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Abstract
There is currently insufficient knowledge of gestational age dependent medicine dis-
position	in	neonates.	Accordingly,	the	use	of	off-	label	medication,	i.e.,	use	of	medicines	
outside its approved marketing authorization, is high in the neonatal departments. By 
using	data	from	the	Danish	National	Pharmaceutical	Hospital	Purchase	Database,	we	
identified	the	most	commonly	occurring	medications	and	calculated	the	on/off-	label	
ratios	for	premature	and	term	neonates.	Data	was	extracted	on	ATC	level	5	and	based	
on	defined	daily	doses	as	per	WHO.	Data	covered	the	4	high-	level	NICUs	and	10	of	
13 of the intermediate/standard level Danish neonatal departments. Of the identified 
medication, 87% and 70% did not have approved marketing authorization for use in 
premature	and	full-	term	neonates,	respectively.	Furthermore,	one-	fifth	of	the	top	100	
medicines	did	not	have	a	(Danish)	marketing	license.	Overall,	off-	label	medication	was	
widespread	covering	virtually	all	ATC	groups	and	no	ATC	group	had	an	off-	label	level	
lower	than	50%	(range	50%–	100%).	Finally,	in	21%	of	medications,	additives	from	8	
different chemical groups with potential deleterious effects for neonates were identi-
fied.	In	conclusion,	off-	label	medication	in	the	Danish	neonatal	departments	is	wide-
spread. The pharmaceutical industry is unlikely to solve this problem, and we may for 
a	very	long	time	be	occasionally	forced	to	use	off-	label	medication.	Practical	solution	
must	therefore	come	from	multidisciplinary	clinical	and	academic	collaboration.	Use	
of	formulation	list	as	guidance	for	prescriptions	and	NICU-	friendly	galenic	formula-
tions may mitigate the problem temporarily while waiting for definitive studies.
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1  |  INTRODUC TION

Pharmaceutical treatment in the neonatal department is challenging 
and	off-	label	medicine	use,	i.e.,	use	of	a	medicine	outside	its	regula-
tory approved marketing authorization, is high.1–	5 It is well known 
that	infants	in	the	neonatal	intensive	care	unit	(NICU)	are	exposed	
to a large number of medicines. This was once again demonstrated 
in a recent international review of studies of drug utilization in the 
NICUs	showing	a	high	mean	number	of	medicines	per	 infant,	with	
several studies reporting >30 medicines per infant.6	As	increasingly	
more premature and even more complex neonatal illnesses are being 
treated, we are likely to see these challenges intensified in the com-
ing years.7

Generally, there is insufficient scientific knowledge of gesta-
tional age dependent drug disposition,8 which potentially puts the 
neonates at risk of receiving suboptimal drug doses with a subse-
quent	 increased	 risk	 of	 adverse	 or	 insufficient	 drug	 effects.	 And	
almost adding insult to injury, a Delphi survey9 revealed that, al-
though	the	use	of	‘off-	label’	medicines	in	neonates	is	widespread	in	
Europe, there exists no common scientific and regulatory approach 
to this phenomenon. Therefore, a shared clinical meaningful and le-
gally	well-	defined	definition	of	the	off-	label	use	concept	is	currently	
missing.

To	reduce	off-	label	drug	use	in	pediatric	patients,	the	Pediatric	
Regulation	was	 implemented	by	 the	European	Union	 in	2007	 and	
has prompted further pediatrics drug research.10–	16 Yet, for ethical 
and practical reasons, neonates and particularly the preterm neo-
nates are extremely rarely included in traditional drug development 
programs,13,17,18 and pharmaceutical companies largely refrain from 
proactively investing in the neonatal sector, as reported by the 
European	Medicines	Agency	(EMA)	among	others.12,19–	21 This seems 
to be an indisputable fact as several international studies have ce-
mented	a	massive	off-	label	medicine	use	in	the	European	NICUs	of	
around 90%, even more than a decade after the Pediatric Regulation 
came into force.19,22

The	aim	of	this	study	was	to	estimate	the	off-	label	medication	use	
in all neonatal departments in Denmark using data from the Danish 
National	 Pharmaceutical	 Hospital	 Purchase	Database	 (ApoBi)	 and	
to evaluate the effects of the qualities of The Summary of Product 
Characteristics (SmPC).

2  |  MATERIAL S AND METHODS

2.1  |  Study setting

Denmark	has	approximately	5.9	million	inhabitants	and	61–	63.000	
births per year.23	The	overall	prematurity	rate	is	6%–	7%.24 For this 
study, all Danish unique neonatal departments were identified 
through information acquired from the Danish Pediatric Society 
and	cross-	referenced	with	the	Danish	National	Hospital	Pharmacy	
Sales	Database	(ApoBI/Targit).	All	neonatal	departments	or	subunits	
were	 contacted	by	phone	or	 e-mail	 to	 verify	 their	 pharmaceutical	

purchase	policy	and	debtor	information.	Neonatal	departments	that	
were administratively registered as a subdivision of another depart-
ment and therefore had shared pharmaceutical purchase systems, 
were excluded. Thereby only data from departments or subunits 
with a dedicated debtor account for neonatal use was included in 
the study.

2.2  |  Data collection

Data on all pharmaceutical products purchased in Danish neonatal 
departments	 from	1	April	 2020	 to	 31	March	2021	was	 extracted	
from	 the	 Danish	 National	 Hospital	 Pharmacy	 Sales	 Database	
(ApoBI/Targit).	April	 1st	 represents	 the	official	 date	on	which	 the	
supply list is published in accordance with the national procurement 
agreements. Data was extracted on anatomical therapeutic chemi-
cal	classification	 (ATC)	 level	1–	5	and	based	on	defined	daily	doses	
(DDD)	as	per	WHO.25

2.3  |  Data analysis

2.3.1  |  Data	cleaning

Data cleaning took place in three steps.

 (i) Each pharmaceutical product was evaluated for clinical rele-
vance	 on	 ATC-	Level	 1	 by	 three	 senior	 neonatologists	 (MDs),	
independently.	Obvious	non-	medications,	e.g.,	disinfectants,	ban-
dages, and diet supplements were excluded. In case of divergent 
evaluations, consensus was achieved by a round table discussion 
with	participation	of	2	senior	clinical	pharmacologists	(MDs).

	(ii)	 A	list	of	100+ medicines were constructed based on the quan-
tity of purchased products measured in DDDs. In case more than 
one product was purchased within the same generic substance 
and	ATC	group,	the	product	with	the	highest	quantity	measured	
in DDDs was selected for further analysis. For example, pur-
chase	of	solutions	in	the	strengths	of	1	mg/ml	and	5	mg/ml	were	
both registered for the generic substance midazolam	(ATC	Code	
N05CD08)	in	the	quantities	of	503	DDDs	and	2.513	DDDs,	re-
spectively. Based on quantity, the midazolam solution for injec-
tion/infusion	in	the	strength	of	5	mg/ml	was	selected	for	further	
analysis.

 (iii) The procedure was repeated, where 3 neonatologists inde-
pendently reviewed the selected medicines, now corresponding 
to	ATC-	level	5.	 In	 this	 step	obvious	non-	neonatal	medications,	
e.g.,	 500 mg	 paracetamol	 and	 400 mg	 ibuprofen tablets pur-
chased	for	co-	hospitalized	mothers	were	excluded.

Eventually each medicine on the final list of 100 products was 
reviewed	and	analyzed	for	off-	label	and	off-	license	use	 in	addition	
to content of potential pernicious additives by a clinical pharmacolo-
gist. See the final “Top 100” list in the supplementary, Table S1.

https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=3342
https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=5239
https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=2713
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The Summary of Product Characteristics (SmPC) for each phar-
maceutical	 product,	 officially	 approved	 by	 either	 the	 EMA	 or	 the	
Danish	 Medicines	 Agency,	 was	 obtained.	 The	 SmPCs	 were	 con-
sulted	on	the	15th	of	May	2022	at	the	latest.	The	on/off-	label	classi-
fication	was	then	registered	for	each	drug	for	the	pre-	specified	age	
groups:	 (i)	prematurely	born	children	(i.e.,	neonates	born	before 37	
completed weeks of gestation), (ii) term born children (i.e., neonates 
born after 37 completed weeks of gestation), but within the neona-
tal	period	(i.e.,	within	the	first	28 days	after	birth).

Due to the hierarchical structure of a SmPC, the lower age limit 
specified in the SmPC section 4.1 (indication(s)) or 4.2 (posology) 
was noted for each pharmaceutical product. In addition, it was noted 
if	age	specified	neonatal	data	were	presented	in	SmPC	section	5.2	
(pharmacodynamic and pharmacokinetic properties) in case there 
was	no	authorized	pediatric	indication	in	accordance	with	the	EMA	
SmPC guideline.26

2.3.2  |  Potential	pernicious	additives

The SmPC for each individual medicine was reviewed for potential 
pernicious additives according to the European Commission guide-
line on “Excipients in the labelling and package leaflet of medicinal prod-
uct for human use”.27

2.3.3  |  Licensing	status

Licensed medicinal products were defined as products with a Danish 
marketing	authorization	and	a	valid	SmPC	as	per	EMA	or	the	Danish	
Health	Authorities.	Pharmaceutical	products	available	for	compas-
sionate use or manufactured by extemporaneous preparation did 
not have a valid SmPC and were classified as unlicensed.9

2.3.4  |  Off-	label	use

Definitions	 of	 off-	label	 drug	 use	 were	 adapted	 from	 the	 official	
EMA	off-	label	definition	provided	in	the	European	Glossary,	which	
reads as follows “the use of a medicine for an unapproved indication or 
in an unapproved age group, dose, or route of administration”.28 Since 
purchasing data was used and not individualized reel life data, only 
off-	label	use	based	on	age	groups	could	be	evaluated	in	the	present	
study.	According	to	the	EMA,	age	limits	must	be	stated	for	the	first	
time in the summary of product characteristics in section 4.1, which 
refers to the indication(s) the medicine is approved for.29

By a random sample test, we found a tendency for the popula-
tion of neonates rarely to be specified in 4.1. We therefore chose to 
extend	the	on-	label	classification	to	include	section	4.2,	which	refers	
to	Posology.	The	Danish	Patient	Safety	Authority	and	The	Danish	
Medicine	Agency	were	contacted	and	consulted	in	this	question	to	
achieve	consensus	on	the	on/off-	label	definition	 in	 the	population	
of	 neonates.	 However,	 no	 clear	 distinction	 between	 on/off-	label	

classification in the neonatal population could be achieved from the 
Danish health authorities in relation to the framework of this study.

In	addition,	we	classified	off-	label	use	as	 lack	of	neonatal	data	
in general or if contraindicated (SmPC section 4.3) in the newborn 
population in the SmPC, as per definition adapted from consen-
sus approaches in previously internationally published studies on 
the subject.9,30 We accepted any mention of prematurity, regard-
less	of	specific	gestational	age,	as	on-	label	for	premature	children.	
Subclassification in degrees of prematurity, e.g., a gestational age 
above/below	28 weeks.

For pharmaceutical products available for compassionate use or 
manufactured by extemporaneous preparation no (valid) SmPCs are 
available and hence no specific lower age limit for approval could be 
defined.

2.4  |  Statistical analysis

Standard descriptive statistics were used as applicable. Data were 
analyzed using R software (R Core Team R 2022).

2.5  |  Ethical considerations

Ethics approval was not required because the study used data from 
administrative registers and was therefore exempt from obtaining 
individual	informed	consent	as	per	national	regulations	for	register-	
based studies in Denmark.

2.6  |  Nomenclature of targets and ligands

Key Protein targets and ligands in this article are hyperlinked to the 
corresponding entries in http://www.guide topha rmaco logy.org,  
the	 common	 portal	 for	 data	 from	 the	 IUPHAR/BPS	 Guide	 to	
Pharmacology	(Harding	et	al.,	2018),	and	are	permanently	archived	
in	the	Concise	Guide	to	Pharmacology	2019/2020	(Alexander	et	al.,	
2019).31

3  |  RESULTS

Data	from	all	of	Denmark's	4	high-	level	NICUs	and	10	of	13	of	the	
intermediate/standard level neonatal departments was included in 
the present study. These departments cover approximately 60.000 
of the annual 63.000 births in 2021,23 and approximately 6000 neo-
natal hospitalization of which approximately 3.600 are premature.24

Three intermediate/standard level neonatal departments were 
excluded	 as	 they	 did	 not	 have	 a	 unique	 dedicated	 debtor-	account	
making it impossible to distinguish between the neonatal department 
and the associated pediatric department. Of the 100 most purchased 
medicines in Danish neonatal departments, we found that 70% did 
not	have	an	approved	marketing	authorization	(off-	label)	for	use	in	the	

http://www.guidetopharmacology.org


4 of 8  |     GADE et al.

population	of	neonates,	i.e.,	infants	younger	than	28 days,	born	at	term.	
For the population of premature infants, we found that the amount of 
off-	label	classified	medicines	increased	to	87%.	For	details,	see	Table 1.

In	a	sub-	analysis,	when	applying	the	EMA	regulatory	criteria	of	
requiring the specification of the age limits to be stated in SmPC 
section	4.1,	the	off-	label	classification	rate	rose	to	90%	in	neonates	
and	95%	in	premature	neonates	(See	Table 1). Furthermore, 16/100 
(16%) of the top 100 medicines had an approval for children, i.e., chil-
dren or pediatric population stated in SmPC section 4.1. or 4.2, with-
out any age limit specified. Four percent of the medicines had no age 
specifications at all. Five percent of the medicines had a weight limit, 
but no specific age limit specified. For full data on classification on 
individual medicines and their additives, see (Table S1).

The	 identified	 top	 100	 medicines	 covering	 12	 of	 the	 14	 ATC	
level	 one	 groups	 in	 the	 Anatomical	 Therapeutic	 Chemical	 (ATC)	
Classification	System	proposed	by	 the	World	Health	Organization	
Collaborating	Centre	for	Drug	Statistics	Methodology	(WHOCC).32 
The	exemptions	were	the	ATC	groups	L	(Antineoplastic	and	immu-
nomodulating	 agents)	 and	 P	 (Antiparasitic	 products,	 insecticides,	
and	 repellents).	 Among	 the	 individual	 ATC	 groups,	 we	 found	 the	
level	 of	 off-	label	 classified	 medicines	 to	 range	 between	 50%	 and	
100%. For details, see Table 2.	Notably,	 in	 the	 largest	ATC	groups	
J	 (Anti-	infectives	 for	 systemic	 use),	 7	 of	 15	 (47%)	 medicines	 had	
an approved marketing authorization for use in the population of 
neonates,	while	 in	the	equally	sized	group	A	(Alimentary	tract	and	
metabolism),	only	4	of	15	(30%)	of	medicines	could	be	classified	as	
on-	label.	 In	6	of	12	 (50%)	of	 the	 individual	ATC	groups,	 the	medi-
cines	were	classified	as	100%	off-	label	for	use	in	premature,	i.e.,	ATC	
group	D,	G,	H,	M,	S,	and	V.	For	details,	see	Table 3.

When assessing the SmPCs for each of the individual medicines 
included on the top 100 list (Table S1 in supplementary), we found 
that 21% of the medicines contained various additives that have ei-
ther	a	known	or	suspected	detrimental	effect	on	newborns.	A	total	
of 8 different such groups of additives were identified. Several of 
these additives have been associated with severe and even fatal ad-
verse events. See Table 3 for details.

We found their latest update of the SmPCs to be of various 
time	 intervals	 ranging	 from	12 days	 to	 4325 days,	which	 is	 almost	
12 years	(median	565 days,	IQR	[325;1203]).	Despite	75%	of	SmPCs	

were	updated	within	the	recent	3.3 years,	only	42%	of	 the	SmPCs	
contained specific information about newborn/premature children 
in	section	4.1,	with	58%	of	the	SmPCs	containing	this	 information	
in	section	4.2.	However,	when	scrutinizing	 the	SmPCs	of	 the	70%	
off-	label	medicines,	we	did	find	additional	information	on	neonates	
of	various	clinical	relevance	in	section	5.1	or	5.2	in	29%	(20	out	of	
70 medicines), yet this information was not enough to render them 
on-	label	for	use	in	a	neonatal/premature	population.

4  |  DISCUSSION

Authorization	 of	 pharmaceutical	 products	 for	 specific	 uses	 and	
groups of patients is intended to ensure safety, efficacy, and overall 
quality.21 Yet, the results of the present study based on nationwide 
pharmaceutical hospital purchase data demonstrate a massive pres-
ence	of	off-	label	medicines	in	the	Danish	neonatal	departments.

4.1  |  Off label use in Danish NICUs

The included neonatal departments represent almost all neonatal 
care	in	Denmark.	We	found	that	as	little	as	one-	tenth	and	one-	third	
of the most commonly used medicines in Danish neonatal depart-
ments had an approved marketing authorization for use in prema-
ture	and	full-	term	neonates,	respectively.	Furthermore	one-	fifth	of	
the top 100 medicines did not have a (Danish) marketing license at 
all.	 In	general,	we	 found	widespread	off-	label	medicine	use	cover-
ing	virtually	all	ATC	groups,	as	we	found	that	no	ATC	group	had	a	
lower	off-	label	level	than	50%.	In	half	of	the	ATC	groups,	all	identi-
fied	medicines	were	classified	as	off-	label	 for	use	 in	preterm	neo-
nates, which should be seen in the light of the additional finding of 
1	 in	5	medicines	containing	additives	 that	have	either	a	known	or	
suspected adverse effect on neonates.

The findings in the present study are in concordance with interna-
tional	studies	reporting	similar	percentages	of	off-	label	use.1–	3,5,33,34 
A	meta-	analysis	from	201535	revealed	that	71%–	100%	of	the	neo-
nates	 received	at	 least	one	off-	label/off-	licensed	drug	during	 their	
stay	in	the	NICU,	and	that	premature	neonates	were	more	likely	to	
receive	 off-	label	 medication	 as	 compared	 to	 term	 born	 neonates.	
Overall,	 the	 off-	label/off-	license	 medication	 use	 in	 neonates	 was	
found	to	be	in	the	range	of	28.4%–	91.8%.	It	should	be	noticed	that	
off-	label	use	can	be	recorded	in	different	ways	and	in	addition	the	
off-	label	classification	may	vary	from	study	to	study,	making	direct	
comparison between our result between our results and the existing 
literature difficult.19

4.2  |  Off label classification

Importantly,	 there	 is	no	uniform	classification	on	off-	label	medi-
cation in Europe, making research in this topic extremely com-
plicated. In the present study, we found that depending on the 

TA B L E  1 Off-	label/licensed	drugs	in	Danish	neonatal	
departments

Classification Prematuresa Neonatesb

Off-	labelc 87% 70%

Off-	licensed 19% 19%

Off-	label	as	per	EMAd 95% 90%

Note:	ATC,	Anatomical	Therapeutic	Chemical	(ATC)	classification	
system.
aPrematures:	any	gestational	age <37 weeks.
bNeonates:	newborns	at	term	and	up	to	28 days	after	birth.
cAs	per	inclusive	definition	of	on/off-	label.
dWhen	using	the	EMA	requirement	of	age	limits	being	specified	in	
section 4.1 of the SmPC (See text for details).
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intended	 enforcement	 by	 the	 health	 authorities	 regarding	 age-	
specific approval requirements specified in section 4.1 or 4.2 of 
the	 SmPC,	 the	 percentage	 of	 neonatal	 off-	label	 use	 ranged	 be-
tween	 70%–	90%.	 Here	 the	 neonatal	 population	 appears	 to	 be	
more frequently included in SmPC section 4.2 rather than in 4.1. 
This despite the Delphi panel back in 2008 stressed the impor-
tance of detailed information in the SmPC section 4.1 in relation 
to	defining	off-	label	use.	Concordantly,	the	EMA	SmPC	guideline	
states that “a specific requirement for the indication section is the 
necessity to state the age limits of the indicated population in that 
this attribution of an age group in the indication statement allows the 
differentiation between medicinal products with or without paediatric 
indication”.29,36 Thus, strictly following this guidance, the presence 
of	off-	label	medicines	in	the	NICUs	in	Denmark	is	as	high	as	90%	
and	95%	 for	 term	born	neonates	and	preterm	neonates,	 respec-
tively (Table 1).

This	illustrates	that	not	only	are	off-	label	medicines	extensively	
used in neonatology but also that the definition hereof is difficult, 
particularly	 for	 non-	regulatory	 knowledgeable	 healthcare	 profes-
sionals.	Despite	the	effort	of	the	EMA	to	standardize	the	pediatric	
information in a SmPC guideline, the age limits are still not uniformly 
reported. This may be due to delayed procedures for harmonizing 
the SmPCs, but we nevertheless found most SmPCs updated within 
the	recent	3 years.	Consequently,	the	clinical	prescription	as	well	as	
the legal framework under statutory obligations becomes compli-
cated for the neonatologists to interpret.

4.3  |  Potentially pernicious additives

Another	problem	in	the	wake	of	prescribing	off-	label	medicines,	is	
the risk of administering potentially harmful additives to the new-
born.	Neonates	and	in	particular	preterm	neonates	are	subjects	for	

a not insignificant toxicity risk when exposed to some additives, 
e.g., benzyl alcohol, propylene glycol and polysorbate, see Table 3. 
Nevertheless,	 a	 widespread	 presence	 of	 these	 in	 the	 most	 used	
medicines	 in	 the	Danish	NICUs	was	demonstrated.	The	manufac-
turer is obliged to specify potentially problematic additives in the 
SmPC,37 but it is ultimately up to the neonatologist to interpret the 
risk. Severe toxicity syndromes may occur due to the physiologi-
cal immature clearance pathways in neonates.14,38,39 In addition, 
the exact content of additives is rarely stated in the SmPC, just 
as threshold values are unknown for most additives.27,40 To make 
matters worse, there is great variation in the use of additives from 
manufacturer to manufacturer, and even within medicines products 
with origin from the same manufacturer, e.g. the medicine product 
Solu-	Medrol	where	the	solvents	for	the	strengths	500 mg	and	1	mg	
contain	benzyl	alcohol	but	not	in	the	strengths	40 mg	and	125 mg.41 
It even appears that medicines developed and approved for use in 
the pediatric population may contain problematic additives, e.g., 
the oral solution Pinex junior®, which contains both benzyl alco-
hol and propylene glycol. Demonstrating the fact that the neonatal 
population is often overlooked, also in the regulatory system.

Overall neonatal pharmacotherapy is practice based and clinical 
neonatologists are often left with insufficient information, making 
decision on adequate drug doses very difficult. Our findings, and 
that of others, indicate that the high quality and safety standards 
applied to adult drug use assessment have not been applied to chil-
dren,	leading	to	extensive	off-	label	and	even	off-	science	drug	use	in	
neonatology.

4.4  |  Strengths and limitations

This	 study	draws	strength	 from	being	a	nationwide	 register-	based	
study.	 As	 all	 purchased	 medicines	 are	 registered	 in	 the	 ApoBi	

ATC group* Prematuresa Neonatesb

A:	Alimentary	tract	and	metabolism	(n =	15) 93% 73%

B: Blood and blood forming organs (n = 12) 67% 58%

C: Cardiovascular system (n = 16) 88% 81%

D: Dermatologicals (n = 4) 100% 100%

G:	Genito-	urinary	system	and	sex	hormones	(n = 1) 100% 100%

H:	Systemic	hormonal	preparations	(n = 7) 100% 67%

J:	Antiinfectives	for	systemic	use	(n =	15) 87% 53%

M:	Musculo-	skeletal	system	(n = 3) 100% 67%

N:	Nervous	system	(n = 14) 86% 71%

R: Respiratory system (n = 6) 67% 67%

S: Sensory organs (n = 6) 100% 86%

V:	Various	(n = 2) 100% 50%

Note:	ATC,	Anatomical	Therapeutic	Chemical	(ATC)	classification	system.
aPrematures:	any	gestational	age < 37 completed	weeks;
bNeonates:	newborns	at	term	and	up	to	28 days	after	birth	(See	text	for	details).
*12	of	the	14	ATC	groups	were	represented.

TA B L E  2 Off-	label	medications	in	
Danish	neonatal	departments	per	ATC	
group

https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=7088
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database, we have virtually full coverage of all hospitalized neonates, 
and we believe the omission of 3 minor intermediate/standard level 
neonatal departments is unlikely to significantly skew the results. 
However,	we	do	not	have	individual	patient	data,	e.g.,	born	at	term	
or	prematurely,	thus	the	number	of	off-	label	medicines	administered	
to preterm and/or term born could not be registered. In addition, 
not all purchased medicines are necessarily administered to a patient 
and there may be significant waste.

Furthermore, we dichotomously divided the neonates into 
preterm/term children, yet our finding of 13% of medications being 
on-	label	 for	preterm	 infants	does	not	necessarily	mean	 that	 these	
medicines	are	on-	label	for	all	degrees	of	prematurity	as	detailed	in	
the appendix. Finally, as doses and administration routes were not 
examined	in	detail	in	this	study,	we	may	underestimate	the	off-	label	
use	 of	 an	 otherwise	 classified	 on-	label	 drug,	 for	 instance	 given	 in	
doses that exceeds the dose specified in SmPC section 4.2 or medi-
cines that are manipulated or administered by other routes, e.g., in-
travenous drug formulation administered orally in a gastrointestinal 
probe which is common practice in neonatology.

4.5  |  Future directions

Off-	label	use	of	medication	will	constantly	play	an	important	role	in	
neonatology as long as there is limited authorized treatment options. 
The European Pediatric Regulation made a Pediatric Investigational 
Plan (PIP) mandatory back in 2007, nontheless Toma et al19 recently 
described that even though the number of PIPs including neonates 
and infants has actually increased over the last decade, the num-
ber of medicines approved for preterm and term newborn remains 
extremely low. Thus, one can only hope that more PIPs will lead to 
more available medicines with an official approved neonatal indica-
tion in a future perspective. Similarly, many SmPCs do not specify 
any age, and in the future regulatory authorities should strive to-
wards ensuring explicitly specified age groups on both approved 
and	not-	approved	populations.	Cynical	 speaking,	 it	 seems	unlikely	
that pharmaceutical companies will feel obligated to solve this prob-
lem under the current regulatory measures.18,19,42 Practical solution 
must therefore come from a multidisciplinary regulatory, clinical and 
academic collaboration.

TA B L E  3 Potentially	pernicious	additives	in	“top	100”	medicines	in	Danish	neonatal	wards

Additive
No of drugs and routes 
of administration

Potential deleterious effect(s) for neonates using the relevant routes of 
administration*

Benzalkonium chloride 3a Has	caused	eye	irritation	and	dryness	in	adults.	No	data	are	available	in	neonates

Benzoic acid 2b Absorption	through	the	immature	skin	of	neonates	is	significant.	May	cause	
bilirubinemia	and	jaundice	in	neonates	(up	to	4 weeks	old)	due	to	displacement	
of bilirubin from albumin

Benzyl alcohol 2c Intravenous administration of benzyl alcohol has been associated with serious 
adverse events and death in neonates (“Gasping syndrome”). The minimum 
amount of benzyl alcohol at which toxicity may occur is not known

Cetyl or cetostearyl alcohols 3d May	cause	local	skin	reactions

Ethanol 3 e Co-	administration	with	medicines	containing,	e.g.,	propylene	glycol	or	ethanol	may	
lead to accumulation of ethanol and induce systemic toxicity

Parahydroxybenzoates and 
their esters

10f May	cause	allergic	reactions	(possibly	delayed)

Polysorbate 80 2g Doses >80 mg/kg/day	of	polysorbate	has	caused	severe	(fatal)	hepatoxicity	in	
neonates

Propylene glycol 2h Co-	administration	with	any	substrate	for	alcohol	dehydrogenase	may	
induce serious adverse events in neonates, e.g., metabolic acidosis and 
hyperosmolarity

In total In total, 21/100 drugs (21%) contained one or more of 8 different groups of potentially pernicious additives. 
Only the potential deleterious effect(s) for the relevant route of administration are given in this table (See 
text and below)

aTopical (ophthalmic) administration.
bTopical (skin) administration.
cOral and parental administration.
dTopical (skin) and oral administration.
eOral and parental administration.
fRectal, oral, and parental administration.
gOral administration.
hOral administration.
*As	per	EMA	(ref	https://www.ema.europa.eu/en/annex	-	europ	ean-	commi	ssion	-	guide	line-	excip	ients	-	label	ling-	packa	ge-	leafl	et-	medic	inal-	produ	cts-	
human; https://www.ema.europa.eu/en/docum	ents/scien	tific	-	guide	line/draft	-	infor	matio	n-	packa	ge-	leafl	et-	regar	ding-	polys	orbat	es-	used-	excip	ients	
-	medic	inal-	produ	cts-	human_en.pdf).

https://www.ema.europa.eu/en/annex-european-commission-guideline-excipients-labelling-package-leaflet-medicinal-products-human
https://www.ema.europa.eu/en/annex-european-commission-guideline-excipients-labelling-package-leaflet-medicinal-products-human
https://www.ema.europa.eu/en/documents/scientific-guideline/draft-information-package-leaflet-regarding-polysorbates-used-excipients-medicinal-products-human_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/draft-information-package-leaflet-regarding-polysorbates-used-excipients-medicinal-products-human_en.pdf
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Optimized use of already available knowledge can already today 
help	increase	safety	and	efficacy	in	the	NICU,	as	off-	label	does	not	
necessarily	equal	off-	science.	The	development	of	support	tools	for	
neonatologists based on available science from both the pharmaceu-
tical industry and academia as well expert knowledge is therefore im-
portant to ensure safe medication of the newborn.40,43 Consequently, 
formulary/recommendation lists for neonates have been developed 
in	some	European	countries,	e.g.,	the	Netherlands44 and Denmark.45 
Such measures could advantageously be extended to more countries 
and pharmacological communities and is strongly encouraged by the 
WHO	as	are	Drug	and	Therapeutics	committees	 (DTCs),	which	has	
been shown to be very effective in safeguarding and promoting effi-
cient and rational use of medicines in hospitals.46 It is important that 
these kinds of initiatives can be implemented quickly and without the 
need	for	complex	and	time-	consuming	clinical	studies.

Finally,	 optimized	 pharmacy-	developed	 galenic	 formulations	
may prove a solution the medications currently containing poten-
tially pernicious additives.

5  |  CONCLUSION

We	demonstrated	a	very	high	presence	of	off-	label	medicine	in	the	
Danish	 neonatal	 intensive	 care	 units.	 Despite	 the	 EMA's	 efforts,	
there is still an unacceptable shortage of medicines with an ap-
proved marketing authorization for use in the neonatal population. 
Harmonization	of	the	SmPCs	to	include	accurate	information	on	age	
limits should begin immediately, just as the wider pharmacological 
scientific community should work together to address safe medi-
cation of the newborn. In the meantime, optimized use of already 
available knowledge through formulary/recommendation lists for 
neonates governed by Drug and Therapeutics Committees together 
with	optimized	pharmacy-	developed	galenic	formulations	represent	
a rational solution.
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