 P 217
8.1.9  Exposure to valproate or lamotrigine/levetiracetam in paternally and maternally
matched siblings (Exploratory analysis 6 CM)..........cc.cuuvieemmmmmiiiinnsssssneereeee e ssnnrreeeeseesssanas 230



DocuSign Envelope ID: 3BBAOESC-1EBC-417C-8506-5FBF3BF4A64B

PASS - Paternal exposure to valproate — Corrigendum to the Final Report v1.1 V1.0, 02 October 2023

S0 B 1= o 43T PRSP 238
8.2.1 Rectified Tables (Final Report V1.1).........ouiiiiiiiiiiiicceerre e 238
8.3 MISSING VAIUES ...t e e e e e nnnnn e e eeeees 241
241

8.3.1 1 [0 T PP



DocuSign Envelope ID: 3BBAOESC-1EBC-417C-8506-5FBF3BF4A64B

\4

PASS - Paternal exposure to valproate — Corrigendum to the Final Report v1.1

V1.0, 02 October 2023

1. List of Abbreviations

Abbreviation Definiti

ADHD Attention ype

AED Antiepileptic Drug

AR Assessment Report

aHR Adjusted Hazard Ratio

ASD Autism Spectrum Disorder

ATC Anatomical Therapeutic Chemical

Cl Confidence Interval

CM Congenital Malformations

DDD Defined Daily Dose

DST Denmark Statistics

EMA European Medicines Agency

HR Hazard Ratio

ICD-10 International Statistical Classification of Diseases and Related Health Problems 10"
Revision

IVF in vitro fertilization

IQR Interquartile Range

IUGR Intrauterine Growth Retardation

LMP2 Last Menstrual Period Date Plus 2 weeks

MAH Marketing Authorisation Holders

MBR Medical Birth Registry

NDD Neurodevelopmental Disorders

NPR National Patient Registry

OR Odds Ratio

PASS Post-Authorisation Safety Study

PRAC Pharmacovigilance Risk Assessment Committee

PS Propensity Score

PY Person-years

QcC Quality Control

SSRI Selective Serotonin Reuptake Inhibitors

WHO World Health Organisation
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2. Erratum

In 2023, the marketing authorisation holders (MAHs) submitted a final study report to the European Medicines
Agency's (EMA) Pharmacovigilance Risk Assessment Committee (PRAC) (please see final study report v1.0
and v1.1) as part of a post-authorisation safety study (PASS) to evaluate the association between paternal
exposure to valproate and the risk of neurodevelopmental disorders (NDD), including autism spectrum disorder
(ASD) as well as congenital malformations (CM) in offspring. The original submission included a description of
the study methodology, statistical data analysis, findings, discussion, and interpretation. In a subsequent
investigation, however, the MAHs identified the presence of unforeseen outages, which compromised the
reliability and accuracy of the initial findings:

- Regarding Norwegian data: the diagnostic codes from the Norwegian Patient Registry were only
available from 2008 onward, as explained in more detail in Section 2.1. Therefore, the analysis of
Norway’s data has been completely rerun using an updated study period starting in 2010. Specifically,
only pregnancies that ended in 2010 have been considered, ensuring an adequate and sufficient
lookback period of 24 months for the study variables. Considering the anticipated changes in the
Norwegian data and expected results, the meta-analysis has also been repeated.

- Regarding Danish data:

e a gap in information affected less than 2.0% (37 out of 2,031) of the offspring
born between January and September 1997 due to a shorter than required lookback period
(from 1 January 1996), ranging from 3 to 11 months, instead of the required 12 months per
protocol, as explained in more detail in Section 2.2. An investigation was performed by
including data from 1995 and the cohort creation programs were rerun, which did not result in
the exclusion of offspring born in 1997, and all parents remained part of the study cohort. The
results for Denmark were not impacted (despite the protocol deviation for these 37 offspring
and their parents) and are therefore considered final.

e an additional mistake in the meta-analysis of NDD risk and rate ratios (Tables 9 and 10 of the
final study report v1.1) was identified during the quality control (QC) process, involving the
Danish data. The issue arose from using outdated versions of the Danish results from Table 23
and Table 24, when producing Tables 9 and 10 for the final study report v1.1. Tables 9 and 10
(numbered as Tables 2 and 3 in this corrigendum) have been updated to reflect the final and
correct version of the Danish Tables 23 and 24, which were properly reported in the final study
report v1.1 and therefore not updated.

The MAHs and IQVIA acknowledge the importance of maintaining the highest standards of scientific integrity,
and presenting reliable and correct results, which are essential for decision-making to ensure patients' safety.
For that reason, every step of the research process has been meticulously re-examined, the data collection
protocols reassessed, the analytical techniques refined, and stringent QC measures applied to properly
evaluate and mitigate the impact of the identified outages. Through this meticulous approach, the MAHs aimed
to provide a more reliable and refined representation of the findings to address the potential limitations and
biases arising from the identified outages in Norway and Denmark.

10
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The MAHSs further acknowledge that in the process of rerunning the analysis, the QC investigation involved an
examination of the impact of the identified outages on the findings.

The meta-analysis for hazard ratio (HR) and cumulative incidence rates and proportions, as well the main NDD
analysis for Norway, were carefully rerun. This included updating cohort characteristics, cumulative incidence
rates and proportions, univariate analyses of risk factors/confounders, effect estimation, propensity scores (PS),
time-to-event analysis, sensitivity analyses, and exploratory analyses. Additionally, for CM, cohort
characteristics, cumulative incidence proportions, univariate analyses of risk factors/confounders, and effect
estimation were successfully rerun. However, for CM, the PS logistic model did not converge due to a
quasi-complete separation caused by the low event numbers. Hence, the results related to the PS model were
not produced, including the PS model itself, the random forest model informed by the PS model, their respective
balance assessments, and the PS-weighted effect estimates.

Considering the study population changed as a result of the correction of erroneous data and the subsequent
shift in the study start period to 2010, it was expected for these changes to have an impact on the fathers’
medical characteristics (comorbidities, risk, and confounding factor proportions), number of observed events,
and estimated relative risks. Indeed, the change in the study population did lead to variations in the distribution
of confounders and risk factors, and some confounders and risk factors associated with the outcome differed.
However, a comparison between the previous and the current analyses is not feasible because the previous
analyses were based on an incorrect and incomplete source data. As explained above, in the initial analysis, it
was wrongly assumed that the variables in the 24-month lookback period were 0, however they were missing
due to them not being available. Consequently, it cannot be determined what differences exist between the
2 sets of results accurately. The erroneous data introduced uncertainties, making any comparison invalid and
unreliable. Therefore, we must rely solely on the corrected analysis starting from 2010 to obtain valid and
meaningful findings. Still, it is essential to note that the study findings based on these updated results are
consistent with what has been previously reported. Reproducibility in this context does not require that the
confounders and risk factors remain the same, as long as the main associations between the exposure and
outcome remain consistent. For instance, the meta-analysis of the PS-weighted HR (primary outcome) reports
a pooled HR of 1.50 (95% confidence interval [Cl]: 1.09, 2.07), which aligns with the previous findings that
observed a pooled PS-adjusted HR of 1.47 (95% CI: 1.10, 1.96).

All these new results have been included in this corrigendum, along with an updated discussion that reflects
the latest findings. For Norway, sensitivity analysis 2 and exploratory analysis 8 were included in the addendum
v2.0. The results for Sweden and Denmark remain unaffected and are therefore considered final, as reported
in the final study report v1.1.

Therefore, the purpose of this corrigendum is to address the identified outages and take appropriate corrective
actions. This includes superseding the previously produced results submitted to PRAC for Norway, updating
the results of the meta-analysis, as well as adjusting the discussion of the results as presented in the final report
1.1 to reflect the rectified results. In addition, Tables 9 and 10 (final study report v1.1), and Tables 36 and 57
for Denmark have been rectified.

A summary of the identified issues is presented in the following sections.

11
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2.1 Norway Summary

In Norway, the Prescription Registry contains a reimbursement code variable that is informative of medications’
indication. The reimbursement codes are a mixture of International Classification of Diseases and Related
Health Problems, Tenth Revision (ICD-10) codes, International Classification of Primary Care, 2" edition
(ICPC2) codes, and numeric codes where 7 represents epilepsy and 18 represents psychiatric disorders. There
are also other broad reimbursement codes for affective disorders. Not all prescriptions include details about
reimbursement, and the quality and validity of these reimbursement codes are uncertain, considering that no
validation studies have been identified on this topic. For example, it is possible doctors may use codes related
to epilepsy or bipolar disorder instead of the precise indication to ensure that the prescription is eligible for
reimbursement for the patient, if the true indication is not entitled to a reimbursement. For that reason, the
reimbursement codes were not used to identify indications in Norway. Instead, the same approach as the one
used in Denmark and Sweden, ie, based on ICD-10 only, was also used in Norway; these ICD-10 codes were
sourced from the Norwegian Patient Registry.

The Norwegian Patient Registry captures diagnoses for every encounter with specialized healthcare at a
hospital, outpatient clinic, or from contracted specialists, including psychiatric healthcare encounters for both
children and adults. However, the Norwegian Patient Registry can only be linked to other registries starting from
2008. ltis important to note that the Norwegian Patient Registry does not capture information on private hospital
stays financed by insurance or paid for directly by the patient, nor diagnoses originating in primary care. Recent
investigations into the data used in this study revealed that primary care providers prescribed 60% of
antiepileptic drugs (AEDs) in Norway. However, if fathers receiving these AEDs did not seek medical care
beyond primary care, there was a possibility that their diagnoses might be missing. As a result, there could be
significant missing data for the variable "indication" or a substantial percentage of indications categorized as
“Otherfunknown”. While investigating the root cause of the high percentage of "Other/funknown" indications in
Norway (50.6% in the valproate group and 44.5% in the lamotrigine/levetiracetam group), it became evident
that diagnostic codes from the Norwegian Patient Registry were only available from 2008 onwards. This was
identified as a significant outage as the study period originally began in 2006 in this country (please see
section 9.2.1 of the study protocol v6.0), but due to the unavailability of Norwegian Patient Registry data prior
to 2008, a revised study period starting in 2010 was used instead (please see section 9.2.1 of the study protocol
v7.0). This decision was made to ensure a 24-month lookback period for the study variables, particularly for
fathers (please see section 9.2.3.1 of the study protocol v7.0). Specifically, to ensure an adequate and sufficient
lookback period for the study variables, only pregnancies that ended in 2010 were considered. The fact that the
Norwegian Patient Registry, which provided diagnostic codes, can be linked to other registries only from 2008
had implications on the robustness and validity of the Norwegian results presented in the final study report v1.1,
as follows:

1. Inclusion/exclusion criteria: before 2008, the absence of diagnostic codes presented challenges in
applying certain criteria for study inclusion and exclusion. Specifically, when it came to excluding fathers
and mothers with a history of CM or NDD, diagnostic codes were necessary. However, these codes
were only available for a portion of the study's timeframe, potentially resulting in the inclusion of units
that should have been excluded.

12
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2. Medical history variables and confounders/risk factors: the study used diagnostic codes to derive
variables for comorbidities, confounders, and risk factors. The lack of diagnostic codes until 2008 meant
that before this year these variables resulted as "absent” for all patients, resulting in misclassification
of these derived variables. For mothers and children, this did not represent a significant concern as
medical history was mostly collected through the Medical Birth Registry (MBR), which has been
available since 2004.

3. Outcome events in 2006 and 2007: while diagnosis of NDD, including ASD, is rare in the first years of
life, if any offspring bom in 2006 and 2007 were diagnosed with this outcome before 2008, this
diagnosis would not have been captured in the current study. This limitation did not apply to CM
diagnoses, as these were recorded in the MBR from 2004 onward.

2.2 Denmark Summary

1. Issue related to data gap affecting 37 offspring

Following the identification of the outages in the Norwegian data that affected the reliability of the initial
findings, a comprehensive data review was conducted for the other 2 data sources used in the Valproate
Paternal Exposure study. While no issues were found in the Swedish results, an issue pertaining to the
results for Denmark was identified. Similar to the investigation conducted for the Norwegian data, a
thorough investigation was initiated for the Valproate Paternal Exposure Denmark dataset to determine the
underlying cause of this potential issue.

In particular, an issue related to a data gap within the Danish Cohort affected 37 out of 2,031 (ie, less than
2.0%) of the offspring. In the present study, the data were requested from the Danish Birth Registry starting
from 1 January 1997, for both the primary outcome cohort and the secondary outcome cohort (from
1 April 2004). Additionally, data from the National Patient Registry (NPR) was requested for the mothers
and fathers of the offspring, beginning from 1 January 1996. This resulted in a possible gap in information
for offspring born between January 1997 and September 1997. A full 12-month lookback period from the
last menstrual period date plus 2 weeks (LMP2) was required for a family unit (offspring linked to the father
and mother) to be included in the study. This requirement was in accordance with the study protocol v6.0
(see section 9.3.3). However, for the offspring born between January 1997 and September 1997, the LMP2
date was in 1996 (between March 1996 and November 1996). For these 37 out of 2,031 offspring born
before October, the available lookback period from LMP2 in the extracted data (from 1 January 1996)
ranged from 3 to 11 months, instead of the required 12 months per protocol, in these 37 out of 2,031
offspring born before October 1997. This issue could only be investigated and the possible consequences
assessed by going back to the root data of the NPR; only Denmark Statistics (DST) is granted this direct
access to the NPR root data. Hence, DST performed the necessary analyses to assess the impact of this
outage on the reliability of the study findings. The DST was able to include data from the year 1995 and
rerun the cohort creation programs accordingly. The rerun did not lead to any exclusion of offspring born in
1997. Despite the additional lookback time, all parents were still included in the study cohort. Furthermore,
IQVIArequested an assessment from the DST to determine whether the distribution of all derived variables
was affected by the extended lookback time. The DST conducted the analysis and reported that there were

13
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no differences in the distribution of all derived variables for parents of offspring born in 1997 when
comparing the data before and after the inclusion of NPR data from 1995. Based on these findings, it was
concluded that the addition of NPR data from 1995 did not impact the inclusion or exclusion of offspring
born in 1997, nor did it affect the distribution of confounders for their parents. Therefore, there is no need
to rerun Danish tables or analyses in the present study.

Nonetheless, not having the 12-month lookback period for these 37 offspring represents a deviation from
the protocol and is therefore documented in this corrigendum.

2. Issue with Tables 9 and Table 10, meta-analysis of NDD risk and rate ratios

In addition, an issue was detected in the meta-analysis of NDD risk and rate ratios (Tables 9 and 10 of the
final study report v1.1) with regards to the Danish results used in these tables. This error was detected
during the QC process of the updated Tables 9 and 10 based on the rerun of the Norway analysis. It was
discovered that not only the Norwegian data, but also the Danish data had been changed in the
meta-analysis. To address this, queries were sent to the DST, performing the analyses, and it was
discovered that outdated versions of the Danish results from Table 23 and Table 24 were used when
creating Tables 9 and 10 for the final study report v1.1.

As a result, Tables 9 and 10 have been revised (designated as Tables 2 and 3 in this corrigendum)
to incorporate the final and correct version of the Danish Tables 23 and 24, which were also presented in
the original final study report v1.1 and therefore remained unchanged. Besides, Table 9 and Table 10
(Tables 2 and 3 in the corrigendum) were updated to include the cumulative incidence proportions and
rates for Denmark and Sweden for 3 additional different follow-up periods: 10-11 years, 11-12 years, and
overall, 0-12 years. The purpose of this update was twofold. First, to replace the cumulative incidence
proportions and rates for Denmark which were previously reported in the final study report v1.1 with
outdated figures. Second, to align the reported follow-up length with the initial duration of 12 years for the
3 countries. The additional follow-up periods were reported for Denmark and Sweden, since in Norway, the
cumulative incidence proportions and rates could only be calculated until 10 years of age due to a reduction
in the study time period. Due to the reduction in study time period in Norway and subsequent restriction at
10 years old for the risk and rate ratios, this age limit was also applied to Sweden and Denmark to be able
to meta-analyse results from all 3 countries.

3. Corrections of errors (typos) detected during the PRAC Assessment of the final study report v1.1
(refer Appendix, Section 8.2 for corrected/updated tables)

3.1. For sensitivity analysis 5 (primary outcome NDD including ASD), in the final study report v1.1,
Table 36 for Denmark, presenting the results for sensitivity analysis 5A (primary outcome NDD including
ASD), contains a typographical error for the valproate versus lamotrigine group size, which should read
n=1,837 instead of n=2,137.

To further clarify: overall, the main analysis included n=1,950 participants, comprising n=793 valproate,
n=113 levetiracetam, and n=1,044 lamotrigine. In sensitivity analysis 5A, the total number of
participants is n=1,837, which includes both valproate and lamotrigine groups. For sensitivity analysis
5B, the total number of participants is n=906, which comprises both valproate and levetiracetam groups.
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3.2. For sensitivity analysis 6 in Denmark, there was a typographical error in the final study report
v1.1, Table 36; the sample size for this analysis is n=1,950 instead of n=2,355.

3.3. For sensitivity analysis 9 in Denmark, there was a typographical error in the final study report
v1.1, Table 57; the sample size for this analysis is missing, now included n=646.

3.4. For sensitivity analysis 9 in Denmark, there were typographical errors in the final study report
v1.1, Table 57; the reported crude odds ratio (OR) estimates for this analysis are 0.61 (0.35, 1.06)
instead of 0.61 (0.34, 1.06), and the adjusted OR for this analysis is 0.60 (0.34, 1.06) instead of 0.61
(0.34, 1.06).

3.5. Additionally, previously mentioned Table 36 and Table 57, are now included and updated, in
the corrigendum.
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3. Results

In this corrigendum, we present the corrected results related to the primary outcome (NDD, including ASD) and
the secondary outcome (CM) in Norway (Box 1). These results supersede those reported in the final study
report v1.1.

The results of cumulative incidence proportions ratio, cumulative incidence rates ratio, crude and PS-weighted,
Cox regression models, and crude logistic regression models for both outcomes cohorts were pooled in a
meta-analysis and presented in Section 3.1. Meta-analysis of adjusted logistic regression models could not be
conducted due to non-convergence of the PS-weighted model for the secondary outcome in Norway. Please
see Section 3.2.2.5 for further details.

For Denmark, the cumulative incidence proportions ratio and cumulative incidence rates ratio reported in
Table 9 and Table 10 (meta-analysis of cumulative incidence proportions, and risks, respectively) in the final
study report version 1.1, were based on an outdated version of the Danish results from Table 23 and Table 24
(see section 10.3.1.2 and section 10.3.1.3). In this corrigendum, the updated corrected version of Table 9 and
Table 10 are reported, which are now numbered as Table 1 and Table 2) (Box 1).

Box 1 Summary of the analysis performed by outcome for Norway and Denmark

Norway Denmark?

Analysis description
NDD CM NDD CM

Meta-analysis X X -
Main analysis - Cohort characteristics X X - -
Main analysis - Cumulative incidence rate and time-to-event X NA - -
Main analysis - Cumulative incidence proportion X X - -
Main analysis - Univarjate Analyses of association of risk X X } }
factors/confounders with exposure and/or outcome
Main analysis - Effect estimation X - -
Main analysis - Propensity score X X - -
Case assessment X NA - -
Exploratory objective analyses X x! - -
Sensitivity analyses x! X - -

NDD: Neurodevelopmental disorders; CM: Congenital malformation; NA: Not applicable.

Legend: “x” indicates the analysis was performed and is presented in this final report

' The results for sensitivity analyses 2 (risk of ASD) and for exploratory analyses 8 (CM by target body system organ class) are
provided as an addendum v2.0 alongside the current corrigendum v1.0

2 The symbol “-“ denotes that the results for Denmark remain unaffected and are reported in the final study report v1.1. However,
Tables 9 and 10 (meta-analysis, NDD cumulative incidence and incidence rate ratios), Table 36 (sensitivity analyses NDD, number
of patients per group) and Table 57 (sensitivity analyses CM, number of patients and ORs) were incorrect in the final report v1.1
and are updated in this corrigendum.
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3.1 Meta-analysis

This section supersedes section 10.1 from the final study report v1.1.
The results of the meta-analysis are presented as follows:

The meta-analysis of cumulative incidence proportions ratios, cumulative incidence rates ratios, crude, and
adjusted Cox regression models for NDD including ASD in Sweden, Norway, and Denmark are presented in
Table 1 to Table 4.

The meta-analysis of cumulative incidence proportions ratios, and crude logistic regression models for CM in
Norway and Denmark are presented in Table 5 and Table 6. Meta-analysis of adjusted logistic regression
models could not be conducted due to non-convergence of the PS-weighted model for the secondary outcome
in Norway. Please see Section 3.2.2.5 for further details.

3.1.1 Neurodevelopmental disorders including autism spectrum
disorder cohort

This section supersedes section 10.1.1 from the final study report v1i.1.

Table 1 presents the pooled risk ratios of the cumulative incidence proportions in the primary outcome cohort.
Table 2 presents the pooled rate ratios of the cumulative incidence proportions in the primary outcome cohort.

Table 1 and Table 2 additionally include the cumulative incidence proportions and rates for Denmark
and Sweden for the following additional follow-up periods: 10-11 years, 11-12 years, and overall, 0-12 years
(Table 1), and 0-11 years and 0-12 years (Table 2). The purpose of this is twofold. First, it aims to replace the
cumulative incidence proportions for Denmark that were previously reported in the final study report v1.1 due
to an identified outage (as explained in Section 2 and Section 2.2). Second, it aims to align the reported
follow-up period length with the initial duration of 12 years. The additional follow-up periods were reported for
Denmark and Sweden only, since in Norway, the cumulative incidence proportions could only be calculated
until 10 years of age. Due to the shorter study time period in Norway and subsequent restriction at 10 years old
for the risk and rate ratios, this age restriction was also applied to Sweden and Denmark to be able to
meta-analyse results from all 3 countries, as reported in this corrigendum.

Table 1 presents the pooled risk ratios of the cumulative incidence proportions of the primary outcome cohort.
Chi-square with 95% CI and 12 statistic were used to assess the heterogeneity between country-specific
estimates. No heterogeneity was observed between country-specific estimates for the overall period of study
follow-up (12=0.0, 95% CI: 0.0, 0.9; p=0.7574). A higher risk of NDD including ASD was observed in offspring
from fathers exposed to valproate when compared to lamotrigine/levetiracetam group in the meta-analysis
considering the overall period of study follow-up (0-10 years RR=1.58, 95% ClI: 1.21, 2.05; p=0.0006).
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Table 1 Meta-analysis of the cumulative incidence proportions; primary outcome

Risk ratio (valproate vs lamotrigine/levetiracetam

composite monotherapy)

Meta-analysis P-value Meta-analysis v ;:l e
NDD Sweden Norway Denmark 12 (95% Cl), p-value
(random (random (fixed (fixed
effect) effect) effect) effect)
Follow-up period
0-1 years 0.38 (0.04-3.42) NA b NA NA NA NA NA
1-2 years 282 (0.52-15.39) NA NA NA NA NA NA NA
2-3 years 0.44 (0.09-2.18) 1.24 (0.23-6.75) b 0.00 (0.00-0.90), 0.6472  0.81 (0.32-2.03) 0.653 0.81(0.32-2.03) 0.653
3-4 years 1.84 (0.52-6.51) 0.83 (0.17-4.09) b 0.00 (0.00-0.90), 0.7362  1.42(0.64-3.13)  0.3841 142 (0.64-3.13) 0.3841
4-5 years 0.58 (0.15-2.32) 0.97 (0.19-4.98) ok 0.00 (0.00-0.90), 0.4983 1.02 (0.44-2.38) 0.963 1.02 (0.44-2.38) 0.963
5-6 years 1.72 (0.56-5.22) 4.93 (0.45-54.03) i 0.67 (0.00-0.90), 0.0489  1.05(0.17-6.51) 0.9618 1.23 (0.49-3.04) 0.6601
6-7 years 0.59 (0.17-2.00) 0.95 (0.19-4.86) o 0.55 (0.00-0.87),0.1105  1.33(0.34-5.30)  0.6822 1.08 (045-2.62) 0.8617
7-8 years 2.28 (0.59-8.75) 9.63 (1.09-85.27) b 0.62 (0.00-0.89), 0.0710  1.92 (0.45-8.16)  0.3777 1.53 (0.66-3.58) 0.3229
8-9 years 0.65 (0.21-2.01) 0.93 (0.10-8.78) i 0.00 (0.00-0.90), 0.4839  1.03 (0.48-2.23) 0.9309 1.03 (0.48-2.23) 0.9309
9-10 years 0.77 (0.22-2.62) NA b NA NA NA NA NA
Overall (0-10 years) 1.41 (0.95-2.09) 1.74 (0.95-3.19) 1.71 (1.12-2.60)  0.00 (0.00-0.90), 0.7574  1.58 (1.21-2.05)  0.0006 1.58 (1.21-2.05)  0.0006

10-11 years *
11-12 years?

Overall (0-12 years) *

268 (0.30-23.79)
0.88 (0.15-5.16)
1.53 (1.05-2.23)

R

)

1.80 (1.22-2.65)

ClI: Confidence interval; NA: Not available; NDD: Neurodevelopmental disorders.

Legend: Risk ratio, ie, ratio of the cumulative incidence proportions of the outcome between the 2 exposure groups (valproate vs lamotrigine/levetiracetam composite monotherapy) is
presented for each country separately and combined (meta-analysis). The 95% Cl is presented as well. The risk ratios for Denmark are missing due to the fact that the cumulative incidence
proportions are masked.

2 Additional follow-up periods reported for Denmark and Sweden. In Norway, the cumulative incidence proportions could only be calculated until 10 years of age. Subsequent restriction at 10
years old for the risk ratios was also applied to Sweden and Denmark in order to meta-analyse results from all 3 countries.

*** Masked values indicating that data was calculated but not disclosed.
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Table 2 presents the pooled ratios of the cumulative incidence rates of the primary outcome cohort. No heterogeneity was observed between
country-specific estimates for the overall period of study follow-up (I2=0.0, 95% CI: 0.0, 0.9; p=0.4985). A non-significant higher cumulative incidence
rate of NDD including ASD in offspring from fathers exposed to valproate was observed in comparison to the lamotrigine/levetiracetam group in the
meta-analysis, considering the overall period of study follow-up (0-10 years RR=1.26, 95% CI: 0.97, 1.64; p=0.0891).

Table 2 Meta-analysis of the cumulative incidence rates; primary outcome

Rate ratio (valproate vs lamotrigine/levetiracetam

composite monotherapy)

Meta-analysis P-value Meta-analysis P-value
NDD Sweden Norway Denmark 12 (95% CI), p-value
(random (random (fixed (fixed
effect) effect) effect) effect)
Follow-up period
0-1 years 0.37 (0.04-3.29) NA b NA NA NA NA NA
0-2 years 1.19 (0.36-3.89) NA b NA NA NA NA NA
0-3 years 0.81 (0.32-2.05) 2.51(0.63-10.03) 1.19 (0.46-3.09) 0.00 (0.00-0.90), 0.4109 1.17 (0.64-2.12) 0.6174 1.17 (0.64-2.12) 0.6174
0-4 years 1.09 (0.53-2.27) 1.50 (0.54-4.11) i 0.00 (0.00-0.90), 0.8759 1.25 (0.78-2.00) 0.352 1.25 (0.78-2.00) 0.352
0-5 years 0.95 (0.50-1.81) 1.32(0.56-3.12) b 0.00 (0.00-0.90), 0.6638 1.19 (0.79-1.79) 04014 1.19 (0.79-1.79) 0.4014
0-6 years 1.13 (0.65-1.96) 1.55 (0.70-3.41) i 0.00 (0.00-0.90), 0.6627 1.15 (0.80-1.64) 0.4599 1.15 (0.80-1.64) 04599
0-7 years 1.03 (0.62-1.70) 1.41 (0.69-2.87) i 0.00 (0.00-0.90), 0.7282 1.19 (0.86-1.66) 0.2877 1.19 (0.86-1.66) 0.2877
0-8 years 1.16 (0.73-1.84) 1.80 (0.95-3.43) 1.16 (0.70-1.90) 0.00 (0.00-0.90), 0.4954 1.28 (0.94-1.72) 0.1118 1.28 (0.94-1.72) 0.1118
0-9 years 1.10 (0.71-1.68) 1.69 (0.91-3.13) i 0.00 (0.00-0.90), 0.5265 1.27 (0.96-1.68) 0.0929 1.27 (0.96-1.68) 0.0929
0-10 years 1.09 (0.73-1.63) 1.69 (0.91-3.13) 1.29 (0.84-1.99) 0.00 (0.00-0.90), 0.4985 1.26 (0.97-1.64) 0.0891 1.26 (0.97-1.64) 0.0891
0-11 years ? 1.14 (0.77-1.70) - b - - - - -
0-12 years ® 1.16 (0.79-1.70) - 1.29 (0.87-1.91) - - - - -

Cl: Confidence interval; NA: Not available; NDD: Neurodevelopmental disorders.
Legend: Rate ratio, ie, ratio of the cumulative incidence rate of the outcome between the 2 exposure groups (valproate vs lamotrigine/levetiracetam composite monotherapy) is presented for each country
separately and combined (meta-analysis). The 95% confidence interval (Cl) is presented as well. The rate ratios for Denmark are missing due to the fact that the cumulative incidence rates are masked.
a Additional follow-up periods reported for Denmark and Sweden. In Norway, the cumulative incidence rates could only be calculated until 10 years of age. Subsequent restriction at 10 years old for the
rate ratios was also applied to Sweden and Denmark in order to meta-analyse results from all 3 countries

*** Masked values indicating that data was calculated but not disclosed.
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Table 3 and Table 4 present, respectively, the meta-analysis of the crude and adjusted hazard ratios (aHR) for
NDD, including ASD, obtained from Cox regression models comparing offspring from fathers exposed to
valproate, to offspring from fathers exposed to lamotrigine/levetiracetam. Although no influential subjects were
identified in the crude models for Denmark and Sweden (ie, the dfbetas criterion did not lead to the exclusion
of any subject), 15 influential subjects were excluded in Norway. All the excluded subjects had NDD including
ASD events, and were excluded from the valproate group. As a result, there were no events left in the valproate
group, and the crude Cox regression model yielded an invalid HR estimate (please see Table 22 and
Section 3.2.1.7 for further details). In order to be able to meta-analyse the crude HRs, a meta-analysis including
crude HR from all countries, without excluding influential subjects, was performed. This approach, however,
represented a deviation from the study protocol.

No heterogeneity was observed between country -specific estimates either in the crude Cox regression models
(12=0.0, 95% CI: 0.00, 89.60; p=0.4315) or in the adjusted Cox regression models (12=0.0, 95% CI: 0.0, 89.6;
p=0.8333). No higher risk was observed in the meta-analysis of crude Cox regression models (HR: 1.13, 95%
Cl: 0.85, 1.49; p=0.3982). In the meta-analysis of adjusted Cox regression models, a significantly higher risk of
NDD, including ASD, among offspring from fathers exposed to valproate in comparison to the
lamotrigine/levetiracetam group was observed (HR: 1.50, 95% ClI: 1.09, 2.07; p=0.0138).
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Table 3 Meta-analysis of the hazard ratios obtained from the crude Cox regression model; primary outcome'’

Crude Coxmodel Hazard Ratio

NDD Meta-analysis P- Meta-analysis P-
Sweden Norway Denmark (random effect) value  (fixed effect)  value

Number of events/Number of offspring: valproate group 49/930 15/398 43/793

Number of events/Number of offspring:

lamotrigine/levetiracetam group 411425 23/1018 41ms7

12 (95% CI) 0.00 (0.00-0.90) 0.4315

0, .
Crude HR (95% Cl): 1.16(0.76,1.76)  1.60 (0.81,3.15)  0.94 (0.60, 1.46) 113 (085-149) 03982 1.13(0.85-149) 0.3982

valproate vs lamotrigine/levetiracetam

CI: Confidence interval; HR: Hazard ratio; NDD: Neurodevelopmental disorders;

Legend: Hazard ratio of the outcome between the 2 exposure groups (valproate vs lamotrigine/levetiracetam composite monotherapy) is presented for each country separately and

combined (meta-analysis). The 95% Cl is presented as well. The meta-analysis was based on results from the crude model from all countries.

' The results reported in this table comprise the crude HR (95% CI) without excluding influential subjects and this approach represented a deviation from the study protocol
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Table 4 Meta-analysis of the hazard ratios obtained from the PS-weighted Cox regression model; primary outcome

PS-weighted Cox model Hazard Ratio

NDD Meta-analysis Meta-analysis
Sweden Norway Denmark (random effect) P-value (fixed effect) P-value
Number of events/Number of
offspring: valproate group 47/841 13/325 38/678
Number of events/Number of
offspring: lamotrigine/levetiracetam 34/1334 21/910 36/118
group
I? (95% CI) 0.00 (0.00-0.90) 0.8333
H 0, -
PS-weighted HR (95% CI): 154 (095-251)  1.76(0.83-371)  1.34 (0.79-2.25) 150 (1.09-2.07) 00138 150(1.09-207)  0.0138

valproate vs lamotrigine/levetiracetam
ClI: Confidence interval; HR: Hazard ratio; LMP2: Last menstrual period date plus 2 weeks; NDD: Neurodevelopmental disorders; PS: Propensity score.
Legend: Hazard ratio of the outcome between the 2 exposure groups (valproate vs lamotrigine/levetiracetam composite monotherapy) were presented for each country separately and
combined (meta-analysis).
' The logistic regression PS model included all variables from Table 31 (see final study report v1.1), Table 73 (see final study report v1.1), Table 21 (in this corrigendum), described
as follows:
Denmark - Offspring risk factors/confounders: “Gender’; Maternal risk factors/confounders: “Mother's age”; “Affective disorder”, “Diabetes”, “Gestational diabetes”, “Neurotic disorder”,
“Obesity”, “Substance abuse during pregnancy”, “Smoking during pregnancy”, “Maternal polypharmacy index prior LMP2", mothers with at least one prescription of: "Concomitant medications
associated with valproate-indicated psychiatric conditions prior LMP2", “Concomitant medications associated with valproate-indicated psychiatric conditions during pregnancy”, “Concomitant
medications associated with neuropsychiatric adverse events prior LMP2”, “Concomitant medications associated with neuropsychiatric adverse events during pregnancy”; Paternal risk
factors/confounders: “Affective disorder”, “Bipolar affective disorder”, “Mania”, “Neurotic disorder”, “Schizophrenia, schizotypal and delusional disorders”, fathers with at least one prescription
of: “concomitant medications associated with neuropsychiatric adverse events prior LMP2", “year of offspring conception”
Sweden - Offspring risk factors/confounders: “Gender”; Maternal risk factors/confounders: “Affective disorder”, “Gestational diabetes”, “Neurotic disorder”, “Obesity”, “Smoking prior to
LMP2”, “Smoking during pregnancy”, mothers with at least one prescription of: "Concomitant medications associated with valproate-indicated psychiatric conditions prior LMP2”, “Concomitant
medications associated with valproate-indicated psychiatric conditions during pregnancy”, “Concomitant medications associated with neuropsychiatric adverse events during pregnancy”;
Paternal risk factors/confounders: “Affective disorder”, “Bipolar affective disorder”, “Mania”, “Neurotic disorder”, “Schizophrenia, schizotypal and delusional disorders”, “Substance abuse
prior LMP2", fathers with at least one prescription of: “concomitant medications associated with neuropsychiatric adverse events prior LMP2", “year of offspring conception”
Norway - Offspring risk factors/confounders: “Gender”; Maternal risk factors/confounders: “Mother's age”; “Affective disorder”, “Diabetes”, “Gestational diabetes”, “Neurotic disorder”,
“Obesity”, “Smoking during pregnancy”, mothers with at least one prescription of: "Concomitant medications associated with valproate-indicated psychiatric conditions prior LMP2",
“Concomitant medications associated with valproate-indicated psychiatric conditions during pregnancy”, “Concomitant medications associated with neuropsychiatric adverse events prior
LMPZ2”, “Concomitant medications associated with neuropsychiatric adverse events during pregnancy”; Paternal risk factors/confounders: “Affective disorder”, “Bipolar affective disorder”,
“Neurotic disorder”, “Schizophrenia, schizotypal and delusional disorders”, “Substance abuse 12 months prior LMP2", “Year of offspring conception”
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3.1.2 Congenital Malformation cohort

This section supersedes section 10.1.2 from the final study report v1.1.

Table 5 presents the pooled risk ratios of cumulative incidence proportions of the secondary outcome cohort.
Table 5 additionally includes the cumulative incidence proportions for Denmark for 3 additional follow-up
periods: 10-11 years, 11-12 years, and overall, 0-12 years. The purpose of this is to align the reported follow-up
period length with the initial duration of 12 years. The additional follow-up periods were reported for Denmark,
since in Norway, the cumulative incidence proportions could only be calculated until 10 years of age. Due to
the shorter study time period in Norway and subsequent restriction at 10 years old for the risk ratios, this age
restriction was also applied to Denmark to be able to meta-analyse results from both countries.

Chi-square with 95% CI and |2 statistic were used to assess the heterogeneity between country-specific
estimates. Heterogeneity was observed between country-specific estimates for the overall period of study
follow-up (12=0.8, 95% CI: 0.1, 1.0; p=0.0278), and for 0-1 years of follow-up (12=0.8, 95% CI: 0.3, 1.0;
p=0.0122). However, no higher risk of CM in offspring from fathers exposed to valproate was observed in
comparison to the lamotrigine/levetiracetam group in the meta-analysis considering both the overall period
of study follow-up (0-10 years RR 0.84, 95% CI: 0.54, 1.30; p=0.4262), or the specific periods of follow-up
(Table 5).

Table 6 presents the meta-analysis of the crude OR for CM obtained from logistic regression models comparing
offspring from fathers exposed to valproate to offspring from the lamotrigine/levetiracetam group. Again,
heterogeneity was observed between country-specific estimates in the crude logistic regression models (12=0.5,
95% CI: Not available, p=0.1590). However, no difference in the risk for CM was observed among offspring
from fathers exposed to valproate group compared to the lamotrigine/levetiracetam in the meta-analysis of
crude OR (OR 0.81, 95% CI: 0.48, 1.36, p=0.4216). Meta-analysis of adjusted logistic regression models could
not be conducted due to non-convergence of the PS-weighted model for the main secondary outcome analysis
in Norway, ie, the PS-weighted OR could not be produced. For this reason, it was not possible to produce the
following tables: Meta-analysis of the ORs obtained from the PS-weighted logistic model, and Meta-analysis of
the ORs obtained from the PS-weighted logistic model on offspring with concordant K-means exposure cluster.
Please see Section 3.2.2.5 for further details.
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Table 5 Meta-analysis of the cumulative incidence proportions; secondary outcome

Risk ratio (valproate vs lamotrigine/levetiracetam composite monotherapy)

Meta-analysis P-value Meta-analysis P-value
CM Norway Denmark 1# (95% CI), p-value (random (random (fixed (fixed
effect) effect) effect) effect)
Follow-up period
0-1 years 1.12 (0.81-1.57) 0.58 (0.39-0.86) 0.84 (0.34-0.96), 0.0122 0.81 (0.42-1.56) 0.5362 0.86 (0.66-1.11) 0.2377
1-2 years 0.80 (0.35-1.86) 0.83 (0.36-1.90) 0.00 (NA), 0.9512 0.82 (0.45-1.47) 0.5011 0.82 (0.45-1.47) 0.5011
2-3 years 1.23 (0.37-4.06) 1.21 (0.43-3.37) 0.00 (NA), 0.9815 1.22 (0.56-2.65) 0.6202 1.22 (0.56-2.65) 0.6202
3-4 years 0.41 (0.05-3.36) b 0.00 (NA), 0.9024 0.36 (0.11-1.25) 0.108 0.36 (0.11-1.25) 0.108
4-5 years 1.19 (0.11-13.09) e 0.00 (NA), 0.5713 0.65 (0.21-2.04) 0.459 0.65 (0.21-2.04) 0459
5-8 years 1.46 (0.35-6.03) 0.50 (0.05-4.80) 0.00 (NA), 0.4337 1.08 (0.32-3.58) 0.9061 1.08 (0.32-3.58) 0.9061
6-7 years NA 0.35 (0.04-3.10) NA NA NA NA NA
7-8 years 0.58 (0.06-5.09) 1.28 (0.08-20.44) 0.00 (NA), 0.6552 0.78 (0.14-4.34) 0.7787 0.78 (0.14-4.34) 0.7787
8-9 years 0.64 (0.07-5.62) NA NA NA NA NA NA
9-10 years NA NA NA NA NA NA NA
Overall (0-10 years) 1.04 (0.80-1.37) 0.66 (0.49-0.89) 0.79 (0.11-0.95), 0.0278 0.84 (0.54-1.30) 0.4262 0.85 (0.70-1.04) 0.114
10-11 years - NA - - - - -
11-12 years - NA - - - - -

Overall (0-12 years)

0.66 (0.48-0.88)

ClI: Confidence interval; CM: Congenital malformations; NA: Not available.

Legend: Risk ratio, ie, ratio of the cumulative incidence proportions of the outcome between the 2 exposure groups (valproate vs lamotrigine/levetiracetam composite monotherapy) is
presented for each country separately and combined (meta-analysis). The 95% Cl is presented as well. 12 estimates the proportion of the variance in study estimates that was due to
heterogeneity, and it ranged from 0 (no heterogeneity) to 1 (heterogeneity).

Notes: The main analysis on the secondary outcome analysis was not conducted in Sweden as only live offspring could be analyzed in Sweden. Several risk ratios for Denmark were
missing due to the fact that both valproate and lamotrigine/levetiracetam groups had 0 events in the corresponding years. It was not possible to calculate the risk ratios and perform the
meta-analysis in those years. The confidence interval for | 2 statistic was not available for some groups.

*** Masked values indicating that data was calculated but not disclosed.
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Table 6 Meta-analysis of the odds ratios obtained from the crude logistic model; secondary outcome

Odds ratio (valproate vs lamotrigine/levetiracetam composite monotherapy)

P-
. P-value .
C e Meta-analysis Meta-analysis value
CM - Crude logistic model Norway Denmark (random effect) (r:f?:‘;;n (fixed effect) (fixed
effect)
Number of events/Number of offspring in the 24/169 23/259
valproate group
Number of events/Number of offspring in the 46/344 53/389
lamotrigine/levetiracetam group
12 (95% CI), p-value 0.50 (NA)', 0.1590
Paternal exposure: valproate vs 1.06 (0.62-1.82) 0.62 (0.37-1.04) 0.81 (0.48-1.36) 0.4216  0.80 (0.55-1.16) 0.2455

levetiracetam/lamotrigine
ClI: Confidence interval; CM: Congenital malformations; NA: Not available; OR: Odds ratio.
Legend: OR of the outcome between the 2 exposure groups (valproate vs lamotrigine/levetiracetam composite monotherapy) is presented for Norway and Denmark separately and
combined (meta-analysis). The 95% Cl is presented as well.

' It was not possible to obtain confidence interval estimates — this is likely due to the insufficient number of studies included
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3.2 Results for Norway

This section supersedes section 10.5 from the final study report v1.1.

After applying all the inclusion and exclusion criteria, a total of 25,487 pregnancies were identified in databases
in Norway. Subsequently, additional exclusion criteria, not mutually exclusive, were applied to obtain the
populations used for the descriptive and comparative analysis for each outcome, separately.

Please note that during stepwise exclusions from the cohonrts post data extraction (primary outcome cohort and
secondary outcome cohort), some characteristics were absent as they were either 1 of the exclusion criteria or
characteristics associated with the exclusion criteria. Offspring with epilepsy, fathers exposed to other AEDs
than those of interest, and mothers exposed to AEDs or with a history of epilepsy are examples of excluded
characteristics. Although these populations are described in this report, they are not part of the comparative
analysis.

The selection of the Primary outcome cohort is presented in Figure 1.

From all the 25,487 pregnancies identified, the following were excluded: non-live births (N=146), offspring from
a mother without a continuous enrolment in database of at least 12 months prior to the childbith (N=75),
offspring from parents with a history of NDD including ASD or CM (N=3,912), offspring from a father unexposed
to AEDs in the 3-month lookback period from LMP2 (N=21,415). Thus, the primary outcome cohort consisted
of 3,300 offspring. Briefly, there were 1,471 offspring included in the primary outcome cohort for descriptive
analyses, and 1,416 offspring in the primary outcome cohort for comparative analyses.
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Data extracted
2548] pregnancies

Inclusion orteria: Exciu
5 i -

~ Non-live birth {N=146)

=QOffspring frommothers without a continuous enrolment of at feast 12 months prior-to
the childbirth {N=75)

«Offspring from parents with a history of NDD 'or:CM {N= 3912)

«Offspring fromfathers unexposed to AEDs in the 3-months fookback from LMP2
{N=21415}

Extluded:

= Offspring from fathers exposed to AEOs polytherapy in the 3smonths lookback from
LMP2 {N=454}

- Offspring from fathers exposed-to:any AEDs {in:mono-or polytherapy} other than
‘Valproate; Lamotfigine or Levetiracetam in the 3<months-Jookback from LMP2 {N=1644}

Excluded:

< Offspring fromymothers exposed to AEDs {including valproate, lamottigine and
levetiracetam} in ulero, or offspring from mothers exposed to AEDs.in the 3-months
lookbackfrom LMP2 {N=25}

= Offspring framy mothers witha history o fepilepsy {N=22}

= QOffspring exposed toAEDs.and/ or diagnosed with epilepsy after birth {N=20)

AED: Antiepileptic drug; LMP2: Last menstrual period plus 2 weeks; CM: Congenital Malformation; NDD: Neurodevelopmental disorders.
Legend: The same child could be counted in different exclusion categories, explaining why numbers do not necessarily add up.

Figure 1 Study population of the Primary outcome cohort in Norway
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The selection of the secondary outcome cohort used to assess risk of CM is depicted in Figure 2. The secondary
outcome cohort for descriptive analyses consisted of 1,476 offspring, and the secondary outcome cohort for
comparative analyses consisted of 513 offspring.

|
|

|

|

|

|

|

|
|
L

Data extracted
25487 pregnancies

Secondaryoutcome cohort
3315 offspring

Excluded:

- Offspring from mothers without-a continusus enrolment of at'least 12 months prior to

index-date (N=86)

- ‘Offspring from parents with ahistoryof NDD or CM (N=3912)

- Offspring from fathers unexposed:to AEDsin the 3-months lookback from LMP2
(N=21415)

- Pregnancies ending before 2004(N=0)

Secondary outcome cohort for

descriptive analysis
1476 offspring

Excluded:

- Offspring from_fathers-exposed to AEDs polytherapy in the 3=months lookback from
LMP2(N=457)

- Offspring from fathers exposed to any AEDs:(in ‘mono-=or polytherapy) other than
Valproate,; Lamotrigine or Levetiracetaminthe 3:monthslookback from LMP2
(N=1654)

Excluded:

- Offspring frommothers.exposed to AEDs (including valproate, lamotrigine and
levetiracetam) in utero, or of fspringfrommothers exposedto AEDs in the 3-months
lookback from LMP2 (N=25)

Offspring frommothers with a historyof-epilepsy (N=22}

Offspring frommothers exposed (3-months lookback from LMP2 or during pregnancy)
todrugswith known teratogenic activity/foetal toxicity (N=668)

Offspring fromfathers exposed (3:months lookback-from-LMP2) todrugs with known
teratogenic activity (N=543)

i

i

AED: Antiepileptic drug; CM: Congenital Malformation; NDD: Neurodevelopmental disorders; LMP2: Last menstrual period plus 2 weeks.
Legend: The same child could be counted in different exclusion categories, explaining why numbers do not necessarily add up.

Figure 2 Study population of the Secondary outcome cohortin Norway
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3.2.1Neurodevelopmental disorders including autism spectrum
disorder

This section supersedes section 10.5.1 from the final study report v1.1.

3.2.1.1  Description of the offspring, maternal and paternal
characteristics by paternal exposure group

This section supersedes section 10.5.1.1 from the final study report v1.1.

This section presents the demographic and clinical characteristics of offspring, mothers, and fathers according
to paternal exposure in monotherapy to valproate, lamotrigine or levetiracetam and the comparator group of
composite lamotrigine/levetiracetam monotherapy. This analysis was performed in the primary outcome cohort
for descriptive analyses, which was described in Figure 1.

Table 7 shows offspring demographic characteristics of the primary outcome cohort for descriptive analyses by
paternal exposure group. A total of 413 offspring paternally exposed to valproate and 1,058 offspring paternally
exposed to lamotrigine/levetiracetam were included. The majority of offspring were male (52.1%) (49.6% in
those paternally exposed to valproate and 53.1% in those paternally exposed to lamotrigine/levetiracetam),
born at term between 37-41 weeks of gestational age (overall 89.8%; 87.7% in those paternally exposed to
valproate and 90.6% in those paternally exposed to lamotrigine/levetiracetam), and weighing 22,500 g (overall
96.3%; 95.6% in those paternally exposed to valproate and 96.6% in those paternally exposed to
lamotrigine/levetiracetam). A higher proportion of offspring in the lamotrigine/levetiracetam group were born in
the later years of the study time period compared to those in the valproate group, where an overall decrease in
the proportions of offspring born over the study period was observed, with larger decreases observed in the later
years (9.0% in 2018 and 6.8% in 2019) (Table 7). The total offspring-years of follow-up was 7,164.4 (2,055.8
for valproate and 5,108.6 for lamotrigine/levetiracetam group), and the mean follow-up in years per offspring
was 5.0 for the valproate group and 4.8 for the lamotrigine/levetiracetam group (Table 7).

Regarding clinical characteristics of offspring by paternal exposure to valproate and lamotrigine/levetiracetam
groups (Table 8), 1.9% offspring paternally exposed to valproate and 1.0% paternally exposed to
lamotrigine/levetiracetam were diagnosed with epilepsy, and 1.2% of offspring paternally exposed to valproate
and 0.8% of offspring paternally exposed to lamotrigine/levetiracetam were exposed to AEDs between birth
and exit date.

In the descriptive cohort, 4.1% of offspring paternally exposed to valproate and 2.4% of offspring paternally
exposed to lamotrigine/levetiracetam were diagnosed having an NDD including ASD during the follow-up. The
median (interquartile range [IQR]) age in years at the first diagnosis of NDD including ASD was 5.1 (3.4, 7.3)
for the valproate and 4.3 (3.6, 6.6) for the lamotrigine/levetiracetam group Table 8.

ASD as the first NDD diagnosis, during all the study period, was observed in 0.7% of offspring paternally
exposed to valproate and in 0.3% of offspring paternally exposed to lamotrigine/levetiracetam. All ASD
diagnoses, ever and not only as a first diagnosis, were observed in 1.2% of offspring paternally exposed to
valproate and in 0.4% of offspring paternally exposed to lamotrigine/levetiracetam. The median (IQR) age in
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years at the first diagnosis of ASD was 3.6 (3.4, 4.4) for offspring paternally exposed to valproate and 5.6 (4.0,
7.7) for offspring paternally exposed to lamotrigine/levetiracetam.
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Table 7 Offspring demographic characteristics by patemal exposure group; Primary outcome cohort in Norway (N=1,471)

Paternal exposure group

NDD Valproate Lamotrigine/ Lamotrigine Levetiracetam
Levetiracetam Total (valproate +
lamotrigine/levetiracetam)

Number of pregnancies N=413 N=1058 N=896 N=162 N=1471

N % N % N % N % N %
<28 (extremely preterm) 2 048 3 0.28 3 0.33 0 0.00 5 0.34
28-31 (very preterm) 3 0.73 6 0.57 5 0.56 1 0.62 9 0.61
32-36 (moderate to late preterm) 23 5.57 43 4.06 36 4.02 7 432 66 449
37-41 (at term) 362 87.65 959 90.64 813 90.74 146 90.12 1321 89.80
242 (post-term) 23 557 47 4.44 39 435 8 4.94 70 4.76
Missing 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
<1000 (extremely low) ‘ 3 0.73 6 0.57 5 0.56 1 0.62 9 0.61
1000-1499 (very low) 1 0.24 3 0.28 3 0.33 0 0.00 4 0.27
1500-2499 (low) 14 3.39 27 255 22 246 5 3.09 41 279
22500 395 95.64 1022 96.60 866 96.65 156 96.30 1417 96.33
Missing 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Male ' 205 49.64 562 53.12 465 51.90 97 50.88 767 52.14
Female 208 50.36 496 46.88 431 48.10 65 40.12 704 47.86
Missing 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
2010 33 7.99 90 8.51 82 9.15 8 4.94 123 8.36
2011 48 11.62 117 11.06 107 11.94 10 6.17 165 11.22
2012 45 10.90 85 8.03 76 848 9 5.56 130 8.84
2013 47 11.38 105 9.92 88 9.82 17 10.49 152 10.33
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Paternal exposure group

NDD Valproate Lamotrigine/ Lamotrigine Levetiracetam

Levetiracetam Total (vaiproate +

lamotrigine/levetiracetam)
Number of pregnancies N=413 N=1058 N=896 N=162 N=1471
N % N % N % N % N %
2014 43 10.41 120 11.34 99 11.05 21 12.96 163 11.08
2015 43 10.41 105 9.92 87 9.71 18 11.11 148 10.06
2016 44 10.65 122 11.63 96 10.71 26 16.05 166 11.28
2017 45 10.90 109 10.30 94 10.49 15 9.26 154 10.47
2018 37 8.96 97 9.17 81 9.04 16 9.88 134 9.1
2019 28 6.78 108 10.21 86 9.60 22 13.58 136 9.25
2055.84 5108.58 4422.37 686.21 7164.42
4.98 4.83 4.94 4.24 487

NDD: Neurodevelopmental disorders.

Legend: Number of offspring represented the total number of offspring with linked mother and father. The same mother/father could appear more than once. In that case, their

characteristics were described in relationship to the exposure window for each individual offspring. Percentages were calculated over the total number of offspring.
a) at index (childbirth)
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Table 8 Offspring clinical characteristics by paternal exposure group; Primary outcome cohort in Norway (N=1,471)

Paternal exposure group

NDD Valproate Lamotrigine/ Lamotrigine Levetiracetam
Levetiracetam To_ta_l (valpro_ate N
lamotrigine/levetiracetam)
N=1471

Number of pregnancies N=413 N=1058 N=896 N=162

N % N % N % N % N %
Congenital CMV 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Congenital rubella 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Epilepsy 8 1.94 10 0.95 7 0.78 3 1.85 18 1.22
Fetal alcohol syndrome 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Fragile X syndrome 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Lejeune/cri du chat
syndrome 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Tuberous sclerosis 0 0.00 1 0.09 1 0.11 0 0.00 1 0.07

5 1.21 8 0.76 6 0.67 2 1.23 13 0.88
ASD (ever, not only as
1+ NDD diagnosis) 5 1.21 4 0.38 4 0.45 0 0.00 9 0.61
ASD (as 1* NDD 3 0.73 3 0.28 3 0.33 0 0.00 6 0.41
diagnosis)
NDD including ASD 17 4.12 25 2.36 21 2.34 4 2.47 42 2.86

cl

c« er,
phicjectual Disability - 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Intellectual Disability -
Moderate 0 0.00 1 0.09 1 0.11 0 0.00 1 0.07
Intellectual Disability -
Severe 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Intellectual Disability -
Profound 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
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Paternal exposure group

NDD Valproate

Number of pregnancies N=413

Lamotrigine/

Lamotrigine

Levetiracetam

N=1058

N=896

Levetiracetam

N=162

Total (valproate +
lamotrigine/levetiracetam)
N=1471

N %

% N

%

%

N %

Other Intellectual
Disability

Unspecified Intellectual
Disability

Specific developmental
disorders of speech and 6 1.45
language

Specific developmental

disorders of scholastic 0 0.00
skills

Mixed specific

developmental delays 2 0.48
Pervasive developmental 5 1.21
disorders ’
Other disorders of

psychological 0 0.00
development

Unspecified disorder of

psychological 0 0.00
development
Mental disorder, not
otherwise specified
Dyslexia and other
symbolic dysfunctions, 1 0.24
not elsewhere classified

Hyperkinetic disorders 6 1.45
Other specified
behavioral and emotional
disorders with onset
usually occurring in
childhood and
adolescence

Tic disorders 1 0.24

Specific developmental 1 0.24
disorder of motor function )

0.00

1 0.24

0 0.00

0 0.00

10

0.00

0.19 2

0.95 9

0.28 3

0.19 1

0.38 4

0.09 1

0.00 0

0.00 0

0.00 0

0.66 7

0.00 0

0.09 0
0.19 2

0.00

0.22

1.00

0.33

0.11

0.45

0.11

0.00

0.00

0.00

0.78

0.00

0.00
0.22

0.00

0.00

0.62

0.00

0.62
0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.62
0.00

0.00

3 0.20

16 1.09

3 0.20

4 0.27
9 0.61

1 0.07

0 0.00

0 0.00

1 0.07

13 0.88

0 0.00

2 0.14
3 0.20
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Paternal exposure group

NDD Valproate Lamotrigine/ Lamotrigine Levetiracetam Total (val
. proate +
Levetiracetam lamotrigine/levetiracetam)
= N=1471
Number of pregnancies N=413 N=1058 N=896 N=162
N % N % N % N % N %

Stereatyped movement 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
disorders

Essential tremor 0 0.00 1 0.09 0 0.00 1 0.62 1 0.07
Other specified forms of

tremor 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Myoclonus 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Other chorea 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Other specified extrapyra

midal and movement 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
disorders

Extrapyramidal and

movement disorder, 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
unspecified

Idiopathic nonfamilial

dystonia 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Spasmadic torticollis 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Idiopathic orofacial 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
dystonia

Blepharospasm 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Other dystonia 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Dystonia, unspecified 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Extrapyramidal and

movement disorders in 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
diseases classified

el
'ASD (ever, not only as

1+ NDD diagnosis) ©

0-1 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
2-3 3 0.73 1 0.09 1 0.11 0 0.00 4 0.27
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Paternal exposure group

NDD Valproate L:ir:tti):arg?:; Lamotrigine Levetiracetam Total (valproate +
lamotrigine/levetiracetam)
_ N=1471
Number of pregnancies N=413 N=1058 N=896 N=162
N % N % N % N % N %

45 2 048 1 0.09 1 0.11 0 0.00 3 0.20
67 0 0.00 1 0.09 1 0.11 0 0.00 1 0.07
8-9 0 0.00 1 0.09 1 0.1 0 0.00 1 0.07
10-11 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Total (offspring with the 5 1.21 4 0.36 4 0.44 0 0.00 9 0.61
outcome)
Offspring without a
Gacnons 408 98.79 1054 99.62 892 99.55 162 100.00 1462 99.39
Mean (SD) 391 (0.83) 583 (2.18) 5.83 (2.18) - 4.76 (1.77)

H h - h
Median (257 - 75° 3.63 (3.38, 4.43) 5.62 (3.97, 7.69) 5.62 (3.97, 7.69) - 4.01 (3.63,5.07)
percentile)
Min, max 3.02, 5.07 3.93,8.14 3.93, 8.14 - 3.02, 8.14
NDD including ASD ©
0-1 2 048 0 0.00 0 0.00 0 0.00 2 0.14
2-3 4 0.97 10 0.95 9 1.00 1 0.62 14 0.95
45 4 0.97 6 0.57 3 0.33 3 1.85 10 0.68
67 6 1.45 6 0.57 6 0.67 0 0.00 12 0.82
8-9 1 0.24 3 0.28 3 0.33 0 0.00 4 0.27
10-11 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Total (offspring with the 17 4.11 25 237 21 233 4 2.47 42 2.86
outcome)
Offspring without a
G 396 95.88 1033 97.64 875 97.66 158 97.53 1429 97.14
Mean (SD) 5.06 (242) 501 (1.82) 5.11 (1.95) 4.48 (0.73) 5,03 (2.05)

H h - h
Median (25 - 75¢ 5,07 (3.38, 7.30) 4.34 (355, 6.63) 4.28 (3.29, 6.88) 453 (3.94, 5.01) 4.58 (3.38, 6.88)
percentile)
Min, max 060, 8.15 2,95, 8.26 295, 8.26 3.55, 5.30 0.60, 8.26
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AED: Antiepileptic drugs; ASD: Autism Spectrum Disorders; CMV: Cytomegalovirus; ICD-10: International Statistical Classification of Diseases and Related Health Problems 10%
Revision; LMP2: Last menstrual period date plus 2 weeks; NDD: Neurodevelopmental disorders; SD: Standard deviation

Legend: Number of offspring represented the total number of offspring with linked mother and father. The same mother/father could appear more than once. In that case, their
characteristics were described in relationship to the exposure window for each individual offspring. Percentages were calculated over the total number of offspring.

a) between index (childbirth) and exit date

b) ICD-10 codes refer to all records of NDD including ASD during the entire follow-up. Since offspring might have more than one distinct ICD-10 code, the sum of the distinct
ICD-10 codes might not coincide with the total number of offspring with the composite outcome

c) Categories may be adapted according to the data
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Overall, the median (IQR) age of mothers from the primary outcome cohort for descriptive analyses at childbirth
was 30.0 (27.0-34.0) years for the valproate group and 31.0 (27.0-34.0) years for the lamotrigine/levetiracetam
group (Table 9). The most prevalent clinical characteristics recorded in mothers prior to childbirth were: neurotic
disorder which was observed in 12.8% of mothers of offspring paternally exposed to valproate and in 13.6% of
mothers of offspring paternally exposed to lamotrigine/levetiracetam; affective disorder which was observed in
5.8% of mothers of offspring paternally exposed to valproate and in 10.9% of mothers of offspring paternally
exposed to lamotrigine/levetiracetam; and gestational diabetes which was observed in 5.3% of mothers of
offspring paternally exposed to valproate and in 6.6% of mothers of offspring paternally exposed to
lamotrigine/levetiracetam (Table 10).

Regarding maternal lifestyle characteristics of the 1,471 offspring included in the primary outcome cohort for
descriptive analyses, 5.2% had a record of smoking during pregnancy (6.8% in valproate exposure group and
4.5% in lamotrigine/levetiracetam exposure group). Correspondingly, the proportion of mothers smoking prior
to LMP2 pregnancy was 13.0% (14.8% and 12.3 in the valproate and lamotrigine/levetiracetam exposure
groups, respectively), although a relatively high proportion of missingness (13.4%) was observed.

A polypharmacy index during pregnancy between 1 and 4 was observed in 44.8% of mothers of offspring
paternally exposed to valproate group, and in 47.3% of mothers of offspring paternally exposed to
lamotrigine/levetiracetam group. Regarding the use of concomitant medications associated with
neuropsychiatric adverse events during pregnancy, 41.2% of mothers of offspring paternally exposed to
valproate, and 43.8% of mothers of offspring paternally exposed to lamotrigine/levetiracetam had at least one
prescription (Table 10).

Regarding paternal demographic characteristics, the overall median (IQR) age of fathers at childbirth was
33.0 (30.0-37.0) years (32.0 [29.0-37.0] years in the valproate group and 33.5 [30.0-38.0] years in the
lamotrigine/levetiracetam group). The proportions of offspring paternally exposed to valproate conceived per
year oscillated between 5.8% and 12.4% over the period 2009-2018, before declining to 1.9% in 2019. Likewise,
in the lamotrigine/levetiracetam, the proportions of offspring conceived per year oscillated between 6.0% and
11.2% over the period 2009-2018, before declining to 2.4% in 2019. (Table 11).

Regarding clinical characteristics of the fathers from the primary outcome cohort for descriptive analyses, in the
group of offspring paternally exposed to valproate, 14.0% of fathers presented bipolar affective disorder, 7.8%
presented affective disorder excluding bipolar disorder and mania, and 7.5% presented neurotic disorder.
Among offspring paternally exposed to lamotrigine/levetiracetam, proportions were generally higher with 27.7%
of fathers presenting bipolar affective disorder, 22.6% of fathers presenting affective disorder excluding bipolar
disorder and mania, and 15.6% presenting neurotic disorder (Table 12).

The indication for AED treatment was epilepsy 46.1% (57.9% in the valproate group, 41.5% in the
lamotrigine/levetiracetam group), bipolar affective disorder and mania 23.5% (13.6% in the valproate group,
27.4% in the lamotrigine/levetiracetam group)*, and unknown/other 30.4% (28.6% in the valproate group, 31.1%

1 Since indications for medications are not available in all the data sources used for this study, the indication for AEDs was
estimated based on medical history. The following indications were considered for the three AEDs of interest (valproate,
lamotrigine, levetiracetam): epilepsy, bipolar disorder and mania, other/unknown. The entire medical history for each father
will be considered up to LMP2 (exclusive) to identify diagnosis records of epilepsy and bipolar disorder/mania. In case more
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in the lamotrigine/levetiracetam group) (Table 12). Regarding the use of concomitant medications associated
with neuropsychiatric adverse events, 56.2% of fathers of offspring paternally exposed to valproate, and 64.6%
of fathers of offspring paternally exposed to lamotrigine/levetiracetam had at least one prescription.

The K-means algorithm, analyzing defined daily dose (DDD) trajectories in fathers exposed to AEDs 3 months
prior to conception (ie, prior to LMP2) identified 2 different clusters A and B (Figure 3), one with constant high
exposure to AEDs (ie, a high quantity of DDDs of exposure in the 14 days intervals of the assessment period,
cluster A) and one with constant low exposure (cluster B). In the valproate group, a larger proportion of fathers
were in cluster A (70.0%) than in cluster B (30.0%). In the lamotrigine/levetiracetam group, the same was
observed (76.4% in cluster A and 23.6% in cluster B) (Table 12).

than one diagnosis was found (eg, epilepsy and bipolar disorder), only one indication was selected, with priority given to
epilepsy, followed by bipolar disorder. In case, none of these diagnoses are found in the medical history, the indication was
considered “other/unknown”.
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Table 9 Maternal demographic characteristics by paternal exposure group; Primary outcome cohort in Norway (N=1,471)

Paternal exposure group

NDD Valproate Lamotrigine/ Lamotrigine Levetiracetam
Levetiracetam Total (valproate +
lamotrigine/levetiracetam)

Number of N=413 N=1058 N=896 N=162 N=1471

pregnancies N % N % N % N % N %
<20 years 7 1.69 17 1.61 15 1.67 2 1.23 24 1.63
21-25 61 14.77 142 13.42 120 13.39 22 13.58 203 13.80
26-30 142 34.38 351 33.18 285 31.81 66 40.74 493 33.51
31-35 145 35.11 349 32.99 304 33.93 45 27.78 494 33.58
36-40 50 12.11 158 14.93 142 15.85 16 9.88 208 1414
>40 8 1.94 41 3.88 30 3.35 11 6.79 49 3.33
Mean (SD) 30.34(4.83) 30,93 (5.13) 30.99 (5.10) 30,57 (5.29) 30.76 (5.06)
Median (25t - 75t
percentile) 30.00 (27.00, 34.00) 31.00 (27.00, 34.00) 31.00 (28.00, 35.00) 30.00 (27.00, 33.00) 31.00 (27.00, 34.00)
Min, max 18.00, 43.00 17.00, 46.00 18.00, 46.00 17.00, 43.00 17.00, 46.00
Missing - - - - -

NDD: Neurodevelopmental disorders; SD: Standard deviation.
Legend: Number of pregnancies represented the total number of offspring with linked mother and father. The same mother/father could appear more than once. In that case, their

characteristics were described in relationship to the exposure window for each individual offspring. Percentages were calculated over the total number of offspring.
a) at index (childbirth)
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Table 10 Maternal clinical characteristics by paternal exposure group; Primary outcome cohort in Norway (N=1,471)

Paternal exposure group

NDD Valproate Lamotrigine/ Lamotrigine Levetiracetam
Levetiracetam Total (valproate +
lamotrigine/levetiracetam)
Number of N=413 N=1058 N=896 N=162 N=1471
pregnancies N % N % N % N % N %
Affective disorder 2 24 5.81 115 10.87 109 1217 6 3.70 139 945
Diabetes 2 7 1.69 23 217 23 257 0 0.00 30 204
Epilepsy @ 7 1.69 15 1.42 12 1.34 3 1.85 22 1.50
Neurotic disorder 2 53 12.83 144 13.61 130 14.51 14 8.64 197 13.39
Schizophrenia,
schizotypal and 1 0.24 0 0.00 0 0.00 0 0.00 1 0.07
delusional disorders 2
Obesity ° 6 145 10 0.95 10 1.12 0 0.00 16 1.09
CMV ¢ 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Gestational diabetes © 22 5.33 70 6.62 64 7.14 6 3.70 92 6.25
Rubella ¢ 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
eristics
Aoy abuse prir ta 1 0.24 2 0.19 2 0.22 0 0.00 3 0.20
Alcohol abuse during
pregnancy © 1 0.24 1 0.09 1 0.11 0 0.00 2 0.14
Substance abuse prior
to LMP2 b 2 048 4 0.38 4 0.45 0 0.00 6 0.41
Substance abuse during
pregnancy © 2 048 2 0.19 2 0.22 0 0.00 4 0.27
Smoking prior to LMP2
b
No 286 69.25 797 75.33 666 74.33 131 80.86 1083 73.62
Yes 61 14.77 130 12.29 118 13.17 12 7.41 191 12.98
Missing 66 15.98 131 12.38 112 12.50 19 11.73 197 13.39
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Paternal exposure group

NDD Valproate Lamotrigine/ Lamotrigine Levetiracetam
Levetiracetam Total (valproate +

lamotrigine/levetiracetam)

Number of N=413 N=1058 N=896 N=162 N=1471

pregnancies N % N % N % N % N %

Smoking during

pregnancy ©

No 331 80.15 904 85.44 760 84.82 144 88.89 1235 83.96

Yes 28 6.78 48 454 47 5.25 1 0.62 76 5.17

Missing 54 13.08 106 10.02 89 9.93 17 10.49 160 10.88

Exposure to AEDs

prior to LMP2 ¢

Valproate 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00

Lamotrigine 0 0.00 15 1.42 15 1.67 0 0.00 15 1.02

Levetiracetam 0 0.00 2 0.19 2 0.22 0 0.00 2 0.14

Barbiturates and 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00

derivatives

Hydantoin derivatives 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00

Oxazolidine derivatives © 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00

Succinimide derivatives 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00

Benzodiazepine

derivatives 1 0.24 0 0.00 0 0.00 0 0.00 1 0.07

Carboxamide derivatives 3 0.73 2 0.19 1 0.11 1 0.62 5 0.34

Fatty acid derivatives 0 0.00 0 0.00 0 0.00 0 0.00 0.00

Other antiepileptics 0 0.00 18 1.70 17 1.90 1 0.62 18 1.22

Exposure to AED

during pregnancy ©

Valproate 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00

Lamotrigine 0 0.00 13 1.23 13 1.45 0 0.00 13 0.88

Levetiracetam 1 0.24 2 0.19 2 0.22 0 0.00 3 0.20

Barbiturates and 1 0.24 0 0.00 0 0.00 0 0.00 1 0.07

derivatives
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Paternal exposure group
NDD Valproate Lamotrigine/ Lamotrigine Levetiracetam
Levetiracetam Total (valproate +

lamotrigine/levetiracetam)

Number of N=413 N=1058 N=896 N=162 N=1471

pregnancies N % N % N % N % N %

Hydantoin derivatives 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00

Oxazolidine derivatives © 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00

Succinimide derivatives 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00

Berzoclazepie 0 0.00 1 0.09 1 0.11 0 0.00 1 0.07

Carboxamide derivatives 4 0.97 2 0.19 1 0.11 1 0.62 6 0.41

Fatty acid derivatives 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00

Other antiepileptics 1 0.24 16 1.51 15 1.67 1 0.62 17 1.16

K means cluster prior

to LMP2 ¢

Unexposed 410 99.27 1039 98.20 879 98.10 160 98.77 1449 98.50

Group A 2 0.48 14 1.32 12 1.34 2 1.23 16 1.09

Group B 1 0.24 5 0.47 5 0.56 0 0.00 6 0.41

K means cluster

during pregnancy ¢

Unexposed 409 99.03 1040 98.30 880 98.21 160 98.77 1449 98.50

Group A 2 0.48 11 1.04 9 1.00 2 1.23 13 0.88

Group B 2 0.48 7 0.66 7 0.78 0 0.00 9 0.61

Maternal

polypharmacy index

prior to LMP2 ¢

0 267 64.65 669 63.23 563 62.83 106 65.43 936 63.63

1-4 134 3245 367 34.69 314 35.04 53 32.72 501 34.06

5-10 11 2.66 22 2.08 19 212 3 1.85 33 224

>10 1 0.24 0 0.00 0 0.00 0 0.00 1 0.07

Mean (SD) 0.74 (1.39) 0.67 (1.15) 0.67 (1.15) 0.63 (1.13) 0.69 (1.22)
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Paternal exposure group

NDD Valproate Lamotrigine/ Lamotrigine Levetiracetam
Levetiracetam Total (valproate +
lamotrigine/levetiracetam)
Number of N=413 N=1058 N=896 N=162 N=1471
pregnancies N % N % N % N % N %
H h . h
Median (257 - 75¢ 0.00 (0.00, 1.00) 0.00 (0.00, 1.00) 0.00 (0.00, 1.00) 0.00 (0.00, 1.00) 0.00 (0.00, 1.00)
percentile)
Min, max 0.00, 12.00 0.00, 8.00 0.00, 8.00 0.00, 5.00 0.00, 12.00
Maternal
polypharmacy index
during pregnancy ©
0 218 52.78 528 4991 443 49.44 85 5247 746 50.71
1-4 185 4479 500 47.26 426 47.54 74 45.68 685 46.57
5-10 10 242 30 284 27 3.01 3 1.85 40 272
>10 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Mean (SD) 0.88 (1.25) 0.97 (1.33) 0.99 (1.35) 0.87 (1.19) 0.94 (1.31)
H h . h
Median (25 - 75¢ 0.00 (0.00, 1.00) 1,00 (0.00, 2.00) 1.00 (0.00, 2.00) 0.00 (0.00, 1.00) 0.00 (0.00, 1.00)
percentile)
Min, max 0.00, 6.00 0.00, 9.00 0.00, 9.00 0.00, 5.00 0.00, 9.00
Concomitant
medications associated
with valproate-indicated
psychiatric conditions 38 9.20 122 11.53 108 12.05 14 8.84 160 10.88

prior to LMP2" -

mothers with at least

one prescription

Concomitant

medications associated

with valproate-indicated

psychiatric conditions 16 3.87 69 6.52 62 6.92 7 4.32 85 5.78
during pregnancy °© -

mothers with at least 1

prescription

Concomitant

medications associated

with neuropsychiatric 283 68.52 723 68.34 619 69.08 104 64.20 1006 68.39
adverse events prior to
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Paternal exposure group
NDD Valproate Lamotrigine/ Lamotrigine Levetiracetam
Levetiracetam Total (valproate +
lamotrigine/levetiracetam)
Number of N=413 N=1058 N=896 N=162 N=1471
pregnancies N % N % N % N % N %

LMP2 ® -mothers with at

least one prescription

Concomitant

medications associated

with neuropsychiatric

adverse events during 170 41.16 463 43.76 398 44.42 65 40.12 633 43.03
pregnancy ° - mothers

with at least one

prescription

AED: Antiepileptic drugs; CMV: Cytomegalovirus; LMP2: Last menstrual period date plus 2 weeks; NDD: Neurodevelopmental disorders; SD: Standard deviation.

Legend: Number of offspring represented the total number of offspring with linked mother and father. The same mother/father could appear more than once. In that case, their
characteristics were described in relationship to the exposure window faor each individual offspring. Percentages were calculated over the total number of offspring.

a) all available data prior to index date (childbirth)

b) 12 months lookback from LMP2

c) during pregnancy (from LMP2 until index date)

d) 3 months lookback from LMP2

e) Oxazolidine derivatives were not sold in Norway during the study period

Cluster A1: Constant moderate exposure, Cluster B1: Constant low exposure

Cluster A2: Constant low exposure, Cluster B2: Constant moderate-low exposure
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Table 11 Paternal demographic characteristics by paternal exposure group; Primary outcome cohort in Norway (N=1,471)

Paternal exposure group

NDD

Valproate Lamotrigine/ Lamotrigine Levetiracetam
T
:r“e“;::r";’ifes N=413 N=1058 N=896 N=162 N=1471
N % N % N % N % N %
<20 years 2 0.48 3 0.28 2 0.22 1 0.62 5 0.34
21-25 30 7.26 74 6.99 60 6.70 14 8.64 104 7.07
26-30 109 26.39 236 2231 193 21.54 43 26.54 345 23.45
31-35 150 36.32 343 3242 286 31.92 57 35.19 493 3351
36-40 87 21.07 247 2335 218 2433 29 17.90 334 22.71
>40 35 8.47 155 14.65 137 15.29 18 11.11 190 12.92
Mean (SD) 32.93 (5.62) 33.99 (6.23) 34.18 (6.28) 32.93 (5.90) 33.69 (6.08)
r;(ii::ﬁf:)sm 75" 3500 (29.00, 37.00) 33,50 (30.00, 38.00) 34.00 (30.00, 38.00) 33.00 (29.00, 36.00) 33.00 (30.00, 37.00)
Min, max 20.00, 53.00 18.00, 64.00 18.00, 64.00 20.00, 51.00 18.00, 64.00
2009 24 5.81 63 5.95 57 6.36 6 370 87 5.91
2010 44 10.65 118 11.15 109 1217 9 556 162 11.01
2011 42 1047 89 8.41 78 8.71 1 6.79 131 8.91
2012 51 12.35 108 10.21 94 10.49 14 8.64 159 10.81
2013 42 1017 104 9.83 83 9.26 21 12.96 146 9.93
2014 47 11.38 114 10.78 96 10.71 18 11.11 161 10.94
2015 49 11.86 17 11.06 94 1049 23 14.20 166 11.28
2016 40 9.69 11 1049 96 10.71 15 9.26 151 10.27
2017 34 8.23 100 9.45 80 8.93 20 12.35 134 9.1
2018 32 7.75 100 10.30 89 9.93 20 12.35 141 9.59
2019 8 1.94 25 2.36 20 223 5 3.09 33 224
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LMP2: Last menstrual period date plus 2 weeks; NDD: Neurodevelopmental disorders; SD: Standard deviation
Legend: Number of offspring represented the total number of offspring with linked mother and father. The same mother/father could appear more than once. In that case, their characteristics
were described in relationship to the exposure window for each individual offspring. Percentages were calculated over the total number of offspring.

a) atindex (childbirth)

b) at mother’s LMP2

Table 12 Paternal clinical characteristics by paternal exposure group; Primary outcome cohort in Norway (N=1,471)

Paternal exposure group

Valproate L.amotrigine/ Lamotrigine Levetiracetam Total (valproate +
NDD Levetiracetam lamotrigine/levetiraceta
m)
N=413 N=1058 N=896 N=162 N=1471
Number of pregnancies
N % N % N % N % N %
Bipolar affective disorder excl.
bipolar disorder and 32 7.75 239 22.59 237 26.45 2 1.23 27 18.42
mania @
Bipolar affective disorder @ 58 14.04 293 27.69 293 32.70 0 0.00 351 23.86
Mania @ 6 1.45 7 0.66 7 0.78 0] 0.00 13 0.88
Neurotic disorder 2 31 7.51 165 15.60 163 18.19 2 1.23 196 13.32
Schizophrenia, schizotypal and
delusional disorders ® 11 2.66 20 1.89 20 223 0 0.00 31 2.1
Substance abuse © 11 2.66 23 217 23 2.57 0 0.00 34 2.31
edication us
AED indication
Epilepsy 239 57.87 439 41.49 291 3248 148 91.36 678 46.09
Bipolar affective disarder and 56 1356 290 27.41 290 3237 0 0.00 346 2352
Otherfunknown 118 2857 329 31.10 315 35.16 14 8.64 447 30.39
K means cluster ©
Group A 289 69.98 808 76.37 674 75.22 134 82.72 1097 74.58
Group B 124 30.02 250 23.63 222 24,78 28 17.28 374 2542
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Paternal exposure group

Valproate L.amotrigine/ Lamotrigine Levetiracetam Total (valproate +

NDD Levetiracetam lamotrigine/levetiraceta

m)
N=413 N=1058 N=896 N=162 N=1471
Number of pregnancies
N % N % N % N % N %

Paternal polypharmacy index

c

0 264 63.92 540 51.04 429 47.88 111 68.52 804 54.66

1-4 143 34.62 483 45,65 435 48.55 48 29.63 626 4256

5-10 6 1.45 33 3.12 30 3.35 3 1.85 39 2.65

>10 0 0.00 2 0.19 2 0.22 0 0.00 2 0.14

Mean (SD) 0.66 (1.15) 1.01 (1.49) 1.09 (1.53) 0.56 (1.15) 0.91 (1.41)

Median (25" - 75" percentile) 0.00 (0.00, 1.00) 0.00 (0.00, 2.00) 1.00 (0.00, 2.00) 0.00 (0.00, 1.00) 0.00 (0.00, 1.00)

Min, max 0.00, 7.00 0.00, 13.00 0.00, 13.00 0.00, 8.00 0.00, 13.00

Concomitant medications

associated with

valproate-indicated psychiatric 89 21.55 382 36.11 372 41.52 10 6.17 471 32.02

conditions ® — fathers with at

least one prescription

Concomitant medications

associated with neuropsychiatric

adverse 233 56.42 683 64.56 611 68.19 72 4444 916 62.27

events ° - fathers with at least
one prescription
AED: Antiepileptic drugs; LMP2: Last menstrual period date plus 2 weeks; NDD: Neurodevelopmental disorders; SD: Standard deviation
Legend: Number of offspring represented the total number of offspring with linked mother and father. The same mother/father could appear more than once. In that case, their
characteristics were described in relationship to the exposure window foreach individual offspring. Percentages were calculated over the total number of offspring.
a) all available data prior to index date (childbirth)
b) 12 months lookback from LMP2
¢) 3 months lookback from LMP2
Cluster A: constant high exposure; Cluster B: constant low exposure
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AEDD

A I T46% e 1 25.4%

12 14

10

Ciays coverad

Times
AED: Antiepileptic drugs

Legend: Times refers to the 14-days interval during which exposure was assessed (in this case, 6 14 days interval [ie, 3 months]); Days
covered refers to days covered in each 14-day interval; Defined Daily Dose (DDD) trajectories: Cluster A: constant high exposure; Cluster
B: constant low exposure. The percentage showed the proportion of fathers exposed to valproate and lamotrigine/levetiracetam in each
cluster.

Figure 3 Mean defined daily dose (DDD) trajectories for fathers exposed to AEDs in the 3 months lookback prior to Last
Menstrual Period Date Plus 2 weeks (LMP2) in Norway

3.2.1.2 Cumulative incidence proportion

This section supersedes section 10.5.1.2 from the final study report v1.1.

Cumulative incidence proportions (risk) of NDD including ASD by paternal exposure group are presented overall
in Table 13, and stratified by gender in Table 52 and Table 53 (please see Appendix Section 8.1.3).

The cumulative incidence proportions (risk) of NDD including ASD for 0-10 years of follow-up appeared to be
higher in offspring paternally exposed to valproate (4.1%, 95% CI: 2.2, 6.0) than in offspring paternally exposed
to lamotrigine/levetiracetam (2.4%, 95% CI: 1.5, 3.3), although the 95% CI overlapped (Table 13).

The cumulative incidence proportion for 0-10 years of follow-up also appeared to be higher in male (3.7%, 95%
Cl: 2.3, 5.0) than female offspring (2.0%, 95% CI: 1.0, 3.0) (Table 52 and Table 53, Appendix Section 8.1.3).
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However, these proportions should be interpreted with caution since these are crude estimates, no adjustments
were made. In addition, offspring diagnosed with epilepsy and/treated with AEDs and/or exposed to AEDs in
utero were not excluded in the descriptive cohort (Table 52 and Table 53, see Appendix Section 8.1.3).
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Table 13 Cumulative incidence proportion (risk) of NDD by paternal exposure group; Primary outcome cohort in Norway

Paternal exposure group

NDD

0-1 years

1-2 years

2-3 years

3-4 years

4-5 years

5-6 years

6-7 years

Total
Valproate Iltszﬁtar::geltg (:n Lamotrigine Levetiracetam (I‘all?r:z:cr’izti?\;
llevetiracetam)
N 413 1058 896 162 1471
n 1 0 0 0 1
n/N*100 0.24 (-0.23, 0.72) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.07 (-0.07, 0.20)
N 381 948 808 140 1329
n 1 0 0 0 1
n/N*100 0.26 (-0.25, 0.78) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.08 (-0.07, 0.22)
N 342 850 726 124 1192
n 2 4 4 0 6
n/N*100 0.58 (-0.22, 1.39) 0.47 (0.01,0.93) 0.55 (0.01, 1.09) 0.00 (0.00, 0.00) 0.50 (0.10, 0.91)
N 294 733 626 107 1027
n 2 6 5 1 8
n/N*100 0.68 (-0.26, 1.62) 0.82 (0.17, 1.47) 0.80 (0.10, 1.50) 0.93 (-0.89, 2.76) 0.78 (0.24, 1.32)
N 249 605 525 80 854
n 2 5 3 2 7
n/N*100 0.80 (-0.31, 1.91) 0.83 (0.11, 1.55) 0.57 (-0.07, 1.22) 250 (-0.92, 5.92) 0.82 (0.21, 1.42)
N 203 500 438 62 703
n 2 1 0 1 3
n/N*100 0.99 (-0.37, 2.34) 0.20 (-0.19, 0.59) 0.00 (0.00, 0.00) 1.61 (-1.52, 4.75) 0.43 (-0.06, 0.91)
N 160 381 340 41 541
n 2 5 5 0 7
n/N*100 1.25 (-0.47, 2.97) 1.31 (0.17, 2.46) 1.47 (0.19, 2.75) 0.00 (0.00, 0.00) 1.29 (0.34, 2.25)
N 115 277 252 25 392

51



DocuSign Envelope ID: 3BBAOESC-1EBC-417C-8506-5FBF3BF4A64B

A
]
AR

PASS - Paternal exposure to valproate — Corrigendum to the Final Report v1.1

V1.0, 02 October 2023

Paternal exposure group

Total
NDD Valproate Iltsglﬁgci:geit:\ ?n Lamotrigine Levetiracetam (I:z:z?r’izti?\;
llevetiracetam)
7-8 years n 4 1 1 0 5
n/N*100 3.48 (0.13, 6.83) 0.36 (-0.35, 1.07) 0.40 (-0.38, 1.17) 0.00 (0.00, 0.00) 1.28 (0.16, 2.39)
N 70 195 179 16 265
8-9 years n 1 3 3 0 4
n/N*100 1.43 (-1.35, 4.21) 1.54 (-0.19, 3.27) 1.68 (-0.20, 3.56) 0.00 (0.00, 0.00) 1.51 (0.04, 2.98)
N 27 82 75 7 109
9-10 years n 0 0 0 0 0
n/N*100 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00)
N 413 1058 896 162 1471
Overall (0-10 years) n 17 25 21 4 42
n/N*100 4.12 (2.20, 6.03) 2.36 (1.45, 3.28) 2.34 (1.35, 3.33) 2.47 (0.08, 4.86) 2.86 (2.00, 3.71)

ClI: Confidence interval; NDD: Neurodevelopmental disorders.
Legend: Number of offspring at risk at the beginning of each year of follow-up (N), number of offspring with a new event during the year (n) and proportion (n/Nx100) with the

95% Cl were presented.
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3.2.1.3 Cumulative incidence rate and time to NDD diagnosis

This section supersedes section 10.5.1.3 from the final study report v1.1.

Cumulative incidence rates of NDD including ASD by paternal exposure group are presented overall
in Table 14, and stratified by gender in Table 54 and Table 55 (see Appendix Section 8.1.4). Considering the
overall study follow-up, a higher incidence rate of NDD including ASD was observed among offspring paternally
exposed to valproate (8.3, [95% CI. 4.8, 13.2] per 1,000 person-years [PY]) than among those paternally
exposed to lamotrigine/levetiracetam (4.9, [95% CI: 3.2, 7.2] per 1,000 PY), although the 95% Cls for the
2 groups overlapped. When stratifying by gender, the same pattern was observed in both male and female
offspring subgroups. When considering the overall period of follow-up, the cumulative incidence rate in male
offspring was higher than in female offspring, in both paternal exposure groups.

Regarding the time to first diagnosis of NDD including ASD, the crude estimate for both exposure groups is
presented as Kaplan-Meier curves. Over the study period, the frequency of events was lower than 10% in the
cohort, therefore only the 5" percentile of the time to diagnosis could be estimated, and it was not always
possible to estimate the upper bound of the 95% CI for the corresponding time-to-event. The 5 percentile of
the time to NDD including ASD was 83.1 (95% CI: 44.2, -) months for the valproate and 99.1 (95% CI: 80.8, -)
months for the lamotrigine/levetiracetam paternal exposure groups (Figure 4).

In the valproate paternal exposure group, for male offspring, the 5" percentile of the time to NDD including ASD
was 79.0 (95% CI: 53.1, -) months and for female offspring, it was 89.5 (95% CI: 33.0, -) months.
In the lamotrigine/levetiracetam paternal exposure group, the corresponding 5% percentile value for male was
83.7 (95% ClI: 52.8, -) months, while for female it was not possible to provide the estimate (Table 56).
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Kaplan-Meier survival curve for NDD
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0 2 4 6 8
Years
| Group ——— 1: Lamotrigine/levetiracetam — — — - 2: Valproate |
Paternal exposure group
Total
NDD Valproate “:3';?::;22?" Lamotrigine Levetiracetam (I‘;?':g::’i;t;:
llevetiracetam)
Number of events 17 25 21 4 42
Number of censor 396 1033 875 158 1429
Survival time
5t percentile 83.10 (44.20, -) 99.07 (80.77, -) 99.07 (80.77, -) 64.47 (52.83, -) 89.53 (77.43, -)
10% percentile 99.23 (88.83, -) -(--) -(=-) -(--) -(=-)
25t percentile -(+-) - (- -) -(-) -(--) -(+-)
median -(=-) -(--) -(=-) -(--) -(=-)
75t percentile - () - () - () - (1) - ()

NDD: Neurodevelopmental disorders

Legend: Some attrition figures below the curve were not provided for data privacy reasons. Due to low number of events the
median time-to-event could not be calculated. Over the study period, the frequency of events was lower than 10% in the cohort,
therefore only the 5% and the 10 percentile of the time to diagnosis could be estimated, and it was not always possible to
estimate the upper bound of the 95% ClI for the corresponding time-to-event.

Figure 4 Kaplan-Meier survival curve for Neurodevelopmental Disorders (NDD) and distribution of time to NDD in Norway
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Table 14 Cumulative incidence rate of NDD by paternal exposure group; Primary outcome cohort in Norway

Paternal exposure group

NDD

0-1 years

0-2 years

0-3 years

0-4 years

0-5 years

0-6 years

0-7 years

Total
Valproate III;\af':tci,rta"ci:%it';?n Lamotrigine Levetiracetam I(:::g:::;:ﬁ:

llevetiracetam)
PY 395.92 1002.17 850.95 151.23 1398.1
n 1 0 0 0 1
n/PY*1000 2.53 (0.06, 14.07) 0.00 (-, 3.68) 0.00 (-, 4.34) 0.00 (-, 24.39) 0.72 (0.02, 3.99)
PY 754.37 1901.23 1617.92 283.31 2655.6
n 2 0 0 0 2
n/PY*1000 2.65 (0.32, 9.58) 0 (-, 1.94) 0 (-, 2.28) 0 (-, 13.02) 0.75 (0.09, 2.72)
PY 1075.29 2696.71 2299.63 397.08 3772
n 4 4 4 0 8
n/PY*1000 3.72 (1.01,9.52) 1.48 (0.40, 3.80) 1.74 (0.47,4.45) 0 (-, 9.29) 2.12 (0.92,4.18)
PY 1351.42 3367.75 2875 49275 4719.17
n 6 10 9 1 16
n/PY*1000 4.44 (1.63, 9.66) 2.97 (1.42, 5.46) 3.13 (1.43,5.94) 2.03 (0.05, 11.31) 3.39 (1.94, 5.51)
PY 1579.93 3920.81 3357.22 563.59 5500.75
n 8 15 12 3 23
n/PY*1000 5.06 (2.19, 9.98) 3.83 (2.14, 6.31) 3.57 (1.85, 6.24) 5.32 (1.10, 15.56) 4.18 (2.65, 6.27)
PY 1761.86 4356.82 3740.73 616.1 6118.68
n 10 16 12 4 26
n/PY*1000 5.68 (2.72, 10.44) 3.67 (2.10, 5.96) 3.21 (1.66, 5.60) 6.49 (1.77, 16.62) 4.25 (2.78, 6.23)
PY 1901 4689.66 4039.48 650.18 6590.67
n 12 21 17 4 33
n/PY*1000 6.31 (3.26, 11.03) 4.48 (2.77, 6.85) 4.21 (2.45, 6.74) 6.15 (1.68, 15.75) 5.01 (3.45, 7.03)
PY 1990.13 4925.81 425477 671.03 6915.93
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Paternal exposure group

Total
NDD Valproate III;\a/':tci:'tarci:%itg‘:n Lamotrigine Levetiracetam I‘;::g:z;:ﬁ:
llevetiracetam)
0-8 years n 16 22 18 4 38
n/PY*1000 8.04 (4.60, 13.06) 4.47 (2.80, 6.76) 4.23 (2.51, 6.69) 5.96 (1.62, 15.26) 5.49 (3.89, 7.54)
PY 2040.7 5067.25 4384.37 682.88 7107.95
0-9 years n 17 25 21 4 42
n/PY*1000 8.33 (4.85, 13.34) 4.93 (3.19, 7.28) 4.79 (2.96, 7.32) 5.86 (1.60, 15.00) 5.91 (4.26, 7.99)
PY 2055.84 5108.58 442237 686.21 7164.42
0-10 years n 17 25 21 4 42
n/PY*1000 8.27 (4.82, 13.24) 4.89 (3.17,7.22) 4.75 (2.94, 7.26) 5.83 (1.59, 14.92) 5.86 (4.23, 7.92)

NDD: neurodevelopmental disorders; PY: Person-Years
Legend: Person-years at risk during the age period (PY), number of new events during the age period (n) and rate (n/PYx1000) were presented. It was not always possible to estimate the

lower bound of the 95% ClI forthe corresponding incidence rate
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3.2.1.4 Association between potential risk factors/confounders for
NDD including ASD and paternal exposure group

This section supersedes section 10.5.1.4 from the final study report v1i.1.

Association between potential covariates (risk factors and confounders) for NDD including ASD and paternal
exposure group was assessed in the Primary outcome cohort for comparative analyses. Results of the crude
associations are shown in Table 15, Table 16, and Table 17.

Offspring exposed to AEDs and/or diagnosed with epilepsy after birth were included in the Primary outcome for
descriptive analyses but excluded from the Primary outcome for comparative analyses, hence the absence of
a summary for epilepsy in Table 15. Epilepsy was an exclusion criterion for selecting the population for the
comparative analyses because it was a strong risk factor for NDD including ASD (see Table 4 of the final study
report v1.1) and offspring with epilepsy or receiving AEDs are already at risk of NDD including ASD regardless
of paternal exposure.

All the variables examined were initially selected based on literature review and clinical expert opinion (see
study protocol v6.0, section 9.3.3).

For the offspring, none of the characteristics identified from the literature as risk factors or confounders were
associated with paternal exposure (Table 15).

Maternal characteristics identified as risk factors or confounders (see Table 4 of the final study report v1.1,
Table 16), that were statistically significantly associated with paternal exposure in the offspring were:

« Affective disorder (p=0.0099), less frequent in the valproate paternal exposure group.
« Smoking during pregnancy (p=0.0301), more frequent in the valproate paternal exposure group.

« Concomitant medications associated with valproate-indicated psychiatric condition during
pregnancy (p=0.0194), higher percentage in the valproate paternal exposure group.

Paternal characteristics identified as risk factors or confounders (see Table 4 of the final study report v1.1,
Table 17) that were statistically significantly associated with paternal exposure were:

« Affective disorder (excluding bipolar affective disorder and mania) (p<0.0001), bipolar affective
disorder (p<0.0001), and neurotic disorder (p<0.0001), all less frequent in the valproate exposure

group.
e Polypharmacy index (p<0.0001), lower in the valproate exposure group.

e Concomitant medications associated with valproate-indicated psychiatric conditions (p<0.0001),
less frequent in the valproate exposure group.

e Concomitant medications associated with neuropsychiatric adverse events (p=0.0084), less
frequent in the valproate exposure group.

« Age (p<0.0043), younger fathers in the valproate group.
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Table 15 Association between potential offspring risk factors/confounders for NDD by patemal exposure group; Primary outcome cohort in Norway

Paternal exposure group Comparison
Valproate Lamotrigine/ Lamotrigine Levetiracetam
NDD Levetiracetam Valproate vs
Total (valproate + Lamotrigine
lamotrigine/levetiracetam) llevetiracetam
Number of pregnancies N=398 N=1018 N=863 N=155 N=1416 -
N % N % N % N % N %
ontoun
Gender *
Male 198 49.75 539 52.95 445 51.56 94 60.65 737 52.05 -
Female 200 50.25 479 47.05 418 48.44 61 39.35 679 47.95 -
Missing 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 -
Test statistics - - - - - - - - - - 1.17 (0.2789)
Congenital CMV ° 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 -
Congenital rubella ® 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 -
Fetal alcohol syndrome ® 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 -
Fragile X syndrome ° 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 -
Lejeune/cri du chat syndrome ° 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 -
Tuberous sclerosis ° 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 -

CMV: Cytomegalovirus; NDD: Neurodevelopmental disorders

Legend: Number of pregnancies represented the total number of offspring with linked mother and father. The same mother/father could appear more than once. In that case, their
characteristics were described in relationship to the exposure window for each individual offspring. Percentages were calculated over the total number of offspring. Difference between
categorical variables was tested using Chi-square independence test; however, if the frequency of any of the categories analyzed was <5 Fischer’s Exact testwas used. Differences between
continuous variables were tested using two-sample t-tests, or Mann-Whitney test in case the distribution of the variable was not normal.

a) at index (childbirth)

b) between index and exit date

* A non-parametric test was used in this comparison. Fisher's exact test was used for categorical variables. For continuous variables, the Mann-Whitney U test was performed.
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Table 16 Association between potential maternal risk factors/confounders for NDD by paternal exposure group; Primary outcome cohort in Norway

Paternal exposure group Comparison
NDD Valproate Lamotrigine/ Lamotrigine Levetiracetam Total (valproate + Valproate vs
levetiracetam lamotrigine/ Lamotrigine

levetiracetam) llevetiracetam

Number of N=398 N=1018 N=863 N=155 N=1416 -

pregnancies N % N % N % N % N %

‘Mother's age *

(categorical)

<20 years 6 1.51 16 1.57 14 1.62 2 1.29 22 1.55 -

21-25 60 15.08 134 13.16 115 13.33 19 12.26 194 13.70 -

26-30 137 3442 337 33.10 275 31.87 62 40.00 474 3347 -

31-35 137 3442 340 3340 295 34.18 45 29.03 477 33.69 -

3640 50 12.56 151 14.83 135 15.64 16 10.32 201 14.19 -

>40 8 2.01 40 3.93 29 3.36 11 7.10 48 3.39 -

Test statistics - - - - - - - - - - 5.16 (0.3971)

Mother’s age *

(continuous)

Mean (SD) 3037 (4.84) - 3095 (5.11) - 30.98 (5.08) - 30.76 (5.30) - 30.79 (5.04) . 2(20(;‘::6?9

Median (25t - 75t 30.00 ) 31.00 ) 31.00 30.00 31.00

percentile) (27.00, 34.00) (27.00, 35.00) (27.00, 35.00) B (27.00, 33.00) B (27.00, 34.00) B B

Min, max 19.00, 43.00 - 17.00, 46.00 - 18.00, 46.00 - 17.00, 43.00 - 17.00, 46.00 - -

Missing 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 -

Affective disorder® 23 578 103 10.12 98 11.36 5 3.23 126 8.90 6.65 (0.0099)

Diabetes * 6 1.51 21 2.06 21 243 0 0.00 27 1.91 0.47 (0.4922)

Gestational

diabetes © 21 5.28 67 6.58 61 7.07 6 3.87 88 6.21 0.84 (0.3605)

Neurotic disorder " 50 12.56 137 13.46 124 14.37 13 8.39 187 13.21 0.20 (0.6548)

Schizophrenia, 1 0.25 0 0.00 0 0.00 0 0.00 1 007 028 (0.2811)

schizotypal and
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Paternal exposure group Comparison
NDD Valproate Lamotrigine/ Lamotrigine Levetiracetam Total (valproate + Valproate vs
levetiracetam lamotrigine/ Lamotrigine
levetiracetam) llevetiracetam
Number of N=398 N=1018 N=863 N=155 N=1416 -
pregnancies N % N % N % N % N %
delusional
disorders °
Obesity ¢ 6 1.51 10 0.98 10 1.16 0 0.00 16 1.13 0.71 (0.4006)
CMV ¢ 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 -
Rubella ¢ 0 0.00 0.00 0.00 0 0.00 0.00 -
Alcohol abuse prior .
to LMP2 9 1 0.25 2 0.20 2 0.23 0 0.00 3 0.21 1.00 (1.0000)
Alcohol abuse
during 1 0.25 1 0.10 1 0.12 0 0.00 2 0.14 0.48 (0.4833)"
pregnancy °
Substance abuse .
prior to LMP2 ¢ 2 0.50 4 0.39 4 0.46 0 0.00 6 042 0.67 (0.6759)
Substance abuse .
during pregnancy © 2 0.50 2 0.20 2 0.23 0 0.00 4 0.28 0.31 (0.3150)
Smoking prior to
LMP2¢
No 273 68.59 772 75.83 645 74.74 127 81.94 1045 73.80 -
Yes 59 14.82 121 11.89 110 12.75 1 7.10 180 12.71 -
Missing 66 16.58 125 12.28 108 12.51 17 10.97 191 13.49 -
Test statistics
without 'Missing' - - - - - - - - - - 3.44 (0.0636)
category
Smoking during
pregnancy ©
No 317 79.65 871 85.56 733 84.94 138 89.03 1188 83.90 -
Yes 27 6.78 43 422 42 4.87 1 0.65 70 4.94 -
Missing 54 13.57 104 10.22 88 10.20 16 10.32 158 11.16 -

Test statistics
without 'Missing’
category

4.70 (0.0301)

60



A
]
AR

DocuSign Envelope ID: 3BBAOESC-1EBC-417C-8506-5FBF3BF4A64B

PASS - Paternal exposure to valproate — Corrigendum to the Final Report v1.1

V1.0, 02 October 2023

Paternal exposure group

Comparison

NDD

Number of
pregnancies

Valproate

N=398

Lamotrigine/
levetiracetam

N=1018

Lamotrigine

N=863

Levetiracetam

N=155

Total (valproate +
lamotrigine/
levetiracetam)
N=1416

Valproate vs
Lamotrigine
llevetiracetam

N %

N %

N %

N %

N %

Maternal
polypharmacy
index prior to
LMP2°
(categorical)

0
1-4
5-10
>10

Test statistics

Maternal
polypharmacy
index prior to
LMP2 ¢
(continuous)

Mean (SD)

Median (25t - 75%
percentile)

Min, max

Maternal
polypharmacy
index during
pregnancy ©
(categorical)

0

1-4

5-10

>10

Test statistics

262 65.83
125 31.41
10 2.51
1 0.25

0.70 (1.36) -

000 (0.00,1.00) -
0.00, 12.00 -

211 53.02
178 44.72
9 2.26
0 0.00

648 63.65
349 34.28
21 2.06
0 0.00

0.65 (1.14) -

0.00 (0.00,1.00) -
0.00, 8.00 -

513 50.39
476 46.76
29 2.85
0 0.00

547 63.38
208 34.53
18 2.09
0 0.00

0.66 (1.15) -

0.00(0.00,1.00) -
0.00, 8.00 -

430 49.83
407 4716
26 3.01
0 0.00

101 65.16
51 32.90
1.94
0.00

0.63 (1.11) -

0.00 (0.00, 1.00) -
0.00, 5.00 -

83 53.55

69 44.52
1.94
0.00

910 64.27
474 3347
31 2.19

1 0.07

0.67 (1.21)

0.00 (0.00, 1.00) -
0.00, 12.00 -

724 51.13

654 46.19
38 2.68
0 0.00

3.74 (0.2910)

27938650
(0.6595)"

1.01 (0.6038)
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Paternal exposure group

Comparison

NDD Valproate

Number of N=398

Lamotrigine/ Lamotrigine
levetiracetam

N=1018 N=863

Levetiracetam

N=155

Total (valproate +

lamotrigine/
levetiracetam)

N=1416

Valproate vs
Lamotrigine
llevetiracetam

pregnancies N

%

N % N %

N %

%

Maternal
polypharmacy
index during
pregnancy ©
(continuous)

Mean (SD) 0.87 (1.23)

Median (25* - 750
percemife) 0.00 (0.00, 1.00)

Min, max 0.00, 6.00

Concomitant

medications

associated with
valproate-indicated

psychiatric 31
conditions prior to

LMP2 ¢ - mothers

with at least one

prescription

Concomitant

medications

associated with
valproate-indicated

psychiatric 12
conditions during

pregnancy © -

mothers with at

least 1 prescription
Concomitant

medications

associated with
neuropsychiatric 270
adverse events

prior to LMP2 9 -

mothers with at

7.79

3.02

67.84

0.95 (1.32)

0.98 (1.35) -

0.00 (0.00, 1.00) 1.00 (0.00, 1.00) -
0.00, 9.00 - 0.00, 9.00 -

111 10.90 99 11.47

62 6.09 58 6.72

693 68.07 593 68.71

0.83 (1.16) -

0.00 (0.00, 1.00) -
0.00, 5.00 -

12 7.74

4 2.58

100 64.52

0.93 (1.30)

0.00 (0.00, 1.00)
0.00, 9.00

142

74

963

10.03

5.23

68.01

274948.00
(0.2693)

3.08 (0.0794)

5.46 (0.0194)

0.01 (0.9320)
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Paternal exposure group Comparison

NDD Valproate Lamotrigine/ Lamotrigine Levetiracetam Total (valproate + Valproate vs
levetiracetam lamotrigine/ Lamotrigine
levetiracetam) llevetiracetam
Number of N=398 N=1018 N=863 N=155 N=1416 -
pregnancies N % N % N % N % N %

least one
prescription

Concomitant
medications
associated with
neuropsychiatric
adverse events 162 40.70 439 43.12 379 43.92 60 38.71 601 4244  0.69 (0.4075)
during pregnancy °
- mothers with at
least one
prescription
NDD: Neurodevelopmental disorders; SD: Standard deviation; CMV: Cytomegalovirus; LMP2: Last menstrual period date plus 2 weeks
Legend: Number of offspring represented the total number of offspring with linked mother and father. The same mother/father could appear more than once. In that case, their characteristics
were described in relationship to the exposure window for each individual offspring. Percentages were calculated over the total number of offspring. Difference between categorical variables
were tested using Chi-square independence test; however, if the frequency of any of the categories analyzed was <5 Fisher’s Exact test was used. Differences between continuous variables
were tested using two-sample t-tests, or Mann-Whitney test in case the distribution of the variable was not normal.
a) atindex (childbirth)
b) all available data prior to index date
c) during pregnancy (from LMP2 until index date)
d) 12 months lookback from LMP2

e) 3 months lookback from LMP2
* A non-parametric test was used in this comparison. Fisher’s exact test was used for categorical variables. For continuous variables, the Mann-Whitney U test was performed
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Table 17 Association between potential paternal risk factors/confounders for NDD by paternal exposure group; Primary outcome cohort in Norway

Paternal exposure group Comparison
Total
NDD Valproate Lamotrigine/ Lamotrigine Levetiracetam (V3|P"fafe + Valproate vs
levetiracetam lamotrigine/ Lamotrigine
levetiracetam) llevetiracetam
Number of N=398 N=1018 N=863 N=155 N=1416 .
pregnancies
N % N % N % N % N %
B
Affective disorder
excluding bipolar
affective disorder 31 7.79 227 2230 226 26.19 1 0.65 258 18.22 40.43 (<.0001)
and mania ?
(Ej’i'ggr':;rafec""e 57 14.32 282 27.70 282 32,68 0 0.00 339 23.94 28.13 (<.0001)
Mania @ 6 1.51 7 0.69 7 0.81 0 0.00 13 0.92 2.11 (0.1459)
Neurotic disorder 2 30 7.54 156 15.32 154 17.84 2 1.29 186 13.14 15.20 (<.0001)
Schizophrenia,
schizotypal and
delusional disorders 11 276 18 1.77 18 2.09 0 0.00 29 2.05 1.41(0.2344)
a
Substance abuse °© 10 2.51 22 2.16 22 2.55 0 0.00 32 2.26 0.16 (0.6891)
Paternal
polypharmacy
index ¢
(categorical)
0 255 64.07 520 51.08 415 48.09 105 67.74 775 54.73 -
1-4 137 3442 465 45.68 418 48.44 47 30.32 602 4251 -
5-10 6 1.51 31 3.05 28 3.24 3 1.94 37 2.61 -
>10 0 0.00 2 0.20 2 0.23 0 0.00 2 0.14 -
Test statistics - - - - - - - - - - 20.72 (0.0001)
Paternal
polypharmacy
index ¢
(continuous)
Mean (SD) 0.65 (1.14) 1.01 (1.49) 1.08 (1.53) 0.57 (1.17) 0.91 (1.41) 252616.50 (<.0001)"
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Paternal exposure group Comparison
Total
NDD Valproate Lamotrigine/ Lamotrigine Levetiracetam (ValP"fafe + Valproate vs
levetiracetam lamotrigine/ Lamotrigine

levetiracetam) llevetiracetam

N:‘em::;;tes N=398 N=1018 N=863 N=155 N=1416 .

preg N % N % N % N % N %

Median (25% - 75t 0.00 0.00 1.00 0.00 0.00

percentile) (0.00, 1.00) (0.00, 1.00) (0.00, 2.00) (0.00, 1.00) (0.00, 1.00) B

Min, max 0.00, 7.00 0.00, 13.00 0.00, 13.00 0.00, 8.00 0.00, 13.00 -

Concomitant

medications

associated with

valproate-indicated

psychiatric 85 21.36 361 35.46 353 40.90 8 5.16 446 31.50 26.38 (<.0001)

conditions ¢ — fathers

with at least one

prescription

Concomitant

medications

associated with

neuropsychiatric 226 56.78 655 64.34 585 67.79 70 45.16 881 62.22 6.95 (0.0084)

adverse events °© -

fathers with at least

one prescription

Father's age © )

(categorical)

<20 years 2 0.50 3 0.29 2 0.23 1 0.65 5 0.35 -

21-25 29 7.29 69 6.78 57 6.60 12 7.74 98 6.92 -

26-30 106 26.63 225 22.10 185 2144 40 25.81 331 23.38 -

31-35 142 35.68 330 3242 275 31.87 55 35.48 472 33.33 -

36-40 85 21.36 240 23.58 211 2445 29 18.71 325 2295 -

>40 34 8.54 151 14.83 133 15.41 18 11.61 185 13.06 -

Test statistics - - - - - - - - - - 13.16 (0.0219)

Father's age °

(continuous)

Mean (SD) 32.94 (5.63) 34.05 (6.25) 34.22 (6.30) 33.15 (5.91) 33.74 (6.10) 26226850 (0.0043)°
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Paternal exposure group Comparison
Total
NDD Valproate Lamotrigine/ Lamotrigine Levetiracetam (Va"’"fafe + Valproate vs
levetiracetam |am¢_’tl'l8lﬂe/ L.amotrigine
levetiracetam) llevetiracetam
Number of N=398 N=1018 N=863 N=155 N=1416 .
pregnancies
N % N % N % N % N %
Median (25% - 75t 32.00 34.00 34.00 33.00 33.00
percentile) (29.00, 37.00) (30.00, 38.00) (30.00, 38.00) (29.00, 37.00) (30.00, 38.00) -
Min, max 20.00, 53.00 18.00, 64.00 18.00, 64.00 20.00, 51.00 18.00, 64.00 -
Year of offspring
conception ¢
2009-2013 194 48.74 456 44.79 399 46.23 57 36.77 650 45.90 -
2014-2019 204 51.26 562 55.21 464 53.77 98 63.23 766 54.10 -

Test statistics - - - - - - - - - - 1.80 (0.1800)

NDD: Neurodevelopmental disorders; LMP2: Last menstrual period date plus 2 weeks; SD: Standard Deviation

Legend: Number of offspring represented the total number of offspring with linked mother and father. The same mother/father could appear more than once. In that case, their characteristics
were described in relationship to the exposure window for each individual offspring. Percentages were calculated over the total number of offspring. Difference between categorical variables
was tested using Chi-square independence test; however, if the frequency of any of the categories analyzed was <5 Fisher’s Exact test was used. Differences between continuous variables
were tested using two-sample t-tests, or Mann-Whitney test in case the distribution of the variable was not normal.

a) all available data prior to index date (childbirth)

c) 12 months lookback from LMP2

d) 3 months lookback from LMP2

e) atindex (childbirth)

f)  at mother's LMP2

g) calendar years were grouped in each country according to the length of the study period
* A non-parametric test was used in this comparison. Fisher’s exact test was used for categorical variables. For continuous variables, the Mann-Whitney U test was performed
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3.2.1.5 Association between potential risk factors/confounders
and NDD including ASD

This section supersedes section 10.5.1.5 from the final study report vi.1.

Association between covariates (potential risk factors / confounders) and occurrence of NDD was assessed in
the Primary outcome cohort for comparative analyses. Results of crude associations are shown in Table 18,
Table 19 and Table 20.

These variables were initially selected based on literature review and clinical expert opinion (see Table 4 of the
final study report v1.1).

For offspring characteristics, only gender (OR: 0.49, 95% CI: 0.25, 0.98; p=0.0446) was associated with NDD
including ASD (Table 18); the proportion of events among females were significantly lower than the proportion
of events among males.

For maternal characteristics identified as risk factors or confounders (see Table 4 of the final study report v1.1,
and Table 19) the following variables were statistically significantly associated with the occurrence of NDD
including ASD events:

« Maternal age (p=0.0057); Offspring from mothers aged 26-30 years had a lower risk of NDD
including ASD when compared with offspring from mothers aged 31-35 years (OR: 0.24, 95% ClI:
0.08, 0.73).

« Substance abuse during pregnancy (OR: 12.4, 95% CI: 1.26, 121.9; p=0.0310).

« Concomitant medications associated with valproate-indicated psychiatric conditions prior to LMP2
(OR: 3.88, 95% CI: 1.88, 8.00; p=0.0002).

For paternal characteristics identified as risk factors or confounders (see Table 4 and Table 6 of the final study
report v1.1), only categories of calendar year of offspring conception were associated with the occurrence of
NDD, including ASD events. A lower OR was observed for the offspring conceived between 2014-2019 (OR:
0.25, 95% CI: 0.12, 0.54; p=0.0004) when compared to those conceived between 2009-2013 (reference
category) (Table 20).
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Table 18 Association between potential offspring risk factors/confounders and NDD; Primary outcome cohort in Norway

Overall Event Non-event Association
NDD Test
N % N % N % OR (95% CI) statistics
(p-value)
Gender 2
Male 737 52.05 26 3.563 711 96.47 Reference -
Female 679 47.95 12 1.77 667 98.23 0.49 (0.25, 0.98) -
Missing 0 0.00 0 0.00 0 0.00 - -
Wald test - - - - - - - 4.03, 0.0446
Congenital CMV b
No 1416 100.00 38 2.68 1378 97.32 - -
Yes 0 0.00 0 0.00 0 0.00 - -
Congenital rubella ®
No 1416 100.00 38 2.68 1378 97.32 - -
Yes 0 0.00 0 0.00 0 0.00 - -
Fetal alcohol syndrome b
No 1416 100.00 38 2.68 1378 97.32 - -
Yes 0 0.00 0 0.00 0 0.00 - -
Fragile X syndrome
No 1416 100.00 38 2.68 1378 97.32 - -
Yes 0 0.00 0 0.00 0 0.00 - -
Lejeune/cri du chat syndrome
No 1416 100.00 38 2.68 1378 97.32 - -
Yes 0 0.00 0 0.00 0 0.00 - -
Tuberous sclerosis P
No 1416 100.00 38 2.68 1378 97.32 - -
Yes 0 0.00 0 0.00 0 0.00 - -

ClI: Confidence interval;, CMV: Cytomegalovirus; NDD: Neurodevelopmental disorders; OR: Odds ratio
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Legend: The overall column represents the number and percentage of offspring with each characteristic (percentage was calculated over the total number of offspring). The columns
Event/Non-Event represent the number and percentage of events and non-events (NDD) in each subgroup defined by the characteristic (percentage was calculated over the number of
offspring with the characleristic, ie, row percentage). The association between each characteristic and the outcome was tested by fitting a logistic regression model, and the odds ratios (OR)
with 95% confidence intervals (Cl) and likelihood ratio (Wald) test were reported.

a) atindex (childbirth)

b) between index and exit date

Table 19 Association between potential maternal risk factors/confounders and NDD; Primary outcome cohort in Norway

Overall Event Non-event Association
NDD N % N % N % OR (95% Cl) Tes::::ﬁf:i"s'
Mother’'s age ? (categorical)
<20 years 22 1.55 0 0.00 22 100.00 0.00 (0.00, 1) -
21-25 194 13.70 11 5.67 183 94.33 1.72 (0.78, 3.78) -
26-30 474 33.47 16 3.38 458 96.62 Reference -
31-35 477 33.69 4 0.84 473 99.16 0.24 (0.08, 0.73) -
36-40 201 14.19 3 1.49 198 98.51 0.43 (0.12, 1.51) -
>40 48 3.39 4 8.33 44 91.67 2,60 (0.83, 8.12) -
Wald test - - - - - - - 16.42 (0.0057)
Affective disorder ®
No 1290 91.10 35 2.71 1255 97.29 Reference -
Yes 126 8.90 3 2.38 123 97.62 0.87 (0.27, 2.88) 0.05 (0.8258)
Diabetes ®
No 1389 98.09 38 2.74 1351 97.26 Reference -
Yes 27 1.91 0 0.00 27 100.00 0.00 (0.00, 1) 0.00 (0.9868)
Gestational diabetes °©
No 1328 93.79 36 2.71 1292 97.29 Reference -
Yes 88 6.21 2 2.27 86 97.73 0.83 (0.20, 3.52) 0.06 (0.8058)
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Overall Event Non-event Association
NDD N % N % N % OR (95% Cl) Tes:)f::ﬂffcs’
Neurotic disorder ®
No 1229 86.79 35 2.85 1194 97.15 Reference -
Yes 187 13.21 3 1.60 184 98.40 0.56 (0.17, 1.83) 0.93 (0.3337)
Schizophrenia, schizotypal
and delusional disorders P
No 1415 99.93 38 2.69 1377 97.31 Reference -
Yes 1 0.07 0 0.00 1 100.00 0.00 (0.00, 1) 0.00(0.9912)
Obesity 4
No 1400 98.87 38 2.71 1362 97.29 Reference -
Yes 16 1.13 0 0.00 16 100.00 0.00 (0.00, 1) 0.00 (0.9898)
CMV ¢
No 1416 100.00 38 2.68 1378 97.32 - -
Yes 0 0.00 0 0.00 0 0.00 - -
Rubella ¢
No 1416 100.00 38 2.68 1378 97.32 - -
Yes 0 0.00 0 0.00 0 0.00 - -
tl’\lcohol abuse prior to LMP2
No 1413 99.79 38 2.69 1375 97.31 Reference -
Yes 3 0.21 0 0.00 3 100.00 0.00 (0.00, ) 0.00 (0.9899)
Alcohol abuse during
pregnancy ©
No 1414 99.86 38 2.69 1376 97.31 Reference -
Yes 2 0.14 0 0.00 2 100.00 0.00 (0.00, 1) 0.00 (0.9917)
Substance abuse prior to
LMP2d
No 1410 99.58 37 2.62 1373 97.38 Reference -
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Overall Event Non-event Association
NDD o Test statistics,
N % N % N % OR (95% CI) esp-sv:hljse ics
Yes 6 0.42 1 16.67 5 83.33 7.42 (0.85, 65.11) 3.27 (0.0704)

Substance abuse during
pregnancy ©

No 1412 99.72 37 2.62 1375 97.38 Reference -

Yes 4 0.28 1 25.00 3 75.00 12.39 (1.26, 121.91) 4.65 (0.0310)
Smoking prior to LMP2 ¢

No 1045 73.80 27 2.58 1018 97.42 Reference -

Yes 180 12.71 5 2.78 175 97.22 1.08 (0.41, 2.83) -
Missing 191 13.49 6 3.14 185 96.86 - -
\é\;?g;?;twnhout Missing } } } } } _ } 0.02 (0.8802)
Smoking during pregnancy °

No 1188 83.90 34 2.86 1154 97.14 Reference -

Yes 70 494 1 1.43 69 98.57 0.49 (0.07, 3.65) -
Missing 158 11.16 3 1.90 155 98.10 - -
Z\;?(I;i] :)P;;t without 'Missing } } } } } _ } 0.48 (0.4877)
Maternal polypharmacy

index prior to LMP2 ©

(categorical)

0 910 64.27 20 2.20 890 97.80 Reference -

1-4 474 33.47 15 3.16 459 96.84 1.45 (0.74, 2.87) -

5-10 31 2.19 2 6.45 29 93.55 3.07 (0.68, 13.75) -

>10 1 0.07 1 100.00 0 0.00 - -

Wald test - - - - - - - 2.81(0.4219)

Maternal polypharmacy
index during pregnancy ¢
(categorical)

0 724 51.13 15 2.07 709 97.93 Reference -

71



DocuSign Envelope ID: 3B8AOE5SC-1EBC-417C-8506-5FBF 3BF4A64B

A
]
AR

PASS - Paternal exposure to valproate — Corrigendum to the Final Report v1.1 V1.0, 02 October 2023
Overall Event Non-event Association

NDD Test statistics,
N % N % N % OR (95% Cl) p_val:‘e'

1-4 654 46.19 20 3.06 634 96.94 1.49 (0.76, 2.94) -

5-10 38 2.68 3 7.89 35 92.11 4.05(1.12, 14.65) -

>10 0 0.00 0 0.00 0 0.00 - -

Wald test - - - - - - - 4.84 (0.0887)

Concomitant medications

associated with

valproate-indicated

psychiatric conditions prior

to LMP2 9 - mothers with at

least one prescription

No 1274 89.97 27 2.12 1247 97.88 Reference -

Yes 142 10.03 11 7.75 131 92.25 3.88 (1.88, 8.00) 13.47 (0.0002)

Concomitant medications

associated with

valproate-indicated

psychiatric conditions

during pregnancy © -

mothers with at least 1

prescription

No 1342 94.77 35 2.61 1307 97.39 Reference -

Yes 74 5.23 3 4.05 7 95.95 1.58 (0.47, 5.25) 0.55 (0.4575)

Concomitant medications

associated with

neuropsychiatric adverse

events prior to LMP2 9 -

mothers with at least one

prescription

No 453 31.99 1 243 442 97.57 Reference -

Yes 963 68.01 27 2.80 936 97.20 1.16 (0.57, 2.36) 0.17 (0.6837)
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Overall Event Non-event Association

NDD —
N % N % N % OR (95% CI) Hasheitias

Concomitant medications

associated with

neuropsychiatric adverse

events during pregnancy € -

mothers with at least one

prescription

No 815 57.56 17 2.09 798 97.91 Reference -

Yes 601 42.44 21 3.49 580 96.51 1.70 (0.89, 3.25) 2.57 (0.1088)

ClI: Confidence interval; CMV: Cytomegalovirus; LMP2: Last menstrual period date plus 2 weeks; NDD: Neurodevelopmental disorders; OR: Odds ratio
Legend: The overall column represents the number and percentage of offspring with each characteristic (percentage was calculated over the total number of offspring). The columns
Event/Non-Event represent the number and percentage of events and non-events (NDD) in each subgroup defined by the characteristic (percentage was calculated over the number of
offspring with the characteristic, ie, row percentage). The association between each characteristic and the outcome was tested by fitting a logistic regression model, and the odds ratios
(OR) with 95% confidence intervals (Cl) and likelihood ratio (Wald) test were reported.

a) atindex (childbirth)

b) all available data prior to index date

c) during pregnancy (from LMP2 until index date)

d) 12 months lookback from LMP2

e) 3 months lookback from LMP2

Table 20 Association between potential paternal risk factors/confounders and NDD; Primary outcome cohortin Norway

Overall Event Non-event Association
NDD Test statistics
0 [ () 0,
N % N % N % OR (95% CI) (p-value)
Affective disorder @
No 1158 81.78 30 2.59 1128 97.41 Reference -
Yes 258 18.22 8 3.10 250 96.90 1.20 (0.55, 2.66) 0.21, 0.6469
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Overall Event Non-event Association
NPD N % N % N % OR (95% CI) T alog)
Bipolar affective disorder @
No 1077 76.06 31 2.88 1046 97.12 Reference -
Yes 339 23.94 7 2.06 332 97.94 0.71 (0.31, 1.63) 0.65, 0.4216
Mania 2
No 1403 99.08 38 2.71 1365 97.29 Reference -
Yes 13 0.92 0 0.00 13 100.00 0.00 (0.00, 1) 0.00, 0.9908
Neurotic disorder 2
No 1230 86.86 36 2.93 1194 97.07 Reference -
Yes 186 13.14 2 1.08 184 98.92 0.36 (0.09, 1.51) 1.95, 0.1629
Schizophrenia, schizotypal and delusional
disorders @
No 1387  97.95 37 2.67 1350 97.33 Reference -
Yes 29 2.05 1 3.45 28 96.55 1.30(0.17, 9.84) 0.07, 0.7969
Substance abuse ¢
No 1384 97.74 37 2.67 1347 97.33 Reference -
Yes 32 2.26 1 3.13 31 96.88 1.17 (0.16, 8.83) 0.02, 0.8759
Paternal polypharmacy index ¢ (categorical)
0 775 54.73 19 2.45 756 97.55 Reference -
1-4 602 42.51 18 299 584 97.01 1.23 (0.64, 2.36) -
5-10 37 2.61 1 2.70 36 97.30 1.11 (0.14, 8.49) -
>10 2 0.14 0 0.00 2 100.00 0.00 (0.00, 1) -
Wald test - - - - - - - 0.37,0.9454
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Overall Non-event Association
NPD N % N % N % OR (95% CI) T alie)
Concomitant medications associated with
valproate-indicated psychiatric conditions ¢
~fathers with at least one prescription
No 970 68.50 26 2.68 944 97.32 Reference -
Yes 446 31.50 12 2.69 434 97.31 1.00 (0.50, 2.01) 0.00, 0.9912
Concomitant medications associated with
neuropsychiatric adverse events © - fathers
with at least one prescription
No 535 37.78 16 2.80 520 97.20 Reference -
Yes 881 62.22 23 2.61 858 97.39 0.93 (0.48, 1.80) 0.05, 0.8275
Father's age © (categorical)
<20 years 5 0.35 0 0.00 5 100.00 0.00 (0.00, 1) -
21-25 98 6.92 4 4.08 94 95.92 2.47 (0.73, 8.36) -
26-30 331 23.38 14 4.23 317 95.77 2.56 (1.06, 6.18) -
31-35 472 33.33 8 1.69 464 98.31 Reference -
36-40 325 2295 5 1.54 320 98.46 0.91 (0.29, 2.80) -
>40 185 13.06 7 3.78 178 96.22 2.28 (0.82, 6.38) -
Wald test - - - - - - - 7.46, 0.1887
Y ear of offspring conception %9
2009-2013 650 45.90 29 4.46 621 95.54 Reference -
2014-2019 766 54.10 9 1.17 757 98.83 0.25 (0.12, 0.54) -
Wald test - - - - - - - 12.60, 0.0004

ClI: Confidence interval; CMV: Cytomegalovirus; NDD: Neurodevelopmental disorders; OR: Odds ratio

Legend: The overall column represents the number and percentage of offspring with each characteristic (percentage was calculated over the total number of offspring). The columns
Event/Non-Event represent the number and percentage of events and non-events (NDD) in each subgroup defined by the characteristic (percentage was calculated over the number of
offspring with the characteristic, ie, row percentage). The association between each characteristic and the outcome was tested by fitting a logistic regression model, and the OR with 95% CI

and likelihood ratio (Wald) test were reported.

a) all available data prior to index date (childbirth)
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c) 12 months lookback from LMP2
d) 3 months lookback from LMP2
e) atindex (date of childbirth)

f) at mother’s LMP2

calendar years were grouped in each country according to the length of the study period
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3.2.1.6  Variable estimates from propensity score

This section supersedes section 10.5.1.6 from the final study report v1.1.

Variables found to be associated with the outcome were included in the PS models for the analyses of the
Primary outcome cohort. This means all specified confounders for which an association with both the outcome
and the exposure was observed and all specified risk factors (associated with the outcome but not the exposure)
are included in the PS models (see section 9.7.3.2.3 of the study protocol for more details). If any unbalance
for these variables remained after performing PS weighting, they were also included in the final Cox regression
model if they were statistically significantly associated with both the exposure and the outcome, and if the
number of events allowed it.

In the PS model estimated from logistic regression Table 21, offspring gender was not associated with the
paternal exposure to valproate when compared to lamotrigine/levetiracetam (OR: 1.07, 95% CI: 0.82, 1.40,
p=0.5956). From maternal risk factors/confounders, smoking during pregnancy (OR: 1.95, 95% CI: 1.09, 3.48,
p=0.0235), and concomitant medications associated with valproate-indicated psychiatric conditions during
pregnancy (OR: 0.26, 95% CI: 0.09, 0.80, p=0.0192) were associated with the study exposure: offspring of
mothers who smoked during pregnancy were more likely to have a father exposed to valproate; offspring of
mothers who took concomitant medications associated with valproate-indicated psychiatric conditions during
pregnancy, were more likely to have a father exposed to lamotrigine/levetiracetam. Offspring with fathers with
affective disorders (OR: 0.36, 95% Cl: 0.22, 0.60, p<0.0001), bipolar affective disorder (OR: 0.53, 95% CI: 0.36,
0.79, p=0.0019), and neurotic disorders (OR: 0.48, 95% CI: 0.28, 0.85, p=0.0110), had a lower probability of
being in the valproate exposure group. A random forest PS was performed to identify variable importance
metrics, ie, two-way interactions, and variables presenting low index importance were not included in the PS
logistic informed by random forest model (Table 57 in the Appendix).

Variables or interactions associated with NDD including ASD in the PS model from logistic regression informed
by random forest were smoking during pregnancy (OR: 1.94, 95% CI: 1.09, 3.46, p=0.0246), concomitant
medications associated with valproate-indicated psychiatric conditions during pregnancy (OR: 0.27, 95% CI:
0.09, 0.82, p=0.0211), paternal affective disorder (OR: 0.37, 95% CI: 0.22, 0.61, p<0.0001), bipolar affective
disorder (OR: 0.53, 95% CI: 0.36, 0.79, p=0.0017), and neurotic disorder (OR: 0.44, 95% CI: 0.25, 0.78,
p=0.0050) (Table 58 in the Appendix).

Plots of each PS model are depicted in Figure 5, Figure 7 and Figure 8.

The PS model that best achieved a balance in the weighted exposure groups after using inverse probability of
treatment weights was the PS model estimated from logistic regression, please see Table 59 and Figure 5.
Thus, the logistic regression model was used to apply inverse probability of treatment weights in the effect
estimation analysis (presented in Section 3.2.1.7).
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Table 21 Variable estimates from logistic regression propensity score model; Primary outcome cohort in Norway

NDD Estimate
Variable (or interaction)? OR 95% CI P-value
Gender ®
Male Reference - -
Female 1.07 0.82, 1.40 0.5956
Mother's age ® (categorical)
<20 years 1.1 0.39, 3.13 0.8408
21-25 0.97 0.64, 1.46 0.8703
26-30 Reference - -
31-35 0.96 0.70,1.32 0.7967
36-40 0.78 0.50, 1.21 0.2620
>40 0.43 0.17,1.07 0.0696
Affective disorder ¢ 0.62 0.34, 1.15 0.1278
Diabetes ¢ 0.85 0.23, 3.15 0.8053
Gestational diabetes © 0.74 0.36, 1.53 0.4205
Neurotic disorder ¢ 1.16 0.76, 1.79 0.4864
Obesity f 1.10 0.30-4.08 0.8896
Smoking during pregnancy ®
No Reference - -
Yes 1.95 1.09, 3.48 0.0235
Concomitant medications associated with
valproate-indicated psychiatric conditions prior to 0.79 0.44,1.42 0.4246
LMP2 f - mothers with at least one prescription
Concomitant medications associated with
valproate-indicated psyc'hiatric conditions during 0.26 0.09. 0.80 0.0192
pregnancy ®© - mothers with at least one ’
prescription
Concomitant medications associated with
neuropsychiatric adverse events prior to LMP2 f 1.10 0.81, 1.48 0.5446
-mothers with at least one prescription
Concomitant medications associated with
;(re:;ggrs;gsrga_tnc adverse events during 0.96 0.73,1.28 0.7979
mothers with at least one prescription

ective disorder 9 0.36 0.22, 0.60 <.0001
Bipolar affective disorder ¢ 0.53 0.36, 0.79 0.0019
Neurotic disorder ¢ 0.48 0.28, 0.85 0.0110
(?ic;r;rz;eprgrfnla, schizotypal and delusional 0.65 0.17,2.45 0.5240
Substance abuse f 0.49 0.11, 2.22 0.3537
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NDD Estimate

Variable (or interaction)? OR 95% ClI P-value

Year of offspring conception i
2009-2013 Reference - -
2014-2019 0.97 0.74,1.27 0.8072

NDD: Neurodevelopmental disorders; Cl: Confidence Interval; LMP2: Last menstrual period date plus 2 weeks; OR: Odds ratio
Legend: Odds ratios (OR), 95% confidence intervals (Cl) and p-values were represented for risk factors and confounders included in
the propensity score (PS) model. All variables potentially included in the PS model were listed here, however some of the variables
might not be included in the final set of variables.

a) candidate covariates were considered to enter the PS model if associated with the study outcome based on univariate

analyses. Additionally, two-way interactions were included in the PS model if identified as clinically meaningful.

b) at index (childbirth)

c) between index and exit date

d) all available data prior to index date

e) during pregnancy (from LMP2 until index date)

f) 12 months lookback from LMP2

g) excluding bipolar affective disorder and mania

h) 3 months lookback from LMP2

i) at mother's LMP2

j) calendar years were grouped in each country according to the length of the study period

Propensity score Model 1 (Logistic Regression) - NDD

Density

T T T T
0.0 0.2 0.4 0.6

Propensity score, Y=P(Valproate)

| s | amiotrigine/Levetiracetam - == alproate |

NDD: Neurodevelopmental disorders; PS: propensity sCore

Figure 5 Balance of PS Model 1- Logistic Regression; Primary outcome cohort in Norway
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3.2.1.7 Effect estimation for NDD including ASD
This section supersedes section 10.5.1.7 from the final study report vi.1.

The effect estimation for NDD, including ASD, was assessed using a crude Cox regression model as per
protocol (Table 22). In this model 1,401 offspring were included, 383 offspring in the valproate group and 1,018
in the lamotrigine/levetiracetam group, after the exclusion of 15 influential subjects. However, all those
15 influential subjects were offspring who experienced NDD including ASD events and were from the valproate
group; their exclusion is due to the dfbeta? for each of the 15 offspring being above the desired threshold. This
is due to the small number of events, especially in the valproate group, which causes instability in the model
estimates when including or removing each of the offspring experiencing the outcome in the valproate group.
Thus, the crude model was rerun without considering the dfbetas criterion (Table 23). This was a deviation from
the protocol, but was decided to be performed though 1) due to the invalid HR estimate obtained from the crude
Cox regression model, as all events in the valproate group were excluded (Table 22); and 2) to ensure
comparability of the crude models across countries, the same methodology was applied for Denmark and
Sweden, even though no influential subjects were identified in the crude models (see sections 10.3.1.7 and
10.4.1.6.1 of the final study report v1.1, respectively).

Consequently, the crude model was adapted, not considering the dfbetas criterion; it consisted of a total of
1,416 offspring (398 in the valproate group and 1,018 in the lamotrigine/levetiracetam group). Respectively,
3.8% (N=15) of offspring of the valproate group and 2.3% (N=23) of the lamotrigine/levetiracetam group
presented a NDD including ASD event. In the crude analysis, no increased risk for NDD including ASD was
observed in the offspring of fathers exposed to valproate compared to offspring of fathers exposed to
lamotrigine/levetiracetam (HR: 1.60, 95% CI: 0.81, 3.15).

The effect estimation for NDD including ASD using PS-weighted Cox regression model was assessed in a total
of 1,235 offspring, 325 offspring of valproate group and 910 of lamotrigine/levetiracetam group. Respectively,
4.0% (N=13) of offspring of the valproate group and 2.3% (N=21) of the lamotrigine/levetiracetam group
presented an NDD including ASD event. In the PS-weighted Cox regression model, no increased risk for NDD
including ASD was observed in offspring of fathers exposed to valproate compared to offspring of fathers
exposed to the lamotrigine/levetiracetam group (HR: 1.76, 95% CI: 0.83, 3.71) (Table 24).

Table 25 presents the effect estimation for NDD including ASD using PS-weighted Cox regression model
adjusted for the K-means exposure cluster (ie, trajectories with constant high exposure (A), and with constant
low exposure (B), for further details on the K-means cluster please see Figure 3 and Table 12). In order to
obtain estimates of the effect of valproate vslamotrigine/levetiracetam in each cluster identified by the K-means
algorithm, an interaction term between the K-means clusters variable and the main exposure variable was
included in the model. The effect estimation was assessed in a total of 1,235 offspring. No increased risk for

2 Dfbeta is a metric for evaluating the influence of a given observation on a covariate coefficient in the model: it measures the change in a
regression coefficient when the it offspring is removed from the regression model. In the crude model, the only regression coefficient is the
one related to the exposure group (valproate vs lamotrigine/levetiracetam): in this model therefore, dfbeta for it" offspring = |regression
coefficient calculated using all the data - regression_coefficient calculated excluding the i offspring|.

A commonly used criterion to consider one unit “influential” uses a threshold of £2/sqrt(n) for the dfbeta (Belsley et al., 1980, p. 28) (1).
This is a size-adjusted threshold, ie, in a sample of 1000, a given pointwill have less influence than in a sample of 100, all else equal.

In Norway, because of the small number of events and total offspring included in the model, all the offspring in the valproate paternal
exposure group experiencing the outcome event had a dfbeta value above the desired threshold.
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NDD including ASD was observed, for offspring of fathers exposed to valproate compared to offspring of fathers
exposed to lamotrigine/levetiracetam, in the different cluster of exposure. Likewise, no interaction between
exposure and paternal K-means cluster was observed.

In the analysis of effect estimation in cluster A (ie, trajectories with constant high exposure) 230 offspring from
the valproate group, of which 3.9% (N=9) presented an NDD including ASD event and 702 from
lamotrigine/levetiracetam, of which 2.1% (N=15) presented an NDD including ASD event, were considered. In
cluster A, no increased risk for NDD including ASD was observed for offspring from fathers exposed to the
valproate compared to offspring from fathers exposed to lamotrigine/levetiracetam (HR: 1.72, 95% CI: 0.69,
4.29). The effect estimated in cluster B (ie, constant low exposure) considered 95 offspring from the valproate
group, of which 4.2% (N=4) presented an NDD including ASD event and 208 from lamotrigine/levetiracetam, of
which 2.9% (N=6) presented an NDD including ASD event. In cluster B, no increased risk for NDD including
ASD was observed for offspring from fathers exposed to the valproate compared to offspring from fathers
exposed to lamotrigine/levetiracetam (HR: 1.79, 95% CI: 0.48-6.72) (Table 25).
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Table 22 Effect estimation for neurodevelopmental disorders (NDD) using crude Cox regression model; Primary outcome
cohort in Norway (considering the dfbetas criterion)

Number of subjects
Number included in the model .
Variable Total N of events (after excluding Model estimates
influential subjects)
N N N % HR 95% ClI P-value
Valproate 383 0
Lamotrigine/levetiracetam 1018 23
Paternal exposure: valproate
vs lamotrigine/levetiracetam 1416 1401 98.94 - (0.00, 0.00) <0001

ASD: Autism Spectrum Disorder; Cl: Confidence interval; HR: Hazard ratio; NDD: Neurodevelopmental Disorders

Legend: a) Influential subjects were identified using the dfbetas for the main exposure coefficient

Outofthe total N = 1416 offspring, N = 15 influential subjects were identified using the dfbetas and excluded, resulting in a sample size of
N = 1401 offspring. The N = 15 excluded offspring included all NDD, including ASD events in the valproate group. The exclusion of these
events led to an invalid crude HR (95% Cl) estimate.

Table 23 Effect estimation for neurodevelopmental disorders (NDD) using crude Cox regression model; Primary outcome
cohort in Norway"

Number Number of subjects
. Total N of events included in the Model estimates
Variable model
N N N % HR 95% Cl P-value
Valproate 398 15
Lamotrigine/levetiracetam 1018 23
Paternal exposure: valproate 4 4q 1416 10000  1.60  (0.81,3.15  0.178
vs lamotrigine/levetiracetam

CI: Confidence interval; HR: Hazard ratio

Legend ' The results reported in this table comprise the crude HR (95% CI) without excluding influential subjects and this approach
represented a deviation from the study protocol

Table 24 Effect estimation for neurodevelopmental disorders (NDD) using Propensity Score weighted Cox regression
model; Primary outcome cohort in Norway

Model estimates’
Variable Totaln  Number of
events HR 95% ClI P-value
Valproate 325 13
Lamotrigine/levetiracetam 910 21
Paternal exposure: valproate vs 1235 1.76 (0.83, 3.71) 0.139
Lamotrigine/levetiracetam

CI: Confidence interval; HR: Hazard ratio; LMP2: Last menstrual period date plus 2 weeks

Legend: ' The logistic regression PS model includes all variables from Table 21, as follows: Offspring risk factors/confounders:
“Gender”; Maternal risk factors/confounders: “Mother's age”; “Affective disorder”, “Diabetes”, “Gestational diabetes”, “Neurotic disorder”,
“Obesity”, “Smoking during pregnancy”, mothers with at least one prescription of: "Concomitant medications associated with valproate-
indicated psychiatric conditions prior to LMP2”, “Concomitant medications associated with valproate-indicated psychiatric conditions during
pregnancy”, “Concomitant medications associated with neuropsychiatric adverse events prior to LMP2", “Concomitant medications
associated with neuropsychiatric adverse events during pregnancy”; Paternal risk factors/confounders: “Affective disorder”, “Bipolar

affective disorder”, “Neurotic disorder”, “Schizophrenia, schizotypal and delusional disorders”, “Substance abuse prior to LMP2, “Year of
offspring conception”
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Table 25 Effect estimation for neurodevelopmental disorders (NDD) using Propensity Score weighted Cox regression
model adjusted for K-means exposure cluster; Primary outcome cohort in Norway

Number Model estimates
Variable Total N of
events HR 95% ClI P-value
Valproate — cluster A 230 9
Lamotrigine/levetiracetam — cluster A 702 15
Valproate — cluster B 95 4
Lamotrigine/levetiracetam — cluster B 208 6
Paternal exposure: valproate vs
lamotrigine/levetiracetam 1235 ) ) 0.244
- - - 0.8155
- - - 0.963
Valproate vs lamotrigine/levetiracetam in cluster A - 1.72 (0.69, 4.29) -
Valproate vs lamotrigine/levetiracetam in cluster B - 1.79 (0.48, 6.72) -

ClI: Confidence interval; HR: Hazard ratio; LMP2: Last menstrual period date plus 2 weeks

Legend: Cluster A: constant high exposure; Cluster B: constant low exposure.

1The logistic regression PS model includes all variables from Table 21, described as follows: Offspring risk factors/confounders:
“Gender”; Maternal risk factors/confounders: “Mother’s age”; “Affective disorder”, “Diabetes”, “Gestational diabetes”, “Neurotic disorder”,
“Obesity”, mothers with at least one prescription of: "Concomitant medications associated with valproate-indicated psychiatric conditions
prior to LMP2", “Concomitant medications associated with valproate-indicated psychiatric conditions during pregnancy”, “Concomitant
medications assaciated with neuropsychiatric adverse events prior to LMP2", “Concomitant medications associated with neuropsychiatric
adverse events during pregnancy”; Paternal risk factors/confounders: “Affective disorder”, “Bipolar affective disorder”, “Mania”, “Neurotic
disorder”, “Schizophrenia, schizotypal and delusional disorders”, “Substance abuse prior to LMP2", fathers with at least one prescription
of: “Concomitant medications associated with valproate-indicated psychiatric conditions prior to LMP2", “Concomitant medications
associated with neuropsychiatric adverse events prior to LMP2”, “Year of offspring conception”
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3.2.1.8 Case assessment
This section supersedes section 10.5.1.8 from the final study report v1.1.

Overall, considering all the groups of paternal exposure, 2.9% of the offspring were identified as cases of NDD
including ASD, of which the majority (71.4%) were considered in the case assessment as a probable case
(meeting the criteria of multiple diagnosis for NDD including ASD recorded during the follow-up). The same was
observed considering valproate and lamotrigine/levetiracetam group, with a slightly higher percentage of NDD
including ASD being observed in the valproate group. Considering the valproate group, 4.1% of the offspring
were identified as cases of NDD including ASD, of which 70.6% were classified in the case assessment as
probable cases. Considering the lamotrigine/levetiracetam group, 2.4% of the offspring were identified as cases
of NDD including ASD, of which 72.0% were classified in the case assessment as probable cases (Table 26).

Table 26 Case assessment in Norway

Paternal exposure group

Total
Lamotrigine/ (valproate +
NDD Valproate levetiracetam Lamotrigine Levetiracetam lamotrigine/
levetiracetam)
Number of pregnancies N=413 N=1058 N=896 N=162 N=1471

Number of offspring
identified as casesof NDD 17 4.12% 25 2.36% 21 2.34% 4 2.47% 42 2.86%

including ASD"

Case assessment

Possible™ 5 29.41% 7 28.00% 6 28.57% 1 25.00% 12 28.57%
Probable™ 12 7059% 18  72.00% 15  71.43% 3 75.00% 30 71.43%

NDD: Neurodevelopmental disorders; ASD: Autism Spectrum Disorders

Legend: * percentages were calculated over the total pregnancies in each group

** percentages were calculated over the total number of offspring identified as cases of NDD including ASD in each group
Possible case: The offspring aged <12 years were considered a possible case if they satisfy the criteria that only one diagnosis
record for NDD including ASD was recorded during follow-up.

Probable case: The offspring aged <12 years were considered a probable case if they satisfy the criteria that multiple diagnoses
for NDD including ASD were recorded during follow-up, regardless of whether the same code was recorded multiple times or
different codes are recorded.
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3.2.1.9 Exploratory Analyses — NDD including ASD cohort

This section supersedes section 10.5.1.9 from the final study report v1.1.

3.2.1.9.1 Exposure to valproate or lamotrigine/levetiracetam in polytherapy (Exploratory analysis 5
for NDD including ASD)

This section supersedes section 10.5.1.9.1 from the final study report vi.1.

Results from exploratory analysis 5 are presented in Table 60 to Table 68 in Section 8.1.6 (see Appendix). The
analyses were performed in order to answer Exploratory Objective 5, which aimed to describe the risk factors
and frequency of NDD, including ASD in offspring paternally exposed to valproate (in combination with other
AEDs excluding lamotrigine/levetiracetam) and lamotrigine/levetiracetam (in combination with other AEDs
excluding valproate) at the time of the conception. The analysis was performed in the Primary outcome cohort
for explorative objective 5. Findings were compared to results obtained from the Primary cohort for comparative
analysis (main analysis).

For the exploratory analyses 5, the inclusion criterion was all offspring from the Primary outcome cohort
(N=3,300). After additional exclusions, a total of 204 offspring were included in this analysis, with 45 in valproate
and 159 in lamotrigine/levetiracetam group (Figure 9 and Table 60).

None of the offspring was born extremely preterm (gestational age <28 weeks) or had extremely low (<1000 g)
birth weight in the valproate polytherapy group, while these counts were 1 (0.6%) and 2 (1.3%) offspring in the
lamotrigine/levetiracetam polytherapy group, respectively. Gestational age and birth weight were similarly
distributed between the exposure groups. Compared with the valproate monotherapy in the main analysis
(Table 15), a higher proportion of females were observed in the valproate polytherapy group (57.8% vs. 48.0%
female in the main analyses) (Table 60).

The proportion of NDD including ASD was higher in the offspring paternally exposed to valproate polytherapy
(6.7% vs 3.8% in lamotrigine/levetiracetam group) (Table 61) compared with those on monotherapy in the main
analysis (3.8% valproate and 2.3% lamotrigine/levetiracetam) (Section 3.2.1.7).

Compared with the main analyses (Table 16), in this exploratory analysis mothers presented similar median
age (30 years) (Table 62), and lower proportion of comorbidities was also observed in the
lamotrigine/levetiracetam polytherapy (when compared to lamotrigine/levetiracetam monotherapy group) such
as neurotic disorders (6.3% vs. 13.5%) and affective disorders (6.3% vs 10.1%). The frequency of these
comorbidities was similar in this exploratory analysis compared with the main analysis in the valproate group
(Table 63).

Compared to those included in the main analyses, fathers included in this exploratory analysis (Table 17)
presented similar median age in the valproate (32 years vs. 34 years, respectively) and in the
lamotrigine/levetiracetam groups (34 years vs. 33 years, respectively) (Table 64). Higher proportion of
comorbidities was observed in the valproate group in the main analysis as compared with the valproate group
in the exploratory analysis 5: bipolar disorder (14.3% vs. 2.2%), and neurotic disorder (7.5% vs. 4.4%). Similar
observation was also noted in the lamotrigine/levetiracetam monotherapy (main analysis) and
lamotrigine/levetiracetam polytherapy (exploratory analysis 5): affective disorder excluding bipolar affective
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disorder and mania (22.3% vs. 5.7%), bipolar affective disorder (27.7% vs. 3.8%), and neurotic disorder (15.3%
vs. 8.8%). The most frequent indication for AED treatment was epilepsy in the exploratory analysis 5 (valproate
82.2% and lamotrigine/levetiracetam polytherapy 83.7%) (Table 66). The distribution of potential risk factors
and confounders for NDD including ASD by paternal exposure of polytherapy group were examined for the
Primary outcome cohort for Explorative Objective 5. Results of univariable analyses are presented in Table 66
to Table 68.

All the variables examined were initially selected based on literature review and clinical expert opinion, see
section 9.4.4 of the final study report v1.1 for an overview.

As observed in the main analyses (Table 15), none of the offspring characteristics were associated with paternal
polytherapy exposure (Table 66).

When compared to the main analysis (Table 16), less maternal characteristics were associated to paternal
exposure in the exploratory analyses 5 (Table 67). One maternal risk factor was statistically associated with
paternal polytherapy exposure: age (categorical, p=0.0189).

Also, less paternal characteristics were associated to paternal exposure in the exploratory
analyses 5 (Table 68), when compared to the main analyses (Table 17). One paternal characteristic,
concomitant medications associated with valproate-indicated psychiatric conditions — fathers with at least one
prescription (p=0.0094) was statistically associated with paternal polytherapy exposure.

The distribution of potential risk factors and confounders were examined by NDD including ASD group in the
Primary outcome cohort for explorative objective 5. Due to a low number of NDD events (<10), the following
tables were not produced: Association between potential offspring risk factors/confounders and NDD; primary
outcome; Association between potential maternal risk factors/confounders and NDD; primary outcome; and
Association between potential paternal risk factors/confounders and NDD; primary outcome.

3.2.1.9.2 Paternal exposure to valproate or lamotrigine/levetiracetam in discordant siblings
(Exploratory analysis 6 for NDD including ASD)

This section supersedes section 10.5.1.9.2 from the final study report v1i.1.

Results from exploratory analysis 6 are presented in Table 69 to Table 77 in Section 8.1.7. The analysis was
performed in the Primary outcome cohort for explorative objective 6. This objective aimed to describe the risk
factors and frequency of NDD including ASD, in paternally and maternally matched exposure-discordant
(valproate vs lamotrigine/levetiracetam monotherapy) siblings at conception. Findings were compared to results
obtained from the Primary cohort for comparative analysis (main analyses).

For the exploratory analyses 6, the inclusion criterion was all offspring from the Primary outcome cohort for
comparative analysis (N=1,416). After additional exclusions, a total of 2 offspring were included in this analysis,
with 1 in valproate and 1 in lamotrigine/levetiracetam group (Figure 10 and Table 69).

In exploratory analysis 6, the sample size was significantly lower than the main analysis, hence direct
comparison with the main analysis may not be ideal. But overall, both offspring were born at term in the
valproate group and the lamotrigine/levetiracetam group (Table 69). In exploratory analysis 6, the mean
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follow-up time was longer for the offspring in the valproate group (4.9 years) than lamotrigine/levetiracetam
group (1.9 years) (Table 69). Regarding clinical characteristics, none of the offspring had comorbidities, which
might be attributed to the small sample size (Table 70).

In this cohort, no event of NDD including ASD was observed (Table 70).

The mother’s age at childbirth was lower in the valproate than in the lamotrigine/levetiracetam group (30 vs 33,
respectively) (Table 71). Neither of the mothers in the valproate group or lamotrigine/levetiracetam group had
any comorbidities. Maternal polypharmacy index prior to LMP2 was 0.0 in both valproate and
lamotrigine/levetiracetam group (Table 72).

The father's age was lower in the valproate than in the lamotrigine/levetiracetam group (31 vs. 34, respectively)
(Table 73). The father in the valproate group did not have any comorbidities, and in the
lamotrigine/levetiracetam group, the father had neurotic disorder. Paternal polypharmacy index prior to LMP2
was 0.0 in valproate and 2.0 in lamotrigine/levetiracetam group (Table 74). Due to small sample size (n=2),
comparing these findings with the main analysis may not be informative.

The distribution of potential risk factors and confounders for NDD including ASD by paternal exposure to
valproate and levetiracetam were examined for the Primary outcome cohort for explorative objective 6.
Results of univariable analyses are presented in Table 75 to Table 77).

All the variables examined were initially selected based on literature review and clinical expert opinion, see
section 9.4.4 in the final study report v1.1 for an overview.

As observed in the main analyses (Table 15), none of the offspring characteristics were associated with paternal
exposure (Table 75).

Also, none of the maternal and paternal characteristics were associated with paternal exposure to valproate
or lamotrigine/levetiracetam (Table 76 and Table 77).
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3.2.1.10 Sensitivity Analyses for NDD including ASD
This section supersedes section 10.5.1.10 from the final study report v1.1.

Multiple sensitivity analyses were performed to examine the robustness of the main analysis’s findings.
Summary tables of the main results for each sensitivity analysis are presented in this section. All tables
produced for each of the sensitivity analyses are presented in a separate document (Annex document).

Findings from extending the exposure window for the primary outcome to 6 months (sensitivity analysis 1),
excluding offspring with low birth weight or born prior to 8" month for the primary cohort (sensitivity analysis 3),
simple pairwise comparisons for the exposure groups (valproate vs lamotrigine, sensitivity analysis 5),
comparing PS-matched model with covariate adjusted model for the primary cohort (sensitivity analysis 6),
examining the effect of paternal exposure to valproate on NDD in offspring exposed and unexposed to AEDs
after birth, and/or diagnosed with epilepsy (sensitivity analysis 7) and using a narrow definition of the outcome
(sensitivity analysis 11) were similar with the results observed in the main analyses (see Table 27).

After the exclusion of influential subjects, the crude Cox regression models for sensitivity analyses 1, 3, 5, 7,
and 11 led to invalid HR estimates due to the exclusion of all NDD including ASD events in the valproate group.
The crude model was rerun without considering the dfbetas criterion for sensitivity analysis 11 (which is a
deviation from the protocol, and the model was adapted due to very small numbers). In sensitivity analysis 5,
offspring in the levetiracetam exposure group had no NDD event resulting non-interpretable HR for crude Cox
regression model and PS-weighted Cox regression model adjusted for K-means exposure model (cluster B).
See Table 27 for further details.
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Table 27 Summary of main analysis and sensitivity analysis of Neuraodevelopmental Disorders (NDD) including Autism Spectrum Disorders (ASD) in Norway

HR (95% CIl) estimates HR (95% Cl) estimates
Analyses* Population considered by cluster of exposure
Crude Adjusted* Cluster A Cluster B

Main analysis
N sample = 1416

Sensitivity analysis 1
N sample = 1479

Sensitivity analysis 3
N sample = 1403

Sensitivity analysis 54
N sample = 1261

Sensitivity analysis 58
N sample = 553

Sensitivity analysis 6
N sample = 1416

Sensitivity analysis 7
N sample = 1436

Sensitivity analysis 11
N sample = 1415

See Figure 1

Extended risk window of paternal
valproate exposure (6 months)

Exclusion of offspring with low birth
weight or bom prior to 8" months

Simple pairwise comparisons for the
exposure groups: lamotrigine
(monotherapy)

Simple pairwise comparisons for the
exposure groups: levetiracetam
(monotherapy)

Comparison of PS-weighted model
with covariate adjustment model

Effect of paternal exposure to
valproate on NDD in offspring
exposed and unexposed to AEDs
after birth, and/or diagnosed with
epilepsy

Narrow definition of NDD

1.60 (0.81, 3.15)"

NA?

NA?

NA?

NA3

NAS

1.63 (0.80, 3.32)"

1.76 (0.83, 3.71)

1.86 (0.87, 3.99)

1.84 (0.87, 3.88)

1.68 (0.77, 3.67)

1.75 (0.40, 7.73)

1.60 (0.81, 3.15)"

1.92 (0.97, 3.81)

1.87 (0.86, 4.08)

1.72 (0.69, 4.29)

1.83 (0.66, 5.04)

1.85 (0.74, 4.61)

1.77 (0.68, 4.63)

1.46 (0.32, 6.72)

NAS

1.82 (0.69, 4.83)

1.79 (0.48, 6.72)

1.91 (0.60, 6.13)

1.78 (0.47, 6.69)

1.47 (0.39, 5.52)

NA*

NAS

1.85 (0.49, 6.94)

AED: Antiepileptic drug; ASD: Autism Spectrum Disorder; Cl: Confidence interval; HR: Hazard Ratio; NA: Not available; NDD: Neuradevelopment disorders; PS: Propensity score; 58

analysis comparing valproate and lamotrigine; 5° analysis comparing valproate and levetiracetam

Legend: ' Out of the total N = 1416 offspring, N = 15 influential subjects were identified using the dfbetas and excluded, resulting in a sample size of N = 1401 offspring. The N = 15 excluded
offspring included all NDD, including ASD events in the valproate group. The exclusion of these events led to an invalid HR (95% Cl) estimate. The model was rerun without considering the
dfbetas criterion, and the findings were reported.

?|nfluential subjects were identified using the dfbetas and excluded (N = 15). The N = 15 excluded offspring included all NDD, including ASD events in the valproate group. The exclusion of
these events led to an invalid crude HR (95% Cl) estimate.

3 Due to the sample size, the estimated HR was not interpretable (>100,000). Crude and adjusted models do not always use the same population leading to differences in the sample size
and number of events in the models.

4 In cluster B there are no events in the levetiracetam group, which gives a very high HR for valproate vs. levetiracetam.

5 Effect estimation for NDD using crude Cox regression model and propensity score weighted Cox regression model adjusted for K-means exposure cluster could notbe produced due to the
low number of events (less than 30 and 50 events, respectively).
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8 Out of the total N = 1415 offspring, N = 14 influential subjects were identified using the dfbetas and excluded, resulting in a sample size of N = 1401 offspring. The N = 14 excluded offspring
included all NDD, including ASD events in the valproate group. The exclusion of these events led to an invalid crude HR (95% CI) estimate. The crude model was rerun without considering
the dfbetas criterion, which represents a deviation from the protocol, and the findings were reported.

*The logistic regression PS models used in sensitivity analysis include variables following described:

Sensitivity analysis 1: Offspring risk factors/confoundiers: “Gender”; Maternal risk factors/confounders: “Mother’s Age”, “Gestational diabetes”, “Neurotic disorder”, “Obesity”, “Smoking
during pregnancy”; mothers with at least one prescription of: “Concomitant medications associated with valproate-indicated psychiatric conditions prior to LMP2", “Concomitant medications
associated with neuropsychiatric adverse events during pregnancy”; Paternal risk factors/confounders: “Affective disorder”, “Bipolar affective disorder”, “Neurotic disorder”, “Substance
abuse prior to LMP2”; fathers with at least one prescription of: “Concomitant medications associated with valproate-indicated psychiatric conditions”, “Year of offspring conception”
Sensitivity analysis 3: Offspring risk factors/confounders: “Gender”; Maternal risk factors/confounders: “Mother's Age”, “Affective disorder”, “Diabetes”, “Gestational diabetes”,
“Neurotic disorder”, “Obesity”, “Smoking during pregnancy”; mothers with at least one prescription of: “Concomitant medications associated with valproate-indicated psychiatric conditions
prior to LMP2", “Concomitant medications associated with valproate-indicated psychiatric conditions during pregnancy”, “Concomitant medications associated with neuropsychiatric adverse
events prior to LMP2", “Concomitant medications associated with neuropsychiatric adverse events during pregnancy”; Paternal risk factors/confounders: “Affective disorder”, “Bipolar
affective disorder”, “Neurotic disorder”, “Schizophrenia, schizotypal and delusional disorders”, “Substance abuse prior to LMP2", fathers with at least one prescription of “Concomitant
medications associated with neuropsychiatric adverse events”, “Year of offspring conception”

Sensitivity analysis 5*: Offspring risk factors/confounders: “Gender”; Maternal risk factors/confounders: “Mother's Age”, “Affective disorder”, “Diabetes”, “Gestational diabetes”,
“Neurotic disorder”, “Obesity” ", “Smoking during pregnancy”; mothers with at least one prescription of: “Concomitant medications associated with valproate-indicated psychiatric conditions
prior to LMP2", “Concomitant medications associated with valproate-indicated psychiatric conditions during pregnancy”, “Concomitant medications associated with neuropsychiatric adverse
events prior to LMP2", “Concomitant medications associated with neuropsychiatric adverse events during pregnancy”; Paternal risk factors/confounders: “Affective disorder”, “Bipolar
affective disorder”, “Neurotic disorder”, “Schizophrenia, schizotypal and delusional disorders”, “Substance abuse prior to LMP2", fathers with at least one prescription of “Concomitant
medications associated with valproate-indicated psychiatric conditions”, “Year of offspring conception”

Sensitivity analysis 5°: Offspring risk factors/confounders: “Gender”; Maternal risk factors/confounders: “Neurotic disorder”, mothers with at least one prescription of: “Concomitant
medications associated with valproate-indicated psychiatric conditions prior to LMP2, “Concomitant medications associated with neuropsychiatric adverse events prior to LMP2", “Concomitant
medications associated with neuropsychiatric adverse events during pregnancy”; Paternal risk factors/confounders: “Year of offspring conception”. Unbalanced variables after PS weighting
were not added to this model due to the small number of NDD events in the cohort.

Sensitivity analysis 6: No covariates were significantly associated with both the exposure and the outcome and therefore none of them was included in the model; the resulting model was
therefore the same as the crude one, and it was not estimated due to the small number of events after removal of outliers and influential subjects.

Sensitivity analysis 7. Offspring risk factors/confounders: “Gender”; Maternal risk factors/confounders: “Mother's Age”, “Affective disorder”, “Diabetes”, “Gestational diabetes”,
“Neurotic disorder”, “Obesity”, “Smoking during pregnancy”; “Concomitant medications associated with valproate-indicated psychiatric conditions prior to LMP2"; “Concomitant medications
associated with valproate-indicated psychiatric conditions during pregnancy”; “Concomitant medications associated with neuropsychiatric adverse events prior to LMP2”; “Concomitant
medications associated with neuropsychiatric adverse events during pregnancy”; Paternal risk factors/confounders: “Bipolar affective disorder”; “Neurotic disorder”; “Schizophrenia,
schizotypal and delusional disorders”; Concomitant medications associated with neuropsychiatric adverse events prior to LMP2”; “Year of offspring conception”

Sensitivity analysis 11: Offspring risk factors/confounders: “Gender”; Maternal risk factors/confounders: “Mother’s Age”’, “Diabetes”, “Neurotic disorder”, “Obesity”, “Smoking during
pregnancy”; mothers with at least one prescription of: “Concomitant medications associated with valproate-indicated psychiatric conditions prior to LMP2", “Concomitant medications
associated with neuropsychiatric adverse events prior to LMP2", “Concomitant medications associated with neuropsychiatric adverse events during pregnancy”; Paternal risk
factors/confounders: “Affective disorder”, “Bipolar affective disorder”, “Neurotic disorder”, “Schizophrenia, schizotypal and delusional disorders”, “Substance abuse prior to LMP2", “Year of
offspring conception”
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Validation of the assumption that individuals are exposed to one DDD per day (sensitivity analysis 8) was
performed among fathers who had prescriptions of AED for epilepsy, the estimated treatment durations
(estimated from the number of prescriptions as described in section 9.9.4.8 of the final study report v1.1) was
longer for fathers treated with levetiracetam 194.2 (+140.8) days followed by those treated with lamotrigine
186.1 (x131.4) days and valproate 135.9 (+83.1) days. The actual observed time between prescriptions was
longer for fathers prescribed with valproate 99.6 (+33.6) days followed by levetiracetam 88.8 (+33.5) days and
lamotrigine 87.0 (+34.4) days. The ratio (expected vs observed) was 0.99 for valproate, 0.75 for lamotrigine,
and 0.70 for levetiracetam. Under the assumption of perfect compliance of each father, the ratio for valproate
was within the approximation range 0.8-1.20 which indicate the real daily dose prescribed in congruence with
the World Health Organisation (WHO) DDD. However, the ratio for lamotrigine and levetiracetam depart from
the range indicating the real daily dose prescribed diverge from the WHO DDD (see Table 28 for further details).

Sensitivity analysis 8 was also performed among fathers who had prescriptions of AED without indication for
epilepsy, the estimated treatment durations (expected) was longer for fathers treated with lamotrigine
182.9 (£158.5) days followed by those treated with levetiracetam 149.3 (+72.8) days, and valproate
132.2 (x112.2) days. Time between prescriptions (observed) was longer for fathers prescribed with lamotrigine
929 (+33.7) days, valproate 89.9 (+30.5) days, and levetiracetam 82.0 (+41.8) days. The ratio (expected vs
observed) was 1.16 for valproate, 0.92 for lamotrigine and 0.67 for levetiracetam (Table 28). Under the
assumption of perfect compliance of each father, the ratios for valproate and lamotrigine were within the
approximation range 0.80-1.20 which indicate the real daily dose prescribed was in congruence with the WHO
DDD. However, the ratio for levetiracetam depart from the range indicating the real daily dose prescribed
diverge from the WHO DDD (see Table 28 for further details).

Table 28 Distribution of estimated treatment durations and time between prescriptions for fathers with/without an
indication for epilepsy; Primary outcome cohort in Norway

Distribution of estimated treatment Distribution of estimated treatment
durations and time between durations and time between prescriptions
prescriptions for fathers with an for fathers without an indication for
indication for epilepsy epilepsy; primary outcome
Paternal exposure group Paternal exposure group
NDD Valproate Lamotrigine Levetiracetam | Valproate Lamotrigine Levetiracetam
Number of offspring N=239 N=291 N=148 N=174 N=605 N=14
Estimated treatment 135.94 186.09 194.24 132.16 182.93 149.33
durations (expected) (83.11) (131.42) (140.76) (112.18) (158.46) (72.84)
:r";‘:czg::’;ﬁzn 99.57 86.97 88.79 89.87 92,92 82.00
(observed) (33.58) (34.40) (33.52) (30.50) (33.73) (41.76)
Ratio (expected vs 0.99 0.75 0.70 1.16 0.92 0.67
observed)

NDD: Neurodevelopmental disorders.
The expected and observed treatment duration and ratio is calculated separately for each offspring, and then the average is
calculated and reported.
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In sensitivity analysis 10, the mean paternal cumulative exposure to valproate was 64.8 (+23.7) days, while in
the lamotrigine/levetiracetam group mean paternal cumulative exposure 69.6 (+22.6) days (See Table 29). The
low number of events per covariate (n<10) after the exclusion of influential subjects prevented the Cox covariate
adjustment model to be conducted. Therefore, the following tables were not produced: Effect estimation for
NDD using Cox covariate adjustment model, Primary outcome cohort in Norway; Effect estimation for NDD
using Cox covariate adjustment model for valproate and lamotrigine treatment group, Primary outcome cohort
in Norway; and Primary outcome cohort in Norway Effect estimation for NDD using Cox covariate adjustment
model for levetiracetam treatment group, Primary outcome cohort in Norway.
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Table 29 Paternal cumulative exposure to Antiepileptic Drugs (AEDs) by paternal exposure group; Primary outcome cohort in Norway

Paternal exposure group

NDD Total

Valproate Lamotrigine/levetiracetam Lamotrigine Levetiracetam (valproate + lamotrigine/
Number of levetiracetam)
pregnancies N=398 N=1018 N=863 N=155 N=1416
Cumulative
exposure to AEDs N % N % N % N % N %
Low 129 3241 340 3340 289 3349 50 32.26 476 33.62
Medium 95 23.87 69 6.78 70 8.1 105 67.74 157 11.09
High 174 43.72 609 59.82 504 58.40 0 0.00 783 55.30
Mean (SD) 64.75 (23.67) 69.55 (2257) 68.87 (22.87) 73.34 (20.51) 68.20 (22.98)

; h _ 75

2";‘2'::“%5 75" 7550 (48.00, 84.00) 84.00 (58.00, 84.00) 84.00 (57.00, 84.00) 84.00 (73.00, 84.00) 84.00 (56.00, 84.00)
Min, max 1.00, 84.00 2.00, 84.00 2.00, 84.00 2.00, 84.00 1.00, 84.00

AED: antiepileptic drugs; NDD: neurodevelopmental disorders; SD: Standard Deviation; Min: Minimum; Max: Maximum
Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father can appear more than once. In that case, their characteristics
will be described in relationship to the exposure window for each individual offspring. Percentages are calculated over the total number of offspring.
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3.2.2 Congenital Malformations

This section supersedes section 10.5.2 from the final study report v1i.1.

3.2.2.1 Description of the offspring, maternal and paternal characteristics by paternal
exposure group

This section supersedes section 10.5.2.1 from the final study report v1.1.

The results presented below (Table 30 to Table 35) are of analyses performed in the Secondary outcome cohort
for descriptive analyses (Flowchart presented Figure 2).

Overall, the majority of offspring were male (52.1%; 49.5% in those paternally exposed to valproate and 53.1%
in those paternally exposed to lamotrigine/levetiracetam), born at term between 37-41 weeks of gestational age
(89.6%; 87.5% in those paternally exposed to valproate and 90.4% in those paternally exposed to
lamotrigine/levetiracetam) and weighing 22500 g (96.1 %, similar in both exposure groups (Table 30). Regarding
CM, 14.7% were diagnosed with CM during the overall study follow-up. In the group paternally exposed to
valproate, 7.0% had a major CM, 9.4% had a diagnosis of minor CM. In the lamotrigine/levetiracetam paternally
exposed group, 8.3% had a major CM, 8.4% had a diagnosis of minor CM (Table 31).

The most frequent adverse pregnancy outcome associated with a diagnosis of CM was intrauterine growth
retardation (IUGR), both for the valproate paternal exposure group (14.3%) and the lamotrigine/levetiracetam
paternal exposure group (9.7%) (Table 31).

Overall, the median (IQR) age of mothers from the Secondary outcome cohort for descriptive analyses at
childbirth was 30.0 (27.0, 34.0) years, similar in both exposure groups (Table 32).

The most prevalent clinical characteristics recorded in mothers prior to childbirth were gestational diabetes
(observed in 1.9% and in 2.3% of mothers of offspring from fathers exposed to valproate and of offspring from
fathers exposed to lamotrigine/levetiracetam, respectively) and diabetes (observed in 1.7% and in 2.0% of
mothers of offspring from fathers exposed to valproate and of offspring from fathers exposed to
lamotrigine/levetiracetam, respectively) (Table 33).

Smoking prior to LMP2 was recorded in 15.1% and in 12.3% of mothers of offspring from fathers exposed to
valproate and of offspring from fathers exposed to lamotrigine/levetiracetam, respectively; it is to be noted that
the corresponding proportions of missing values were 15.9% and 12.5%, respectively for this maternal
covariate. Smoking during pregnancy was recorded in 6.7% and in 4.5% of mothers of offspring from fathers
exposed to valproate and from fathers exposed to lamotrigine/levetiracetam, respectively (Table 33); the
corresponding proportions of missing values were 13.0% and 10.1%. Exposure to AEDs in mothers prior to
LMP2 and during pregnancy was very low.

Concomitant medications associated with teratogenic activity/fetal toxicity prior to LMP2 were reported in 28.1%
and 29.5% of mothers of offspring from fathers exposed to valproate and of offspring from fathers exposed to
lamotrigine/levetiracetam, respectively. Correspondingly, concomitant medications associated with teratogenic
activity/fetal toxicity during pregnancy were reported in 27.9% and in 32.5% of mothers of offspring from fathers
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exposed to valproate and of offspring from fathers exposed to lamotrigine/levetiracetam respectively (Table 33).
These exposures were considered as risk factors for CM and excluded for the comparative analysis.

Regarding fathers’ demographic characteristics, the overall median (IQR) age of fathers at childbirth was
33.0(29.0, 37.0) years; (320 [29.0-36.0] in the valproate group and 33.0[29.0-37.0] in the
lamotrigine/levetiracetam group). A larger proportion of offspring in the lamotrigine/levetiracetam group were
conceived in the latest year of the study time period, compared with the valproate group (Table 34). Regarding
fathers’ indication for AED treatment, epilepsy was reported in 57.7% of paternal valproate exposed group and
in 41.6% of paternal lamotrigine/levetiracetam exposed group (Table 35).

The K-means algorithm, analyzing DDD trajectories in fathers exposed to AEDs 3 months prior to conception
(ie, prior to LMP2) identified 2 different clusters (Figure 6), one with constant high exposure (cluster A) and one
with constant low exposure to AEDs (cluster B). A higher proportion of fathers were in cluster A (70.0%) as
compared to cluster B (30.1%) in the valproate exposed group. In the lamotrigine/levetiracetam exposed group,
similar distribution was observed among clusters (76.4% in cluster A and 23.6% in cluster B) (Table 35).

The proportion of fathers exposed to drugs with teratogenic activity/fetal toxicity in the 3 months lookback from
LMP2 was 29.1% in the valproate group and 39.8% in the lamotrigine/levetiracetam group (Table 35).
Nevertheless, this exposure was considered as risk factor for CM and offspring from parents being exposed to
these teratogenic drugs were excluded for the comparative analysis.
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Table 30 Offspring demographic characteristics by paternal exposure group; Secondary outcome cohort in Norway

(N=1,476)
Paternal exposure group
Valproate Lamotrigine/ Lamotrigine Levetiracetam Total
CM levetiracetam (valproate +
lamotrigine/
levetiracetam)
Number of pregnancies N=416 N=1060 N=897 N=163 N=1476
N % N % N % N % N %
al age ,
<28 (extremely preterm) 2 0.48 5 0.47 5 0.56 0 0.00 7 0.47
28-31 (very preterm) 3 0.72 6 0.57 5 0.56 1 0.61 9 0.61
32-36 (moderate to late preterm) 24 5.77 44 4.15 36 4.01 8 4.91 68 4.61
37-41 (at term) 364 8750 958 9038 812 9052 146 89.57 1322 89.57
242 (post-term) 23 5.53 47 4.43 39 4.35 8 4.91 70 4.74
Missing 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
<1000 (extremely low) 3 0.72 8 0.75 7 0.78 1 0.61 11 0.75
1000-1499 (very low) 1 0.24 4 0.38 3 0.33 1 0.61 5 0.34
1500-2499 (low) 15 3.61 27 2.55 22 2.45 5 3.07 42 2.85
22500 397 9543 1021 9632 865 9643 156 95.71 1418 96.07
Missing 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00

Male 206 4952 563 53.11 466 51.95 97 59.51 769 52.10

Female 210 50.48 497 46.89 431 48.05 66 4049 707 4790
Missing 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00

CM: Congenital malformation

Legend: Number of pregnancies represent the total number of live and non-live offspring with linked mother and father. The same
mother/father can appear more than once. In that case, their characteristics were described in relationship to the exposure window for each
individual offspring. Percentages were calculated over the total number of offspring.
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Table 31 Offspring clinical characteristics paternal exposure group; Secondary outcome cohort in Norway (N=1,476)

Paternal exposure group

Valproate Lamotrigine/ Lamotrigine Levetiracetam Total
CM levetiracetam (valproate +
lamotrigine/
levetiracetam)
Number of pregnancies N=416 N=1060 N=897 N=163 N=1476
N % N % N % N % N %
Cdngenltal CMV 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Congenital Herpes Simplex 0 0.00 1 0.09 1 0.11 0 0.00 1 0.07
Congenital rubella 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Congenital toxoplasmosis 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Congenital varicella 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Feetal alcohol syndrome 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
cM 63 15.14 154 14.53 129 14.38 25 15.34 217 14.70
Major CM (at any time) 29 6.97 88 8.30 75 8.36 13 7.98 117 7.93
Minor CM (at any time) 39 9.38 89 8.40 72 8.03 17 10.43 128 8.67
Stillbirth 3 476 3 1.95 2 1.55 1 4.00 6 2.76
Spontaneous abortion °© 0 0.00 2 1.30 2 1.55 0 0.00 2 0.92
Intrauterine growth retardation 9 14.29 15 9.74 13 10.08 2 8.00 24 11.06
Perinatal mortality 4 6.35 3 1.95 2 1.55 1 4.00 7 3.23

CM: Congenital malformations; CMV: Cytomegalovirus

Legend: Number of pregnancies represent the total number of live and non-live offspring with linked mother and father. The same mother/father can appear more than once. In that case,
their characteristics were described in relationship to the exposure window for each individual offspring. Percentages were calculated over the total number of offspring.

a) between index (12" week of gestation in Norway, 22™ week of gestation in Denmark) and exit date

b) denominator for the percentage is the number of offspring with CM.
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Table 32 Maternal demographic characteristics by patemal exposure group; Secondary outcome cchort in Norway (N=1,476)

Paternal exposure group

Valproate Lamotrigine/ Lamotrigine Levetiracetam Total
CM levetiracetam (valproate + lamotrigine/
levetiracetam)
Number of pregnancies N=416 N=1060 N=897 N=163 N=1476
N % N % N % N % N %

<20 years 11 264 21 1.98 19 212 2 1.23 32 217
21-25 66 15.87 160 15.09 133 14.83 27 16.56 226 15.31
26-30 150 36.06 372 35.09 303 33.78 69 4233 522 35.37
31-35 135 3245 324 30.57 284 31.66 40 2454 459 31.10
36-40 49 11.78 156 14.72 139 15.50 17 10.43 205 13.89
>40 5 1.20 27 255 19 212 8 491 32 217
Mean (SD) 29.89 (4.90) 30.42(5.12) 30.49 (5.10) 30.04 (5.26) 30.27 (5.07)

Median (25" - 75" percentile) 30 (27.00, 33.00) 30 (27.00, 34.00) 30(27.00, 34.00) 29 (26.00, 33.00) 30 (27.00, 34.00)

Min, max 18.00, 43.00 17.00, 45.00 17.00, 45.00 17.00, 43.00 17.00, 45.00

Missing 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00

CM: Congenital malformations; Min: Minimum; Max: Maximum; SD: Standard deviation.

Legend: Number of pregnancies represent the total number of live and non-live offspring with linked mother and father. The same mother/father can appear more than once. In that case,
their characteristics were described in relationship to the exposure window for each individual offspring. Percentages were calculated over the total number of offspring.

a) at index (12" week of gestation in Norway, 22" week of gestation in Denmark)
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Table 33 Maternal clinical characteristics by paternal exposure group; Secondary outcome cohort in Norway (N=1,476)

Paternal exposure group

CM Valproate Lamotrigine/ Lamotrigine Levetiracetam (val.:;‘:ct):Ite +
levetiracetam lamotrigine/
levetiracetam)

Number of pregnancies N=416 N=1060 N=897 N=163 N=1476

N % N % N % N % N %
Diabetes 2 7 1.68 21 1.98 21 2.34 0 0.00 28 1.90
Epilepsy 2 7 1.68 15 1.42 12 1.34 3 1.84 22 1.49
Obesity ° 6 1.44 10 0.94 10 1.1 0 0.00 16 1.08
CMV © 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Folate deficiency © 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Gestational diabetes °© 8 1.92 24 2.26 23 2.56 1 0.61 32 2.17
Herpes simplex virus °© 1 0.24 1 0.09 1 0.1 0 0.00 2 0.14
Rubella ¢ 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Toxoplasmosis © 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Varicella ¢ 0 0.00 1 0.09 1 0.11 0 0.00 1 0.07
Alcohol abuse prior to LMP2 b 1 0.24 2 0.19 2 0.22 0 0.00 3 0.20
Alcohol abuse during pregnancy °© 1 0.24 1 0.09 1 0.1 0 0.00 2 0.14
Substance abuse prior to LMP2 P 2 0.48 4 0.38 4 0.45 0 0.00 6 0.41
Substance abuse during pregnancy ¢ 2 0.48 1 0.09 1 0.1 0 0.00 3 0.20
Smoking priorto LMP2 b
Yes 63 15.14 130 12.26 118 13.15 12 7.36 193 13.08
No 287 68.99 798 75.28 666 74.25 132 80.98 1085 73.51
Missing 66 15.87 132 12.45 113 12.60 19 11.66 198 13.41

Smoking during pregnancy ©
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Paternal exposure group

CM Valproate Lamotrigine/ Lamotrigine Levetiracetam (val-:r,ctazlte +
levetiracetam lamotrigine/
levetiracetam)
Number of pregnancies N=416 N=1060 N=897 N=163 N=1476
N % N % N % N % N %
Yes 28 6.73 48 4.53 47 5.24 1 0.61 76 5.15
No 334 80.29 905 85.38 760 84.73 145 88.96 1239 83.94
Missing 54 12.98 107 10.09 90 10.03 17 10.43 161 10.91
Exposure to AEDs prior to LMP2
Valproate 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Lamotrigine 0 0.00 15 1.42 15 1.67 0 0.00 15 1.02
Levetiracetam 0 0.00 2 0.19 2 0.22 0 0.00 2 0.14
Barbiturates and derivatives 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Hydantoin derivatives 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Oxazolidine derivatives © 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Succinimide derivatives 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Benzodiazepine derivatives 1 0.24 0 0.00 0 0.00 0 0.00 1 0.07
Carboxamide derivatives 3 0.72 2 0.19 1 0.1 1 0.61 5 0.34
Fatty acid derivatives 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Other antiepileptics 0 0.00 18 1.70 17 1.90 1 0.61 18 1.22
Exposure to AEDs during pregnancy ¢
Valproate 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Lamotrigine 0 0.00 13 1.23 13 1.45 0 0.00 13 0.88
Levetiracetam 0 0.00 2 0.19 2 0.22 0 0.00 2 0.14
Barbiturates and derivatives 1 0.24 0 0.00 0 0.00 0 0.00 1 0.07
Hydantoin derivatives 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Oxazolidine derivatives © 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
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Paternal exposure group

CM Valproate Lamotrigine/ Lamotrigine Levetiracetam (val-::-:r,ct):Ite +
levetiracetam lamotrigine/
levetiracetam)
Number of pregnancies N=416 N=1060 N=897 N=163 N=1476
N % N % N % N % N %
Succinimide derivatives 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Benzodiazepine derivatives 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Carboxamide derivatives 3 0.72 2 0.19 1 0.1 1 0.61 5 0.34
Fatty acid derivatives 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Other antiepileptics 0 0.00 16 1.51 15 1.67 1 0.61 16 1.08
K means cluster prior to LMP2 ¢
Unexposed 413 99.28 1041 98.21 880 98.10 161 98.77 1454 98.51
Group A' 2 0.48 14 1.32 12 1.34 2 1.23 16 1.08
Group B! 1 0.24 5 0.47 5 0.56 0 0.00 6 0.41
K means cluster during pregnancy °
Unexposed 412 99.04 1042 98.30 881 98.22 161 98.77 1454 98.51
Group A2 2 0.48 11 1.04 9 1.00 2 1.23 13 0.88
Group B? 2 0.48 7 0.66 7 0.78 0 0.00 9 0.61
Matemal exposure to teratogenic
f:;::l'g’g’flg'r o LMP2 9 - mothers with at 117 2813 313 2053 267 2977 46 2822 430 29.13
least one prescription
Matemal exposure to teratogenic
activitylfetal 116 27.88 344 3245 204 3278 50 3067 460 31.17

toxicity during pregnancy © - mothers with at
least one prescription

AED: Antiepileptic Drug; CM: Congenital Malformations; CMV: Cytomegalovirus; LMP2: Last menstrual period date plus 2 weeks
Legend: Cluster A': constant moderate exposure, Cluster B': constant low exposure
Cluster A% constant low exposure, Cluster BZ moderate to low exposure
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Table 34 Paternal demographic characteristics by paternal exposure group; Secondary outcome cohortin Norway (N=1,476)

Paternal exposure group

Valproate Lamotrigine/ Lamotrigine Levetiracetam Total
CM levetiracetam (valproate + lamotrigine/
levetiracetam)
Number of pregnancies N=416 N=1060 N=897 N=163 N=1476
N % N % N % N % N %

<20 years 4 0.96 7 0.66 5 0.56 2 1.23 1 0.75

21-25 37 8.89 82 7.74 67 7.47 15 9.20 119 8.06

26-30 116 27.88 266 25.09 219 24.41 47 28.83 382 25.88

31-35 142 34.13 340 32.08 283 31.55 57 3497 482 3266

36-40 86 20.67 229 21.60 204 22.74 25 15.34 315 21.34

>40 31 745 136 12.83 119 13.27 17 1043 167 11.31

Missing 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00

Mean (SD) 3245 (5.67) 33.47 (6.25) 33.66 (6.29) 3242 (5.91) 33.19 (6.11)

Median (25" - 75" percentile) 32 (29.00, 36.00) 33 (29.00, 37.00) 33 (29.00, 38.00) 32 (28.00, 36.00) 33 (29.00, 37.00)

Min, max 19.00, 52.00 17.00, 63.00 17.00, 63.00 20.00, 51.00 17.00, 63.00

ear

2009 24 577 63 5.94 57 6.35 6 3.68 87 5.89

2010 46 11.06 118 11.13 109 12.15 9 552 164 11.11

2011 43 10.34 89 840 78 8.70 11 6.75 132 8.94

2012 51 12.26 110 10.38 95 10.59 15 9.20 161 10.91

2013 42 10.10 104 9.81 83 9.25 21 12.88 146 9.89

2014 47 11.30 114 10.75 96 10.70 18 11.04 161 10.91

2015 49 11.78 116 10.94 93 10.37 23 14.11 165 11.18

2016 40 9.62 111 1047 96 10.70 15 9.20 151 10.23

2017 34 817 101 953 81 9.03 20 12.27 135 9.15

2018 32 7.69 109 10.28 89 9.92 20 12.27 141 9.55

102



DocuSign Envelope ID: 3BBAOESC-1EBC-417C-8506-5FBF3BF4A64B

e

SRR
o )

PASS - Paternal exposure to valproate — Corrigendum to the Final Report v1.1

V1.0, 02 October 2023

Paternal exposure group
Valproate Lamotrigine/ Lamotrigine Levetiracetam Total
cM levetiracetam (valproate + lamotrigine/
levetiracetam)
Number of pregnancies N=416 N=1060 N=897 N=163 N=1476
N % N % N % % N %
2019 8 1.92 25 2.36 20 2.23 5 3.07 33 224

CM: Congenital malformations; Min: Minimum; Max: Maximum; SD: Standard deviation.

their characteristics were described in relationship to the exposure window for each individual offspring. Percentages were calculated over the total number of offspring.

a)
b)

atindex (12" week of gestation in Norway, 22™ week of gestation in Denmark)
at mother's LMP2

Legend: Number of pregnancies represent the total number of live and non-live offspring with linked mother and father. The same mother/father can appear more than once. In that case,
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Table 35 Paternal clinical characteristics by paternal exposure group; Secondary outcome cohort in Norway (N=1,476)

Paternal exposure group

Valproate Lamotrigine/ Lamotrigine Levetiracetam Total
cm levetiracetam (valproate +
lamotrigine/
levetiracetam)

Number of . N=416 N=1060 N=897 N=163 N=1476

umber of pregnancies N % N % N % N % N %
AED indication
Epilepsy 240 57.69 441 41.60 292 32.55 149 91.41 681 46.14
Bipolar affective disorder and mania 56 13.46 290 27.36 290 32.33 0 0.00 346 23.44
Other/unknown 120 28.85 329 31.04 315 35.12 14 8.59 449 30.42
K means cluster 2
Cluster A 291 69.95 810 76.42 675 75.25 135 82.82 1101 74.59
Cluster B 125 30.05 250 23.58 222 24.75 28 17.18 375 25.41
Paternal exposure to teratogenic activity/fetal 121 29.09 422 39.81 382 4259 40 24.54 543 36.79

toxicity 2
AED: Antiepileptic drugs; CM: Congenital malformations; LMP2: Last menstrual period date plus 2 weeks
Legend: Number of pregnancies represent the total number of live and non-live offspring with linked mother and father. The same mother/father can appear more than once. In that case,
their characteristics were described in relationship to the exposure window for each individual offspring. Percentages were calculated over the total number of offspring.
a) 3-months lookback from LMP2
Cluster A: constant high exposure; Cluster B: constant low exposure
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12 14

10

Bays covared

Times

Legend: Times refers to the 14-days interval during which exposure is assessed (in this case, 6 14 days interval [ie, 3 months]);
Days covered refers to days covered in each 14-day interval; Defined Daily Dose (DDD) trajectories: Cluster A: constant high
exposure; Cluster B: constant low exposure. The percentage shows the proportion of fathers exposed to valproate and
lamotrigine/levetiracetam in each cluster.

Figure 6 Mean defined daily dose (DDD) trajectories for fathers exposed to Antiepileptic Drugs (AEDs) in the 3 months
lookback prior to Last Menstrual Period Date Plus 2 weeks LMP2 in Norway

3.2.2.2 Cumulative incidence proportion
This section supersedes section 10.5.2.2 from the final study report vi.1.

Considering the overall study follow-up, the incidence proportion of CM (major and minor as composite) among
offspring paternally exposed to valproate (n=63, 15.1%, 95% CI: 11.7, 18.6) appeared to be higher than those
paternally exposed to lamotrigine/levetiracetam (n=154, 14.5, 95% CI: 12.4, 16.7). The Cls were slightly
overlapping, which does not support differences between exposure groups (Table 36).
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Table 36 Cumulative incidence proportion (risk) of CM by paternal exposure group; Secondary outcome cohort in Norway (N=1,476)

Paternal exposure group

CMm

Valproate

Lamotrigine
llevetiracetam
(composite)

0-1 years

1-2 years

2-3 years

3-4 years

4-5 years

5-6 years

6-7 years

N
n
n/N*100
N
n
n/N*100
N
n
n/N*100
N
n
n/N*100
N
n
n/N*100
N
n
n/N*100
N
n
n/N*100
N

416
45
10.82 (7.83, 13.80)
360
7
1.94 (0.52, 3.37)
323
4
1.24 (0.03, 2.44)
287
1
0.35 (-0.33, 1.03)
249
1
0.40 (-0.38, 1.19)
207
3
1.45 (-0.18, 3.08)
168
0
0.00 (0.00, 0.00)
130

1060
102
9.62 (7.85, 11.40)
907
22
2.43 (1.42, 3.43)
795
8
1.01 (0.31, 1.70)
699
6
0.86 (0.17, 1.54)
594
2
0.34 (-0.13, 0.80)
502
5
1.00 (0.13, 1.86)
391
1
0.26 (-0.24, 0.76)
299

Lamotrigine

897
85
9.48 (7.56, 11.39)
770
19
2.47 (1.37, 3.56)
681
7
1.03 (0.27, 1.79)
602
4
0.66 (0.02, 1.31)
512
2
0.39 (-0.15, 0.93)
438
5
1.14 (0.15, 2.14)
342
1
0.29 (-0.28, 0.86)
266

Levetiracetam

163
17
10.43 (5.74, 15.12)
137
3
2.19 (-0.26, 4.64)
114
1
0.88 (-0.83, 2.59)
97
2
2.06 (-0.77, 4.89)
82
0
0.00 (0.00, 0.00)
64
0
0.00 (0.00, 0.00)
49
0
0.00 (0.00, 0.00)
33

Total
(valproate +
lamotrigine

llevetiracetam)

1476
147

9.96 (8.43, 11.49)

1267
29
2.29 (1.47, 3.11)
1118
12
1.07 (0.47, 1.68)
986
7
0.71 (0.19, 1.23)
843
3
0.36 (-0.05, 0.76)
709
8
1.13 (0.35, 1.91)
559
1
0.18 (-0.17, 0.53)
429
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Paternal exposure group

CMm

Valproate

Lamotrigine
llevetiracetam
(composite)

7-8 years

8-9 years

9-10+ 2years

Overall (0-10 years)

n
n/N*100
N
n
n/N*100
N
n
n/N*100
N
n
n/N*100

1
0.77 (-0.73, 2.27)
82
1
1.22 (-1.16, 3.60)
49
0
0.00 (0.00, 0.00)
416
63

15.14 (11.70, 18.59)

4
1.34 (0.04, 2.64)
209
4
1.91 (0.0, 3.77)
126
0
0.00 (0.00, 0.00)
1060
154

1453 (12.41, 16.65)

Lamotrigine

2
0.75 (-0.29, 1.79)
191
4
2.09 (0.06, 4.12)
118
0
0.00 (0.00, 0.00)
897
129

14.38 (12.08, 16.68)

Levetiracetam

2
6.06 (-2.08, 14.20)
18
0
0.00 (0.00, 0.00)
8
0
0.00 (0.00, 0.00)
163
25

15.34 (9.81, 20.87)

Total
(valproate +
lamotrigine

llevetiracetam)

5
1.17 (0.15, 2.18)
291
5
1.72 (0.23, 3.21)
175
0
0.00 (0.00, 0.00)
1476
217
14.70 (12.90, 16.51)

CM: Congenital malformations
Legend: Number of offspring at risk at the beginning of each year of follow-up (N), number of offspring with a new event during the year (n) and proportion (n/Nx100) with 95% confidence

interval (Cl) was presented.

a) For countries where the index date was the 12" or 22™ week of pregnancy, follow-up time in years was longer than age in years, therefore some offspring were >10 years of follow-up

by the time they were censored upon 10" birthday. For this reason, the table shows 10+ years".
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3.2.2.3 Association between potential offspring risk factors/confounders for CM and
paternal exposure group

This section supersedes section 10.5.2.3 from the final study report vi.1.

Association between potential covariates (risk factors and confounders) for CM and paternal exposure group
was assessed in the Secondary outcome cohort for comparative analyses. Results of the crude associations
are shown in Table 37 to Table 39.

For the offspring, none of the characteristics a priori considered as potential risk factor/confounder was
associated with paternal exposure (Table 37).

None of the maternal characteristics a priori considered as potential risk factors or confounders (see Table 5 of
the final study report v1.1) was significantly associated with paternal exposure to valproate or
lamotrigine/levetiracetam (Table 38).

Likewise, none of the paternal characteristics a priori considered as a potential risk factor or confounder was
significantly associated with paternal exposure (Table 39).

Table 37 Association between potential offspring risk factors/confounders for CM by patemal exposure group; Secondary
outcome cohort in Norway (N=513)

Paternal exposure group Comparison
Lamotrigine/ Lamotrigin Levetiraceta Valproate vs
Valproate levetiraceta e m Total Lamotrigine
CM m (valproate + llevetiraceta
lamotrigine/levetiraceta m
Number of pregnancies m)
N=169 N=344 N=277 N=67 N=513 N=513
N % N % N % N % N %
Offspring risk factors/
confounders®
Congenital CMV o % o o000 o0 o000 o 000 0 0.00 -
Congenital Herpes 0.0 )
Simplex 0 0 0 0.00 0 0.00 0 0.00 0 0.00
Congenital rubella o % 0o o000 o0 o000 o 000 0 0.00 -
Congenital 0.0
toxoplasmosis 0 0 0 0.00 0 0.00 0 0.00 0 0.00 -
Congenital varicella o % 0o o000 o0 o000 o 000 0 0.00 -
Fetalalcohol syndrome 0 %° 0 000 0 000 0 000 0 0.00 -

CM: Congenital malformations; CMV: Cytomegalovirus

Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father can appear
more than once. In that case, their characteristics were described in relationship to the exposure window for each individual offspring.
Percentages were calculated over the total number of offspring. Difference between categorical variables were tested using Chi-square
independence test; however, if the frequency of any of the categories analyzed was less than 5 Fischer's Exact test was used. Differences
between continuous variables were tested using two-sample t-tests, or Mann-Whitney test in case the distribution of the variable was not
normal.

a) between index (12" week of gestation in Norway, 22" week of gestation in Denmark) and exit date

* A non-parametric test was used in this comparison. Fisher’s exact test was used for categorical variables. For continuous variables, the

Mann-Whitney U test was performed.
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Table 38 Association between potential maternal risk factors/confounders for CM by paternal exposure group; Secondary outcome cohort in Norway (N=513)

Paternal exposure group Comparison
Valproate Lamotrigine/ Lamotrigine Levetiracetam Valproate vs

CM levetiracetam Total Lamotrigine

(valproate + lamotrigine/ llevetiracetam
levetiracetam)

Number of N=169 N=344 N=277 N=67 N=513 N=513

pregnancies N % N % N % N % N %

T

confoundel

Mother’s age ?

(categorical)

<20 years 1 0.59 7 2.03 5 1.81 2 2,99 8 1.56 -

21-25 21 1243 50 14.53 39 14.08 1 16.42 71 13.84 -

26-30 73 43.20 123 35.76 92 33.21 31 46.27 196 38.21 -

31-35 56 33.14 105 30.52 90 3249 15 22.39 161 31.38 -

36-40 18 10.65 51 14.83 45 16.25 6 8.96 69 13.45 -

>40 0 0.00 8 233 6 217 299 8 1.56 -

- 9.16

Test statistics - - - - - - - - ) ) (0.1027)

Mother’s age ®

(continuous)

Mean (SD) 30.09 (4.12) 30.35(5.03) 30.59 (5.01) 29.36 (5.03) 30.26 (4.75) 42666.00 (0.6264)°

Median (25" - 30 30 31 29 30 )

75" percentile) (28.00, 33.00) (27.00, 34.00) (27.00, 34.00) (26.00, 32.00) (27.00, 33.00)

Min, max 20.00, 40.00 17.00, 43.00 17.00, 43.00 17.00, 43.00 17.00, 43.00 -

Missing 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 -

Diabetes ® 0 0.00 2 0.58 2 0.72 0 0.00 2 0.39 1.00 (1.0000)

Obesity © 2 1.18 2 0.58 2 0.72 0 0.00 4 0.78 0.60 (0.6015)"

Alcohol abuse

prior to LMP2 ¢ 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 -

Alcohol abuse

during 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 -

pregnancy ¢
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Paternal exposure group

Comparison

CM

Number of
pregnancies

Valproate

N=169

Lamotrigine/
levetiracetam

N=344

Lamotrigine

N=277

N=67

Levetiracetam

Total

(valproate + lamotrigine/

levetiracetam)

N=513

Valproate vs
Lamotrigine
llevetiracetam

N=513

%

N %

%

%

%

Substance
abuse prior to
LMP2 ¢
Substance
abuse during
pregnancy ¢
Smoking prior
to LMP2 ©

No

Yes

Missing

Test statistics
without
'Missing'
category
Smoking
during
pregnancy
No

Yes

Missing

Test statistics
without
'Missing'
category
CmMmv ¢

Folate
deficiency 4
Gestational
diabetes ¢
Herpes simplex
virus ¢

Rubella 4

123
19
27

138
1
20

o O N O o

0.00

0.00

7278
11.24
15.98

81.66
6.51
11.83

0.00
0.00

0.00
0.00

1 0.29

0 0.00

264 76.74
34 9.88
46 13.37

289 84.01
15 4.36
40 11.63

0.00
0.00

0.58

0.00

o O N O o

0.00

21
28
38

230
14
33

o O N O o

0.36

0.00

76.17
10.11
13.72

83.03
5.05
11.91

0.00
0.00

0.72

0.00
0.00

53

59

o O o o o

0.00

0.00

79.10
8.96
11.94

88.06
1.49
10.45

0.00
0.00

0.00

0.00
0.00

1

387
53
73

427
26
60

o ©Oo & O o

0.19

0.00

7544
10.33
14.23

83.24
5.07
11.70

0.00
0.00

0.78

0.00
0.00

1.00 (1.0000)*

0.35
(0.5526)

1.11
(0.2925)

0.60 (0.6015)'
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Paternal exposure group Comparison
Valproate Lamotrigine/ Lamotrigine Levetiracetam Valproate vs
CMm levetiracetam Total Lamotrigine
(valproate + lamotrigine/ llevetiracetam
levetiracetam)
Number of N=169 N=344 N=277 N=67 N=513 N=513
pregnancies N % N % N % N % N %
Toxoplasmosis 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 -
Varicella ¢ 0 0.00 1 0.29 1 0.36 0 0.00 1 0.19 1.00 (1.0000)

CM: Congenital malformations; CMV: Cytomegalovirus; LMP2: Last menstrual period date plus 2 weeks; Min: Minimum; Max: Maximum; SD: Standard deviation
Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father can appear more than once. In that case, their characteristics
were described in relationship to the exposure window for each individual offspring. Percentages were calculated over the total number of offspring. Difference between categorical variables
were tested using Chi-square independence test; however, if the frequency of any of the categories analyzed was less than 5 Fischer’s Exact test was used. Differences between continuous
variables were tested using two-sample t-tests, or Mann-Whitney test in case the distribution of the variable was not normal.

a) atindex (12" week of gestation in Norway, 22" week of gestation in Denmark)

b) all available data prior to index date

Cc) 12-months lookback from LMP2
d) during pregnancy (from LMP2 until the earliest of the first record of a diagnosis of major CM (or if absent the first record of any CM diagnosis), and the date of end of pregnancy)

* A non-parametric test was used in this comparison. Fisher’s exact test was used for categorical variables. For continuous variables, the Mann-Whitney U test was performed.

Table 39 Association between potential paternal risk factors/confounders for CM by paternal exposure group; Secondary outcome cohort in Norway (N=513)

Paternal exposure group Comparison

CM

Valproate Lamotrigine/ Lamotrigine Levetiracetam Valproate vs
levetiracetam Total Lamotrigine
(valproate + lamotrigine/ /levetiracetam
Number of levetiracetam)
_pregnancies N=169 N=344 N=277 N=67 N=513 N=513
N % N % N % N % N %
k Father's age
2 (categorical)
<20 years 0.00 4 1.16 2 0.72 2.99 4 0.78 -
21-25 4.73 27 7.85 18 6.50 13.43 35 6.82 -
26-30 54 31.95 90 26.16 71 25.63 19 28.36 144 28.07 -
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Paternal exposure group Comparison
CM
Valproate Lamotrigine/ Lamotrigine Levetiracetam Valproate vs
levetiracetam Total Lamotrigine
(valproate + lamotrigine/ /levetiracetam
Number of levetiracetam)
pregnancies N=169 N=344 N=277 N=67 N=513 N=513
N % N % N % N % N %
31-35 57 33.73 107 31.10 82 29.60 25 37.31 164 31.97 -
36-40 40 23.67 79 2297 70 25.27 1343 119 23.20 -
>40 10 592 37 10.76 34 12.27 448 47 9.16 -
- 8.09
Test statistics - - - - - - - - - - (0.1511)
Father's
age ?®
(continuious)
42633.50
Mean (SD) 32.90 (5.11) - 33.12 (5.99) - 33.61 (6.05) - 31.09 (5.33) - 33.04 (5.71) - (0.6120)
oo 750 32,00 ) 33.00 ) 33.00 ) 32.00 ) 32,00 ) )
percentile) (29.00, 36.00) (29.00, 37.00) (29.00, 38.00) (27.00, 35.00) (29.00, 37.00)
Min, max 22.00, 52.00 - 20.00, 53.00 - 20.00, 53.00 - 20.00, 44.00 - 20.00, 53.00 - -
Year of
offspring
conception B¢
2009-2013 79 46.75 168 48.84 138 49.82 30 4478 247 48.15 -
2014-2019 90 53.25 176 51.16 139 50.18 37 55.22 266 51.85 -
- 0.20
Test statistics - - - - - - - - - - (0.6559)

CM: Congenital malformations; LMP2: Last menstrual period date plus 2 weeks; Min: Minimum; Max: Maximum; SD: Standard deviation
Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father can appear more than once. In that case, their characteristics
were described in relationship to the exposure window for each individual offspring. Percentages were calculated over the total number of offspring. Difference between categorical variables
were tested using Chi-square independence test; however, if the frequency of any of the categories analyzed was less than 5 Fischer's Exact test was used. Differences between continuous
variables were tested using two-sample t-tests, or Mann-Whitney test in case the distribution of the variable was not normal.

a) atindex (12" week of gestation in Norway, 22™ week of gestation in Denmark)

b) at mother’'s LMP2

c) calendar years will be grouped in each country according to the length of the study period
* A non-parametric test was used in this comparison. Fisher's exact test was used for categorical variables. For continuous variables, the Mann-Whitney U test was performed.
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3.2.2.4 Association between potential offspring risk factors/confounders and CM
This section supersedes section 10.5.2.4 from the final study report v1.1.

Association between covariates (potential risk factors/confounders) and occurrence of CM was assessed in the
Secondary outcome cohort for comparative analyses. Results of crude associations are shown in Table 40 to
Table 42.

None of the offspring or paternal characteristics were found to be associated with CM event
in Norway (Table 40 and Table 42).

For maternal characteristics (Table 41), only smoking during pregnancy (OR: 3.21, 95% Cl: 1.33, 7.74,
p=0.0096) was associated with CM.
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Table 40 Association between potential offspring risk factors/confounders and CM; Secondary outcome cohort in Norway (N=513)

Overall Event Non-event Event vs non-event
cm OR Test
N % N % N % (95% CI) statistics,
p-value
Congenital CMV
No 513 100.00 70 13.65 443 86.35 - -
Yes 0 0.00 0 0.00 0 0.00 - -
Congenital Herpes Simplex
No 513 100.00 70 13.65 443 86.35 - -
Yes 0 0.00 0 0.00 0 0.00 - -
Congenital rubella
No 513 100.00 70 13.65 443 86.35 - -
Yes 0 0.00 0 0.00 0 0.00 - -
Congenital toxoplasmosis
No 513 100.00 70 13.65 443 86.35 - -
Yes 0 0.00 0 0.00 0 0.00 - -
Congenital varicella
No 513 100.00 70 13.65 443 86.35 - -
Yes 0 0.00 0 0.00 0 0.00 - -
Fetal alcohol syndrome
No 513 100.00 70 13.65 443 86.35 - -
Yes 0 0.00 0 0.00 0 0.00 - -

CM: Congenital malformations; CMV: Cytomegalovirus; OR: Odds ratio; Cl: Confidence interval

Legend: Percentages were calculated over the total number of offspring. The overall column represents the number and percentage of offspring with each characteristic (percentage was
calculated over the total number of offspring). The columns Event/Non-Event represent the number and percentage of events and non-events (CM) in each subgroup defined by the
characteristic (percentage was calculated over the number of offspring with the characteristic, ie, row percentage). The association between each characteristic and the outcome was tested
by fitting a logistic regression model, and the odds ratios (OR) with 95% confidence intervals (Cl) and likelihood ratio (Wald) test were reported.
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Table 41 Association between potential maternal risk factors/confounders and CM; Secondary outcome cohort in Norway

CMm

Mother’s age 2 (categorical)
<20 years

21-25

26-30

31-35

36-40

>40

Wald test

Diabetes ®

No

Yes

Obesity ¢

No

Yes

Alcohol abuse prior to LMP2 ¢
No

Yes

Alcohol abuse during pregnancy ¢
No

Yes

Substance abuse prior to LMP2 ¢
No

Yes

Overali Event Non-event Event vs Non-event
o Test statistics,

N % N % N % OR (95% CI) p-value

8 1.56 1 12.50 7 87.50 0.86 (0.10, 7.24) -

71 13.84 8 11.27 63 88.73 0.76 (0.33, 1.76) -
196 38.21 28 14.29 168 85.71 Reference -
161 31.38 22 13.66 139 86.34 0.95 (0.52, 1.73) -

69 13.45 10 14.49 59 85.51 1.02 (0.47, 2.22) -

8 1.56 1 12.50 7 87.50 0.86 (0.10, 7.24) -

0 0.00 0 0.00 0 0.00 - 0.47, 0.9933
511 99.61 69 13.50 442 86.50 Reference -

2 0.39 1 50.00 1 50.00 6.41 (0.40, 103.61) 1.71, 0.1909
509 99.22 69 13.56 440 86.44 Reference -

4 0.78 1 25.00 3 75.00 2.13 (0.22, 20.73) 0.42, 0.5163
513 100.00 70 13.65 443 86.35 - -

0 0.00 0 0.00 0 0.00 - -
513 100.00 70 13.65 443 86.35 - -

0 0.00 0 0.00 0 0.00 - -
512 99.81 70 13.67 442 86.33 Reference -

1 0.19 0 0.00 1 100.00 0.00 (0.00, I) 0.00, 0.9914
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Overall Event Non-event Event vs Non-event
oM N % N % N % OR (95% CI) asiri
Substance abuse during pregnancy ¢
No 513 100.00 70 13.65 443 86.35 - -
Yes 0 0.00 0 0.00 0 0.00 - -
Smoking prior to LMP2 ©
No 387 75.44 48 12.40 339 87.60 Reference -
Yes 53 10.33 10 18.87 43 81.13 1.64 (0.77, 3.48) -
Missing 73 14.23 12 16.44 61 83.56 - -
Wald test without ‘Missing’ category - - - - - - - 1.67, 0.1957
Smoking during pregnancy ¢
No 427 83.24 52 12.18 375 87.82 Reference -
Yes 26 5.07 8 30.77 18 69.23 3.21 (1.33,7.74) -
Missing 60 11.70 10 16.67 50 83.33 - -
Wald test without ‘Missing’ category - - - - - - - 6.70, 0.0096
CMv d
No 513 100.00 70 13.65 443 86.35 - -
Yes 0 0.00 0 0.00 0 0.00 - -
Folate deficiency 9
No 513 100.00 70 13.65 443 86.35 - -
Yes 0 0.00 0 0.00 0 0.00 - -
Gestational diabetes ¢
No 509 99.22 70 13.75 439 86.25 Reference -
Yes 4 0.78 0 0.00 4 100.00 0.00 (0.00, 1) 0.00, 0.9888
Herpes simplex virus 9
No 513 100.00 70 13.65 443 86.35 - -
Yes 0 0.00 0 0.00 0 0.00 - -
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Overall Event Non-event Event vs Non-event

oM N % N % N % OR (95% Cl) T

Rubella ¢

No 513 100.00 70 13.65 443 86.35 - -

Yes 0 0.00 0 0.00 0 0.00 - -

Toxoplasmosis ¢

No 513 100.00 70 13.65 443 86.35 - -

Yes 0 0.00 0 0.00 0 0.00 - -

Varicella ¢

No 512 99.81 70 13.67 442 86.33 Reference -

Yes 1 0.19 0 0.00 1 100.00 0.00 (0.00, 1) 0.00, 0.9914

CM: Congenital malformations; CMV: Cytomegalovirus; LMP2: Last menstrual period date plus 2 weeks; OR: Odds ratio; Cl: Confidence interval

Legend: The overall column represents the number and percentage of offspring with each characteristic (percentage was calculated over the total number of offspring). The columns
Event/Non-Event represent the number and percentage of events and non-events (CM) in each subgroup defined by the characteristic (percentage was calculated over the number of offspring
with the characteristic, ie, row percentage). The association between each characteristic and the outcome was tested by fitting a logistic regression model, and the odds ratios (OR) with 95%
confidence intervals (Cl) and likelihood ratio (Wald) test were reported.

a) atindex (12" week of gestation in Norway, 22™ week of gestation in Denmark)

b) all available data prior to index date

c) 12-months lookback from LMP2
during pregnancy (from LMP2 until the earliest of the first record of a diagnosis of major CM (or if absent the first record of any CM diagnosis), and the date of end of pregnancy)
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Table 42 Association between potential paternal risk factors/confounders and CM; Secondary outcome cohort in Norway

Overall Event Non-event Event vs non-event
cM N % N % N % OR (95% Cl) Te’;;s::::f:;cs
Father’s age 2 (categorical)
<20 years 4 0.78 0 0.00 4 100.00 0.00 (0.00, 1) -
21-25 35 6.82 3 8.57 32 91.43 0.64 (0.18, 2.27) -
26-30 144 28.07 23 16.97 121 84.03 1.29 (0.68, 2.45) -
31-35 164 31.97 21 12.80 143 87.20 Reference -
36-40 119 23.20 15 12.61 104 87.39 0.98 (0.48, 2.00) -
>40 47 9.16 8 17.02 39 82.98 1.40 (0.57, 3.39) -
Wald test - - - - - - - 2.04, 0.8439
Year of offspring conception b.¢
2009-2013 247 48.15 34 13.77 213 86.23 Reference -
2014-2019 266 51.85 36 13.563 230 86.47 0.98 (0.59, 1.62) -
Wald test - - - - - - - 0.01, 0.9392

ClI: Confidence interval; CM: Congenital malformations; LMP2: Last menstrual period date plus 2 weeks; OR: Odds ratio
Legend: The overall column represents the number and percentage of offspring with each characteristic (percentage was calculated over the total number of offspring). The columns
Event/Non-Event represent the number and percentage of events and non-events (CM) in each subgroup defined by the characteristic (percentage was calculated over the number of offspring
with the characteristic, ie, row percentage). The association between each characteristic and the outcome was tested by fitting a logistic regression model, and the odds ratios (OR) with 95%
confidence intervals (ClI) and likelihood ratio (Wald) test were reported.

a) atindex (12" week of gestation in Norway, 22™ week of gestation in Denmark)

b) at mother’s LMP2
calendar years will be grouped in each country according to the length of the study period
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3.2.2.5 Variable estimates from propensity score
This section supersedes section 10.5.2.5 from the final study report v1.1.

The PS logistic model did not converge due to a quasi-complete separation exacerbated by the low event
numbers. Also, in the random forest model, all values for variable importance were 0 after the exclusion of
outliers. For these reasons it was not possible to produce the following results and tables: Variable estimates
from logistic regression PS model; Variable importance metric from random forest PS model; Variable estimates
from logistic regression informed by random forest PS model; Balance of risk factors/confounders between
offspring weighted using PS scores obtained with logistic regression; Balance of risk factors/confounders
between offspring weighted using PS scores obtained with random decision forest PS model; Balance of risk
factors/confounders between offspring weighted using PS scores obtained with logistic regression informed by
random forest PS model; Effect estimation for CM using PS-weighted logistic model; and Effect estimation for
CM using PS-weighted logistic model on offspring with concordant K-means exposure cluster. Likewise, the
following figure was also not produced: Balance of PS Model 1- Logistic Regression; Secondary outcome cohort
in Norway.

Only the effect estimation for CM using the crude logistic regression was generated and is presented
in Table 43.

3.2.2.6 Effect estimation for Congenital Malformation
This section supersedes section 10.5.2.6 from the final study report v1.1.

The effect estimation for CM was assessed by using crude logistic regression model as presented in Table 43.
In this model 513 subjects were included, with 169 offspring in the valproate group and 344 in the
lamotrigine/levetiracetam group. The number of offspring with CM in the valproate and
lamotrigine/levetiracetam group was 24 (14.2%) and 46 (13.4%), respectively. The OR of CM was 1.06 (95%
Cl:0.62, 1.82) between offspring of fathers exposed to valproate when compared to offspring of fathers exposed
to lamotrigine/levetiracetam.

Table 43 Effect estimation for congenital malformations (CM) using crude logistic model; Secondary outcome cohort in

Norway.
Total N Number of events Model estimates
Variable
N N OR 95% Cl P-value
Valproate 169 24
Lamotrigine/levetiracetam 344 46
Paternal exposure: valproate vs 513 1.06 (0.62, 1.82) 0.8326

lamotrigine/levetiracetam
OR: Odds ratio; Cl: Confidence interval
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3.2.2.7 Exploratory Analyses - CM cohort

This section supersedes section 10.5.2.7 from the final study report v1.1.

3.2.2.7.1 Exposure to valproate or lamotrigine/levetiracetam in polytherapy (Exploratory analysis 5
for CM)

This section supersedes Section 10.5.2.7.1 from the final study report v1.1.

Results from exploratory analysis 5 are presented in Table 78 to Table 86 in Section 8.1.8. The analysis was
performed in the Secondary outcome cohort for explorative objective 5, in order to answer Exploratory Objective
5, which aimed to describe the risk factors and frequency of CM in offspring paternally exposed to valproate (in
combination with other AEDs excluding lamotrigine/levetiracetam) and lamotrigine/levetiracetam (in
combination with other AEDs excluding valproate) at the time of the conception.

For the exploratory analyses 5, the inclusion criterion was all offspring from the Secondary outcome cohort
(N=3,315). After additional exclusions, a total of 35 offspring were included in this analysis, with 3 in valproate
and 32 in lamotrigine/levetiracetam group (Figure 11).

In exploratory analysis 5, the sample size was significantly lower than the main analysis, hence direct
comparison with the main analysis may not be ideal. Overall, all offspring were born at term in the valproate
polytherapy group (100%) while 90.6% born at term in the lamotrigine/levetiracetam polytherapy (Table 78).
Majority of offspring in the main analysis was also born at term (Table 30). Regarding clinical characteristics,
none of the offspring had comorbidities which might be attributed to the small sample size (Table 79).

Median age of mothers at childbirth was lower in the valproate polytherapy than in the lamotrigine/levetiracetam
polytherapy (26.0, IQR 21.0, 30.0 vs. 28.5, IQR 26.0, 33.0, respectively) (Table 80). None of the mothers in the
valproate polytherapy had comorbidities, and in the lamotrigine/levetiracetam polytherapy, one mother had
gestational diabetes in exploratory analysis 5. Smoking prior to LMP2 was 0.0% in both valproate and
lamotrigine/levetiracetam polytherapy. Smoking during pregnancy was 0.0% in the valproate polytherapy and
3.1% in the lamotrigine/levetiracetam polytherapy (Table 81). Due to small sample size (N=35), comparing
these findings with the main analysis may not be informative.

Median age of fathers was lower in the valproate polytherapy than in the lamotrigine/levetiracetam polytherapy
(27.0, IQR 25.0, 32.0 vs. 32.0, IQR 28.0, 34.5, respectively) in exploratory analysis 5 (Table 82). Epilepsy was
the most common indication for valproate (100.0%) polytherapy and lamotrigine/levetiracetam polytherapy
(90.6%) (Table 83).

The distribution of potential risk factors and confounders for CM by paternal exposure to valproate polytherapy
and lamotrigine/levetiracetam polytherapy were examined for the Secondary outcome cohort for explorative
objective 5. Results of univariable analyses are presented in Table 84 to Table 86.

All the variables examined were initially selected based on literature review and clinical expert opinion, see
Section 9.4.4 in the study report v1.1 for an overview.

As observed in the main analyses (Table 37, Table 38, and Table 39), none of the offspring, maternal and
paternal characteristics were associated with paternal exposure (Table 84, Table 85, and Table 86).
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3.2.2.7.2 Paternal exposure to valproate or lamotrigine/levetiracetam in discordant siblings
(Exploratory analysis 6)

This section supersedes Section 10.5.2.7.2 from the final study report v1.1.

Results from exploratory analysis 6 are presented in Table 87 to Table 92 in Section 8.1.9. The analysis was
performed in the Secondary outcome cohort for explorative objective 6. This objective aimed to describe the
risk factors and frequency of CM, in paternally and maternally matched exposure-discordant (valproate vs
lamotrigine/levetiracetam monotherapy) siblings at conception.

For the exploratory analyses 6, the inclusion criterion was all offspring from the Secondary outcome cohort for
comparative analysis (N=513). After additional exclusions, a total of 1 offspring were included in this analysis,
with 0 in valproate and 1 in lamotrigine/levetiracetam group (Figure 12 and Table 87).

In exploratory analysis 6, the sample size is significantly lower than the main analysis and there was no single
offspring in the valproate group, hence direct comparison with the main analysis may not be ideal. But overall,
the 1 offspring included in the lamotrigine/levetiracetam group, was born at term, had birth weight 22500 gram,
and was female (Table 87). No comorbidities were reported in this exploratory analysis (Table 88).

The mother's age at childbirth was 25 years in the lamotrigine/levetiracetam group (Table 89). No maternal
comorbidities and no smoking was reported in either prior to LMP2 or during pregnancy (Table 90).

The father’s age at childbirth was 30 years in the lamotrigine/levetiracetam group (Table 91). The father had an
AED indication for epilepsy in the lamotrigine/levetiracetam group (Table 92).

Results for exploratory analysis 8 are not reported in this final report. For further details, please see the
addendum to the final study report v1.1.

3.2.2.8 Sensitivity analyses for CM
This section supersedes section 10.5.2.8 from the final study report v1.1.

Multiple sensitivity analyses were performed to examine the robustness of the main analysis finding. Summary
tables of the main results for each of sensitivity analysis were prepared and are presented in this section. All
tables produced for each of the sensitivity analysis are presented in a separate document.

Sensitivity analysis 4 was performed for the CM handling missing CM diagnosis comparing valproate with
lamotrigine/levetiracetam. Overall, the findings in the crude logistic regression model (OR: 1.06, 95% CI: 0.62,
1.82) and PS-weighted logistic model on offspring with concordant K-means exposure cluster (cluster A
(constant high exposure to AEDs): OR 0.58, 95% CI: 0.14, 2.29; and cluster B (constant low exposure to AEDs):
OR 0.83, 95% CI: 0.40, 1.73) were consistent with the main analyses. No increase in the risk of CM observed
in the PS-weighted adjusted logistic regression model (OR: 0.76, 95% CI: 0.40, 1.44).

Sensitivity analysis 5 was performed for the CM outcome comparing valproate with lamotrigine, and valproate
with levetiracetam separately as presented in Table 44. The crude logistic regression model estimation for CM
in the sensitivity analysis 5, for both simple pairwise comparison between valproate and lamotrigine, and
valproate and levetiracetam, was consistent with the estimate observed in the main analysis. See Table 44 for
further detail.
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In the PS adjusted logistic regression model, the simple pairwise comparisons between valproate and
lamotrigine showed a non-significant lower risk of CM in the offspring (OR of valproate and lamotrigine
0.86, 95% CI: 0.46, 1.59), but a non-significant higher risk of CM when comparing offspring exposed to
valproate and levetiracetam (OR of valproate and levetiracetam 1.60, 95% CI: 0.57, 4.52). The number of
offspring with CM in the simple pairwise comparison between valproate and lamotrigine was 19 and 35,
respectively. For simple pairwise comparison between valproate and levetiracetam the number of offspring with
CM was 20 and 5, respectively (Data not shown). See Table 44 for further details.

In sensitivity analysis 6, there were zero patients with CM in the valproate exposure group after removing
outliers. Therefore, the logistic regression model did not converge, and the OR estimation was not possible.
OR, 95% CI and p-values were not presented.

Sensitivity analysis 9 focused on live births for CM outcome. Findings from this analysis produced similar
estimates as with the main analysis (live-birth or non-live-birth) in the crude logistic regression model, PS
adjusted logistic regression model and PS-weighted logistic model on offspring with concordant K-means
exposure cluster. See Table 44 for further details.

In sensitivity analysis 10, the mean paternal cumulative exposure to valproate was 66.4 (+22.7) days,
while in the lamotrigine/levetiracetam group mean paternal cumulative exposure 69.0 (+23.4) days reported
(see Table 45). Due to the low number of events per covariate (or covariate category), the following tables were
not produced: Effect estimation for CM using logistic covariate adjustment model; secondary outcome; Effect
estimation for CM using logistic covariate adjustment model for valproate treatment group; secondary outcome;
Effect estimation for CM using logistic covariate adjustment model for lamotrigine treatment group; secondary
outcome; and Effect estimation for CM using logistic covariate adjustment model for levetiracetam treatment
group; secondary outcome.

The number of events reported in the valproate group and lamotrigine/levetiracetam group were 12 and 25,
respectively (data not shown).

Among fathers exposed to valproate, all CM events were observed in offspring of fathers with high cumulative
exposure to valproate (12 events). However, no CM event was reported for low cumulative exposure and
medium exposure groups. Hence, the logistic regression covariate adjustment model did not converge, and the
Cl and p-values were not created. The OR were not possible to interpret (Table not shown).

Likewise, among fathers exposed to lamotrigine, all CM events were observed in offspring of fathers with high
cumulative exposure to lamotrigine (19 events). However, no CM event was reported for low cumulative
exposure and medium exposure groups. Hence, the logistic covariate adjustment model did not converge, and
the CI and p-values were not created. The OR were not possible to interpret (Table not shown).
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Table44 Summary of main analysis and sensitivity analyses for the Secondary outcome cohort in Norway

OR (95% CI) estimates

OR (95% CI) estimates by cluster of

Analyses* Population considered exposure
Crude Adjusted* Cluster A Cluster B
Main analysis .
N sample = 513 Please check Section 3.2.2.6 1.06 (0.62, 1.82) NA NA NA
fle;asr:;)‘l’:‘; g’;g'ys's 4 Handiing of missing CM diagnosis 1.06 (0.62, 1.82) 0.76 (0.40, 1.44) 0.58 (0.14,2.29)  0.83 (0.40, 1.73)

Sensitivity analysis 54
N sample = 446

Sensitivity analysis 55
N sample = 236

Sensitivity analysis 9
N sample = 513

Simple pairwise comparisons for the
exposure groups: lamotrigine
(monotherapy)

Simple pairwise comparisons for the
exposure groups: levetiracetam
(monotherapy)

Narrow case definition for secondary
outcome

1.02 (0.58, 1.79)

1.23 (0.52, 2.89)

1.06 (0.62, 1.82)

0.86 (0.46, 1.59)

1.60 (0.57, 4.52)

0.76 (0.40, 1.44)

0.50 (0.14,1.78)  1.03 (0.51, 2.11)

NA' NA'

0.58 (0.14,2.29)  0.83 (0.40, 1.73)

OR: Odds ratio; ClI: confidence intervals; LMP2: Last Menstrual Period Plus 2 weeks; NA: not available; 5* analysis comparing valproate and lamotrigine; 5® analysis comparing

valproate and levetiracetam
Legend: ' The logistic regression model did not converge. The odds ratios of valproate across K-means cluster were not shown.

*The logistic regression PS models used in sensitivity analysis include variables following described:
Sensitivity analysis 4: Maternal risk factors/confounders: “Diabetes”, “Substance abuse prior to LMP2", “Smoking during pregnancy”, “Varicella during pregnancy”
Sensitivity analysis 5% Maternal risk factors/confounders: "Smoking during pregnancy”; Paternal risk factors/confounders: “Year of offspring conception”

Sensitive analysis 5°: Paternal risk factors/confounders: “Year of offspring conception”. In sensitivity analysis 58, unbalanced confounders (“Smoking during pregnancy”)
were not entered into the model because they were not retained in the PS model.
Sensitivity analysis 9: Maternal risk factors/confounders: “Diabetes”, “Substance abuse prior to LMP2", “Smoking during pregnancy”, “Varicella during pregnancy”
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Table 45 Paternal cumulative exposure to Antiepileptic drugs (AEDs) by paternal exposure group; Secondary outcome cohort in Norway

Paternal exposure group

CM Lamotrigine/ Total
Valproate levetiracetam Lamotrigine Levetiracetam (valproate + lamotrigine/

Number of levetiracetam)
pregnancies N=169 N=344 N=277 N=67 N=513
Cumulative
exposure to
AEDs
Low 56 33.14 114 33.14 93 3357 22 32.84 170 33.14
Medium 33 19.53 25 7.27 17 6.14 7 10.45 58 11.31
High 80 47.34 205 59.59 167 60.29 38 56.72 285 55.56
Mean (SD) 66.41 (22.65) 68.97 (23.36) 69.27 (23.11) 67.72 (24.50) 68.12 (23.14)

. i
y;“d:?;g:tile) 80.00 (52.00, 84.00) 84.00 (58.00, 84.00) 84.00 (58.00, 84.00) 84.00 (55.00, 84.00) 84.00 (56.00, 84.00)

Min, max 1.00, 84.00 2.00, 84.00 5.00, 84.00 2.00, 84.00 1.00, 84.00

AED: Antiepileptic drugs; CM: Congenital malformations; Min: Minimum; Maximum; SD: Standard deviation.
Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father can appear more than once. In that case, their
characteristics will be described in relationship to the exposure window for each individual offspring. Percentages are calculated over the total number of offspring.
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4.Discussion

This section supersedes section 11 from the final study report v1.1.

Valproate-containing medicines are approved in the European Union to treat epilepsy and bipolar disorder (2).
In October 2014, PRAC published an assessmentreport (AR, EMEA/H/A-31/1387) with a review of all available
information from non-clinical, clinical, and pharmaco-epidemiological studies, published literature, spontaneous
reports, and the opinions of the relevant experts on the safety and efficacy of valproate use (3). In this review,
the teratogenic effect of valproate use during pregnancy suggested that children born to women who received
valproate during pregnancy had a significantly higher risk of CM involving various body system.

Besides, the PRAC reviewed the evidence from a number of prospective and retrospective observational
studies on the effects of valproate on cognitive development in pregnancy, despite limited data available on
long-term outcomes (3). The available data showed that valproate exposure during pregnancy may harm a
child's mental and physical development (4). Whereas AED may have potential teratogenic effects, the precise
mode of action of valproate causing NDD, including ASD, or CM, is still unclear. As suggested by Christensen
and colleagues, potential mechanisms include neuronal death or plasticity, impairment of folic acid metabolism,
histone deacetylase inhibition, interference with neurotransmitter function (4). Therefore, due to the observed
increased risk of CM and of NDD in offspring after valproate exposure in utero, the use of valproate in women
of childbearing potential (suffering of epilepsy and bipolar disorder) and in pregnant women suffering of epilepsy
has been restricted to circumstances where there is no other effective alternative treatment available, and it
has been contraindicated during pregnancy for bipolar disorder (2,3). Despite the increased attention for the
role of maternal exposure there have been few studies on the effects of paternal AED exposure on offspring
(5--8). So far, only 4 studies have been published addressing the paternal exposure to AEDs on birth outcomes
(5-8). Engeland et al. found a higher risk of birth defects of the urinary system in offspring paternally exposed
to AEDs, though they could not differentiate among this class of medications (5). In a Danish nationwide cohort
study, Yang et al. observed no higher risk of CM in the offspring paternally exposed to AEDs though these
authors also did not differentiate among AED classes (7). Velby and colleagues found no evidence of negative
effects of paternal exposure to AEDs on the NDD risk of the offspring, though the study did not differentiate
between various AEDs (6). Only the study of Tomson and colleagues assessed the risk of major CM as well as
risk of different subtypes of NDDs (diagnoses of (i) ASD, (ii) attention deficit hyperactivity disorder [ADHD] and
(iii) intellectual disability, separately) in the offspring from fathers exposed to valproate, on monotherapy, for
epilepsy, during conception, compared with offspring from fathers with epilepsy unexposed to AEDs during
conception (8). The authors found no association between paternal exposure to valproate, or other AEDs, at
the time of conception, and major CM or NDDs in the offspring.

The potential impact of paternal use of valproate was discussed during the PRAC referral conducted in 2018,
and in an effort to increase knowledge on the association between paternal exposure to valproate and the risk
of congenital anomalies and neurodevelopmental disorders, including autism, in offspring, a retrospective
observational study was recommended (9).

Therefore, a PASS was conducted, to assess the risk of NDD, including ASD, and CM in the offspring from
fathers exposed to valproate in monotherapy at conception, compared to offspring from fathers exposed to
lamotrigine/levetiracetam in monotherapy. This final report presents the results of this PASS. Paternal exposure
to valproate (monotherapy) was compared to paternal exposure to lamotrigine/levetiracetam (composite
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monotherapy). The primary outcome of interest was NDD including ASD and the secondary outcome was CM
(minor and major). The multivariable adjusted associations were described independently of potential impact of
measured clinical and demographic characteristics of the study population. This study was conducted in
3 countries, Sweden, Norway and Denmark, as these were the only available databases with father-offspring
linkage.

4.1 Key Results

This section supersedes section 11.1 from the final study report v1.1.

4.1.1 Primary outcome cohort — Neurodevelopmental disorder including
autism spectrum disorder

This section supersedes section 11.1.1 from the final study report v1.1.

Country-specific results pooled in a meta-analysis were computed to achieve a more precise summary estimate
of the observed effect size. Pooled risk ratios and hazard ratios of NDD including ASD in offspring paternally
exposed to valproate compared with offspring paternally exposed to lamotrigine/levetiracetam were calculated
across the 3 countries.

The pooled hazard ratios were estimated, and no higher risk was observed in the crude pooled estimate (HR
1.13, 95% ClI: 0.85-1.49), but after pooling the PS-adjusted HRs, a significantly higher risk of NDD including
ASD among offspring from fathers exposed to valproate in comparison to lamotrigine/levetiracetam group (HR
1.50, 95% CI: 1.09-2.07) was observed.

Main analysis — Effect estimation of the association between paternal exposure to valproate and NDD
including ASD

When assessing the association of paternal exposure to valproate in each of the 3 study countries separately,
no difference in the risk of experiencing NDD including ASD events was observed in offspring from the valproate
group compared with the lamotrigine/levetiracetam group.

The crude Cox regression models showed a non-significant HR of 0.94 (95% CI: 0.60, 1.46, N=1,950) in
Denmark, 1.16 (95% CI: 0.76, 1.76, N=2,355) in Sweden, and 1.60 (95% CI: 0.81, 3.15, N=1,416) in Norway.

These results showed that for all countries, in earlier years of the study a higher proportion of offspring was
conceived in the valproate group, while in more recent years, a higher proportion of offspring was conceived in
the lamotrigine/levetiracetam group, although the variation observed for Norway was minor. For example, in
Denmark: year of offspring conception 1996-2001: valproate 26.1%, N=207 versus lamotrigine/levetiracetam
5.0%, N=58, and year of offspring conception 2013-2018: valproate 15.6%, N=124 versus
lamotrigine/levetiracetam 39.2%, N=381. In Sweden: year of offspring conception 2006-2010: valproate 39.8%,
N=370 versus lamotrigine/levetiracetam 21.8%, N=311, and year of offspring conception 2016-2019: valproate
19.6%, N=182 versus lamotrigine/levetiracetam 36.6%, N=521. However, in Norway, the number of offspring
conceived between the 2 groups is comparable: 48.7%, N=194 of offspring in the valproate group, were
conceived between 2009-2013 versus 44.8%, N=456 in the lamotrigine/levetiracetam group, and 51.3%, N=204
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of offspring in the valproate group were conceived between 2014-2019 versus 55.2%, N=562 in the
lamotrigine/levetiracetam group. This could be attributed to the fact that the study period started in 2010, a time
when lamotrigine/levetiracetam therapy had already been established in the market. Therefore, fathers (and
consequently their offspring) are more evenly distributed between the 2 groups. Moreover, the follow-up time
in Norway is shorter in comparison to Denmark and Sweden. Besides, in Sweden, 83% of offspring in the
valproate group were identified as probable cases versus 63.5% in the lamotrigine/levetiracetam group. This
may be attributed to a shorter follow-up period in the lamotrigine/levetiracetam group leading to the detection
of fewer probable cases than in the valproate group. In Norway, the proportion of offspring identified as probable
cases in the valproate and lamotrigine/levetiracetam groups is comparable (70.6% and 72.0%, respectively).
For Denmark, an opposite trend was observed, with 60% of offspring in the valproate group identified as
probable cases versus 70% in the lamotrigine/levetiracetam group. Also, compared to Sweden and Norway, in
Denmark the maternal risk factor profile was worse in the lamotrigine/levetiracetam groups (eg, more smokers,
a higher percentage of IlUGR, higher exposure to teratogens), which might also contribute to the divergent
findings.

To reduce the follow-up bias, due to the shorter follow-up period in the lamotrigine/levetiracetam group
compared to the valproate group, as well as to account for other confounders, a PS-weighted Cox proportional
hazards regression model was used to estimate the HR of NDD. This model was adjusted for differences in
follow-up time, and the year of conception was considered in the PS model. Yet, the HR may change over time
and by reporting a single average HR, the distribution of events during follow-up was not taken into
consideration (10). Therefore, the different length of the follow-up may have significantly influenced these
findings. Adjusted survival curves, or adjusted cumulative risk curves, would have been more informative than
the average HR measure (10). Over the study period, the frequency of events was lower than 10% in the
3 study countries, thus making the adjusted Kaplan-Meier curve difficult to compute and interpret.

Besides, considering the observational nature of the study, the potential biases caused by confounding by
indication were unavoidable. Indeed, different AEDs are prescribed for different types and severity of epilepsy
(and bipolar disorders). However, measures of severity of the treated disorders were not available in the data
sources precluding adjustment for this in the regression models.

In line with the findings observed in the crude models, no significant higher risk of NDD, including ASD, in
offspring from fathers exposed to valproate versus those from fathers exposed to lamotrigine/levetiracetam was
observed in the PS-weighted Cox regression models, in each of the 3 study countries: HR of 1.34 (95% CI:
0.79, 2.25) in Denmark, 1.54 (95% CI: 0.95, 2.51) in Sweden, and of 1.76 (95% CI: 0.83, 3.71) in Norway. For
Denmark, the PS-weighted Cox regression model was additionally adjusted for variables considered as risk
factors and/or confounders that were still unbalanced after PS weighting (ie, maternal affective disorder, and
maternal concomitant medications associated with valproate-indicated psychiatric conditions during
pregnancy). For maternal concomitant medications associated with valproate-indicated psychiatric conditions
during pregnancy that remained unbalanced after weighting, the HR was 3.29 (95% CI: 1.38, 7.83). Despite the
fact that when unbalanced covariates are included in PS-weighted models, double adjustment, as performed
in the current study, reduces residual confounding (11). Given the magnitude of the effect observed for maternal
concomitant medications associated with valproate-indicated psychiatric conditions during pregnancy, either
stratification or exclusion would have provided both an evaluation and a control for this confounder. Finally, an
analysis adjusted for clusters of exposure was performed to account for intensity and evolution of exposure
over time. No higher risk of NDD including ASD was observed whatever the trajectories of exposure, but higher
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estimates, though not significant, were observed at higher doses and prolonged treatment trajectories in
Denmark and Sweden, as opposed to Norway in which a higher HR was observed at lower doses (HR for
cluster A: 1.72, 95% CI (0.69, 4.29) versus HR for cluster B: 1.79, 95% CI (0.48, 6.72). However, the sample
size in Cluster A was larger than the sample size in Cluster B. This difference in sample sizes may have
impacted the accuracy of the HR estimates. As observed for cluster B, with its smaller sample size, the wider
Cl result in increased uncertainty around the HR estimate.

Stronger associations were observed in adjusted models compared with crude models for all 3 countries. This
trend moving the point estimates away from the null, may reflect handling of confounding effects in the PS
models. In particular, since the crude non-significant association no longer captures the partial effect of the
omitted confounders (ie, omitted variable bias), as suggested by higher rates of confounding factors in the
levetiracetam/lamotrigine group than in the valproate group, after adjustment, it rather reflects the “less biased”
effect of the association between the exposure and the outcome (12).

Additionally, to assess the impact of the PS-weighted model computed for each country, a Cox regression
model adjusted for the set of identified confounders in each country was computed to estimate the HR of NDD,
including ASD. Results from this sensitivity analysis (sensitivity analysis 6) showed similar aHRs compared to
those obtained from the PS-weighted models, in Denmark and Sweden. However, this comparison was not
possible for Norway since the exclusion of influential subjects led to aHR impossible to estimate. The Cox
covariate adjustment model was rerun without considering the dfbetas criterion, and, no covariates were
associated with both the exposure and the outcome, which resulted in the same model as the one in the crude
main analysis of NDD, including ASD. Not considering the dfbetas criterion implies that outliers and influential
subjects were not removed from the analysis. However, it is important to note that the removal of influential
subjects encompassed all events in the valproate group. This is likely due to the small numbers observed in
this analysis. Consequently, the model estimates derived are likely not very robust as they are based on very
few cases. Several other sensitivity analyses were performed aiming to explore the robustness of the estimated
risk of the study outcomes. For most of the sensitivity analyses, the results overall described similar results
when compared to those observed in the main analysis.

An association between paternal valproate exposure and the occurrence of NDD, was also found in another
sensitivity analysis (sensitivity analysis 11), in which a narrow composite NDD case definition was used. In this
definition, major NDD diagnoses only (excluding mental disorder, not otherwise specified, other specified
behavioral and emotional disorders with onset usually occurring in childhood and adolescence disorders, tic
disorders, stereotyped movement disorders, essential tremor, other specified forms of tremor, myoclonus,
other chorea, other specified extrapyramidal and movement disorders, extrapyramidal and movement disorder,
unspecified, Idiopathic nonfamilial dystonia, spasmodic torticollis, idiopathic orofacial dystonia, blepharospasm,
other dystonia, dystonia, unspecified, extrapyramidal and movement disorders in diseases classified
elsewhere), including ASD, were considered. A significant, moderate, association was observed between
paternal exposure to valproate in the 3 months before conception and the occurrence of diagnoses of major
NDD, including ASD in Sweden (PS-weighted HR: 1.70, 95% CI: 1.02, 2.81), a similar but non-significant point
estimates were observed in Norway (PS-weighted HR: 1.87, 95% CI: 0.86, 4.08), and a non-significant but
stronger than the main analysis result in Denmark (PS-weighted HR: 1.59, 95% CI: 0.89, 2.86). Results from
the main analysis, considering all NDD, including ASD showed a gradient toward risk dilution (in Denmark,
PS-weighted, HR: 1.34 [95% CI: 0.79, 2.25]; in Sweden, HR: 1.54 [95% CI: 0.95, 2.51]; in Norway, HR: 1.76
[95% CI: 0.83, 3.71]). However, most of the "minor NDD diagnoses" did not have any events recorded. In the
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valproate group in Norway, after using a narrow composite case definition, the number of events decreased
from 15 events (in the main analysis) to 14 events (in sensitivity analysis 11) out of 398 offspring. In the
lamotrigine/levetiracetam group, there were 23 events out of 1,018 offspring in the main analysis and 21 events
out of 1,017 offspring in sensitivity analysis 11. Additionally, in each country, the "tic disorder" was frequently
excluded from the analysis, and interestingly, this disorder was more prevalent in the lamotrigine/levetiracetam
group. This may have resulted in an increased risk when this disorder was excluded from the analysis. When
assessing a wider exposure window (6 months) to investigate whether there was an effect of valproate beyond
the spermatogenic cycle, the results, although not statistically significant, were similar to those observed in the
main analysis as presented in section 10.3.1.10 for Denmark and 10.4.1.9 for Sweden in the final study report
v1.1, and section 3.2.1.10 for Norway in this corrigendum. However, in Denmark, offspring born to fathers who
had constant low valproate exposure had a non-significantly lower risk of NDD, including ASD (when compared
to those who had constant high valproate exposure).

We furthermore investigate the possibility of a mediator effect of preterm birth in the association between
exposure to AEDs and NDD occurrence could be present. Thus, a sensitivity analysis excluding extremely low
birth weight, very preterm and extremely preterm new-born was done to explore the potential impact introduced
in the main analysis by inclusion of this subpopulation of offspring, because conditioning on mediators may lead
to a biased estimate. This sensitivity analysis produced very similar results compared to the main results. Since
low birth weight, very preterm, and extremely preterm new-born were used as proxies for IUGR, the likelihood
that bias was introduced as a consequence of the inclusion of this subpopulation in the Primary outcome
comparative cohort in the 3 study countries cannot be ruled out. Nevertheless, considering that ultrasound
biometry is essential for the diagnosis of IUGR (13) and the difficulty of obtaining good quality data in real-world
studies, low birth weight, very preterm, and extremely preterm are reasonable proxies, and have been used in
several perinatal epidemiological studies (14—16).

For the main analysis, the comparator group included irrespective exposure to either lamotrigine or
levetiracetam. Thus, a sensitivity analysis was performed comparing valproate paternal exposure to separately
lamotrigine (sensitivity analysis 5*) and levetiracetam (sensitivity analysis 58) paternal exposure to evaluate
differential effect of using one or the other comparator. The 3 AEDs are usually used for different type of epilepsy
or potentially for other indications. For instance, lamotrigine may be prescribed for depression in the setting of
bipolar disorder, but levetiracetam is not. Valproate could be used in acute mania in the context of bipolar
disorder. Additionally, levetiracetam is approved and used in monotherapy for focal epilepsy and, despite not
being approved, is used in monotherapy for generalized seizures, while valproate is now essentially used as a
first-line treatment in cases of idiopathic generalized epilepsy and lamotrigine in cases of refractory partial
epilepsy and generalized epilepsy not responding to valproate. Another issue relates to the different periods of
licensing, resulting in systematic differences in the treated populations. The results of the comparison between
those exposed to valproate and those exposed to lamotrigine were similar to the association estimated in the
main analysis. When the HRs were estimated by clusters of exposure, the same trend was observed, although
the association in Cluster A, constant high exposure in Sweden was even stronger than the one observed in
the main analysis. The comparison results with the levetiracetam exposure group were difficult to interpret, with
contradictory findings between the 3 countries. It should be noted that this was the smallest group of exposure
in all 3 countries, and the number of events in this exposure group was also very small.

The WHO DDD is the assumed average maintenance dose per day for a drug used for its main indication, ie,
epilepsy for the studied AEDs, in adults. However, this may not represent the suggested or prescribed daily
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dose. Due to individual characteristics (such as indication, age, weight, ethnic variations, kind and severity of
disease), pharmacokinetic considerations, and other factors, therapeutic doses for certain patients and patient
groups will commonly deviate from the DDD. In this study, a comparison between the estimated treatment
durations and time between prescriptions was provided, acknowledging that this would necessarily be affected
by the DDD methodology approximation. To better provide an estimate of the impact of this approach, a
sensitivity analysis (sensitivity Analysis 8) was performed. stratifying patients with and without epilepsy, the
main indication used by the WHO DDD. Overall, this sensitivity analysis showed a lower agreement with the
WHO DDD among fathers with AED prescription without an indication of epilepsy, especially in the lamotrigine
group for Denmark and Sweden. In Norway, a lower agreement with the WHO DDD was observed among
fathers with AED prescription, especially in the levetiracetam group, regardless of the indication for epilepsy.

Finally, a sensitivity analysis (sensitivity 10) was done to investigate the risk of NDD, including ASD using a
cumulative exposure to treatment. Cumulative exposure was calculated as the total amount of DDD intake that
a father was exposed to over the 3 months’ time window prior to conception (this corresponded to the sum of
the DDD in all 14-day intervals). As a continuous variable, the cumulative exposure to valproate was not
associated with a higher risk of NDD including ASD in Denmark and Sweden. Similarly, when the cumulative
exposure was categorized, cumulative higher doses of valproate were also not associated to higher risk of
NDD, including ASD in Denmark and Sweden. The low number of events per covariate after the exclusion of
influential subjects prevented the models to be conducted for Norway. In the main analysis' multivariate
K-Means adjusted Cox regression model, the associations in cluster with higher exposure were numerically
stronger than those in clusters with lower exposure in Denmark and Sweden, but not in Norway, where a higher
HR was observed in the lower exposure cluster. The analyses were limited by the loss of power when
subdividing into strata. The dose-effect association thus remains unclear; besides, considering the small
number of events in each of the cumulative exposure categories, no conclusion can be drawn.
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4.1.2 Secondary outcome cohort - Congenital malformations
This section supersedes section 11.1.2 from the final study report v1.1.

Meta-analysis

Country-specific results were pooled in a meta-analysis to achieve a more precise summary estimate of the
observed effect size. Pooled OR of CM in offspring paternally exposed to valproate compared with offspring
paternally exposed to lamotrigine/levetiracetam were calculated across 2 countries, Denmark and Norway.

No higher risk of CM in the valproate versus the lamotrigine/levetiracetam groups was observed in any of the
follow-up periods and for the overall study period in both countries.

The crude pooled results suggested no higher risk of CM associated with paternal exposure to valproate
3 months prior to conception compared to lamotrigine/levetiracetam exposure (OR: 0.81, 95% CI: 0.48, 1.36).
However, it was not possible to provide the pooled results for the adjusted model, as in Norway, the PS logistic
model did not converge due to a quasi-complete separation exacerbated by the low event numbers. Therefore,
it was not possible to produce the PS-weighted adjusted OR. It should be noted, however, that considerable
heterogeneity was observed between country-specific cumulative incidence proportion estimates for the overall
period of study follow-up and for 0-1 years of follow-up. Hence, the pooled results should be interpreted with
caution since they are crude data that have not been adjusted for other variables and may reflect this
heterogeneity, explained by the small sample size (only 2 countries are included and only the crude results are
pooled) but also by the diverging results observed (crude OR of 0.62 [95% CI: 0.37, 1.04] for Denmark, and OR
of 1.06 [95% CI: 0.62, 1.82] for Norway).

Main analysis — Effect estimation of the association between paternal exposure to valproate and CM

When assessing the association of paternal exposure to valproate in the 2 study countries, Denmark and
Norway, no difference in the risk of CM was observed in offspring from the valproate group compared with the
lamotrigine/levetiracetam group. Considering the overall study follow-up, the incidence proportion of the first
CM event (major and minor as composite) among offspring paternally exposed to valproate appeared to be
lower than that of those paternally exposed to either lamotrigine or levetiracetam in Denmark (respectively,
9.3%, [95% CI: 6.9, 11.7] vs. 14.1%, [95% CI: 12.1, 16.2]). In Norway, it was the opposite (respectively, 15.1%,
95% CI: 11.7, 18.6 vs. 14.5%, [95% CI: 12.4, 16.7]). In Denmark, when focusing on the first year of follow-up -
due to the small number of events and masking rules, the incidence proportion of first CM event was 5.3% (95%
Cl: 3.4, 7.2, n=29) among offspring paternally exposed to valproate and 9.1% (95% CI: 7.4, 10.8, n=101) in
those paternally exposed to lamotrigine/levetiracetam. In Norway, in the first year of follow-up, the incidence
proportion of first CM event was 10.8% (95% CI: 7.8, 13.8, n=45) among offspring paternally exposed to
valproate and 9.6% (95% CI: 7.9, 11.4, n=102) among those paternally exposed to lamotrigine/levetiracetam.
Nonetheless, these figures should be interpreted with caution, even though the overlapping Cls do not support
differences between exposure groups. It is worth mentioning that the incidence proportions estimated in these
descriptive cohorts, refer to offspring born from fathers and/or mothers exposed to teratogenic drugs in the
preconception period or during pregnancy, thus an overestimation of the incidence of CM is highly probable.

For the crude logistic regression models, it was observed a non-significant OR of 0.62 (95% CI: 0.37, 1.04) in
Denmark, and 1.06 (95% CI: 0.62, 1.82) in Norway. The opposite direction in the OR observed between
Denmark and Norway may be explained by the higher risk factors potentially linked to CM observed in the
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lamotrigine/levetiracetam group versus the valproate group. Similar to what was observed for the crude models,
in the PS-weighted logistic regression models, no higher risk of CM was observed in offspring from fathers of
valproate group compared with lamotrigine/levetiracetam group, in Denmark, OR of 0.61 (95% CI: 0.36, 1.06).
In Norway, the PS logistic model did not converge due to a quasi-complete separation exacerbated by the low
event numbers. Therefore, it was not possible to produce the PS-weighted adjusted OR.

Finally, in Denmark, no higher risk of CM was observed in the analysis adjusted for clusters of exposure to
account for intensity and evolution of exposure over time, regardless of exposure trajectories. The OR for CM
was 0.68 (95% CI: 0.31, 1.48) for cluster A and 0.54 (95% CI: 0.26, 1.12) for cluster B, when comparing paternal
exposure to valproate to those exposed to lamotrigine/levetiracetam. However, in Norway, it was not possible
to provide these estimates due to the issue reported above.

The evaluation of CM described above, comprised a population of live births, stillbirths, and spontaneous
abortions during gestation, for Norway and Denmark. In Sweden, as linkage with fathers was only possible for
live births, no information was available on stillbirths, and spontaneous abortions during gestation. Thus, an
exploratory objective (exploratory analysis 7) was designed in Sweden to assess the risk of CM in offspring
paternally exposed to valproate compared to lamotrigine or levetiracetam at the time of conception. Also, for
this exploratory analysis no association was observed between exposure to valproate at the time of conception
and the occurrence of a CM when compared to live offspring from fathers exposed to lamotrigine or
levetiracetam. A crude OR of 1.01 (95% CI: 0.66, 1.55) and a PS-weighted adjusted OR of 0.92 (95% CI: 0.59,
1.44) were observed. Furthermore, no higher risk of CM was observed regardless of the trajectories of
exposure. Additionally, to confirm the robustness of the results, a sensitivity analysis (sensitivity analysis 9) was
performed on the live-birth population for Norway and Denmark, as we expect that the distribution of CM
observed in this population likely reflected functional defects and minor morphological abnormalities. Results
from this sensitivity analysis were also similar to the ones observed in the main analysis, confirming the main
observed association.

Additional sensitivity analyses were performed in this study aiming to explore the risk of CM in offspring born to
fathers exposed to valproate, in different study populations. These analyses can be used to challenge the
robustness of the study results, which can then be compared to the main findings to provide a quantitative
assessment of the robustness of the original analysis. The following sensitivity analysis results overall describe
similar associations when compared to the those observed in the main analysis.

As several diagnoses for spontaneous abortions and stillbiths could be missing due to under-reporting, a
sensitivity analysis was performed to investigate the risk of CM using a broader definition of the outcome.

For this sensitivity analysis (sensitivity analysis 4) all the ICD-10 codes of interest for live births and spontaneous
abortions or stillbirths as well as all spontaneous abortions or stillbirths without an ICD-10 code for the diagnosis
were included. In both countries, similar results as to the estimated risk of CM were observed when this broader
definition of CM was applied. However, this comparison is limited for Norway, considering only the crude model
was produced in the main analysis of the secondary outcome due to non-convergence of the PS-weighted
model. Nevertheless, the expected under-reporting does not seem to have impacted the results reported in the
main analysis.

The comparator group in the main analysis included, irrespectively, exposure to either lamotrigine or
levetiracetam in monotherapy. As for the primary outcome, to evaluate differential effect of using lamotrigine or
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levetiracetam, a sensitivity analysis was performed comparing paternal exposure to valproate to patemnal
exposure to lamotrigine (sensitivity analysis 5*) and levetiracetam (sensitivity analysis 5B), separately. The
results for the comparison between the offspring exposed to valproate versus those exposed to lamotrigine,
and between the offspring exposed to valproate versus those exposed to levetiracetam, were similar to the
associations estimated in the main analysis. However, the comparison is limited for Norway due to the issue
reported above. In addition, because of the very small number of events, in this sensitivity analysis the
estimation of the association by clusters of exposure was not possible for the comparison between valproate
and levetiracetam.

A sensitivity analysis was planned to assess the impact of the PS-weighted model computed for each country,
by computing a logistic regression model adjusted for a set of identified confounders in each country (sensitivity
analysis 6). Since no PS weighting is applied in this analysis, the dfbetas (statistics that indicate the effect that
deleting each observation has on the estimates for the regression coefficients) for the exposure coefficient was
calculated for each offspring after fitting the adjusted model to identify influential subjects, and excluded them
from the model, before re-estimating the model. However, this sensitivity analysis was not possible to compute
as there were no observed CM events in the population after removing outliers.

Finally, a sensitivity analysis was done to investigate the risk of CM using a cumulative exposure to treatment
(sensitivity analysis 10), similar to what was computed for the Primary outcome cohort. Also, for this analysis,
due to the small number of events, no conclusions could be drawn.

4.2 Limitations and strengths

This section supersedes section 11.2 from the final study report v1.1.

This observational retrospective study was conducted in 3 Nordic countries using data sources that were not
primarily collected to address the study objectives, therefore, the following limitations must be acknowledged.

« Data were collected only for administrative purposes in Denmark and Sweden, therefore, some
medical information not directly related to reimbursement may be incomplete or not available at
all. In Norway, most of the confounders assessed were from the birth registry, a database designed
for research purposes, although we also used data from the patient registry, a database established
for administrative purposes.

« As the data was extracted from different country registries, some differences were expected in
terms of variables collected, coverage and missing data patterns. This was indeed the case as
presented above, however many of the descriptive analyses showed similar trends.

« Paternal linkage might be incorrectly classified when the registered father is not the child's
biological father. The ability to identify adoption or in vitro fertilization (IVF) is available in the
registers of all countries of interest. Children born through IVF or adoption are not considered in
this study. However, this proportion is likely not to be different between AEDs.

« Information about spontaneous abortions and stillbirths (linked to mother and father) were not
available for Denmark before 22" week of pregnancy and for Norway before the 121" week of
pregnancy. Accordingly, diagnoses of CM leading to a spontaneous abortion and elective
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terminations of pregnancies which occurred before these weeks of gestation were not detectable
and not included in this study. This may have led to a selection of cases and to a survivor bias as
the distribution of type of CM and severity is likely to be different.

« Information on medicines without a prescription purchased were not available in the databases.
This is an important limitation, particularly regarding folic acid, which has a significative impact on
frequency of neural tube defects and congenital heart defects. Randomized trial evidence indicate
that periconceptional folic acid supplementation prevented a major proportion (about 90%) of
neural tube defects as well as a certain proportion (about 40%) of congenital heart defects (17).
The impact of failing to account for folic acid supplementation could bias risk estimates in the
comparative analyses of CM, if exposure differed across to exposure groups.

« Despite paternal exposure to medications has not been associated with birth defects, offspring from
fathers exposed to drugs with known teratogenic effects 3 months prior to conception, were
excluded from the comparative, sensitivity and exploratory objective analyses. The exclusion of a
large number of patients may have introduce a bias and decreased the precision of the effect size
estimates.

¢ Misclassification of exposure can also not be ruled out. In this study, paternal exposure to
antiepileptic drugs was defined using a risk window of 3 months prior to the estimated date of
conception. First, the date of conception could have been incorrectly estimated. Second, and
related to AED’s, given the longest half-life (no longer than 118 hours) and the estimated five
half-life’s (not more than 1 month), the window of exposure of 3 months prior to conception used in
this study may have been conservative, and exposed males at the time of conception could have
been classified as unexposed. Offspring exposed to AEDs and/or diagnosed with epilepsy after
birth are included in the primary outcome for descriptive analysis but excluded from the primary
outcome for comparative analysis. Epilepsy and bipolar disorders are strong risk factors for NDD,
and offspring with epilepsy or receiving AEDs are already at increased risk of NDD regardless of
paternal exposure. Other known risk factors for NDD include genetic disorders, some congenital
infectious disease, and perinatal asphyxia. It was assumed that these characteristics were
balanced between the 2 exposure groups, though we could not verify this. There could have been
a difference in the distribution of these characteristics between the 2 exposure groups, resulting in
bias in the HR estimate.

« Indications for medications were not available in all the data sources used for this study. Epilepsy
was assumed to be the primary indication for the 3 AEDs of interest (valproate, lamotrigine, and
levetiracetam) at the time of study design and protocol development. The indication for paternal
epilepsy was considered a proxy for the AED's prescription; hence, this clinical characteristic was
not accounted for in the comparative analyses. Nonetheless, our results showed that epilepsy was
the AED indication in 63.5%, 55.8%, and 35.1% of the cases in Denmark, Sweden, and Norway,
respectively. Thus, a confounding effect of the paternal epilepsy indication cannot be ruled out
based on the estimates.

e It should also be considered that some AEDs may be continued or discontinued more frequently
than others. Fathers with more severe epilepsy are more likely to continue their AED intake. In the
present study, patients switching or discontinuing their medication were considered as polytherapy,
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and the offspring of these fathers were excluded from the main analyses, which might have
introduced selection bias.

e In the present study, no information was available on the type of epilepsy in fathers. This is,
particularly relevant for genetic epilepsies, which could be associated with NDD.

e Bipolar disorders in the parents can have an impact on offspring development. Bipolar disorders in
fathers were taken into account in the primary outcome analyses, but bipolar disorders in mothers
were not.

e Lifestyle factors (such as paternal and maternal smoking, substance abuse or alcohol
consumption) were missing in a high proportion in both countries. The exception is smoking before
pregnancy which was well recorded in Sweden. The negative effects of prenatal alcohol exposure
on the developing brain and the resulting neurological and/or cognitive, behavioral, emotional, and
adaptive functioning deficits in offspring maternally exposed in utero are well recognized (18). It is
also well established that prenatal nicotine exposure, even though maternal smokeless tobacco
use, is associated with numerous post-natal adverse health outcomes in new-born — not only low
birth weight, preterm delivery, and sudden infant death syndrome but also severe neuropsychiatric
disorders (Tourette syndrome and chronic tic disorder, as well as Tourette syndrome with comorbid
psychiatric conditions including ADHD) (19). The limited information on these factors will preclude
complete adjustment in the final model, however, this misclassification is anticipated to be
non-differential, affecting both exposed groups equally.

e For Denmark, when the outcome for a specific analysis had <5 cases/observations, the specific
result and other potentially related results that could lead to the identification of those patients
were masked by the data provider. This might sometimes lead to incomplete descriptive analyses,
for example, the minimum and maximum values could not be reported, as well as strata with very
few counts.

e The major malformations were defined per protocol based on the exclusion of minor using
EUROCAT classification. This approach is well described and accepted. However, the list of
exclusions (minor) was based on the British Paediatric Association extension of ICD-10.
Country-specific adaptations of ICD-10 in Denmark and Norway may have led to a failure in
excluding minor malformations, and consequently, a high proportion of overall CM was observed.

e Offspring with CM are more at risk of NDD. Not having excluding offspring suffering from CM in the
primary outcome cohorts might have biased the estimate of the association between exposure and
risk of NDD.

e NDD was considered as a composite outcome therefore it may be challenging to understand the
clinical relevance of the observed findings. The main issue is the potential of misinterpretation when
there is heterogeneity of response among components of composite endpoints. For instance, less
clinically significant endpoint(s) included in the definition of the composite outcome may drive the
overall observed effect (ie, less important outcomes may account for the majority of events). This
may have had an impact on the estimate in the main analysis.

e The incidence proportions and the incidence rates estimated in the descriptive cohort are
unadjusted, therefore should be interpreted with caution. Yet, the interpretation of the findings for
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the effect of paternal exposure to valproate (compared with lamotrigine/levetiracetam) on NDD,
including ASD or CM risk, was based on the results from the PS-weighted adjusted Cox regression
models. However, despite the very comprehensive and through adjustments implemented in the
multivariable models, residual confounding cannot be completely ruled out.

Also, results were pooled in a meta-analysis and, the following limitations should be considered when
interpreting the findings:

In some instances the I2 statistic suggested low heterogeneity, however, very broad Cl were
observed suggesting large uncertainty in this assessment, added to which the meta-analysis is
conducted only using 3 and 2 sets of results, ie, Denmark, Sweden, and Norway, and Denmark
and Norway, respectively for primary and secondary outcome. Specifically, in the pooled results of
the secondary outcome analysis, significant heterogeneity and risk estimates in opposite directions
in the 2 countries make the results difficult to interpret.

There are differences in the healthcare systems and healthcare policy, such as the screening for
the outcomes of interest, as well as country-specific risk factors and confounders considered in the
PS adjusted model.

The study-specific results from which the pooled HR were derived may be biased due to residual
confounding because the degree of adjustment may differ by country depending on the availability
of the selected variables and the strength of the relationships between exposure and outcome(s).

In crude analyses no risk for NDD including ASD was observed in offspring from the paternal
exposure to valproate group compared to the paternal exposure to lamotrigine/levetiracetam group.
A slight and non-significant higher HR was observed, which may be attributable to paternal
underlying psychiatric indications that were not considered in the crude analysis.

With regard to the research methods the following strengths should also be acknowledged:

Data sources are based on live births with medical record linkage to mother and father available in
multiple registry databases in Denmark, Sweden, and Norway for NDD including ASD. The choice
of minimal inclusion and exclusion criteria were applied in this study to minimize potential selection
bias and capture a comprehensive sample that could represent the nationwide real practice.

The study is based on data of offspring with linkage data to both parents from national health
registries in Denmark, Norway and Sweden.

An adequate number of offspring was reached for each study cohort in all study countries. This
provided 80% power, to observe a minimum HR of 2.0 for the composite NDD, including ASD. The
follow-up of the study was up to 10 years of age of the offspring in Norway, and up to 12 years of
age of the offspring in Denmark and Sweden, enabling the identification of the safety outcomes of
interest during the infancy and childhood period.

In the present study paternal exposure to valproate was compared to paternal exposure to
lamotrigine/levetiracetam, a comparator group with similar indications without evidence, so far, of
an association with NDD nor CM. Therefore, the threat of a systematic bias was minimized by the
choice of a robust active comparator group. Also, the implementation of appropriate statistical
techniques (PS weighting, double adjustment, adjustment for K-means cluster of exposure) likely
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reduced the likelihood of confounding. The observed findings regarding higher incidence rates in
specific age groups, corresponding with “Real life practice”: less than 2 years correspond to the
most severe cases, 5-6 years first years of mandatory school, 7-8 years age of first national school
learning level tests (Europewide aligned).

« The robustness of the main findings was corroborated by the consistency of the largely similar
findings observed in sensitivity and exploratory analyses across the 3 study countries.

4.3 Interpretation

This section supersedes section 11.3 from the final study report v1.1.

It is well recognized that maternal exposure to valproate during pregnancy significantly increases the risk of
CM, including neural tube, cardiac, skeletal and limb, or-facial cleft, and craniofacial deformities (20). Results
from a Danish population-based study of children born alive, Christensen and colleagues (4), investigated
potential association of prenatal exposure to valproate with risk of ASD. They observed a higher risk of ASD
and childhood autism, and the association was observed among offspring of mothers with and without epilepsy,
and after further adjustment for parental psychiatric disease. According to the animal model study, maternal
valproate therapy in mice increases the occurrence of features similar to ASD at the molecular, cellular, and
behavioral levels. Besides, offspring with in utero exposure to valproate presented health and behavioral
outcomes such as NDD, including ASD-related deficits (21—24). On the other hand, it is unclear how exposure
to paternal valproate will affect the behaviors of the offspring, and human studies investigating this association
among offspring from fathers exposed are still scarce (25). Nevertheless, recent findings suggest that paternal
exposure to valproate during the spermatogenesis of mice may disturb the histone acetylation balance in the
brain of offspring through changes in the germline epigenome, leading to behavioral alterations in offspring
(26). However, whether the same mechanisms apply to humans is not yet known. There are indeed concerns
whether paternally exposed offspring to valproate, during conception may be at increased risk of NDD including
ASD and CM.

So far, only 4 population-based studies have been published assessing the paternal exposure to AEDs on birth
outcomes (6--8,27). In a prospective population base-cohort study, children born to parents with epilepsy and
treated with AEDs had a significantly higher risk of scores on tests of personal social skills (OR: 2.3, 95% ClI:
1.3, 4.1) and a measure of autistic traits compared to children whose parents had epilepsy but were untreated.
However, the study did not differentiate between the various AEDs; therefore, the findings cannot be extended
to valproate (6). Interestingly, all the groups exposed to AEDs, including lamotrigine, were associated with more
autistic traits at 36 months. Results from a cohort study based on the Norwegian Prescription Database and
the MBR of Norway, suggest no association between paternal exposure to AEDs and higher risk of unfavorable
pregnancy outcomes (5). Further results from a cohort study based on Danish national registers found that
children whose fathers used AEDs during the 3 months before conception had a 23% higher risk of congenital
anomalies (adjusted OR 1.23, 95% CI: 1.10, 1.37), compared to those unexposed (7). Despite this study did
not differentiate between AEDs, the results of the negative-control analysis suggested that the higher risk was
also observed in children whose fathers were former users (ie, those using AEDs only from 1 year to 3 months
before conception) (OR 1.29, 95% CI: 1.03, 1.61) and later users (ie, those using AEDs only during pregnancy)
(OR 1.35, 95% CI: 1.12, 1.65). The authors concluded that the risk of congenital anomalies in the offspring
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paternally exposed to AEDs before conception may be attributable to the underlying condition rather than to
the effects of AEDs (7). Yet, so far, only one study has examined potential associations between valproate
exposure and major CM or NDD in offspring (8). This study was conducted using the Swedish registries to
investigate the association between paternal use of AEDs and adverse neurodevelopmental outcomes and
major CM in the offspring (8). The results found that offspring of fathers exposed to AEDs did not show a higher
risk of autism (aHR 0.9, [95% CI: 0.5, 1.7]), ADHD (aHR 1.1, [95% CI: 0.7, 1.9]), or intellectual disability (aHR
1.3, 95% CI: 0.6, 2.8) compared with offspring of fathers with epilepsy who were not exposed to AEDs. Among
offspring of fathers with epilepsy who used valproate in monotherapy during conception, rates of autism and
intellectual disability up to 11 years of follow-up were slightly higher compared to those of the offspring of fathers
with epilepsy who did not use AEDs during conception. However, after adjustment for PS the estimated risk
lost its statistical significance, leading the authors to conclude that exposure to valproate, or other AEDs, during
conception was not associated with a higher risk of major CM or NDD in the offspring. From a supplementary
analysis, the authors found that compared to offspring from mothers without epilepsy, offspring from mothers
with epilepsy had higher risk of CM (aHR 1.4, 95%CI 1.2, 1.5), ASD (aHR 1.5, 95%CI 1.2, 1.9), ADHD (aHR
1.6, 95%CI 1.3, 2.) and ID (aHR 2.4, 95%CI 1.8, 3.1). And among offspring from mothers with epilepsy, those
from mothers treated with AEDs had a higher risk of CM (aHR 1.3, 95%CI 1.0, 1.7), ASD (aHR 1.8, 95%CI 1.1,
3.0), ADHD (aHR 1.1, 95%C1 0.7, 1.7) and ID (aHR 4.8, 95%CI 2.1, 10.8), compared to those from mother not
treated with AEDs (8). From these resdults, the authors concluded that the higher risk of NDD was more likely
caused by factors associated with epilepsy and partly genetically determined (8).

To the best of our knowledge, this study is the first extensive population-based study, comprising 3 countries,
showing a significantly increased risk of neurodevelopmental disorders in children from fathers with epilepsy
exposed to valproate, compared to those from fathers with epilepsy exposed to lamotrigine/levetiracetam.
However, whereas the aHR for ASD from the PS-weighted Cox model was 0.76 (95% CI. 0.30, 1.89) in
Denmark, in Norway, it was not possible to provide this estimate due to the low number of ASD events (<10)
(please see Addendum v2.0 to Final Report v1.1). Since the outcome investigated was a composite of any NDD
it was not possible to evaluate neither the proportion of the different type of NDDs nor the comparative risk for
each NDD subtype. Besides, this study was not designed to fully characterize this risk, rather to identify if one
existed. Yet, interpreting the findings of the present study (showing a significant higher risk of composite NDD,
in offspring paternally exposed to valproate compared to offspring paternally exposed to
lamotrigine/levetiracetam), and compare to those observed by Tomson and colleagues (no association with
NDD), both in Sweden, is challenging. Only one study based on Danish national registers has reported an
increased risk of ASD following paternal use of selective serotonin reuptake inhibitors (SSRIs) before
conception (28). Offspring of fathers who used SSRIs before conception had a 1.62-fold greater risk of
developing ASD than those who did not. The risk was reduced after controlling for possible confounders,
particularly fathers' mental disorders (HR: 1.43; 95% CI: 1.18, 1.74). Extending the exposure window to
3 months before conception did not change the observed higherrisk, but no risk was observed for the offspring
of fathers who only used SSRIs during the last 3 months before conception. The authors concluded that the
increased risk of ASD in the offspring associated with paternal SSRI use before conception may be attributable
to paternal underlying psychiatric indications related to SSRI use or other unmeasured confounding factors
(28).

In the study of Tomson et al., performed in Sweden in live-born singleton children between 2006-2016, 1.7% of
offspring paternally exposed to valproate (n=8) were diagnosed with an ASD versus 1.3% of offspring paternally
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unexposed (n=32) (8). In the present study, also in Sweden ASD as the first NDD diagnosis - although maybe
not reliable as methods of diagnosis may have changed over time - during all the study period (2007-2019),
was observed in 1.6% of offspring paternally exposed to valproate and in 0.6% of offspring paternally exposed
to lamotrigine/levetiracetam. All ASD diagnoses (ie, not only as a first diagnosis) were observed in 2.2% of
offspring paternally exposed to valproate and in 0.9% of offspring paternally exposed to
lamotrigine/levetiracetam. However, in the study by Tomson et al.,, no information about lamotrigine or
levetiracetam was available, making comparison difficult.

Considering the observational nature of the studies, several biases might have affected the findings, the most
important of which related to the choice of the comparator group. In the current study, the risk of systematic
bias was reduced by using a robust active comparator group (ie, paternal exposure to lamotrigine/levetiracetam
with basically similar indications as valproate, but with no robust evidence of an association with NDD or CM,
based on data for in utero exposure, at the time when the current study was designed), as opposed to Tomson
and colleagues, where a non-user comparator group was selected (8). Non-users had epilepsy but were not
treated, and this comparator group most likely included subjects with a very mild disease, for example only
those with sporadic seizures. Despite the authors’ adjustments for PS, added to the models as a continuous
variable, a richer set of variables and the implementation of a high-dimensional PS would have provided a more
robust adjustment, further reducing the likelihood of confounding by indication on the observed estimates (29).
However, a recent study comprising 38,661 offspring of mothers with epilepsy, 42.6% of whom were exposed
to AED, found that prenatal valproate exposure was associated with an increased risk of psychiatric disorders,
primarily NDD (aHR for the combined endpoint: 1.80 [95% CI, 1.60-2.03]), whereas prenatal exposure to
lamotrigine and oxcarbazepine was not associated with an increased risk of psychiatric disorders (30). The
study also found that prenatal exposure to carbamazepine was associated with the risk of tic disorder (aHR,
1.76; 95%CI, 1.07-2.89). In contrast, prenatal exposure to topiramate was associated with ADHD (aHR, 2.38;
95% CI, 1.40-4.06), and levetiracetam exposure was associated with both anxiety (aHR 2.17; 95% CI, 1.26-
3.72) and ADHD (aHR 1.78; 95% CI, 1.03-3.07), although the analysis of levetiracetam were limited due to a
short follow-up period (average, 4.4 years). These findings, while underscoring the caution against the use of
valproate in pregnancy, also raised concerns about risks of specific psychiatric disorders associated with
levetiracetam (30). Nevertheless, in the current study, we conducted a sensitivity analysis comparing valproate
to lamotrigine (sensitivity analysis 5*) and levetiracetam (sensitivity analysis 58), separately. The results were
consistent with the main analysis, indicating similar associations between offspring exposure to these drugs
and the main outcome investigated, enhancing the validity and interpretability of the study findings.

According to Yang et al., additional sensitivity analyses using inactive comparators or the use of a negative
control by assessing the risk of NDD or ASD in former valproate users (ie, 1 year-3 months prior to conception,
thus outside the spermatogenesis window of inseminating sperm) could have provided evidence that the
observed outcome was the result of the underlying indication rather than valproate (7). Although the current
study did not estimate the effect based on ASD events, epilepsy was the most common indication for either
valproate or lamotrigine/levetiracetam in all study countries. As a result of this, large differences in effect
estimation are not expected but cannot be ruled out.

In the present PASS, a follow-up up to 12 years of age was considered for Denmark and Sweden (up to 10 years
of age for Norway), and some NDD, especially autism disorder, may not be readily diagnosed in childhood (31).
Thus, the likelihood of detecting such NDD diagnosis increases with the entry in school (32). Although data on
offspring starting school were not present in the included data sources, and thus results could not be adjusted
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for this characteristic, we found a pattern of higher incidence of NDD, including ASD rates, at ages when
children begin formal schooling. Even if the model was adjusted for year of conception, an unbalanced year of
conception in the 2 paternal exposure groups may have influenced the likelihood of being detected with NDD,
including ASD, in the lamotrigine/levetiracetam group due to the shorter three-year follow-up in this group.
However, this does not apply to Norway, as the year of conception and length of follow-up are comparable, due
to the laterindex date (in 2010 in Norway, as compared to 1997 in Denmark and 2007 in Sweden). Indeed, the
mean age of an ASD diagnosis is around 4-5 years old, and in the lamotrigine/levetiracetam group, roughly
71% had at least 4 years of follow-up versus 82% in the valproate group, considering the 3 countries. Similarly,
regarding NDD outcome, we observed in this study 3 age peaks for detection of NDD (1-2 years, 5-6 years,
and 7-8 years); in the lamotrigine/levetiracetam group, 34% had at least 8 years of follow-up versus 50% in the
valproate group. Hence, offspring of the valproate group appeared to have a higher probability of being
diagnosed with NDD or ASD.

With the aim to explore the genetic role in the development of NDD, including ASD, an analysis was performed
in each study country to describe risk factors and the frequency of NDD, including ASD, in paternally-matched
but exposure-discordant siblings (exploratory analysis 6). However, no conclusion was possible to draw since
the small sample sizes (Denmark N=21; Sweden N=29; Norway N=2) precluded the observation of the outcome
of interest or the calculation of its effect on NDD, including ASD.

As reported by Thomas, the majority of mothers with epilepsy treated with valproate have genetic generalized
epilepsy types, which raises the question of whether women with generalized epilepsy are at higher risk of NDD
in their offspring than those with focal epilepsy, difficult to disentangle considering that valproate is the primary
drug for idiopathic generalized epilepsy (33). It is unclear, though, which definition the author used of "genetic
generalized epilepsy” and whether the same author was referring to "idiopathic generalized epilepsy,” a type of
epilepsy known to have a genetic basis. Yet, it would be of interest to learn whether this hypothesis can be
applied to fathers as well, considering that for male patients with idiopathic generalized epilepsy, valproate is
the treatment of choice. However, the findings published so far related to the paternal exposure to valproate
and the risk of NDD or ASD in their offspring, or lack thereof, need to be further investigated.

Although the effects of maternal exposure to AEDs on CM outcomes have been extensively examined, only a
few studies have been able to include data related to drug ingestion by fathers prior to conception. A study
using a composite of valproic acid, phenytoin, and phenobarbital found no association between paternal
exposure and safety outcomes related to CM (ie, spontaneous abortion, preterm birth, perinatal mortality, small
gestational age, and birth defects) (5). In line with the present findings, Tomson and colleagues (8) found no
risk for major CM in Sweden (adjusted OR 0.9, 95% CI: 0.7, 1.2).

The authors observed 4.8% of major CM diagnosed in offspring paternally exposed to valproate versus 4.9%
in offspring paternally unexposed. In the present study, where a more specific definition of major CM was used,
we observed that 5.6% of offspring paternally exposed to valproate were diagnosed with major CM versus 5.9%
of those paternally exposed to lamotrigine or levetiracetam in Sweden. The effect of paternal exposure to
valproate on offspring CM was evaluated in our study using logistic models, and the coefficient observed was
lower than the null and not significant both in the meta-analysis of the crude and adjusted OR in the Danish
population. Besides, in a Danish nationwide cohort study, Yang and colleagues found that the use of valproate
in the 3-month period prior to conception was not associated with an increased risk of CM, while lamotrigine
exposure in the same time period was associated with a higher risk of CM (7).
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These results from the only available real-world sources with paternal linkage, are the first to find an increased
risk of NDD in offspring from fathers exposed to valproate, compared to those from fathers exposed to
lamotrigine or levetiracetam and they have several limitations; hence more studies are warranted to confirm
these findings.

4.4 Generalizability

This section supersedes section 11.4 from the final study report vi.1. Data sources are based on live
births with medical record linkage to mother and father available in multiple registry databases recording
longitudinal medical data in Denmark, Sweden, and Norway for NDD including ASD cohort; and live births,
stillbirths, and spontaneous abortions during gestation with medical record linkage to mother and father
available within such registries, for Norway and Denmark for CM. In this study, minimal inclusion and exclusion
criteria were used with the goal of minimizing potential selection bias and capturing a comprehensive sample
that could best represent nationwide real practice in the selected countries.

The included data sources are representative of the country’s total population and patient lifetime data, and
they have been demonstrably used for research to reveal the real-world patterns. This study has used offspring
data with linkage data to both parents. A high rate of paternal linkage data is available in those registries, 97.5%
for Denmark, 97% for Norway, and 90% for Sweden (see section 9.5 in the final study report v1.1).

An adequate number of offspring was reached for each study cohortin all study countries to reach the precision
of 5% of significance and 80% of power (see section 9.5 of Protocol V6.0). Further, the follow-up of the study
was up to the age of 12 years for the offspring in Denmark and Sweden, and up to the age of 10 years in
Norway, enabling the identification of the safety outcomes of interest during the infancy and childhood period.

Finally, it needs to be considered that, although differences from specific-country characteristics of databases,
the healthcare system, and the diagnosis and screening of outcomes of interest, the estimates obtained from
the meta-analysis may be generalizable for the risk of NDD including ASD in children of the study countries.
Regarding the CM, high heterogeneity and risk estimates in opposite directions in the 2 countries would make
the results difficult to generalize.

4.5 Additional discussion

This section supersedes section 11.5 from the final study reportv1.1.

4.5.1 Descriptive analysis for the primary outcome for Denmark, Sweden,
and Norway
This section supersedes section 11.5.1 from the final study report v1.1.

The total number of offspring selected in the Primary outcome cohort, considering all 3 countries, was 14,998
(including 5,034 from Denmark, 6,664 from Sweden, and 3,300 from Norway).

Offspring characteristics
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Overall, offspring characteristics from the descriptive cohort were similar in all 3 countries, with an expected
distribution of the gestational age, ratio of males to females, and the offspring weight (34,35). Although offspring
with epilepsy were excluded from the Primary outcome cohort for comparative analysis, a higher proportion of
this condition was observed in offspring paternally exposed to valproate than in those exposed to lamotrigine
or levetiracetam. This might be due to the fact that valproate is the treatment of choice (or first-line drug) for
male patients with idiopathic generalized epilepsy, a type of epilepsy known to have a genetic basis and that,
as such, can be found in several members of the same family. On the other hand, lamotrigine and levetiracetam
are used for a wide range of conditions, including focal epilepsy (36).

The diagnosis of NDD, including ASD, was higher in offspring exposed to valproate than in those exposed to
lamotrigine or levetiracetam consistently across the 3 countries (Denmark: 6.6% vs. 3.7%; Sweden: 5.4% vs.
3.5%; and Norway: 4.1% vs. 2.4%). A similar trend was observed when ASD was considered as a first NDD
diagnosis or when all ASD diagnoses were considered (ie, not only as a first diagnosis) in both Sweden (2.2%
vs. 0.9%, respectively, for valproate vs. lamotrigine/levetiracetam) and Norway (1.2% vs. 0.4%, respectively,
for valproate vs. lamotrigine/levetiracetam), but not in Denmark (1.6% vs. 1.8%, respectively, for valproate vs.
lamotrigine/levetiracetam). The median age in years at the first ASD diagnosis (6.1, 6.3, 3.6 vs. 7.5, 4.5, 5.6
[respectively for Denmark, Sweden, and Norway and for valproate vs. lamotrigine/levetiracetam groups)) is in
line with the global mean age at ASD diagnosis (from 38 to 120 months) (37). Several factors may influence
the age at diagnosis, including, but not limited to, the type and severity of ASD diagnosis, gender, ethnicity,
calendar year of diagnosis (as detection methods have improved overtime), etc. This, however, was not within
the scope of the present study; therefore, we cannot provide a conclusive explanation considering that these
are crude data that have not been adjusted for other variables.

Maternal characteristics

With regard to maternal characteristics, maternal age distribution was similar in all countries (median [IQR] of
30. [27.0-34.0] years for Denmark, 31.0 [27.0-35.0] years for Sweden, and 31.0 [27.0-34.0] for Norway,
respectively) and aligned with previous studies (35). The number of pregnancies in more recent years was
lower than in earlier years, and can reflect more cautious behavior and a general European trend of declining
birth rates (38). The most frequent maternal comorbidities diagnosed prior to childbirth in Denmark, Sweden,
and Norway were neurotic disorders (6.8%, 11.8%, and 13.4% respectively), affective disorder (4.0%, 9.9%,
and 9.5%, respectively), and gestational diabetes (3.7%, 3.0%, and 6.3%, respectively).

Smoking during pregnancy was observed among 16.1% mothers in Denmark, 6.4% in Sweden, and 5.2% in
Norway. However, large differences in the proportion of missing information on smoking particularly before
pregnancy (masked numbers in Denmark, 5.1% in Sweden, and 13.4% in Norway), and during pregnancy
(4.0% in Denmark, 3.0% in Sweden, and 10.9% in Norway) were observed, which impairs direct comparisons
between countries. The lowest proportion of missing information was observed in Sweden, since recording of
smoking is a standard procedure during maternal clinic visits. The observed differences in prevalence of
smoking percentage might also be influenced by different recording and data collection in the 3 countries, as
outlined in section 9 in the final study report v1.1.

In Denmark, Sweden, and Norway, similar proportions of the offspring's mothers were found within a
polypharmacy index during pregnancy between 1 and 4 (48.5%, 47.0%, and 46.6%, respectively). The
prevalence of medications associated with neuropsychiatric adverse events during pregnancy was high in all
3 countries: 44.2% in Denmark, 45.2% in Sweden, and 43.0% in Norway. This result may be explained by the
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fact that the list of medications for this category is lengthy and includes common medications such as ibuprofen
and paracetamol. In contrast, maternal exposure to AED during pregnancy was very low (masked values in
Denmark, 2.7% in Sweden, 2.8% in Norway). As expected, only a very small proportion of offspring would be
both paternally and maternally exposed to AEDs, and this was confirmed in the data.

Paternal characteristics

Regarding paternal characteristics, the median (IQR) age of fathers at childbirth was similar in all countries
(32.0 [29.0-36.0] years for Denmark, 34.0 [30.0-38.0] years for Sweden, and 33.0 [30.0-37.0] for Norway). The
most common paternal comorbidities diagnosed prior to the childbirth in Denmark, Sweden, and Norway were
neurotic disorders (9.2%, 21.9%, and 13.3%, respectively), affective disorder (excluding bipolar affective
disorder and mania) (9.2%, 22.7%, and 18.4%, respectively), and bipolar affective disorders (5.5% and 22.9%,
and 23.9%, respectively). The proportions of fathers with a polypharmacy index between 1 and 4 were similar
in all countries (43.3% for Denmark, 40.9% for Sweden, and 42.6% for Norway). Likewise, the prevalence of
paternal concomitant medications associated with neuropsychiatric adverse events prior to LMP2 was high in
all countries (53.2% in Denmark, 57.9% in Sweden, and 62.3% in Norway). Fathers exposed to either
lamotrigine or levetiracetam generally presented a higher proportion of clinical comorbidities (ie, paternal
psychiatric disorders) in all 3 countries. For instance, among fathers exposed to valproate, 6.3% from Denmark,
13.5% from Sweden, and 7.5% from Norway presented neurotic disorders and 3.7% from Denmark, 11.0%
from Sweden, and 7.8% from Norway presented affective disorder excluding bipolar disorder and mania.
Among fathers exposed to either lamotrigine or levetiracetam, 11.3% from Denmark, 27.4% from Sweden, and
15.6% from Norway presented neurotic disorders, and 13.0% from Denmark, 30.3% from Sweden, and 22.6%
from Norway presented affective disorder excluding bipolar disorder and mania. Except for bipolar affective
disorder (more frequent in Norway), all mental health diagnoses were more frequent in Sweden than
in Denmark and Norway; however, this does not necessarily illustrate a higher true prevalence, but rather
potential differences in coding and clinical practice.

The K-means algorithm, analyzing DDD trajectories in fathers exposed to AEDs 3 months prior to conception
(before LMP2), identified 2 different clusters: A (constant high exposure to AEDs) and B (constant low exposure)
in both Denmark and Norway, and 3 different clusters: A, B, and C in Sweden (constant high exposure [A], low-
to-high exposure [B], and high-to-low exposure [C]). Overall, fathers were treated quite similarly in the exposure
groups, although in Norway a lower proportion of fathers in the valproate group was in cluster A (70.0%) as
compared to lamotrigine/levetiracetam (76.4%), and a higher proportion of fathers in the valproate group was
in cluster B (30.0%) as compared to lamotrigine/levetiracetam (23.6%).

Frequency of the outcome of NDD including ASD

From the total of 2,031 offspring from the Primary outcome cohort for descriptive Analysis in Denmark, 2,451
offspring from the Primary outcome cohort for descriptive analysis in Sweden, and 1,471 offspring from Primary
outcome cohort for descriptive analysis in Norway, the overall cumulative incidence proportions (95% Cl) of
NDD including ASD for the total group (valproate + lamotrigine/levetiracetam) were 4.9% (3.9, 5.8), 4.2% (3.4,
5.0), and 2.9% (2.0, 3.7) respectively which are aligned with previous studies investigating prevalence of NDD
in general population (39,40). For instance, a meta-analysis found the prevalence (95% CI) of intellectual
disability national level of high income countries of 5.8% (5.5, 7.0) (40). However, the overall cumulative
incidence proportion appears to be higher in offspring paternally exposed to valproate than in those paternally
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exposed to lamotrigine/levetiracetam, across the 3 study countries, though these are unadjusted data that
should be interpreted with caution.

The crude incidence rates for the first diagnosis of NDD, including ASD, in the follow-up period (0-12 years in
Denmark and Sweden, and 0-10 years in Norway) in the cohort for descriptive analysis were higher in the
valproate group than in lamotrigine/levetiracetam group: n=55, incidence rate: 6.6, (95% Cl: 4.9, 8.3) per 1,000
PY vs n=44, incidence rate: 3.7 (95% ClI: 2.6, 4.7) per 1,000 PY in Denmark; n=52, incidence rate: 5.4 (95%
Cl; 3.9, 6.8) per 1,000 PY vs n=52 incidence rate: 3.5 (95% CI: 2.6, 4.4) per 1,000 PY in Sweden; n=17,
incidence rate: 8.3 (95% CI: 4.8, 13.2) per 1,000 PY vs n=25 incidence rate: 4.9 (95% CI: 3.2, 7.2) per 1,000
PY in Norway. For Denmark, the total patient-years of follow-up were 15,605.72 (7,691.63 for valproate and
7,914.08 for lamotrigine/levetiracetam group), and the mean follow-up in years per patient was 9.2 for the
valproate group and 6.6 for the lamotrigine/levetiracetam group. For Sweden, the total patient-years of follow-up
were 13,975.92 (6,483.28 for valproate and 7,492.64 for lamotrigine/levetiracetam group), and the mean
follow-up in years per patient was 6.7 for the valproate group and 5.0 for the lamotrigine/levetiracetam group.
For Norway, the total patient-years of follow-up were 7,164.42 (2,055.84 for valproate and 5,108.58 for
lamotrigine/levetiracetam group), and the mean follow-up in years per patient was 5.0 for the valproate group
and 4.8 for the lamotrigine/levetiracetam group. Also here, a trend toward higher incidence rates were observed
in the valproate group versus the lamotrigine/levetiracetam group, which are unadjusted and therefore should
be interpreted with caution.

The crude incidence proportion and rates of NDD, including ASD, appeared higher in males compared to
females in all 3 countries, which is consistent with the known epidemiology of the diseases (40-42). In addition,
males were diagnosed earlier (based on 5t and 10t percentiles of time to NDD distribution from Kaplan-Meier
estimates). This can be explained by the fact that males display hyperactivity symptoms and are more likely to
be diagnosed at younger age, which could trigger earlier investigations and diagnosis (41).

The overall median age in years at the first diagnosis of NDD including ASD in offspring of fathers from valproate
group was 6.6 (IQR 4.7, 7.9) in Denmark, 6.2 (IQR 4.1, 8.7) in Sweden, and 5.1 (IQR 3.4, 7.3) in Norway for
the valproate paternal exposure group. The corresponding numbers for the lamotrigine/levetiracetam group
were 6.1 (IQR 3.9, 8.3) in Denmark, 5.2 (IQR 3.4, 8.2) in Sweden, and 4.3 (3.6, 6.6) in Norway. Also, offspring
in the lamotrigine/levetiracetam group were conceived in the later period of the study compared to those in the
valproate group in all countries, particularly in Denmark and Sweden. This is aligned with previous research
that showed a declining trend for valproate use during pregnancy in the Nordic countries in more recent years
(43). This slight difference in the rate of NDD between exposure groups likely reflects longer follow-up time in
the valproate group (more offspring conceived in the early years of study period), and subsequently can also
partly explain the higher risk of observing NDD in older children. Likewise, previous literature has shown that a
child’s birth-year may impact the first diagnosis of NDD (44). We hypothesize that improvements in the
awareness, screening and diagnosis of NDD including ASD in more recent years, may explain the earlier
diagnosis in children from lamotrigine/levetiracetam group (45,46). Other explanation could be more severe
form of NDD in the lamotrigine/levetiracetam.

Risk factors and potential confounders

In the current study, potential risk factors and confounders were initially selected based on the literature and
clinical expert opinion. These characteristics were related to the offspring, father, and mother, and their
assessment was needed to decide which would be considered in the multivariable analysis. The distributions
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of potential risk factors and confounders for the association between NDD including ASD and paternal exposure
group were examined for those offspring within the Primary outcome cohort for comparative analysis.

As per the protocol definition, confounders are all those variables associated with both the exposure and the
outcome of interest but that are not intermediate factors on the causal path between exposure and outcome; a
variable is considered a risk factor if it is associated with the outcome independently of the paternal exposure
and of the magnitude of the association.

Characteristics associated with the exposure

Maternal characteristics associated with the exposure were the mother’s age in Denmark, affective disorder in
Denmark and Norway, and maternal polypharmacy index prior to LMP2 and during pregnancy in Denmark and
Sweden. Concomitant medications associated with valproate-indicated psychiatric conditions prior to LMP2
were associated with the exposure in Denmark and Sweden, and during pregnancy in Denmark and Norway.
The following characteristics were associated with the exposure in Sweden: mother's alcohol abuse prior to
LMP2, smoking prior to LMP2, and the maternal polypharmacy index during pregnancy. Smoking during
pregnancy was associated to the exposure in both Sweden and Norway.

Similar to what was observed for fathers, regarding the above-mentioned maternal characteristics, mothers of
offspring from the valproate exposure group generally presented a lower proportion of comorbidities, a lower
polypharmacy index, a lower proportion of concomitant medications, and a slightly lower age. In Sweden and
Norway, the proportion of alcohol, substance abuse, and smoking prior to LMP2 and during pregnancy was
higher among mothers of offspring from the valproate exposure group.

Paternal characteristics associated with the exposure to valproate or lamotrigine/levetiracetam were the same
in all study countries and comprised affective disorder excluding bipolar affective disorder and mania, bipolar
affective disorder, neurotic disorder, paternal polypharmacy index, concomitant medications associated with
valproate-indicated psychiatric conditions, concomitant medications associated with neuropsychiatric adverse
events, father's age. Year of offspring conception was associated with the exposure to valproate or
lamotrigine/levetiracetam in Denmark and Sweden only.

Fathers from the valproate group presented a lower proportion of comorbidities, a lower polypharmacy index,
less frequently concomitant medications, and a slightly lower age than fathers from the comparator group. In
Denmark and Sweden, they also had earlier years of offspring conception than fathers from the comparator
group.

Characteristics associated with the primary outcome

Gender of the offspring was a risk factor for NDD, including ASD, with male offspring having a higher likelihood
of the outcome than female offspring.

Mother's age and concomitant medications associated with valproate-indicated psychiatric conditions prior to
LMP2 were linked to the primary study outcome and thus considered a risk factor for NDD, including ASD, in
Denmark and Norway. In Denmark and Sweden, maternal affective disorder was also a risk factor for NDD,
including ASD. Moreover, only in Denmark were certain factors found associated with the outcome, namely
smoking during pregnancy, maternal polypharmacy index prior to LMP2 and during pregnancy, concomitant
medications associated with valproate-indicated psychiatric conditions during pregnancy, maternal
schizophrenia, schizotypal and delusional disorders (marginally significant), and substance abuse prior to
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LMP2; in Norway, substance abuse during pregnancy also was found associated with the risk of NDD, including
ASD.

Regarding paternal characteristics, the year of offspring conception was associated with NDD, including ASD,
in all the study countries, and thus considered a risk factor, with more recent years of conception presenting a
lower odds of the study’s primary outcome. This association likely reflects the difference in the length of the
follow-up between the valproate (longer) and lamotrigine/levetiracetam groups (shorter) in Denmark and
Sweden, as observed and already discussed throughout the report. Of note, the lower risk of NDD or the lower
probability of being detected or diagnosed with NDD may be due to the shorter follow-up time in the
lamotrigine/levetiracetam, time which was not long enough to detect enough signs of the disease. It is therefore
plausible that the offspring conceived in the latest years did not reach the age required for the diagnosis of NDD
to be coded.

In addition, only in Sweden, the paternal polypharmacy index was associated with NDD, including ASD, with
2.5-fold higher odds in offspring of fathers with an index of 5-10.

Overall, in the current study, the a priori selected confounders and risk factors can be contextualized by previous
literature findings listed below:

« Multiple epidemiological studies suggest a relationship between advanced paternal age at conception
and adverse neurodevelopmental outcomes in offspring (47,48). This has been particularly noted
regarding increased risk for autism, and it was identified as a confounder in our study.

« Children of parents diagnosed with mood disorders including bipolar affective disorder and mania have
been shown to present with a higher risk of neurodevelopmental outcomes than those who do not
present with these medical conditions. These mood disorders were identified as confounders in our
study.

e Maternal epilepsy and maternal exposure to AEDs were considered strong risk factors and were used
as exclusion criteria for the comparative, sensitivity, and exploratory analyses. In this report, we can
observe that the number of exclusions due to these criteria was low (Denmark: N=64; Sweden N=63;
Norway N=47) and did not affect the sample size or the generalizability of results.

e Maternal exposure to drugs other than AEDs - the plausibility of polypharmacy as a confounding
variable or risk factor is based on evidence that polypharmacy is associated with harms, including
adverse drug effects, drug-to-drug interaction, hospitalization, and mortality. Furthermore, there is
evidence that psychoactive drugs of other therapeutic class may often be prescribed in combination
with AEDs and may be a risk factor for NDD (such as antidepressants [6]). In line with these data,
maternal polypharmacy index prior to LMP2 in Denmark and Sweden, concomitant medications
associated with valproate-indicated psychiatric conditions prior to LMP2 in all study countries, and
during pregnancy in Denmark and Norway were included as covariates in the multivariate adjusted
model. Likewise, concomitant medications associated with valproate-indicated psychiatric conditions
prior to LMP2 was considered a risk factor in Denmark and Norway, and in Denmark also during
pregnancy.
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4.5.2 Descriptive analysis for the secondary outcome for Denmark and
Norway

This section supersedes section 11.5.2 from the final study report v1.1.

The secondary analysis for CM was conducted in Denmark and Norway. The total number of offspring selected
in the Secondary outcome cohort was 7,092 (3,777 in Denmark and 3,315 in Norway). A sensitivity analysis
regarding this outcome was conducted in Sweden in a population containing live births only.

Offspring characteristics

Most offspring within the Secondary outcome cohort were born at term (90.4% both in Denmark and Norway)
and with an adequate weight (95.5% and 95.7% were weighting 22,500 g in Denmark and Norway,
respectively). A slightly higher proportion of the offspring were males (51.8% in Denmark and 51.9% in Norway).

Maternal characternistics

With regards to maternal characteristics for the Secondary outcome cohort, the median (IQR) maternal age
distribution in years was 30 (27-34) years both in Denmark and Norway. The most frequent maternal
comorbidities diagnosed prior to childbirth were gestational diabetes (4.7%) and obesity (2.1%) in Denmark and
diabetes (1.8%), gestational diabetes (1.8%), and epilepsy in Norway (1.7%). Overall, 17.1% out of 3,722
mothers in Denmark and 6.6% out of 3,315 mothers in Norway had a record of smoking during pregnancy.
Overall, maternal exposure to AEDs was very low (less than or equal to 1.5% for any individual AED) both
before LMP2 and during pregnancy in Denmark and Norway. Maternal exposure to medications with teratogenic
activity or fetal toxicity prior to LMP2 and during pregnancy was 31.0% and 32.1% in Denmark and 29.4% and
30.5% in Norway. As offspring maternally exposed (3 months prior to conception and/or during pregnancy) to
drugs with known teratogenic activity/fetal toxicity are at risk of developing the outcomes of interest for reasons
other than valproate, ie, due to intake of other drugs associated with the CM (49), these offspring were excluded
from the comparative, sensitivity and exploratory objective analyses. However, they were not excluded from
the descriptive analyses, and this could explain the higher cumulative incidence rate of CM in both groups.

Paternal characteristics

Regarding paternal characteristics, the median (IQR) age of fathers at childbirth was similar in both countries
(33.0 [29.0, 37.0] years for Denmark, and 33.0 [30.0, 38.0] for Norway). The proportion of fathers exposed to
valproate was similar in both countries (19.3% in Denmark and 18.9% in Norway). Paternal exposure to
medications with teratogenic activity or fetal toxicity prior to LMP2 was 63.9% in Denmark and 61.4% in Norway.
Offspring from those exposed fathers were excluded from the comparative, sensitivity ad exploratory analyses.
However, they were not excluded from the descriptive analyses, and this could explain the higher cumulative
incidence rate of CM in both groups.

Frequency of the outcome of CM

For Denmark, within the Secondary outcome cohort for descriptive analysis, the frequency of CM was 12.5%,
major CM was 4.2% while the frequency of minor malformations was 9.2%. For Norway, the corresponding
numbers were 14.7% for CM, 7.9% for major CM and 8.7% for minor malformations. In Denmark, in the group
paternally exposed to valproate, of those offspring in whom CM was reported (n=51; 9.3%), the majority had
diagnosis of minor CM (6.7%), and 3.5% had a diagnosis of major CM. From 156 (14.1%) offspring with CM in
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the lamotrigine/levetiracetam paternally exposed group, the majority (10.5%) had a diagnosis of minor CM, and
4.5% had a diagnosis of major CM. In Norway, in those paternally exposed to valproate, there was a CM report
in 63 offspring (15.1%), 7.0% had a diagnosis of a major CM and 9.4% had a minor CM. In the
lamotrigine/levetiracetam paternally exposed group, from 154 (14.5%) offspring in whom a CM was reported,
8.3% had diagnosis of a major CM and 8.4% had a minor CM. It should be noted, however, that major and
minor CM categories were not mutually exclusive.

In our study, major malformations were identified by first identifying overall malformations and excluding minor
malformations, ie, non-identification of minor malformations could lead to an overestimation of major
malformations. The prevalence of major CM in pregnancies has been estimated at 3.7% of pregnancies among
live births (up to 1 year of age) or stillbirths (50), and between 3.9% in 1997 to 5.3% in 2017 in a Danish study
(51), and 2.1% in Norway (2006-2007) (52).

Regarding the incidence proportion for the first recorded diagnosis CM with overall study follow-up, the estimate
associated with paternal exposure to valproate appeared higher in Norway (15.1% [95% CI: 11.7, 18.6]) than
in Denmark (9.3% [95% CI: 6.9, 11.7]). Conversely, however, the incidence proportion associated with paternal
exposure to lamotrigine or levetiracetam was similar (14.1% [95% CI: 12.1, 16.2] in Denmark and 14.5% [95%
Cl: 12.4, 16.7] in Norway), as was the overall incidence proportion of CM by country (12.5% [95% CI: 10.9,
14.1] in Denmark and 14.7 [95% CI: 12.9, 16.5] in Norway). These results may reflect the increasing trends in
the detection of and registration of CM in later years, partially explaining the higher overall incidence proportion
of CMs by country detected among levetiracetam and lamotrigine-exposed children, as these were exposed on
average later in the period of the study. Also, a Danish population-based study found that offspring of fathers
exposed to AEDs during the 3 months prior to conception had a higher risk of CM (7). Besides, the authors
found that the association was higher for the father exposed to lamotrigine when compared to those exposed
to valproic acid. However, more detailed analysis showed that this association was possibly attributed to the
underlying indication rather than the effect of AEDs (7).

Risk factors and confounders

No risk factors or confounders were identified for the CM outcome, as none of the variables examined were
significantly associated with either the exposure or the outcome in Denmark and Norway.

Some epidemiological studies suggest a relationship between advanced paternal age at conception and CM in
offspring (53-55), however this was not shown to be the case in our study. Also, maternal age does not appear
to be a risk factor for CM, even if it is supported by several publications (56,57). This might be a result of more
frequent testing in older women during early pregnancy for fetal abnormalities, as recommended by some
Nordic guidelines (58).
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4.5.3 Exploratory analysis discussion

This section supersedes section 11.5.3 from the final study report v1.1.

Several exploratory analyses were performed to further investigate the study objectives in specific
circumstances (Please see section 7 in the final study report). Overall, in each country a very low sample size
was extracted for each exploratory analysis, specially for the Secondary outcome cohort.

The putative risk factors and frequencies of the outcomes of interest were described in the population of
offspring born to fathers exposed to polytherapy of valproate or lamotrigine/levetiracetam and other AEDs, at
the time of conception. For this exploratory analysis, 335 (91 in the valproate and 244 in
lamotrigine/levetiracetam group) offspring were identified in Denmark, 414 (92 in valproate and 322 in
lamotrigine/levetiracetam) in Sweden, and 204 (45 in valproate and 159 in lamotrigine/levetiracetam) in Norway
for the Primary outcome cohort. In either monotherapy or polytherapy group, the most common indication for
therapy with valproate or lamotrigine/levetiracetam was epilepsy. In Denmark, many of the offspring, maternal,
and paternal demographic and clinical characteristics were masked, following the masking rules defined this
country, limiting a comparison with the main analyses. As expected, the 2 cohorts differed for some
characteristics, and consistently across the 3 study countries, a likely consequence of the reduced sample size
and the different selected populations. In general, fewer risk factors or confounders were identified in the
polytherapy group. As expected, the proportion of NDD, including ASD, was higher in the offspring of fathers
exposed to valproate or to lamotrigine/levetiracetam with other AEDs in polytherapy when compared to the
main analysis results. However, in Denmark, the cumulative proportion of NDD including ASD was similar in
the offspring paternally exposed to valproate polytherapy compared to valproate monotherapy in the main
analysis (5.5% vs 5.4%, respectively), though higher in the offspring paternally exposed to
lamotrigine/levetiracetam polytherapy compared to lamotrigine/levetiracetam monotherapy. However, the
group of fathers in the valproate polytherapy group was very small.

For the analysis of polytherapy in the Secondary outcome cohort (CM), 23 (none in valproate and 23 in
lamotrigine/levetiracetam) offspring were identified in Denmark, and 35 (3 in valproate and 32 in
lamotrigine/levetiracetam group) in Norway. Due to the small sample size, no conclusion on the putative risk
factors or confounders could be drawn.

Risk factors and frequencies of the outcomes of interest were also described in paternal valproate exposure-
discordant siblings (at least one offspring with paternal valproate exposure and one offspring without valproate
exposure [ie, at least one offspring with paternal valproate exposure and one offspring exposed to
lamotrigine/levetiracetam]). For this analysis, 21 (11 on valproate and 10 on lamotrigine or levetiracetam)
offspring were identified in Denmark, 29 (15 on valproate and 14 on lamotrigine or levetiracetam) in Sweden,
and 2 (1 on valproate and 1 on lamotrigine or levetiracetam) in Norway for the Primary outcome cohort. Overall,
the follow-up length was longer in the valproate group than in the lamotrigine/levetiracetam group. However, no
other conclusion could be drawn since none of the offspring's, father's, or mother's characteristics were
considered risk factors or confounders due to the small sample size and lack of observed characteristics, such
as maternal and paternal comorbidities.

In the Secondary outcome cohort, no events were observed for Denmark and only one for Norway (in
lamotrigine/levetiracetam group), in siblings and their offspring who were paternally and maternally matched
exposure-discordant discordant (valproate vs. lamotrigine/levetiracetam monotherapy) at conception. No
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conclusion could be drawn because most paternal, maternal, and offspring characteristics were not observed
due to the small sample size.

5. Other information

This section supersedes section 12 from the final study report v1.1.

None.

6. Conclusions

This section supersedes section 13 from the final study report vi.1.

This real-world retrospective study provides the first data on NDD and CM in offspring paternally exposed to
valproate during 3-month preconception, compared to those exposed to lamotrigine/levetiracetam. The pooled
HR indicated a moderate risk (HR 1.50, 95% CI: 1.09, 2.07) of NDD including ASD in offspring paternally
exposed to valproate compared to those paternally exposed to lamotrigine/levetiracetam.

The pooled crude risk of CM suggested no higher risk in offspring paternally exposed to valproate when
compared to those exposed to lamotrigine/levetiracetam. Results were based on crude estimates which were
potentially biased and also affected by considerable heterogeneity, thus these findings should be interpreted
with caution.

Overall, this retrospective observational study has several limitations, including the difference in follow-up
duration between the 2 groups, especially in Denmark, and the different time period of exposure.

150



DocuSign Envelope ID: 3BBAOESC-1EBC-417C-8506-5FBF3BF4A64B

PASS - Paternal exposure to valproate — Corrigendum to the Final Report v1.1 V1.0, 02 October 2023

7.

References

This section supersedes section 14 from the final study report v1.1.

1.

10.

11.

12.

Wiley.com [Internet]. [cited 2023 Sep 18]. Regression Diagnostics: Identifying Influential Data and Sources
of Collinearity | Wiley. Available from: hitps://www.wiley.com/en-
au/Regression+Diagnostics%3A+ldentifying+influential+Data+and+Sources+of+Collinearity-p-
9780471691174

EMA. Valproic acid/ Valproate containing medicinal products [Internet]. 2010 May. Available from:
https://www.ema.europa.eu/en/documents/referral/valproate-article-31-assessment-report_en.pdf

European Medicines Agency. Procedure under Article 31 of Directive 2001/83/EC resulting from
pharmacovigilance data [Internet]. 2014 Oct [cited 2022 Nov 14]. Report No.: EMA/686022/2014. Available
from: https://www.ema.europa.eu/en/documents/referral/valproate-related-substances-article-31-referral-
prac-assessment-report_en.pdf

Christensen J, Grenborg TK, Serensen MJ, Schendel D, Parner ET, Pedersen LH, et al. Prenatal valproate
exposure and risk of autism spectrum disorders and childhood autism. JAMA. 2013 Apr 24;309(16):1696—
703.

Engeland A, Bjerge T, Daltveit AK, Skurtveit S, Vangen S, Vollset SE, et al. Effects of preconceptional
paternal drug exposure on birth outcomes: cohort study of 340 000 pregnancies using Norwegian
population-based databases: Effects of paternal drug exposure on birth outcomes. Br J Clin Pharmacol.
2012 Aug;75(4):1134—41.

Veiby G, Daltveit AK, Schjelberg S, Stoltenberg C, @yen AS, Vollset SE, et al. Exposure to antiepileptic
drugs in utero and child development: a prospective population-based study. Epilepsia. 2013
Aug;54(8):1462-72.

Yang F, Yuan W, Liang H, Song X, Yu Y, Gelaye B, et al. Preconceptional paternal antiepileptic drugs use
and risk of congenital anomalies in offspring: a nationwide cohort study. Eur J Epidemiol. 2019
Jul;34(7):651-60.

Tomson T, Muraca G, Razaz N. Paternal exposure to antiepileptic drugs and offspring outcomes: a
nationwide population-based cohort study in Sweden. J Neurol Neurosurg Psychiatry. 2020
Sep;91(9):907-13.

European Medicines Agency. Medicinal products containing substances related to valproate [Internet].
2018 Feb |[cited 2023 Jan 6] p. 68. Report No.. EMA/198940/2018. Available from:
https://www.ema.europa.eu/en/documents/referral/valproate-article-31-referral-prac-assessment-
report_en.pdf

Hernan MA. The hazards of hazard ratios. Epidemiology. 2010 Jan;21(1):13-5.

Nguyen TL, Collins GS, Spence J, Daurés JP, Devereaux PJ, Landais P, et al. Double-adjustment in
propensity score matching analysis: choosing a threshold for considering residual imbalance. BMC Med
Res Methodol. 2017 Apr 28;17(1):78.

Gratz M. When less conditioning provides better estimates: overcontrol and endogenous selection biases
in research on intergenerational mobility. Qual Quant. 2022;56(5):3769-93.

151



DocuSign Envelope ID: 3BBAOESC-1EBC-417C-8506-5FBF3BF4A64B

PASS - Paternal exposure to valproate — Corrigendum to the Final Report v1.1 V1.0,02 October 2023

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Novac MV, lliescu DG, Tudorache S, Manolea M, Meetescu RE, Vrabie S, et al. Ultrasound Evaluation of
Fetal Biometry and Doppler Parameters in the Third Trimester of Pregnancy Suspected of Intrauterine
Growth Restriction. Curr Health Sci J. 2018;44(1):23-8.

Hutcheon JA, Jacobsen GW, Kramer MS, Martinussen M, Platt RW. Small Size at Birth or Abnormal
Intrauterine Growth Trajectory: Which Matters More for Child Growth? Am J Epidemiol. 2016 Jun
15;183(12):1107-13.

Chiossi G, Pedroza C, Costantine MM, Truong VTT, Gargano G, Saade GR. Customized vs population-
based growth charts to identify neonates at risk of adverse outcome: systematic review and Bayesian meta-
analysis of observational studies. Ultrasound Obstet Gynecol. 2017 Aug;50(2):156—66.

Pritchard N, Lindquist A, Siqueira IDA, Walker SP, Permezel M. INTERGROWTH-21st compared with
GROW customized centiles in the detection of adverse perinatal outcomes at term. J Matern Fetal Neonatal
Med. 2020 Mar;33(6):961-6.

Bjerk M, Riedel B, Spigset O, Veiby G, Kolstad E, Daltveit AK, et al. Association of Folic Acid
Supplementation During Pregnancy With the Risk of Autistic Traits in Children Exposed to Antiepileptic
Drugs In Utero. JAMA Neurol. 2017;75(2):160-8.

National Institute on Alcohol Abuse and Alcoholism (NIAAA). Recognizing Alcohol-Related
Neurodevelopmental Disorder (ARND) in Primary Health Care of Children. In Interagency Coordinating
Committee on Fetal Alcohol Spectrum Disorders (ICCFASD); 2011 [cited 2019 Mar 5]. Available from:
https://www.niaaa.nih.gov/sites/default/files/ARNDConferenceConsensusStatementBooklet_ Complete.pd
f

Browne HA, Modabbernia A, Buxbaum JD, Hansen SN, Schendel DE, Parner ET, et al. Prenatal Maternal
Smoking and Increased Risk for Tourette Syndrome and Chronic Tic Disorders. J Am Acad Child Adolesc
Psychiatry. 2016;55(9):784-91.

Weston J, Bromley R, Jackson CF, Adab N, Clayton-Smith J, Greenhalgh J, et al. Monotherapy treatment
of epilepsy in pregnancy: congenital malformation outcomes in the child. Cochrane Database Syst Rev.
2016 Nov 7;11:CD010224.

Coste J, Blotiere PO, Miranda S, Mikaeloff Y, Peyre H, Ramus F, et al. Risk of early neurodevelopmental
disorders associated with in utero exposure to valproate and other antiepileptic drugs: a nationwide cohort
study in France. Sci Rep. 2020 Oct 22;10(1):17362.

Cummings C, Stewart M, Stevenson M, Morrow J, Nelson J. Neurodevelopment of children exposed in
utero to lamotrigine, sodium valproate and carbamazepine. Arch Dis Child. 2011 Jul 1;96(7):643.

Huber-Mollema Y, Oort FJ, Lindhout D, Rodenburg R. Behavioral problems in children of mothers with
epilepsy prenatally exposed to valproate, carbamazepine, lamotrigine, or levetiracetam monotherapy.
Epilepsia. 2019 Jun 1;60(6):1069-82.

Bjerk MH, Zoega H, Leinonen MK, Cohen JM, Dreier JW, Furu K, et al. Association of Prenatal Exposure
to Antiseizure Medication With Risk of Autism and Intellectual Disability. JAMA Neurology. 2022 Jul
1;79(7).672-81.

Pugsley K, Scherer SW, Bellgrove MA, Hawi Z. Environmental exposures associated with elevated risk for
autism spectrum disorder may augment the burden of deleterious de novo mutations among probands.
Molecular Psychiatry. 2022 Jan 1;27(1):710-30.

152



DocuSign Envelope ID: 3BBAOESC-1EBC-417C-8506-5FBF3BF4A64B

PASS - Paternal exposure to valproate — Corrigendum to the Final Report v1.1 V1.0, 02 October 2023

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Ibi D, Fujiki Y, Koide N, Nakasai G, Takaba R, Hiramatsu M. Paternal valproic acid exposure in mice triggers
behavioral alterations in offspring. Neurotoxicol Teratol. 2019 Dec;76:106837.

Engeland A, Bjgrge T, Daltveit AK, Skurtveit S, Vangen S, Vollset SE, et al. Effects of preconceptional
paternal drug exposure on birth outcomes: cohort study of 340000 pregnancies using Norwegian
population-based databases. Br J Clin Pharmacol. 2013 Apr;75(4):1134—41.

Yang F, Chen J, Miao MH, Yuan W, Li L, Liang H, et al. Risk of autism spectrum disorder in offspring
following paternal use of selective serotonin reuptake inhibitors before conception: a population-based
cohort study. BMJ Open. 2017 Dec;7(12):e016368.

Yoshida K, Solomon DH, Kim SC. Active-comparator design and new-user design in observational studies.
Nat Rev Rheumatol. 2015 Jul;11(7):437—41.

Dreier JW, Bjeork MH, Alvestad S, Gissler M, Igland J, Leinonen MK, et al. Prenatal Exposure to Antiseizure
Medication and Incidence of Childhood- and Adolescence-Onset Psychiatric Disorders. JAMA Neurol. 2023
Jun 1;80(6):568-77.

Huang Y, Arnold SR, Foley KR, Trollor JN. Diagnosis of autism in adulthood: A scoping review. Autism.
2020 Aug;24(6):1311-27.

Villagomez AN, Mufioz FM, Peterson RL, Colbert AM, Gladstone M, MacDonald B, et al.
Neurodevelopmental delay: Case definition & guidelines for data collection, analysis, and presentation of
immunization safety data. Vaccine. 2019 Dec 10;37(52):7623-41.

Thomas RH. Valproate: life-saving, life-changing. Clin Med (Lond). 2018 Apr 1;18(Suppl 2):s1-8.

Delnord M, Mortensen L, Hindori-Mohangoo AD, Blondel B, Gissler M, Kramer MR, et al. International
variations in the gestational age distribution of births: an ecological study in 34 high-income countries.
European Journal of Public Health. 2018 Apr 1;28(2):303-9.

Lofling L, Bréms G, Bahmanyar S, Kieler H. Maternal and infant characteristics: differences and similarities
between the Nordic countries and the US. Clin Epidemiol. 2016 Aug 3;8:285-94.

Marson A, Burnside G, Appleton R, Smith D, Leach JP, Sills G, et al. The SANAD Il study of the
effectiveness and cost-effectiveness of valproate versus levetiracetam for newly diagnosed generalised
and unclassifiable epilepsy: an open-label, non-inferiority, multicentre, phase 4, randomised controlled trial.
The Lancet. 2021 Apr 10;397(10282):1375-86.

van 't Hof M, Tisseur C, van Berckelear-Onnes |, van Nieuwenhuyzen A, Daniels AM, Deen M, et al. Age
at autism spectrum disorder diagnosis: A systematic review and meta-analysis from 2012 to 2019. Autism.
2021 May;25(4):862-73.

Eurostat [Internet]. [cited 2021 Jun 8]. Fertility statistics. Available from:
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Fertility_statistics

Francés L, Quintero J, Fernandez A, Ruiz A, Caules J, Fillon G, et al. Current state of knowledge on the
prevalence of neurodevelopmental disorders in childhood according to the DSM-5: a systematic review in
accordance with the PRISMA criteria. Child and Adolescent Psychiatry and Mental Health. 2022 Mar
31;16(1):27.

153



DocuSign Envelope ID: 3BBAOESC-1EBC-417C-8506-5FBF3BF4A64B

PASS - Paternal exposure to valproate — Corrigendum to the Final Report v1.1 V1.0, 02 October 2023

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54,

55.

Maulik PK, Mascarenhas MN, Mathers CD, Dua T, Saxena S. Prevalence of intellectual disability: a meta-
analysis of population-based studies. Res Dev Disabil. 2011 Apr;32(2):419-36.

Werling DM, Geschwind DH. Sex differences in autism spectrum disorders. Current Opinion in Neurology.
2013 Apr;26(2):146-53.

Dickerson AS, Rotem RS, Christian MA, Nguyen VT, Specht AJ. Potential Sex Differences Relative to
Autism Spectrum Disorder and Metals. Curr Environ Health Rep. 2017 Dec;4(4):405-14.

Cohen JM, Cesta CE, Furu K, Einarsdéttir K, Gissler M, Havard A, et al. Prevalence trends and individual
patterns of antiepileptic drug use in pregnancy 2006-2016: A study in the five Nordic countries, United
States, and Australia. Pharmacoepidemiology and Drug Safety. 2020;29(8):913-22.

Chen CY, Liu CY, SuWC, Huang SL, Lin KM. Factors associated with the diagnosis of neurodevelopmental
disorders: a population-based longitudinal study. Pediatrics. 2007 Feb;119(2):e435-443.

Thabtah F, Peebles D. Early Autism Screening: A Comprehensive Review. Int J Environ Res Public Health.
2019 Sep 19;16(18):E3502.

Zablotsky B, Black LI, Maenner MJ, Schieve LA, Danielson ML, Bitsko RH, et al. Prevalence and Trends
of Developmental Disabiliies among Children in the United States: 2009-2017. Pediatrics. 2019
Oct;144(4):e20190811.

Janecka M, Mill J, Basson MA, Goriely A, Spiers H, Reichenberg A, et al. Advanced paternal age effects
in neurodevelopmental disorders—review of potential underlying mechanisms. Translational Psychiatry.
2017 Jan;7(1):e1019—-e1019.

Hultman CM, Sandin S, Levine SZ, Lichtenstein P, Reichenberg A. Advancing paternal age and risk of
autism: new evidence from a population-based study and a meta-analysis of epidemiological studies. Mol
Psychiatry. 2011 Dec;16(12):1203-12.

Kellogg M, Meador KJ. Neurodevelopmental Effects of Antiepileptic Drugs. Neurochem Res. 2017
Jul;42(7):2065-70.

Ehrenstein V, Kristensen NR, Monz BU, Clinch B, Kenwright A, Sgrensen HT. Oseltamivir in pregnancy
and birth outcomes. BMC Infect Dis. 2018 Oct 16;18(1):519.

Broe A, Damkier P, Pottegard A, Hallas J, Bliddal M. Congenital Malformations in Denmark: Considerations
for the Use of Danish Health Care Registries. Clin Epidemiol. 2020;12:1371-80.

Cesta CE, Engeland A, Karlsson P, Kieler H, Reutfors J, Furu K. Incidence of Malformations After Early
Pregnancy Exposure to Modafinil in Sweden and Norway. JAMA. 2020 Sep 1;324(9):895-7.

Green RF, Olney S, Crider K, Olney R, Archer N, Olshan A, et al. Association of Paternal Age and Risk for
Major Congenital Anomalies from the National Birth Defects Prevention Study, 1997-2004. Ann Epidemiol.
2010;20(3):241-9.

Cioppi F, Casamonti E, Krausz C. Age-Dependent De Novo Mutations During Spermatogenesis and Their
Consequences. Adv Exp Med Biol. 2019;1166:29-46.

Peng J, Meng Z, Zhou S, Zhou Y, Wu Y, Wang Q, et al. The non-genetic paternal factors for congenital
heart defects: A systematic review and meta-analysis. Clin Cardiol. 2019 May 29;clc.23194.

154



DocuSign Envelope ID: 3BBAOESC-1EBC-417C-8506-5FBF3BF4A64B

PASS - Paternal exposure to valproate — Corrigendum to the Final Report v1.1 V1.0, 02 October 2023

56. World Health Organization (WHO). Congenital anomalies [Internet]. WHO Official Website. 2016 [cited
2019 Mar 26]. Available from: https://www.who.int/news-room/fact-sheets/detail/congenital-anomalies

57. Frederiksen LE, Ernst A, Brix N, Braskhgj Lauridsen LL, Roos L, Ramlau-Hansen CH, et al. Risk of Adverse
Pregnancy Outcomes at Advanced Maternal Age. Obstetrics & Gynecology. 2018 Mar;131(3):457-63.

58. Heiberg Kahrs B, Haugen, G, Sande R. Norsk gynekologisk forening. [cited 2021 Jun 8]. Prenatal

diagnostikk. Available from: https://www.legeforeningen.no/foreningsledd/fagmed/norsk-gynekologisk-
forening/veiledere/veileder-i-fodselshjelp/prenatal-diagnostikk/

155



DocuSign Envelope ID: 3BBAOESC-1EBC-417C-8506-5FBF3BF4A64B

PASS - Paternal exposure to valproate — Corrigendum to the Final Report v1.1 V1.0, 02 October 2023

8. Appendix

This section supersedes section 15 from the final study report v1.1.

8.1 Norway

This section supersedes section 15.3 from the final study report v1.1.

8.1.1 Description of the offspring, maternal and paternal characteristics in
the Primary outcome cohort

This section supersedes section 15.3.1.1 from the final study report v1.1.

Characteristics of the offspring, mothers and fathers from the Primary outcome cohort are reported from Table
46 to Table 48. Among the 3,300 offspring from the Primary outcome cohort, 51.9% were male, 1.1% were
diagnosed with epilepsy, and 0.8% were exposed to AEDs during the period they were followed-up (Table 46).
Please note that all these offspring were excluded from the comparative analyses, therefore distribution of these
characteristics might differ in those analyses (see Figure 1).

Regarding maternal characteristics of this group, the median (IQR) age of mothers at childbirth was 31.0
(27.0-34.0) years. The most frequent maternal comorbidities diagnosed prior to childbirth were neurotic disorder
(13.0%), affective disorder (8.6%), gestational diabetes (7.1%), diabetes (1.9%), and epilepsy (1.7%). Majority
of the mothers were non-smokers prior to LMP2 (72.3%) and during pregnancy (82.6%); however, missing
values were observed for 13.2% and 10.8% of mothers, respectively (Table 47).

Maternal exposure to AEDs prior to LMP2 and during pregnancy was low, and the proportion of use of each
AED (including valproate, lamotrigine and levetiracetam) was lower than 1%, except for the category of ‘Other
antiepileptics’ (1.6%); these mothers were excluded from the comparative analysis. In total, 44.9% of mothers
had at least one prescription of concomitant medications during pregnancy associated with neuropsychiatric
adverse events, while prior to LMP2 this percentage was 68.1% (Table 48).

Regarding patemnal characteristics of this group, the median (IQR) age of fathers at childbirth was 34.0
(30.0-38.0) years. The most frequent patermnal comorbidities diagnosed prior to childbirth were affective disorder
excluding bipolar affective disorder and mania (13.6%), neurotic disorder (13.3%), and bipolar affective disorder
(11.7%). With regard to paternal exposure to AEDs, 12.5% of fathers were exposed to valproate in
monotherapy, and 32.1% were exposed to lamotrigine/levetiracetam in monotherapy in the 3 months lookback
period from LMP2, the remaining ones were exposed to other AEDs. Only 2.0% of conceptions occurred in
2019; this small proportion is due to study period ending in December 2019, which resulted in the inclusion only
of those conceptions that occurred in the first months of the year, and which resulted in a childbirth in the same
year (Table 49).

156



DocuSign Envelope ID: 3BBAOESC-1EBC-417C-8506-5FBF3BF4A64B

VI

PASS - Paternal exposure to valproate — Corrigendum to the Final Report v1.1 V1.0, 02 October 2023

OO R

Table 46 Description of the offspring characteristics in the Primary outcome cohort in Norway (N=3,300)

NDD - offspring characteristics

3300
Number of pregnancies
N %

<28 (yéxytremely pféterm) ' 9 0.27
28-31 (very preterm) 19 0.58
32-36 (moderate to late preterm) 144 4.36
37-41 (at term) 2994 90.73
242 (post-term) 134 4.06
Missing 0 0.00
<1000 (extremely low) ' 16 0.48
1000-1499 (very low) 11 0.33
1500-2499 (low) 106 3.21
22500 3167 95.97
Missing 0 0.00
Male | 1711 51.85
Female 1689 48.15
Missing 0 0.00
Congenital CMV ' 0 0.00
Congenital rubella 0 0.00
Epilepsy 36 1.09
Fetal alcohol syndrome 0 0.00
Fragile X syndrome 0 0.00
Lejeune/cri du chat syndrome 0 0.00
Tuberous sclerosis 2 0.06
Exposure to AEDs ' ' 26 0.79

AED: Antiepileptic drugs; CMV: Cytomegalovirus; NDD: Neurodevelopmental disorders

Legend: Number of offspring represent the total nhumber of offspring with linked mother and father. The same mother/father can
appear more than once. In that case, their characteristics were described in relationship to the exposure window for each
individual offspring. Percentages were calculated over the total number of offspring.

a) atindex (childbirth)

b) between index and exit date
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Table 47 Description of the maternal characteristics in the Primary outcome cohort in Norway (N=3,300)

NDD - offspring characteristics

Number of pregnancies

<20 years
21-25
26-30
31-35

36-40

>40

Mean (SD)
Median (25 - 75 percentile)
Min, max

Missing

Affective disorder °
Diabetes b
Epilepsy P
Neurotic disorder °

Schizophrenia, schizotypal and delusional disorders °
Obesity ©

(o VAVAL

Gestational diabetes ¢

Rubella ¢

Alcohol abuse prior to LMP2 ©
Alcohol abuse during pregnancy ¢
Substance abuse prior to LMP2 ¢
Substance abuse during pregnancy ¢
Smoking prior to LMP2 °©

Yes

No

Missing

Smoking during pregnancy ¢
Yes

No

Mi

use
Exposure to AEDs prior to LMP2 ©
Valproate
Lamotrigine

3300

N %
48 1.45
474 14.36
1096 33.21
1084 32.85
483 14.64
115 3.48

30.77 (5.12)
31.00 (27.00, 34.00)
17.00, 47.00

0 0.00
283 8.58
64 1.94
55 1.67
428 12.97
3 0.09
34 1.03
0 0.00
233 7.06
0 0.00
12 0.36
5 0.15
21 0.64
20 0.61
477 14.45
2387 72.33
436 13.21
218 6.61
2725 82.58
357 10.82
2 0.06
27 0.82
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NDD - offspring characteristics

Number of pregnancies

N %
Levetiracetam 2 0.06
Barbiturates and derivatives 0 0.00
Hydantoin derivatives 0 0.00
Oxazolidine derivatives f 0 0.00
Succinimide derivatives 0 0.00
Benzodiazepine derivatives 8 0.24
Carboxamide derivatives 9 0.27
Fatty acid derivatives 2 0.06
Other antiepileptics 51 1.55
Exposure to AEDs during pregnancy 9
Valproate 0 0.00
Lamotrigine 26 0.79
Levetiracetam 3 0.09
Barbiturates and derivatives 1 0.03
Hydantoin derivatives 0 0.00
Oxazolidine derivatives 0 0.00
Succinimide derivatives 0 0.00
Benzodiazepine derivatives 4 0.12
Carboxamide derivatives 8 0.24
Fatty acid derivatives 0 0.00
Other antiepileptics 48 1.45
Maternal polypharmacy index prior to LMP2 ¢
0 2097 63.55
1-4 1152 34.91
5-10 50 1.52
>10 1 0.03
Mean (SD) 0.66 (1.15)
Median (25 - 75 percentile) 0.00 (0.00, 1.00)
Min, max 0.00, 12.00
Maternal polypharmacy index during pregnancy ¢
0 1632 49.45
1-4 1574 47.70
5-10 94 2.85
>10 0 0.00
Mean (SD) 0.98 (1.33)
Median (25t - 75 percentile) 1.00 (0.00, 1.00)
Min, max 0.00, 10.00
Concomitant medications associated with
valproate-indicated psychiatric conditions prior to 335 10.15

LMP2 ¢ - mothers with at least one prescription
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NDD - offspring characteristics

3300

Number of pregnancies

Concomitant medications associated with
valproate-indicated psychiatric conditions during 174 5.27
pregnancy ®© - mothers with at least one prescription

Concomitant medications associated with neuropsychiatric adverse 2246 68.06
events prior to LMP2 ¢ -mothers with at least one prescription ’
Concomitant medications associated with neuropsychiatric adverse

events during pregnancy 9 - mothers with at least one prescription 1480 44.85

AED: Antiepileptic drugs; CMV: Cytomegalovirus; LMP2: Last menstrual period date plus 2 weeks; Min: Minimum; Max:
Maximum; NDD: Neurodevelopmental disorders; SD: Standard deviation

Legend: Number of offspring represent the total number of offspring with linked mother and father. The same mother/father can
appear more than once. In that case, their characteristics were described in relationship to the exposure window for each
individual offspring. Percentages were calculated over the total number of offspring.

a) at index (childbirth)

b) all available data prior to index date

c¢) 12 months lookback from LMP2

d) during pregnancy (from LMP2 until index date)

e) 3 months lookback from LMP2

f) Oxazolidine derivatives were not sold in Norway during the study period

Table 48 Description of the paternal characteristics in the Primary outcome cohort in Norway (N=3,300)

NDD - paternal characteristics

3300

Number of pregnancies

N %
Father's age ?
<20 years 9 0.27
21-25 201 6.09
26-30 707 21.42
31-35 1072 32.48
36-40 738 22.36
>40 573 17.36
Mean (SD) 34.56 (6.57)
Median (25t - 75 percentile) 34.00 (30.00, 38.00)
Min, max 18.00, 67.00
Missing 0 0.00
o LT e
2009 251 7.61
2010 376 11.39
2011 318 9.64
2012 355 10.76
2013 323 9.79
2014 350 10.61
2015 357 10.82
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NDD - paternal characteristics

3300

Number of pregnancies

N %
2016 322 9.76
2017 296 8.97
2018 286 8.67
2019 66 2.00
Comorbidities ©
;;\:f;cr:rt\i;ﬁigisorder excluding bipolar affective disorder 447 13.55
Bipolar affective disorder 386 11.70
Mania 15 0.45
Neurotic disorder 439 13.30
Schizophrenia, schizotypal and delusional disorders 49 1.48
Lifestyle characteristics
Substance abuse © 74 224
Medication use
Exposure to AEDs f
Valproate ¢ 622 18.85
Lamotrigine ¢ 1097 33.24
Levetiracetam 9 343 10.39
Barbiturates and derivatives ¢ 19 0.58
Hydantoin derivatives 9 21 0.64
Oxazolidine derivatives 99 0 0.00
Succinimide derivatives 8 5 0.15
Benzodiazepine derivatives ¢ 147 4.45
Carboxamide derivatives 9 518 15.70
Fatty acid derivatives 9 622 18.85
Other antiepileptics $ 2333 70.70
Valproate in monotherapy 413 12.52
Lamotrigine in monotherapy 896 27.15
Levetiracetam in monotherapy 162 4.91
Lamotrigine/levetiracetam in monotherapy 1058 32.06
Paternal polypharmacy index f
0 1572 47.64
1-4 1569 47.55
5-10 153 4.64
>10 6 0.18
Mean (SD) 1.17 (1.62)
Median (25 - 75 percentile) 1.00 (0.00, 2.00)
Min, max 0.00, 14.00

161



DocuSign Envelope ID: 3BBAOESC-1EBC-417C-8506-5FBF3BF4A64B

A

PASS - Paternal exposure to valproate — Corrigendum to the Final Report v1.1 V1.0, 02 October 2023

NDD - paternal characteristics

3300

Number of pregnancies

Concomitant medications associated with
valproate-indicated psychiatric conditions © - fathers 1490 45.15
with at least one prescription

Concomitant medications associated with

neuropsychiatric adverse events ® - fathers with at least one 2320 70.30
prescription

Fathers exposed to AEDs polytherapy prior to LMP2 f 454 13.76
Fathers exposed to valproate in combination with 205 6.21
other AEDs prior to LMP2 f .
Fathers switching to/from an AED other than 242 733

valproate, lamotrigine, levetiracetam prior to LMP2 f

AED: antiepileptic drugs; LMP2: Last menstrual period date plus 2 weeks; Min: Minimum; Max: Maximum; NDD:
neurodevelopmental disorders; SD: Standard Deviation
Legend: Number of offspring represent the total number of offspring with linked mother and father. The same mother/father can
appear more than once.
In that case, their characteristics were described in relationship to the exposure window for each individual offspring. Percentages
were calculated over the total number of offspring.

a) atindex (childbirth)

b) at mother's LMP2

c) all available data priortoindex date

d) Oxazolidine derivatives were not sold in Norway during the study period

e) 12 months lookback from LMP2

f) 3 months lookback from LMP2

g) in mono- or polytherapy

8.1.2 Description of the offspring, maternal and paternal characteristics in
the secondary outcome cohort

This section supersedes section 15.3.1.2 from the final study report vi.1.

Characteristics of the offspring, mothers and fathers from the Secondary outcome cohort are reported from
Table 49 to Table 51.

Among the 3,315 offspring in the Secondary outcome cohort, 51.9% were male, 90.3%, were born at term,
95.7% were weighing 22500 g. The comorbidities of congenital herpes simplex and congenital varicella were
present in <5 offspring, while the rest were absent (Table 49).

Regarding maternal characteristics of mothers from the Secondary outcome cohort, the median (IQR) age of
mothers at childbirth was 30.0 (27.0, 34.0) years. The most frequent maternal comorbidities prior to childbirth
were diabetes (1.8%) and gestational diabetes (1.8%). Smoking status prior to LMP2 was 14.5% and during
pregnancy 6.6%. However, missing data for smoking status prior to LMP2 and during pregnancy were 13.3%
and 10.9%, respectively. Exposure to other antiepileptics 3 months prior to LMP2 and during pregnancy was
observed among 1.5% and 1.4% of mothers, respectively (Table 50).

Regarding characteristics of fathers from the Secondary outcome cohort, the median (IQR) age of fathers at
childbirth was 33.0 (30.0, 38.0) years. With regards to exposure to any AEDs, 18.8% of fathers were exposed
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to valproate in monotherapy and 33.1% were exposed to lamotrigine/levetiracetam in monotherapy in the 3
months lookback period from LMP2, while the remaining fathers were exposed to other antiepileptics.
Considering the Secondary outcome cohort for descriptive analyses, 61.4% of fathers were exposed to
teratogenic activity/fetal toxicity prior to LMP2 (Table 51).

Table 49 Description of the offspring characteristics for the Secondary outcome cohort in Norway (N=4,676)

CM - offspring characteristics

3315

Number of pregnancies

N %
Gestational age (weeks)
<28 (extremely preterm) 16 0.48
28-31 (very preterm) 21 0.63
32-36 (moderate to late preterm) 149 4.49
37-41 (at term) 2995 90.35
242 (post-term) 134 4.04
Missing 0 0.00
Birth weight (g)
<1000 (extremely low) 22 0.66
1000-1499 (very low) 14 0.42
1500-2499 (low) 107 3.23
22500 3171 95.66
Missing 1 0.03
Gender
Male 1720 51.89
Female 1594 48.08
Missing 1 0.03
Comorbidities ®
Congenital CMV 0 0.00
Congenital Herpes Simplex 1 0.03
Congenital rubella 0 0.00
Congenital toxoplasmosis 0 0.00
Congenital varicella 1 0.03
Fetal alcohol syndrome 0 0.00

CM: Congenital Malformations; CMV: Cytomegalovirus

Legend: Number of pregnancies represent the total number of live and non-live offspring with linked mother and father. The same
mother/father can appear more than once. In that case, their characteristics will be described in relationship to the exposure window
for each individual offspring. Percentages are calculated over the total number of offspring.

a) between index (12" week of gestation in Norway, 22™ week of gestation in Denmark, birthdate of live offspring in Sweden) and exit
date
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Table 50 Description of the maternal characteristics for the Secondary outcome cohort in Norway (N=4,676)

CM - maternal characteristics

3315

Number of pregnancies

N %
Mother's age at index date 2
<20 years 62 1.87
21-25 537 16.20
26-30 1155 34.84
31-35 1028 31.01
36-40 444 13.39
>40 89 2.68
Mean (SD) 30.27 (5.12)
Median (25 - 75 percentile) 30.00 (27.00, 34.00)
Min, max 17.00, 46.00
Missing 0 0.00
Comorbidities
Diabetes b 60 1.81
Epilepsy P 55 1.66
Obesity © 34 1.03
Ccmy ¢ 0 0.00
Folate deficiency 9 0 0.00
Gestational diabetes ¢ 61 1.84
Herpes simplex virus 9 2 0.06
Rubella ¢ 0 0.00
Toxoplasmosis ¢ 0 0.00
Varicella 4 4 0.12
Lifestyle characteristics
Alcohol abuse prior to LMP2 © 12 0.36
Alcohol abuse during pregnancy ¢ 5 0.15
Substance abuse prior to LMP2 ¢ 21 0.63
Substance abuse during pregnancy ¢ 15 0.45
Smoking prior to LMP2 °©
Yes 480 14.48
No 2395 72.25
Missing 440 13.27
Smoking during pregnancy ¢
Yes 218 6.58
No 2735 82.50
Missing 362 10.92
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CM - maternal characteristics

3315

Number of pregnancies

N %
Medication use
Exposure to AEDs prior to LMP2 ®
Valproate 2 0.06
Lamotrigine 27 0.81
Levetiracetam 2 0.06
Barbiturates and derivatives 0 0.00
Hydantoin derivatives 0 0.00
Oxazolidine derivatives © 0 0.00
Succinimide derivatives 0 0.00
Benzodiazepine derivatives 8 0.24
Carboxamide derivatives 9 0.27
Fatty acid derivatives 2 0.06
Other antiepileptics 51 1.54
Exposure to AEDs during pregnancy 9
Valproate 0 0.00
Lamotrigine 26 0.78
Levetiracetam 2 0.06
Barbiturates and derivatives 1 0.03
Hydantoin derivatives 0 0.00
Oxazolidine derivatives ®© 0 0.00
Succinimide derivatives 0 0.00
Benzodiazepine derivatives 1 0.03
Carboxamide derivatives 7 0.21
Fatty acid derivatives 0 0.00
Other antiepileptics 46 1.39
Matemnal exposure to teratogenic activity/fetal
toxicity prior to LMP2 f - mothers with at least one 973 29.35
prescription
Matemal exposure to teratogenic activity/fetal
toxicity during pregnancy © - mothers with at least one 1011 30.50

prescription
AED: antiepileptic drugs; CM: Congenital Malformations; CMV: Cytomegalovirus; LMP2: Last menstrual period date plus 2 weeks;
Min: Minimum; Max: Maximum; SD: Standard deviation
Legend: Number of pregnancies represent the total number of live and non-live offspring with linked mother and father. The same
mother/father can appear more than once. In that case, their characteristics will be described in relationship to the exposure window
for each individual offspring. Percentages are calculated over the total number of offspring.

a) atindex (12" week of gestation in Norway, 22" week of gestation in Denmark, birthdate of live offspring in Sweden)

b) allavailable data prior to index date

c) 12-months lookback from LMP2

d) during pregnancy (from LMP2 until the earliest of: the first record of a diagnosis of major CM (or if absent the first record of

any CM diagnosis), and the date of end of pregnancy)
e) Oxazolidine derivatives were not sold in Norway during the study period
f)  3-months lookback from LMP2
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Table 51 Description of the paternal characteristics for the Secondary outcome cohort in Norway (N=4,676)

CM - paternal characteristics

3315

Number of pregnancies

N %
Father's age ?
<20 years 16 0.48
21-25 234 7.06
26-30 782 23.59
31-35 1071 32.31
36-40 699 21.09
>40 513 15.48
Mean (SD) 34.05 (6.57)
Median (25 - 75 percentile) 33.00 (30.00, 38.00)
Min, max 17.00, 66.00
Missing 0 0.00
Year of child conception °
2009 252 7.60
2010 378 11.40
2011 321 9.68
2012 358 10.80
2013 324 9.77
2014 350 10.56
2015 355 10.71
2016 323 9.74
2017 299 9.02
2018 288 8.69
2019 67 2.02
Medication use
Exposure to AEDs
Valproate ¢ 625 18.85
Lamotrigine ¢ 1098 33.12
Levetiracetam ¢ 345 10.41
Barbiturates and derivatives ¢ 19 0.57
Hydantoin derivatives ¢ 21 0.63
Oxazolidine derivatives 4¢ 0 0.00
Succinimide derivatives ¢ 5 0.15
Benzodiazepine derivatives ¢ 147 4.43
Carboxamide derivatives ¢ 522 16.75
Fatty acid derivatives ¢ 625 18.85
Other antiepileptics ¢ 2343 70.68
Valproate in monotherapy 416 12.55
Lamotrigine in monotherapy 897 27.06
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CM - paternal characteristics

. 3315
Number of pregnancies
N %

Levetiracetam in monotherapy 163 492
Lamotrigine/levetiracetam in monotherapy 1060 31.98
Fathers exposed to AEDs polytherapy prior to LMP2 ¢ 457 13.79
Fathers exposed to valproate in combination with 205 6.18
other AEDs prior to LMP2 ¢ ’
Fathers switching to/from an AED other than 243 733
valproate, lamotrigine, levetiracetam prior to LMP2 ¢ ’
Paternal exposure to teratogenic activity/fetal toxicity 2035 61.39

prior to LMP2 ¢f

AED: antiepileptic drugs; CM: Congenital Malformations; LMP2: Last menstrual period date plus 2 weeks; Min: Minimum; Max:

Maximum; SD: Standard deviation

Legend: Number of pregnancies represent the total number of live and non-live offspring with linked mother and father. The same
mother/father can appear more than once. In that case, their characteristics will be described in relationship to the exposure window

for each individual offspring. Percentages are calculated over the total number of offspring.

a)
b)

at index (12" week of gestation in Norway, 22" week of gestation in Denmark, birthdate of live offspring in Sweden)

at mother’'s LMP2

3-months lookback from LMP2

in mono- or polytherapy

Oxazolidine derivatives were not sold in Norway during the study period
Please note, that the list of teratogens include 'All other AEDs'
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8.1.3 Cumulative incidence proportion of NDD by gender

This section supersedes section 15.3.2 from the final study report v1.1.

Table 52 Cumulative incidence proportion (risk) of NDD by paternal exposure group for male offspring; primary outcome

Paternal exposure group

Total
NDD Valproate Iltsg‘t?rtarégltna ?n Lamotrigine Levetiracetam (I\a’?rliz:?i;ti?\:
llevetiracetam)
Follow-up period
N 205 562 465 97 767
0-1 years n 1 0 0 0 1
n/N*100 0.49 (-0.47, 1.44) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.13 (-0.12, 0.39)
N 189 501 419 82 690
1-2 years n 0 0 0 0 0
n/N*100 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00)
N 166 446 374 72 612
2-3 years n 0 2 2 0 2
n/N*100 0.00 (0.00, 0.00) 0.45 (-0.17, 1.07) 0.53 (-0.20, 1.27) 0.00 (0.00, 0.00) 0.33 (-0.13, 0.78)
N 144 388 327 61 532
3-4 years n 1 6 5 1 7
n/N*100 0.69 (-0.66, 2.05) 1.55 (0.32, 2.77) 1.53 (0.20, 2.86) 1.64 (-1.55, 4.83) 1.32 (0.35, 2.28)
N 122 322 275 47 444
4-5 years n 2 2 1 1 4
n/N*100 1.64 (-0.61, 3.89) 0.62 (-0.24, 1.48) 0.36 (-0.35, 1.08) 2.13 (-2.00, 6.25) 0.90 (0.02, 1.78)
N 105 266 230 36 37
5-6 years n 1 1 0 1 2
n/N*100 0.95 (-0.91, 2.81) 0.38 (-0.36, 1.11) 0.00 (0.00, 0.00) 2.78 (-2.59, 8.15) 0.54 (-0.21, 1.28)
N 83 193 169 24 276
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Paternal exposure group

Total
NDD Valproate Illé\a/r:t?rtar::%itna; Lamotrigine Levetiracetam (I\;'arl‘[;rtt:ia;it;;
llevetiracetam)

Follow-up period

6-7 years n 2 5 5 0 7
n/N*100 2.41 (-0.89, 5.71) 2.59 (0.35, 4.83) 2.96 (0.40, 5.51) 0.00 (0.00, 0.00) 2.54 (0.68, 4.39)
N 59 130 118 12 189

7-8 years n 2 1 1 0 3
n/N*100 3.39 (-1.23, 8.01) 0.77 (-0.73, 2.27) 0.85 (-0.81, 2.50) 0.00 (0.00, 0.00) 1.59 (-0.19, 3.37)
N 36 92 82 10 128

8-9 years n 0 2 2 0 2
n/N*100 0.00 (0.00, 0.00) 2.17 (-0.81, 5.15) 2.44 (-0.90, 5.78) 0.00 (0.00, 0.00) 1.56 (-0.59, 3.71)
N 12 43 37 6 55

9-10 years n 0 0 0 0 0
n/N*100 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00)
N 205 562 465 97 767

Overall ((-10 years) n 9 19 16 3 28
n/N*100 4.39 (1.59, 7.19) 3.38 (1.89, 4.88) 3.44 (1.78, 5.10) 3.09 (-0.35, 6.54) 3.65 (2.32, 4.98)

NDD: neurodevelopmental disorders
Incidence proportions may be stratified according to relevant strong risk factors (such as age or gender) which were determined based on the results of the univariate analyses. As an
example, this table presents incidence proportions stratified by gender. Number of offspring at risk at the beginning of each year of follow-up (N), number of offspring with a new event
during the year (n) and proportion (n/Nx100) with the 95% confidence interval (Cl) were presented.
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Table 53 Cumulative incidence proportion (risk) of NDD by paternal exposure group for female offspring; primary outcome

Paternal exposure group

NDD

Follow-up period

0-1 years

1-2 years

2-3 years

3-4 years

4-5 years

5-6 years

6-7 years

Total
Valproate Illt:,\a/r;(i,rtarci:%it';; Lamotrigine Levetiracetam (I\a,?r:':)::i;ti?\:
llevetiracetam)
N 208 496 43 65 704
n 0 0 0 0 0
n/N*100 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00)
N 192 447 389 58 639
n 1 0 0 0 1
n/N*100 0.52 (-0.50, 1.54) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.16 (-0.15, 0.46)
N 176 404 352 52 580
n 2 2 2 0 4
n/N*100 1.14 (-0.43, 2.70) 0.50 (-0.19, 1.18) 0.57 (-0.22, 1.35) 0.00 (0.00, 0.00) 0.69 (0.02, 1.36)
N 150 345 299 46 495
n 1 0 0 0 1
n/N*100 0.67 (-0.64, 1.97) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.20 (-0.19, 0.60)
N 127 283 250 33 410
n 0 3 2 1 3
n/N*100 0.00 (0.00, 0.00) 1.06 (-0.13, 2.25) 0.80 (-0.30, 1.90) 3.03 (-2.82, 8.88) 0.73 (-0.09, 1.56)
N 98 234 208 26 332
n 1 0 0 0 1
n/N*100 1.02 (-0.97, 3.01) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.30(-0.29, 0.89)
N 77 188 171 17 265
n 0 0 0 0 0
n/N*100 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00)
N 56 147 134 13 203
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Paternal exposure group

Total
NDD Valproate Iltsre':‘i:tarci:gitr:n Lamotrigine Levetiracetam (I‘a’rar:g::’i;tii:
llevetiracetam)

Follow-up period

7-8 years n 2 0 0 0 2
n/N*100 3.57 (-1.29, 8.43) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.99 (-0.37, 2.34)
N 34 103 97 6 137

8-9 years n 1 1 1 0 2
n/N*100 2.94 (-2.74, 8.62) 0.97 (-0.92, 2.86) 1.03 (-0.98, 3.04) 0.00 (0.00, 0.00) 1.46 (-0.55, 3.47)
N 15 39 38 1 54

9-10 years n 0 0 0 0 0
n/N*100 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00)
N 208 496 431 65 704

Overall (0-10 years) n 8 6 5 1 14
n/N*100 3.85 (1.23, 6.46) 1.21 (0.25, 2.17) 1.16 (0.15, 2.17) 1.54 (-1.45, 4.53) 1.99 (0.96, 3.02)

NDD: neurodevelopmental disorders

Incidence proportions may be stratified according to relevant strong risk factors (such as age or gender) which were determined based on the results of the univariate analyses. As an
example, this table presents incidence proportions stratified by gender. Number of offspring at risk at the beginning of each year of follow-up (N), number of offspring with a new event
during the year (n) and proportion (n/Nx100) with the 95% confidence interval (Cl) were presented.

171



DocuSign Envelope ID: 3BBAOESC-1EBC-417C-8506-5FBF3BF4A64B

VIA

PASS - Paternal exposure to valproate — Corrigendum to the Final Report v1.1

V1.0, 02 October 2023

8.1.4 Cumulative incidence rate and time to NDD diagnosis by gender

This section supersedes section 15.3.3 from the final study report v1.1.

Table 54 Cumulative incidence rate of NDD by paternal exposure group for males; primary outcome

Paternal exposure group

Total
NDD Valproate Ilt\arrent(i,rtarci:%it';; Lamotrigine Levetiracetam (I\a,amlgrt‘:?;i?\;
llevetiracetam)

Follow-up period
PY 195.42 533.01 443.27 89.74 728.43

0-1 years n 1 0 0 0 1
n/PY*1000 5.12 (0.13, 28.51) 0.00 (-, 6.92) 0.00 (-, 8.32) 0.00 (-, 41.11) 1.37 (0.03, 7.65)
PY 371.21 1004.93 837.96 166.97 1376.14

0-2 years n 1 0 0 0 1
n/PY*1000 2.69 (0.07, 15.01) 0.00 (-, 3.67) 0.00 (-, 4.40) 0.00 (-, 22.09) 0.73 (0.02, 4.05)
PY 526.51 1421.06 1188.1 232.96 1947.57

0-3 years n 1 2 2 0 3
n/PY*1000 1.9 (0.05, 10.58) 1.41 (0.17, 5.08) 1.68 (0.20, 6.08) 0.00 (-, 15.83) 1.54 (0.32, 4.50)
PY 660.11 1774.21 1486.58 287.63 2434.32

0-4 years n 2 8 7 1 10
n/PY*1000 3.03 (0.37, 10.94) 4.51 (1.95, 8.88) 4.71 (1.89, 9.70) 3.48 (0.09, 19.37) 4.11 (1.97, 7.55)
PY 774.38 2067.23 1738.68 328.56 2841.61

0-5 years n 4 10 8 2 14
n/PY*1000 5.17 (1.41,13.23) 4.84 (2.32, 8.90) 4.60 (1.99, 9.07) 6.09 (0.74, 21.99) 4.93 (2.69, 8.27)
PY 869.44 2293.11 1933.86 359.24 3162.55

0-6 years n 5 11 8 3 16
n/PY*1000 5.75 (1.87, 13.42) 4.80 (2.39, 8.58) 4.14 (1.79, 8.15) 8.35(1.72, 24.41) 5.06 (2.89, 8.22)
PY 940.9 2455.65 2076.98 378.67 3396.55
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Paternal exposure group

Total
NDD Valproate II:\alreTi::::glt':n Lamotrigine Levetiracetam (I‘a,:’rll‘:)::',i;ti‘:\;
llevetiracetam)

Follow-up period

0-7 years n 7 16 13 3 23
n/PY*1000 7.44 (2.99, 15.33) 6.52 (3.72, 10.58) 6.26 (3.33, 10.70) 7.92 (1.63, 23.15) 6.77 (4.29, 10.16)
PY 986.20 2564.34 2174.39 389.95 3550.54

0-8 years n 9 17 14 3 26
n/PY*1000 9.13 (4.17,17.32) 6.63 (3.86, 10.61) 6.44 (3.52, 10.80) 7.69 (1.59, 22.48) 7.32 (4.78, 10.73)
PY 1012 2635.66 2236.99 398.67 3647.66

0-9 years n 9 19 16 3 28
n/PY*1000 8.89 (4.07, 16.88) 7.21 (4.34, 11.26) 7.15 (4.09, 11.62) 7.53 (1.55, 21.99) 7.68 (5.10, 11.09)
PY 1020.09 2656.92 2255.33 401.59 3677.01

0-10 years n 9 19 16 3 28
n/PY*1000 8.82 (4.03, 16.75) 7.15 (4.31, 11.17) 7.09 (4.06, 11.52) 7.47 (1.54, 21.83) 7.61 (5.06, 11.01)

NDD: Neurodevelopmental Disorders; PY: Person-Years
Legend: Cumulative incidence rates may be stratified according to relevant strong risk factors (such as age or gender) which were determined based on the results of the univariate

analyses. As an example, this table presents incidence rates stratified by gender. Person-years at risk during the age period (PY), number of new events during the age period (n) and
rate (n/PYx1000) were presented. It was not always possible to estimate the lower bound of the 95% CI for the corresponding incidence rate
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Table 55 Cumulative incidence rate of NDD by paternal exposure group for females; primary outcome

Paternal exposure group

Total
NDD Valproate Illt:,\a/':tci:'tarci:?ait'::n Lamotrigine Levetiracetam (I‘a,?rll%rtgi;ti?\:
llevetiracetam)

Follow-up period
PY 200.51 469.16 407.67 61.49 669.67

0-1 years n 0 0 0 0 0
n/PY*1000 0.00 (-, 18.40) 0.00 (-, 7.86) 0.00 (-, 9.05) 0.00 (-, 59.99) 0.00 (-, 5.51)
PY 383.16 896.3 779.96 116.35 1279.46

0-2 years n 1 0 0 0 1
n/PY*1000 2.61 (0.07, 14.54) 0.00 (-, 4.12) 0.00 (-, 4.73) 0.00 (-, 31.71) 0.78 (0.02, 4.35)
PY 548.78 1275.65 1111.53 164.12 1824.43

0-3 years n 3 2 2 0 5
n/PY*1000 5.47 (1.13, 15.98) 1.57 (0.19, 5.66) 1.80 (0.22, 6.50) 0.00 (-, 22.48) 2.74 (0.89, 6.40)
PY 691.30 1593.54 1388.42 205.12 2284.85

0-4 years n 4 2 2 0 6
n/PY*1000 5.79 (1.58, 14.81) 1.26 (0.15, 4.53) 1.44 (0.17, 5.20) 0.00 (-, 17.98) 2.63 (0.96, 5.72)
PY 805.56 1853.58 1618.54 235.04 2659.13

0-5 years n 4 5 4 1 9
n/PY*1000 4.97 (1.35, 12.71) 2.70 (0.88, 6.30) 2.47 (0.67, 6.33) 4.25(0.11, 23.71) 3.38 (1.55, 6.42)
PY 892.42 2063.72 1806.86 256.85 2956.13

0-6 years n 5 5 4 1 10
n/PY*1000 5.60 (1.82, 13.07) 2.42 (0.79, 5.65) 2.21 (0.60, 5.67) 3.89 (0.10, 21.69) 3.38 (1.62, 6.22)
PY 960.11 2234.01 1962.5 271.51 3194.12

0-7 years n 5 5 4 1 10
n/PY*1000 5.21 (1.69, 12.15) 2.24 (0.73, 5.22) 2.04 (0.56, 5.22) 3.68 (0.09, 20.52) 3.13 (1.50, 5.76)
PY 1003.93 2361.46 2080.38 281.08 3365.39

0-8 years n 7 5 4 1 12
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Paternal exposure group

NDD

Valproate

Lamotrigine
llevetiracetam

Lamotrigine

Levetiracetam

Total
(valproate +
lamotrigine

llevetiracetam)

Follow-up period

n/PY*1000
PY

0-9 years n
n/PY*1000
PY

0-10 years n
n/PY*1000

6.97 (2.80, 14.37)
1028.70
8
7.78 (3.36, 15.32)
1035.75
8
7.72 (3.33, 15.22)

2.12 (0.69, 4.94)
2431.59
6
2.47 (0.91, 5.37)
2451.66
6
2.45 (0.90, 5.33)

1.92 (0.52, 4.92)
2147.38
5
2.33 (0.76, 5.43)
2167.04
5
2.31 (0.75, 5.38)

3.56 (0.09, 19.82)
284.21
1
3.52 (0.09, 19.60)
284.62
1
3.51 (0.09, 19.58)

3.57 (1.84, 6.23)
3460.29
14
4.05 (2.21, 6.79)
3487.42
14
4.01 (2.19, 6.74)

NDD: Neurodevelopmental Disorders; PY: Person-Years
Legend: Cumulative incidence rates may be stratified according to relevant strong risk factors (such as age or gender) which were determined based on the results of the univariate

analyses. As an example, this table presents incidence rates stratified by gender. Person-years at risk during the age period (PY), number of new events during the age period (n) and
rate (n/PYx1000) were presented. It was not always possible to estimate the lower bound of the 95% CI for the corresponding incidence rate
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Table 56 Time to NDD by paternal exposure group stratified by offspring gender Primary outcome cohort in Norway

Paternal exposure group (Male offspring)

Total
NDD Valproate Lamqtrlglne Lamotrigine Levetiracetam (valprqat_e N
llevetiracetam lamotrigine
llevetiracetam)
Number of events 9 19 16 3 28
Number of censor 196 543 449 94 739
Survival time

5" percentile

79.00 (53.10, -)

83.73 (562.83, -) 83.7 3 (48.23, -)

64.47 (52.83, -)

80.77 (53.10, -)

10t percentile 93.70 (79.00, -) (=) (=) (=) (=)

25" percentile (=) -(-,-) -(--) -(-,-) -(-,-)

median ) -r) () -r) -r)

75! percentile -(--) -(=-) (=) (=) (=)
Paternal exposure group (Female offspring)

Number of events 8 6 5 1 14

Number of censor 200 490 426 64 690

Survival time
5t percentile
10t percentile
25" percentile
median

75! percentile

89.53 (32.97, -)
99.23 (89,53, -)
)

)

)

) )
) )
) )
) )
) )

)
)
)
)
)

NDD: Neurodevelopmental disorders
Legend: Due to low number of events the median time-to-event could not be calculated. Over the study period, the frequency of events was lower than 10% in the cohort, therefore only
the 5" percentile of the time to diagnosis could be estimated, and it was not always possible to estimate the upper bound of the 95% Cl for the corresponding time-to-event
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8.1.5 Variables estimate from propensity score

This section supersedes section 15.3.4 from the final study report vi.1.

Table 57 Variable importance metric from random forest propensity score model; Primary outcome cohort in Norway

Variable
NDD importance

Variable (or interaction) 2
Offspring risk factors/confouinders

Gender © -0.01
Maternal risk factors/confounders

Mother's age ? (categorical) -0.02
Affective disorder ¢ -0.01
Diabetes ¢ 0.01
Gestational diabetes °© 0.00
Neurotic disorder ¢ 0.02
Schizophrenia, schizotypal and delusional disorders 0.02
Obesity f 0.02
Alcohol abuse prior to LMP2 f 0.02
Alcohol abuse during pregnancy © 0.03
Substance abuse prior to LMP2 f 0.02
Substance abuse during pregnancy © 0.06
Smoking during pregnancy ® 0.05

Concomitant medications associated with
valproate-indicated psychiatric conditions prior to 0.01
LMP2 f - mothers with at least one prescription

Concomitant medications associated with
valproate-indicated psychiatric conditions during -0.03
pregnancy °© - mothers with at least one prescription
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NDD ) Variable

importance
Concomitant medications associated with 0.01

neuropsychiatric adverse events prior to LMP2 f-mothers with at least one prescription

Concomitant medications associated with
neuropsychiatric adverse events during pregnancy © - -0.01
mothers with at least one prescription

TR

Affective disorder 99 -0.02
Bipolar affective disorder ¢ -0.03
Mania ¢ 0.04
Neurotic disorder ¢ -0.03
Schizophrenia, schizotypal and delusional disorders ¢ 0.05
Substance abuse 0.04
Year of offspring conception ! -0.01

LMP2: Last menstrual period date plus 2 weeks; NDD: neurodevelopmental disorders
Legend: Importance metric is represented for risk factors and confounders included in the propensity score (PS) model. All variables potentially included in the PS model are listed here,
however some of the variables might not be included in the final set of variables.

a) Candidate covariates were considered to enter the PS model if associated with the study outcome based on univariate analyses. All two-way interactions were considered

b) atindex (childbirth)

d) all available data prior to index date

e) during pregnancy (from LMP2 until index date)

f) 12 months lookback from LMP2

g) excluding bipolar affective disorder and mania

h) at mother's LMP2
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Table 58 Variable estimates from logistic regression informed by random forest propensity score model; Primary outcome cohort in Norway

NDD Estimate

Variable (or interaction) @ OR 95% ClI P-value
Offspring risk factors/confounders

Gender®

Male Reference - -
Female 1.08 0.83, 1.41 0.5718

Maternal risk factors/confounders
Mother's age ” (categorical)

<20 years 1.12 0.40,3.16 0.8295
21-25 0.97 0.64, 1.46 0.8768
26-30 Reference - -
31-35 0.98 0.71,1.34 0.8818
36-40 0.77 0.49, 1.20 0.2480
>40 0.42 0.17,1.05 0.0626
Affective disorder ¢ 0.62 0.34,1.14 0.1273
Diabetes ¢ 0.65 0.21,2.04 0.4646
Neurotic disorder ¢ 1.13 0.73,1.74 0.5899
Obesity f 1.12 0.30,4.18 0.8654
Smoking during pregnancy ®

No Reference - -
Yes 1.94 1.09, 3.46 0.0246
Conc_qmitant rpedications associated with yalproate-indicated ps'yc.hiatric 0.27 0.09. 0.82 0.0211
conditions during pregnancy € - mothers with at least one prescription ’

Concomitant medications associated with neuropsychiatric adverse events 0.96 0.73, 1.28 0.7966

during pregnancy © - mothers with at least one prescription

179



DocuSign Envelope ID: 3BBAOESC-1EBC-417C-8506-5FBF3BF4A64B

PASS - Paternal exposure to valproate — Corrigendum to the Final Report v1.1 V1.0, 02 October 2023
NDD Estimate

Variable (or interaction) 2 OR 95% CI P-value
Paternal risk factors/confounders

Affective disorder 99 0.37 0.22, 0.61 <.0001
Bipolar affective disorder ¢ 0.53 0.36, 0.79 0.0017
Neurotic disorder ¢ 0.44 0.25, 0.78 0.0050
Schizophrenia, schizotypal and delusional disorders 0.89 0.27, 2.93 0.8417
Substance abuse f 0.71 0.20, 2.55 0.5986
Year of offspring conception i

2009-2013 Reference - -
2014-2019 0.97 0.74,1.27 0.8339

NDD: neurodevelopmental disorders; Cl: Confidence Interval; LMP2: Last menstrual period date plus 2 weeks; OR: odds ratio
Legend: Odds ratios (OR), 95% confidence intervals (Cl) and p-values are represented for risk factors and confounders included in the propensity score (PS) model. All variables
potentially included in the PS model are listed here, however some of the variables might not be included in the final set of variables.

a) candidate covariates were considered to enter the PS model if associated with the study outcome based on univariate analyses. Additionally, two-way interactions were

included in the PS model if identified as clinically meaningful

b) atindex (childbirth)

d) all available data priortoindex date

e) during pregnancy (from LMP2 until index date)

f) 12 months lookback from LMP2

g) excluding bipolar affective disorder and mania

h) 3-months lookback from LMP2

i) at mother’'s LMP2

j)  calendar years were grouped in each country according to the length of the study period
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Table 59 Balance of risk factors/confounders after PS weighting (PS scores obtained using logistic regression); primary outcome

Variance ratio

tnduizes  Saweed  (dbreovs  Salnces
difference llevetiracetam)

Offspring risk factors/confounders

Gender ° 0.02 Yes 1.01 Yes
Congenital CMV ¢ - - - -
Congenital rubella ¢ - - - -
Fetal alcohol syndrome ¢ - - - -
Fragile X syndrome ¢ - - - -
Lejeune/cri du chat syndrome ¢ - - - -
Tuberous sclerosis ¢ - - - -
Maternal risk factors/confounders

Mother's age ¢ (categorical) 0.00* Yes 1.04 Yes
Affective disorder © 0.03 Yes 1.1 Yes
Diabetes © 0.04 Yes 0.73 Yes
Gestational diabetes f 0.07 Yes 0.77 Yes
Neurotic disorder © 0.07 Yes 1.16 Yes
Schizophrenia, schizotypal and delusional disorders © - - - -
Obesity ¢ 0.03 Yes 0.70 Yes
CMV ¢ _ . _ .
Rubella 9 - -7 - -
Alcohol abuse prior to LMP2 9 0.04 Yes - -
Alcohol abuse during pregnancy f - - - -
Substance abuse prior to LMP2 ¢ - - - -
Substance abuse during pregnancy f - - - -
Smoking prior to LMP2 ¢ 0.05 Yes 1.13 Yes
Smoking during pregnancy f 0.04 Yes 1.16 Yes
Maternal polypharmacy index prior to LMP2 | (categorical) 0.00* Yes 1.05 Yes
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Absolute Variance ratio
NDD standardized Balanced (valproate vs Balanced
. achieved 2 lamotrigine achieved P
difference .
llevetiracetam)
Maternal polypharmacy index during pregnancy f (categorical) 0.00* Yes 1.07 Yes

Concomitant medications associated with
valproate-indicated psychiatric conditions prior to 0.02 Yes 1.06 Yes
LMP2 ¢ - mothers with at least one prescription

Concomitant medications associated with
valproate-indicated psychiatric conditions during 0.09 Yes 0.66 Yes
pregnancy f - mothers with at least one prescription

Concomitant medications associated with

neuropsychiatric adverse events prior to LMP2 9 -mothers with at least one 0.04 Yes 1.04 Yes
prescription

Concomitant medications associated with

neuropsychiatric adverse events during pregnancy f -mothers with at least 0.01 Yes 1.01 Yes

one prescription
Paternal risk factors/confounders

Affective disorder &h 0.05 Yes 1.09 Yes
Bipolar affective disorder © 0.07 Yes 1.10 Yes
Mania © 0.12 No - -
Neurotic disorder © 0.05 Yes 1.12 Yes
Schizophrenia, schizotypal and delusional disorders © 0.04 Yes 0.70 Yes
Substance abuse ¢ 0.08 Yes 0.46 Yes
Paternal polypharmacy index ' (categorical) 0.01* Yes 0.98 Yes
Concomitant medications associated with

valproate-indicated psychiatric conditions 9 — fathers with at least one 0.16 No 0.86 Yes
prescription

r?::r(c:)(:)r:;:(a:r?a?r‘iid:é?/z(r)snes :\?:r?tcslagt?(fja‘;vr:?rs with at least one prescription 0.02 Yes 1.02 Yes
Father's age °© (categorical) 0.01* Yes 0.95 Yes
Year of offspring conception | 0.00* Yes 1.00 Yes
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Absolute Variance ratio

. Balanced (valproate vs Balanced
NDD stda.ndardued achieved 2 lamotrigine achieved P
ifference .
llevetiracetam)

CMV: Cytomegalovirus; LMP2: Last menstrual period date plus 2 weeks; NDD: neurodevelopmental disorders; PS: Propensity score
a) absolute standardized difference below 0.1
b) variance ratio between 0 and 2
c) atindex (childbirth)
d) betweenindexand exit date
e) all available data prior to index date
f)  during pregnancy (from LMP2 until index date)
g) 12 months lookback from LMP2
h) excluding bipolar affective disorder and mania
i) 3 months lookback from LMP2
j at mother's LMP2

* Mahalanobis distance is calculated for categorical variables with more than 2 levels.

** The standardized difference is not calculated if a binary variable has only 1 category level in the weighted patient data.

*** The variance ratio is not calculated if a variable has only 1 category level in one of valproate and comparator groups (the denominator of the variance ratio is 0).
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Density

Propensity score Model 2 (Random forest) - NDD

T ¥ %
0.28 0.50 0.75
Propensity score, Y=P(Valproate)

e | gmiotrigine/Levetiracetam . — — — - Vaiproate ]

NDD: Neurodevelopmental disorders; PS: Propensity score

Figure 7 Balance of PS Model 2- Random Forest; Primary outcome cohort in Norway.

Propensity score Model 3 (Logistic Regression informed by Random Forest) - NDD

Density

8

f T
0.2 0.4 0.6

Propensity score, Y=P(Valproate)

[ weme—— Lamotrigine/Levetiracetam — == — « Valproate |

NDD: neurodevelopmental disorders; PS: Propensity score
Figure 8 Balance of PS Model 3 — Logistic Regression informed by Random Forest; Primary outcome cohort in Norway
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8.1.6 Exposure to valproate or lamotrigine/levetiracetam in polytherapy
(Explorative analysis 5)

This section supersedes section 15.3.5 from the final study report v1.1.

Data extracted
25487 offspring

inclusion entera. Exclision criteria:
- Shaloton pragnannies with kg Falher i g oo s enrdlment. - Adonted Chidven

Dioabispre oy siated with Wyl

ncias inked 0 bolh mclher
and Tihes within stidy b perioo,

Excluded:
= Non:live birth {N=146)

Offspring from 'mothers without a continuous enroimentofatleast12 months
priorto-the childbirth {N=75)

i

i . - Offspring from parents:with a history:of NDD or CM:(N=3912)
Primary outcom? sohort = Offspring from fathers unexposedio AEDs inthe 3-months lookbackfrom LMP2
3300 offspring (N=21415)
]
Excluded:

- Offspring paternally not-exposed to valproate; lamotrigine or levetiracetam in the
3<months fookback from LMP2 (1457)

- Offspring paternally exposed tovalproate, lamotrigine or levetiracetam in

monotherapy inthe3-months lookback from LMP2{1471)

Offspring paternally exposed to.valproate AND lamotrigine/ levetiracetam

polytherapyin the:3:months:lookback from LMP2'(161)

Offspring matemally-exposed t o AEDS {including valproate, lamotrigine and

levetiracetam) in utero; or during 3-months lookback from LMP2:{68)

Offspring from-a:mother with a history of epilepsy (55)

Offspring exposed to AEDs and/ ordiagnosedwith epilepsyafier birth (39}

i

%

Primary outcome cohort for
explorative objective 5

'

H

AED: antiepileptic drugs; CM: Congenital Malformation; NDD: neurodevelopmental disorders; LMP2: Last menstrual period date
plus 2 weeks

Figure 9 Study population of Primary outcome cohort for Exploratory Analyses 5 in Norway
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Table 60 Offspring demographic characteristics by paternal exposure group; primary outcome

Paternal exposure group

Valproate Lamotrigine/

NDD (polytherapy) Levetiracetam (polytherapy)
Number of pregnancies N=45 N=159

N % N %
Gestational age (weeks)
<28 (extremely preterm) 0 0.00 1 0.63
28-31 (very preterm) 0 0.00 3 1.89
32-36 (moderate to late preterm) 3 6.67 5 3.14
37-41 (at term) 41 91.11 147 92.45
242 (post-term) 1 222 3 1.89
Missing 0 0.00 0 0.00
Birth weight (g)
<1000 (extremely low) 0 0.00 2 1.26
1000-1499 (very low) 0 0.00 1 0.63
1500-2499 (low) 2 4.44 4 252
22500 43 95.56 152 95.60
Missing 0 0.00 0 0.00
Gender ?
Male 19 4222 76 47.80
Female 26 57.78 83 52.20
Missing 0 0.00 0 0.00
Year of birth
2010 7 15.56 20 12.58
2011 5 1.1 20 12.58
2012 7 15.56 24 15.09
2013 2 4.44 15 9.43
2014 4 8.89 15 9.43
2015 6 13.33 15 9.43
2016 4 8.89 12 7.55
2017 1 2.22 16 10.06
2018 7 15.56 12 7.55
2019 2 4.44 10 6.29
Total number of years of follow-up 222,55 856.15
Mean follow-up year 4.95 5.38

NDD: Neurodevelopmental disorders

Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father
can appear more than once. In that case, their characteristics will be described in relationship to the exposure window for each
individual offspring. Percentages are calculated over the total number of offspring.

a) at index (childbirth)
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Table 61 Offspring clinical characteristics by paternal exposure group; primary outcome

Paternal exposure group

Valproate Lamotrigine/

NDD (polytherapy) levetiracetam (polytherapy)
Number of pregnancies N=45 N=159

N % N %
Comorbidities ?
Congenital CMV 0 0.00 0 0.00
Congenital rubella 0 0.00 0 0.00
Epilepsy 0 0.00 0 0.00
Fetal alcohol syndrome 0 0.00 0 0.00
Fragile X syndrome 0 0.00 0 0.00
Lejeune/cri du chat syndrome 0 0.00 0 0.00
Tuberous sclerosis 0 0.00 1 0.63
Medication use
Exposure to AEDs 2 0 0.00 0 0.00
Outcomes
ASD (ever, not only as 15t NDD
diagnosis) 1 2.22 2 1.26
ASD (as 1t NDD diagnosis) 1 2.22 1 0.63
NDD including ASD 3 6.67 6 3.77
Age at the first diagnosis (years)
ASD (ever, not only as 15t NDD
diagnosis) b¢
01 0 0.00 0 0.00
2-3 1 100.00 0 0.00
4-5 0 0.00 1 50.00
6-7 0 0.00 0 0.00
8-9 0 0.00 1 50.00
10-11 0 0.00 0 0.00
Total (offspring with the outcome) 1 100.00 2 100.00
NDD including ASD b-©
0-1 1 33.33 0 0.00
2-3 1 33.33 1 16.67
4-5 0 0.00 3 50.00
6-7 1 33.33 1 16.67
8-9 0 0.00 1 16.67
10-11 0 0.00 0 0.00
Total (offspring with the outcome) 3 100.00 6 100.00

AED: Antiepileptic drug; ASD: Autism Spectrum Disorder; CMV: Cytomegalovirus; NDD: Neurodevelopmental disorders;
Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father
can appear more than once.

In that case, their characteristics will be described in relationship to the exposure window for each individual offspring.
Percentages are calculated over the total number of offspring.

a) between index (childbirth) and exit date

b) Categories may be adapted according to the data.
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c) Denominator for the percentage is the number of offspring with the outcome.

Table 62 Maternal demographic characteristics by paternal exposure group; primary outcome

Paternal exposure group

NDD Lamotrigine/

Valproate (polytherapy) levetiracetam (polytherapy)
Number of pregnancies N=45 N=150

N % N %

Mother's age °
<20 years 4 8.89 1 0.63
21-25 6 13.33 25 16.72
26-30 15 33.33 60 37.74
31-35 11 24.44 51 32.08
36-40 6 13.33 19 11.95
>40 3 6.67 3 1.89
Mean (SD) 30.07 (6.09) 30.31 (4.81)
Median (25t - 75t percentile) 30.00 (26.00, 34.00) 30.00 (27.00, 34.00)
Min, max 18.00, 43.00 20.00, 44.00
Missing 0 0.00 0 0.00

Min: Minimum; Max: Maximum; NDD: Neurodevelopmental disorders; SD: Standard deviation

Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father
can appear more than once.

In that case, their characteristics will be described in relationship to the exposure window for each individual offspring.
Percentages are calculated over the total number of offspring.

a) at index (childbirth)
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Table 63 Maternal clinical characteristics by paternal exposure group; primary outcome

Paternal exposure group

Valproate Lamotrigine/levetiracetam
NDD (polytherapy) (polytherapy)
Number of pregnancies N=45 N=159

N % N %

Comorbidities
Affective disorder 2 3 6.67 10 6.29
Diabetes 2 0 0.00 2 1.26
Epilepsy @ 0 0.00 0 0.00
Neurotic disorder 2 6 13.33 10 6.29
Schizophrenia, schizotypal and
delusional disorders @ 0 0.00 0 0.00
Obesity P 1 2,22 1 0.63
CMV © 0 0.00 0 0.00
Gestational diabetes °© 2 4.44 10 6.29
Rubella © 0 0.00 0 0.00
Lifestyle characteristics
Alcohol abuse prior to LMP2 b 0 0.00 0 0.00
Alcohol abuse during pregnancy °© 0 0.00 0 0.00
Substance abuse prior to LMP2 b 0 0.00 0 0.00
Substance abuse during pregnancy © 0 0.00 1 0.63
Smoking prior to LMP2 P
Yes 3 6.67 17 10.69
No 34 75.56 110 69.18
Missing 8 17.78 32 20.13
Smoking during pregnancy °
Yes 0 0.00 8 5.03
No 38 84.44 124 77.99
Missing 7 15.56 27 16.98
Medication use
Exposure to AEDs prior to LMP2 ¢
Valproate 0 0.00 0 0.00
Lamotrigine 0 0.00 0 0.00
Levetiracetam 0 0.00 0 0.00
Barbiturates and derivatives 0 0.00 0 0.00
Hydantoin derivatives 0 0.00 0 0.00
Oxazolidine derivatives © 0 0.00 0 0.00
Succinimide derivatives 0 0.00 0 0.00
Benzodiazepine derivatives 0 0.00 0 0.00
Carboxamide derivatives 0 0.00 0 0.00
Fatty acid derivatives 0 0.00 0 0.00
Other antiepileptics 0 0.00 0 0.00
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Paternal exposure group

Valproate Lamotrigine/levetiracetam
NDD (polytherapy) (polytherapy)
Number of pregnancies N=45 N=159

N % N %

Exposure to AED during pregnancy °
Valproate 0 0.00 0 0.00
Lamotrigine 0 0.00 0 0.00
Levetiracetam 0 0.00 0 0.00
Barbiturates and derivatives 0 0.00 0 0.00
Hydantoin derivatives 0 0.00 0 0.00
Oxazolidine derivatives ®© 0 0.00 0 0.00
Succinimide derivatives 0 0.00 0 0.00
Benzodiazepine derivatives 0 0.00 0 0.00
Carboxamide derivatives 0 0.00 0 0.00
Fatty acid derivatives 0 0.00 0 0.00
Other antiepileptics 0 0.00 0 0.00
K means cluster prior to LMP2 ¢
Unexposed 45 100.00 159 100.00
K means cluster during pregnancy °
Unexposed 45 100.00 159 100.00
Maternal polypharmacy index prior to
LMP2d
0 33 73.33 111 69.81
1-4 12 26.67 48 30.19
5-10 0 0.00 0 0.00
>10 0 0.00 0 0.00
Mean (SD) 0.44 (0.94) 0.49(0.88)
Median (25 - 75 percentile) 0.00 (0.00, 1.00) 0.00 (0.00, 1.00)
Min, max 0.00, 4.00 0.00, 4.00
Maternal polypharmacy index during
pregnancy °©
0 23 51.11 80 50.31
1-4 21 46.67 73 45.91
5-10 1 2,22 6 3.77
>10 0 0.00 0 0.00
Mean (SD) 0.82 (1.15) 0.94 (1.27)
Median (25t - 75t percentile) 0.00 (0.00, 1.00) 0.00 (0.00, 2.00)
Min, max 0.00, 6.00 0.00, 6.00
Concomitant medications associated
with valproate-indicated psychiatric
conditions prior to LMP2 ? - mothers with
at least one prescription 3 6.67 10 6.29

V1.0, 02 October 2023
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Paternal exposure group

NDD

Number of pregnancies

Lamotrigine/levetiracetam

(polytherapy) (polytherapy)

Concomitant medications associated
with valproate-indicated psychiatric
conditions during pregnancy © - mothers
with at least 1 prescription

Concomitant medications associated
with neuropsychiatric adverse events
prior to LMP2 b -mothers with at least
one prescription

Concomitant medications associated
with neuropsychiatric adverse events
during pregnancy © - mothers with at

least one prescription

AED: Antiepileptic drugs; CMV: Cytomegalovirus; LMP2: Last menstrual period date plus 2 weeks; NDD: Neurodevelopmental

disorders; SD: Standard deviation

Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father
can appear more than once. In that case, their characteristics will be described in relationship to the exposure window for each

individual offspring. Percentages are calculated over the total number of offspring.

a) all available data prior to index date (childbirth)
b) 12-months lookback from LMP2

c) during pregnancy (from LMP2 until index date)
d) 3-months lookback from LMP2

e) Oxazolidine derivatives were not sold in Norway during the study period
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Table 64 Paternal demographic characteristics by patemal exposure group; primary outcome

Paternal exposure group

NDD

Number of pregnancies

Father's age ?
<20 years
21-25

26-30

31-35

36-40

>40

Mean (SD)
Median (25t - 75 percentile)
Min, max
Missing

Year of offspring conception ®
2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

Lamotrigine/levetiracetam

Valproate (polytherapy) (polytherapy)
N=45 N=159

N % N %

1 2,22 0 0.00
1 2,22 14 8.81
11 24.44 42 26.42
13 28.89 57 35.85
10 22.22 25 15.72
9 20.00 21 13.21

33.84 (5.85) 33.47 (6.23)
34.00 (30.00, 37.00) 33.00 (30.00, 37.00)
19.00, 45.00 21.00, 57.00

6 13.33 15 9.43
5 11.11 20 12.58
7 15.56 22 13.84
3 6.67 18 11.32
3 6.67 16 10.06
5 11.11 13 8.18
5 11.11 15 9.43
2 4.44 10 6.29
6 13.33 17 10.69
3 6.67 11 6.92
0 0.00 2 1.26

LMP2: Last menstrual period date plus 2 weeks; Min: Minimum; Max: Maximum; NDD: Neurodevelopmental disorders; SD:

Standard deviation

Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father
can appear more than once. In that case, their characteristics will be described in relationship to the exposure window for each

individual offspring. Percentages are calculated over the total number of offspring.

a) at index (childbirth)
b) at mother’'s LMP2
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Table 65 Paternal clinical characteristics by paternal exposure group; primary outcome

Paternal exposure group

Lamotrigine/levetiracetam
NDD Valproate (polytherapy) (polytherapy)

N=45
Number of pregnancies N=159

Comorbidities
Affective disorder excluding bipolar affective

disorder and mania @ 5 11.11 9 5.66
Bipolar affective disorder @ 1 2.22 6 3.77
Mania @ 0 0.00 0 0.00
Neurotic disorder 2 2 4.44 14 8.81
Schizophrenia, schizotypal and delusional

disorders @ 1 2.22 1 0.63
Lifestyle characteristics

Substance abuse °© 1 2.22 1 0.63
Medication use

Exposure to AEDs"

Fatty acid derivatives 0 0.00 0 0.00
Carboxamide derivatives 0 0.00 0 0.00
Benzodiazepine derivatives 0 0.00 0 0.00
Succinimide derivatives 0 0.00 0 0.00
Hydantoin derivatives 0 0.00 0 0.00
Barbiturates derivatives 0 0.00 0 0.00
Other antiepileptics 0 0.00 0 0.00
Fatty acid derivatives and other antiepileptics 11 2444 0 0.00
Carboxamide derivatives and other

antiepileptics 0 0.00 73 45.91
Fatty acid derivatives and Carboxamide

derivatives 21 46.67 0 0.00
Benzodiazepine derivatives and other

antiepileptics 0 0.00 8 5.03
Benzodiazepine derivatives and Fatty acid

derivatives 2 4.44 0 0.00
Benzodiazepine derivatives and Carboxamide

derivatives 0 0.00 0 0.00
Succinimide derivatives and other

antiepileptics 0 0.00 1 0.63
Succinimide derivatives and Fatty acid

derivatives 2 4.44 0 0.00
Carboxamide derivatives and Succinimide

derivatives 0 0.00 0 0.00
Hydantoin derivatives and Fatty acid

derivatives 0 0.00 0 0.00
Hydantoin derivatives and Carboxamide

derivatives 0 0.00 0 0.00
Hydantoin derivatives and other antiepileptics 0 0.00 3 1.89
Hydantoin derivatives and Succinimide

derivatives 0 0.00 0 0.00
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Paternal exposure group

Valproate (polytherapy) Lamotrigine/levetiracetam

NDD (polytherapy)
Number of pregnancies N=45 N=159

N % N %
Barbiturates derivatives and other
antiepileptics 0 0.00 0 0.00
Barbiturates derivatives and Fatty acid
derivatives 0 0.00 0 0.00
Barbiturates derivatives and Carboxamide
derivatives 0 0.00 0 0.00
Barbiturates derivatives and Benzodiazepine
derivatives 0 0.00 0 0.00
Barbiturates derivatives and Hydantoin
derivatives 0 0.00 0 0.00
Carboxamide derivatives and Barbiturates
derivatives and Hydantoin derivatives 0 0.00 0 0.00
Benzodiazepine derivatives and Fatty acid
derivatives and other antiepileptics 0 0.00 0 0.00
Carboxamide derivatives and Fatty acid
derivatives and other antiepileptics 5 1.1 0 0.00
Benzodiazepine derivatives and Carboxamide
derivatives and other antiepileptics 0 0.00 1 0.63
Benzodiazepine derivatives and Succinimide
derivatives and Fatty acid derivatives 0 0.00 0 0.00
Hydantoin derivatives and Carboxamide
derivatives and other antiepileptics 0 0.00 0 0.00
Hydantoin derivatives and Carboxamide
derivatives and Fatty acid derivatives 1 2.22 0 0.00
Barbiturates derivatives and Carboxamide
derivatives and Fatty acid derivatives 0 0.00 0 0.00
Fatty acid derivatives and Barbiturates
derivatives and other antiepileptics 0 0.00 0 0.00
Barbiturates derivatives and Carboxamide
derivatives and other antiepileptics 0 0.00 1 0.63

Hydantoin derivatives and Succinimide
derivatives and Fatty acid derivatives and

other antiepileptics 0 0.00 0 0.00
AED indication

Epilepsy 37 82.22 133 83.65
Bipolar affective disorder and mania 1 2.22 6 3.77
Other/unknown 7 16.56 20 12.58
K means cluster ¢

Group A 38 84.44 140 88.05
Group B 7 15.56 19 11.95
Paternal polypharmacy index ¢

0 26 57.78 108 67.92
1-4 17 37.78 48 30.19
5-10 2 444 3 1.89
>10 0 0.00 0 0.00
Mean (SD) 0.87 (1.44) 0.67 (1.35)
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Paternal exposure group

Lamotrigine/levetiracetam

Valproate (polythera
NDD proate (polytherapy) (polytherapy)
N=45
Number of pregnancies N=159
N % N %

Median (25 - 75" percentile) 0.00 (0.00, 1.00) 0.00 (0.00, 1.00)

Min, max 0.00, 7.00 0.00, 9.00

Concomitant medications associated with

valproate-indicated psychiatric conditions © -

fathers with at least one prescription 33 73.33 82 51.57

Concomitant medications associated with

neuropsychiatric adverse events °© - fathers

with at least one prescription 28 62.22 89 55.97
AED: Antiepileptic drugs; LMP2: Last menstrual period date plus 2 weeks; NDD: Neurodevelopmental disorders; SD: Standard

deviation

Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father
can appear more than once. In that case, their characteristics will be described in relationship to the exposure window for each
individual offspring. Percentages are calculated over the total number of offspring.

a) all available data prior to index date (childbirth)

b) at mother’s LMP2

c¢) 12-months lookback from LMP2

d) 3-months lookback from LMP2

e) Valproate or lamotrigine/levetiracetam in combination with other AED(s). Each combination found in the data will be listed
here.
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Table 66 Association between potential offspring risk factors/confounders for NDD by paternal exposure group; primary

outcome
Paternal exposure group Comparison
Valproate
Lamotrigine/ (polytherapy) vs

NDD levetiracetam Lamotrigine

Valproate (polytherapy) (polytherapy) llevetiracetam
Number of pregnancies (polytherapy)

N=45 N=159 -
N % N %

Offspring risk
factors/confounders
Gender 2
Male 19 42.22 76 47.80 -
Female 26 57.78 83 52.20 -
Missing 0 0.00 0 0.00 -
Test statistics - - - - 0.44 (0.5079)
Congenital CMV © 0 0.00 0 0.00 -
Congenital rubella ° 0 0.00 0 0.00 -
Fetal alcohol syndrome ° 0 0.00 0 0.00 -
Fragile X syndrome b 0 0.00 0 0.00 -
Lejeune/cri du chat syndrome ° 0 0.00 0 0.00 -
Tuberous sclerosis ° 0 0.00 1 0.63 1.00 (1.0000)

CMV: Cytomegalovirus; NDD: Neurodevelopmental disorders
Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father

can appear more than once. In that case, their characteristics were described in relationship to the exposure window for each
individual offspring. Percentages were calculated over the total number of offspring. Difference between categorical variables
were tested using Chi-square independence test; however, if the frequency of any of the categories analyzed was less than 5

Fischer's Exact test was used. Differences between continuous variables were tested using two-sample t-tests, or Mann-Whitney

test in case the distribution of the variable was not normal.
a) atindex (childbirth)
b) between index and exit date

* A non-parametric test was used in this comparison. Fisher’s exact test was used for categorical variables. For continuous

variables, the Mann-Whitney U testwas performed.
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Table 67 Association between potential maternal risk factors/confounders for NDD by paternal exposure group; primary

outcome
Paternal exposure group Comparison
Valproate
(polytherapy) vs

NDD Lamotrigine/ Lamotrigine

Valproate Levetiracetam llevetiracetam
Number of pregnancies (polytherapy) (polytherapy) (polytherapy)

N=45 N=159 -

N % N %
Maternal risk
factors/confounders
Mother's age @ (categorical)
<20 years 4 8.89 1 0.63 -
21-25 6 13.33 25 16.72 -
26-30 15 33.33 60 37.74 -
31-35 11 24.44 51 32.08 -
36-40 6 13.33 19 11.95 -
>40 3 6.67 3 1.89 -
Test statistics - - - - 13.53 (0.0189)
Mother's age 2 (continuous)
Mean (SD) 30.07 (6.09) 30.31 (4.81) -0.25 (0.8071)
Median (25% - 75" percentile) 30.00 (26.00, 34.00) 30.00 (27.00, 34.00) -
Min, max 18.00, 43.00 20.00, 44.00 -
Missing 0 0.00 0 0.00 -
Affective disorder P 3 6.67 10 6.29 1.00 (1.0000)"
Diabetes b 0 0.00 2 1.26 1.00 (1.0000)"
Gestational diabetes °© 2 444 10 6.29 1.00 (1.0000)"
Neurotic disorder ° 6 13.33 10 6.29 2.41 (0.1207)
Schizophrenia, schizotypal and
delusional disorders b 0 0.00 0 0.00 -
Obesity 9 1 2,22 1 0.63 0.39 (0.3934)"
CMV © 0 0.00 0 0.00 -
Rubella © 0 0.00 0 0.00 -
Alcohol abuse prior to LMP2 ¢ 0 0.00 0 0.00 -
Alcohol abuse during
pregnancy °© 0 0.00 0 0.00 -
Substance abuse prior to
LMP2d 0 0.00 0 0.00 -
Substance abuse during
pregnancy °© 0 0.00 1 0.63 1.00 (1.0000)"
Smoking prior to LMP2 ¢
Yes 3 6.67 17 10.69 -
No 34 75.56 110 69.18 -
Missing 8 17.78 32 20.13 -
Test statistics without 'Missing'
category - - - - 0.56 (0.5695)"
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Paternal exposure group Comparison
Valproate
(polytherapy) vs
NDD Lamotrigine/ Lamotrigine
Valproate Levetiracetam llevetiracetam
Number of pregnancies (polytherapy) (polytherapy) (polytherapy)
N=45 N=159 -
N % N %
Smoking during pregnancy °©
Yes 0 0.00 8 5.03 -
No 38 84.44 124 77.99 -
Missing 7 15.56 27 16.98 -
Test statistics without 'Missing’
category - - - - 0.20 (0.2013)"
Maternal polypharmacy
index prior to LMP2
8(categorical)
0 33 73.33 111 69.81 -
1-4 12 26.67 48 30.19 -
5-10 0 0.00 0 0.00 -
>10 0 0.00 0 0.00 -
Test statistics - - - - 0.21 (0.6471)
Maternal polypharmacy
index prior to LMP2
@ (continuous)
Mean (SD) 0.44 (0.94) 0.49 (0.88) 4468.50 (0.6087)"
Median (25t - 75t percentile) 0.00 (0.00, 1.00) 0.00 (0.00, 1.00) -
Min, max 0.00, 4.00 0.00, 4.00 -
Maternal polypharmacy
index during pregnancy
%(categorical)
0 23 51.11 80 50.31 -
1-4 21 46.67 73 45.91 -
5-10 1 2.22 6 3.77 -
>10 0 0.00 0 0.00 -
Test statistics - - - - 0.25 (0.8804)
Maternal polypharmacy
index during
pregnancy® (continuous)
Mean (SD) 0.82 (1.15) 0.94 (1.27) 4507.00 (0.7448)"
Median (25t - 75t percentile) 0.00 (0.00, 1.00) 0.00 (0.00, 2.00) -
Min, max 0.00, 6.00 0.00, 6.00 -
Concomitant medications
associated with valproate-
indicated psychiatric conditions
prior to LMP2 9 - mothers with
at least one prescription 3 6.67 10 6.29 1.00 (1.0000)"
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Paternal exposure group Comparison
Valproate
(polytherapy) vs
NDD Lamotrigine/ Lamotrigine
Valproate Levetiracetam llevetiracetam
Number of pregnancies (polytherapy) (polytherapy) (polytherapy)
N=45 N=159 -
N % N %

Concomitant medications

associated with valproate-

indicated psychiatric conditions

during pregnancy © - mothers

with at least 1 prescription 2 444 4 2.52 0.61 (0.6152)"

Concomitant medications

associated with

neuropsychiatric adverse

events prior to LMP2 -

mothers with at least one

prescription 25 55.56 107 67.30 2.12 (0.1457)

Concomitant medications

associated with

neuropsychiatric adverse

events during pregnancy © -

mothers with at least one

prescription 22 48.89 73 45.91 0.12 (0.7238)
CMV: Cytomegalovirus; LMP2: Last menstrual period date plus 2 weeks; Min: Minimum; Max: Maximum; NDD:
Neurodevelopmental disorders; SD: Standard deviation
Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father
can appear more than once. In that case, their characteristics were described in relationship to the exposure window for each
individual offspring. Percentages were calculated over the total number of offspring. Difference between categorical variables
were tested using Chi-square independence test; however, if the frequency of any of the categories analyzed was less than 5
Fischer’s Exact test was used. Differences between continuous variables were tested using two-sample t-tests, or Mann-Whitney
test in case the distribution of the variable was not normal.
a) at index (childbirth)
b) all available data priorto index date
c) during pregnancy (from LMP2 until index date)
d) 12-months lookback from LMP2
e) 3-months lookback from LMP2
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Table 68 Association between potential paternal risk factors/confounders for NDD by paternal exposure group; primary

outcome
Paternal exposure group Comparison
Valproate
(polytherapy) vs
Lamotrigine/ Lamotrigine
Valproate Levetiracetam llevetiracetam
NDD (polytherapy) (polytherapy) (polytherapy)
Number of pregnancies N=45 N=159 -
Paternal risk
factors/confounders
Affective disorder excluding
bipolar affective disorder
and mania @ 5 11.11 9 5.66 1.63 (0.2017)
Bipolar affective disorder @ 1 2.22 6 3.77 1.00 (1.0000)"
Mania @ 0 0.00 0 0.00 -
Neurotic disorder 2 2 444 14 8.81 0.53 (0.5312)
Schizophrenia, schizotypal and
delusional disorders 2 1 2.22 1 0.63 0.39 (0.3934)"
Substance abuse °© 1 2.22 1 0.63 0.39 (0.3934)"
Paternal polypharmacy index
d (categorical)
0 26 57.78 108 67.92 -
1-4 17 37.78 48 30.19 -
5-10 2 444 3 1.89 -
>10 0 0.00 0 0.00 -
Test statistics - - - - 2.12 (0.3465)
Paternal polypharmacy index
9 (continuous)
Mean (SD) 0.87 (1.44) 0.67 (1.35) 4978.50 (0.2149)"
Median (25% - 75" percentile) 0.00 (0.00, 1.00) 0.00 (0.00, 1.00) -
Min, max 0.00, 7.00 0.00, 9.00 -

Concomitant medications

associated with valproate-

indicated psychiatric conditions

¢ - fathers with at least one

prescription 33 73.33 82 51.57 6.75 (0.0094)
Concomitant medications

associated with

neuropsychiatric adverse

events ° - fathers with at least

one prescription 28 62.22 89 55.97 0.56 (0.4544)
Father's age ® (categorical)

<20 years 1 222 0 0.00 -
21-25 1 222 14 8.81 -
26-30 11 24.44 42 26.42 -

31-35 13 28.89 57 35.85 -
36-40 10 2222 25 15.72 -

>40 9 20.00 21 13.21 -
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Paternal exposure group Comparison
Valproate
(polytherapy) vs
Lamotrigine/ Lamotrigine
Valproate Levetiracetam llevetiracetam
NDD (polytherapy) (polytherapy) (polytherapy)
Number of pregnancies N=45 N=159 -
Test statistics - - - - 8.11 (0.1502)
Father's age ® (continuous)
Mean (SD) 33.84 (5.85) 33.47 (6.23) 4921.00 (0.3775)"
Median (25t - 75t percentile) 34.00 (30.00, 37.00) 33.00 (30.00, 37.00) -
Min, max 19.00, 45.00 21.00, 57.00 -
Missing 0 0.00 0 0.00 -

Year of offspring
conception f9

2009-2013 24 53.33 91 57.23 -
2014-2019 21 46.67 68 42.77 -
Test statistics - - - - 0.22 (0.6415)

LMP2: Last menstrual period date plus 2 weeks; Min: Minimum; Max: Maximum; NDD: Neurodevelopmental disorders; SD:
Standard deviation

Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father
can appear more than once. In that case, their characteristics were described in relationship to the exposure window for each
individual offspring. Percentages were calculated over the total number of offspring. Difference between categorical variables
were tested using Chi-square independence test; however, if the frequency of any of the categories analyzed was less than 5
Fischer's Exact test was used. Differences between continuous variables were tested using two-sample t-tests, or Mann-Whitney
test in case the distribution of the variable was not normal.

a) all available data prior to index date (childbirth)

c¢) 12-months lookback from LMP2

d) 3-months lookback from LMP2

e) at index

f) at mother’'s LMP2

g) calendar years will be grouped in each country according to the length of the study period
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8.1.7 Exposure to valproate or lamotrigine/levetiracetam in paternally and
maternally matched siblings (Explorative analysis 6)

This section supersedes section 15.3.6 from the final study report v1.1.

Data extracted

25487 offspring
Inclision criteria Exclusion critoria
- Singlelon meeunarcies vt bnovan - Eathier wilth & cunlinuols entolmant )

i Excluded:

= Non-livebirth (N=146)

= Offspring from'mothers without.a.continuous enrolment of at least12-:months

prior tothe childbirth (N=75)
Primary outcome cohort for i - @ffspring from:parents with a history of NDD or CM (N=3912)
analyses Offspringfromfathers unexposed to AEDs:in the 3-months lookback from LMP2

1416 offspring (N=21415)
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW i Offspring from fathers exposed to AEDs polytherapy in the “3-months lookback
fromLM®2 (n=454)
Offspring from fathers exposed to any AEDs: (in'mono- or polytherapy)other than
valproate, lamotrigineor levetiracetamin the:3-months lookback from.LMP2
(N=1644})
Offspring maternally exposed to AEDs (incliding valpreate, flamotrigine:and
levetiracetam) in-utero, or.in the 3<months lookback from LMP 2 {N=25)
Offspring from:a-mother with a history.of epilepsy (N=22)
Offspring exposed to AEDs and!or-diagnosed with epilepsy after birth {(N=20)

H

[

i

i

!

Excluded:
= e -Dfispring with-no.other sibling it the Primary outcome comparative analyses’
Primary outcorne coho cohort {850)
explorative analysis & - Exposure concordant siblings {564)

02 offspring

AED: antiepileptic drugs; CM: Congenital Malformation; LMP2: Last menstrual period date plus 2 weeks; NDD: neurodevelopmental
disorders

Figure 10. Study population of Primary outcome cohort for Exploratory Analyses 6 in Norway
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Table 69 Offspring demographic characteristics by paternal exposure group; primary outcome

Paternal exposure group

Lamotrigine/

NDD Valproate Levetiracetam (composite)
Number of pregnancies N=1 N=1

N % N %
Gestational age (weeks)
<28 (extremely preterm) 0 0.00 0 0.00
28-31 (very preterm) 0 0.00 0 0.00
32-36 (moderate to late preterm) 0 0.00 0 0.00
37-41 (at term) 1 100.00 1 100.00
242 (post-term) 0 0.00 0 0.00
Missing 0 0.00 0 0.00
Birth weight (g)
<1000 (extremely low) 0 0.00 0 0.00
1000-1499 (very low) 0 0.00 0 0.00
1500-2499 (low) 0 0.00 0 0.00
22500 1 100.00 1 100.00
Missing 0 0.00 0 0.00
Gender *
Male 0 0.00 0 0.00
Female 1 100.00 1 100.00
Missing 0 0.00 0 0.00
Year of birth
2010 0 0.00 0 0.00
2011 0 0.00 0 0.00
2012 0 0.00 0 0.00
2013 0 0.00 0 0.00
2014 0 0.00 0 0.00
2015 1 100.00 0 0.00
2016 0 0.00 0 0.00
2017 0 0.00 0 0.00
2018 0 0.00 1 100.00
2019 0 0.00 0 0.00
Total number of years of follow-up 4.90 1.92
Mean follow-up year 4.90 1.92

NDD: neurodevelopmental disorders

Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father can
appear more than once. In that case, their characteristics will be described in relationship to the exposure window for each individual
offspring. Percentages are calculated over the total number of offspring.

a) at index (childbirth)
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Table 70 Offspring clinical characteristics by paternal exposure group; primary outcome

Paternal exposure group
Lamotrigine/

NDD Valproate levetiracetam (composite)
Number of pregnancies N=1 N=1

N % N %
Comorbidities
Congenital CMV 2 0 0.00 0 0.00
Congenital rubella 2 0 0.00 0 0.00
Epilepsy @ 0 0.00 0 0.00
Fetal alcohol syndrome @ 0 0.00 0 0.00
Fragile X syndrome 2 0 0.00 0 0.00
Lejeune/cri du chat syndrome 2 0 0.00 0 0.00
Tuberous sclerosis 2 0 0.00 0 0.00
Medication use
Exposure to AEDs @ 0 0.00 0 0.00
Outcomes
ASD (ever, not only as 18 diagnosis) 0 0.00 0 0.00
NDD including ASD 0 0.00 0 0.00
Age at the first diagnosis (years)
ASD (ever, not only as 1%t diagnosis) b©
0-1 0 0.00 0 0.00
2-3 0 0.00 0 0.00
4-5 0 0.00 0 0.00
6-7 0 0.00 0 0.00
8-9 0 0.00 0 0.00
10-11 0 0.00 0 0.00
Total (offspring with the outcome) 0 0.00 0 0.00
NDD including ASD P<
0-1 0 0.00 0 0.00
2-3 0 0.00 0 0.00
4-5 0 0.00 0 0.00
6-7 0 0.00 0 0.00
8-9 0 0.00 0 0.00
10-11 0 0.00 0 0.00
Total (offspring with the outcome) 0 0.00 0 0.00

AED: Antiepileptic drugs; ASD: Autism Spectrum Disorder; CMV: Cytomegalovirus; NDD: Neurodevelopmental disorders

Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father can
appear more than once.

In that case, their characteristics will be described in relationship to the exposure window for each individual offspring. Percentages
are calculated over the total number of offspring.

a) between index (childbirth) and exit date

b) Categories may be adapted according to the data.

c) Denominator for the percentage is the number of offspring with the outcome.
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Table 71 Maternal demographic characteristics by paternal exposure group; primary outcome

Paternal exposure group

Lamotrigine/levetiracetam

NDD Valproate (composite)
Number of pregnancies N=1 N=1

N % N %
Mother'’s age °
<20 years 0 0.00 0 0.00
21-25 0 0.00 0 0.00
26-30 1 100.00 0 0.00
31-35 0 0.00 1 100.00
36-40 0 0.00 0 0.00
>40 0 0.00 0 0.00
Mean (SD) 30.00 (.) 33.00(.)
Median (25" - 75 percentile) 30.00 (30.00, 30.00) 33.00 (33.00, 33.00)
Min, max 30.00, 30.00 33.00, 33.00
Missing 0 0.00 0 0.00

Min: Minimum; Max: Maximum; NDD: Neurodevelopmental disorders; SD: Standard deviation
Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father can

appear more than once.

In that case, their characteristics will be described in relationship to the exposure window for each individual offspring. Percentages

are calculated over the total number of offspring.
a) at index (childbirth)
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Table 72 Maternal clinical characteristics by paternal exposure group; primary outcome

Paternal exposure group

Lamotrigine/

NDD Valproate levetiracetam (composite)
Number of pregnancies N=1 N=1

N % N %
Comorbidities
Affective disorder @ 0 0.00 0 0.00
Diabetes @ 0 0.00 0 0.00
Epilepsy @ 0 0.00 0 0.00
Neurotic disorder 2 0 0.00 0 0.00
Schizophrenia, schizotypal and delusional disorders @ 0 0.00 0 0.00
Obesity ° 0 0.00 0 0.00
CMV © 0 0.00 0 0.00
Gestational diabetes °© 0 0.00 0 0.00
Rubella © 0 0.00 0 0.00
Lifestyle characteristics
Alcohol abuse prior to LMP2 b 0 0.00 0 0.00
Alcohol abuse during pregnancy °© 0 0.00 0 0.00
Substance abuse prior to LMP2 b 0 0.00 0 0.00
Substance abuse during pregnancy © 0 0.00 0 0.00
Smoking priorto LMP2 b
No 1 100.00 1 100.00
Smoking during pregnancy °©
No 1 100.00 1 100.00
Medication use
Exposure to AEDs prior to LMP2 ¢
Valproate 0 0.00 0 0.00
Lamotrigine 0 0.00 0 0.00
Levetiracetam 0 0.00 0 0.00
Barbiturates and derivatives 0 0.00 0 0.00
Hydantoin derivatives 0 0.00 0 0.00
Oxazolidine derivatives 0 0.00 0 0.00
Succinimide derivatives 0 0.00 0 0.00
Benzodiazepine derivatives 0 0.00 0 0.00
Carboxamide derivatives 0 0.00 0 0.00
Fatty acid derivatives 0 0.00 0 0.00
Other antiepileptics 0 0.00 0 0.00
Exposure to AED during pregnancy ©
Valproate 0 0.00 0 0.00
Lamotrigine 0 0.00 0 0.00
Levetiracetam 0 0.00 0 0.00
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Paternal exposure group

Lamotrigine/

NDD Valproate levetiracetam (composite)
Number of pregnancies N=1 N=1

N % N %
Barbiturates and derivatives 0 0.00 0 0.00
Hydantoin derivatives 0 0.00 0 0.00
Oxazolidine derivatives 0 0.00 0 0.00
Succinimide derivatives 0 0.00 0 0.00
Benzodiazepine derivatives 0 0.00 0 0.00
Carboxamide derivatives 0 0.00 0 0.00
Fatty acid derivatives 0 0.00 0 0.00
Other antiepileptics 0 0.00 0 0.00
K means cluster prior to LMP2 ¢
Unexposed 1 100.00 1 100.00
K means cluster during pregnancy °©
Unexposed 1 100.00 100.00
Maternal polypharmacy index prior to LMP2
0 1 100.00 1 100.00
1-4 0 0.00 0 0.00
5-10 0 0.00 0 0.00
>10 0 0.00 0 0.00
Mean (SD) 0.00 (.) 0.00 (.)
Median (25% - 75t percentile) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00)
Min, max 0.00, 0.00 0.00, 0.00
Maternal polypharmacy index during pregnancy °©
0 1 100.00 1 100.00
1-4 0 0.00 0 0.00
5-10 0 0.00 0 0.00
>10 0 0.00 0 0.00
Mean (SD) 0.00 (.) 0.00 (.)
Median (25" - 75% percentile) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00)
Min, max 0.00, 0.00 0.00, 0.00
Concomitant medications associated with
valproate-indicated psychiatric conditions prior to
LMP2 b - mothers with at least one prescription 0 0.00 0 0.00
Concomitant medications associated with
valproate-indicated psychiatric conditions during
pregnancy © - mothers with at least 1 prescription 0 0.00 0 0.00
Concomitant medications associated with
neuropsychiatric adverse events prior to LMP2 ° -
mothers with at least one prescription 1 100.00 1 100.00
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Paternal exposure group

Lamotrigine/

NDD Valproate levetiracetam (composite)

N=1 N=1
N % N %

Number of pregnancies

Concomitant medications associated with
neuropsychiatric adverse events during pregnancy © -
mothers with at least one prescription 0 0.00 0 0.00
AED: Antiepileptic drugs; CMV: Cytomegalovirus; LMP2: Last menstrual period date plus 2 weeks; Min: Minimum; Max: Maximum;
NDD: Neurodevelopmental disorders; SD: Standard deviation
Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father can
appear more than once. In that case, their characteristics will be described in relationship to the exposure window for each individual
offspring. Percentages are calculated over the total number of offspring.
a) all available data prior to index date (childbirth)
b) 12-months lookback from LMP2
c) during pregnancy (from LMP2 until index date)
d) 3-months lookback from LMP2
e) Oxazolidine derivatives were not sold in Denmark during the study period
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Table 73 Paternal demographic characteristics by patemal exposure group; primary outcome

Paternal exposure group
Lamotrigine/levetiracetam

NDD Valproate (composite)
Number of pregnancies N=1 N=1

N % N %
Father's age °
<20 years 0 0.00 0 0.00
21-25 0 0.00 0 0.00
26-30 0 0.00 0 0.00
31-35 1 100.00 1 100.00
36-40 0 0.00 0 0.00
>40 0 0.00 0 0.00
Mean (SD) 31.00 (.) 34.00(.)
Median (25" - 75 percentile) 31.00 (31.00, 31.00) 34.00 (34.00, 34.00)
Min, max 31.00, 31.00 34.00, 34.00
Missing - -
Year of offspring conception ®
2009 0 0.00 0 0.00
2010 0 0.00 0 0.00
2011 0 0.00 0 0.00
2012 0 0.00 0 0.00
2013 0 0.00 0 0.00
2014 1 100.00 0 0.00
2015 0 0.00 0 0.00
2016 0 0.00 0 0.00
2017 0 0.00 1 100.00
2018 0 0.00 0 0.00
2019 0 0.00 0 0.00

LMP2: Last menstrual period date plus 2 weeks; Min: Minimum; Max: Maximum; NDD: Neurodevelopmental disorders; SD:
Standard deviation

Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father can
appear more than once. In that case, their characteristics will be described in relationship to the exposure window for each individual
offspring. Percentages are calculated over the total number of offspring.

a) at index (childbirth)

b) at mother’'s LMP2
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Table 74 Paternal clinical characteristics by paternal exposure group; primary outcome

Paternal exposure group

Lamotrigine/levetiracetam

NDD Valproate (composite)
Number of pregnancies N=1 N=1

N % N %
Comorbidities
Affective disorder excluding bipolar affective disorder
and mania @ 0 0.00 0 0.00
Bipolar affective disorder @ 0 0.00 0 0.00
Mania @ 0 0.00 0 0.00
Neurotic disorder 2 0 0.00 1 100.00
Schizophrenia, schizotypal and delusional disorders @ 0 0.00 0 0.00
Lifestyle characteristics
Substance abuse °© 0 0.00 0 0.00
Medication use
AED indication
Epilepsy 0 0.00 0 0.00
Bipolar affective disorder and mania 0 0.00 0 0.00
Other/unknown 1 100.00 1 100.00
K means cluster ¢
Group A 1 100.00 0 0.00
Group B 0 0.00 1 100.00
Paternal polypharmacy index ¢
0 1 100.00 0 0.00
1-4 0 0.00 1 100.00
5-10 0 0.00 0 0.00
>10 0 0.00 0 0.00
Mean (SD) 0.00 (.) 2.00(.)
Median (25t - 75t percentile) 0.00 (0.00, 0.00) 2.00 (2.00, 2.00)
Min, max 0.00, 0.00 2.00, 2.00

Concomitant medications associated with
valproate-indicated psychiatric conditions © — fathers
with at least one prescription 1 100.00 1 100.00

Concomitant medications associated with
neuropsychiatric adverse events ° - fathers with at
least one prescription 1 100.00 1 100.00

AED: Antiepileptic drugs; LMP2: Last menstrual period date plus 2 weeks; Min: Minimum; Max: Maximum; NDD:
Neurodevelopmental disorders; SD: Standard deviation

Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father can
appear more than once. In that case, their characteristics will be described in relationship to the exposure window for each individual
offspring. Percentages are calculated over the total number of offspring.

a) all available data prior to index date (childbirth)

c¢) 12-months lookback from LMP2

d) 3-months lookback from LMP2
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Table 75 Association between potential offspring risk factors/confounders for NDD by paternal exposure group; primary
outcome

Paternal exposure group Comparison

Lamotrigine/levetiracetam Valproate vs
Valproate (composite) Lamotrigine
NDD -
llevetiracetam

Number of pregnancies N=1 N=1 -
N % N %

Offspring risk

factors/confounders

Male 0 0.00 0 0.00 -
Female 1 100.00 1 100.00 -
Missing 0 0.00 0 0.00 -
Test statistics - - - - -
Congenital CMV P 0 0.00 0 0.00 -
Congenital rubella® 0 0.00 0 0.00 -
Fetal alcohol syndrome ° 0 0.00 0 0.00 -
Fragile X syndrome b 0 0.00 0 0.00 -
Lejeune/cri du chat syndrome ® 0 0.00 0 0.00 -
Tuberous sclerosis ? 0 0.00 0 0.00 -

CMV: Cytomegalovirus; NDD: Neurodevelopmental disorders

Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father can
appear more than once. In that case, their characteristics were described in relationship to the exposure window for each individual
offspring. Percentages were calculated over the total number of offspring. Difference between categorical variables were tested
using Chi-square independence test; however, if the frequency of any of the categories analyzed was less than 5 Fischer’s Exact
test was used. Differences between continuous variables were tested using two-sample t-tests, or Mann-Whitney test in case the
distribution of the variable was not normal.

a) at index (childbirth)

b) between index and exit date

* A non-paramefric test was used in this comparison. Fisher’s exact test was used for categorical variables. For continuous
variables, the Mann-Whitney U testwas performed.
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Table 76 Association between potential maternal risk factors/confounders for NDD by paternal exposure group; primary

outcome
Paternal exposure group Comparison
Valproate vs
Lamotrigine/levetiracetam Lamotrigine
NDD Valproate (composite) llevetiracetam
Number of pregnancies N=1 N=1 -
N % N %
Maternal risk
factors/confounders
Mother's age ? (categorical)
<20 years 0 0.00 0 0.00 -
21-25 0 0.00 0 0.00 -
26-30 1 100.00 0 0.00 -
31-35 0 0.00 1 100.00 -
36-40 0 0.00 0 0.00 -
>40 0 0.00 0 0.00 -
Test statistics - - - - 1.00 (1.0000)"
Mother's age ? (continuous)
Mean (SD) 30.00 (.) 33.00(.) -
Median (25 - 75 percentile) 30 (30.00, 30.00) 33 (33.00, 33.00) -
Min, max 30.00, 30.00 33.00, 33.00 -
Missing 0 0.00 0 0.00 -
Affective disorder ° 0 0.00 0 0.00 -
Diabetes b 0 0.00 0 0.00 -
Gestational diabetes °© 0 0.00 0 0.00 -
Neurotic disorder b 0 0.00 0 0.00 -
Schizophrenia, schizotypal and
delusional disorders ° 0 0.00 0 0.00 -
Obesity ¢ 0 0.00 0 0.00 -
CMV © 0 0.00 0 0.00 -
Rubella © 0 0.00 0 0.00 -
Alcohol abuse prior to LMP2 ¢ 0 0.00 0 0.00 -
Alcohol abuse during pregnancy °© 0 0.00 0 0.00 -
Substance abuse prior to LMP2 ¢ 0 0.00 0 0.00 -
Substance abuse during
pregnancy °© 0 0.00 0 0.00 -
Smoking prior to LMP2
Yes 0 0.00 0 0.00 -
No 1 100.00 1 100.00 -
Missing 0 0.00 0 0.00 -
Test statistics without 'Missing'
category - - - - -
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Paternal exposure group

Comparison

NDD Valproate

Lamotrigine/levetiracetam

(composite)

N=1

Valproate vs
Lamotrigine
llevetiracetam

Number of pregnancies N=1

%

%

Smoking during pregnancy °
Yes 0
No 1

Missing 0
Test statistics without 'Missing'
category -

Maternal polypharmacy index
prior to LMP2 ®(categorical)

0
1-4
5-10
>10
Test statistics -

o O O =

Maternal polypharmacy index
prior to LMP2 ¢ (continuous)

Mean (SD) 0.00(.)

Median (25t - 75 percentile) 0.00 (0.00, 0.00)

Min, max 0.00, 0.00
Maternal polypharmacy index
during pregnancy °(categorical)
0

1-4

5-10

>10

Test statistics -
Maternal polypharmacy index

during

pregnancy ° (continuous)

Mean (SD) 0.00 (.)

o O O =

Median (25 - 75 percentile) 0.00 (0.00, 0.00)

Min, max 0.00, 0.00
Concomitant medications

associated with valproate-

indicated psychiatric conditions

prior to LMP2 9 - mothers with at

least one prescription 0

Concomitant medications
associated with valproate-
indicated psychiatric conditions 0

0.00
100.00
0.00

100.00
0.00
0.00
0.00

100.00
0.00
0.00
0.00

0.00

0.00

o O O =

0.00 (.)
0.00 (0.00, 0.00)
0.00, 0.00

o O O =

0.00 (.)
0.00 (0.00, 0.00)
0.00, 0.00

0.00
100.00
0.00

100.00
0.00
0.00
0.00

100.00
0.00
0.00
0.00

0.00

0.00
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Paternal exposure group Comparison

Valproate vs
Lamotrigine/levetiracetam Lamotrigine
NDD Valproate (composite) llevetiracetam

Number of pregnancies N=1 N=1 -

during pregnancy © - mothers with
at least 1 prescription

Concomitant medications

associated with neuropsychiatric

adverse events prior to LMP2 @ -

mothers with at least one

prescription 1 100.00 1 100.00
Concomitant medications

associated with neuropsychiatric

adverse events during pregnancy

¢ - mothers with at least one

prescription 0 0.00 0 0.00
0.00 0.00
0.00 0.00

CMV: Cytomegalovirus; LMP2: Last menstrual period date plus 2 weeks; Min: Minimum; Max: Maximum; NDD:
Neurodevelopmental disorders; SD: Standard deviation

Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father can
appear more than once. In that case, their characteristics were described in relationship to the exposure window for each individual
offspring. Percentages were calculated over the total number of offspring. Difference between categorical variables were tested
using Chi-square independence test; however, if the frequency of any of the categories analyzed was less than 5 Fischer's Exact
test was used. Differences between continuous variables were tested using two-sample t-tests, or Mann-Whitney test in case the
distribution of the variable was not normal.

a) at index (childbirth)

b) all available data prior to index date

c) during pregnancy (from LMP2 until index date)

d) 12-months lookback from LMP2

e) 3-months lookback from LMP2

* A non-parametric test was used in this comparison. Fisher’s exact test was used for categorical variables. For continuous
variables, the Mann-Whitney U testwas performed.
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Table 77 Association between potential paternal risk factors/confounders for NDD by paternal exposure group; primary

outcome
Paternal exposure group Comparison
Valproate vs
Lamotrigine/levetiracetam Lamotrigine

Valproate (composite) llevetiracetam
NDD
Number of pregnancies N=1 N=1 -

N % N %
Paternal risk
factors/confounders
Affective disorder 2° 0 0.00 0 0.00 -
Bipolar affective disorder @ 0 0.00 0 0.00 -
Mania @ 0 0.00 0 0.00 -
Neurotic disorder ? 0 0.00 1 100.00 2.00(0.1573)
Schizophrenia, schizotypal and
delusional disorders @ 0 0.00 0 0.00 -
Substance abuse °© 0 0.00 0 0.00 -
Paternal polypharmacy
index ¢ (categorical)
0 1 100.00 0 0.00 -
1-4 0 0.00 1 100.00 -
5-10 0 0.00 0 0.00 -
>10 0 0.00 0 0.00 -
Test statistics - - - - 2.00 (0.1573)
Paternal polypharmacy
index 9 (continuous)
Mean (SD) 0.00 (.) 2.00(.) -
Median (25t - 75t percentile) 0.00 (0.00, 0.00) 2.00 (2.00, 2.00) -
Min, max 0.00, 0.00 2.00, 2.00 -

Concomitant medications

associated with

valproate-indicated psychiatric

conditions ¢ — fathers with at

least one prescription 1 100.00 1 100.00 -
Concomitant medications

associated with

neuropsychiatric adverse

events °© - fathers with at least

one prescription 1 100.00 1 100.00 -
Father's age ° (categorical)

<20 years 0 0.00 0 0.00 -
21-25 0 0.00 0 0.00 -
26-30 0 0.00 0 0.00 -
31-35 1 100.00 1 100.00 -
36-40 0 0.00 0 0.00 -
>40 0 0.00 0 0.00 -

Test statistics - -
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Paternal exposure group Comparison
Valproate vs
Lamotrigine/levetiracetam Lamotrigine
Valproate {composite) llevetiracetam
NDD
Number of pregnancies N=1 N=1 -
N % N %
Father's age ® (continuous)
Mean (SD) 31.00(.) 34.00 (.) -
Median (25" - 75" percentile) 31.00 (31.00, 31.00) 34.00 (34.00, 34.00) -
Min, max 31.00, 31.00 34.00, 34.00 -
Missing 0 0.00 0 0.00 -
Year of offspring
conception 8
2009-2013 0 0.00 0 0.00 -
2014-2019 1 100.00 1 100.00 -

Test statistics - - - - -
LMP2: Last menstrual period date plus 2 weeks; Min: Minimum; Max: Maximum; NDD: Neurodevelopmental disorders; SD:
Standard deviation
Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father
can appear more than once. In that case, their characteristics were described in relationship to the exposure window for each
individual offspring. Percentages were calculated over the total number of offspring. Difference between categorical variables
were tested using Chi-square independence test; however, if the frequency of any of the categories analyzed was less than 5
Fischer’s Exact test was used. Differences between continuous variables were tested using two-sample t-tests, or Mann-Whitney
test in case the distribution of the variable was not normal.
a) all available data prior to index date (childbirth)
b) excluding bipolar affective disorder and mania
c¢) 12-months lookback from LMP2
d) 3-months lookback from LMP2
e) at index
f) at mother’s LMP2
g) calendar years will be grouped in each country according to the length of the study period
* A non-parametric test was used in this comparison. Fisher's exact test was used for categorical variables. For continuous
variables, the Mann-Whitney U test was performed.
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8.1.8 Exposure to valproate or lamotrigine/levetiracetam in polytherapy
(Explorative analysis 5 CM)

This section supersedes section 15.3.7 from the final study report v1.1.

Data extracted

25487 offspring

Fogrd

- Offspring from mothers without:a-continuous enrolment of atieast 12 months prior
toindex date (N=86)
- Offspring fram parentswith:a-history.of NDD-or GM{N=3912)

Secondary outcome cohort - Offsprifig from fathers unexposed to- AEDs in'the 3-months {ockback from LMP2
3315 offspring (N=21415) _
. . || -Pregnanciesending before 2004 (N=0)
Excluded:

-Offspring paternally not-exposed to valproate, lamotrigine or levetiracetam in the 3-
months lookback from LMP2 {1466}
-Offspring patérnally exposed to valproate; lamotrigine or levetiracetanin
monotherapyinthe:3-months lookback fromLMP2:{1476)
-Offspring paternally exposed-tovalproate AND lamotrigine/ levetiracetam
polytherapy-in the-3:months lookbackfrom LMP2 (16 1)
-Offspring maternally exposedtoAEDs {including valproate, lamotrigine and
levetiracetamyin utero;.or.during 3-months lookbackfrom LMP2 (68)
) <Offspring frofm a:mother with a-history of epilepsy (55)
Secondaty otitcome cohort for =Offspring maternally exposed _(3»m_or_1ths lookbac_kfrom LMP2 or.during.pregnancy}

Exploratory Obiective 5 . to drug_s with known teratogen!c activity/foetaltoxicity {1496) )

P 2 -Offspring paternally exposed {3:months-lookback fromLMP2) to drugs with known

35 offspring teratogenicactivity {2035)

An offspring may be present in more than one exclusion criterion
CM: Congenital Malformation; NDD: neurodevelopmental disorders; AED: antiepileptic drugs; LMP2: Last menstrual period date
plus 2 weeks

Figure 11 Study population of Secondary outcome cohort for Exploratory Analyses 5 in Norway
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Table 78 Offspring demographic characteristics by paternal exposure group; secondary outcome

Paternal exposure group

Lamotrigine/

cm Valproate (polytherapy) Levetiracetam (polytherapy)
Number of pregnancies N=3 N=32

N % N %
Gestational age (weeks)
<28 (extremely preterm) 0 0.00 1 3.13
28-31 (very preterm) 0 0.00 1 3.13
32-36 (moderate to late preterm) 0 0.00 1 3.13
37-41 (at term) 3 100.00 29 90.63
242 (post-term) 0 0.00 0 0.00
Missing 0 0.00 0 0.00
Birth weight (g)
<1000 (extremely low) 0 0.00 1 3.13
1000-1499 (very low) 0 0.00 1 3.13
1500-2499 (low) 0 0.00 0 0.00
22500 3 100.00 30 93.75
Missing 0 0.00 0 0.00
Gender ?
Male 2 66.67 16 50.00
Female 1 33.33 16 50.00
Missing 0 0.00 0 0.00
Year of birth
2010 0 0.00 4 12.50
2011 0 0.00 2 6.25
2012 2 66.67 3 9.38
2013 0 0.00 3 9.38
2014 0 0.00 4 12.50
2015 1 33.33 5 15.63
2016 0 0.00 3 9.38
2017 0 0.00 4 12.50
2018 0 0.00 3 9.38
2019 0 0.00 1 3.13

CM: Congenital Malformations

Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father can
appear more than once. In that case, their characteristics will be described in relationship to the exposure window for each individual
offspring. Percentages are calculated over the total number of offspring.

a) at index (childbirth)
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Table 79 Offspring clinical characteristics paternal exposure group; secondary outcome

Paternal exposure group

CM Lamotrigine/

Valproate (polytherapy) Levetiracetam (polytherapy)
Number of pregnancies N=3 N=32

N % N %

Comorbidities ¢
Congenital CMV 0 0.00 0 0.00
Congenital Herpes Simplex 0 0.00 0 0.00
Congenital rubella 0 0.00 0 0.00
Congenital toxoplasmosis 0 0.00 0 0.00
Congenital varicella 0 0.00 0 0.00
Fetal alcohol syndrome 0 0.00 0 0.00
Outcomes
CM 0 0.00 1 3.13
Major CM (at any time) 0 0.00 1 3.13
Minor CM (at any time) 0 0.00 1 3.13
Frequency of adverse pregnancy oltcomes
associated to a diagnosis of CM ©
Stillbirth 0 0.00 0 0.00
Spontaneous abortion 0 0.00 0 0.00
Intrauterine growth retardation 0 0.00 1 100.00
Perinatal mortality 0 0.00 0 0.00

CM: Congenital Malformations; CMV: cytomegalovirus

Legend: Number of pregnancies represent the total number of live and non-live offspring with linked mother and father. The same
mother/father can appear more than once.

In that case, their characteristics will be described in relationship to the expoasure window for each individual offspring. Percentages
are calculated over the total number of offspring.

a) between index (12" week of gestation in Norway, 22" week of gestation in Denmark) and exit date

b) Dencminator for the percentage is the number of offspring with CM.
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Table 80 Maternal demographic characteristics by paternal exposure group; secondary outcome

Paternal exposure group

CM

Lamotrigine/

Valproate (polytherapy) Levetiracetam (polytherapy)

Number of pregnancies N=3 N=32
N % N %

Mother’s age *
<20 years 0 0.00 1 3.13
21-25 1 33.33 6 18.75
26-30 2 66.67 11 34.38
31-35 0 0.00 13 40.63
36-40 0 0.00 1 3.13
>40 0 0.00 0 0.00
Mean (SD) 25.67 (4.51) 29.09 (4.55)
Median (25t - 75t percentile) 26.00 (21.00, 30.00) 28.50 (26.00, 33.00)
Min, max 21.00, 30.00 19.00, 37.00
Missing 0 0.00 0 0.00

CM: Congenital Malformations; SD: Standard Deviation; Min: Minimum; Max: Maximum

Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father

can appear more than once.

In that case, their characteristics will be described in relationship to the exposure window for each individual offspring.

Percentages are calculated over the total number of offspring.
a) at index (childbirth)
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Table 81 Maternal clinical characteristics by paternal exposure group; secondary outcome

Paternal exposure group

CM Lamotrigine/levetiracetam

Valproate (polytherapy) (polytherapy)
Number of pregnancies N=3 N=32

N % N %

Comorbidities
Diabetes @ 0 0.00 0 0.00
Epilepsy @ 0 0.00 0 0.00
Obesity P 0 0.00 0 0.00
CMV ¢ 0 0.00 0 0.00
Folate deficiency °© 0 0.00 0 0.00
Gestational diabetes °© 0 0.00 1 3.13
Herpes simplex virus °© 0 0.00 0 0.00
Rubella ¢ 0 0.00 0 0.00
Toxoplasmosis © 0 0.00 0 0.00
Varicella ¢ 0 0.00 0 0.00
Lifestyle characteristics
Alcohol abuse prior to LMP2 ° 0 0.00 0 0.00
Alcohol abuse during pregnancy °© 0 0.00 0 0.00
Substance abuse prior to LMP2 P 0 0.00 0 0.00
Substance abuse during pregnancy © 0 0.00 0 0.00
Smoking prior to LMP2P
Yes 0 0.00 0 0.00
No 3 100.00 23 71.88
Missing 0 0.00 9 28.13
Smoking during pregnancy ¢
Yes 0 0.00 1 3.13
No 3 100.00 25 78.13
Missing 0 0.00 6 18.75
Medication use
Exposure to AEDs prior to LMP2 ¢
Valproate 0 0.00 0 0.00
Lamotrigine 0 0.00 0 0.00
Levetiracetam 0 0.00 0 0.00
Barbiturates and derivatives 0 0.00 0 0.00
Hydantoin derivatives 0 0.00 0 0.00
Oxazolidine derivatives © 0 0.00 0 0.00
Succinimide derivatives 0 0.00 0 0.00
Benzodiazepine derivatives 0 0.00 0 0.00
Carboxamide derivatives 0 0.00 0 0.00
Fatty acid derivatives 0 0.00 0 0.00
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Paternal exposure group

CM Lamotrigine/levetiracetam

Valproate (polytherapy) (polytherapy)
Number of pregnancies N=3 N=32

N % N %

Other antiepileptics 0 0.00 0 0.00
Exposure to AEDs during pregnancy ©
Valproate 0 0.00 0 0.00
Lamotrigine 0 0.00 0 0.00
Levetiracetam 0 0.00 0 0.00
Barbiturates and derivatives 0 0.00 0 0.00
Hydantoin derivatives 0 0.00 0 0.00
Oxazolidine derivatives © 0 0.00 0 0.00
Succinimide derivatives 0 0.00 0 0.00
Benzodiazepine derivatives 0 0.00 0 0.00
Carboxamide derivatives 0 0.00 0 0.00
Fatty acid derivatives 0 0.00 0 0.00
Other antiepileptics 0 0.00 0 0.00
K means cluster prior to LMP2 4
Unexposed 3 100.00 32 100.00
K means cluster during pregnancy °©
Unexposed 3 100.00 32 100.00

Maternal exposure to teratogenic
activity/fetal toxicity prior to LMP2 9 - 0 0.00 0 0.00
mothers with at least one prescription

Maternal exposure to teratogenic
activity/fetal toxicity during pregnancy © - 0 0.00 0 0.00
mothers with at least one prescription

AED: Antiepileptic Drug; CM: Congenital Malformations; CMV: cytomegalovirus; LMP2: Last menstrual period date plus 2 weeks
Legend: Number of pregnancies represent the total number of live and non-live offspring with linked mother and father. The same
mother/father can appear more than once.

In that case, their characteristics will be described in relationship to the exposure window for each individual offspring. Percentages
are calculated over the total number of offspring.

a) all available data prior to index date (12" week of gestation in Norway, 22™ week of gestation in Denmark)

b) 12-months lookback from LMP2

c) during pregnancy (from LMP2 until the earliest of: the first record of a diagnosis of major CM (or if absent the first record of any
CM diagnosis), and the date of end of pregnancy)

d) 3-months lookback from LMP2

e) Oxazolidine derivatives were not sold in Norway during the study period
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Table 82 Paternal demographic characteristics by patemal exposure group; secondary outcome

Paternal exposure group

Lamotriginel/levetiracetam

cM™ Valproate (polytherapy) (polytherapy)
Number of pregnancies N=3 N=32
N % N %

Father's age ?

<20 years 0 0.00 0 0.00

21-25 1 33.33 2 6.25

26-30 1 33.33 11 34.38

31-35 1 33.33 13 40.63

36-40 0 0.00 3 9.38

>40 0 0.00 3 9.38

Mean (SD) 28.00 (3.61) 32.09 (5.47)

Median (25t - 75t percentile) 27.00 (25.00, 32.00) 32.00 (28.00, 34.50)

Min, max 25.00, 32.00 24.00,50.00

Year of offspring conception °

2009 0 0.00 3 9.38

2010 0 0.00 3 9.38

2011 2 66.67 2 6.25

2012 0 0.00 3 9.38

2013 0 0.00 4 12.50

2014 1 33.33 5 15.63

2015 0 0.00 3 9.38

2016 0 0.00 5 15.63

2017 0 0.00 3 9.38

2018 0 0.00 1 3.13

2019 0 0.00 0 0.00
R.‘,AM: .Congenital Malformations, LMP2: Last menstrual period date plus 2 weeks; SD: Standard Deviation, Min: Minimum, Max:

aximum

Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father
can appear more than once. In that case, their characteristics will be described in relationship to the exposure window for each
individual offspring. Percentages are calculated over the total number of offspring.

a) atindex (childbirth)

b) at mother’s LMP2
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Table 83 Paternal clinical characteristics by paternal exposure group; secondary outcome

Paternal exposure group

CM Lamotrigine/levetiracetam

Valproate (polytherapy) (polytherapy)
Number of pregnancies N=3 N=32

N % N %

Medication use
Exposure to AEDs 2:?
Fatty acid derivatives 0 0.00 0 0.00
Carboxamide derivatives 0 0.00 0 0.00
Benzodiazepine derivatives 0 0.00 0 0.00
Succinimide derivatives 0 0.00 0 0.00
Hydantoin derivatives 0 0.00 0 0.00
Barbiturates derivatives 0 0.00 0 0.00
Other antiepileptics 0 0.00 18 56.25
Fatty acid derivatives and other antiepileptics 0 0.00 0 0.00
Carboxamide derivatives and other antiepileptics 0 0.00 13 40.63
Fatty acid derivatives and Carboxamide derivatives 2 66.67 0 0.00
Benzodiazepine derivatives and other antiepileptics 0 0.00 1 3.13
Benzodiazepine derivatives and Fatty acid derivatives 0 0.00 0 0.00
g:rri\::tcii\ilzzepine derivatives and Carboxamide 0 0.00 0 0.00
Succinimide derivatives and Fatty acid derivatives 0 0.00 0 0.00
Hydantoin derivatives and Carboxamide derivatives 0 0.00 0 0.00
Hydantoin derivatives and other antiepileptics 0 0.00 0 0.00
Hydantoin derivatives and Succinimide derivatives 0 0.00 0 0.00
Barbiturates derivatives and other antiepileptics 0 0.00 0 0.00
Barbiturates derivatives and Fatty acid derivatives 0 0.00 0 0.00
Barbiturates derivatives and Carboxamide derivatives 0 0.00 0 0.00
Sz:it\)/:ltli:g:s derivatives and Benzodiazepine 0 0.00 0 0.00
zr?gz(;g(learzaen%lir;?) i?eepra::astlves and Fatty acid derivatives 0 0.00 0 0.00
g:(;bgt)r(‘aerrn;(::i :;::;?ttiic\:l:s and Fatty acid derivatives 1 3333 0 0.00
B s staicn "™ : :
B o sy T : :
Fatty acid derivatives and Barbiturates derivatives 0 0.00 0 0.00

and other antiepileptics
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Paternal exposure group

cM Lamotrigine/levetiracetam

Valproate (polytherapy) (polytherapy)
Number of pregnancies N=3 N=32

N % N %

Barbiturates qeri_vati\_/es and Carboxamide derivatives 0 0.00 0 0.00
and other antiepileptics
AED indicaticn
Epilepsy 3 100.00 29 90.63
Bipolar affective disorder and mania 0 0.00 0 0.00
Other/unknown 0 0.00 3 9.38
K means cluster 2
Group A 3 100.00 26 81.25
Group B 0 0.00 6 18.75
:’at_er_nal exposure to teratogenic activity/fetal 0 0.00 0 0.00
oxicity 2

AED: Antiepileptic Drug, CM: Congenital Malformations; LMP2: Last menstrual period date plus 2 weeks

Cluster A: constant moderate exposure, Cluster B: moderate to low exposure

Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father
can appear more than once. In that case, their characteristics will be described in relationship to the exposure window for each
individual offspring. Percentages are calculated over the total number of offspring.

a) 3-months lookback from LMP2

b) Valproate or lamotrigine/levetiracetam in combination with other AED(s). Each combination found in the data will be listed
here.
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Table 84 Association between potential offspring risk factors/confounders for CM by paternal exposure group; secondary

outcome
Paternal exposure group Comparison
Valproate
(polytherapy)
vs
Lamotrigine/levetiracetam Lamotrigine
CM Valproate (polytherapy) {polytherapy) llevetiracetam
(polytherapy)
Number of pregnancies N=3 N=32 -
N % N %
Offspring risk factors/confotinders?
Congenital CMV 0 0.00 0 0.00 -
Congenital Herpes Simplex 0 0.00 0 0.00 -
Congenital rubella 0 0.00 0 0.00 -
Congenital toxoplasmosis 0 0.00 0 0.00 -
Congenital varicella 0 0.00 0 0.00 -
Fetal alcohol syndrome 0 0.00 0 0.00 -

CM: Congenital Malformations; CMV: Cytomegalovirus

Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father can
appear more than once. In that case, their characteristics were described in relationship to the exposure window for each individual
offspring. Percentages were calculated over the total number of offspring. Difference between categorical variables were tested
using Chi-square independence test; however, if the frequency of any of the categories analyzed was less than 5 Fischer’s Exact
test was used. Differences between continuous variables were tested using two-sample t-tests, or Mann-Whitney test in case the
distribution of the variable was not normal.

a) between index (12" week of gestation in Norway, 22" week of gestation in Denmark) and exit date

* A non-paramefric test was used in this comparison. Fisher’s exact test was used for categorical variables. For continuous
variables, the Mann-Whitney U test was performed.
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Table 85 Association between potential maternal risk factors/confounders for CM by patemal exposure group; secondary

outcome
Paternal exposure group Comparison
Valproate
(polytherapy)
vs
Lamotrigine/levetiracetam Lamotrigine
CM Valproate (polytherapy) (polytherapy) llevetiracetam
(polytherapy)
Number of pregnancies N=3 N=32 =
N % N %
Maternal risk
factors/confounders
Mother’s age ?(categorical)
<20 years 0 0.00 1 3.13 -
21-25 1 33.33 6 18.75 -
26-30 2 66.67 11 34.38 -
31-35 0 0.00 13 40.63 -
36-40 0 0.00 1 3.13 -
>40 0 0.00 0 0.00 -
Test statistics - - - - 2.47 (0.6504)
Mother’s age #continuous)
Mean (SD) 25.67 (4.51) 29.09 (4.55) -1.26 (0.3170)
Median (25% - 75% percentile) 26.00 (21.00, 30.00) 28.50 (26.00, 33.00) -
Min, max 21.00, 30.00 19.00, 37.00 -
Missing 0 0.00 0 0.00 -
Diabetes P 0 0.00 0 0.00 -
Obesity © 0 0.00 0 0.00 -
Alcohol abuse prior to LMP2 ¢ 0 0.00 0 0.00 -
fxlcohol abuse during pregnancy 0 0.00 0 0.00 }
Substance abuse prior to LMP2 ¢ 0 0.00 0 0.00 -
s:‘ebgsrf::g; abuse during 0 0.00 0 0.00 ;
Smoking prior to LMP2 ¢
No 3 100.00 23 71.88 -
Yes 0 0.00 0 0.00 -
Missing 0 0.00 9 28.13 -
Test statistics without 'Missing* } } } } }
category
Smoking during pregnancy ¢
No 3 100.00 25 78.13 -
Yes 0 0.00 1 3.13 -
Missing 0 0.00 6 18.75 -
Iaetsggs(,)t;a;lstlcs without 'Missing } } } } 1.00 (1.0000)
(o VAVAL 0 0.00 0 0.00 -
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Paternal exposure group Comparison
Valproate
(polytherapy)
vs
Lamotrigine/levetiracetam Lamotrigine
CM Valproate (polytherapy) (polytherapy) llevetiracetam
(polytherapy)
Number of pregnancies N=3 N=32 -
N % N %
Folate deficiency ¢ 0 0.00 0 0.00 -
Gestational diabetes ¢ 0 0.00 1 3.13 1.00 (1.0000)"
Herpes simplex virus ¢ 0 0.00 0 0.00 -
Rubella ¢ 0 0.00 0 0.00 -
Toxoplasmosis ¢ 0 0.00 0 0.00 -
Varicella ¢ 0 0.00 0 0.00 -

CM: Congenital Malformations; CMV: cytomegalovirus; LMP2: Last menstrual period date plus 2 weeks; Min: Minimum; Max:
Maximum; SD: Standard deviation

Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father
can appear more than once. In that case, their characteristics were described in relationship to the exposure window for each
individual offspring. Percentages were calculated over the total number of offspring. Difference between categorical variables
were tested using Chi-square independence test; however, if the frequency of any of the categories analyzed was less than 5
Fischer’'s Exact test was used. Differences between continuous variables were tested using two-sample t-tests, or Mann-Whitney
test in case the distribution of the variable was not normal.

a) atindex (12" week of gestation in Norway, 22™ week of gestation in Denmark)

b) all available data prior to index date

c¢) 12-months lookback from LMP2

d) during pregnancy (from LMP2 until the earliest of: the first record of a diagnosis of major CM (or if absent the first record of any
CM diagnosis), and the date of end of pregnancy)

* A non-parametric test was used in this comparison. Fisher’s exact test was used for categorical variables. For continuous
variables, the Mann-Whitney U testwas performed.

228



DocuSign Envelope ID: 3BBAOESC-1EBC-417C-8506-5FBF3BF4A64B

PASS - Paternal exposure to valproate — Corrigendum to the Final Report v1.1 V1.0, 02 October 2023

Table 86 Association between potential paternal risk factors/confounders for CM by paternal exposure group; secondary

outcome
Paternal exposure group Comparison
Valproate
(polytherapy)
vs
Lamotrigine/levetiracetam Lamotrigine
CM Valproate (polytherapy) (polytherapy) llevetiracetam
(polytherapy)
Number of pregnancies N=3 N=32 -
N % N %
Paternal risk factors/confounders
Father's age ?(categorical)
<20 years 0 0.00 0 0.00 -
21-25 1 33.33 2 6.25 -
26-30 1 33.33 11 34.38 -
31-35 1 33.33 13 40.63 -
36-40 0 0.00 3 9.38 -
>40 0 0.00 3 9.38 -
Test statistics - - - - 2.95 (0.5667)
Father's age ? (continucus)
Mean (SD) 28.00 (3.61) 32.09 (5.47) -1.78 (0.1741)
Median (25" - 75% percentile) 27.00 (25.00, 32.00) 32.00 (28.00, 34.50) -
Min, max 25.00, 32.00 24.00, 50.00 -
Missing 0 0.00 0 0.00 -
Year of offspring conception b:¢
2009-2013 2 66.67 15 46.88 -
2014-2019 1 33.33 17 53.13 -
Test statistics - - - - 0.43 (0.5119)
CM: Congenital Malformations; SD: Standard Deviation; LMP2: Last menstrual period date plus 2 weeks; Min: Minimum; Max:
Maximum

Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father can
appear more than once. In that case, their characteristics were described in relationship to the exposure window for each individual
offspring. Percentages were calculated over the total number of offspring. Difference between categorical variables were tested
using Chi-square independence test; however, if the frequency of any of the categories analyzed was less than 5 Fischer’'s Exact
test was used. Differences between continuous variables were tested using two-sample t-tests, or Mann-Whitney test in case the
distribution of the variable was not normal.

a) at index (12" week of gestation in Norway, 22" week of gestation in Denmark)

b) at mother’s LMP2

c) calendar years will be grouped in each country according to the length of the study period

* A non-parametric test was used in this comparison. Fisher's exact test was used for categorical variables. For continuous
variables, the Mann-Whitney U test was performed.
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8.1.9 Exposure to valproate or lamotrigine/levetiracetam in paternally and
maternally matched siblings (Exploratory analysis 6 CM)

This section supersedes section 15.3.8 from the final study report v1.1.

Data exiracted

25487 offspring

Excluded:

~Offspring from mothers without a.continuous enrolment of at least 12 montks prior to
thé index'date {N=88)

- Offspring from parents with & history of NDD or CM (N=:3812)

~Offspring from fathers unexposed to AEDs in the 3-months letkback from LM®2
{N=21415)

- Pregnanciesending before 2004 (N=0)

~ Offspring paternally exposed to AEDs polytherapy-in the:3-monthslookback from

Secondary outcorme cohort for comparative

analyses LMPZ (N= 457)
513 offgpring - Offspring patemally exposed to-any AEDs (in.mono- or palytherapy) other than
= A R R valproatte, lamotrigine or fevetiracetamin the 3-months lookback fromi LM®2 {N=:
1654}

4

Offswring maternally exposedto AEDs {including valproate, famviotrigine and
levetiracetam)in utero; or in the 3-months lookback from LMP2 (N=25)

Offspring from amotherwith g historyofepilepsy (N=22)

Offspringmaternally éxposed {3-morths lookbackfrorm LMP2 or during pregnancy)to
Hrugs with knowr tératogenic-activity/foetal texicity (N=668)

- Offsping patemally exposed (3-months tookback from LMP2) to Wruss with known
teratogenic activity (n=543)

i

¥

Excluded:

«Offspring with no other sibling in the Secondaryoutcomecomparative analyses’ cohort
(344)

~Exposure concordant siblings (168)

. Secondary outcome cohort tor
Explorative Objective 6
01 offspring

AED: antiepileptic drugs; CM: Congenital Malformation; NDD: neurodevelopmental disorders; LMP2: Last menstrual period date
plus 2 weeks

Figure 12 Study population of Secondary outcome cohort for Exploratory Analyses 6 in Norway
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Table 87 Offspring demographic characteristics by paternal exposure group; secondary outcome

Paternal exposure group

M Valproate Lamotrigine/levetiracetam
N=0 N=1
Number of pregnancies N % N %
Gestational age (weeks)
<28 (extremely preterm) 0 0.00 0 0.00
28-31 (very preterm) 0 0.00 0 0.00
32-36 (moderate tolate preterm) 0 0.00 0 0.00
37-41 (at term) 0 0.00 1 100.00
242 (post-term) 0 0.00 0 0.00
Missing 0 0.00 0 0.00
Birth weight (g)
<1000 (extremely low) 0 0.00 0 0.00
1000-1499 (very low) 0 0.00 0 0.00
1500-2499 (low) 0 0.00 0 0.00
22500 0 0.00 1 100.00
Missing 0 0.00 0 0.00
Gender ?
Male 0 0.00 0 0.00
Female 0 0.00 1 100.00
Missing 0 0.00 0 0.00
Year of birth
2010 0 0.00 0 0.00
2011 0 0.00 0 0.00
2012 0 0.00 1 100.00
2013 0 0.00 0 0.00
2014 0 0.00 0 0.00
2015 0 0.00 0 0.00
2016 0 0.00 0 0.00
2017 0 0.00 0 0.00
2018 0 0.00 0 0.00
2019 0 0.00 0 0.00

CM: Congenital malformations.

Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father
can appear more than once. In that case, their characteristics will be described in relationship to the exposure window for each
individual offspring. Percentages are calculated over the total number of offspring.

a) at index (childbirth)
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Table 88 Offspring clinical characteristics paternal exposure group; secondary outcome

Paternal exposure group

cM Lamotrigine/

Valproate levetiracetam (composite)

Number of pregnancies N=0 N=1

N % N %
Comorbidities #
Congenital CMV 0 0.00 0 0.00
Congenital Herpes Simplex 0 0.00 0 0.00
Congenital rubella 0 0.00 0 0.00
Congenital toxoplasmosis 0 0.00 0 0.00
Congenital varicella 0 0.00 0 0.00
Fetal alcohol syndrome 0 0.00 0 0.00
Outcomes
CM 0 0.00 0 0.00
Major CM (at any time) 0 0.00 0 0.00
Minor CM (at any time) 0 0.00 0 0.00
Frequency of adverse pregnancy outcomes
associated to a diagnosis of CM P
Stillbirth 0 0.00 0 0.00
Spontaneous abortion © 0 0.00 0 0.00
Intrauterine growth retardation 0 0.00 0 0.00
Perinatal mortality 0 0.00 0 0.00

CMV: Cytomegalovirus; CM: Congenital malformations.

Legend: Number of pregnancies represent the total number of live and non-live offspring with linked mother and father. The same
mother/father can appear more than once.

In that case, their characteristics will be described in relationship to the exposure window for each individual offspring.
Percentages are calculated over the total number of offspring.

a) between index (12" week of gestation in Norway, 22" week of gestation in Denmark) and exit date

b) Denominator for the percentage is the number of offspring with CM.

c) Information on spontaneous abortion is not available in Denmark.
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Table 89 Maternal demographic characteristics by paternal exposure group; secondary outcome

Paternal exposure group

CM Valproate Lamotrigine/levetiracetam
Number of pregnancies N=0 N=1

N % N %
Mother'’s age °
<20 years 0 0.00 0 0.00
21-25 0 0.00 1 100.00
26-30 0 0.00 0 0.00
31-35 0 0.00 0 0.00
36-40 0 0.00 0 0.00
>40 0 0.00 0 0.00
Mean (SD) - 25.00(.)
Median (25 - 75t percentile) - 25.00 (25.00, 25.00)
Min, max - 25.00, 25.00
Missing 0 0.00 0 0.00

CM: Congenital malformations; SD: Standard deviation; Min: Minimum; Max: Maximum.

Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father
can appear more than once.

In that case, their characteristics will be described in relationship to the exposure window for each individual offspring.
Percentages are calculated over the total number of offspring.

a) at index (childbirth)
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Table 90 Maternal clinical characteristics by paternal exposure group; secondary outcome

Paternal exposure group

Lamotrigine/levetiracetam

cM Valproate (composite)
Number of pregnancies N=0 N=1

N % N %
Comorbidities
Diabetes @ 0 0.00 0 0.00
Epilepsy @ 0 0.00 0 0.00
Obesity ° 0 0.00 0 0.00
CMV © 0 0.00 0 0.00
Folate deficiency °© 0 0.00 0 0.00
Gestational diabetes °© 0 0.00 0 0.00
Herpes simplex virus © 0 0.00 0 0.00
Rubella © 0 0.00 0 0.00
Toxoplasmosis °© 0 0.00 0 0.00
Varicella ¢ 0 0.00 0 0.00
Lifestyle characteristics
Alcohol abuse prior to LMP2 b 0 0.00 0 0.00
Alcohol abuse during pregnancy °© 0 0.00 0 0.00
Substance abuse priorto LMP2 P 0 0.00 0 0.00
Substance abuse during pregnancy ¢ 0 0.00 0 0.00
Smoking prior to LMP2 b 0 0.00 0 0.00
Yes 0 0.00 0 0.00
No 0 0.00 1 100.00
Missing 0 0.00 0 0.00
Smoking during pregnancy ¢ 0 0.00 0 0.00
Yes 0 0.00 0 0.00
No 0 0.00 1 100.00
Missing 0 0.00 0 0.00
Medication use
Exposure to AEDs prior to LMP2 ¢
Valproate 0 0.00 0 0.00
Lamotrigine 0 0.00 0 0.00
Levetiracetam 0 0.00 0 0.00
Barbiturates and derivatives 0 0.00 0 0.00
Hydantoin derivatives 0 0.00 0 0.00
Oxazolidine derivatives © 0 0.00 0 0.00
Succinimide derivatives 0 0.00 0 0.00
Benzodiazepine derivatives 0 0.00 0 0.00
Carboxamide derivatives 0 0.00 0 0.00
Fatty acid derivatives 0 0.00 0 0.00
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Paternal exposure group

Lamotrigine/levetiracetam

cM Valproate (composite)
Number of pregnancies N=0 N=1

N % N %
Other antiepileptics 0 0.00 0 0.00
Exposure to AEDs during pregnancy ©
Valproate 0 0.00 0 0.00
Lamotrigine 0 0.00 0 0.00
Levetiracetam 0 0.00 0 0.00
Barbiturates and derivatives 0 0.00 0 0.00
Hydantoin derivatives 0 0.00 0 0.00
Oxazolidine derivatives © 0 0.00 0 0.00
Succinimide derivatives 0 0.00 0 0.00
Benzodiazepine derivatives 0 0.00 0 0.00
Carboxamide derivatives 0 0.00 0 0.00
Fatty acid derivatives 0 0.00 0 0.00
Other antiepileptics 0 0.00 0 0.00
K means cluster prior to LMP2 ¢
Unexposed 0 0.00 1 100.00
K means cluster during pregnancy °
Unexposed 0 0.00 1 100.00

Maternal exposure to teratogenic
activity/fetal toxicity priorto LMP2 9 -
mothers with at least ¢;ne prescription 0 0.00 0 0.00

Maternal exposure to teratogenic

activity/fetal toxicity during

pregnancy ¢ - mothers with at least

one prescription 0 0.00 0 0.00
AED: Antiepileptic Drug; CM: Congenital malformations; CMV: Cytomegalovirus; LMP2: as Menstrual period date plus 2 weeks
Legend: Number of pregnancies represent the total number of live and non-live offspring with linked mother and father. The same
mother/father can appear more than once.
In that case, their characteristics will be described in relationship to the exposure window for each individual offspring.
Percentages are calculated over the total number of offspring.
a) all available data prior to index date (12" week of gestation in Norway, 22™ week of gestation in Denmark)
b) 12-months lookback from LMP2
c) during pregnancy (from LMP2 until the earliest of: the first record of a diagnosis of major CM (or if absent the first record of any
CM diagnosis), and the date of end of pregnancy)
d) 3-months lookback from LMP2
e) Oxazolidine derivatives were not sold in Norway during the study period
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Table 91 Paternal demographic characteristics by patemal exposure group; secondary outcome

Paternal exposure group

CM

Number of pregnancies

Father's age ?
<20 years
21-25

26-30

31-35

36-40

>40

Mean (SD)
Median (25t - 75 percentile)
Min, max
Year of offspring conception ®
2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

Valproate Lamotrigine/levetiracetam
N=0 N=1

N % N %
0 0.00 0 0.00
0 0.00 0 0.00
0 0.00 1 100.00
0 0.00 0 0.00
0 0.00 0 0.00
0 0.00 0 0.00
- 30.00 (.)
- 30.00 (30.00, 30.00)
- 30.00, 30.00
0 0.00 0 0.00
0 0.00 0 0.00
0 0.00 0 0.00
0 0.00 1 100.00
0 0.00 0 0.00
0 0.00 0 0.00
0 0.00 0 0.00
0 0.00 0 0.00
0 0.00 0 0.00
0 0.00 0 0.00
0 0.00 0 0.00

CM: Congenital malformations; LMP2: Last menstrual period date plus 2 weeks; Min: Minimum; Max: Maximum; SD: Standard

Deviation

Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father
can appear more than once. In that case, their characteristics will be described in relationship to the exposure window for each

individual offspring. Percentages are calculated over the total number of offspring.

a) at index (childbirth)
b) at mother’s LMP2
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Table 92 Paternal clinical characteristics by paternal exposure group; secondary outcome

Paternal exposure group
Lamotrigine/levetiracetam

CcM Valproate (composite)
Number of pregnancies N=0 N=1

N % N %
Medication use
AED indication
Epilepsy 0 0.00 1 100.00
Bipolar affective disorder and mania 0 0.00 0 0.00
Other/unknown 0 0.00 0 0.00
K means cluster 2
Group A 0 0.00 1 100.00
Paternal exposure to teratogenic
activity/fetal toxicity 2 0 0.00 0 0.00

AED: Antiepileptic drug; CM: Congenital malformations; LMP2: Last menstrual period date plus 2 weeks

Legend: Number of pregnancies represent the total number of offspring with linked mother and father. The same mother/father
can appear more than once. In that case, their characteristics will be described in relationship to the exposure window for each
individual offspring. Percentages are calculated over the total number of offspring.

a) 3-months lookback from LMP2

Cluster A: Constant moderate exposure; Cluster B: Moderate to low exposure.
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8.2 Denmark

8.2.1 Rectified Tables (Final Report v1.1)

Table 36 Summary of main analysis and sensitivity analyses for the Primary outcome cohort in Denmark

Analyses

Population considered

HR (95% CI) estimates

HR (95% CIl) estimates by cluster of
exposure

Crude*

Adjusted***

Cluster A

Cluster B

Main analysis

N sample = 1950
Sensitivity analysis 1
N sample = 2049
Sensitivity analysis 3
N sample = 1931

Sensitivity analysis 5*
N sample = 1837
Sensitivity analysis 58
N sample = 906
Sensitivity analysis 6
N sample = 1950

Sensitivity analysis 7
N sample = 1987

Sensitivity analysis 11
N sample = 1950

Please check section 9.3

Extended risk window of paternal
valproate exposure (6 months)
Exclusion of offspring with low birth
weight or born prior to 8% months
Simple pairwise comparisons for the
exposure groups: lamotrigine
(monotherapy)

Simple pairwise comparisons for the
exposure groups: levetiracetam
(monotherapy)

Comparison of PS-weighted model with
covariate adjustment model

Effect of paternal exposure to valproate
on NDD in offspring exposed and
unexposed to AEDs after birth, and/or
diagnosed with epilepsy

Narrow definition of NDD

0.94 (0.60, 1.46)
0.86 (0.56, 1.32)

0.93 (0.59, 1.46)

0.98 (0.62, 1.54)

&k

1.03 (0.68, 1.57)*

098 (0.61, 1.55)

1.34 (0.79, 2.25)
1.13 (0.68, 1.89)

1.36 (0.82, 2.27)

1.51 (0.90, 2.53)

0.59 (0.18, 1.95)

1.22 (0.77, 1.92)

1.41 (0.84, 2.38)

1.59 (0.89, 2.86)

1.38 (0.69, 2.74)
1.51 (0.79, 2.87)

1.50 (0.80, 2.84)

1.57 (0.81, 3.04)

0.70 (0.16, 3.06)

1.42 (0.75, 2.67)

1.60 (0.75, 3.41)

1.30 (0.60, 2.83)
0.80 (0.35, 1.84)

1.19 (0.53, 2.69)

1.42 (0.63, 3.20)

0.43 (0.06, 3.30)

1.38 (0.59, 3.22)

1.55 (0.64, 3.78)

AED: antiepileptic drugs; Cl: Confidence Interval; HR: Hazard ratio; LMP2: Last menstrual period date plus 2 weeks; NDD: neurodevelopmental disorders; PS: Propensity score; 5A
analysis comparing valproate and lamotrigine; 5B analysis comparing valproate and levetiracetam
* For sensitivity analysis 7 the “crude” hazard ratio was adjusted for offspring epilepsy and offspring exposure AED.
** Due to the sample size, the estimated HR was not interpretable (>100,000). Crude and adjusted models do not always use the same population leading to differences in the sample
size and number of events in the models.

*** The logistic regression PS models used in sensitivity analysis include variables following described:

Sensitivity analysis 1: Offspring risk factors/confounders: “Gender”; Maternal risk factors/confounders: “Mother's age”, “Affective disorder”, “Diabetes”, “Gestational diabetes”,
“Neurotic disorder”, “Obesity”, “Smoking during pregnancy”, “Matemal polypharmacy index prior to LMP2", mothers with at least one prescription of “Concomitant medications associated
with valproate-indicated psychiatric conditions prior to LMP2”, “Concomitant medications associated with valproate-indicated psychiatric conditions during pregnancy”, “Concomitant
medications associated with neuropsychiatric adverse events prior to LMP2", “Concomitant medications associated with neuropsychiatric adverse events during pregnancy”; Paternal
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risk factors/confounders: “Affective disorder”, “Bipolar affective disorder”, “Mania”, “Neurotic disorder”, “Schizophrenia, schizotypal and delusional disorders”, fathers with at least one
prescription of “Concomitant medications associated with neuropsychiatric adverse events prior to LMP2”", “Year of offspring conception”. ” In sensitivity analysis 1 the HR were further
adjusted for “Maternal affective disorder”

Sensitivity analysis 3: Offspring risk factors/confounders: “Gender”; Maternal risk factors/confounders: “Affective disorder”, “Diabetes”, “Gestational diabetes”, “Neurotic
disorder”, “Obesity”, “Smoking during pregnancy”, “Maternal polypharmacy index prior to LMP2”, mothers with at least one prescription of: “Concomitant medications associated with
valproate-indicated psychiatric conditions prior to LMP2", “Concomitant medications associated with valproate-indicated psychiatric conditions during pregnancy”, “Concomitant
medications associated with neuropsychiatric adverse events prior to LMP2”, “Concomitant medications associated with neuropsychiatric adverse events during pregnancy”; Paternal
risk factors/confounders: “Bipolar affective disorder”, “Mania”, “Neurotic disorder”, “Schizophrenia, schizotypal and delusional disorders”, “Year of offspring conception at mother’s
LMP2”

Sensitivity analysis 5A: Offspring risk factors/confounders: “Gender”’; Maternal risk factors/confounders: “Affective disorder”, “Diabetes”, “Gestational diabetes”, “Neurotic
disorder”, “Obesity”, “Substance abuse during pregnancy”, “Smoking during pregnancy”, mothers with at least one prescription of “Concomitant medications associated with valproate-
indicated psychiatric conditions prior to LMP2”, “Concomitant medications associated with valproate-indicated psychiatric conditions during pregnancy”, “Concomitant medications
associated with neuropsychiatric adverse events prior to LMP2", “Concomitant medications associated with neuropsychiatric adverse events during pregnancy”; Paternal risk
factors/confounders: “Mania”, “Neurotic disorder”, “Schizophrenia, schizotypal and delusional disorders”, "Concomitant medications associated with neuropsychiatric adverse events
prior to LMP2", “Year of offspring conception”

Sensitivity analysis 5B: Offspring risk factors/confounders: “Gender”; Maternal risk factors/confounders: “Smoking during pregnancy”, mothers with at least one prescription of
“Concomitant medications associated with neuropsychiatric adverse events prior to LMP2"

Sensitivity analysis 6: no PS weighting performed

Sensitivity analysis 7: Offspring risk factors/confounders: “Gender”; Maternal risk factors/confounders: “Affective disorder”, “Diabetes”, “Gestational diabetes”, “Neurotic
disorder”, “Schizophrenia, schizotypal and delusional disorders”, “Obesity”, “Substance abuse during pregnancy”, “Smoking during pregnancy”, “Maternal polypharmacy index prior to
LMP2", mothers with at least one prescription of: “Concomitant medications associated with valproate-indicated psychiatric conditions prior to LMP2”, “Concomitant medications
associated with valproate-indicated psychiatric conditions during pregnancy”, “Concomitant medications associated with neuropsychiatric adverse events prior to LMP2", “Concomitant
medications associated with neuropsychiatric adverse events during pregnancy”; Paternal risk factors/confounders: “Affective disorder”, “Bipolar affective disorder”, “Mania”, “Neurotic
disorder”, “Schizophrenia, schizotypal and delusional disorders”, fathers with at least one prescription of “Concomitant medications associated with valproate-indicated psychiatric
conditions prior to LMP2”, “Year of offspring conception”. In sensitivity analysis 7, the HR were further adjusted for offspring epilepsy and offspring exposure AED

Sensitivity analysis 11: Maternal risk factors/confounders: “Mother’s Age”, “Affective disorder”, “Diabetes”, “Gestational diabetes”, “Neurotic disorder”, “Obesity”, “Smoking during
pregnancy”, mothers with at least one prescription of: “Concomitant medications associated with valproate-indicated psychiatric conditions prior to LMP2", “Concomitant medications
associated with valproate-indicated psychiatric conditions during pregnancy”, “Concomitant medications associated with neuropsychiatric adverse events prior to LMP2"; Paternal risk
factors/confounders: “Affective disorder”, “Bipolar affective disorder”, “Neurotic disorder”, “Schizophrenia, schizotypal and delusional disorders”, fathers with at least one prescription of:
“Concomitant medications associated with neuropsychiatric adverse events prior to LMP2", “Year of offspring conception”. In sensitivity analysis 11 the HR were further adjusted for
“Maternal affective disorder” and “Concomitant medications associated with valproate-indicated psychiatric conditions during pregnancy”
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Table 57 Summary of main analysis and sensitivity analyses for the Secondary outcome cohort in Denmark

Analyses* Population considered OR (95% CI) estimates OR (95% CI) estimates by cluster of
exposure
Crude Adjusted* Cluster A Cluster B
Main analysis Please check Section 9.3 in the final study 0.62 (0.37, 1.04) 0.61 (0.36, 1.06) 0.68 (0.31, 1.48) 0.54 (0.26, 1.12)
N sample = 648 report
ge;sr:]t;)\lr:! ZZZIYSIS 4 Handling of missing CM diagnosis 0.62 (0.37, 1.04) 0.61 (0.36, 1.06) 0.68 (0.31, 1.48) 0.54 (0.26, 1.12)
Sensitivity analysis 54 Simple pairwise comparisons for the exposure 0.62 (0.36, 1.06) 0.61 (0.35, 1.07) 0.65 (0.29, 1.45) 0.54 (0.26, 1.16)
N sample = 581 groups: lamotrigine (monotherapy)
cee N . o— .
Sensmvm_[ analysis 5' Slmple.palrw!se comparisons for the exposure 0.62 (0.27, 1.42) 0.64 (0.27, 1.52)
N sample = 326 groups: levetiracetam (monotherapy)
:e;sr:]t;)\lléti zzglysw 9 Narrow case definition for secondary outcome 0.61 (0.35, 1.06) 0.60 (0.34, 1.06) 0.69 (0.32,1.49) 0.51(0.24, 1.10)

CI: Confidence Interval; CM: Congenital malformations; LMP2: Last menstrual period plus 2 weeks; OR: Odds ratio; 5*analysis comparing valproate and lamotrigine; 57 analysis comparing
valproate and levetiracetam; *: the number of this event was 0 and OR could not be estimated*: The logistic regression PS models used in sensitivity analysis include variables
following described:

Sensitivity analysis 1: not applicable.

Sensitivity analysis 4: Offspring risk factors/confounders: “Fetal alcohol syndrome”; Maternal risk factors/confounders: “Alcohol abuse prior to LMP2”, “Alcohol abuse
during pregnancy”, “Substance abuse prior to LMP2”, “Substance abuse during pregnancy”, “Smoking during pregnancy”, “Gestational diabetes”

Sensitivity analysis 5% OFfspring risk factors/cenfounders: “Fetal alcohol syndrome”; Maternal risk factors/confounders: “Alcohol abuse prior to LMP2", “Alcohol abuse
during pregnancy”, Substance abuse prior to LMP2", “Smoking during pregnancy”

Sensitivity analysis 5% Offspring risk factors/confounders: “Congenital varicella” Maternal risk factors/confounders: “Diabetes”, “Obesity”, “Substance abuse during
pregnancy”, Varicella during pregnancy”

Sensitivity analysis 9: Offspring risk factors/confounders: “Fetal alcohol syndrome”; Maternal risk factors/confounders: “Alcohol abuse during pregnancy”, “Substance
abuse during pregnancy”, “Smoking during pregnancy”, “Gestational diabetes”
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8.3 Missing values
8.3.1 Norway

Table 93. Missing data patterns; primary outcome in Norway

Offspring risk factors / Paternal risk

Maternal risk factors/confounders®

confounders? factors/confounders®

Group
None of the factors over 5% Smoking prior Smoking during None of the factors over 5% Fre Perc

missingness LMP2 pregnancy missingness q
Group 1 1218.00 86.02
Group 2 X X 151.00 10.66
Group 3 X 40.00 282
Group 4 X 7.00 0.49

LMP2: Last menstrual period date plus 2 weeks

a) Gender, Congenital Cytomegalovirus (CMV), Congenital rubella, Foetal alcohol syndrome, Fragile X syndrome, Lejeune/cri du chat syndrome, Tuberous sclerosis

b) Other matemal factors (none was over 5% missingness). Mother's age, Affective disorder, Diabetes, Gestational diabetes, Neurotic disorder, Schizophrenia, schizotypal and
delusional disorders, Obesity, CMV, Rubella, Alcohol abuse prior to LMP2, Alcohol abuse during pregnancy, Substance abuse prior to LMP2, Substance abuse during
pregnancy, Maternal polypharmacy index prior to LMP2, Matemal polypharmacy index during pregnancy, Concomitant medications associated with valproate-indicated
psychiatric conditions prior to LMP2 - mothers with at least one prescription, Concomitant medications associated with valproate -indicated psychiatric conditions during
pregnancy - mothers with at least one prescription, Concomitant medications associated with neuropsychiatric adverse events prior to LMP2 - mothers with at least one
prescription, Concomitant medications associated with neuropsychiatric adverse events during pregnancy - mothers with at least one prescription

c) Bipolar affective disorder, Mania, Affective disorder excluding bipolar affective disorder and mania, neurotic disorder, Schizophrenia, schizotypal and delusional disorders,
Substance abuse, Paternal polypharmacy index, Concomitant medications associated with valproate -indicated psychiatric conditions - fathers with at least one prescription,
Concomitant medications associated with neuropsychiatric adverse events - fathers with at least one prescription, Father's age, Year of offspring conception

The 4 groups represent 4 subgroups of offspring with the following patterns:

Group 1. No risk factors or confounders missing

Group 2. Maternal smoking prior to LMP2 and during pregnancy missing

Group 3. Only maternal smoking prior to LMP2 missing

Group 4. Only maternal smoking during pregnancy missing
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Table 94. Missing data patterns; secondary outcome in Norway

factgrfsgg:lnf%l:l::ersa Maternal risk factors/confounders® fact:ras;?:g:laflo:z':ierﬁ
Grou None of the factors over 5% Smoking prior Smoking during None of the factors over 5% Fre Perc
P missingness LMP2 pregnancy missingness 9
Group 1 438.00 85.38
Group 2 X X 58.00 11.31
Group 3 X 15.00 292
Group 4 X 2.00 0.39

LMP2: Last menstrual period date plus 2 weeks

a) Congenital Cytomegalovirus (CMV), Congenital Herpes Simplex, Congenital rubella, Congenital toxoplasmosis, Congenital varicella, Fetal alcohol syndrome
b) Other matemal factors (none was over 5% missingness): Mother's age, Diabetes, Obesity, Alcohol abuse prior to LMP2, Alcohol abuse during pregnancy, Substance abuse
prior to LMP2, Substance abuse during pregnancy, CMV, Folate deficiency, Gestational diabetes, Herpes simplex virus, Rubella, Toxoplasmosis, Varicella

c) Father's age, Year of offspring conception

The 4 groups represent 4 subgroups of offspring with the following pattems:

Group 1. No risk factors or confounders missing

Group 2. Maternal smoking prior to LMP2 and during pregnancy missing

Group 3. Only maternal smoking prior to LMP2 missing

Group 4. Only maternal smoking during pregnancy missing

Secondary Outcome cohort for comparative analyses is used in the summary.
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