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ABSTRACT

There is a lack of paediatric documentation concerning efficacy and safety of many
drugs, which contribute to drug use outside the terms of the product license (off-label).
In the present thesis, four studies (I-IV), using different settings and design to evaluate
pharmacological treatment in children, with focus on off-label drug use, is presented.

Outpatient records of purchased prescriptions were retrieved to investigate the
frequency and characteristics of paediatric off-label prescribing (I). In Stockholm, 1.8
prescribed drugs per child were purchased in the year 2000. Every fifth drug was
classified as an off-label prescription. The proportion of off-label prescriptions was
highest for topical drugs, due to lack of paediatric information.

A survey of all adverse drug reaction reports to the Medical Products Agency
concerning paediatric outpatients in the year 2000 was performed, to investigate the
frequency of off-label drug prescribing (II). One hundred and twelve paediatric cases,
corresponding to 158 adverse reactions were reported. One third of the reports were
regarded as serious, and these were more often associated with off-label drug
prescribing. Antiasthmatic drugs were most commonly reported. Psychiatric symptoms
were the most commonly reported adverse drug reactions.

Paediatric questions and answers to a Drug Information Centre in Stockholm were
retrieved and analysed regarding off-label drug use and paediatric literature information
adding to the labelling of the drug (III). During a 10-year period, 249 paediatric
questions were handled. Every third question concerned off-label treatment, often
concerning psychotropic drugs. In every other response to off-label questions,
additional paediatric documentation concerning the drug was found in the literature.

In a prospective, nation-wide, cross-sectional study, paediatric prescriptions and off-
label drug use to children at hospitals in Sweden were analysed (IV). Enrolment of
more than 200 hospital departments resulted in data from 2947 paediatric patients, that
received altogetherl 1294 prescriptions within two two-day-periods in 2008. Half of all
administered prescriptions concerned either off-label drug use or unlicensed or
extemporaneously prepared drugs. Paracetamol was the most common drug used both
on- and off-label. Absence of paediatric information was the main reason for the large
proportion of off-label prescribing of carbohydrates and electrolytes in hospitals.

This thesis has demonstrated substantial off-label prescribing to children in both
primary and hospital health care. A common reason for this is the lack of paediatric
documentation. Children have the same right as adults to well documented and safe
drug therapy. Therefore, it is necessary to improve paediatric documentation through
harmonization of existing scientific knowledge and clinical experience, improved
structure of SPC information, and more appropriate administration forms.
Furthermore, the documentation of drug treatment and its outcomes, including the
reporting of adverse drug reactions, need to be improved.

Keywords: Child, drug treatment, off-label, drug related problems, adverse drug
reactions, drug labelling



SAMMANFATTNING (SUMMARY IN SWEDISH)

Dokumentation om effekt och sidkerhet av likemedel till barn saknas ofta, vilket medfor
att barn forskrivs ldkemedel utanfor den godkédnda produktinformationen (off-label).

I denna avhandling presenteras fyra olika studier (I-IV) med olika bakgrundsdata och
design for att utvirdera lakemedelsbehandling till barn, med fokus pa
lakemedelsbehandling off-label.

Expedierade ldkemedel i primérvarden analyserades for att identifiera hur vanligt
forekommande off-label forskrivning av likemedel till barn ir i 5ppenvérden (I). Ar
2000 expedierades 1.8 lakemedel per barn i Stockholm. Vart femte 1dkemedel forskrevs
off-label och andelen var storst for topikala lakemedel, framfor allt pa grund av
avsaknad av pediatrisk dokumentation.

Biverkningsrapporter till likemedelsverket analyserades avseende frekvensen off-label
forskrivning (IT). Under 2000 inkom 112 rapporter, omfattande totalt 158
biverkningssymtom, som géllde barn i primérvarden. En tredjedel av rapporterna
klassades som allvarliga och férekomsten av ldkemedel forskrivna off-label var storre
bland dessa @n bland de mindre allvarliga rapporterna. Psykiatriska biverkningar,
respektive biverkningar av astmaldkemedel, var vanligast bland rapporterna.

Fragor om pediatrisk likemedelsbehandling besvarade vid en
lakemedelsinformationscentral studerades for att identifiera lakemedelsbehandling off-
label och kartldgga tillgingligheten av dokumentation rérande barn och
lakemedelsbehandling, utdver befintlig produktinformation (I1I).
Likemedelsinformationscentralen hade under en 10-arsperiod handlagt 249 frégor
géllande barn. Var tredje fraga klassificerades som off-label, bland vilka psykofarmaka
var vanligast. Dokumentation om likemedels effekt och sékerhet pa barn utéver den
svenska produktinformationen aterfanns i hilften av alla svar till fragor klassade som
off-label.

I en nationell, prospektiv tvarsnittsstudie undersoktes lakemedelsordinationer, on-
och off-label, till barn pa sjukhus i Sverige (IV) under tva tvddagarsperioder 2008.
Over 200 sjukhuskliniker rapporterade in data fran 2947 vardade barn, som erhallit
totalt 11294 ordinationer. Hilften av alla ordinationerna klassades som antingen off-
label, licensldkemedel, eller 1akemedel producerade ex tempore pé apotek.
Paracetamol var det vanligaste forskrivna lakemedlet bade i enlighet med
produktinformationen och off-label. Avsaknad av pediatrisk dokumentation var den
vanligaste anledningen till off-label forskrivning for glukos och elektrolytldsningar.

Off-label forskrivning till barn &r frekvent forekommande bade i primarvéarden och i
slutenvérd och vanligast anledning &r att det saknas dokumentation for anvandning hos
barn. Barn har samma ritt till vdldokumenterade och sékra lakemedel som vuxna, varfor
det dr nodvéndigt att forbattra den pediatriska dokumentation. Detta kan ske dels genom
att harmonisera existerande vetenskaplig kunskap och klinisk erfarenhet med
produktinformationen och genom att strukturera dessa texter pa ett battre och mer
ensartad sdtt. Det behdvs och ett béttra utbud av ldmpliga beredningsformer for barn,
samt en generellt bittre dokumentation av barns ldkemedelsbehandling, inklusive en
okad spontanrapportering av biverkningar.
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1 INTRODUCTION

Several years ago, the underprivileged position of children with respect to optimal
drug therapies was raised, and in recent years, paediatric drug treatment and the lack
of documentation in children concerning the efficacy and safety for many drugs have
drawn much attention. The licensing procedure of new drugs aims at ensuring their
efficacy, safety, quality and positive risk-benefit balance. This is often based on
clinical trials and post marketing surveillance in adults. As a result, many drugs are
neither tested, nor licensed for use in children. Several researchers have demonstrated
that paediatric patients routinely are prescribed drugs in an off-label manner, i.e.
drugs used outside the terms of the authorised product license. This off-label drug use
means that children receive drug treatment based on less scientific documentation,
which may increase the risk of drug related problems. Historically,
pharmacovigilance started due to observed untoward effects in foetuses; the
thalidomide disaster [1]. Despite this, documentation of paediatric drugs still remains

inadequate.

Children have the same right as adults to receive safe and effective drugs, i.e. a
correct drug, in a right dose, in the right way, for the right indication, for the right
period of time and with correct information. Therefore, it is also important that the
child’s use of drugs is thoroughly documented, as well as all adverse drug reactions

and other drug related problems, to ensure drug safety.

The present thesis includes four pharmacoepidemiological studies (I-IV) in children,
including three retrospective register based investigations, using different sources of
data, and one prospective, observational studies, all with different designs to identify

and evaluate paediatric drug use, with focus on off-label treatment.

1.1  Children, not small adults

Treating children is different from treating adults with regard to several factors.

Children are defined as all individuals from 0-18 years of age, where on one hand you



may have a premature infant that weigh only 500 mg and on the other hand a fully

grown teenager, weighing 100 kg.

During childhood, from birth to adult, the body develops and grows, and it is well
known that pharmacokinetic responses to a drug, i.e. drug absorption, distribution,
metabolism and excretion, in a child may differ substantially from that of an adult,
For example, the elimination capacity changes throughout childhood. It can be very
low in the newborn, especially in the preterm neonate, due to immaturity of both the
hepatic drug metabolising capacity and the kidney function, whereas the toddler and
preschool child have an increased metabolic capacity and may require much higher
weight-adjusted doses than adults [2, 3]. Also, the surface area-to-body weight ratio
in children can be up to three times higher than in adults, which can lead to a larger
proportion of absorption of topically administered drugs [4]. Suitable doses for
children have often been derived by scaling from adult dosage. However, available
methods do not give good enough estimates [5, 6]. Therefore, children cannot be

regarded as small adults when it comes to deciding a suitable dose.

Communication is another issue that is of great importance when treating children
with drugs compared to adults, were we often have to rely on the parents to receive
and give information about drug treatment depending on the developmental stage of
the child. Young children may be unable to swallow whole tablets (or even pieces
when a tablet is crushed and blended in a fluid). Therefore, adjusted administration

forms are crucial for the paediatric population [7].

1.2 Paediatric drug use

Around 100 million of the European population are children below the age of 18. In
Sweden, the corresponding figure is more than two million. This group must be
regarded as a substantial population with a potential need to use drugs [8]. Drug
therapy is widely used to treat disease in childhood and several prescription and drug
utilization studies in primary health care have shown that children, especially infants

and preschoolers, receive considerable amounts of drugs [9-11].



A review including several prescription studies in outpatients showed that the
prevalence of drug prescribing ranged from 51 up to 91% in certain age groups [10].
The average number of drugs prescribed per child and year was 1.1 in Sweden 2007

[12], and varied in other countries from 0.8-3.2 drugs per child per year [9, 10].

The most commonly prescribed drugs in children are antibiotics for systemic use,

followed by drugs for the respiratory system and analgesics [9-11].

A few small studies have shown that children receive a substantial amount of over-the-
counter (OTC) drugs and natural remedies [13-17]. Surveys estimating the overall use
of OTC drugs and natural remedies in the paediatric population are lacking. Natural
health products are often regarded as harmless agents. However, untoward effects have

also been documented for these kinds of products [18].

Children receive considerable amounts of drugs at hospitals. However, large paediatric

drug utilization studies estimating drug use in hospital care have been lacking.

1.3 Paediatric use of drugs off-label and unlicensed drugs

Within the present work, the term off-label is defined as any drug use outside the
terms of the authorised product license, i.e. the summary of products characteristics
(SPC). The term unlicensed applies to drugs that are not approved by medical
regulatory authorities, e.g. the Swedish Medical Products Agency (MPA).

Drug prescribing in children has been reported to be frequently carried out in an off-
label or unlicensed manner in hospital health care [19-29], particularly in neonatal

care units [26, 28, 30-33] (Table 1).



Table 1: Studies of off-label and unlicensed drug treatment in hospital health

care.
Settings Subjects Drugs Off-label Unlicensed/ Year Reference
(n) () (%) EPD (%)

Hospital care 166 862 23 14 1996 [20]
Hospital care 609 2013 18 6 1998 [19]
Hospital care 624 2262 39 7 2000 [21]
Hospital care 132 222 26 8 2000 [22]
Hospital care 74 237 19 3 2001 [23]
Hospital care 237 2139 18 48 2001 [24]
Hospital care 1461 4265 60 NA 2002 [25]
Hospital care 60 483 25 24 2006 [27]
Hospital care 265 1450 17 NA 2008  [29]
Hospital /Neonatal care 293 1017 44 28 2002 [26]
Hospital /Neonatal care 108 628 36 13 2009 [28]
Neonatal care 70 455 10 35 1999 [30]
Neonatal care 105 525 59 16 2002  [31]
Neonatal care 97 1442 47 11 2002  [32]
Neonatal care 35 176 51 NA 2007 [33]

In hospital or neonatal care studies, the proportion of paediatric off-label and
unlicensed drug prescriptions varies between 10-60% and 3-48%, respectively (Table

1) [19-27, 30-33].

Prior to study I, off-label drug use among outpatients had been poorly investigated.
At the same time frame as study I, several investigations were performed in different
European countries (Table 2). The proportion of off-label and unlicensed
prescriptions varied between 11-26% and 0.3-17%, respectively [7, 34-40]




Table 2: Studies of off-label drug prescription in primary health care.

Settings Subjects Drugs Off-label Unlicensed/ Year Reference
() (n) () EPD (%)

Outpatients 989 2522 29 4 2000 [34]
Outpatients 1175 3347 11 0.3 2000 [35]
Outpatients 455661 1592006 13 NA 2002  [36]
Outpatients 1802 1925 15 <l 2002 [37]
Outpatients 19283 68019 23 17 2002 [38]
Outpatients 6141 17453 14 15 2002 [26]
Outpatients 18043 66222 21 17 2003  [7]

Some studies regarded licensed drugs as unlicensed when the paediatric labelling in
the SPC stated that the drug was not recommended for children or absence of
paediatric documentation, or contraindicated for use in children [20, 24, 26, 39].Other
studies excluded certain pharmacological treatment, i.e. intravenous glucose and

sodium chloride solutions [27, 28].

The most common therapeutic groups of drugs, both in primary and hospital health

care, were antibiotics, analgesics and drugs for the respiratory tract [19-27].

The main reason for a drug to be classified as off-label was that the dose, the
frequency of administration, or the age of the patient was not in agreement with the
drug labelling [19-27, 38].

The proportions of off-label and unlicensed drug use in previous studies varies
widely, both in primary (table 2) and hospital (table 1) care, which can partly be
explained by the various settings of the paediatric care, e.g. single general practice or
specialised unit or restrictions to a certain regional areas or a single study day.
Another important source of variations is probably interpretations of the definition of

off-label and unlicensed drug therapy, which makes it difficult to compare studies.
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Extemporaneously prepared drugs (EPD) apply to drugs prepared at pharmacies and are
important for the paediatric population. It is probably widely used, due to lack of proper
drug forms or strengths necessary for children [41, 42]. Most studies [19-27, 30-33, 35,
38, 39, 43] regarded EPD as well as licensed drugs, modified by i.e. crushing tablets or
diluting drug solution, as unlicensed drugs. Little information exists to support the
pharmacokinetics of EPD and they are rarely quality assured. Thus, the background
documentation of EPDs is even poorer than that of drugs used off-label. The proportion
of EPD use, and which drugs children actually receive, is another area that is poorly

investigated.

Very little has been published concerning what drugs children in Sweden actually
receives, both licensed and unlicensed drugs, EPD and natural remedies, as well as the
proportion of off-label prescriptions. A single Swedish paediatric department was
included in a European study concerning off-label drug use, showing that 67 percent of
children received at least one drug off-label[21]. No data concerning off-label use of
drugs at Swedish neonatal care units or in paediatric outpatients have previously been
published. Off-label drug treatment is mainly discussed as a paediatric issue, however,

it is documented in adults as well [44].

1.4 Drug related problems and off-label drug treatment in children

A drug related problem has been described as an event or circumstance involving drug
therapy that actually or potentially interferes with desired outcomes. Drug related
problems can be divided into several categories such as adverse drug reactions or drug
use/administration problems [45]. Adverse drug reactions is regarded as an unintended
drug response that occurred at doses normally used in humans for the prophylaxis,

diagnosis or therapy of disease [46]

Drug related problems comprise of a broad set of clinical situations and can be difficult
to analyse and validate. Most studies focus only on adverse drug reactions (ADRs), and
a fewer studies do also include other types of drug related problems. Drug related
problems were found to be the cause of admission to hospitals for children in three
studies with an incidence between 3.4% and 7.9% [47-49]. Potential adverse drug
events in hospitals have been described to be three times more common in paediatric

patients compared with adults [50].
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Several prospective studies indicate that ADRs in children, especially in hospitalised
children, are of great clinical relevance [32, 51-53]. The overall incidence of ADRs in
children in hospital care has been documented to range from a single or a few percent
up to nearly one fifth of the study population [51-58]. In outpatients, between 0.5-9 %
suffered from ADR [53, 59]. Serious reactions occurred in almost 40% of ADRs
documented in paediatric hospital admissions [55] and accounted for about 10-12% in
hospitalised children [54-57]. It has been suggested that up to one half of the
documented drug related problems could have been avoided [47, 49, 60].

Although the incidence of reported ADRs in children varies, probably due to different
study settings and different sizes of study populations, similar rates of ADRs have

been reported in various adult populations [61-64].

A few studies has analysed the potential association between off-label drug use and
the risk of ADRs [65-68]. In a prospective, hospital-based study (n=936), 35% of the
given drugs were unlicensed or off-label and the incidence of ADRs was 4% among
the licensed drugs and 6% among the unlicensed or off-label drugs [65]. Another
prospective study, based on the prescribing habits of 39 participating physicians,
nearly 20% of (n=1419) prescriptions to outpatients were regarded as off-label, and
the incidence of ADRs (a total of 20 non-serious events) was about 1.4% for licensed
prescriptions, compared with 2% for unlicensed or off-label drug prescriptions [66].
There are additionally two studies based on spontaneous ADR reports from hospital
care [67, 68]. In the first study, based on 95 ADR reports, 25% of the reports
concerned medicines used off-label [67] and in the latter study, based on 182 ADR
reports, off-label drug use together with other incorrect use such as drug interactions
was more often associated ADRs reports than drugs used in line with the product

labelling [68].

Medication errors, e.g. a drug given in an improper or unintended dose or route, are
another area in paediatric health care of great importance [69, 70]. However, this issue

will not be addressed within the present work.
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Long-term pharmacovigilance studies, especially focusing on the impact of off-label

drug use and drug related problems, are still missing in the paediatric population.

1.5 Documentation of paediatric drug use

During the last years efforts have been made through regulatory authorities to
improve knowledge on paediatric drug therapy. As a consequence of the previous
lack of paediatric data on medicinal products, a new legislation was introduced into
the European Union in 2007 [71]. The new Paediatric Regulation aims to facilitate the
development and availability of medicines for children, to ensure that those medicines
are of high quality, ethically researched, and authorised appropriately and to improve
the availability of information on the use of medicines for children. All this shall be
achieved without subjecting children to unnecessary trials, or delaying the
authorisation of medicinal products in adults. An analysis of at that time new drugs
with marketing authorization revealed that among 45 new substances, 29 were of

possible use in children, only 10 were licensed for paediatric use [72]

Drug Information Centres (DICs), are established both in Europe and the United
States [73-75], where evaluated drug information, similar to clinical consultations, for
adults as well as for paediatric patients can be attained. In Sweden, the first centre
was started at the Department of Clinical Pharmacology at Huddinge Hospital in
Stockholm in 1974, through cooperation between clinical pharmacologists and
information pharmacists. Today, this is one out of six regional DICs in Sweden [76].
The DIC in Stockholm receives about 1000 questions per year , mainly concerning
ADRs, drug interactions, drugs during pregnancy and breast-feeding and drug choice

or dosing [73].

No published study on paediatric drug treatment based on data from a DIC has been
found, but there are three retrospective DIC-based analyses concerning the use of
drugs during pregnancy or breast-feeding supporting DIC as an important source of

evidence based information [77-79].

13



Inadequate labelling of paediatric drugs is often assumed to be due to the lack of
scientific documentation in children. However, it has not been investigated to what
extent available literature information concerning paediatric drug efficacy and safety
outside the SPCs actually exists. Neither has it been studied how well a child’s actual
drug use, licensed or unlicensed drug treatment nor EPD and natural remedies, are

documented in the e.g. the medical records.
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2 AIMS OF THE THESIS

The main aim of this thesis has been to use an epidemiologic approach to describe

different aspects of paediatric drug treatment today, as a basis for the guidance of

further clinical studies, aimed at approving the documentation of the safety and

efficacy of drug treatment to children.

This main aim can be divided into the following, separate aims:

To investigate and characterise drug prescribing to children in Sweden, in
primary health care, as well as in hospital care, and to analyse the extent and

manner of off-label and unlicensed paediatric drug use in therapeutic areas.
To investigate clinical aspects of paediatric off-label drug treatment by

a) characterising ADR reports concerning paediatric outpatients, including
the proportion of both serious and non-serious ADR reports related to off-

label drug prescribing.

b) analysing paediatric Questions and Answers at a Drug Information Centre

regarding drug related problems and off-label drug treatment.

To analyse the availability of documented information, adding to the
information of the paediatric labelling of drugs, in relation to paediatric drug

related problems, as presented to a Drug Information Centre.

15



3 MATERIALS AND METHODS
3.1 Settings and subjects
Paper I:

This is a retrospective analysis of pharmacy-dispensed drugs to children and
adolescents regarding off-label prescriptions in the year 2000. A computerised
population-based prescription database produced by the National Corporation of
Swedish Pharmacies was used to analyse drug prescriptions to children less than 16
years of age. In Sweden no prescription data could be individually linked at the time

of the study. Therefore, the data have been analysed on an aggregated level.

The drugs were ranked by purchased volume according to the number of prescribed
items. The analysis was restricted to the Drug Utilisation 90% segment (DU90%)
containing those drugs that accounted for 90% of the total number of prescriptions
[80]. Off-label drug prescribing was assessed with respect to age, formulation and
route of administration. The off-label assessment was validated through the
independent analysis of a random sample of 50 different brand names by another

researcher, and was found to be identical with the initial assessment.

Furthermore, adherence assessment to regional guidelines was performed using the list
of recommended drugs (The Wise Drug List) from the local Drug and Therapeutic
Committee in Stockholm County [81].

Paper II:

Study II consists of a nation-wide survey of spontaneous ADR reports to the Medical
Products Agency (MPA) in Sweden. The extent and characteristics of off-label
prescribing were assessed among drugs included in the ADR reports. The SWEdish
Drug Information System (SWEDIS) produced by the MPA was used to identify all
reported ADRs in children or adolescents under the age of 16 during year 2000. Data
collection and evaluation of the ADR reports are performed by the six regional

pharmacovigilance centres.

An ADR was defined according to the World Health Organization (WHO) [46]. Off-
label drug treatment was assessed on the basis of age, dose, indication, formulation,

route and frequency of administration. ADR analysis and off-label assessment were

16



independently performed by two researchers and found to be identical. Population and
aggregated drug utilization data were obtained from Statistics in Sweden [8] and the

National Corporation of Swedish Pharmacies [82], respectively.

A total of 444 ADR reports concerning children and adolescents younger than 16 years
in Sweden were identified in the year 2000. Vaccines given to children are almost all
licensed and labelled for use in the paediatric population and therefore, they were not
included in the further analysis (n=308). Of the remaining 135 ADR reports, another 24
reports were excluded for the following reasons: inpatients, newborns suffering from an

ADR due to maternal drug treatment, unclassifiable causality, and OTC drug use.

Paper III:

All documented questions and answers (Q&A) handled by the DIC at Karolinska
University Hospital-Huddinge, Sweden were used in this study. The Q&A are
continuously registered in a local database, which also contains information concerning
demographic data, drug and medical history of the patient, type of drug related problem

and literature sources used.

All Q&A during a ten-year period, from 1995 to 2004, were retrieved and
systematically analysed. Out of a total of 6842 questions processed at the DIC from
1995 to 2004, 300 (4,4%) were documented to concern children. Analysis was
restricted to questions concerning children less than 16 years of age. In total, 51 (17%)
of the questions were excluded from further analysis as the question concerned: breast-
feeding and/or pregnancy, patients 16 years or older, food, chemicals or doping
substances, accidental ingestion of drugs, or multiple registration of the same question.
Q&A were classified regarded off-label drug use and further analysed with respect to
their content of evaluated literature information, adding to the information given in the

labelling of the drugs in the SPC in the Swedish catalogue of medical products [83].

Paper IV:
All identified paediatric hospital departments, as well as a number of other departments
that treat paediatric patients (e.g. departments of radiology and ear, nose and throat

diseases), in Sweden were enrolled in this study. All 44 participanting hospitals

17



received written and oral information about the design and purpose of the study at
several meetings, and special prescription forms were distributed by mail prior to the

study periods.

Data on concurrent drug prescriptions to paediatric patients in hospital care were
collected during 48 hours in the middle of May and October 2008, respectively, by
the treating nurses and/or physicians. The prescription form requested information
about patient social security number, age, gender, weight and cause of hospital
admittance, as well as name of the drugs, indication, strength, dosage, form and route
of administration, and estimated duration of drug treatment. Furthermore, the
questionnaire requested information on whether the drug was used for the treatment
or prevention of disease or for diagnostic purposes. Only patients 18 years of age or

less who received any drug treatment were included in the final analysis.

Data were entered and analysed in a database (Microsoft Access 2000). Data lacking
in fields, such as route of adminstration, formulation, duration of treatment and cause
of treatment, were classified as unknown unless it was clearly described elsewhere in

the prescription form.

The off label analysis was performed for each prescription of a licensed drug. The off-
label assessment was validated through an independent analysis of a random sample
of 20 percent of the different pharmaceutical compounds by a hospital pharmacist,

and was found to be in accordance with the initial off-label analysis.

To investigate the external validity of the data, information concerning all paediatric
hospital admissions during the two study periods was retrieved from the National in-
hospital patient register from the National Board of Health and Welfare
(Socialstyrelsen) [12].

3.2 Classification
3.2.1 Drugs (Paper I-V) and treatment guidelines (Paper I)
Licensed drugs were classified according to the Anatomical Therapeutic Chemical

(ATC) classification to the fifth level [84] and their license status was determined by
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the SPC from the Swedish catalogue of approved medical products (FASS) as the
primary reference source in studies I-IV [83]. A book with extemporaneously
prepared drugs [85] (LILIV), contact with the manufacturer (IIT) or product
information provided by the MPA homepage (I-IV) was used as secondary reference
sources. In the first (I) and second study (IT) FASS for the year 2000 was used, in the
third study (IIT) FASS corresponding to the year of the questions and in the last study
(V) SPC available online in the year 2008 was used. All drugs that were not listed in
our primary or secondary reference sources mentioned above were regarded as

unlicensed.

3.2.2 Age groups (Study V)

In study IV the paediatric patients were divided into four different age groups:
neonates (0-28 days), infants (1-23 months), children (2-11 years) and adolescents
(12-18 years). This was done in accordance with guidelines from the European
Medicines Agency (EMA), with the exception that premature neonates were included

in the neonatal group [86].

3.2.3 Adverse drug reactions and other drug related problems (Paper II-11I)

In study I, each reported ADR was classified with respect to causality and seriousness.
The level of causality was restricted to certain, probable or possible, using the WHO
definitions [46]. We also classified each ADR as a type A (pharmacological) or type B

(idiosyncratic) reaction.

In study III, five different categories of drug related problems were used; ADR, drug
interactions, drug kinetics, drug choice and/or dosing, drug formulation and/or

administration, depending on the main objective of the DIC question [73, 76].

3.2.4 Off-label drug treatment (Paper I-1V)
The off-label assessment was performed in the studies I-IV by analysing the license
information for included drugs with the reference sources mentioned above (see
3.2.1). Sections 4.1, 4.2, 4.3 and 4.4 of the SPC, which concern indications, dosages

and way of administration, contraindications and warnings, were used to assess the
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off-label status of prescribed licensed drugs. Also, a search for the terms

“child/children” was performed on the complete SPC text. The term off-label was

defined as any drug use outside the terms of the product license.

Off-label presciptions were further divided into seven different categories as shown in

table 3.

Table 3: Descriptions of off-label categories

Off-label category  Description Paper
Age Drug not recommended for a certain age-group in the SPC  I-IV
Weight Drug not recommeneded for children below a certain I-ILIV
weight in the SPC
Absence of Information of drug treatment to paediatric patients (less I-Iv
paediatric than 16 years of age) is not mentioned at all in the SPC
information
Lack of paediatric  Stated lack of scientific data or clinical studies on drug -1V
clinical data/trials  efficacy and safety for paediatric patients (less than 16
years of age) in the SPC
Contraindicated Drugs stated in the SPC to be contraindicated in children I-IvV
Indications Drugs prescribed for indications not listed in the SPC 1-1v
Administration Drugs administered by a route not approved according to I-ILIV
route the SPC

Product information allowing paediatric use in general, without any age or dose

specification, was regarded as on-label in paper I-III but rendered the prescribed drug

an off-label status if given to patients less than 1 year of age in paper IV. This

definition is based on the fact that there are well known age dependent differences in

the pharmacological response to drugs and drug kinetics, especially in neonates and

infants less than 1 year. A single prescription could be regarded as off-label in more

than one category.

In study I, drugs that exceeded a recommended dose by more than 20% were

regarded as off-label, but not drugs given in less than the recommended dose.
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3.2.5 Documentation of drug treatment in children (Paper III)
In study III the content of evaluated literature information, adding to the labelling of
the drugs, was assessed and categorised for all Q&As regarded as off-label drug

treatment. Four different categories of information were used as shown in table 4.

Table 4: Definition of categories of type of information.

Category Type of information

Age Age requirements for paediatric drug treatment
Dosing Paediatric dosing recommendations

ADRs ADRs not mentioned in the labelling of the drug

Drug interactions  Drug interactions not mentioned in the labelling of the drug

3.3 Ethical considerations

None of the registers used in study I-III contained any references to patient identity and

therefore no ethical approval was needed for these studies. Study IV was approved by

the Reseach Ethics Committee at Karolinska Institutet, Stockholm, no 2008/502-31/2.
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4 RESULTS

The results are summarised in this section. For a more complete account see the

separate publications I-IV (Appendix).

4.1 Drug treatment (Paper I-IV)

There was a substantial use of drugs among children in all studies (I-IV) with an
average use of 1.5-1.8 prescribed drugs per child in outpatients (LII) and 3.8 drugs per
child in hospital care (IV) as shown in table 5

Table 5 Drug use and off-label proportion in Paper I-1V.

Study Subjects Drugs (n) Median age Off-label Timeframe Setting

(n) (years) (%)
I 357784 575526 7 21 Year 2000 Prescriptions in
primary health care
11 112 125 7 42 Year 2000 ADRs reports from
primary health care
I 249 298 NA 31 1995-2004 Q&A from a DIC
v 2947 11294 4 41 4 days 2008 Prospective cross-

sectional study in

Hospital care

(NA - not applicable)

Children less than two years of age is an age group that receives a substantial amount of
drugs as illustrated in Figure 1 (IIT) and Table 6 (IV). In primary care, the median age

of children is higher, as shown in Table 5.
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Figure 1 (Paper III): Number of questions and answers classified as within-label, off-
label and/or unlicensed with or without evaluated literature information, adding to the

labelling of the drugs at a Drug information centre.

Number of Q&A

0-1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Age (years)

B Off-label and/or unlicensed, with evaluated literature information
O Off-label and/or unlicensed, without evaluated literature information
O Within-label

(n=172 questions with known age)

Table 6 (Paper 1V): Distribution of prescriptions of licensed drugs,
unlicensed drugs, extemporaneously prepared drugs and undocumented

use of drugs by age groups in children at hospitals.

Age groups  Patients Prescriptions Licensed Unlicensed EPD Undocumented

All 2947 11294 9471 516 1177 5608
Median (SD) NA 33.7) 232 1(13) 1(12) 2(25)
Neonates 476 1875 1271 (68) 139 (7.4) 428(23) 1310 (70)
Infants 698 2644 2134 (81) 132(5.0) 320(12) 1505 (57)
Children 1043 3800 3378 (89) 130(3.4) 274 (7.2) 1789 (47)
Adolescents 730 2975 2688 (90) 115(3.9) 155(5.2) 1011 (38)
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Infants and neonates received more than half of all prescriptions for a longer duration
than one week, whereas children and adolescents received 74% of all prescriptions

given as a single dose or on demand medication in study IV.

Antibacterials for systemic use (i.e. phenoxymethylpenicillin, trimethoprime) and anti-
asthmatics (i.e. budesonide, terbutalin, salbutamol) were found to be the most
commonly prescribed drugs to outpatients in paper I. which is in agreement with
previous findings [9, 10]. In study III, the most common drugs in the DIC questions
were antibacterials for systemic use (erythromycin, pivmecillinam), followed by
antiepileptics (carbamazepine, valproate). Intravenous carbohydrates or electrolytes
solutions (ATC B) as well as analgesic agents (ATC N), e.g. paracetamol and morphine,
were commonly prescribed drugs among children at hospitals in paper IV (Figure 3). In
paper IV the paediatric patients had been prescribed five percent unlicensed drugs and

10 % EPD (Table 6).

Among the ADR reports in the second study (IT) and among the DIC questions (III),

almost all drugs were systemically administered.

The most frequently prescribed licensed drug groups, classified according to ATC-
codes in paediatric patients at hospitals (IV) were drugs for the nervous system (N),

drugs for blood or blood forming organs (B) and drugs for infections (J) (Figure 2).
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Figure 2 (Paper 1V): Distribution of prescriptions of licensed drugs and off-label
drugs for the main ATC subgroups in paediatric patients at hospitals. (Se also

Table 7)

ATC

<MV IUVZZrcITIOOOW>

0 1000 2000 3000 4000

Number of prescriptions

oAl m Off-label

In paper III, 24% of the Q&A concerned unlicensed drugs or herbal remedies.

Among EPDs, intravenous morphine, followed by intravenous caffeine and oral salt
formulations were most common (IV). The most common unlicensed drugs were

multivitamins and allergen extracts (IV).

In paper IV, the age group of children (2-11 years) received the highest proportion of
licensed drug prescriptions, whereas neonates (0-28 days) and infants (1-23 months)
were given the highest proportion of EPDs and unlicensed drug prescriptions (Table
6). Neonates and infants received 53% of all unlicensed prescriptions and 64% of all

EPD prescriptions (Table 6).

4.2  Off-label drug use (Paper I-1V)
Off-label drug treatment in children was the main topic of interest for all of the papers
I-IV. More than one fifth of prescribed drugs for all age groups were classified as off-

label in paper I, and this proportion was even higher among outpatients in ADR reports
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(IT). In the third study (III), we found that more than every third question to the DIC
concerned off-label drug treatment (Table 5). In study IV the off-label proportion was
more than 40%. Every other prescription to a child in a Swedish hospital was classified

either off-label or an EPD or an unlicensed drug.

The proportion of off-label drug use was highest among adolescents (12-15 years) in
study I (29%) and III, whereas in study IV, it was highest for neonates and infants
(Table 6).

The proportion of drugs used off-label varied considerably between therapeutic groups
and between the different studies. The proportion of off-label drug prescriptions in
outpatients (I), was found to constitute more than 70% of dermatological drugs (e.g
hydrocortisone, fucidid acid). In the ADR reports (II) off-label drug use was most
common among drugs for the respiratory system (e.g montelukast, budesonide).
Among paediatric Q&A from a DIC, off-label drug use was most common among
drugs for the nervous system (e.g. risperidone, selective serotinine reuptake inhibitors)

(I11).

Among paediatric patients in hospital care (IV) drugs for the blood and blood forming
organs (e.g. carbohydrates and/or electrolyte solutions), the nervous system (e.g.
paracetamol, morphine, midazolam) as well as drugs for the alimentary tract and
metabolism (e.g. docusate sodium, potassium citrate, eso- omeprazole) had the highest
number of off-label prescriptions. Other drugs with a high clinical important proportion
of off-label drug use were found (IV), e.g. drugs used for cardiovascular diseases and

different allergy tests (table 7).
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Table 7: The most commonly prescribed licensed substances (Rx (no)-
number of prescriptions) used in an off label manner (n=3905) in each

ATC group in paediatric patients at hospitals (IV).

ATC Rx (no) Off-label Most common substances

(%)
A 1306 37 Docusate sodium, potassium citrate, eso- omeprazole
B 1736 71 Carbohydrates, electrolytes
C 531 53 Epinephrine, furosemide, clonidine
D 54 83 Tar like, hydrocortisone/mikonazole
G 23 61 Magnesium hydroxide, sildenafil
H 291 38 Prednisolone, betamethason
J 1360 19 Sulfamethoxazole/trimetoprim, ampicillin
L 155 28 Azathioprine, etoposide
M 494 27 Diclofenac, ibuprofen
N 2503 36 Paracetamol, morphine, midazolam
P 19 5 Pentamidine isethionate
R 660 32 Budesonide, salbutamol
S 59 92 Chloramphenicol, fusidic acid
v 280 49 Different allergy tests

The main reasons for drug use in an off-label manner in nearly all studies
(LILIV) was found to be lack of paediatric labelling, rather than explicit
prohibitions of paediatric use, followed by a non-approved dose in relation to
age or weight in study II and IV. Lack of paediatric drug labelling was found
for several drug groups, such as topically administered drugs in paper I, and in
paper IV for carbohydrates and electrolytes, analgesic drugs, laxatives and

proton pumps inhibitors.

In study IV, five percent of all the prescriptions were administered in a way not in

agreement with the intended route of administration. The most frequent aberrant route
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of administration was the use of an intravenous drug formulation for oral

administration (carbohydrates, electrolytes, midazolam) or inhalation (epinephrine).

4.3 Drug related problems (II-I1I)
Off-label drug prescribing in study II were more often associated with serious (51%)
than non-serious (39%) ADR reports, and reported ADRs were three times as often

classified as type B (idiosyncratic) than type A (pharmacological) reactions.

In paper 111, adverse drug reactions and drug choice or dosing in children were most
common in the DIC Q&A (Table 8).

Table 8: Proportion of drug related problems, off-label drug treatment and
evaluated literature information, in addition to the labelling of the drugs, in

Q&A to a DIC.

Drug related problem All Off-label  Literature information
M) (%) [n(%)]

All 249 (100) 78 (31) 41 (16)

Adverse drug reactions 91 (37) 20 (26) 8 (20)

Paediatric drug choice and dosing 85 (34) 31 (40) 21 (51)

Drug interactions 31(12) 9(12) 6 (15)
Drug formulation and administration 25 (10) 5(6) 1(2)
Paediatric drug kinetics 17 (7) 6 (8) 5(12)

Among the most common ADRs, in ADR reports (paper IT) and/or Q&A (paper I1T)
from a DIC, were symptoms from the central nervous system, skin reactions,

gastrointestinal, and haematological symptoms (Table 9).
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Table 9: Numbers and proportions of the most common kinds of ADRs in study

IT and III.

Adverse drug reactions Study I1 Study 11T
[n (%0)] [n (%0)]

All 158 (100) 91 (100)

Central nervous system disorders 54 (34) 17 (19)

(sleeping disorders, aggressiveness, headache, paresthesia)

Skin reactions, allergic reactions 29 (18) 14 (15)
(urticaria, exanthema, allergy)

Gastrointestinal symptoms 19 (12) 3(3)
(nausea, vomiting, abdominal pain)

Hematological symptoms 14 (9) 14 (15)
(leucopenia, thrombocytopenia, bleeding complication)

Systemic inflammaroty reactions 13 (8) 9 (10)
(meningitis, pancreatitis)

Miscellaneous 29 (18) 34 (37)

(abuse, adverse effects of the eye and respiratory tract)

4.4 Pediatric documentation of drug treatment (LIII)
In the third study (IIT), more than half of the answers to off-label questions were found
to contain evaluated paediatric drug information, that added to the information of the
SPC. Mostly, additional information concerning drug choice or dosing was found
(Table 8). Scientific papers from medical databases, e.g. PubMed, and medical
handbooks were the most common sources for paediatric documentation, which
consisted mainly of documentation of treatment concerning paediatric age requirements

and dose recommendations.

Within the DU90% segment, 61% of prescription items in study I corresponded to

drugs that were recommended in the local treatment guidelines.
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5 DISCUSSION

5.1 Off-label drug treatment

5.1.1 Some clinical aspects

This thesis confirms that paediatric patients, both in primary and hospital health care,
are subject to a large proportion of drug treatment that is not approved by regulatory
authorities, meaning that the safety and efficacy of this drug treatment is neither well
studied, nor sufficiently documented. Off-label drug treatment is, however, a
multifaceted concept that may be of different clinical importance in different treatment
situations. For example, the proportion of off-label drug use is apparently higher in
hospitals than in primary health care, whereas primary health care involves a larger

population of children under less intense medical supervision.

The highest off-label drug use in paediatric hospital care consisted of intravenous
carbohydrates and electrolytes, given orally to neonates and infants. From a purely
pharmacological point of view, this treatment, based on long time clinical experience,
probably represents minimal risks and the benefits are quite clear. On the other hand,
to administer drugs by an unintended route may be associated with a high risk for

administration errors.

Neonates, in particular, and infants have a substantial off-label drug use, as well as the
highest use of EPDs and unlicensed drugs in hospital care. Since neonates and infants
are particularly vulnerable, due to their immature renal and hepatic function, as well as
body proportions, difficulties in drug administration and ability to express adverse drug
reactions, further evidence of both safety and efficacy of drugs is urgently needed in
these age groups. The margins when a wrong dosage is given are smaller for young

children compared to adults.

Adolescents were frequently prescribed off-label drugs in primary health care and
probably receive doses similar to that of the adults. However, it has been shown that
adolescents can have other patterns of adverse drug reactions to e.g. antidepressive
agents [53], indicating that adolescents have another sensibility to drugs than adults,

despite having approximately the same body size.
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Drugs administered topically to children were often classified as off-label in the studies
of this thesis, both in hospital and primary health care. The reason for the off-label
classification is mainly lack of paediatric information in the drug label, although a large
clinical experience of topical drug treatment exists. The fact that only few ADR reports
concern topically administered drugs may partly be due to a belief among prescribers
that these drugs have a lower propensity to cause ADRs, than do systemically
administered drugs. However, children do have a higher surface to body weight ratio
than adults, and it has been observed that e.g. topically administered tacrolimus can
give rise to high blood concentrations in children [87]. The potential risks of specific
topical drugs, like e.g. immunosuppressants, need to be further studied, and drug
labelling needs to be improved. Topically administered drugs in general, however,

should perhaps not be regarded as the most prioritized drugs for further studies.

5.1.2 Antipyretics and analgesics

Paracetamol is, according to these studies, the most commonly used drug to treat
fever and pain in children in primary health care, with or without a prescription, as
well as in hospital care. Still, the off-label use of paracetamol is substantial, mainly
due to off-label classification for age or weight, i.e. the drug was given to a child
younger or smaller than specified in the dosage recommendations. This can partly be
explained by unclear age definitions in the SPC. Although paracetamol is generally
considered safe in paediatric care, a previous Cochrane review pointed out that there
is limited evidence regarding the efficacy and safety for paracetamol in the treatment

of fever in children [88].

Other analgesics, such as opiods or diclofenac, have been highlighted by others in the
past [19-21, 24, 30, 32, 36, 89] and by us, as areas were clinical trials appear to be
needed to obtain appropriate dosages for all age groups and better paediatric drug
labelling. Analgesics have also been listed on the EMAS priority list of paediatric
drugs to be further studied [90].

5.1.3 Galenic aspects
The high rate of use of EPDs, unlicensed drugs or drugs administered off-label

strongly supports the need for improvement by the manufacturers in providing
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appropriate and approved galenic preparations suitable for children of different size
and age [19, 22, 25]. Examples of very commonly used drugs that are lacking
appropriate dosage forms include caffeine citrate oral solutions, intravenous morphine
solution 1mg/ml and 0.05mg/ml, and the oral vitamin solution, Protovit®, used in
neonatal and infant care, that was withdrawn in 1989 due to low sales numbers and is
now only available as an unlicensed drug [91]. Drugs and Therapeutic Committees
may play a role here, in promoting the use of drugs that are available in dose sizes or

forms that are suitable also for paediatric use.

5.1.4 The paediatric drug label

Lack of paediatric labelling was one of the most common reasons for off-label drug use
in nearly all of the studies (paper LIILIV) presented in this thesis. However, we found
that additional documentation concerning paediatric use, outside the drug label of the
SPC, was often available via e.g Pubmed. One reason for paediatric off-label drug
treatment is therefore the lack of harmonisation between paediatric documentation in
the existing literature evidence and the authorised drug label. It is not feasible for all
physicians responsible for paediatric prescribing to conduct Pubmed literature searches
themselves every time they prescribe a drug off-label. They need of readily available,
processed, evaluated and continuously updated information. In individual patient cases,
this can obviously be provided by the DICs. However, there is also a need for expert
groups devoted to paediatric drug treatment within the organisation of the Drug and
Therapeutic Committees, which could continuously process new literature data and
convey relevant information to physicians in both hospital and primary health care.
Such a group has now been implemented in the work of the Drug and Therapeutic

Committee of Stockholm County Council.

5.1.5 Drug related problems

Use of drugs in an off-label manner have been shown, by us and by others, to be more
often associated with ADRs than drugs used according to the SPC [29, 65-68]. Whether
this finding is significant or generalizable to all off~label drug use is not possible to

determine.
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In one study presented in this thesis, reported ADRs in children where more often
idiosyncratic (type B) than due to the known, pharmacological action of the drug
(type A). This is true for all spontaneous ADR reporting, also in adults. However, it is
not known if the true incidence of type B reactions is higher in paediatric patients

compared with adults.

While licensed drugs are monitored by epidemiological surveys and post marketing
studies of safety, there is currently no clear process for collecting information on
ADRs for EDP or unlicensed drugs. Therefore spontaneous reporting of ADRs can be
the only way of discovering hazardous effects, even though it is well known that the
spontaneous reporting system is subject to substantial under-reporting [92, 93]. The
annual reporting rate for non-vaccine related reports in Sweden is approximately the

same today, as in the year of 2000, when study II was performed.

The drug related problems presented in the questions to the Drug Information Centre in
study III did not always relate to past events. Sometimes the questioner asked prior to
prescribing a drug. The DIC service can thus hopefully be of aid in preventing some
drug related problems in children. It has been shown that the DIC has a cost-saving

potential in preventing ADRs in general [94].

5.2 Documentation of paediatric drug treatment in health care

It has been shown that physicians are well aware of the lack of paediatric labelling
[95]. One reason for treatment with drugs in an off-label manner is probably that
paediatricians have clinical experience that supports off-label drug use. Even so, all
drug treatment, including the use of drugs in an off-label manner, needs to be

thoroughly documented in the medical record of the patient.

With the development of electronic, computerized patient record systems, structured
documentation of off-label and unlicensed drug use, including the clinical outcomes
of such treatment, could greatly improve the knowledge in this area. There are,
however, some obstacles to this development. For example, some electronic record

systems are not designed to document drug treatment in a structured way. Even today,
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many systems lack a separate “drug treatment module”, and existing such modules

may not be well suited for the documentation of paediatric drug use.

Furthermore, health care personnel are not always very good at collecting relevant
information concerning drug use, and this may be especially true in the treatment of
children, in whom drug treatment may not be in focus. According to our own,
unpublished data, less than half of the drugs used by 272 children prior to visiting an
emergency room at the Karolinska University Hospital, were documented in the
medical record. According to a structured and validated questionnaire, answered by
patients/guardians in the waiting room, 40 percent of the children had used at least
one prescribed drug, 65 percent had used at least one OTC drug and 8 percent had

used natural remedies or alternative medicines before visiting the emergency room.

Looking into the medical records from the visits, the heading “Medicines” was found in
only 28 percent of the records. Information concerning use of drugs, OTC, or
complementary medicine, ongoing or prior to the visit to the emergency room was,
however, mentioned in the text in 58 percent of the records. In more than half (54 %) of
the patients’ records, there was at least one drug missing, compared with the
information in the questionnaire. More than two-thirds of the missing medicines were
OTC drugs and only nine of the 22 different natural remedies were documented in the

medical records (table 10).

Table 10: Drugs use prior to visiting the hospital as documented from a
questionnaire answered by 272 patients/guardians in the paediatric emergency

waiting room and in the medical records from the same visit.

Number of drugs in Percent of drugs missing

the questionnaire  in the medical records

All 458 51%
Prescribed drugs 182 29%
OTC 254 65%
Natural products 22 77%

34



5.3 Some methodological considerations

Comparison of our data with studies in other countries regarding the proportion of off-
label prescribing and reason for off-label drug use is difficult due to a high variety of
settings, small datasets and varying definition of off-label status among previously
published studies in this field. The definition of off-label treatment needs to be clarified

and standardized in order to be able to compare data in future studies.

In primary health care, one fifth of the prescription was classified as off-label, which
may not be a high number, particularly if topical drugs are excluded. The use of fewer
off-label categories probably results in an underestimation of the off-label proportion.
The reason for using different off-label categories is often due to limitations in the
available data. In study I and III, for example, a dose assessment was not possible,
since the dose was not known at all in the study I and only in a few questions in study
III. If we had been able to analyse the dose in relation to the off-label assessment in
study 1, the off-label proportion might have been higher due to either too low or too
high paediatric doses [96].

In our first study (I) we focused on those drugs accounting for 90% of the prescription
(DU90%) for practical reasons. The remaining 10% of the drugs prescribed are used
more rarely and perhaps even more often lack paediatric labelling. Therefore, use of
DU90% in this study could have contributed to an underestimation of the off-label
proportion of outpatient drug prescribing. In future studies it would be of greater

interest to investigate all prescribed drugs.

In paper IV the data collection depended on the work by attending paediatric hospital
care professionals, and the vast majority of prescription forms appeared to be
carefully completed. Comparing with statistical information on hospital admissions,
the study appears to have captured information from at least 70 percent of all
admitted children during the study periods, which supports that our data reflect
paediatric drug use at Swedish hospitals in general [12]. Therefore, we believe that
the study provides a good estimation of the current drug use by children at Swedish

hospitals.
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It cannot be excluded that the high use of EPD morphine and glucose found in study
IV could be slightly overestimated, due to unclear documentation in the prescription
form. Some of these EPD prescriptions could have been licensed drugs that had been
diluted by the health care provider, which still would correspond to off-label drug use

for morphine.

5.4 Future studies and challenges

The extensive collection of data in our last study on drug treatment to children at
Swedish hospitals (IV) allows for several in-depth studies on different age groups
and/or different therapeutic areas. Primarily, a study of the drugs prescribed to
premature infants is planned. Other studies that are planned are a deeper investigation
of EPD and unlicensed drugs, as well as calculations of defined daily dosages for

certain drugs.

To improve the documentation on drug efficacy and safety in children, attempts have
been made by medical authorities (US Food and Drug Administration and European
Medical Agency) to stimulate drug industry to perform paediatric clinical trials and
submit paediatric labelling information [97, 98]. These attempts have included some
economic incentives regarding patent protection [97] for both newly authorised drugs
[99] and drugs already on the market [100]. However, it will take several years before
these initiatives will have a large impact on the paediatric documentation of drugs in
general. Study IV was performed as part of a pan-European effort, organised via EMA,
to collect data on the current situation of paediatric drug use and prescribing. These
data are meant to serve as a basis for the allocation of economic incentives to the
medical academia to perform studies on the efficacy and safety of drugs that are of

special concern in the paediatric population, which is in process.

There are numerous examples of ambiguity of, or inappropriate and inconsistent
descriptions of paediatric information in the SPC texts. For example, omeprazole
tablets and esomeprazole oral formulas are on-label for paediatric use, whereas the
intravenous administration form is off-label. In many SPCs, it is also mentioned that a
certain drug should not be given to children or can be given to children, without any
further definition of any age limits. Thus, an important issue concerning off-label drug

use in the paediatric population is to harmonise the paediatric labelling regarding
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administration forms, age definitions and between drugs from different drug
manufacturers. Regulatory authorities could also guide manufacturers to avoid
recommendations that e.g. suppositories or tablets should be divided several times to
children. Thus, they would also support the production and availability of more
appropriate administration forms for the youngest patients. It would also improve the
documentation of paediatric drug treatment if the approval process and design of SPC

was based on the patient's needs rather than economic interests.

Although harmonization and clarifications of the SPC would be a great improvement,
the information also needs to be made readily available to the prescribers, preferably
through computerized clinical decision support system. In such a system, evaluated
clinical documentation and scientific data, in addition to SPC information, could

be presented to the prescriber in an easily accessible way at the moment of

prescribing.

The lack of scientific documentation concerning drug safety and efficacy in children
also applies to OTC drugs and herbal remedies. It has been suggested that children
are subject to substantial self-medication by their guardians with these types of
pharmaceuticals [48]. Greater efforts and resources should be devoted to research in
this area, primarily to evaluate the possible hazardous effects in children and develop

surveillance network for paediatric drug treatment.
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6 CONCLUSIONS
Off-label drug prescribing to paediatric patients is substantial, both in primary and

hospital health care, and must be regarded as a patient safety issue.

Off-label prescribing was a common phenomenon among drugs reported to have
caused an ADR in paediatric outpatients, and was more often found in serious than

non-serious ADR reports.

The most vulnerable paediatric group, neonates and infants, have the highest exposure
of drugs given at hospitals in an off-label manner, as well as extemporaneously

prepared and unlicensed drugs.

Off-label paediatric drug prescribing remains a public health concern and further
clinical trials in children, as well as more focused interventions, such as careful post-

marketing surveillance of drug safety are needed.

A harmonization of SPC texts with regard to the structure of the paediatric information,
to available scientific evidence, to differing information between drug manufactures,
and to inconsistencies between e.g. different administration routes is also urgently

needed, and would greatly reduce the degree of off-label drug use in children.
Other sources of information, besides the SPCs, are also needed to ensure safe and

effective drug treatment in children, such as Drug Information Centres, dedicated Drug

and Therapeutic Committees and clinical decision support systems.

38



7 ACKNOWLEDGEMENTS

I wish to express deepest gratitude to all persons who made this work possible,

and in particular:

Ylva Bottiger, docent, my friend and supervisor, for sharing with me her
knowledge in clinical pharmacology and giving valuable criticism in fruitful

discussions and improving my scientific skills.

Synnéve Lindemalm, my friend and co-supervisor, for her encouraging support
and knowledge in the field of paediatrics and medical science, always believing in

me.

Per Nydert, my friend for all scientific discussions and putting out with all my

questions.

Mia von Euler, my friend and mentor for always supporting me and increasing

my scientific know-how in many ways.

Viveca Odlind, professor, my friend for all support and scientific knowledge in

the field of medical research and acting as my informal supervisor at many times.

Ulf Bergman, professor, former supervisor, for introducing me into the research
field of pharmacoepidemiology and for his valuable and useful scientific

knowledge.

Marja-Liisa Dahl, professor, former mentor and present head at the department of
Clinical Pharmacology at Karolinska University Hospital for showing interest and

support in my work.
Professor emeritus, Folke Sjoqvist, professor Anders Rane, professor Leif

Bertilsson, for providing a stimulating scientific atmosphere at the Department of

Clinical Pharmacology.

39



40

All my colleagues present and past at the Karolic at Karolinska University
Hospital, especially Jeannette Griinstein, for all their support, friendly talks and
help to this point.

My colleague at the Pharmcovigilance Center, especially Stefan Mejyr, Charlotte
Asker-Hagelberg, for making the Pharmacovigilance Centre an excellent place to
work at and for being helpful and understanding during the finalisation of my

thesis.

All co-authors in the studies, especially Mike Ufer, for valuable collaboration and

advice.

All colleagues, present and former at the Department of Clinical Pharmacology

for creating a pleasant working environment.

The Pharmacovigilance Centre at the Medical Products Agency for giving me the
possibility to continue my journey into field of paediatrics and

pharmacovigilance.

To my mother, brother and grandparents in Iceland, who always believe in me

and support all my different tasks.

And finally and most important, to my beloved family, especially my husband
Martin and my sons Oliver and Henrik for making my life so joyful and being so
understanding during all the time behind papers and the computer. You are my

world.



o]

10.

11.

12.

13.

REFERENCES

McBride, W.G., The Teratogenic Action of Drugs. Med J Aust, 1963. 2:
p. 689-92.

Rane, A., Drug Metabolism and Disposition in Infants and Children, in
Neonatal and pediatric pharmacology: Therapeutic principlesin practice.,
YaffeSJ, Editor. 2005, WB Saunders Co: Philadelphia, USA. p. 32-43.
Capparelli, E.V., Clinical Pharmacokinetics in Infants and Children, in
Neonatal and pediatric pharmacology: Therapeutic principlesin practice.,
YaffeSJ, Editor. 2005, WB Saunders Co: Philadelphia, USA. p. 9-19.
Kearns, G.L., et al., Developmental pharmacology--drug disposition,
action, and therapy in infants and children. N Engl J Med, 2003.
349(12): p. 1157-67.

Johnson, T.N., The problems in scaling adult drug doses to children.
Arch Dis Child, 2008. 93(3): p. 207-11.

Mahmood, I., Prediction of drug clearance in children from adults: a
comparison of several allometric methods. Br J Clin Pharmacol, 2006.
61(5): p. 545-57.

Schirm, E., et al., Lack of appropriate formulations of medicines for
children in the community. Acta Paediatr, 2003. 92(12): p. 1486-9.
Headley, J. and K. Northstone, Medication administered to children from
0 to 7.5 years in the Avon Longitudinal Study of Parents and Children
(ALSPAC). Eur J Clin Pharmacol, 2007. 63(2): p. 189-95.

Sanz, E.J., U. Bergman, and M. Dahlstrom, Paediatric drug prescribing.
A comparison of Tenerife (Canary Islands, Spain) and Sweden. Eur J
Clin Pharmacol, 1989. 37(1): p. 65-8.

Clavenna, A. and M. Bonati, Drug prescriptions to outpatient children: a
review of the literature. Eur J Clin Pharmacol, 2009. 65(8): p. 749-55.
Sturkenboom, M.C., et al., Drug use in children: cohort study in three
European countries. Bmj, 2008. 337: p. a2245.

Health care registries, EpC. 2008, The National Board of Health and
Welfare.

Spigelblatt, L., et al., The use of alternative medicine by children.
Pediatrics, 1994. 94(6 Pt 1): p. 811-4.

41



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

42

Lanski, S.L., et al., Herbal therapy use in a pediatric emergency
department population: expect the unexpected. Pediatrics, 2003. 111(5
Pt 1): p. 981-5.

Pitetti, R., et al., Complementary and alternative medicine use in
children. Pediatr Emerg Care, 2001. 17(3): p. 165-9.

Noonan, K., R.M. Arensman, and J.D. Hoover, Herbal medication use in
the pediatric surgical patient. J Pediatr Surg, 2004. 39(3): p. 500-3.
Jean, D. and C. Cyr, Use of complementary and alternative medicine in
a general pediatric clinic. Pediatrics, 2007. 120(1): p. e138-41.
Menniti-Ippolito, F., et al., Surveillance of suspected adverse reactions
to natural health products in Italy. Pharmacoepidemiol Drug Saf, 2008.
17(6): p. 626-35.

Turner, S., et al., Unlicensed and off label drug use in paediatric wards:
prospective study. Bmj, 1998. 316(7128): p. 343-5.

Turner, S., et al., Use of "off-label" and unlicensed drugs in paediatric
intensive care unit. Lancet, 1996. 347(9000): p. 549-50.

Conroy, S., et al., Survey of unlicensed and off label drug use in
paediatric wards in European countries. European Network for Drug
Investigation in Children. Bmj, 2000. 320(7227): p. 79-82.

Gavrilov, V., et al., Unlicensed and off-label medication use in a general
pediatrics ambulatory hospital unit in Israel. Isr Med Assoc J, 2000. 2(8):
p. 595-7.

Craig, J.S., C.R. Henderson, and F.A. Magee, The extent of unlicensed
and off-label drug use in the paediatric ward of a district general hospital
in Northern Ireland. Ir Med J, 2001. 94(8): p. 237-40.

tJong, G.W., et al., A survey of the use of off-label and unlicensed
drugs in a Dutch children's hospital. Pediatrics, 2001. 108(5): p. 1089-
93.

Pandolfini, C., et al., Off-label use of drugs in Italy: a prospective,
observational and multicentre study. Acta Paediatr, 2002. 91(3): p. 339-
47.

tJong, G.W., et al., Unlicensed and off-label drug use in a paediatric
ward of a general hospital in the Netherlands. Eur J Clin Pharmacol,
2002. 58(4): p. 293-7.



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Di Paolo, E.R., et al., Unlicensed and off-label drug use in a Swiss
paediatric university hospital. Swiss Med WKkly, 2006. 136(13-14): p.
218-22.

Lindell-Osuagwu, L., et al., Off-label and unlicensed drug prescribing in
three paediatric wards in Finland and review of the international
literature. J Clin Pharm Ther, 2009. 34(3): p. 277-87.

Santos, D.B., et al., Off-label and unlicensed drug utilization in
hospitalized children in Fortaleza, Brazil. Eur J Clin Pharmacol, 2008.
64(11): p. 1111-8.

Conroy, S., J. Mclntyre, and |. Choonara, Unlicensed and off label drug
use in neonates. Arch Dis Child Fetal Neonatal Ed, 1999. 80(2): p.
F142-4; discussion F144-5.

Barr, J., et al., Unlicensed and off-label medication use in a neonatal
intensive care unit: a prospective study. Am J Perinatol, 2002. 19(2): p.
67-72.

O'Donnell, C.P., R.J. Stone, and C.J. Morley, Unlicensed and off-label
drug use in an Australian neonatal intensive care unit. Pediatrics, 2002.
110(5): p. e52.

Dell'Aera, M., et al., Unlicensed and off-label use of medicines at a
neonatology clinic in Italy. Pharm World Sci, 2007. 29(4): p. 361-7.
Chalumeau, M., et al., Off label and unlicensed drug use among French
office based paediatricians. Arch Dis Child, 2000. 83(6): p. 502-5.
Mclintyre, J., et al., Unlicensed and off label prescribing of drugs in
general practice. Arch Dis Child, 2000. 83(6): p. 498-501.

Bucheler, R., et al., Off label prescribing to children in primary care in
Germany: retrospective cohort study. Bmj, 2002. 324(7349): p. 1311-2.
Lifshitz M, et al., Unapproved prescription practices in primary pediatric
clinics in Israel: A prospective and off-label drug use by children in the
commonity: A Prosceptive analysis. Clin Ther Res, 2002. 63: p. 830-7.
Schirm, E., H. Tobi, and L.T. de Jong-van den Berg, Unlicensed and off
label drug use by children in the community: cross sectional study. Bmij,
2002. 324(7349): p. 1312-3.

T Jong, G., et al., Unlicensed and off label prescription of drugs to
children: population based cohort study. Bmj, 2002. 324(7349): p. 1313-
4.

43



40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

44

Ekins-Daukes, S., et al., Off-label prescribing to children in primary care:
retrospective observational study. Eur J Clin Pharmacol, 2004. 60(5): p.
349-53.

Brion, F., A.J. Nunn, and A. Rieutord, Extemporaneous (magistral)
preparation of oral medicines for children in European hospitals. Acta
Paediatr, 2003. 92(4): p. 486-90.

Nahata, M.C., Safety of "inert" additives or excipients in paediatric
medicines. Arch Dis Child Fetal Neonatal Ed, 2009. 94(6): p. F392-3.
Schirm, E., H. Tobi, and L.T. de Jong-van den Berg, Risk factors for
unlicensed and off-label drug use in children outside the hospital.
Pediatrics, 2003. 111(2): p. 291-5.

Cras, A., et al., Off-label prescribing in a French hospital. Pharm World
Sci, 2007. 29(2): p. 97-100.

PCNE-DRP classification ,V6.2. 2009; Available from:
http://www.pcne.org/DRP.htm.

Schnabel, E., et al., Hospital admission in children up to the age of 2
years. Eur J Pediatr, 2009. 168(8): p. 925-31.

Easton, K.L., et al., The incidence of drug-related problems as a cause
of hospital admissions in children. Med J Aust, 1998. 169(7): p. 356-9.
Major, S., et al., Drug-related hospitalization at a tertiary teaching center
in Lebanon: incidence, associations, and relation to self-medicating
behavior, Clin Pharmacol Ther, 1998. 64(4): p. 450-61.

Easton, K.L., C.B. Chapman, and J.A. Brien, Frequency and
characteristics of hospital admissions associated with drug-related
problems in paediatrics. Br J Clin Pharmacol, 2004. 57(5): p. 611-5.
Poole, R.L. and W.E. Benitz, Medication errors in children. Jama, 2001.
286(8): p. 915; author reply 915-6.

Kaushal, R., et al., Medication errors and adverse drug events in
pediatric inpatients. Jama, 2001. 285(16): p. 2114-20.

Temple, M.E., et al., Frequency and preventability of adverse drug
reactions in paediatric patients. Drug Saf, 2004. 27(11): p. 819-29.
Clavenna, A. and M. Bonati, Adverse drug reactions in childhood: a
review of prospective studies and safety alerts. Arch Dis Child, 2009.
94(9): p. 724-8.



54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Buajordet, 1., et al., Adverse drug events in children during
hospitalization and after discharge in a Norwegian university hospital.
Acta Paediatr, 2002. 91(1): p. 88-94.

Impicciatore, P., et al., Incidence of adverse drug reactions in paediatric
in/out-patients: a systematic review and meta-analysis of prospective
studies. Br J Clin Pharmacol, 2001. 52(1): p. 77-83.

Jonville-Bera, A.P., et al., Frequency of adverse drug reactions in
children: a prospective study. Br J Clin Pharmacol, 2002. 53(2): p. 207-
10.

Weiss, J., et al., Survey of adverse drug reactions on a pediatric ward: a
strategy for early and detailed detection. Pediatrics, 2002. 110(2 Pt 1):
p. 254-7.

van der Hooft, C.S., et al., Adverse drug reaction-related
hospitalisations: a nationwide study in The Netherlands. Drug Saf, 2006.
29(2): p. 161-8.

Bourgeois, F.T., et al., Pediatric adverse drug events in the outpatient
setting: an 11-year national analysis. Pediatrics, 2009. 124(4): p. e744-
50.

Kunac, D.L., et al., Incidence, preventability, and impact of Adverse
Drug Events (ADEs) and potential ADEs in hospitalized children in New
Zealand: a prospective observational cohort study. Paediatr Drugs,
2009. 11(2): p. 153-60.

Lazarou, J., B.H. Pomeranz, and P.N. Corey, Incidence of adverse drug
reactions in hospitalized patients: a meta-analysis of prospective
studies. Jama, 1998. 279(15): p. 1200-5.

Kongkaew, C., P.R. Noyce, and D.M. Ashcroft, Hospital admissions
associated with adverse drug reactions: a systematic review of
prospective observational studies. Ann Pharmacother, 2008. 42(7): p.
1017-25.

Pirmohamed, M., et al., Adverse drug reactions as cause of admission
to hospital: prospective analysis of 18 820 patients. Bmj, 2004.
329(7456): p. 15-9.

von Euler, M., et al., Adverse drug reactions causing hospitalization can

be monitored from computerized medical records and thereby indicate

45



65.

606.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

46

the quality of drug utilization. Pharmacoepidemiol Drug Saf, 2006. 15(3):
p. 179-84.

Turner, S., et al., Adverse drug reactions to unlicensed and off-label
drugs on paediatric wards: a prospective study. Acta Paediatr, 1999.
88(9): p. 965-8.

Horen, B., J.L. Montastruc, and M. Lapeyre-Mestre, Adverse drug
reactions and off-label drug use in paediatric outpatients. Br J Clin
Pharmacol, 2002. 54(6): p. 665-70.

Clarkson, A., et al., A novel scheme for the reporting of adverse drug
reactions. Arch Dis Child, 2001. 84(4): p. 337-9.

Jonville-Bera, A.P., F. Bera, and E. Autret-Leca, Are incorrectly used
drugs more frequently involved in adverse drug reactions? A prospective
study. Eur J Clin Pharmacol, 2005. 61(3): p. 231-6.

Ghaleb, M.A., et al., Systematic review of medication errors in pediatric
patients. Ann Pharmacother, 2006. 40(10): p. 1766-76.

Wong, I.C., et al., Incidence and nature of dosing errors in paediatric
medications: a systematic review. Drug Saf, 2004. 27(9): p. 661-70.
Medicines for children. Page last updated: 23 March, 2010; Available
from: http://www.ema.europa.eu/htms/human/paediatrics/introduction.htm.
Impicciatore, P. and |. Choonara, Status of new medicines approved by
the European Medicines Evaluation Agency regarding paediatric use. Br
J Clin Pharmacol, 1999. 48(1): p. 15-8.

Ohman, B., et al., Clinical pharmacology and the provision of drug
information. Eur J Clin Pharmacol, 1992. 42(6): p. 563-7.

Stoukides, C.A., Drug information centers in the United States. J Hum
Lact, 1993. 9(2): p. 117-20.

Schwarz, U.1., et al., Regional drug information service. Int J Clin
Pharmacol Ther, 1999. 37(6): p. 263-8.

Alvan, G., B. Ohman, and F. Sjoqvist, Problem-oriented drug
information: a clinical pharmacological service. Lancet, 1983. 2(8364): p.
1410-2.

Elwin, C.-E., Trimethoprim- Sulphamethoxazole during Pregnancy-
Experience of a Follow-up of a Register at a Drug Information Centre.
Urinary tract Infection, 1979: p. 109-115.



78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Kasilo, O., et al., Information on drug use in pregnancy from the
Viewpoint Regional Drug Information Centre. Eur J Clin Pharmacol,
1988. 35(5): p. 447-53.

Addis, A., et al., Drug use in pregnancy and lactation: the work of a
regional drug information center. Ann Pharmacother, 1995. 29(6): p.
632-3.

Bergman, U., et al., Drug utilization 90%--a simple method for assessing
the quality of drug prescribing. Eur J Clin Pharmacol, 1998. 54(2): p.
113-8.

Anonymous, Rekommenderade Idkemedel: Den Kloka Listan 2000
(Recommended drugs: The Wise drug list 2000). Stockholm County
council.

Svenska ldkemedelsstatistik (Drug Statistics of Sweden). 2000:
Apoteket AB (National Coproration of Swedish Pharmacies).
LIF(Lakemedelsindustriféreningen). FASS (Swedish Catalogue of
Medical Products) Available from:

http://www.fass.se/LIF/home/index.jsp?UserTypelD=0.

WHO, Collaborating Centre fro Drug Statistics Methodology, Available at
www.whocc.no.

Anonymous, Apoteketstillverkade ldkemedel (Pharmacy prepared
drugs). . 2000: Apoteket AB Stockholm (National Corporation of
Swedish Pharmacies). .

CPMP/ICH/2711/99. ICH Topic E 11, Clinical Investigation of Medicinal
Products in the Paediatric Population. Jan 2001:[Available from:

http://www.ema.europa.eu/pdfs/human/ich/271199en.pdf.

Spray, A. and E. Siegfried, Dermatologic toxicology in children. Pediatr
Ann, 2001. 30(4): p. 197-202.

Meremikwu, M. and A. Oyo-Ita, Paracetamol for treating fever in
children. Cochrane Database Syst Rev, 2002(2): p. CD003676.
Conroy, S. and V. Peden, Unlicensed and off label analgesic use in
paediatric pain management. Paediatr Anaesth, 2001. 11(4): p. 431-6.
European Medicine Agency (EMA), Medicines for children, Priority list for
studies into off-patent paediatric medicinal producst. Page last updated: 6
January, 2010; Available from:

http://www.ema.europa.eu/htms/human/paediatrics/prioritylist.nhtm.

47



91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

48

MPA. (Medical Product Agency). Available from:

www.lakemedelsverket.se.

Alvarez-Requejo, A., et al., Under-reporting of adverse drug reactions.
Estimate based on a spontaneous reporting scheme and a sentinel
system. Eur J Clin Pharmacol, 1998. 54(6): p. 483-8.

Backstrom, M., T. Mjorndal, and R. Dahlqvist, Under-reporting of serious
adverse drug reactions in Sweden. Pharmacoepidemiol Drug Saf, 2004.
13(7): p. 483-7.

Lyrvall, H., et al., Potential savings of consulting a drug information
center. Ann Pharmacother, 1993. 27(12): p. 1540.

Ekins-Daukes, S., et al., Off-label prescribing to children: attitudes and
experience of general practitioners. Br J Clin Pharmacol, 2005. 60(2): p.
145-9.

Helms, P.J., et al., Utility of routinely acquired primary care data for
paediatric disease epidemiology and pharmacoepidemiology. Br J Clin
Pharmacol, 2005. 59(6): p. 684-90.

Conroy, S., Unlicensed and off-label drug use: issues and
recommendations. Paediatr Drugs, 2002. 4(6): p. 353-9.

Ceci, A., et al., Medicines for children licensed by the European Agency
for the Evaluation of Medicinal Products. Eur J Clin Pharmacol, 2002.
58(8): p. 495-500.

Paediatric investigation plans (PIPs), waivers and modifications. Page
last updated: 6 January, 2010; Available from:

http://www.ema.europa.eu/htms/human/paediatrics/pips.htm.

Paediatric-use marketing authorisations (PUMAs). Page last updated: 6
January, 2010; Available from:

http://www.ema.europa.eu/htms/human/paediatrics/pumas.htm.






