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OBJECTIVES: Governmental agencies (US Food and Drug Administration and European Medicines Agency) 
implemented initiatives to improve pediatric clinical research, starting in 1997 and 2007, respectively. The 
aim of this review was to quantify the unlicensed and off-label drug uses in children before and after these 
implementations.
METHODS: Literature review of unlicensed and off-label drug uses was performed on PubMed and Google-
Scholar from 1985 to 2014. Relevant titles/abstracts were reviewed, and articles were included if evaluating 
unlicensed/off-label drug uses, with a clear description of health care setting and studied population. In-
cluded articles were divided into 3 groups: studies conducted in United States (before/after 2007), in Europe 
(before/after 2007), and in other countries.
RESULTS: Of the 48 articles reviewed, 27 were included. Before implementation of pediatric initiatives, 
global unlicensed drug use rate in Europe was found to be 0.2% to 36% for inpatients and 0.3% to 16.6% 
for outpatients. After implementation, it marginally decreased to 11.4% and 1.26% to 6.7%, respectively. 
Concerning off-label drug use rates, it was found to be 18% to 66% for inpatients and 10.5% to 37.5% for 
outpatients before the implementation. After implementation, it decreased marginally to 33.2% to 46.5% 
and to 3.3% to 13.5%, respectively. In other countries, unlicensed and off-label drug use rates were found to 
be, respectively, 8% to 27.3% and 11% to 47%.
CONCLUSIONS: Governmental initiatives to improve clinical research conducted in children seem to have 
had a marginal effect to decrease the unlicensed and off-label drug uses prevalence in Europe.

INDEX TERMS: off-label use, pediatrics, review
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INTRODUCTION

Before a drug can be approved for sale in a 
given market, governmental authorities in each 
country have to assess its safety, efficacy, and 
quality. At the end of this process, pharmaceuti-
cal companies are granted market authorization, 
and the drug gets a license for marketing in the 
country (e.g., Notice of Compliance in Canada). 
The drug also has a label (i.e. drug monograph), 
specifying the details for drug use (e.g., target 
population, dose, indication, specific use).

Virtually all drugs that get an approval for use 
in adults should also get an approval for use in 
children; this is often not the case considering the 
paucity of clinical research for that population. 

Therefore, drug monographs are frequently silent 
about the use of the drug in children. However, 
in most legislation, clinicians can prescribe to 
children a drug approved for adult (i.e., an off-
label use). In some case, clinicians must also 
import from another country a drug that has not 
obtained a license for marketing (i.e., an unli-
censed use). Both situations expose clinicians and 
patients to delays, costs, and risks. In response to 
these challenges, governmental authorities have 
established various strategies and regulations to 
oversee and promote clinical research in children 
and hopefully to decrease both unlicensed and 
off-label drug uses.

In 1997, the US Food and Drug Administra-
tion (FDA) adopted the FDA Modernization Act 
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(FDAMA),1 followed in 2002 by the Best Pharma-
ceuticals for Children Act (BPCA),2 which pro-
vided an incentive for drug companies to conduct 
FDA-requested pediatric studies. In 2003, the 
FDA also created the Pediatric Research Equity 
Act (PREA), which requires drug companies to 
study their products in children under certain 
circumstances.3 In Europe, the European Medi-
cines Agency (EMA) created the European (EU) 
Pediatric Regulation, in 2007.4 Its objective was 
to improve the health of children in Europe by 
facilitating the development and availability of 
medicines for that population. In other countries, 
such as in Canada, the Pediatric Expert Advisory 
Committee was created in 2009 to provide advice 
to Health-Canada in the development, licensing, 
and post-approval monitoring of drugs.5

Our hypothesis was that even though these 
initiatives were not implemented to decrease 
unlicensed or off-label drug use rates, they prob-
ably would have a favorable consequence on 
those uses. Ten years after the first regulations, 
we could expect that the prevalence of unlicensed 
and off-label prescriptions in children would 
have decreased. Thus, we reviewed the literature 
to explore the effect of the regulatory changes.

The primary objective of this literature review 
was to determine the effect of governmental ini-
tiatives to improve clinical research in children 
on unlicensed and off-label drug uses in inpatient 
and outpatient settings in the world. The second-
ary objective was to determine the unlicensed 
and off-label drug use rates in countries where 
no governmental initiatives to improve clinical 
research in children have been implemented.

MATERIALS AND METHODS

Inclusion and Exclusion Criteria
First, a review of published studies on un-

licensed and off-label drug use in children in 
any health care setting was performed by our 
research team using the PubMed (National Cen-
ter for Biotechnology Information, U.S. National 
Library of Medicine, Bethesda, MD) and Google 
Scholar (Google, Mountain View, CA) databases 
and related links to articles published from 1985 
to July 2014. Medical subject headings and free 
text searches used the following terms “off-label 
use,” “unlicensed use,” “drug labeling,” “drug 
use review,” “child,” and “pediatrics.” References 
in reviewed articles were also screened, and ad-

ditional studies were included, if relevant. Iden-
tified article titles and abstracts were scanned 
for relevance. Studies evaluating unlicensed or 
off-label drug use, with a clear description of the 
health care setting, the studied population, and 
numerical details to validate the drug use rate 
were included. Studies when only abstract could 
be retrieved were excluded as well as updates, 
literature reviews, and studies that had results 
concerning specific drug classes. Reasons for 
exclusion were documented. Unlicensed drug use 
was defined as the use of a non-marketed drug. 
Off-label drug use was defined as the use of a drug 
in an unapproved way.

Study Variables
Year of publication, year of data collection, 

country where the study was performed, type 
of study, duration of the study, number and type 
of patients included, number of prescriptions 
included, prevalence and definition of unlicensed 
and off-label drug uses, scientific support for off-
label drug use, and patient or parent’s consent 
information were collected.

Data Analysis
We divided studies into 3 groups: studies con-

ducted in the United States, studies conducted 
in Europe, and studies conducted in other coun-
tries. For the first 2 groups, we divided studies 
into 2 subgroups: before and after governmental 
initiatives. In the United States, the cutoff date 
for the governmental initiative was set as 2007. 
The PREA was enacted in 2003 and considering 
the lag time, we considered this date reasonable. 
In Europe, the cutoff date for governmental ini-
tiative was set as 2007, when the EU Pediatric 
Regulation came into force. No cutoff date was 
selected for the other countries.

We summarized the key results of studies 
about unlicensed and off-label drugs use in chil-
dren before and after governmental initiatives for 
Europe, and key results of studies for unlicensed 
and off-label drug uses in pediatrics for other 
countries, where no pediatric regulations were 
enacted. Descriptive statistics were performed.

RESULTS

From 1985 to July 2014, a total of 48 studies 
evaluating unlicensed and off-label drug use 
in children were reviewed. Of these studies, 27 

Unlicensed and Off-Label Drug Use in Pediatrics
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articles were included in our review. The reasons 
of exclusion of 21 articles are detailed in Figure. 
Concerning studies conducted in the United 
States, 2 studies were included (Table 1).6,7 Both 
studies were conducted before the set cutoff date, 
respectively, in 1994 and 2001. No information on 
unlicensed drug use rate was retrieved in these 
studies. One study was conducted by McKinzie 
et al6 found a 34% off-label drug use rate in inpa-
tients, whereas the study conducted by Radley et 
al7 found a 21% off-label drug use rate in outpa-
tients. However, considering that only 2 studies 
could be included and that both studies were 
conducted before the set cutoff date, we could not 
conclude anything about the impact of US initia-
tives on unlicensed and off-label drug use rates.

Concerning Europe, 18 studies were includ-
ed.8–25 A total of 13 studies were conducted before 
the EU Pediatric Regulation came into force in 
2007 (Table 2)8–20 and 5 studies were conducted af-
ter this regulation was implemented (Table 3).21–25 
Before the implementation of the EU Pediatric 
Regulation, unlicensed drug use rate was found 
to be between 0.2% and 36% for inpatients and 
between 0.3% and 16.6% for outpatients. Off-label 
drug use rate was found to be between 18% and 
66% for inpatients and between 10.5% and 37.5% 
for outpatients. After the EU Pediatric Regulation 
came into force in 2007, unlicensed drug use rate 
was found to be at 11.4% for inpatients and be-
tween 1.26% and 6.7% for outpatients. Off-label 
drug use rate was found to be between 33.2% 
and 46.5% in inpatients and between 3.3% and 

13.5% in outpatients.
Concerning studies conducted in countries 

other than the United States and Europe, 7 stud-
ies were included (Table 4).26–32 Unlicensed drug 
use rate was found to be between 11% and 27.3% 
for inpatients and 8% for outpatients. Off-label 
drug use was found to be between 25% and 47% 
for inpatients and 26% for outpatients.

Concerning the scientific support for off-label 
drug use, only 1 included study reported a rate 
of off-label drug use associated with strong sci-
entific support. Radley et al7 reported that 15% 
of off-label drug use was associated with strong 
scientific support.

DISCUSSION

Unlicensed and Off-Label Drug Uses Rates
This literature review provides an overview 

of the main published studies concerning the 
unlicensed and off-label drug uses in children 
in the past 3 decades. These results suggest that 
the governmental initiatives and regulations 
implemented in Europe to encourage drug re-
search in children have had a marginal impact 
on unlicensed and off-label drug use rates on 
inpatient and outpatient health care settings. In 
Europe, the reported range of unlicensed drug 
use rates decreased from 0.2% to 36% to a single 
11.4% value for inpatients and from 0.3% to 
16.6% to 1.26% to 6.27% for outpatients. Regard-
ing off-label drug use rates, the reported range 
went down from 18% to 66% to 33.2% to 46.5% 
for inpatients and from 10.5% to 37.5% to 3.3% 
to 13.5% for outpatients.

However, because these incentives were imple-
mented to enhance pediatric clinical research, it 
would be interesting to know how many drugs 
have been studied in children by authorities since 
those regulations were enacted. Unlicensed and 
off-label drug uses are not limited to pediatrics. 
However, it is often more prevalent in children, 
especially in neonates. In this literature review, 
unlicensed drug use rates in neonatal intensive 
care units were found to be between 11.4% and 
12%, and off-label drug use rates were between 
46.5% and 50.5%.19,24

These results highlight the great disparities 
in unlicensed and off-label drug uses between 
studies, with large ranges of unlicensed and off-
label drug use rates. Many explanations might 
be given for these disparities. Unlicensed and 

Figure. Flow of the identified studies

J Corny, et al
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off-label drug use definitions are different among 
studies, which interferes with these unapproved 
drug use rates. Also, definitions can be differ-
ent depending on the studies: unlicensed and 
off-label drug uses can be based on the number 
of unapproved prescriptions, the number of 
patients requiring an unapproved drug use, etc. 
Additionally, study context is different for each 
study, which can interfere with the results: differ-
ent countries, different marketed drugs, different 
formulations available, different populations, 
and different information contained in drug 
monographs. Regarding off-label drug uses, 
the design of the study can also be a factor of 
disparity: retrospective studies can be a barrier 
to obtaining all information about indications 
for use, for example. Many factors may explain 
why both unlicensed and off-label drug use rate 
are still quite high in various countries and their 
regulations.

Explanations for Unlicensed Drug Uses
The use of unlicensed drugs in a given coun-

try can be motivated by different factors. Such 
use usually relies on an individual request by a 
physician addressed to the regulatory authority 
to import a specific drug marketed in another 
country for a specific patient. The regulatory 
process usually allows drug importation when 
currently available drug alternatives have been 

used without success, and the patient’s condi-
tion remains critical. Such a process is usually 
complex, lengthy, and costly. Clinicians may 
want to import an unlicensed drug into a given 
country because the drug manufacturer has not 
applied for a notice of compliance in the current 
market (e.g., no local market interest), because 
the regulatory authority is actually treating the 
request (e.g., administrative delays), because the 
drug manufacturer cannot satisfy the regulatory 
requirements (e.g., incomplete drug submission), 
or because the patients/parents have identified 
a potential drug therapy on the Internet. In 
pediatrics, such drug importation may also be 
motivated by the availability of a pediatric for-
mulation in another country and drug shortages.

Explanations for Off-Label Drug Uses
The use of an off-label drug in a given coun-

try can also be motivated by different factors. 
Governmental initiatives and regulations to 
increase drug research in children have put more 
emphasis on the development and marketing of 
new drugs. Therefore, off-label drug use rates 
may stay the same for a while because the use 
of many old drugs, which have current, active 
generic manufacturers, will not have any clinical 
research in children conducted (e.g. morphine 
being indicated only for children 12-years and 
older) to update their drug monographs and add, 

Table 1. Unlicensed and Off-Label Drug Use Rate In the United States, Before and After the Food and Drug 
Administration Modernization Act (1997)

Variables Before US initiatives (2007)

Reference (Year / Country) McKinzie et al6 (1994 / USA) Radley et al7 (2001 / USA)

Patient Type Pediatric emergency unit Outpatient

Patients and prescriptions 
included, No. 

59 children 725 million prescriptions

Patients’ ages Inclusion: <18 yr Not specified

Study design Retrospective Retrospective

Study duration 1 mo 1 yr

Unlicensed drug use definition No data No data

Unlicensed drug use rate No data No data

Off-label drug use definition Unapproved age Unapproved indication

Off-label drug use rate, % Inpatient prescriptions, 43; dis-
charge, 16; overall, 34

Outpatient prescriptions, 21

Scientific support for off-label 
drug use

No data 15% off-label prescriptions judged 
to be evidence-based

Patient consent No data No data

Unlicensed and Off-Label Drug Use in Pediatrics
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Table 4. Unlicensed and Off-Label Drug Use Rate In Other Countries With No Pediatric Regulation

Variables Other countries – No specific pediatric regulations implemented

Reference 
(Year / Country)

Gavrilov et al26 
(1998 / Israel)

O’Donnell et al27 
(2002 / Australia)

Bajcetic et al28 
(2003 / Serbia)

Di Paolo et al29 
(2002 / Switzerland)

Patient Type Outpatient Neonatal intensive 
care

Cardiology Neonatal, pediatric 
intensive
care; intermediate 
care; medical and 
surgical

Patients, No. 
(prescriptions, No.)

132 (222) 97 (1,442) 544 (2,037) 60 (483)

Patients’ ages 1 mo to 18 yr (mean 
± SD, 50 ± 58 mo)

GA 22.7 to 41.4 wk 
(median, 31 wk)

4 hr to 18 yr Birth to 13.7 yr 
(median, 1.6 yr)

Study design Retrospective Prospective Prospective Prospective
Study duration 2 mo 10 wk 2 yr 1 day
Unlicensed drug use 
definition

Modification 
of a marketed 
formulation

Modification of 
the marketed 
formulation; 
imported drugs.

Unapproved 
formulation

Compounding 
(by pharmacy 
or authorized 
manufacturers 
especially for Swiss 
hospitals); imported 
drugs

Unlicensed drug use 
rate, %

8 11 11 24

Off-label drug use 
definition

Unapproved 
age range, 
indication, dose, 
frequency; route of 
administration

Unapproved age 
range, indication, 
dose, frequency 
(greater dose 
and increased 
frequency); route 
of administration; 
contraindicated use

Unapproved age 
range; dose or route 
of administration

No pediatric 
information on the 
label; unapproved 
age range, 
indication, dose, 
frequency; route 
of administration; 
contraindication

Off-label drug use 
rate, %

26 47 47 25

Scientific support for 
off-label drug use

No data No data No data No data

Consent No data No data No data No data

for instance, other age groups in their regulatory 
documentation. Health care decision makers and 
clinicians are also used to prescribing, dispens-
ing, and monitoring drugs in children, using 
the currently available drug information in the 
literature, rather than the expected information 
contained in the drug monograph. This may have 
contributed to sending the wrong signal to the 
drug industry, saying the drug will be used and 
even reimbursed in children, no matter what is 
included in the drug monograph. To our knowl-
edge, there are no published studies that compare 
the use and the reimbursement of similar drugs 
with or without pediatric information in their 
drug monograph. The question of whether third-

party payers, pharmacology and therapeutics 
committees, physicians, pharmacists, and other 
stakeholders favor drugs with approved indica-
tions and information for children versus other 
drugs in their current pediatric practice should 
be addressed. Therefore, all stakeholders should 
think about their decision-making processes so a 
coherent signal is sent to the drug industry.

Many other factors should be mentioned to 
explain the current high-rate of off-label drug 
use in children. It is more complex to conduct 
research in pediatrics considering the balance 
between the advantages and the risks, the con-
sent issues depending on the age, the necessity 
to provide an appropriate drug formulation, the 
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Table 4. Unlicensed and Off-Label Drug Use Rate In Other Countries With No Pediatric Regulation (cont.)

Variables Other countries – No specific pediatric regulations implemented

Reference (Year / 
Country)

Dos Santos et al30 (2008 / 
Brazil)

Lee et al31 
(2012 / Malaysia)

Ballard et al32 
(2010 / Australia)

Patient Type Pediatric 3 intensive care units General pediatric
Patients, No. 
(prescriptions, No.)

342, <14-yr (2,026) 194 (1,295) 2 groups of 150 <12 yr

Patients’ ages 1 mo to 14 yr (mean ± SD 2.0 
± 3.9 yr)

1 day to 16 yr (median, 2 yr) 1 day to 11 yr (median, 2.5 
yr)

Study design Cross-sectional Prospective Retrospective
Study duration 3 mo 8 wk 5 wk for group 1 and 7 wk for 

group 2
Unlicensed drug use 
definition

Drug not approved; 
contraindicated in pediatrics

Extemporaneous 
preparations; unregistered

No data

Unlicensed drug use 
rate, %

11.8 27.3 No data

Off-label drug use 
definition

Unapproved age range, 
indication, dose, frequency, 
formulation

No pediatric information; 
unapproved age range, 
indication, dose, frequency, 
route of administration

Unapproved age range, 
indication, dosage, 
frequency (greater 
than sanctioned in the 
prescribing information); 
route of administration

Off-label drug use 
rate, %

38.9 34.1 32

Scientific support for 
off-label drug use

No data No data

Consent No data No data 0% of consent retrieved in 
medical charts

pharmacokinetic/pharmacodynamic particu-
larities, and the parent’s intervention. All stake-
holders, including governmental agencies, drug 
companies, funding institutes, research centers, 
decision-makers, hospitals, and clinicians, should 
make sure they work altogether to support and 
facilitate drug research in children. For instance, 
such collaboration has taken the form of pediatric 
research networks developed to improve health 
in pediatrics, by conducting multi-institutional 
studies, supporting research collaboration, and 
encouraging informational exchanges between 
healthcare providers. The European Network of 
Paediatric Research (2011) at the EMA33 and the 
National Pediatric Research Network at the FDA 
(2013)34 are examples of governmental initiatives. 
The Pediatric Emergency Care Applied Research 
Network,35 the Pediatric Research in Inpatient 
Settings,36 and the Australian Paediatric Research 
Network37 have emerged from health care pro-
vider initiatives. Also, drug monographs are 
based on studies conducted at the time of drug 
development, and most of them are not updated 

based on current clinical practice. Therefore, it 
seems that off-label drug use is more prevalent 
with older drugs.

Effect of Unlicensed and Off-Label Drug Uses
Given the prevalence of unlicensed and off-

label drug use, it is important to evaluate the 
impact of such issues. Few studies that have 
analyzed the effect of unlicensed and off-label 
drug use on administrative and clinical out-
comes. In 2004, the EMA published a report on 
the evidence of harm associated with the use of 
unlicensed and off-label drug use in children.38 
The major potential harm reported was the 
increase in adverse drug reactions, followed by 
an increased risk of medication errors associated 
with insufficient labeling. The report also stated 
that “prospective monitoring of ADRs [adverse 
drug reactions] indicates higher incidence and 
in particular shows up to double incidence 
when including both clinical and laboratory 
parameters detection.” Of the studies included 
in our review, only 2 reported ADRs associated 
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with unlicensed and off-label drug uses. In 1999, 
Turner et al9 reported that 3.9% of licensed drugs 
were associated with an ADR compared with 6% 
with unlicensed and off-label drugs. In 2013, Bal-
lard et al32 reported 5 ADRs in their study, and 2 
of these were associated with an off-label drug 
use. Regarding these results, it seems important 
to prospectively monitor efficacy and ADR to 
ensure patients safety.

Actions to Decrease Unlicensed and Off-Label 
Drug Uses

These results demand action. Although it is 
certainly impossible to eliminate unlicensed and 
off-label drug use in children, progress should 
be made. In a 2014 report of the Standing Senate 
Committee on Social Affairs, Science and Tech-
nology about the prescription of pharmaceuticals 
in Canada has shed some light on unlicensed and 
off-label drug use.39 The committee formulated 
18 recommendations that constitute a good ac-
tion plan. Their recommendations included the 
implementation of electronic medical record, 
the necessity to inform patients of unlicensed 
and off-label prescription drug use, the imple-
mentation of an online ADR form with required 
information, the identification and the evaluation 
of common off-label uses, the sharing of infor-
mation between jurisdiction, the need for more 
drug research in vulnerable subgroups of the 
population, the monitoring of some therapeutic 
classes (e.g. antipsychotics), the standardization 
of formulary listings, research on off-label older 
drugs, and the examination of the current pro-
hibition on off-label drug promotion by manu-
facturers. Although we support most of these 
recommendations, we believe drug manufacturer 
promotion should be limited to their contribution 
to clinical research and their drug monograph.

In 2014, the Council of Canadian Academies 
published its report40 on improving medicines 
for children in Canada. In that report, the council 
identified 5 key findings about the lack of medi-
cines available for pediatric use. They stated that 
most drugs used in children haven’t been proven 
safe and effective. Nonetheless, all drugs should 
be studied in children because pediatric clini-
cal research is possible and safe. Moreover, the 
council also encouraged Health Canada to learn 
from governmental initiatives in both the United 
States and Europe, which encourage, require, and 
monitor pediatric clinical research.

Limits
This literature review has some limitations. The 

aim of this literature review was not to evaluate 
the effect on pediatric clinical research but to 
assess the positive effect of these regulations on 
the prevalence of unlicensed and off-label drug 
use. Definitions used to describe unlicensed and 
off-label drug use differed among studies. For 
instance, unlicensed drug use, in some studies, 
included the modification of a marketed formula-
tion (e.g., a suspension compounded from tab-
lets by the pharmacists) to offer a more suitable 
product to administer to a child8,9,11,13,15–20,24,26,28,31 
and added confusion to their definition of un-
licensed drug use by including off-label drug 
uses.14,23,30 Health care settings studied to identify 
unlicensed and off-label drug use also varied 
among studies, including inpatients and outpa-
tients settings, but also different target popula-
tions (e.g., adult, pediatric, mixed). Although 
regulatory changes by the FDA and EMA might 
affect the whole world, at some point, because of 
these agencies’ pivotal roles in drug approval, it 
is reasonable to speculate that doing so may take 
at least another decade to affect most countries 
and to significantly decrease off-label drug use.

CONCLUSION

The comparison of before and after initiatives 
on unlicensed and off-label drug use rates in 
Europe showed that, at this point, governmental 
initiatives to improve clinical research conducted 
in children seemed to have had a marginal effect 
in decreasing unlicensed and off-label drug use 
prevalence. Implementing most of the recom-
mendations in the report of the Standing Senate 
Committee on Social Affairs, Science and Tech-
nology for the prescription of pharmaceuticals in 
Canada would be a good start toward continuing 
the effort to decrease the use of unlicensed and 
off-label drugs.
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