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Abstract The use of unlicensed and off-label medicines in
children is common because trials in children have not
usually been performed during the drug development
process. Consequently, the information available to paedia-
tricians may not always be as detailed or as robust as that
available when prescribing a medicine that is licensed for
an approved indication. This has led to concerns that
children may be receiving drugs at dosages that either lack
efficacy or present safety problems. The latter in particular
has received a great deal of attention. In this narrative
review, we have evaluated the use of off-label and
unlicensed medicines in children and whether and how
frequently this predisposes to adverse drug reactions.

Keywords Drug toxicity - Drug eruptions - Adverse drug
reaction reporting systems - Drug labeling

Introduction

In adults, the risk factors for adverse drug reactions (ADRs)
have been defined as old age, polypharmacy and complex
underlying disease, but in children, the risk factors (other
than polypharmacy) are poorly understood [1, 2]. A factor
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that has received some attention in this population is the use
of off-label and unlicensed medicines [3]. The necessity of
using off-label and unlicensed medicines in children is a
consequence of how, historically, medicines have been
developed and regulated.

The regulation of medicines

Before a new medicine can be approved for use by patients,
the manufacturer needs to submit specified information on
its quality, safety and efficacy to the relevant national
medicines regulatory body. If the new medicine is
approved, it is authorised and issued with a Marketing
Authorisation (MA). The summary of product characteristics
(SmPC) is the important document that is the result of the
whole process. It provides vital information for the prescriber
that includes the precise indication and dosage of the product,
instructions for administration, contraindications, interactions
and possible adverse effects. A condition of the approval is
that the medicine is only marketed for use under the terms
outlined in the MA since these terms reflect the content of the
original information submitted by the manufacturer. However,
this does not preclude the use of the medicine outside the
terms of the MA by individual clinicians.

Off-label and unlicensed medicines

If a medicine has an MA, but is prescribed and/or
administered outside the terms of that MA, this is referred
to as off-label use or unlicensed use; we use the term off-
label in this article. If a medicine does not have approval in
the country in which it is prescribed and/or administered, it
is referred to as an unlicensed medicine. It is important to
note, however, that the exact definitions vary between
authors.
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Off-label and unlicensed medicine use in paediatrics

Changes to the way medicines are developed mean that
every new medicine under development in Europe must have
a paediatric investigation plan (PIP) [4], these changes,
which were introduced in 2007, are likely to take time to
work through into paediatric practice. In the meantime, the
use of off-label and unlicensed medicines remains common
in this context. A review of studies of off-label and
unlicensed medicine prescribing in children showed that it
ranged from 3.3 to 56% of prescriptions in community
practice, and 36 to 100% in hospital settings [1].

This clearly has implications for the prediction, avoidance,
detection, and treatment of ADRs. Safety data for an approved
medicine that is being used off-label may not always be
relevant or applicable because it relates only to the use of the
medicine as specified by the manufacturer. Unlicensed
medicines may also not have any safety data detailed in an
MA.

Off-label and unlicensed medicine use and ADRs

The results of studies that have examined the association
between ADRs and medicines used in this way show
much variation. The reasons for this include differences
in study design and definitions used. As preparation for a
prospective study of ADRs and off-label and unlicensed
medicines in children [5], we undertook a comprehensive
literature search to evaluate how other investigators have
approached the study of off-label and unlicensed medi-
cines. We provide a narrative review of their methodolo-
gies and results, and discuss the issues relevant to their
interpretation.

Materials and methods

A Medline search of titles and abstracts from 1950 to the
present was performed using the search terms unlicensed/
off-label/license/licensed/licensing/label/labelled/labelling/
approved/approval/unapproved/prescription/prescribed/pre-
scribing/prescribe/prescriber(s)/incorrect AND adverse
effects/adverse drug reaction reporting systems/drug therapy/
pharmaceutical preparations AND child/child, preschool. An
EMBASE search of titles and abstracts from 1980 to the
present was also performed using the search terms unlicensed
and off-label use AND child AND adverse drug reaction/drug
surveillance program. The limits Human and English
Language were applied to both searches.

The method used to select papers for inclusion is
summarised in Fig. 1, and this was carried out by one
reviewer. The titles were screened for reference to off-label
and unlicensed medicine use or adverse drug reactions.
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Papers relating to specific treatments, conditions or
reactions were excluded as well as those relating to
prescribing and medication errors. Editorials, notes and
letters were also excluded. The remaining abstracts (or
papers when no abstract was available) were read and
excluded if they made no reference to ADRs in the
context of off-label or unlicensed medicine use. The
studies identified for inclusion in this review are
summarised in Tables 1 and 2.

Description of studies
Authors’ definitions

The definitions used by the different authors, together with
the setting of the studies varied, and these should be taken
into account when interpreting the results of each study.

ADR definition

Only 4 of the 14 studies included gave a definition of an
ADR [6-8, 20], each using the WHO definition [9]. Since
this definition states that an ADR is “any response to a drug
which is noxious and unintended and that occurs at doses
used in man for prophylaxis, diagnosis or therapy”™ we can
assume that the authors who used it excluded errors and
accidental poisonings. The results of studies which did not
provide a definition of ADR need to be considered in
context: some ADRs may have been excluded resulting in
an underestimation of ADR prevalence. On the other hand,
the definition may also have been expanded to include
reactions resulting from prescription or administration
errors or from accidental poisonings, which would have
resulted in an overestimation.

Off-label medicine use definition

Only 1 of the 14 studies did not provide a specific
definition of off-label use [10]. Turner et al. defined six
possible types of off-label medicine use: administered at a
greater dose than recommended in the MA, at a greater
frequency than recommended, for an indication not de-
scribed, to a child outside the age range specified, via a
route not described and when a contra-indication was
described [11, 12]. One other study used these exact
definitions [13], while six studies used broadly similar
definitions [6—8, 14—16]. Neubert et al. [7] used a
retrospective approach to classify medicines as off-label or
unlicensed. The information available to them did not
include an indication for the use of the medicine and the
formulation administered was not always recorded. In the
absence of an indication, off-label classification was based
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Fig. 1 Method of selection for

Medline Search

Embase Search

papers for included in this 1256 titles 1192 titles 1072 titles 1041 titles
review identifi denth
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59 abstracts and 31 abstracts
5 full text 56 titles assessed 24 titles
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! v
7 studies ;2|:::Ltjgclies
selected [6-8, 10-11, 14-
[7-8, 10-11, 13, 16, 18, 21]
15, 19] -

Duplicates removed and 12 studies included

A\

Reference sections of the 12 studies searched and one further study identified [17].
One further study was identified because it was highlighted in a newsletter from the
UK National Electronic Library for Medicines (www.nelm.nhs.uk) [20]

A\

14 studies included [6-8, 10-11, 13-20, 21]

on age, route and maximum dose for any indication. Gill et
al. described only three possible types of off-label medicine
use: at different dose, for an indication not described, in a
child outside the age range specified, but they did not
record their reference source [17]. Jonville-Bera et al.
described off-label use as use outside at least one of the
recommendations in the SPC, specifically: duration of
treatment, dose adaptation, precautions for use, monitoring
of treatment, absolute contraindication, indication or route
[18]. A Swedish study that used data from the medicines
information database included the following in their
definition of off-label use: not recommended in children,
indication not described, outside the age range specified,;
they used a national prescribing reference [19]. Schirm et
al. defined off-label use as the use of medicines not
authorised for use in children or in a child under the
minimum recommended age; however, they did not
consider dose, frequency, route or indication and did not
record their reference source [15]. The most recent study
defined off-label use as use in children below the
recommended age group listed in the SmPC [20].

Unlicensed medicine use definition

Of the 8 studies that considered unlicensed medicine use in
addition to off-label use, 4 provided a definition of an
unlicensed medicine [11, 13, 16, 19]. Again, Turner et al.
and Clarkson et al. used identical definitions as follows:
modification to licensed medicines, e.g. extemporaneous
preparations, licensed medicines in a modified formulation
manufactured under a special manufacturing license, new
medicines available under a special manufacturing license,
chemicals used as medicines, medicines used before a
license had been granted or imported medicines (i.e.
licensed in another country) [11-13]. Kimland et al.
categorised any medicine not in their national prescribing
reference (Swedish catalogue of medical products—FASS)
as an unlicensed medicine [19]. A study carried out in
Brazil used the following definitions: medicines contra-
indicated for use in children, extemporaneous preparations
manufactured or modified by a hospital or nurse or
medicines for which safety and efficacy in children was
not established [16].
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Table 1 (continued)

Observation on
association

Percentage of Percentage

Number Patients

Number of
patients

Primary

Study design

Setting

Duration

Reference Year of

of patients
receiving

experiencing prescriptions
an ADR

of ADRs

detected

outcome

publication

between off-label
or unlicensed
prescriptions

and ADRs

off-label or

off-label or

unlicensed

unlicensed
medicines

82.6% received ADR incidence was

5.5%

33 children

47

272, 265

To obtain

Daily ward visit
by clinical

5 months  36-bed paediatric

2008

[16]

12.5% in whole
study population
and 16.3% in

unlicensed, unlicensed
and/or off-

39.6%

had at

of whom
received

information

ward (Brazil)

least one

ADR

on prescribing

patterns, to

pharmacist,
review of

label drugs

off-label

medicine

patients exposed
to at least one
off-label drug

determine the

medical records,
attendance on

extent of off-label
and unlicensed
drug use and

clinical rounds

to investigate

the potential
relationship

with ADRs

Study methods and results
Prospective studies

A summary of the 7 prospective studies published between
1985 and 2008 included in this review is provided in
Table 1. Only 2 of these provided a definition of adverse
drug reaction [6, 7], both using the World Health Organi-
sation (WHO) definition [9]. Five studies were set in
paediatric hospitals and 2 were in community settings, all
employed active patient monitoring and the duration of
these studies ranged from 13 weeks to 28 months.

Prospective inpatient studies Where it was recorded, the
ADR incidence in the prospective inpatient studies ranged
from 2.53 to 19.9% [11, 17]. One study found a statistically
non-significant increase in ADR risk with off-label and
unlicensed medicines (RR 1.74, 95% CI 0.89, 3.41, p<
0.106) [11]. Another study found that 11 out of 29
inpatients and 5 out of 12 admissions had ADRs attributed
to off-label medicines, but the study size was too small to
show a significant association. However, in the same study,
a significant association was found between off-label
medicine use and ADRs requiring pharmacological interven-
tion (RR 7.0, p<0.04) [6]. Santos et al. found that off-label
medicine use was associated with ADRs (RR 2.44, 95% CI
2.12, 2.89, no p value) [16].

Prospective community-based studies The ADR incidence
recorded by Horen et al. was 1.4% of all patients and was
2% in patients receiving at least one off-label medicine
[14]. The other community-based prospective study found
an ADR incidence of 11.1% in the study population and an
increased relative risk of probable or definite ADRs in
patients receiving a total daily dose of medicine above that
recommended by the manufacturer (7% vs 4.3%; RR 1.63;
CI 1.23 to 2.16; P<0.001) [10].

Retrospective studies

A summary of the 7 retrospective studies published
between 2004 and 2011 and identified for inclusion in
this review is provided in Table 2. Two of these studies
[8, 20], used the World Health Organisation (WHO)
definition of ADRs, while none of the rest of the studies
provided a definition. All the studies included ADR
reports or queries to either national or regional centres.
One study focussed on paediatric reports from hospitals
[13]. A limitation that is common to all of these studies is
that they are unlikely to provide a representative sample of
medicine use and ADR occurrence in a population. The
duration of these studies ranged from 5 months to
10 years.

@ Springer



Eur J Clin Pharmacol (2012) 68:21-28

26

2SN QUIDIPAW [0qE[-JJO [ITM
pareroosse a1om YAV JO %L1

asn ouIIPOW
[0QB[-}JO (1M PaJeIOOSSE
AIoM SYAV JO %TE

asn [9qe[-JJO 0} PIje[ax
souonb YAV JO %LT
*SOUIDIPAW PASUDI[UN 0)

parefar soronb YAV JO %L1

@@EQ%@E pasn %Sootoo:

[18 JO %6S $A) YAV

ue GM Uuﬁmoﬂ&ﬁ: moﬁﬂo_—uoa
Uom: %_Hoo‘:oo:_ :m 05 %SL

SAAV JO %LT ut paredrdun
Asn pasuddIun 1o [dqe[-JO

(uonendod

[e10U93 A} Ul PAsUIIUN

%91 SA) pasuadIun

sourorpaul pajesridu Jo %6°|

‘(uonerndod [e1oua3 ot Ul

[99€[-JJO %ET SA) 19810
sourorpaw pajesridu Jo %47

SYAV JO %b'cy ul
paresrdunr asn [2qe-JO

- suodor g8¢‘y

(uapyiyo 99 pue
- S)npe $67) 09¢

"asn [oqe[-}JO
noqe 9,1 ¢ pue asn
pasuadI[un Jnoqe

%t "souanb 647

SYAV 03} pajerar
souonb 16

- [41!

(s1sATeue 10}
- pasn zv7) 95y

- €LL

8S1 41!

Suiquosaid [oqe[-Jjo
M POJRIOOSSE
SAAV Ayuopy
Suiquosaid erdoxddeur
Suimoy[oy sYAV
J[qeploAe Jo Aduanbaiy
pue odAy oy aquseg

juouIEar) SNIp [oqel-JFo
pue swojqoid pajeroI-3nip
Surp1e3a1 s1omsue pue
suonsonb astejoRIRY)
syay ut
PaIAJOAUL STNIp pasn
A11021100,, Jo Aouanbayy
) yum dredwod pue
YAV Ul paAjoAul s3nIp
pasn Apoazoour,, jo
Kouonbaxy ayy AJnuapy

USIP[IYd Ul sYdav
Jo Sunzodar gjenuuns
puE SSauAIBME ISIEY

rendsoy oyy
OpISINO UIP[IYO
Ul SYAVv 2qrosed

AV ue pasned
aAey 0} payodar s3nip
Suowre Suiquosaid [oqe|
-JJO JO SONSLIdOBIRYD

pue JuNXd 91eSnSoAU]

syrodor snosueyuods
JO MI1ADI dA10dsONOY

syrodar snosuejuods
JO MI1AD1 9A10dsonoy

soLonb anuoo
uorneulojul SnIp jo
MIIAJI 9ATIOadsOnOY

syodar snoouejuods jo
MIIADI 0A1OAdSsONOY

syodar snoouejuods jo

MIIADI 0A1OAdsONOY
aseqejep Aoewreyd
Arunuwiuod [euoI3ol € woly
SOUIDIPAUI PASUDI[UN PUE
[9qe[-JJO JO asn [[BIOAO
ynm paredwo)) ‘SaurddRA
0} suonoear Jo suodar
Supnjoxy ‘sredk 9>
S[enpIAIPUT SUIAJOAUT
syi0dax snoauejuods

JO Ma1ARI 9AR0adsONOY
[endsoy ur paleisiunupe
SOUIDIPAUWI PUB SAIJUOI
QUIDJBA 1B UIAIS SOUIOOBA
SQUIDIPAW JOJUNOD A} JOAO
0} suomnoear Jo suodor
Surpnjoxy ‘s1edk 9[>
S[ENpPIATPUT SUIAJOAUT
sy10dax snoaurjuods

JO ma1Aa1 2An0dsonay

aseqejep uodar
snosuejuods
[eUOnRU SIBWUS(]

aseqeyep 1odar

snoauejuods
[euo13a1 ‘oouery

yuountedop

UOnBULIONUT

Snup [eydsoy

© 0} sounbud jo
Jseqejep ‘Uopams

oseqejep
110da1 snoauerjuods
[euoi3ax ‘oouel,|

sowperpaed Suruioouoo

sprodor pajernuumns

Sururejuod oseqejep

110da1 snoauerjuods
[euor3ar 3N

aseqeyep 1odar
snoauejuods
[eUoTEU ‘SPUBIOYION

aseqeyep 1odar
snoauejuods
[eUONBU ‘USPIMS

[oz]

[81]

[61]

[12]

[e1]

[s1]

YAV pue suonduosard
PAsULOI[UN JO [9qE[-JJO UdOMIOq
UOIBIOOSSE UO UOHBAIISQQ

souonb / syrodox

SYQV Jo JequunN JO JoqunN

QWIONNO ATewLiJ

ugisop Apms

syodor Jo 901nos
2 Anuno)

SIBdK (] 110T
RLEINS | 600
SIBdK (] L00T
sgpuour ¢ S00T
sIeak ¢ +00C
s1eok / 00T
1.k | 00T
uoneorqnd

cOﬁm‘SQ .wo Jeax

QOUAIRJY

souonbysyrodar Yy snosuejuods PomaIAal Jey) SAIpmys Jo Areunung g d[qeL

pringer

Qs



Eur J Clin Pharmacol (2012) 68:21-28

27

Jonville-Bera et al. reported that 75% of off-label
prescriptions resulted in an ADR compared with 59% of
the approved prescriptions [21]. Schirm et al. were the only
authors who attempted to describe the prevalence of off-label
and unlicensed medicine use in the general population—they
specify that in their study of Dutch community pharmacies,
unlicensed medicines would have only included pharmacy
preparations. They found that 24% of medicines implicated in
spontaneously reported ADRs were off-label and 1.9% were
unlicensed [15]. Four studies reported that between 17 and
42.4% of spontancous ADR reports were associated with
off-label medicine use [8, 13, 18, 20]. The study that
considered medicine information queries relating to ADRs
found that 27% involved off-label medicines and 17%
involved unlicensed medicines [19]. A study of sponta-
neous paediatric reports from hospitals observed that 6 out
of 10 medicines implicated in fatalities were off-label or
unlicensed [13].

Concluding remarks

Although the results of previous studies have indicated that
there may be some association between off-label and
unlicensed medicine use and ADR risk [11, 16], there is
still a lack of clarity. This stems from the fact that some of
these previous studies were small, they employed different
methodologies as well as inexact and varying definitions.

There is a need for further research in this area, in
particular to ensure that studies are of adequate power to
answer some key questions. One of these questions is
whether the risk factors for off-label prescribing and those
for ADRs converge. The risk factors for ADRs have been
discussed above. Off-label and unlicensed medicine use has
been found to be more prevalent in certain specialities, e.g.
ophthalmology, cardiology and dermatology, in infants, in
children who consult their general practitioner more often,
receive more prescriptions or have more specialist referrals
than other children [22, 23].

Recommendations

Further studies in this area are required and they need to be
designed with attention to detail to ensure that the results
are reliable, interpretable and useful. Clear definitions of
ADR, off-label and unlicensed medicine use should be
provided. In our view, the definitions originally provided by
Turner et al. [12] are the most comprehensive and
unambiguous definitions published. This is borne out by
the fact that they have been used by a number of other
authors [6—8, 13—16]. That is not to say that these
definitions may not need to be modified to suit the study

setting; indeed some of the authors who employed them
made modifications. If off-label and unlicensed medicine
use is categorised using these definitions it should be
possible to use the results of future studies to test
hypotheses on the reasons why off-label and unlicensed
medicine use may be implicated in ADRs, for example: are
certain types of off-label or unlicensed medicine use more
likely to be implicated in an ADR than others?
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