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4. ABSTRACT
Title

“Impact of EU label changes and revised pregnancy prevention programme for medicinal products
containing valproate: utilisation and prescribing trends” (EU PAS Register number: 31001).

Version 1.1 — 03 December 2021, Main authors: Dr Romin Pajouheshnia, Utrecht University, Utrecht, The
Netherlands; Prof. Olaf Klungel, Utrecht University, Utrecht, The Netherlands.

Rationale and background

Valproates are licensed for the treatment of epilepsy and manic episodes in patients with bipolar
disorder in Europe, in some EU Member States also for the prophylaxis of migraine. Due to an identified
risk of malformations and neurodevelopmental disorders of children exposed in utero, valproate and
related substances should be avoided for women of childbearing potential. In 2018, a pregnancy
prevention programme (PPP) was implemented, as required by the PRAC, to prevent valproate exposure
during pregnancy.

The study plan has been developed under the Framework service contract (nr.
EMA/2017/09/PE/04) with regard to the re-opening of competition no.2. The objective of this
protocol is to describe a study to investigate the use of valproate-containing medicinal products
authorised in the EU before and after implementation of the 2018 revised measures for pregnancy
prevention in clinical practice.

Research question and objectives

This study will address the research question, “What was the effect of the EU label changes and the
revised pregnancy prevention programme (2018) on utilization of valproate containing medicinal
products and to what extent did prescribers and patients comply with recommendations?”. To answer
this we will complete the following objectives:

Objective 1. To determine drug utilisation and prescription patterns of medicinal products containing
valproate and related substances in females of childbearing potential, and to investigate whether
significant changes in prescribing patterns occurred.

Objective 2. To determine prescribers’ compliance with recommendations included in sections 4.2, 4.3,
4.4 and 4.6 of the SmPC for medicinal products containing valproate and related substances.

Objective 3. To determine, in so far as is possible, patients’ use of effective contraception in compliance
with sections 4.4 and 4.6 of the SmPC for medicinal products containing valproate and related
substances.
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Objective 4. To determine drug utilisation and prescription patterns over time for alternative medicines
(with particular focus on the whole class of antiepileptic medicines) prescribed in females of childbearing
potential or female becoming pregnant where medicinal products containing valproate and related
substances had previously been prescribed or discontinued.

Objective 5. Based on the results of above objectives, to estimate the effectiveness of the 2018 risk
minimisation measures.

Study design The study design for the different objectives will be a time series study, where outcomes
(drug utilization, pregnancy prevention measures, pregnancy) are assessed every month. The study
period will run from January 1%, 2010 — December 21°t, 2020.

Population Female subjects of childbearing potential (age 12-55 years)
Variables

All Objectives: Exposure to valproate-containing medicinal products: valproic acid, sodium valproate,
magnesium valproate, valproate semisodium and valpromide; duration of time on therapy; age; country;
indication for valproate use (epilepsy, bipolar disorder and migraine prophylaxis).

Objective 1: Use and discontinuation of valproates, reason for valproate discontinuation
Objectives 2: Pregnancy testing, contraceptive measures, procedures causing infertility
Objective 3: Pregnancy: date of conception, pregnancy outcome

Objective 4: Exposure and switching to alternative medicines

Data sources The study will be performed in the following databases: PHARMO (Netherlands), CPRD
(United Kingdom), Danish National Registries, ARS (ltaly), BIFAP (Spain).

Study size Approximately 8 million women of childbearing age. Study period: Jan 1 2010 — Dec 31 2020.
Data analysis

Objective 1: Descriptive and hypothesis testing. Monthly period prevalence estimates (MPP), monthly
incidence of valproate use, stratified by indication, incident/prevalent user, age group, dose, duration
and country. MPPs of discontinuers, estimated as the number of discontinuers divided by the number of
users in the prior quarter, stratified by indication, age group, dose, reason for discontinuation.
Interrupted time series analysis (ITS) to test an overall change in valproate prescription post-
intervention.

Objective 2: Descriptive and hypothesis testing. Proportions of valproate treatment episodes with
physician-confirmed pregnancy test at the start of and during an episode, stratified by country,
indication, age group, duration of use and dose of valproate. ITS analysis to test for a change in
pregnancy testing (prior to the start of an episode and during an episode) before and after the
intervention. Proportion of valproate prescriptions/dispensing falling within an episode of contraception
use, per month, stratified by country, indication, age group, duration, method of contraception and dose
of valproate. ITS analysis to test for a change in frequency of prescriptions during contraception before
and after the intervention.

Objective 3: Descriptive and hypothesis testing. Monthly incidence rates of pregnancy during valproate
treatment episodes, stratified by country, age-group and indication. ITS analysis to test for a change in
incidence of pregnancies during valproate exposure per six months after the intervention.
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Objective 4: Descriptive and hypothesis testing. MPP of treatment switchers estimated as the number of
women who switched to an alternative medication divided by the total number of valproate users in the
prior month. ITS analyses to test for a change in frequency of switching alternative medications after the

intervention.

Objective 5: Overall evaluation. Integration of descriptive and ITS analyses from objectives 1-4 to draw
conclusions on the effectiveness of the 2018 risk minimization measures.

Milestones

Final study report will be available in December 2021.

5. AMENDMENTS AND UPDATES

Date Amendment Justification Protocol
Section
19 May Inclusion of co- Ms. Hoxhaj will develop data quality 3. Responsible
2020 investogators: Ms. Hoxhaj, checks; Dr. Brggger Kristiansen will act | parties
Dr. Brggger Kristiansen, as data manager for Uni. Copenhagen;
Drs. Penning-van Beest Dr. Penning-van Beest took over role
of Dr. Houben during planned
absence.
Interim analysis will be Interim analysis timelines pushed back 6. Deliverables
conducted in November due to data access delays following and Milestones
2020 (internal milestone) COVID-19 pandemic
Pregnancy testing for On review, a decision was made that 9. Research
PHARMO now indicated as PHARMO will likely not have enough methods Table
“not available”. PHARMO pregnancy testing data (as it is mostly 1
will extract any available OTC) to contribute to the analysis. This 9.9. Limitations
data on pregnancy tests, but | will be acknowledged as a limitation. of the research
in the likely event that the methods
coverage is too poor,
PHARMO will not contribute
to pregnancy testing
analyses.
03 Changes in the study This accounts for changes in the team 3. Responsible
December | investigators structures over the study period. parties
2021 Minor changes to internal More time was needed to run the interim 6. Deliverables
timelines (no changes to quality checks (level 1 checks) and complete | and milestones
deliverable timelines) the ETL, due to the time required to run the
quality checks and due to unexpected delays
in access to data for some data sources.
Study design text corrected | The study design text was previously, 9.1 Study
erroneously described as a longitudinal Design
cohort, when in fact the analyses were 4, Abstract
for a time-series design (repeated cross-
sections over a period of time).
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Inclusion of the phrase,
“having at least one year of
valid data” in the study
design description

This detail was missing in the first
protocol, but is essential to define the
study population with the available data

9.2 Setting

Clarified description of how
treatment duration will be
estimated

The previous description was imprecise
and not sufficiently specific. We now
provide a more precise description of
how the length of an individual
prescription or dispensing will be
estimated across data sources.

9.3.1 Exposure
definition

Pregnancy algorithm

It was originally proposed that
pregnancies would be identified in all
data sources using the Matcho
algorithm. Two changes are proposed:
1) Data sources are now flexible to use
registry data, if available, to define
pregnancies together with or instead of
diagnostic codes, if they believe this will
be more accurate (PHARMO, CPRD,
ARS); 2) the Matcho algorithm has since
been extended by members of this
consortium by integrating the existing
pregnancy algorithm for the BIFAP data
source.

9.3.2-
outcomes

Change in data availability —
Danish National Registers
can only provide prescribing
information until 2018;

Due to severe delays in access to the
Danish data source, as a result of
prioritization of COVID-19-related
projects by the data holder, only a
portion of the expected Danish National
Register data will be available by the
study end date. A readily available data
set, including only prescribing data up
until the end of 2018 will be used for
objectives 1,2,4. As a result, neither
objective 3 (pregnancy), nor the
analyses stratified by diagnostic
information (indication, reason for
discontinuation) can be reported on
within the study period.

A more extensive description of this has
been provided to the EMA.

We describe this limitation now in
section 9.9

9.4.2 Data
availability
9.9 Limitations

Change in data availability
for ARS Toscana

It was found that pregnancy testing is
insufficiently well-captured in the ARS
Toscana data source to be used in this
study (as pregnancy tests are not

9.4.2 Data
availability
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reimbursed).

Monthly instead for
quarterly analysis. (In text
QPP is changed to MPP for
period prevalences)

This is motivated by two factors:

1) Due to COVID-19, the validity of time
series data after February 2020 is
debatable. Therefore, we need to
maximize the number of time points
before this, after implementation of the
PPP in order to run the ITS analysis

2) Not all data sources can provide data
up to 2020 (for example end of 2018 or
end of 2019). Therefore, monthly
intervals help to maximize the number
of time points after the PPP for the ITS
analysis.

9.7 Data
analysis
4. Abstract

Segmented regression
methodology corrected

Due to the limited post-intervention
period in some data sources and
analyses, and due to the variable
implementation length of
implementation period across data
sources, a 2-segmented regression
analysis is proposed, as it will have more
power to detect change due to the PPP.

Second, the exact start months of the
PPP in each country will be used as the
intervention date, instead of July 2018,
as this is more accurate. Therefore this
will be the primary analysis.

9.4 PRAC
Intervention
9.7 Data
analysis

Inclusion of additional
sensitivity analysis to
exclude COVID-19 pandemic
period from analyses

The COVID-19 pandemic may influence
the rates of prescribing, and other study
outcomes, violating the assumptions of
the ITS analysis. Therefore, sensitivity
analyses will be conducted to examine
the effect of excluding this period of
time form each ITS analysis.

We describe this as a limitation now in
section 9.9

9.7 Data
analysis
9.9 Limitations

Common data model tables | The final analysis will use the latest Annex 3
updated version of the ConcePTION CDM (v2.2).

The full tables are available in a link

provided in the Appendix
Text correction from The description of study subjects is All sections.

women to females

changed from “women” to “female
subjects” to recognize that minors under
the age of 18 are included in the study.

EMA/2017/09/PE
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Minor typographical Minor typos (such as repeated words), For example:
corrections where detected, have been corrected. In | 4. Abstract, 8
some sections of text (e.g. Section 8) research
text has been slightly reworded to make | question and
it less ambiguous. objectives
Delete limitation: The AEMPS team has confirmed data Section 9.9

“At the planned analysis
stage, BIFAP will only be
able to provide data
through 31 December 2019.
This will impact our ability
to conduct ITS in BIFAP
alone and to draw
conclusions in database-
stratified analyses regarding
BIFAP. However, data
provided by BIFAP in the
post-intervention period
through 31 December 2019
will contribute to pooled ITS
analyses for all time points
through the end of 2019.”

availability until 2021 Q2-3
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6. DELIVERABLES AND MILESTONES

Deliverables

Deliverable Date
Preliminary study plan 25t April 2019
Study protocol 12t July 2019

Study report

25t Dec 2021

Manuscripts

25" Feb 2022

Slide set 25% Feb 2022

Milestones

Milestone April | July April |[November| June July |September|December|February
2019 | 2019 2020 2020 2021 2021 2021 2021 2022

1. Preliminary study plan *

2. Data specification + study protocol *

3.Statistical analysis plan and final study
protocol on EU-PAS

4. Interim analysis **

5. Final data extraction by data
providers done

6. Final data verification and
transformation done

7. Statistical analysis results ready

8. Study report finished*

9. Manuscripts and slide set drafted*

* Deliverables required by EMA. All other milestones are internal milestones.

** Rounds of data extraction, transformation and quality checking will be conducted throughout 2020 to

facilitate an efficient final extraction in July 2021.
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7. RATIONALE AND BACKGROUND

The protocol has been developed under the Framework service contract (nr. EMA/2017/09/PE/04)
with regard to the re-opening of competition no.2. The topic of this proposal is to describe a study to
investigate the use of valproate-containing medicinal products authorised in the EU before and after
implementation of the 2018 revised measures for pregnancy prevention in clinical practice.

7.1  BACKGROUND

Valproate and related substances (valproic acid, sodium valproate, magnesium valproate,
valproate semisodium and valpromide) are licensed for the treatment of epilepsy and manic
episodes in patients with bipolar disorder in Europe, in some EU Member States also for the
prophylaxis of migraine.

The teratogenic risk and congenital malformations and neurodevelopmental disorders associated
with the use of valproate in pregnant women is well established. Available data showed an increased
incidence of both minor and major malformations in children born to mothers treated with
valproate and related substances during pregnancy. The risk is dose dependent with no threshold
dose below which no risk exists. Exposure to valproate in utero can have adverse effects on the
mental and physical development of exposed children, including autism. Limited data suggests that
children exposed to valproate in utero may be more likely to develop symptoms of attention
deficit/hyperactivity disorder (ADHD) (Tomson et al (2011), Kellog et al (2017)).

Due to the risk of malformations and neurodevelopmental disorders of children exposed in utero a
review in 2014 concluded that valproate and related substances should not be used to treat epilepsy
in female children, women of childbearing potential and pregnant women unless alternative
treatments are ineffective or not tolerated. Manic episodes in bipolar disorder should only be treated
with valproate when lithium is contraindicated or not tolerated and the prophylaxis of migraine
attacks has been contraindicated in pregnancy and women of childbearing potential not using
effective methods of contraception. Warnings and precautions with updated information on the risks
related to exposure during pregnancy were included in the product information of all medicinal
products containing valproate and related substances, including development of educational
materials for patients and healthcare professionals.

However, a European Union-level post-authorisation safety study (PASS) requested by PRAC and
French national data showed that despite the 2014 risk minimisation measures a high level of
exposure to sodium divalproate and valpromide among women of childbearing potential persisted and
that prescribing conditions were not adhered to, especially in the bipolar disorder indication?®.

A cumulative search from the first case entered in the global pharmacovigilance database on the
originator (Sanofi) to 31 May 2017 to identify all solicited and unsolicited cases of congenital
malformation reported in siblings after in utero exposure to valproate as a suspect drug, using the
Medical Dictionary for Regulatory Activities (MedDRA), version 20.0, resulted in a total of 307 cases of
congenital malformation reported in children belonging to the same family after in utero exposure to
valproate, among a total of 2476 cases of congenital malformation.

1 https://www.ema.europa.eu/medicines/human/referrals/valproate-related-substances-0
EMA/2017/09/PE Version 1.1 03 December 2021 12



Those 307 cases involved a total of 132 families. In the majority of the 132 families (n=120), there were
either 2 (98/132, i.e., 74.2%) or 3 (22/132, i.e., 16.7%) children reported with a congenital malformation.
All siblings in these 132 families had in utero exposure to valproate. It is noteworthy that the number of
cases was smaller than the number of impacted children because in 4 families, only 1 case was created
for all children in each of these families.

The indication for valproate treatment was epilepsy in 93.2% (286/307) of cases. The indication for
valproate therapy was unknown in the remaining cases. It is therefore evident that continued use of
valproate as a treatment for epilepsy by women of childbearing potential requires direct attention.

In March 2018 a referral procedure (EMEA/H/A-31/1454) under Article 31 of Directive 2001/83/EC
resulting from pharmacovigilance data confirmed the already known teratogenic risk and
neurodevelopmental disorders associated with the use of valproate and related substances in
pregnant women. The PRAC noted insufficient adherence to the educational measures for patients
and healthcare professionals introduced in 2014 which did not reach the targeted audience in a
satisfactory rate and usage data indicated that valproate is still used by a considerable proportion of
women of childbearing potential for both epilepsy and bipolar disorder indications.

7.2 PREGNANCY PREVENTION PROGRAM

To effectively prevent valproate exposure during pregnancy the PRAC required the implementation of a
pregnancy prevention programme (PPP) and amendments to sections 4.2, 4.3, 4.4 and 4.6 of the Summary
of Product Information (SmPC), including a boxed warning and Quick Response (QR) code in the package
leaflet and a visual reminder on the outer packaging that the product can harm the unborn child and that
effective contraception must be used.

For all indications (epilepsy, bipolar disorders and prophylaxis of migraine attacks) valproate and related
substances were contraindicated in women of childbearing potential unless the conditions of a pregnancy
prevention programme, which has to be implemented in all EU Member States, are fulfilled. Valproate
treatment was contraindicated during pregnancy for the indication bipolar disorders and prophylaxis of
migraine attacks, and for the indication epilepsy unless there are no suitable treatment alternatives. In
addition, valproate treatment should only be initiated and supervised by a specialist in the management
of epilepsy, including annual treatment reviews and should only be prescribed as monotherapy and at the
lowest effective dose.

In section 4.6 of the SmMPC new recommendations were included in case of pregnancy and pregnancy
planning that require specialist consultation on switching to alternative treatment options prior to
conception, and before contraception is discontinued, or discontinuation of valproate treatment.

As part of the PPP, the PRAC required the assessment of the potential for pregnancy in all female patients
undergoing valproate treatment and of the understanding and acknowledgment of the risks of congenital
malformations and neurodevelopmental disorders, the need for pregnancy testing prior to initiation and
during treatment, the need to use effective contraception without interruption during the entire duration
of treatment with valproate, the need for at least annual treatment reviews by a specialist, the need for
consultation on planning pregnancy and switching to alternative treatment options prior to conception,
and before contraception is discontinued, and the need for urgent physician consultation in case of
pregnancy during valproate treatment. The PRAC revised the educational materials which include a
healthcare professional guide, a patient guide tailored to age and situations in a woman’s life-time, a
patient reminder card (attached to the outer carton to support pharmacist advice at dispensing) and an
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annual risk acknowledgement form with a checklist for prescribers and for patients or carers. These
materials should be made available in all EU Member States where valproate and related substances are
licensed. The PRAC also required a direct healthcare professional communication (DHPC) to ensure
healthcare professionals and patients are informed about the risks associated with valproate in pregnant
women and women of childbearing potential and on the new measures necessary to minimise the risk of
exposure on valproate in pregnancy.

7.3  FURTHER INFORMATION

PRAC also imposed post-authorisation safety studies (PASS) to assess risk minimisation effectiveness,
including prescribing and switching patterns in clinical practice and patient and healthcare professional
awareness of the PPP and revised educational materials. This study is complementary to the studies
imposed on marketing authorisation holders of medicines containing valproate and related substances.

A search on the EU PAS database returned one PASS protocol (EUPAS19162) as of yet (November 2018).
The purpose of EUPAS19162 study is to describe utilization of valproate in the general population in 3
European countries (France, Germany, and UK) and is conducted by EMA.

EMA/2017/09/PE Version 1.1 03 December 2021 14



8. RESEARCH QUESTION AND OBJECTIVES

EMA has requested to conduct an analysis on the use of valproate-containing medicinal products
authorized in the EU before and after implementation of the 2018 revised measures for PPP.

Objective 1. To determine drug utilisation and prescription patterns of valproate-containing medicinal
products (ATC codes: NO3AGO01, NO3AGO02) in females of childbearing potential, and to investigate
whether significant changes in prescribing patterns occurred. This following will be described:

1.1. Prescription of medicinal products containing valproate and related substances, by indication
(i.e. epilepsy, bipolar disorder and migraine prophylaxis), by incident and prevalent users, by age
group, by dose (regimen), by duration and by country (data source);

1.2. Discontinuation of medicinal products containing valproate and related substances, by
indication, by age group, by dose, by reason for discontinuation (i.e. pregnancy wish, pregnancy,
adverse reactions, other), by duration and by country;

1.3. Time trends in the prescription of medicinal products containing valproates over a minimum of
at least three years before the regulatory intervention in each country and, where possible,
including data up to 2020;

Objective 2. To determine prescribers’ compliance with recommendations included in sections 4.2, 4.3,
4.4 and 4.6 of the SmPC for valproate-containing medicinal products (see Annex 1), by indication (i.e.
epilepsy, bipolar disorder and migraine prophylaxis), by age group, by dose, by duration and by country;

Objective 3. To determine, in so far as is possible, patients’ use of effective contraception in compliance
with sections 4.4 and 4.6 of the SmPC for valproate-containing medicinal products (see Annex Il), by
indication (i.e. epilepsy, bipolar disorder and migraine prophylaxis), by age group, by method of
contraception and by country. As a direct measure of lack of effective contraception and resultant
problems, pregnancies occurring during valproate exposure will be examined;

Objective 4. To determine drug utilisation and prescription patterns over time for alternative medicines
(with particular focus on the whole class of antiepileptic medicines) prescribed in females of childbearing
potential or females becoming pregnant where medicinal products containing valproate and related
substances had previously been prescribed or discontinued, by indication, by age group and by country;

Objective 5. Synthesis of the results of above objectives, to draw conclusions over the effectiveness of
the 2018 risk minimisation measures in terms of:

5.1. Appropriate use of medicinal products containing valproate and related substances in females of
childbearing potential in line with SmPC recommendations;

5.2. Appropriate use of pregnancy testing prior to treatment initiation, during treatment and after
stopping treatment;

5.3. Use of effective contraception in females of childbearing potential exposed to valproate and
related substances;

5.4, Incidence of pregnancies in females of childbearing potential exposed to valproate and related
substances.

9. RESEARCH METHODS

EMA/2017/09/PE Version 1.1 03 December 2021 15



9.1 STUDY DESIGN

The study design for the will be a cross-sectional time series study, where outcomes (drug utilization,
pregnancy prevention measures, pregnancy) are assessed every month. An interrupted time series
analysis will be conducted for hypothesis testing.

9.2 Setting

The study will be conducted in childbearing potential females (age 12-55 years) between 01 January
2010 and 31 December 2020. Data from five sources are included: the Netherlands (sample, nationally
representative), United Kingdom (sample, nationally representative), Denmark (national), Italy (regional
database, Tuscany) and Spain (multiple regions), covering a source population of over 30 million people
(approximately 8 million women of childbearing age). More details are provided in section 9.4. All
databases capture GP prescribing and 3 also capture specialist prescriptions, allowing us to explore this

as a reason for differences between databases. The Italian administrative database has difficulty
assessing oral contraceptives, as these are not reimbursed. Instead, for this cohort, only invasive
pregnancy prevention methods will be measured (e.g. hysterectomy, sterilization).

Entry into the cohort

Women will enter the cohort on the latest of the following dates: 01 January 2010 having one year of
previous valid data, the twelfth birthday, database registration.

Exit from the cohort

Cohort exit will be the earliest of 01 January 2020, the 56 birthday, database deregistration, death.

Table 1 Overview of databases to be used for the study
Characteristic PHARMO CPRD (HES-linked) | Danish ARS BIFAP
Nationally Nationally National Tuscany Multi-regional
representative representative Registries*
Handling partner PHARMO LSHTM UCPH ARS AEMPS
Country (population Netherlands (17.0) UK (66) Denmark (5.8) Italy (59.8) Spain (46.5)
size, millions)
Type of database EMR EMR ADM ADM EMR
No. active patients in 4.2 (prior to linkage) | 10.0 5.8 3.6 9
database, millions
Date in Yes Yes Yes Yes Yes
Date out Yes Yes Yes Yes Yes
Updates Annual 6 monthly Annual Monthly Annual
Valproate Rx
GP Rx Yes Yes Yes Yes Yes
Outpatient Rx Yes No Yes Yes No
Private Rx No No Yes No No
Inpatient hospital Rx Yes (not used here) No No No No
Date of Rx Yes Yes Yes Yes Yes
Quantity of Rx Yes Yes Yes Yes Yes
Duration of Rx Yes Yes Yes Based on DDD | Yes
Daily dose Yes Yes Yes Based on DDD | Yes
Brand/generic Yes Yes Yes Yes Yes
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Registered diagnosis
compatible with
indication of valproate

Coding of drugs

Dosing regimen
Pregnancy testing

Pregnancy
prevention

Oral contraceptives
Duration OC

Intrauterine
device/system

Date fitted

Date removed

Implanon/Nexplanon/
etonogestrel

Date inserted
Date removed

Noristerat/norethiste
rone enantate

Date injected
Depo-provera
Date injected

Written record of OC
advice

Hysterectomy
Oophorectomy
Sterilisation
Partner vasectomy

Completed
Menopause

Outcomes

Reasons for stopping
Valproate

Coding of disease

Pregnancy outcomes

Number of
pregnancies per year

Diagnosis codes in
history

ATC

Yes
No (mainly OTC)

Yes

Yes

Yes

Yes

Proxy based on date
of prescription fill

Proxy based on date
of prescription fill

Not marketed

Proxy based on date
of prescription fill

Free text, if recorded
by GP

Yes

Yes

Yes

No

Free text potentially

No

ICPC, ICD-9, ICD-10

Linkage to perinatal
registry

29000 linked
pregnancies / year

Read diagnosis as a
proxy

Gemscript/BNF
product codes

Yes (incomplete)
Yes

Yes

Yes

Yes

No

Yes

No

Yes

Yes
Yes (partial)

Yes (HES linkage)
Yes (HES linkage)
Yes (HES linkage)
No
No

No

CPRD: Read
HES: ICD-10 and
OPCS-4

Mother-Baby Link
via algorithm in
CPRD

Not yet known

Diagnosis
codes in history

ATC

No
No

Yes

Yes (based on
DDDs)

Yes (not copper
IUD)*

No

Date of
prescription fill

No

Not marketed

Date of
prescription fill

No

Yes*
Yes*
Yes*
No
No

No

ICD-10*

Linkage to birth
register*

60.000
births/year

Diagnosis
codes in
history

ATC

No
No

No

No

No

No

No

No

No

No
No

Yes
Yes
Yes
No
No

No

ICD-9 CM/ICD-
10

Linkage to birth
register,
hospitalization,
mental health
registry

Not yet known

Linked to
prescription and
diagnosis codes
in history

ATC

Yes
Yes

Yes (only those
reimbursed)

Yes

No

No

Not
systematically

Not
systematically

Yes

Yes

Free text
potentially

If record. by GP
If record. by GP
If record. by GP
No

If record. by GP
and free text
potentially

Free text
potentially

ICPC-2, ICD-9

From mother’s
records, if
recorded by the
GP

Not yet known

ADM = Administrative; ATC = Anatomical Therapeutic Chemical; EMR = Electronic Medical Records; ICD= International Classification of Disease,
ICPC = International Classification of Primary Care. DDD=defined daily dose

* Due to data access delays for the Danish National Registers, diagnosis, procedure and pregnancy information will not be available during the
study; only information on prescriptions will be available
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9.3 VARIABLES

9.3.1 EXPOSURE DEFINITION

The main exposure for objectives 1-5 is valproate-containing medicinal products (ATC and BNF product
codes are listed in Annex I):

e Valproic acid, sodium valproate, valproate pivoxil, valproate semisodium, valpromide, valproate
bismuth, calcium valproate, valproate magnesium).

Operationalization

Prescriptions or dispensing events will be extracted from drug files by ATC/CPRD product code or
product name. A list of nationally authorized products is available in Annex I.

Valproate users will be classified as prevalent users if valproate was already prescribed in the year prior
to start of follow-up, defined as January 1, 2010 or date of entry into the database (after Jan 1, 2010),
whichever is earliest. Otherwise, the first episode of valproate use will be classified as incident.

Treatment episodes will be constructed following existing methodology (Gardarsdottir et al (2010)). An
episode for a product with a given ATC/BNF code will start on the date of incident prescription/
dispensing. A tailored software package (AdhereR) (Dima et al 2017) will be used to investigate different
periods between prescriptions for definition of discontinuation (30 days and 90 days — see Sensitivity
analyses below) as well as construction of treatment periods for stratification by prior duration use.

The theoretical duration of each prescription will be estimated based on the preferred method for each
individual database. Each data access partner (DAP) will recommend the approach that is expected to
minimize exposure misclassification in their database, given their available data. For example, this may
be based on the number of units prescribed/dispensed and the dosage regimen (prescribed daily dose),
or, when information on dosage regimen is missing , based on either the typical period for duration of a
prescription for chronic diseases in the country (e.g., 30 or 7 days) or the duration based on the
assumption that one defined daily dose (DDD) will be used per day . The algorithms used for each
database and rationale will be reported in the final report and manuscript. Overlap between prescription
refills of a specific valproate (i.e. a prescription refill with the same ATC/BNF code is given before the
previous prescription runs out) will be accounted for by adding the overlapping days to the end of the
treatment episode (Figure 1). An upper bound of 30 days will be set, so that overlap that is added cannot
exceed this limit. Discontinuation of valproates will be defined as no record of prescription/dispensing
within 90 days following the theoretical end of the last valproate prescription within a valproate episode.

Figure 1: The construction of treatment episodes for valproates (Gardarsdottir et al (2010))
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Duration of use

Duration of use will be defined as the time from initiation of treatment based upon the first recorded
prescription or dispensing in the look-back or study periods until discontinuation or switch to an
alternative medication (see definition for switching below). Females meeting criteria for discontinuation
may re-initiate, leading to multiple episodes of treatment. Treatment duration, per episode will be
stratified as follows: < 6 months, 6 months to < 1 year, 1 year or more.

Dose

Dose information will be extracted as recorded in each database. Due to a lack of availability of
information on plasma concentration levels of valproate and heterogeneity in the testing of blood
plasma between clinicians and countries, where available, dose information will be extracted from
prescription/dispensing files. Although valproate dosing is expected to vary across episodes (information
on this will be extracted if available in the databases), the dose of primary interest will be the starting
dose prescribed/dispensed.

Alternative medications (Objective 4)

We will identify alternative treatments used by valproate-users during and after discontinuing valproate
(ATC and BNF codes are listed in Annex I):

Alternatives for epilepsy treatment

e Carbamazepine, phenobarbital, phenytoin, primidone, clobazam, clonazepam, eslicarbazepine
acetate, lamotrigine, oxcarbazepine, perampanel, rufinamide, topiramate, zonisamide, brivaracetam,
ethosuximide, gabapentin, lacosamide, levetiracetam, pregabalin, tiagabine, vigabatrin.

Alternatives for bipolar disorder treatment (maintenance)

e Lithium, quetiapine, olanzapine or lamotrigine.

Alternatives for migraine prophylaxis

e Beta-blocker, topiramate, amitriptyline, flunarizine, pizotifen, clonidine.
Operationalization

The occurrence of switches from valproate to alternative medications will be defined as the occurrence
of a prescription of an alternative medication during the period of theoretical duration for the last
prescription/dispensing in a valproate episode or within the 90-day period of discontinuation (see Figure
2 for details). If a record for valproate occurs on the same date as an alternative medication, this will be
classified as concomitant use and will be considered separately in the analysis. If a prescription of an
alternative medication occurs after valproate discontinuation (after 90 days of the episode end), this will
not be considered as a switch.

Figure 2: Definition of the period in which treatment switching can occur
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A. Treatment episode (valproate).

B. Discontinuation period (90 days). If a patient does not restart valproate treatment within 90 days of the
theoretical end of a treatment episode, they are considered to have discontinued treatment.

C. Period during which prescription of an alternative medication will be considered as a “treatment switch”.

Locally the extracted prescription/dispensing data will be transformed into a common input file structure
on prescriptions. See the Exposures CDM table in Annex IIl.

9.3.2 OUTCOMES
Reason for discontinuation (Objective 1)
Operationalization

The reason for discontinuation will be assessed by review of GP records and categorized as pregnancy
wish, pregnancy, adverse reaction (tremor and nausea), multiple or unknown during the 3 months
preceding discontinuation. Due to a lack of available free-text information in the contributing data bases,
reasons for discontinuation will be based on coded information.

Pregnancy wish will be coded as the reason for discontinuation if a female is prescribed folic acid during
a treatment episode which ends with discontinuation according to discontinuation criteria or 90 days
after discontinuation.

Pregnancy will be assumed as the reason for discontinuation if a pregnancy event is observed during a
treatment episode which ends with discontinuation according to discontinuation criteria.

Adverse reactions will be assumed if a known valproate-associated ADR event is recorded during an
exposure period which ends with discontinuation according to discontinuation criteria. ADRs with
classification of “very common” (>1/10) in the SmPC for valproate will be considered (see Annex I, SmPC
section 4.8 Undesirable Effects). As a result, nausea and tremor will be investigated as ADRs and reasons
for discontinuation (see Annex IV for mapping of codes).

Because specific codes for drug ineffectiveness do not exist in the coding systems used by the data
sources in this study and ineffectiveness cannot be assumed from repeated codes for drug indications,
ineffectiveness will not be assessed. Rather, all discontinuations not meeting criteria specified above for
pregnancy, pregnancy wish, and adverse reaction will be classified as ‘unknown’.

Women who meet multiple of these criteria will be considered separately.
Pregnancy testing (Objective 2)
Operationalization

Pregnancy testing is defined as health care professional-witnessed pregnancy test. Recorded pregnancy
testing will be obtained from the electronic medical records of GPs. Pregnancy testing will be labelled as
appropriate (objective 5) if pregnancy testing is performed prior to initiation of treatment (incident
users) and during treatment. A list of codes for pregnancy testing can be found in Annex IV.

Timing

Pregnancy testing will be defined as prior to initiation of treatment if a code for testing is recorded up to
90 days prior to valproate initiation. Testing during valproate use will be defined as a test code recorded
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within a constructed valproate treatment episode.
Contraceptives measures (Objective 3)

Effective contraception is defined as at least one user independent method applied by the woman
(permanent or non-permanent), or a hormone based method combined with a barrier method. The
barrier method cannot be assessed reliably so will not be considered. Instead, we prefer to assess
ineffective use, which can be done with more certainty. Ineffective: absence of any prescribed hormonal
contraception (GO3AA, GO3AB, GO3AC, permanent method (hysterectomy) and user-independent non-
permanent measure (GO2BA). See Annex | for ATC and BNF codes for contraceptive methods and Annex
IV for mapping of codes for hysterectomy, sterilization and intrauterine devices. Episodes of
contraception will be constructed using the individual schemes of dosing and effect duration described
below.

Barrier, user dependent methods:
Contraceptive diaphragm or cap, male condom, female condom will not be ascertainable from data
sources.

Hormone based user dependent methods

Vaginal ring (21 days, one week off), contraceptive patch (weekly for 3 weeks, one week off),
progestogen only pill or desogestrel progestogen-only pill (28 days continuously), combination pills (21
days one week off). Based upon ATC/BNF codes, prescription dates, and units prescribed for each
hormone based user dependent method, contraception coverage episodes will be constructed, taking
into account duration of effectiveness for each method.

User independent non-permanent methods

Contraceptive implant (progestogen releasing: 3 years), contraceptive injection (progestogen releasing 8-
13 weeks), intrauterine device (coil: 5-10 years), intrauterine system (progestogen releasing 3-5 years).
Based upon ATC/BNF and procedure codes, prescription dates, and units prescribed for each user
independent non-permanent method, contraception coverage episodes will be constructed, taking into
account duration of effectiveness for each method.

User independent permanent methods

Female sterilization and hysterectomy. Because the data sources used do not allow for family linkage,
male partner sterilization (vasectomy) will not be considered. All observation time following occurrence
of a procedure or diagnosis code for female sterilization or hysterectomy will be classified as a period of
contraception coverage.

Pregnancy (Objective 3)

Operationalization

A woman is considered to be pregnant if she reports a pregnancy to the GP/obstetrician, which is
confirmed by a positive pregnancy test, ultrasound, or linkage with a birth record. To properly identify
pregnancies across databases, e will apply a pregnancy algorithm developed by Gini R., et al within the
framework of the ConcePTION project (ref). This builds directly on top of a published algorithm for
detecting pregnancies by Matcho et al. (ref) .

Briefly, the proposed pregnancy algorithm allows the identification of past and ongoing pregnancies
from 4 main streams: perinatal or birth registries, administrative data banks using diagnosis codes,
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