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The FDA has taken many measures to change the neglect of children in the assessment 
of the quality, efficacy and safety of drugs (Table 2). In 1979 the FDA determined that 
specific pediatric indications must be mentioned under the "Indications and Usage" 
section of the labeling, with appropriate pediatric dosage provided under the "Dosage 
and Administration" section. The information has to be based on well-controlled stud­
ies in the pediatric population. The "Pediatric Use" subsection was intended to improve 
drug labeling for pediatric patients, but the requirements further discouraged pedi­
atric labeling and resulted in exclusionary language rather than the conduct of stud­
ies in children that would support child-appropriate information in the labeling. 
The Orphan Drug Act in 1982 was designed to provide financial incentives for devel­
opment of drugs for use in small patient populations ( <200,000 patients per year). 
However, the Orphan Drug Act was not specially designed for pediatric patients. 
In 1994, the FDA published the Final Plan for pediatric labeling." The plan clarifies 
the FDA position on various procedures that can be used to get pediatric labeling of 
drugs. One procedure encompassed the extrapolation of adult efficacy data to chil­
dren. Provisions for extrapolation were a similar course of disease between children 
and adults, similar effects and availability of additional information on pharmacoki­
netics, dynamics and safety that supports pediatric use. This plan was not very effec­
tive since 77 percent out of 430 submissions for labeling changes were not granted. 
The 1997 Modernization Act (FDAMA) section Ill was designed to stimulate pedi­
atric labeling, through a six months patent extension for drugs if additional pediatric 
studies for labeling purposes were performed. This requires the FDA to develop and 
maintain priority lists of drugs for which additional pediatric information may pro­
duce health benefits in the pediatric population. The FDA issues "Written Requests" for 
the drug products, which are considered as most useful and necessary in pediatric 
pharmacotherapy. 
In 1998, the Pediatric Rule was published, which requires that all new drugs should 
be tested in the pediatric population, unless the manufacturer demonstrates that the 
product is likely to be unsafe or ineffective in children, or that pediatric studies are 
impossible, highly impractical, or that reasonable efforts to develop pediatric formu­
lations have failed. For already licensed drugs, the FDA took the authority to require 
pediatric studies for drugs that are widely used or that are used in clinically relevant 
or life-threatening illnesses. 
The Best Pharmaceuticals for Children Act (BPCA), which was recently accepted by 
the US congress, acts as a continuation of section 111 of FDAMA for an additional 5 
years period (January 2002 - October 2007). An office of Pediatric Therapeutics will 
be established within the FDA to monitor and oversee activities dealing with pediatric 
research. It created an additional incentive for generic pharmaceutical companies by 
establishing a research fund for off-patent drug studies, which is administered by the 
National Institutes of Health and the FDA. The act also calls for the establishment of 
a foundation which purpose is to support pediatric research. BPCA grants a special 

priority status to labeling changes for children. 
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1.3 Pediatric drug research 

1.3.1 Difficulties of pedjatric drug research 
There are several practical issues that complicate pediatric drug research. These 
include patient recruitment, consent procedures, lack of prior knowledge with respect 
to the (long term) toxic effects of drugs on developing tissues and growth, and dif­
ferent pharmacokinetics and -dynamics in children." Besides, there is very limited 
experience with the conduction of clinical research in children. 

1.3.1.1 Patient recruilment 
There are problems in recruiting sufficient numbers of children in different age 
ranges, mostly because of reluctance of parents to give permission to let researchers 
use their children as study subjects. Modern study designs can minimize the number 
of subjects, but in pediatric studies patient recruitment frequently remains problem­
atic. It is the most common cause of delays, increased costs and failure to complete 
drug trials. " The methods that researchers use to recruit patients for a clinical trial 
are critically important: if entry criteria make it likely that an insufficient number of 
subjects will be enrolled, or if the protocol is so difficult that few patients are likely 
to complete the study, it is irresponsible and unethical to expose subjects to the risks 
of enrollment, no matter how small (Table 3).~ The success of recruitment of chil­
dren is related to several factors;23 but as a general rule inconvenience associated with 
study participation (including time, travel and discomfort) should be minimized. 

Table 3 Pediatric patient recruitment success 

1.3.1.2 Safety of drugs 
For most new drugs there is a lack of knowledge on the long-term toxic effects of 
drugs on developing tissues and growth. But also other adverse reactions may occur 
predominantly in children. The history of pediatric pharmacology is illustrated by 
several major adverse drug reactions (ADRs) that occurred in young children (e.g. 
sodium valproate inducing liver failure,"" salicylates-induced Reye's syndrome)," 
newborn infants (chloramphenicol inducing grey baby syndrome," and benzyl alco­
hol inducing gasping syndrome)"" and the fetus (thalidomide-induced phocomelia).' 
" The importance of post-marketing surveillance of drug toxicity is well recognized 
in pediatric settings,'~" but is especially important in view of the overall lack of pre­
marketing data. Several studies have shown growth impairment by pediatric use of 
insufficiently studied drugs. For example, the use of inhaled corticosteroids in asthma 
treatment has been associated with growth inhibition," although sometimes the ben­
efits of therapy may outweigh such risks."" Long term toxic effects of drugs are very 
difficult to study in a phase Ul-trial, and exposing children to drugs with an unknown 
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safety profile in clinical trials brings along insurveyable risks, which are often impor­
tant reasons not to conduct pre-marketing trials. 

1.3.1.3 Technical challenges 
The small size of the child is one of the major technical problems in the conduct of 
experimental drug research. A major problem is the lack of cooperation of children 
in obtaining samples that require invasive techniques. Large efforts have to be made 
to comfort the child, to limit the complexity and duration of the testing, and to e>.-plain 
as clearly as possible why the child is subjected to the procedures and what the 
research is about. Obviously, this e>.-planation is only possible in children who are old 
enough to understand. Blood sampling in pre-terms, neonates and infants has to be 
limited to the absolute minimum, and although alternatives such as monitoring of 
drug levels in saliva have been developed,""' blood sampling remains unavoidable in 
many studies. The use of population pharmacokinetic techniques to obtain the nec­
essary pharmacokinetic parameters, reduces the number of blood samples per child, 
but increases the number of children that need to be included. This method is not very 
useful for new drugs, but might facilitate research of drugs that are already com­
monly used in children. 

1.3.1.4 Consent and ethics 
'Consent' describes the positive agreement of a person who gives permission. It is nor­
mal practice to obtain informed consent from parents for research on children who 
are too small to decide for themselves. For consent to be valld, parents must be men­
tally competent, have received appropriate information, must be able to understand 
the information, and give consent voluntarily. 
Consent procedures change as the child gets older. In general, if children have suffi­
cient understanding and intelligence to understand what is proposed, it is their con­
sent and not their parents', which is required." The 194 7 Nuremberg Code'" sets out 
the principles of obtaining consent. Present guidelines are based on the World 
Medical Association's Declaration of Helsinki." The Declaration of Helsinki states that, 
if possible, the child's consent should be obtained in addition to that of a parent. The 
underlying principle is that in research, as with medical treatment, the child should 
be included in the decision-making process as far as possible. 
There are, however, particular difficulties in asking parents for consent to enroll their 
child in a research project. One problem relates not so much to the level of informa­
tion given, but to the extent to which the information can be considered and under­
stood. In addition, there is a problem of integrating the roles of caring pediatrician 
with that of clinical researcher." It is very difficult to explain child and parents that 
a new treatment is unproven but potentially valuable, to gain consent for entry into a 
trial, and then e.xplain that the patient has been randomized to standard therapy. 
The declaration of Helsinki states "Even the best proven prophylactic, diagnostic, and 
therapeutic methods must continuously be challeuged for their effectiveness, efficien­
cy, accessibility and quality". However, in pediatrics most 'methods' have hardly been 
studied. Ethical guidelines often state that if there is no expected therapeutic benefit 
to the child, no invasive drug studies should be conducted. Consequently, only sick 
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children can participate in invasive drug trials, aimed at cure of the disease they suf­
fer from. Pediatric investigations must often afford an acceptable compromise 
between patient considerations and the quality and quantity of research." 
ln 1995, the FDA provided basic new conditions for research in children, primarily 
founded on human rights. AB children comprise a vulnerable population they must be 
protected from violation of their individual rights and from e>:posure to unnecessary 
risks (Table 4) .' 

Table 4 Basic ethical conditions for research in children 

1. The_ proposed research must be of _value to children in' genera! and, -_tM oi()St instances, to the iridMdual 
child sub)ect• The value: may be_ a potential bEmeflt in the tre_atment ot ttl~ subject's disease,- or may be' 
improved undel'$tanding_pJ basic biology _of the _ disease_state ocof chif_drenin_g-eneraL 

2. The rese<irch_d6$1gn_mustbe apprOpriate for tM_ stat~d- purposes. __ P_oorfy ~e_stgned researc~ m~y_not 
f)fOvide_-sclentiHcaJJy valid or usefur d_ata and may_'place the su:bj~cts-at risk with no-pot~ntial benefitS_, 

3. The research design must take into consideration :the unique physiolagy,_-psychology,:and pharmacology­
of children an_d their sp:eGJal needs_alld- requfr~m,-e'-"ts asJesearch subjects. 

4. _The- des!!;)_n_ s~,ould_ ~!n1~i~e- risk whil~-maxlf'Y!izingbenefit 
5, ihe_stUd}i design must taJ<e- in to account the-'racial, ~thnlc,-gMder. am{s6cioecionomiC 9hl;lracte'ri_stlcs of 

the-children and their_ parents and,- when appropriate, -should: include-:input_ Jrom-the community or 
appropri~te -~Qvopacy_ represent~t~es. 

6. The_ study _must be des!gnec;t to_ conform to the-- lo_car,- state:-, -and 'f9:-ct9rar taW~ OT the jilrisct!Ctlon _of the 
study's lOcation and the investigators' tiome jurisdictioO, and to thetrl6cal and natfonatethlCal guidelines. 

1.3.1.5 Timing of research in clrildren 
The timing of clinical trials in children in relation to studies conducted in adults is 
related to the severity and specificity of the disease(s) to be treated, the degree of 
innovation of the medicinal product, potential risks and therapeutic alternatives. In 
the treatment of childhood diseases, the clinical testing may start in children before 
adults. For all other diseases, relevant safety and efficacy data from previous adult 
exposure are needed before proceeding with studies in children. In most cases, rea­
sonable evidence of efficacy in adults is also needed to justify these studies in children 
(table 5)." 

Table 5 Timing of specific categories of medicinal products 

Diseases affecting-exposure in: children Trials in children may start before any previoys adult exposure 

Diseases that pdmarlfy at{ect, !)ave a 
different natural history in,-or are ot 
particular gravity in chifdre'n 

Diseases occurring in_both a(futts and 
Children, for which currentlY no 
treatment is aVailable 

1.3.1.6 Other problems 

Trials ln:ch1fdren needed in an early st age- of Clinical development, 
after demonstration of safety and-reasonable (phase- !Ill) 
e'vrdence of efficacy in adultS 

Trials in:children needed in an -early stage a't clinical development, 
after demonS;tration_ of safety and reasonable (phase: !Ill} 
evldenc(;l of efficacy in adults 

A very important issue is the general ine>:perience in conducting clinical trials in chil­
dren. Both design and implementation of pediatric clinical trials require profession­
als with special training and experience, of whom there are too few. Besides, there is 
a lack of training programs in pediatric clinical pharmacology, both in the US and 
Europe." The institution of (now) thirteen Pediatric Pharmacology Research Units 
(PPRUs)" funded by the US National institutes of Health (Nlli)" comply with the need 
of e>:perience in pediatric clinical pharmacology. 
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1.3.2 Other sources of information 
Without pediatric labeling, the rational selection and dosing of most drugs have to be 
made by the individual physician based mostly on extrapolation from adult labeling 
information. 

1.3.2.1 Extrapolation from adult studies 
The extrapolation of data from adults to children implies the assumption that children 
are simply "small adults"." The physical and maturation processes that occur in chil­
dren distinguish them from adults. Both drug disposition and drug effects in children 
and especially infants may vary considerably from adults.' Ontogeny of drug absorp­
tion, metabolism and excretion limits the ability to extrapolate data from adults to 
children." formulas that have been used to extrapolate adult doses are based on 
weight (which is arbitrary and does not account for any specific differences in drug 
disposition between children and adults), or surface area,'" which may give a better 
estimate for the dose in infants and children. However, doses extrapolated from adults 
overestimate the dose required for neonates and may underestimate the required dose 
in children. Adult-extrapolated dosing in children may therefore lead to either toxic 
effects from excessive doses or ineffective therapy from underdosing:1.:> 

Unfortunately it is not possible to predict the pediatric dosage requirements in the 
absence of adequate studies in children." However, adult data are frequently a good 
starting-point for the prediction of the effect of a drug in infants and children. This 
prior prediction may minimize the number of samples that are required to estimate 
pharmacokinetic para.tneters in children. Data from adults may also assist predictions 
about the effect of specific disease states on drug disposition in children and meta­
bolism-based drug interactions. 

1.3.2.2 Obtaining information from the medical literature 
Although the medical literature could be a source of information for the pharmaco­
logical treatment of children, physicians are often poorly trained in the critical eval­
uation of the medical literature while the reporting of clinical research in the med­
ical literature is fraught with many deficiencies.:H-$~ Common deficiencies are poor 
study design, incomplete documentation, questionable data collection methods, inap­
propriate statistical analysis, and indefensible conclusions." Small numbers of subjects 
and limited stratification for various age groups further limit the application of med­
ical literature to actual treatment decisions in children. Since journal editors and 
reviewers do not have access to all data when reviewing the results of a clinical trial, 
decisions that are based on the literature may lead to inadequate treatment. Drug 
labeling authorities on the other hand have access to all data prior to the labeling of 
the drug. The labeling information offers a clear and concise presentation of readily 
available and usable information approved by the licensing authorities as being sub­
stantial evidence of efficacy, safety and dose for the cited indications and age groups. 
The amount of information on the label, however, is of much importance. Use of hos­
pital protocols and formularies may help, although even in the compilation of guide­
lines the insight in study design and execution is less complete than in registration. 
Large pediatric formularies, such as the Royal College of Paediatrics and Child Health 
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(RCPCH) and Neonatal and Paediatric Pharmacist's Group (NPPG) joint formulary 

"Medicines For Children"," which was published in 1999, are important improve­

ments of the 'information problem', although frequent updating is the only guarantee 

for accuracy. 

1.3.3 Consequences for pedjatric pharmacotherapy 
The fact that drug research in children is complicated by many factors has resulted in 
a lack of drugs that are sufficiently studied for use in children and consequently by 
inadequate pediatric labeling. Another logical consequence is the lack of pediatric 
formulations, especially for infants."'" The drugs are often not available in appropri­
ate dosage sizes, lack liquid formulations, and may taste peculiar to the child." Dosage 

sizes are frequently based on the adult market, which forces physicians to prescribe 
fractions of tablets to children. Hom el al. " showed that splitting of tablets results in 
strong variability between doses, and recommended that solid dosage forms should 
not be cut." To solve the formulation issue, many drugs that are frequently prescribed 
to children are modified in the pharmacy. This results in preparations that have a less 
well-documented and reproducible quality since it is difficult to determine the stabil­

ity of various drugs at clinical important concentrations and practical storage condi­
lions." The patient's acceptance of a liquid dosage form depends on its palatability. in 
general, improving the taste may enhance compliance."'·" 

1.4 Aims of the studies 

Chaptar 1 gives a general introduction to pediatric pharmacology in general, and the 
problems that accompany drug research in children in particular, and it provides an 
overview of drug legislation in Europe, and in the US. in Chapter 2, we will describe 
unlicensed and off-label drug use in children in hospital settings in the Netherlands 
and Europe. Distinction is made between a secondary, non-teaching (general) hospi­

tal setting, and a tertiary, academic hospital setting, in which over a certain period of 
time all prescriptions to inpatients will be assessed for unlicensed and off-label use. 
Central questions concern incidence and nature of unlicensed and off-label drug use 

in both settings, and which drugs are most frequently prescribed unlicensed or off­
labeL Comparison between five pediatric centers in England, Sweden, Germany, Italy 
and the Netherlands, as an initiative of the European Network for Drug Investigation 
in Children (END I C), will also be discussed. Drug prescribing in general practice, and 

the incidence and nature of unlicensed and off-label drug prescription to children by 
general practitioners will be assessed in Chapter 3, in the setting of the integrated 
Primary Care Information database. Besides, we will assess the most important factors 
of influence on the prescription of drugs to children that are used outside the terms 
of the product license regarding the age of the patient in a nested case-control study. 
Chapter 4 addresses the question related to unlicensed and off-label drug use in child­
and adolescent psychiatry, and will describe trends in prescription of stimulants and 

antidepressants in children. Chapter 5 will discuss adverse drug reactions in relation 
to unlicensed and off-label drug use. The question of relevance of unlicensed and off­
label use of drugs in children in the light of negative health outcome is very impor­
tant to address in this matter. We assess unlicensed and off-label use of drugs in an 
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adverse drug reaction (ADR) spontaneous reportiug system in a case series. We also 
compare use of deptropine, an unlicensed drug, with other antihistaminics regarding 
neuropsychiatric adverse drug reactions. In Chapter 6, we evaluate the current situ­
ation regarding pediatric labeling of drug available in the Netherlands and drugs 
licensed through the European Medicines Evaluation Agency (EMEA). The efficiency 
of the FDA's Modernization Act will be assessed through an analysis for Written 
Requests issued by the FDA. Chapter 7 is the concluding chapter in which the results 
of the previous studies are discussed. Recommendations about drug prioritizing for 
research, and other measures for the improvement of the current situation regarding 
pediatric labeling are made and suggestions for future research in this area are pre­
sented. 
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Unlicensed and off-label in hospital settings 
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Chapter 2.1 

Unlicensed and off-label drug use in an academic children's 
hospital 

Published as: 

The treatment of pediatric patients with drugs in hospital is being 
impeded by a shortage in the availability of licensed drugs in an 
appropriate formulation. We have studied the extent of use of 
drugs that are not licensed for use in children (unlicensed) and 
drugs that are used outside the terms of the produci license (off­
label). We conducted this study in the setting of a Dutch aca­
demic children's hospital. In a prospective study of five weeks 
duration, we reviewed drug prescriptions in a pediatric ward 
and three intensive care units (ICUs). We classified the pre­
scnbed drugs into three main categories; licensed, unlicensed, 
and off-label, and determiued the nature of their unlicensed and 
off-hbel use. 2139 courses of drugs were administered to 237 
patients in 442 patient-days. Of 2139 prescriptions 725 (34%) 
were licensed, 1024 (48%) were unlicensed and 390 (IS%) off­
hbel. In 391 (90.3%) of 435 patient-days children received one 
or more courses of an unlicensed or off-hbel drug prescription 
in hospital. With regard to the availability of drugs of proven 
quality and adequate license for pediatric patients in hospital, 
dramatic shortcomings exist. As a result, drug legislation origi­
nally designed to proteci patients and prescribing physiciaus 
against unsafe drug use and unjustified claims has turned into an 
insurmountable threshold to make proper drugs available for a 
vuluerable minority of patients. 

Survey of the use of off-label and tmlicensed drugs in a Du.tch children's hospital t Jon:; GW, Vulto AG, de Hoog M, 
Schimmel KJ, Tibboel D, Anker JN vd. Pediatrics 2001;108:1089-93. 
Unapproved and off-label use of drugs in a children's hospital t jong GW, Vulto AG, de Hoog M, Schimmel 1\J, Tibbocl 
D, Anker JN vd. N Engl J Med 2000;343:1125 
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Introduction 

Many commercially available drugs are only licensed for use in adults and are not 
used according to the product licensing in pediatric practice. Furthermore, for many 
drugs, the available formulations are unsuitable for pediatric use' and for many com­
pounds in common use in pediatrics, preparations are not commercially available at 
all. The reasons for this situation are several. According to the modern standards of 
drug evaluation, obtaining a product license for a specific drug for a specific indica­
lion in a specific patient group necessitates extensive research. With children form­
ing only a minority in the drug market, the profit driven drug industry by nature is 
reluctant to invest in pediatric drug studies. In addition, fear is growing for unfore­
seen and hard to study long-term side effects. As a result, drug legislation originally 
designed to protect patients and prescribing physicians against unsafe drug use and 
unjustified claims, has turned into a barrier to make proper drugs available for a vul­
nerable minority of patients. 
Other reasons are the ethical problem of research in children, the reluctance of par­
ents to allow their children to participate in drug trials, and the technical challenges 
small study subjects bring along. Possibly because of the underestimation of the prob­
lem, there is lack of funding from government, health care providers, and industry. 
As a result, pediatric drug trials are relatively scarce and in many cases contain only 
a limited number of patients. 
Consequently, most drugs used in clinical practice in pediatrics are not licensed for 
children,'"' and this has lead to children being referred to as "therapeutic orphans".' 
Use of these drugs is sometimes based on the modification of adult formulations and 
dosage strengths and extrapolation of doses used in adults. This neglects the impor­
tant differences between adults and children in development and drug metabolism 
and excretion.' Often, dosage regimens are based on clinical trials and published 
e""]Jerience in children, although not submitted to licensing scrutiny. 
Surveys in the UK by Choonara et al., and by others, have shown that many drugs pre­
scribed to children in pediatric, and especially neonatal care, are not licensed for chil­
dren, or are prescribed "off-label" (i.e. outside the terms of the product license).'·" 
With lightening rules in medical practice and an increasing number of lawsuits, pedi­
atricians are in an unenviable position. In the US, about 80% of all drugs approved 
for the market lack partial or complete information in the label pertaining to use in 
pediatric patients."·" The US Food and Drug Administration (FDA) has implemented 
new regulations to increase the number of drugs available for pediatric use."" In 
Europe, similar changes are under discussion, currently only with very limited suc­
cess.zl zz 

In contrast to many other European countries, most Dutch hospital pharmacies pro­
vide their pediatric wards with fully 'home made' pediatric formulations or modified 
commercial preparations (e.g. strength adapted suspensions, capsules) on a large 
scale. We wanted to investigate the licensing status of the drugs commonly used in a 
pediatric academic setting against this background. We therefore studied in detail all 
drugs prescribed in four hospital units in our acaderrJc children's hospital. 
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Methods 

Setting 
Data were retrieved from four hospital units of the Sophia Children's Hospital in 
Rotterdam, The Netherlands, an academic children's hospital. This highly specialized 
hospital provides the Rotterdam region with care for children that are very seriously 
ill, and in need for specific care. During a 5-week period (February and March I 999) 
we prospectively investigated one large medium care unit and three intensive care 
units. These four hospital units were; MCU (Medium Care Unit, 56 beds/ cnbs), NICU 
(Neonatal Intensive Care Unit; 28 cribs), SICU (Surgical Intensive Care Unit; I 8 
beds/cribs) and PICU (Pediatric Intensive Care Unit; 14 beds/cribs). 

Design 
To detennine the drug licensing status of drugs prescribed to children in this hospi­
tal, we prospectively gathered prescription data study in a dynamic cohort. We stud­
ied all patients that were hospitalized in one of the hospital units during the study 
period. We defined each event in which the prescriptions of an individual patient on 
a separate day have been investigated, as one 'patient-day'. Each hospital unit was 
studied for one day each week for five consecutive weeks, and was visited on a differ­
ent dey each week. 
Data collection included: unit involved, week number, date of birth, age, weight, gen­
der, diagnosis or reason of admission, drugs administered, fonn and route of admin­
istration, dose, frequency and indication for use. The use of the following drugs was 
not recorded: standard intravenous crystalloid fluids, blood products, total parental 
nutrition and m.:ygen therapy. 

Classification 
All drugs administered were assessed for licensing status by way of a classification 
system specially adapted to the Dutch situation, although largely based on a classifi­
cation system described and used in previous published studies in the UK." 
In the main classification category four main groups of prescriptions were defined; 
(1) Proprietary medications, (2) generic, or non-propriety medication, (3) commer­
cial fonnulations modified by the hospital pharmacy (Modified) and (4) medications 
manufactured by the hospital pharmacy (Home Label). 
A prescription was automatically defined unlicensed if 'Modified' or 'Home Label' was 
applicable. In case of a modification, the commercial manufacturer would not be 
liable for the altered administered prescription, because the license of the original 
product is not applicable to the modified product. In case of a home label drug, no 
license was applicable, because it was produced by the hospital pharmacy itself. These 
prescriptions were not further classified for off -label use because the lack of proper 
infonnation texts. 
If a prescription was a propriety or generic product, we further classified for five 
other classification categories, namely age, dosage fonn & route of administration, 
daily dosage used, number of doses per day, and indication. If the prescription in one 
or more of the other classification categories was not according to registration, it was 
defined 'off-label'. Exceptions were made when the prescription was 'not licensed for 
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Table 1 Patient characteristics 

Hospital unit MCU 
(56) 

NICU 
(28) 

SICU 
fj8} 

PICU 
(14) 

Total 
(116) (Number of beds f cribs) 

Patients admitted 
Gender 

110 66 27 

Male 
Femaie 

64 
46 

.H. 
20 

. 18 
9 

129 
108 

Age 
Agerange 4d--17y Od-JSm 69,::,-16y 4d,:..15y Od--17y 
Medianage 4,$y 12d 54-d 2:2y- 8:5-m 

Patlent~days 186: 130 70, 4$_ 435 
PrBscfiptionS '905 621 308 305 2139 
Prescriptions per patient '-d8v 4,9 4.8 4.4 6:.2- 4.9 

MCU: Medium Care Unit: NICU: Neonatal intensive Care Unit; SICU: Surgical Intensive Care Unit; PICU: Pediatric Intensive 
Care Unit. 

Results 

use in children' or 'contra-indicated for use in children' (contra-indicated), or when 
doses for use in children were not mentioned in the reference (no information on use 
in children), in which case the prescription was defined 'unlicensed'. 
The primary reference source used was the Repertorium 98/99 (an official Dutch 
compendium with approved drug information on drug specialties).'" The alternative 
source of information was the Farmacotherapeutisch Kompas 98 (a compendium pro­
vided by the Dutch National Health Service)," which was used if the drug involved 
was not available as a proprietary medication, and therefore not mentioned in the 
Repertorium 98/99. 

During the 5-week study period in February and March 1999, 237 patients were 
included in the study in a total of 448 patient-days. The ages of the patients at admis­
sion ranged between 0 days and 17 years. Of 237 patients, 129 (54%) were male. The 
four hospital units adruitted 110 (MCU), 64 (NICU), 33 (SICU), and 31 (PICU) 
patients, receiving 905, 621, 308, and 305 prescriptions, respectively (table 1). 
Fourteen patients switched from an intensive care unit to the MCU during hospital­
ization. Most important reasons for admission were: prematurity, BPD, cardiac mal-

Table 2 Number of prescriptions used in each licensing category 

Category 

Licensed in ch'ddren 
Off !abet~,. 

Total unlicensed 
MCU: Medium Care Unit 

Reason for unlicensed 
or off-label erescrietion 

Age/weight 
Oose & Preq 'uency 
Indication 
Route -of administration 
& Dosage form 

use in 
Contra-·lndtcated It 

ManufaCtured or mod!fiEld 
by the hospital phatmae)i_"' 
New drugs 

MCU 
!n•905) 
37S 41% 

58 5% 
113 12% 

8 1% 
39 4% 

9 1% 
239 26% 

0 0.0% 
360 40% 

N!CU 
!no621) 
153 24% 

11 2% 
72 12% 
18 :3% 
19 3% 

5 f% 
333 54% 

0 o~o% 
3'84 62% 

S!CU PICU Total 
!n.SOS) !•=308) {n=21392 
100 32'tG 97 32% 725 
22 7% 21 -7% 112 5% 
66 22% 29 9% 280 13% 
15 5% 3 1% 43 2% 
38 12% 3 1% 99 5% 

7 2% 1 <1% 22 1% 
'80 26% 108 35% 760 36% 

0 0.0% ,0 0.0%, 0 0.0% 
120 39-% 1'60 '52% 1024 48"-6 

$ No information on use in children is pharmacy, and no official product 
NICU: Neonatal Intensive Care Unit 
SICU: Surgical Intensive Care Unit 
PICU: Pediatric Intensive Care Unit 

found in any subsection of the product license is available for this formulation 
license ·~ As drugs in the off~label category can 
The product license indicates that the be classified under more than one of 
drug is contraindicated for use in the six bullet points, totals add up to 
children more than the total number of off·label 
The prescription is prepared by the prescriptions for each unit. 
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Table 3 The 5 most frequently prescribed drugs in 4 different hospital units during the 5 weeks investigation period 
(o/o=percentage of all drug prescriptions in the hospital unit). 

formations, oncology, cystic fibrosis, chronic renal failure, and asthmatics. 
Of the 2139 prescriptions, 1024 were unlicensed (48%, 95%CI: 46-50), and 390 
were off-label (IS%, 95%CI: 17-20). 392 (90%, 95%CI: 87-93) of al1435 patient­
days contained unlicensed drugs or off -label prescription. Of all prescriptions, 19 3 
(9%) were commercial formulations modified by the hospital pharmacy ('modified'), 
and 567 (27%) were medications manufactured by the hospital pharmacy ('Home 
Label). This percentage was even higher in NICU. 334 (1 6%) drug prescriptions were 
off-label for dose, and 100 (5%) were off-label for age (table 2). 
A total of 189 drugs were prescribed, the most frequently encountered drugs in the 
study were nystatin, cisapride and acetaminophen (table 3). The most frequently 
encountered unlicensed drugs and off-label prescriptions in use were cisapride, caf­
feine and tobramycin (table 4). Off-label use is mainly due to use of different dose 
and frequency to that recommended in the product license. lpratropium, budesonide 
and salbutamol are used in various combinations and dosage proportions. The com­
ponents are dissolved in NaCl 0.9% by the hospital pharmacy, and then used in an 
aerosol. 

Discussion 

The licensing status of many of the drugs commonly used in our academic children's 
hospital is inadequate. Results show a high prevalence of unlicensed (44%) and off­
label (15%) drug use in our medium care unit (MCU). We found even larger pro­
portions of unlicensed and off -label drug use in intensive care, and especially in the 
neonatal intensive care unit (NICU), as expected. Lack of flexible pediatric formula­
tions and lack of drugs properly licensed for new-borns and infants are important 
cofactors. We found a strikingly high use of 'Home Label' prescriptions in NICU 
(41%), which is mainly caused by the lack of flexible pediatric formulations, which 
the hospital pharmacy tries to overcome by manufacturing the needed formulations 
themselves. 
We e":pected the number of drugs used (4.9 prescriptions per patient day) in the MCU 
to be lower than in the ICU's. However, no significant difference is found. This is prob­
ably due to the relatively high prevalence of chronic respiratory illness (cystic fibro­
sis, asthma) in this patient population. 

Table 4 The 5 most frequently used unlicensed and off label drug prescriptions in 4 different hospital units during the 5-weeks 
investigation period. 

MCU: Medium Care Unit; NICU: Neonatal Intensive Care Unit; 
SICU: Surgical Intensive Care Unit; PICU: Pediatric Intensive Care Unit. 
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Studies in the UK by Choonara et al. showed similar results concerning the licensing 
status of prescribed drugs."·" When comparing our study to the UK studies, several 
aspects in design have to be considered. The e'-"tensive use of medications modified by 
the hospital pharmacy (modified) and formulations manufactured by the hospital 
pharmacy (home label) in the Netherlands compared to the studies performed in the 
UK results in very high percentages of unlicensed drug prescription. The difference 
between these studies is due to the pharmacy strategy to dedicate resources to clini­
cal pharmacy service provision rather than manufacturing, which is followed by most 
departments in the United Kingdom. UK pharmacists are allowed to extemporaneous­
ly dispense any drug for an individual patient, but GMF regulations must rightly be 
followed if done on a larger scale. In the Netherlands, hospitals pharmacies often 
manufacture on a large scale for cost -saving reasons. Besides that, the number of 
drugs licensed for use in the Netherlands is smaller, also resulting in a higher pro­
portion of modified medications and home label formulations; they together make up 
for 36% of all prescriptions. The method of data collection differed not only in length 
of study period, but also in data collection interval. In an international study in pedi­
atric wards we participated in," we used some of the data from this study. Preliminary 
results of this study have been reported in abbreviated form.26 The classification sys­
tem used in these preliminary results was slightly different, but to facilitate compari­
son we adapted our data to the classification system used in the surveys by Choonara 
et aJ.lo 

It is important to recognize that off-label or unlicensed use of a drug may not be an 
inappropriate use (because of reasonable research based foundations of prescription 
protocol), but may be judged as such when the legal liability of the physician would 
be questioned in court, because the prescription is not in accordance with labeling 
information. In our pediatric wards, most drug use is based either on longstanding 
e"-perience or evidence obtained from the literature. The majority of drugs are pre­
scribed within established protocols. However, the same standards of efficacy and 
safety cannot be applied as for the adult population. Drugs that were prescribed while 
contraindicated or unlicensed for age may be particularly unsafe, considering the lack 
of research done in these drugs, and the potency of these drugs. They included viga­
batrin (unlicensed in children < 10 kg.), and ciprofloxacin (contraindicated). 
Results give a good impression of the extent of unlicensed and off-label drug pre­
scription in very specialized pediatric care in the Netherlands. In general hospital 
pediatric care, and care provided to children by general practitioners, hardly any 
information is available on the e'-"tent of unlicensed and off -label drug prescription. 
We hope that future research in these areas will provide us of better knowledge of the 
extent of this problem. 
We strongly support the FDA's Pediatric Rule." Despite various gaps in these regula­
tions, they are very important for the accomplishment of equality in safety and effi­
cacy of pharmaceutical products in adults and children."" The extension of pre­
scribing information of already licensed products with pediatric data is a matter of 
public interest and therefore should be solved between the industry and the medical 
community with public support. In return for public support, the license holder 
should be willing to develop flexible pediatric formulations (like droplets, suspensions, 
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linctus, different strengths, capsules etc). Older drugs that do not have a patent are 
however excluded from this rule, despite the fact that they are frequently used. A more 
difficult problem is to make currently unavailable preparations in need, more gener­
ally available. In most countries, according to GMP-regulations hospital pharmacies 
are not able to manufacture drugs on a larger scale than facilitation of its hospital(s) 
requires. It is of crucial importance to investigate whether manufacturers of generic 
drug products are able to produce certain products on a continent-wide scale 
(Europe, US), provided that the international pediatric community would be able to 
standardize their practices in order to make this effort economically reasonable. 
International collaboration could be realized and coordinated through organizations 
like the European Network for Drug Investigation in Children (ENDIC)," the 
American Society for Clinical Pharmacology & Therapeutics, the European Society for 
Clinical Pharmacology, and the Neonatal and Paediatric Pharmacists Group (NPPG) 
in the UK. We hope that drug regulation authorities would support this movement by 
facilitating an orphan status of such products, thereby reducing the investment risk 
of the producer. Accumulation of pediatric drug data could be an important strate­
gy, given that efficacy and safety information becomes available beyond reasonable 
doubt and without very high financial risks for the license holder. 
While drug regulations in general are intended for protection of patients and pre­
scnbing physicians, society should be willing to pay the price when side-effects of 
such regulations become counterproductive and unacceptable for children who con­
stitute the future of the society. We have an obligation to investigate seriously every 
possibility to reverse this highly unfortunate situation in which the progress of med­
ical care is not available for the most vulnerable and defenseless among us. 
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Chapter 2.2 

Unlicensed and off-label drug use in a pediatric ward of a 
general hospital in the Netherlands 

Many drugs used in pediatric care are not licensed for that use, 
or are prescribed outside the terms of the product license (off­
label). Studies in the UK aud Europe showed a large number of 
unlicensed aud off-label drug prescription in specialized pedi­
atric health care centres. We determined the extent aud nature 
of use of unlicensed drugs aud off-label prescriptions in children 
in a general hospital in the Netherlauds. We conducted a longi­
tudinal prospective cohort study in a dyuamic population con­
sisting of patients admitted to the pediatric ward aud the neona­
tology unit of a general hospital during a 19-weeks period. Drug 
licensing status of all prescriptions given to these patients was 
determined. A total of 1017 prescriptions were administered to 
293 pediatric patients. 443 (44%) prescriptions were off-label, 
aud 285 (28%) were for unlicensed drugs. 269 (92%) patients 
were given one or more drugs which were either unlicensed or 
prescribed in an off-label way. This study shows that the extent 
of unlicensed and off-label drug prescription in a pediatric ward 
and neonatology unit of a general hospital is large. Lack of pedi­
atric drug labeliug is therefore not solely a problem with drugs 
used in academic hospitals, but also in general hospitals. 



36 

U.."J'ROOL'CTION A.'\10 AIMS OF '11-IE ~'TUD!E$ 

Introduction 

Adequate pharmacotherapy in children is complicated by lack of information,' lack of 
appropriate formulations,' and lack of drugs licensed for children.' Two major prob­
lems can be distinguished. Drug research in children, if performed at all, often takes 
place in small-scale post-marketing studies, and application for adjustment of licens­
ing te"-"1 is often not done. Lack of statistical power by small patient groups may be a 
problem, along with a Jack of knowledge on long term toxic effects, challenges relat­
ed to the size of the study subject (e.g. regarding blood sampling), problems with 
cooperation and communication, the issue of informed consent, a general lack of 
experience, lack of financial incentives, and a fear of legal liability. As a result, many 
of the drug preparations needed in pediatric clinical care do not have a license for use 
in children.' Moreover, many drugs have a formulation not suitable for use in chil­
dren,' and some preparations commonly used in children are not commercially avail­
able. The aim of licensing is to ensure safety, quality and efficacy, but this goal is not 
met in children. Therefore, prescription of unlicensed drugs, or drugs that are 
licensed but used outside the terms of the product license ('off-label') is widespread 
in pediatric care. We earlier studied the e"-"lent of this 'unapproved' use of drugs in a 
specialized pediatric health care centre.' But since fhis hospital was not representative 
of all intramural pediatric care, we studied the extent of prescribing of unlicensed 
and off-label drug prescription in the pediatric ward and the neonatology unit of a 
general hospital in the Netherlands. 

Methods 

Setting and design 
Data were gathered from the pediatric ward and the neonatology unit of the Reinier 
de Graaf Hospital, a general hospital in Delft, the Netherlands. This non-teaching hos­
pital has a pediatric ward consisting of 27 beds and cribs, and a neonatology unit con­
sisting of 2 7 cribs. 
To determine the extent of prescribing of unlicensed drugs, and off-label drug pre­
scription, we conducted a prospective cohort study during a 5-months period between 
March 1 and July 31, 2000. All patients hospitalized between March 1 and July 11, 
2000, receiving drug prescriptions during the study period, were followed until one 
of the following endpoints: transfer to another hospital, discharge from the hospital, 
or end of the study period, whichever came first. Data were recorded on a daily basis. 
Details recorded included date of birth, gestation, weigbt, diagnosis or reason for 
admission, admission and discharge dates, start and duration of drug therapy, form 
and route of administration, dose, frequency, and indication for use. The use of the 
following drugs was not recorded: standard intravenous crystalloid fluids, flushes of 
sodium chloride 0.9% or heparin to maintain the patency of intravenous and arterial 
lines, blood products, total parental nutrition, and oxygen therapy. 

Classification 
Age was classified in line with the paediatric age definitions provided by the U.S. Food 
and Drug Administration (FDA),' but the categories "1 month -< 2 years" and "2 -< 
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I2 years" were split because of the heterogeneity within these age groups.' Age groups 
used were: 0 -< I month; I -< 6 months; 6 months -< 2 years; 2 -< 6 years; 6 -< 
I2 years; I2 years and older. 
We used a classification system largely adapted from the work of Choonara el al. to 
facilitate comparison.' We classified prescriptions into two main categories: licensed 
and unlicensed. The unlicensed category consisted of three separate groups: (I) 

Drugs that were contraindicated for use in children, (2) drugs preparations that were 
(a) manufactured (home label medications) or (b) modified by the hospital pharma­
cy, and (3) drugs that had an information te>."l without dosage guidelines in children. 
All prescriptions that were formally licensed in children were analyzed for off -label 
use. The off-label category included ali prescriptions that had a discrepancy with the 
information text for age (or weight), daily dosage and frequency, dosage form, route 
of administration, indication, or contraindication against use in a particular patient 
(e.g. use of £-blockers in children with asthma). Some prescriptions were classified 
off -label for more than one reason. 
As a reference source, we used the product information te>."ls of the prescribed drugs, 
as provided by the Dutch Medicines Evaluation Board. 

Analysis 
All I 0 I 7 prescriptions were analyzed for unlicensed and off-label drug prescription 
by comparing each to the official labeling information te>."l of the drug. Descriptive 
analyses were conducted for patient demographics, prescription data, and outcomes. 
Statistical comparison consisted of standard t-tests and Chi square-tests. All prescrip­
tions were analyzed by two researchers independently; consensus was reached in all 
cases. 

All 293 patients (53% male) hospitalized between March I, 2000 and July I I, 2000 
were studied (Table I). The age of the patients ranged between 0 days and I6. 7 years, 
with a median of 0.9 years [lnterquartile range (IQR); 0 - 6.2 years]. Duration of in­
patient hospitalisation ranged between I and 79 days, with a median of 5 days [IQR 
2-IO]. Of ali patients, 29I were discharged before the end of the study period. Most 
common reasons for admission were prematurity (n=30), apnea (n=27), sepsis 
(n=23), convulsions I epilepsy (n=I2), pneumonia (n=I2), dehydration (n=II), 
appendicitis (n=I I) and constipation (n=9). 

Table 1 Patient characteristics for the age groups, defined at the admission date of the patient to the pediatric 
ward or neonatology unit of the hospitaL 

The age group indicates the age on the date of adnn;ss,;on . 
.,.. The number of days patients were in a certain age group. Eighteen patients became 1 month old while in 

hospitaL 
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Table 2 Number of prescriptions used in each licensing category 

No i on use i 1 any subsecOon 
The product license indicates that the drug is contraindicated for use in children 
The prescription is prepared by the pharmacy, and no official product license is available for this formulation 
As drugs in the off-label category can be classified under more than one of the six bullet points, totals add up to more than 
1065 prescriptions 

The patients received a total of 1017 prescriptions for 114 different drugs. The medi­
an number of prescriptions per patient was 3 (IQR 2-5). The most commonly admin­
istered drugs were acetaminophen (14%), cefotaxirne (8%), amoxicillin (7%), caffeine 
(4%), and prednisolone (4%). 
Two hundred and eighty nine (28%; 95%CI: 26-31) out of 1017 prescriptions were 
licensed drugs prescribed in a licensed way. In 728 (72%) of the prescriptions, drugs 
were either unlicensed (285; 28%), or drug prescriptions were off-label (443; 44%). 
Two hundred and sixty nine (92%) of all 293 patients received unlicensed drugs 
and/or off-label drug administrations. The hospital pharmacy manufactured 58 (6%) 
preparations ('home label medications'), and modified 188 (18%) preparations. 
Most frequent reason for classifying 'unlicensed' was modification of the preparation 
by the hospital pharmacy (table 2). Off-label drug prescriptions were mostly off-label 
for dose, frequency and age or weight. On four occasions, a drug was prescribed 'as­
needed'. We classified these prescriptions as 1icensed' if there were no other reasons 
for classifying the prescription unlicensed or off -label. 
The three most commonly prescribed unlicensed and off-label drug prescriptions 
were acetaminophen, cefotaxime and amoxicillin (table 3). The use of acetaminophen 
in the age < 3 months was off-label for age, while above that age, off-label use was 
primarily related to the administered dose. The proportions in the mL\."ture of salbu­
tamol and ipratropium (and sometimes budesonide) into a single aerosol were deter­
mined individually, and preparations were separately made for each patient by the 
hospital pharmacy. The top-10 of unlicensed and off-label drug prescriptions 

UL = Unlicensed; - lpratropium I sa!butamol is a mixture of these two entities in a single aerosol 
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Table 4 Number of unlicensed and off-label drugs used within six age groups. 

includes seven of the ten most frequently prescribed drugs. 
The proportions of unlicensed and off -label prescriptions for each age group are 
shown in table 4. The number of home label medications and drugs modified by the 
hospital pharmacy (classified unlicensed) was much higher in newborns and small 
infants (0 -< G months); accounting for 35.2% of the prescriptions in these age 
groups, compared to 12.G% of the prescriptions in the older children. The number of 
patients receiving one or more unlicensed or off-label drug prescriptions is also high­
er in newborns and small infants; 98% of the patients in these age groups, compared 
to 88% in other children. 

Discussion 

This study shows that the extent of unlicensed and off-label drug prescribing is high 
in the setting of a general hospital Our results disclosed that 28% of all prescriptions 
given during the study period were for unlicensed drugs, and 44% were off-label pre­
scriptions. Even larger proportions of unlicensed and off -label drug prescribing were 
found in newborns and infants. 
When comparing results of this study to the results of the other studies that surveyed 
unlicensed and off-label drug use, we saw a higher percentage of unlicensed and off­
label drug use than in studies by Choonara et al.,'"" This is related to a much higher 
use of preparations manufactured or modified by the hospital pharmacy (24%) in our 
study. We also saw a higher proportion of unlicensed and off-label drug use than in 
our study in an acadentic children's hospital in the Netherlands.5 Despite the fact that 
acadentic children's hospitals often give specialized care to patients with rare diseases, 
unlicensed and off-label prescription of drugs was not lower in a general hospital. A 
high number of drug prescriptions were unlicensed because of modification or man­
ufacturing by the hospital pharmacy (24G). Due to a lack of flexible pediatric formu­
lations, and a lack of drugs properly licensed for newborns and infants, hospital phar­
macies are often obliged to adapt preparations to individual needs, or manufacture 
drugs that are not commercially available. 
No conclusions can be drawn from the results regarding health risks for the e:q,osed 
group of children. There is, however, a large suspicion of a higher risk for adverse 
drug reactions (ADRs) in children who receive unlicensed or off-label drug prescrip­
tions." Furthermore, it is important to recognize, that off-label or unlicensed use of a 
drug does not necessarily reflect inaccurate use (because of reasonable research based 
foundations). It may be judged as such, however, when the liability of the physician 
is questioned in court. In our pediatric wards, most drug use is based either on long­
standing experience or evidence obtained from the literature. The majority of drugs 
are prescribed within established protocols. However, not the same standards of effi­
cacy and safety can be applied as for the adult population." 
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We support the IDA's Pediatric Rule, which states that new drug applications should 
contain data to support the use in all relevant patient populations (children in differ­
ent age groups included), although we recognize important insufficiencies in the 
Rule.'·' " We want to emphasize the need to include paediatric information in the 
labeling of new drug entities as early as possible. Most often, pre-marketing pediatric 
labeling will not be possible, but direct post-marketing involvement and development 
of safe, efficient and qualitative research methods will be essential to avoid unneces­
sary involvement of too large groups of patients, maladaptation of adult pharmaco­
kinetics and uselessness of results due to poor study design, which is often a result of 
a lack of experience in pediatric drug studies. 
The IDA's new proposed 'requirements on content and format of labeling for human 
prescription drugs and biologics' " contain important improvements in the informa­
tion provided in the labeling information text regarding pediatric use. The European 
Medicines Evaluation Agency (EMEA)" is also actively involved in the development of 
better regulations for pediatric pharmacology, but the effectiveness of these measure­
ments is questionable. 18 19 

Recent developments in the UK," and Europe" regarding improvement of the current 
situation are promising, but safe and efficient drug therapy is still a long way ahead. 
Corporate initiation and funding - by the EU and US - of pediatric pharmacological 
research on new as well as older drugs, and globalization of labeling requirements 
and content and format of labeling information texts, might seem unreachable in the 
near future. Nevertheless, we have an obligation to seriously investigate every possi­
bility to reverse this highly unfortunate situation in which progress of medical care is 
not available for our children. 
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Chapter 2.3 

Unlicensed and off-label drug use in pediatric wards m 
European countries 

Published as: 

To determine the extent of use of unlicensed and off-label drugs 
in children in hospital in five European countries, we conducted 
a prospective study of drugs administered to children in general 
pediatric medical wards over four weeks in pediatric wards in 
five hospitals (one each in the United Kingdom, Sweden, 
Germany, Italy, and the Netherlands). For ail children aged 4 
dsys to I 6 years admitted to general pediatric medical wards, the 
proportion of drugs that were used in an unlicensed or off-label 
manner was determined. 2262 drug prescriptions were admin­
istered to 624 children in the five hospitals. Almost half of ail 
drug prescriptions (1036; 46%) were either unlicensed or off­
label. Of these 1036, 872 were off-label and 164 were unli­
censed. Over half of the patients (421; 67%) received an unli­
censed or off-label drug prescription. Use of off-label or unli­
censed drugs to treat children is widespread. This problem is 
likely to affect children throughout Europe and requires 
European action. 

Survey of unlicensed and off label drug use in paediatric wards in European cot.mtries. Conroy S, Choonara I, 
Impicci:ltorc P, Mohn A, Arnell H, Ranc A, Knocppel C, Seyberth H, Pa.ndol:fini C, Raffaelli MP, Rocchi F, Bonati M, t Jong 
G, de Hoog M, Anker J. vd. BMJ 2000;320:79-82. 
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h'l.troduction 

Many drugs used to treat children in hospital are either not licensed for use in chil­
dren or are prescribed outside the terms of their product license (off-label prescrib­
ing)." Examples of use of off-label drugs include diazepam rectal solution in children 
under 1 year (not licensed for age group), amiloride tablets in any children (formu­
lation), or rectal injection of lorazepam for a child with an acute seizure (route). An 

example of unlicensed use is the preparation of a suspension from a tablet by the hos­
pital pharmacy. 
Considerable concern exists within Europe' and the United States'' about the use of 
unlicensed and off-label drugs in children. There is, however, little information avail­
able on the extent to which these types of treatments are used. 
The e'--tent of use of unlicensed and off-label drugs in the United Kingdom has been 
reported in a pediatric intensive care unit,' pediatric medical and surgical wards,' and 
a neonatal intensive care unit.' We wished to determine the extent of unlicensed and 
off-label drug use in several countries within the European Union. This is important 
in view of the new European guidance on the clinical investigation of medicinal prod­
ucts in children.$ 

Methods 

We studied a pediatric medical ward in each of the participating centers (Derby, 
United Kingdom; Uppsala, Sweden; Marburg, Germany; Bergamo, Italy; Rotterdam, 
Netherlands) prospectively for four consecutive weeks during 1998. The wards in 
Derby and Bergamo admitted mainly general pediatric patients, with Derby including 
children who had had surgery. The wards in Marburg and Uppsala had a rrill..-ture of 
general pediatric and respiratory cases (including cystic fibrosis). The ward in 
Rotterdam had the fewest general pediatric cases, containing children with cardiac, 
oncological, renal, and respiratory disease. 
Data on all patients admitted to the ward were collected by the investigator in each 
center. The child's age, date of birth, weight, and diagnosis were recorded as well as 
details of all drugs administered (route of administration, dose, and indication for 
use). We did not include standard intravenous replacement solutions, flushes of 0.9% 
sodium chloride or heparin, blood products, oxygen, or drugs in clinical trials. 
We assessed all drugs administered to determine if their use was unlicensed and off­
label using a previously described classification system.' ' Categories of unlicensed use 
were modification of licensed drugs (such as crushing tablets to prepare a suspen­
sion); drugs that are licensed but the formulation is manufactured under a special 
license (such as a liquid preparation of a drug that is licensed only in tablet form); 
new drugs available under a special manufacturing license (such as caffeine injections 
for apnoea of prematurity); use of chemicals as drugs when no pharmaceutical grade 
preparation is available; drugs used before a license has been granted; and imported 
drugs (drugs imported from a country where they are licensed). Off-label use includ­
ed use of a drug in situations not covered by the product license or the summary of 
product characteristics; that is, at a different dose or frequency, in different clinical 
indications, in different age groups, administration by an alternative route, or in a for-
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mulation not approved for use in children. 
The primary reference sources for determining licensed indications were the 
Association of the British Pharmaceutical Industry's Data Sheet Compendium in the 
United Kingdom; the Swedish Physician's Desk Reference 1998 in Sweden; the Rote 
Lisle 1996 and Fachlnfo compact disc (1997) in Germany; the lnformatore 
Fa.'11laceutico 1998 (national formulary) and technical leaflets in Italy; and the 
Repertorium 98/99 and Farmacotherapeutisch Kompas 1998 in the Netherlands. 

A total of 624 children were admitted to the general pediatric wards in the five par­
ticipating centers and received 2262 drug prescriptions (Table 1). The prescribing 
habits in the five centers differed greatly. Paracetamol was the most widely prescribed 
drug and analgesic in four of the five centers. Dipyrone was frequently used in Italy 
only. Salbutamol and cefuroxime were both widely used (Table 2). Almost half of all 
drug prescriptions (1036) were either unlicensed or off-label (Table 1). Many more 
prescriptions were off-label (872) than unlicensed (164). The results were remark­
ably similar in Derby, Uppsala, and Marburg. Use of unlicensed and off-label drugs 
was greatest in Bergamo and Rotterdam, with Bergamo having the highest percentage 
of off-label prescriptions (66%) and Rotterdam the highest percentage of unlicensed 
prescriptions (14%). 
Over half of the children (421; 67%) received an unlicensed or off-label drug pre­
scription during their stay in hospital. Analgesics and bronchodilators were among the 

Table 1 Patients and prescriptions in each center 
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Table 2 Five most frequently prescribed drugs in each center 
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Table 5 Examples of off-label use 

five most frequently prescribed off-label drugs in four centers (Table 3). The com­
monest category of off-label drug use was dose and frequency in three centers 
(Uppsala, Marburs, and Bergamo), accounting for more than half of off-label use. In 
the other two centers (Derby and Rotterdam) dose and frequency accounted for 3 I-
32% of off-label drug use. The main category for off-label drug use in Rotterdam was 
formulation. Formulation was also an important category in Bergamo but not in the 
other centers. Age was the commonest category of off-label drug use in Derby (Table 
4). Table 5 shows examples of off-label drug use. 
In Bergamo, 53% of the children who received beclomethasone were under 12 
months old, although it is licensed only for children aged 2 years and over in Italy. 

Discussion 

The drug use in the five pediatric wards differed. This is not surprising as each of the 
wards had different subspecialty interest and prescribing habits are different within 
each country.' Unlicensed drug use was highest in Rotterdam, which had the highest 
number of patients with complex diseases. Many of these children received drugs that 
are not available in a pediatric formulation and therefore had to be modified by the 
pharmacy department to make them suitable for administration to children. Stability 
data are rarely available for such products, which are rendered unlicensed by this 
modification. Dipyrone is no longer available in many European countries because of 
the risk of agranulocytosis." It is, however, widely used in Italy. About half of the chil­
dren in each of the five countries received drugs that are either unlicensed or off­
labeL 
It is concerning that most bronchodilator drug prescriptions for children in hospital 
with asthma are off-label, since this is a common condition for which there has been 
considerable research. The efficacy of bronchodilators in children under the age of 2 
years is variable, especially in infants under the age of 12 months. A particular prob­
lem was the widespread use of inhaled corticosteroids in children under the age of 2 
years (off-label for age and dose); few data exist on the effect of inhaled corticos­
teroids on growth suppression in this age group. Studies are required to determine 
whether the off-label use of bronchodilators is justified by good scientific evidence. 
The most common reasons for off-label use were that the medicine was prescribed at 
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a different dose or frequency, in a different formulation, or in an age group for which 
it had not been licensed. There were also some children who received the drug for a 
different indication or by an alternative route. It is ironic that it is children who are 
most likely to receive medicines that are either unlicensed or used off -label since the 
regulations for the licensing of medicines were introduced after cases of drug toxic­
ity in the developing fetus (thalidomide) and newborn infant (chloramphenicol 
induced grey baby syndrome).' 
Not all off-label drug use is inappropriate. Drug toxicity is more likely with amino­
glycosides if they are used in neonates as recommended by the manufacturers at 
intervals of 8-12 hours rather than at longer intervals. In many cases, however, the 
risk of off -label drug use is not known because there are inadequate data. A recent 
study has shown that adverse drug reactions are an important problem in children 
after unlicensed or off -label drug prescriptions." 
The new European gnidance on the clinical investigation of medicinal products in 
children encourages pharmaceutical companies that wish to introduce new products 
to investigate these in children when clinically appropriate. Changes have also been 
made in the United States to encourage pharmaceutical companies to carry out clini­
cal trials in children. These changes in regulations may improve knowledge for new 
products, although a recent study found little improvement in new drugs licensed in 
Europe." However, a major problem remains with many existing drugs commonly 
used in children. Health professionals concerned about the lack of information 
regarding the use of drugs in children are in a difficult situation. They need to raise 
awareness of the problem in society as a whole without causing undue anxiety among 
parents. To ensure that children are not exposed to unnecessary risks, controlled clin­
ical trials are reqnired to determine the most appropriate dose in children of differ­
ent ages. A mechanism and infrastructure needs to be established to determine who 
will fund these trials. The European Network for Drug Investigation in Children has 
been established to try to improve this situation." We feel that the European Union, 
national departments of health, and politicians as well as the European Medicines 
Evaluation Agency must take a more proactive role in getting drugs tested in children. 
If they fall to do so, children will continue to be denied the same rights as adults in 
relation to receiving treatruent with drugs that have been fully tested. 
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Chapter 3.1 

Drugs prescribed to children in the general population 

To describe the pattern of drug prescribing to children in the 
general population, we conducted a population-based cohort 
study in the Integrated Primary Care Information (IPCI) project, 
a prospectively gathered, automated general practitioners data­
base in the Netherlands. All patients under I 7 years of age, who 
were actively registered in the IPCI database, were followed for 
one life year during the period I 998- I 999. Prescription patterns 
were assessed by age and gender. Drug use was unevenly dis­
tributed; 50. 7% of the population received at least one prescrip­
tion but 10% of the population received 50% of ail drug pre­
scriptions. Drugs were prescribed in 46.5% (95%CI: 46.2-46.8) 
of consultations. The proportion of drug users decreased from 
73.9% (95%CI: 72.0-75.8) among 0-year-olds to 4I.I% (95%CI: 
40.3-4I.8) in children between 8 and IS years of age, and 
increased again to 57.I% (95%CI: 55.I-59.0) in I6-year-olds. 
Overall, the most frequently used drug types were systemic 
antibiotics, drugs for dermatological use, and respiratory drugs. 
This study showed that drug use is most extensive in children 
below two years of age, the age group for which least drugs are 
licensed. 
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Introduction 

Drug consumption among children has been examined in only few studies.' Available 

reports have described drug utilization in hospital wards,'~' in hospital outpatients,' 

and prescribing by non-hospital based physicians.~" Population-based information 
from primary care physicians, who in various countries deal with most of the health 
problems, is scarce. Recently, Madsen et al. " described pediatric drug utilization by 
means of the defined daily dose (DDD) method." Although this DDD method is a use­
ful tool for comparison of drug use between countries it does not allow for estimation 
of the actual prevalence or incidence of use in children since the defined daily dose 
is established only for adults. To obtain better insight into the prevalence of drug use 
in children we conducted a large cohort study in general practice. 

Methods 

Setting 
All data were retrieved from the Integrated Primary Care Information (IPCD project, 
a longitudinal observational database with data from computer-based patient records 
of a group of 150 general practitioners (GPs) in the Netherlands. The GP plays a piv­
otal role in the Duch system of health care, specialists report their findings to the GP, 
who acts as a gatekeeper of medical care and information. Approximately 90% of the 
problems of the patient are addressed by the GP. Medical care, including prescription 
drugs, is essentially paid for by a combination of public (GO%) and private insurers 
(40%). The type of insurance can be used as prm:y for socio-economic status since 

publicly insured persons in general have wages less than 25,000. 
The IPC! database is maintained by the department of Medical Informatics of the 
Erasmus Medical Center Rotterdam (EMCR) since 1992, and contains coded and 

anonymous data on gender, age, symptoms, diagnoses and findings, and on prescrip­
tions, their indications and dosage regimen. Sununaries of hospital discharge letters 
and information from clinical specialists are included as free text. Patient complaints 
and diagnoses are available both as free te>..-t and coded according to the International 
Classification for Primary Care (!CPC)." Prescription drugs are coded according to the 
Anatomical Therapeutic Chemical classification (ATC)." The data are entered and 
stored directly by the GP. Downloads are made on a monthly basis and the informa­
tion is sent to the gatekeeper who ensures anonymity of the GP before further access 
is provided. To maximize completeness of information, GPs participating in the IPC! 
project are not allowed to maintain a system of paper records besides the electronic 
medical records. As of 2001, the IPC! database contains data on a cumulative num­
ber of approximately 500,000 patients. The system complies with European Union 
gnidelines on the use of medical data for medical research and has proven valid for 
pharmaco-epidemiological research." 

Design 

We conducted a population-based fixed cohort study in a dynamic source population 
of children, aged under 17 years, who were actively registered with one of the IPCI 
general practices. Each subject was followed for a fixed period of one year starting 
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from his birthday in 1998. For the frnal study population we retrieved all pharmaco­
logical prescriptions plus dosage regimens and indications written by the general 
practitioner during the follow-up period. Drugs were classified in broad groups 
according to the first position of the ATC-code, and in specific drug classes according 
to the first five positions of the ATC-code. 

Analysis 

For all subjects we determined the number of drug prescriptions and GP visits during 
the one year follow-up. Age was classified into groups: 0 - < 6 months; 6 - < 24 
months; 2 - < 6 years; 6 - < 12 years; 12 years and older based on age at baseline 
except for 0 - 6 and 6 - 24 months old. Neonates contributed only 6 months to the 0 
- 6 months category and then switched to the 6 - 24 months category. The prevalence 
of drug use was estimated per age group by dividing the number of users of certain 
classes of drugs by the number of persons in a specific age group. Ninety-five percent 
confidence intervals around prevalence estimates were based on the normal distribu­
lion. Chi-square statistics were used for comparisons of discrete variables. 
Population characteristics 

The study population comprised 46,458 children (51.1% male, median age 8), who 
were all followed for one year. The insurance status was Sickfund for 49.5% (low sta­
tus), and private insurance for 4 7.5% (intermediate I high status), as show in table 1. 
Of all children 66.8% consulted their GP at least once during the year (total number 
of consultations =101,833). The median number of consultations was 1 (interquar­
tile range 0-3), with a mean of 2.2. The consultation frequency varied largely with 

Table 1 Characteristics of study population 

Variable 
~Gendel 

MalE{ 
!='eiriale 

Age (IQR) 
o~-< G mont~hs _ (%) 
6 ~·< :24~mopths~(?Jot~ 
~ -:"' 6: y(ilar~ {%) ~ 
s~ .. < 12ye~rs (%) 
2: 12 year (0~} 

Insurance status'!" 
Slckfund ('%,) 
Privat~e~ I~stirance~ (%) 
UnknoV{I'I/ Mlssirig {%)' 

ConSuftatiQfiS (median pCJR}) 
0(%) 
1--3{%) 
4~6 {%) 
7M$ (0/o) 
10 a~nd more(%) 

Presqrif)tlons~(mtJ~ian [ICJRJ) 
0~(%} 
1 (%) 
2·3 I%) 
4 and more J%l 

IQR = lnterquartile range 

Total (n=46,45B) 

~1.\ 
4&9 

8. 
4.3 
9.8 

,24:J 
37J)~ 

28.4 

49:5 
47:5 

3.0 
1 

33.2 
44.7 
)1.5 
5 .. 3 
5.3 

1 
49,3 

. .;8.1 
22.8 
10:0 

[0-3] 

ro-21 

* The insurance status of patient is used as a measure 
for socio-economic status (SES) 

.... Persons who start between 0~6 monthS of age can 
contribute to two age categories 

age, the mean number of visits was 4.5 
per year for 0-year-olds and then 
decreased quickly to 1.5 per year for 10-
to 12-year-olds. For 16-year-olds the 
consultation frequency increased slight­
ly to 2.5 visits per year. The percentage 
of females (68.0%) who had visited the 
GP during follow-up was significantly 
higher than the number of males 
(65.6%, p<0.001). 
During the study period 73,051 phar­
macological prescriptions were issued to 
the study population. Drug use was 
unevenly distributed; 50.7% of the pop­
ulation received at least one prescription 
(Table 1) but 10% of the population 
received 50% of all drug prescriptions. 
The proportion of drug users decreased 
from 73.9% (95%CI: 72.0-75.8) among 
0-year-olds to 41.1% (95%CI: 40.3-
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Figure 1 Gender and age specific one-year prevalence of drug use 

41.8) in children between 8 and 13 years of age, and increased again to 57.1% 
(95%CI: 55.1-59.0) in 16-year-olds (Figure 1). We did not observe gender differences 
in overall drug use for the younger age groups. In the older age groups however, dif­
ferences did appear, accumulating to 71.3% (95%CI: 68.7-73.8) of 16-year-o1d 
females received prescriptions and only 43.4% (95%CI: 40.7-46.1) of 16-year-old 
males (p < 0.001). Drugs were prescribed in 46.5% (95%CI: 46.2-46.8) of consulta­
tions but this proportion varied from 40.4% for neonates (who had a high consulta­
tion rate) up to 49.1% for one-year olds, and 55.0% for 16-year olds. 

Utilization by drug class 
The most frequently prescribed drug groups were dermatological preparations (year 
prevalence of use: 23.4%, 95%CI: 23.1-23.8), respiratory drugs (year prevalence of 
use: 20.7%, 95%CI: 20.3-21.0), systemic antibiotics (year prevalence of use: 16.0%, 
95%CI: 15.7-16.4) and analgesics (year prevalence of use: 7.8%, 95%CI: 7.5-8.0). 
Table 2 shows the prevalence rates for the most frequently used drug classes. The 
prevalence estimates for specific drug classes were highest for broad-spectrum peni­
cillins (9.0%), acetaminophen (5.9%), respiratory sympaticomimetics (4.8%), anti­
allergic drugs (excl. corticosteroids) (4.8%), corticosteroids (inhalers) (4.4%) and 
antihistamines for respiratory use (3.9%). 

Utilization by age and gender within drug classes 
Prescription rates for each age group are shown in table 3, as well as the most fre­
quently prescribed drug classes by age category. In neonates (0 - 6 months), use of 
drugs for the gastro-intestinal tract and metabolism was much higher than in the 
other groups. Candida albicans infections (neonatal sprue; miconazole and nystatin), 
vitamin K deficiency and gastro-esophagal reflux (cisapride) were the most common 
indications. In adolescents (12 years and older), we observed a relatively high use of 
NSA!Ds such as ibuprofen and naproxen, antiallergic drugs (eyes) and oral contra-



DRUG$ f'Rl'XRIBED IN CHILDREN IN TIU: GENERAL POf'lJIATION 

Table 2 One-year prevalence of use of the most frequently prescribed drugs by drug class 

$y~~tc:~-n~il:ll~~CS 
Stoad~spectrum _pe;nicHllns_ 
Mactolj'd¢_s' , _ , 
COp-lblfia,tlo;n' Qf peni(;llllns ari_d_ enzyme tnhibitots 
Beta .. taptatna$e_~sensltlve _pei}\CIIU:ns -
-TetraC'iclines , _ _ , 
-Orugsf6r-:derynatology - -->--- f/ ,-<!/-- :,-_--, 
lmidazpl_eaderiyat~s (~~g; mlcon_az~Ie't-'-- __ , :_-: ____ ,-_______ ----
Other local antibiotics (e.g. fos,idlc-acJtf~ Ch9~mpiJS:nicol) 
Corticosteroids (class 1)- :; -' /, -_,;- 'i'_- _- , 
Qorticostemids_(y-Jassll)': __ >' __ -_r_ -,,- / 
Other emoJientics and protecttves,(:e.g>vaslll~) 
Respiratory drugs_ _ '_ ___ _ ' 
Antl~~nerg_lc drugs-(exct corticost~toidsL, 
Sympatjcomfrne~cs (respiratory) - __ , 
Cortlcos_teroids (inhalers) -- > ( __ - --- __ __ : 
Other ~ntlhfstamines -for systemic J,l~e { e>'Q·- 'deptroj:l\ne) 
Fenothiazlne~derivates (e.g. -promethazine) 
All other ATC: groups 

Nuinbe:r 
-ot-Usets 

4178 
1$45 
, B40 

82g 
292 

2.228 
2227 
2032 
,1824 
1055 

''PreyaTence 
otuse(%1 

~.0 
:>.$ 
.2.0 
1;8 

0.63 

4.1 
·s,o 
2.~ 
2.1 
1.7 

1·8 
4.8 
'4.4 
3.9 
2.3 

-%-Mates Mean-age 
(SOl 

49 5.3 (4.1) 
51 5.3 (4.4) 
52 6.1 (4.4) 
49 8.3 (4,9) 
47 15.2 (1.71 

44 7.3 (5,5) 
52 7.3(4.5) 
46 6.8 (4.9) 
47 a:s (s,o) 
53 . 15;2 (1.7) 

58 7.6(4.5) 
so 6.8(4.7) 
57 7.4(4.5) 
52 7.7 (5.3) 
54 6.4 (3.9) 

Parace~mol tAce_ta.mlnophen 2725 5.9 52 5.8 -(4A) 
An.biotics (eye) 1445 3.1 49 5.6 (5.1) 
Propu)sives (e.g. dOmperldon) t029 2.2: 48 6.3 (4:9) 
Estrogens with progestagens _ _ __ : 91~ 2.0 :0 15.7 (1.2) 
Corticosteroids Wfth antimicrobtotogi_~l ageriis (ear) 8$$, 1.8 53 7.-7 (4.4) 
Osmotic Jaxantives 665- 1A 48 5;1 (4.0) 

ceptives. Of females of I 4 years and older, 30% used an oral contraceptive during the 
study period. 
Drugs for dermatological use were widely used in all age groups. Topical drugs for 
acne were frequently used in adolescence, but topical corticosteroids were prescribed 
to both young and older children. The proportion of females using dermatological 
drugs was significantly higher than the proportion of males (p < O.OOI), which was 
entirely attributable to the I2- I6 year olds. 
Twelve out of 40 most frequently prescribed drug classes were respiratory drugs. 
Users were predominantly males. Among anti-asthmatics, fixed combinations of sym­
paticomimetics and other anti-asthmatics, parasympathicolytics (ipratropium) and 
selective beta-2-sympathicomimetics (e.g. salbutamol) were predominantly pre­
scribed to children less than five years of age; respectively 7 4, 73 and 80 percent. The 
most common indication for prescription of these medications was asthma (7I %), fol­
lowed by acute bronchitis I bronchiolitis (8%), and coughing (7%). 
Systemic antibiotic use was highest in preschoolers; 50% of all prescriptions for 
antibiotics were issued to children under 5 years of age. Overall use was highest in I­
year-olds, with another peak at four years of age, which was related to acute tonsilli­
tis. Most common indications for antibiotics were acute otitis media I myringitis 
(18%), acute bronchitis I bronchiolitis (14%), acute upper airway infections (8%), 
acute tonsillitis (7%), acute and chronic sinusitis (5%) and cystitis I urinary tract 
infections (5%). For the latter two indications, systemic antibiotics were predomi­
nantly prescribed to females (58 and 87 percent, respectively). Broad-spectrum peni­
cillins were most frequently prescribed under 3 years of age (40%), tetracyclines on 
the other hand were mostly prescribed above I2 years of age (94%), mostly for the 
treatment of acne (38%), acute sinusitis (24%), and acute bronchitis I bronchiolitis 
(9%). 
Analgesics for children consisted primarily of acetaminophen (paracetamol; 85%), as 
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Table 3 Prescription rate per year for each age group and the top-5 ol drug classes used plus the most utilized individual drug in each class 

(~_atbutaniol) 
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shown in table 2. Most common indications for prescription were acute otitis media 
I myringitis (27%), acute upper airway infections (17%), and fever (17%). Use of 
NSA!Ds, including ibuprofen, and naproxen, was highest in adolescent females. Most 
common indications were menstrual pain (28%) and headaches (10%). 
In general practice, the majority of drug prescription in children is restricted to a 
small group; IO% of the children accounts for 50% of drug prescriptions in one year. 
Most frequently prescribed drug classes were dennatologic preparations, respiratory 
drugs, systemic antibiotics and analgesics. Drug prescription varied highly with age 
and gender. In general, younger males and adolescent females consume most 
resources (prescriptions/ consultations). 
Other drug utilization studies in children have indicated similar prescription patterns. 
Although our population was restricted to I G years of age, overall drug use was com­
parable between our study (50.7%) and two Danish studies in children 0- I9 years 
of age (52.G% and 50.G% respectively)."" Both studies showed a comparable peak in 
drug utilization among I -year-olds, prescription rates of around 40% in 8 - I 3 year 
olds, and systemic antibiotics, anti-asthmatics and drugs for dermatological use as 
most frequently used drugs. Thrane et al. also showed higher drug use in males under 
I 0 year of age, but no significantly higher drug use in girls above I 0 years of age (fig­
ure 1)." This may be related to the relatively high use of contraceptives by adolescent 
females in our population. 
About forty-three percent of the most commonly prescribed drugs are systemic 
antibiotics and respiratory drugs; other studies in Denmark, Spain, Norway and the 
US showed similar numbers."'" These drugs reflect treahnent for the most common 
diagnoses among children in general practice, such as asthma, upper respiratory tract 
infections, lower respratory tract infections, otitis media, allergies, conjunctivitis and 
pneumonia. 
Data on antibiotics are of special interest because of the environmental effects 
entailed in antibiotic overuse, mainly the introduction of bacterial resistance. I 5 
Studies of antibiotic use among small children have shown a very high period preva­
lence, for example 79 percent in the first year of life in the US." Only 25% of chil­
dren received antibiotics in the first year of life, 34% of I-year-olds and 28% of 2-
year-olds which is lower than in Scandinavian studies.'""' Compared to the study by 
Bergus et al.," we also found amoxicillin as the most frequently used drug (G7%) 
among children under 20 months of age. Other frequently used antibiotics were 
macrolides (claritromycin, azitromycin; I5%) and amoxicil!in clavulamic acid (12%), 
but almost none of the children received cephalosporines and sulphonamides. This 
underlines the restrictive antibiotic prescription in the Netherlands. 

Discussion 

In this study, we were interested in the general character and quality of drug pre­
scription for children, while in other studies we specifically studied unlicensed and 
off-label drug use." Several remarks related to the prescription patterns seen in this 
population are in place. Respiratory drug use was relatively high, when compared to 
other drug classes. Earlier research showed that off-label use of respiratory drugs is 
high, especially for anti-asthmatic use (e.g. corticosteroids and selective beta-2-ago-
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nists), because of the 'high' minimum age indicated in the packet leaflet of these 
drugs. For example, 81% of prescriptions for ipratropium, a parasympathlcolytic 
drug, was issued to children under six years of age, while the labeling of e.g. iprat­
ropium provides no dosage recommendations for these children. Fluticasone, a corti­
costeroids used in asthma, is restricted to use in children from four years of age, while 
2 5% of prescriptions were issued for children under four. Labeling information texts 
of many of the commonly used drugs for ophthalmologic use (i.e. fusidic acid, cro­
moglycate, and levocabastine), otological use (e.g. lidocaine, dexamethasone with 
framycetin and gramicidin) and respiratory use (i.e. terbutaline, cromoglycate) do not 
contain any information on use in children.19 

Our study was conducted in a database with electronic medical records kept by gen­
era! practitioners. In the Netherlands, most of the care (90%) is provided by the gen­
eral practitioner, who also acts as a gatekeeper to secondary care. Specialists and hos­
pitals inform the GP by letters, which are stored in the computer as free text. This 
means that we may miss specialist prescriptions, which will be more relevant to 
neonates, who are hospitalized more frequently. A second source of underestimation 
may be over the counter use of e.g. acetaminophen, which is frequently used as an 
antipyretic in the Netherlands. Finally, it should be noted that we analyzed drug pre­
scriptions as opposed to drug dispensing; for that reason, we only approximate the 
actual drugs and dosing received. 
Some commonly used drugs are not sufficiently studied regarding safety and efficacy, 
especially in younger age groups. The results of this study can be important for pri­
oritizing the most essential drugs for pediatric development. 
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Chapter 3.2 

Unlicensed and off-label prescription of drugs to children in 
the general population 

In press as: 

To determine the incidence and nature of unlicensed and off­
label drug prescription to children in general practice in the 
Netherlands, we conducted a population-based cohort study in 
the setting of the Integrated Primary Care Information (IFCI) 
project, a prospectively gathered, automated general practition­
ers database in the Netherlands. All patients below 17 years of 
age, who were actively registered in the IPCI database duriug 
1998 were selected. The study population consisted of a random 
sample of 25% of a potential source population of 53,706 
patients. We evaluated all prescriptions given to the study popu­
lation duriug 1998. A total of 17,453 prescriptions issued in 
1998 to the study population were reviewed for unlicensed and 
off-label drug prescription. A total of 12,405 (71.1%) prescrip­
tions concerned licensed drugs. Of the remaining 5048 pre­
scriptions (28.9%), 2667 (15.3%) were prescriptions for unli­
censed drugs, and 2381 (13.6%) were off-label prescriptions for 
licensed drugs. The one-year risk of an unlicensed or off-label 
prescription was 46% among children with at least one prescrip­
tion. This population-based study showed that a large proportion 
of drugs prescribed by the general practitioner is uulicensed or 
licensed but prescribed in an off-label mauner. Unlicensed and 
off-label drug prescription is therefore not limited to highly spe­
cialised pediatric cliulcal facilities, but also is an important issue 
in everyday pediatric care. 

Unlicensed and off-label prescription of drugs to clrildren; popula±ion-based cohort study. t jong GW, Eland !A, 
Sturkenboom MCJM, Anker JN vd, Stricker BHC. BMJ 2002 
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Introduction 

Drugs are subject to licensing procedures to ensure their safety, efficacy and quality, 
but many drugs used to treat children in hospital are either not licensed ('unlicensed') 
or are prescribed outside the terms of the product license ('off-label').'·' 
The e>."lent and nature of unlicensed and off-label drug prescription in pediatric clin­
ical care has been the subject of several surveys in Europe'·' and these consistently 
showed that a very large proportion of prescribed drugs are either unlicensed or used 
off-label. Little information is available about the situation in a general practice set­
ting." Only one sinsJe-practice study has been conducted so far, which showed 11% 
of drug prescriptions to be off-label or unlicensed.' We conducted a large cohort 
study in general practice by using computerised medical records available in the inte­
grated primary care information (IPCD database to assess the extent and nature of 
unlicensed and off-label drug prescription in children by general practitioners in the 
Netherlands. 

Methods 

Set!:i:ng 
All data were retrieved from the Integrated Primary Care Information (!PC!) project, 
a longitudinal observational database with data from computer-based patient records 
of a group of 150 general practitioners (GPs) in the Netherlands. The database is 
maintained by the department of Medical informatics of the Erasmus Medical Center 
Rotterdam (EMCR) since 1992, and contains coded and anonymous data on gender, 
age, unique patient identifier, practice, symptoms, diagnoses and findings, and on pre­
scriptions, their indications and dosage regimen. Summaries of hospital discharge let­
ters and information from clinical specialists are included as free te.'-"1. Patient com­
plaints and diagnoses are entered as te>."l and coded according to the International 
Classification for Primary Care (ICPC)." Prescription drugs are coded according to the 
Anatomical Therapeutic Chemical classification (ATC)." The data are entered and 
stored directly by the GP. Downloads are made on a monthly basis and the informa­
lion is sent to the gatekeeper who ensures anonymity of all information before fur­
ther access is provided. To maximise completeness of information, GPs participating 
in the !PC! project are not allowed to have a system of paper records besides the elec­
tronic medical records. The !PC! database contains data on an accumulative number 
of 485 000 patients. The system complies with European Union gnidelines on the use 
of medical data for medical research and has been proven valid for pharmacoepi­
demiological research." 

Design 
We conducted a population-based cohort study in a dynamic population of children 
in the !PC! database who were permanently registered with one of the participating 
general practices between 1 January 1998 and 31 December 1998. In 1998, 53,702 
children were registered in the IPCI database, for efficiency reasons we sampled 25%, 
which formed our final study population. 
All subjects in the study population were followed from 1 January 1998 or date of 
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Table 1 Drug licensing categories 

the_ 

registration in the GP practice, whichever was latest, until the earliest of one of the 
following censoring points; death, reaching the age of 17 years, transferring out of the 
practice, or end of the study period. 

Classification of prescriptions 
From the prescription file, we e>.-tracted all prescriptions plus their dosage regimens 
and indications issued to our study population in 1998. All remaining prescriptions 
were classified regarding their licensing status.' Prescriptions for herbal drugs, non­
pharmacological preparations and prescriptions for which no indication could be 
found were excluded. 
The main, and mutually exclusive, classification categories were; "licensed", "licensed, 
but off -label" and "unlicensed" drugs. Prescriptions were classified as unlicensed 
drugs if they concerned: "new" drugs produced under a special manufacturing 
license; modifications to licensed drugs, drugs contraindicated for use in all children; 
and drugs for which no information was available on use in children (Table 1). 

Prescriptions were classified as off -label if the drug was prescribed: in a dose or 
dosage form other than specified in the product license; by an alternative route; for 
an age below the age recommendations or for an indication not included in the 
license. Prescriptions could fit into more than one off-label subgroup. As a reference 
source for classification we used the official product license, as approved by the Dutch 
Medicines Evaluation Board. 
Age was classified in line with the pediatric age definitions provided by the U.S. Food 
and Drug Administration (FDA)," but the categories "1 month- < 2 years" and "2 -
< 12 years" were split because of heterogeneity within these age groups." Age groups 
used were: 0 - < 1 month; 1 - < 6 months; 6 months - < 2 years; 2 - < 6 years; 6 -
< 12 years; 12 years and older. 

Analysis 
Descriptive analyses were conducted for patient demographics, prescription data and 
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outcome. Statistical comparison consisted of independent 2-sample !-tests for contin­
uous variables, and Chi square-tests or Fisher's exact test for discrete variables. 
The study population comprised 13,426 children (5 L 7% male). During 1998, 64.8% 
of the children consulted their GPs at least once, the total number of consultations 
was 26,855, the median number was three consultations per year (lnterquartile range 
(1QR) = 1-5). Significantly more girls than boys consulted their GPs (p < 0.001). A 
total of 18,400 pharmacological prescriptions were issued to the study population in 
1998. We excluded 667 herbal prescriptions and 280 prescriptions for which no 
indication could be found were excluded from further analysis. This resulted in a final 
number of 17,453 prescriptions, which were issued to 45.7% of the patients (Table 
2). For patients who received at least one drug, the median number of prescriptions 
per year was two (IQR = 1-4). 

The mean number of consultations per month for children in the age groups "0 - < 
1 month", "1 - < 6 months" and "6 months - < 2 years" was 0.84, 0.39 and 0.33, 
respectively. This was twice as high (p = 0.001) as in the "2 - < 6 years", "6 - < 12 
years" and "12- < 16 years" groups (0.21, 0.14 and 0.15, respectively). The number 
of prescriptions per month was also higher in the younger age groups (0.21, 0.20 and 
0.21, respectively) than in the older ones (0.14, 0.08 and 0.11, respectively). 
Of the 17,452 pharmacological prescriptions, 12,405 (71. I%) were licensed for use 
in children, and prescribed in concordance with the product license. Of the remain­
ing 5048 prescriptions (28.9%), 2667 (15.3%, 95%CI: 14.8-15.8) were prescriptions 
for unlicensed drugs, and 2381 (13.6%, 95%CI: 13.1-14.2) were off-label prescrip­
tions for licensed drugs. Lack of information on use in children (8.3%), and deviance 
of recommended dosage (5.6%) were the most frequent reasons for unlicensed and 
off-label drug use, respectively (Table 3). The numbers of UL prescriptions were high­
est in the age groups "1- < 6 months" and "7 months-< 2 years" (Table 4). The most 
frequent unlicensed and off-label prescriptions were fusidic acid (ophthalmic gel), 
salbutamol (aerosol), deptropine citrate, amoxicillin and fluticasone (aerosol) (Table 
5). Drug classes in which drugs were most frequently prescribed unlicensed or off­
label were bronchodilators and anti-asthmatics, ophtha!mics, systemic antihistamines, 

Table 2 Characteristics of patient-receiving children (46<'/o of total) in the IPCI database in 1998 

=totals do not add up to the total of the study group, since some patients contributed to several age groups. 
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Table 3 Classification of drugs. 

No information on use in children is found in any subsection of the product license 
Drugs produced under a specials manufacturing license. which have not been subject to licensing regulations 
and therefore have no product license 
As drugs in the off label category can be classified under more than one of the six bullet points, totals add up 
to more than 2381 prescriptions 

Table 4 Number of drug prescriptions within each category 

Table 5 Most frequent unlicensed (UL) and off~label (OL) prescription of drugs (n::::5994). 

,Drug-entJtv ,n /Prlltlarye!i1ssiflc8tion 
, '1 ', Fu?),<~.IC ~d, '?ti:l 1 9:L.,h'N~OQdJ~ted,fQr-age ,-z: Salb~o1 299: ,OC':":'D_o~ge 

-,pl-:N6t indl~tedAof age 
~9 ;' PL,- Maglst_ra1 prepara,lon' ;s ,OepttoPloe; 

'4 , Amoxtclllln 
5 Fhtt:lcason'9 
s T'erbuta.line 
7 Udocalne 
8 SOd fum crom:og1ycafe, (eitr ,drops), 
9 Sodium eromoglycate:Jnasal spray) , 

10 Dexamethasone wlth antimlcrobra1 agent Sofra dex0 (ear drops) 

systemic antibiotics and otologic drugs. 

209 ',0,4--- 'Dosage , 
183 OL.-cOo.®g~ 
154 CL •OoSi;tg~ 
_144 UL-NolnformatJOn 
-129 UL- No ln1ormation 
119 UL_~ No !niormatJ6n 
115 UL- No' information 

17453 

The baseline risk of a child to receive one or more unlicensed/ off-label prescriptions 
was 45.5% (95%CI: 44.3-46.8) for children who received at least one prescription 
during the one-year study period. For females, this risk was 18% higher (95%CI: 10-
26) than for males. As compared to 6 to 12-years-old children, the relative risk of 
receiving unlicensed/off-label prescriptions was 2.6 (95%CI: 2.4-2.9) in 6 to 24-
months-old children and 1.7 (95%CI: 1.6-1.9) in 2 to 6-year-old children. The risk 
of receiving an unlicensed/off-label prescription was 13.9% (95%CI: 13.5-14.3) per 

consultation. 

Discu.ssion 

Although lower than in clinical studies, the one-year risk of off-label or unlicensed 
prescription was 46% to children that were prescribed drugs in general practice in 
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the Netherlands. This finding underscores the problems in pediatric pharmacology 
regarding the accuracy and adequacy of drug information in children. 
A remarkably high number of prescriptions were off-label due to errors in the pre­
scribed dosage (5.3%); this is surprising since the computer system supports the GP 
with correct dosage regimens and drug recommendations. The high percentage of 
modified preparations for children (6.1 %) results from the lack of licensed pediatric 
formulations," " which is mainly compensated through modification of commercial 
preparations in the pharmacies. 
We excluded 667 prescriptions for which we could not find an indication. This was 
motivated by the difficulty to determine correct dosage regimens from the product 
license of these prescriptions since they may depend on indication. 280 alternative 
drugs, such as homeopathic and herbal drugs, were excluded from the study, since 
there was no licensing authority evaluating efficacy of these preparations in 1998. 
Although the risk of unlicensed and off-label drug use in children may be high, it is 
important to discuss the potential clinical impacts of these findings. Due to a thinner 
and better-hydrated skin, the rate and e'-"tent of drug absorption via the skin is 
increased in young infants. As a consequence, systemic toxicity may be observed with 
topical application of some drugs (e.g. lidocaine, corticosteroids) to children 8 to 12 
months of age, in our children we found 56 infants (8% of children <12 months) who 
received topic applications that were classified unlicensed or off-label. Another com­
plication may rise from the long-term use of respiratory corticosteroids, which could 
result in bone demineralisation and growth impairment in children," especially in 
children that are younger than the minimal age that is indicated by the product 
license, or when the drug is systemically overdosed. Similarly, the use of highly dosed 
deptropine citrate in small children has been reported to cause hallucinations, agita­
tion I aggressive behavior, ata..'Cia and anxiety in children." Many of the drugs that 
are frequently prescribed and classified by use as unlicensed or off -label will not be a 
actual threat to the health of the child and its recovery, but in general the risk of 
adverse drug reactions is higher in children who receive unlicensed or off -label 
drugs.19 
Over the recent years several publications have indicated the urgent need of good evi­
dence-based medicine, in adult as well as pediatric care. The European Medicines 
Control Agency's 1997 'Note for guidance on clinical investigations in children' for 
instance unmistakably reckons the widespread concern regarding performing clinical 
trials in children, particularly subjecting children to repeated invasive procedures." 
However, no substantial measure have been taken by European authorities to enhance 
the industry's willingness to invest in pediatric research and to facilitate the develop­
ment and improvement of clinical research sites in Europe. The Pediatric 
Pharmacological Research Units (PPRUs) in the US, which are funded by the National 
Institutes of Health, are an example of the lead the US has taken. We think the 
European community should take it's responsibility by active participation in the 
improvement of the pediatric licensing status of drugs commonly used in pediatrics. 
In conclusion, this study showed that a considerable number of drugs that are pre­
scribed to children in general practice are not licensed for use in children, or pre­
scribed off-label. This proves that unlicensed and off-label prescription of drugs is 
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less than, but not limited to clinical care. This situation is hardly acceptable, and 
joined efforts should be taken to improve it Not only because of the injustice done to 
children, but moreover since we carmot quantify or oversee the impact of the current 
situation on the health of our children. 
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Chapter 3.3 

Unlicensed and off-label prescription of respiratory drugs to 
children 

Many respiratory drugs are not available in formulations suitable 
for infants and toddlers, and efficacy research is mostly restrict­
ed to older children. However, respiratory drugs are frequently 
used in children for common diseases like asthma, upper en 
lower respiratory tract infections, rhiuitis and sinusitis. We 
therefore studied the unlicensed and off-label use of respiratory 
drugs in children. We conducted a population-based cohort 
study by using the computerized medical records in the 
Integrated Primary Care Information (IPCI) project. The study 
population comprised a random sample of all children aged 
under 16 years who were registered with a general practitioner 
in 1998. All prescriptions for respiratory drugs during the study 
penod were classified according to licensing and off-label status. 
The study population comprised 13,426 patients (51.7% male, 
median age 8.67 years), of whom 2502 (19%) received 5253 
prescriptions for respiratory drugs in 1998. A total of 3306 
(62.9%) prescriptions concerned licensed drugs. Of the remain­
ing 1947 prescriptions (37.196), 882 (16.8%) were unlicensed 
for use in children, and 1065 (20.3%) were prescribed off-label. 
The one-year risk of an unlicensed or off-label prescription was 
45% among children with at least one prescription for a respira­
tory drug. This population-based study showed that a large pro­
portion of respiratory drugs prescribed by the general practi­
tioner is unlicensed for use in children or licensed but prescribed 
in an off-label manner. These findings should prompt research 
into suitable formulations, dosages and efficacy of respiratory 
drugs in children. 
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Introduction 

The extent and nature of unlicensed and off -label drug prescription in paediatric 
clinical care has been the subject of several surveys in Europe'~' and these consistent­
ly showed that a very large proportion of prescribed drugs are either unlicensed for 
use in children or used outside the terms of the product license ('off-label'). 
Respiratory drugs are used for several of the most common paediatric diseases such 
as asthma, upper and lower respiratory tract infections, rhinitis and sinusitis; condi­
tions that are treated in general practice rather than clinical care.'·" Previous research 
of our group revealed that seventy percent of available respiratory drugs in the 
Netherlands are not fully licensed for use in children, and many of these (80%) are 
registered only for specific age/weight groups." We conducted a large cohort study 
in general practice to assess the extent and nature of unlicensed and off -label pre­
scription of respiratory drugs in children. 

Methods 

Setting 
All data were retrieved from the Integrated Primary Care Information (!PC!) project, 
a longitudinal observational database with data from computer-based patient records 
of a group of 150 general practitioners (GPs) in the Netherlands. Within the 
Netherlands, patients are registered to a single general practitioner and records from 
each general practitioner can be assumed complete for an individual patient. The 
database is maintained by the department of Medical Informatics of the Erasmus 
Medical Center Rotterdam (EMCR) since 1992, and contains coded and anonymous 
data on gender, age, symptoms, diagnoses and findings, and on prescriptions, their 
indications and dosage regimen. Summaries of hospital discharge letters and infor­
mation from clinical specialists are included as free text. Patient complaints and diag­
noses are entered as te:d and coded according to the International Classification for 
Primary Care (ICPC)." Prescription drugs are coded according to the Anatomical 
Therapeutic Chemical classification (ATC)." The data are entered and stored directly 
by the GP. Downloads are made on a monthly basis and the information is sent to the 
gatekeeper who ensures anonymity of all information before further access is provid­
ed. To maximize completeness of information, GPs participating in the !PC! project 
are not allowed to use paper records. As of 2001, the !PC! database contains data on 
a cumulative number of 485,000 patients. The system complies with European Union 
guidelines on the use of medical data for medical research and has been proven valid 
for pharmacoepidemiological research." 

Design 
We conducted a population-based cohort study in a dynamic population of children 
in the !PC! database who were permanently registered with one of the participating 
general practices between 1 January 1998 and 31 December 1998." In 1998, 53,702 
children were registered in the !PC! database. Since our research required manual 
review of all prescriptions we randomly sampled 25% of the population, which 
formed our primary study population. All study subjects were followed from 1 
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January 1998, or the date of registration in the GP practice, whichever was latest, 
until the earliest of one of the following censoring points; death, reaching the age of 
17 years, transferring out of the practice, or end of the study period. 

Classification of prescriptions 
From the prescription file, we e>."tracted all prescriptions plus their dosage regimens 
and indications issued to our primary study population in 1998. Respiratory drugs 
were categorized into "nasal preparations" (ATC ROl), "oropharyngeal preparations" 
(ATC R02), "anti-asthmatics" (ATC R03), "cough- and cold-medications" (ATC R05) 
and "antihistamines for systemic use" (ATC R06). 
As part of a larger project," all prescriptions for respiratory drugs were classified 
regarding their licensing status.' The main, and mutually exclusive, classification cat­
egories were; "licensed for children", "licensed, but used off-label" and "unlicensed for 
children" drugs. Prescriptions were classified as unlicensed drugs if they concerned: 
"new" drugs produced under a special manufacturing license; modifications to 
licensed drugs; drugs contraindicated for use in all children; and drugs for which no 
information was available on use in children. Prescriptions were classified as off -label 
if the drug was prescribed in a dose or dosage form other than specified in the prod­
uct license; by an alternative route; for an age below the age recommendations or for 
an indication not included in the license. Prescriptions could fit into more than one 
off-label subgroup. As a reference source for classification we used the official prod­
uct license, as approved by the Dutch Medicines Evaluation Board. 
Age was classified in line with the paediatric age definitions provided by the U.S. Food 
and Drug Administration (FDA)," but the categories "1 month - < 2 years" and "2 -
< 12 years" were split because of heterogeneity within these age groups.l9 Age 
groups used were: 0 - < 1 month; I - < 6 months; 6 months - < 2 years; 2 - < 6 
years; 6 - < 12 years; 12 years and older. 

Analysis 
Descriptive analyses were conducted for patient demographics, prescription data and 
outcome. Statistical comparison consisted of independent 2-sample !-tests for contin­
uous variables, and Chi-square tests for discrete variables. Ninety-five percent conti­
dence intervals around prevalence estimates were based on the normal distribution. 

The primary study population comprised 13,426 children (51. 7% male) with a medi­
an age of 8 years and 8 months on the last day of follow-up. A total of 17,453 phar­
macological prescriptions were issued to the study population in 1998. Of these, 
5253 (30.1 %) prescriptions concerned respiratory drugs. The respiratory prescrip­
tions were issued to 2502 (18.6%) patients (Table 1). The median number of respi­
ratory drug prescriptions among respiratory drug-using children was one (interquar­
tile range (IQR) = 1-2). For anti-asthmatics (ATC R03), the median number of pre­
scriptions was two per patient per year QQR 1-3). Patients who received respiratory 
drugs were significantly younger than the rest of the study population (p < 0.001). 
The most frequently prescribed respiratory drugs were anti-asthmatics (40.7% of all 
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Table 1 Characteristics of study population (n=13.426). 
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prescriptions), followed by systemic antihistamines (27.7%) and nasal preparations 
(23.2%). Largest subclasses of drugs - in numbers of prescriptions - were corticos­
teroids (18.0%), selective beta-2-sympaticomimetics (17.1%), systemic antihistamines 
(14.8%), sympaticomimetics for nasal use (12.7%) and phenothiazine-derivates 
(8.9%), as shown in table 2. The most frequently prescribed drugs were salbutamol 
(12.7%), xylomethazoline (12.7%), promethazine (7.4%), beclomethasone (6.5%), 
and fluticasone (6.5%).ln terms of children who were e":posed to these drugs, the dis­
tribution was slightly different, the highest percentage of exposure was to sympati­
comimetics for nasal application (4.5% of children), followed by beta-2-sympati­
comimetics for inhalation (4.2%) and systemic antihistamines (3.9%) (Table 2). 
Of the 5253 prescriptions, 3306 (62.9%) were licensed for use in children, and pre­
scribed in concordance with the product license. Of the remaining 1947 prescriptions 
(37.1%), 882 (16.8%, 95%CI: 15.8-17.8) were prescriptions for unlicensed drugs, 
and 1065 (20.3%, 95%CI: 19.2-21.4) were off-label prescriptions for licensed drugs. 
Modification of preparations (8.7%), and deviance of age/weight-restrictions (7.4%) 
were the most frequent reasons for unlicensed and off -label drug use, respectively 
(Table 3). Unlicensed and off-label drug use differed for the various respiratory drug 
classes (Table 4). Off-label use was especially high for anti-asthmatic drugs (39%), 

Table 2 Respiratory drug utilization 
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No information on use in children is found in any subsection of the product license 
The product license indicates that the drug is contraindicated for use in children 
The prescription is prepared by the pharmacy, and no official product license is available for this formulation 
As drugs in the off-label category can be classified under more than one of the six bullet points, totals add up to more than 
1 065 prescriptions 

and cough- and cold medication (30%). Anti-astluna drugs were frequently off-label 
for dose and/or indication or age/weight (14%, 10%, and 15%, respectively) and 
cough- and cold medication was mostly off-label for dose (19%). Unlicensed use was 
especially high for nose preparations and antihistamines for systemic use (24.0% and 
26.4%, respectively), but off-label use was very low in these groups; pri!nary reason 
for !mlicensed drug use for both drug classes was modification of preparations by the 
pharmacy. The most frequent unlicensed and off-label prescribed drugs were salbu­
tamol (inhaled), deptropine (syrup), fluticasone (inhaled), terbutaline (inhaled), and 
sodium cromoglycate (nasal spray) (Table 5). 

Table 4 Number of drug prescriptions within licensing /off-label status 
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Table 5 Most frequent unlicensed and off-label prescription of drugs (n=1947). 

~ Percentage of number of prescription for drug 

Licensed 

',' ',1 (160~0%) 
.$4 (32.SOM 

289 (35.2%) 
1014 (64.8%) 

. 1089 (72:1%) 
799 '("l2.8o/o) 

1131 (52.9%)· 
991 (Stto%) 
910 {74.7%) 
263 (6l.9%) 

11 (64.6%) 

3306 (62.9%) 

73 
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The numbers of unlicensed and off-label prescriptions were highest in the age groups 
"1 - < 6 months" and "6 months-< 2 years" (Table 4). For children under 6 years of 
age, the risk of receiving unlicensed or off -label prescriptions was significantly high­
er than for older children; compared to children aged between 6 and 12 years, chil­
dren in the age groups 1 - < 6 months, 6 - < 24 months, and 2 - < 6 years had a rel­
ative risk of 1.5 (95%Cl: 1.0-2.2), 4.4 (95%CI: 3.7-5.1), and 2.1 (95%Cl: 1.8-2.4) 

respectively. 
The one-year risk of an unlicensed or off-label prescription was 45% (95%Cl: 43-4 7) 
among children with at least one prescription for a respiratory drug. Males had a 15 
percent (95%Cl: 6-25) higher chance of receiving unlicensed or off-label prescrip­
tions for anti-asthmatics than females. For other groups no significant differences 
were found. 
For some infrequently used drugs (parasympaticomimetics and expectorants), the 
percentage of exposed children with at least one off -label of unlicensed prescription 
for this drug was highest (95% and 79% respectively). However also amongst the 
drugs with the highest exposure, the percentage of children with at least one off-label 
or unlicensed prescription was high; i.e. 57% amongst users of beta-2-sympati­
comimetics and 52% among users of systemic antihistaminics (Table 2). 

Discussion 

This study showed a high one-year risk of unlicensed and off-label use of respirato­
ry drugs among children who use these drugs (45%). In terms of prescription, 17% 
was unlicensed and 20% off-label. The percentages are slightly higher than the over­
all percentages in all classes of drugs (15% and 14%, respectively)." The risk of at 
least one off-label or unlicensed prescription was high amongst users of parasympa­
ticometics, expectorants, inhalational sympaticomimetics and systemic antihistamines, 
and was higher for younger and males. 
A remarkably high number of prescriptions were off-label due to "errors" in the pre­
scribed daily dosage (7.8%); this is surprising since the computer system supports the 
GP with recommended dosing regimens. The licensing information text of many res­
piratory drugs provides physicians with dosage recommendations that are more 
restricted than the information text in common drug formularies like the Physician's 
Desk Reference in the US," and the British National Formulary or the "Medicines for 
Children" formulary in the UK." However, dose recommendations for paediatric use 
of many anti-asthmatics in these formularies are mostly experience based, and not so 
much evidence based. Although most unlicensed and off -label drug use will not result 
in any harm, bone demineralization and growth impairment has been reported fol­
lowing the long-term use of respiratory corticosteroids," especially in children that 
are younger than the minimal age that is indicated by the product license, or when 
the drug is systemically overdosed. Similarly, the use of high doses of the antihista­
minic deptropine citrate in small children has been reported to cause hallucinations, 
agitation I aggressive behavior, ataxia and an:tiety in children." 
The high percentage of modified preparations for children (8. 7%) is a direct result of 
the lack of licensed paediatric formulations,"" which requires modification of com­
mercial preparations in the pharmacies. The drug prescriptions that were off-label for 
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age were not checked for other off-label categories like indication and dosage, since 
these were not provided in the labeling information text. The dosage form therefore 
seems to be correct for most prescriptions, but especially in the younger children, the 
availability of suitable formulations is limited. Although there have been major 
advances in relation to different types of inhalers for children of different ages with 
asthma, such as the turbohaler, nebuhaler and volumatic inhaler," knowledge of 
reproducibility of dose and lung disposition is limited." Pressurized metered dose 
inhalers (pMDD/spacers, and facemasks are needed for these children," and parents 
have to be adequately instructed to be able to apply the drug. Dose variability for these 
drugs in small infants is large, and increased by complicating factors like bad coop­
eration by the wheezy infant." 
In conclusion, this study showed that a considerable number of drugs that are pre­
scribed to children for very common respiratory diseases in childhood in general 
practice are not licensed for use in children, or prescribed off -label. This situation is 
hardly acceptable, and joined efforts should be taken to improve it. 
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Chapter 3.4 

Determinants for drug prescribing to children below the 
minimum licensed age 

In the light of undesired effects that unlicensed and off-label 
drug use might have, it is necessary to study determinants that 
affect prescribiug of such drugs. Prescription of drugs to children 
who are younger than the minimum licensed age may cany the 
highest risk of adverse reactions. To obtain iusight iuto the fac­
tors that affect prescription of drugs below the miuimal licensed 
age iu children we conducted a population-based case-control 
study. The case-control study was nested iu a cohort of I 3,426 
children aged 0 - I 6 years, who were registered iu the Integrated 
Primary Care Information (IPCI) project, a longitudinal observa­
tional general practitioners database iu the Netherlands. Cases 
were all children who received a drug prescription below the 
minimum licensed age. To each case we matched up to four con­
trols based on GP practice and patient age. As potential risk fac­
tors we evaluated use of health care resources, and acute and 
chronic morbidity. We identified 447 cases who were matched 
to I,355 controls. Cases consulted their CPs significantly more 
often during the precediug half-year, had more drug prescrip­
tions, and had more specialist referrals than controls. Respiratozy 
diseases were the most important determinants for the prescrip­
tion of drugs to below the minimum licensed age iu children. In 
adolescents, migraine and other headaches were the most impor­
tant reasons. This study showed that children suffering from res­
piratozy disease or migraiue have the highest risk of receiviug a 
drug prescription below the miuimum licensed age. Regulatozy 
authorities and the pharmaceutical iudustry should be stimulat­
ed to improve evaluation of drug efficacy and safety iu children. 
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Introduction 

Although drugs play an important role in the treatment of children, many drugs are 
not licensed for use at all relevant ages and for all relevant indications.' This often 

results in the prescription of drugs that are either not licensed for use in children or 
are prescribed off-labeL In recent years, several surveys in clinical as well as non -clin­
ical settings have shown a high rate of unlicensed and off -label drug use in pedi­
atrics. ,_, In a previous study in primary care, almost thirty percent of all prescriptions 
in children between 0 and 16 years of age was either off-label or for an unlicensed 
drug.' In the Netherlands, general practitioners play a central role in the health care 
system and therefore they are informed of all relevant medical events. In order to 
identify risk factors for prescribing a drug to children below the minimum licensed 
age in general practice, we conducted a population-based nested case-control study. 

Methods 

Setting 
All data were retrieved from the Integrated Primary Care Information (IPCI) project, 
a longitudinal observational database with computer-based patient records from a 
group of 150 general practitioners (GPs) in the Netherlands. Within the Netherlands, 
patients are registered with a single general practitioner and records from each gen­
eral practitioner can be assumed complete for an individual patient. The database is 
maintained by the department of Medical Informatics of the Erasmus Medical Center 
Rotterdam (EMCR) since 1992, and contains coded and anonymous data on gender, 
age, symptoms, diagnoses and findings, and on prescriptions, their indications and 
dosage regimens. Summaries of the hospital discharge letters and information from 
clinical specialists are Included as free text. Patient complaints and diagnoses are 
entered as free te>.-t and coded according to the International Classification for 
Primary Care (ICPC)." Prescription drugs are coded according to the Anatomical 
Therapeutic Chemical classification (ATC).'' Data are entered and stored directly by 
the GP. Downloads are made on a monthly basis and the information is sent to the 
gatekeeper who ensures anonymity of all information before further access is provid­
ed. To maximize completeness of information, GPs participating in the !PC! project 
are not allowed to have a system of paper records besides the electronic medical 
records. As of 200 I, the !PC! database contains data on approxtmately 485,000 
patients. The system complies with European Union guidelines on the use of medical 
data for medical research and is valid for pharmacoepidemiological research." 

Design 
We conducted a nested case-control study in a randomly sampled cohort of 13,426 
children, who were registered with one of the participating general practices between 
January I and December 31, 1998. 
All cohort members were followed from January I, 1998 or the date of registration 
in the GP practice, whichever was latest, until the earliest of one of the following cen­
soring points; prescription of a drug to a patient below the minimum licensed age, 
death, reaching the age of 17 years, transferring out of the practice, or end of the 
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study period. All drug prescriptions issued to the cohort members during I 998 were 
evaluated manually to classify licensing status. 

Cases and controls 
We defined as cases all children who received at least one prescription for a drug 
below the minimum licensed age. The first prescription for such a drug was defined 
as the index date. Cases were excluded if they had less than 6 months of valid histo­
ry before the index date. To each case, we matched up to four controls based on GP 
practice and age (+I- 3 months) who were allocated the same index date as the cor­
responding case. Also controls had to have at least 6 months of valid history before 
the index date. 

Covariates 
As potential determinants for prescribing drugs to patients below the nummum 
licensed age, we evaluated the number of consultations, pharmacological prescrip­
tions, and referrals during the G-month period preceding the index, plus all relevant 
pediatric diseases and common disorders for which the GP is often consulted. 
Information on morbidity was retrieved from both coded diagnoses and symptoms in 
the free text. The prevalence of all acute and chronic diseases on the inde..x date was 
assessed by reference to these morbidity data. 
Age was classified in line with the pediatric age definitions provided by the U.S. Food 
and Drug Administration (FDA)," but the categories "I month-< 2 years" and "2 -< 
12 years" were split because of the heterogeneity within these age groups." Age 
groups used were: 0 -< I month; I -< G months; 6 months -< 2years; 2 -< G years; 
G -< 12 years; 12 years and older. 

Statistics 
Distributions of continuous and discrete variables were compared between cases and 
controls by means of standard !-tests and Chi-square tests respectively. To identify 
determinants for use of drugs under the minimum licensed age, we used univariate 
and multivariate conditional logistic regression analyses. All analyses were conducted 
using SPSS 10/PC. 

Within our study cohort of I 3,426 children (51. 7% male), we identified 5 I 5 (3.8%) 
patients who received prescriptions for drugs below the minimum licensed age. Eleven 
patients could not be matched to a control while 57 (I I%) patients were excluded 
since they had less than G months of prior history. The resulting 44 7 cases were 
matched to I ,3 55 controls from the source population. The median age of the cases 
was 3 years (IQR: 0- 12). There was no significant difference in gender between cases 
and controls. The most frequently prescribed drugs to children below the minimum 
licensed age were ipratropium, salbutamol, diclofenac, and budesonide (Table I). 
The risk of obtaining a prescription below the licensed age was thirty percent higher 
for children with a sickfund insurance (Table 1). The risk increased with more fre­
quent use of health care resources, by GG% upon each additional consultation (inde-
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Table 1 Top ten drugs prescribed to children 
younger than the minimal age 
among cases 
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pendent of age/insurance and assuming a 
linear relationship) (OR 1.66, 95%CI: 1.54-
1.79), and two-fold with each additional pre­
scription (OR 2.0, 95%CI: 1.81-2.22). For the 
number of referrals to specialists, no signifi­
cant e>.-tra risk was found when adjusted for 
gender, insurance and number of consulta­
lions (Table 2). The diseases that were signif­
icantly more prevalent in patients who 
received prescriptions for drugs below the 
minimum licensed age were mainly respira-

tory diseases: asthma, upper respiratory tract infections, lower respiratory tract infec­
tion, and rhinitis. In older children, migraine and other forms of headache (not ten­
sion-related) were important determinants (Table 3). Regurgitation in neonates was a 
significant determinant in children younger than 6 months (OR =9.7 (95%: 1.0-91)), 
which was mainly related to the use of cisapride in reflux esophagitis. When we 
adjusted for the number of consultations, the relative risk decreased to one for many 
diseases, except for asthma (10.9 (95%: 2.0-59.4) under 6 months, 10.4 (95%: 4.6-
24.1) between 6 months and 2 years of age), and lower respiratory tract infections 
(5.3 (95%: 1.1-22.7) under 6 months, 2.2 (95%: 1.1-4.5) between 6 months and 2 
years of age) in young children. 

Table 2 Characteristics of study population 

Variables C~es:(n~r) -c~n~ors:--(fl:i43§:S) > t:)Rfiki;)J9S~I]~ 
Age group-

1-< e: months {%) 52 (11.6). 167 (12:6) 
6 inohths- ~.::: 2 years(%) 133 . (29.6) 383 (28;3) 
2 ~< 6 years(%} 89 (t9.m . 26!l. (19:4). 
s ~< 12'years (0/o)_ 49 (1M) 166 (123) 
t2 'years, and-older(%) 124 (27.7) 376 (27,7) 

Sex 
Male(%) 2.28 (51,0) 722 (5M). rSfEm:mce 
Female(%.) 219 (4$.0] 633 (46.7} 1.1 (0,9'1.4) 

Insurance sfiltris 
Private insurance 192 (43.0) 666 (49.2) refereriee 
SiCk1und 232 (51.9) 618 (45.6) 1.3 [1.0,1.7) 
Unknown I missing 23 (5.1) 71 (5.2) 

Consultations (median [fQR]) 3 [2 '5] [0-2] 
0·2 198 (44:3) t138' (84.0) rete renee 
3-4 131 (29.3) 133 (9,8) 5.8 [4.3'8'.0] 
5·5 67 (15.9) 50 (3,7) 8.9 [5.6·13.9] 
>6 51 (11,4) S4 . (2.5) 11.4j6.M8.9j 

Prescriptfons-{median [!OR}) ? [1·~4) [0-1] 
0·1 134 (30.0) 1086 (80.1) referenCe 
2·3 162. (3M) 203. (t!j:O) f9. [5.6·13.9] 
>3 154 (3$.6) 66 (4.9) 25.) [16.3-38.8] 

Refeirats 
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12 iis),. ... 3: (Q.~) '23;8[~,27108,4] 
Relative risk of receiving drugs that are not ... Controls were matched on age. 
licensed for the age of the patient Cl= confidence interval, OR= Odds ratio 
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DLinMINANTS FOR DRUG PRtSCRIBINC TO CHILDREN BELOW THE MINIMIJM INDICATED ACE 

Discussion 

In this study, we showed that the risk of receivins prescriptions for druss below the 
minimum licensed ase is hizhest for youns children who frequently visit their GP and 
suffer from asthma. Children with a sickfund insurance had a hizher risk which pos­
sibly relates to the fact that they often have a low socio-economic background. Despite 
the hish incidence of respiratory diseases and frequent prescription of respiratory 
druss to children,'~" many of these druss are not licensed for use in younz children. 
Althoush most of these unlicensed and off -label druss will not result in any harm, 
bone demineralization and zrowth impairment has been reported followins the Ions­
term use of respiratory corticosteroids," especially in children who are younser than 
the minimal ase that is indicated by the product license, or when the drus is system­
atically overdosed. 
Most of the children cases who received a prescription below the minimum licensed 
ase were either younser than 2 years of ase (42%) or older than 12 years of ase 
(23%). The druss these children were prescribed comprised two different types, 
namely druss that are not licensed I contra-indicated for use in children at ail- used 
by children in the oldest ase sroup (12 years and older) such as diclofenac, and druss 
that are not indicated for use in children under a certain ase, often a pre-school ase 
(e.s. budescnide in asthmatic children under G years of ase). 
Several reasons for this situation may be recosnized." Because research in small chil­
dren is complicated, the majority of druss are not studied in small children.~ Druss 
that are not indicated for use in children under a certain ase however are sometimes 
frequently used within these ase sroups, while safety and efficacy have not sufficiently 
been assessed to apply for licensins by the drus labelins authorities. Sometimes, there 
are sood reasons for not prescribins such druss to children below a certain ase, for 
instance if a youns child is not able to metabolize the drus or if the drus has been 
demonstrated not to be effective in certain ase sroups (e.s- tricyclic antidepressants in 
adolescents). Often however, druss that misht be useful have not been studied in chil­
dren. 
Over the recent years, several publications have indicated the ursent need for sood 
evidence-based medicine, in adult as well as in pediatric care. The European 
Medicines Control Asency's 1997 'Note for $Uidance on clinical investisations in chil­
dren' for instance unmistakably reflects the widespread concern resardins perform­
ins clinical trials in children, particularly when subjec!ins children to repeated inva­
sive procedures. However, no substantial measures have been taken by European 
authorities to enhance the industry's willinzness to invest in pediatric research and to 
facilitate the development and improvement of clinical research sites in Europe. 
In conclusion, this study showed that the risk of receivins prescription for druss 
below the minimum licensed ase is hish in youns children with respiratory diseases, 
and in adolescents with e.s. mizraine. These children may have a hizher risk of 
adverse reactions. This situation is undesirable, and joined efforts should be taken to 
improve it. 
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Chapter4 

Stimulant and antidepressant use m children; unlicensed 
and off-label prescribing 

Several studies m the us show a sharp mcrease m the use of psy­
chotropic drugs m children, but little is known about the mdica­
tions for use. We therefore determined the extent and nature of 
stimulant and antidepressant use m children m the Netherlands. 
We conducted a retrospective cohort study m the Integrated 
Primary Care Information (IPCI) project, a longitudinal observa­
tional database based on electronic medical records. Between 
1995 and 2000, 81,618 children aged between 0 and 16 years 
were actively registered m the IPCI database. In this population, 
we estimated prevalence and mcidence of stimulant and antide­
pressant use, and the mdications for these drugs. Use of stimu­
lants (methylphenidate) mcreased by a factor 7. 7 between 1995 
and 2000 to 4.9 users per 1,000 persons per year m 2000. Use of 
tricyclic antidepressants (TCAs) decreased, mostly smce use for 
nocturnal enuresis decreased by a factor 4.6. However, the num­
ber of selective serotonm reuptake inhibitor (SSRI) users 
mcreased by a factor 5.4 durmg this period to 0. 7 users per 1,000 
persons per years m 2000. Twenty percent of stimulants, fourty­
six percent of TCAs and thirty percent of SSRis were prescribed 
off-label, mostly because they were not licensed for the mdication 
for which they were used. Prescription of stimulants and SSRis to 
children has mcreased durmg the second half of the 1990s m the 
Netherlands. Off-label use of stimulants and antidepressants is 
high mostly smce these drugs are prescribed for mdications they 
are not licensed for, or they are prescribed to children below the 
licensed age. 



ss 

L"ltroduction 

Antidepressants and stimulants such as methylphenidate are among the most com­
monly prescribed psychotropic medications in children. Major concerns regarding 
these drngs include the lack of evidence regarding safety and efficacy of the majority 
of psychotropic agents in (especially younger) children, and the potential for overpre­
scribing of stimulants such as methylphenidate (Ritalin") in the treatment of attention­
deficit/hyperactivity disorder.' Most of the antidepressants do not carry any specific 
labelling for the treatment of psychiatric conditions in children. Instead, the product 
labels of most antidepressants state that safety and efficacy have not been established 
in children. Moreover, various double-blind studies have shown that antidepressants 
are no more effective than placebos in treating depression in children and adolescents.' 
In recent years, the medical literature and popular press payed attention to increased 
pediatric usage of stimulants both in the US," and in Europe.' Prescription rates of 
stimulants increased rapidly during the 1990s, with reported prevalences ranging 
between 3.6 and 4.9 percent in the US."' Still, little is known about pediatric use of 
stimulants and antidepressants in the general population. Therefore, we assessed the 
prescription patterns for stimulants and antidepressants, with a focus on time trends, 
gender, age differences, and off -label use of these drngs. 

Methods 

Setting 
All data were retrieved from the Integrated Primary Care Information (IPCI) project, a 
longitudinal observational database with data from computer-based patient records of 
a group of 150 general practitioners (GPs) in the Netherlands. The database is main­
tained by the Department of Medical Informatics of the Erasmus Medical Center 
Rotterdam (EMCR) since 1992, and contains coded and anonymous data on gender, 
age, symptoms, diagnoses and findings, and on prescriptions, their indications and 
dosage regimen. Summaries of the hospital discharge letters and information from 
clinical specialists are included as free te>."t. Patient complaints and diagnoses are 
entered as te>."t and coded according to the International Classification for Primary 
Care (ICPC).' Prescription drugs are coded according to the Anatomical Therapeutic 
Chemical classification (ATC) .' The data are entered and stored directly by the GP. 
Downloads are made on a monthly basis and the information is sent to the gatekeeper 
who ensures anonymity of all information before further access is provided. To ma.x­
imize completeness of information, GPs participating in the !PC! project are not 
allowed to have a system of paper records besides the electronic medical records. The 
!PC! database currently contains data on approximately 500,000 patients. The system 
complies with European Union guidelines on the use of medical data for medical 
research and has been proven valid for pharmacoepidemiological research.' 

Design 
We conducted a population-based cohort study in a dynamic population of children, 
who were registered with one of the !PC! general practices between January 1st, 1995 
and January Is!, 2001. All subjects were followed from January 1st, 1995, or the date 



of registration in the GP practice, whichever was latest until the earliest of one of the 
following censoring points; death, 17 years of age, transferring out of the practice, or 
date of last data sample. 

Drug use 
We identified all children, who used stimulants (ATC NOGB) and antidepressants (ATC 
NOGA) from the prescription file and retrieved the complete medical record for 
assessment of indication, and labeling status of prescriptions. 
for each stimulant or antidepressant (tricyclic antidepressant (TCA), selective sero­
tonin reuptake inhibitor (SSRJ) or other antidepressant; e.g. moclobemide or tra­
zodone) prescription, we assessed the indication from the indications as linked by the 
GP, or otherwise by manual inspection of the recorded symptoms and diagnoses. If the 
free text on symptoms, examinations and diagnoses did not yield a clear diagnosis, the 
indication was marked 'no indication'. 
We assessed the licensing status of each stimulant and antidepressant prescription. In 
order to classify off-label status, we calculated the prescribed daily dose for each psy­
chotropic prescription. Dosage & frequency, indication, and age of the patient at the 
moment of prescription were compared with the official product information te>-"1 as 
provided by the Dutch Medicines Evaluation Board." " Since safety and efficacy had 
not been established for most of the antidepressants, most of them were uulicensed for 
use in children, if classification systems of earlier studies were used. 111

:! For this study, 
we classified the prescription off-label for age if the child was under 12 years of age 
in case of such an 'uulicensed' drug. For 12-1G year-olds, we used adult dosing regi­
mens for off-label assessment. Prescriptions for which no indication was found, assess­
ment for off-label use for indication was not conducted. 

Covariates 
Covariates of interest were age, gender, and health insurance as a prm .. ·y for socio-eco­
nomic class. In the Netherlands, people with a higher income are privately insured, 
while others (except for all government employees) are insured through a public sick­
fund. The following age categories were created; (1) Preschoolers (0 through 5 years 
of age), (2) primary school-aged children (G through 11 years of age), and (3) sec­
ondary I !Ugh school-aged c!Uldren (12 through 1G years of age). During the period 
of follow-up persons could contribute time to multiple age categories. 

Analysis 
Comparisons between psychotropic drug users and non-users were conducted by 
using studentst-test for continuous variables and the Chi-square test for discrete vari­
ables. To describe utilization of antidepressants and stimulants we used the incidence 
and prevalence as frequency measures. Since TCA are used mostly for nocturnal 
enuresis, antidepressants used for this indication were excluded from the frequency 
estimates of psychtropic drug use. Incidence of drug use was estimated by dividing the 
number of new users (no previous use in the preceeding year) by the person-time of 
follow-up (person years; PY). The period-prevalence of use was calculated per year by 
dividing the number of users in one calendar year by the number of person years. 9 5% 
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confidence intervals were calculated on the basis of a Poisson distribution. In a next 
step we estimated age, gender and health insurance specific prevalence and incidence 
estimates. Incident use was estimated as prevalent use with non-use in the preceding 
calender year. Comparisons between strata were conducted by calculating prevalence 

and incidence ratios. 

Population characteristics 
The source population comprised 81,618 children who accumulated a total of 
229,396 person-years of follow-up. 379 children received 2130 prescriptions for 
stimulants and 265 children received 862 prescriptions for antidepressants during this 
period. TCAs were used by 114 (43.0% of antidepressant users) children for the treat­
ment of nocturnal enuresis (NE) and by 58 children (2 1.8%) for the treatment of 
depression and anxiety (Non NE-related). SSRis were prescribed to 87 (32.8%) chil­
dren, and only 15 (5. 7%) received other antidepressants. The most frequently used 

TCAs were imipramine (83% of NE-related and 39% of non -NE related TCA use), 
clomipramine (I% of NE-related and 23% of non -NE related TCA use) and amitripty­
line (16% of NE-related and 21% of non -NE related TCA use). Paroxetine (58%), flu­
oxetine (20%), and fluvoxamine (18%) were the most frequently prescribed SSRis. In 
the group of other antidepressants, moclobemide (48%) and mirtazapine (38%) were 
most frequently prescribed. Methylphenidate (Ritalin") was the only stimulant pre­
scribed, and accounted for all 2130 prescriptions. Four percent of all drug prescrip­
tions studied were issued to preschoolers (0-5 years); percentages for stimulants and 
antidepressants were four and six percent, respectively. 
Stimulant users were predominantly male (89.5%) and of lower socio-economic sta­
tus, as measured by the type of insurance (p=O.OOI). Nocturnal enuresis-related anti­
depressant users were predominantly males (69%; p<O.OOI) but use of TCAs for NE 
was not related to socio-economic status (table !). Use of antidepressants for non-NE 
related indications was distributed evenly among gender, but was hlgher in children of 
lower socio-economic status (p=0.025). 

Time trends 
The prevalence and incidence of stimulant and antidepressant prescriptions for chil­
dren increased strongly during the study period. The numbers of stimulant users 
increased by a factor 7. 7 between 1995 and 2000 from 0.64 to 4.90 users per 1,000 
persons per year (PY) in 2000. The incidence increased by a factor 7.2 from 0.25 to 
1.84 new users per 1,000 PY during the same period. For NE-related TCA use, the 
yearly prevalence of use decreased by a factor 6.9 from 1.53 to 0.32 users per 1,000 
PY, whereas the yearly prevalence of not NE-related TCA use was stable during this 

period, with an average of 0.36 users per 1,000 PY. We observed a 5.4 fold increase 
in SSRI use up to 0.69 users per 1,000 PY. The incidence of use increased by a factor 
8.1 to 0.52 new users per 1,000 PY, both in 2000 (figure 1), which was slightly at the 
expense of TCA use for not NE-related complaints that decreased by 40% to 0.32 new 
users per I ,000 PY. 
In preschoolers, stimulant use increased by a factor 6.5 to 0.99 users per 1,000 PY; 
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Table 1 Characteristics of study population 

TCAs = Tricyct!c Antidepressants, NE =nocturnal enuresis, SSRis =Selective Serotonin Reuptake Inhibitors, lOR = lnterquart!le range 
' Age a! the date of first prescription 
• age at January 1st, 2000 
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Figure 1 Prevalence (solid line) and incidence (dashed line) of stimulant, TCA and SSRI prescriptions in the 
IPCI population between 1995 and 2000. 
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SSR!s were hardly used in this age group (table 2) and TCA use decreased. In NE-relat­
ed TCA use, the decrease was roughly the same in preschoolers, primary school chil­
dren and secondary I high school children while i.tt not NE-related TCA use the 
decrease was much less in older children. The increase in stinmlant use was high in 
12-16 year olds, but highest in primary school children. Secular trends in utilization 
of TCAs, SSR!s and stimulants did not differ by gender. 

Indication for prescription 
For stimulants, the most common indication was attention-deficit/hyperactivity discr­
der (ADHD), which was the indication in 84% of the prescriptions in 296 (78%) 
patients. ADHD is a registered indication for stimulant use, as well as narcolepsy. Most 
common other indications used were "other problems behavior child" ( 6 patients), and 
"irritable/angry feeling/behavior" ( 5 patients). For 51 patients (13%), the indication 
for stimulant use could not be identified. For 38 (1 0%) patients, the indication seemed 
ADHD, but no clear diagnosis had been made. For TCAs, the most common indications 
were nocturnal enuresis (105 (61%) patients), followed by depression (10 (6%) 
patients), headache (11 (6%) patients), anorexia nervosa or boulimia (8 (5%) 
patients), state of anxiety/anxiety disorder (7 (4%) patients), ADHD (7 (4%) patients). 
For 13 (8%) patients no clear indication was found. 
For SSR!s, depression was the most common indication (43 (49%) patients), followed 
by "state of anxiety/anxiety discrder" (11 patients) and "anorexia nervosa I boulimia" 
(8 patients). For 8 patients no clear indication was found. 

Off-label prescription 
Of stimulants, 19.7% was prescribed off -label, but off-label prescriptions amounted to 
41.1% for antidepressants. Prescriptions were mainly off-label for indication - 80 and 

Table 3 Off-label prescription of stimulants and antidepressants. 

TCAs =Tricyclic Antidepressants. SSRis =Selective Serotonin Reuptake Inhibitors 
.. RR for non-NE related use only 
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88 percent of off-label prescriptions for stimulants and SSR!s, respectively (table 3). 
Stimulants were prescribed mostly off-label for indication in children aged 12-16 
years (21%); 15 and 14% for 0-5 year olds and 6-11 year olds, respectively. 

Discussion 

In the Dutch population of children aged 0-16 years, the use of stimulants and SSR!s 
increased sig:ni.ficantly between 1995 and 2000, whereas use of TCAs as antidepres­
sant remained stable. Despite the increase in use the absolute utilization rates of stim­
ulants and SSR!s are much lower than in the US. These findings confirm the results of 
a recent pharmacy based study in the Netherlands that reported a period prevalence 
for stimulants use of 7.4 per 1000 persons in 1999 (0-19 years of age), and an inci­
dence rate of 3.4 per 1000.' The higher prevalence and incidence rates in that study 
(prevalence 7.4 versus 4.9/1000 and incidence 3.4 vs 1.8) can be explained by inclu­
sion of prescriptions issued by specialists in a pharmacy dispensing database, that are 
not always included in the GP database. On the other hand , the denominator is less 
well-established in a pharmacy based database and no information is available on 
indications. We observed that the majorily of stimulants (at least 84%) were prescribed 
for ADHD according to the licensed indication, but anti-depressants were often pre­
scribed off-label for indication. Our results of a male predominance of treated atten­
tion-deficit/hyperactivily disorder and an increase of stimulant use in females are 
consistent with other studies. 3 5 

Despite current debates on off-label usage, prescriptions for both stimulants and SSR!s 
are strongly increasing in all age groups. Many articles have raised concerns about 
increases in the number of prescriptions of psychotropic drugs and consequent con­
cerns of harmful effects that could be e>.-plained by potential overuse, inappropriate 
prescriber practices, and substitution for counseling or comprehensive therapy. A 
study by Jensen et al. suggests that many children with ADHD go undiagnosed and 
untreated," whereas others treated with stimulant medications do not meet the diag­
nostic criteria for ADHD. However, potential positive influences of increased recogni­
tion and treatment of previously unrecognized mental disorders, improvements in 
access to psychiatric care, and increased education about the proper use of these med­
ications must also be considered." The attention that children with ADHD have 
received in the lay and medical press over the last decade has resulted in an increased 
recognition of children with symptoms of this disorder. Unfortunately, the thereupon­
following pressure on doctors to assess new cases within time limits might be a factor 
leading to superficial practice, and diagnosing by undertrained physicians.14 Recent 
guidelines indicate that medication is best titrated against adverse and desirable effects, 
rather than body weight." We question this approach since effectiveness and (long 
term) safely are uncertain. When reasonable evidence of safely and efficacy is estab­
lished, clinicians should however not be deterred from using medications in young 
patients because of gaps in our lmowledge of psychopharmacology in childhood. 
Unfortunately, the current situation is often different and long-term effects of use are 
unlmown. Exploration of the impact of these psychotropic agents on, for instance, the 
developing brain is necessary, using technologies such as PET, NMS and functional 
!v1RI.l6 



STIMUlANT AND ANTIDFJ>RtSSAN'f USE IN CHILDREN; UNUC£N$W AND OFF-lABEL PRrSOUBING 

The results of this utilization study is based on prescription records. Alfhough this has 
given us fhe opportunity to study indications that are not available in dispersing data, 
we will have underestimated actual use. Psychiatrists and pediatricians prescribing will 
not be completely covered in fhe database, which bares a limitation. 
In sunnnary, we showed that prescribing of psychotropic medications to children is 
increasing in the primary care setting. Future studies should provide insight into diag­
nostic appropriateness and adverse and beneficial treatment outcomes for bofh stimu­
!ant and antidepressant usage. 
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Chapter 5.1 

Adverse events associated with unlicensed or off-label 
prescription; a case series 

In pediatric care, unlicensed :md off-label prescription of drugs is 
common. It has been suggested that off-label prescriptions 
increase the ch:mce of adverse events. We studied adverse events 
attributed to off-label drug use notified to a spontaneous report­
ing system. All adverse events reported to the spontaneous 
Adverse Event Reporting System at the Columbus Children's 
Hospital, Ohio for children aged 0-16 years between j:muary 
1998 :md September 2001 were reviewed for off-label drug use. 
FDA-approved labeling information texts were used as reference. 
A committee of experts assessed the causal relationship between 
the adverse event :md use of off-label drugs. We excluded all 
drug withdrawals, drug-abuse syndromes, :md intentional drug­
overdoses. Five adverse events attributed to off-label drug use are 
described in detail. From the dlltabase, we extracted 282 reports 
of adverse events of which 142 were attributed to licensed drugs 
that were prescribed according to the product labelling text. Of 
the remaining 140 reports, 9 were excluded because of age, 25 as 
it concerned a deliberate overdose :md 14 reports were excluded 
as the causal relationship was considered possible or unlikely, 
leaving 92 reports for :malysis. Eleven (12%) of these reports con­
cerned unlicensed drugs, 81 (88%) reports involved off-label 
prescription of the causal agent, of which 50 were off-label for 
age (62%), 34 off-label for indication (42%), 25 off-label for dose 
(31%), :md 4 for route of administration (5%). This study shows 
that off-label use of drugs in children c:m lead to severe adverse 
events. The risk of off-label drug use may be higher than was pre­
viously assumed. 
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Introduction 

The benefits of pharmacotherapy are generally well studied, but there is less knowl­
edge about the frequency and severity of adverse effects. For economical reasons, clin­
ical trials are limited in size and duration, and therefore the full range of adverse drug 
reactions (ADRs) attributable to a certain agent is often unknown. Especially rare ADRs 
and chronic effects are easily missed. Thus, the findings of clinical trials, particularly 
with regard to ADRs, may not be generalizable.' 
From the pediatrician's perspective, there is an additional major deficiency: the pre­
marketing studies rarely evaluate pediatric populations. If pediatric studies are done, 
they often consist of very limited numbers of patients, and not all groups are covered. 
The relation of ADRs to the use of the drug outside the terms of regulatory approval 
(off-label use) has only been studied in one survey in the UK' An increased, although 
non-significant risk was found between ADRs and off-label use of drugs in children. 
Adverse reactions to licensed drugs are monitored by spontaneous reporting of ADRs 
by prescribers and by post marketing surveillance by the manufacturer. Relatively lit­
tle attention, however, is paid to the question whether such events may be caused by 
unlicensed or off-label drug use.' We studied adverse reactions attributed to off-label 
drug use notified to a spontaneous reporting system. 

Methods 

Setting 
The Columbus Children's Hospital is a 300 beds/ enos hospital, affiliated with Ohio 
State University in Columbus, Ohio. The Spontaneous Adverse Event Reporting system 
in this hospital includes all spontaneously reported suspected adverse drug reactions 
since 1993. The system contains detailed clinical information regarding the adverse 
event~ dosage, route of administration, formulation, and duration of use of the sus­
pected drug. In addition, the system stores data on patient characteristics, comorbidi­
ty, and concurrent medication. Emergency department visits, hospital admission, ICU 
admission and home care visitations are included. 

Analysis 
All reports notified to the Spontaneous Adverse Event Reporting system during the 4-
year-period between January 1st, 1998 and September 1st, 2001 were reviewed for 
use of unlicensed drugs or off-label prescription of licensed drugs. FDA-approved 
labeling infonnation texts were used as a reference. Prescription of drugs that were 
contraindicated for use in children, or for which the pediatric use subsection indicat­
ed that safety and efficacy of the drug had not been established in children were clas­
sified 'unlicensed'. Prescription of drugs for which the age, the indication, dose & fre­
quency, route of administration or dosage form was not in accordance with the 
licensed product was classified 'off-label'. A committee of e'-"Perts including physicians 
as well as pharmacists assessed the causal relationship between the reported adverse 
events and unlicensed or off -label drug use. Reports regarding patients older than 1 G 
years of age were excluded, as well as all drug withdrawal syndromes, drug-abuse 
syndromes, and complications of intentional overdoses. 



Results 

Table 1 
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Report characteristics 

53% 
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2% 
12% 
70/~ 

,21%. 
41% 
17% 

5 5% 
6 7% 

81 88% 
50 54% 
25 27% 
.34 -37'% 

0 0% 
4 4'% 

92 

From the database, we gathered all 282 reports of suspected ADRs during the study 
period of which 142 (50%) concerned adverse events to licensed drugs that were pre­
scribed according to the product labelling text. Of the remaining 140 reports, 9 (6%) 
were excluded because the patients were older than I 6 year, 25 (18%) as it concerned 
an intentional overdose and 14 (10%) as the causal relationship was considered pos­
sible or unlikely. For the remaining 92 cases with unlicensed and off-label drug use 
(66%), characteristics are shown in table I. 
Of these, eleven (12%) cases concerned unlicensed drugs- of which five were con­
traindicated for use in children and for six no information was available regarding use 
in children. Eighty-one (88%) concerned off-label drug prescriptions. Five adverse 
events attributed to unlicensed or off-label drug use are described in detail because 
they demonstrate that the use of unlicensed drugs or off-label prescription of liceused 
drugs may lead to adverse events. 

Case histories 

Patient A 
A two-day-old female (weight 3Kg) was sedated with 700 mg chloral hydrate (233 
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mg/kg) to facilitate an MRI. Following infusion she became lethargic, hypotensive, and 
hypothermic. Ventilation was suppressed with a respiratory rate of 30/minute and an 
arterial m.:ygen saturation of 90%. She was treated with intravenous fluids, warming 
and m.:ygen therapy. The use of chloral hydrate was off-label for age and dosage. 
Chloral hydrate is not licensed for children less than 1 month of age. In addition, the 
normal dose for children above 1 month of age is 60-75 mglkg. 

PatientB 
Six-year-old male (weight 24Kg) who had an unremarkable medical history was 
admitted to the intensive care unit (ICU) after being hit by a car. He sustained multi­
ple injuries including right parieto-occipital fracture with subdural hemorrhage, liver 
laceration, left distal femur fracture, right clavicle fracture and left great toe Iacer a­
lion. On the ICU paracetamol, mannitol, ranitidine and intravenous fluids were 
admiuistered. On the second day of admission the patient e>."]Jerienced respiratory dis­
tress with tachypnea (ventilation 38/minute), nasal flaring and a blood o>.-ygen satu­
ration of 93% within minutes after his nightly codeine administration (dosage sched­
ule 15 mg codeine i.v. every 3 hours). In addition he developed urticaria, involving 
most of his chest. He was treated with intravenous diphenhydramine, methylpred­
nisolone and an aerosol containing salbutamol. Codeine use was discontinued and the 
patient recovered completely. Use of codeine was off-label for route of admiuistration, 
since it was administered intravenously instead of orally. 

PatientC 
An eleven-year old male (weight 59Kg), with an unremarkable medical history, visit­
ed his physician and was treated with amoxicillin and naproxen for streptococcal 
pharyngitis and plantar fasciitis. One day later he received a triamcinolon injection. 
About 5-6 hours after injection, he developed a generalized rash and wheezing. The 
child's mother administered diphenhydramine because of wheezing. At the Emergency 
Department he received epinephrine and diphenhydramine with some relief. In addi­
tion, he received methylprednisolone, and within 15 minutes he developed a diffuse 
erythema multiforme, itching, and Quincke's edema. He was treated with famotidine, 
epinephrine and hydro>.-yzine and later with ranitidine, diphenhydramine, and epi­
nephrine. 
After six days physical examination still shows a diffuse, non-blanching, non-palpable, 
macular erythematous rash. Nevertheless, the patient again received 5 mg prednisone, 
followed by itching of feet, hands, and several new lesions on palm, forearms, which 
appeared 80 minutes later. He was treated with 2 5 mg diphenhydramine intravenous­
ly with relief of symptoms In this patient, use of methylprednisolone was off-label for 
age and indication. Streptococcal pharyngitis is not a licensed indication for use of cor­
ticosteroids in children. 

PatientD 
A sixteen-year-old male (weight 58Kg) with an osteosarcoma had an impiantofLx 
placed. For pain is his left leg, he received 10 mg of morphine intravenously. Within 
minutes he became unresponsive with perioral cyanosis and required artificial venti-



lation (m.:ygen blood saturation 76%). After 0.4 mg naloxone he recovered inunediate­
ly. In this patient, use of morphine was off-label for dose and frequency. 

PatientE 

An eleven-year-old male (weight 32Kg) with attention deficit hyperactivity disorder 
presented with a slurred speech, difficulty of swallowing, shivering, and lethargy, fol­
lowed by right fist clenching and right arm stiffness. The patient was unable to hold up 
his head or keep his eyes open. One day prior to presentation his medication had been 
changed from de>:troamphetamine to 1.5 mg risperdone twice a day. He was treated 
with 25mg diphenhydramine intravenously with good initial response. Upon leaving 
the hospital, his symptoms returned after which he was admitted overnight for obser­
vation. No further reactions were noted. Risperdone is contraindicated for use in chil­
dren. 

Discussion 

In this case series, we evaluated 9 2 reports of adverse reactions attributed to the use of 
off-label drugs. Turner et al. found ADRs in 6% of users of unlicensed drugs or off­
label use of licensed drugs, and in 4% of users of licensed drugs,' and a higher occur­
rence of ADRs in unlicensed and off-label use in hospital settings. We were no! able to 
determine the proportion of unlicensed and off-label use of drugs in the Columbus 
Children's, and therefore could not determine the relative risk of ADRs in unlicensed 
and off-label drug use in this setting. 
The cases presented in the results give an impression of the effects of unlicensed and 
off-label drug use. The cases were selected because they were illustrative for several 
aspects of the problem that causes unlicensed and off-label drug use. In all five case 
histories, the adverse event was probably causally related to the unlicensed or off-label 
use of the suspected drug. This demonstrates that when drugs are not used in accor­
dance with the product information te>."l, this can lead to serious ADRs. Drug overdos­
ing can be harmful and even life threatening, as is shown in patient A. In children, dos­
ing errors occur much more frequently than in adults. Koren et al. reported seven of 
such cases and considered dosing errors as a "neglected iatrogenic disease in pedi­
atrics11.6 Such errors may sometimes cause severe adverse events. Patient B is an exam­
ple of the lack of suitable pediatric formulations. Because intravenous administration 
of codeine has not been proven safe and efficacious in children, administration of this 
drug is done with a formulation that is designed for use in adults. For many drugs, for­
mulations for children have to be manufactured e>."lemporaneously. Recently, Nahata et 
al. published priority listings for pediatric formulations for which no stability and I or 
compounding data were available.' That report contained some disturbing data indi­
eating that there is lack of consistency of pharmacy practice and knowledge on the sta­
bility and safety of formulations.' 
Patient C shows the consequences of drug use for indications that lack proper licens­
ing. This practice is very common, especially in young children, where drugs are most­
ly licensed for few indications. Use for other indications is not studied, but as physi­
cians use these drugs for many similar indications, the industry has no (financial) 
incentives to conduct research and to apply for labeling. 

!03 
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Patient D illustrates the effects of off-label dosing. The patient developed a severe 
adverse event after administration of morphine at a level well beyond the licensed 
dosage in children. Patient E shows the serious adverse effects following use of drugs 
that are not licensed for use in children. Especially in adolescence, physicians often 
treat patients with drugs that are licensed for use in adults, but not in children. 
Information in drug information texts is not always clear about the definition of 'chil­
dren'. 

Drug regulating authorities, like the US Food and Drug Administration (FDA), recog­
nized the problem of unlicensed and off-label use as early as 1960, and they clearly 
stated; "Drugs for use in children must be tested in children".' However, over the fol­
lowing 40 years, several reviews of the Physicians' Desk Reference (PDR) and reviews 
of recently approved new molecular entities (NME) revealed little change in the pro­
portion of registered drugs without pediatric labeling."·" Introduction of new regula­
tions to enhance pediatric labeling was rarely beneficial, and often had an adverse 
effect."" Most drugs are not studied in children before introduction to the market, and 
are not available in applications for use in children. 
In conclusion, we gave some examples of adverse events, which were attributed to the 
use of unlicensed and off-label drug prescriptions in children. The use of unlicensed 
and off-label drugs in children is high. Although our case-series does not give insight 
into the frequency of adverse events by the use of unlicensed drugs and off -label pre­
scriptions, the health risks associated with off-label drug use might be higher that is 
commonly assumed because only 50 percent of all reports were attributed to licensed 
drugs which were used according to the product information. Of course, we cannot 
exclude that this predominance of reports of adverse events attributed to unlicensed 
drugs or to off-label use of licensed drugs were caused by reporting bias. Such report­
ing bias might result if doctors more readily repcrt adverse events to such drugs than 
to drugs that are used according to the product information. More emphasis should be 
given to adequate drug studies in children. Not only is there an ethical and legal imper­
ative to study safety and efficacy in children of drugs of potential use in children, also 
a negative health outcome when using unlicensed drugs or off-label prescriptions 
should be an important motivation for a strong policy of licensing authorities regard­
ing pediatric labeling. 
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Chapter 5.2 

Association of deptropine with neuropsychiatric events in 
children 

Published case reports associated the antihistamine deptropine, 
which is unlicensed but regularly used for allergic rhinitis and 
asthma in children, with neuropsychiatric events. We conducted 
a retrospective cohort study to investigate this association. By 
using the computerized medical records of the Integrated 
Prim:1ry Care Information (IPCI) di!tabase we identified all pre­
scriptions for systemic antihistamines issued to children between 
I and 10 years of age during the study period january 1st, 1995 
and january I st, 2000. The occurrence of hallucinations, confu­
sian, agitation, aggressive behaviour or ataxia during use of anti­
histamines were assessed by medical reviewers who were bliud­
ed to exposure. The risk of any of these neuropsychiatric events 
during use of deptropine was compared to the risk of such events 
to other antihistamines that were also prescribed for respiratory 
indications. The final study cohort comprised 165 7 users of dep­
tropine and 4515 users of other antihistamines among which 
promethazine, ketotifen and loratidine were most frequently 
used. The incidence rate of neuropsychiatric reactions was 5. 6 
(95%CL· 1.6-19.3) times higher during use of deptropine than 
during use of other antihistamines. Deptropine was associated 
with an excess rate of 3.1 cases per 100 person-years of expo­
sure. The incidence of neuropsychiatric reactions was 3.8 fold 
1ugher in the first episode of use than in subsequent episodes and 
was highest for children 2-10 years of age. Our study demon­
strated that deptropine is associated with an increased risk of 
neuropsychiatric events in children. As this drug is not licensed 
for use in children and therapeutic alternatives are available, its 
use should be discouraged. 
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Introduction 

Deptropine is an anticholinergic drug with anti HI-histaminergic, anti-serotonergic 
and central depressive action. Deptropine has been marketed in the Netherlands since 
1962 for the treatment of symptomatic allergic rhinitis and chronic bronchitis but it 
was never specifically licensed for use in children. In 1992, a case-series reported on 
16 children aged 1-10 years who developed hallucinations, agitation, aggressive 
behavior, ata..-<ia or an.-<iety during use of deptropine.' The reported neuropsychiatric 
effects occurred within 1-3 days after administration and predominantly at high doses 
of deptropine. Following these reports of adverse reactions, deptropine was removed 
from the pediatric asthma guidelines. During the past years, there was a decrease in 
the prescription of deptropine to young children, but nevertheless prescription of 
deptropine is still substantial.' So far as we are aware, the association between dep­
tropine and neuropsychiatric events has never been studied in an epidemiological 
study. Therefore, we investigated the incidence of neuropsychiatric reactions during 
use of deptropine and other antihistaminic agents. 

Methods 

Setting 
This study was performed with data from the Integrated Primary Care Information 
(!PC!) project, a longitudinal observational database with computer-based patient 
records from a group of 150 general practitioners (GPs) in the Netherlands. The data­
base is maintained by the department of Medical Informatics of the Erasmus Medical 
Center Rotterdam (EMCR) since 1992, and contains coded and anonymous data on 
gender, age, patient identification, GP identification, GP symptoms, diagnoses and 
fmdings, and on prescriptions, their indications and dosage regimen. Summaries of 
the hospital discharge letters and information from clinical specialists are included as 
free text. Patient complaints and diagnoses are entered as free te>."l and coded accord­
ing tot the International Classification for Primary Care (ICPC)." Prescription drugs 
are coded according to the Anatomical Therapeutic Chemical classification (ATC).' 
The data are entered and stored directly by the GP. Downloads are made on a month­
ly basis and the information is sent to the gatekeeper who ensures anonymity of all 
information before further access is provided. To ma..-<imize completeness of informa­
tion, GPs participating in the IPCI project are not allowed to have a system of paper 
records besides the electronic medical records. As of January 2002, the !PC! database 
contains data on more than 500,000 patients. The system complies with European 
Union guidelines on the use of medical data for medical research and has been proven 
valid for pharmacoepidemiological research.5 

Source and study population 
The source population comprised all children aged 1-10 years during the study peri­
od between January 1st, 1995 and January 1st, 2000 who were registered with one 
of the GPs collaborating with !PC!. We excluded children less than one year of age, 
because recognition of neuropsychiatric events is very difficult in these young chil­
dren. We selected all children from the source population who had been registered 
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with the GP for at least three months, and who received at least one prescription for 
a systemic antihistamine (ATC code ROGA). The study cohort was divided into dep­
tropine users and users of other systemic antihistamines. To deal with potential con­
founding by indication, we included only users of prescriptions of systemic antihist­
antines which were prescribed for respiratory indications. 

Exposure definition and follow-up 
Persons in the study cohort were followed from the prescription date of an antihista­
mine until the end of that prescription. The duration of each prescription was calcu­
lated from the prescribed quantity and dosing regimen. Consecutive prescriptions 
were combined into one treatment episode if the ne>.-t prescription was prescribed 
within 30 days after the end of the previous prescription and if the dosage was the 
same. Follow-up stopped at the end of the last prescription in that episode, the pre­
scription of a different antihistamine, the end of the study period, occurrence of a 
neuropsychiatric event, death or transferring out whichever was earliest. 

Outcome definition 
The neuropsychiatric outcomes of interest were identified from free text searches in 
the medical history of the child. The outcome of interest was defined as a notification 
of hallucinations, confusion, agitation, aggressive behaviour or ataxia. Potential cases 
were validated independently by two physicians through review of the medical record 
while being blinded to the type of exposure. Potential cases were excluded if the neu­
ropsychiatric state could be e>.-plained by a concomitant disease or condition, such as 
severe infections, otitis media or fever. After review, we investigated for every outcome 
event whether it had occurred during or within 30 days after the duration of the pre­
scription or outside this exposure window. 

Covariates 
Apart from the type of drug each antihistantine treatment episode was characterized 
by the following variables which were considered to be potential confounders or effect 
modifiers: ag:e, gender, cumulative duration of prior use, dosage; indication; con­
comitant use of anti-asthmatics, antidepressants, acetaminophen, antibiotics, or vac­
cinations; presence of asthma. 

Analyses 
The incidence rate and 95% confidence intervals of neuropsychiatric outcomes were 
calculated per person-year of exposure and compared between deptropine and other 
antihistamines based on a Poisson distribution. If a child received more than one type 
of antihistamine during the study period, it contributed the corresponding person­
time to each drug e>.-posure category. All co-factors which were univariately associat­
ed with any of the specific outcomes at a p-value below 0.10, were included in the 
final multivariate Poisson regression model that was used to obtain the adjusted rela­
tive risk for each specific outcome during use of deptropine. In a second step we strat­
ified by age to study potential effect modification. All statistical analyses were per­
formed using SAS 6.2 and SPSS-PC 10. 
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Table 1 Patient characteristics 

" insurance status was unknown for some patients, "" age at time of first prescription 

The source population comprised 53,7 4 7 children between I and I 0 years. In this 
population, we identified 1657 users of deptropine (3.1%) and 4515 users of other 
antihistamines (8.4%). Prescription rates of deptropine varied from 38 users per 1000 
children per year in 1996 to 10 users per 1000 children in 2000. Deptropine users 
were significantly younger (median age: 13 months) than users of other antihista­
mines (median age: 70 months). The majority of deptropine users were £ 2 years of 
age whereas users of other systemic antihistamines were mostly between 2 and 6 
years of age (table !). Most of the children had only one episode of use of either dep­
tropine or other anti-histamines. The duration of an average prescription episode was 
27 days for deptropine and 30 days for other antihistamines. The most frequently used 
other systemic antihistamines were ketotifen with 24.1 %, promethazine with 20.0%, 
loratidine with 13.8%, and cetirizine with 8.5% of total antihistamine exposure time. 
During e":posure to antihistamines, we identified 11 cases of neuropsychiatric events 
that could not be explained by an underlying medical condition. Age was associated 
with the occurrence of the neuropsychiatric outcome; the incidence decreased with 
increasing age (p-trend<O.Ol). Concomitant use of antiasthmatics (RR=I.4, 95%CI: 
0.4-5.3), the presence of asthma (RR=I.3, 95%CI: 0.4-4.4), female gender (RR=1.6, 
95%CI: 0.5-5.3) and sickfund insurance (RR=2.1, 95%CI: 0.6-7.9) were associated 
with a slight but non-significantly increased risk of a neuropsychiatric event. None of 
the cases had used stimulants or antibiotics, and none of them had been vaccinated 
during the deptropine exposure window (Table 2). 
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* 5% of persons had no insurance mentioned, therefore the numbers do not add up to 100%. 

Table 3 Association between use of deptropine and occurrence of neuro-psychiatric events 

.. adjusted for gender, health insurance and anti~asthma medication 

Seven neuropsychiatric events occurred during use of deptropine (IR: 37.7 per 1000 
person-years) and 4 during use of other anti-histaminics (IR=6.8 cases per 1000 per­
son-years). Use of deptropine increased the risk of neuropsychiatric effects more than 
five-fold (relative risk (RR) = 5.6; 95%CI: 1.6-19.3) and was associated with an excess 
incidence of 30.9 cases per 1000 PY of treatment. The corresponding number need­
ed to harm was 446 prescriptions of deptropine for every neuropsychiatric event. 
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Most of the events occurred during the first episode with an incidence of 40 cases per 
1000 person-years for deptropine during first use and 17 cases per 1000 person­
years during subsequent prescriptions. Age significantly modified the relationship 
between use of deptropine and the occurrence of neuropsychiatric events. Among 
children of 1-2 years of age we did not observe an increase in risk but the risk was 
significantly elevated in 2-10 year-olds. (RR=I6.3, 95%CI: I,I-15.8). All seven cases 
occurring during use of deptropine were prescribed regular dosages, the mean was 
0.05 mg/kg for I-year-olds, and 0.03 mglkg for older children. 

Disco.xssion 

This study shows that pediatric use of deptropine is associated with an increased risk 
of neuropsychiatric events. A case series in I 992 described the occurrence of agita­
tion, hallucinations, ata.xia and aggression during use of deptropine in 16 children 
between the age of 1 and 10. It was suggested that the events were dose-related and 
could be e>.-plained by the antimuscarinic properties of the drug.' This has resulted in 
removal of deptropine from the pediatric asthma guidelines and to a subsequent 
decrease in usage. Following another report regarding the association of neuropsy­
chiatric events with deptropine use,' an important information compendium in the 
Netherlands lowered the dosage regimen for all children to one-third of the original 
dose for all pediatric age groups.' 
We did not identify overdosages in the cases during use of deptropine, if the guide­
line for preparation by pharmacists is used as a reference. The regimens in the pre­
scriptions were compatible with the recommended dose of deptropine of 0.06 
mg/kg/day for small children (< 2 years of age) and at 0.03 mg/kg/day for older 
children. It should be emphasized, however, that these dosage regimens may be too 
high. The license of deptropine was voluntarily withdrawn by the manufacturer years 
ago and since that time deptropine is unlicensed but still frequently prescribed. In 

view of the association with neuropsychiatric events, such a situation must be con­
sidered as undesirable. 
Due to the observational nature of our cohort study, the validity of our results might 
be threatened by selection bias, information bias or confounding. The !PC! database 
gathers data from a large and complete source population. In the Dutch health care 
system, GPs receive all medical information on their patients from specialists and hos­
pitals and this information is all registered in automated records. As anonymous study 
inclusion did not depend on the subject's or physician's decision but only on the pres­
ence of the prescription in the database and because all subjects who received a pre­
scription for a systemic antihistamine during the study period were included, selec­
tion bias is highly unlikely. Moreover, the absence of exclusion criteria makes this 
study generalizable to the entire population of 1- I 0 year-old children. Information 
bias was unlikely because all prescriptions and morbidity were prospectively gathered 
by the GPs without knowledge of our later research hypotheses. The fact that the out­
come was identified from computerized medical records, however, may have caused 
outcome misclassification (false negatives or false positives). Since the outcomes will 
not always be recognized and reported to the GP, we may have underestimated the 
incidence of neuropsychiatric events. We tried to minimize this problem by restric-
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lion of our population to children of at least I 2 months of age. Although we cannot 
exclude the possibility of false-positive misclassification of the outcome by parents 
who read the product information, this would not explain the risk increase to dep­
tropine as also other antihistamines with respiratory indications report the potential 
for neuropsychiatric events in their product information. Some e>."Posure rnisclassifi­
cation may have occurred in the assessment of treatment duration. Most antihista­
mines are supplied as syrup and calculation of exact dosing regimens is difficult due 
to use of non-standardized quantity measures (spoons, cups etc.). Such e>."Posure mis­
classification, however, would be non-differential and lead to a conservative estimate 
instead of an overestimation of the true risk. In each observational study confound­
ing is an important factor to deal with, and therefore all co-factors were assessed in 
a time varying manner. In our study age and indication were important confounders 
and we dealt with them by adjustment and by using a comparison group with the 
same indications. 
In conclusion our study confirms the hypothesis that use of deptropine is associated 
with neuropsychiatric events in children. As this drug is no longer licensed and 
because therapeutic alternatives are available, its use should be discouraged. 
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Chapter 6.1 

Information for pediatric use of medicines m a product 
information compendium 

Published as: 

Many of the medicines that are prescribed to children are not 
fuJJy licensed for that use. We wanted to know the proportion of 
medicines that .are licensed for use in children. Therefore, we 
assessed the pediatric licensing status of medicines in the 
Repertorium 98/99, the standard drug information compendium 
in the Netherlands. The medicines mentioned in the Repertorium 
98/99 were assessed for their licensing status and categorized 
into five mutually exclusive groups: 1icensed for use in all chil­
dren; 'licensed for use in some child age/weight groups; 'no 
pediatric use mentioned; 'not licensed for use in children; and 
'no pediatric licensing necessary'. I 380 licensing texts were 
identified of which 223 are not used for the treatment of child­
hood diseases. Of the remaining II 57, only 339 (29%) were 
licensed for use in children of all ages. M.my drugs were not 
licensed for use in children, often because of a lack of PK/PD 
dsta. We strongly recommend a mandstory 'pediatric use' sub­
section in all product information texts, which is already com­
pulsory in the United States of America. 

Information for paediatric use of medicines in a product inform.ation compendium. 't ]ong GW, Eln.nd IA., Stricker BHC, 
Anker JN vd. Paediatric and Perinatal Drug Therapy 2001;4:1-4. 
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Introduction 

In co-operation with four other European groups, we earlier found a high prevalence 
of unlicensed and off -label drug use in children.' Many medicines used are not, or 
are insufficiently, licensed for use in children or are not used according to the prod­

. uct license ("off-label use").' Lack of financial support for pediatric drug research by 
pharmaceutical companies as well as governments, and lack of development of prop­
er dosage forms for infants and neonates result in a high prevalence of unlicensed and 
off-label drug use. 
Nearly 80% of the new molecular entities approved during 1984-1989 in the United 
States of America had no labeling for use in children.' Only 19% of the new molecu­
lar entities contained pediatric use information in the labeling at the time of drug 
approval during 1991-1995.' Choonara et al. showed that of the 45 new substances 
liceused in Europe since January 1995, 29 (64%) were of potential use in children 
but only 10 were licensed for pediatric use.' We conducted a study to assess the per­
centage of medicines that had a proper licensing te>.-t for use in children in the 
Repertorium 98/99,' the standard drug information compendium in the Netherlands. 

Met.h.ods 

The Repertorium 98/99 was selected, as it is the only drug information compendium 
in the Netherlands that gives a survey of the official scientific information te>.-ts of 
pharmaceutical proprietary medications approved by the Dutch Medicines Evaluation 
Board (MEB), the national labeling authority, or the European Medicines Evaluation 
Agency (EMEA), the European labeling authority that provides marketing authoriza­
tion for most new pharmaceutical products since 1995. The Repertorium 98/99 is 
published by Nefarma and Neprofarm, which are the Dutch Society of Research-ori­
entated Pharmaceutical industry and the Dutch Society of the Pharmaceutical indus­
try of Self-care medication and Health products, respectively. Together they represent 
most pharmaceutical companies in the Netherlands, and therefore the Repertorium 
98/99 contains the scientific information text of almost all of the proprietary med­
ications licensed in the Netherlands. 
The subsections 'indications', 'dosage and route of administration', contra-indications', 
and 'warnings and precautions' of all information texts of the proprietary medications 
mentioned in the Repertorium 98/99 were analyzed regarding use in children. None 
of the products had a special subsection for 'pediatric use'. 
Five mutually exclusive categories were defined regarding use in children, i.e. 'licensed 
for use in all children', 'licensed for use in some child age/weight groups', 'no pedi­
atric use mentioned', 'not licensed for use in children' and 'no pediatric licensing nec­
essary', respectively. 
Firstly, the indications for use of the drug were analyzed regarding the probability of 
use in children. If highly unlikely, the product was categorized 'no pediatric licensing 
necessary'. An example of this category is FemoStop" (estradioVdydrogesterone) for 
postmenopausal women. Secondly, all subsections were analyzed on disclaimers 
against use in children. If the product information contained a disclaimer against use 
in children or stated that too few pediatric data were available, it was called 'not 
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Table 1 Drug licensing status of use in children in the Dutch product information compendium. 

% of drugs with potential use in children 

licensed for use in children'. If no pediatric use information was mentioned in any of 
the subsections of the information text, the product was categorized 'no pediatric use 
mentioned'. If there was a restriction on age or weight, the product was called 
'licensed for use in some child age/weight groups' and the restriction was mentioned 
in the research form used for the study. If a drug was licensed for all pediatric 
age/weight groups the product was called 'licensed for use in all children'. 
Not all restrictions on age were numerical, sometimes tenns like neonates, toddlers, 
infants and children were used instead. We used the following definitions; 'new-born' 
(0-1 month), 'infant' (I month up to 12 months), 'toddler' (I year up to 2 years), 
'small child' (3 years up to G years), 'child' (7 years up to 12 years) and 'adolescent' 
(13 years up to 18 years). 

The Repertorium 98/99 contains 1 GOG licensing texts. Some of them however were 
variants in dosage or dosage form of the same products. To obtain a conservative esti­
mate of the percentage of unlicensed and off-label drug use, only the most child­
friendly licensing text of a drug with the same Anatomical Therapeutic Chemical 
(ATC) classification 7 was maintained, the others were removed from the analysis. A 

Figure 1 Number of medicines not licensed for use in each age category 
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total of 1380 licensing texts were analyzed. Of all medicines with a potential use in 
children (n=1157), only 339 (29%) were 'licensed for use in all children'. Of the 
remaining 71%, 257 (22%) were 'licensed for use in some child age/weight groups', 
341 (29.5%) gave no information at all on pediatric use whereas in 220 (19%) licens­
ing texts contained too little information or a disclaimer against use in children (Table 
1). 
The medicines that were licensed for use in some child age/weight groups were sub­
divided into age categories as described in the methods. Figure 1 shows the number of 
medicines licensed for the children in the separate age categories. 

Discussion 

Approximately 71% of the medicines in the Repertorium 98/99 with a potential use 
in children are not fully liceused as such. The lack of scientific research on the phar­
macokinetics and pharmacodynamics of many of these medicines in children may 
lead to trial-and-error based use, which endangers safety and efficacy. Many of the 
modern generation medicines, like ACE-inhibitors, have not been studied in children 
although they are relevant for therapy. 
With these data no strong conclusion can be made on the exact number of medicines 
that need further investigation. Moreover, the Repertorium contains the names of 
products licensed by members of Nefarma and Neprofarm. It is unlikely, however, that 
our results cannot be extrapolated to all products licensed in the Netherlands. The cat­
egories 1icensed for use in some child age/weight groups' and 'not licensed for use in 
children' include medicines of two different classes. There are medicines t..lwt are 
preferably not used in particular child age/weight groups, e.g. because of organ 
immaturity; which have been studied well, but were considered as unsafe in the 
age/weight categories for which the licensing te>.-t contains a disclaimer. On the other 
hand, there are medicines that lack pharmacokinetic and pharmacodynamic data and 
need further investigation. Sometimes the licensing text is very e>.-plicit, but often the 
formulation of the disclaimer is very vague, and no conclusion on this subject can be 
drawn. Therefore we made no distinction between information te>.-ts that contained 
too little information about the use in children and information texts that contained a 
disclaimer against use in children. 
The high prevalence of medicines that had 'no pediatric use mentioned' in the infor­
mation te>.-t (30%) pleads for the introduction of a 'pediatric use' subsection in the 
information te>.-t. In the United States of America, the Food and Drug Administration 
(FDA) already introduced this 'pediatric use' subsection in 19 79. In Europe, the 
European Medicines Evaluation Agency and national drug licensing agencies still 
allow pharmaceutical companies to register their products without any information 
regarding use in children included in the information text, as can be concluded from 
our results. Such a subsection is important, as pediatric use information is often dif­
ficult to find. Changes to the format and content of the product information texts, as 
proposed by the FDA's new proposed rule,8 would enable health care practitioners to 
prescribe medicines more safely and effectively. The amount, detail, and complexity of 
the labeling information have increased over the last decades. Technological advances 
in the products themselves and recognition of the importance of including new or 
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additional labeling information use of labeling in product liability and medical mal­
practice lawsuits, and increasing litigation costs are important causes. This has made 
it harder for health care practitioners to find specific information, and to discern the 
most critical information in product labeling. Suggestions in this Proposed Rule 
include a "Highlights of Prescribing Information" subsection and an index for fhe 
comprehensive prescribing information. We strongly support the suggestions, and 
hope fhe EMEA will seriously consider reviewing European regulations. 
Children deserve an equal approach in drug licensing and equal quality of informa­
lion. We regard the current situation regarding the availability of pediatric use infor­
mation as insufficient. 
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Chapter 6.2 

Lack of effect of the European guidance on clinical investi­
gation of medicines in children 

To evalwtte the licensing for pediatric use of new molecular enti­
ties (NMEs) granted a marketing authorization (product license). 
European Public Assessment Reports (EP ARs) published on the 
Internet form january I995 until May 200I have been analyzed. 
Of I20 new substances licensed since january I995, 70 (58%) 
were of potential use in children. Of these, only I 7 were licensed 
for ali pediatric use, and I 5 for some pediatric age groups. Hence, 
the majority were probably not tested in pediatric age groups. 
Many of the new drugs granted marketing authorization lack suf­
ficient pediatric labeling. The European Medicines Evalwttion 
Agency should make an effort to improve this sitwttion. 
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Introduction 

Many new medicines and the vast majority of older medications have been approved 
without labeling for pediatric use.' The European guidance on clinical investigation of 
medicines in children states that 'children should not be given medicines which have 
not been evaluated for this age group'.' However, European legislation makes provi­
sion for physicians to use medicines that do not have a marketing authorization (unli­
censed) and for purposes outside the terms of the marketing authorization (off-label). 
Consequently, many medicines are prescribed for children without specific knowledge 
of the dosage, metabolism, half-life and potential adverse effects. 
The aim of the European drug licensing system is to give patients quick access to 
innovative new drugs, to facilitate the free movement of drugs within the EU, and to 
provide rigorous scientific evaluation of new products.' Since 1998, the system uses 
two licensing procedures: the centralized procedure via the European Medicines 
Control Agency (EMEA) and a decentralized procedure (mutual recognition), which 
enables manufacturers to seek simultaneous marketing authorization in concerned 
member states, provided that they already have marketing authorization in at least one 
member state. For all products approved under the centralized procedure, the EMEA 
issues the European Public Assessment Reports (EPARs). The EPAR reflects the scientif­
ic conclusion reached by the Committee for Proprietary Medicinal Products (CPMP) 
at the end of the centralized evaluation process and provides a summary of the 
grounds for the CPMP Opinion in favor of granting a marketing authorization for a 
specific medicinal product. It is made available by the EMEA for information to the 
public, after deletion of commercially confidential information. These reports give the 
reasons behind each approval, and contain a summary of product characteristics and 
the information to be included in the patient information leaflet 
In this study, we systematically reviewed the information contained in the EPARs to 
determine the current status with regard to labeling for pediatric use of new medi­
cines granted a marketing authorization by the EU on recommendation by the EMEA. 

Methods 

The EMEA publishes all EPARs on the EMEA-website. All EPARs from January 1995 
until May ZOO I have been analyzed using Adobe" Acrobat Reader" 5.0. 
From the EPARs, the following information was gathered: brand name and generic 
name of the drug, year of licensing ("date of decision" was used), manufacturer and 
its country of origin, dosage form(s), route(s) of administration and the main indica­
tions. Drugs were coded according to the Anatomical Therapeutic and Chemical clas­
sification (ATC).4 Several new molecular entities (NMEs) were licensed for more than 
one product, and mentioned in more than one EPAR. When the indication for use was 
the same for each product from one NME, they were assessed only once. 
Firstly, applicability for pediatric use of drugs was established taking into account the 
prevalence of the target disease in the pediatric population and clinical outcome of 
the disease in children. Common indications for drugs, which were not taken into 
account, were diabetes mellitus type 2, Parkinson's disease, adult tumors, and repro­
duction enhancement because they do not apply to children. Secondly, when a drug 
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was of potential use in children, we assessed whether labeling for pediatric use and 
whether there was information in the summary of product characteristics concerning 
pediatric use. If the EPAR for an NME contained a disclaimer against use in children 
or stated that too few pediatric data were available, it was categorized as 'not licensed 
for use in children'. The product was categorized as 'no pediatric use mentioned' if 
none of the subsections of the EPAR mentioned anything about pediatric use. If there 
was a restriction on age (or weight), the product was categorized as 'licensed for use 
in some pediatric age groups' and the restriction was mentioned in the research form 
used for the study. The product was categorized as 'licensed for use in all children' if 
a drug was licensed for all pediatric age groups. Since we defined children between 0 
and 16 years of age, all drugs that were not to be used in children under 17 year of 
age were defined 'not licensed for use in children'. 

Since the establishment of the EMEA in January 1995, 180 pharmaceutical products 
have been granted a Community Marketing Authorisation under the centralized pro­
cedure according to the EMEA-website. These brand products were applications of 
123 new molecular entities (NMEs). One substance was licensed in 1995, 17 in 1996, 
15 in 1997, 22 in 1998, 25 in 1999, 25 in 2000 and 18 in 2001 (up to June). The 
licensing procedure was undertaken by 53 manufacturers from 15 different coun­
tries, mainly from the US (50%), France (10%), the UK (9%) and Germany (9%). 
The 123 NMEs belonged to ten different ATC groups; the most common being sys­
temic anti-infectives (21%) and antineoplastic & inununosupressant agents (20%). 
Fourteen (11 %) NMEs were HIV & Aids-related drugs (mostly antiretroviral) and ten 
(8%) were vaccines. For three NMEs (imiqnimod, stavudine and HBVaxPro"), no EPAR 
could be found on the EMEA website. 
Of the 120 remaining NMEs, 70 (58%) were of potential use in children (Table 1); 
50 were not applicable for use in children (e.g. sildrenafil (Viagra")). Of the drugs of 
potential use in children, only 17 (24%) were licensed for all relevant ages (table 2). 
The EPARs of 15 (21 %) contained restrictions on age - 5 explicitly mentioned that the 
drug had not been tested under the minimal age-, 9 (13%) did not mention anything 
about use in children, and 29 (41%) were not licensed for use in children- of which 
12 explicitly mentioned that the drug had not been tested in children. 

Table 1 Licensing status of NMEs granted marketing authorization by the EU on recommendation of the EMEA 
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.. Haemophilus Influenza type 8 

Of the NMEs with age restrictions in the EPAR, one was off-label for children under 
three months of age, two under 2 years, four under 3, three under 4 and one under 
6 years of age. This underlines the lack of appropriate licensing of drugs, especially 
in the younger age groups. Another two NMEs were restricted to children under 11 
years, two under 12 years, and one under 15 years. Table 3 shows all relevant NMEs 
without a full pediatric license in each ATC drug class. 
We compared the drug licensing status of drugs that were of US manufacturers with 
the US license as provided by the Food and Drug Administration (FDA). Since the FDA 
requires a 'pediatric subsection' in the labeling information te)..'l, none of the NMEs 
lacked information on use in children. Most of these drugs were not licensed for use 
in children in the US, except for mycophenolate-mofetil (immunosupressant), which 
was licensed for use in case of a kidney transplant in children. Several drugs were not 
licensed for the same indications; e.g. ribaverin was licensed in Europe for Hepatitis C 
although not in children, but in the US it was licensed for respiratory syncytial (RS) 
virus as well, for which it was licensed in children. One drug was licensed for use in 
children in the US, but not in Europe; Sirolimus (immunosupressant) was licensed in 
the US above 13 years of age, whereas in Europe, no pediatric license was available. 
Two NMEs were licensed in Europe for use in children, but not in the US - temozolo­
mide (antineoplastic agent) was licensed in Europe in children above 2 years of age, 
and indinavir (antiretroviral agent) above 3 years of age. Overall, licensing for 9 out 
of 62 NMEs from US manufacturers differed when compared to the US licensing. 

Discussion 

Many of the new drugs that have been granted a marketing authorization in the EU 
during the past six years though the centralized procedure have not been sufficiently 
licensed for use in children. While the majority of drugs were of potential use in chil­
dren, only 24% of these were licensed for all relevant pediatric age groups. Results of 
this survey disclose that most drugs that are indicated for diseases, which occur not 
only in adults but also in children, have not been approved by the EMEA for use in the 
pediatric population. At best it is stated that the drug has not been tested in children 
but often even that information is lacking. 
Comparison to an earlier study by lrnpicciatore & Choonara that covered EPARs 
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Table 3 NMEs of possible use in children released by the EMEA without (complete) pediatric labeling 

l 

Deferlptone 
DE!preotide 
Emedasttn:e 
MangafodlpH 
Rasburicase 
Samariumli:i-xldronam 
Seve lamer 
Suh~somab 
SulfoheXafluorfde 

AQe (12) 
Age (11) 
VL 
Age(3) 
UL 
Nl 
Nl 
UL 
Nl 
UL 

UL =unlicensed (not licensed for use in children), 
Nl =no information (no pediatric use mentioned), 
Age = licensed for use in some pediatric age groups. 

AntihiStamine 
Antl~inftarpmatoiy for conjunCtMtlS 
lrt!n overlo~ in 1halassaefnla 
Diagnostic {te_chnli!'tium ~cans} 
Diagnostic for 11\(er lesions wtth MfU 
Ur.;J.te oxid_ase for hypeft!raemlc states-Jn maU9nancy 
R(ldiotheri;).py fo(ma!ign~ncy 
Increased phosphate in haemodialysls, phosphate binder 
Diagnostic-for bone marrow infection 
Ald for echOcardiograBhy 

between 1995 and April 1998 is difficult because some EPARs were updated during 
the study period.5 Our survey shows an increase in marketing authorizations - from 
45 between 1995 and 1998 to 68 between 1999 and May 2001 -,but no improve-
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men! in the number of relevant drugs fully licensed for use in children (7/27 and 
10/43 respectively), despite increasing attention to this problem. 
Often a description was provided -mostly 'children' without age specification-, and we 
assumed that these drugs were not to be used in children aged 0 till 1 G years. 
Avoidance of ambiguous terms like 'children', 'infants' and 'new-borns', and age spec­
ifications in months for new-borns and infants and in years for children would 
increase the accuracy of labeling information texts. The FDA has provided definitions 
for the age groups,' but since definitions are only advised by the EMEA, this problem 
is primarily European, as shown in the results. Clear indications of the reascn for 
withholding an indication from certain patient groups would result in significant 
improvement in the labeling information text. The EMEA's format of the labeling 
information teJd still does not include a 'pediatric use subsection',' while the FDA 
introduced this in 1979, and is continuing to improve the format.' Similar changes in 
the European format of labeling information texts would certainly improve the clari­
ty of provisions. 
Clearly, earlier measures by the EMEA, such as the European guidance on clinical 
investigation of medicines in children,' are not effective. In general, the willingness of 
pharmaceutical compauies to conduct pediatric research has not improved,' and the 
drugs for which pediatric labeling is requested, are often relatively irrelevant for use 
in the pediatric population." The current regulations on content and format of label­
ing information texts allow much heterogeneity, which decreases legibility and acces­
sibility of the information. The EMEA's new proposed review of the pharmaceutical 
legislation includes various important improvements, like acceleration of the author­
ization procedure, increased pharmaco-vigilance of marketed products, and various 
changes to the mutual recognition procedure. 11 However, no specific measures are 
reported regarding pediatric labeling, such as financial incentives for the pharma­
ceutical industry when applying for pediatric labeling - as is currently available in the 
US" - and review of the product information te>.-t regarding information on pediatric 
use. Therefore, a more strict approach regarding pediatric labeling should be consid­
ered. 
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Chapter 6.3 

IDAMA's Written Request list: Which medicines do children 
need? 

Many drugs frequently used in infants and young children are 
not sufficiently studied for safety and efficacy for this age group. 
The IDA's Modernization Act provides a six-month extension of 
exclusivity to drug entities that are issued a Written Request by 
the IDA, and apply for additional pediatric labeling. We studied 
the usefulness and necessity of these drug entities for pediatric 
pharmacotherapy. Of I 36 Written Requests issued in the study 
period, 36 (26%) were cardiovascular drugs. We welcome the 
developments that have resulted in more clinical trials of medi­
cines in children. However, we also need to recognize the limi­
tations of IDAMA whereby it is possible for 22 anti-hyperten­
sives to be studied, when it is clear that this number of anti­
hypertensives is not required in pediatric patients. 
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I..ntroduction 

Children are referred to as "therapeutic orphans" ' as a result of the longstanding lack 
of appropriate medicines to treat their disease states. Information on use of medicines 
in pediatrics is inadequate, and we have an ethical obligation to rectify the current sit­
uation.' Many medicines used in pediatrics are not licensed, or are used outside fhe 
terms of fhe product license (off-label).' Over recent years various measures have 
been introduced to encourage pharmaceutical companies to conduct necessary 
research in children, and develop suitable pediatric formulations. In I 979 the US Food 
and Drug Administration (FDA) introduced labeling changes, which indicated fhat 
specific pediatric indications, if any, should be described in the indications and usage 
section of the labeling, with appropriate pediatric dosage provided in fhe dosage and 
administration s=ion. Practical effect however was that many labels stated: "safely 
and effectiveness in children have not been established". In I 994 fhe IDA introduced 
the Pediatric Rule, which advocated extrapolation of adult efficacy data in some cases 
to pediatrics.' Provisions were that the course of fhe disease is sufficiently similar, fhe 
effects of fhe product (both good and bad) are sufficiently similar, and that furfher 
information (pharmacokinetic and -dynamic and safely data) supported pediatric use. 
This rule however was insufficient, since of 430 submissions for labeling changes, 
77% did not obtain labeling improvements. The I 997 Modernization Act (IDAMA) 
section I I I attached six months of "pediatric exclusivily" to exclusivily or patent life 
of active moieties. It requires the IDA to develop and maintain priorily lists of drugs 
for which additional pediatric information may produce healfh benefits in the pedi­
atric population. The IDA issues "Written Requests" for the drug products they think 
are most useful and necessary in pediatric pharmacofherapy. These Written Requests 
are often issued after a Proposed Pediatric Study Request (PPSR) from industry. 
In order to evaluate the effectiveness of this rule, we wanted to examine which drugs 
Written Requests were issued for, and whether these drugs are of important gain for 
pediatric pharmacofherapy. 

Methods 

Results 

We have examined which drugs Written Requests have been issued for between the 
initiation of the IDAMA in I997 and September 2000. I36 Written Requests had 
been issued in that period, and were retrieved from the website of the IDA's Center 
for Drug Evaluation and Research ( CDER).' Drug class, category and main indications 
were determined for ali drugs on the Written Request list, using the Martindale Drug 
Reference. 6 

Of I 36 drugs fhat were issued a Written Request during the study period., 36 (26%) 
drug moieties were cardiovascular drugs as shown in fhe table. We also saw many 
antiviral drugs, mostly for fhe treatment of H!V. Drugs for the treatment of asthma 
were relatively underrepresented. 
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Table 1 Drug classes in the Food and Drug Administration's Written Request list 

Discussion 

While children e:qJerience heart disease, hypertension and hyperlipidemia, they are 
not a major cause of morbidity in the pediatric population. We suggest that the con­
tribution of some drug classes is not in proportion with the actual need of these drugs 
in pediatric care. While many double-blind studies unanimously concluded that anti­
depressants are no more effective than placebos in treating depression in children and 
adolescents, si.x selective serotonin reuptake inhibitors (SSRis) were issued Written 
Requests.' A large quantity of resources, money and effort currently is going into 
development of drugs to treat HIV infection both in adults and in children. Although 
an appraisable effort, the response to the HIV epidemic has tended to be highly politi­
cized rather than managed as other serious life-threatening epidemics, as shown in 
the disproportionate number of nuclease reverse transcriptase inhibitors and protease 
inhibitors in the Written Request list (table I). The number of bronchodilators and 
anti-asthmatic drugs however was surprisingly small, while especially in this group 
of diseases the need for appropriate drugs is high.' 
Under FDAMA, a manufacturer who submits the pediatric studies required may 
received a 6 month e>.-tension of exclusivity or patent protection granted for that drug. 
The extension of exclusivity was intended as an extra financial incentive to study 
drugs in children that are really needed. However, financial benefits are likely to be 
considerable for some drugs, as the 6 months prolongation of exclusivity or patent 
protection applies to all formulations of the drug moiety whether appropriate for 
pediatric use or not. The Jan nary 200 I Status Report to Congress has indicated other 
gaps in the pediatric exclusivity provision, like a lack of incentives for some age 
groups, and it provides several suggestions for improvement." 
We welcome the developments that have resulted in more clinical trials of medicines 
in children. However, we also need to recognize the limitations of FDAMA whereby it 
is possible for 22 anti-hypertensives to be studied, when it is clear that number of 
anti-hypertensives are not required in pediatric patients. The FDA needs to be more 
proactive in ensuring that known medicines that are of greater clinical value to pedi­
atric patients are studied, as specified in the ICH guidance on clinical investigation of 
medicinal products in children. 
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DISCUSSION 

7.1 Background 

Many commercially available drugs are only licensed for use in adults and for many 
drugs the available formulations are unsuitable for pediatric use.' This reality leads to 
use of drugs which are unlicensed or off -label for use in children. There are several 
reasons for this highly unsatisfactory situation. Firstly, children represent only a small 
market in an absolute sense but also relatively as most children are healthy. Hence, 
from a commercial perspective it may not be profitable to invest in pediatric drug 
research. Secondly, fear is growing for unforeseen adverse effects and long-term tox­
icity which may be difficult to study. Therefore, the current requirements for licens­
ing of a drug may have become a barrier to make proper drugs available to a vul­
nerable group of patients. Thirdly, there are ethical problems to conduct drug stud­
ies in children. In Europe the problems in pediatric drug use and research receive rel­
atively little interest and there is a substantial Jack of funding of pediatric drug 
research. N. a result, pediatric drug trials are relatively scarce and often include only 
a limited number of patients. Despite the well-known thalidomide disaster, which 
happened already forty years ago and caused an epidemic of congenital malforma­
tions, very little has changed regarding the labeling of drugs in infants and children. 
Although the disaster has stimulated legislation of drug licensing, children ironically 
remain 'therapeutic orphans'. This is difficult to accept because many diseases in 
adults can also occur in children while pharmacokinetics and pharmacodynamics 
often differ. Prescription of drugs should be proven to be equally safe in children as 
in adnlts, and efficacy of the product should be thoroughly assessed for all probable 
users. Exposure of infants and children to drugs which are not proven to be safe and 
efficacious during growth and development, cannot always be prevented. Hence, the 
health implications of this 'therapeutic orphanhood' may be larger than is sometimes 
assumed. 
The scope of this thesis was to assess the extent of the problem of unlicensed and off­
label drug use in children both in clinical care as well as in general practice. Although 
it is just a first step on a lengthy road, we hope that results of our studies may revive 
awareness of the problem and stimulate adequate regulatory actions. 

7.2 Methodological considerations 

Before we change to the discussion on the consequences of our findings, there are two 
important methodological considerations which should be taken into account: classi­
fication and the consequences of the chosen study design. 

Classification of unlicensed and off-label drug use 
Over the last decade there have been many different terms for the prescription of 
drugs that are not fnlly licensed for use, or not in accordance with the labeling infor­
mation text, (e.g. unlicensed, off-label, unapproved, off-license, unlabeled). Due to 
the variability in terminology, results from international studies on the extent of unli­
censed and off-label use may be difficult to compare. In fact, the American literature 
considers many of our unlicensed categories as off -label use, and only considers drugs 
that are not licensed at all as unlicensed. The classification system applied in this the-
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sis is mainly based on a system designed by Choonara et al. in the United Kingdom.' 
In this system, drugs classified as nnlicensed for use in children comprise modifica­
tions of licensed drugs, drugs manufactured nnder a special license, and new drugs. 
Uniike this system, we also defined a drug with a labeling information text that does 
not contain any information on use of drugs in children as uniicensed for use in chil­
dren, as well as drugs that are contraindicated for use in children. The differences in 
terminology may limit the possibility of comparison to overall rates of off-label plus 
nnlicensed use but irrespective of these distinctions in (sub) classification, the totals of 
nnlicensed and off -label drugs can be directly compared. 

Study design 
In epidemiology, there are several study designs to estimate occurrence of events and 
measures of association. Due to differences in settings and type of data collection, the 
designs of the studies described in this thesis vary. In the first study (chapter 2.1), the 
prescription data were collected ad-hoc on a once-a-week basis. For efficiency rea­
sons each hospital unit was visited once a week, for five weeks, each week on a dif­
ferent day. In the second study (chapter 2.2), all prescription data issued on pediatric 
wards were collected longitudinally by pharmacy assistants. In the European study 
(chapter 2.3), the study design was already defined at the moment of our participa­
tion in t.ltis project. Despite differences in setting and design of these studies, classifi­
cation of nnlicensed and off -label use has been done equally in all studies, by the same 
investigator and based on official licensing reference information. These studies were 
mostly descriptive and did not analyse the association between the unlicensed or off­
label status and potential determinants. Despite these differences however, all studies 
point to the same conclusion about the high proportion of unlicensed and off -label 
prescriptions in children. The studies described in chapters 3 and 4 are all based on 
data from the !PC! database. This population-based database with data from general 
practice has many advantages. Firstly, thanks to the pivotal role of the general practi­
tioner in the Dutch health care system, all relevant medical data are usually available 
at the general practice. The presence of both prescription data and disease data facil­
itates studies on the association between drugs and disease. Secondly, as general prac­
tice data encompass the total population and are gathered prospectively without 
knowledge of later formulated research hypotheses, both selection bias and informa­
tion bias are nnlikely. Since the database contains information on drugs prescribed by 
general practitioners but not by specialists, however, some prescriptions from outpa­
tient clinics are missed. This absence of specialist prescriptions may have resulted in 
nnderestimation of drug use in children in the general population although we think 
that such nnderestimation may be modest. Confounding was of little relevance in this 
thesis since most of the studies were descriptive, and frequency estimates were always 
stratified by age, gender and other relevant factors. In one analytic study on the asso­
ciation between neuropsychiatric effects and deptropine, we dealt with confounding 
by indication by the choice of a comparison group which received treatment for the 
same indication. 
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7.3 General discussion 

Major finctings 
In this thesis we described the extent, nature, determinants and consequences of unli­
censed and off-label drug use in children in both hospital- and conununity-based set­
tings. From the results of these studies, we conclude that children often receive drugs 
which are unlicensed or off -label for use in children. Percentages are especially high 
in children's hospitals but also substantial in general practice. 
The results from this thesis raise three major questions. Firstly, even if the proportion 
of unlicensed drug use or off-label use of licensed drugs is high, does this really mat­
ter? Secondly and if the answer to the first question is yes, what should we change or 
improve in the field of pediatric drug research? Thirdly, what regulatory require­
ments should be taken to ensure that the efficacy and safety of drug use in children 
is guaranteed? 

Does the high proportion of unlicensed or off-label drug use in children really mat­
ter? 

During our studies, the question arose whether this unlicensed or off -label use really 
mattered. After all, this situation is more or less stable since decades and there are no 
indications that this has led to a substantial increase in morbidity or mortality among 
children. Although this might seem reassuring, it is obvious from some of our studies 
that use of unlicensed or off-label drugs may cause adverse events which relate to this 
status. For instance, the use of deptropine for respiratory diseases in children led to 
an increased number of reports in the Netherlands of suspected neuropsychiatric 
adverse effects approximately 10 years ago. This was attributed to the relatively high 
doses which were then advised in children by pediatricians and in the national for­
mulary.' As these dosages had not been formally tested in children, these advises were 
based on the personal experiences of some medical opinion leaders. Apparently, dep­
tropine is still a cause of such effects as our study which is described in chapter 5 
demonstrated that deptropine has a higher risk of neuropsychiatric effects than sim­
ilar drugs used for the same indication. Although this does not prove that unlicensed 
or off-label use of drugs causes an overall increase in the risk of adverse reactions, 
there are certainly examples of such situations. 

What shonld we do to improve pedjatric drug research 7 
As we discussed in the previous paragraph, the use of unlicensed drugs or off-label 
prescription of licensed drugs may have adverse consequences and should be dis­
couraged as much as possible. Many of the unlicensed and off-label drugs which were 
used by children in our studies, however, are essential because children may have the 
same diseases as adults and may need similar treatment. As long as such drugs are not 
tested in children, their optimal dose is at best dependent on a good guess by e>.""Peri­
enced pediatricians or clinical pharmacologists. If we are lucky, such an empirical 
approach is confirmed by a favorable clinical response without much toxicity and 
structured in a well-written guideline. But it is also possible that every doctor decides 
alone on which dose he will start with. Such an approach, however, is probably rare 
nowadays. Nevertheless, the general absence of tested dosage schemes for the treat-
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men! of diseases in childhood should be regarded as unethical and therefore, more 
pediatric drug studies are urgently needed. Such studies should prioritize on drugs of 
proven efficacy and effectiveness in the treatment of potentially life-threatening dis­
eases in adults. Especially, if such drugs are clinically important but at the same time 
established causes of serious adverse reactions in adults, testing in children may be 
even more important unless the drug can be missed in children. Development of pedi­
atric formulations for drugs and labeling of these formulations for use in children is 
another goal that has to be met. In general, drugs that are commonly used orally in 
small children should always be available in palatable, liquid formulations and in 
small dosage units.' The introduction of fast dissolving formulations and multiple unit 
system with small particle size are likely to facilitate administration of new drugs to 
children. Development of such formulations involving novel technology may require 
substantial investment. Similarly, injection vials of appropriate quantities/strengths 
are essential to minimize the risk of medication errors.5 Research shows that errors 
which lead to an almost tenfold overdose by missing a decimal mostly occur in small 
children.' 
If resources for pediatric drug research are limited, how should we choose our pri­
orities? Obviously, we should prioritize on drugs which are essential to children. 
Selection of 'essential' drugs will always be a political process with economic impli­
cations. Nevertheless, the process must be driven primarily by the therapeutic needs 
of children. This means that we should prioritize on drugs which are used to treat 
life-threatening illnesses such as antibiotics and antineoplastic agents. Apart from the 
optimal dosing scheme, attention should be paid to child-friendly formulations and 
adequate labeling texts for children. 
Recently, Nahata et al. published priority listings for pediatric formulations for which 
no stability and I or compounding data were available.' However, the report contains 
some disturbing data indicating there is lack of consistency of pharmacy practice and 
knowledge.' Lack of response from hospitals when asked for their common practice, 
as was the case in this survey, and the inconsistency of pharmacy practice and knowl­
edge indicates a need for hospital associations to require such data to be collected and 
made available. 
An important issue which has been raised in the past is whether it is ethical to per­
form studies in children. In our view, this is a fallacy or at best a misinterpretation of 
the consequences of such a perception in daily life. The real issue is whether it is eth­
ical not to perform studies in children. As we already emphasized, many potentially 
life-threatening diseases which occur in adults (e.g. tuberculosis) may also occur in 
children. Many tuberculostatics, however, may cause severe adverse reactions. Hence, 
finding the optimal dose in children of different age and weight is important, both 
from the point of view of efficacy and safety. The situation in which no proper stud­
ies have been performed, will have as a consequence that doctors will try to find such 
a dose by a combination of dose estimation and trial and error. It is difficult to blame 
doctors for this as long as the pharmaceutical industry and government do not take 
their responsibility here. After all, they may have a very sick patient who is in urgent 
need of treatment. From the ethical point of view, this consequence of a general per­
ception not to study drugs in children is too serious to deny. 
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What regulatory requirements should be taken to ensure that the efficacy and safety 
of drug use in children is guaranteed? 

Necessity of pedialric labeling 
Labeling of a drug indicates that there is substantial evidence from adequate and well­
controlled clinical trials for the safe and effective use of that drug. Labeling provides 
important information on clinical pharmacolozy, indications and usage, contraindica­
tions, precautions, adverse effects, dosage, and administration. Unfortunately for chil­
dren, most drug labeling contains the precautionary disclaimer that safety and effica­
cy in children have not been established. Extrapolation of data on safety and efficacy 
in children from the medical literature, or from data on safety and efficacy in adults 
can not be considered sufficient.' The child is not a small adult." Therefore pediatric 
labeling is really necessary. Another, maybe even more important reason is the moral 
imperative of the assessment of safety and efficacy of drugs in all potential users. 
Pediatric labeling is the only way to ensure the safe and effective use of drugs in 
infants, children, and adolescents. The failure of the pharmaceutics industry to spon­
sor the necessary studies, the regulatory authorities to enforce their regulations, and 
the legislation to mandate that all drugs with potential use in children should be eval­
uated appropriately has allowed the child to remain a therapeutic orphan." 
The current drug licensing system has not fulfilled many of its goals. Considering the 
legal protection, the restrictions in application of drugs by the label would logically 
exclude any use of the drug beyond the labeL The problem is, however, that several 
useful drugs for indications which have not formally been registered can only be used 

illegally in a formal sense. Considering the maintenance of drug safety and efficacy, 
the product information of the drug is often not the daily-life guidance for drug pre­
scription by medical doctors as many of them resort to use of hospital protocols and 
medical literature. Drug labeling per se is not intended to set a standard for good 
medical practice. In fact, a physician might be held responsible for departure from 
accepted standards of care which are not formally registered and it may be consid­
ered as unethical to withhold adequate treatment which has not (yet) been registered. 
On the other hand, not following the instructions on the information te>-1: may also 
lead to legal problems. 
Off label prescription of drugs is often the only choice which physicians have, 
because several essential drugs may not have been licensed for use in children. When 
undertaking off label prescribing, decisions should be made based upon rational sci­
entific theory, e>--pert medical opinion or controlled clinical !rials, although validity of 
these sources may often prove to be weak. The physician is obligated to be aware of 
the content of the package insert and give it due consideration (e.g. precautions, con­
traindication and warnings). 

Suggestions for improvement 
Improvement of the licensing system will require huge efforts and the mobilization of 
political pressure, publicity regarding the subject, and willingness of the responsible 
policy makers to recognize the severity of the problem. In general, new financial 
incentives for the industry to conduct pediatric research are important, especially for 
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orphan drugs." In Europe however, financial incentives are forbidden for orphan 
drug development." Since history has demonstrated that willingness of the industry 
to start trials in children is largely lacking," financial incentives may be needed to 
stimulate pediatric labeling. Regulations that would oblige companies to pediatric 
labeling, and development of pediatric formulations would certainly improve the cur­
rent situation, unless the applicant for licensing is able to convince the regulatory 
agencies that the product in unlikely to be used in children. Overall, it is defensible to 
require that drugs which are registered for diseases in adults which also occur in chil­
dren can only be registered after adequate pediatric drug studies. 
The format of the labeling information text of drugs in Europe still lacks a "pediatric 
use" subsection. Results are that information te>."ts of many of the drugs which were 
granted marketing authorization do not contain any information on use in children. 
Format changes, such as recently proposed in the USA," could strongly improve the 
amount and quality of information available in the information te"-"1. Such a subsec­
tion is important as information on pediatric use is often difficult to find. The amount, 
detail and complexity of the labelling information have increased over the last 
decades. Technological advances of the products themselves and recognition of the 
importance of including new or additional labelling information, use of labelling in 
product liability and medical malpractice lawsuits, and increasing litigation costs are 
important causes. This has made it more difficult for health care practitioners to find 
specific information, and to discern the most critical information in product labelling. 
Suggestions in this Proposed Rule include a "Highlights of Prescribing Information" 
subsection and an index for the comprehensive prescribing information. We strongly 
support the suggestions, and hope the EMEA will seriously consider reviewing 
European regulations. 

Unlicensed and off-label drug use 
Unfortunately, this message has been proclaimed before but has not (yet) led to the 
action needed to "solve" this problem. The relevance of unlicensed and off-label drug 
use in pediatrics has long been recognized by many pediatricians, pharmacists, 
researchers and representatives of government and industry. Regarding the pharma­
ceutical industry, we cannot expect them to simply change there policies regardless of 
costs, for they are profit -driven organizations. On the other hand, every orgauization 
should prevent her product from improper, unsafe and inefficacious use as much as 
possible. Difficulties in pediatric pharmacology research are illegitimate motivations 
for not conducting pediatric research. 
Although governments recognize the problem, the measures that have been taken 
have not been very efficient yet. Development of regulations to assure that new drugs 
will have all relevant labeling is an important goal. However, the promotion of addi­
tiona! pediatric labeling for drugs that are already used in children should not be for­
gotten. This is especially important if the patent/ exclusivity is expired, and if drugs 
are not frequently used in children but play an important role in certain diseases or 
disorders- so called 'orphan drugs'. 
Currently, the European Medicines Evaluation Agency is working on new guidelines 
regarding the research of drugs in children. The intention is to make a subsection in 
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which a dosing scheme for use in children is given for every drug which may be used 
in this group. For drugs which are not used in children (e.g. sildenafil), this is e:qJlic­
itly stated. The implementation of such a guideline may prove to be a substantial step 

forward. 
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SUMMARY 

This thesis described the incidence, nature, determining factors and consequences of 
unlicensed and off-label drug use in children in hospital-based and community-based 
settings. We defined drugs "unlicensed (for use in children)" if after evaluation by the 
Dutch Medicines Control Agency or the European Medicines Control Agency (EMEA), 
no approval had been granted by government for use of the drug in children or if no 
license for use of the drug was available at all. Off-label prescription concerns the 
prescription outside the terms of the product license regarding the age of the patient, 
the indication, route of administration, dosage form, dose & frequency of administra­
tion, en when the use of the drug was contra-indicated for use in the child. 

Chapter 1 provides an overview of the current state of pharmacotherapy in children 
(Chapter I. I), pediatric drug research and pediatric labeling, and described the aims 
of the studies. Chapter 1.2 gives an overview of the current drug licensing regula­
tions, and various initiatives taken to change the current situation, and Chapter 1.3 
describes the major practical and ethical problems pediatric pharmacology research 
is confronted with. Chapter 1.4 denotes the five objectives of the studies presented in 
this thesis. Our first objective was to determine the incidence and nature of unlicensed 
and off-label drug use in academic children's hospitals, a pediatric ward of a non­
teaching hospital, and in the general population. Secondly, we intended to investigate 
which factors are of influence on unlicensed and off-label prescribing. Thirdly, we 
wanted to explore the possibility of a relation of unlicensed and off-label drug pre­
scription and a negative health outcome. Our fourth object was to investigate the pedi­
atric licensing status of drugs that are available in the Netherlands, and fifthly, to eval­
uate the efficiency of the current European system of marketing autorization (drug 
licensing), as well as the measures that have been taken in the US to improve the cur­
rent situation. 

In Chapter 2, we describe the unlicensed and off-label drug use in children in hospi­
tal-based settings in the Netherlands, and in Europe. Distinction is made between sec­
ondary and tertiary care, with general, non-teaching hospitals as secondary and aca­
demic, teaching hospitals as tertiary care. In Chapter 2.1, a survey in the Sophia 
Children's Hospital, a tertiary care children's hospital in the Netherlands is described. 
In a prospective study of five weeks duration, we reviewed drug prescriptions in a 
pediatric ward and three intensive care units (ICUs). We classified the prescritions 
into three main categories; licensed, unlicensed, and off-label, and determined the 
nature of their unlicensed and off-label use. During the study period, 2139 courses 
of drugs were administered to 237 patients in 435 patient-days. Of 2139 prescrip­
tions, 725 (34%) were licensed, 1024 (48%) were unlicensed and 390 (18%) off­
label. In 39 I (90%) of 435 patient-days, children received one or more courses of an 
unlicensed or off-label drug prescription in hospital. This study showed a high inci­
dence of unlicensed and off-label drug use in tertiary care. We also conducted a study 
in the neonatal and pediatric wards of the Reinier de Graaf Hospital, a non-teaching 
general hospital, which is described in Chapter 2.2. We conducted a longitudinal 
prospective cohort study in a dynamic population consisting of patients admitted to 



the pediatric and neonatology ward during a 19-weeks period. Drug licensing status 
of all prescriptions given to these patients was detennined. A total of 1017 prescrip­
tions were administered to 293 pediatric patients. 443 (44%) prescriptions were off­
label, and 285 (28%) were for unlicensed drugs. 269 (92%) patients were given one 
or more drugs which were either unlicensed or prescribed in an off -label way. This 
study shows that the extent of unlicensed and off-label drug prescription in a pedi­
atric ward and neonatology unit of a general hospital is large. Lack of pediatric drug 
labeling is therefore not solely a problem with drugs used in academic pediatric hos­
pitals, but also in pediatric wards of general hospitals. The number of unlicensed and 
off-label prescriptions was higher than expected, when compared to academic pedi­
atric hospital. In Chapter 2.3, we compared unlicensed and off-label drug use in five 
European countries. We conducted a prospective study of drugs administered to chil­
dren in academic pediatric wards over four weeks in five hospitals (one each in the 
United Kingdom, Sweden, Germany, Italy, and the Netherlands). For all children aged 
4 days to 16 years admitted to pediatric wards, the proportion of drugs that were used 
in an unlicensed or off-label manner was determined. 2262 drug prescriptions were 
administered to 624 children in the five hospitals. Almost half of all drug prescrip­
tions were either off-label (39%) or unlicensed (7%). Over half of the patients (67%) 
received an unlicensed or off-label drug prescription. This survey showed that use of 
off-label or unlicensed drugs to treat children is widespread. However, there are large 
differences in drug utilization between countries participating, and also in the num­
bers of drugs licensed for use in children, the availability of pediatric formulations, 
and the freedom of hospital pharmacies regarding modification and manufacturing 
of formulations themselves. 

Chapter 3 discusses drug prescnbing to children in general practice, and the inci­
dence and nature of unlicensed and off-label drug prescription to children by gener­
al practitioners. The Integrated Primary Care Information (IPCD database, a prospec­
tively gathered, automated general practitioners database in the Netherlands was used 
as a setting. In Chapter 3. I, we describe the pattern of drug prescribing to children 
in the general population. All patients between 0 and 16 years of age, who were 
actively registered in the !PC! database, were followed for one life year during the 
period 1998-1999. Prescription patterns were assessed by age and gender and indi­
vidual drugs. Drug use was unevenly distributed: 50.7% of the population received at 
least one prescription but 10% of the population received 50% of all drug prescrip­
tions. Drugs were prescribed in 46.5% (95% C!: 46.2-46.8) of consultations. The pro­
portion of drug users decreased from 73.9% (95%CI: 72.0-75.8) among 0-years-old 
children to 41.1% (95%CI: 40.3 - 41.8) in children between 8 and 13 years of age 
but increased again to 57.1% (95%Cl: 55.1- 59.0) in 16-year-old children. Overall, 
the most frequently used drug types were systemic antibiotics, drugs for dermatolog­
ical use, and respiratory drugs. This study showed that drug use is most extensive in 
children below two years of age, paradoxically the age group for which the least num­
ber of drugs are licensed. Chapter 3.2 describes the proportion and nature of unli­
censed and off-label drug use in the general population. During 1998, all patients 
below 1 7 years of age, who were actively registered in the !PC! database, were select-
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ed. The study population consisted of a random sample of 25 percent of a potential 
source population of 53,706 patients. A total of 17,453 prescriptions issued in 1998 
to the study population were reviewed for unlicensed and off-label drug prescription. 
2667 (15.3%) were prescriptions for unlicensed drugs, and 2381 (13.6%) were off­
label prescriptions for licensed drugs. The one-year risk of an unlicensed or off-label 
prescription was 46% among children with at least one prescription. This population­
based study showed that a large proportion of drugs prescribed by the general prac­
titioner is unlicensed or licensed but prescribed in an off-label manner. Unlicensed 
and off-label drug prescription is therefore not limited to highly specialized pediatric 
clinical facilities, but is also an important issue in everyday pediatric care. Since many 
respiratory drugs are not available in formulations suitable for infants and toddlers 
while respiratory drugs are frequently used in children for common diseases like asth­
rna, upper en lower respiratory tract infections, rhinitis and sinusitis, we studied the 
unlicensed and off-label use of respiratory drugs in children in Chapter 3.3. The data 
in this chapter were derived from the results of the survey described in chapter 3.2. 
2502 (19%) Patients received 5253 prescriptions for respiratory drugs in 1998. 882 
(16.8%) were unlicensed for use in children, and 1065 (20.3%) were prescribed off­
label. This population-based study showed that a large proportion of respiratory 
drugs prescribed by the general practitioner is unlicensed for use in children or 
licensed but prescribed in an off-label manner. In Chapter 3.4, we conducted a pop­
ulation-based case-control study to obtain insight into the factors that affect pre­
scription of drugs below the minimum licensed age in children. The case-control 
study was nested in the cohort described in Chapter 3.2 and 3.3. Cases were all chil­
dren who received a drug prescription below the minimum licensed age. To each case 
we matched up to four controls based on GP practice and patient age. As potential risk 
factors we evaluated use of health care resources, and acute and chronic morbidity. 
We identified 447 cases, who were matched to 1355 controls. Cases consulted their 
GPs significantly more often during the preceding half-year, had more drug pre­
scriptions, and had more specialist referrals than controls. Respiratory diseases were 
the most important determinants for the prescription of drugs to below the minimum 
licensed age in children. In adolescents, migraine and other types of headache were 
the most important reasons. 

Chapter 4 addresses the question related to unlicensed and off-label drug use in child­
and adolescent psychiatry, and describes trends in prescription of stimulants and anti­
depressants in children. We conducted a retrospective cohort study in the !PC! data­
base. Between 1995 and 2000, 81,618 children aged between 0 and 16 years were 
actively registered in the !PC! database. In this population, we estimated prevalence 
and incidence of stimulant and antidepressant use, and the indications for these 
drugs. Use of stimulants (methylphenidate) increased by 770 percent between 1995 
and 2000 to 4.9 users per 1,000 persons per year in 2000. Use of tricyclic antide­
pressants (TCAs) decreased, mostly since use for nocturnal enuresis decreased. 
However, the number of users of selective serotonin reuptake inhibitors (SSRI) 
increased by 540 percent during this period to 0. 7 users per 1,000 persons per years 
in 2000. Twenty percent of stimulants, 46% of TCAs and 30% of SSRis were pre-
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scribed off-label, mostly because they were not licensed for fhe respective indications. 

Chapter 5 discusses adverse drug reactions in relation to unlicensed and off-label 
drug use. In Chapter 5.1, we describe fhe relation between fhe occurrence of adverse 
drug events and off-label prescription of the potentially causal agent. We studied 
adverse events attributed to off-label drug use notified to a spontaneous reporting sys­
tem for children aged 0-16 years between January 1998 and September 2001. Five 
adverse events attributed to off-label drug use were described in detail. From the data­
base, we extracted 282 reports of adverse events of which 142 were attributed to 
licensed drugs fhat were prescribed according to fhe product labelling text. Of the 
remaining 140 reports, 9 were excluded because of age, 25 as it concerned a delib­
erate overdose and 14 reports were excluded as the causal relationship was consid­
ered possible or unlikely, leaving 92 reports for analyses. Eleven (12%) of fhese 
reports concerned unlicensed drugs, 81 (88%) reports involved off-label prescription 
of the causal agent, of which 50 were off-label for age (62%), 34 off-label for indi­
cation (42%), 25 off-label for dose (31%), and 4 for route of administration (5%). 
This study shows that off-label use of drugs in children can lead to severe adverse 
events. The risk of off-label drug use may be higher fhan was previously assumed. 
Several case reports revealed that use of the antihistamine deptropine, which is unli­
censed but used regularly for allergic rhinitis and asthma in children, may cause neu­
ropsychiatric reactions in children. In Chapter 5.2, we conducted a retrospective 
cohort study to assess the extent of this association. By using fhe computerized med­
ical records of fhe Integrated Primary Care Information (IPCI) database we identified 
all prescriptions for systemic antihistamines issued to children of 1 to 10 years of age 
between 1995 and 2000. The neuropsychiatric adverse effects that we considered 
were agitation, anxiety, and hallucinations. The occurrence of these events were 
assessed during the legend duration of antihistamines and compared between dep­
tropine e>.-posure and exposure to other systemic antihistamines prescribed for respi­
ratory indications. The final study cohort comprised 1657 users of deptropine and 
4515 users of ofher anti-histaminics among which promethazine, ketotifen and lora­
tidine were most frequently used. The incidence rate of neuropsychiatric reactions 
was 5.6 fold (95%CI: 1.6-19.3) higher during use of deptropine with an excess rate 
of 3.1 cases per 100 person-years of exposure. The incidence of neuropsychiatric 
reactions was 3.8 fold higher in fhe first episode of use than in subsequent episodes 
and was highest for children 2-10 years of age. Our study demonstrated that dep­
tropine is associated with an increased risk of neuropsychiatric events in children. As 
this drug is not licensed for use in children and therapeutic alternatives are available, 
its use should be discouraged. 

In Chapter 6, we evaluate the current situation regarding pediatric labeling of drugs 
available in fhe Netherlands and drugs licensed by fhe European Medicines Evaluation 
Agency (EMEA), as well as fhe efficiency of the FDA's Modernization Act (FDAMA).In 
Chapter 6.1, we assessed the pediatric licensing status of medicines in the 
Repertorium 98/99, a drug information compendium in fhe Netherlands. We ana­
lyzed 1380 licensing texts of which 223 pertained to drugs fhat were not used for the 
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treatment of childhood diseases. Of the remaining 1157, only 339 (29%) were 
licensed for use in children of all ages. In Chapter 6.2, we evaluated the licensing for 
pediatric use of new molecular entities (NMEs). Hereto, European Public Assessment 
Reports (EPARs) published on the Internet from January 1995 until May 2001 were 
analyzed. Of 120 new substances licensed since January 1995, 70 (58%) were of 
potential use in children. Of these, only 1 7 were licensed for all pediatric use, and 15 
for some pediatric age groups. Hence, the majority, were probably not tested in pedi­
atric age groups. Many of the new drugs granted marketing authorization lack suffi­
cient pediatric labelling. In Chapter 6.3, we studied the usefulness and nec=ity of 
drug entities for pediatric pharmacotherapy. Of 136 Written Requests issued in the 
study period, 36 (26%) were for cardiovascular drugs. We need to recognize the lim­
itations of FDAMA, which makes it possible to study 22 antihypertensives for use in 
children while it is clear that this number of anti-hypertensives is not needed for pedi­
atric patients. The overall conclusion of this thesis is that there are several good rea­
sons for enhancing labelling requirements for use of drugs in children. 

Chapter 7 addresses methodological considerations, the major findings of our studies, 
and considers the subject of this thesis in a general discussion. Three major issues are 
discussed; the relevance of unlicensed and off -label drug use, the improvements to 
enhance pediatric pharmacology research, and regulatory requirements to change the 
current situation. 
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Srunenvatting 

Dit proefschrift beschrijft de incidentie en determinanten van niet-geregistreerd en 
off-label geneesmiddelengebruil:: bij kinderen in he! ziekenhuis en in de huisart­
spra1:tijk, alsmede de consequenties daarvan voor de gezondheid van de gebruikers. 
Wij definieerden geneesmiddelen als "niet-geregistreerd" voor kinderen wanneer er 
na beoordeling door het College ter Beoordeling van Geneesmiddelen ( CBG), of de 
European Medicines Evaluation Agency (EMEA), bij registratie geen toestemming 
werd verleend voor he! gebruil:: van he! geneesmiddel door kinderen of indien het 
geneesmiddel voor geen enkele indicatie of Ieeftijdsgroep geregistreerd werd. Het 
"off-label" voorschrijven van een geneesmiddel werd gedefinieerd als een voorschrift 
:lilll een kind van een geregistreerd geneesmiddel beneden de in de productinformatie 
vermelde minimum Ieeftijd of voor een niet-geregistreerde indicatie, toedieningsweg 
of -vorm, dosering of frequentie van doseren. 

Hoofdstuk 1 geeft een overzicht van de huidige situatie betreffende farmacotherapie 
bij kinderen (Hoofdstuk 1.1), geneesmiddelenonderzoek en -registratie bij kinderen 
en beschrijft de doelstellingen van de studies. Hoofdstuk 1.2 geeft een overzicht van 
de regelgeving aang:lilllde registratie van geneesmiddelen voor kinderen, en bespree1:t 
verscheidene initiatieven die zijn genomen om de huidige situatie te verbeteren. 
Hoofdstuk 1.3 beschrijft de belangrijkste pra.!.:tische en ethische problemen bij het 
doen van farmacologisch onderzoek bij kinderen. In Hoofdstuk 1.4 worden de vijf 
doelstellingen gegeven van de studies die in dit proefschrift beschreven staan. De 
eerste doelstelling was he! bepalen van de incidentie van niet-geregistreerd en 'off­
label' geneesmiddelengebruik bij kinderen in een academisch kinderziekenhuis (het 
Sophia Kinderziekenhuis in Rotterdam), in een algemeen ziekenhuis (het Reinier de 
Graaf Gasthuis in Delft), en bij kinderen behandeld door de huisarts. Daarnaast werd 
onderzocht welke factoren van invloed zijn op het niet-geregistreerd en off-label 
voorschrijven van geneesmiddelen bij kinderen. Ten derde werd de relatie onderzocht 
tussen het gebruik van niet-geregistreerde en off-label voorschriften en de eventuele 
negatieve gevolgen voor de gezondheid van kinderen. Het vierde doe! was om te 
bepalen in hoeverre geneesmiddelen, die in Nederland geregistreerd zijn, ook bij 
kinderen gebrui1:t mogen worden volgens de productinformatier. De vijfde doel­
stelling was om de doelmatigheid te beoordelen van het huidige Europese systeem van 
marketing autorisatie (geneesmiddelenregistratie), alsmede van enkele van de maa­
tregelen die in de Verenigde Staten zijn genomen om de huidige situatie met 
betrekking tot de registratie van geneesmiddelen bij kinderen aldaar te verbeteren. 

In Hoofdstuk 2 beschrijven we het niet-geregistreerd en off-label gebruik van 
geneesmiddelen bij kinderen in ziekenhuizen in Nederland en in Europa. Onderscheid 
is gemaa1:t tussen tweedelijns (algemeen ziekenhuis) en derdelijns zorg (academisch 
ziekenhuis). In Hoofdstuk 2.1 wordt een onderzoek beschreven in een centrum voor 
derdelijnszorg, het Sophia Kinderziekenhuis in Rotterdam. In een prospectieve studie 
van vijf weken werden de voorschriften van drie medium care units (MCUs) en drie 
intensive care units OCUs) onderzocht. We classificeerden deze voorschriften in drie 
categorieen: geregistreerd-, niet-geregistreerd-, en (geregistreerd doch) off-label 
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gebruik bij kinderen. Daarnaast bepaalden we het type niet-geregistreerd of off-label 
voorschrijven. Gedurende de studie-periode werden 2139 geneesmiddelen 
voorgeschreven aan 237 patienten gedurende 435 patientendagen. Daarvan waren 
725 geneesmiddelen (34%) geregistreerd, 1024 (48%) niet-geregistreerd, en 390 
(18%) off-label voor gebruik bij kinderen. Gedurende 391 (90%) van de 435 patien­
tendagen ontvirlg de patient een of meer voorschriften die niet-geregistreerd danwel 
off-label war en. Deze studie laat zien dat vee! van de geneesmiddelen, die 
voorgeschreven worden in de derdelijns zorg, niet geregistreerd of off-label zijn. We 
deden ditzelfde onderzoek ook op de kinderafdeling van een tweedelijns ziekenhuis, 
he! Reinier de Graaf Gasthuis in Delft, middels een longitudinale, prospectieve cohort 
studie bij patienten, die gedurende een periode van 19 weken werden opgenomen op 
de kinderafdeling en de pasgeborenen afdeling (Hoofdstuk 2.2). Van aile geneesmid­
delen die werden voorgeschreven, werd de registratiestatus bepaald. Een totaal van 
1017 geneesmiddelen werd voorgeschreven aan 293 patienten, waaronder 443 
(44%) off-label voorschriften en 285 (28%) voor niet-geregistreerde middelen. 269 
(92%) patienten kregen tijdens hun verblijf een of meerdere niet-geregistreerde of 
off-label geneesmiddelen. Alhoewel het onderzoek een ziekenhuis betrof, sugsereert 
deze studie dat er vee! geneesmiddelen niet-geregistreerd of off-label worden 
voorgeschreven in de tweedelijns kindergeneeskundige zorg. In Hoofdstuk 2.3 
vergelijken we niet-geregistreerd en off-label geneesmiddelengebruik in vijf Europese 
Ianden. We deden een prospectieve studie op de kinderafdelingen in vijf derdelijns 
ziekenhuizen in het Verenigd Koninkrijk, Zweden, Duitsland, !talie en Nederland. 
Voor aile kinderen (in de leeftijd tussen 4 dagen en 16 jaar), die waren opgenomen 
op medium care units gedurende vier weken, werd he! aantal niet-geregistreerde en 
off-label voorgeschreven geneesmiddelen bepaald. Aan 624 kinderen in deze vijf 
ziekenhuizen werden gedurende de studieperiode 2262 geneesmiddelen 
voorgeschreven. Bijna de helft van aile voorschriften waren ofwel off-label (39%), 
ofwel niet-geregistreerd (7%). Tweederde van de patienten ontving temninste een 
niet-geregistreerd of off-label geneesmiddel. Dit onderzoek laat zien dat niet-gereg­
istreerd en off-label voorschrijven van geneesmiddelen bij kinderen wijdverbreid is, 
maar dat er grote verschillen zijn in dergelijk geneesmiddelengebruik tussen de 
onderzochte ziekenhuizen binnen de deelnemende Ianden. Bovendien zijn ook de 
aantallen geregistreerde geneesmiddelen, de beschikbaarheid van kindertoepassingen 
van geneesmiddelen en de vrijheid van ziekenhuisapothekers om geneesmiddelen aan 
te passen voor gebruik bij kinderen sterk verschillend. 

Hoofdstuk 3 bespreekt het voorschrijven van geneesmiddelen aan kinderen in de 
eerste lijn, en de incidentie van niet-geregistreerd en off-label voorschrijven door de 
huisarts. Hiertoe werd gebruik gemaak-t van het Integrated Primary Care Information 
(ICP!) project, een database met prospectief verzamelde geautomatiseerde gegevens 
van Nederlandse huisartsen. In Hoofdstuk S. I word! he! voorschrijven van 
geneesmiddelen door huisartsen aan kinderen beschreven. Alle patienten tussen 0 en 
16 jaar werden eenjaar lang gevolgd in de periode 1998-1999.1.eeftijd- en geslacht­
specifieke voorschrijfpatronen werden hierbij geanalyseerd. Geneesmiddelengebruik 
was ongelijk verdeeld: 50,7% van de populatie ontving temninste een voorschrift, 
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maar 10% van de populatie ontving 50% van de voorschriften. Geneesmiddelen wer­
den voorgeschreven tijdens 46,5% van de consulten. Het aantal kinderen dat 
geneesmiddelen gebruikte, nam af van 73,9% onder 0-jarigen tot 41,1% onder S- tot 
13-jarigen, maar nam weer toe tot 57,1% onder 16-jarigen. Antibiotica, middelen 
voor dermatologisch gebruik en respiratoire geneesmiddelen werden het meest fre­
quent voorgeschreven. Deze studie Iaat zien dat geneesmiddelengebruik het meest uit­
gebreid is bij kinderen onder de leeftijd van 2 jaar, paradoxaal genoeg ook de leefti­
jdsgroep waarvoor de minste geneesmiddelen zijn geregistreerd. Hoofdstuk 3.2 
beschrijft de incidentie van niet-geregistreerd en off-label geneesmiddelengebruik in 
de eerste lijn. Gedurende 1998 werd 25% van aile patienten jonger dan 17 jaar in 
!PC! gevolgd. Alle 17.453 voorschriften van deze 13.426 patienten werden beo­
ordeeld op off-label of niet-geregistreerd gebruik. Hiervan waren 2667 (15,3%) 
voorschriften voor geneesmiddelen die niet geregistreerd zijn voor gebruik bij 
kinderen, en 2381 (13,6%) waren off-label voorschriften voor geregistreerde 
geneesmiddelen. Het risico op het voorgeschreven krijgen van een niet-geregistreerd 
of off-label geneesmiddel was 46% voor kinderen met tenminste een voorschrift. Deze 
studie liet zien dat een aanzienlijk dee! van de voorschriften off-label zijn danwel 
geneesmiddelen betreffen die niet geregistreerd zijn voor gebruik in kinderen. Niet­
geregistreerd geneesmiddelengebruik is daarom niet beperh."l tot de specialistische 
zorg die in een ziekenhuis geboden wordt aan kinderen maar ook een belangrijk aan­
dachtspunt in de pediatrische zorg die dagelijks door de huisarts geboden wordt. Vee! 
respiratoire geneesmiddelen zijn niet beschikbaar in toepassingsvormen voor gebruik 
bij kleine kinderen terwijl deze middelen vee! gebruikt worden voor de behandeling 
van vee! voorkomende ziektes als asthma, bovenste en onderste luchtweginfecties, 
rhinitis en sinusitis. Daarom werd het niet-geregistreerd en off-label gebruik van res­
piratoire geneesmiddelen door kinderen bestudeerd (Hoofdstuk 3.3). Hierbij ontvin­
gen 2502 kinderen 5253 voorschiften voor respiratoire geneesmiddelen in 1998, 
waarvan er SS2 (16,8%) niet geregistreerd waren voor gebruik in kinderen, en 1065 
(20,3%) off-label waren voorgeschreven. Dit percentage was aanzienlijk hager dan bij 
de voorschriften voor overige geneesmiddelen. In Hoofdstuk 3.4 deden we onderzoek 
naar de factoren die van invloed zijn op het voorschrijven van geneesmiddelen onder 
de leeftijd waar ze voor geregistreerd zijn, middels een patient-controle onderzoek. 
Patienten waren aile kinderen die een geneesmiddel hadden gehad terwijl ze jonger 
waren dan de minimum Ieeftijd waarvoor het middel geregistreerd is. Als potentiele 
risicofactoren evalueerden we bezoeken aan en verwijzingen door de huisarts, acute 
en chronische ziek"len. 44 7 van dergelijke patienten werden geidentificeerd, waarvoor 
1355 controles werden geselecteerd. Casus bezochten hun huisarts significant meer 
gedurende het voorafgaande halijaar, kregen meer geneesmiddelen voorgeschreven 
en werden vaker verwezen dan controles. Respiratoire aandoeningen waren de be­
langrijkste determinanten voor het voorschijven van geneesmiddelen onder de mini­
male geregistreerde Ieeftijd bij kinderen. Bij adolescenten waren migraine en andere 
vormen van hoofdpijn de belangrijkste redenen van voorschrijven onder de minimum 
leeftijd in de productinformatie. 

Hoofdstuk 4 beschrijft het voorschrijven van antidepressiva en stimulantia bij 
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kinderen, alsmede he! niet-geregistreerd en off-label gebruik van deze geneesrnidde­
len, rniddels een retrospectieve cohortstndie in de !PC! database. Tussen 1995 en 2000 
waren 81.618 kinderen (0-16 jaar) geregistreerd in !PC!, en in deze populatie werd 
prevalentie en incidentie van stimulantia en antidepressivagebruik bepaald, alsmede 
de indicatie voor gebruik. Gebruik van stimulantia (methylfenidaat) nam toe met een 
factor 7, 7 tussen 1995 en 2000 tot 4,9 gebruikers per 1000 persoonsjaren in he! jaar 
2000. Het gebruik van tricyclische antidepressiva (TCAs) nam af, vooral omdat 
gebruik voor de behandeling van enuresis noctnrna afnam. Echter, he! aantal 
gebruikers van selective serotonine reuptake inhibitors (SSRis) nam toe met een fac­
tor 5.4 gedurende deze periode tot 0. 7 gebruikers per 1000 persoonsjaren in he! jaar 
2000. Twintig procent van de stimulantia, 46% van de TCAs en 30% van de SSRis 
werden off-label voorgeschreven, vooral voor niet-geregistreerde indicaties. 

Hoofdstuk 5 bespreel..-t bijwerkingen van geneesmiddelen in relatie tot niet-gereg­
istreerd en off-label gebruik. In Hoofdstuk 5. I beschrijven we de relatie tussen het 
optreden van bijwerkingen en off-label voorschrijven van he! mogelijk veroorzakende 
geneesrniddel. We bestndeerden bijwerkingen bij kinderen tnssen 0 en 16 jaar, die in 
de stndieperiode tnssen januari 1998 en september 2001 gemeld waren. Het betrof 
282 meldingen, waarvan er in 142 gevallen sprake was van geregistreerd geneesrnid­
delgebruik. Twaalf procent van deze meldingen betrof geneesrniddelen die niet­
geregistreerd waren en 88% betrof off-label gebruik. Binnen deze laatste groep was 
62% off-label voor leeftijd, 42% voor indicatie, 31% voor dosering, en 5% voor toedi­
eningsweg. Deze stndie laat zien dat off -label gebruik van zeneesrniddelen in 
kinderen kan lei den tot ernstige bijwerkingen maar geeft geen inzicht in de frequen­
tie hiervan. 
Uit verscheidene gepubliceerde ziel..-tegeschiedenissen blijl..-t dat het gebruik van het 
antihistarninicum deptropine, dat niet meer zeregistreerd is maar nog steeds gebruil..-t 
word! voor behandeling van allergische rhinitis en asthma, neuropsychiatrische bijw­
erkingen kan veroorzaken bij kinderen. In Hoofdstuk 5.2, word! een retrospectieve 
stndie beschreven, die verricht werd om de omvang van dit probleem in kaart te bren­
gen. Aile voorschriften van respiratoire antihistarninica voor kinderen in de leeftijd 
van 1 tot 10 jaar tnssen 1995 en 2000 werden hiertoe verzameld. De neuropsychia­
trische bijwerkinzen, die bestndeerd werden, waren agitatie, angst en hallucinaties. 
Het cohort bestond uit 1657 zebruikers van deptropine en 4515 gebruikers van 
andere antihistaminica, waaronder promethazine, ketotifen en loratadine het meest 
frequent gebruil..-t werden. De incidentie van neuropsychiatrische reacties was bijna 
zes keer verhoozd tijdens zebruik van deptropine, vooral in de eerste episode van 
gebruik. Het risico was he! hoogst bij kinderen tnssen 2 en 10 jaar. Aangezien dit mid­
del niet zeregistreerd is voor gebruik in kinderen en bovendien therapeutische alter­
natieven aanwezig zijn, moe! zebruik van deptropine ontraden worden. 

In Hoofdstuk 6 word! de huidige situatie besproken van registratie van geneesrnidde­
len voor kinderen in Nederland en van geneesrniddelen, die geregistreerd werden via 
de European Medicines Evaluation Agency (EMEA). Tevens word! ingegaan op de sit­
uatie in de Verenigde Staten met FDA's Modernization Act (FDAMA).ln Hoofdstuk 6.1 
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I380 productinformatie-teksten, waarvan 223 geneesmiddeien betroffen die niet 
gebruikt worden voor behandeling van ziekten bij kinderen. Van de overigen II 57 
waren slechts 339 (29%) geregistreerd voor kinderen van aile Ieeftijden. In Hoofdstuk 
6.2 evalueerden we de registratie voor gebruik bij kinderen van nieuwe geneesmid­
delen. Daartoe werden European Public Assessment Reports (EPARs) bestudeerd, die 
gepubliceerd waren op het internet in de studieperiode van januari I995 tot mei 
2001. Van de I20 nieuwe geneesmiddelen, waren 70 (58%) van potentiele betekenis 
voor de behandeling van kinderen. Hiervan waren slechts I 7 middelen geregistreerd 
voor aile Ieeftijden, en 15 voor sommige pediatrische leeftijdsgroepen. In Hoofdstuk 
6.3 bestudeerden we het nut en de noodzaak van bepaalde geneesmiddelen voor de 
kindergeneeskunde. Ook wordt hierin het nut besproken van de I 3G Written Requests 
die gedurende de studie periode in het kader van de FDAMA werden ingediend. 
Zesendertig van deze verzoeken van de farmaceutische industrie (2G%) betroffen car­
diovasculaire geneesmidde!en, waarvan 22 voor antihypertensiva. Gezien dit grate 
aantal en de !age prevalentie van hypertensie bij kinderen, mag men zich afvragen of 
de FDAMA niet haar doe! voorbijschiet. 

In Hoofdstuk 7 worden de methodologische overwegingen besproken, alsmede de 
be!angrijkste bevindingen van de studies uit dit proefschrift. Drie belangrijke onder­
werpen worden besproken. Ten eerste, de relevantie van niet-geregistreerd en off­
label gebruik bij kinderen. Ten tweede, mogelijke verbeteringen ter bevordering van 
farmacologisch onderzoek bij kinderen. Ten derde word! besproken welke mogelijke 
maatregelen op gebied van de regelgeving genomen moeten worden om de huidige 
situatie met betrekking tot de toepassing van geneesmiddelen bij kinderen te ver­
beteren. 
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Dankwoord 

Dit proefschrift had nooit tot stand l..'lllUlen komen zonder de hulp en steun van vele 
mensen. Ik wil van deze gelegenheid gebruik maken enkele van hen dank te bewijzen. 

Mijn eerste promotor, Prof.dr. J.N. van den Anker, wil ik als eerste bedanken. John, 
ik begon als student bij je voor een periode van negen weken, het werden er uitein­
delijk zo'n honderd-vijftig. Jouw vertrouwen en enthousiasme waar ik me de afgelopen 
jaren van verzekerd wist waren belangrijke drijfveren voor de totstandkoming van dit 
proefschrift. De geografische afstand die je nam was groot, maar je bleef altijd 
betrokken. Wie weet wat de toekomst brengen moge? 

Prof.dr. B.H.Ch. Stricker, mijn tweede promotor, wil ik eveneens hartelijk danken. 
Bruno, jij wist mij te scherpen door onze discussies, en bracht me de essen tie van epi­
demiologisch onderzoek bij. John en jij brachten mij samen een mooie balans om 
zodoende enthousiast en nuchter te blijven. 

Dr. MC.J.M Sturkenboorn, lieve Miriam, als co-promotor was je intensief betrokken, 
en vaakbereidje eigen werkvoor mij opzij te zetten. Mijn dankvoor alje hu!p en steun 
is dan ook erg groot. 

My gratitude goes out to the members of the 'small' thesis-committee, Prof.dr. H.A. 
Biiller, Prof.dr. L.T.W. de Jong - van den Berg en Prof.dr. I. Choonara, for their willing­
ness to read the manuscript and for their constructive criticism. Prof.Dr. R. Pieters en 
Prof.dr. J. van der Lei wil ik eveneens bedanken voor hun bereid-willigheid in de grote 
commissie plaats te nemen. 

Daarnaast waren een aantal andere mensen intensief betrokken bij studies, en hen wil 
ik dan ook bijzonder bedanken. Allereerst lngo Eland, ondanks aile drul.."ie die je eigen 
proefschrift en je opleiding met zich meebrengt was je altijd bereid tijd voor me te 
nemen. Natuurlijk Arnold Vulto, zonder jouw inspanningen hadden we de Sophia 
studie nooit zo "hoog" kunnen verkopen, en je getoonde belangstelling later waardeer 
ik enorm. Matthijs de Hoog,je hielp me op weg met de grondbeginselen van de analyse, 
en bleef me altijd met belangstelling volgen. 
Prof.dr. I. Choonara, dear !mti. I really appreciate your hospitality during my stay in 
Derby, and your willingness to participate in some of the studies. John Mcintyre and 
Sharon Conroy, thank you very much for your kind involvement. 
Daarnaast wil ik aile andere coauteurs danken voor hun aandeel in de respectievelijke 
stukken. 

Vee! dank gaat uit naar de !eden van de subafdeling Neonatologie. Van de stafleden wil 
ik in het bijzonder mijn kamergenoot, Paul Govaert bedanken. Paulus, je bent een 
prachtige vakidioot, en jou enthousiasme voor je eigen specifieke gebiedje is aansteke­
lijk. Onze oeverloze discussies over Apple contra Microsoft en Nederland contra 
Vlaanderen zullen me lang bijblijven. 
Mijn bijzondere dank gaat uit naar Magda de Ridder, de afdelingssecretaresse. Je had 
altijd tijd voor een babbel, soms luchtig, vaak ook over de belangrijke dingen des Iev­
ens. Dank voor je luisterend oor, he! zou nooit zo leuk geweest zijn zonder jou. 
Daarnaast natuurlijk aile neonatologen, pediatrisch intensivisten, research-nurses, en 
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andere mensen die de stafgang bevol:J.:ten en bezochten. Hoewel het aantal computer­
consulten af en toe wat groot was, heb ik het als een zeer prettige tijd met jullie allen 
ervaren. In het bijzonder denk ik aan Hans (Zx), Rene, Monique, In eke, Willie, Hestien, 
Saskia, Hannerieke, Leon, Caroline, Sophie en Karen. 

De Kindergeneeskunde AIO's; Saskia, Hestien, Sophie, Daphne, Jan-Eric, Leon, 
Hannerieke, Marloes, Jessie, Karen, Jose, Ward, Laurens, Hettie, Sacha, Barbara, 
Carola, Rianne, Ezra, Annemarie (2x), Pieter, Ester, Edwin, Clementien, Gwenda, 
Sander, Debbie, Venje, Marieke, Robert, Inge, Marije, Dik, Nicolette, Ellen, Yvonne, 
Jochem, Dederieke, Wendy, en Floor. De lunches, koffies, consulljes & babbels, borrels, 
weekenden, sintekerstdiners en andere gelegenheden waarin we elkaar mochten ont­
moeten hebben de afgelopen jaren tot een prachtige tijd gemaakt. Natuurlijk waren de 
vele studenten (echt te vee! om op te noemen) die bij bovenstaande AIO's en andere art­
sen onderzoek hebben gedaan daar mede credit aan. 
De "Pharmacoepi" onderzoekers, Ingo, Jeanne, Fernie, Paul, Bas, Melanie, Gysele, Loes, 
Mariette, Bettie, Sabine, Georgio, Katia, Cornelis, Annette en Anke-Hilse, wil ik 
bedanken voor hun collegialiteit en gezelligheid tijdens de vele stafvergaderingen, de 
jaarlijkse diners en op congres. De collega's van de vakgroep Medische Informatica wil 
ik eveneens danken voor hun gastvrijheid en belangstelling. 

Joost, mijn layout-man, ben ik grote dank verschuldigd. Je nam me vee! werk uit han­
den, en gaf met je creativiteit mijn 'boekje' de aanblik die het nu heeft. Daarnaast wil 
ik Karen bedanken, voor haar actieve aandeel in het totstandkomen van de cover. 

Mijn vrienden wil ik in het bijzonder bedanken voor hun enthousiasme, belangstelling 
en nuchterheid. Frank, Herco, Joost, HC, Manoel en Helmerik, de vele late uurljes vol 
scherpe discussies (en gezwets) over alles dat ons bezighoudt waren iets om de hele 
week naar uit te kijken. "We gaan op weg ... ". Lieve Ella, jij was degene die er altijd in 
geloofde; dat ik ingeloot zou worden, dat ik mijn doctoraal zou halen, en dat ik zou 
promoveren. Dank je we!. Daarnaast zijn er een aantal andere vrienden en bekenden 
die mij soms lang niet zagen door de hectiek van mijn werk, maar we! altijd interesse 
toonden en er waren als dat nodig was. Dank jullie we!! 

Mijn paranimfen, Sophie en Frank, wil ik danken voor de tijd en moeite die zein mijn 
promotie willen steken. Sophie, de ladingen koffie en andere verslavende middelen die 
we samen nuttigden waren vaak de olie waardoor ik niet vastliep. Frank, als vriend en 
huisgenoot ken je me van dichtbij. lk ben heel trots dat jullie me terzijde willen strum 
tijdens mijn promotie. 

Mijn lieve zussen, Sophia en Marjolein, jullie !open soms harder met mij weg dan me 
lief is, maar ik ben zeker zo trots op jullie als jullie dat op mij zijn. Ik had dit niet l.:un­
nen doen zonder jullie steun. 

Als laatste wil ik mijn ouders bedanken. Jullie niet aflatende steun en vertrouwen zijn 
heel belangrijk geweest, en zonder jullie liefde had ik dit nooit bere~'i. De gelegenheid 
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is van onschatbare waarde. 
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