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Introduction

Abstract

Objectives The aim of this study was to investigate the use of off-label (OL) and
unlicensed (UL) medicines to hospitalised children in Norway, to add to the
current knowledge on use of medicines in this vulnerable patient group.

Methods The study was performed as a cross-sectional prospective study.
Medication was classified as on- or off-label based on the comparison with the
SmPC regarding age, indication, dosage, route of administration and handling of
the product. UL products were classified as imported or pharmacy produced.
Key findings More than 90% of children receiving medicines in our study were
given OL or UL medicines. More patients received OL (83%) than UL (59%).
Route of administration was the most frequently observed OL category. The vast
majority of the OL prescriptions were for ‘off-patent’ products. One-third of
products prescribed were UL.

Conclusions The study confirms that medicines to children in hospital to a sig-
nificant degree are being used outside or without authorisation, in spite of recent
paediatric regulatory initiatives. More data are still needed on efficacy and safety
of medicines used in children, data to be incorporated in the SmPC. In addition,
suitable formulations are needed to ensure optimal dosing and adherence with-
out risky manipulations.

and safety. In addition, inappropriate formulations may
affect the actual dose and the need for manipulation and

Authorisation of a medicinal product for a specific use
intends to ensure sufficient quality, efficacy, and patient
safety. Such ‘labelling’ is in general considered the gold
standard for optimal use of medicinal products. The pro-
fessional decision-making by the treating physician should
always rely on best available evidence. Proper authorisation
of a medicinal product for paediatric use is a vital tool in
this regard. Nevertheless, for use in children it is well
known that most medicinal products are neither designed,
documented, nor authorised for this patient group and
therefore have to be used outside this ‘label’.!"* Prospec-
tive studies from Europe have shown increased risk of
adverse drug reactions when children are using OL or UL
medicines,”” ®' underpinning the need for appropriately
authorised medicines also for this age group. However, OL
use of medicines might also be an important instrument to
optimise treatment in children and do not per se imply
improper or illegal use. The challenges of such OL practice
may include insufficient information on dosing, efficacy

could have impact on safety as well as adherence of treat-
ment. Alternatively, products might be imported or com-
pounded by the pharmacy; however, use of such UL
preparations may have other challenges such as unpre-
dictable availability, variable quality, lack of suitable pro-
duct information and high price.

Through the last 20 years, there has been an increased
awareness about the lack of medicines documented for use
in children. Regulatory actions have been taken worldwide
to improve the situation by posing requirements to the
pharmaceutical industry to develop new relevant products
also for children."”®! In addition, work is ongoing to share

[9,10]

the existing knowledge on authorised substances and

to push for transparency on ongoing clinical studies.''"!

In spite of the overall agreement regarding the impor-
tance of these initiatives, this work is a test of patience, and
progress may seem slow.®'>'*! It is therefore important to
keep on monitoring the use of medicinal products in chil-

dren both locally and globally. The current study is a part
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of this international work to focus on the improvement in
both clinical practice and the availability of drugs for chil-
dren and is the first study on OL and UL drug use in hospi-
talised children in Norway.

Methods

The study was performed as a cross-sectional prospective
study at two hospitals in Norway, the Oslo University hos-
pital, Ulleval, and Akershus University hospital. One
neonatal and three paediatric wards with 67 beds in total
were included, covering mainly gastrointestinal disorders,
endocrinology, neurology, respiratory diseases and infec-
tions in patients 0—17 years. The study period at Oslo
University hospital was September—October 2013 and at
Akershus University hospital September—December 2014.
All patients hospitalised during the study periods were eval-
uated for potential inclusion. Patients were eligible for
inclusion if using medicines during the hospital stay,
excluding standard intravenous fluids, heparin, blood
products, total parenteral nutrition products, creams and
ointments. Inclusion was confirmed after consent by the
patient or a guardian.

Medication charts were checked regularly during the
study period, starting within the first day of the hospital
stay or the first day of the data collection period for
patients who were already admitted. All medications were
registered for the entire hospital stay within the study per-
iod. For each patient, the age and weight were recorded. In
addition, gestational age was recorded for patients in the
neonatal ward. For each drug prescribed, the specific route
of administration, dosing and the indication for use were
recorded. Additional information regarding indication was
provided from the prescribing physician when needed.
Information regarding the practical handling of the drug
was obtained from the nurse responsible for the patient, or
from guardians where relevant, as this information was
often lacking in the medical records. Descriptive analyses
were performed on the data structured using Microsoft
Office Excel.

The following categories of medicinal products were not
recorded: standard intravenous fluids, heparin, blood prod-
ucts, total parenteral nutrition products, creams and oint-
ments. Medicines prescribed to be given ‘on demand’ were
only evaluated if actually given to the patient.

Products were classified as licensed if marketing authori-
sation was granted in Norway. The actual use of a licensed
medicine was compared to the Summary of Product Char-
acteristics (SmPC) for five categories: age, indication, dos-
ing, route of administration and practical handling of the
drug. The following SmPC sections were evaluated: 4.1
(indication), 4.2 (posology and administration), 4.3 (con-
traindications), 6.2 (incompatibilities) and 6.6 (special
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precautions for disposal or other handling). Each prescrip-
tion was classified as on- or off-label and could be OL for
more than one category. If indication or age was considered
OL, dosing was not assessed.

When exact age or weight were not specified in the
SmPC, the following terminology was applied: preterm
born <32 weeks gestational age, neonates <28 days, infants
<1 year, young children 14 years, children <12 years, ado-
lescents 13—17 years and adults >18 years. For indication,
focus was on the main condition and not the exact SmPC
wording. Dosing was assessed as OL if deviation was
observed in either dosing frequency or single or maximal
daily dosing. UL medicines were classified as pharmacy
produced or imported and were not further evaluated. Two
pharmacists independently performed the classification of
prescriptions and products as on-label, off-label or unli-
censed. Regional ethics committee for medical and health
research ethics found no ethical approval necessary (2013/
588). The Data Protection Officer for Research at the two
hospitals approved the study in advance.

Results

Of the 400 hospitalised patients at the wards in the study
periods, 179 were included in the study. Main causes for
not including the remaining 221 patients were no (or only
excluded) medicines prescribed (41%) or consent not
obtained (59%). The age distribution in the study popula-
tion is outlined in Table 1. Approximately 60% of the
patients were below 2 years. A total of 205 different medici-
nal products were administered to the study population
during the study (Table 3). Patients received on average 5.2
prescriptions. Most of the patients (91%) received OL or
UL medicines (Table 1). More patients received OL com-
pared with UL (83% vs 59%) (Table 1).

Off-label

OL use of medicines in the study group was frequent for all
age groups as outlined in Table 1. In all age groups, most
patients received OL medicines (71-92%) and almost half
of the prescriptions were OL (40-47%) (Tables 1 and 2).
The frequencies of the OL categories recorded regardless
of age group were as follows: route of administration
(31%), age (23%), dosing (19%), indication (16%) and
handling (11%). No single category predominated. Distri-
bution of the different categories within each age group is
outlined in Figure 1. Overall, when correcting for number
of patients per age group, similar frequency of categories
was observed in all age groups except for handling of the
drug. OL handling was most frequently seen in the age
group of 2-5 years, and rarely seen in the preterm group.
Route of administration was the most common OL

© 2016 The Authors. Journal of Pharmacy and Pharmacology published by John Wiley & Sons Ltd 433

on behalf of Royal Pharmaceutical Society 69 (2017), pp. 432-438



Off-label and unlicensed paediatric medicines

Arna Teigen et al.

Table 1 Patients receiving off-label (OL) or unlicensed (UL) medicines
Total number Patients receiving OL Patients receiving UL Patients receiving OL or UL
Age group of patients (n) n (%)? n (%)? n (%)?
0-28 days 50 43 (86) 32 (64) 49 (98)
Of these
Preterm 25 20 (80) 18 (72) 25 (100)
Term 25 23 (92) 14 (56) 24 (96)
28 days-23 months 55 45 (82) 36 (65) 51 (93)
2-5 years 22 20 (91) 18 (82) 22 (100)
6-11 years 28 23 (82) 13 (46) 24 (86)
12-17 years 24 17 (71) 7 (29) 17 (71)
Total 179 148 (83) 106 (59) 163 (91)
Percentage of total number of patients in the age group.
Table 2 Off-label (OL) or unlicensed (UL) prescriptions in the study group
OL or UL
Number of OL prescriptions UL prescriptions prescriptions
Age group prescriptions (n) n (%)? n (%)? n (%)?
0-28 days 267 113 (42) 100 (37) 213 (80)
Of these
Preterm 166 67 (40) 77 (46) 144 (87)
Term 101 46 (46) 23 (23) 69 (68)
28 days-23 months 275 118 (43) 70 (25) 188 (68)
2-5 years 130 60 (46) 35 (27) 95 (73)
6-11 years 137 65 (47) 22 (16) 87 (64)
12-17 years 121 54 (45) 13(11) 67 (55)
Total 930 410 (44) 240 (26) 650 (70)
@Percentage of total prescriptions in the age group.
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Figure 1

category in the premature group; 72% of 67 OL
prescriptions were attributed to this group.

OL prescriptions by ATC groups are outlined in
Figure 2. The medicines prescribed OL are spread on
multiple ATC groups potentially representing a variety of
indications. However, it also reflects the study patient pop-
ulation; for example, few products were prescribed OL in
the cardiovascular group (C) and the antineoplastic group
(L) and these groups of patients were under-represented in
our study material.

Number of off-label (OL) prescriptions per patient in the OL categories.

The most frequently prescribed OL medicines are
shown in Figure 3. Only a few products were used OL
consistently over most age groups, as, for example,
sodium chloride 9 mg/ml solution for infusion was pre-
scribed for inhalation to almost all age groups, but is
only authorised for parenteral use, and route of adminis-
tration was therefore assessed as OL. However, most
products had a more narrow OL age range and were
often prescribed OL in only one age group. Ampicillin
powder for injection or infusion is used intravenously in
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Figure 2 Number of off-label (OL) prescriptions registered by ATC in the age groups. ATC*, Anatomical Therapeutic Chemical; A, alimentary
tract and metabolism; B, blood and blood-forming organs; C, cardiovascular system; H, systemic hormonal preparations; J, anti-infectives for sys-
temic use; L, antineoplastic and immunomodulating agents; M, musculo-skeletal system; N, nervous system; R, respiratory system; S, sensory
organ.

Ampicillin powder for solution for injection R N TR AN NN NN N NN

Sodium chloride 9 mg/ml solution for infusion RN RN

Salbutamol solution for inhalation BT
Dexamethasone tablets RSTRSRRSY

Sodium chloride 1 mmol/ml concentrate for solution for infusion ]

Gentamicin solution for injection

Paracetamol oral solution RSN

Macrogol oral powder sachets
Ferrous fumarate oral solution

Omeprazole gastro-resistant tablets

Ibuprofen oral suspension

Chloramphenicol eye ointment

1]
|
Lactulose oral solution [ ]
sz
I—
1

Chloramphenicol eye drops

Prednisolone tablets

AL

5 10 15 20 25 30 35 40 45 50
Number of OL prescriptions

OPreterm G Term 28 days-23 months M 2-5 years 6-11 years M 12-17 years

Figure 3 The most frequently prescribed off-label (OL) medicines.

all age groups but is only authorised as intramuscular age groups. All of the most frequently prescribed OL
administration for children under 40 kg; therefore, route medicines were older products, no longer covered by
of administration was assessed as OL for the youngest patent or protection.
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Table 3 Number of unlicensed (UL) medicinal products administered
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Table 4 The most frequently prescribed unlicensed (UL) medicines

Total
medicinal Unlicensed Imported  Pharmacy
Age group product (n) drug n (%)* (n) produced (n)
0-28 days 63 18 (29) 10 8
Of these
Preterm 35 12 (34) 8 4
Term 28 6 (21) 2
28 days-23 88 29 (33) 18 11
months
2-5 years 70 19 (27) 14 5
6-11 years 76 15 (20) 13 2
12-17 years 73 9(12) 6 3
Total number 205 61 (30) 41 20

of products

9Percentage given as part of total medicinal product within the age
group.

Unlicensed

Approximately one-third (n = 61) of the prescribed prod-
ucts in the study group were UL (Table 3). All age groups
received UL medicines, with highest proportion in the age
group of 2-5 years (82%) and lowest in adolescents (29%)
as outlined in Table 1. Percentage of prescriptions of UL
medicine varied between the age groups (11-46%)
(Table 2).

Table 3 shows the number of UL products prescribed
per age group, split into imported products and products
made by the hospital pharmacy. Overall, the ratio of
imported vs pharmacy produced was about 2 : 1, showing
that commercial alternatives are often available outside
Norway.

The most frequently prescribed (>3) UL medicines in the
different age groups are listed in Table 4. Overall, racemic
adrenaline solution for inhalation (30), caffeine oral solu-
tion (27), ibuprofen suppositories (18) and vitamin K oral
drops (14) were the most frequently prescribed medicines
in the study period regardless of age group. Apart from a
few products being used in a broad range of ages (racemic
adrenaline, ibuprofen), most products had age-specific use;
for example, caffeine oral solution and vitamin K oral
drops were only prescribed to preterm neonates,
betamethasone-soluble tablets only to the age range
28 days—23 months and morphine solution for injection
only to term neonates. The medicines belonged to a range
of ATC groups, with group N (nervous system) and A (ali-
mentary tract and metabolism) most frequently repre-
sented.

Discussion

The present study showed that 91% of the included paedi-
atric patients received at least one off-label or unlicensed

Age UL product

0-27 days
Preterm Caffeine oral solution
Vitamin E oral solution
Probiotic capsules (lactobacillus acidophilus,
bifidobacterium bifidum)
Vitamin K oral drops
Multivitamin oral drops
Folic acid oral solution
Term Morphine 1 mg/ml solution for injection
Vitamin K oral drops
Ibuprofen suppositories
Racemic adrenaline solution for inhalation
Betamethasone-soluble tablets
Gentamicin 20 mg/2 ml solution
for injection
Codeine oral liquid
Racemic adrenaline solution for inhalation
Ibuprofen suppositories
Codeine oral solution
QOil-glycerol enema
Amoxicillin with clavulanic acid
oral suspension
Ibuprofen suppositories

28 days—23 months

2-5 years

6-11 years

12-17 years

(OLUL) drug prescription. The majority (70%) of the pre-
scriptions was OLUL. Previous studies from other Euro-
pean countries report patients receiving OLUL medicines
in the range 42-100%, 16-87% of the prescriptions being
OLUL, as summarised by Magalhaes.!"* Recent studies are
in line with these findings."">'®' The definition of OL and
UL is not similar for all studies, and this might partly
explain the variations reported. In addition, in our study,
only patients receiving medicines during the hospital stay
were included, and the results are reported on this popula-
tion. The different approaches in defining the study popu-
lation might not always be comparable.

Similar to other studies, the neonates remains to be one
of the age groups where OLUL prescribing is seen most
often;!'*'”) in our study population, all the preterm infants
received one or more OLUL prescription. The fact that no
patients in the study group received only licensed and on-
label prescriptions may not be surprising in the preterm
group, but was also seen in the age group of 2-5 years. In
general, the high proportions of patients receiving OLUL in
this study is probably due to commonly used medicines
(e.g. ampicillin, caffeine, racemic adrenaline) or scenarios
(e.g. administration through enteral feeding tube) that were
considered OLUL in the different age groups. As expected,
fewer patients in the older age groups received OLUL medi-
cines.

Interestingly, the frequency of OL prescriptions was sim-
ilar for all age groups (40-47%), which was unexpected.
We would have anticipated an increased rate of OL
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prescriptions in the younger cohorts as generally a product
is more likely to be authorised in older age groups, more
comparable to the adult cohort, have formulation suitable
for the older age groups, etc. The same pattern, no clear
age-dependent OL prescription frequency, is, however, also
observed in previous reports./'®1%!

Route of administration was the most frequent OL cate-
gory, and this is in contrast to most other studies, where
dose, age and indication are more frequently found."™* In
one study where route of administration was the most fre-
quently reported category,!'® buccal administration of
sedatives and analgesics at the surgical ward was the main
explanation. In our study, administration via enteral feed-
ing tubes contributed significantly to the OL category route
of administration. As for all other categories, administra-
tion via enteral feeding tubes was considered OL if not
described in the SmPC. It is unclear whether in other stud-
ies this has been handled similarly due to lack of details in
definition of the categories; nevertheless, this scenario was
frequently observed in our data, and rarely described in the
SmPC. This element is one factor potentially explaining the
high overall fraction of patients receiving OLUL medicines
in our study.

Splitting of tablets or dispersing into small volumes were
the most typical OL handling. The low incidence of OL
handling in neonates reflected the higher frequency of UL
liquid medicines in this age group, or an overall limited
number of products used. In theory, different handling
procedures for each prescription could have happened
without the notice of the study pharmacists; some handling
considered ‘on-label” at the time of recording could occa-
sionally have been handled off-label. The numbers on pre-
scriptions with OL handling might therefore be slightly
underestimated.

We noted significant differences in the level of details of
the SmPCs, newer products often having more detailed
SmPC compared with older products; for example, the
assessment of OL indication for newer products might
require a level of details in the actual patient indication that
is not feasible to obtain in this type of study. For some
products, no age information was given in the SmPC, and
thus, the use of the product was considered OL for all pae-
diatric age groups. In other studies, this scenario may have
been categorised as ‘lack of paediatric licence/informa-
tion’.!'*

Prescriptions were often classified as OL in more than
one category. As mentioned above, administration via ent-
eral feeding tube, the main reason for OL route of adminis-
tration, also often implied OL handling like crushing of
tablets, opening capsules and dispersing into liquid before
administration. Similarly, a product not being authorised
in a particular age group (OL age) would often imply OL
handling. This potential covariation between OL categories

Off-label and unlicensed paediatric medicines

may partly explain the even distribution between OL cate-
gories.

One-third of the products prescribed to children in this
study were not licensed in Norway. Being a small country
in the European setting, the number of licensed paediatric
products is limited, as pharmaceutical companies tend to
restrict the number of products actually put on the market
if the revenue is sparse. Two-third of the UL medicines in
this study were imported, confirming that several commer-
cial products are available in Europe but not marketed in
Norway. The most frequently prescribed UL medicines
were racemic adrenaline solution for inhalation, caffeine
oral solution, ibuprofen suppositories and vitamin K oral
drops. Racemic adrenaline has been imported and used
extensively until a recent study documented the lack of effi-
cacy compared with saline in the treatment of bronchioli-
tis."”! A caffeine product (Peyona®, Chiesi Farmaceutici,
Parma, Italy) was recently authorised in Norway, and a
future reduction in use of UL caffeine is thus expected.

Most of the UL products contained active pharmaceuti-
cal ingredients for which no authorised products were
available in Norway, for example caffeine and betametha-
sone. Only a few hospital preparations were seen when
commercial products were available in other countries,
which is in line with a national policy to import medicines
with documentation approved by a national authority
rather than produce locally.

The major limitations in our study relates to the limited
size and population. Covering only one neonatal and three
paediatric wards at two hospitals, the generalisability of the
data is limited although it gives an indication of the OLUL
use at two of the largest university hospitals in Norway.
Being a cross-sectional study, the time span is limited. Pre-
viously reported therapeutic areas of frequent OLUL use
like cardiology!"*?*?!! and oncology'?*?’!
represented. However, the areas where more products are
authorised for children, like anti-infectives, anti-asthmatics

were not well

and analgesics, are included in the study population, and
thus, the overall picture of OLUL use is most likely not
overestimated.

The apparently slow progress in increasing information
and availability of medicines for children might have sev-
eral explanations. First, there is a significant lag time from
regulatory initiatives are put in place until data and prod-
ucts are available. More important probably, the majority
of products used in children are off-patent, and therefore,
many regulatory incentives have limited applications. Inter-
estingly, in our study, all of the fifteen most frequently pre-
scribed OL medicines were from old, well known
substances and products no longer patented. More focus
needs to be put on how to enforce collection of new and
existing data for such products, as well as on the availability
of appropriate formulations for these old substances.
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Conclusion

This study confirms that the use of medicines outside or
without authorisation when treating hospitalised children
is still at a significant level. This despite the initiatives taken
by the European authorities to develop more medicinal
products documented for children. More than 90% of the
paediatric patients studied received medicines that were
either not authorised in Norway or given outside
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