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ics in both efficacy and safety. Paediatric pharmacovigilance requires an understand-
ing of the unique aspects of children with regard to, for example, drug response,
growth and development, clinical presentation of adverse drug reactions (ADRs), how
they can be detected and population-specific factors (e.g., more frequent use of off-
label/unlicensed drugs). In recognition of these challenges, a group of experts has
been formed in the context of the conect4children (c4c) project to support paediatric
drug development. This expert group collaborated to develop methodological consid-
erations for paediatric drug safety and pharmacovigilance throughout the life-cycle of
medicinal products which are described in this article.

These considerations include practical points to consider for the development of the

paediatric section of the risk management plan (RMP), safety in paediatric protocol

development, safety data collection and analysis. Furthermore, they describe the

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2021 The Authors. British Journal of Clinical Pharmacology published by John Wiley & Sons Ltd on behalf of British Pharmacological Society.

Br J Clin Pharmacol. 2021;1-20. wileyonlinelibrary.com/journal/bcp 1


https://orcid.org/0000-0002-8830-023X
https://orcid.org/0000-0002-4666-4115
https://orcid.org/0000-0003-4595-1144
https://orcid.org/0000-0002-9626-3571
https://orcid.org/0000-0001-7567-0816
https://orcid.org/0000-0001-8437-0639
https://orcid.org/0000-0001-6575-1452
mailto:beate.aurich@gmx.fr
https://doi.org/10.1111/bcp.15119
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/bcp

AURICH ET AL

2 BRITISH
PHARMACOLOGICAL
NYS SOCIETY
Pain

included.
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1 | INTRODUCTION
Pharmacovigilance is 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 problems”. It is conducted throughout the life cycle of
medicinal products, starting with the first administration in humans
and usually ending when the product is no longer marketed in any
country.2® Pharmacovigilance is performed on safety data originating
from many different sources and countries. It includes a continuous
evaluation of all available, global data (i.e., non-clinical and clinical
data, including solicited and spontaneous reports). In addition, data for
special patient populations is evaluated (e.g., patients with hepatic or
renal impairment, pregnant women, children and the elderly).®
Pharmacovigilance monitors case-level and population-level data to
detect and analyse treatment-related risks. The term risk includes any
treatment-related safety issues such as adverse drug reactions
(ADRs), interactions, medication errors, lack of efficacy, reactions to
excipients, lack of compliance, device issues where relevant or any
other concern related to the use of medications.?®

Pharmacovigilance aims to improve the understanding of known
(i.e., identified) and potential risks and collect any missing or incom-
plete safety data (e.g., risk factors for identified risks; further safety
data on potential risks). Identified risks are managed through a vari-
ety of risk minimisation activities. Pharmacoepidemiology studies can
help to assess these risks and the effectiveness of risk minimisation
measures.>* The aim of paediatric pharmacovigilance is to reduce
harms, optimise paediatric pharmacotherapy and provide parents
and prescribers with accurate descriptions of the benefit-risk
balance of available treatment options, including potential long-term
effects.

The purpose of this article is to provide an introduction to paedi-
atric pharmacovigilance and provide practical examples of paediatric
pharmacovigilance and how it differs from pharmacovigilance for

adults.

specific details of post-marketing pharmacovigilance in children using, for example,
spontaneous reports, electronic health care records, registries and record-linkage, as
well as the use of paediatric pharmacoepidemiology studies for risk characterisation.
Next the details of the assessment of benefit-risk and challenges related to medicinal
product formulation in the context of a Paediatric Investigation Plan (PIP) are pres-

ented. Finally, practical issues in paediatric signal detection and evaluation are

This paper provides practical points to consider for paediatric pharmacovigilance
throughout the life-cycle of medicinal products for RMPs, protocol development,

safety data collection and analysis and PIPs.

adverse drug reaction, benefit-risk assessment, clinical trial protocol, paediatric, paediatric
investigation plan, pharmacovigilance, risk management, safety specification, signal detection

1.1 | Historical background of paediatric
pharmacovigilance

It is well known that in terms of drug therapy, children are not small
adults. In the past, children were rather often subject to serious harms
caused by drugs which led to specific measures to improve the safety
of paediatric drug therapy.® In 1938, the Food, Drug, and Cosmetic
Act was signed in the United States (US) following the death of
107 patients, mainly children who had taken a new liquid form of the
oral antibiotic sulphanilamide. The pharmaceutical company had
intended to manufacture a special liquid formulation and used
diethylene glycol as excipient to obtain an acceptable taste. However,
its toxicity, which led to metabolic acidosis, was not taken into
account.>™”

A few decades later, in the late 1960s, the use of thalidomide dur-
ing pregnancy led to babies being born with malformed limbs. In the
U.S., this led to the Kefauver Harris Amendment to the Food, Drug,
and Cosmetic Act and consequently the establishment of global
pharmacovigilance.® Following this, laws were introduced all over the
world to ensure that drugs were being rigorously tested with regard
to quality, efficacy and safety before being introduced to the market
(licensing). Although clinical trials became mandatory before market-
ing approvals, the unintended consequence of these new drug safety
legislations was that pharmaceutical companies generally did not con-
duct clinical trials in children even for treatments clearly indicated for
paediatric conditions. Harry Shirkey coined the term “The Therapeutic
Orphan” for this paradoxical situation.” Research with minors was
often deemed unethical and there was strong public opinion that chil-
dren should not be included in clinical trials. Therefore, many drugs
used in children have not been tested with regard to efficacy and
safety in the paediatric population, and thus are being used off-
label.2°

In the late 1990s, first initiatives in the US aimed to improve the
availability of medicines for children. In Europe, the European Clinical

Trials Directive, which came into force in 2001, included provisions
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for vulnerable populations, including children, allowing their inclusion
into clinical trials. This was followed by the European Union
(EV) Initiative Better Medicines for Children, and the Best Pharmaceu-
ticals for Children Act in the US in 2002. In 2007, the European Paedi-
atric Regulation came into force comprising various measures of
which the conduct of paediatric clinical trials for newly marketed
drugs is the most important.!112 Notably the paediatric regulation
applies to all medicinal products including those in development, pat-
ent protected and off-patent products (i.e., generics) needed for
treating children.

The introduction of these laws in Europe and the US led to an
increasing number of clinical trials in children, particularly with respect
to newly licensed medicines.*® In Europe pharmaceutical companies
are obliged to present a Paediatric Investigation Plan (PIP) before a
new drug is licensed for the adult population and, where applicable,
present a scientific rationale for not conducting clinical trials in chil-
dren.*

While a mandate and incentives for paediatric trials has seen
progress, PIPs are mandatory for any new medicines and for off-
patent medicines in the context of a paediatric-use marketing autho-
risation (PUMA) application. However, off-patent medicines that
have been on the market for a long time have limited incentives and
no obligations to study these drugs in children. The uneven applica-
tion of these laws across paediatric patient populations is a chal-
lenge and neonates are particularly disadvantaged.'® In addition, in
the US the regulations specify that children should only be included
in clinical trials if the treatment-related risks are outweighed by the
“prospect of direct benefit” to the child and that the study drug has
the same or a more favourable benefit-risk balance as other treat-
ment options. However, the lack of paediatric data makes it difficult
to provide robust assessments.!® It is therefore even more important
to use alternative methods to monitor drug safety.?” Along with the
Paediatric Regulation, the European Medicines Agency (EMA) publi-
shed a paediatric pharmacovigilance guidance, initially in 2006,
which now is included in the Good Pharmacovigilance guidance of
the EMA in the section for special populations.*® Today all European
member states and marketing authorisation holders operating or run-
ning trials in the EU are obliged to report their ADRs to the
European EudraVigilance database.!” Other large databases include,
for example, those maintained by the US Food and Drug Administra-
tion (FDA)—the FDA Adverse Event Reporting System (FAERS)—and
the WHO (VigiBase).2%2?! All three databases include paediatric ADR

reports.zl’23

1.2 | Differences in adverse drug reactions
between children and adults

The response of children to medication differs not only in compari-
son to adults but also between different paediatric age groups
(e.g., neonates and adolescents).”*® For example, premature neonates
are unable to effectively metabolise and excrete chloramphenicol

leading to toxic plasma levels and a clinical picture described as

BRITISH 3
PHARMACOLOGICAL
] SOCIETY
h

“grey-baby syndrome”.?* Child-specific factors, including frequent
limited

(PK) and/or pharmacodynamic (PD) data, developmental differences

off-label/unlicensed  co-medications, pharmacokinetic
in PK and PD, considerable variation in dose and frequency of admin-
istration due to a lack of paediatric PK data and a heightened risk of
medication errors, may modify the risk of ADRs.”*825-27 Modelling
and simulation can be used to support dose selection for paediatric
studies and include existing safety data.?®?° Medication errors in
children may or may not lead to adverse drug reactions, depending
on the type of error. The reasons for these are often multifactorial,
including a lack of child-friendly formulations and insufficient training
of health care professionals.3%3! Furthermore, children's response to
excipients may differ from adults and vary depending on the paediat-
ric age group (e.g., alcohol should be avoided in neonatal drug formu-
lations).323% Pharmacogenetic risk factors may present at different
times throughout childhood and the overlapping developmental
changes may lead to a similar clinical picture in children with differ-
ent genotypes.34 Viral infections are more common in children
(e.g., upper respiratory tract).®> Viruses may interfere with drug
metabolism or modify the response of the immune system to certain
medications and thereby cause an ADR.34738 The aetiology and treat-
ment of paediatric diseases is different compared to adults and may
vary between paediatric age groups (e.g., hypertension, epilepsy) and
some diseases only affect children (e.g., retinopathy of prematurity,
bronchopulmonary dysplasia).>**° These differences influence risk
factors and confounders for paediatric ADRs. In neonates and
infants, PK and/or PD may change rapidly during the first few
months of life due to organ maturation and changes in fat disposition
and enzyme activity involved in drug metabolism.” For example,
infants and young children may be at a higher risk of valproate-
induced hepatotoxicity.”*! During puberty, hormonal changes may
alter drug metabolism and response.”*? Poor adherence and concom-
itant use of recreational drugs can be a risk factor for ADRs in ado-
lescents.*344

Risks related to interactions with co-medications may differ
because children may be treated with different types of co-medica-
tions.*>4¢ Long-term effects, for example on academic performance,
fertility and growth, are a particular concern in children.® It can be
difficult to discern drug-related effects from those resulting from the
underlying disease (e.g., epilepsy). Finally, risks related to pregnancy
(maternal disease and in utero drug exposure) and intergenerational
effects warrant consideration, in particular in the early neonatal period
and infancy.*” =52

The identification of paediatric ADRs requires awareness of
health care professionals (HCPs), parents and pharmacovigilance
experts.!” Challenges in the detection of paediatric ADRs include
the need to stratify data by age group leading to small numbers
in subgroups.>®>>> The lack of harmonised biochemical and
haematological reference values and differences in diagnostic criteria
and treatment protocols between different HCPs, hospitals and
countries make the analysis of multi-centre and/or multinational
paediatric safety data challenging.?%°%=>% Furthermore, physical

examination and testing cannot be done the same way as in adults
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(e.g., neurological examinations of infants will not use the same
techniques as those used in adults). Another particular challenge is
that young children are not able to communicate in the same ways
as adults.>*>7>? For example, an infant with hallucinations may be
irritable but might not be able to accurately verbalise his/her
symptoms.

1.3 | Expertise of the c4c pharmacovigilance
expert group

The conect4children (c4c) pharmacovigilance expert group includes a
broad range of expertise including neonatology and general paediat-
rics, paediatric pharmacology, pharmacovigilance and phar-
macoepidemiology. Some experts have worked in both the
pharmaceutical industry and academic institutions. Professional expe-
riences include working with large electronic health records (EHR) and
safety databases as well as Individual Case Safety Report (ICSR)
review and case series, risk management and risk minimisation, signal
detection and evaluation, causality assessment, conducting
pharmacoepidemiological studies, reviewing paediatric protocols and
PIPs, writing safety data analysis plans, and working with Data Safety

Monitoring Boards (DSMB).

/: Non-clinical safety data \

Saf
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2 | METHODOLOGICAL AND PRACTICAL
CONSIDERATIONS FOR PAEDIATRIC
PHARMACOVIGILANCE

Paediatric drug safety activities include the description of the paediat-
ric safety specification which is the basis for the development of pae-
diatric pharmacovigilance and risk minimisation activities in clinical
practice and clinical studies.2184%%1 Figure 1 provides an overview of
the relationship between the paediatric safety specification and paedi-
atric pharmacovigilance and risk minimisation. The paediatric specifics
of these will be presented in the following.

2.1 | Paediatric safety specification

The paediatric safety specification (or safety profile) includes a
description of the current understanding of identified and potential
risks, and, where applicable, any missing information for these
(e.g., risk factors, severity, outcome). It is based on the overall safety
specification of the study drug which includes safety data from non-
clinical studies, clinical trials, observational studies and spontaneous
reports in adults and all paediatric age groups, PK and PD data, class

effects and a systematic review of the safety literature including

] K Age corrected reference values \
Characteristics {e.£ laboratory tests, vital signs,
of developmental assessment)
paediatric 1 = Spediidties of adverse drug reactions
study population J - ¢ nm -
« Comedications {safety spedification,

excipients, off-fabel/ unlicensed use,
medication errors)

« Limited avaiability of biosamples

& "I.l::‘::'l;mnm study /

Paediatric
safety specification
» ldentified risks
ﬂaediatric clinical triam > Potential risks Kaediutric clinical pmct&

Pharmacovigilance > Mising Pharmacovigilance
Safety data information i Spontaneous reports

« Collection i

- Analysis Risk minimisation

- Reporting T \ - Information in the product

label & patient information
T leaflet:
Risk mi !‘IMtl_on Paediatric - Contraindications
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{ - Special wamnings and

- Dose reduction/ holding { pharmaco- / ek

criteria vigilance - Interactions
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FIGURE 1

Relationship between paediatric safety specification, pharmacovigilance and risk minimisation in paediatric studies and clinical.
PK, Pharmacokinetics; PD, PHarmacodynamics; ADR, Adverse drug reaction
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information from health authorities.>>* This is complemented by the
characteristics of the paediatric study population including, for exam-
ple, the specifics of how ADRs present in children, comorbidities, co-
medication and age-corrected reference values'®%? (see Figure 1).
Particular attention is paid to potential long-term effects. 82

The paediatric safety specification also provides valuable informa-
tion for the PIP (e.g., informing the benefit-risk balance or highlighting
any issues with formulation development) which is discussed
below.2**842 Taple 1 lists some of the child-specific points that
should be considered in the development of a paediatric safety

specification.

2.2 | Paediatric risk management and risk
minimisation

Paediatric risk management concerns the prevention and minimisation
of treatment-related risks in children and the assessment of their
effectiveness.

In the EU, paediatric risk management activities are a sub-
section of the overall EU Risk Management Plan (RMP).2186061
Because not all sponsors of paediatric studies will need to have an EU
RMP, we will here, for the purpose of clarity, refer to paediatric risk
management activities. These apply regardless of the presence or
absence of an EU RMP.

The development of paediatric risk management activities is
based on the paediatric safety specification.®'8° The aim is to reduce
the frequency and/or severity of known risks and to describe how
any missing safety data will be collected or studied (e.g., risk factors
and outcome for identified risk and additional data on potential risks).
For each risk, a description of the risk and the corresponding risk
minimisation activities are included. In addition, a plan for the assess-
ment of the effectiveness of risk minimisation activities will be pres-
ented.>1® Thus a document describing paediatric risk management

activities includes a summary of

o identified risks in children
e potential risks in children
e missing information (i.e., for identified or potential risks) in

children.

This supports a consistent approach to the development of safety-
related protocol sections including data collection and analysis across
all protocols. Identified risks are those where there is a reasonable
certainty that an adverse event (AE) is caused by a treatment.'8%°
This assessment is generally based on multiple data sources and indi-
vidual case reports.263%* More details on the causality assessment
are provided in Section 2.7.2. Potential risks are those where there is
some data (e.g., preclinical data) suggesting a new ADR but the infor-
mation is insufficient to ascertain causality with reasonable confi-
dence. This may include questions about long-term risks and/or risks
observed in other patient populations which may not present the

same way in children or may not develop at all in paediatric
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patients.’® Potential risks require, by their very nature, further data
collection in order to determine whether or not they are risks. Missing
information may, for example, relate to questions about the frequency
and severity of identified risks in children or further data required for
the evaluation of potential risks.*&¢°

Paediatric risk minimisation activities for identified risks may
range from the standard activity of communication in relevant docu-
ments such as the product label and the protocol to, for example, con-
traindications and exclusion criteria.?®%° Other risk minimisation
activities may include testing for risk factors (e.g., genetic tests or
renal function), therapeutic drug monitoring and assessing patients for
early signs of known risks (e.g., hepatotoxicity).®>™®” If risk
minimisation activities are dependent on test results, it is important to
ensure that alert values are based on validated, population-based pae-
diatric reference values.'®°8® |n this context it is helpful to remem-
ber that not all paediatric HCPs may have access to age-group-
specific, validated reference values and that different norms may be
used in different centres or countries.’®¢®*? In paediatric protocols it
is therefore important to provide relevant information how this will
be addressed during data collection, analysis and reporting, including
data reconciliation and trial monitoring procedures. For further details,
see Table S1 in the Supporting Information. It is worthwhile discussing
with local clinical teams what cut-off levels they use, as these may not

necessarily be the same as those provided by the local laboratory.

2.3 | Paediatric pharmacovigilance
Paediatric pharmacovigilance is a continuous process starting when a
drug is administered to the first child for the first time. This may occur
in the context of a clinical trial or in clinical practice and includes off-
label and unlicensed use. 284 |t compares the current understanding
of treatment-related risks in children (i.e., the current paediatric safety
specification) with new information from clinical trials, spontaneous
reports, non-clinical safety studies and observational studies. In addi-
tion, it evaluates potential risks and fills knowledge gaps for missing
safety information (e.g., risk factors or outcome).18¢°

This is supplemented by routine paediatric pharmacovigilance
topics such as long-term effects, medication errors, lack of compliance
due to formulations not being age appropriate, lack of efficacy due to
underdosing, adverse effects from excipients, interactions (drug-drug,
drug-food and interactions between different excipients of co-medi-
cations) and, where applicable, issues with medical devices not being

186062 |n  addition, standard

sufficiently adapted to children.
pharmacovigilance topics such as designated medical events (DMEs),
pharmacogenetics and, where appropriate, special populations
(e.g., renal or hepatic impairment) are included.?37%7*

The paediatric safety specification and risk management activities
are updated as new safety information becomes available.®*® Such an
update may require a corresponding modification of planned or ongo-
ing study protocols, including an update of the informed consent/
assent form and the product label.®* Figure 2 illustrates some of the

key elements of the paediatric pharmacovigilance cycle.



TABLE 1

AURICH ET AL

s

BRITISH
' PHARMACOLOGICAL
NYS SOCIETY
Pain

Item
Treatment-specific safety data

Non-clinical

Pharmacokinetic/pharmacodynamic data

Pharmacogenetics

Risks related to the choice of formulation

Clinical safety data (i.e., clinical trials, spontaneous
reports, observational studies)

Pharmacoepidemiological data

Class effects

Literature
Data specific for the paediatric target population
Laboratory data, vital signs and other

investigations

Clinical presentation of adverse drug reactions

Paediatric comorbidities

Co-medication in paediatric study population

Limitations on biosampling and study-related
investigations

Examples of points to consider in the development of a paediatric safety specification

Points to consider
Includes all safety data (i.e., children and adults) for the study drug and any class effects

o Are there any data suggesting developmental toxicity?
e Consider juvenile animal studies

e What information is available to support paediatric dose selection?

e What are potential off-target effects in children?

o [f there is insufficient data for children, consider an adaptive trial design and PK/PD
modelling and simulation

e Consider common co-medications in children and the risk of drug-drug interaction

e Consider the risk of drug-food interaction in children

e Is there data suggesting pharmacogenetic risk factors in children?
e Consider available data on ontogeny of pharmacogenetics
o |[f there is insufficient data, consider including data collection in paediatric trial

e Consider risk of medication errors

e Where possible, aim for formulation with no or few excipients

e Assess the risk of cumulative (daily and total) excipient exposure from study drug and co-
medications

e Analyse pooled safety data (all age groups +/— indications)
e Stratify data by age groups and other factors (e.g., indications, dose, risk factors for ADRs)
e Explore data from large safety databases (e.g., VigiBase, EudraVigilance, FAERS)

e Is there drug utilisation data for children?

o s there pharmacoepidemiological safety data for adults and children providing more insight
into risk factors, outcome and, where applicable, the effectiveness of any risk minimisation
activities?

e Consider the limitations of paediatric electronic health records and administrative databases
(see Section 2.5.3 below)

o Examine class effects for children and adults

e Review literature and information on health authority websites regarding the risks of the
study medication

Includes age group specific, paediatric data relevant for the identification, management and
reporting of paediatric ADRs

e Ensure age group specific, validated, population-based reference values are used

o Reference values may change for individual children during the trial, in particular in neonates
and infants

e Ensure CRF alert values are adjusted for the paediatric study population

e Consider how ADRs present in the age group of the study population and how this differs
from other paediatric age groups and adults

e How the clinical presentation may change as the child develops (e.g., in the context of long-
term follow-up)

e Consider difference in type of biomarker for safety monitoring used between children and
adults

e Describe common comorbidities in the paediatric study population which may
- be a risk factor for an ADR on study drug
- may require co-medication (including off-label/unlicensed)
- be a risk factor or confounder for a safety endpoint
e Consider differences in diagnostic criteria and treatment protocols between different study
sites which may impact safety data analyses

e Consider differences to adult co-medications (e.g., type of co-medications)

e Be aware of increased risk of medication errors from the use of co-medications (including
off-label/unlicensed) and what type of ADRs this may cause (e.g., accidental overdose, lack of
efficacy)

¢ Examine paediatric safety specification of co-medications and how this may influence safety
data for the study drug

e Consider risks, interactions and/or additive effect of excipients of co-medications

e Where possible, consider opportunistic and/or scavenged sampling (not only for PK but also
for monitoring safety)

e To the extent possible, aim for using data that is routinely collected in children (disruption to
children and their families should be kept to a minimum)
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Item Points to consider
e Guidelines on the maximum amount of blood to be drawn for study purposes may vary
depending on the region/country
e Physical examinations and tests need to be adapted to the paediatric study population
Outcome in children e Consider how outcome is usually assessed in the target population

e Consider involving children and their families on how outcome should be examined (e.g.,
what is meaningful for them and how can this be measured objectively)

PK, pharmacokinetic; PD, pharmacodynamic; ADR, adverse drug reaction; FAERS, Food and Drug Administration Adverse Event Reporting System; CRF,

Case Report Form.

| Routine paediatric
pharmacovigilance
items:

* Medication errors
* Long-term risks
* Lack of compliance
* Lack of efficacy
* Adverse effects from
excipients
* Drug-food & excipient
interactions
* Medical device issues
* Effectiveness of
paediatric risk
minimisation
\_ activities

FIGURE 2 Key elements of the paediatric pharmacovigilance cycle

2.4 | Clinical studies in children: Practical points to
consider for pharmacovigilance and risk management

The paediatric safety specification and risk management activities pro-
vide the framework for collecting, analysing and reporting paediatric

safety data and managing treatment-related risks.>18¢?

24.1 | Protocol development

Several protocol sections are informed by the paediatric safety speci-
fication and risk management activities.>*®¢* Particular attention
should be paid to collecting missing or incomplete paediatric safety
data such as effects on growth, fertility and psychomotor develop-
ment, including academic performance. Table 2 provides practical
examples of how these sections can be addressed and some of the

key points from a paediatric perspective.”?

Paediatric
pharmacovigilance
_cycle

' Routine general
pharmacovigilance
items:

¢ Designated
Medical Events
(considering
paediatric specifics)
Paediatric
pharmacogenetics
Paediatric special
populations (e.g.
renal or hepatic
impairment)

242 |
in paediatric studies

Safety data collection and safety monitoring

In many paediatric studies, the collection of safety data will be
opportunistic (i.e., at the time of routine clinical care) or use scav-
enging techniques (i.e., using the surplus of biosamples obtained dur-
ing routine clinical care which would normally be discarded).”®>7# The
aim is to keep disruption to a minimum and to protect children from
interventions which do not have any therapeutic consequences
(e.g., additional physical examinations, questionnaires, imaging). It is
also important to remember that there are limits on how much
blood can be drawn for study purposes in children.®?’#7> The proto-
col needs to include clear rules about who will be taking study-
related biosamples, how many failed attempts are permitted and
what will be done if it is not possible to obtain a sample. Technical
issues with obtaining good quality samples for safety monitoring

need to be addressed at the time of planning a paediatric study.”®



8 P’EHQIIEI'AEULOGICAL AURICH ET AL.
o SOCIETY
TABLE 2 Practical examples of safety-related protocol sections and specific points to consider for paediatric studies
Protocol section Points to consider for paediatric protocol development
Background information Consider including:
o Age group specific PK/PD data for study drug and excipients
¢ Non-clinical and clinical safety data (including excipients)
e How ADRs present in children (including risk factors and confounders)
e Paediatric co-medications (including excipients and medication errors)
o Paediatric reference ranges for safety-related data (laboratory tests, vital signs, development)
e Missing safety data (clinical and non-clinical, including medication errors and excipients)
e Benefit-risk balance in children
Objectives Paediatric safety should be at least a secondary objective
e Exclusion criteria e Based on paediatric safety specification
e Stopping rules e Rules based on laboratory tests, vital signs and developmental assessments should use validated population-
e Discontinuation/ specific reference ranges
Withdrawal criteria e N times ULN/LLN can be used, where local laboratory testing is used instead of a central laboratory
o Ensure that paediatric vital signs are reviewed by a paediatric specialist (e.g., electrocardiograms)
Treatment(s) not e Based on drug interactions (drug-drug, drug-food)
permitted e Include interactions of excipients from co-medications (i.e., excipient-excipient interaction)
Safety monitoring and e Based on paediatric safety specification (including concerns about potential long-term effects, e.g. on growth,
follow-up psychomotor development, fertility)

o Consider how AEs/ADRs present in children and the effect of paediatric comorbidities (e.g., risk factors or

confounders for treatment emergent AEs)

e Consider which paediatric ADRs (including their severity/seriousness and outcome) are considered expected/

listed

e Rules based on laboratory tests, vital signs and developmental assessments should use validated, population-

specific reference ranges

e N times ULN/LLN can be used, where local laboratory testing is used instead of a central laboratory

e Ensure that paediatric vital signs are reviewed by a paediatric specialist (e.g., electrocardiograms)

e Data collection may be restricted by limitations for biosampling

e Invasive testing should be kept to a minimum in children, in particular where there are no therapeutic consequences
e Physical examinations need to be adapted to children

e Record co-medications in the CRF using paediatric standards (i.e., mg/kg)

e Include data collection for missing safety information

e Record medication errors of the study drug and co-medications in the CRF

Safety data analysis plan e Based on:
- paediatric safety specification

- missing or incomplete safety information in children

e Should include analyses of:
- risk factors in children
-medication errors
- adverse effects from excipients
- interactions (drug-drug, drug-food)

- medical devices issues (where relevant)

- designated medical events adapted to the paediatric study population

- pharmacogenetics (where applicable)

- children with pre-existing renal or hepatic impairment

- long-term effects

e Certain data analyses should only be done by paediatric specialists (e.g., ECGs)
e Sponsor and Data Safety Monitoring Board safety analyses should complement each other

Safety criteria for trial Based on:
termination o Paediatric safety specification
o Benefit-risk balance in children

PK, pharmacokinetic; PD, pharmacodynamic; ADR, adverse drug reaction; ULN, upper limit of normal; LLN, lower limit of normal; AE, adverse event; CRF,

Case Report Form; ECG, electrocardiogram; mg, milligram; kg, kilogram.

Social and cultural differences of what is acceptable in terms of
intervention and different concepts of health and disease should be
considered during the study design.””~7?

The collection of safety data in a paediatric study is, on one

side, informed by the paediatric safety specification (e.g., identified

and potential risks and missing information) and, on the other side,
by a more general approach of collecting AEs, regardless of severity,
seriousness, expectedness or causality.2>*® A frequent challenge in
paediatric studies is the lack of validated, age-group-specific safety

endpoints. In addition, AEs which are frequently identified as ADRs,
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so-called DMEs, will be reviewed whilst considering how they would
present in children.?®”? AEs may include abnormal test results. If an
AE is reported without any test result, it might be relevant to docu-
ment whether it has been reported by parents/care takers and
whether the child has been reviewed by a paediatric HCP. As for
adults, every effort should be made to obtain the final diagnosis
which should then be added to the Case Report Form (CRF) and
coding should ensure the AE is coded to the diagnosis and not kept
separate.®° For example, if the initial AE was feeding difficulties and
the final diagnosis was pneumonia, the CRF needs to be updated to
ensure the symptom of feeding difficulties is coded under the term
of pneumonia. From a pharmacovigilance perspective, feeding diffi-
culties in a child can be due to a broad range of childhood diseases.
It is therefore essential to follow up on AEs that are symptoms to
ensure the correct diagnosis is entered in the CRF. Any AE reported
in a paediatric clinical trial should include sufficient data to assess
severity, outcome and causality, and, where applicable, understand
risk factors and potential confounders.'®® Details on what should
be included in a paediatric ICSR are provided in Table 4 in
Section 2.5.1.

Training paediatric investigators on the assessment of causality
is important in order to ensure that new risks are identified as soon
as possible. It is recognised that the causality assessment of paediat-
ric ICSRs can be challenging. Therefore, it has been recommended
to simplify the process by asking investigators only whether or not
there is a reasonable possibility that the AE is related to the study
drug.®? This avoids going into more details concerning the level of
certainty of a causal relationship as this does not usually contribute
to the identification of new safety signals once aggregate data is
reviewed. Points to consider for the assessment of the causality of
paediatric ICSRs are provided in Table S2 in the Supporting Informa-
tion.63,64,82784
The assessment of severity should be adapted to the age group
of the paediatric study population. The protocol should state which
criteria are used and, if there are no established, published standards,
the protocol should detail how severity is assessed, for example by
modifying the National Institutes of Health Division AIDS (DAIDS)
criteria.2>78” The evaluation of seriousness of paediatric AEs should
follow standard seriousness criteria.5!

It is useful to remember that the quality of ICSRs is key and will
help escalate new information in a timely manner. Therefore, investi-
gator training should include the current understanding of the paedi-
atric safety specification and what should be included in a case report
explaining why it is important. CRFs with auto-populated fields from
the CRF database such as the name of the reporting investigator, the
age, sex, weight, height, relevant medical history, co-medications, start
date of study drug, dose and frequency will help investigators to pro-
vide all the relevant information in the initial report and reduce the
number of follow-up requests from the sponsor or health authori-
ties 8283
Particular attention should be paid to ensure CRFs are adapted to
the paediatric study population.88-%° If a PK study is embedded into
the study, the exact time of administration of the study drug and
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relevant co-medications which may influence study drug PK as well as
the sampling time need to be correctly recorded.”? It is worthwhile
discussing and agreeing with the HCP team of the study site on the
most feasible way of doing so because paediatric wards can get very

busy. Table 3 provides points to consider for paediatric CRFs.

2.4.3 | Safety data analysis in paediatric studies

The statistical analysis plan (SAP) of a paediatric study should consider
how ADRs present in children. Whilst considering individual studies,
where possible safety data should be pooled from all paediatric trials,
and this is commonly referred to as a Programme Safety Analysis Plan
(PSAP). For identified and potential risks, AEs should be grouped by
relevant medical concepts, for example using Standardised Medical
Dictionary for Regulatory Activities (MedDRA) Queries (SMQ), noting
that not all SMQs might be appropriate for children.” For example, if
there is concern about a drug causing hallucinations, MedDRA Pre-
ferred Terms (PTs) of age-group-specific signs and symptoms should
be grouped together. For a practical example, see Table S3 in the
Supporting Information.

The SAP (or PSAP) should include descriptive analyses on the fre-
quency, severity, seriousness and duration of ADRs and their out-
come. Safety data analyses should also cover standard paediatric
pharmacovigilance issues as described in Table 2. Test results for
safety data (e.g., haematology) should be analysed in relation to the
age-appropriate reference values and the number of patients with
abnormally high or low values, and the severity of the abnormality
should be included using common standards.6%8285869394 | general,
the emphasis of the analysis should be on estimating incidences,
rather than statistical hypothesis testing. It is helpful to remember that
most clinical trials, regardless of the age group, are underpowered to
detect ADRs occurring in fewer than 1/1000 patients exposed. The
majority of paediatric trials have a smaller sample size than adult stud-
ies, and any conclusions about treatment-related risks in children
should be carefully considered.

The causality of paediatric safety data can be assessed using a
structured approach such as the considerations proposed by Austin
Bradford Hill.63¢*828% Supporting Information Table S2 provides
examples of questions for the assessment of causality of paediatric
ICSRs and aggregate data based on the Bradford Hill points to con-
sider. Further details on paediatric signal evaluation are described in
Section 2.7.2.

244 | Challenges of paediatric pharmacovigilance
in multi-centre and multinational studies

For multinational paediatric trials that are not collaborating with the
EMA, local pharmacovigilance regulations may need to be addressed
at the time of trial conception to ensure a harmonised approach. The
paediatric safety specification of the study drug and the planned risk
management activities can be helpful in clarifying how for example
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TABLE 3 Paediatric Case Reports Form design: Points to consider for safety data collection
Item Points to consider
Age o Different practices may exist for how age is documented in neonates and premature infants
e Ensuring age is correctly documented and in a harmonised manner across study sites will facilitate the
calculation of growth percentiles/z-scores and using age corrected references ranges for test results for
efficacy and safety
Weight and height and e Depending on the study population and the duration of the study, weight and height may be measured

percentile or z-score repeatedly

o Weight, height and/or age may be used to calculate the dose of the study drug and any co-medications
e Both measures are plotted on growth charts which may be population-specific (e.g., for premature infants or
children with certain conditions such as Down's syndrome)

Alert values for laboratory and e Alert values should be appropriate for the age group
vital signs e Some reference values change as the child develops and may therefore need to be adapted during the trial; in
neonates these changes can occur within days

Adverse events e Coding dictionaries may not include sufficient granularity to code paediatric conditions correctly
e Consider addressing any potential coding issues in a trial-specific coding guidance/standard operating

procedure

e Consider seeking paediatric pharmacovigilance expert advice

Co-medication e Co-medications should be captured with sufficient detail including the brand name of the product, because
excipients may vary depending on the brand
e Additional information in the CRF should include whether these were extemporaneous preparations and the
exact dose (e.g., mg/kg/dose) frequency and duration of administration
e Medication errors and device issues for co-medications should be captured as they may be confounding

factors for AEs

Medical history

Antenatal (including in utero exposure and perinatal complications) and family history and the socio-cultural

context should be captured where these may be risk factors or confounders for treatment related risks and

overall outcome in children

Developmental assessment

e Should be completed at least at base-line and, depending on the duration of the study, at the time of routine

appointments for developmental assessments, trial completion and at the end of follow-up
e For multinational/multisite studies, one single method should be used where possible, ensuring that the tools
can be used in different cultural contexts

CRF, Case Report From; AE, adverse event.

serious adverse events (SAEs) will be managed. Where there are ques-
tions from the health authority (HA) or ethics committees, it may help
to ask a paediatric pharmacovigilance physician to respond to these
and/or to provide supporting documentation.

Data analysis of paediatric multinational or multi-centre studies
needs to take into consideration how the disease of interest and com-
mon comorbidities, which might be risk factors, are diagnosed and
treated at each study site.?%°7% There are often considerable differ-
ences, for example depending on what kind of diagnostic tests and
medications are available. Thus, if this cannot be harmonised at the
outset of the study, data collection and analyses will need to take
these differences into account by, for example, collecting additional
data and stratifying data analyses. Similarly, reference values for labo-
ratory tests, vital signs and developmental assessments may differ sig-
nificantly between sites.®® If the testing method is the same (i.e., same
sampling technique, delay of processing, laboratory machine and tech-
nique), a single reference value may be used, which should be based
on a validated large paediatric population.’®%® Reference values
derived from adults are not acceptable. Alternatively, local test results
can be transformed into n-times lower limit of normal (LLN) and upper
limit of normal (ULN) (e.g., 3x ULN).8>% If local reference values are

used, they should be appropriate for the paediatric age group. It might

be useful to discuss with HCPs at the site how laboratory results influ-
ence patient management (i.e., what are thresholds in clinical practice).
Finally, the analysis of safety data, including follow-up information,
should consider adjusting for differences in the time of observation
because data capture may not be harmonised across different sites
and should ideally be integrated into local routine child health care
practices. Time to event analyses can be helpful in such situations
(e.g., counting from the first/most recent dose to when the event

occurred).”>"%7

2.5 | Post-marketing pharmacovigilance in children
Post-marketing pharmacovigilance in children has changed from

mainly including spontaneous reports to comprehensive
pharmacovigilance. It continuously assesses the current understanding
of the paediatric safety specification against any new information
from non-clinical and clinical studies (interventional and observational)
and spontaneous reports in all patients and children exposed to the
drug of interest.2%8 The goal of post-marketing pharmacovigilance
studies is to collect information on identified and potential risks or the

effectiveness of risk minimisation activities.®
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TABLE 4 Examples of points to consider for paediatric case report

Data element

Age

Growth (weight, height and head
circumference)

Suspected drug(s) and co-medications

Dose

Route of administration

Medication errors

Laboratory tests and vital signs

Medical history

Adverse drug reaction

Comment

The way age is expressed in children
changes with age. It is different for
premature neonates, neonates born at
term and infants up to the age of
36 months completed. Thereafter age is
counted in years. However, for the
purpose of the assessment of growth, the
age of older children and adolescents is
counted in years and completed months

In children most drug doses are calculated
based on body weight or BSA +/— age

Growth is a sensitive indicator of overall
health

Off-label and unlicensed use of medications
is common in children. This is associated
with an increased risk of ADRs and
medication errors. Children can also be at
an increased risk of adverse reactions to
excipients

Children may have been co-medicated with
herbal medicines and/or OTC medicines

In adolescents, careful enquiry about the
recreational use of alcohol and illicit
drugs should be considered where
applicable

Detailed dose information should be
included for the suspected drug and any
co-medications

Drugs may be administered in children via
different routes than what is specified in
the product label

Children are at risk of medication errors.
Care should be taken to enquire about
the possibility of such an error

Paediatric reference values for laboratory
tests and vital signs can vary considerably
between laboratories

Risk factors for paediatric ADRs and
confounding factors vary depending on
the age of the child and their medical
condition(s)

ADRs may present differently in children
compared to adults
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Points to consider

Report age as appropriate for the child, i.e.
in completed hours, days, weeks, months,
years

Report current height and weight; where no
recent measurements are available,
report the age at which these were taken

Include growth history in medical history
section

Include for the suspected drug and co-
medications:

- generic name

- brand name

- strength

- formulation

- information on extemporaneous
preparations

Information may need to be actively sought
from parents.

Report recreational use of alcohol or illicit
drugs if they are a confounding or risk
factor for ADRs or cause interactions

Include

- dose in unit/kg body weight (e.g., mg/kg)
or BSA

- frequency of administration

- start date

- date of any dose modification

- stop date

Include route of administration including
any administration via a feeding tube

Consider asking for a demonstration of how
the dose was prepared and then
administered to the child

Include reference values

Include any history of:

- developmental delay

- congenital/hereditary disorders

- relevant family history

- in-utero exposure

- complications of pregnancy and delivery

- exposure to environmental toxins (e.g.,
lead)

Include:

- detailed description of clinical signs/
symptoms

- results of investigations

- final diagnosis (where possible)

(Continues)
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TABLE 4 (Continued)

Data element Comment

Lack of efficacy

compliance

For cases reporting lack of efficacy, detailed
information on the suspected drug and
co-medications should be supplemented
by a consideration of a possible lack of

Points to consider

- any actions taken (treatments, stopping
the drug or dose modifications)

- outcome

- is ADR follow-up ongoing at the time of
reporting?

Include (where applicable):

- difficulties with drug administration

- problem with the taste of the medicine

- change in responsibilities of drug
administration (e.g., in adolescents from
an administration by parents to self-
administration)

BSA, body surface area; ADR, adverse drug reaction; OTC, over-the-counter; mg, milligram; kg, kilogram.

251 |
reports

General aspects of paediatric spontaneous

Whilst pharmacovigilance is part of any clinical trial, the number of
children included in any given trial is usually small. This means that
only very common (210%) or common (between 21% and <10%)
ADRs might be detected.”®?? Less frequent ADRs are often identified
from spontaneous reports.

However, it is important to remember that only a very small frac-
tion of ADRs, between 1% and 10%, are reported.'®° In addition, HA
communications or high-profile publications can bias reporting.1°!
Underreporting of paediatric ADRs is, among others, influenced by
fear of litigation in particular for off-label/unlicensed prescribing,
which is still very common in children.2? Reporting of paediatric
ADRs is different compared to adults.'°31%* Paediatric ADRs can be
more difficult to identify and case reports require more information
compared to adults. High-quality spontaneous reports are key for
identifying new paediatric safety signals. Therefore, particular atten-
tion needs to be paid to the information included in paediatric ICSRs
and follow-up may help in providing a high-quality report.’°> Table 4
lists examples of points to consider for paediatric case reports.1881:106

As for adults, calculating the incidence of paediatric ADRs based
on spontaneous reports is not possible, because the number of chil-
dren exposed to the drug of interest is not known. In addition, efforts
for the estimation of a denominator are hampered by the fact that
databases recording dispensed drugs frequently code data as defined
daily dose (DDD), which is the estimated daily maintenance dose for
adults.2%7 Since children may have been prescribed a smaller or larger
dose and prescribing practices vary considerably between HCPs, it is
currently difficult to derive reliable numbers for children.?%

For spontaneous reports, it is considered that the report implies a
possible causal relationship between the reported event and treat-

ment.8?

However, regulatory authorities and pharmaceutical compa-
nies may add a comment on the case report concerning their own
assessment of the case. Large databases such as EudraVigilance,
VigiBase, FAERS and company databases are then used for signal

detection.*? 2! In these databases differences have been reported

between children and adults for the type of the most commonly
reported ADRs and the medications most frequently associated with
these events.?1108109 The particularities of paediatric signal detection

and causality assessment are described in more detail in Section 2.7.

2.5.2 | Paediatric post-marketing
pharmacovigilance studies (e.g., registries, case-control
studies, long-term follow-up using record linkage)

Examples of post-marketing pharmacovigilance studies in paediatric
medicine include the use of registries, targeted surveillance programs
and linkage of clinical data with administrative data for long-term
follow-up.

Registries are common in paediatrics, particularly for rare diseases
where they become essential to inform disease course and evaluate
potential new therapies or additional indications for existing approved
medicines. Clinical datasets and patient registries provide valuable
information on co-medication, medication errors, off-label indications,
subgroups which may not benefit, and signals of dependence, all of
which are extremely useful to identify participants for case-control
studies. Case-control studies evaluate the presence of an exposure in
cases (where the outcome of interest is present) and controls (where
the outcome is absent).**° Case-control studies are an efficient use of
resources when studying diseases with long latency which would oth-
erwise necessitate many years of follow-up before the outcome
occurs (e.g., cancer). 10 Methodological considerations including the
selection of a control group and details on exposure history should be
established a priori so as to limit bias.* Furthermore, management of
confounding bias should acknowledge that researchers cannot control
for variables for which they have no data, which often include envi-
ronmental factors and social determinants of health.

Targeted surveillance programs are particularly useful for collect-
ing detailed data about children presenting with SAEs and ADRs. Sur-
veillance networks also provide drug developers with essential
information about disease incidence, disease burden, potential drug-

drug interactions, and short-term outcomes. The International Network
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of Paediatric Surveillance Units (INoPSU) was established in 1998 and
includes 12 surveillance units (Australia, Belgium, Canada, Germany,
Greece & Cyprus, Ireland, New Zealand, Netherlands, Portugal,
Switzerland, England and Wales), and more than 10 000 clinicians car-
ing for more than 50 million children globally.*** This collaborative
effort allows studies to be undertaken simultaneously for comparison
among geographical regions.'? Each individual network is responsible
for collecting data and governance of their own unit.}*? Paediatric sur-
veillance units have had dramatic impacts on public health, including
the development of clinical practice guidelines, health planning ser-
vices, vaccine-preventable diseases and injury prevention.**!

The International Association of Cancer Registries and the
European Cystic Fibrosis Society are examples of disease-specific,
international collaborations supporting, for example, research on dis-
ease incidence, risk factors, basic science, treatment outcome and
quality of life.**3114 These registries may also get involved in post-
approval safety studies (PASS) in the context of an EU RMP.11°

Outside of Europe, programs such as the Canadian Paediatric Sur-
veillance Program (CPSP) involve partnerships with government
(Public Health Agency of Canada), professional societies (the Canadian
Paediatric Society) and more than 1800 paediatricians and paediatric
subspecialists.'*® The CPSP was established to evaluate rare expo-
sures (fewer than 500 cases per year expected), address an important
public health issue of scientific importance, and fill significant knowl-
edge gaps for which surveillance is the most appropriate means. Sur-
veillance studies provide vital insight into clinical uses for approved
medicines which can lead to revised marketing authorisations that
improve patient safety and encourage access to effective therapies.
Surveillance studies should be designed with clear objectives, a pre-
specified analysis plan, considerations for patient confidentiality, and
reflect practical demands on paediatrician workload. There are limita-
tions to both registries and surveillance networks as often the vari-
ables collected are prespecified and may not include biological samples

to assess the impact of potentially relevant genomic risk factors.

2.5.3 | Challenges of using electronic health records
for paediatric safety pharmacoepidemiology studies

Paediatric pharmacoepidemiology safety studies provide important
data on the use of medications in a large number of children, help
understand risk factors and outcome (short- and long-term) of ADRs
and support the assessment of the effectiveness of risk minimisation
activities.*'” They use large electronic health record (EHR) or adminis-
trative databases or a combination of both. The benefits of linking

participants include:

e minimising the effects of drop-out
* minimising research participant burden

e evaluating health care utilisation.

It can be challenging, however, to combine EHR and administra-

tive data across jurisdictions as many privacy laws do not allow certain
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data to leave the region. Coding of paediatric data requires an under-
standing of how diseases are diagnosed and treated in children. An
additional challenge is that young children and those with develop-
mental delay may not be able to communicate effectively clinical signs
of ADRs. This means that parents and health care professionals may
need to interpret what the child is trying to express. It is therefore
important that standard operating procedures for paediatric data are
population-specific and that they have been validated. The validation
of paediatric coding algorithms, diagnostic criteria and the control of
data quality are recommended for all paediatric studies using EHR and
administrative databases. Therefore, whilst the standards of good
pharmacoepidemiology practice apply to children, understanding how
paediatric data is included and coded in these databases is key.118-121
EHRs in general are not adapted for paediatric use, which in part is
due to the lack of paediatric functionalities of databases originally cre-
ated for adults.*?? For example, in the US only 8% of paediatricians
use a fully functional paediatric EHR.*?? Therefore, at the time of
planning a study and selecting a database, it is helpful to understand
for which patient population the database was initially created and
which adjustments, if any, were made to capture paediatric
data.}?212% Supporting Information Table $4 lists some examples of

the challenges for paediatric pharmacoepidemiology studies.

2.6 | Paediatric Investigation Plan

According to EU legislation, pharmaceutical companies applying for a
marketing authorisation of a new drug/indication usually need to sub-
mit a PIP at the time of completing human PK studies at the latest.'*
If clinical studies are planned in children, the plan will include among
others a statement on benefit-risk and include considerations for the

development of age-appropriate formulations.*

2.6.1 | Benefit-risk assessment in children

The assessment of the benefit-risk balance in children includes a
transparent and structured approach weighing benefits and risks of a
given treatment and then comparing it to the paediatric benefit-risk
profile of other treatment options.®%124125 Thjs includes, for example,
long-term benefits and risks and the views of children and their fami-
lies on these.®>1247127 The assessment of risks for children should be
based on the paediatric safety specification. Whilst the benefit-risk
assessment is a mandatory section in the PIP, it is also good practice
to include such an assessment in the introduction of clinical trial pro-

tocols. 1441

2.6.2 | Formulation development and drug safety
Medicines prescribed to children need to have a formulation
adapted to the needs of children across the developmental age spec-

trum.*?® Doses for children are usually calculated based on weight,
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which varies widely between patients and changes continuously.
Therefore, it needs to be possible to administer the formulation, for
example, to a premature neonate weighing just 500 g and an adoles-
cent weighing 70 kg. Polypharmacy is common in neonates and chil-
dren admitted to intensive care, and off-label or unlicensed use is
particularly common in these patients.??-*32 This is associated with
the need to manipulate the formulation, for example by crushing
tablets or dilution.'?’ Medication errors due to drug manipulation
and drug administration errors are common in children and can have
serious consequences.'®® Safety-related points to consider in the
development of paediatric formulations are listed in Table S5 in the
Supporting Information.

The metabolic capacities of children and, in particular, neonates
and infants, are not the same as those in adults.>”*° This does not
only concern the metabolism of the active moiety of a medicine but
also the excipients.®#12%134 Due to developmental immaturity, excipi-
ent thresholds considered safe for adults may be harmful for children.
There is currently limited data on the paediatric safety of many of the
excipients included in adult medicines.3>2%1%% However, several
excipients, such as benzyl alcohol, are known to be
unsafe.32129:134135 |4 addition, children may be treated with several
other medications which may have the same excipients as the study
drug. Thus the recommended daily threshold for one or more excipi-
ents may be exceeded.*3>7*%7 Finally, interactions between different
types of excipients may lead to toxicity.**® Due to the vulnerability of
children, it is recommended to aim for formulations with as few excip-
ients as possible and ideally none at all.*2?13513% The current knowl-
edge on excipients in paediatric medicines is available from the Safety
and Toxicity of Excipients for Paediatrics (STEP) database.**® Exam-
ples of safety points to consider for excipients in paediatric formula-
tions are listed in Table Sé in the Supporting Information.

27 |
methods

Advanced paediatric pharmacovigilance

Advanced methods in paediatric pharmacovigilance include paediatric
signal detection and signal evaluation. Both require an understanding
of the paediatric safety specification, risk minimisation and paediatric
clinical practice. Paediatric pharmacovigilance is challenging because,
compared to adults, the absolute number of children treated with
medications is smaller and due to developmental changes, the paedi-

atric population is more heterogeneous.

2.7.1 | Paediatric signal detection

Paediatric signal detection takes into consideration the current paedi-
atric safety specification of the drug and continuously monitors all
available safety data for signals which might flag new risks or a change
in risk factors, severity or outcome of identified risks. Where possible,
paediatric clinical trial safety data should be pooled. For screening

large datasets, complex statistical methods (whether frequentist or

Bayesian) are commonly used.10>10%:141.142 Gion|s for paediatric risks
may originate, for example, from health authority or pharmaceutical
industry safety databases, clinical trials, observational studies, regis-
tries, non-clinical studies, PK/PD studies or the literature.18103:109.141

For further details, see Section 2.4.3.

2.7.2 | Paediatric signal evaluation

Paediatric signal evaluation considers how ADRs present in children
and how childhood development may modify them. It is informed by
an understanding of childhood diseases, their comorbidities, common
co-medications and the challenges of diagnosing and treating children.
This includes an understanding of the developmental aspects influenc-
ing the assessment and therapy of paediatric diseases. The evaluation
of a paediatric signal includes all available data in order to assess cau-
sality. It also determines whether additional data is required for a full
assessment and proposes age-appropriate risk minimisation measures.
Supporting Information Table S2 provides examples of questions for
the assessment of causality of integrated paediatric safety data (clini-
cal and non-clinical) based on the Bradford Hill points to con-
sider.63¢48284 Thjs is followed by an evaluation of the degree of
certainty of a causal relationship using the WHO Uppsala Monitoring
Centre (WHO-UMC) criteria.2*? Supporting Information Table S7 pro-
vides hypothetical examples of the degree of certainty for a paediatric
causality assessment. Paediatric pharmacoepidemiology studies are
important in further characterising a paediatric risk by, for example,
identifying risk factors, frequency, severity, outcome and for hypothe-
sis testing. 243145 Further details on paediatric pharmacoepidemiology
in the context of drug safety are provided in Section 2.5.3. A list of
frequently used terms in pharmacovigilance and what they stand for
is provided in Table S8 in the Supporting Information.

3 | SUMMARY

Paediatric pharmacovigilance and drug safety are facing a number of
challenges which should be addressed in a collaborative manner by
society as a whole as well as relevant key players. For example, phar-
maceutical industry and regulatory authorities, with the support of
academic researchers, may consider addressing the lack of paediatric
formulations and age-group-specific PK and PD data for patent-
protected as well as off-patent medicines regardless of their labelling
status (i.e., off-label/unlicensed).

The functionality of EHRs, reimbursement records and safety
databases should be updated, including databasing and coding pro-
cesses and data extraction, to suit the needs of paediatric patients.
This should include the option of linking to the health records of the
parents and siblings where indicated. Standardised capture of paediat-
ric data using age-group-specific tools (e.g., currently being prepared
by the Clinical Data Interchange Standards Consortium [CDISC])
should be implemented for all paediatric trials irrespective of the

sponsor and be a criterion for ethics and regulatory approval. This
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should be supplemented by data transparency and data sharing
among researchers.

Public funding should be made available to address the lack of
safety data in children, including long-term risks for off-patent, off-
label and unlicensed medicines prescribed to children.

Paediatric networks have already started to address the lack of
population-based, validated references ranges for laboratory test and
vital signs, outcomes and safety endpoints. Similarly, more
standardised diagnostic criteria and treatment protocols are needed,
taking into consideration local differences in the availability of diag-
nostics and treatment options. There is still a lot left to do and a coor-
dinated effort may be helpful.

Establishing an open-source evidence-based paediatric formulary,
available in multiple languages, and updated as needed, would go a
long way in reducing dose-related toxicities and lack of efficacy in
children. It could include a section for parents, nurses and children.
Additional chapters may include information on how medications can
be adapted to low-income settings and best practices for avoiding
medication errors. This would require a collaborative effort of paedia-
tricians, paediatric pharmacologists, drug safety paediatricians and
paediatric pharmacists around the globe and should be funded as an
independent body.

Learned societies, patient organisations and universities may con-
sider providing educational material for parents, children and health
care professionals on the recognition of adverse drug reactions in chil-
dren, the importance of reporting and how to report.

The worldwide shortage of paediatric drug safety physicians and
pharmacologists should be urgently addressed by universities and
institutions funding higher education. In addition, the challenge of
access to paediatric drug safety expertise for countries and regions
where there is no or only limited expertise might be addressed by
paediatric networks.

In conclusion, paediatric pharmacovigilance is based on the paedi-
atric safety specification and supported by risk minimisation activities
adapted to children and their caregivers. It is a continuous, worldwide,
multidisciplinary effort throughout the life cycle of pharmaceutical
products administered to children, regardless of the local licensing sta-
tus. It requires an understanding of how ADRs present in children and

the challenges of diagnosing and treating paediatric diseases.
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