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General introduction

In recent years the awareness of the knowledge gap on the safety and efficacy
of medicines used in children increased.! While pharmacovigilance systems were
established worldwide since the sixties of the 20™ century,? even more than 50
years after the thalidomide disaster the safe use of medicines in children has
received relatively little attention in drug safety regulation.® This implies that
both paediatric pharmacovigilance and paediatric pharmacoepidemiology are
still in their childhood. Pharmacovigilance has been defined by the World Health
Organisation (WHO) as the science and activities relating to the detection, assess-
ment, understanding and prevention of adverse effects or any other drug-related
problem,? and pharmacoepidemiology has been defined as the study of the use
of and the effects of drugs in large numbers of people, which uses the methods of
epidemiology to study the content area of clinical pharmacology.*

Few randomised clinical trials studied the efficacy and safety of drugs in children,
implying that most of the data on the effectiveness and risks of use of medicines
in children need to be collected after registration and during the use of these
medicines. Around the beginning of the 21" century, the number of post-mar-
keting studies on the use of medicines in children has increased. These studies
mainly focused on the off-label and unlicensed use of medicines.>*!

There are concerns on the risks of medicines used in children: A review showed
that in the period 2001-2007, for 28 medicines or drug classes used in the pae-
diatric population safety warnings have been issued.’? These warnings included
cardiovascular adverse events and neuropsychiatric symptoms for medicines to
treat ADHD (attention deficit hyperactivity disorder), the increased risk of sui-
cidal ideation with the use of antidepressants, serious adverse events (including
death) for cough and cold medicines and the increased risk of extrapyramidal
symptoms with the use of domperidone.

The limited knowledge on the effects of medicines in children has boosted ini-
tiatives by the WHO and triggered new legislation in recent years.'**> Since the
introduction of new paediatric regulations in both the United States (US) and
Europe, the number of paediatric pre-registration clinical trials has increased but
these clinical trials are designed primarily to assess efficacy.! This reinforces the
importance to monitor the safety of a (paediatric) drug during the post-market-
ing phase.

How do we learn about drug safety in children? As said, safety information from
clinical trials is limited. First of all, so far relatively few randomised clinical trials
have been conducted in the paediatric population and within the studies that
have been done, many have a small sample size and lack long term follow-up.
Post-marketing safety of a medicine is not only monitored via spontaneous re-
porting systems such as the Vigibase from the WHO but also through observa-
tional and pharmacoepidemiological studies. These studies are crucial to monitor
the safety of a medicine because they study the use of medicines under “real life”
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circumstances, have a large sample size and long-time follow-up.!®* To monitor
the safe use of medicines in children it is important to know to which extent the
medicines are used in children (drug utilisation studies) and which adverse drug
reactions (ADRs) are reported for children. Statistical methods make it possible
to draw inferences on ADRs reported in children (signal detection). These topics
will be further introduced in this chapter.

Topics

Drug utilisation studies

Drug utilisation research is an essential part of pharmacoepidemiology as it de-
scribes the extent, nature and determinants of drug exposure” Drug utilisation
research provides insights into the patterns, quality, determinants, and outcomes
of use. Drug utilisation research has been applied at large extents to investigate
off-label use in children. When using population-based longitudinal electronic
healthcare records it is possible to describe use of medicines on a population
level. The extent and type of use of medicines in children and adolescents is
essential to identify knowledge gaps and to seek where there is room for im-
provement of prescribing (e.g. in case of inappropriate prescribing). Knowledge
on actual use is also important as it defines the denominator in studying ADRs.

Adverse drug reactions and Spontaneous Reporting Databases

Post-marketing drug safety surveillance using spontaneously reported ADRs is
an important source for identifying drug safety signals.’®'® An ADRs is defined
as a response to a medicinal product which is noxious and unintended, and an ad-
verse event is defined as any untoward medical occurrence in a patient or clinical
investigation subject administered a pharmaceutical product and which does not
necessarily have to have a causal relationship with this treatment.?*?® Earlier defi-
nitions of ADRs included that there should be a reasonable possibility that the
product caused the response.?’ Since this change in definition ADRs and adverse
events are used interchangeable.

Nationally reported ADRs are internationally gathered in the form of individual
case safety reports (ICSRs) in spontaneous reporting systems. Spontaneous re-
porting systems are passive public health surveillance systems and have been
set up over the world since the 1960s.?* Large spontaneous reporting systems in-
clude VigiBase of the WHO Uppsala Monitoring Center (WHO-UMC), the Adverse
Event Reporting System (AERS), maintained by US Food and Drug Administration
(FDA), the Vaccine Adverse Effect Reporting System (VAERS), maintained by FDA
and CDC (Centers for Disease Control and Prevention), and EudraVigilance of the
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European Medicines Agency (EMA).%28 These systems include ICSRs reported
by healthcare professionals, pharmaceutical companies and consumers.? ICSRs
reported to VigiBase and AERS were used in this thesis.

VigiBase is a global ICSR database system which was established in 1968 and
currently holds more than 5.0 million ICSRs.? VigiBase is maintained on behalf of
the WHO Programme by the WHO-UMC and currently 97 countries participate
in the WHO International Drug Monitoring program. ICSRs are submitted peri-
odically through the national pharmacovigilance centres. The WHO Programme
member countries submit ICSRs to the UMC on a regular basis; preferably once
per month, but at least every quarter.?® Data on the ICSRs submitted to VigiBase
related to children and adolescents (0-<18 years), submitted in the period 2000-
2006 were used in chapter 8 of this thesis. In figures 1.1 and 1.2 an overview of
the reported medicines (by Anatomical main group of Anatomical Therapeutic
Chemical (ATC) classification system?®’) and of the reported ADRs (by the system
organ class (SOC) level of MedDRA) is presented for children aged 0-18 years.
These figures illustrate that both use of medicines and the type of reported ADRs
are age-dependent, implying that within the paediatric population age-related
important differences exist.

AERS is a database that contains information on adverse events and reports on
medication errors submitted to FDA. It is a passive surveillance system that relies
on voluntary reporting by healthcare professionals and consumers, as well as
required reporting by pharmaceutical manufacturers. AERS includes spontane-
ous reports from US sources; serious and unlabelled spontaneous reports from
non-US sources; and serious, unlabelled, and attributable post-marketing clinical
trial reports from all sources.?* Paediatric ICSRs reported to AERS in the period
2004-2011 are described in chapter 7 of this thesis.

Spontaneous reporting systems are a great source for safety information. The
advantages include that they i. are large-scaled, inexpensive and easy to operate,
ii. cover all medicines during their whole life-cycle, iii. cover the whole population
and iv. can be used for hypothesis generating purposes. Limitations encompass
i. that reports often lack detailed clinical information, ii. the risk of underreport-
ing, which leads to a decreased sensitivity, iii. a reporting rate which is seldom
stable over time, and iv. finally the lack of denominator data.!® Despite these po-
tential limitations, 36-50% of drug withdrawals is based on spontaneous reports
Only.24,32734

Signal detection

As said, spontaneously reported ADRs are an important source to identify drug
safety signals.’® A safety signals is defined as information that arises from one or
multiple sources (including observations and experiments), which suggests a new
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Figure 1.1 Overview of the reported medicines in VigiBase (0-<18 years)
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Figure 1.2 Overview of the reported adverse drug reactions in VigiBase (0-<18 years)
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potentially causal association, or a new aspect of a known association, between
an intervention and an event or set of related events, either adverse or beneficial,
which would command regulatory, societal or clinical attention, and is judged to
be of sufficient likelihood to justify verificatory and, when necessary, remedial ac-
tions.*

For efficient signal detection, data mining methods have been developed that
are mainly based on measures of disproportionality. Since ADR reports lack
proper denominator data on the total number of patients exposed, it is not pos-
sible to calculate incidence rates. Using the information on the ADR-reports only,
key in signal detection is the question: do we observe what we expect? Well known
examples are the Reporting Odds Ratio (ROR), the Proportional Reporting Ratio
(PRR), the Information Component (IC), and the Empirical Bayes Geometric Mean
(EBGM).364° The ROR and PRR are so-called frequentist methods and are compa-
rable to the odds ratio (OR) and rate ratio (RR) as used in case-control and cohort
studies. Both the IC and EBGM are methods that use Bayesian statistics to shrink
estimates of risk and thereby reduce the influence of small numbers. All methods
are based on a two-by-two contingency table (figure 1.3).

These data mining methods are used as a first signal identification method. Sub-
sequently, further case evaluation is necessary to determine whether the signal
of disproportionality is a real safety signal.?*4

Figure 1.3 Reporting odds ratio versus odds ratio

Signal detection in electronic healthcare databases

Spontaneous reporting systems have proven their value for safety surveillance,
however they also come with well recognised limitations and biases due to as se-
lective underreporting, stimulated reporting and the lack of exposure data.?*4>4
To complement spontaneous reporting systems and other traditional monitor-
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ing systems, initiatives in the US and in Europe have set up population-based
surveillance systems that make use of longitudinal healthcare data.***¢ Chapters
9 and 10 focus on the use of one of these systems, the EU-ADR network, for
signal detection using electronic healthcare records in children and adolescents.

Description of the projects

The work described in this thesis is part of several European projects that fo-
cus on studying safety of medicines. Most projects include paediatric data only,
while the EU-ADR project includes the whole population. These projects are in-
troduced briefly.

TEDDY (Chapter 4, Chapter 8, Chapter 11)

The Task-force in Europe for Drug Development for the Young (TEDDY) was a Net-
work of Excellence funded under the Sixth European Commission (EC) Frame-
work Programme for Research and Technological Development and ran between
2005 and 2010. TEDDY included a total of 19 partners from 11 countries aiming
to promote the availability of safe and effective medicines for children in Europe
by integrating existing expertise and good practices, as well as stimulating pae-
diatric drug development.

ARPEC (Chapter 2, Chapter 3)

The study Antibiotic Resistance and Prescribing in European children (ARPEC) is an
initiative by the European Society of Paediatric Infectious Diseases (ESPID).*” The
overall objective of ARPEC is to improve antimicrobial prescribing in hospitals
and in the community by obtaining up-to-date, clinically relevant data on vari-
ation in clinical management and antimicrobial resistance rates and to feed this
back, via a number of educational initiatives, to paediatricians across Europe.
ARPEC has received co-funding from the European Union in the framework of
the Health Programme.

GRIP (Chapter 7)

The Global Research in Paediatrics Network of Excellence (GRiP) is an EC-funded
consortium, which aims to implement an infrastructure facilitating the develop-
ment and safe use of medicines in children. This entails the development of a
comprehensive educational programme in paediatric clinical pharmacology and
integrated use of existing research capacity, whilst reducing the fragmentation
and duplication of efforts.*849

18
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EU-ADR (Chapter 9, Chapter 10)

The Exploring and Understanding Adverse Drug Reactions by Integrative Mining of
Clinical Records and Biomedical Knowledge (EU-ADR) project ran between 2008
and 2012 and was a collaboration of 18 public and private institutions. EU-ADR
aimed to exploit information from various electronic healthcare record and other
biomedical databases in Europe to produce a computerised integrated system
for the early detection of drug safety signals.** The EU-ADR platform comprised
data from eight databases in four European countries covering all ages in the
population which are now transferred into the EU-ADR Alliance.

QOutline and aims of this thesis

The work as described in this thesis is based on large observational studies across
Europe as introduced above and aims to study the use and risks of medicines in
children and adolescents. Many of the chapters deal with methodological is-
sues specific to studying the paediatric population. The chapters are divided into
studies on drug utilisation, adverse drug reactions, methods in paediatric safety
signal detection, and safety signal detection and safety warnings. The thesis is
concluded with a general discussion and summary.

Research questions in this thesis include:
« To which extent are children and adolescents exposed to medicines?
«  What is the frequency of adverse events?

e Which specific methodological issues arise to identify new safety issues in
children and adolescents?

«  What is the effect of safety warnings on the subsequent prescribing of medi-
cines?

Drug Utilisation

The first part of this thesis focuses on drug utilisation studies. Antibiotics are the
most frequently prescribed medicines in children.>® Over the years much effort
has been put in educating both physicians and patients on the rational use of
antibiotics to prevent antimicrobial resistance. As part of the ARPEC project, in
Chapter 2 we describe the extent of antibiotic prescribing in children (0-<18
years) in the Netherlands, the United Kingdom and Italy during a >10 years study
period using similar population-based primary care databases according to a
common study protocol and harmonised data elaboration.
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The occurrence of the influenza A(HLN1)pdm09 pandemic in 2009 implied that
oseltamivir, an antiviral medicine, was for the first time used on a large scale in
infants since its registration in 2002. Using the same data sources as in chapter
2, in Chapter 3 we report on the utilisation of the antiviral medicine oseltamivir
during the influenza A(HIN1)pdmO09 pandemic.

Gastro-intestinal medicines are frequently prescribed, especially in young chil-
dren.*® Studies in adults showed an increase in prescribing of proton pump in-
hibitors (PPIs) at the expense of histamine-2-receptor antagonists (H,RAs) in the
last years. In young children, PPIs and H,RAs are prescribed for the treatment of
gastro-intestinal reflux, which is very common in this population. In Chapter 4
we describe the extent of PPTand H,RA prescribing in children and adolescents in
Spain, the Netherlands and Italy. We compare prescribing between the countries
and assess the trend of PPI-prescribing over time and the ratio to H,RA prescrib-

ing.

Adverse Drug Reactions

Recognition, quantification, and prevention of adverse drug reactions is the main
focus of pharmacovigilance. Collections of these reports form a unique source to
study the risks of medicines in children.

In Chapter 5, we describe the results of a nationwide study of all hospital admis-
sions in children and adolescents (aged 0 to 20 years) in the Netherlands for the
period 2000 to 2005. For this study, information on ADR-related hospital admis-
sions was obtained from a Dutch nationwide registry of hospital discharges. We
describe which medicines most frequently lead to hospitalisation and assess the
risk for ADR-related admissions in relations to use of medicines and the number
of residents in the individual age categories.

The occurrence of the influenza A(HIN1)pdm09 pandemic not only implied
large-scale use of oseltamivir, but also several pandemic HIN1 vaccines were
licenced using fast track procedures with limited data on the safety in children
and adolescents. Chapter 6 reviews safety experience and adverse events from
25 clinical studies and numerous analyses of spontaneous ADR reports for the
different pandemic H1N1 vaccines.

While chapters 5 and 6 focus on specific ADRs namely those in vaccinated chil-

dren or those ADRs leading to hospitalisation, Chapter 7 describes all ADR re-
ports for children and adolescents as reported to FDA-AERS.
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Methods in Paediatric Safety Signal Detection

Both the use of medicines and the type of reported ADRs are age-dependent
and differ between children and adults. As seen in figure 1.2, most reports in
children are for anti-infective drugs and these are mainly vaccines. The potential
influence of this cluster of vaccines on safety signal-detection for medicines in
children is studied in Chapter 8.

With the increasing number of initiatives exploring the use of electronic health-
care databases for safety signal detection we explored in Chapter 9 the potential
role of such systems is in paediatric drug safety surveillance using data from the
EU-ADR network.

Safety Signal Detection and Safety Warnings

In a sequel to the study described in chapter 9, in Chapter 10 we compare sig-
nal detection in VigiBase, a spontaneous reporting system, with EU-ADR, using
electronic healthcare records for upper gastro-intestinal bleeding. We test the
performance of different data mining algorithms in both VigiBase and EU-ADR
and compare the results of these different sources.

Safety studies can result in safety warnings being issued by regulatory agencies.
In the last decade, multiple warnings have been issued for serious adverse events
associated with the use of several prokinetic medicines; domperidone, meto-
clopramide and cisapride. In Chapter 11 we describe the effect of such safety
warnings on the use of prokinetic medicines in Italy, Spain and the Netherlands.

General Discussion and Summary

In Chapter 12, we discuss the main findings of the studies included in this thesis
and we provide suggestions for future research. The results of all studies in this
thesis are summarised in Chapter 13.
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Abstract

Objective

To study utilisation patterns of antibiotics in children in primary care in the United
Kingdom (UK) (1995-2010), Italy (2001-2010) and the Netherlands (1996-2010).

Methods

A population-based retrospective cohort study using electronic primary care
medical records databases in the UK (The Health Improvement Network (THIN)),
Italy (Pedianet), and the Netherlands (Integrated Primary Care Information (IPCI))
was conducted. 2,196,312 children aged up to 14 (Italy) or 18 years (UK and the
Netherlands), contributing 12,079,620 person-years (PY) were included. Yearly
prevalence rates of antibiotic drug prescriptions, defined as the number of chil-
dren with at least one study drug prescription per year, were calculated. Type
and proportion of most prescribed antibiotics were measured using the Drug
Utilisation 90%-methodology.

Results

The overall annual prevalence of antibiotic prescriptions was 18.0 users/100PY
(%) in the Netherlands, 36.2% in the UK and 52.0% in Italy and has slightly de-
creased over time. Prevalence was highest in the youngest children. Almost half
of all prescriptions were for amoxicillin with or without clavulanic acid. Third-
generation cephalosporins were frequently prescribed in Italy but rarely in the
other countries.

Conclusions

The prevalence of antibiotic prescribing was high and varied with age - in the
youngest age category one third to one half of all children were prescribed an
antibiotic during one year of follow-up. Prevalence was lowest in the Netherlands
and two to three-fold higher in the UK and Italy respectively. The consumption of
third-generation cephalosporins is high in young Italian children. There is a need
for development of internationally agreed paediatric specific quality indicators
for primary care.
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Introduction

There is clear evidence that antibiotic-resistance of pathogens is linked to anti-
biotic prescribing.® Antibiotic prescribing in the adult outpatient population in
Europe remains high and shows wide variability, with the rate in the Netherlands
being 3-5 fold lower than in Italy.>? Rational and reduced prescribing of antibi-
otics is important to decrease selection and transmission of antibiotic resistant
strains within the community. ESAC-Net (European Surveillance of Antimicrobial
Consumption Network) developed quality indicators, using data on outpatient
adult antibiotic use in Europe, to assess the quality of national antibiotic prescrib-
ing in Europe.>3>*

Children, and especially young children, are high consumers of antibiotics with
the majority of antibiotics given for minor upper respiratory tract infections.>%%
High rates of antibiotic prescribing in primary care for children, often for mild
viral infections,*® warrant monitoring of antibiotic prescribing habits, but there
have been few initiatives so far aimed at specifically improving the quality of
antibiotic prescribing for children.’” The adult quality indicators developed by
ESAC-Net cannot be extrapolated directly to paediatric antibiotic use in Europe
since no age-specific DDDs (defined daily doses) exist and there are differences
in the prevalence of clinical infection syndromes by age. A key barrier to com-
pare existing data on community paediatric antibiotic is the lack of a standard
methodology.

The study Antibiotic Resistance and Prescribing in European children (ARPEC) is
an initiative by the European Society of Paediatric Infectious Diseases (ESPID).#
The overall objective of ARPEC is to improve antimicrobial prescribing in hospi-
tals and in the community by obtaining up-to-date, clinically relevant data on
variation in clinical management and antimicrobial resistance rates and then to
feed this back via a number of educational initiatives to paediatricians in-training
and in clinical practice, across Europe.

With this study we want to describe and compare the prescription pattern of
antibiotic drugs to children in primary care in the United Kingdom (UK), Italy
and the Netherlands during a >10 years study period using similar population-
based primary care databases, a common study protocol and harmonised data
elaboration. This antibiotic prescription data from various European countries is
important to develop quality indicators of paediatric specific outpatient antibi-
otic use internationally.
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Patients and Methods

Study design

A population-based retrospective cohort study was conducted to describe an-
tibiotic prescribing in children and adolescents in the Netherlands, the UK and
Italy.

Setting and data collection

This study is part of the ARPEC project.*’ For the current study, data were used
from three population-based primary care databases in the Netherlands, the
UK, and Italy according to a common study protocol. In the Netherlands and
the UK, the general practitioner (GP) is responsible for the primary care of chil-
dren whereas in Italy family paediatricians (FPs) are the gatekeepers of primary
care for children. The databases contain the complete automated patient files,
with detailed information on the population, diagnoses and prescriptions, and
use of these databases has been proven valid for pharmacoepidemiological re-
search.585°

Details of the databases have been described elsewhere.°% In brief, the Inte-
grated Primary Care Information (IPCl) database from the Netherlands comprises
paediatric and adult electronic medical records from more than 400 Dutch GPs
since 1996.5°6 The Health Improvement Network (THIN) is a database of primary
care medical records from the UK, prospectively collecting data since September
2002 which contains retrospective data since the late 1980's.>® The Pedianet da-
tabase contains paediatric electronic medical records from 150 FPs in Italy since
2000.%% Primary care of children in Italy is provided by FPs until the age of 14
years. From 14 years on, health care is taken on by GPs.

Data from the different databases were pooled using a distributed network ap-
proach, in which data holders maintain control over their original data and only
aggregated data are shared. This was done through generation of the data into
a common format followed by local aggregation using custom-built software,
Jerboa®©.44

Study population

As the start date for data collection differed for the three databases, the start of
the study period was defined on January 15t 1995 for the UK, on January 15t 1996
for the Netherlands and on January 1t 2001 for Italy. The study period ended on
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December 315t 2010 for all countries.

Children were followed from the start of entry into the study (start of study
period, date physician was up to date, date of registration plus 6 months or just
born) until their 18™ (Netherlands and UK) or 14t (Italy) birthday, the end of the
study period, leaving the practice, death, or latest data drawn down, whichever
came first.

Definition of exposure

Antibiotics are grouped under the therapeutic subgroup JO1 ‘Antibacterials for
systemic use’ of the Anatomical Therapeutic Chemical (ATC) classification sys-
tem.?® All drugs listed under JO1 were included in the study. For these drugs, the
prescription patterns were studied and expressed in i. annual prevalence rates;
ii. monthly prevalence rates; iii. drug utilisation 90% (DU90%), and iv. the ratio of
broad spectrum penicillins, cephalosporins and macrolides versus narrow spec-
trum antibiotics prescribing. The prevalence rates were determined on multiple
levels of the ATC classification system.

Statistical analysis

Prevalence rate

Annual prevalence rates were estimated and expressed as the number of us-
ers per 100 person years (PY). Monthly prevalence rates were estimated and
expressed per 100 person months (PM). Because of the dynamic nature of the
population we used person time rather than number of individuals as denomina-
tor for the prevalence rate. Both the annual prevalence and monthly prevalence
rate will be notated as a percentage for ease of interpretation (%).

For the prevalence rates, the number of children being prescribed the study drug
within a calendar year (annual rate) or in a specific calendar month was counted
(monthly rate); these children received at least one prescription for an antibiotic
in this calendar year or in this calendar month. Prevalence rates should thereby
be interpreted as the number of children per 100 in the study population in a
specific month or year, who used the study drug in that specific month or year.

Drug utilisation 90%

The number of individual drugs accounting for 90% of drug use in terms of de-
fined daily doses (DDDs), the DU90%, is considered an indicator of the quality
of drug prescribing.t% The proportion of children being prescribed antibiotics,
combined with the use of DU90% profiles has been proposed as the simplest
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method to compare differences in use and the quality of prescribing.®® Since no
DDDs for children are available, we determined how many and which antibiot-
ics covered 90% of all prescriptions (DU90%) for antibiotics within the studied
countries for different age categories, using the number of prescriptions as de-
nominator.

Broad and narrow spectrum antibiotics

The ratio between the number of users of broad spectrum penicillins, cephalo-
sporins and macrolides (JO1CR, JO1DC, JO1DD and JO1F (without JO1FAQ1)) and the
number of users of narrow spectrum antibiotics (JOLCE (beta lactamase sensitive
penicillins), JO1DB (first generation cephalosporins) and JO1FAO1 (macrolides))
was determined and stratified by country, age and calendar-year. This ratio is
one of the quality indicators as determined by ESAC-Net and gives an estimate
of the balance between prescribing of broad spectrum versus narrow spectrum
antibiotics and allows comparison of patterns of antibiotic use.>

Stratification by age

Age was stratified in one-year periods (0-<1 years etc.) and in broader age cat-
egories; 0-<1 years, 1-<5 years, 5-<12 years, and 12-<18 years.

Results

In this population-based retrospective cohort study a total of 2,195,312 children,
contributing 12,079,620 PY of follow up were included; 239,293 children from
the Netherlands (10.9%), 1,725,798 from the UK (78.6%), and 230,275 from Italy
(10.5%).

Figure 2.1 Annual prevalence rate of antibiotic prescriptions stratified by year
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Figure 2.2 Annual prevalence rate of antibiotic prescriptions stratified by age and sex
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The overall annual prevalence of antibiotic prescriptions was 18.0 users/100PY
(%) in the Netherlands, 36.2% in the UK and 52.0% in Italy. At the start of the
study (1996), the prevalence in the Netherlands was 20.0%. In the following years
it fluctuated between 16.1 and 19.9%, and was 17.2% in 2010. In the UK the
prevalence at start of the study period (1995) was 39.5%, after which it fluctuated
between 32.5 and 39.9%, arriving at 32.9% in 2010. In Italy, the prevalence at
start of the study (2001), was 57.4%, after which it gradually decreased to 49.8%
in 2010 (figure 2.1).

Both in the Netherlands and the UK, the prevalence peaked at the age of 1-<2
years, after which it decreased and increased again from adolescence on. A simi-
lar pattern was observed in Italy, however a biphasic peak was present, with a
second (and highest) peak at age 3-<4 years. In all countries the prevalence in
boys was higher than in girls in the first years of life. In both the Netherlands and
the UK this was up to the age of 3 years after which the prevalence in girls was
higher. This difference became more substantial with increasing age and was
highest after puberty. In Italy the differences between boys and girls was highest
in first years of life after which the prevalence was similar (figure 2.2).

Stratified by calendar month, the prevalence was highest in February in Italy (7.9
users/100 PM (%)) and in December in both the Netherlands (2.6 %) and the UK
(6.0%). Prevalence was lowest in August in all three countries; 1.2% in the Neth-
erlands, 2.6% in the UK and 2.8% in Italy.

Ninety percent of all antibiotic prescriptions (DU90%) (0-18 years) were covered
by 9 drugs in the Netherlands, by 8 drugs in the UK and by 8 drugs in Italy.
In both the Netherlands and the UK the number of drugs accounting for the
DU90% increased with age, while this number was stable in Italy (table 2.1a-c).
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Table 2.1a Antibiotics that cover 90% of the prescriptions in the Netherlands

Age 0-1 years
Amoxicillin
(73.3%)

Amoxicillin and
enzyme inhibitor
(10.4%)

Clarithromycin
(5.7%)

Azithromycin
(3.2%)

Age 1-5 years
Amoxicillin
(57.8%)

Amoxicillin and
enzyme inhibitor
(14.0%)

Azithromycin
(7.6%)

Clarithromycin
(7.1%)

Pheneticillin
(4.2%)

Age 5-12 years
Amoxicillin
(43.8%)

Amoxicillin and
enzyme inhibitor
(16.5%)

Azithromycin
(8.0%)

Clarithromycin
(8.0%)

Pheneticillin
(6.1%)

Nitrofurantoin
(4.1%)

Flucloxacillin
(3.9%)

Age 12-18 years
Amoxicillin
(17.2%)

Doxycycline
(12.3%)

Nitrofurantoin
(12.1%)
Amoxicillin and
enzyme inhibitor
(10.2%)
Pheneticillin
(9.0%)
Azithromycin
(8.5%)
Minocycline
(6.6%)
Clarithromycin
(6.3%)

Flucloxacillin
(5.2%)

Trimethoprim
(3.5%)

Overall
Amoxicillin
(45.1%)

Amoxicillin and
enzyme inhibitor
(13.5%)

Azithromycin
(7.5%)

Clarithromycin
(7.0%)

Pheneticillin
(5.7%)

Nitrofurantoin
(4.4%)

Doxycycline
(3.1%)
Flucloxacillin
(3.0%)

Sulfamethoxazole
and trimethoprim
(2.8%)

Table 2.1b Antibiotics that cover 90% of the prescriptions in the United Kingdom

Age 0-1 years
Amoxicillin
(64.6%)
Erythromycin
(9.5%)

Flucloxacillin
(6.3%)

Trimethoprim
(5.2%)
Phenoxymethyl-
penicillin

(4.2%)

Cefalexin

(2.8%)
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Age 1-5 years
Amoxicillin
(54.9%)
Erythromycin
(10.1%)

Phenoxymethyl-
penicillin

(8.8%)
Flucloxacillin
(6.7%)

Trimethoprim
(5.6%)

Amoxicillin and
enzyme inhibitor
(4.3%)

Age 5-12 years

Amoxicillin
(41.9%)

Phenoxymethyl-
penicillin
(16.6%)
Flucloxacillin
(11.3%)

Erythromycin
(9.8%)

Trimethoprim
(5.8%)

Amoxicillin and
enzyme inhibitor
(4.6%)

Cefalexin
(3.8%)

Age 12-18 years

Amoxicillin
(22.3%)

Phenoxymethyl-
penicillin
(17.4%)
Flucloxacillin
(11.8%)

Erythromycin
(11.5%)

Oxytetracycline
(7.8%)

Trimethoprim
(5.0%)

Lymecycline
(4.8%)
Minocycline
(4.3%)
Amoxicillin and
enzyme inhibitor
(3.0%)

Cefalexin
(2.8%)

Overall

Amoxicillin
(44.0%)

Phenoxymethyl-
penicillin
(12.9%)
Erythromycin
(10.3%)

Flucloxacillin
(9.3%)

Trimethoprim
(5.5%)

Amoxicillin and
enzyme inhibitor
(4.0%)

Cefalexin
(3.4%)

Oxytetracycline
(1.8%)
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Table 2.1c Antibiotics that cover 90% of the prescriptions in Italy

Age 0-1 years

Amoxicillin
(33.5%)

Amoxicillin and
enzyme inhibitor

Age 1-5 years

Amoxicillin
(25.7%)

Amoxicillin and
enzyme inhibitor

Age 5-12 years

Amoxicillin and
enzyme inhibitor
(24.5%)

Amoxicillin
(22.9%)

Age 12-18 years

Amoxicillin and
enzyme inhibitor
(25.6%)

Amoxicillin
(21.2%)

Overall

Amoxicillin
(25.2%)

Amoxicillin and
enzyme inhibitor

(21.4%) (22.8%) (23.4%)
Clarithromycin Cefaclor Azithromycin Azithromycin Azithromycin
(8.6%) (10.6%) (11.6%) (15.2%) (10.2%)
Cefaclor Azithromycin Clarithromycin Clarithromycin Clarithromycin
(8.4%) (9.5%) (10.2%) (12.8%) (9.2%)
Azithromycin Clarithromycin Cefixime Cefixime Cefaclor
(6.0%) (8.3%) (7.6%) (6.7%) (8.8%)
Cefixime Cefixime Cefaclor Cefpodoxime Cefixime
(5.0%) (7.0%) (7.2%) (3.5%) (7.1%)
Ceftibuten Ceftibuten Cefpodoxime Cefuroxime Cefpodoxime
(3.9%) (3.8%) (4.1%) (2.3%) (3.6%)
Clofoctol Cefpodoxime Ceftibuten Cefaclor Ceftibuten
(3.5%) (3.5%) (2.9%) (2.0%) (3.4%)

Ceftibuten

(1.4%)

Penicillins with extended spectrum (ATC code JOLCA) were the most frequently
prescribed antibiotics and were predominantly prescribed in the first years of
life (figure 2.3). The most common antibiotic prescribed was amoxicillin with a
prevalence of 9.2% in the Netherlands, 19.7% in the UK and 18.0% in Italy.

Amoxicillin prescriptions peaked at the age of 1-<2 years with a maximum an-
nual prevalence of 30.5% in the Netherlands, 46.0% in the UK and 31.3% in Italy.
Prescriptions for the class combinations of penicillins, including beta-lactamase
inhibitors (JOLCR) were frequent in the Netherlands and Italy, while in the UK
prescriptions for beta-lactamase sensitive penicillins were very frequent (JO1CE).

Macrolides (JO1FA) were also an important group of antibiotics prescribed; 3.5%
in the Netherlands (maximal 7.5% at 1-<2 years), 5.3% in the UK (maximal 10.2%
at 1-<2 years), and 14.9% in Italy (maximal 23.9% at 3-<4 years). Among the mac-
rolides, erythromycin was the main prescribed antibiotic in the UK, with a preva-
lence rate of 4.5% and peaking at 1-<2 years of age (8.7%). The prescribed mac-
rolides in the Netherlands and Italy were mainly clarithromycin (1.1% - maximal
3.3% at 1-<2 years) and azithromycin (1.6% (maximal 3.4% at 1-<2 years)). In Italy,
the prevalence rate of clarithromycin was 7.1% (maximal 11.1% at 3-<4 years) and
7.6% (maximal 12.8% at 3-<4 years) for azithromycin.

Tetracyclines (JOLAA) were prescribed from the age of 11 up in the Netherlands
and the UK (no data for this age category available for Italy) (figure 2.3). The
prevalence of tetracyclines in the UK was higher in boys than in girls with maximal
9.4% for boys and 6.5% for girls at 16-<17 years of age. In the Netherlands the
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Figure 2.3 Prevalence of prescribed classes of antibiotics stratified by age
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Table 2.2 Ratio of broad versus narrow spectrum antibiotic prescribing

Age 2001 2006 2010 Overall
in years NL UK Italy NL UK Italy NL UK Italy NL UK Italy
0-<1 5.9 0.31 27.1 6.5 0.33 66.8 6.6 0.41 149.5 5.7 0.35 60.8
1-<2 3.1 0.36 54.6 4.2 0.36 90.3 5.9 0.40 689.5 4.8 0.39 1459
2-<3 2.7 0.35 67.2 4.6 0.34 65.7 54 039 5382 40 0.37 113.2
3-<4 34 0.31 375 3.8 0.32 73.4 4.5 0.36 3571 3.6 0.34 89.0
4-<5 2.1 0.28 25.0 3.8 0.29 65.8 4.4 032 2020 33 0.31 80.2
5-<6 2.7 0.27 214 2.1 0.27 58.5 4.0 0.30 1715 36 0.28 73.7
6-<7 3.7 0.25 14.0 2.8 0.26 65.0 4.9 0.31 166.5 3.7 0.27 66.9
7-<8 33 0.24 129 4.8 0.24 525 4.4 0.31 2479 37 0.26 58.8
8-<9 1.9 0.22 11.2 3.3 0.25 44.7 5.2 0.31 195.9 3.5 0.24 529
9-<10 3.7 0.23 9.5 3.0 0.23 55.8 3.7 0.29 1329 3.2 0.23 49.9
10-<11 2.8 0.20 104 5.2 0.24 61.5 2.8 0.27 125.5 3.0 0.22 54.2
11-<12 1.7 0.19 11.7 1.8 0.21 54.7 3.2 026 2373 3.0 0.21 67.0
12-<13 1.5 0.17 8.1 2.0 0.20 40.9 4.1 0.28 1039 24 0.20 54.8
13-<14 4.5 0.16 12.2 2.3 0.20 40.5 29 0.26 1296 2.8 0.19 69.2
14-<15 1.9 0.15 - 2.1 0.18 - 3.0 0.23 - 23 0.17 -
15-<16 1.6 0.13 - 2.7 0.17 - 24 0.25 - 2.0 0.17 -
16-<17 1.0 0.14 - 2.0 0.18 - 2.1 0.26 - 1.7 0.18 -
17-<18 1.6 0.16 - 1.8 0.19 - 24 0.29 - 20 0.20 -
All ages 2.6 0.24 19.2 3.1 0.25 62.7 3.8 0.31 2179 3.2 0.27 74.7

The ratio between the number of users of broad spectrum penicillins, cephalosporins and macrolides (JOICR, JO1DC,
JO1IDD and JOIF (without JOIFAO1)) and the number of users of narrow spectrum antibiotics (JO1CE, JOIDB and
JO1FAOI) stratified by country, age and calendar-year. NL=the Netherlands; UK=the United Kingdom.

prevalence rate was similar between the sexes with maximum prevalence rates
at the age of 17-<18 years of age (4.5-4.6%). The prevalence of second and third
generation cephalosporins (JOLDC-DD) was considerably high in Italy; up to 4.1%
and 6.8% at 3-<4 years of age (figure 2.3), while the prevalence of cephalosporin
overall (JO1D) was low in the UK (2.3%) and rare in the Netherlands (0.02%). The
most prescribed antibiotics among the third generation cephalosporins in Italy
were the oral cephalosporins; cefixime (2.8% at 3-<4 years), cefpodoxime (2.0%
at 3-<4 years) and ceftibuten (1.1% at 1-<2 years) and the parental cephalosporin
ceftriaxone (0.8% at 3-<4 years). The ratio between broad and narrow antibiotic
prescribing was highest in Italy for all ages and all calendar-years. In all countries,
the ratio was highest in the youngest children; 0.39 in children aged 1-<2 years in
the UK, 5.7 in children aged 0-<1 years in the Netherlands and 145.9 in children
aged 1-<2 years in Italy. When comparing the periods 2001, 2006 and 2010, the
ratio increased (table 2.2).
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Discussion

In this cohort study we described and compared primary care prescription pat-
terns of antibiotic agents in children in three European countries. The current
study is unique in its size, period of follow-up and by using of a standard meth-
odology. Almost 3 million children aged 0-<18 years were included, contributing
over 12 million PY of follow up over a period of 10 to 16 years. This allowed us to
study prescribing patterns over time and to study a wide range of drugs.

The antibiotic prevalence rates amongst the studied countries varied with the
Netherlands having the lowest prevalence and a two to three-fold higher preva-
lence rate for the UK and Italy respectively, which is in line with previous pub-
lications.>%%567 There was a clear seasonal trend present in the prevalence rates
for antibiotics, with the highest rates present in winter and low rates in summer,
in line with the seasonal trend of the incidence of upper respiratory tract infec-
tions.®® In agreement with studies reporting a higher incidence of childhood in-
fectious diseases in young boys,*® the prevalence in boys was higher than in girls
in the first years of life. The higher rate of antibiotic prescribing in boys remained
up to the age of 3 years after which the prevalence became higher in girls. This
sex-specific difference in prevalence rate became more important with increas-
ing age and was highest after puberty. In Italy the differences between boys and
girls were highest in first years of life after which the prevalence was comparable.
Broad spectrum antibiotic prescribing increased in all countries during the stud-
ied period and was highest in Italy. Ratios of broad versus narrow spectrum out-
patient antibiotic prescribing were highest in the youngest children. The overall
ratios (0-<18 years) were somewhat lower than the ESAC-Net findings for adults
over 2004 for the UK (0.27 vs. 0.56) and the Netherlands (3.2 vs. 5.12) and higher
in Italy (74.7 vs. 50.9).>* Since the use of broad spectrum antibiotics may be re-
lated to either an actual or perceived increase in rates of antibiotic resistance, this
increasing ratio is worrying.

The study period encompassed up to 16 years. In these years considerable effort
has been put in reducing the prescriptions of antibiotics.>”7%’! Despite these ef-
forts, the change in prevalence rates over time was relatively small. In the Neth-
erlands the prevalence in 1996 was already low with 20.0 users/100PY (%) and
decreased to 17.2% at the end of the study period. In the UK the prevalence
decreased from 39.5% in 1995 to 32.9% in 2010. And finally in Italy, the preva-
lence decreased from 57.4% in 2001 to 49.8% in 2010. That interventions can
effectively reduce inappropriate antibiotic prescribing is illustrated in France.”?
National campaigns especially focussing on inappropriate antibiotic prescribing
for respiratory tract infections of viral origin or in children aged 0 to 6 years re-
ported a 50.4% reduction in antibiotic prescriptions in children.

As expected, amoxicillin with or without an enzyme inhibitor was the most com-
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monly prescribed antibiotic. The other classes of antibiotics were comparable
between the Netherlands and UK. Strikingly, in Italy, cephalosporins, especially
third-generation cephalosporins were commonly used — a phenomenon which
was not observed in the other countries. This high consumption of cephalospor-
ins in children in primary care in Italy has been described before.®’

The differences in prescribed antibiotics among the countries can partly be ex-
plained by availability of antibiotics and differences in guidelines. For example,
penicillin V is not available in Italy whereas it is widely used in the UK. For the
treatment of acute pharyngitis, amoxicillin is the first choice of treatment in Italy,
but also treatment with second generation cephalosporins is considered in this
guideline, while in other countries treatment with narrow-spectrum penicillins is
recommended.”?” Also the type of prescriber can explain differences in prescrip-
tion patterns. In Italy, prescriptions by FPs were studied, while in the Netherlands
and the UK prescriptions by GPs only were considered. An Italian study showed
that more penicillins were prescribed by FPs, while GPs more often prescribed
macrolides and cephalosporins to children.” Another Italian study found differ-
ences in prescription patterns between the northern and the southern part of
Italy. While the overall prescription rate in that study was 50.5%, the prevalence
in the northern regions was 46.5% and in the southern regions 61.1%.7® The av-
erage prevalence rate in Italy in our study of 52.0% illustrates that the Pedianet
database is a representative sample of the total Italian paediatric population.

A limitation of the current study is that we could not stratify the results by indica-
tion as these were not collected. In future studies, stratification by indication may
give more insight on differences into prescribing practice between the countries.
Based on the indication it is possible to draw inferences on i. differences in types
of antibiotics prescribed for a certain indication but also on ii. the proportion
of children treated for a specific indication. This information is vital to assess
whether appropriate antibiotic prescribing policies can be further optimised.

In this study we included one of the quality indicators as developed by ESAC-Net,
broad versus narrow spectrum antibiotic prescribing.>*** Analysis of this indica-
tor supports the development of age-specific indicators since both antibiotic
prescribing and the prevalence of infectious diseases are age-dependent. Since
children are an important target group to improve antibiotic prescribing,”” we
would like to make plea for paediatric specific surveillance and data-collection.
The Transatlantic Task Force on Antimicrobial Resistance (TAFTAR) aims identifi-
cation of urgent antimicrobial resistance issues that could be better addressed
by intensified cooperation between the United States and the EU, which includes
appropriate therapeutic use of antimicrobial drugs.”® TAFTAR would be a useful
form to develop internationally agreed quality indicators of paediatric primary
care antibiotic prescribing. Both overall prescription rates of antibiotics and spe-
cifically of broad spectrum antibiotic prescribing in children may be appropriate
quality indicators of good prescribing practice. Since broad spectrum antibiotic
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prescribing also depends on existing resistance patterns and available medicines,
probably more paediatric specific quality indicators are needed. DU90% turned
out not to be helpful in assessing paediatric antibiotic prescribing since the re-
sults were comparable between the countries. Indication specific data collection
will be necessary to identify targets to specifically optimise paediatric antibiotic
prescribing in the community.

Conclusions

The prevalence of antibiotic prescribing was high and varied with age - in the
youngest age category a third to a half of all children were prescribed an anti-
biotic during one year of follow-up. Prevalence was lowest in the Netherlands
and two to three-fold higher in the UK and Italy respectively. The consumption
of third-generation cephalosporins is high in young Italian children. The Transat-
lantic Task Force on Antimicrobial Resistance would be a useful form to develop
internationally agreed quality indicators of primary care antibiotic prescribing.
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Abstract

Objective

To describe the prescription pattern of oseltamivir, an antiviral drug, to children
in primary care in the United Kingdom (UK), Italy and the Netherlands during the
2009 influenza A(HIN1)pdmQ9 pandemic.

Methods

Design and setting: Population-based retrospective cohort-study within Elec-
tronic primary care medical records databases in the UK (The Health Improve-
ment Network (THIN)), Italy (Pedianet), and the Netherlands (Integrated Primary
Care Information (IPCI)).

Participants: 1,182,104 children aged up to 14 (Italy) or 18 years (UK and Neth-
erlands), contributing a total of 12,667,752 person-months (PM) of follow-up in
2009.

Main outcome measure: Monthly prevalence of oseltamivir prescriptions in 2009;
defined as the number of children with at least one prescription per month. In a
secondary analysis, using an ecological study design, the prevalence of oseltami-
vir prescriptions were compared to the national reported influenza-like-illness
(ILI) rates.

Results

In 2009, the monthly prevalence of oseltamivir prescriptions showed a large
summer-peak followed by an autumn/winter-peak. In line with the number
of ILI-cases reported, the summer-peak was most prominent in the UK (6.6
users/1,000PM) while the autumn/winter-peak was most prominent in the Neth-
erlands (1.5 users/1,000PM). The prevalence of use in Italy was limited (max. 0.2
users/1,000PM) while the ILI rates in Italy were highest. Monthly prevalence was
highest for children aged 1 to 5 years (Netherlands: 2.6/1,000PM in November;
UK: 10.7/1,000PM in July).

Conclusions

There was a marked variation in paediatric oseltamivir use during the 2009 in-
fluenza A(HIN1)pdmO9 pandemic. This variation seems to be driven by public
health policy and no clear relationship with disease severity was noted. A Euro-
pean approach to policy recommendations on the use of antiviral drugs in future
pandemics is needed.
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Introduction

In the end of April 2009, the first cases of influenza A(HLN1)pdm09 occurred in
Europe.” Especially children and young adults seemed to be susceptible to the
disease. Based on laboratory testing, this strain of influenza was susceptible to
treatment with neuraminidase inhibitors; oseltamivir and zanamivir.8® With an
increasing number of cases, including many paediatric cases, in the period fol-
lowing and the emerging pandemic in the beginning of May 2009, the Commit-
tee for Medicinal Products for Human Use (CHMP) of the European Medicines
Agency (EMA) gave guidance on the use of oseltamivir in case of a declared
pandemic.t82 Since 2002, oseltamivir was licenced for the treatment of influenza
in people aged 1 year and older and for the prevention of influenza in people
aged 13 years and older. In 2006, the indication was extended to i. the treatment
of influenza in patients 6 months of age and older who present with symptoms
typical of influenza, when influenza virus is circulating in the community and ii.
for post-exposure prevention in individuals one year of age or older.2%# In their
May 2009 guideline, the CHMP stated that in case of an officially declared influ-
enza pandemic the benefits of the use of oseltamivir in the treatment of children
under the age of one year outweigh its risks and announced recommended dos-
ages for the treatment or for prophylaxis of influenza.??

The occurrence of the 2009 pandemic and the change in indication of treatment
implied that oseltamivir was used for the first time on a large scale in infants
since its registration in 2002.2* In this study we aimed to describe the prescription
pattern of oseltamivir to children in primary care in the United Kingdom (UK),
Italy and the Netherlands during the influenza A(HIN1)pdmO09 pandemic.

Patients and Methods

Study design

A population-based retrospective cohort study was conducted to describe the
use of oseltamivir in children and adolescents in the Netherlands, the UK and
Italy during the 2009 influenza A(H1IN1)pdmO9 pandemic. In a secondary analy-
sis, using an ecological study design, the prevalence of oseltamivir prescriptions
were compared to the national reported influenza-like-illness (ILI) rates.

Setting and data collection

This study is part of the Antibiotic Resistance and Prescribing in European Children
(ARPEC) project, a project co-funded by the European Commission DG Sanco

43



Chapter 3

through the Executive Agency for Health and Consumers (EAHC) which aims to
improve the evidence base for anti-infective drug prescribing in European Chil-
dren.?

For the current study, data were used from three population-based primary care
databases in the Netherlands, the UK and Italy according to a common study
protocol and harmonised data elaboration. In the Netherlands and the UK, the
general practitioner (GP) is responsible for the primary care of children whereas
in Italy family paediatricians (FPs) are the gatekeepers of primary care for chil-
dren. All databases contain the complete automated patient files, with detailed
information on the population, diagnoses and prescriptions, and use of these
databases has been proven valid for pharmacoepidemiological research.>®>°

Details of the databases have been described elsewhere.’°%3 In brief, the Inte-
grated Primary Care Information (IPCl) database from the Netherlands comprises
paediatric and adult electronic medical records from more than 400 Dutch GPs
since 1996.5°6! The Health Improvement Network (THIN) is a database of primary
care medical records from the UK, prospectively collecting data since September
2002 which contains retrospective data since the late 1980's.> The Pedianet da-
tabase contains paediatric electronic medical records from 150 FPs in Italy since
2000.%% Primary care of children in Italy is entrusted to FPs until the age of 14
years old. From 14 years on, health care is transferred to the responsibility of GPs.

Study population

The study period ran from the 1t of January 2009 to the 31 of December 2009.
Children were followed from the start of entry (start of study period (1% of Janu-
ary 2009), date physician was up to date, date of registration plus 6 months or
just born) into the study until their 18" (Netherlands and UK) or 14t (Italy) birth-
day, the end of the study period (31t of December 2009), leaving the practice,
death, or latest data drawn down, whichever came first.

Definition of exposure

Utilisation patterns of oseltamivir were studied by retrieving all prescriptions of
oseltamivir (ATC code JO5AH02)*° from the databases. A child was defined as a
prevalent user of oseltamivir if, during follow-up, the child received a prescrip-
tion for oseltamivir.

Disease rates / surveillance

For the secondary analysis, the national reported rates of ILI were estimated us-
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ing data from the European Centre for Disease Prevention and Control (ECDC)
and the Italian Surveillance Influenza Network (InfluNet).

Within Europe, the European Influenza Surveillance Network (EISN) of ECDC col-
lects epidemiological and virological surveillance data on influenza through the
European Surveillance System (TESSy).8> Aggregated data is published and pub-
licly available on the website of TESSy. For the Netherlands and the UK (England),
the ILI rate per 100,000 was available for the entire study period. For the UK, also
the ARI (acute respiratory infections) rate per 100,000 was available. The ILI rate
for Italy was not available for the entire period within TESSy, therefore the Influ-
Net data was used instead.

InfluNet is in charge of the epidemiological and virological surveillance of in-
fluenza in Italy. InfluNet is organised by the Superior Institute of Health (ISS)
and the Inter-University Centre of Research on Influenza (CIRI), and has weekly
updates on the number of influenza related visits to FPs and GPs, including age
category specific (0-<4 years; 5-<14 years; 15-<64 years; 65 years and older) in-
cidence of disease.?¢8’

Statistical analysis

Prevalence rate

Annual prevalence rates of oseltamivir use were estimated and expressed as the
number of users per 1,000 person years (PY). Monthly prevalence rates were es-
timated and expressed per 1,000 person months (PMs). Because of the dynamic
nature of the population we used person time rather than number of individuals
for the prevalence rate.

For the prevalence rates, the number of children being prescribed oseltamivir
within 2009 (annual rate) or in a specific calendar month was counted (monthly
rate). These children received at least one prescription for oseltamivir in either
2009 or in a specific calendar month. Monthly prevalence rates should thereby
be interpreted as the number of children per 1,000 who used oseltamivir in one
month and the annual prevalence rate should be interpreted as the number of
children per 1,000 who used oseltamivir in 2009. The rates, including the 95%
confidence interval (95% CI), were calculated and stratified by age, sex, database
and calendar time to account for differences in distributions between popula-
tions and to allow for direct comparisons within groups.

Stratification by age

Age was stratified in one-year periods (0-<1 years etc.) and in broader age cat-
egories; 0-<1 years, 1-<5 years, 5-<12 years, and 12-<18 years.
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Results

In this population-based retrospective cohort study a total of 1,182,104 children
and adolescents, contributing 12,667,752 PMs (1,055,646 PY) of follow up during
2009 were included; 153,722 from the Netherlands (13.0%), 863,845 from the UK
(73.1%), and 164,537 from Italy (13.9%)).

Annual prevalence rate

The prevalence rate of oseltamivir prescriptions over 2009 for the total popula-
tion was 7.9/1,000 PY (95% CI 7.7-8.0/1,000 PY); the rates were 2.8/1,000 PY (95%
CI 2.5-3.1) in the Netherlands, 10.1/1,000 PY (95% CI 9.9-10.3) in the UK and
0.3/1,000 PY (95% CI 0.2-0.4) in Italy.

The annual prevalence rate within the one-year age categories was low for all
ages in Italy. The pattern of prescriptions by age was similar in the UK and the
Netherlands, with the highest rates at 1 to 2 years of age: 18.9/1,000 PY (95% CI
17.6-20.3) in the UK and 7.0/1,000 PY (95% CI 4.8-9.2) in the Netherlands (figure
3.1).

Monthly prevalence rate

The prevalence stratified by calendar month (hnumber of users per 1,000 PMs)
showed a biphasic pattern in all countries: A first peak was present in July 2009
and a second peak in October/November 2009 (figure 3.2).

Figure 3.1 Prevalence rate of oseltamivir prescriptions in 2009 stratified by age
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The dashed lines show the 95% confidence interval of the estimates. PY=person years.
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Figure 3.2 Prevalence rate of oseltamvir prescriptions during the 2009 pandemic
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The dashed lines show the 95% confidence interval of the estimates. PM=person months.

In the UK the peak in July was the highest, with a maximum of 6.6 users/1,000
PM (95% (I 6.4-6.8), followed by a smaller peak in October (1.0 users/1,000 PM
(95% CI 0.9-1.0)). In the Netherlands the pattern was inverse with a smaller peak
in July (0.23 users/1,000 PM; 95% CI 0.14-0.31), followed by a larger peak in No-
vember (1.5 users/1,000 PM; 95% CI 1.3-1.7). The pattern in Italy was similar to
the Netherlands.

For the Netherlands and the UK, the monthly prevalence was further stratified by
age categories. In the Netherlands, prescriptions during first (summer) peak were
mainly for older children, while during the second (winter) peak, the prescriptions
were mainly for children up to 5 years old. In the UK, in both the summer and
winter peak the highest rates were present for children aged 1 to 5 years (figure
3.3).

Figure 3.3 Prevalence rate of oseltamvir prescriptions stratified by age categories
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The monthly prevalence of oseltamivir, stratified by age categories is presented for the Netherlands and the UK. Ab-
breviations: PM=person months.
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Figure 3.4 Weekly influenza like illness (ILI) rates
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that the Italian rates are presented on the right X-axis (x50). Data for the Netherlands and the UK are derived from
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Comparison with ILI rates

TheILIrates are presented in figure 3.4.1In the UK the ILI-rates were highest mid-
July (155.3/100,000), whereas the influenza A(HLN1)pdmOQ9 epidemic reached
its peak in both the Netherlands (189.4/100,000) and Italy (1,253.4/100,000) in
the second week of November 2009. Stratified by age, ILI rates were highest in
the youngest children in all countries: In the UK =150/100,000 for O to 4 years
of age and =80/100,000 for children aged 5 to 14 years; In the Netherlands
=650/100,000 for 0 to 4 years of age and =500/100,000 for children aged 5 to
14 years; and in Italy =4,100/100,000 for O to 4 years of age and =2,800/100,000
for children aged 5 to 14 years. The Italian ILI rates in the total population were
much higher in comparison with the other countries; this is in line with the rates
as seen in the beginning of 2009 for the seasonal influenza rates for the season
2008/2009 (figure 3.4).

The pattern of the ILI rates and prevalence rates for oseltamivir prescriptions
resemble each other, with a peak of prescribing in July 2009 for the UK and high-
est oseltamivir prevalence rates in November 2009 in the Netherlands and Italy
(figure 3.5).

Discussion

In this study we described paediatric oseltamivir utilisation during the 2009 influ-

enza A(HIN1)pdmO09 pandemic and showed large differences within three Euro-
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pean countries. While the oseltamivir prevalence peaked in November for both
the Netherlands and Italy, it had already reached its maximum in July in the UK.
The rate of oseltamivir prescriptions was highest for children aged 1 to 5 years
during the entire pandemic period in the UK, while in the Netherlands prescrip-
tions in the summer were for older children than the prescriptions in November.
The observed patterns of oseltamivir prescriptions are in agreement with the
reported ILI rates in both countries. Contrary to other European countries, the
summer peak was most prominent in the UK, even though the hospital admis-
sion rate and the number of paediatric deaths were higher in the second wave of
the pandemic.”8%0 Although Italy reported the highest rates of ILI, 4,360 cases
per 100,000 for 5 to 14 years of age in the first week of November, the lowest
prevalence rate of oseltamivir prescriptions was present, with a maximum of 0.19
users per 1,000 PM in November.

The strength of this study is the large size of the studied population; 1.2 million
children and adolescents in three European countries. Studying multiple coun-
tries allowed us to compare the prescriptions rates and relate the prescription
rates to the disease rates. Since we used population-based primary care databas-
es we were able to study the use in the primary care paediatric population while
other studies often focus on in-hospital prescriptions or the use in children with
underlying medical conditions. A limitation of the study is that some prescrip-
tions are probably missed, since oseltamivir was also available through national
public health authorities.”*2 In England an internet based self-diagnosis service
was available for oseltamivir without a doctor’s prescription. For the Netherlands
it was estimated that the proportion of treatments dispensed by the national
health authorities to be about a tenth of the prescriptions by GPs.” Finally, as we

Figure 3.5 ILI rates and prevalence rates of oseltamivir prescriptions
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The rate of the reported cases of influenza like illness (ILI) for the total population stratifed by country (right X-axis)

is presented as well as the prevalence rates of oseltamivir prescriptions (left X-axis).
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did not have person level data for the occurrence of ILI or the indication of use,
we could not stratify our results for prescriptions for prophylaxis or for treatment
of influenza infections.

The differences in prevalence of use reflect differences in national policy during
the pandemic period. Apart from guidance on use of oseltamivir by the CHMP
in May 2009,882 national guidelines were developed rapidly to control the pan-
demic.®*** In the UK the initial response of the public health authorities to the in-
fluenza A(HIN1)pdmO9 pandemic was very intensive. From the start of the pan-
demic till July 2009, all contact persons of HIN1 cases in the UK were advised to
receive prophylactic treatment with oseltamivir and schools were closed.?*% Also
in the Netherlands, oseltamivir treatment was initially recommended (till June
23) for all laboratory confirmed cases as for their close contacts, regardless of
symptoms.?2% In this first summer period of the pandemic, the influenza activity
in Italy was limited and no signs of an epidemic were present till the end of Oc-
tober 2009.97 At that time, oseltamivir prescriptions to children were discouraged
and use in children was limited to hospitalised cases because of the risk of de-
veloping resistance.”®* The huge variation between Italy and the other countries
is especially striking since it is known that antimicrobial prescribing in children,
including use of other antiviral drugs is much higher in Italy.*°

We cannot make any statement about over- or under prescribing as the efficacy
of oseltamivir in the treatment and prevention of influenza, especially in children,
is still under debate.19%t As advocated by the BMJ (British Medical Journal) open
data campaign it is important to obtain transparency considering the efficacy
and safety of oseltamivir use.’? A European approach on recommendations on
the use of antiviral drugs in future pandemics is needed through an expert work-

ing group.

Conclusions

There was a marked variation in paediatric oseltamivir use during the 2009 in-
fluenza A(HIN1)pdmO09 pandemic within studied three European countries. This
variation seems to be driven by public health policy. A European approach to
policy recommendations on the use of antiviral drugs in future pandemics is
needed.
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Disclaimer

The views and opinions of the authors expressed herein do not necessarily state
or reflect those of the ECDC. The accuracy of the authors' statistical analysis
and the findings they report are not the responsibility of ECDC. ECDC is not
responsible for conclusions or opinions drawn from the data provided. ECDC is
not responsible for the correctness of the data and for data management, data
merging and data collation after provision of the data. ECDC shall not be held
liable for improper or incorrect use of the data

51



Chapter 4

Sandra de Bie

Katia MC Verhamme
Sabine MJM Straus
Miguel Gil Garcia
Gino Picelli

Maria de Ridder
Belen Oliva
Mariagrazia Felisi
Bruno H Stricker
Francisco J de Abajo
Miriam CJM Sturkenboom

On behalf of the TEDDY European Network of Excellence



Increasing Use

of Proton Pump
Inhibitors in Children:
a Cohort Study in
Three European
Countries



Chapter 4

Abstract

Background

The use of proton pump inhibitors (PPIs) as gastro-acid suppressing drug in-
creased over recent years and has replaced to a large extent the use of hista-
mine-2-receptor antagonists (H,RAs) in adults. Little is known on the extent of
the use of these drugs in children and adolescents and whether there are geo-
graphical differences.

Objectives

To describe the prescription patterns of PPIs and H,RAs in children and adoles-
cents using prescription data from 3 European countries. To study the proportion
of PPI prescriptions over time.

Methods

A retrospective population-based cohort study was conducted using data from 3
primary care electronic healthcare databases in the Netherlands, Italy, and Spain
in the period 2001-2008. Annual prevalence of use for PPIs and H,RAs was cal-
culated (number of users per 1,000 person years (PY)) and stratified by coun-
try, calendar-time, age and sex. The proportion of PPI prescriptions versus H,RA
prescriptions was calculated. We applied x? and Poisson regression analyses to
compare the prevalence rates and proportions over time.

Results

The overall prevalence of H,RAs was lowest in Italy with 2.1 users/1,000 PY (95%
CI 2.0-2.1), followed by 3.3 users/1,000 PY (95% CI 3.1-3.5) in the Netherlands,
and 3.9 users/1,000 PY (95% CI 3.8-4.0) in Spain. Also the prevalence of PPIs was
lowest in Italy with 1.2 users/1,000 PY (95% CI 1.1-1.3), followed by the Nether-
lands (4.1 (95% CI 3.8-4.5)) and Spain (8.5 (95% CI 8.3-8.7)). During the study peri-
od the proportion of PPI prescriptions compared to H,RA prescriptions increased
in all three countries; from 41.1% to 56.6% in the Netherlands (x?=36.0; p=0.000),
from 24.6% to 48.6% in Italy (x*=85.5; p=0.000) and from 48.8% to 75.6% in Spain
(x3=538.4; p=0.000).

Conclusions

Between 2001 and 2008 PPI use in children and adolescents increased and re-
placed H,RA prescriptions, especially in the older children. As few data are avail-
able on the safety of these drugs in children, we recommend long term follow up
studies in children to assess long term safety of PPI use.
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Introduction

The use of proton pump inhibitors (PPIs) as gastro-acid suppressing agent has
increased over recent years and has replaced the use of histamine-2-receptor an-
tagonists (H,RAs) in a large amount in adults.®® Although PPIs are considered to
be safe, there are increasing concerns that use of PPIs might be associated with
bone fractures, community-acquired pneumonia and clostridium infections.104-106

The registered indications for PPIs and H,RAs in children include treatment of re-
flux esophagitis and gastro-oesophageal reflux disease (GERD).2%” In the guideline
on the treatment of GERD in children it is stated that acid-suppressant agents like
PPIs and H,RAs are the mainstay of treatment; H,RAs are useful for on-demand
treatment while PPIs are superior for healing of esophagitis and relief of GERD
symptoms.108109

There is limited information on the utilisation of these drugs in children and ado-
lescents and whether this differs in different countries. In addition it is unknown
whether also in children the use of gastro-acid suppressing agents shifted from
H,RAs to PPIs. In this study we studied utilisation patterns of PPIs and H,RAs in
children and adolescents in primary care in three European countries. Prevalence
rates of use were compared between the countries, but also within age-groups
and calendar-time. The ratio between PPI and H,RA prescribing was studied over
time.

Patients and Methods

Study design

A retrospective population-based cohort study was conducted to describe the
use of PPIs and H,RAs in children and adolescents

Setting

Data were used from three primary care databases in Italy, the Netherlands and
Spain according to a common study protocol. These three population-based da-
tabases comprise primary care data on children. In the Netherlands, the general
practitioner (GP) is responsible for the primary care of children whereas in Spain
and Italy, primary care and family paediatricians are the gatekeepers of primary
care for children. These databases contain the complete automated patient files,
with detailed information on the population, diagnoses and prescriptions, and
use of these databases has been proven valid for pharmacoepidemiological re-
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search.’® Details of the databases have been described elsewhere.®0-63

In brief, since 2000, the Pedianet database contains paediatric electronic medical
records from 150 family paediatricians in Italy.®? Primary care of children in Italy
is entrusted to family paediatricians until the age of 14 years old. From 14 years
on, health care is taken on by GPs. The Integrated Primary Care Information (IPCl)
database comprises paediatric and adult electronic medical records from more
than 400 Dutch GPs since 1996.5%6! The BIFAP database is a longitudinal obser-
vational population-based database kept by the Spanish Agency for Medicines
and Medical Devices that collates, from 2001 onwards, the computerised medi-
cal records of more than 2,000 primary care physicians, including more than 350
primary care paediatricians throughout Spain.%® The primary care of children in
Spain is entrusted to primary care paediatricians until the age of 14 years. After-
wards, care is taken over by GPs. The BIFAP database combines both the data
from primary care paediatricians and GPs.

Study period
The study period ran from January 1%t 2001 to December 31t 2008.

Study cohort

Children were followed from the start of entry (start of study period, date phy-
sician was up to date, date of registration plus 6 months or just born) into the
study until their 18™ (the Netherlands and Spain) or 14™ (Italy) birthday, leaving
the practice, death, or latest data drawn down, whichever came first.

For each child the person time of follow-up was calculated, and stratified by cal-
endar year, age in years and age categories.

A child was defined as a prevalent user of a study drug if, during follow-up, the
child received a prescription for any of the study drugs. If during follow-up a
child received a prescription of more than one of the study drugs, this child con-
tributed to both drugs.

Definition of exposure

Utilisation patterns of PPIs and H,RAs were studied. All individual drugs of these
classes available during the study period in either of the countries were included.
Prescriptions were selected based on the respective ATC (Anatomical Therapeu-
tic Chemical) classification
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code of each individual drug.''® Not all of the individual drugs were prescribed in
all studied countries.

Proton pump inhibitors

The following PPIs were studied; omeprazole (A02BCO1), pantoprazole (A02BC02),
lansaprozole (A02BCO03), rabeprazole (A02BA04), and esomeprazole (A02BAO5).

Histamine-2 receptor antagonists

The following H,RAs were studied; cimetidine (A02BAO1), ranitidine (A02BA02),
famotidine (AO2BAO3), nizatidine (A02BA04), niperotidine (A02BAOQ5), roxatidine
(A02BA06), ranitidine bismuth citrate (AO2BA07), lafutidine (A02BA08), combina-
tions with cimetidine (A02BA51), and combinations with famotidine (AO2BA53).

Statistical analysis

Prevalence rates

Prevalence rates for the study drugs were estimated and expressed per 1,000
person years (PY). Because of the dynamic nature of the population we used
person time rather than number of individuals.

For the prevalence rates, the number of children being prescribed a drug in a spe-
cific calendar year was counted, these children received at least one prescription
for the drug in this calendar year. Annual prevalence rates should thereby be in-
terpreted as the number of children per 1,000 who used a study drug in one year.

Prevalence rates, including the 95% confidence interval (95% CI), were calculated
and stratified by age, sex, database and calendar year to account for differences
in distributions between populations and to allow for direct comparisons within
groups. Poisson regression was applied to investigate the trend of prevalence
rates in the study period.

Proportion of PPI prescriptions

To compare the share of PPI prescriptions to the total number of prescriptions
over time we calculated the proportion of PPIversus H,RA prescriptions for each
calendar year. Results were stratified by age categories according to the guide-
lines of the International Conference on Harmonisation (ICH); 0-<2 years, 2-<12
years and 12-<18 years.!! x2analyses were applied to compare the proportion of
PPI-prescriptions over time.

Statistical significance was assumed for two-sided p-values <0.05. Statistical
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analyses were performed using SPSS software version 20 (SPSS Inc, Chicago, IL,
us).

Results

Prevalence of histamine-2-receptorantagonists (H,RA) prescriptions

The overall prevalence of H,RA use was lowest in Italy with 2.1 users/1,000 PY
(95% CI 2.0-2.1), followed by 3.3 users/1,000 PY (95% CI 3.1-3.5) in the Nether-
lands, and 3.9 users/1,000 PY (95% CI 3.8-4.0) in Spain. In Spain the prevalence

Figure 4.1 Prevalence rate of H,RA prescriptions stratified by age
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Figure 4.2 Prevalence rate of H,RA prescriptions stratified by year
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was higher in girls than in boys: 4.5 users/1,000 PY (95% C14.4-4.7) in girls and 3.2
users/1,000 PY (95% CI 3.1-3.4) in boys. The prevalence was highest in children
<1 years of age in the Netherlands and Italy. In both Spain and the Netherlands
the prevalence increased from the age of 7 years and older with higher rates in
girls (figure 4.1). The prevalence of H,RA prescriptions was relatively stable over
time in Italy (=0.000; p=0.98). There were more fluctuations over time in the
Netherlands, with a highest peak in 2006 (figure 4.2). In Netherlands (3=0.064;
p=0.000) and Spain (f=0.101; p=0.000) the prevalence increased over time.

The most frequently prescribed H,RA in all countries was ranitidine; 2.0 us-
ers/1,000 PY (95% CI 2.0-2.1) in Italy, 3.1 users/1,000 PY (95% CI 2.9-3.3) in the
Netherlands, and 3.6 users/1,000 PY (95% CI 3.5-3.7) in Spain. All other H,RAs
had an overall prevalence of <0.2 users/1,000 PY. Famotidine was only prescribed
in Spain especially in the beginning of the study period with a prevalence of 0.5
users/1,000 PY in 2001 after which it gradually decreased to 0.07 users/1,000 PY
in 2008. Nizatidine had a peak in prescribing in Italy in 2001 (0.2 users/1,000 PY),
but was rarely prescribed in the following years.

Prevalence of proton pump inhibitor (PPI) prescriptions

Also the overall prevalence of PPIs was lowest in Italy at 1.2 users/1,000 PY (95%
CI 1.1-1.3), followed by the Netherlands (4.1 users/1,000 PY (3.8-4.5)) and Spain
(8.5 users/1,000 PY (95% CI 8.3-8.7)). In both the Netherlands and Spain, the
prevalence was higher in girls than in boys. In all three countries the prevalence
was low until the age of 12 years after which it increased, especially in girls (fig-
ure 4.3).

During the study period, the prevalence of PPI prescriptions increased in all
countries; from 0.8 to 2.1 users/1,000 PY in Italy (3=0.175; p=0.000), from 1.6 to
4.7 users/1,000 PY in the Netherlands ($=0.165; p=0.000) and from 3.2 to 11.1
users/1,000 PY in Spain (3=0.347; p=0.000) (figure 4.4). Omeprazole was the
main prescribed PPI in all countries. Over the years, lansoprazole was prescribed
increasingly in Spain and Italy, while it was rarely prescribed in the Netherlands.
Especially in Italy the share of lansoprazole of all PPI prescriptions increased dur-
ing the study period, this was at the cost of the share of omeprazole prescrip-
tions which decreased. In the Netherlands, the share of rabeprazole prescriptions
decreased over time while the share of esomeprazole increased.

In the Netherlands, the proportion of pantoprazole prescriptions increases from
the age of 11 years on. In these age categories also the proportion of esome-
prazole prescriptions increased (figure 4.5). In Italy, where no data was available
above the age of 14 years, also the proportion of esomeprazole and pantopra-
zole increased with age. In Spain, the proportion of lansoprazole prescriptions
decreased from the age of 6 years on and was replaced by omeprazole as the
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Figure 4.3 Prevalence rate of PPI prescriptions stratified by age
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Figure 4.4 Prevalence rate of PPI prescriptions stratified by year
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main prescribed PPI.

Proportion of PPI-prescriptions

During the study period the proportion of PPI prescriptions compared to H,.RA
prescriptions increased in all three countries; from 41.1% to 56.6% in the Neth-
erlands (x?=36.0; p=0.000), from 24.6% to 48.6% in Italy (x*=85.5; p=0.000) and
from 48.8% to 75.6% in Spain (x*=538.4; p=0.000).

After stratification by age categories, the proportion of PPI-prescribing in the
Netherlands only increased significantly in the older children; aged 2-<12 (from
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Table 4.1 Change in PPl and H,RA prescribing between 2001 and 2008

2001 2008

H,RA PPl %PPI  H,RA PPl %PPI T(,'/f:;jl zi,agi?zf,f,'g
the Netherlands
0-<2 years 1.3 0.4 25.0 13.2 4.6 259 p’gz;g 10.3
2-<12years 0.9 0.5 389 1.5 1.6 51.8 ’;:8%2 2.9
12-<18 years 5.1 38 426 44 99 691 p":z;i,%g 26
Italy
0-<2 years 8.5 0.4 45 1.4 43 27.2 p’g;_‘gzo'g 10.7
2-<12 years 1.1 0.8 41.8 1.1 17 60.5 pfg g%g) 21
12-<14 years 1.0 1.0 50.0 1.0 27 73.6 75:322 2.8
Spain
0-<2years 06 00 00 09 22 09 L4 na.
2-<12 years 14 0.5 276 28 605 54.2 pf; g)’é 6.4
12-<18 years 5.7 6.3 52.3 5.8 73.6 82.4 ’g:g_soso'g 4.3

% PPI= proportion PP prescriptions of total of PPl and H RA prescriptions; Trend % PPI= statistical test for trend of %
PPl over time; Ratio PPIs 2001:2008= ratio between PPI prescribing in 2008 and 2001. H,RA=histamine-2 receptor

antagonists. PPI=proton pump inhibitors.

38.9% to 51.8%; x*=16.0; p=0.03) and aged 12-<18 years (from 42.6% to 69.1%;
x?=45.8; p=0.000). In both Italy and Spain the proportion of PPI prescribing in-
creased significantly in all age categories (table 4.1).

Discussion

In the current study we assessed prevalence rates of prescriptions for PPIs and
H,RAs in children and adolescents in three European countries. The overall prev-
alence of gastric acid reducing agents was relatively low in children but, in line
with previous findings in adults,''? the proportion of PPI prescriptions with re-
spect to H,RA prescriptions increased over time, and almost doubled in Italy.

Ranitidine was the main H,RA prescribed in all three countries. Interesting in Italy
and the Netherlands, prescriptions for ranitidine concerned mainly children less
than 1 year of age, while this was not seen in Spain. The high peak in the young
children is expected since the main indication, GERD, has a high incidence at this
age.!’® In addition, ranitidine in Italy and the Netherlands is available as an easy

61



Chapter 4

Figure 4.5 Prevalence and proportion of individual PPIs stratified by age
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to administer liquid formulation, while PPIs are only available as tablets, capsules
or intravenous solutions. In Spain there is no liquid formulation for either H,RAs
or PPIs available. Paediatricians tend to order ranitidine as a magisterial formula-
tion which is not systematically captured in the BIFAP database. This explains the
low rate of use of ranitidine in the young children in Spain. In a previous study
we showed that prokinetic drugs are prescribed in the same amount in Spain
as in Italy and the Netherlands in these young children, which are available as
liquid formulations (unpublished). In a previous Spanish study it was shown that
there was a high percentage of off-label use of both PPIs and H,RAs in this age
category.!

In the Netherlands, the proportion of PPI-prescribing only increased significantly
in the oldest children, while in the other countries the increase was present for all
ages. This is probably since both H,RA and PPI prescribing increased during the
study period, and the absolute prevalence of PPI prescribing in the Netherlands
both increased around 10-times in the young children. The absolute increase in
PPI-prescribing in children was seen in all countries, however the H,RA prescrib-
ing increased less in Italy and Spain. The absolute increase in PPI prescribing was
also seen in a US study, in which four-fold increase in PPI prescribing from 2000
to 2003 in children younger than 12 months was present.

The off-label use of PPIs in the young children has been subject of debate. Ac-
cording to the international guideline on treatment of GERD, PPIs are the main-
stay for the treatment of GERD.1%815117 However, none of the current available
PPIs have been registered for use in young children.!® In 2007, the European
Medicines Agency (EMA) compiled a list with ‘paediatric needs’. This is a list of
drugs for which more data is necessary with respect to e.g. pharmacodynam-
ics, pharmacokinetics and safety. Gastric acid reducing drugs are part of this list
where a need for alcohol-free formulations of ranitidine and the need of paediat-
ric pharmacokinetics, efficacy, and long term safety data is mentioned for PPIs.1®
Since the implementation of the new paediatric regulation, stimulating research
in children,** only two paediatric investigations plans for esomeprazole and rabe-
prazole have been submitted to and evaluated by the EMA.?20121 Although it has
been speculated by some research groups that there is enough data available
on the use of PPIs in young children,’® we agree with EMA that data on long-
term safety of PPIs and development of age appropriate formulations remains
essential.

In addition, it is important to study whether risks related to the use of PPIs as
reported in adults, also hold for children. Indeed, the use PPIs have been associ-
ated with a risk of community acquired pneumonia in adults. So far, only one
small study investigated this association in children and found an increased risk
of acute gastroenteritis and community-acquired pneumonia in children with
GERD.'?2 Studying this association in children is important as GERD by itself is a
risk factor to develop upper airway complications. The risk benefit analysis of use
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of PPIs in children is crucial as there is a growing concern that these drugs might
be overprescribed in children.!#124

Strengths and limitations

A strength of the current study is the large study population of more than 1
million children which were followed in a study period covering 8 years. Using
these databases we were able to assess patterns of prescribing PPIs and H,RAs
by country, sex, age category and calendar year.

Since we did not link the prescription information to the indication of use we
cannot draw conclusions on off-label use or difference of indication by region. In
addition, as we only had information on drug prescription and not on actual drug
intake, user prevalence data might even be lower.

Conclusions

Between 2001 and 2008 both PPI and H,RA prescriptions in children and adoles-
cents increased. Especially in the older children the proportion PPI-prescribing
of all gastric-suppressant drugs increased. The safety of PPIs and H,RAs has not
been studied in children and there is a need for long term follow up studies in
children to assess long term safety.
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Abstract

Background

For many drugs there is a lack of information on efficacy and adverse drug re-
actions (ADRs) in children. Several authorities have taken measures to increase
knowledge on this.

The aim of this study was to determine the extent of ADR-related hospital ad-
missions in children, to reflect the importance of surveillance in this vulnerable
patient group.

Methods

We performed a nationwide study of all hospital admissions in children and
adolescents in the Netherlands (aged 0 to 20 years) between 2000 and 2005.
Hospital admissions were evaluated within predefined age categories, sex and
calendar-year. The most prominent drug groups leading to hospitalisation were
determined. Risks of hospital admissions were calculated in relation to the total
number of Dutch inhabitants and total number of drug prescriptions per age
category.

Results

Of all acute admissions in children in the Netherlands, 0.75% (N=5,570) were
attributed to an adverse drug reaction. The proportion of hospitalisations was
highest in the youngest children, aged 0 to <2 years (169/100,000 children).
The majority of the admissions in this age category was related to drug effects
through placenta and breast milk and increased over the years. Most frequently
involved drugs groups in general were ‘antineoplastic and immunosuppressive
drugs’ (N=344), ‘insulins and antidiabetic agents’ (N=173), ‘pertussis vaccine'
(N=109), and 'penicillins’ (N=70), with the youngest at highest risk. There were no
consistent differences between boys and girls.

Conclusions

These results emphasize the importance of extra precaution regarding drug use
in young children, during pregnancy and lactation of the mother.
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Introduction

Drugs in children are often prescribed outside their licenced indications (off-label
use).'*125127 Until recently, clinical trials in children were considered as unethical.
For this reason, many drugs are not registered in this young age-group with re-
spect to dosage, age, indication, or route of administration (unlicenced use). Off-
label and unlicenced prescription rates in children range from 11-80% in general,
with the highest proportion on neonatal wards.® The problem with off-label and
unlicenced drug use in children is the fact that the drug was not appropriately
evaluated before marketing. This may result in deficient information on the risks
of the prescribed drugs which may lead to adverse drug reactions (ADRs).>

In 2003, the United States (US) changed legislation to improve drug safety in
children. Since July 1%, 2007, the Paediatric Regulation has been implemented in
the European Union (EU), focusing on registration and research (pre- and post-
authorisation) of drugs in children.*1?¢ Before registration of a new drug in the
EU, the marketing authorisation holder should compose a ‘paediatric investiga-
tion plan’ (PIP) including details on their efforts to study efficacy, safety, dosage
adaptations and administration routes of the particular drug in children. Fur-
thermore, they should describe how they will assess post-marketing drug safety.
For products not intended for the paediatric population, e.g. due to indication,
a waiver or partial waiver can be granted. For medicinal products that are al-
ready off-patent a new type of marketing authorisation has been established:
Paediatric Use Marketing Authorisation (PUMA). This PUMA is intended for the
development of new paediatric formulations for generic drugs used in children.
By completing this centralised application, and submitting study results on use
in the paediatric population, the pharmaceutical company can benefit from 10
years market protection. The PIPs, waivers and PUMAs are assessed by the Pae-
diatric Committee (PDCO) of the European Medicines Agency (EMA). The Dutch
legislation is even more restrictive. The act ‘medical research involving human
subjects’ (WMO) requires negligible risks and minimal objections for medical
research in children. 6812

The Paediatric Regulation and WMO are implemented to lead to lower the risk
for ADRs in this vulnerable patient group. We conducted a nationwide study to
investigate ADR-related hospital admissions in children and adolescents. In this
study, we also took into account prescription data, age categories and sex.
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Methods

Data sources

Data on hospital admissions were obtained from a Dutch nationwide registry of
hospital discharges which contains patient characteristics, dates of admission
and discharge, main diagnoses at discharge, secondary diagnoses and special
codes indicating drug-related hospitalisations (E-codes) based on the ICD-9-CM
coding system.!*® Characteristics of hospital admissions are registered by medi-
cal doctors on the basis of hospital discharge letters and coded by professional
code clerks. The coding is independent of hospital or specialist. All diagnoses
are submitted in the same format, mostly electronically. For this study, all pa-
tients between 0 to 20 years of age with an acute, non-planned admission to a
Dutch hospital in the period between 2000 and 2005 were included. Numbers of
residents in the Netherlands per calendar-year, sex and age were obtained from
‘Statistics Netherlands'”*

Information on prescriptions was obtained from the database of the Dutch Foun-
dation of Pharmaceutical Statistics (SFK), which includes information from 1,805
pharmacies in the Netherlands (92% of total). Data from this database were ac-
cessible on pharmacological subgroup level according to the Anatomical Thera-
peutic Chemical (ATC) classification system.!!? Prescription information was avail-
able per calendar-year for the predefined age categories: 0 to <2, 2 to <11 and
11 to 20 years. Per ATC group, the cumulative number of prescriptions was cal-
culated.

Adverse drug reactions

An ADR-related hospital admission was defined as a hospital admission with an
E-code between 930-950 as secondary diagnosis or a main diagnosis specifi-
cally indicating an ADR. E-codes are auxiliary to the main discharge diagnosis,
indicating an ADR as the primary reason for admission. The E-code is indicative
for the drug group involved in the ADR. E-codes referring to intended over-
doses, errors in administration and therapeutic failure were not included in the
analysis. Main diagnoses specifically indicating an ADR consisted of 15 separate
codes: iatrogenic hypothyroidism (2443), polyneuropathy due to drugs (3576),
toxic myocarditis (42293), shock due to anaesthesia (9954), encephalitis, myelitis,
and encephalomyelitis following immunisation procedures (3235), drug-induced
or radiation-induced myelopathy (3368), toxic hepatitis (5733), contact derma-
titis and other eczema due to drugs and medicines in contact with skin (6923),
dermatitis due to substances taken internally due to drugs and medicines (6930),
drug reactions and intoxications specific to new-born (7794), noxious influenc-
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es affecting fetus or newborn via placenta or breast milk caused by narcotics
(76072), hallucinogenic agents (76073), anti-infectives (76074), other (76079), and
other and unspecified adverse effect of drug, medicinal and biological substance
(due) to correct medicinal substance properly administered (9952).

Data analysis

ADR-related hospitalisations were identified in total and for separate age cat-
egories. Age categories were based on the classification of the available pre-
scription data (0 to <2, 2 to <11, 11 to 20 years). For the initial analysis, the two
highest categories were subdivided in two sub-categories to show more details
of the effect of age (0 to <2, 2to <7, 7 to <11, 11 to <16 and 16 to 20 years). The
absolute number of ADR-related hospitalisations was determined separately for
boys and girls, per age category, and per calendar-year. By age category, the
most frequently occurring reactions were studied.

Second, we studied the specific drug groups most frequently causing ADRs, and
we selected the ten drug groups related to the highest number of hospital ad-
missions. In this analysis, we used three age categories: 0 to <2, 2 to <11 and 11
to 20 years of age. Proportions of ADR-related admissions were calculated per
100,000 residents and per 1,000 prescriptions. Relative risks (RRs) with 95% con-
fidence intervals (95% CI) were calculated for the two youngest age categories
compared to the highest age category, and for girls compared to boys. In the
denominator, we used the total number of prescriptions in the study period. The
information on prescriptions was combined with the data on hospitalisations
based on drugs covered by the E-code.

Results

Within the study period, 740,280 hospital admissions were recorded for children
and adolescents in the Netherlands. Of these admissions, 5,570 children (0.75%)
were hospitalised due to an adverse drug reaction (ADR). Fifty percent of these
children were boys (table 5.1). Four children died during hospital admission
(aged 0, 14, 14 and 19 years).

The majority of adverse drug reactions occurred in the children aged 0-<2 years
(N=4,112; 74%) and 16-20 years (N=511; 9%). In the lowest age category, the
proportion of ADR-related admissions was 169/100,000 children. For the oldest
children, the proportion was second highest: 11/100,000 children. In the mid-
dle age categories, numbers were more or less similar between boys and girls.
Within the lowest and highest age categories, girls exceeded boys in number and
proportion of ADR related admissions. The proportion of ADR-related admis-
sions almost doubled over the years from 17 to 32 per 100,000 children (relative
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Table 5.1 ADR-related hospital admissions stratified by age, sex and calendar-year

Agein years

0-<2

7-<11

11-<16

16-20

All ages

Calendar-year
2000
2001
2002
2003
2004
2005

ADR=adverse drug reaction; RR=relative risk; ref=reference category. * statistical significant

Total
Boys (%)
Girls (%)

Total
Boys (%)
Girls (%)

Total
Boys (%)
Girls (%)

Total
Boys (%)
Girls (%)

Total
Boys (%)
Girls (%)

Total
Boys (%)
Girls (%)

Number of children

N (%)

2,434,000
1,247,000 (51,2)
1,187,000 (48,8)

5,990,000
3,065,000 (51,2)

2,925,000 (48,8)

4,777,000

2,443,000 (51,1)
2,334,000 (48,9)

5,905,000

3,020,000 (51,1)
2,885,000 (48,9)

4,557,000

2,334,000 (51,2)

2,223,000 (48,8)

23,663,000
12,109,000 (51,2)
11,554,000 (48,8)

3,870,000
3,908,000
3,941,000
3,967,000
3,988,000
3,989,000

risk (RR) 1.88, 95% CI 1.05, 3.39).

ADR-related
admissions
N (%)
4112
2,052 (50)
2,060 (50)
393

245 (62)
148 (38)
202

120 (59)
82 (41)
352

184 (52)
168 (48)
51

190 (37)
321 (63)
5,570
2,791 (50)
2,779 (50)

673
695
797
994
1,148
1,263

ADR-related
admissions
/100,000
children

169
165
174

7
8
5
4
5
4
6
6
6

1

8
14
24
23
24

RR (95% Cl)

15.07 (14.47,15.68)*

0.59(0.53,0.65) *

0.38(0.33,0.43) *

0.53 (0.48,0.59) *

Ref

The admissions for drug effects through the placenta or breast milk accounted
for the majority of the ADR-related admissions (N=3,666 (89%)), all within the
lowest age category (50% in boys). In 2000, the first year of the analysis 56% of
the ADR-related admissions in children were due to drug effects through the pla-
centa or breast milk, increasing to 72% in 2005. Of these, 7% was related to nar-
cotics, 6% to hallucinogenic agents, and 2% was related to anti-infective agents;
the majority of these ADRs was related to ‘other’ drugs. Within the separate age
categories, 'antineoplastic and immunosuppressive drugs’ and ‘insulins and anti-
diabetic drugs’ were the most frequently reported drugs (table 5.2).
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The five classes with the largest number of admissions due to an ADR were
‘primarily systemic agents' (N=402, 7.2%), 'hormones and systemic substitutes’
(N=266, 4.8%), ‘'other and unspecified drugs and medicinal substances’ (N=145,
2.6%), 'antibiotics’ (N=124, 2.2%), and 'bacterial vaccines' (N=123, 2.2%). Follow-
ing in this range of admissions, were ‘analgesics, antipyretics and antirheumatics’,
‘psychotropic agents’ and ‘anticonvulsants and anti-Parkinsonism drugs’.

Within these drug classes, some drug groups caused the majority of reactions.
For the five largest classes of admission-causing drugs, these were ‘antineoplas-
tic and immunosuppressive drugs’ (86% of 402 admissions), ‘insulins and antidia-
betic agents’ (65% of 266 admissions), ‘unspecified drug or medicinal substance’
(66% of 145 admissions), ‘penicillins’ (57% of 124 admissions), ‘pertussis vaccine,
including combinations with a pertussis component’ (89% of 123 admissions).

Table 5.2 Most frequently reported drugs causing ADR-related hospital admissions

Agein years Drug related to admission N (% within age category)
0-<2* Pertussis vaccine 108 (26)
Penicillin 26 (6)
Thyroid 25 (6)
Antineoplastic and immunosuppressive drugs 25 (6)
2-<7 Antineoplastic and immunosuppressive drugs 116 (33)
Insulins and antidiabetic drugs 33(9)
Unspecified 25(7)
Anticonvulsants 20 (6)
7-<1® Antineoplastic and immunosuppressive drugs 57 (33)
Insulins and antidiabetic drugs 37 (22)
Unspecified 11 (6)
Anticonvulsants 8(5)
11-<16°® Antineoplastic and immunosuppressive drugs 64 (23)
Insulins and antidiabetic drugs 61 (22)
Adrenal corticosteroids 12 (4)
Anticonvulsants 12 (4)
16-20°® Antineoplastic and immunosuppressive drugs 82(19)
Insulins and antidiabetic drugs 39(9)
Antirheumatics 33(8)
Penicillin 17 (4)

A ADR related admissions attributed to drug effects through placenta or breast milk (N=3,666) are not included
in this table. Another large group of ADRs ('drug reaction and intoxication to the newborn’; N=57) is not included
because information on related drugs was missing. Percentages are calculated without these admissions. & Drug
groups causing the ADR 'toxic hepatitis’ could not be included because of missing information on drugs related to

the admission.
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ADR-related hospitalisations

For the ten most prominent drug groups, most of the proportions of ADR-relat-
ed admissions were highest in the middle age category, except for ‘antineoplastic
and immunosuppressive drugs’ and ‘insulins and antidiabetic drugs’ (table 5.3).
Taking into account the total number of prescriptions within the certain drug
groups, the youngest age category was at the highest risk to be admitted to a
hospital due to an ADR compared to the oldest children (table 5.4). Risks for
boys and girls showed large overlap within the different drug groups. However,
the risk to be hospitalised due to an ADR related to ‘antineoplastic and immu-
nosuppressive drugs’ was remarkably high in girls in the youngest age category,
compared with both older children and boys (RR 16.53 (95% CI 10.88, 25.11) and
RR 2.72 (95% CI 1.24, 5.98), respectively).

Hypoglycaemia, due to ‘insulins and antidiabetic drugs’, accounted for the major-
ity of admissions (table 5.5). For ‘antineoplastic and immunosuppressive drugs’
the most frequent ADR was neutropenia. Adverse drug reactions due to anticon-
vulsants were mainly poisoning or unspecified drug reactions. Of the specified
reactions, penicillin most frequently caused dermatitis as a reason for hospital
admission; most frequent reactions following pertussis vaccine were syncope/
collapse and convulsions. Although the number of hospital admissions related to
ADRs attributed to pertussis vaccine was relatively high overall, these numbers
decreased over the years from 30 admissions in 2000 to 2 admissions in 2005.

Discussion

Our study showed the variety of adverse drug reaction (ADR)-related hospital
admissions in children and adolescents in the Netherlands over a six-year period.
As far as we are aware, this is the first study in which ADRs are combined with
prescription data on a national basis.

In the current study, we showed that ADRs accounted for 0.75% of all paediatric
hospital admissions in the period between 2000 and 2005. This is somewhat
lower than expected from the literature. A review and meta-analysis from 2001
showed a range from 0.59 to 4.1% of incident ADRs leading to paediatric hospital
admissions with a weighted average of the five studies of 2.09% (95% CI 1.02,
3.77)13 A more recent literature review showed an admission rate between 0.6
and 6% of hospitalisations due to ADRs, with a weighted average of 1.8% (95%
CI 0.4, 3.2).12 These differences can partly be explained by differences in study
design of the studies included in the analysis, e.g. lower number of hospitals in-
cluded, shorter study period and/or broader definition of the outcome. Besides,
other factors can contribute to variation in the proportion of ADR related hospi-
tal admissions like time and age, the type of drugs and sex, which we will discuss
below. The passive coding of ADR relatedness (non-mandatory E-codes) of the
admission diagnosis at discharge is most probably responsible for an underesti-
mation of the cumulative incidence of ADR related admissions.
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Table 5.4 Relative risks for ADR related hospital admissions relative to the total number

of prescriptions.

a. Relative risks by age (11-20 years as reference category)

Drug group (ATC group)

Antineoplastic and immunosuppressants (L)

Insulins and antidiabetic drugs (A10)

Pertussis vaccinea

Penicillins (JO1C)

Other anticonvulsants (NO3A)

Antirheumatics (M01+M02)

Anti-allergic / anti-emetic drugs (AO4A+R06A)
Adrenal corticosteroids (H02A/B)

Other antibiotics (JO1X)

Thyroid and derivatives (H03A/B)

Age 0-<2 years

RR (95% CI)

16.53 (10.88, 25.11) *
5.17 (1.64, 16.28) *
n.a.

1.37(0.79, 2.37)
12.33(6.38,23.83) *
58.04 (26.44, 127.44) *
5.96 (2.72,13.10) *
5.38(2.30,12.58) *
7.99 (2.40, 26.60) *

n.a.

b. Relative risks by sex (boys as reference category)

Drug group (ATC group)

Antineoplastic and immunosuppress drugs (L)

Insulins and antidiabetic drugs (A10)

Pertussis vaccine®

Penicillins (JO1C)

Other anticonvulsants (NO3A)

Antirheumatics (M01+M02)

Anti-allergic / anti-emetic drugs (AO4A+R06A)
Adrenal corticosteroids (H02A/B)

Other antibiotics (JO1X)

Girls versus Boys
RR (95% Cl)

2.72(1.24,5.98) *
0.67 (0.06, 7.39)
n.a.

0.97 (0.45, 2.11)
1.78(0.62, 5.12)
2.10(0.57,7.83)
2.49 (0.59, 10.40)
1.59(0.43,5.93)
2.64(0.24,29.13)

Age 2-<11 years
RR (95% CI)
2.51(2.02,3.13) *
2.29(1.68,3.10) *
n.a.
0.33(0.18,0.59) *
1.67 (0.97, 2.89)
13.87 (7.57, 25.40) *
1.41 (0.77, 2.59)
1.29 (0.59, 2.84)
1.62(0.72, 3.62)

n.a.

Age 11-20
years
ref
ref
n.a.
ref
ref
ref
ref
ref
ref

n.a.

Girls versus Boys Girls versus Boys

RR (95% CI)

0.30(0.22,0.42) *
0.98 (0.61, 1.57)
n.a.
1.42(0.57, 3.54)
0.84(0.39, 1.79)
1.36 (0.59, 3.16)
1.86 (0.31,11.15)
1.77 (0.57, 5.49)
0.11 (0.03, 0.44) * 0

RR (95% Cl)

0.75(0.54, 1.04)
1.09(0.74, 1.61)

n.a.
0.99 (0.45,2.18)
1.57 (0.70, 3.53)
1.23(0.47,3.21)
1.52(0.80, 2.87)
1.03 (0.35, 3.06)
.02 (0.01,0.04) *

Thyroid and derivatives (HO3A/B) 0.92 (0.42, 2.01) n.a. n.a.

n.a.=not applicable; absence of cases in the reference category; “Complete prescription data of this vaccine were
not available; administration of this vaccine is part of the National Vaccination Program; “Statistically significant.

Ref=reference category

Time and age

An increase in the proportion of ADR-related admissions was present over time,
mainly contributed by an increase in ADRs related to drug effects through the
placenta and breast milk in the youngest children. Drug use during pregnancy
is of high concern and therefore, pregnancy prevention programs (PPPs) have
been implemented for certain teratogenic drugs to prevent pregnancies dur-
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ing use. The effect of these programs is however questioned.'3?13* The relatively
high proportion of ADRs in children due to drug use of the mother instead of
the child, was also seen by a study in the FDA's Adverse Event Reporting System
(AERS).13> Although a notable proportion of these effects were due to narcotics,
hallucinogenic agents and anti-infective agents, in the majority of cases the type
of drugs was not appointed and marked as ‘other drugs’ (85%). This could either
indicate the involvement of different drugs or the lack of specification in the
coding system. Although the administration of drugs during pregnancy cannot
always be circumvented, the proportion of ADR-related admissions in children
related to maternal causes is high and requires extra attention.

Besides hospital admissions related to these maternal drug effects, admission
rates in the youngest children were highest compared to the other age catego-
ries. This suggests that either the youngest children are more prone to devel-
op ADRs requiring hospitalisation, or ADRs are more frequently recognised for

Table 5.5 Most frequent ADRs per drug group leading to hospitalisation, accounting for
minimal 50% of admissions per drug group (max 4).

Drug Group Adverse Drug Reaction N
Antineoplastic and immunosuppressive drugs (N=344)  Neutropenia 100
Fever 63
Aplastic anemia 57
Insulins and antidiabetic drugs (N=173) Hypoglycemia 131
Pertussis vaccine (N=109) Syncope/collaps 32
Unspecified 23
Convulsion 14
Penicillins (N=70) Unspecified 20
Dermatitis 17
Anticonvulsants (other) (N=66) Poisoning 16
Unspecified 13
Effects via placenta or breast milk 5
Antirheumatics (N=56) Poisoning 18
Other adverse effect 12
Anti-allergic / anti-emetic drugs (N=51) Poisoning 17
Other adverse effect 10
Unspecified pyramidal disease 5
Adrenal corticosteroids (N=34) Corticoadrenal insufficiency 5
Diabetes with unspecfied complications 4
Cushing’s syndrome 3
Fetus affected by drug use 3
Antibiotics (other) (N=34) Other adverse effect 10
Dermatitis 8
Thyroid and derivatives (N=27) Fetus affected by drug use 24

Results are shown for the ten most prominent drug groups in causing ADR-related hospital admissions
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these children. Our results are consistent with the literature; an increased risk of
ADR-related admissions in children under 12 months of age, relatively to other
ages, was shown previously in a study by Kramer et al.%

The relatively higher frequency and risk of ADR-related hospital admissions, rela-
tive to the number of prescriptions, in the youngest children within our study
can be explained by several factors. First of all, pharmacokinetics and pharma-
codynamics are age-dependent and the largest differences with adults exist in
this youngest age category.'® Due to these differences young children are more
prone to develop ADRs. Second, young children are more likely to experience
medication and dosing errors since formulations of many drugs are not suitable
for young children. It is known that this leads to a higher frequency of ADRs and
also more severe ADRs.**® Third, it is assumed that off-label use is related to a
higher frequency of ADRs”!* and off-label drug use is highest in the youngest
children.®* Qur results emphasize that in the youngest children more effort and
research is necessary to limit the off-label use and stimulate development of
proper paediatric formulations and precautions.

Type of drugs

As also shown by others, the drug groups most frequently accounting for the
ADR-related admissions in our study were antineoplastic and immunosuppres-
sive drugs.’® This is not surprising in view of their toxicity and the indications for
which these drugs are used. Antimicrobial drugs and anticonvulsants, the fourth
and fifth causing drug groups within this study, were in the top five of causative
drugs in other studies as wel|.140-142

We found a large contribution of pertussis vaccine to the ADR-related admis-
sions. Pertussis vaccination has been part of the Dutch National Vaccination Pro-
gramme since 1952 with a vaccination coverage of approximately 96%.** Since
1996, there has been an increase in number of pertussis cases within the Nether-
lands, especially in children under the age of 3 months.** Effectivity of the vac-
cine had decreased due to adaptation of and increased toxin production by the
B. pertussis strains.'*>In 1999, a change in the vaccination programme resulted in
administration of the first four vaccines a month earlier than usual.**¢ This might
have led to increased awareness in the beginning of this period, leading to in-
creased reporting of a possible ADR as a cause for hospital admission. The num-
ber of pertussis-vaccine-related hospital admissions decreased over the study
period. In 2005, a non-cellular vaccine was introduced, which was expected to be
more effective and to have a lower risk for ADRs.14¢
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Sex differences

Differences in ADR-related hospital admissions between boys and girls have
been described in previous studies, though results are conflicting.136147148

The results from our study suggest that girls are more frequently involved in
ADR-related admissions in the lowest and highest age categories, whereas the
proportion of ADR-related admissions in the middle age categories is compa-
rable between the sexes. The main difference between boys and girls was seen
in the ‘antineoplastic and immunosuppressive drugs'. Possibly, pharmacokinetic
differences at young age also play a role in this difference.13714

Strengths and limitations

One of the strengths of our study is the availability of nationwide data on dis-
charge diagnoses of all hospitalisations over a six-year period. Data on drug use
were also available for the same period, which illustrated the use of the various
drugs as a background of ADR occurrence. Our study did not cover the years
after implementation of the new European legislation, which made it impossible
to study its direct effect on drug safety. Data on drug use were not discernible
on an individual basis, so we were unable to match these with the ADR related
hospitalisations. Therefore, interaction between the various drugs could not be
studied. Although adjustment for age was done in the first analysis, this was not
possible in the analysis with total drug prescriptions. Another limitation is the
different coding systems used by the two databases in our study. Because of
the passive coding of ADR relatedness of the admission diagnosis at discharge,
the cumulative incidence of ADR related admissions is probably underestimated.
However, this underestimation is probably the same for all age categories and for
different sexes and will not influence the relative risks.

Conclusions

Adverse drug reactions accounted for 0.75% of all paediatric hospital admissions
in the period between 2000 and 2005. The risk of ADR related hospital admis-
sions was highest in the youngest children in comparison to the older children.
Drug effects through placenta and breast milk contributed the largest part to
the total number of admissions, affecting the youngest children. Differences be-
tween boys and girls in ADR-related admissions do exist, but definitive conclu-
sions cannot be drawn from this study.

From a regulatory perspective, these results emphasize the importance of sur-

veillance of safe drug use in children. Drug use in the youngest children and use
during pregnancy and lactation might require extra precaution.
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Abstract

During the 2009 influenza A (HLN1) pandemic several pandemic H1IN1 vaccines
were licenced using fast track procedures, with relatively limited data on the
safety in children and adolescents. Different extensive safety monitoring efforts
were put in place to ensure timely detection of adverse events following immu-
nisation. These combined efforts have generated large amounts of data on the
safety of the different pandemic H1IN1 vaccines, also in children and adolescents.
In this overview we shortly summarise the safety experience with seasonal in-
fluenza vaccines as a background and focus on the clinical and post marketing
safety data of the pandemic H1N1 vaccines in children. We identified 25 different
clinical studies including 10,505 children and adolescents, both healthy and with
underlying medical conditions, between the ages of 6 months and 23 years. In
addition, large monitoring efforts have resulted in large amounts of data, with
almost 13,000 individual case reports in children and adolescents to the WHO.
However, the diversity in methods and data presentation in clinical study publi-
cations and publications of spontaneous reports hampered the analysis of safety
of the different vaccines. As a result, relatively little has been learned on the
comparative safety of these pandemic HINL1 vaccines - particularly in children.
It should be a collective effort to give added value to the enormous work going
into the individual studies by adhering to available guidelines for the collection,
analysis, and presentation of vaccine safety data in clinical studies and to guid-
ance for the clinical investigation of medicinal products in the paediatric popula-
tion. Importantly the pandemic has brought us the beginning of an infrastructure
for collaborative vaccine safety studies in Europe, the United States and globally.
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Introduction

In the course of the 2009 influenza A (H1IN1) pandemic, different pandemic HIN1
vaccines were made available to children and adolescents across the world at an
unprecedented scale and speed. Several pandemic HIN1 vaccines were devel-
oped to mitigate the impact of the pandemic. All were based on the same isolate
influenza A/California/7/2009 (HIN1)v. However, vaccines differed in the meth-
ods for virus propagation, purification, and inactivation, as well as antigen prepa-
ration, the amount of antigen in the vaccine, the presence and type of adjuvants,
and the presence of other excipients. Most pandemic HIN1 vaccines were found
to elicit a sufficient immune response after one dose for (healthy) persons aged
10 years and above. For children between 6 months and three years of age a
second dose was recommended, and for some vaccines a second dose was also
recommended for children between three and nine years of age.’ Following
official recommendations from the World Health Organisation (WHO),**! Cent-
ers for Disease Control (CDC),**? the European Union (EU)!* and national health
authorities, children in most countries were amongst the target groups of pan-
demic HIN1 vaccination campaigns. In some countries only children with under-
lying co-morbidities were targeted, in other countries also healthy children with
or without age restrictions were vaccinated.’

Adjuvanted and non-adjuvanted monovalent pandemic H1IN1 vaccines had been
licenced in 2009 through fast track procedures in order to ensure availability.?>>156
Due to this fast track authorisation process, only limited safety data was avail-
able prior to wide spread distribution. The non-adjuvanted H1N1 vaccines were
expected to have a similar safety profile to the well-established non-adjuvanted
seasonal influenza vaccines for all age categories.”*”!*® However in many coun-
tries in Europe and in Canada pandemic HIN1 vaccines with oil-in-water adju-
vants (AS03, MF59) were used, also in children. At the time vaccination campaigns
started, clinical data on these pandemic H1N1 vaccines in children was very limit-
ed. The safety profile for these vaccines was mostly based on non-clinical testing
and on data derived from clinical studies with avian influenza mock-up vaccines,
in addition to experience with an MF59 adjuvanted vaccine for over a decade in
elderly in Italy.!>>159160

Due to the scale and scope of the pandemic HIN1 vaccination campaigns and
the paucity of safety data, a stringent risk management plan including the capac-
ity for early detection of adverse events was essential. Extensive monitoring of
the safety of the vaccines was put in place through boosting of existing national
and international passive surveillance systems (e.g. EudraVigilance, World Health
Organisation-Uppsala Monitoring Centre (WHO-UMC), United States’' (US) Vac-
cine Adverse Events Reporting System (VAERS), Canadian Adverse Events Follow-
ing Immunisation Surveillance System (CAEFISS) and Immunisation Monitoring
Program ACTive (IMPACT), and the Australian Adverse Drug Reactions System
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(ADRS)) and through new active surveillance activities in the US and the EU.161162
Adverse events of special interest (AESIs), listed by the Committee for Human Me-
dicinal Products (CHMP) in Europe and the Food and Drug Administration (FDA),
included neuritis, convulsions, anaphylaxis, encephalitis, vasculitis, Guillain-Barré
syndrome (GBS), Bell's palsy, demyelinating disorders, and laboratory-confirmed
vaccination failure. In the US, the FDA and Centers for Disease Control and Pre-
vention (CDC) conducted active surveillance for the 2009 pandemic HIN1 vac-
cines through the newly established Post-Licensure Rapid Immunisation Safety
Monitoring (PRISM) project and the existing Vaccine Safety Datalink (VSD).*¢? Un-
der the auspices of WHO, a global study was initiated on the association between
pandemic HIN1 vaccines and GBS. The European Centre for Disease Prevention
and Control (ECDC) funded the Vaccine Adverse Event Surveillance & Commu-
nication (VAESCO) project to investigate the background rates of AESIs and the
association between pandemic HIN1 vaccines and GBS in European countries.'®®

The different passive and active surveillance efforts generated large amounts of
information on the safety of the pandemic H1N1 vaccines, including in children.
In this overview we shortly summarise the safety experience with seasonal in-
fluenza vaccines as a background and focus on the clinical and post marketing
safety data of the pandemic H1N1 vaccines in children. Although the monovalent
pandemic HIN1 vaccines are not expected to be used again on a large scale any
time soon, the safety of these vaccines may have wider implications for the use of
(adjuvanted) influenza vaccines in children, and lessons can be learned for future
safety monitoring efforts in mass vaccination campaigns.

To find data on the safety of pandemic HIN1 vaccines in children we searched
Pubmed using the MESH term [influenza vaccines] which was subsequently lim-
ited to 'All child (0-18 years)' and to articles published in the past three years.
Further publications were derived from reference lists of identified articles and
unpublished data was sought specifically to identify clinical studies, post market-
ing studies and case reports with data on the safety of pandemic H1N1 vaccines
in children. In addition we searched websites of national health authorities and
international health and regulatory organisation.164-1¢7

Background: experience with seasonal
influenza vaccines in children

Existing evidence on traditional trivalent inactivated vaccines shows that these
vaccines are generally well tolerated, with a minority of recipients reporting mild
transient systemic reactions such as fever, malaise and myalgia.’*"16817> Systemic
symptoms mostly occur in young children (6 months — 3 years). This may be
related to the first exposure to the viral antigens as part of the vaccine.’? In a
review of the safety of trivalent inactivated vaccines in children under 2 years
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from VAERS, the most frequently reported adverse events were fever, rash, in-
jection-site reactions and febrile seizures.'”® A signal related to febrile seizures
in young children following trivalent inactivated vaccines as detected in VAERS
was not confirmed in further studies.'’” Live attenuated influenza vaccines have
been found to be equally safe as inactivated influenza vaccines in children. How-
ever, in infants and toddlers under the age of 2 years an increase in wheezing
or reactive airway disease occurred in association with live attenuated influenza
vaccines. Therefore, the use has been restricted to children over 2 years, and not
recommended for children between 2 and 3 years with asthma or with recurrent
wheezing.178-182

Serious adverse reactions following seasonal influenza vaccination are rare, 70174183
and include (febrile) seizures, anaphylaxis, exacerbation or new onset of asthma,
GBS, oculo-respiratory syndrome (ORS) and Bell's palsy.174176.184-187

Safety of pandemic H1N1 vaccines in children:
data from clinical studies

The safety data of inactivated influenza vaccines coming from clinical studies
focus mostly on solicited and unsolicited local and systemic reactions, as other
vaccine related adverse events are uncommon and clinical studies are generally
too small to detect rare adverse events. Consequently, this section will mostly
concentrate on the reactogenicity of the different vaccine formulations.

We identified 15 publications in peer reviewed journals regarding 13 clinical stud-
ies of different pandemic HIN1 vaccines which reported safety data in healthy
children.'®203 An overview of these studies is given in table 6.1.

Monovalent non-adjuvanted inactivated pandemic HIN1 vaccines

In total, nine publications on seven clinical studies were identified that reported
data on the safety of monovalent inactivated pandemic HIN1 vaccines in healthy
children 188193196198 Thegse studies were conducted in Australia, China (N=2), Costa
Rica, Korea, Taiwan and the US. Each study evaluated two doses with varying
amounts of antigen. In total, the identified studies included 6,511 children be-
tween 6 months and 18 years of age who were exposed to inactivated split or
subunit pandemic HIN1 vaccines. In none of the studies vaccine related serious
adverse events, deaths or AESIs were reported.

All studies, except Liang et al,, recorded events over a period of 7 days following

vaccination and all studies examined two doses. There was, however, little con-
sistency between studies regarding event definition and event types recorded.
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Safety of HIN1 vaccines

Lu et al. *® is the only study reporting ‘nasal congestion’ with inactivated vaccines
and reported this as the most common systemic reaction in all age categories.
Liang et al. considered a body temperature of 37.1°C as fever, whilst other stud-
ies reported fever as a body temperature >38°C, and Plennevaux et al. only re-
ported fever above >39.5°C for children up to two years of age and >39.0°C for
older children. Moreover, studies were inconsistent in the age categories used to
present their results. Because of the methodological differences between stud-
ies and the heterogeneity of safety reporting, comparisons of the frequency of
reactogenicity to vaccination can only reliably be made within studies.

Two of the identified studies were placebo controlled studies.**!% Plennevaux
et al. did not detect differences in reactogenicity between the inactivated pan-
demic HIN1 vaccine and placebo. Conversely, Liang et al. observed increased
reactogenicity associated with the vaccine as compared to the placebo. The ab-
solute reactogenicity in this study was lower than in the study of Plennevaux et
al. This may possibly be due to the shorter observation period (3 days compared
to 7 days) in the study by Liang et al.

Two studies detected higher reactogenicity associated with the first dose, %09
three studies did not find noticeable differences between the first and second
dose!®8189.193 and one study found an increased reactogenicity associated with
the second dose.!*?

The frequency of events per age category across studies ranged significantly.
Local reactions were reported by 27% to 54% of children between 6 months and
3 years, by 15% to 61% of children between 3 and 12 years old and by 13% to
36% of children between 9 and 18 years old, dependent on the study. Systemic
reactions following the first dose were reported in 31% to 58%, 17% to 35% and
16% to 58% of children respectively. This may also be due to differences in study
methodology and data presentation.

Not all studies reported all local or systemic reactions per age category.9219319%
Zhu et al. 2 evaluated the effect of age on the safety of the vaccine, and found
higher systemic reactogenicity for adolescents (12-17 years) as compared to chil-
dren (3-11 years). However, they did not present numbers or types of reactions
per age category. No clear effect of age was seen by Liang et al.'*® Other studies
did not compare the reactogenicity between age categories.

None of the studies specifically evaluating the amount of antigen in the vaccine
found either an increased or decreased reactogenicity with increasing amounts of
antigen per dose.'?°192193 The results from Liang et al. do point towards an increase
inreactions with antigen dose. Unfortunately this data was not reported separately
for children. Lu et al. reported increased pain at injection site associated with the
15ug formulation as compared to the 7.5ug formulation. However, the 7.5ug was
given to children at 1 to 2 years of age whilst only older children received the 15
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Safety of HIN1 vaccines

ug formulation and the expression of pain is subject to age specific differences.
Considering the reactogenicity reported in the studies for inactivated non-ad-
juvanted pandemic HIN1 vaccines, no clear pattern of an age, dose or antigen
related effect emerges. Overall, little can be concluded on the available data,
besides that no alarming safety issues for the monovalent inactivated pandemic
H1N1 vaccines have emerged from clinical studies. The limited comparability of
pre-licensure vaccine safety data from published studies is a missed opportunity
given that the issue is known, standardised case definitions and guidelines for
data collection, analysis, and presentation are available for adverse events fol-
lowing immunisation (AEFI) of interest related to influenza vaccines and their use
is recommended by regulatory authorities.2%4-207

Live attenuate pandemic HIN1 vaccines

One study was identified that evaluated a live attenuated pandemic HIN1 vac-
cine in children.?®® Mallory et al. randomised 326 children aged 2 to 17 years
to either live attenuated pandemic HIN1 vaccine (N=261) or placebo (N=65),
and did not see a significant difference in rates of solicited reactions or adverse
events. Less solicited reactions and adverse events occurred following the sec-
ond dose compared to the first. No vaccine related serious adverse events were
reported.

Monovalent adjuvanted pandemic HIN1 vaccines

Nine studies were identified with pandemic HIN1 vaccines with either oil-in-
water adjuvants (MF59, AS03) or aluminium adjuvants.192194-202 Safety data were
reported for 230 children exposed to MF59, 1,224 exposed to AS03 (255 to AS03a
and 969 to AS03g), and 1,394 children exposed to aluminium adjuvanted vac-
cines. Local and systemic reactogenicity for the oil-in-water adjuvants is pre-
sented in table 6.2.

MF59

Two studies were identified reporting data on two different MF59 adjuvanted
pandemic HIN1 vaccines.’¥®% Yasuda et al. compared a half dose versus a full
dose of a cell culture-derived MF59 adjuvanted pandemic HINL1 vaccine in chil-
dren aged 6 months to 19 years in Japan, given in two doses.'*® They found that
the full vaccine dose (7.5ug) was more reactogenic than the half dose, and that
the frequency and severity of reactions did not increase after the second dose.
There were five serious adverse events reported in this study, all of which were
considered unrelated to the vaccine. These concerned one fracture and four in-
stances of influenza: three children who contracted influenza A infections and
one child an influenza B infection. One child developed influenza A (HIN1) six
days after receiving the first dose of the 3.75ug vaccine and two children who de-
veloped influenza A, seven and 25 days after the first dose of the 7.5ug vaccine.
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Arguedas et al. evaluated the safety of an egg-based MF59 adjuvanted pandemic
H1N1 vaccine and compared this to an inactivated split pandemic H1N1 vaccine
in children aged 3 to 17 years.’® The adjuvanted vaccine was more reactogenic
than the non-adjuvanted vaccine, which was most apparent in children between
9 and 17 years. Similar local reactogenicity was seen following the first and sec-
ond dose whereas systemic reactogenicity was lower with the second dose. Chil-
dren aged 9 to 17 years reported more systemic reactions compared to children
aged 3 to 8 years. Although fever (>38°C) was solicited as adverse event, no
information on fever was reported.19719

ASO3

Five different clinical studies were identified that evaluated the safety of AS03-
adjuvanted pandemic HIN1 vaccines in children. Two compared 1.9ug ASO3s
with 3.75pg ASO3a-adjuvanted vaccines,?°°2%2 a non-comparative study evaluated
the 1.9ug AS03s formulation®! and one study compared the 1.9ug AS03g adju-
vanted vaccine with a whole virion cell culture-derived vaccine!**'** in different
age categories.

Carmona et al.?? found that in children aged 6 months to 3 years local reactions
increased with the 3.75ug ASO3a-adjuvanted vaccine compared to the 1.9ug
ASO03s-adjuvanted vaccine, though not significantly. Similar observations were
made by Garcia-Scilia et al. in children aged 3 to 17 years, where a higher amount
of antigen and adjuvant was associated with higher reactogenicity.?*°

In the study by Carmona et al. mild, moderate and sever local and systemic reac-
tions increased with the second dose, most notably for fever which was reported
by approximately 20% following the first dose and around 70% following the
second dose for both formulations.?®? Garcia-Scilia et al. also saw an increase in
systemic reactions following the second dose compared to the first dose, how-
ever this was mainly with the 3.75 pg AS03a formulation and, unlike Carmona et
al., was not significant for local reactions (not included in table 6.2 as information
was not presented numerically).?*

Scheifele et al. reported much lower fever rates of 3.6% after the first dose and
8.6% after the second, yet also showing a significant increase with the second
dose in children aged 6 months to 3 years.?%! The lower rates could be the result
of the difference in definitions of fever applied in the studies, although other fac-
tors might play a role as well. Waddington et al. also found the second dose to
be more reactogenic than the first dose, most pronounced for fever in children
between 6 months and 5 years (8.9% vs. 22.4%). They did not see an increase in
fever following the second dose for children aged 5 to 12 years (7.7% vs. 6.3%).1%

One AESI occurred in the study by Waddington et al. A child aged 11 months
developed reactive arthritis following vaccination, which was judged possibly
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related to the vaccine, and resolved within 10 days.?**1%> No AESIs or vaccine re-
lated serious adverse events were reported by the three other studies.

Aluminium

Two studies included aluminium adjuvanted pandemic HIN1 vaccines with dif-
ferent amounts of antigen in different age categories.’®219 Solicited local adverse
events following the first dose varied between 12% and 27.4%. There was no
apparent relation between reactogenicity and amount of antigen or age for the
aluminium adjuvanted formulations. Zhu et al. found that the adjuvant was asso-
ciated with increased systemic reactogenicity. A similar trend can be seen in the
data by Liang et al,, although this data was not presented for children separately.

Whole virion pandemic H1N1 vaccines

The study by Waddington et al. evaluated a whole virion cell culture-derived
pandemic HINL1 vaccine in comparison to an ASO3 adjuvanted vaccine.'** The
whole virion vaccine appears to be less reactogenic compared to the AS03 adju-
vanted vaccine, as can be seen in table 6.2. For example, less severe local reac-
tions were reported following the whole virion vaccine; 1.1% vs. 7.2% after the
first dose in children over 5 years. This was seen over almost the entire range of
solicited adverse events. No clear difference between the first and second dose
was seen in children less than 5 years of age. In children between 5 and 12 years
of age the second dose was associated with a reduced rate of ‘feeling unwell’
(15% vs. 25% after the first dose), yet an increase in nausea and vomiting (10%
vs. 1% after the first dose), which was not seen for the AS03 adjuvanted vaccine.

Studies in children with underlying medical conditions

Ten studies were identified that evaluated different pandemic HIN1 vaccines in
a total of 431 children and adolescents with underlying disease.?®*'7 An ad-
ditional study investigated pandemic HIN1 vaccination in 390 persons with
asthma, including adolescents 12 years and above.?*® An overview of all stud-
ies is presented in table 6.3. Most were single intervention, observational
studies.?8-211218 Two studies included healthy controls,?*32'* and one study in-
cluded hospital controls with different medical conditions.?! The two remain-
ing studies evaluated the effect of simultaneous vs. sequential administration
of seasonal and pandemic HIN1 vaccines in paediatric kidney patients?* and
HIV-infected patients.?!2 None of the studies compared adjuvanted and non-
adjuvanted vaccine formulations. Two studies did not report any safety out-
comes,?%217 and the study in five paediatric heart transplant patients was too
small for meaningful observations.?! Torii et al. only reported that there were
no systemic reactions and no allograft rejections in a cohort of renal trans-
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Safety of HIN1 vaccines

plant patients,?!® and Busse et al. only reported safety findings by asthma
severity in a cohort of asthma patients aged 12-79 years.?!® The studies that
included healthy controls did not observe any difference in reactogenicity or
safety in children and adolescents with underlying medical conditions. The
study in paediatric cancer patients had a relatively low fever rate, however all
participants with fever had to be hospitalised and treated with intravenous
antibiotics and two became neutropenic.?® No other significant adverse
events were seen in any of the studies found.

Spontaneous reports, case reports,
surveillance efforts

Several overviews on reported adverse events after administration of pandemic
H1IN1 vaccines have been published worldwide.'64167219232 Reported events are
mostly presented in stratified age categories, often including paediatric groups.
Only few publications actually present age-specific reporting rates.???>* An over-
view of the number of reported events in children and adolescents reported by
different sources is given in table 6.4. Importantly, many of the sources of spon-
taneous reports contain overlapping information as reports within national da-
tabases are also centrally collected by the WHO-UMC and, for European licenced
vaccines in the EudraVigilance database. As a result of the overlap, comparisons
between different publications are difficult to make.

Number of reports

The most complete overview of the number of spontaneous reports for children
and adolescents after administration of pandemic HINL1 vaccines is published
by the WHO-UMC.?2° Up to February 2011, 34,256 individual case safety reports
(ICSRs) on 110,883 suspected AEFI were received from 31 countries worldwide
spanning 11 different vaccine brands. Of these, 12,900 ICSRs (37.6%) were report-
ed for children and adolescents. The majority of the reports are in children aged
2-<11 years (N=7,650; 59.3% of reports on children). The most frequently sus-
pected vaccine was the AS03 adjuvanted vaccine (Pandemrix, N=6,260; 48.5%),
followed by reports for vaccines with unknown brand (N=5,249; 40.7%). For the
AS03 adjuvanted vaccine 46.1% of the reports were reported for the paediatric
population, of which 0.3% were related to neonates <28 days, 29.5% to infants/
children 28 days to 23 months, 57.5% for children age 2-<11 years, and 12.7%
for adolescents 12-<17 years of age. For each vaccine the WHO-UMC presented
the number of reported events stratified by system organ class (SOC) and the
number of reported adverse events of special interest. These results were not
stratified by age category.
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Reporting rates

We identified three studies that calculated reporting rates based on the number
of reported adverse events and the number of vaccinated persons.??22222¢ An
overview of the rates is given in table 6.5. These three studies were all based
on spontaneous reporting. Reporting rates for serious adverse events ranged
from 6.8 to 10.7 per 1,000,000 doses or vaccinated persons. The number of ex-
posed persons per vaccine has not been published. Rates for non-serious events
ranged from 82 to 120 per 100,000 doses or vaccinated persons. Reporting rates
for serious events tend to be higher in the younger children compared to ado-
lescents and adults. Vellozzi et al. compared the reporting rates for the pandemic
H1N1 vaccines with the events for seasonal vaccines in the previous seasons us-
ing the VAERS data. The rate for serious events was significantly higher for the
pandemic H1N1 vaccines for all age categories except for children under the age
of 5 years.??2

Wau et al.??® calculated reporting rates based on stimulated surveillance. This re-
sulted in higher reporting rates: 0.77% (95% CI 0.54-1.01) for children aged 4 to
11 years and 0.28% (95% CI 0.22-0.35%) for adolescents aged 12 to 17 years.

Differences in reporting rates acquired through spontaneous reporting and
those observed with active surveillance were also seen in the Spanish study by
Carvajal et al.®* Comparing spontaneous reporting rates with rates based on a
follow-up study it was estimated by the authors that the spontaneous report-
ing rates were 322-fold lower than the study rates. For serious events the rate of
spontaneous reports was 37-fold lower.

Figure 6.5 Reporting rates of adverse events based on spontaneous reporting for
pandemic HINL vaccines in children

Author Country  Vaccine Agegroup Serious Non-serious Total
inyears adverse events adverse events

Folkenberget Denmark Pandemrix 0-4 30.61/1,000,000 *
221
al. 5-14 27.02 /1,000,000 *
15-64 22.55/1,000,000 *
Vellozzi et al. 222 United Inactivated; 0.5-4 8.1/1,000,000* 113.2/1,000,000 *
States Live,
attenuated, 5-24  6.8/1,000,000 * 120.4/1,000,000 *
unknown
Liangetal.?*  China nonadjuvant, <9 10.7/1,000,000 ** 119.9/1,000,000 ** 130.6 / 1,000,000 **
split-virion
vaccins 10-19 7.7/1,000,000 **  82.4/1,000,000 ** 90.1 /1,000,000 **

Rates were transformed to 1/100,000 administered doses (*) or vaccinated persons (**) to enhance comparisons
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Types of events

Parretta et al. presented the number of reported events on a SOC level for three
paediatric age categories from Italy, all concerning the MF59 adjuvanted vac-
cine. For children aged 0.5-<2 years and 2-11 years, most reports were reported
for the SOCs 'General disorders and administration site conditions’ (59.5% resp.
63.6%), ‘Skin and subcutaneous tissue disorders’ (24.3% resp. 18.5%) and 'Nerv-
ous system disorders’ (24.3% resp. 25.3%). For adolescents aged 12-17 years
the reports were within ‘General disorders and administration site conditions'’
(66.1%), 'Nervous system disorders’ (32.2%) and 'Respiratory, thoracic and medi-
astinal disorders’ (8.5%).

For the pandemic HIN1 vaccines licenced centrally in Europe the most frequently
reported adverse events in children and adolescents per vaccine were published
by EMA.X” For the ASO3 adjuvanted pandemic HIN1 vaccine produced in Can-
ada (Arepanrix) these were anaphylactic reaction, cough, cyanosis, dyspnoea,
angioedema, urticaria, throat tightness, pyrexia, nausea, erythema, rash, pallor,
flushing, anaphylactic shock, hypersensitivity, depressed level of consciousness
and wheezing. For ASO3 adjuvanted pandemic HIN1 vaccine (Pandemrix) pro-
duced in Europe, the most frequently reported events were pyrexia, hyperpy-
rexia, vomiting, injection-site pain, headache, diarrhoea, cough, fatigue, rash,
decreased appetite, nausea, abdominal pain, malaise, injection-site erythema,
crying, somnolence, pallor, injection site swelling, listlessness, syncope, dysp-
noea, pain in extremity, febrile convulsion, influenza-like iliness, myalgia, urticar-
ia, dizziness, erythema, tearfulness and erythema. The only difference between
the two ASO3 adjuvanted vaccines is the production site, they can otherwise be
considered identical.323* For the whole virion cell culture derived vaccine, diz-
ziness, medication error, vomiting, nausea, pallor, pyrexia, headache, hypersen-
sitivity, syncope, underdose, injection site pain, rash, fatigue, malaise, diarrhoea,
vision blurred, feeling hot and wrong technique in drug usage process. For the
MF59 adjuvanted pandemic HIN1 vaccine the following adverse events were
most frequently reported in children: drug exposure during pregnancy, pyrexia,
headache, premature baby, hyperpyrexia, vomiting, cough, small for dates baby,
nausea, abdominal pain, diarrhoea, injection-site pain, myalgia, fatigue, influenza
like illness, large for dates baby, dyspnoea, rash, malaise, urticaria, infection and
convulsion.

Case reports

Six published case-reports were identified on children and adolescents expe-
riencing adverse events after administration of a pandemic HIN1 vaccine. Two
reports from Canada were identified. A 2-year old boy experienced bilateral optic
neuritis and acute disseminated encephalomyelitis (ADEM) after two doses of
AS03 adjuvanted pandemic HIN1 vaccine, > and an 11-year old boy was diag-
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nosed with GBS 13 days after vaccination with AS03 adjuvanted pandemic HIN1
vaccine.?®® Two reports after vaccination with unadjuvanted pandemic H1IN1 vac-
cines were reported from China. A 17-year old Chinese girl experiencing bilateral
sudden hearing loss 14 hours after vaccination?*” and a 13-year old boy diag-
nosed with acute transverse myelitis 5 days after vaccination.?*® One report con-
cerned a 9-year old boy from the United States with papular acrodermatitis of
childhood, or Gianotti-Crosti syndrome following vaccination with a live attenu-
ated intranasal pandemic HIN1 vaccine.?® The final report concerned a 6-year
old boy from France experiencing cytophagic histiocytic panniculitis 1 week after
the second injection of unadjuvanted pandemic H1N1 vaccine.?*

Observational studies, active surveillance

Few observational studies evaluating potential adverse effects of pandemic
H1IN1 vaccination been published so far, although several are still ongoing. A
German study compared adverse events following pandemic HIN1 vaccination
in 72 children and adolescents (1 to 19 years) after liver transplantation with 27
vaccinated healthy siblings and 243 from a database.?** Most common adverse
events reported were local symptoms. There was no significant difference in the
frequency of adverse events between patients and controls, except for head-
ache, diarrhoea, fatigue and muscle pain which were reported at lower rates in
the transplantation group. Another prospective cohort study, monitoring immu-
nocompromised and immunocompetent children and adolescents either immu-
nised with ASO03 or MF59 adjuvanted pandemic HIN1 vaccine, or with confirmed
influenza infection, found that adverse events increased with age and were more
frequent following exposure to AS03 adjuvanted vaccine than to MF59 adjuvant-
ed vaccine.?® In the Netherlands, a study into the occurrence of fever following
vaccination with the AS03 adjuvanted pandemic HINL1 vaccine in children be-
tween 6 months and 4 years of age was conducted.?? In this study, all parents
or caregivers reporting fever to the adverse drug reaction reporting database
of the Netherlands Pharmacovigilance Center (Lareb) following the first dose of
pandemic HIN1 vaccine were sent questionnaires. They found that 44% of chil-
dren who experienced fever following the first dose did not develop fever follow-
ing the second dose and that those with fever following the second dose experi-
enced a less severe course. Unfortunately, this study did not consider those who
did not develop fever following the first dose but did develop fever following the
second dose. The EMA published a warning on their website concerning the risk
of fever in young children after with the second dose of the AS03-adjuvanted
pandemic HIN1 vaccine.?

Following the experience with swine flu vaccination in 1976 in the US, much at-
tention has gone out GBS in the active surveillance studies. The potential asso-
ciation with pandemic HIN1 vaccination has been evaluated in different studies
in the US,%** Europe,®>#¢ and Korea.??® All these studies included cases in chil-
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dren or adolescents. For the overall population no association between GBS and
pandemic HIN1 vaccination was detected. Numbers were too low to draw con-
clusions for the paediatric population specifically. Preliminary results from a US
based study indicate a small excess risk of 0.8 cases per 1 million vaccinations.?*

In August 2010, reports of a possible association between exposure to AS0O3
adjuvanted pandemic HIN1 vaccine and occurrence of narcolepsy-cataplexy in
children and adolescents emerged first in Sweden and later in Finland, leading to
the recommended discontinuation of this vaccine in these countries and a review
of this vaccine within the EMA.2#72%¢ At the same time, France reported 6 cases,
5 following the ASO3 adjuvanted vaccine and 1 following an inactivated split
pandemic HIN1 vaccine.?®* In November 2010 a publication appeared discussing
14 cases of narcolepsy after HIN1 vaccination, and 2 after HIN1 infection cases
from 3 sleep centres in the US, Canada and France.?*° Since then more cases have
been identified, mostly in children and adolescents. A registry study in Finland,
published in February 2011, found a 9-fold increase in narcolepsy in association
with the AS03 adjuvanted pandemic HIN1 vaccine.?® Two Swedish studies also
strengthened the signal by observing a relative risk of 4.19,22 and 6.6.%3 A causal
association between the onset of narcolepsy and exposure to a pandemic HIN1
vaccine has not been established. Alternative explanations accounting for the
observed epidemiological association have not been fully investigated so far.
This includes effect modification by circulating pandemic virus, other circulating
infections, or seasonal influenza vaccine. It also includes diagnostic bias by pref-
erential shortening of the time to diagnosis in exposed cases due to increased
awareness of narcolepsy and the potential relation with the vaccine. Currently,
extended epidemiological assessments of the association between narcolepsy
and pandemic HIN1 influenza vaccination are underway.'?*%4 An investigation
of narcolepsy following exposure to MF59 adjuvanted pandemic HIN1 vaccines
did not identify any cases.?>> In July 2010 the CHMP reviewed the European mar-
keting authorisation of the AS03-adjuvanted pandemic HIN1 vaccine and con-
cluded that the vaccine should only be given to persons below the age of 20 if
seasonal trivalent vaccines are absent.?*

Concluding remarks

Much has been published on the safety of pandemic HIN1 vaccines in children.
There have been several studies with different vaccines spanning all age cat-
egories and several studies in children and adolescents with underlying medical
conditions. In addition, large monitoring efforts have resulted in much data, with
almost 13,000 individual case reports in children and adolescents to the WHO.
However, both differences in study methodology and data presentation render
meta-analytic safety analyses of the pandemic HIN1 vaccines in the different,
relevant, age categories difficult. Especially the diversity in the clinical studies for
inactivated non-adjuvanted pandemic H1IN1 vaccines re-emphasizes the need
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for harmonisation of study protocols and presentation of safety data in clinical
study publications.?”?%” The added value of publications of spontaneous report
analyses from overlapping source populations could be increased by crystalliz-
ing differences between populations and age categories. With the currently pub-
lished information this is impossible. Thus, although a large amount of data has
been generated, relatively little has been learned on the comparative safety of
these pandemic H1IN1 vaccines — particularly in children. It should be a collective
effort to give added value to the enormous work going into the individual stud-
ies by adhering to available guidelines for the collection, analysis, and presenta-
tion of vaccine safety data in clinical studies,®*# and to guidance for the clinical
investigation of medicinal products in the paediatric population.?°

The 2009 HIN1 pandemic has shown that although spontaneous reporting of
AEFI is necessary for the monitoring of vaccine safety, it is useful to enhance
surveillance by methods and infrastructures to verify signals and test hypothesis.
Observed over expected analyses to verify signals rely on accurate background
incidence rates of disease within targeted age categories. Both in the US and in
Europe these rates were provided though coordinated action and use of health
care databases. In Europe data were provided from 8 countries on a population
of more than 50 million subjects. Several hypothesis testing studies were imple-
mented to be able to assess the potential association of pandemic influenza vac-
cine with GBS and narcolepsy. All required multinational collaboration to meet
the need. The pandemic has brought us the beginning of an infrastructure for
collaborative vaccine safety studies in EU, the US and globally.
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Abstract

Purpose

Individual case safety reports (ICSRs) are a cornerstone in drug safety surveil-
lance. The knowledge on using these data specifically for children is limited.
Therefore we studied characteristics of paediatric ICSRs reported to the United
States (US) Food and Drug Administration (FDA) Adverse Event Reporting System
(AERS).

Methods

Public available ICSRs reported in children (0-18 years) to AERS were download-
ed from the FDA-website for the period January 2004 to December 2011. Charac-
teristics of these ICSRs, including the reported drugs and events, were described
and stratified by age-groups.

Results

We included 106,122 paediatric ICSRs (55% boys) (58% US) with a median of 1
drug [range 0-157] and 3 events [1-94] per ICSR. Mean age was 9.1 years. 90%
was submitted through expedited (15-days) (65%) or periodic reporting (25%)
and 10% by non-manufacturers. The proportion and type of paediatric ICSRs
reported were relatively stable over time. Most commonly reported drug classes
by decreasing frequency were 'neurological’ (58%), ‘antineoplastic’ (32%) and
‘anti-infectives' (25%). Most commonly reported system organ classes were ‘gen-
eral’ (13%), ‘nervous system’ (12%) and ‘psychiatric’ (11%). Duration of use could
be calculated for 19.7% of the reported drugs, of which 14.5% concerned drugs
being used long-term (>6 months).

Conclusions

Knowledge on the distribution of the drug classes and events within AERS is a key
first step in developing paediatric specific methods for drug safety surveillance.
Analysis of the reported drugs indicates disproportionate safety reporting of
neurological/psychiatric and antineoplastic agents. Studying multiple databases
is useful because of worldwide differences in drug utilisation and type of reports.
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Introduction

The limited knowledge about the effects of drugs in children has boosted initia-
tives by the World Health Organisation (WHO) and triggered new legislation in
recent years.'*!* The Global Research in Paediatrics Network of Excellence (GRiP)
is an European Commission-funded consortium, which aims to implement an
infrastructure facilitating the development and safe use of medicines in children.
This entails the development of a comprehensive educational programme and
integrated use of existing research capacity, whilst reducing the fragmentation
and duplication of efforts.849

Post-marketing drug safety surveillance using spontaneous reporting systems is
essential in studying drug safety.’ An important part of the GRiP project is evalu-
ating current and developing new methodology for post-marketing drug safety
studies specifically for the paediatric population. Typical large spontaneous re-
porting systems include VigiBase of the WHO Uppsala Monitoring Center (WHO-
UMC), the Adverse Event Reporting System (AERS), maintained by United States
(US) Food and Drug Administration (FDA), the Vaccine Adverse Effect Reporting
System (VAERS), maintained by FDA and CDC (Centers for Disease Control and
Prevention), and EudraVigilance of the European Medicines Agency (EMA).2>-28

While these spontaneous reporting databases were predominantly used by reg-
ulatory authorities to monitor drug safety and to perform safety signal detection,
these data are increasingly available for research purposes. The FDA databases
offer publicly downloadable datasets,3%° the EMA published their access policy
for EudraVigilance in 2011,%! and WHO-UMC is preparing summary VigiBase
data to be made accessible via their website.?s? Understanding the structure and
scope of these datasets and their respective strengths and limitations is essential
for their correct use and interpretation and a first and important step for evaluat-
ing current and developing new methodology. In 2011 an overview of paediatric
ICSRs reported to WHO-UMC was published.?®®* Published descriptions on the
paediatric reports within AERS include the number of reports, their outcome, and
the most frequently reported drugs.*24265 However, studies rarely reported on
the reported type of adverse events within AERS.

In the current study we aimed to describe the paediatric ICSRs as reported within

AERS. Specific attention was given to describing adverse events occurring after
long-term drug use or with delayed onset after cessation of treatment.
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Methods

Data source

AERS is a database that contains information on adverse event and medication
error reports submitted to the FDA. It is a passive surveillance system that relies
on voluntary reporting by healthcare professionals and consumers, as well as
required reporting by pharmaceutical manufacturers. AERS includes spontane-
ous reports from US sources; serious and unlabelled spontaneous reports from
non-US sources; and serious, unlabelled, and attributable post-marketing clinical
trial reports from all sources.?*

AERS data is publicly available and files containing the raw data of individual
case safety reports (ICSRs) as contained within the database are available.*! The
information include: patient demographic and administrative information; drug/
biologic information; preferred terms of MedDRA (Medical Dictionary for Regu-
latory Activities) of the events; patient outcomes for the event; report sources for
the event; therapy start dates and end dates; and indications of use (diagnosis)
for the reported drugs.

Data preparation

We extracted all ICSRs for the period January 2004 till December 2011 and in-
cluded all ICSRs on children, aged 0 to <18 years. We excluded the following
reports from the analyses; adults reports (>18 years); reports in which the age
was missing; reports in which the reported drug or event was missing; duplicate
reports (e.g. in a follow-up report, were only included once). All reported events
are coded in preferred terms of MedDRA. To facilitate high level descriptive we
recoded the reported terms to a single System Organ Classes (SOCs) of MedDRA.
The reported drugs are described either as a valid trade name or as unstructured
narrative. As far as possible the reported drug names were recoded to Anatomi-
cal Therapeutic Chemical (ATC) drug classes using drug dictionaries.30.266-268 Thjs
recoding was possible for >90% of the reported drugs reported in the selected
ICSRs. The entries for which recoding was not possible included reports without
a specified drug name and spelling errors. For the analyses on type of reported
drugs, only those records with a known ATC-code were included.

Analysis

Each of the included ICSRs was classified by the age at time of the event, sex,
number of drugs and number of events. Results were stratified by age categories
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in which age at onset was categorised based on the ICH (International Confer-
ence on Harmonisation) age-groups: neonates (<27 days), infants (28 days-<23
months), children (2-<11 years), and adolescents (12-<17 years).!*t

The role of the reported drugs, being either primary suspect, secondary suspect,
concomitant or interacting was provided. The most frequently reported drugs
and events were described. In addition, the reported events were stratified with
respect to the outcome of the event. The outcome was registered in terms of the
seriousness criteria: death, life-threatening, hospitalisation (initial or prolonged),
disability, congenital anomaly, requiring intervention to prevent permanent im-
pairment or damage or other. Using the primary suspect and secondary sus-
pect drugs only, the most frequently reported drug-event combinations were
described.

For those drugs for which the starting date of the drug and the date of the event
were known, the time to event was calculated. An event occurred after long-term
use if it occurred at least 6 months after starting of therapy.?®® We also studied
delayed events. For those records with a known stopping date of therapy and
date of the event, the type of reported events occurring >3 months after drug
cessation were compared with the type of events occurring during drug use.

Characteristics of the ICSRs were compared using x?analysis to compare propor-
tions and either students-t test, if variable was normally distributed or Mann-
Whitney tests if the variable was not normally distributed to compare means. A
p-value <0.05 was considered to be statistical significant.

Results

The overall publicly available dataset of AERS included 3,691,417 ICSRs; 106,122
(2.9%) ICSRs occurred in children 0-<18 years and were included in the analyses.
The mean age of the children in these reports was 9.1 years. 10.5% of the ICSRs
were on children up to one year of age, after which this decreased to 3.6% at 4 to
5 years of age and gradually increased again to 8.9% at 17-18 years of age (figure
7.1). The majority of the ICSRs (54.5%) were reported for boys, reports for boys
exceeded those for girls up to the age of 11 years (54.1-59.9%) and this reversed
from the age of 12 years onwards (47.7%), the mean age in the female reports
was higher than for male reports (p=0.000) (table 7.1). The number of ICSRs
reported by calendar year is increasing, with a small dip in 2010 (figure 7.2). The
majority of the reports originated from the US (58%), followed by Japan (7.0%)
and the United Kingdom (6.6%).

Of the included ICSRs, 10.0% (N=10,576) concerned 'Direct’ reporting, defined

as ICSRs being voluntary submitted by ‘'non-manufacturers’. The majority of the
ICSRs were submitted by manufacturers; 64.9% (N=68,886) were expedited re-
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Table 7.1 General characteristics of paediatric ICSRs (N=106,122) within AERS

0-27 days 4,717 (4.4%) 2,114 (54.1%)
28 days - 23 months 16,096 (15.2%) 7,921 (55.3%)
2-11years 47,248 (44.5%) 27,075 (59.9%)
12-17 years 38,061 (35.9%) 17,658 (47.7%)
Total 106,122 (100%) 54,768 (54.5%)
‘Meanage  Mem(s%C)
Male 8.9 (95% Cl 8.8-8.9)
Female 9.7 (95% Cl1 9.6-9.8)
Total 9.1 (95% C19.0-9.1)

0-27 days 12,180 (5.2%) 1(0-36)
28 days - 23 months 34,575 (14.6%) 1 (0-55)
2-11years 103,988 (44.0%) 1(0-75)
12-17 years 85,748 (36.3%) 1(0-61)
Total 236,491 (100%) 1(0-157)

0- 27 days 21,265 (5.4%) 1(1-15)
28 days - 23 months 59,306 (14.9%) 1(1-15)
2-11years 173,395 (43.7%) 1(1-19)
12-17 years 143,254 (36.1%) 1(1-30)
Total 397,220 (100%) 3(1-94)
Typeofreport NG
Direct reporting 10,576 (10.0%)
Expedited reports (‘15 day reports’) 68,886 (64.9%)
Periodic reports 26,660 (25.1%)
Reporter N
Physician 33,990 (32.0)
Consumer/non-health professional 26,378 (24.9)
Other health professional 21,193 (20.0)
Pharmacist 6,159 (5.8)
Lawyer 1,301 (1.2)
Unspecified 17,101 (16.1)
dniialsource N®
Foreign 10,290 (9.7%)
Study 164 (0.2%)
Literature 882 (0.8%)
Consumer 10,123 (9.5%)
Health Professional 11,196 (10.6%)
User Facility 14 (0.0%)
Company representative 3,964 (3.7%)
Distributor 229 (0.2%)
Other 554 (0.5%)
Unknown 68,706 (64.7%)
Country N
United States 50,625 (47.7%)
Japan 6,119 (5.8%)
United Kingdom 5,722 (5.4%)
France 4,656 (4.4%)
Germany 2,758 (2.6%)
Unknown 18,827 (17.7%)

-
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ports and 25.1% (N=26,660) were periodic reports (table 7.1). The reporter was a
physician in 32.0% of the ICSRs, a consumer in 24.9% and another health profes-
sional in 20.0%.

The ICSRs comprised a total of 236,491 drug records (median 1 drug/ICSR) (table
7.1). Of these, 35% were indicated as the primary suspected drug and 21% as sec-
ondary suspected drug. The other drugs were either indicated as concomitant
(45%) or interacting (0.3%).

Nervous system drugs were the most frequently reported drug class in all age
categories (figure 7.3). These were mainly antiepileptic drugs and analgesics in
the youngest children and drugs to treat ADHD (attention deficit hyperactiv-
ity disorder) in the older children (table 7.2). Anti-infectives were an important
group of the reported drugs for the youngest children, covering 22% of the re-
ported drugs in children 0 to 27 days of age (antiretroviral drugs and antibiotics)
and 20% of the drugs in children aged 28 days to 23 months (specific immu-
noglobulins and antibiotics). In the older children the anti-infectives covered a
smaller proportion of the drugs and antineoplastic drugs became of more im-
portance; 17% in children aged 2 to 11 years and 16% in children aged 12 to 17
years.

The ICSRs comprised a total 397,220 event records (median 3 events/ICSR) (table
7.1). The outcome in terms of seriousness criteria was: 33% hospitalisation (ini-
tial or prolonged); 12% death; 3% life-threatening; 3% disability; 2% congenital
anomaly; 1% required intervention to prevent permanent impairment or dam-
age; 31% other and was missing in 15%. In figure 7.4 the reported events are

Figure 7.1 Number of reported ICSRs within AERS stratified by age
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10,000
8,000

6,000
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Number of reported ICSRs stratified by age. Within the bars the proportion of ICSRs within this age stratum of the
total reported paediatric ICSRs is given.
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Paediatric ADRs in FDA-AERS

Figure 7.2 Number of reported ICSRs within AERS over time
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Number of reported ICSRs over time. The number of included paediatric ICSRs are plotted on the left X-axis. The total
number of ICSRs within the database is plotted on the right X-axis. Within the bars the proportion of paediatric ICSRs
of the total number of reported ICSRs is given.

stratified by their SOCs and by age categories. The ten most frequently reported
events are presented in table 7.3. The reported events were most frequently
situated in the SOCs 'General disorders and administration site conditions' (13%)
(e.g. vomiting and pyrexia), ‘Nervous system disorders’ (12%) (e.g. convulsion and
headache), and 'Psychiatric disorders' (11%) (e.g. abnormal behaviour and aggres-
sion). In the youngest group of children 'Pregnancy, puerperium and perinatal
conditions' (16%) and 'Congenital, familial and genetic disorders' (11%) covered
a large part of the reported events (drug exposure during pregnancy, premature
baby and maternal drugs affecting foetus). The proportion of ‘Psychiatric disor-
ders' increased with age from 5% at 0-27 days of age to 13% at 12 to 17 years of
age. Also reporting of ‘Nervous system disorders' increased with age, increment-
ing from 7% at 0-27 days of age to 12-13% at 2-17 years of age. The number of
reported drug-event pairs was calculated using the primary and secondary sus-
pected drugs only. The number of unique drug-event combinations was 180,100
and within the age categories: 2,606 (0-27 days); 14,800 (28 days-23 months);
62,788 (2-11 years); 59,101 (12-17 years).

Duration of drug use could be calculated for 63,311 drug records (26.8%). The
median duration of use was 10 days (range 0-6,209). The starting and event date
were equal in 28.4% of the records, 19.1% were reported after 1-7 days since
starting. Time to event was 8-30 days in 14.4% of the records, 31-182 days in
17.8% and >182 days (defined as long-term use) in 20.2% of the records. The pro-
portion of drugs being used long-term increased with age; 0.0% (0-27 days); 7.8%
(28 days-23 months); 22.0% (2-11 years) and 24.1% (12-17 years). The drugs used
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Figure 7.3 Number of reported drugs stratified by anatomical main group
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Distribution of the number of reported drugs over anatomical main group (1st level ATC), stratified by age-cate-

gories. The reported ATC classes are presented at the X-axis including the number of reports and the percentage of

total. On the y-axis the distribution of the age-categories within each ATC class is presented, counting up to 100%.

Within the bars the proportion of this ATC class within the total number of reported drugs within the specified age-

category is presented. Only those drugs with a recoded ATC code are included (N=214,327).

Figure 7.4 Number of reported events stratified by system organ class
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long-term use more often concerned drugs within the drug groups 'Systemi-
cal hormonal preparations' (10.1% vs. 2.9%; p=0.000), ‘Alimentary drugs’ (10.8%
vs. 5.8%; p=0.000) and ‘Antineoplastic and immunomodulating agents’ (16.5% vs.
13.9%; p=0.000). The most frequently reported drugs after long-term use were
‘Somatropin’ (N=955; 7.5%), ‘Atomoxetine’ (N=507; 4.0%), and '‘Methylphenidate’
(N=462; 3.6%). Also the type of reported events differed; events within the SOCs
‘Neoplasms benign and malignant' (2.1% vs. 0.5%; p=0.000), ‘Infections and infes-
tations’ (7.0% vs. 4.8%; p=0.000) and ‘Musculoskeletal, connective tissue and bone
disorders’ (3.8% vs. 2.3%; p=0.000) were more often reported after long-term
use. The most frequently reported events after long-term use were 'Vomiting’
(N=415; 1.2%), ‘Convulsion’ (N=412; 1.2%), and 'Pyrexia’ (N=389; 1.2%).

For 47,301 drug records (20.0%) the time between ceasing of therapy and occur-
rence of the event was known. The event occurred prior to stopping of the drug
in 42.1% of the records, on the day of stopping of the drug in 31.5% and after
stopping of therapy in 26.4%. Of the drugs occurring after stopping therapy,
45.2% occurred within 1-7 days, 27.0% occurred within 8-30 days, 11.3% within
31-90 days, 5.4% within 91-182 days, 5.1% within 183-365 days and 6.0% after
365 days. The most frequently reported drugs after delayed use (>3 months)
were ‘Isotretinoin’ (N=184; 8.8%), 'Palivizumab’ (N=95; 4.5%), and ’Infliximab’
(N=75; 3.6%). SOCs ‘Neoplasms benign and malignant’ (2.9% vs. 0.6%; p=0.000),
‘Gastrointestinal disorders’ (14.8% vs. 9.8%; p=0.000), and ‘Infections and infesta-
tions’ (7.5% vs. 4.6%; p=0.000) were more frequently reported 3 months after
stopping. The most frequently reported delayed events were '‘Crohn’s disease’
(N=106; 1.7%), 'Inflammatory bowel disease’ (N=98; 1.6%), and '‘Depression’ (N=89;
1.4%). When comparing the drug classes reported >90 days of ceasing of therapy
with those drug classes reported during drug use, the largest differences, with
higher proportion for delayed effects, were present for ‘Antineoplastic and im-
munomodulating agents' (26.6% vs. 9.9%; p=0.000), ‘Dermatologicals’ (10.8% vs.
5.1%; p=0.000), and ‘Hormones’ (6.1% vs. 3.7%; p=0.000).

Discussion

Signal detection within spontaneous reporting databases is the first step in the
detection of a safety signal, which may be followed by signal prioritisation and
evaluation.?* The GRiP network aims to create an infrastructure that supports this
workflow and active safety surveillance in children. Knowledge about the avail-
able data in systems as AERS is a key first step in the development of paediatric
specific methodology for post-marketing drug safety studies. Signal detection is
influenced by the type of ICSRs that are reported; in a previous study we demon-
strated the influence of the proportion of vaccines within VigiBase on the sensi-
tivity of data mining algorithms.?’® Also the distribution of other factors including
the type of reporter and year of reporting can influence the results. Knowledge
on the difference in the distribution of reported drugs and events within the dif-
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ferent databases, like AERS and VigiBase, gives insight on which factors might
be of influence on the results but also helps choosing the right database for a
specific research hypothesis.

The paediatric ICSRs reported within VigiBase were studied by Star et al.?63 Al-
though US reports make up the largest proportion of the ICSRs both within AERS
(58%) and within VigiBase (39%), striking differences between the datasets are
present. First, the type of reporters differed. While more than half of the ICSRs
of VigiBase were reported by physicians, only a third of the AERS ICSRs were
reported by physicians. The most notable difference was for consumer reports;
24.9% of the AERS reports versus 4.3% within VigiBase. This difference might be
due to different time-periods; consumer reporting is increasing in latest years.?’*
Second, only a small proportion of the AERS ICSRs concerned reporting by non-
manufacturers. The majority was either reported as part of expedited reporting
(65%) or as part of periodic reporting. Earlier it was shown that the US reports
within VigiBase are mainly reported by manufacturers, while these form only a
small proportion of the reports from the other continents.?® Third, the reported
drug groups and events differed. VigiBase reports more often concerned anti-
infective and dermatological drugs, while within AERS neurological drugs and
antineoplastic drugs were most frequently reported. This also reflects utilisation
differences between the US and Europe, with high rates of prescriptions of meth-
ylphenidate in US adolescents in recent years.?’2 Choosing an appropriate time-
period to study these kinds of drugs is essential since the utilisation of neurologi-
cal drugs and especially for the treatment of ADHD has changed tremendously
since the start of VigiBase in 1968.272273

Describing of ICSRs reported after long-term drug use was a topic of special
interest. Long-term drug use and long-term adverse events are of importance
during childhood because of possible effects on growth and development. How-
ever, they are difficult to study. Studies often lack sufficient time of follow-up and
adverse events occurring long after initiating therapy are not easily recognised.
Especially for drugs being used chronically, studies investigating long-term safe-
ty should be performed. The reported types of drugs before and after 6 months
of use differed significantly. ‘Systemical hormonal preparations’, ‘alimentary drugs’'
and ‘antineoplastic/immunomodulating agents’ were prominently reported after
long-term treatment, while ‘anti-infective drugs’, 'musculoskeletal system drugs’
and 'sensory organ drugs’ were reported mostly with short term use. These find-
ings are in line with drugs known to be used short-term or are known to be used
for long periods of time.>® New onset neoplasms are an important concern and
were more often reported after long-term drug use. It is not possible to infer any
causal association based on spontaneous reporting data. However, the distribu-
tion of the drug classes and events reported after long-term drug use are in
line with what is expected and therefore a complete dataset of paediatric ICSRs
might be a suitable additional source to generate signals on delayed events and
new onset chronic events.
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The use of spontaneous reporting data has many well known limitations.? Since
the publically available datasets often do not include all variables there are ana-
lytic limitations and since case-narratives are lacking it is difficult to draw infer-
ences on causality. For example, the non-availability of case-narratives implies a
loss of potentially important information not otherwise coded in the ICSR. An-
other well-known, limitation is the volume of duplicates.?’* Duplicate reports are
present in all spontaneous reporting databases.?”> The identification and elimi-
nation of duplicates from analyses is advantageous for using the data and is im-
portant for a correct interpretation of the data. However, so far, few easy to use
duplicate-detection methods are currently available and enhanced methods of
duplicate detection are being developed.?’ For this study, we dealt with the issue
of duplicate reports by only including unique ICSRs. However it is inevitable that
duplicate reports are still present within the used database.

Conclusions

Knowledge on the distribution of the drug classes and events within AERS is a
key first step in developing paediatric specific methods for drug safety surveil-
lance. Studying multiple databases is useful because global differences in drug
utilisation and type of reports.
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Abstract

Background

Data mining of spontaneously reported adverse drug reactions (ADRs), using
measures of disproportionality, is a valuable first evaluation step for drug safety
signal-detection. Of all ADRs reported for children within VigiBase, vaccine-ADR
pairs comprise more than half of the reports. ADRs concerning vaccines differ
with respect to type and seriousness from other drugs, and therefore may influ-
ence signal-detection for non-vaccine drugs if not accounted for appropriately.
The potential influence of vaccines on safety signal-detection for drugs was re-
cently raised by the CIOMS (Council for International Organizations of Medi-
cal Sciences) working group VIII. The working group proposed that it may be
appropriate to undertake automatic signal-detection using both medicines and
vaccines, and some analysis using vaccines only. However, it has not described
for which types of ADRs or drugs, subgroup analysis is beneficial.

Objective

To study the methodological aspects concerning the influence of a high preva-
lence of vaccine-related ADRs on signal-detection within paediatric ADR data.

Methods

We analysed all paediatric Individual Case Safety Reports (ICSRs) received by
VigiBase between 2000 and 2006 and calculated the reporting odds ratio (ROR)
for all unique drug-ADR pairs with at least 3 reports. The ROR was additionally
calculated in subgroups of vaccine-ADR pairs and non-vaccine-ADR pairs and
further in different age-groups. A proportional change in the ROR for the differ-
ent subgroups was calculated and the change in the number of signals of dispro-
portional reporting (SDRs) after subgroup analysis was assessed.

Results

Of all paediatric ICSRs (N=218,840; 54% vaccines) a total of 26,203 unique drug-
ADR pairs were eligible for inclusion (21% vaccines). Subgroup analysis for vac-
cines and non-vaccines revealed 494 new SDRs for vaccines (+30%) and 821 new
SDRs for non-vaccines (+6%). Subgroup analyses are only beneficial for non-vac-
cines if the ADR of interest is reported uncommon for non-vaccines and benefi-
cial for vaccines if the ADR is reported uncommon for vaccines. Subgroup analy-
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sis for ADRs that are reported commonly for either vaccines or non-vaccines led
to the disappearance of 272 SDRs for vaccines and 2,721 SDRs for non-vaccines.
We could empirically derive a model that predicts the change in ROR in the sub-
groups based on the proportion of vaccines within the total dataset.

Conclusions

The high proportion of vaccine-related reports within paediatric ADR data has
a large and mathematically predictable impact on signal-detection in paediatric
ADR data. Subgroup analysis reveals new SDRs that potentially represent gen-
uine safety signals. The most inclusive and sensitive signal detection method
would be the combination of a crude and a subgroup-based data mining ap-
proach, based on the ratio between the proportion of vaccines within the ADR of
interest and within all other ADRs.
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Introduction

Spontaneously reported adverse drug reactions (ADRs) are an important source
for identifying drug safety signals.’® For efficient signal-detection, data mining
methods have been developed that mostly are based on measures of dispropor-
tionality. Well known examples are the Reporting Odds Ratio (ROR), the Propor-
tional Reporting Ratio (PRR), the Information Component (IC), and the Empirical
Bayes Geometric Mean (EBGM).3¢-4°These data mining methods are used as a first
signal identifying method. Subsequently, further case evaluation is necessary to
determine whether the signal of disproportionality is a real safety signal.?*#

Although useful, data mining methods are subject to bias and confounding. Ef-
fort has been put to allow for dealing with possible confounding factors such
as age, sex and time, but with varying results.®%?76-27® Other factors that might
influence the disproportionality estimates include; the number of serious versus
non-serious individual case safety reports (ICSRs), consumer versus health care
professional reported ICSRs, company owned databases versus databases of na-
tional competent authorities and differences in the distribution of the population
characteristics within the different databases or of the different outcomes.?¢279
All these factors might lead to a relative increase of specific groups of reports
by type of ADR, drug class, or age-group. Such clusters of reports may influence
the distribution of drugs and ADRs within the data and thereby jeopardise the
assumption that reporting should be non-differential in order to guarantee un-
biased estimates of measures of disproportionality.

The phenomenon of clusters of reports of a specific group of drugs is very clear-
ly observed in paediatric safety signal-detection. Within national compilations
of paediatric ICSRs, vaccines make up 45-69% of the suspected drugs within
the ADR reports.289281 ADRs reported for vaccines differ from non-vaccines with
respect to seriousness and type.?®°282 Many studies already addressed issues
around data mining within vaccine-related ADRs, mostly boosted by the work on
the United States’ (US) specific Vaccine Adverse Event Reporting System (VAERS)
database.?76278.283.284 | jttle is however known about the influence of vaccines on
safety signal-detection for non-vaccines and vice versa in a mixed ADR database,
containing both vaccines and non-vaccines. Due to the high exposure to vaccines
in the paediatric age category, this influence will be most pronounced when data
mining is applied to paediatric ADR reports.

The potential influence of vaccines on safety signal-detection for drugs was re-
cently raised in the report of the CIOMS (Council for International Organizations
of Medical Sciences) working group VIIL.?* The working group proposed that it
may be appropriate to undertake automatic signal-detection using both medi-
cines and vaccines, and some analysis using vaccines only. However, it has not
described for which types of ADRs or drugs, subgroup analysis is beneficial.
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Therefore, we studied the methodological aspects of signal detection within
paediatric ADR data where the prevalence of vaccine-related ADRs is high. We
studied how restriction to either vaccine or non-vaccine related ADRs influences
disproportionality analyses, whether this affects the number of detected signals
of disproportional reporting and for which ADRs subgroup analysis using restric-
tion is beneficiary.

Methods

Setting

We used data from the VigiBase database of suspected ADRs. This World Health
Organisation (WHO) global ICSR database system was established in 1968 and in
June 2006, it held more than 3.7 million ICSRs.? VigiBase is maintained on behalf
of the WHO Programme by the Uppsala Monitoring Centre (UMC). At the time,
more than 80 countries participated in the WHO International Drug Monitoring
program and another 17 countries were associate members who did not actively
contribute data yet. ICSRs are submitted through the national pharmacovigilance
centres. The WHO Programme member countries submit ICSRs to the UMC on a
regular basis; preferably once a month, but at least every quarter.?

At the time of data extraction in 2006, all ADRs within VigiBase were coded using
preferred terms of the WHO-Adverse Reaction Terminology (WHO-ART) coding
dictionary. Reported drugs were recoded using the WHO Drug dictionary, and
were also coded according to the Anatomical Therapeutic Chemical (ATC) clas-
sification system of the WHO Collaborating Centre for Drug Statistics Methodol-

09)/-30

Selection of ICSRs and drug-ADR pairs

From VigiBase we extracted all ICSRs on children, aged 0-<18 years, which were
received or occurred between January 2000 and December 2006. Only ICSRs
received through spontaneous reporting and where the drug was reported as
suspected were included. The information in these reports include country of
origin, type of reporter, age at onset, year of onset, sex, suspected drugs, ADRs,
starting and stopping date of the suspected drugs, starting and stopping date of
the ADRs, dosing regimen of the drugs, administration route, and causality as-
sessment of the event. We excluded ICSRs where the reported drug or ADR could
not be coded in the WHO drug dictionary or WHO-ART.

An ICSR can contain more than one suspected drug, or more than one ADR. We
defined a drug-ADR pair as a unique combination of a single drug and a single
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Figure 8.1 Distribution of vaccine-ADR and non-vaccine-ADR pairs within the two-by-
two contingency table
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ADR. Hence, an ICSR containing two ADRs with one suspected drug for both
ADRs counted as two pairs.

Vaccine-ADR pairs were defined as drug-ADR pairs in which a vaccine, coded us-
ing the ATC-code J07, was reported as the suspected drug. All other drug-ADR
pairs were considered as non-vaccine related drug-ADR pairs.

Statistical analysis

Disproportionality calculations and subgroup analysis

For all possible, unique, drug-ADR pairs with at least 3 records within the data-
base we calculated the reporting odds ratios (RORs) with 95% confidence inter-
vals (95% CI).383 All disproportionality analyses were conducted on a drug-ADR
pair level. Calculation of the ROR is based on a two-by-two contingency table,
containing all drug-ADR pairs within the dataset, in which cell A represents the
number of pairs for the combination of interest, cell B all other ADRs for the drug
of interest, cell C the number of pairs for the ADR of interest for other drugs and
cell D all other pairs without the ADR and without the drug of interest (figure
8.1). When the drug-ADR pair of interest concerns a non-vaccine, cells A and B
of the two-by-two table in a mixed ADR database as VigiBase will only contain
non-vaccine-ADR pairs while cells C and D will contain both vaccine-ADR and
non-vaccine-ADR pairs. For vaccine-related combinations, cells A and B consist
solely of vaccine-ADR pairs and cells C and D will be mixed with non-vaccines.

To explore the effect of vaccine-ADRs pairs on the number of detected SDRs we
performed first a crude analysis (independent of the type of drug) and subse-

128



Vaccine-based subgroup analysis in VigiBase

quently subgroup analyses where we split the total ADR dataset in vaccine-ADR
pairs or non-vaccine-ADR pairs (figure 8.1). In this subgroup analyses we calcu-
lated the ROR for all vaccine-ADR pairs after restriction to vaccine-ADR pairs and
for non-vaccine ADRs, the calculation was restricted to non-vaccine ADR pairs.

RORs, both in the initial crude analyses and within the subgroup analyses, were
additionally calculated within predefined subgroups of age in order to observe
whether the effect differed across age categories. Age at the time of the event
was categorised according to the guidelines of the International Conference on
Harmonisation (ICH) into three categories; 0-<2 years, 2-<11 years and 12-<18
years.!'! The ROR was only calculated within those age-groups that contained at
least 3 reports of the unique drug-ADR pair of interest.

Vaccine and non-vaccine proportion ratio

Subgroup analysis of vaccine-ADR pairs or non vaccine-ADR pairs only influences
cells C and D of the two-by-two contingency table (figure 8.1). For each drug-
ADR pair in this study the proportion of vaccine-ADR pairs and the proportion of
non-vaccine-ADR pairs within cells C and D was calculated. The ratio between the
proportion of vaccine-related pairs in cell C and the proportion of vaccine-relat-
ed pairs in cell D was defined as the ‘vaccine-proportion ratio’. The ‘'non-vaccine
proportion ratio’ was defined as the ratio between the proportion of non-vaccine
related pairs in cell C and the proportion of non-vaccine related pairs in cell D.

Effect of subgroup analysis on ROR

In order to compare the subgroup specific ROR estimates with the crude overall
ROR, a proportional change in the ROR was calculated. This change was cal-
culated as follows; [(RORsubgmup/RORcmde)—l] x100%. A mathematical model was
constructed to describe the relationship between the change in ROR and the
proportion-ratio of vaccines or non-vaccines. To compare the change in ROR
based on the mathematical model with the observed change in ROR, an R-square
statistic was calculated (R?).

Signals of disproportional reporting

For all unique drug-ADR pairs with at least 3 records it was determined whether
the combination was a signal of disproportional reporting (SDR), defined as an
ROR with a lower limit of the 95% confidence interval>1.3° Evaluation of potential
SDRs was performed both during the crude analysis and after restriction to vac-
cines or non-vaccines.

For SDRs that were newly detected after the subgroup analysis a random sample

of 10% was taken to evaluate whether this was a false positive or a true positive
association. This was obtained by evaluating whether the ADR was listed or cov-
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ered in the summary of product characteristics (SPC) of the drug or vaccine of
interest. For SDRs that disappeared after subgroup analysis a random sample of
5% was taken for comparison with the SPC to evaluate whether these disappear-
ing SDRs were false negative or true negative SDRs.

Comparisons

Characteristics of the vaccine-ADR pairs and non-vaccine-ADR pairs (and within
the age categories) were compared using x? analysis (to compare proportions)
and Mann-Whitney tests (to compare means). A p-value <0.05 was considered to
be statistical significant.

Results

Individual Case Safety Reports (ICSRs)

In the period between January 2000 and December 2006, 221,508 ICSRs on chil-
dren aged <18 years were received by the WHO-UMC. ICSRs that lacked infor-
mation on the reported drug or reported ADR were excluded (N=2,668; 1.2%).
The remaining ICSRs (N=218,840) contained 812,415 drug-ADR pairs, with a me-
dian of 2 pairs per ICSR (table 8.1).

Table 8.1 Characteristics of the Individual Case Safety Reports (ICSRs)

ICSRs Drug-ADR pairs # pairs /
N (%) N (%) ICSR™
N 218,840 (100) 812,415 (100) 3.7
Sex; male 110,271 (50.4) 417,463 (51.4) 3.8
Age (years)
Median (range) 5.0 (0.0-18.0) 3.0(0.0-18.0)
0-<2 years 74,735 (34.2) 366,023 (45.1) 49
2-<11 years 84,744 (38.7) 261,488 (32.2) 3.1
12-<18 years 59,361 (27.1) 184,904 (22.8) 3.1
Vaccine-related® 117,877 (53.9) 517,642 (63.7) 4.4
0-<2 years 58,835 (78.7) 320,814 (87.6) 5.5
2-<11 years 42,505 (50.2) 146,784 (56.1) 3.5
12-<18 years 16,537 (27.9) 50,044 (27.1) 3.0
Non-vaccine related® 100,963 (46.1) 294,773 (36.3) 29
0-<2 years 15,900 (21.3) 45,209 (12.4) 2.8
2-<11years 42,239 (49.8) 114,704 (43.9) 27
12-<18 years 42,824 (72.1) 134,860 (72.9) 3.1

‘Mean number of drug-ADR pairs within an ICSR. "Percentage of vaccines or non-vaccines in this group relative to all ICSRs

or drug-ADR pairs in this age category. Abbreviations: ADR=Adverse Drug Reaction; ICSR=Individual Case Safety Report
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Figure 8.2 Change in ROR (%) after subgroup analysis

A. Change in ROR (%) after subgroup analysis
within vaccine-ADR pairs

B. Change in ROR (%) after subgroup analysis
within non vaccine-ADR pairs
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Change in ROR (%)
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Vaccine-proportion ratio Non vaccine-proportion ratio

All unique vaccine-ADR pairs with at least three
records are included. On the x-axis the vaccine
proportion ratio is given: the proportion of vac-
cines in cell C of the two-by-two table divided by
the proportion of vaccines in cell D of the two-by-
two table. The y-axis has been cut off at 5,000%;
the actual data on the y-axis ranges from -41% to
19,055% for vaccines

All unique non-vaccine-ADR pairs with at least
three records are included. On the x-axis the non-
vaccine proportion ratio is given: the proportion
of non-vaccines in cell C of the two-by-two table
divided by the proportion of non-vaccines in cell D
of the two-by-two table. The y-axis has been cut
off at 3,500%; the actual data on the y-axis ranges
from -66% to 6,990%.

The median age in the reported ICSRs was 5.0 years. The distribution of the ICSRs
within the three predefined age categories was 34.2% in 0-<2 years, 38.7% for
children aged 2-<11 years, and 27.1% in children aged 12-<18 years. More drug-
ADR pairs per ICSR were reported for the youngest children (0-<2 years) than for
the two other age categories (mean 4.9 vs. 3.1 record per ICSR) (p=0.000). Con-
sequently, the highest proportion of drug-ADR pairs is present in the youngest
category (45.1%) (p=0.000).

Vaccines were reported as suspected drug in 53.9% of all ICSRs. Vaccine-related
reports had a higher number of drug-ADR pairs per ICSR than non-vaccine-re-
lated reports (4.4 vs. 2.9) (p=0.000). None of the ICSRs had both a vaccine and a
non-vaccine reported as the suspected drug.

Vaccines accounted for 63.7% of the total number of drug-ADR pairs. In the
youngest children (0-<2 years) the proportion of vaccine-ADR pairs was highest
at 87.6% (p=0.000). This proportion decreased with age to 56.1% in children aged
2-< 11 years, and 27.1% in children aged 12-<18 years (table 8.1).
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Vaccine-based subgroup analysis in VigiBase

Unique drug-ADR pairs and signals of disproportional reporting

The 218,840 ICSRs included in the analyses contained 90,441 unique drug-ADR
pairs, of which 13% (N=11,478) concerned vaccine-ADR pairs. Of the unique
pairs, 26,203 (29%) were reported at least three times and were included in the
subgroup analyses. The number of unique pairs with at least 3 records per age-
stratum was 6,818 (25.1%) for age category 0-<2 years, 11,074 (25.3%) for age
category 2-<11 years, and 11,659 (24.1%) for age category 12-<18 years (table
8.2).

Within the records with at least 3 records, 21% (N=5,586) concerned vaccines.
The proportion of unique vaccine-ADR pairs within the combinations with at least
three records decreased with age; 55.1% (N=3,757) within children aged 0-<2
years, 24.4% (N= 2,699) within children aged 2-<11 years, and 13.9% (N=1,626)
within children aged 12-<18 years.

In the crude analysis, 15,012 unique drug-ADR pairs with at least 3 records
(57.3%) were considered a signal of disproportional reporting (SDR). These con-
cerned 1,637 vaccine-ADR pairs (10.9% of all SDRs) and 13,375 non-vaccine-ADR
pairs (89.1% of all SDRs) (table 8.2).

Change in ROR and SDRs after subgroup analyses

The mean proportion of vaccines in cell D of the two-by-two contingency table
for the unique vaccine-ADR pairs was 63.8% (95% confidence interval (95% CI);
63.8-63.8%). For the unique non-vaccine ADR pairs, the mean proportion of non-
vaccines in cell D was 36.2% (95% CI; 36.2-36.2%). The median vaccine proportion
ratio was 0.98 and ranged from 0.01 to 1.68. The median non-vaccine propor-
tion ratio was 1.89 and ranged from 0.01 to 2.92. The proportional change in
ROR after restriction to either vaccine-related pairs or non-vaccine related pairs
depended on the vaccine-proportion and non-vaccine proportion ratio, respec-
tively (figure 8.2).

When the vaccine- or non-vaccine proportion ratio was smaller than one, the
ROR increased after subgroup analysis, when the ratio was greater than one,
the ROR after subgroup analysis decreased in comparison to the crude ROR.
The shape of the relationship between the proportional change in ROR and the
proportion of vaccines within the data was modelled mathematically (figure 8.3
and appendices 8.1 and 8.II). The observed RORs after subgroup analyses were
perfectly predicted by the model (R?=1.0).

The shape of the relationship between the change in ROR after subgroup analy-

sis and the vaccine- and non-vaccine proportion ratios is similar for all age cat-
egories, although the mean proportion of vaccines in cell D of the two-by-two
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Figure 8.3 Estimation of proportional change in ROR and ROR after subgroup analyses

Vaccine-ADR pairs:

Change in ROR (%) after restriction to vaccine-ADR pairs =

D vac/D
Cvac/C

100% x ( 1)

ROR after restriction to vaccine-ADR pairs =

Dvac/D x ROR

Cvac/C crude
Non vaccine-ADR pairs:

Change in ROR (%) after restriction to non-vaccine-ADR pairs only =

D nonvac/D

100% x -1)

Cnonvac/C

ROR after restriction to non-vaccine related pairs only =

D nonvac/D

x ROR

Cnonvac/C crude
C ../ C=proportion ofvaccines in C D, ./ D=proportion of vaccines in D
/ C=proportion of non-vaccines in C D / D=proportion of non-vaccines in D

non vac non vac

table, and consequently the point where the proportion ratio equals 1 differed.
The point of equality was 87.2% (95% CI 87.2-87.2%) for children aged 0-<2 years,
55.8% (95% CI 55.8-55.9%) for children aged 2-<11 years and for children aged
12-<18 years the point of equality was 26.9% (95% CI 26.9-26.9%). The mean pro-
portions of non-vaccines were 12.8% (95% CI 12.6-12.8%), 44.2% (95% CI 44.1-
44.2%) and 73.1% (95% ClI 73.1-73.1%) for the increasing age categories (data not
shown).

Consequently to the change in the ROR upon subgroup analyses, the number
of detected SDRs changed. Of the unique vaccine-related pairs that were no
SDR in the crude analysis, 494 (12.5%) became an SDR in the vaccine specific
analysis, while 272 (16.6%) of the initial vaccine-related SDRs no longer were an
SDR. Within the non-vaccine-ADR pairs 821 (11.3%) became an SDR and 2,721
(20.3%) no longer were an SDR after subgroup analysis. The effect of subgroup
analysis on the number of detected or disappeared SDRs depended on vaccine-
and non-vaccine proportion ratios (table 8.2). When the vaccine or non-vaccine
reporting ratio was less than one, additional SDRs were detected after subgroup
analysis while no SDRs disappeared. When the ratio was greater than one, SDRs
disappeared after subgroup analysis while no additional SDRs were detected.
When subgroup analysis is restricted to ADRs with a proportion ratio smaller
than one, 30.2% more SDRs were detected for vaccines and 24.9% more SDRs
were detected for non-vaccines.
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Characteristics of newly detected and disappearing SDRs

A random sample of 10% of the newly detected SDRs (N=134) concerned 50
vaccine-related and 84 non-vaccine related SDRs. For the vaccines 40.0% (N=20)
of the newly detected SDRs after subgroup analysis were true positives, associa-
tions that were listed in the SPC of the vaccine. For the non-vaccines 63% (N=53)
of the newly detected SDRs after subgroup analysis concerned associations that
were true positives.

A random sample of 5% of the SDRs (N=139) that disappeared after subgroup
analysis was reviewed. These concerned ADRs of 14 vaccines of which 8 were
listed in the SPC (57%) (false negatives) and ADRs of 125 non-vaccines of which
67 were listed in the SPC (54%) (false negatives).

Within all newly detected vaccine-related SDRs, the following ADRs were most
frequently reported: ‘Oedema periorbital’ (N=10; 2.0%), ‘Rash erythematous'’
(N=10; 2.0%), and ‘Abdominal pain’ (N=8; 1.6%). Of the non-vaccine related SDRs,
‘Fever’ (N=94; 11.4%), ‘Agitation’ (N=52; 6.3%), and 'Rash’ (N=37; 4.5%) were most
frequently reported.

For the disappearing vaccine-related SDRs after subgroup analysis, the following
ADRs were most frequently reported: ‘Fever’ (N=22; 8.1%), 'Injection site reac-
tion' (N=18; 6.6%), and ‘Injection site mass’ (N=13; 4.8%). Of the non-vaccine
related SDRs that disappeared, ‘Medication error’ (N=92; 3.4%), ‘Death’ (N=65;
2.4%), and 'Coma’ (N=56; 2.1%) were the most frequently reported ADRs.

Discussion

In this study we explored methodological aspects concerning signal-detection
for non-vaccine drugs and vaccines within a mixed dataset of paediatric ADR-
data and how this is influenced by the proportion of vaccines within the data. For
vaccine-related ADRs that were less frequently reported for vaccines compared
to all other ADRs in the dataset, subgroup analysis by restriction to vaccine-
related pairs led to an increase in the ROR, resulting in new vaccine-related SDRs.
Equally, for non-vaccine related ADRs, additional SDRs were detected for ADRs
that were less reported for non-vaccines compared to all other ADRs in the data-
set.

In 2008 both Hopstadius et al.?’” and Woo et al.?’® studied the impact of strati-
fication as a method to deal with confounding within data mining for signal-
detection. Hopstadius et al. used VigiBase to study the effect of stratification
as a method to adjust for possible confounding by age, sex, time of reporting,
and country of origin. Based on their results, they concluded that the possible
improvement of the data mining methods by stratification is smaller than previ-
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Figure 8.4 Flowchart: A method to determine when to perform subgroup analysis

[ Drug-ADR pair of interest ]

Vaccine proportion ratio <1 for vaccine-ADR pairs

Non-vaccine proportion ratio <1 for non-vaccine-ADR pairs

[ Subgroup analysis ] [ Analyse whole dataset ]

For non-vaccine ADR pairs subgroup analysis by restriction to non-vaccine ADR-pairs is beneficial if the non-vaccine pro-
portion ratio less than one. For vaccine-ADR pairs, subgroup analysis by restriction to vaccine-ADR pairs is beneficial if the

vaccine proportion ratio is less than one.

ously assumed. Woo et al. used the Vaccine Adverse Event Reporting System
(VAERS) database for their study. Stratification by age and sex did reveal some
signals that previously were undetected.

In a comment on the studies of Hopstadius and Woo, Evans touched upon the
differences between conventional drugs (non-vaccines) and vaccines and high-
lighted the differences in health, population and spectrum of adverse events
between the two groups of drugs.?® Evans concluded that data mining within
vaccine-data only has gains and losses since reactions that are commonly re-
ported for other vaccines might be missed as a potential safety signal if they
are mined in a vaccine stratum solely. An issue touched upon in the recently
published report on ‘Practical aspects of signal detection in pharmacovigilance’
of the CIOMS VIII working group, which also considers the impact of vaccines on
signal-detection.?”¢ In their report, the CIOMS working group states that restrict-
ing to vaccines probably does not solve all problems that are related to signal-
detection within vaccines and proposed that it may be appropriate to undertake
automatic signal-detection using both medicines and vaccines, and some analy-
sis using vaccines only.

Evans' concern on the risk to miss vaccine-related signals when restricting to
vaccine-related pairs, especially for ADRs commonly reported for vaccines is
confirmed in our study. Using measures we defined as the ‘vaccine proportion
ratio’, the proportion of vaccine-related pairs in cell C divided by the propor-
tion of vaccine-related pairs in cell D, and the ‘'non-vaccine proportion ratio’, the
proportion of non-vaccine related pairs in cell C divided by the proportion of
non-vaccine related pairs in cell D, we were able to identify subsets of reports for
which subgroup analysis by restriction to either vaccine-related or non-vaccine
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related pairs is either harmful or beneficiary.

In the current study, ADRs that were commonly reported for either vaccines or
non-vaccines were reflected by a vaccine- or non-vaccine proportion ratio greater
than one. For these ADRs, subgroup analysis led to a decrease in the ROR result-
ing in the disappearance of SDRs that were detected in the crude analysis. This
can be regarded as harmful since, based on a random sample of 5%, a majority
of the vaccine-related pairs and non-vaccine related pairs are included in the SPC
and might represent real associations. ADRs that were reported less frequent
for either vaccines or non-vaccines were reflected by a vaccine- or non-vaccine
proportion ratio smaller than one. For these ADRs, the ROR increased after sub-
group analysis, resulting in SDRs that were not detected in the crude analysis.
This can potentially be regarded as beneficiary since, based on a random sample
of 10%, 40% of the vaccine-related pairs and 63% of the non-vaccine related
pairs are included in the SPC and might represent real associations.

The potential gain or loss of SDRs should be kept in mind when applying safety
signal-detection in databases containing both vaccines and conventional drugs.
Ignoring subgroup analysis will decrease the sensitivity of the data mining algo-
rithm due to false negative SDRs. Restricting to subgroup analysis only will also
increase the number of false negative SDRs, resulting in a lower sensitivity.

We explored under which conditions this approach, both crude analysis and sub-
group analysis, is most efficient (no loss of SDRs) and will increase the sensitivity
(figure 8.4). In this method, subgroup analyses are applied only to ADRs with a
vaccine- or non-vaccine reporting ratio smaller than one, while for ADRs with a
ratio greater than one the ROR is calculated using the whole dataset. Following
this approach will lead to additional SDRs to be detected while no SDRs will be
lost and will increase the sensitivity of the data mining algorithm.

Subgroup analysis for ADRs with a vaccine or non-vaccine proportion ratio
greater than one will lead to a decrease in ROR and SDRs, but can however be
informative to compare the magnitude of class effects for the individual drugs in
the class. Studying fever convulsions using vaccines only will give an estimate of
the disproportionality compared to the other vaccines. In other words, for which
vaccines are fever convulsions most frequently reported compared to all other
vaccines.

Strengths and limitations of this study

To our knowledge our study is the first to present a method which identified
groups of drug-ADR pairs for which subgroup analysis using restriction is ben-
eficiary and can increase the sensitivity of the data mining algorithm. We used
a large sample size and were able to precisely predict the change in ROR due
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to restriction to either vaccines or non-vaccines. Paediatric pharmacovigilance
is still in its infancy and more studies and research is needed to further develop
pharmacovigilance tools that can be applied within this special population.

Our study also has limitations. First, we only investigated the influence of the
proportion of vaccines within the database on the estimates of the ROR. We did
not study any of the other data mining algorithms for signal-detection. How-
ever, given the relatedness of analyses and dependence on the same underlying
data it is likely that the results would be comparable. Second, in this study we
did stratify by age, but we did not take other important confounding factors
such as sex, time of reporting, country of origin, and seriousness of the reports
into account. These factors are also to be considered when studying individual
safety signals. Third, it should be emphasized that we used paediatric ADR data
only. When applying similar methods to adult data, clustering factors might be
less important resulting in fewer newly detected SDRs after subgroup analysis.
Studying the influence of other factors, such as seriousness of the report, might
also influence the number of detected SDRs within adult data. This might have
a larger impact and implication on the daily practice of signal-detection. Fourth,
subgroup analysis as performed in our study was only possible since we used
ADR data on a drug-ADR pair level, which allowed us to make two mutually ex-
clusive datasets. When performing the analysis on an ICSR level, division of the
data into two strict groups might not be possible. Fifth, the data used for this
study dates back to 2006. More up to date data is currently available however,
using more recent data would not have influenced the methodological approach
and conclusions of this study apart from the comparisons of SDRs with informa-
tion from the SPCs. Finally, a subgroup analysis by restriction to either vaccines or
non-vaccines has an influence on the number of drug-ADR pairs that can be used
to calculate an ROR. Since restriction decreases the number of pairs included this
also has its effect on the 95% CI of the estimates. This can in part explain why
certain genuine drug-ADR pairs were no longer SDR after subgroup analysis
(false negatives).

Conclusions

The high proportion of vaccine-related reports within paediatric ADR data has
a large and mathematically predictable impact on signal-detection in paediatric
ADR data. Subgroup analysis reveals new SDRs that potentially represent genu-
ine safety signals. However, depending on the distribution of vaccine/non-vac-
cine reports, SDRs can also disappear after subgroup analysis. The most inclusive
and sensitive signal detection method would be the combination of a crude and
a subgroup-based data mining approach based on the vaccine- or non-vaccine
proportion ratio.
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Appendix 8.1. Calculation of proportional
change in ROR after restriction

The calculation of the reporting odds ratio (ROR) is based on the following two-
by-two table in which all drug-ADR pairs are included:

The ROR is calculated analogous to an odds ratio:

S
S

ROR =

o
@

After restriction to either vaccine-ADR pairs or non-vaccine-ADR pairs we
calculated the proportional change in ROR:

100% x ( 22%2 _ 1)

ROR1

Change in ROR (%) =

The initial crude ROR (ROR;) and the ROR after restriction (ROR;) only differ with
respect to the number of records within cells C and D. With C,,c and D, being
the number of records within cells C and D that are vaccine-related and C,on-vac
and Dponvac being the number of records within cells C and D that are non-
vaccine related.

Subgroup analyses

Vaccine-ADR pairs

Non-vaccine-ADR pairs

ADR of

interest

All other
ADRs

ADR of

interest

All other
ADRs

Vaccine of

interest

A

vac

B

vac

Non-
vaccine of

interest

A

non-vac

B

non-vac

All other

vaccines

vac

All other
non-

vaccines

C

non-vac

D,

non-vac

In the following example the difference between the initial ROR and the ROR
after restriction is given for non-vaccine related drug-ADR combinations:
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IS
S

ROR; =

C-

(o]

A-(Dvac+Dnon vac)
(Cvac+Cnon vac)-B

ROR, = 4D

C'B

A-(Dnonvac)
(Cnon vac)-B

When we fill in these fractions within the proportional change in ROR formula
we get the following:

ROR2
ROR1

Change in ROR (%)

100% x (

-1

A:(Dnonvac)
— o) (Cnonvac)-B
- 100% x (A-(Dvac+Dnonvac) - 1)
(Cvac+Cnonvac)-B

_ 100% x (A-(Dnon vac)-(Cvac+Cnon vac)-B

-1

(Cnon vac)-B -A-(Dvac+Dnon vac)

As A and B are both in the numerator and in the denominator, we can cross
these away:

. D «(C C
Change inROR (%) = 100% x ((Bronvacy (Cvactnonvac) _
(Cnon vac)-(Dvac+Dnon vac)
(Dnonvac)
_ (Dvac+Dnonvac)
= 100% x ( (Cnonvac) - 1)
(Cvac+Cnonvac)

. . . . L . Cnon vac
The proportion of non-vaccines related combinations within C is —————,
Cvac+Cnon vac

and the proportion of non-vaccines related combinations within D is

Dnon vac . . .
—————— Therefore the proportional change in ROR for non-vaccine related
Dvac+Dnon vac

combinations can be re-written as:

Change in ROR (%) 100% x ( prop of non—vacrel. records in D _ )

prop of non—vac rel. records in C

Analogously the proportional change in ROR for vaccine-related combinations
can be written as:

. rop of vaccine—rel. records in D
Change in ROR (%) = 100% x (222 _ ——-1)
prop of vaccine-rel. records in C
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Appendix 8.II. Prediction of ROR after

restriction

As deducted in appendix 81, the proportional change in ROR after restriction
can be written as:

For non-vaccine related drug-ADR combinations:

. rop of non—vacrel.records in D
Change in ROR (%) = 100% x (222 )
prop of non—vac rel.records in C

For vaccine related drug-ADR combinations:

prop of vaccine—rel.records in D

Change in ROR (%) = 100% x (

prop of vaccine—rel.records in C -1 )
Using these formulas, the absolute ROR after restriction can also be predicted.
Therefore we re-write the formula for change in ROR. In this example again the
non-vaccine-ADR pairs are given.

prop of non—vac rel.records in D 1

Change in ROR (%)

100% x (

)

prop of non—vac rel.records in C

ROR2
= 100% x (——=- 1)
ROR1
This can be written as:
100% x ( proportion of non—vaccine related records in D ) _
° proportion of non—vaccine related records in C -
ROR2
100% x (——=- 1)
ROR1
This equals:
proportion of non—vaccine related records in D _ ROR2
proportion of non—vaccine related records in C - ROR1

The ROR after restriction (ROR;) to non-vaccine related drug-ADR combinations
can consequently be written as:

proportion of non—vaccine related records in D

ROR2 = (

) X RORy

proportion of non—vaccine related records in C
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Analogously, the ROR after restriction (ROR;) to vaccine-ADR combinations can
consequently be written as:

roportion of vaccine—related records in D
ROR; = - ) x ROR;

proportion of vaccine—related records in C

Estimation of ROR after subgroup analysis in general

In general, the effect of restriction based on a cluster of drugs within a database
on the ROR can be described with similar mathematical models. An important
assumption for applying these formulas is that the drug-ADR combination of
interest can only be present in one of the strata.

The ROR after subgroup analysis based on a cluster of reports that influences
the distribution of the reported drugs within the database equals:

roportion of records for restriction factor in D
ROR; = - ) x ROR;

proportion of records for restriction factor in C

The ROR after subgroup analysis based on a cluster of reports that influences
the distribution of the reported ADRs within the database equals:

roportion of records for restriction factor in D
ROR; = - ) x ROR;

proportion of records for restriction factor in B
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Abstract

Background

Traditional drug safety surveillance activities do not focus specifically on children.
The EU-ADR network (Exploring and Understanding Adverse Drug Reactions by
Integrative Mining of Clinical Records and Biomedical Knowledge) aims to use in-
formation from various electronic healthcare record (EHR) databases to produce
a computerised integrated system for the early detection of drug safety signals.

Objectives

To provide estimates on the number of drugs and incidence rates (IRs) of adverse
events that can be monitored in children and adolescents.

Methods

Data were obtained for children and adolescents (0-18 years) from seven popu-
lation-based EHR databases of the EU-ADR network from Denmark, Italy, and the
Netherlands (1996-2010). We estimated the number of drugs for which specific
adverse events can be monitored as a function of actual drug use, minimally
detectable relative risk (RR), and empirically-derived IRs for 10 events of interest.

Results

The paediatric population comprised 4,838,146 individuals contributing
25,575,132 person years (PY) of follow-up, being prescribed 2,170 drugs (1,610,631
PY drug-exposure). Eighteen drugs (0.8%) comprised half of the total drug expo-
sure in PY; with 90% of the total drug exposure being represented by 158 drugs
(7.3%). For a relatively frequent event such as upper gastrointestinal bleeding
(IR=14.4/100,000 PY) there were 39 drugs for which an association with a RR>4,
if present, can be investigated. For rare events such as anaphylactic shock there
were 8 drugs for which an association of same magnitude can be investigated.

Conclusions

Drug use in children is rare and shows little variation since only a few drugs cover
the majority of the prescriptions. The number of drugs with enough exposure to
detect safety signals within EHRs for rare events is limited. The use of EHR data-
bases is particularly promising for events with a high background incidence and
for drugs with a high prevalence of exposure.
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Introduction

Since very few pre-approval clinical trials are performed in children and ado-
lescents, safety monitoring of drugs in this population relies, even more than
in adults, on the post-marketing phase. Currently, spontaneously reported ad-
verse drug reactions and post-marketing safety studies are the most important
sources to identify safety signals both in children and in adults.’®%¢ Although
there is a fair amount of experience with using spontaneous reporting systems
(SRS) to study vaccine safety in children,?76:278.282,283,.287.288 the yse of such systems
for routine safety surveillance of conventional medicines in children is limited.
And although SRS have proven their value for safety surveillance, there are well
recognised limitations and biases such as selective underreporting, stimulated
reporting and the lack of exposure data.?*4243

To complement SRS and other traditional monitoring systems, initiatives in the
United States (US) and in Europe have set up population-based surveillance sys-
tems that make use of longitudinal healthcare data.**¢ In Europe, the EU-ADR
Project (Exploring and Understanding Adverse Drug Reactions by Integrative Min-
ing of Clinical Records and Biomedical Knowledge) was initiated in 2008 and is a
collaboration of 18 public and private institutions. EU-ADR aims to exploit infor-
mation from various electronic healthcare records (EHR) and other biomedical
databases in Europe to produce a computerised integrated system for the early
detection of drug safety signals.** A previous study within EU-ADR showed that
safety surveillance in the general population using EHR databases is possible but
the statistical power might be low for infrequently used drugs or for rare out-
comes.?® This study included paediatric data, although no specific analyses were
performed on the paediatric population.

In this study, we aimed to provide estimates of the number of drugs that have
enough exposure to be monitored in children and adolescents for events cur-
rently being investigated within the EU-ADR network using incidence rates (IRs)
empirically-derived within the study. Furthermore, we aimed to provide informa-
tion on the frequency range of events that can be monitored based the on actual
drug-exposure in the cohort and we speculate how large a network should be to
monitor drug safety in children.

Patients and Methods

Data sources and setting

We performed a retrospective cohort study using data from the EU-ADR net-
work, of which a detailed description has been published earlier.##?% In sum-
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mary, the EU-ADR platform currently comprises data from eight EHR databases
in four European countries. For the current study we used paediatric data from
the seven of the databases from three European countries: Health Search/CSD
Longitudinal Patient Database (Italy), Integrated Primary Care Information (the
Netherlands) and Pedianet (Italy) are population-based general practice data-
bases, in which clinical information and medication prescriptions are recorded.
Aarhus University Hospital Database (Denmark), PHARMO Network (the Nether-
lands), and the regional Italian databases of Lombardy and Tuscany are all com-
prehensive record-linkage systems in which drug dispensing data of regional/
national catchment area are linked to a registry of hospital discharge diagnoses
and other registries. The majority of healthcare services, including pharmaceuti-
cal services, are provided for, or subsidised by, the state in Italy and Denmark
and covered by obligatory health insurance in the Netherlands. In all of these
countries general practitioners or family paediatricians function as gatekeepers
of the healthcare system.

Study population

The study population included children and adolescents aged 0 to 18 years within
these databases. The study period ran between January 15t 1996 and December
31t 2010. Follow up started after a run-in period of 365 days. This run-in period
was required to determine the first occurrence of an event. The run-in period
was omitted for children younger than one year at the start of observation; these
children started to contribute follow-up person time from the date of birth or the
date of registration on, whichever came first.

Data from the different databases were pooled using a distributed network ap-
proach, in which data holders maintain control over their original data and only
aggregated data are shared with the rest of the network. This was done through
generation of the data into a common format followed by local aggregation us-
ing custom-built software, Jerboa®.*

Drug exposure

Drug use was categorised using the World Health Organisation's (WHO) Ana-
tomical Therapeutic Chemical (ATC) classification system.?® Drug exposure was
measured in terms of person-years (PY). We further analysed drug use by ana-
tomical main groups (ATC 1st level), and by chemical substances (ATC 5th level).

To study the distribution of the drugs over classes of drug exposure, drugs were
subsequently categorised based on the total amount of drug exposure in PY
as follows: <10 PY; >10-<50 PY; >50-<100 PY; >100-<500 PY; >500-<1,000 PY;
>1,000-<5,000 PY; >5,000-<10,000 PY; and >10,000 PY. Furthermore, the number

148



EHR databases in safety surveillance

of drugs that accounted for 50% and 90% of the total drug exposure in the study
population were calculated.

Events

The identification of the events of interest and the process of mapping and har-
monisation of event coding terminologies across the various databases with-
in EU-ADR have been described in more detail in other publications.*#2°0292 In
summary, events of interest, considered to be most serious and most relevant
(generally within the context of safety monitoring in adults), were included and
were identified in the databases using an iterative process that included defin-
ing events based on clinical criteria established from literature, using diagnosis
codes and free text as well as laboratory findings, when available. The different
event coding terminologies within the databases were first mapped using the
UMLSL (Unified Medical Language System1).2* Currently, there are 13 events
that have been mapped and harmonised in the EU-ADR platform and for which
age-specific incidence rates (IRs) have been estimated. The following 10 events,
occurring with an annual IR of >1/100,000 PY in children were included in this
study: (1) acute liver injury, (2) acute renal failure (3) anaphylactic shock; (4) bul-
lous eruptions; (5) cardiac valve fibrosis; (6) hip fractures; (7) neutropenia; (8)
acute pancreatitis; (9) pancytopenia; and (10) upper gastrointestinal bleeding
(UGIB).

Statistical analysis

Given the pooled empirically derived IRs of the 10 included events, we calculated
the total amount of PY of exposure that would be required to detect an associa-
tion between a particular drug and a particular event over varying magnitudes
of relative risk (RR) of 2 (weak signal), 4 (moderate signal), and 6 (strong signal)
using a one-sided significance level a=0.05 and power of 80% ($=0.2) using the
methodology as described previously.?° We subsequently determined the num-
ber of drugs for which there would be sufficient data for safety monitoring. The
number of drugs was expressed as the number of unique chemical substances
(ATC 5th level). For the drugs with enough exposure to detect the RR of interest,
the proportion of the PY of exposure to these drugs, compared to the total PY
of exposure for all drugs, was calculated. Analogously we calculated the range of
IRs of events that can be monitored to detect weak (RR>2), moderate (RR>4) or
strong (RR>6) associations based on the actual drug exposure within the cohort.
These results were stratified within categories of drug exposure (as specified un-
der 'drug exposure’) and age.

Based on the actual exposure and hypothetical incidences of adverse events
(1/100,000 PY; 10/100,000 PY; 50/100,000 PY; 100/100,000 PY; and 500/100,000
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EHR databases in safety surveillance

PY) we also calculated for how many drugs within specific drug groups (ATC 1st
level) would there be enough exposure to detect associations with varying mag-
nitudes.

Stratification by age

Results were stratified in one-year age categories and according to four age cat-
egories: 0-<2 years, 2-<5 years; 6-<11 years and 12-<18 years.!!

Results

The paediatric population (aged 0 to 18 years) of the EU-ADR network comprised
4,838,146 individuals contributing 25,575,132 PY of follow-up (1996-2008). Of
these PY, 12.8% were for children aged 0-<2 years, 22.2% for children aged 2-<5
years, 32.7% for children aged 6-<11 years and 32.3% for adolescents aged 12-
<18 years.

A total of 2,170 drugs were used (i.e. prescribed or dispensed) during the study
period with a total exposure of 1,610,631 PY. An overview of drug exposure, at
the anatomical level of the ATC classification across different age categories is

Figure 9.1 Drug exposure in person-years stratified by age

160

m Respiratory  Anti-infectives
m Dermatological = Genitourinary
140 = Alimentary Neurologic
= Blood Other (<5,000 PY)

Exposure in 1,000 PY

0-<1 1-<2 2-<3 3-<4 4-<5 5-<6 6-<7 7-<8 8-<9 9-<10  10-<11 11-<12 12-<13 13-<14 14<15 15<16 16-<17 17-<18

Age (years)

NOTE: Drug exposure is aggregated on the 1st ATC level (anatomical main group). ‘Other’ represents all other drug groups

with a total exposure of <5,000 PY
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Figure 9.2 Distribution of exposure in PY by age-groups (5th ATC level)

Age 0 -<2years Age 2 -<5years
20 1%/_1% 4%1%/_1%

4%

o~ \

Age 6-<11years Age 12 -< 18 years

1%_\ I_Z%

4%

All ages
1% _ 2% Incid Incid Incid
| Range PY /1,000 PY /1,000 PY /1,000 PY
RR=2 RR24 RR=6
<10 <765 <12 <52
>10 - <50 <160 <2.4 <1.1
>50 - <100 <80 <12 <055
W >100 - <500 <16 <0.25 <0.11
>500 - £1,000 <80 <012 <0.055
>1,000 - £5,000 <16  <0.02 <0.011
>5,000 - £10,000 <08 <001  <0.0055
>10,000 208 2001  20.0055

The range in PY is given with the corresponding incidence rates of events that can be monitored. PY=person-years;

incid=incidence.
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illustrated in figure 9.1. Up to 12 years of age, the drug classes with the high-
est exposure are respiratory drugs (32,200-48,400 PY) and anti-infective drugs
(10,300-27,200 PY). From age of 14 years on, genitourinary drugs, mainly oral
contraceptives were increasingly prescribed up to 17-<18 years, with 53,200 PY
of exposure. For the entire paediatric population the drug classes with the high-
est exposure were respiratory drugs (661,000 PY); anti-infective drugs (279,000
PY), dermatological drugs (138,000 PY), genitourinary drugs (132,000 PY) and
alimentary drugs (121,000 PY). The remaining drug classes had a total exposure
of <100,000 PY (data not shown).

The number of drugs that have enough exposure to detect, if present, weak
(RR>2), moderate (RR>4) or strong (RR>6) associations for the 10 events are
presented in table 9.1. Since the numbers are low, these results were not fur-
ther stratified by age. The stronger the association to be studied, the higher is
the number of drugs that can be studied. Also more drugs can be studied for
frequently occurring events. For a relative frequent event such as upper gastroin-
testinal bleeding (UGIB) (IR=14.4/100,000 PY), five drugs had the minimal expo-
sure of 55,725 PY required to detect a weak association (RR>2). These five drugs
comprised 26.2% of the total drug exposure in PY. Thirty-nine drugs (66.3% of
the total drug exposure) had the minimal required exposure of 8,532 PY to detect
a moderate association (RR>4) with UGIB and 79 drugs (79.9% of the total expo-
sure) had the minimal exposure of 3,810 PY required to assess a strong associa-
tion (RR26). On the other hand, for the rare event acute pancreatitis (1.6/100,000
PY) none of the drugs had enough exposure to detect a weak signal (RR>2), 3
drugs (17.9% of exposure) had enough exposure to detect a moderate signal
(RR24), and 9 drugs (37.3% of exposure) had enough exposure to detect a strong
signal (RR>6).

The number of drugs, stratified at the anatomical level of the ATC classification,
with enough exposure to study hypothetical IRs to detect weak, moderate or
strong associations is given in table 9.2. Respiratory drugs and anti-infectives
were among those drugs having enough exposure to monitor associations of
RR>2, RR>4 and RR26 for events having (hypothetical) IRs 10/100,000 PY and
higher. None of the drugs rarely used in the study population (e.g., antineoplas-
tic, antiparasitic, and cardiovascular drugs), had enough exposure to monitor an
association with RR>2 for any of the hypothetical incidences ranging from 1 to
500/100,000 PY.

As illustrated in figure 9.2, only a small proportion of drugs that are being used
in the EU-ADR paediatric population of around 5 million subjects, have a high
exposure in PY. About half of the drugs have a total exposure of less than 10 PY.
This is most pronounced in the youngest children, for which 75% of the drugs
have a total exposure of <10 PY. In the table accompanying figure 9.2, the mini-
mal detectable IRs for the exposure-categories for each RR is given: for drugs
with an exposure of 10 PY, IRs of 765/1,000 PY and higher can be detected for
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RR>2, 12/1,000 PY and higher for RR>4 and 5.2/1,000 PY and higher for RR>6.
The proportion of the drugs with an exposure of more than 1,000 PY (necessary
to detect IRs of up to 16/1,000 PY with a RR>2) is less than 5% within the age
categories, and is only 8.4% for the total paediatric population

Eighteen of the 2,170 drugs (0.8%) make up 50% of the total drug-exposure in
PY (0-<18 years) (table 9.3). For 0-<2 years, 2-<5 years; 6-<11 years and 12-<18
years there were 8 (0.6%), 8 (0.5%), 14 (0.9%) and 20 (1.0%) drugs, each of the
18 drugs had drug-exposures of 18,236 PY. Based on these exposures, events
with IR>44/100,000 PY (RR>2), IR>6.7/100,000 PY (RR>4) and IR>3.0/100,000 PY
(RR>6) can be detected (data not shown).

Data from 90% of the total drug exposure is represented by 158 drugs (0-<18
years). For 0-<2 years, 2-<5 years; 6-<11 years and 12-<18 years there were 67
(3.1%), 86 (4.0%), 125 (5.8%) and 165 (7.6%) drugs. Each of the 158 drugs had
drug-exposures of 21,334 PY, allowing detection of events with IR>603/100,000
PY (RR>2), IR>92/100,000 PY (RR>4) and IR>41/100,000 PY (RR=6) (data not
shown).

Discussion

The number of initiatives evaluating the use of EHR databases as a source for
drug safety surveillance is growing.*462942% Some of these include data on chil-
dren and adolescents; however, none of these initiatives have yet focused on the
paediatric population, for which safety data are actually lacking most.

Despite the fact that almost 5 million children and adolescents are included in
the EU-ADR network, the number of drugs that have enough exposure to study
weak, moderate or strong associations with the events currently monitored in
EU-ADR network is limited. For a rare but serious event like anaphylactic shock
there were no drugs with enough exposure to study a weak association (RR>2)
and only 20 drugs to study a strong association (RR>6). These numbers are low
compared to the total of 2,170 drugs prescribed. It is mainly for drugs that are
known to be chronically used in children (i.e., anti-infectives, respiratory drugs
and hormones)* that there was enough exposure to monitor a wide range of IRs
for varying magnitudes of risks. An important group of drugs for which safety
alerts concerning the use in children and adolescents have been issued in recent
years are central nervous system drugs like ADHD (attention deficit-hyperactivity
disorder)-drugs.'> Methylphenidate was the only neurological drug among the
18 of drugs that covered 50% of the total drug exposure in PY. Thus, safety con-
cerns regarding methylphenidate can be studied within the EU-ADR network,
but this may not be possible for other neurological drugs where the total expo-
sure might be too low for a potential risk to be detectable.
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Table 9.3 Drugs that cover 50% of the total drug exposure in person years

Age Oto<2years*

Beclometasone
[RO3BAO1] (13.1)

Salbutamol
[RO3AC02] (10.5)

Amoxicillin
[JO1CA04] (6.5)

Amoxicillin /
Clavulanic acid
[JO1CRO2] (4.9)

Phytomenadione
(vitamin K)
[BO2BAO1] (4.4)

Fluticasone
[RO3BAO5] (3.8)

Budesonide
[RO3BA02] (3.6)

Flunisolide
[RO3BA03] (3.6)

Age 2 to < 5 years*

Beclometasone
[RO3BA01] (12.5)

Salbutamol
[RO3ACO02] (9.1)

Amoxicillin /
Clavulanic acid
[JO1CRO2] (7.9)

Amoxicillin
[JO1CA04] (5.0)

Fluticasone
[RO3BA05] (5.0)

Budesonide
[RO3BA02] (4.3)

Clarithromycin
[JOTFAQ9] (3.8)

Flunisolide
[RO3BA03] (3.1)

Age 6 to < 11 years*

Salbutamol
[RO3ACO02] (6.8)

Beclometasone
[RO3BAO01] (6.4)

Amoxicillin /
Clavulanic acid
[JO1CRO2] (5.2)

Fluticasone
[RO3BAO5] (4.8)

Cetirizine
[RO6AEQ7] (4.1)

Budesonide
[RO3BA02] (3.5)

Amoxicillin
[JO1CA04] (3.4)

Methylphenidate
[NO6BA04] (3.2)

Salmeterol and other
drugs for obstructive
airway diseases
[RO3AKO06] (2.7)

Clarithromycin
[JO1FA09] (2.7)

Desmopressin
[HO1BAO2] (2.3)

Montelukast
[RO3DCO3] (1.7)

Fluticasone (nasal)
[RO1ADO08] (1.7)

Terbutaline
[RO3ACO3] (1.6)

*drug [5th ATC level] (% of total exposure in person years)
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Age 12 to< 18 years *

Levonorgestrel and
estrogen
[GO3AA07] (11.9)

Sodium fluoride
[AO1AA01] (3.9)

Amoxicillin /
Clavulanic acid
[JO1CRO2] (3.4)

Salbutamol
[RO3ACO02] (3.2)

Cyproterone and
estrogen
[GO3HBO1] (3.2)
Cetirizine
[RO6AE07] (2.5)

Beclometasone
[RO3BAO01] (2.4)

Amoxicillin
[JO1CA04] (2.3)

Ferrous sulfate
[BO3AA07] (2.1)

Methylphenidate
[NO6BA04] (1.8)

Salmeterol and other
drugs for obstructive
airway diseases
[RO3AKO6] (1.7)

Desloratadine
[RO6AX27] (1.6)

Budesonide
[RO3BA02] (1.6)

Fluticasone
[RO3BAO5] (1.6)

Levocetirizine
[RO6AE09] (1.4)

Gestodene and
estrogen
[GO3AA10] (1.4)

Clarithromycin
[JO1FA09] (1.3)

Fluticasone (nasal)
[ROTADO8] (1.3)

Terbutaline
[RO3ACO03] (1.2)

Mometasone
[ROTADO9] (1.1)

Total *

Beclometasone
[RO3BA01] (6.8)

Salbutamol
[RO3AC02] (6.2)

Amoxicillin/
Clavulanic acid
[JO1CRO2] (4.9)

Levonorgestrel and
estrogen
[GO3AA07] (4.6)

Amoxicillin
[JO1CA04] (3.6)

Fluticasone
[RO3BA05] (3.4)

Budesonide
[RO3BA02] (2.9)
Cetirizine
[RO6AEQ7] (2.6)

Clarithromycin
[JOTFA09] (2.2)

Sodium fluoride
[AO1AA01] (1.9)

Flunisolide
[RO3BA03] (1.7)

Methylphenidate
[NO6BA04] (1.6)

Salmeterol and other
drugs for obstructive
airway diseases
[RO3AKO6] (1.6)

Terbutaline
[RO3ACO3] (1.5)

Cyproterone and
estrogen
[GO3HBO1] (1.2)

Fluticasone
[ROTADO8] (1.1)

Montelukast
[RO3DCO3] (1.1)

Salbutamol and other
drugs for obstructive
airway diseases
[RO3AKO04] (1.1)



EHR databases in safety surveillance

This study showed that within the paediatric population of the EU-ADR network,
the amount of drug exposure time is low and a limited number of drugs cover the
majority of the person time of exposure. The 1.6 million PY of exposure were dis-
tributed over 2,170 individual drugs, compared to 2,289 for the overall popula-
tion (all ages) in EU-ADR (95%). Of these, only 18 represented 50% and 158 drugs
covered 90% of the total drug exposure time. This knowledge places the number
of drugs having enough exposure to detect weak, moderate or strong associa-
tions in another context. The 20 drugs that have enough exposure to study a
strong association with anaphylactic shock (at RR>6) represent 52.1% of the total
drug exposure. As illustrated in the current study, moderate associations can be
studied for half of the total drug exposure, for events having IRs of >10/100,000
(29 drugs), while for events having IRs of >50/100,000 also weak associations can
be studied (20 drugs). It should be noted that these results have not been cor-
rected for multiple testing.

The number of drugs that can be investigated is also limited by the low IRs in the
paediatric population of the 10 events of interest in EU-ADR. The low IRs were
not surprising, since the events were chosen based on safety issues, which were
more relevant in adults. Events occurring more frequently in children need less
PY of exposure to study a potential association. For example the incidence of fe-
brile seizures in young children has been estimated at 14 / 1,000 PY.?% Based on
this literature-derived incidence a total of 132 drugs within EU-ADR have enough
exposure to detect a possible association at RR>4. Therefore, in future initiatives
to set up drug surveillance systems for the paediatric population using EHRSs, it is
very important to choose age-appropriate events and definitions.

An important unaddressed question is whether the positive predictive value of
mining longitudinal healthcare database for safety surveillance will be higher
than data mining in spontaneous reporting systems.?* Trifiro and colleagues
compared potential signals derived from the EU-ADR network with signals de-
rived from spontaneous reporting systems (SRSs).?” SRSs were more likely to
detect potential associations for events with a low incidence in the general popu-
lation and commonly regarded as drug-induced like Stevens Johnson syndrome
and anaphylactic shock. EU-ADR may complement traditional SRS in the detec-
tion of adverse events that are frequent in the general population and are not
commonly regarded to be drug-related. This is in line with the results we ob-
tained. For events with a low IR and a high probability to be drug-induced only a
small number of drugs had enough exposure to detect potentially drug-induced
events. For events with a high IR a larger number of drugs could be studied. This
makes EU-ADR and other healthcare data-based systems an important supple-
ment to the existing SRS. It is also important to note that although the number
of drugs that can be studied for rare events is low, the drugs that can be studied
have a relatively large exposure within the population and hence, EHR databases
appear to be able to detect associations for drugs that are frequently used. It
is known that ADRs have the highest chance to be detected (and reported) at
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the beginning of the drug therapy, since at this time both the treating physician
and the patients are most aware of potential adverse events. Because of the
longitudinal nature of the data collection in EHR databases, signals may also be
detected after long-term use of drugs, possibly even for rare diseases.

Limitations and Future directions

Our study illustrates that the capacity of EHR databases as a source for drug
safety surveillance is not primarily limited by the size of the population, but is
mainly hampered by the fact that the majority of the drugs are prescribed very
rarely or for a very short period of time. We emphasize that the results should
be interpreted within the context of the data which gave rise to these results.
Since the majority of the databases are primary care-based, specialist prescrip-
tions (e.g., for antineoplastic drugs) are only captured in the system if continued
by the general practitioner. Expansion of the database network to include other
populations would be necessary to capture all drugs prescribed in the popula-
tion not only to increase the size of the studied population, but also to increase
the variation in prescribing patterns.

Other possible sources of paediatric data include the Mini-Sentinel and the Ob-
servational Medical Outcomes Partnership (OMOP).*62%4 The paediatric popula-
tion within Mini-Sentinel comprises ~27 million children and adolescents up to 19
years (21.6% of total)?°®® OMOP comprises ~39.5 million children and adolescents
up to 18 years. If it would be possible to combine these data sources altogether,
the current study population will be enlarged with a factor of 14.7. Assuming
similar patterns of follow-up and patterns of exposure to drugs in all databases,
this (hypothetical) population will have a total drug exposure of ~23.7 million PY.
Consequently, for an event like anaphylactic shock the number of drugs having
enough exposure to study a moderate association (RR>4) will increase from 8 to
100 and for a more frequent event like UGIB 242, instead of 39, drugs could be
investigated to study a moderate association. Global collaboration will be neces-
sary for further development of paediatric drug safety monitoring systems using
EHRs, although such collaborations may still be incapable of studying the major-
ity, if not all, drugs used in children and adolescents. Collaboration with other
currently ongoing worldwide initiatives using healthcare data for safety surveil-
lance (such as OMOP and Sentinel Initiative) will also be important for external
validation of newly identified safety signals.

Conclusions
Drug use in children is rare and only 18 out of the total 2,170 prescribed or dis-

pensed drugs (<1%) make up half of the total exposure to drugs in the paediatric
population in EU-ADR. The number of drugs with enough exposure to detect po-
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tentially drug-induced adverse events using EHR for rare events in children and
adolescents is limited. Mining within EHR databases seems especially promising
for events that have a high background incidence in the paediatric population
and for drugs with a large amount of exposure. Inter-continental collaboration
will be necessary to gain enough statistical power for paediatric safety surveil-
lance.
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Abstract

Background

There is a growing number of initiatives exploring the use of electronic health-
care records (EHR) for drug safety signal detection. It is currently unknown what
the capabilities of these systems are for signal detection in children and whether
there are differences in the type of signals being detected using EHR or sponta-
neous reporting systems (SRSs).

Objectives

To compare statistical signals detected for upper gastro-intestinal bleeding
(UGIB) in children and adolescents using data from EHR and SRS.

Methods

A cohort of individuals of 0-<20 years of age was obtained from seven popu-
lation-based EHR databases of the EU-ADR network in 3 countries (1996-2010).
A signal was defined both for the LGPS (Longitudinal Gamma Poisson Shrinker)
and the SCCS (Self-Controlled Case Series) methods as a RR with lower limit of
the 95% confidence interval (95% CI)>1. SRS data was derived from VigiBase and
the following measures calculated: i. reporting odds ratio (ROR); ii. proportional
reporting ratio (PRR); and iii. Empirical Bayes Geometric Mean (EBGM) for all
drugs with 23 reports for UGIB. Within VigiBase, a signal was defined as having i.
ROR22 and 95% CI>1, or ii. PRR22 and x?24, or iii. 5% of the EBGM quantile of the
empirical Bayesian posterior distribution (EB05)>2. For all identified signals it was
checked if they were new using both the EU-ADR platform and by summaries of
product characteristics.

Results

In total, 142 different signal were identified. There were 17 signals identified in
both data sources; 87 signals were identified in VigiBase only and 38 in EU-ADR
only. VigiBase identified more signals for drugs prescribed by specialists and
used in-hospital, such as biologicals and chemotherapeutic agents. EU-ADR
identified more signals for drugs with a high prevalence of use in outpatients.

Conclusions

The overlap between the number of signals identified within EU-ADR and Vig-
iBase for UGIB in children and adolescents is limited. The ability to identify safety
signals in children using EHR data is limited by the amount of exposure in the
databases. Signal detection on EHR is technically possible but would profit from
large collaborations with heterogeneity in exposure.
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Introduction

There is a growing number of initiatives exploring the use of electronic health-
care records (EHRs) for drug safety signal detection. Population-based surveil-
lance systems that make use of longitudinal healthcare data are being set up to
complement spontaneous reporting systems (SRS).#4462% In Europe, the EU-ADR
Project (Exploring and Understanding Adverse Drug Reactions by Integrative Min-
ing of Clinical Records and Biomedical Knowledge) was initiated in 2008 and is a
collaboration of 18 public and private institutions. The objective of EU-ADR Pro-
ject was to exploit information from various EHR and other biomedical databases
in Europe to produce a computerised integrated system for the early detection
of drug safety signals.** Primarily because EHR databases comprise data col-
lected routinely for actual medical care, their use for signal detection is not sub-
ject to biases known to affect SRS such as selective underreporting, stimulated
reporting and the lack of exposure data.?*4243

Now that EHR-based surveillance systems are being established it is important
to know how the value of mining these longitudinal healthcare database com-
pares to data mining in SRSs.?* A preliminary study comparing potential sig-
nals identified from the EU-ADR network with signals derived from SRSs showed
that adverse events having a very low incidence in the general population and
commonly regarded as drug-induced were more likely to be identified in SRSs
while events that are frequent in the general population and are not commonly
regarded to be drug-related were more likely detected in EU-ADR.?” Thereby
it is believed that signal detection within EHR databases like EU-ADR may com-
plement traditional SRS. Although EU-ADR was not set up particularly for data
mining in children and adolescents we investigated in an earlier study the statis-
tical power of the EU-ADR system to perform signal detection in this paediatric
subpopulation of about 5 million individuals.?® Our findings showed that for a
relatively frequent event such as upper gastrointestinal bleeding (UGIB) there
were five drugs (0.23% of total database) for which a weak association (RR>2)
and 39 drugs (1.8% of total database) for which a moderately strong association
(RR>4), if present, could be investigated.

In a sequel to this study we investigated the performance of the EU-ADR network
in identifying drug safety signals for UGIB. We compared the number and type
of signals identified within the EU-ADR network and a SRS (VigiBase) within a
population of children and adolescents (0-<20 years).
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Methods

We performed a retrospective evaluation of drug safety signals identified from
EHR data in the EU-ADR network, and a spontaneous reporting system, using
VigiBase, for UGIB in children and adolescents (0-<20 years).

Data sources, setting and study population

Electronic Health Records — EU-ADR network

We assembled a retrospective cohort from the network of databases of the EU-
ADR Project, of which a detailed description has been published earlier.#2% In
summary, the EU-ADR database network currently comprises data from eight
EHR databases in four European countries. For the current study we used paedi-
atric data from seven of these databases from three European countries. Health
Search/CSD Longitudinal Patient Database (Italy), Integrated Primary Care In-
formation (the Netherlands) and Pedianet (Italy) are population-based general
practice databases, in which clinical information and medication prescriptions
are recorded. Aarhus University Hospital Database (Denmark), PHARMO Net-
work (Netherlands), and the regional Italian databases of Lombardy and Tuscany
are all comprehensive record-linkage systems in which drug dispensing data of
regional/national catchment area are linked to a registry of hospital discharge di-
agnoses and other registries. The majority of healthcare services, including phar-
macy services, are provided for, or subsidised by, the state in Italy and Denmark
and covered by obligatory health insurance in the Netherlands. In all of these
countries general practitioners, or family paediatricians, function as gatekeepers
of the healthcare system.

The study population in this retrospective cohort included children and adoles-
cents aged 0 to <20 years within the abovementioned databases. The study pe-
riod ran between January 15t 1996 and December 31°t 2010. Follow up started af-
ter a run-in period of 365 days. This run-in period was required to determine the
first occurrence of an event. The run-in period was omitted for children younger
than one year at the start of observation; these children started to contribute
follow-up person-time from the date of birth or the date of database registra-
tion, whichever came first. Age was divided in strata of five years to allow for
correction for age in the analyses.

Data from the different databases were pooled using a distributed network ap-
proach, preserving local control by database holders over their respective data
and only aggregated, de-identified results were shared with the rest of the net-
work. This was done through generation of the data into a common format fol-
lowed by local aggregation using custom-built software, Jerboa®.*
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Spontaneous reporting system — VigiBase

We used data from the VigiBase repository of suspected ADRs as source for
the spontaneous reporting system data. This World Health Organisation (WHO)
global individual case safety report (ICSR) database system was established in
1968 and contained more than 5.0 million ICSRs by 2010.?° VigiBase is main-
tained on behalf of the WHO International Drug Monitoring Programme by the
Uppsala Monitoring Centre (WHO-UMC). As of 2010, there are more than 80
countries participating in the programme and another 17 associate member
countries that have yet to actively contribute data. ICSRs are submitted to the
WHO-UMC through the national pharmacovigilance centres on a regular basis,
at least every quarter or, more often, once a month.?® From the VigiBase data
released in the last quarter of 2010 we extracted all ICSRs on children aged 0-20
years. Both suspect and co-occurring drugs were included.

Drug exposure

In both EU-ADR and VigiBase drug use was categorised using the WHO Anatom-
ical Therapeutic Chemical (ATC) classification system,® at the 5th level (chemical
substance).

Selection of events

EU-ADR

This analysis focused on UGIB. The identification of UGIB and the process of
mapping and harmonisation of event coding terminologies across the various
databases within EU-ADR has been described in more detail in other publica-
tions. 21292301 In summary, events of interest, considered to be most serious and
most relevant (generally within the context of safety monitoring in adults), were
included and were identified in the databases using an iterative process that in-
cluded defining events based on clinical criteria established from literature, using
diagnosis codes and free text as well as laboratory findings, when available. The
different event coding terminologies within the databases were first mapped us-
ing the UMLS1 (Unified Medical Language System1).2%

VigiBase

Reports were selected based on preferred terms (PTs) of MedDRA. Reports with
the following PTs were included: chronic gastrointestinal bleeding; duodenal ulcer
haemorrhage; duodenitis haemorrhagic; gastric haemorrhage; gastric occult blood
positive; gastric ulcer haemorrhage; gastric ulcer haemorrhage obstructive; gastric
varices haemorrhage; gastritis haemorrhagic; gastroduodenal haemorrhage; gas-
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troduodenitis haemorrhagic; gastrointestinal haemorrhage; gastrointestinal ulcer
haemorrhage; haematemesis; haematochezia; haemorrhagic erosive gastritis; mel-
aena; occult blood positive; oesophageal haemorrhage; oesophageal ulcer haemor-
rhage; oesophagitis haemorrhagic; peptic ulcer haemorrhage; ulcer haemorrhage;
upper gastrointestinal haemorrhage.

Statistical analysis — Statistical signals

The definition of a statistically significant signal depends on the statistical meth-
od used and the thresholds defined. In both the EHR-data and the SRS data at
least 3 reports of an event occurring during exposure were needed to be classi-
fied as a potential signal.

EU-ADR

The EU-ADR system has not established a fixed way to establish signals but de-
veloped methods for signal generation, bias and confounding assessment plus
signal substantiation in a recognition that temporal statistical associations on
electronic health care records alone would yield too many false positives. For
signal generation we used the Longitudinal Gamma Poisson Shrinker (LGPS),302303
and the self-controlled case series analyses (SCCS). LGPS is developed within EU-
ADR and is a modification of the Gamma Poisson Shrinker that uses person-time
rather than case counts for estimating the expected number of events. SCCS uses
information from cases only and thereby controls for stable confounding within
a person.

In an additional analysis we filtered signals that are potentially due to proto-
pathic bias using a method developed in EU-ADR: the Longitudinal Evaluation
of Observational Profiles of Adverse events Related to Drugs (LEOPARD).2? We
defined a statistically significant signal for the LGPS and the SCCS as a RR with a
lower limit of the 95% confidence interval (95% CI) >1.

VigiBase

For VigiBase we applied three different data mining algorithms. We applied two
frequency-based methods, the reporting odds ratio (ROR) and the proportional
reporting ratio (PRR), and one Bayesian-based method, the Empiric Bayes Geo-
metric Mean (EBGM). The EBGM is, just as the ROR and PRR, based on dispro-
portionality of reporting, but uses Bayesian statistics to shrink estimates of risks.
A signal was considered significant for i.ROR22 and 95% CI>1, or ii. PRR22 and
chi-square (x?)24, or iii. the 5% quantile of the empirical Bayesian posterior distri-
bution (EB0O5) >2.3839304 Since vaccines are included in VigiBase, whereas they are
not systematically captured in all EU-ADR databases, we removed the vaccine-
related events from the results to make the two systems more comparable.
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Statistical analysis — Substantiation of signals

All signals identified in either EU-ADR or VigiBase were evaluated for their occur-
rence in literature. All identified events were processed through the EU-ADR Web
Platform, a workflow that integrates information on targets and proteins with the
drugs and suggests possible biological pathways that connect the drug and the
event.3® It is an open workspace for the integrated analysis of pharmacovigilance
datasets. Drug—event pairs can be substantiated and statistically analysed within
the platform’s working environment (https.//bioinformatics.ua.pt/euadr/). Using
the EU-ADR Web Platform, for each identified signal it was checked if it was
known in literature. For signals not known in EU-ADR it was checked whether
they were listed in the summary of product characteristics (SPC) of the drug.

Statistical analysis — Comparisons

For each event we compared the number of signals identified within the type of
data source (EHR or SRS) using the different methods. We also determined how
many signals were identified in both systems and described the characteristics of
the signals identified by each method.

Results

Incidence rates

The EU-ADR network cohort (age 0-20 years) contributed a total of 28,777,287
person years (PY) of follow-up (1996-2010) and 1,921,359 PY of drug-exposure.
The incidence rate of UGIB is presented in figure 10.1.

Signals

The number of identified statistical signals for UGIB using the different methods
in EU-ADR and VigiBase is presented in table 10.1. An overview of the identified
signals is presented in table 10.2.

Within EU-ADR there were 55 signals with a RR21 for UGIB based on the LGPS
and 30 signals for SCCS. Filtering with LEOPARD reduced the number of potential
signals to 15 for LGPS (27.2%) and 5 for SCCS (16.7%). Out of the 15 signals identi-
fied after applying LPGS and LEOPARD-filtering, three were known associations
based on the EU-ADR web platform (ibuprofen, diclofenac and acetylsalicylic acid)
and two were included in the SPC (baclofen and ursodeoxycholic acid) (figure
10.2).
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Figure 10.1 Incidence rates of upper gastro-intestinal bleeding in EU-ADR
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In VigiBase there were 206 drugs with at least 3 reports of UGIB. Using the ROR
we identified 104 statistical safety signals (50.5%). The PRR could identify 94
(90.4%) of these signals and EBGM 37 (35.6%). Based on the literature-based in-
formation in the EU-ADR platform literature workflow and the SPCs, 39 signals as
identified by ROR (37.5%), 33 signals as identified by PRR (35.1%), and 10 signals
(27.0%) as identified by the EBGM are possible new associations.

Table 10.1 Number of signals detected for upper gastrointestinal bleeding

Without LEOPARD filtering With LEOPARD filtering
Data source Signals identified Unknown signals No protopathic bias Unknown signals
N N (%)* detected N (%) N (%)**
EU-ADR (EHR)
LGPS 55 32(58.2%) 15 (27.2%) 10 (66.7%)
SCCSs 30 15 (50.0%) 5(16.7%) 2 (40.0%)
VigiBase (SRS)
ROR 104 39 (37.5%) - -
PRR 94 33(35.1%) - -
EGBM 37 10 (27.0%) - -

“ % of all signals; ~ % of signals without protopathic bias. Abbreviations: EGBM=Empiric Bayes Geometric Mean;
EHR=electronic healthcare records; LGPS=Longitudinal Gamma Poisson Shrinker; N=number; PRR=proportional reporting

ratio; ROR=reporting odds ratio; SCCS=self-controlled case series; SRS=spontaneous reporting system.
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Comparison of the identified signals

The overlap of the number of identified signals between the different meth-
ods is illustrated in figure 10.3. Using the most liberal approaches (in VigiBase
based on ROR and in EU-ADR LGPS without LEOPARD-filtering), 142 different
signals were identified, of which 17 (12.0%) were identified in both data sourc-
es. Eighty-seven (61.3%) signals were identified in VigiBase only (61.3%), and 38
(26.8%) signals in EU-ADR only. Using the EU-ADR platform literature workflow
and the SPCs, 41.2% of the signals identified in both data sources (N=11; 64.7%)
are known. Of the 87 signals identified in VigiBase only, 54 (62.1%) are known and
of the 38 signals identified only in EU-ADR, 12 (31.6%) are known.

Of the 17 signals identified in both sources, thus with a significant LPGS in EU-
ADR and a significant ROR in VigiBase, no indication for protopathic bias was
detected using LEOPARD for 6 drugs (35.3%): acetylsalicylic acid, baclofen, di-
clofenac, enoxaparin, furosemide and ibuprofen. Of these, acetylsalicylic acid,
diclofenac, and ibuprofen are known to be associated with UGIB. Furosemide
would be considered as a new signal identified in both sources.

Figure 10.2 Number of statistical signals by method within EU-ADR
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LGPS: RR of LGPS > 1; SCCS: RR of SCCS 2 1; no protopathic bias: no indication for protopathic bias based on LEOPARD filter-
ing; Known signal: signal known in literature based on EU-ADR web platform or included in SPC; New signal: signal unknown

in literature based on EU-ADR web platform and not included in SPC.
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Of the 87 signals identified in VigiBase only based on the ROR, 38 drugs had
no exposure in EU-ADR (43.7%) and for 49 drugs there were less than 3 events
present during exposure (56.3%). The drugs identified in VigiBase that had no
exposure in EU-ADR (N=38), most often belonged to the ‘antineoplastic and
immunomodulating agents' (N=15, 39.5%) anatomical main groups of the ATC-
classification system (14 antineoplastic drugs). Potential signals that were picked
up as signal in VigiBase only and had 1 or 2 events in EU-ADR included terbuta-
line (N=2), cefixime (N=2), prednisolone (N=2), piroxicam (N=2), warfarin (N=2),
naproxen (N=1), azathioprine (N=1), fluconazole (N=1), celecoxib (N=1), sodium
chloride (N=1), ketorolac (N=1), darbepoetin alfa (N=1), and cyclophosphamide
(N=1). Of these, terbutaline and cefixime could be considered as a new signal.

Of the 38 signals identified in EU-ADR only, using the LGPS, there were no re-
ports in VigiBase for 17 of these (44.7%), 9 had less than 3 reports (7.9%) and
12 (31.6%) did have more than 3 reports, but were not statistically significant
using the ROR as reference. The signals identified in EU-ADR only that were not
filtered out based on protopathic bias were levothyroxine sodium, fusidic acid,

Figure 10.3 Overlap between different data mining algorithms

LGPS
N=55

LGPS sccs
ROR 17 9
PRR 14 8
EBGM 6 3
ROR N=104

An illustration of the overlap between the number of detected signals using the different signal detection methods. SCCS
overlaps completely with LGPS. EBGM overlaps completely with PRR. PRR overlaps completely with ROR. In the 2x2-ta-
bles the number of overlapping signals between the methods is presented. Abbreviations: EBGM= Empiric Bayes Geo-
metric Mean; LGPS= Longitudinal Gamma Poisson Shrinker; PRR=proportional reporting ratio; ROR=reporting odds ratio;

SCCS=self-controlled case series.
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xylometazoline, sulfamethoxazole and trimethoprim, oxcarbazepine, phenobar-
bital, combinations of local anesthetics, trimethoprim and ursodeoxycholic acid.

Discussion

In the current study we compared safety signals for UGIB in children and ado-
lescents identified from electronic health records and spontaneous reporting
data. There was very little overlap in the potential signals identified by these two
systems; only 12.0% of the statistical significant signals were found in both data
sources.

Most of the signals that were identified only within VigiBase did not have expo-
sure data within EU-ADR. These drugs were mainly specialist-prescribed drugs
and included chemotherapeutics, biologicals and nervous system drugs. This
shows that investigation of these signals with hypothesis testing studies would
require linkage of EHR with databases that capture in-hospital drug use and use
of biologicals. Some of the identified signals from VigiBase did have exposure
and events within EU-ADR, but these signals were not considered statistically sig-
nificant because of a lack of power. This underlines the need for building larger
network with paediatric data to enlarge the sample size in order to increase the
number of signals that can be detected or verified. Signals identified in EU-ADR
only which had <3 reports in VigiBase were mostly old and widely used drugs.
These results might indicate that data mining within EHR and SRS is comple-
mentary and may differ in the type of signals that are identified. The highest
proportion of known signals was present within those signals identified in both
data sources.

In a previous study it was shown that within EU-ADR the best performing meth-
od was the sequential use of LPGS and LEOPARD.?% In the current study we also
chose to include SCCS as method for signal detection and listed the results next
to the LGPS. SCCS was originally designed as a method for studying vaccine
safety and has gained much popularity in this field in recent years.26307 This
method uses information from the cases (events) only. Because in this method
the case serves as its own control, all time-invariant confounding factors are
automatically accounted for and with its high efficiency it could be expected to
perform well in this population of children and adults where both exposure and
events are rare. The application of SCCS may reduce the number of confounded
signals and thereby increase the specificity of the signal detection method. We
saw that, mainly due to a lack of power, less signals were identified using SCCS.
An interesting finding was that in 43.6%, the estimate of the SCCS was not within
the 95% CI of the LGPS. In 65.2% of these signals there was an indication for
protopathic bias, indicating that SCCS better accounted for the correction for
protopathic bias in its estimate, and and gives credence to our hypothesis that
SCCS may reduce the number of confounded signals, although the proportion of
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statistical signals without an indication of protopathic bias was lower for SCCS.
We need to further test how the combination of LGPS, LEOPARD and SCCS may
further reduce potential false positive results. We can conclude that the false
positive rate is limited when signal detection is done for paediatrics only, mostly
because of the lack of power due to limited exposure.

Strengths and limitations

The main strength of this study is the size of the studied cohort, which com-
prised almost 30 million person-years of follow up. To our knowledge, this is the
first study that compares the performance of SRSs and EHR databases for signal
detection in children and adolescents. Unfortunately, even if being large in size
the power of this cohort is still limited. By using information on ADRs from the
EU-ADR web platform we were able to give an estimate on the number of de-
tected known signals as a proxy for specificity. The performance of data mining
algorithms on different data sources is ideally tested by calculating sensitivity,
specificity, or the area under the receiver operating characteristics curve (ROC
curve). A reference standard as developed within the EU-ADR project*®® could not
be used in the current study since it was based on data from adults and many of
the drugs in the reference standard were not prescribed in the paediatric popu-
lation. This underlines the need for a reference standard of drug-adverse event
associations that can be applicable to the paediatric population. Finally, it was
not possible to perform causality assessment on an individual basis since we only
used aggregated data. As with all data mining methods it should be emphasized
that this is only for hypothesis generation and causality assessment on individual
case level remains essential.

Conclusions

The overlap between the number of signals identified within EU-ADR and Vig-
iBase for UGIB in children and adolescents is limited. Signal detection and there-
fore also verification of signals arising from SRS databases for children in EHR
data is currently hampered by a lack of statistical power. VigiBase identified more
signals for drugs prescribed by specialists and used in-hospital, like biological
and chemotherapeutics. EU-ADR identified more signals for older drugs with a
high prevalence of use in outpatients. Enlarging the study population, acquisi-
tion of data on in-hospital drug use, and expansion of the study population are
essential for improving signal detection or verification opportunities within EHR
databases.
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Abstract

Background

Several safety warnings have been issued in recent years in Europe concerning
potential serious adverse events associated with the use of prokinetic drugs in
children, including a recent restriction in the indication of use for metoclopra-
mide. The effect of such warnings is unknown. In this study we aim to describe
prescription patterns of prokinetic drugs in children and to assess the effect of
safety warnings on these patterns.

Methods

A retrospective population-based study was conducted within 3 primary care
electronic healthcare databases in the Netherlands (1997-2008), Italy (2001-
2008), and Spain (2001-2008). Annual prevalence and incidence rates of use for
prokinetics were calculated (users/1,000 person years (PY)) and stratified by
country, calendar-time, age and sex. Interrupted time-series analysis using an
ARIMA (autoregressive integrated moving average) model was performed to as-
sess the effect of safety-warnings on the utilisation pattern.

Results

A total of 978,867 children (2,990,373 PY) were included. The incidence of any
prokinetic drug was 24.8 users/1,000PY in Spain, 14.4/1,000PY in the Netherlands
and 14.0/1,000PY in Italy. An Italian contra-indication for the use of metoclopra-
mide in children had a significant negative effect on prescribing. International
warnings for domperidone decreased prescribing in Italy and the Netherlands.
For cisapride (Netherlands) the largest reduction was seen after the withdrawal
in the United States. Safety warnings for metoclopramide and domperidone did
not significantly reduce prescribing in Spain.

Conclusions

Safety warnings, restrictions of use and changes in the product information of
prokinetic drugs resulted in a significant decrease of prescription rates in those
countries where restriction of use measures were implemented.
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Introduction

In 2011, after a formal evaluation of the paediatric use of metoclopramide, it was
decided in Europe (EU) to contraindicate this drug in children <1 year of age and
to advise against prescribing it to children from 1 year of age and adolescents
with the exception of treatment of postoperative nausea and vomiting.2® These
restrictions were applied in all countries of the European Union and were the
outcome of an Article 45 procedure, in which all available paediatric studies with
metoclopramide were assessed. This procedure is part of the Paediatric regula-
tion, which came into force in 2007.* Information on this issue was provided to
healthcare professionals in Europe among others by the distribution of DHPCs
(Direct Healthcare Professional Communication). Already in 2004, Italy contra-
indicated the use of metoclopramide in children up to the age of 16,°° and in
February 2007, the Dutch Medicines Evaluation Board restricted paediatric in-
dications of metoclopramide because of the risk of developing extrapyramidal
disorders®! and this was followed by the recent restriction throughout Europe.

The use of metoclopramide and other prokinetic drugs in children has been con-
troversial for several years as their indication of use is often self-limiting, their
effectiveness is questionable,®'?3!> and finally their use has been associated with
serious adverse drug reactions.?'6319 Several safety warnings concerning the oth-
er prokinetic drugs were issued in recent years. Cisapride was restricted to specif-
ic subgroups from 2000 onwards following reports of sudden cardiac death and
ventricular arrhythmias and was finally withdrawn from the market in 2010.320-328
For domperidone a EU referral procedure to harmonise the summary of product
characteristics (SPC) was finalised in 2002,3% and warnings on an increased risk of
EPD in infants were included in all EU SPCs for domperidone at that time.

The effect of these safety warnings and risk communications on the prescription
rate of these drugs in children is unknown. We studied the effect of safety warn-
ings on the use of prokinetic drugs in children in three European countries using
primary care databases.

Methods

Study design

A retrospective population-based cohort study was conducted to describe the
pattern of use of prokinetic drugs in children. Interrupted time-series analyses
were applied to assess the effects of safety warnings on the utilisation of these
drugs.
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Setting

Data were used from three primary care databases in Italy, the Netherlands and
Spain according to a common study protocol.

These population-based databases comprise primary care data on children. In
the Netherlands, the general practitioner (GP) is responsible for the primary care
of children whereas in Spain and Italy, primary care and family paediatricians
are the gatekeepers of care for children. These databases contain the complete
automated patient files, with detailed information on the population, diagnoses
and prescriptions, and use of these databases has been proven valid for phar-
macoepidemiological research.’® Details of the databases have been described
elsewhere 5963

In brief, since 2000, the Pedianet database contains paediatric electronic medical
records from 150 family paediatricians in Italy until the age of 14 years.®? The In-
tegrated Primary Care Information database (IPCI) comprises paediatric and adult
electronic medical records from more than 400 Dutch GPs since 1996.5°6! The
BIFAP database is a longitudinal observational population-based database kept
by the Spanish agency for medicines and medical devices that collates, from
2001 onwards, the computerised medical records of more than 2,000 primary
care physicians, including more than 350 primary care paediatricians throughout
Spain.®

Study period

For the Netherlands the study period ran from January 1t 1997 to December
315t2008. For Italy and Spain, the study period ran from January 1t 2001 to De-
cember 315t 2008 since no data prior to January 2001 were available. The earlier
study start for the Netherlands allowed us to evaluate the effect of prescribing
restrictions for cisapride.

Study cohort

Children were followed from the start of entry (start of study period, date prac-
tice was up to date, date of registration plus 6 months or just born) into the study
until their 18" (Netherlands and Spain) or 14t (Italy) birthday, leaving the prac-
tice, death, or latest data drawn down, whichever came first.

Different age strata were created within one-year and two-year periods, and
broader age categories. These age categories were chosen according to the
guidelines of the International Conference on Harmonisation; 0-<2 years, 2-<11
years and 12-<18 years.!* For each child the person time of follow-up was cal-
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culated, and stratified by calendar year, calendar month, age in years and age
categories.

Definition of exposure

Prokinetic drugs are grouped under the chemical subgroup AO3FA ‘Propulsives’
of the Anatomical Therapeutic Chemical (ATC) classification system.*® We con-
sidered AO3FA overall and the individual drugs; metoclopramide (AO3FAQ1),
cisapride (AO3FA02), domperidone (AO3FA03), bromopride (AO3FA04) (Italy only),
clebopride (AO3FA06) (Spain only), and cinitapride (AO3FA91) (Spain only). Subse-
quently we focused on the prokinetic drugs for which safety warnings have been
issued in the last years: metoclopramide, cisapride, and domperidone.

Statistical analysis

Prevalence and incidence rates

For the annual and monthly prevalence rates, the number of children being pre-
scribed a drug in a specific calendar year or month was counted, these children
received at least one prescription for the drug in this calendar year or month. For
the annual incidence rates the number of children was counted initiating that
drug in a specific calendar year, without a previous prescription during the study
period.

Prevalence and incidence rates for the study drugs were estimated and either
expressed per 1,000 person years (PY) or per 1,000 person months (PMs). Be-
cause of the dynamic nature of the population we used person time rather than
number of individuals for both the prevalence rate and incidence rate.

Prevalence rates should thereby be interpreted as the number of children per
1,000 who used a study drug in one year or one month. Annual incidence rates
should be interpreted as the number of children per 1,000 who started using a
study drug, without a previous prescription within the study period.

Rates, including the 95% confidence interval (95% CI), were calculated and strati-
fied by age, sex, country and calendar year to account for differences in distribu-
tions between populations and to allow for direct comparisons within groups. To
compare rates between country, age categories, or sex, the rate ratio (RR) with
a 95% CI was calculated. The cohort of incident users was used to describe the
characteristics of the users.
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Seasonal trends

To study possible seasonal trends, the prevalence of use during the entire study
period was stratified by calendar month. All prescriptions in the same month in
the different study years (1997, 1998, etc.) were aggregated.

Interrupted time-series analysis

Interrupted time series analysis using an auto-regressive, integrated, moving av-
erage model [ARIMA (p,d,q)] was applied to assess the effects of safety warnings
on the monthly prevalence of use of prokinetic drugs.33°

The safety warnings were considered as intervention and dummy variables were
created with a value of 0 prior to the date of intervention and with a value of
1 after the date of intervention. For cisapride multiple interventions were ana-
lysed: March 2000 (first warning published in the Netherlands, followed by the
withdrawal in the United States (US) in April 20003%:328), January 2002 (restriction
to prescribing by specialists only (Netherlands)**) and September 2002 (Dutch
DHPC on further restriction of cisapride®??). For each intervention for cisapride,
the effect was compared to the period preceding the last intervention. Date
of intervention for domperidone was chosen at June 2002 (EU referral*?). For
metoclopramide, March 2004 (contra-indication Italy)*® was analysed and for the
Netherlands additionally February 2007 was analysed to study the restriction in
indication in the Netherlands.?!!

ARIMA models were estimated prior to the intervention using the expert mod-
eller function within SPSS, which accounted for possible seasonality within the
data. This estimated model was applied on the entire set using the prevalence
rate of the study drug as outcome and the intervention (dummy variable) as in-
dependent variable. The output is the change in prevalence due to the interven-
tion (B) with a corresponding p-value.

Statistical significance was assumed for two-sided p-values <0.05. Statistical

analyses were performed using SPSS software version 15.0 (SPSS Inc, Chicago,
IL, US).

Results

A total of 978,876 children contributing a total of 2,990,373 person-years of fol-
low-up were included. Most included children were Spanish (N=608,998; 59.2%),
followed by Italian (N=198,813; 29.1%) and Dutch (N=171,065; 11.6%).

The median age for starting one of the individual study drugs is more of less

similar in the Netherlands and Spain and somewhat lower in Italy where only
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children <14 years of age were included. Based on the median age, cisapride was
prescribed in the youngest children, followed by domperidone and metoclopra-
mide (table 11.1).

Incidence and prevalence of use

The incidence of any prokinetic drug, in comparison with the Netherlands (14.4
users/1,000 PY), was higher in Span (24.8 users/1,000 PY) (RR 1.7, 95% CI 1.7-1.8)
and similar in Italy (14.0 users/1,000 PY) (RR 1.0, 95% CI 0.9-1.0). The difference

Table 11.1 Characteristics cohorts of incident users

Netherlands Spain Italy

Prokinetics- total

Number of incident users: N (%) 4,391 (100.0) 36,296 (100.0) 11,323 (100.0)
Boys 2,090 (47.6) 17,407 (48.0) 5,915 (52.2)
Girls 2,301 (52.4) 18,889 (52.0) 5,408 (47.8)

Median age (range) 4.8 (0.0-17) 9.1 (0.0-17) 4.1(0.0-13)
Boys 4.1(0.0-17) 8.1(0.0-17) 4(0.0-13)
Girls 5(0.1-17) 9.9 (0.0-17) 4.2(0.0-13)

Metoclopramide

Number of incident users: N (%) 246 (100.0) 10712 (100.0) 1877 (100.0)
Boys 92 (37.4) 4881 (45.6) 940 (50.1)
Girls 154 (62.6) 5831 (54.4) 937 (49.9)

Median age (range) 13(0.7-17) 15 (0.0-17) 4.6 (0.0-13)
Boys 10 (0.7-17) 15 (0.0-17) 4.4(0.1-13)
Girls 14 (2.4-17) 15(0.1-17) 4.7 (0.0-13)

Cisapride

Number of incident users: N (%) 203 (100.0) 159 (100.0) 7(100.0)
Boys 94 (46.3) 96 (60.4) 5(71.4)
Girls 109 (53.7) 63 (39.6) 2(28.6)

Median age (range) 2.4(0.1-17) 1.5(0.1-17) 1(0.1-6.8)
Boys 1.25(0.1-17) 1.35(0.2-16) 1(0.2-6.8)
Girls 3.1(0.1-17) 2(0.1-17) 2.75(0.1-5.4)

Domperidone

Number of incident users: N (%) 4,103 (100.0) 23,414 (100.0) 9,384 (100.0)
Boys 1,974 (48.1) 11,479 (49.0) 4,945 (52.7)
Girls 2,129 (51.9) 11,935 (51.0) 4,439 (47.3)

Median age (range) 4.4 (0.0-17) 6.3(0.0-17) 4(0.0-13)
Boys 4.1(0.0-17) 5.6 (0.0-17) 3.8(0.0-13)
Girls 4.8(0.1-17) 7(0.0-17) 4.1(0.0-13)
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Figure 11.1 Seasonal trends of prevalence of prokinetic drugs

Metoclopramide
1.8

PN AN
2 N / ~—
1 N\ /
) —— ————
0.8
0.6
0.4

0.2 e T T eesstasiaicsson oo e e e

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Cisapride

0.16

0.14 \
s \
o 012
g \
2 *! \/'\/\ —
< 008 S
[ \/
3 006
1
> 004

0.02 —_— T e ~ e e

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Domperidone

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Calendar month

=== the Netherlands s Spain Italy

was age-dependent and children aged 16-<18 years were started 3.7 times more
frequently on prokinetics drugs in Span than in the Netherlands (RR 3.7, 95% CI
3.4-4.1) (table 11.2).

The annual prevalence of use of any prokinetic drug up to puberty is highest in
the youngest (0-<2 years), children; up to 36.2 users/1,000 PY (95% CI 35.4-37.0)
in ES, 35.1 users/1,000 PY (95% CI 33.1-37.0) in the Netherlands and 25.1 us-
ers/1,000 PY (95% CI 24.2-26.0) in Italy. The prevalence increased again around
puberty up to 41.3 users/1,000 PY (95% CI 40.4-42.1) in Spain (16-<18 years) and
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12.8 users/1,000 PY (95% CI 11.7-14.0) in the Netherlands (16-<18 years) (no data
available in Italy) (table 11.3).

When investigating the study drugs of interest (metoclopramide, cisapride and
domperidone), it was shown that the incidence was higher for metoclopramide
in Spain and Italy than in the Netherlands (table 11.2). The incidence and preva-

Figure 11.2 Prevalence of prokinetic drugs stratifed by age
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Figure 11.3 Interrupted time-series analyses (users/1,000 PM)
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lence of metoclopramide use increases strongly after puberty in all countries
(tables 11.2 and 11.3). Prescriptions for metoclopramide in Spain were most
prevalent in January and October and were relatively stable in between. No clear
seasonal trend was present for the Netherlands and Italy (figure 11.1).

The incidence and prevalence of cisapride use was low over the total study pe-
riod in each country. Due to the earlier start of the study period, cisapride use
could mainly be observed in the Netherlands, showing that use was highest in
0-<1 years of age (5.0 users/1,000 PY; 95% CI 4.0-6.0). In the Netherlands, cisap-
ride prevalence rates showed a peak in January but was constant over the other
months (figure 11.1).

Domperidone was the most common prescribed prokinetic drug in all three
countries with roughly similar incidence and prevalence rates in the Netherlands,
Italy and Spain (table 11.2). In each country, domperidone was mainly prescribed
to young children. Prescriptions of domperidone were lowest in the summer; in
July for Spain and in August for the Netherlands and Italy. Prescribing was high-
est in October for Spain, in January for Italy and in February for the Netherlands
(figure 11.1).

Prevalence of use of all prokinetic drugs combined was significantly higher in
girls than in boys in both Spain (RR 1.16, 95% CI 1.14-1.18) and NL (RR 1.15, 95%
CI 1.09-1.21), and comparable in Italy (RR 0.98, 95% CI 0.95-1.02). The higher
prevalence rates for girls is mainly observed from puberty on. In the Netherlands
the higher prevalence in girls is most prominent for domperidone and metoclo-
pramide. No significant sex-differences for the prevalence of cisapride use were
present (figure 11.2).

Interrupted time-series analysis

The Italian contra-indication for the use of metoclopramide in children has been
published in the first quarter of 2004. The monthly prevalence of metoclopra-
mide use followed an ARIMA (1,0,0)(0,0,0) model until March 2004 in Italy and
the Netherlands, in Spain it followed an ARIMA (0,1,1)(0,1,0) model. The interven-
tion reduced the prevalence of metoclopramide prescriptions in Italy (f=-0.601;
p<0.000). Using the same intervention period, a small increase (f=0.029) was
seen in the Netherlands (p=0.008) and in Spain (=0.077, p=0.584).

In the Netherlands the restriction in February 2007 did not reduce the prescrip-
tions of metoclopramide compared to March 2004 (=0.037; p=0.014) nor overall
(B=0.022; p=0.206).

Only data from the Netherlands was available to study the impact of the safety

warnings on use of cisapride. The monthly prevalence of cisapride use in the
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Netherlands followed an ARIMA (1,0,0)(0,0,0) model until the withdrawal in the
US. Between the withdrawal of cisapride in the US in March 2000 and the re-
striction of prescriptions by specialists only, the prevalence of cisapride used
decreased ($=-0.128; p=<0.05). The subsequent restrictions issued in 2002 fur-
ther decreased the prevalence to almost zero, however there was no additional
significant effect of these interventions (f=-0.035; p=0.680).

The monthly prevalence of domperidone use in the Netherlands followed an
ARIMA (0,0,0)(1,1,0) model until the European-wide referral in June 2002. In Italy
and Spain it followed an ARIMA (1,0,0)(0,0,0) model. The referral was associated
with a significant decrease of domperidone use in both Italy (3=-1.449; p<0.000)
and the Netherlands (=-0.229; p<0.05). The referral procedure an opposite ef-
fect in Spain, where the prevalence rate of domperidone prescribing increased
(B=0.369; p=0.167).

Discussion

Triggered by the recent European restriction of the indication for use of meto-
clopramide in children, we showed that, irrespective of the controversy around
their use, prokinetic drugs are still prescribed widely in the Netherlands, Italy
and Spain. Interestingly there were big differences in the use of the prokinetics
between the countries and the effect of the safety warnings differed for the dif-
ferent prokinetic drugs and for the different countries.

Prokinetic drugs were prescribed at remarkable higher rates in Spain than in Italy
or the Netherlands. In particular the prevalence of metoclopramide was much
higher from puberty on; up to 10 times higher at the age of 16-18 years. The high
prevalence and incidence of use in children and adolescents in Spain is worrying
especially in view of the questionable effectiveness and the safety profile that
has specified risks of extrapyramidal disorders, tardive dyskinesia, QT prolonga-
tion, and sudden cardiac death.316-31°

The debate on the safety of prokinetic drugs started with cisapride. Following
reports of sudden cardiac death and ventricular arrhythmias, cisapride was with-
drawn from the US market in 2000 and was followed by several warnings and
restrictions in the indication of use in Europe during the succeeding years.320-328
Currently, cisapride is no longer marketed in the studied countries and the ef-
fect of the restriction of use could only be studied in the Netherlands. Following
the withdrawal in the US, a significant decrease in cisapride prescribing was ob-
served. The restriction that followed in 2002 had no additional decreasing effect,
the utilisation pattern however decreased further to zero. In an earlier study by
Wilkinson et al. it was shown that the first safety warning on the use of cisapride
mainly had an effect on the number of new prescriptions, while the total number
of prescriptions decreased only after further warnings.!
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After the issues concerning cisapride, the safety and effectiveness of metoclo-
pramide and domperidone were questioned. Both drugs are associated with a
higher risk of extrapyramidal disorders and tardive dyskinesia.?!#33233 This risk
of extrapyramidal disorders led to a contra-indication of metoclopramide for
children and adolescents under the age of 16 in Italy in 2004 31° and a restriction
of the paediatric indications in the Netherlands in February 2007, which was ef-
fective in reducing prescription rates. No restrictions or warnings were issued in
Spain and the prevalence of use remained constantly high in Spain. Recently the
use of metoclopramide in children has again been questioned after the finalisa-
tion of the European article 45 procedure. Further studies should show whether
the article 45 procedure on the use of metoclopramide in children will affect me-
toclopramide prescription rates in all European countries and whether the effect
is comparable to the effect of the contra-indication in Italy.

The safety issues related to domperidone concern both extrapyramidal disorders
and QT prolongation.?>34In 2002 warnings on the risk of extrapyramidal disor-
ders in children were included in all European SPCs, upon which the utilisation
in both Italy and the Netherlands decreased. No reduction in prescriptions was
seen in Spain, in contrast, prescription rates of domperidone increased in the
most recent years.

Overall a decrease in the utilisation of prokinetic drugs over time was seen in
both Italy and the Netherlands while an increase was observed in Spain. The de-
crease in Italy and the Netherlands can be explained by the impact of the safety
warnings as demonstrated in the interrupted time-series analysis. The overall
decrease also indicates that the safety warnings did not led to a switch in the
type of prokinetic drug prescribed but rather to an overall discouragement to
prescribe these drugs.

In Spain, the safety warnings did not result in a decreasing prescription rate
which shows that mere changes in the SPC are probably not enough and higher
public notoriety through informative notes and/or the implementation of restric-
tive measures are needed. The increase of prescribing rates in adolescents as
compared to children, in particular for metoclopramide, may be partly explained
by a higher prevalence of diseases for which these drugs are indicated for in such
group, but also it may be reflecting the fact that healthcare of adolescents from
14 years onwards are provided by GPs, who may be less concerned with safety
issues of prokinetics than family paediatricians. More research is needed to ac-
count for these differences.

Strengths and limitations

The main strength of the current study is the use of three large population-based
electronic health care databases, altogether containing data on almost 1 mil-

199



Chapter 11

lion children, contributing almost 3 million person years of follow-up. The use of
these primary care data allowed us to assess utilisation patterns and to study the
effect of European safety warnings in different geographical regions.

Important limitations are that over-the-counter (OTC) use of prokinetics could
not be estimated, probably resulting in underestimation of the actual utilisation,
especially for domperidone which is available as OTC drug in most European
countries. Furthermore, since we studied drug prescriptions rather than drug in-
take, the actual drug exposure might be lower than estimated in our study.

Conclusions
Safety warnings and changes in the product information of prokinetic drugs re-

sulted in a significant decrease of prescription rates in those countries where
restrictions of use were implemented.
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General discussion

Paediatric pharmacoepidemiology and paediatric pharmacovigilance are still in
their childhood. The work as described in this thesis aims to add to this area and
is based on large observational studies in across Europe as introduced in Chap-
ter 1 and aimed studying use and risks of medicines in children and adolescents.
Many of the chapters dealt with specific methodological issues related to phar-
macoepidemiological research within the paediatric population. We have chosen
a European approach to study safety and risk of medicines in children since the
size of single-country studies is often too limited to draw definitive conclusions.
In addition, using data from different countries across Europe allowed us to com-
pare the results amongst the countries and investigate consistency.

In this chapter we discuss the main findings of this thesis and the main methodo-
logical considerations of the studies.

Main findings

To which extent are children and adolescents exposed to medicines?

Knowledge on patterns of utilisation of medicines in children is the first step in
studying and monitoring paediatric drug effects. Not only can the patterns of
use help with respect to prioritisation of research, it can also give information
on suboptimal use or undesirable prescribing.>® Results on the use of different
medicines in children and adolescents are an important part of the work de-
scribed in this thesis.

Overall prescribing of medicines

A broad overview of the exposure to medicines in children and adolescent across
Europe is presented in Chapter 9. Using data from the EU-ADR (Exploring and
Understanding Adverse Drug Reactions by Integrative Mining of Clinical Records
and Biomedical Knowledge) network on 4.8 million children and adolescents
from seven population-based electronic healthcare record databases from Den-
mark, Italy and the Netherlands, we assessed the number of person years (PY)
of exposure. A total of 2,170 medicines were used during the study period with a
total exposure of 1,610,631 PY.

Drug use in children in terms of person years was rare in this cohort. Only 18
out of the total 2,170 prescribed or dispensed drugs (<1%) made up half of the
total drug exposure time in the paediatric population. A clear trend over age was
seen in the prescribing and dispensing of different drug classes. Respiratory and
anti-infective medicines were the drug classes with the highest exposure up to 12
years of age. Genitourinary medicines, mainly oral contraceptives in girls, were
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increasingly used from age 14 years onwards. For all ages together (0-<18 years),
respiratory, anti-infective, dermatological, genitourinary drugs and alimentary
medicines had the highest exposure.

Prescribing of anti-infective medicines

It is known that anti-infective medicines are among the most frequently pre-
scribed medicines in children>®3% and this was confirmed in our research; indeed
anti-infective medicines were the class with the second highest exposure in PY
(chapter 9). As we used data on prescribing in primary care, the group of anti-
infective medicines was mainly represented by antibiotics. Children, and espe-
cially young children, are high-volume users of antibiotics, with the majority of
antibiotics given for minor upper respiratory tract infections.>** This high rate of
paediatric antibiotic prescribing in primary care, often for mild viral infections,*®
warrant monitoring of antibiotic prescribing. Rational and reduced prescribing
of antibiotics is important since there is clear evidence that antibiotic-resistance
of pathogens is linked to antibiotic prescribing.”® So far there have been few
initiatives aimed at specifically improving the quality of antibiotic prescribing for
children.”” One of these initiatives is the ARPEC (Antibiotic Resistance and Pre-
scribing in European children) study. ARPEC is an initiative by the European Soci-
ety of Paediatric Infectious Diseases (ESPID),*” and aims to improve antimicrobial
prescribing in hospitals and in the community. As part of the ARPEC study we
studied in Chapter 2 the extent of antibiotic prescribing in the Netherlands, the
United Kingdom (UK) and Italy during a 210 years study period. In our study the
antibiotic prevalence rates amongst the studied countries varied with the Neth-
erlands having the lowest prevalence (18.0 users/100 PY) and a two to three-fold
higher prevalence rate for the UK (36.2 users/100 PY) and Italy (52.0 users/100
PY), which is in line with previous publications in both children and adults.>*53>¢7
As expected, amoxicillin with or without clavulanic acid was the most commonly
prescribed antibiotic. Notably, in Italy cephalosporins, especially third-gener-
ation cephalosporins, were frequently used — a phenomenon not observed in
the other countries. This high-volume use of cephalosporins in primary care in
children and adults in Italy has been described before.?”3%¢ Although we did not
study the indications for use, it is known from literature that this may partly be
explained by differences in treatment guidelines, resistance patterns, availability
of medicines but also factors such as physician speciality and region.”3753363%7

ESAC-Net (European Surveillance of Antimicrobial Consumption Network) is a Eu-
rope-wide network of national surveillance systems, providing European refer-
ence data on antimicrobial consumption. ESAC-Net developed quality indicators,
using data on outpatient adult antibiotic use in Europe, to assess the quality of
national antibiotic prescribing in Europe.>*** These included both drug-specific
and disease-specific indicators, but can unfortunately not be directly extrapo-
lated to paediatric antibiotic use in Europe since no age-specific DDDs (defined
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daily dose)* exist. Since children are an important target group to improve anti-
biotic prescribing,”” we would like to make plea for paediatric specific surveillance
and data-collection. Both overall prescription rates of antibiotics and specifically
of broad spectrum antibiotic prescribing in children may be appropriate quality
indicators of good prescribing practice. Since broad spectrum antibiotic prescrib-
ing also depends on existing resistance patterns and available medicines, prob-
ably more paediatric specific quality indicators are needed. These could include
process indicators (adherence to treatment guidelines) such as the proportion of
children with acute otitis media who receive antibiotic treatment, or the type of
antibiotics prescribed to treat pharyngitis.

While in chapter 2 we investigated the extent of antibiotic during a 210 years
study period, we studied in Chapter 3 prescriptions for oseltamivir for a specific
period; the influenza A(HLN1)pdmO09 pandemic. The occurrence of the 2009 pan-
demic implied that oseltamivir, an antiviral medicine, was used for the first time
on a large scale in infants since its registration in 2002. The pattern of oseltamivir
prescriptions over time was in line with the trend in observed influenza like iliness
(ILI) rates in the studied countries (the Netherlands, UK and Italy) in the same
period, a phenomenon also seen in the United States (US).33¢ Although Italy re-
ported the highest rates of IL, the lowest prevalence rate of oseltamivir prescrip-
tions was noted. The differences in prevalence of use in the different countries
probably reflect differences in national policy during the pandemic period. Apart
from the guidance on use of oseltamivir by the CHMP in May 2009,8'82 national
guidelines were developed rapidly to control the pandemic.”2* In the UK the
initial response of the public health authorities to the pandemic was very inten-
sive. From the start of the pandemic till July 2009, all contact persons of HIN1
cases in the UK received prophylactic treatment with oseltamivir and schools
were closed.®*% Also in the Netherlands, oseltamivir treatment was initially rec-
ommended (till June 23) for all laboratory confirmed cases as for their close
contacts, regardless of symptoms.®*¢ In this first summer period of the pan-
demic, the influenza activity in Italy was limited and no signs of an epidemic were
present till the end of October 2009.9 At that time, oseltamivir prescriptions to
children were discouraged and use in children was limited to hospitalised cases
because of the risk to develop resistance.®®* It is difficult to judge whether there
was over- or under prescribing as the efficacy of oseltamivir in the treatment and
prevention of influenza, especially in children, is still under debate.’*1% As advo-
cated by the BMJ (British Medical Journal) open data campaign it is important to
obtain transparency considering the efficacy and safety of oseltamivir use. In our
view, a European approach on recommendations on the use of antiviral drugs in
future pandemics is needed.
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Figure 12.1 Prevalence of different gastro-intestinal medicines
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inhibitors.
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Prescribing of gastro-intestinal medicines

The use of gastro-intestinal medicines was studied as these are often prescribed
in children. We focussed on three groups of gastro-intestinal medicines: In Chap-
ter 4 we studied the extent of prescribing proton pump inhibitors (PPIs) and his-
tamine-2-receptor antagonists (H,RAs), two classes of gastric acid suppressant
medicines, in children and adolescents in Spain, the Netherlands and Italy. H RAs
were mainly prescribed in children up to the age of 1 year in the Netherlands and
Italy. PPIs were mainly prescribed in children of 12 years and older in Spain and
the Netherlands (no data available in Italy). Within these two classes of gastric
acid suppressant medicines, the share of PPI prescriptions increased significantly
between 2001 and 2008. The off-label use of PPIs in young children has been
subject of debate. According to the international guideline on treatment of GERD
(Gastro-oesophagal reflux disease), PPIs are the mainstay for the symptomatic
treatment of GERD.1%8115117 However, none of the currently available PPIs have
been registered for use in young children.'*® In 2007, the European Medicines
Agency (EMA) compiled a list of medicines with ‘paediatric needs’. This is a list
of drugs for which more data is needed with respect to e.g. pharmacodynam-
ics, pharmacokinetics, efficacy and safety. Gastric acid reducing drugs are part
of this list with a need for alcohol-free formulations of ranitidine (H,RA) and
the need of paediatric pharmacokinetics, efficacy, and long term safety data for
PPIs.!'® Since the implementation of the new paediatric regulation, stimulating
research in children,* only two paediatric investigations plans for esomeprazole
and rabeprazole (PPIs) have been submitted to and evaluated by the EMA 120121
Although it has been speculated by some research groups that there is enough
data available on the use of PPIs in young children,’® we agree with the EMA that
data on long-term safety of PPIs and development of age appropriate formula-
tions remains essential, also in the light of the increasing evidence in adults that
long term use of PPIs is associated with adverse events such as bone fractures,
community-acquired pneumonia and Clostridium difficile infections. 104106

In Chapter 11 both the incidence and prevalence of use of prokinetic medicines
were studied. Overall a decrease in the utilisation of prokinetic drugs over time
was seen in both Italy and the Netherlands while an increase was observed in
Spain. In figure 12.1 the prevalence rates of both gastric acid suppressant medi-
cines and prokinetics (chapter 4 and 11) are presented. In the Netherlands and
Italy these drugs are mainly prescribed to young children. In Spain, only the use
of prokinetics is high in young children and remains high over all ages, even ex-
ceeding the prevalence rate of young children form the age of 12 years onwards.
The high prevalence and incidence of use of prokinetics is of concern in view of
the questionable efficacy and the risk for extrapyramidal disorders, tardive dys-
kinesia, QT prolongation, and sudden cardiac death.3!6-319

As shown in this thesis, drug utilisation research in children encompasses more
than describing off-label use. Drug utilisation research provides insights into the
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patterns, quality, determinants, and outcomes of use. The extent of use of medi-
cines in children and adolescents is essential to identify knowledge gaps and to
seek where there is room for improvement of prescribing (e.g. in case of inappro-
priate prescribing). Knowledge on actual use is also important as it defines the
denominator in studying adverse drug reactions (ADRs). Information on use of
medicines is also part of risk management plans (RMPs) (see regulatory aspects)
as information on drug use is essential during the entire life-cycle of a drug and
information on the extent of drug use is essential to give insight on the potential
impact of safety issues.

Reporting of paediatric adverse drug reactions

Post-marketing drug safety surveillance using spontaneously reported ADRs is
essential in studying drug risks and is thereby an important source for identify-
ing drug safety signals.®!° Analyses of reported ADRs also aids in detecting gaps
in the knowledge on drug safety in children and the generation of hypothesis for
further (pharmacoepidemiological) research.

ADRs in spontaneous reporting systems

Nationally reported ADRs are internationally gathered in the form of individual
case safety reports (ICSRs) in spontaneous reporting systems such as the world-
wide VigiBase, the US AERS (Adverse Event Reporting System) and VAERS (Vac-
cine Adverse Event Reporting System), and the European Eudravigilance.?6:2731:339

Figure 12.2 Distribution of the reported medicines in the different spontaneous reporting
systems (anatomical main group - ATC)
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Figure 12.3 Distribution of the reported ADRs in the different spontaneous reporting
systems (SOCs)
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In Chapter 7 we described paediatric ICSRs reported to AERS of the FDA (Food
and Drug Administration). We compared the results with an overview of the pae-
diatric ICSRs (excluding vaccines) reported to VigiBase as published in 2011 by
the World Health Organisation Uppsala Monitoring Center (WHO-UMC) .263

Although US reports make up the largest proportion of the ICSRs both within
AERS (58%) (our study) and within VigiBase (39%) (study WHO-UMC), large differ-
ences between the results of the two studies were present. The type of reporters
differed with more than half of the ICSRs reported by physicians in VigiBase and
only a third in AERS. Consumer reports made up 24.9% of the AERS reports while
this was only 4.3% within VigiBase. This difference might be due to different
time-periods; consumer reporting has indeed increased in recent years.?’ Only a
small proportion of the AERS ICSRs concerned reporting by non-manufacturers.
The majority was either reported as part of expedited reporting (65%) or as part
of periodic reporting. Earlier it was shown that the US reports within VigiBase are
mainly reported by manufacturers, while these form only a small proportion of
the reports from the other continents.?® The reported drug groups and events
differed. VigiBase reports more often concerned anti-infective and dermato-
logical drugs, while within AERS neurological drugs and antineoplastic drugs
were most frequently reported (figure 12.2). This finding reflects utilisation dif-
ferences between the US and Europe, with e.g. high rates of prescriptions of
methylphenidate in US adolescents in recent years.?’? Choosing an appropriate
time-period to study these drugs is essential since the utilisation of neurological
drugs, especially for the treatment of ADHD (attention deficit hyperactivity disor-
der), has changed tremendously since the start of VigiBase in 1968.772273 In figure
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12.3 the differences in reported ADRs between VigiBase, AERS and VAERS (vac-
cines only) is presented. An important differences between VAERS and the two
non-vaccine based databases is the large number of general disorders and skin
disorders within VAERS.

As illustrated in Chapter 10, there is a difference in the distribution of the medi-
cines used in the general paediatric population and the medicines reported with-
in spontaneous reporting systems. For safety signals identified in VigiBase only,
there was no exposure present or less than 3 events occurring in EU-ADR (see
Paediatric signal detection using electronic healthcare records versus spontaneous
reporting systems). This can partly be explained by study reports within those
reporting systems. Pharmaceutical companies are obliged to report all serious
adverse events,? while reporting by health care professionals and consumers is
subject to underreporting.®*® Furthermore, enhanced therapies such as biologi-
cal and chemotherapeutics are used in only a small proportion of the population,
but are associated with more serious but also different adverse events.3*342 In
addition, systems like VigiBase are susceptible for increased reporting due to e.g.
the Weber effect or media attention.?

An example in which reporting could be driven by media attention in combi-
nation with a wide-spread distribution of a new product was seen during the
influenza A(HIN1)pdmO09 pandemic. The occurrence of the pandemic not only
implied large-scale use of oseltamivir (Chapter 3), but also several pandemic
H1N1 vaccines were licenced using fast track procedures, with relatively limited
data on the safety in children and adolescents. In Chapter 6, we reviewed safety
experience and adverse events from 25 clinical studies and numerous analyses
of spontaneous ADR reports for the different pandemic HIN1 vaccines. Much
has been published on the safety of these vaccines in children. There have been
several trials with different vaccines spanning all age categories, including sev-
eral trials in children and adolescents with underlying medical conditions. In ad-
dition, large monitoring efforts have resulted in much data, with almost 13,000
individual case reports in children and adolescents reported to the WHO-UMC.
However, both differences in study methodology and data presentation render
meta-analytic safety analyses of the pandemic HIN1 vaccines in the different,
relevant, age categories difficult. Especially the diversity in the clinical studies for
inactivated non-adjuvanted pandemic HIN1 vaccines re-emphasizes the need
for harmonisation of study protocols and homogenous presentation of safety
data in clinical study publications.?”%7 Unfortunately, although a large amount
of data has been generated, relatively little has been learned on the comparative
safety of these pandemic HINL1 vaccines — particularly in children. Adherence
to available guidelines for the collection, analysis, and presentation of vaccine
safety data in clinical studies will give added value to the enormous work done
within the individual studies.?05258.259
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Hospitalisation due to adverse drug reactions

It is estimated that ADRs occur in more than 10% of the hospitalised children.
In Chapter 5, we studied ADR-related hospital admissions in children and ado-
lescents in the Netherlands over a six-year period. Adverse drug reactions ac-
counted for 0.75% of all paediatric hospital admissions in our study period, with
an incidence of 24/100,000 in the population. Earlier literature reviews showed
higher admissions rate due to ADRs up to 1.8-2.1%.1213! An earlier study in 2001
in the Netherlands using the same data source showed that 0.8% of the acute
hospital admissions were ADR-related.*** This indicates that the rate is stable
over time despite national efforts to reduce this rate. The lower rate as observed
in our study compared to literature reviews. is probably an underestimation due
to passive coding of ADR relatedness of the admission diagnosis at discharge:
notification of the causes of hospitalisation is done on a voluntary basis by the
hospitals.>** We assume that this underreporting is non-differential for the dif-
ferent age categories and different medicines and does not influence the relative
risks for hospitalisation. The unique feature of our study is the combination of
the admission with national prescription data and population size. However, due
to the ecological nature of the study, e.g. no direct link was available between
the prescribing data and the hospitalisation data, it was not possible to draw in-
ferences on interactions or causal relationships with other medicines than those
registered at discharge. The risk for ADR-related hospital admission was high-
est in children under the age of 2 years (incidence 169/100,000 children). These
young children were mainly admitted for ADRs because of maternal exposure
through placenta or breast milk. This underlines that paediatric safety should
also consider maternal use of medicines during pregnancy, considering that a
recent Canadian study showed that prescriptions were filled in 63.6% of preg-
nancy.>*

Paediatric signal detection in spontaneous reporting systems

Signal detection within spontaneous reporting databases is the first step in the
detection of a potential safety signal, which may be followed by signal prioritisa-
tion and evaluation.? Signal detection in spontaneous reporting systems using
data mining techniques has proven its value in the past years. It is not only an ef-
ficient method for safety surveillance in these large databases, these data mining
techniques also allow for earlier detection of safety signals.? 23346

Data mining algorithms rely on the principle of disproportionality and come with
underlying assumptions: i. if a certain adverse reaction is caused by a specific
medicine, this reaction is reported more often for this medicine than for medi-
cines that do not cause this adverse reaction; ii. the extent of reporting for a
certain adverse reaction is equal for different medicines; iii. the overall pattern
of reporting is a valid reference to compare a specific combination of a medi-
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cine and adverse reaction with.?* Although spontaneous reporting systems have
proven their value for safety surveillance, there are well-recognised limitations
and biases such as selective underreporting, stimulated or false positive report-
ing and the lack of exposure data.?*#>4* Effort has been put to deal with possible
confounding factors such as age, sex and time, all with varying results.*0.276-278

An important assumption is non-differential reporting,?**#” but due to the above-
mentioned limitations and biases of spontaneous reporting, this assumption is
difficult to hold. We studied an important example of non-differential reporting
in Chapter 8. In this chapter we explored the effect of vaccine-related reports,
which made up 54% of all paediatric ICSRs reported to VigiBase, in the period
between 2000 and 2006. For ADRs reported less frequently for medicines (non-
vaccines) than for vaccines (or the other way around), stratification of the analysis
by vaccines and non-vaccines led to an increase of the sensitivity of the signal
detection process. We also saw that subgroup analysis led to a decreased sensi-
tivity if the ADR was reported more frequently for medicines than for vaccines.
Routine application of subgroup analysis for those types of events can be harm-
ful. However stratification for this group can be informative in specific subgroup
analyses for studying the magnitude of class effects for the individual drugs in
the class. For example, studying fever convulsions using vaccines only will give
an estimate of the disproportionality compared to the other vaccines. In other
words for which vaccines are fever convulsions most frequently reported com-
pared to all other vaccines. A similar approach can be used for studying potential
ADRs that are frequently occurring in the treated target population. For example,
studying cardiovascular effects of diabetic medicines is difficult because of the
high background rate of cardiovascular events in diabetes patients. By restriction
the signal detection analysis to diabetic medicines only, the individual medicines
can be compared with each other while correcting for the increased background
risk. This approach can be compared with a nested-case control analysis for co-
hort studies and therefore might be referred to as ‘nested signal detection'.

Paediatric signal detection using electronic healthcare records

Statistical power of paediatric signal detection in electronic
healthcare records

To overcome some of the well-known limitations and biases of signal detec-
tion within spontaneous reporting systems and to complement these and other
traditional monitoring systems, initiatives in the US and in Europe have set up
population-based surveillance systems that make use of longitudinal electronic
healthcare data.**“%2% In the US these include Mini-Sentinel and the Observa-
tional Medical Outcomes Partnership (OMOP).462%¢ In Europe, the EU-ADR Project
was initiated in 2008 and is a collaboration of 18 public and private institutions.
EU-ADR aims to exploit information from various electronic healthcare record
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and other biomedical databases in Europe to produce a computerized integrated
system for the early detection of drug safety signals.** In principle, the EU-ADR
project was not designed for specific paediatric signal detection, but paediatric
data were included in the network.

In Chapter 9 we studied the statistical power of the EU-ADR network to perform
paediatric safety signal detection. In this study, we provided estimates of the
number of drugs with enough paediatric exposure to be monitored for events
currently being investigated within the EU-ADR network. Furthermore, we pro-
vided information on the frequency range of events that can be monitored based
the on actual drug-exposure in the cohort and we speculated on how large a
network should be to monitor drug safety in children. The paediatric population
of the EU-ADR network comprised 4.8 million children and adolescents contrib-
uting 25.6 million PY of follow-up.

An important first finding of this study was that use of medicines in children was
rare and was limited to only a few medicines; only 18 medicines represented 50%
and 158 drugs covered 90% of the total drug exposure time (see overall prescrib-
ing of medicines). Second, the events that were considered to be most relevant
for safety monitoring in adults had very low incidence rates (IRs) in the paediatric
population. Of the original 13 events present in EU-ADR?% only 10 events had
an annual IR of >1/100,000 PY; acute liver injury, acute renal failure, anaphylactic
shock, bullous eruptions, cardiac valve fibrosis, hip fractures, neutropenia, acute
pancreatitis, pancytopenia, and upper gastrointestinal bleeding (UGIB). The con-
sequence of this combination of rare events and low-frequent use of medicines
was that the number of medicines with enough exposure to allow safety monitor-
ing these events was low. For a rare but serious event such as anaphylactic shock
there were no drugs with enough exposure to study a weak association (RR>2)
and only 20 drugs to study a strong association (RR>6). For a relatively frequent
event such as UGIB there were 5 medicines with enough exposure to study a
weak association (RR>2) and 79 drugs for which an association with a RR>6, if
present, can be investigated. The statistical power of a system like the EU-ADR
network is much higher for events more frequently occurring in the paediatric
population. For example the incidence of febrile seizures in young children has
been estimated at 14 / 1,000 PY.?*® Based on this literature-derived incidence a
total of 132 medicines within EU-ADR have enough exposure to detect a possible
association at RR>4. Therefore, future initiatives on drug surveillance systems for
the paediatric population using electronic healthcare records, should focus on
age-appropriate events and definitions. Furthermore, since the majority of the
databases are primary care-based, specialist prescriptions (e.g., for antineoplas-
tic drugs) are only captured in the system if continued by the general practitio-
ner. Expansion of the database network to include other populations would be
necessary to capture all drugs prescribed in the population not only to increase
the size of the studied population, but also to increase the variation in prescrib-
ing patterns. Global collaboration will be necessary for further development of
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paediatric drug safety monitoring systems using electronic healthcare records,
although such collaborations may still be incapable of studying the majority, if
not all, drugs used in children and adolescents. Collaboration with other cur-
rently ongoing worldwide initiatives using healthcare data for safety surveillance
(such as OMOP and Sentinel Initiative*®2%42%) will also be important for external
validation of newly identified safety signals.

Paediatric signal detection using electronic healthcare records

versus spontaneous reporting systems

In the study described in chapter 9 we only theoretically explored the power of
an electronic healthcare records database for paediatric safety surveillance. Now
that these electronic health record-based surveillance systems are being estab-
lished it is also important to know how the value of mining these longitudinal
healthcare database compares to data mining in spontaneous reporting sys-
tems.?* A preliminary study comparing potential signals identified from the EU-
ADR network with signals derived from spontaneous reporting systems showed
that those adverse events having a low incidence in the general population and
commonly regarded as drug-induced were more likely to be identified in spon-
taneous reporting systems.?” Therefore in a consecutive study we explored the
performance of the EU-ADR network in identifying drug safety signals for UGIB
(Chapter 10) in children and adolescents (0-20 years) and compared this with the
performance of a spontaneous reporting system (VigiBase).

When using the LGPS (Longitudinal Gamma Poisson Shrinker) as data mining
algorithm, EU-ADR identified 55 potential signals for and in VigiBase, using the
ROR (Reporting Odds Ratio) as method, 104 potential signals for UGIB \were
identified. The overlap between the signals identified by EU-ADR and VigiBase
was limited. Of the 142 unique potential signals for UGIB, 17 were identified in
both sources. Many signals identified by VigiBase were not identified by EU-ADR.
Our study showed that these drug-event combinations were missed because of
lack of statistical power. The medicines identified within VigiBase had either no
paediatric exposure in EU-ADR or less than 3 exposed events.

Signal detection within spontaneous reporting systems or electronic healthcare
records gave rise to different results. It has been hypothesised that data mining
for safety signal detection within electronic healthcare records and spontane-
ous reporting systems might be complementary. As supported by the report on
“Practical aspects of signal detection in pharmacovigilance” of the CIOMS (Council
for International Organizations of Medical Sciences) VIII working group, pub-
lished in 2010, spontaneous reporting systems are especially valuable for events
with a low incidence rate in the population, for events with a high drug attributa-
ble risk and for drugs prescribed by specialists and used in-hospital.?* Events with
a low background incidence in the population are relatively easy to prove to be
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causally related and often clinical observation will suffice (e.g. phocomelia due
to thalidomide). Signal detection using electronic healthcare records is better for
events with a higher IR and for drugs with a high prevalence of use in primary
care (e.g. Angiotensin Converting Enzyme inhibitors and cough). Acquisition of
data on in-hospital drug use and expansion of the study population are essential
for improving signal detection within electronic healthcare records.

The effect of safety warnings

New information on the risks associated with the use of medicines can lead to
changes in the summary of product characteristics (SPCs) of medicines. A newly
identified adverse event can be added to the section with adverse events, but
can also be included as a safety warning. For some risks specific warnings are
issued by the regulatory authorities. Chapter 11 described the effect of such
warnings on the prescriptions of medicines. In the last decade multiple warnings
have been issued in Europe on the risks associated with the use of prokinetic
medicines (domperidone, metoclopramide and cisapride) in children. Cisapride
prescribing was restricted to specific subgroups from 2000 onwards following
reports of sudden cardiac death and ventricular arrhythmias and was finally with-
drawn from the market in 2010.32°32¢ Already in 2004, Italy contra-indicated the
use of metoclopramide in children up to the age of 16,3° and in February 2007,
the Dutch Medicines Evaluation Board restricted paediatric indications of meto-
clopramide because of the risk of developing extrapyramidal disorders (EPD).3!
More recent, in 2011, after a formal evaluation of the paediatric use of metoclo-
pramide, it was decided in Europe to contraindicate this drug in children <1 year
of age and to advise against prescribing in children from 1 year of age with the
exception of treatment of postoperative nausea and vomiting.3®® Notwithstand-
ing these safety issues, the use of prokinetic drugs in children remained high in
the Netherlands, Italy and Spain (figure 12.1). In Spain, the safety warnings did
not result in a decreasing prescription rate which shows that mere changes in the
SPC are probably not enough and higher public awareness through informative
notes and/or the implementation of restrictive measures are needed.

Methodological considerations
The two most important data sources for the research described in this thesis

were electronic healthcare records and spontaneous reporting databases.

Electronic healthcare records

In Chapters 9 and 10 we used aggregated data from seven electronic healthcare
records in three European countries: Health Search/CSD Longitudinal Patient Da-
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tabase (Italy), Integrated Primary Care Information (IPCI, the Netherlands) and
Pedianet (Italy) are population-based general practice databases, in which clini-
cal information and medication prescriptions are recorded. Aarhus University
Hospital Database (Aarhus, Denmark), PHARMO Network (Netherlands), and the
regional Italian databases of Lombardy and Tuscany are all comprehensive re-
cord-linkage systems in which drug dispensing data of regional/national catch-
ment area are linked to a registry of hospital discharge diagnoses and other
registries. For the studies in Chapters 2,3,4 and 11 we used data on individual
patient level from four different population-based primary care databases; the
IPCI database from the Netherlands, The Health Improvement Network (THIN)
from the UK, Pedianet from Italy and BIFAP from Spain.60-63

In the Netherlands and the UK, the general practitioner (GP) is responsible for
the primary care of children whereas in Italy and Spain family paediatricians (FPs)
are the gatekeepers of primary care for children. The databases contain the com-
plete automated patient files, with detailed information on the population, diag-
noses and prescriptions, and use of these databases has been proven valid for
pharmacoepidemiological research.>®>

The IPCI database from the Netherlands comprises paediatric and adult elec-
tronic medical records from more than 400 Dutch GPs since 1996.5°¢! The IPCI
database contains information on over 1 million patients. THIN is a database of
primary care medical records from the UK, prospectively collecting data since
September 2002 and contains retrospective data since the late 1980's.>® The Pe-
dianet database contains paediatric electronic medical records from 150 FPs in
Italy since 2000.%% Primary care of children in Italy is provided by FPs until the age
of 14 years. From 14 years on, health care is taken on by GPs. The BIFAP database
is a longitudinal observational population-based database kept by the Span-
ish agency for medicines and medical devices that collates, from 2001 onwards,
the computerised medical records of more than 2,000 primary care physicians,
including more than 350 primary care paediatricians throughout Spain.®* The pri-
mary care of children in Spain is entrusted to primary care paediatricians until the
age of 14 years old. Afterwards, care is taken over by GPs. The BIFAP database
combines both the data from primary care paediatricians and GPs.

Data elaboration when combining data from multiple databases

Combining data from multiple databases in multiple countries allowed us to in-
crease the study size and to compare prescribing rates. For these studies, data
were elaborated according to a common study protocol. One important aspect
when combining data from different databases is the coding dictionaries used
for drugs and events. Most of drugs are coded according to the ATC (Anatomi-
cal Therapeutic Chemical) classification of the WHO, however this does not hold
for all databases e.g. THIN which uses BNF (British National Formulary). Within
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electronic healthcare record databases, diseases are coded according to ICPC,
ICD9, ICD10 or READ codes. This implies, that code mapping needs to be done
before the data-extraction can start. Within the EU-ADR studies pooled data was
used. Because of the heterogeneity of the data, processes for the identification
of drugs and events were developed to allow harmonised data collection.?** To
ensure harmonised data analyses when using a common study protocol it is
of utmost importance that all methods are clearly described in the protocol to
ensure uniform data collection and elaboration. Within EU-ADR, this step in the
process has been surpassed by the development of a software program; Jerboa
©44 Data is collected locally in a common format, after which Jerboa aggregates
the data and can calculate prevalence or incidence rates. This ensures that the
calculations are equal for all databases.

Exposure outcome data

The results on the overall use of medicines as presented in Chapter 9 differ some-
what from earlier publications from the TEDDY (Task force in Europe for Drug De-
velopment for the Young) network using similar databases.>® Within the EU-ADR
study, the exposure of genitourinary drugs ranks higher, since we used exposure
in PY instead of the number of users as used for the TEDDY project. By calculat-
ing the exposure in PY, the exposure to medicines used for long periods of time
is better represented.

As dosing information was not available in all databases (e.g. Pedianet), we were
not able to define the duration of use of the different prescriptions nor were able
to compare defined daily dosage (DDDs).'*° In addition, comparing DDDs only
makes sense in case medicines are used for similar indications. Unfortunately,
indication of use is not present in all databases and our research could not focus
on correct prescribing in view of indication of use. Furthermore, DDDs are devel-
oped based on adult indication and unfortunately no DDDs specific for children
exist. Only for neonatal antibiotic prescribing DDDs have been developed.?*®

Bias and confounding

Alimitation of the use of primary databases is that, although prescription records
are registered for all individuals, prescriptions initiated by specialists or prescrip-
tions given during hospitalisation can be missed. Also medicines which are avail-
able without a prescription, the so-called over-the-counter (OTC) medicines, will
be missing in the databases. These factors lead to an underestimation of the
prevalence of use of some of the medicines studied, such as OTC-use of anal-
gesics or specialised-prescribing of e.g. neurological drugs and biologicals. This
OTC use or specialist prescribing will not have an effect on the age or calendar
year stratified analysis of user prevalence, unless the OTC-status changed dur-
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ing the study period or is related to age. Finally, since we studied prescriptions
only, and not actually refill of the prescriptions or actual use of the medicines,
the presented prevalence rates are also an overestimation with respect to actual
prevalence of use.

The risk of selection bias within the studies using electronic healthcare records is
low as data are collected as part of routine medical care and registration within
the databases is not related to any research questions. As explained above, there
is the potential of misclassification of exposure when using primary care pre-
scription databases

Spontaneous reporting databases

In Chapters 8 and 10 we used data from VigiBase of the WHO-UMC, and in
Chapter 7 we used data from the AERS. The details of these systems are pre-
sented in Chapter 1. In brief, since 1968 VigiBase is maintained on behalf of the
WHO-UMC and 97 countries participate in the WHO International Drug Monitor-
ing program. VigiBase currently contains more than 5.0 million ICSRs.? AERS is a
database that contains information on adverse events and reports on medication
errors submitted to the FDA.

Spontaneous reporting systems are a great source for safety information. The
advantages include that they i. are large-scaled, inexpensive and simple to op-
erate, ii. cover all medicines during their whole life-cycle, iii. cover the whole
population and iv. can be used for hypothesis generating. Weaknesses however
include that i. the clinical information to permit thorough case evaluation is often
limited, ii. underreporting leads to a decreased sensitivity, iii. the reporting rate
is seldom stable over time, and iv. lack of denominator data.!® Despite of these
potential limitations, 36-50% of withdrawals due to safety issues were based on
case reports as only evidence.?*3%34

As discussed above, there are underlying assumptions for signal detection us-
ing these databases which should be kept in mind when interpreting results of
signal detection. We discussed the influence of the proportion of vaccines as an
example of the violation of the assumption of non-differential reporting. Other
factors that might influence the disproportionality estimates include; the number
of serious versus non-serious ICSRs, consumer versus health care professional
reported ICSRs, company owned databases versus databases of national compe-
tent authorities and differences in the distribution of the population characteris-
tics or of the different outcomes within the different databases.?®?”° In Chapters
5 and 7 we demonstrated that the type of reported ADRs is age-dependent. In
Chapters 2, 3, 4, 9 and 11 the age-dependency of medicines use was shown.
The effect of age on either drug use or type of ADRs can also lead to inhomo-
geneous ADR reporting and jeopardise the assumption that reporting should be
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non-differential to guarantee unbiased estimates of measures of disproportion-
ality. This age-dependent frequency of both ADRs and use of medicines favour
signal detection in different strata of age. These stratifications are currently not
routinely performed within the large spontaneous reporting databases. WHO-
UMC acknowledged the concern that child-specific signals may remain hidden
due to the superior number of adult reports within VigiBase.!® Therefore further
development is ongoing at WHO-UMC to routinely highlight signals in different
paediatric age categories.?* In its guideline on paediatric pharmacovigilance, the
EMA states that statistical methodologies are available to stratify signal detec-
tion by age category to the paediatric population as a whole.**® FDA AERS also
recognised the need to strengthen the paediatric drug surveillance systems.?4
However, as far as we aware, paediatric signal detection is not yet routinely done
in the signal detection and management process within Eudravigilance of the
EMA or AERS of the FDA.

Finally it should be noted that information derived from spontaneous reporting
data have hypothesis generation purposes only. Hypothesis should be further
tested by means of (observational) safety studies in order to draw firm conclu-
sions.

The performance of data mining algorithms on different data sources is ideally
tested by calculating sensitivity, specificity, or the area under the receiver oper-
ating characteristics curve (ROC curve).?* The reference standard as developed
within the EU-ADR project®*® could not be used in the current study (chapter
10) since it was based on data from adults only and many of the drugs in the
reference standard were not prescribed in the paediatric population. This under-
lines the need for a paediatric specific reference set to serve as gold standard to
test the performance of paediatric signal detection within different data sources.
Within the Global Research in Paediatrics Network of Excellence (GRiP) project,
such a reference set is currently under development.*® Construction of such a set
is challenging since such a set is dynamic and classification of an event as positive
or negative can change over time.

Regulatory aspects

Pharmacovigilance regulation concerning the use of medicines in children in Eu-
rope has strongly changed in the past years. Since 2005, a European RMP is
mandatory for the application of a marketing authorisation of a new medicinal
product in Europe.®! In 2007, the paediatric regulation came into place 11415352353
As of September 2009, the SPCs should include information on the use of special
populations, including the paediatric population.®# This included information on
indications, posology, special warnings and adverse events. The last change came
recently. In 2012 the new pharmacovigilance legislation came into force,?%223%:356
which included change in the requirements for a RMP.
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The RMP should include information on a paediatric indication and if children are
not studied, this should be described as missing information. The RMP included
a section ‘specific paediatric issues’ which includes issues identified in paediatric
investigation plans (PIPs) and thereby links the RMP with the PIPs that were es-
tablished as part of the 2007 paediatric regulation. Any recommendations for
long term follow up of safety or efficacy issues in relation to paediatric use which
are mentioned in the paediatric investigation plan should be included in the RMP.
If the indication of use is present in children and adolescents and the medicine is
not licenced in all paediatric age categories, the potential for off-label paediatric
use in the non-authorised age categories should also be discussed.

The 2007 paediatric regulation aims to improve the health of children within
Europe. The objectives include: increasing the development of medicines for
use in children; ensuring that medicines used to treat children are subject to
high quality research and appropriately authorised for use in children; improv-
ing the information available on the use of medicines in children; and achieving
the above objectives without subjecting children to unnecessary clinical trials
or delaying the authorisation of medicines in the adult population. The regula-
tion requires that all applications for marketing authorisation for new medicines,
must contain the results of all studies and information required in a previously
agreed PIP The PIP will contain a full proposal of all studies (and their timings)
necessary to support the paediatric use of an individual product and will cover
all paediatric age categories and all necessary age-appropriate formulations. By
2012 1,000 applications were submitted for a PIP or waiver, of which 450 have
received a positive opinion by the paediatric committee (PDCO) of the EMAl A
guideline for paediatric pharmacovigilance has also been issued in 2007.3° The
aim of the new pharmacovigilance legislation is better protection of public health
through strengthened EU system for medicines safety. Although no paediatric-
specific changes have been made, several changes have been made which have
their effect on paediatric signal detection. Signal management and the require-
ment for continuously monitoring of all available data for the identification of
potential safety issues are key features of this new legislation. And for the first
time, consumer reporting of suspected adverse events is possible throughout
whole Europe. Signals should follow a process of validation, prioritisation and
assessment, and an audit trail of activities should be kept as part of the quality
management system. In these steps, analyses of the possible impact and extent
of utilisation of the medicine or vaccine in special populations, including chil-
dren, is required. While in its guideline on paediatric pharmacovigilance the EMA
states that signal detection can be stratified by age category,®° unfortunately
this is missing in the module on signal management of the guideline on good
pharmacovigilance practices (GVP).3%’

The role of pharmacoepidemiology within pharmacovigilance is expanding since

continuously monitoring of all available data for the identification of potential
safety issues are key in new legislation.
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Future perspectives

Although the paediatric regulation is a stimulance for studying paediatric drug
safety prior to marketing authorisation, post marketing pharmacoepidemiologi-
cal studies remain essential for studying the real-life use of medicines and for the
detection of rare adverse events.

Pharmacovigilance regulation is more and more focussing on signal manage-
ment and ongoing monitoring of all available data underline the importance
of observational studies for studying pharmacovigilance. As pointed out in our
studies, in paediatrics single-country studies are most of the time not sufficient
to study risks of medicines in children and European-wide or even global col-
laboration is necessary to build systems capable of studying risks in children on
a large scale.

With respect to signal detection within spontaneous reporting databases it is
important to further develop methods to stratify the results for specific popu-
lations. This is not only of meaning for the identification for paediatric-specific
ADRs, but is also of great importance for other special populations like pregnant
women and the elderly population. The initiative of the WHO-UMC to further
develop methods to routinely highlight signals in different paediatric age cat-
egories is of upmost value.

For pharmacoepidemiological studies, an important step in the right direction
is the GRiP project. This FP7-funded consortium, aims to implement an infra-
structure facilitating the development and safe use of medicines in children on a
global level. Currently GRiP is mobilizing 21 partners from Europe, North Amer-
ica and Japan, as well as the WHO. By linking the existing paediatric research
networks, GRIP will involve more than 1,000 institutions worldwide. With respect
to developing paediatric specific safety signal detection methods GRIP is cur-
rently collaboration with the EMA, the FDA and the WHO. Initiatives like the GRiP
network are essential to give insight in the use and risks of medicines in children
and achieving this goal without subjecting children to unnecessary clinical trials.
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Summary

In recent years there has been increasing awareness on the gap in knowledge
on the safety and efficacy of medicines used in children. The work as described
in this thesis is based on large observational studies across Europe and aimed to
study the use and risks of medicines in children and adolescents. First we studied
prescriptions patterns of several classes of medicines in different European coun-
tries, second we assessed which adverse drug reactions are commonly reported,
third we studied the methodological aspects of performing safety signal detec-
tion within paediatrics and last we studied the effect of several safety warning on
the prescriptions of prokinetic drugs.

Chapter 1 gives a general introduction to the different topics that were studied
in this thesis and provides an overview of the data sources used. The chapter
concludes with the outline of the thesis.

Drug utilisation

Chapter 2 describes the extent of primary care antibiotic prescribing in the
Netherlands, the United Kingdom (UK) and Italy during a >10 years study pe-
riod. We included almost 3 million children aged 0-<18 years, contributing over
12 million person years (PY) of follow up over a period of 10 to 16 years. The
antibiotic prevalence rates amongst the studied countries varied with the Neth-
erlands having the lowest prevalence (18.0 users/100 PY) and a two to three-fold
higher prevalence rate for the UK (36.2 users/100 PY) and Italy (52.0 users/100
PY). Amoxicillin with or without clavulanic acid was the most common prescribed
antibiotic. Strikingly, in Italy, cephalosporins, especially third-generation cepha-
losporins were commonly used —a phenomenon which was not observed in the
other countries. The high consumption of cephalosporins in primary care in Italy
is worrying, since the use of these broad-spectrum antibiotics is associated with
higher rates of antimicrobial resistance. The results of this study underline the
need for development of internationally agreed paediatric specific quality indica-
tors for primary care prescribing of antibiotics.

Chapter 3 describes the prescription pattern of oseltamivir, an antiviral drug,
to children in primary care in the UK, Italy and the Netherlands during the in-
fluenza A(HIN1)pdmO9 pandemic. Prescription patterns were compared with
nationally reported rates for influenza like illness (ILI). The prevalence of os-
eltamivir prescriptions, stratified by calendar month, showed a biphasic pattern
in all countries: A first peak was present in July 2009 and a second peak in Oc-
tober/November 2009. The ILI rates showed a similar pattern, with the high-
est rates in mid-July (155.3/100,000) in the UK, whereas the influenza A(H1IN1)
pdmO09 epidemic reached its peak in both the Netherlands (189.4/100,000)
and Italy (1,253.4/100,000) in the second week of November. Prevalence of os-
eltamivir prescriptions were highest for children aged 1 to 5 years (Netherlands:
2.6/1,000PM in November; UK: 10.7/1,000PM in July). The prevalence of use in
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Italy was limited (max. 0.2 users/1,000PM) while the ILI rates in Italy were highest.
The marked variation in prescribing seems to be driven by public health policy.
A European or worldwide approach or policy on recommendations on the use of
antiviral drugs in future pandemics is warranted.

In Chapter 4 the extent of prescribing proton pump inhibitors (PPIs) and his-
tamine-2-receptor antagonists (H,RAs), two classes of gastric acid suppressant
medicines, in children and adolescents in Spain, the Netherlands and Italy was
studied. H,RAs were mainly prescribed in children up to age of 1 year in the
Netherlands and Italy. PPIs were mainly prescribed in children of 12 years and
older in Spain and the Netherlands (no data available in Italy). Within these two
classes of gastric acid suppressant medicines, the share of PPI prescriptions in-
creased significantly between 2001 and 2008. There is increasing evidence that
long term use of PPIs in adults is associated with adverse events like bone frac-
tures, community-acquired pneumonia and clostridium infections. With the in-
creasing use of PPIs in children and adolescent, studies to the safety of long term
use are warranted.

Adverse drug reactions

The results of the study on adverse drug reaction-related hospital admissions in
children in the Netherlands are presented in Chapter 5. Adverse drug reactions
(ADRs) accounted for 0.75% of all paediatric hospital admissions in the Nether-
lands in the period 2000 to 2005, with an incidence of 24/100,000.children in the
population. Risks for ADR-related hospital admission were highest in children
under the age of 2 years (incidence 169/100,000 children). These young chil-
dren were mainly admitted for ADRs due to maternal exposure through placenta
or breast milk. This underlines that paediatric safety is also extended to use of
medicines in pregnancy.

In Chapter 6 the safety experience and adverse events from 25 clinical stud-
ies and numerous analyses of spontaneous ADR reports for several pandemic
H1N1 vaccines in children and adolescents is reviewed. At time of the influenza
A(HIN1)pdmO09 pandemic, these vaccines were licenced using fast track proce-
dures, with relatively limited data on the safety in children and adolescents. How-
ever, the diversity in methods and data presentation in clinical study publications
and publications of spontaneous reports hampered the analysis of safety of the
different vaccines. As a result, relatively little has been learned on the compara-
tive safety of these pandemic H1N1 vaccines - particularly in children. It should
be a collective effort to give added value to the enormous work going into the
individual studies by adhering to available guidelines for the collection, analy-
sis, and presentation of vaccine safety data in clinical studies and to guidance
for the clinical investigation of medicinal products in the paediatric population.
Importantly the pandemic has brought us the beginning of an infrastructure for
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collaborative vaccine safety studies in the EU, US and globally.

Chapter 7 described the paediatric individual case safety reports (ICSRs) report-
ed to the Adverse Event Reporting System (AERS), as maintained by the US Food
and Drug Administration (FDA). A total of 106,122 paediatric ICSRs (55% boys)
(58% US) with a median of 1 medicine [range 0-157] and 3 events [1-94] per ICSR
were described. Most commonly reported classes of medicines by decreasing
frequency were 'neurological’ (58%), ‘antineoplastic’ (32%) and ‘anti-infectives'
(25%). Most commonly reported system organ classes were ‘general’ (13%),
‘nervous system’ (12%) and ‘psychiatric’ (11%). We explored of these spontane-
ous reports are also suitable for studying long term effect of medicines. Unfortu-
nately, duration of use could only be calculated for 19.7% of the reported medi-
cines. Of these 14.5% concerned medicines being used long-term (>6 months).
Systemical hormonal preparations, alimentary medicines and antineoplastic/im-
munomodulating agents were prominently reported after long-term treatment,
while anti-infective medicines, musculoskeletal system drugs and sensory organ
drugs were reported mostly with short term use. This is in line with what is ex-
pected based on indications and from knowledge on use of medicines. Large
compilations of paediatric ICSRs might be a suitable additional source to gener-
ate signals on delayed events and new onset chronic events. Knowledge on the
distribution of the classes of medicines and events within AERS is a key first step
in developing paediatric specific methods for drug safety surveillance.

Methods in paediatric safety signal detection

In Chapter 8 we studied the effect of a large proportion of vaccine-related ICSRs
in a spontaneous reporting database on the sensitivity of paediatric safety signal
detection methods. We used VigiBase; vaccines made up 54% of all paediatric
ICSRs reported in the period between 2000 and 2006. We compared the number
of detected signals of disproportional reporting (SDRs) identified using either all
paediatric reports available or using subgroups of vaccine-ADR pairs and non-
vaccine-ADR. For ADRs reported less frequent for medicines (non-vaccines) than
for vaccines, subgroup analysis using non-vaccines only led to an increase of
the sensitivity of the signal detection process. If the ADR was reported more
frequent for medicines than for vaccines, routine application of subgroup analy-
sis can be harmful since then subgroup analysis led to a decreased sensitivity.
Subgroup analysis can in this group be informative in specific subgroup analyses
for studying the magnitude of class effects for the individual drugs in the class.

Chapter 9 explored the use of electronic healthcare record database for safety
signal detection in paediatrics. To complement safety surveillance in spontane-
ous reporting systems and other traditional monitoring systems, initiatives in
the United States (US) and in Europe have set up population-based surveillance
systems that make use of longitudinal electronic healthcare data. Using a paedi-
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atric population that comprised 4.8 million children and adolescents contributing
25.6 million PY of follow-up, we studied what the statistical power of the EU-ADR
(Exploring and Understanding Adverse Drug Reactions by Integrative Mining of
Clinical Records and Biomedical Knowledge) network is for performing paediatric
safety signal detection. The use of medicines in children was rare and was limited
to only a few drugs; only 18 represented 50% and 158 drugs covered 90% of the
total drug exposure time. The events that were considered to be most relevant
for safety monitoring in adults had very low IRs in the paediatric population. The
consequence of this combination of rare events and low use of medicines was
that the number of medicines with enough exposure to monitor these events
was low. For a rare but serious event like anaphylactic shock there were no drugs
with enough exposure to study a weak association (RR>2) and only 20 drugs to
study a strong association (RR>6). For a relatively frequent event such as upper
gastrointestinal bleeding (UGIB) there were 5 medicines with enough exposure
to study a weak association (RR>2) and 79 drugs for which an association with
a RR>6, if present, can be investigated. The statistical power of a system like the
EU-ADR network is much higher for events more frequently occurring in the pae-
diatric population. In future initiatives to set up drug surveillance systems for the
paediatric population using electronic healthcare records, it is very important to
choose age-appropriate events and definitions. Inter-continental collaboration
will be necessary to gain enough statistical power for paediatric safety surveil-
lance.

Signal detection and safety warnings

Chapter 10 describes a sequel to the study presented in chapter 9. We compared
signal detection for UGIB within a cohort of children and adolescents (aged 0-20
years) from the EU-ADR network with spontaneous reports within VigiBase. Both
the number of identified signals and the rate of detected known signals were
compared. In total, 142 different signal were identified, of which 17 (12.0%; 41.2%
known) in both data sources; 87 in VigiBase only (61.3%; 27.6% known), and 38
in EU-ADR only (26.8%; 13.2% known). VigiBase The signals that were identi-
fied only within VigiBase did not have exposure data within EU-ADR or lacked
statistical power to detect the event in EU-ADR. Signal detection for children in
electronic healthcare record (EHR) data is currently hampered by a lack of statis-
tical power. Enlarging the study population and acquisition of data on in-hospital
drug use are essential for improving signal detection within EHR databases.

In Chapter 11 we studied the effect of safety warnings on the use of prokinetic
(domperidone, metoclopramide and cisapride) medicines in Italy, Spain and the
Netherlands. In the last decennium multiple warning have been issued for se-
rious adverse events associated with the use of several prokinetic medicines.
Overall a decrease in the utilisation of prokinetic drugs over time was seen in
both Italy and the Netherlands while an increase was observed in Spain. Safety
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warnings had a significant effect on the prescribing in both the Netherlands and
Italy. In Spain, the safety warnings did not result in a decreasing prescription
rate which shows that mere changes in the Summary of Product Characteristics
are probably not enough and higher public notoriety through informative notes
and/or the implementation of restrictive measures are needed.

Finally, in Chapter 12 we discussed the main findings of the research presented

in this thesis, made appraisals on the methodological considerations of these
studies and made concluding remarks based on the work in this thesis.
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Samenvatting

In de afgelopen jaren is men zich toenemend bewust geworden van het hiaat in
de kennis over de veiligheid en werkzaamheid van geneesmiddelen bij kinderen.
Het werk beschreven in dit proefschrift was onderdeel van meerdere grote ob-
servationele studies in Europa en had als doel om het gebruik en de risico’s van
geneesmiddelen bij kinderen en adolescenten te bestuderen. Allereerst is het
gebruik van verschillende groepen geneesmiddelen in meerdere Europese lan-
den bestudeerd. Daarnaast is in kaart gebracht welke bijwerkingen er vaak wor-
den gerapporteerd en zijn de methodologische aspecten van signaal detectie bij
kinderen bestudeerd. Als laatste is het effect van veiligheidswaarschuwingen op
de voorschriften van prokinetica bestudeerd.

Hoofdstuk 1 geeft een algemene introductie op de verschillende onderwerpen
die in dit proefschrift zijn bestudeerd. Tevens wordt een overzicht van de ge-
bruikte gegevensbronnen gepresenteerd. Het hoofdstuk wordt afgesloten met
een overzicht van de hoofdstukken opgenomen in dit proefschrift.

Gebruik van geneesmiddelen

Hoofdstuk 2 beschrijft de omvang van het voorschrijven van antibiotica aan
kinderen in Nederland, het Verenigd Koninkrijk (VK) en Italié in de eerste lijn ge-
durende een studie periode van >10 jaar. Bijna 3 miljoen kinderen in de leeftijd
van 0-<18 jaar die samen meer dan 12 miljoen persoonsjaren (PJ) aan follow-up
vertegenwoordigden werden geincludeerd in de studie. Het aantal voorschriften
voor antibiotica verschilde tussen de onderzochte landen. Antibiotica werden
het minst voorgeschreven aan Nederlandse kinderen (18,0 gebruikers/100 PJ)
terwijl het twee- tot drievoudige werd voorgeschreven in het VK (36,2 gebrui-
kers/100 PJ) en Italié (52,0 gebruikers/100 PJ). Amoxicilline, met of zonder clavu-
laanzuur, was het meest voorgeschreven antibioticum. In Italié werden opvallend
veel cefalosporines, en dan voornamelijk derde generatie cefalosporines voor-
geschreven. Dit hoge voorschrijfgedrag van cefalosporines in de eerste lijn in
Italié is zorgwekkend omdat het gebruik van breedspectrum antibiotica is geas-
socieerd het optreden van antibiotica resistentie. De resultaten van deze studie
onderschrijven de noodzaak voor het ontwikkelen van internationale kwaliteits-
indicatoren voor monitoring van het voorschrijven van antibiotica aan kinderen
in de eerste lijn.

Hoofdstuk 3 beschrijft de voorschriften van oseltamivir, een antiviraal genees-
middel, aan kinderen in Nederland, het VK en Italié tijdens de influenza A(H1IN1)
pdm09 pandemie in 2009. Het patroon in het aantal voorschriften per maand
werd vergeleken met het landelijk aantal gemelde gevallen van griepverschijn-
selen. Het voorschrijfpatroon van oseltamivir liet een bifasisch patroon zien in
alle landen, met een eerste piek in juli 2009 en een tweede piek in oktober/
november 2009. Het aantal gevallen van griepverschijnselen liet een soortgelijk
patroon zien. In het VK was de influenza A(HIN1)pdmOQ9 epidemie op zijn hoog-
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tepunt halverwege juli 2009 (155,3 gevallen/100.000 inwoners), terwijl zowel in
Nederland als Italié het hoogtepunt werd bereikt in november 2009 met 189,4
gevallen/100.000 inwoners in Nederland en 1.253,5 gevallen/100.000 inwoners
in Italié. Oseltamivir werd het meest voorgeschreven aan kinderen van 1 tot 5
jaar oud; 2,6 gebruikers/1.000 persoonsmaand (PM) in Nederland (november) en
10,7 gebruikers/1.000 PM in het VK (juli). Ondanks dat in Italié de meeste geval-
len van griepverschijnselen werd gerapporteerd werd oseltamivir daar weinig
voorgeschreven (max. 0,2 gebruikers/1.000 PM). Het opvallende verschil in ge-
bruik van oseltamivir tussen de landen lijkt voornamelijk te worden veroorzaakt
door verschillen in het volksgezondheidsbeleid. Een Europese of wereldwijde
aanpak voor het opstellen van aanbevelingen ten aanzien van het voorschrijven
van antivirale middelen in toekomstige pandemieén lijkt gerechtvaardigd.

In Hoofdstuk 4 hebben is de mate van voorschrijven van twee groepen van
maagzuurremmers, proton pomp remmers (PPIs) en H,-receptorantagonisten
(H,RAs), bij kinderen en adolescenten in Spanje, Nederland en Italié bestudeerd.
In Nederland en Italié¢ werden H,RAs voornamelijk voorgeschreven aan kinderen
tot één jaar oud. PPIs werden voornamelijk voorgeschreven aan kinderen van 12
jaar en ouder in Nederland en Spanje (geen gegevens beschikbaar in Italié). Het
aandeel van PPI voorschriften binnen de maagzuurremmers nam significant toe
tussen 2001 en 2008. Er is toenemend bewijs dat langdurig gebruik van PPIs bij
volwassenen gepaard gaat met een hoger risico op bijwerkingen als fracturen,
een pneumonie opgelopen buiten het ziekenhuis en clostridium difficile infecties.
Het toenemende gebruik van PPIs bij kinderen en adolescenten pleit voor stu-
dies naar de risico’s van langdurig PPI gebruik in deze groep.

Geneesmiddelenbijwerkingen

De resultaten van een studie naar Nederlandse ziekenhuisopnames door ge-
neesmiddelenbijwerkingen bij kinderen werden gepresenteerd in Hoofdstuk
5. In de periode tussen 2000 en 2005 was 0.75% van alle ziekenhuisopnames
bij kinderen gerelateerd aan bijwerkingen. De incidentie van opnames door bij-
werkingen was 24 per 100.000 kinderen in algemene bevolking. Kinderen tot
de leeftijd van twee jaar liepen het hoogste risico om opgenomen te worden
door een geneesmiddelenbijwerking (incidentie 169/100.000). De bijwerkingen
in deze jonge kinderen waren vooral gerelateerd aan blootstelling via de pla-
centa of moedermelk aan geneesmiddelen die gebruikt werden door moeders.
De resultaten van deze studie onderschrijven dat geneesmiddelenveiligheid bij
kinderen, en voornamelijk jonge kinderen, al begint bij het geneesmiddelenge-
bruik van de moeder tijdens de zwangerschap.

In Hoofdstuk 6 is de veiligheid meerdere pandemische HIN1 vaccins bij kinde-

ren en adolescenten besproken aan de hand van 25 klinische studies en verschei-
dende gepubliceerde rapportages van bijwerkingen. Ten tijde van de influenza
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A(HIN1)pdmO09 pandemie in 2009 werden deze vaccins versneld toegelaten op
de markt terwijl er beperkte gegevens beschikbaar waren over de veiligheid van
deze vaccins in kinderen en adolescenten. De wijze van presenteren van de resul-
taten en de methodes van de studies verschilden veel van elkaar, wat de analyse
van de veiligheid van de verschillende vaccins bemoeilijkte. Hierdoor is er relatief
weinig te leren over het verschil in veiligheidsprofiel van de verschillende vac-
cins voor kinderen. Het enorme werk verricht in de individuele studies zou van
grotere waarde zijn als men zich beter houdt aan de beschikbare richtlijnen voor
de verzameling, analyse en presentatie van veiligheidsgegevens van vaccins. De
pandemie heeft ons wel een belangrijke start voor het opzetten van een infra-
structuur voor gemeenschappelijke studies naar de veiligheid van vaccins binnen
Europa, de Verenigde Staten en wereldwijd gebracht.

In Hoofdstuk 7 zijn de bijwerkingsrapporten, zogenaamde ‘individual case safe-
ty reports’ (ICSRs), gemeld voor kinderen aan het Adverse Event Reporting System
(AERS) van de Amerikaanse Food and Drug Administration (FDA) bestudeerd. In
deze studie werden 106.122 ICSRs voor kinderen (55% jongens) beschreven. Per
rapport werd mediaan één geneesmiddel (0-157) en drie bijwerkingen (1-94) ge-
meld. Geneesmiddelen uit de volgende groepen werden het meest gemeld: ‘ze-
nuwstelsel middelen’ (58%), ‘chemotherapie en immunotherapie’ (32%) en ‘anti-
infectieuze middelen’ (25%). De meest gemelde bijwerkingen waren onder te
brengen onder ‘algemene aandoeningen’ (13%), ‘zenuwstelsel aandoeningen’ en
‘psychische stoornissen’ (11%). Ook onderzochten we of ICSRs kunnen worden
gebruikt om effecten van geneesmiddelgebruik op de lange termijn te bestu-
deren. Helaas kon voor slechts 19,7% van de gemelde geneesmiddelen een ge-
bruiksduur worden berekend. Van deze geneesmiddelen werd 14,5% meer dan
6 maanden gebruikt voordat de bijwerking optrad. Deze middelen waren vooral
hormonen, gastro-intestinale geneesmiddelen, chemotherapie en immunothe-
rapie. Geneesmiddelen waarbij bijwerkingen juist vaak op korte termijn worden
gemeld waren anti-infectieuze geneesmiddelen, geneesmiddelen die de spieren
en het skelet aangrijpen en middelen met een KNO of oogheelkundige indicatie.
Met behulp van grote verzamelingen ICSRs van kinderen is het wellicht mogelijk
om meer kennis over lange termijn effecten van geneesmiddelen te verkrijgen.
De kennis uit deze studie over de gemelde bijwerkingen en geneesmiddelen bij
kinderen in AERS is een eerste stap in het ontwikkelen van specifieke methodes
voor het evalueren van geneesmiddelveiligheid bij kinderen.

Methodes voor signaal detectie bij kinderen

In Hoofdstuk 8 beschrijft het effect van een groot aantal vaccin-gerelateerde
bijwerkingen in een bijwerkingendatabase (VigiBase) op de sensitiviteit van sig-
naal detectie bij kinderen. Van alle bijwerkingen gerapporteerd tussen 2000 en
2006 in VigiBase voor kinderen was 54% gerelateerd aan vaccins. Het aantal sta-
tistisch signficante signalen dat werd gedetecteerd indien alle meldingen werden
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gebruikt voor de analyse werd vergeleken met het aantal gedetecteerde signa-
len wanneer 6f alleen de meldingen over vaccins 6f alleen de meldingen over ge-
neesmiddelen werden gebruikt. Wanneer een bepaalde bijwerking minder vaak
werd gemeld voor een geneesmiddel dan voor een vaccin nam de sensitiviteit
van de signaal detectie toe als we de analyse alleen binnen de geneesmiddel-ge-
relateerde meldingen verrichtte. Wanneer alleen die geneesmiddel-gerelateerde
meldingen werden gebruikt waarbij de bijwerking vaker werd gerapporteerd
voor geneesmiddelen dan voor vaccins werden er signalen gemist. De laatste
methode kan echter wel informatief zijn voor het bestuderen van klasse-effecten
voor individuele middelen binnen een klasse zoals het bestuderen van koorts-
convulsies binnen verschillende vaccins.

In Hoofdstuk 9 bestudeerden we signaal detectie voor kinderen binnen elek-
tronische patiéntendossiers. In zowel Europa als in de VS zijn er initiatieven op-
gezet om de huidige systemen voor geneesmiddelenbewaking voor de evaluatie
van gemelde bijwerkingen te ondersteunen. Deze initiatieven maken gebruik van
longitudinale elektronische patiéntendossiers om hiermee geneesmiddelbewa-
kingssystemen te creéren. We bestudeerden de power van het EU-ADR netwerk
voor het uitvoeren van signaal detectie bij kinderen met behulp van een cohort
van 4,8 miljoen kinderen en adolescenten, die samen 25,6 miljoen persoonsjaar
aan follow-up vertegenwoordigen. Geneesmiddelgebruik binnen deze popula-
tie was zeldzaam en beperkt zich tot een klein aantal geneesmiddelen; slechts
18 geneesmiddelen vertegenwoordigen 50%, en 158 geneesmiddelen 90% van
de totale blootstelling aan geneesmiddelen. Bijwerkingen die als meest relevant
worden beschouwd voor monitoring bij volwassenen bleken een lage incidentie
bij kinderen te hebben. De combinatie van zeldzame bijwerkingen en weinig
voorgeschreven geneesmiddelen zorgden er voor dat het aantal geneesmidde-
len met voldoende blootstelling om deze bijwerkingen te bestuderen laag was.
Voor een zeldzame, maar ernstige bijwerking als anafylactische shock waren er
geen geneesmiddelen die genoeg blootstelling hadden om een zwakke associ-
atie (RR>2) te bestuderen en slechts 20 geneesmiddelen met genoeg blootstel-
ling om een sterkte associatie (RR>6) te bestuderen. Voor een meer voorko-
mende bijwerking als bovenste tractus digestivus bloedingen (UGIB) waren er
vijf geneesmiddelen met genoeg blootstelling om een zwakke associatie (RR>2)
en 79 om een sterke associatie (RR>6) te bestuderen. De power van een systeem
als EU-ADR is groter voor bijwerkingen die frequent voorkomen in de algemene
populatie. In toekomstige initiatieven voor het opzetten van geneesmiddelbe-
wakingssystemen met behulp van elektronische patiéntendossiers voor kinde-
ren is het van groot belang om bijwerkingen te kiezen passend bij de leeftijd.
Intercontinentale samenwerking is noodzakelijk om genoeg statische power te
verkrijgen.
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Signaal detectie en waarschuwingen voor
risico’s van geneesmiddelen

De studie beschreven in Hoofdstuk 10 is een vervolg op de studie in hoofdstuk
9. In deze studie zijn de resultaten van signaal detectie binnen elektronische
medische dossiers (EU-ADR) vergeleken met signaal detectie binnen spontane
meldingen (VigiBase) voor het optreden van bovenste tractus digestivus bloe-
dingen (UGIB) bij kinderen en adolescenten (0-20 jaar). Zowel het aantal gevon-
den signalen als het aandeel bekende signalen hierin werd vergeleken. Er werden
in totaal 142 signalen gevonden, waarvan er 17 door beide systemen werden
geidentificeerd (12,0%, 41,2% bekend), 87 werden alleen in VigiBase gevonden
(61,3%; 27,6% bekend), en 38 alleen in EU-ADR (26,8%; 13,2% bekend). Voor de
signalen die alleen in VigiBase werden gevonden was er te weinig blootstelling
of een gebrek aan power binnen EU-ADR. Signaal detectie voor kinderen en
adolescenten binnen elektronische patiéntendossiers wordt momenteel vooral
beperkt door een gebrek aan power. Het uitbreiden van de studie populatie en
het toevoegen van gegevens over geneesmiddelgebruik in ziekenhuizen is es-
sentieel om dit te verbeteren.

In Hoofdstuk 11 hebben we het effect van veiligheidswaarschuwingen op het
voorschrijven van prokinetica (domperidon, metoclopramide en cisapride) in Ita-
lié, Spanje en Nederland bestudeerd. In het laatste decennium zijn er meerdere
waarschuwingen uitgegeven voor ernstige bijwerkingen bij het gebruik van deze
groep medicijnen. We zagen een afname van het gebruik van prokinetica bij
kinderen over de tijd in Nederland en Italié, terwijl het gebruik in Spanje toenam.
De waarschuwingen hadden een significant effect op het voorschrijven in Italié
en Nederland. In Spanje werd deze trend niet gezien, dit illustreert dat wijzingen
in de SPC waarschijnlijk niet genoeg zijn en dat zwaardere maatregelen zoals
beperkingen van gebruik noodzakelijk zijn.

Tot slot zijn in Hoofdstuk 12 de belangrijkste bevindingen uit het proefschrift
bediscussieerd en de methodologische aspecten besproken.

241






References
Authors and Affaliations
Abbreviations

Dankwoord
PhD Portfolio
About the Author












References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Hoppu K, Anabwani G, Garcia-Bournissen F, et al. The status of paediatric medicines ini-
tiatives around the world--What has happened and what has not? European journal of
clinical pharmacology. Jan 2012;68(1):1-10.

World Health Organization. The Importance of Pharmacovigilance - Safety Monitoring of
medicinal products 2002.

Mcbride WG. Thalidomide and congenital abnormalities. Lancet. 16 December 1961
1961;278(7216):1358.

Strom BL. What is Pharmacoepidemiology? In: Strom BL, Kimmel SE, eds. Textbook of
pharmacoepidemiology. Chichester, West Sussex, England ; Hoboken, NJ: John Wiley &
Sons; 2006:xiv, 498 p.

Choonara I. Unlicensed and off-label drug use in children: implications for safety. Expert
opinion on drug safety. Mar 2004;3(2):81-83.

Mason J, Pirmohamed M, Nunn T. Off-label and unlicensed medicine use and adverse
drug reactions in children: a narrative review of the literature. European journal of clinical
pharmacology. Jan 2012;68(1):21-28.

Horen B, Montastruc JL, Lapeyre-Mestre M. Adverse drug reactions and off-label drug
use in paediatric outpatients. British journal of clinical pharmacology. Dec 2002;54(6):665-
670.

Neubert A, Wong IC, Bonifazi A, et al. Defining off-label and unlicensed use of medicines
for children: results of a Delphi survey. Pharmacol Res. Nov-Dec 2008;58(5-6):316-322.
Pandolfini C, Bonati M. A literature review on off-label drug use in children. European
Journal of pediatrics. Sep 2005;164(9):552-558.

Schirm E, Tobi H, de Jong-van den Berg LT. Risk factors for unlicensed and off-label drug
use in children outside the hospital. Pediatrics. Feb 2003;111(2):291-295.

t Jong GW, van der Linden PD, Bakker EM, et al. Unlicensed and off-label drug use in a
paediatric ward of a general hospital in the Netherlands. European journal of clinical phar-
macology. Jul 2002;58(4):293-297.

Clavenna A, Bonati M. Adverse drug reactions in childhood: a review of prospective stud-
ies and safety alerts. Archives of disease in childhood. Sep 2009;94(9):724-728.

Breslow LH. The Best Pharmaceuticals for Children Act of 2002: the rise of the voluntary
incentive structure and congressional refusal to require pediatric testing. Harvard J Legis.
Winter 2003;40(1):133-193.

Dunne J. The European Regulation on medicines for paediatric use. Paediatric respiratory
reviews. Jun 2007;8(2):177-183.

Rocchi F, Paolucci P, Ceci A, Rossi P. The European paediatric legislation: benefits and
perspectives. [talian journal of pediatrics. 2010;36:56.

Strom BL, Kimmel SE. Chichester, West Sussex, England ; Hoboken, NJ: John Wiley & Sons;
2006.

Introduction to Drug Utilization Research. Oslo: WHO International Working Group for
Drug Statistics Methodology, WHO Collaborating Centre for Drug Statistics Methodology,
WHO Collaborating Centre for Drug Utilization Research and Clinical Pharmacological
Services;2003.

Hartmann K, Doser AK, Kuhn M. Postmarketing safety information: how useful are spon-
taneous reports? Pharmacoepidemiology and drug safety. Apr 1999;8 Suppl 1:565-71.
Star K. Detecting unexpected adverse drug reactions in children. Paediatric drugs. Apr 1

247



20.
21.
22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

248

2011;13(2):71-73.

EMA. ICH Topic E 2 A. Clinical Safety Data Management: Definitions and Standards for
Expedited Reporting 1995.

Regulation (EU) No 1235/2010 of the European Parliament and of the Council 2010.
Directive 2010/84/EU of the European Parliament and of the Council 2010.

EMA. Guideline on good pharmacovigilance practices (GVP). Module VI — Management and
reporting of adverse reactions to medicinal products 2012.

Practical Aspects of Signal Detection in Pharmacovigilance. Report of CIOMS Working
Group V. Geneva: CIOMS;2010.

Alvarez Y, Hidalgo A, Maignen F, Slattery J. Validation of statistical signal detection proce-
dures in eudravigilance post-authorization data: a retrospective evaluation of the poten-
tial for earlier signalling. Drug Saf. Jun 1 2010;33(6):475-487.

Lindquist M. VigiBase, the WHO Global ICSR Database System: Basic Facts. Drug Informa-
tion Journal. 2008;42:409-419.

Singleton JA, Lloyd JC, Mootrey GT, Salive ME, Chen RT. An overview of the vaccine ad-
verse event reporting system (VAERS) as a surveillance system. VAERS Working Group.
Vaccine. Jul 16 1999;17(22):2908-2917.

Hammond IW, Gibbs TG, Seifert HA, Rich DS. Database size and power to detect safety
signals in pharmacovigilance. Expert opinion on drug safety. Nov 2007;6(6):713-721.
Report from the WHO Collaborating Centre for International Drug Monitoring. Activities:
July 2005 - June 2006. http://www.who-umc.org/graphics/9594.pdf.

WHO Collaborating Centre for Drug Statistics Methodology. Guidelines for ATC classifica-
tion and DDD assignment. http://www.whocc.no/

Adverse Event Reporting System (AERS). http://www.fda.gov/Drugs/GuidanceComplian-
ceRegulatoryInformation/Surveillance/AdverseDrugEffects/default.htm

Arnaiz JA, Carne X, Riba N, Codina C, Ribas J, Trilla A. The use of evidence in pharmaco-
vigilance. Case reports as the reference source for drug withdrawals. European journal of
clinical pharmacology. Apr 2001;57(1):89-91.

Olivier P, Montastruc JL. The nature of the scientific evidence leading to drug withdraw-
als for pharmacovigilance reasons in France. Pharmacoepidemiology and drug safety. Nov
2006;15(11):808-812.

Paludetto MN, Olivier-Abbal P, Montastruc JL. Is spontaneous reporting always the most
important information supporting drug withdrawals for pharmacovigilance reasons in
France? Pharmacoepidemiology and drug safety. Dec 2012;21(12):1289-1294.

Hauben M, Aronson JK. Defining 'signal’ and its subtypes in pharmacovigilance based on
a systematic review of previous definitions. Drug Saf. 2009;32(2):99-110.

Hauben M, Madigan D, Gerrits CM, Walsh L, Van Puijenbroek EP. The role of data mining
in pharmacovigilance. Expert opinion on drug safety. Sep 2005;4(5):929-948.

Bate A, Evans SJ. Quantitative signal detection using spontaneous ADR reporting. Phar-
macoepidemiology and drug safety. Jun 2009;18(6):427-436.

Evans SJ, Waller PC, Davis S. Use of proportional reporting ratios (PRRs) for signal genera-
tion from spontaneous adverse drug reaction reports. Pharmacoepidemiology and drug
safety. Oct-Nov 2001;10(6):483-486.

van Puijenbroek EP, Bate A, Leufkens HG, Lindquist M, Orre R, Egberts AC. A comparison
of measures of disproportionality for signal detection in spontaneous reporting systems



References

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

for adverse drug reactions. Pharmacoepidemiology and drug safety. Jan-Feb 2002;11(1):3-
10.

Almenoff JS, LaCroix KK, Yuen NA, Fram D, DuMouchel W. Comparative performance of
two quantitative safety signalling methods: implications for use in a pharmacovigilance
department. Drug Saf. 2006;29(10):875-887.

Meyboom RH, Lindquist M, Egberts AC, Edwards IR. Signal selection and follow-up in
pharmacovigilance. Drug Saf. 2002;25(6):459-465.

Goldman SA. Limitations and strengths of spontaneous reports data. Clinical therapeu-
tics. 1998;20 Suppl C:C40-44.

Moore N, Hall G, Sturkenboom M, Mann R, Lagnaoui R, Begaud B. Biases affecting the
proportional reporting ratio (PPR) in spontaneous reports pharmacovigilance databases:
the example of sertindole. Pharmacoepidemiology and drug safety. Jun 2003;12(4):271-
281.

Coloma PM, Schuemie MJ, Trifiro G, et al. Combining electronic healthcare databases in
Europe to allow for large-scale drug safety monitoring: the EU-ADR Project. Pharmaco-
epidemiology and drug safety. Jan 2011;20(1):1-11.

Platt R, Wilson M, Chan KA, Benner JS, Marchibroda J, McClellan M. The new Sentinel
Network--improving the evidence of medical-product safety. The New England journal of
medicine. Aug 13 2009;361(7):645-647.

Stang PE, Ryan PB, Racoosin JA, et al. Advancing the science for active surveillance: ratio-
nale and design for the Observational Medical Outcomes Partnership. Annals of internal
medicine. Nov 2 2010;153(9):600-606.

Henderson KL, Muller-Pebody B, Johnson AP, Goossens H, Sharland M. First set-up meet-
ing for Antibiotic Resistance and Prescribing in European Children (ARPEC). Euro Surveill.
2009;14(45).

Jacqz-Aigrain E. Drug policy in Europe Research and funding in neonates: current chal-
lenges, future perspectives, new opportunities. Early human development. Mar 2011;87
Suppl 1:527-30.

Global Research in Paediatrics — Network of Excellence (GRiP). http://grip-network.org/.
Sturkenboom MC, Verhamme KM, Nicolosi A, et al. Drug use in children: cohort study in
three European countries. BMJ (Clinical research ed. 2008;337:a2245.

Tacconelli E. Antimicrobial use: risk driver of multidrug resistant microorganisms in
healthcare settings. Current opinion in infectious diseases. Aug 2009;22(4):352-358.
Ferech M, Coenen S, Malhotra-Kumar S, et al. European Surveillance of Antimicrobial
Consumption (ESAC): outpatient antibiotic use in Europe. The Journal of antimicrobial che-
motherapy. Aug 2006;58(2):401-407.

Adriaenssens N, Coenen S, Tonkin-Crine S, Verheij TJ, Little P, Goossens H. European
Surveillance of Antimicrobial Consumption (ESAC): disease-specific quality indicators for
outpatient antibiotic prescribing. BMJ Qual Saf. Mar 21 2011.

Coenen S, Ferech M, Haaijer-Ruskamp FM, et al. European Surveillance of Antimicrobial
Consumption (ESAC): quality indicators for outpatient antibiotic use in Europe. Quality &
safety in health care. Dec 2007;16(6):440-445.

Sharland M. The use of antibacterials in children: a report of the Specialist Advisory Com-
mittee on Antimicrobial Resistance (SACAR) Paediatric Subgroup. The Journal of antimi-
crobial chemotherapy. Aug 2007;60 Suppl 1:i15-26.

249



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

250

Sharland M, Kendall H, Yeates D, et al. Antibiotic prescribing in general practice and hos-
pital admissions for peritonsillar abscess, mastoiditis, and rheumatic fever in children:
time trend analysis. BMJ (Clinical research ed. Aug 6 2005;331(7512):328-329.

Spyridis N, Sharland M. The European Union Antibiotic Awareness Day: the paediatric
perspective. Archives of disease in childhood. Nov 2008;93(11):909-910.

Sturkenboom M. Other European databases for pharmacoepidemiology. In: Mann RD,
Andrews EB, eds. Pharmacovigilance. 2nd ed. ed. Chichester: John Wiley; 2007.

Lewis JD, Schinnar R, Bilker WB, Wang X, Strom BL. Validation studies of the health im-
provement network (THIN) database for pharmacoepidemiology research. Pharmacoepi-
demiology and drug safety. Apr 2007;16(4):393-401.

van der Lei J, Duisterhout JS, Westerhof HP, et al. The introduction of computer-based pa-
tient records in The Netherlands. Annals of internal medicine. Nov 15 1993;119(10):1036-
1041.

Vlug AE, van der Lei J, Mosseveld BM, et al. Postmarketing surveillance based on elec-
tronic patient records: the IPCI project. Methods Inf Med. Dec 1999;38(4-5):339-344.
Sturkenboom M, Nicolosi A, Cantarutti L, et al. Incidence of mucocutaneous reactions in
children treated with niflumic acid, other nonsteroidal antiinflammatory drugs, or nono-
pioid analgesics. Pediatrics. Jul 2005;116(1):e26-33.

Salvador Rosa A, Moreno Perez JC, Sonego D, Garcia Rodriguez LA, de Abajo Iglesias
FJ. [The BIFAP project: database for pharmaco-epidemiological research in primary
care]. Atencion primaria / Sociedad Espanola de Medicina de Familia y Comunitaria. Dec
2002;30(10):655-661.

Wettermark B, Pehrsson A, Jinnerot D, Bergman U. Drug utilisation 90% profiles--a useful
tool for quality assessment of prescribing in primary health care in Stockholm. Pharmaco-
epidemiology and drug safety. Sep 2003;12(6):499-510.

Bergman U, Popa C, Tomson Y, et al. Drug utilization 90%--a simple method for as-
sessing the quality of drug prescribing. European journal of clinical pharmacology. Apr
1998;54(2):113-118.

Porta A, Hsia Y, Doerholt K, et al. Comparing neonatal and paediatric antibiotic prescrib-
ing between hospitals: a new algorithm to help international benchmarking. The Journal
of antimicrobial chemotherapy. May 2012;67(5):1278-1286.

Clavenna A, Bonati M. Differences in antibiotic prescribing in paediatric outpatients. Ar-
chives of disease in childhood. Jun 2011;96(6):590-595.

Elseviers MM, Ferech M, Vander Stichele RH, Goossens H. Antibiotic use in ambulatory
care in Europe (ESAC data 1997-2002): trends, regional differences and seasonal fluctua-
tions. Pharmacoepidemiology and drug safety. Jan 2007;16(1):115-123.

Green MS. The male predominance in the incidence of infectious diseases in children: a
postulated explanation for disparities in the literature. Int J Epidemiol. Apr 1992;21(2):381-
386.

Dryden M, Johnson AP, Ashiru-Oredope D, Sharland M. Using antibiotics responsibly:
right drug, right time, right dose, right duration. The Journal of antimicrobial chemothera-
py. Nov 2011;66(11):2441-2443.

Finkelstein JA, Davis RL, Dowell SF, et al. Reducing antibiotic use in children: a randomized
trial in 12 practices. Pediatrics. Jul 2001;108(1):1-7.

Dommergues MA, Hentgen V. Decreased paediatric antibiotic consumption in France be-



References

73.

74.

75.

76.

717.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

tween 2000 and 2010. Scand J Infect Dis. Jul 2012;44(7):495-501.

Chiappini E, Regoli M, Bonsignori F, et al. Analysis of different recommendations from
international guidelines for the management of acute pharynagitis in adults and children.
Clinical therapeutics. Jan 2011;33(1):48-58.

Chiappini E, Principi N, Mansi N, et al. Management of acute pharyngitis in children:
summary of the Italian National Institute of Health guidelines. Clinical therapeutics. Jun
2012;34(6):1442-1458 el442.

Clavenna A, Sequi M, Bonati M. Differences in the drug prescriptions to children by Italian
paediatricians and general practitioners. European journal of clinical pharmacology. May
2010;66(5):519-524.

Piovani D, Clavenna A, Cartabia M, Bonati M. The regional profile of antibiotic pre-
scriptions in Italian outpatient children. European journal of clinical pharmacology. Jun
2012;68(6):997-1005.

Finch RG, Metlay JP, Davey PG, Baker LJ. Educational interventions to improve antibi-
otic use in the community: report from the International Forum on Antibiotic Resistance
(IFAR) colloquium, 2002. The Lancet infectious diseases. Jan 2004;4(1):44-53.
Recommendations for future collaboration between the U.S. and EU. Transatlantic Taskforce
on Antimicrobial Resistance. 2011.

Amato-Gauci A, Zucs P, Snacken R, et al. Surveillance trends of the 2009 influenza A(HIN1)
pandemic in Europe. Euro Surveill. 2011;16(26).

Reddy D. Responding to pandemic (HIN1) 2009 influenza: the role of oseltamivir. The
Journal of antimicrobial chemotherapy. Apr 2010;65 Suppl 2:ii35-ii40.

EMA. CHMP Assessment Report on Novel Influenza (HIN1) outbreak 7-5-2009 2009. EMEA/
H/A-5.3/1172.

EMA. Follow-up Recommendations from CHMP on Novel Influenza (HIN1) outbreak 29-5-
2009 2009. EMEA/H/A-5.3/1172.

EMA. Tamiflu. Procedural steps taken and scientific information after the authorisation.
Hurt AC, Chotpitayasunondh T, Cox NJ, et al. Antiviral resistance during the 2009 influenza
A HIN1 pandemic: public health, laboratory, and clinical perspectives. The Lancet infec-
tious diseases. Mar 2012;12(3):240-248.

ECDC. The European Surveillance System (TESSy). http://ecdc.europa.eu/en/activities/
surveillance/TESSy/Pages/TESSy.aspx.

Istituto Superiore di Sanita; InfluNet: Sorveglianza Epidemiologica. http://www.iss.it/
flue/.

De Donno A, Quattrocchi M, Errico P, Lobreglio G, Sanapo F, Guido M. Epidemiological
and virological assessment of influenza activity in Apulia, Italy, during the seasons 2004 -
2005 and 2005 - 2006. J Int Med Res. Sep-Oct 2007;35(5):657-665.

European Centre for Disease Prevention and Control. The 2009 A(HIN1) pandemic in Eu-
rope . Stockholm 2010.

Mytton OT, Rutter PD, Donaldson LJ. Influenza A(HIN1)pdmO09 in England, 2009 to 2011: a
greater burden of severe illness in the year after the pandemic than in the pandemic year.
Euro Surveill. 2012;17(14).

Sachedina N, Donaldson LJ. Paediatric mortality related to pandemic influenza A
HIN1 infection in England: an observational population-based study. Lancet. Nov 27
2010;376(9755):1846-1852.

251



91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

252

Stein ML, van Vliet JA, Timen A. Chronological overview of the 2009/2010 HIN1 influenza
pandemic and the response of the Centre for Infectious Disease Control RIVM2011. RIVM
Report 215011006/2011.

Nguyen-Van-Tam JS, Nicholson KG. Neuraminidase inhibitors were widely used in the UK
during the 2009 influenza A(H1IN1) pandemic. J Clin Virol. Feb 2011;50(2):183.

van den Wijngaard CC, van Steenbergen JE, van der Sande MA, Koopmans MP. [New
influenza A (HIN1): advised indication and prescription of antiviral drugs]. Nederlands
tijdschrift voor geneeskunde. 2009;153:A1053.

Health Do. Pandemic HIN1 2009 Influenza: Clinical Management Guidelines for Adults and
Children 20009.

Pebody RG, Harris R, Kafatos G, et al. Use of antiviral drugs to reduce household trans-
mission of pandemic (H1IN1) 2009, United Kingdom. Emerging infectious diseases. Jun
2011;17(6):990-999.

van Boven M, Donker T, van der Lubben M, et al. Transmission of novel influenza A(HIN1)
in households with post-exposure antiviral prophylaxis. PloS one. 2010;5(7):e11442.

Rizzo C, Rota MC, Bella A, et al. Response to the 2009 influenza A(H1IN1) pandemic in Italy.
Euro Surveill. Dec 9 2010;15(49).

REGIONE CAMPANIA AZIENDA SANITARIA LOCALE SALERNO: Distribuzione farmaci an-
tivirali per l'assistenza territoriale. 2009; http://www.aslsal.it/cms/image_re/Lettera%20
a%20tutti%20i%20Direttori_tamiflu.pdf.
http://www.aslsal.it/Azienda/Assistenza%20Primaria/index.asp?idarea=53.

Wang K, Shun-Shin M, Gill P, Perera R, Harnden A. Neuraminidase inhibitors for prevent-
ing and treating influenza in children (published trials only). Cochrane database of system-
atic reviews (Online). 2012;4:CD002744.

Shun-Shin M, Thompson M, Heneghan C, Perera R, Harnden A, Mant D. Neuraminidase
inhibitors for treatment and prophylaxis of influenza in children: systematic review and
meta-analysis of randomised controlled trials. BMJ (Clinical research ed. 2009;339:b3172.
BMJ's open data campaign - Tamiflu campaign. http://www.bmj.com/tamiflu.

IMS. Top 15 Global Therapeutic Classes. 2008; http://www.imshealth.com/deployedfiles/
imshealth/Global/Content/StaticFile/Top_Line_Data/Global_Top_15_Therapy_Classes.pdf.
Vakil N. Prescribing proton pump inhibitors: is it time to pause and rethink? Drugs. Mar 5
2012;72(4):437-445.

Laheij RJ, Sturkenboom MC, Hassing RJ, Dieleman J, Stricker BH, Jansen JB. Risk of com-
munity-acquired pneumonia and use of gastric acid-suppressive drugs. Jama. Oct 27
2004;292(16):1955-1960.

Abraham NS. Proton pump inhibitors: potential adverse effects. Current opinion in gastro-
enterology. Nov 2012;28(6):615-620.

Bashford JN, Norwood J, Chapman SR. Why are patients prescribed proton pump in-
hibitors? Retrospective analysis of link between morbidity and prescribing in the General
Practice Research Database. BMJ (Clinical research ed. Aug 15 1998;317(7156):452-456.
Vandenplas Y, Rudolph CD, Di Lorenzo C, et al. Pediatric gastroesophageal reflux clinical
practice guidelines: joint recommendations of the North American Society for Pediatric
Gastroenterology, Hepatology, and Nutrition (NASPGHAN) and the European Society for
Pediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN). Journal of pediatric
gastroenterology and nutrition. Oct 2009;49(4):498-547.



References

100.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.
120.
121.

122.

123.

124,

125.

Tighe MP, Afzal NA, Bevan A, Beattie RM. Current pharmacological management of gas-
tro-esophageal reflux in children: an evidence-based systematic review. Paediatric drugs.
2009;11(3):185-202.

(WHO) WHO. http://www.whocc.no/atc_ddd_index/.

International Conference On Harmonisation Of Technical Requirements For Registration
Of Pharmaceuticals For Human Use. Clinical Investigation Of Medicinal Products In The
Pediatric Population E11. ICH Harmonised Tripartite Guideline 2000; http://www.ich.org/
fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E11/Step4/E11_Guideline.
pdf.

Cammarota S, Bruzzese D, Sarnelli G, et al. Proton pump inhibitors prescribing follow-
ing the introduction of generic drugs. European journal of clinical investigation. Oct
2012;42(10):1068-1078.

Ruigomez A, Wallander MA, Lundborg P, Johansson S, Rodriguez LA. Gastroesopha-
geal reflux disease in children and adolescents in primary care. Scand J Gastroenterol.
2010;45(2):139-146.

Ruiz-Antoran B, Pineiro R, Avendano C, et al. Drug Utilization and Off-label Drug Use in
Spanish Pediatric Gastroenterology Outpatients. Journal of pediatric gastroenterology and
nutrition. Feb 2013;56(2):173-177.

Vandenplas Y. Gastroesophageal reflux: medical treatment. Journal of pediatric gastroen-
terology and nutrition. Sep 2005;41 Suppl 1:541-42.

Orenstein SR, Hassall E, Furmaga-Jablonska W, Atkinson S, Raanan M. Multicenter, dou-
ble-blind, randomized, placebo-controlled trial assessing the efficacy and safety of pro-
ton pump inhibitor lansoprazole in infants with symptoms of gastroesophageal reflux
disease. The Journal of pediatrics. Apr 2009;154(4):514-520 e514.

Moore DJ, Tao BS, Lines DR, Hirte C, Heddle ML, Davidson GP. Double-blind placebo-con-
trolled trial of omeprazole in irritable infants with gastroesophageal reflux. The Journal of
pediatrics. Aug 2003;143(2):219-223.

Tafuri G, Trotta F, Leufkens HG, Martini N, Sagliocca L, Traversa G. Off-label use of medi-
cines in children: can available evidence avoid useless paediatric trials? The case of proton
pump inhibitors for the treatment of gastroesophageal reflux disease. European journal of
clinical pharmacology. Feb 2009;65(2):209-216.

EMA. Assessment of the paediatric needs - Gastro-enterology2007. EMEA/527934/2007.
EMA. Decision on paediatric investigation plan for rabeprazole. EMA/124630/2012.

EMA. European Medicines Agency decision for Paediatric Investigation Plan for esomepra-
z0le2009. EMEA/688217/20009.

Canani RB, Cirillo P, Roggero P, et al. Therapy with gastric acidity inhibitors increases the
risk of acute gastroenteritis and community-acquired pneumonia in children. Pediatrics.
May 2006;117(5):e817-820.

Hassall E. Over-prescription of acid-suppressing medications in infants: how it came about,
why it's wrong, and what to do about it. The Journal of pediatrics. Feb 2012;160(2):193-198.
Heidelbaugh JJ, Kim AH, Chang R, Walker PC. Overutilization of proton-pump inhibi-
tors: what the clinician needs to know. Therapeutic advances in gastroenterology. Jul
2012;5(4):219-232.

GW TJ, Eland IA, Sturkenboom MC, van den Anker JN, Stricker BH. Unlicensed and off label
prescription of drugs to children: population based cohort study. BMJ (Clinical research

253



126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

254

ed. Jun 1 2002;324(7349):1313-1314.

Turner S, Longworth A, Nunn AJ, Choonara I. Unlicensed and off label drug use in paedi-
atric wards: prospective study. BMJ (Clinical research ed. Jan 31 1998;316(7128):343-345.
Conroy S, Choonara I, Impicciatore P, et al. Survey of unlicensed and off label drug use
in paediatric wards in European countries. European Network for Drug Investigation in
Children. BMJ (Clinical research ed. Jan 8 2000;320(7227):79-82.

van den Berg H, Taminiau JA. [Better medicines for children: European measures] Betere
geneesmiddelen voor kinderen: Europese maatregelen. Nederlands tijdschrift voor ge-
neeskunde. Jul 5 2008;152(27):1537-1540.

Doek C. ‘Medisch-wetenschappelijk onderzoek met kinderen in Nederland'. The Hague:
Ministry of Health, Welfare and Sports; 26 november 2009.

International Classification of Diseases, 9th revision, Clinical Modification (ICD-9-CM).
Michigan Commission on Professional and Hospital activities; 1978.

Impicciatore P, Choonara I, Clarkson A, Provasi D, Pandolfini C, Bonati M. Incidence of ad-
verse drug reactions in paediatric in/out-patients: a systematic review and meta-analysis
of prospective studies. British journal of clinical pharmacology. Jul 2001;52(1):77-83.
Teichert M, Visser LE, Dufour M, et al. Isotretinoin use and compliance with the Dutch
Pregnancy Prevention Programme: a retrospective cohort study in females of reproduc-
tive age using pharmacy dispensing data. Drug Saf. Apr 1 2010;33(4):315-326.

Brinker A, Kornegay C, Nourjah P. Trends in adherence to a revised risk management pro-
gram designed to decrease or eliminate isotretinoin-exposed pregnancies: evaluation of
the accutane SMART program. Arch Dermatol. May 2005;141(5):563-569.

Crijns HJ, Straus SM, Gispen-de Wied CH, de Jong-van den Berg LT. Compliance with
Pregnancy Prevention Programs of isotretinoin in Europe: a systematic review. The British
Journal of dermatology. Aug 12 2010.

Moore TJ, Weiss SR, Kaplan S, Blaisdell CJ. Reported adverse drug events in infants and
children under 2 years of age. Pediatrics. Nov 2002;110(5):e53.

Kramer MS, Hutchinson TA, Flegel KM, Naimark L, Contardi R, Leduc DG. Adverse drug
reactions in general pediatric outpatients. The Journal of pediatrics. Feb 1985;106(2):305-
310.

Kearns GL, Abdel-Rahman SM, Alander SW, Blowey DL, Leeder JS, Kauffman RE. Develop-
mental pharmacology--drug disposition, action, and therapy in infants and children. The
New England journal of medicine. Sep 18 2003;349(12):1157-1167.

Kaushal R, Bates DW, Landrigan C, et al. Medication errors and adverse drug events in
pediatric inpatients. Jama. Apr 25 2001;285(16):2114-2120.

Turner S, Nunn AJ, Fielding K, Choonara I. Adverse drug reactions to unlicensed and off-
label drugs on paediatric wards: a prospective study. Acta Paediatr. Sep 1999;88(9):965-
968.

McKenzie MW, Marchall GL, Netzloff ML, Cluff LE. Adverse drug reactions leading to hos-
pitalization in children. The Journal of pediatrics. Sep 1976;89(3):487-490.

Mitchell AA, Lacouture PG, Sheehan JE, Kauffman RE, Shapiro S. Adverse drug reactions
in children leading to hospital admission. Pediatrics. Jul 1988;82(1):24-29.

Le J, Nguyen T, Law AV, Hodding J. Adverse drug reactions among children over a 10-year
period. Pediatrics. Aug 2006;118(2):555-562.

van Lier EA, Oomen PJ, Oostenbrug MW, et al. [High vaccination coverage of the Na-



References

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154,

155.

156.

157.
158.

tional Immunization Programme in the Netherlands] Hoge vaccinatiegraad van het Ri-
jksvaccinatieprogramma in Nederland. Nederlands tijdschrift voor geneeskunde. May 16
2009;153(20):950-957.

de Melker HE, Schellekens JF, Neppelenbroek SE, Mooi FR, Rumke HC, Conyn-van
Spaendonck MA. Reemergence of pertussis in the highly vaccinated population of the
Netherlands: observations on surveillance data. Emerging infectious diseases. Jul-Aug
2000;6(4):348-357.

Mooi FR, van Loo IH, van Gent M, et al. Bordetella pertussis strains with increased tox-
in production associated with pertussis resurgence. Emerging infectious diseases. Aug
2009;15(8):1206-1213.

de Greeff SC, de Melker HE, Mooi FR. [Pertussis in the Netherlands] Kinkhoest in Neder-
land. Nederlands tijdschrift voor geneeskunde. 2010;154:A1383.

Martinez-Mir I, Garcia-Lopez M, Palop V, et al. A prospective study of adverse drug reac-
tions as a cause of admission to a paediatric hospital. British journal of clinical pharmacol-
ogy. Sep 1996;42(3):319-324.

Einarson TR. Drug-related hospital admissions. The Annals of pharmacotherapy. Jul-Aug
1993;27(7-8):832-840.

Milsap RL, Jusko WJ. Pharmacokinetics in the infant. Environ Health Perspect. Dec 1994;102
Suppl 11:107-110.

Girard MP, Katz J, Pervikov Y, Palkonyay L, Kieny M-P. Report of the 6th meeting on the
evaluation of pandemic influenza vaccines in clinical trials World Health Organization,
Geneva, Switzerland, 17-18 February 2010. Vaccine. 2010;28(42):6811-6820.

WHO. WHO Weekly Epidemiological Record: Strategic Advisory Group of Experts on Im-
munisation (SAGE) - report of the extraordinary meeting on the influenza A(HLN1) 2009
pandemic. . Available from: URL: http://www.who.int/wer/2009/wer8430.pdf2009:301-
308.

(US). C. Centers for Disease Control and Prevention: Novel HIN1 Vaccination Recommen-
dations. . [Online]. Available from: URL: http://www.cdc.gov/h1nlflu/vaccination/acip.htm
20009.

European Union Health Security Committee/ Early Warning and Response System: HSC/
EWRS statement on influenza A(HLN1) 2009: target and priority groups for vaccina-
tion. 25 August 2009. http://ec.europa.eu/health/ph_threats/com/Influenza/docs/HSC_
EWRS_statement_en.pdf.

Hanquet G, Van Damme P, Brasseur D, et al. Lessons learnt from pandemic A(H1IN1) 2009
influenza vaccination. Highlights of a European workshop in Brussels (22 March 2010).
Vaccine. 2011;29(3):370-377.

Johansen K, Nicoll A, Ciancio BC, Kramarz P. Pandemic influenza A(HIN1) 2009 vaccines in
the European Union. Euro Surveill. 2009;14(41):19361.

Girard MP, Katz J, Pervikov Y, Palkonyay L, Kieny MP. Report of the 6th meeting on the
evaluation of pandemic influenza vaccines in clinical trials World Health Organization,
Geneva, Switzerland, 17-18 February 2010. Vaccine. 2010;28(42):Epub.

WHO. Influenza vaccines: WHO position paper. Wkly Epidemiol Rec. 2005;33.

CDC. National Center for Immunization and Respiratory Diseases, Centers for Disease
Control and Prevention: Use of influenzaA(H1N1) 2009 monovalent vaccine. MMWR Re-
comm Rep. 2009;58(RR-10):1-8.

255



159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

256

Vesikari T, Groth N, Karvonen A, Borkowski A, Pellegrini M. MF59®-adjuvanted influenza
vaccine (FLUAD®) in children: Safety and immunogenicity following a second year sea-
sonal vaccination. Vaccine. 2009;27(45):6291-6295.

Vesikari T, Pellegrini M, Karvonen A, et al. Enhanced immunogenicity of seasonal influenza
vaccines in young children using MF59 adjuvant. The Pediatric infectious disease journal.
Jul 2009;28(7):563-571.

Bone A, Guthmann J-P, Nicolau J, Lévy-Bruhl D. Population and risk group uptake of HIN1
influenza vaccine in mainland France 2009-2010: Results of a national vaccination cam-
paign. Vaccine. 2010;28(51):8157-8161.

Salmon DA, Akhtar A, Mergler MJ, et al. Immunization-safety monitoring systems for
the 2009 HIN1 monovalent influenza vaccination program. Paediatrics. 2011;127(Suppl
1:):578-86.

Vaccine Adverse Event Surveillance & Communication. http://vaesco.net/vaesco.html.
WHO-UMC. A/H1INL1 Flu Vaccine Monitoring. 2011.

MHRA. MHRA PUBLIC ASSESSMENT REPORT: Swine flu vaccines and antiviral medicines:
UK post-pandemic safety review. February 2011.

Final summary of adverse drug reaction reports in Sweden with Pandemrix through Octo-
ber 2009 — mid April 2010. June 2010; http://www.lakemedelsverket.se/upload/eng-mpa-
se/Pandemrix%20ADRs%20in%20Sweden%2015%20april%202010.pdf.

European Medicines Agency: Twenty-second pandemic pharmacovigilance update. 19
August 2010; EMA/527985/2010:http://www.ema.europa.eu/docs/en_GB/document_li-
brary/Report/2010/08/WC500095870.pdf.

Zangwill KM, Belshe RB. Safety and efficacy of trivalent inactivated influenza vaccine in
young children: a summary for the new era of routine vaccination. The Pediatric infectious
disease journal. 2004;23(3):189-197.

Ruben FL. Inactivated influenza virus vaccines in children. Clin Infect Dis. 2005;38(5):678-
688.

Hambidge SJ, Glanz JM, France EK, et al. Safety of trivalent inactivated influenza vaccine
in children 6 to 23 months old. JAMA. Oct 25 2006;296(16):1990-1997.

Jefferson T, Rivetti A, Harnden AR, Di Pietrantonj C, Demicheli V. Vaccines for preventing
influenza in healthy children. Cochrane Database of Systematic Reviews. 2008(Issue 2):Art.
No.: CD004879.

Barry DW, Mayner RE, Hochstein HD, al. e. Comparative trial of influenza vaccines. II. Ad-
verse reactions in children and adults. . American journal of epidemiology. 1976;104(47-59).
McMahon AW, Iskander J, Haber P, et al. Adverse events after inactivated influenza vac-
cination among children less than 2 years of age: analysis of reports from the vaccine
adverse event reporting system, 1990-2003. Pediatrics. Feb 2005;115(2):453-460.
Rosenberg M, Sparks R, McMahon A, Iskander J, Campbell JD, Edwards KM. Serious ad-
verse events rarely reported after trivalent inactivated influenza vaccine (TIV) in children
6-23 months of age. Vaccine. 2009;27(32):4278-4283.

Fiore AE, Shay D, Broder KR, et al. Prevention and Control of Seasonal Influenza with Vac-
cines: Recommendations of the Advisory Committee on Immunization Practices (ACIP),
2009. Morbidity and Mortality Weekly Report. 2009;Vol. 58 (RR-8).

McMahon AW, Iskander JK, Haber P, al. e. Inactivated influenza vaccine (IIV) in children
<2 years of age: examination of selected adverse events reported to the Vaccine Adverse



References

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

Event Reporting System (VAERS) after thimerosal-free or thimerosal-containing vaccine. .
Vaccine. 2008;26:427-429.

Fiore AE, Shay DK, Broder K, et al. Prevention and control of seasonal influenza with vac-
cines: recommendations of the Advisory Committee on Immunization Practices (ACIP),
2009. MMWR Recomm Rep. Jul 31 2009;58(RR-8):1-52.

Tennis P, Toback SL, Andrews E, McQuay LJ, Ambrose CS. A postmarketing evaluation of
the frequency of use and safety of live attenuated influenza vaccine use in nonrecom-
mended children younger than 5 years. Vaccine. Jul 12 2011;29(31):4947-4952.

Piedra PA, Yan L, Kotloff K, et al. Safety of the trivalent, cold-adapted influenza vaccine in
preschool-aged children. Pediatrics. Oct 2002;110(4):662-672.

Belshe RB, Mendelman PM. Safety and efficacy of live attenuated, cold-adapted, influenza
vaccine-trivalent. Immunology and allergy clinics of North America. Nov 2003;23(4):745-
767.

Belshe RB, Nichol KL, Black SB, et al. Safety, efficacy, and effectiveness of live, attenuated,
cold-adapted influenza vaccine in an indicated population aged 5-49 years. Clin Infect
Dis. Oct 1 2004;39(7):920-927.

Belshe RB, Ambrose CS, Yi T. Safety and efficacy of live attenuated influenza vaccine in
children 2-7 years of age. Vaccine. Sep 12 2008;26 Suppl 4:D10-16.

France EK, Glanz JM, Xu S, et al. Safety of the trivalent inactivated influenza vaccine
among children: a population-based study. Archives of pediatrics & adolescent medicine.
2004;158(11):1031-1036

Izurieta HS, Haber P, Wise RP, et al. Adverse events reported following live, cold-adapted,
intranasal influenza vaccine. JAMA. Dec 7 2005;294(21):2720-2725.

Mutsch M, Zhou W, Rhodes P, et al. Use of the Inactivated Intranasal Influenza Vac-
cine and the Risk of Bell's Palsy in Switzerland. The New England journal of medicine.
2004;350(9):896-903.

Muhammad RD, Haber P, Broder KR, et al. Adverse Events Following Trivalent Inactivated
Influenza Vaccination in Children: Analysis of the Vaccine Adverse Event Reporting Sys-
tem. The Pediatric infectious disease journal. Oct 29 2011.

Skowronski DM, Bjornson G, Husain E, Metzger DL, Scheifele DW. Oculorespiratory syn-
drome after influenza immunization in children. The Pediatric infectious disease journal.
Jan 2005;24(1):63-69.

Oh C-E, Lee J, Kang J-H, et al. Safety and immunogenicity of an inactivated split-virus
influenza A/H1N1 vaccine in healthy children from 6 months to <18 years of age: A pro-
spective, open-label, multi-center trial. Vaccine. 2010;28(36):5857-5863.

Lu C-Y, Shao P-L, Chang L-Y, et al. Immunogenicity and safety of a monovalent vaccine
for the 2009 pandemic influenza virus A (HIN1) in children and adolescents. Vaccine.
2010;28(36):5864-5870.

Plennevaux E, Blatter M, Cornish MJ, et al. Influenza A (HIN1) 2009 two-dose immuniza-
tion of US children: An observer-blinded, randomized, placebo-controlled trial. Vaccine.
2011;29(8):1569-1575.

Plennevaux E, Sheldon E, Blatter M, Reeves-Hoché M-K, Denis M. Immune response after
a single vaccination against 2009 influenza A HIN1 in USA: a preliminary report of two
randomised controlled phase 2 trials. The Lancet. 2010;375(9708):41-48.

Zhu FC, Wang H, Fang HH, et al. A novel influenza A (H1N1) vaccine in various age groups.

257



193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

258

The New England journal of medicine. Dec 17 2009;361(25):2414-2423.

Nolan T, McVernon J, Skeljo M, et al. Inmunogenicity of a monovalent 2009 influenza
A(HIN1) vaccine in infants and children: a randomized trial. JAMA. 2010;303(1):37-46.
Waddington C, Andrews N, Hoschler K, et al. Open-label, randomised, parallel-group,
multicentre study to evaluate the safety, tolerability and immunogenicity of an AS03(B)/
oil-in-water emulsion-adjuvanted (AS03(B)) split-virion versus non-adjuvanted whole-vi-
rion HIN1 influenza vaccine in UK children 6 months to 12 years of age. Health technology
assessment (Winchester, England). Oct 2010;14(46):1-130.

Waddington CS, Walker WT, Oeser C, et al. Safety and immunogenicity of ASO3B adju-
vanted split virion versus non-adjuvanted whole virion HIN1 influenza vaccine in UK chil-
dren aged 6 months-12 years: open label, randomised, parallel group, multicentre study.
BMJ (Clinical research ed. 2010;340:c2649.

Liang X-F, Wang H-Q, Wang J-Z, et al. Safety and immunogenicity of 2009 pandemic
influenza A HIN1 vaccines in China: a multicentre, double-blind, randomised, placebo-
controlled trial. The Lancet. 2010;375(9708):56-66.

Arguedas A, Soley C, Abdelnour A, et al. Assessment of the safety, tolerability and kinet-
ics of the immune response to A/H1IN1v vaccine formulations with and without adju-
vant in healthy pediatric subjects from 3 through 17 years of age. Human vaccines. Jan 1
2010;7(1):58-66.

Arguedas A, Soley C, Lindert K. Responses to 2009 H1IN1 vaccine in children 3 to 17 years
of age. The New England journal of medicine. Jan 28 2010;362(4):370-372.

Yasuda Y, Komatsu R, Matsushita K, et al. Comparison of half and full doses of an MF59-
adjuvanted cell culture-derived A/H1IN1v vaccine in Japanese children. Advances in thera-
py. Jul 2010;27(7):444-457.

Garcia-Sicilia J, Gillard P, Carmona A, et al. Inmunogenicity and safety of AS03-adjuvant-
ed H1IN1 pandemic vaccines in children and adolescents. Vaccine. 2011;29(26):4353-4361.
Scheifele DW, Ward BJ, Dionne M, et al. Evaluation of adjuvanted pandemic HIN1(2009)
influenza vaccine after one and two doses in young children. The Pediatric infectious dis-
ease journal. May 2011;30(5):402-407.

Carmona A, Omefaca F, Tejedor JC, et al. Immunogenicity and safety of ASO3-adjuvanted
2009 influenza A HIN1 vaccine in children 6-35 months. Vaccine. 2010;28(36):5837-5844.
Mallory RM, Malkin E, Ambrose CS, et al. Safety and immunogenicity following admin-
istration of a live, attenuated monovalent 2009 HIN1 influenza vaccine to children and
adults in two randomized controlled trials. PloS one. 2010;5(10):e13755.

Kohl KS, Gidudu J, Bonhoeffer J, et al. The development of standardized case definitions
and guidelines for adverse events following immunization. Vaccine. 2007;25(31):5671-
5674.

Bonhoeffer J, Bentsi-Enchill A, Chen RT, et al. Guidelines for collection, analysis and
presentation of vaccine safety data in pre- and post-licensure clinical studies. Vaccine.
2009;27(16):2282-2288.

Headley J, Northstone K. Medication administered to children from 0 to 7.5 years in the
Avon Longitudinal Study of Parents and Children (ALSPAC). European journal of clinical
pharmacology. Feb 2007;63(2):189-195.

Bonhoeffer J, Zumbrunn B, Heininger U. Reporting of vaccine safety data in publications:
systematic review. Pharmacoepidemiology and drug safety. 2005;14(2):101-106.



References

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

Bate J, Yung CF, Hoschler K, et al. Immunogenicity of pandemic (HIN1) 2009 vaccine in
children with cancer in the United Kingdom. Clin Infect Dis. Dec 15 2010;51(12):e95-104.
Alghisi F, Palma P, Montemitro E, et al. Inmunogenicity and safety profile of the monova-
lent A/HIN1 MF59-adjuvanted vaccine in patients affected by cystic fibrosis. Thorax. Mar
2011;66(3):259-260.

Kelen K, Ferenczi D, Jankovics I, et al. HLN1 Vaccination in Pediatric Renal Transplant Pa-
tients. Transplantation Proceedings. 2011;43(4):1244-1246.

Altamirano-Diaz L, West L, Humar A, et al. Early post-transplant vaccination with pandem-
ic influenza A/H1IN1 vaccine in pediatric heart transplant recipients. Pediatr Transplant.
Mar 2011;15(2):172-175.

Esposito S, Tagliaferri L, Daleno C, et al. Pandemic influenza A/H1N1 vaccine administered
sequentially or simultaneously with seasonal influenza vaccine to HIV-infected children
and adolescents. Vaccine. 2011;29(8):1677-1682.

Esposito S, Pugni L, Daleno C, et al. Influenza A/HIN1 MF59-adjuvanted vaccine in pre-
term and term children aged 6 to 23 months. Pediatrics. May 2011;127(5):e1161-1168.
Esposito S, Meregalli E, Daleno C, et al. An open-label, randomized clinical trial assessing
immunogenicity, safety and tolerability of pandemic influenza A/HIN1 MF59-adjuvanted
vaccine administered sequentially or simultaneously with seasonal virosomal-adjuvanted
influenza vaccine to paediatric kidney transplant recipients. Nephrol Dial Transplant. Jun
2011;26(6):2018-2024.

Esposito S, D'Angelo E, Daleno C, et al. Immunogenicity, safety and tolerability of mon-
ovalent 2009 pandemic influenza A/HIN1 MF59-adjuvanted vaccine in patients with
[beta]-thalassemia major. Vaccine. 2010;28(50):7825-7828.

Torii Y, Kimura H, Ochi N, et al. Immunogenicity of inactivated 2009 HIN1 influenza vac-
cine in pediatric liver transplant recipients. Vaccine. 2011;29(25):4187-4189.

Okike OI, Yung C, Ladhania S, et al. The immunogenicity of a novel A (HLN1) vaccine in
HIV-infected children. . Vaccine. In Press.

Busse WW, Peters SP, Fenton MJ, et al. Vaccination of patients with mild and severe asth-
ma with a 2009 pandemic H1N1 influenza virus vaccine. Journal of Allergy and Clinical
Immunology. 2011;127(1):130-137.e133.

Kurz X, Domergue F, Slattery J, Segec A, Szmigiel A, Hidalgo-Simon A. Safety monitor-
ing of Influenza A/H1IN1 pandemic vaccines in EudraVigilance. Vaccine. 2011;29(26):4378-
4387.

WHO Collaborating Centre for International Drug Monitoring. UMC update on pandemic
influenza vaccine safety monitoring March 2011; http://who-umc.org/graphics/24691.
pdf.

Folkenberg M, Callréus T, Svanstrom H, Valentiner-Branth P, Hviid A. Spontaneous report-
ing of adverse events following immunisation against pandemic influenza in Denmark
November 2009-March 2010. Vaccine. 2011;29(6):1180-1184.

Vellozzi C, Broder KR, Haber P, et al. Adverse events following influenza A (HIN1) 2009
monovalent vaccines reported to the Vaccine Adverse Event Reporting System, United
States, October 1, 2009-January 31, 2010. Vaccine. Oct 21 2010;28(45):7248-7255.

Wu J, Xu F, Lu L, et al. Safety and effectiveness of a 2009 H1IN1 vaccine in Beijing. The New
England journal of medicine. Dec 16 2010;363(25):2416-2423.

Liang X, Li L, Liu D, et al. Safety of influenza A (H1IN1) vaccine in postmarketing surveil-

259



225.

226.

227.

228.

229.

230.

231.

232.

233.
234.
235.

236.

237.

238.

239.

240.

241.

260

lance in China. The New England journal of medicine. 2011;364(7):638-647.

Parretta E, Ianniello B, Ferrazin F, Rossi F, Capuano A. Italian post-marketing surveil-
lance for adverse event reports after MF59-adjuvanted HIN1v vaccination. Vaccine.
2011;29(20):3708-3713.

Banzhoff A, Haertel S, Praus M. Passive surveillance of adverse events of an MF59-adju-
vanted H1N1v vaccine during the pandemic mass vaccinations. Human vaccines. May 1
2011;7(5).

Mahajan D, Campbell-Lloyd S, Roomiani I, Menzies RI. NSW Annual Adverse Events Fol-
lowing Immunisation Report, 2009. New South Wales public health bulletin. Sep-Oct
2010;21(9-10):224-233.

Cristiani C, Tuccori M, Pepe P, et al. Safety of MF-59 adjuvanted vaccine for pandem-
ic influenza: Results of the vaccination campaign in an Italian health district. Vaccine.
2011;29(18):3443-3448.

Choe YJ, Cho H, Bae G-R, Lee J-K. Guillain-Barré syndrome following receipt of influenza
A (HIN1) 2009 monovalent vaccine in Korea with an emphasis on Brighton Collaboration
case definition. Vaccine. 2011;29(11):2066-2070.

Fu C, Xu J, Tan H, Wang M. Serious Adverse Reactions Should be Further Monitored After
Influenza A (HIN1) Vaccination Among Children: Postmarketing Experience With 570,000
Vaccinations Between October 2009 and August 2010 in Guangzhou, China. The Pediatric
infectious disease journal. Jul;30(7):631-632.

Carvajal A, Ortega PG, Sainz M, et al. Adverse events associated with pandemic influenza
vaccines: comparison of the results of a follow-up study with those coming from sponta-
neous reporting. Vaccine. Jan 10 2011;29(3):519-522.

Broos N, van Puijenbroek EP, van Grootheest K. Fever following immunization with influ-
enza A (H1N1) vaccine in children: a survey-based study in the Netherlands. Drug Saf. Dec
12010;33(12):1109-1115.

EMA. Arepanrix : EPAR - Public assessment report .

EMA. Pandemrix : EPAR - Public assessment report.

Lapphra K, Huh L, Scheifele DW. Adverse neurologic reactions after both doses of pan-
demic HIN1 influenza vaccine with optic neuritis and demyelination. The Pediatric infec-
tious disease journal. Jan;30(1):84-86.

Tremblay ME, Closon A, D'Anjou G, Bussieres JF. Guillain-Barre syndrome following HIN1
immunization in a pediatric patient. The Annals of pharmacotherapy. Jul-Aug 2010;44(7-
8):1330-1333.

Huang HH, Huang CC, Hsueh PY, Lee TJ. Bilateral sudden deafness following HIN1 vac-
cination. Otolaryngol Head Neck Surg. Dec;143(6):849-850.

McGuire-Wolfe C. Impact of organizational structure on vaccination of first responders: a
case study. American journal of disaster medicine. Mar-Apr;6(2):71-72.

Kroeskop A, Lewis AB, Barril FA, Baribault KE. Gianotti-Crosti Syndrome After HIN1-IN-
FLUENZA Vaccine. Pediatric dermatology. May 9.

Pauwels C, Bulai Livideanu C, Maza A, Lamant L, Paul C. Cytophagic Histiocytic Panniculitis
after HIN1 Vaccination: A Case Report and Review of the Cutaneous Side Effects of Influ-
enza Vaccines. Dermatology (Basel, Switzerland).222(3):217-220.

Goldschmidt I, Pfister ED, Becker M, Hackl S, Bott OJ, Baumann U. Acceptance and Ad-
verse Events of the 2009 HIN1 Vaccination in Immunosuppressed Pediatric Liver Trans-



References

242.

243.

244,

245.

246.

247.

248.

249.

250.

251.
252.

253.

254.

255.

256.

plant Recipients. The Journal of pediatrics. 2011;158(2):329-333.

Meier S, Bel M, L'Huillier A, et al. Antibody responses to natural influenza A/H1IN1/09
disease or following immunization with adjuvanted vaccines, in immunocompetent and
immunocompromised children. Vaccine. 2011;29(19):3548-3557.

EMA. European Medicines Agency advises of risk of fever in young children following
vaccination with Pandemrix. 4 December 2009; http://www.ema.europa.eu/docs/en_GB/
document_library/Press_release/2009/12/WC500016894.pdf.

Prothro C, Kudish K, Fiellin M, et al. Preliminary Results: Surveillance for Guillain-Bar-
ré Syndrome After Receipt of Influenza A (HIN1) 2009 Monovalent Vaccine --- United
States, 2009--2010. MMWR Recomm Rep. 2010;June 2, 2010 / 59(Early Release);1-5.
Dieleman J, Romio S, Johansen K, et al. Guillain-Barre syndrome and adjuvanted pan-
demic influenza A (HIN1) 2009 vaccine: multinational case-control study in Europe. BMJ
(Clinical research ed.343:d3908.

Grimaldi-Bensouda L, Alperovitch A, Besson G, et al. Guillain-Barre Syndrome, Influenza-
like Ilinesses, and Influenza Vaccination During Seasons With and Without Circulating A/
H1N1 Viruses. American journal of epidemiology. Jun 7.

National Institute for Health and Welfare recommends discontinuation of Pandemrix vac-
cinations. 25 Aug 2010 http://www.thl.fi/en_US/web/en/pressrelease?id=22930.

EMA. European Medicines Agency starts review of Pandemrix. 27 August 2010; http://www.
ema.europa.eu/docs/en_GB/document_library/Press_release/2010/08/WC500096005.
pdf.

AFSSaPS. Cas de narcolepsie avec cataplexie notifiés en France a la suite d'une vac-
cination contre le virus de la grippe A/HIN1. Communiqué. http://www.afssaps.fr/
Infos-de-securite/Communiques-Points-presse/Cas-de-narcolepsie-avec-cataplexie-
notifies-en-France-a-la-suite-d-une-vaccination-contre-le-virus-de-la-grippe-A-H1IN1-
Communique.

Dauvilliers Y, Montplaisir J, Cochen V, et al. Post-HIN1 narcolepsy-cataplexy. Sleep. Nov
2010;33(11):1428-1430.

THL. National Narcolepsy Task Force Interim Report. 31 January 2011.

MPA. A registry based comparative cohort study in four Swedish counties of the risk
for narcolepsy after vaccination with Pandemrix - A first and preliminary report, by the
Medical Products Agency. 28 March 2011 http://www.lakemedelsverket.se/upload/ny-
heter/2011/PandemrixRegReport110328.pdf.

MPA. Occurrence of narcolepsy with cataplexy among children and adolescents in rela-
tion to the HIN1 pandemic and Pandemrix vaccinations - Results of a case inventory
study by the MPA in Sweden during 2009-2010. 30 June 2011; http://www.lakemedelsver-
ket.se/upload/nyheter/2011/Fallinventeringsrapport_pandermrix_110630.pdf.

PEIL. Deutschlandweite Narkolepsie-Studie hat begonnen. 11-05-2011; http://www.pei.
de/DE/infos/fachkreise/pharmakovigilanz/narkolepsie-studie/narkolepsie-studie-inhalt.
html.

Tsai TF, Crucitti A, Nacci P, et al. Explorations of clinical trials and pharmacovigilance da-
tabases of MF59((R))-adjuvanted influenza vaccines for associated cases of narcolepsy.
Scand J Infect Dis. May 2 2011.

EMA. Press release: European Medicines Agency recommends restricting use of Pan-
demrix. 2011; http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/

261



257.

258.

259.

260.

261.

262.

263.

264.

265.

266.
267.
268.
269.

270.

271.

272.

273.

274.

275.

276.

262

news/2011/07/news_detail_001312.jsp&murl=menus/news_and_events/news_and_
events.jsp&mid=WC0b01ac058004d5c1&jsenabled=true.

Poland GA. Methodologic reporting requirements for clinical trials: Advancing the science
today and tomorrow. Vaccine. 2011;29(32):5087-5089.

CHMP. Guideline on clinical evaluation of new vaccines. 2006; www.ema.europa.eu/docs/
en_GB/document_library/Scientific_guideline/2009/09/WC500003870.pdf.

ICH. International Conference On Harmonisation Of Technical Requirements For Registra-
tion Of Pharmaceuticals For Human Use. Clinical investigation of medicinal products in the
pediatric population E11.2000.

VAERS Data. http://vaers.hhs.gov/data/data.

EudraVigilance access policy for medicines for human use http://www.ema.europa.eu/
docs/en_GB/document_library/Other/2011/07/WC500108538.pdf.

UMC access policy for The WHO Global Individual Case Safety Report database, VigiBase.
http://www.who-umc.org/DynPage.aspx?id=105196&mn1=7347&mn2=7489&mn3=7248
&newsid=10830.

Star K, Noren GN, Nordin K, Edwards IR. Suspected Adverse Drug Reactions Reported For
Children Worldwide: An Exploratory Study Using VigiBase. Drug Saf. May 1 2011;34(5):415-
428.

Johann-Liang R, Wyeth J, Chen M, Cope JU. Pediatric drug surveillance and the Food
and Drug Administration’s adverse event reporting system: an overview of reports, 2003-
2007. Pharmacoepidemiology and drug safety. Jan 2009;18(1):24-27.

Moore TJ, Cohen MR, Furberg CD. Serious adverse drug events reported to the Food and
Drug Administration, 1998-2005. Archives of internal medicine. Sep 10 2007;167(16):1752-
1759.

Drug Information Online. http://www.drugs.com/.

Pharmacy Codes. http://pharmacycode.com.

Medicines.org.uk. http://www.medicines.org.uk/emc/.

International Conference On Harmonisation Of Technical Requirements For Registration
Of Pharmaceuticals For Human Use. The Extend of Population Exposure to Assess Clinical
Safety for Drugs Intended for Long-term Treatment of Non-life Threatening Conditions:
E1l.1994.

de Bie S, Verhamme KM, Straus SM, Stricker BH, Sturkenboom MC. Vaccine-based sub-
group analysis in VigiBase: effect on sensitivity in paediatric signal detection. Drug Saf.
Apr 1 2012;35(4):335-346.

van Hunsel F, Harmark L, Pal S, Olsson S, van Grootheest K. Experiences with adverse drug
reaction reporting by patients: an 11-country survey. Drug Saf. Jan 1 2012;35(1):45-60.
Chai G, Governale L, McMahon AW, Trinidad JP, Staffa J, Murphy D. Trends of outpatient
prescription drug utilization in US children, 2002-2010. Pediatrics. Jul 2012;130(1):23-31.
Zito JM, Safer DJ, DosReis S, et al. Psychotropic practice patterns for youth: a 10-year
perspective. Archives of pediatrics & adolescent medicine. Jan 2003;157(1):17-25.

Noren GN, Orre R, Bate A, Edwards IR. Duplicate detection in adverse drug reaction sur-
veillance. Data Min Knowl Disc. Jun 2007;14(3):305-328.

Hauben M, Reich L, DeMicco J, Kim K. ‘Extreme duplication’ in the US FDA Adverse Events
Reporting System database. Drug Saf. 2007;30(6):551-554.

Zeinoun Z, Seifert H, Verstraeten T. Quantitative signal detection for vaccines: effects of



References

277.

278.

279.

280.

281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

291.

292.

293.
294.

stratification, background and masking on GlaxoSmithKline's spontaneous reports data-
base. Human vaccines. Sep 2009;5(9):599-607.

Hopstadius J, Noren GN, Bate A, Edwards IR. Impact of stratification on adverse drug
reaction surveillance. Drug Saf. 2008;31(11):1035-1048.

Woo EJ, Ball R, Burwen DR, Braun MM. Effects of stratification on data mining in the US
Vaccine Adverse Event Reporting System (VAERS). Drug Saf. 2008;31(8):667-674.

Hauben M, Patadia V, Gerrits C, Walsh L, Reich L. Data mining in pharmacovigilance: the
need for a balanced perspective. Drug Saf. 2005;28(10):835-842.

Aagaard L, Weber CB, Hansen EH. Adverse drug reactions in the paediatric population in
Denmark: a retrospective analysis of reports made to the Danish Medicines Agency from
1998 to 2007. Drug Saf. Apr 1 2010;33(4):327-339.

Kimland E, Rane A, Ufer M, Panagiotidis G. Paediatric adverse drug reactions reported in
Sweden from 1987 to 2001. Pharmacoepidemiology and drug safety. Jul 2005;14(7):493-
499.

Aagaard L, Hansen EW, Hansen EH. Adverse events following immunization in children:
retrospective analysis of spontaneous reports over a decade. European journal of clinical
pharmacology. Nov 16 2010.

Niu MT, Erwin DE, Braun MM. Data mining in the US Vaccine Adverse Event Reporting
System (VAERS): early detection of intussusception and other events after rotavirus vac-
cination. Vaccine. Sep 14 2001;19(32):4627-4634.

Braun MM. Toward better vaccine safety data and safer vaccination. Pediatrics. Mar
2008;121(3):625-626.

Evans SJ. Stratification for spontaneous report databases. Drug Saf. 2008;31(11):1049-
1052.

Harmark L, van Grootheest AC. Pharmacovigilance: methods, recent developments and
future perspectives. European journal of clinical pharmacology. Aug 2008;64(8):743-752.
Letourneau M, Wells G, Walop W, Duclos P. Improving global monitoring of vaccine safe-
ty: a quantitative analysis of adverse event reports in the WHO Adverse Reactions Data-
base. Vaccine. Feb 26 2008;26(9):1185-1194.

Varricchio F, Iskander J, Destefano F, et al. Understanding vaccine safety information from
the Vaccine Adverse Event Reporting System. The Pediatric infectious disease journal. Apr
2004;23(4):287-294.

Coloma PM, Trifird G, Schuemie MJ, et al. Electronic healthcare databases for active drug
safety surveillance: is there enough leverage? Pharmacoepidemiology and drug safety.
2012:n/a-n/a.

Trifiro G, Fourrier-Reglat A, Sturkenboom MC, Diaz Acedo C, Van Der Lei J. The EU-ADR
project: preliminary results and perspective. Stud Health Technol Inform. 2009;148:43-49.
Trifiro G, Pariente A, Coloma PM, et al. Data mining on electronic health record databases
for signal detection in pharmacovigilance: which events to monitor? Pharmacoepidemiol-
ogy and drug safety. Dec 2009;18(12):1176-1184.

Avillach P, Mougin F, Joubert M, et al. A semantic approach for the homogeneous iden-
tification of events in eight patient databases: a contribution to the European eu-ADR
project. Stud Health Technol Inform. 2009;150:190-194.

Unified Medical Language System® (UMLS®). http://www.nlm.nih.gov/research/umls/.
Curtis LH, Weiner MG, Boudreau DM, et al. Design considerations, architecture, and use

263



295.

296.

297.

298.

299.

300.

301.

302.

303.

304.

305.

306.

307.

308.

309.

310.

264

of the Mini-Sentinel distributed data system. Pharmacoepidemiology and drug safety. Jan
2012;21 Suppl 1:23-31.

Johansson S, Wallander MA, de Abajo FJ, Garcia Rodriguez LA. Prospective drug safety
monitoring using the UK primary-care General Practice Research Database: theoretical
framework, feasibility analysis and extrapolation to future scenarios. Drug Saf. Mar 1
2010;33(3):223-232.

Sillanpaa M, Camfield P, Camfield C, et al. Incidence of febrile seizures in Finland: prospec-
tive population-based study. Pediatric neurology. Jun 2008;38(6):391-394.

Trifiro G, Patadia V, Schuemie MJ, et al. EU-ADR healthcare database network vs. spon-
taneous reporting system database: preliminary comparison of signal detection. Stud
Health Technol Inform. 2011;166:25-30.

Mini-Sentinel. Mini-Sentinel Distributed Database "At A Glance". December 2011; http://
www.mini-sentinel.org/about_us/MSDD_At-a-Glance.aspx.

Coloma PM, Trifiro G, Patadia V, Sturkenboom M. Postmarketing Safety Surveillance :
Where does Signal Detection Using Electronic Healthcare Records Fit into the Big Picture?
Drug Saf. Feb 2 2013.

de Bie S, Coloma PM, Ferrajolo C, et al. The Role of Electronic Healthcare Record Data-
bases in Pediatric Drug Safety Surveillance: a Retrospective Cohort Study. Under review.
2013.

Avillach P, Coloma PM, Gini R, et al. Harmonization process for the identification of medi-
cal events in eight European healthcare databases: the experience from the EU-ADR proj-
ect. J Am Med Inform Assoc. Jan 1 2013;20(1):184-192.

Schuemie MJ. Methods for drug safety signal detection in longitudinal observational da-
tabases: LGPS and LEOPARD. Pharmacoepidemiology and drug safety. Mar 2011;20(3):292-
299.

Schuemie MJ, Coloma PM, Straatman H, et al. Using electronic health care records for
drug safety signal detection: a comparative evaluation of statistical methods. Medical
care. Oct 2012;50(10):890-897.

Szarfman A, Machado SG, O'Neill RT. Use of screening algorithms and computer systems
to efficiently signal higher-than-expected combinations of drugs and events in the US
FDA's spontaneous reports database. Drug Saf. 2002;25(6):381-392.

Oliveira JL, Lopes P, Nunes T, et al. The EU-ADR Web Platform: delivering advanced phar-
macovigilance tools. Pharmacoepidemiology and drug safety. Dec 4 2012.

Whitaker HJ, Hocine MN, Farrington CP. The methodology of self-controlled case series
studies. Statistical methods in medical research. Feb 2009;18(1):7-26.

Weldeselassie YG, Whitaker HJ, Farrington CP. Use of the self-controlled case-series meth-
od in vaccine safety studies: review and recommendations for best practice. Epidemiology
and infection. Dec 2011;139(12):1805-1817.

Coloma PM, Avillach P, Salvo F, et al. A reference standard for evaluation of methods for
drug safety signal detection using electronic healthcare record databases. Drug Saf. Jan
2013;36(1):13-23.

Rapporteur’s Public Paediatric Assessment Report for paediatric studies submitted in accor-
dance with Article 45 of Regulation (EC) No1901/2006, as amended. Primperan (and others)
- Metoclopramide 24-03-2011.

Nuove informazioni sulla sicurezza delle specialita medicinali contenenti metoclopramide.



References

311.

312.

313.

314.

315.

316.

317.

318.

319.

320.

321.

322.

323.

324.

325.

326.

327.

bollettino d'informazione sui farmaci - Bimestrale del ministro della salute. 2004;1:1.
CBG-MEB. February 21, 2007 - Restricted indication for metoclopramide (Primperan)
use in children. http://www.cbg-meb.nl/CBG/en/human-medicines/actueel/2007-
02-21-metoclopramide-primperan-children/default.htm.

Chicella MF, Batres LA, Heesters MS, Dice JE. Prokinetic drug therapy in children: a review
of current options. The Annals of pharmacotherapy. Apr 2005;39(4):706-711.

Pritchard DS, Baber N, Stephenson T. Should domperidone be used for the treatment of
gastro-oesophageal reflux in children? Systematic review of randomized controlled tri-
als in children aged 1 month to 11 years old. British journal of clinical pharmacology. Jun
2005;59(6):725-729.

Maclennan S, Augood C, Cash-Gibson L, Logan S, Gilbert RE. Cisapride treatment for
gastro-oesophageal reflux in children. Cochrane database of systematic reviews (Online).
(4):CD002300.

Keady S. Update on drugs for gastro-oesophageal reflux disease. Arch Dis Child Educ
Pract Ed. Aug 2007;92(4):ep114-118.

Khoshoo V, Edell D, Clarke R. Effect of cisapride on the QT interval in infants with gastro-
esophageal reflux. Pediatrics. Feb 2000;105(2):E24.

Hennessy S, Leonard CE, Newcomb C, Kimmel SE, Bilker WB. Cisapride and ventricular
arrhythmia. British journal of clinical pharmacology. Sep 2008;66(3):375-385.

Rao AS, Camilleri M. Review article: metoclopramide and tardive dyskinesia. Alimentary
pharmacology & therapeutics. Jan;31(1):11-19.

Parikh N, Howden CW. The safety of drugs used in acid-related disorders and functional
gastrointestinal disorders. Gastroenterology clinics of North America. Sep;39(3):529-542.
AIFA. Cisapride: limitate le indicazioni terapeutiche e prescrizione riservata ai centri os-
pedalieri. May 2000; http://www.agenziafarmaco.gov.it/sites/default/files/bif000330.pdf.
AEMPS. Comunicacion sobre riesgos de medicamentos para profesionales sanitarios
- Cisaprida: suspension de comercializacion. 22 November 2004; http://www.aemps.
gob.es/informa/notasinformativas/medicamentosUsoHumano/seguridad/2004/docs/
NI_2004-13_cisaprida.pdf.

CBG-MEB. DHPC - Cisapride. 06 September 2002; http://www.cbg-meb.nl/NR/
rdonlyres/6D3EE8FE-1309-42AD-8D8D-146CD7F472CF/0/20020906ddprepulsidhuisarts.
pdf.

CBG-MEB. Beperkingen aan het gebruik van cisapride (Prepulsid). 18 January 2002; http://
www.cbg-meb.nl/CBG/nl/humane-geneesmiddelen/actueel/2002-01-18-Beperkingen+a
an+het+gebruik+van+cisapride+(Prepulsid)/default.htm.

CBG-MEB. Aangepaste indicatie Prepulsid (cisapride). 31 July 2000; http://www.cbg-meb.
nl/CBG/nl/humane-geneesmiddelen/actueel/2000-07-31-Aangepaste+indicatie+Prepuls
id+(cisapride)/default.htm.

CHMP. Opinion following an article 31 referral - Cisapride - EMEA/CPMP/24844/02 07 Oc-
tober 2002; http://www.ema.europa.eu/docs/en_GB/document_library/Referrals_docu-
ment/Cisapride_31/WC500013943.pdf.

CBG-MEB. Informatiebericht en productinformatie over Prepulsid (cisapride). 24 March
2000; http://www.cbg-meb.nl/CBG/nl/humane-geneesmiddelen/actueel/2000-03-24-Inf
ormatiebericht+en+productinformatie+over+Prepulsid+(cisapride)/default.htm.

FDA. Propulsid (cisapride) Dear Healthcare Professional Letter Jan 2000. http://www.

265



328.

329.

330.
331.

332.

333.

334.

335.

336.

337.

338.

339.

340.

341.

342.

343.

344.

345.

266

fda.gov/Safety/MedWatch/SafetyInformation/SafetyAlertsforHumanMedicalProducts/
ucm175002.htm.

FDA. Propulsid (cisapride) Dear Healthcare Professional Letter Apr 2000. http://www.
fda.gov/Safety/MedWatch/SafetyInformation/SafetyAlertsforHumanMedicalProducts/
ucm175000.htm.

EMEA/CPMP/4786/02/en/Final. 2002; http://www.ema.europa.eu/pdfs/human/referral/
domperidone/478602en.pdf.

SPSS. SPSS Trends 14.0 User's Guide, 2005.

Wilkinson JJ, Force RW, Cady PS. Impact of safety warnings on drug utilization: market-
place life span of cisapride and troglitazone. Pharmacotherapy. Aug 2004;24(8):978-986.
Brogden RN, Carmine AA, Heel RC, Speight TM, Avery GS. Domperidone. A review of its
pharmacological activity, pharmacokinetics and therapeutic efficacy in the symptomatic
treatment of chronic dyspepsia and as an antiemetic. Drugs. Nov 1982;24(5):360-400.
Demol P, Ruoff HJ, Weihrauch TR. Rational pharmacotherapy of gastrointestinal motility
disorders. European journal of pediatrics. Apr 1989;148(6):489-495.

Collins KK, Sondheimer JM. Domperidone-induced QT prolongation: add another drug to
the list. The Journal of pediatrics. Nov 2008;153(5):596-598.

Clavenna A, Bonati M. Drug prescriptions to outpatient children: a review of the literature.
European journal of clinical pharmacology. Aug 2009;65(8):749-755.

Vaccheri A, Bjerrum L, Resi D, Bergman U, Montanaro N. Antibiotic prescribing in general
practice: striking differences between Italy (Ravenna) and Denmark (Funen). The Journal
of antimicrobial chemotherapy. Dec 2002;50(6):989-997.

Steinman MA, Landefeld CS, Gonzales R. Predictors of broad-spectrum antibiotic pre-
scribing for acute respiratory tract infections in adult primary care. Jama. Feb 12
2003;289(6):719-725.

Borders-Hemphill V, Mosholder A. U.S. utilization patterns of influenza antiviral medica-
tions during the 2009 HINL1 influenza pandemic. Influenza Other Respi Viruses. Jun 9 2012.
EudraVigilance. http://eudravigilance.ema.europa.eu/human/index.asp.

Carleton BC, Smith MA, Gelin MN, Heathcote SC. Paediatric adverse drug reaction report-
ing: understanding and future directions. The Canadian journal of clinical pharmacology =
Journal canadien de pharmacologie clinique. Winter 2007;14(1):e45-57.

Giezen TJ, Mantel-Teeuwisse AK, Straus SM, Schellekens H, Leufkens HG, Egberts AC.
Safety-related regulatory actions for biologicals approved in the United States and the
European Union. Jama. Oct 22 2008;300(16):1887-1896.

Giezen TJ, Mantel-Teeuwisse AK, Meyboom RH, Straus SM, Leufkens HG, Egberts TC.
Mapping the safety profile of biologicals: a disproportionality analysis using the WHO
adverse drug reaction database, VigiBase. Drug Saf. Oct 1 2010;33(10):865-878.

van der Hooft CS, Sturkenboom MC, van Grootheest K, Kingma HJ, Stricker BH. Adverse
drug reaction-related hospitalisations: a nationwide study in The Netherlands. Drug Saf.
2006;29(2):161-168.

Dijkers FW. [Underreporting adverse drug reactions - Limitations of the Dutch Hospital
Data database]. Nederlands tijdschrift voor geneeskunde. 2013;157(6):A5563.

Daw JR, Mintzes B, Law MR, Hanley GE, Morgan SG. Prescription drug use in pregnancy:
a retrospective, population-based study in British Columbia, Canada (2001-2006). Clinical
therapeutics. Jan 2012;34(1):239-249 e232.



References

346.

347.

348.

349.

350.

351.

352.

353.

354.

355.

356.

357.

Lindquist M, Stahl M, Bate A, Edwards IR, Meyboom RH. A retrospective evaluation of a
data mining approach to aid finding new adverse drug reaction signals in the WHO inter-
national database. Drug Saf. Dec 2000;23(6):533-542.

Hauben M, Horn S, Reich L, Younus M. Association between gastric acid suppressants and
Clostridium difficile colitis and community-acquired pneumonia: analysis using pharma-
covigilance tools. Int J Infect Dis. Sep 2007;11(5):417-422.

Liem TB, Heerdink ER, Egberts AC, Rademaker CM. Quantifying antibiotic use in paediat-
rics: a proposal for neonatal DDDs. Eur J Clin Microbiol Infect Dis. Oct 2010;29(10):1301-
1303.

WHO-UMC. Pediatric Signal Detection. http://who-umc.org/DynPage.aspx?id=101220&
mnl=7349&mn2=7351&mn3=7534&mn4=7459, 2013.

CHMP. Guideline on conduct of pharmacovigilance for medicines used by the paediatric
population 2007.

EMA. Guideline on good pharmacovigilance practices (GVP). Module V - Risk management
systems 2012.

Hawcutt DB, Smyth RL. The new European regulation on pediatric medicines: regulatory
perspective. Paediatric drugs. 2008;10(3):143-146.

Neubert A, Planner C, Cranswick N. The new European regulation on pediatric medicines:
safety and ethics perspectives. Paediatric drugs. 2008;10(3):147-149.

A guideline on Summary of Product Characteristics (SmPC)September 2009.

Borg JJ, Aislaitner G, Pirozynski M, Mifsud S. Strengthening and rationalizing pharmaco-
vigilance in the EU: where is Europe heading to? A review of the new EU legislation on
pharmacovigilance. Drug Saf. Mar 1 2011;34(3):187-197.

EMA. New pharmacovigilance legislation comes into operation. 02-Jul-2012;
EMA/441425/2012:http://www.ema.europa.eu/docs/en_GB/document_library/Press_re-
lease/2012/07/WC500129311.pdf.

EMA. Guideline on good pharmacovigilance practices (GVP). Module IX - Signal manage-
ment 2012.

267






Authors and
Affaliations






Authors and affiliations

Francisco J de Abajo, MD, MPH, PhD
BIFAP Research Unit, Division of Pharmacoepidemiology and Pharmacovigilance, Agencia
Espafiola de Medicamentos y productos sanitarios, Madrid, Spain
Clinical Pharmacology Unit. University Hospital “Principe de Asturias”, Madrid, Spain
Department of Pharmacology. University of Alcald, Madrid, Spain

Sandra de Bie, MD, MSc
Erasmus University Medical Center, Dpt. of Medical Informatics, Rotterdam, the Netherlands
Dutch Medicines Evalutions Board, Dpt. of Pharmacovigilance, Utrecht, the Netherlands

Jan Bonhoeffer, MD, PhD
Brighton Collaboration Foundation, Basel, Switzerland
University Children’s Hospital Basel, University of Basel, Basel, Switzerland

Adriana Ceci, MD PhD
Consorzio per Valutazioni Biologiche e Farmacologiche, Pavia, Italy
Dpt. of Paediatrics, University of Bari, Bari, Italy

Preciosa M Coloma, MD, PhD
Erasmus University Medical Center, Dpt. of Medical Informatics, Rotterdam, the Netherlands

Jeanne Dieleman, PhD
Erasmus University Medical Center, Dpt. of Medical Informatics, Rotterdam, the Netherlands

Carmen Ferrajolo, PharmD, MSc
Erasmus University Medical Center, Dpt. of Medical Informatics, Rotterdam, the Netherlands
Campania Regional Center of Pharmacovigilance and Pharmacoepidemiology, Dpt. of
Experimental Medicine, Pharmacology Section, Second University of Naples

Miguel Gil Garcia, MD, MPH, PhD
BIFAP Research Unit, Division of Pharmacoepidemiology and Pharmacovigilance, Agencia
Espafiola de Medicamentos y productos sanitarios, Madrid, Spain

Arianna Ghirardi, MSc
Dpt. of Statistics, Universita di Milano-Bicocca, Milan, Italy

Carlo Giaquinto, MD, PhD
Societa Italiana di MedicinaGenerale, Florence, Italy

Rosa Gini, PhD
Agenzia Regionale di Sanita della Toscana, Florence, Italy

Ron Herings, PhD

PHARMO Institute, Utrecht, the Netherlands
Erasmus University Medical Center, Dpt. of Medical Informatics, Rotterdam, the Netherlands

271



Johan van der Lei, MD, PhD
Erasmus University Medical Center, Dpt. of Medical Informatics, Rotterdam, the Netherlands

Giampiero Mazzaglia, MD, PhD
Societa Italiana di Medicina Generale, Florence, Italy

Giangiacomo Nicolini, MD, PhD
Paed. Dpt. San Martino Hospital, Belluno, Italy

Belen Oliva, MSc
BIFAP Research Unit, Division of Pharmacoepidemiology and Pharmacovigilance, Agencia
Espafiola de Medicamentos y productos sanitarios, Madrid, Spain

Vaishali K Patadia, MSc
Astellas Pharma Global Development, Inc., Northbrook, Illinois, USA

Lars Pedersen, PhD
Dpt. of Clinical Epidemiology, Aarhus University Hospital Aarhus, Denmark

Gino Picelli
International Pharmaco-epidemiology and Pharmaco-economics Research Center, Desio,
Italy

Maria de Ridder, PhD
Erasmus University Medical Center, Dpt. of Medical Statistics and Dpt. of Medical
Informatics, Rotterdam, the Netherlands

Eline M Rodenburg, MD, PhD
Erasmus University Medical Center, Dpt. of Epidemiology, Rotterdam, the Netherlands
Inspectorate of Healthcare, the Hague, the Netherlands

Rikje Ruiter, MD, PhD
Erasmus University Medical Center, Dpt. of Epidemiology, Rotterdam, the Netherlands
Inspectorate of Healthcare, the Hague, the Netherlands

Martijn J Schuemie, PhD
Erasmus University Medical Center, Dpt. of Medical Informatics, Rotterdam, the Netherlands

Mike Sharland, MD, FRCPCH
Paediatric Infectious Diseases Research Group, St George’s University London, London,
United Kingdom.

Sabine MJM Straus, MD, PhD
Erasmus University Medical Center, Dpt. of Medical Informatics, Rotterdam, the Netherlands
Dutch Medicines Evalutions Board, Dpt. of Pharmacovigilance, Utrecht, the Netherlands

272



Authors and affiliations

Bruno H Stricker, MB, PhD
Erasmus University Medical Center, Dpt. of Epidemiology and Dpt. of Medical Informatics,
Rotterdam, the Netherlands
Inspectorate of Healthcare, the Hague, the Netherlands

Miriam C.JM Sturkenboom, PharmD, PhD
Erasmus University Medical Center, Dpt. of Medical Informatics and Dpt. of Epidemiology,
Rotterdam, the Netherlands

Gianluca Trifiro, MD, PhD
Erasmus University Medical Center, Dpt. of Medical Informatics, Rotterdam, the Netherlands
Dpt. of Clinical and Experimental Medicine and Pharmacology, Section of Pharmacology,
University of Messina, Messina, Italy

Katia MC Verhamme, MD, PhD
Erasmus University Medical Center, Dpt. of Medical Informatics, Rotterdam, the Netherlands

Loes E Visser, PharmD, PhD
Erasmus University Medical Center, Dpt.s of Epidemiology, Internal Medicines and Hospital
Pharmacy Rotterdam, the Netherlands

Leonoor Wijnans, Ir, MPH
Erasmus University Medical Center, Dpt. of Medical Informatics, Rotterdam, the Netherlands
Dutch Medicines Evalutions Board, Utrecht, the Netherlands

Ian CK Wong, BSc Pharm, PhD

Centre for Safe Medication Practice and Research, Dpt. of Pharmacology and Pharmacy,
University of Hong Kong, Hong Kong, China

273






Abbreviations






Abbreviations

95% CI
ADEM
ADHD
ADR
ADRS
AEFI
AERS
AESI
ARI
ARIMA model
ARPEC
ATC

BMJ
BNF
CAEFISS

CDC
CHMP
CIOMS
CIRI
DDD
DHPC
DU90%
EAHC
EBO5

EBGM

EC

ECDC
EEA

EHR

EISN
EMA

ES
ESAC-Net
ESPID

EU / the EU

95% Confidence Interval

Acute disseminated encephalomyelitis

Attention deficit hyperactivity disorder

Adverse drug reaction

Australian Adverse Drug Reactions System

Adverse event following immunisation

Adverse Event Reporting System

Adverse event of special interest

Acute respiratory infection

Auto-regressive, integrated, moving average model
Antibiotic Resistance and Prescribing in European Children
Anatomical Therapeutic Chemical

British Medical Journal

British National Formulary

Canadian Adverse Events Following Immunization Surveillance
System

Centers for Disease Control and Prevention

Committee for Human Medicinal Products

Council for International Organizations of Medical Sciences
Inter-University Centre of Research on Influenza

Defined Daily Dose

Direct Healthcare Professional Communication

Drug Utilization 90%

Executive Agency for Health and Consumers

5% of the EBGM quantile of the empirical Bayesian posterior
distribution

Empirical Bayes Geometric Mean

European Commission

European Centre for Disease Prevention and Control
European Economic Area

Electronic Healthcare Records

European Influenza Surveillance Network

European Medicines Agency

Spain

European Surveillance of Antimicrobial Consumption Network
European Society of Paediatric Infectious Diseases

Europe / the European Union

277



EU-ADR Exploring and Understanding Adverse Drug Reactions by Integra-
tive Mining of Clinical Records and Biomedical Knowledge

FDA Food and Drug Administration

FP Family Paediatrician

GBS Guillain-Barré syndrome

GERD Gastro-oesophageal reflux disease

GP General practicioner

GRiP Global Research in Paediatrics Network of Excellence

GVP Good Pharmacovigilance Practices

H,RA Histamine-2-receptor antagonists

IC Information Component

ICD International Classification of Diseases

ICH International Conference of Harmonization

ICPC International Classification of Primary Care

ICSR Individual Case Safety Report

ILI Influenza like iliness

IMPACT Immunization Monitoring Program ACTive

IPCI Integrated Primary Care Information

IR Incidence rate

ISS Superior Institute of Health

IT Italy

LEOPARD Longitudinal Evaluation of Observational Profiles of Adverse
events Related to Drugs

LGPS Longitudinal Gamma Poisson Shrinker

MedDRA Medical Dictionary for Regulatory Activities

MHRA Medicines and Healthcare Products Regulatory Agency

NL the Netherlands

OMOP Observational Medical Outcomes Partnership

OR Odd ratio

ORS Oculo-respiratory syndrome

OTC Over-the-counter

PDCO Paediatric Committee

PIP Paediatric Investigation Plan

PM Person months

PPI Proton pump inhibitors

PPP Pregnancy prevention program

PRISM Post-Licensure Rapid Immunization Safety Monitoring

278



Abbreviations

PRR
PT

PUMA

PY

RMP

ROC

ROR

RR

SCCS

SDR

SFK

SOC

SPC

SRS
TAFTAR
TEDDY
TESSy
THIN

UGIB

UK

UMLS1

us

VAERS
VAESCO
VSD

WHO
WHO-ART
WHO-UMC

Proportional reporting ratio

Preferred term

Paediatric Use Marketing Authorisation

Person years

Risk management plan

Receiver operating characteristics

Reporting odds ratio

Rate ratio / relative risk

Self-controlled case series

Signal of disproportional reporting

Stichting Farmaceutische Kerngetallen

System Organ Class

Summary of product characteristics

Spontaneous reporting system

Transatlantic Task Force on Antimicrobial Resistance
Task force in Europe for Drug Development for the Young
The European Surveilance System

The Health Improvement Network

Upper Gastro-intestinal bleeding

United Kingdom

Unified Medical Language System1

United States

Vaccine Adverse Events Reporting System

Vaccine Adverse Event Surveillance & Communication
Vaccine Safety Datalink

World Health Organisation

WHO-Adverse Reaction Terminology
WHO-Uppsala Monitoring Center
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