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Abstract: Off-label prescribing is widespread among pediatricians, and it is unlikely that this trend
will soon be bound by a uniform legal framework. This is necessitated by the fact that there are four
variables: the patient’s health condition, the physician’s experience and knowledge, the legislative
measures (laws, directives, guidelines, and recommendations), and finally, the pharmaceutical
industry. There is considerable concern worldwide about the use of off-label medicines in children.
We may call it an enormous global problem that is much talked about and written about; however,
we should not forget that the goal around which everyone should unite is the patient’s life. For
healthcare providers, the most important thing will always be the health and preservation of the
patient’s life, particularly when it comes to children with life-threatening conditions in neonatal
and pediatric intensive care units (NICU and PICU). The study aimed to examine the prevalence of
off-label drug use in pediatrics. Literature research was conducted, and we included studies from
2012 to 2022 that evaluated off-label drug prevalence in various pediatric patient populations.
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1. Introduction

Off-label use is very common and generally legal unless it violates ethical guidelines or
safety regulations. Often the reason is to respond to patients’ medical needs or enable access
to innovative medicines, especially when there is no alternative option [1,2]. Compared to
the drugs that are authorized for adults, those licensed for pediatric use are comparatively a
much smaller fraction. In addition, off-label use of medicines is in general not supported by
the same level of evidence as medicines licensed for adults [3]. This may result in increased
uncertainty on efficacy as well as the risk for adverse drug reactions (ADRs).

Once a medicinal product is licensed, it is the prescribers who assess the benefit–risk
ratio and decide whether that medicinal product should be prescribed. All prescriptions
that do not comply with the licensed Summary of Product Characteristics (SmPC), whether
indication, age, dose or dosage regime, route of administration, mode of use, etc., fall under
‘off-label use’ [4]. The SmPC is a legal document, approved by national regulatory agencies,
EMA, FDA, TGA, etc., as part of the marketing authorization of each medicine. However,
for better or worse, ‘off-label’ is a real fact, a working phenomenon, despite not completely
legitimate, that slowly paved its way into therapeutic regimens, and we already accepted it
as a regular practice [5,6].

Medicines regulation controls how medicinal products are marketed, not how they are
prescribed [4]. Regulatory approval is a costly and time-consuming process. It is obvious
that not every drug will be tested for every eventual indication in its entirety. Thus, the
regulation of therapeutic freedom adopts “an anything not explicitly prohibited is permit-
ted” approach and assumes that medicines can be used in ways not specified in the label as
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long as they are prescribed by a competent professional based on scientific knowledge [4,7].
Healthcare providers are not required to limit prescriptions or recommendations to the
indications approved by their country’s drug regulatory body. Despite the risk, healthcare
professionals often prescribe various medications that do not contain regulatory labels
for use in pediatrics. The standard of care for many conditions involves off-label uses.
When this process is unavoidable, it should always be guided by a rigorous benefit/risk
assessment since healthcare professionals are solely responsible for off-label use [8]. In other
words, properly understanding why off-label use is common and “usually appropriate,
rather than rare and usually inappropriate”, requires understanding [9].

The reason that many medications in children are administered in an off-label manner,
is: (1) there are not enough legalized medicines for the pediatric population, and (2) there
are not enough pharmaceutical dosage forms suitable for use in children [10]. The existence
of many legal restrictions on the conduct of clinical trials in children further leads to a lag
in the regulation of medicines for pediatric use, and hence the development of pediatric
dosage forms suitable for both parenteral and oral use [11,12].

The current review aims to evaluate the worldwide prevalence frequency of off-label
prescriptions in children in the last decade (2012–2022) and to identify the key determinants
for the future aspects of enhancing the proper treatment of the pediatric population. The
legislative attempts and their role are briefly explored. The current review article identifies
and summarizes the existing issues for off-label treatment in the pediatric population and
the recent achievements in this area.

2. The Need for Pediatric Drugs
2.1. Features of the Children

Childhood is characterized by periods of rapid growth, maturation, and development.
It is widely acknowledged that children constitute a diverse and heterogeneous population,
encompassing preterm neonates to post-pubertal adolescents, and are not simply miniature
versions of adults [13]. The characteristics of children, in terms of physiology and develop-
ment, differ from those of adults, and these also differ in the age range from newborn to
adolescence [14,15]. The pharmacokinetics (PKs) and pharmacodynamics (PDs) of drugs
may be altered by age and development and can be significantly affected by different
factors to an extent that is not well studied to date [16,17]. In addition, the age groups of
children themselves differ from each other [18].

In neonates, it is particularly difficult to detect small but significant effects as outcome
measures are more difficult to assess [15]. Developmental stages can also alter the action
and response to a drug. This is true for the desired action and ADRs [19]. Unfortunately,
history taught us that different drug effects seen in children can be toxic, as seen with
chloramphenicol, valproate, and tetracycline, or enhanced, as seen with some treatments
for leukemia [20]. In addition, the natural course of disease in children may differ from
that seen in adults, and they may suffer from diseases not common in adults [21]. Un-
derstanding the differences in physiology at different stages of development assists with
designing drug formulations and dose regimens [22]. Age-related periods in a child’s de-
velopment are defined as neonate/newborn (ages 0–29 days); infant (>28 days–12 months);
toddler (>12–23 months); preschool child (2–5 years); school-aged child (6–11 years); and
adolescent/teen (12–18 years).

2.2. Drug Formulations for Children

The development of age-appropriate dosage forms and strengths is a major challenge
for the pharmaceutical industry [23]. Our knowledge of child-appropriate formulations
has many gaps, and the industry faces many challenges in the process of creating appro-
priate formulations for all age groups [24,25]. The availability of suitable dosage forms
is also limited even when the drug is approved for use by children. The complexity
comes from the fact that accurate dosing is needed for different age groups [26]. It is
unlikely that a single formulation will be appropriate across the pediatric population,
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necessitating multiple product variants [27]. Pediatric dosage forms must also be adapted
to the chemical–pharmaceutical properties of the active substance and excipients, taste
masking, the quantity taken, acceptability, and convenience to the patient as well as to
caregivers [28]. The excipients used in pediatric formulations need to be appropriate for
the age group [29,30] to avoid the consequences of excipient toxicity [31]. All these factors
further complicate the manufacturing process.

The oral route of administration remains the most preferred due to its convenience and
stability [32]. Recent advances in pharmaceutical technology led to the development of various
types of tablets, such as melts [33], chewable and orodispersible tablets, oral lyophilizates
and oral films, powders, granules [34], and pellets or sprinkles for reconstitution; however,
generally, liquid products are preferred, especially in children under 6 years old [35]. The
major barrier in the development of oral liquid formulations is the taste-masking of drugs, a
hurdle that can be very costly and may not be totally achievable [36].

Drug acceptability is of great importance for receiving adequate therapy [37]. Pediatric
formulations must be appropriate for the child to ensure compliance with the medica-
tion [28]. Different pharmaceutical forms may differ in their pharmacokinetic profile,
highlighting the risks associated with the use of drugs that are not intended for use in chil-
dren or were manipulated. The manipulation or extemporaneous preparation of medicines
by pharmacists has its risks due to the lack of sufficient data on the quality of the final
product [38,39]. Frequently, additional adjustments to medications are made by parents
and caregivers to enhance adherence, especially in the pediatric demographic, where 19%
of administered medications undergo manipulation [40,41].

Due to the diverse factors that influence the development of pediatric dosage forms,
not forgetting the high manufacturing cost, it is lagging in pace compared to the develop-
ment of adult dosage forms [42].

2.3. Dosing in Children

Drug dosage determination is challenging in children since traditional pharmacoki-
netic studies are difficult to conduct and are subject to a greater number of ethical con-
siderations [22]. Modifications related to typical growth and development necessitate the
use of evidence-based approaches to determine safe and efficient medication doses for
children at various developmental stages. Additionally, it is crucial to design suitable
delivery systems for these medications. Due to the lack of sufficient studies related to PKs
in children, it is still a common practice to calculate pediatric doses from data obtained
from the adult population [27]. However, dosage adjustments are often more complex than
simply reducing the dose set for adults based on the child’s age or weight [43].

The US Food and Drug Administration (FDA) and the European Medicines Agency
(EMA) emphasized the absence of pediatric clinical trials and dosing details as critical
clinical gaps. There is now a demand for increased pediatric data in the assessment of
new drugs [44]. Recently, Shaniv et al. [45] identified eight different neonatal formularies
worldwide (Europe, the USA, Australia-New Zealand, Middle East), and six of them were
compared. Each formulary varies in style and monograph template, drug information,
dosing information, and update routine. Healthcare professionals may retrieve required
drug dose details; however, institutions usually give access to only one formulary (if any),
thus limiting the amount of essential information. For example, Suwa et al. [46] compared
72 products with pediatric indications in the USA and found that only 83% (60/72) and
43% (32/72) of the products had pediatric indications in the UK and Japan, respectively.

Most pediatric drug dosing is usually based on weight (mg/kg) or body surface area
(BSA; mg/cm2) [47]. Utilizing total body weight (TBW) is a widespread and suitable
method for calculating drug doses in children. Nevertheless, it is important to note that
pediatric drug dosages cannot be directly standardized from an adult dose based solely
on TBW (i.e., 60 kg adult is not equal to 60 kg child) when pediatric dosing data are
unavailable [48]. Additionally of note is a very pressing issue in the last 15–20 years about
drug dosing in obese children [49]. In obese children, dosing based on body weight and
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BSA might result in doses exceeding the maximum recommended for adults. To address
this, alternative weight measures, such as ideal body weight (IBW) and adjusted body
weight (ABW), were devised to better accommodate these variations. This is because
the volume of distribution (Vd) and clearance (Cl) are mostly affected by physiological
changes (body mass, extracellular water, tissue perfusion, and proportions of lean and fat
tissue) that occur during childhood development [50,51]. Generally, hydrophilic active
substances should be dosed on IBW, partly lipophilic on ABW, and lipophilic on TBW [52].
Collectively, the physiological and pharmacokinetic changes in children with obesity may
require adjustments to the loading and maintenance dose, dose interval, and time to reach a
steady state in certain medications—a severely hampered process when it comes to off-label
use [53].

2.4. Conducting Clinical Research with Children

Well-designed controlled clinical trials provide reliable evidence of treatment efficacy
through rigorously controlled testing of human interventions. Conducting pediatric trials
is challenging due to the heterogeneity of the population and specific ethical issues [54,55].
Ethical concerns about the inclusion of children in clinical trials are disproportionately high,
resulting in strict laws and ethical guidelines [56,57]. The safeguarding of children traces
back to the Nüremberg code, which permits clinical investigations only in individuals
capable of giving informed consent [58], followed by the “Belmont Report” [59], ICH
Guideline For GCP [60] and ICH Topic E11 [61], Directive 2001/20/EC, Ref. [62], and others.
In the USA, the National Institute of Health (NIH) considers, under a legal framework, the
inclusion of children in clinical trials unless there are “scientific or ethical reasons to exclude
them”. Furthermore, in 1998, the FDA approved a requirement that new drugs intended
for use in children entering the market must undergo prior evaluation on “clinical tests in
the pediatric population to determine their security, effectiveness and correct dose” [63,64].

In Canada, the revised version of the Tri-Council Policy Statement: Ethical Conduct
for Research Involving Humans—TCPS 2 (2022) stipulates that the inclusion of pediatric
patients in clinical trials is permissible only when the study’s objectives cannot be achieved
through alternative means, informed consent is secured from parents or legal representa-
tives, and the research poses no more than minimal risk to the children [65]. Moreover,
numerous countries formulated ethical guidelines and regulatory frameworks for conduct-
ing clinical research involving children [1].

The number of clinical trials conducted in children is relatively small worldwide [66].
There exist neither mandatory requirements nor enough financial drivers for the devel-
opment of pediatric medicines. The high development costs and low expected returns of
new medicines for children do not usually attract the pharmaceutical industry to invest
in this area. Globally, the population of children aged 0 to 14 is declining. For 2022, they
comprise 25%, in comparison to 30% and 35% in 2000 and 1980, respectively. In 2022, in the
EU, children under 14 years only account for 15% of the total population [67].

A high level of evidence is a prerequisite that seriously limits available drug treatment
for children, as the underlying evidence is low across ages and drug classes. In a recent
analysis by van der Zanden [68], findings revealed that only 14% of all off-label records
(n = 2718) were substantiated by high-quality evidence, with 4% stemming from meta-
analyses or systematic reviews and 10% from high-quality randomized controlled trials
(RCTs). Furthermore, ethical, harmful, and consent concerns often pose challenges in
obtaining institutional review board approval for clinical trials involving children [69].
Some researchers advocate for concurrently conducting phase I/II clinical trials for both
adults and children, emphasizing the importance of interim reports from adult trials
to inform and enhance clinical studies involving children [70–73]. This approach aims
to minimize the time required to gather valuable and valid data on pediatric treatment
while safeguarding children from exposure to ineffective and harmful treatments [74].
Consequently, the scientific community bears the responsibility of encouraging clinical
trials in children to uncover novel and effective treatments. Viewing pediatric clinical
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research from a broader perspective, it underscores both the right of children to access
efficient, evidence-based treatments and the obligation of health authorities and regulatory
agencies to provide high-quality, evidence-based medical care.

3. Legislative and Ethical Measures for Off-Label Restriction

Over the past two decades, changes in drug regulation generated by the FDA and
EMA resulted in substantial changes in how new drugs with potential use in children
are studied and labeled [75,76]. To achieve child’s health protection and to ensure that
medications are used ethically, in 2007, the European Union (EU) issued legislation for the
development and authorization of pediatric drugs [77,78]. In addition, pharmaceutical
companies are required to submit a pediatric investigation plan (PIP) to the EMA’s Pediatric
Committee (PDCO) for every new medicine unless an exemption (waiver) is granted [79].
Ten years after Pediatric Regulation came into force, a total of 273 new medicines and
43 additional pharmaceutical forms appropriate for use in children were authorized in the
EU [80].

Several governmental regulations were established to address off-label use in children.
For example, the Pediatric Research Equity Act (PREA) of 2003 mandates pharmaceutical
companies to investigate the impacts of new drugs on children when these drugs have the
potential for pediatric prescriptions [81]. Studies conducted under PREA are obligatory,
while those under the Best Pharmaceuticals for Children Act (BPCA) are voluntary. BPCA
incentivizes pharmaceutical companies with an additional six months of patent exclusivity
for drugs already on the market if they conduct clinical trials involving children [82]. These
regulations not only underscore the importance of obtaining pediatric safety, efficacy, and
dosing information but also contribute to the transparency of the drug approval process.

In the United States, once a drug receives approval for a specific purpose, physicians
have the liberty to prescribe it for any other purpose they deem safe and effective in their
professional judgment, irrespective of official FDA-approved indications [4]. The FDA lacks
legal authority to regulate medical practice, allowing physicians to prescribe drugs off-label.
Contrary to common belief, the use of drugs off-label is legal in the USA and many other
countries. In 2014, the American Academy of Pediatrics issued a statement addressing the
off-label use of pharmaceuticals in children [83]. The statement advises pediatricians that
“Off-label use is neither incorrect nor investigational if based on sound scientific evidence,
expert medical judgment, or published literature”. Moreover, the statement advocates for
increased support and incentives for clinical testing of drugs in children and the publication
of all results, regardless of positive outcomes [83]. Therefore, for doctors to be able to treat
their patients safely and avoid experimental treatments, their choices should be based on
scientific evidence [84]. This leads to the conclusion that for such evidence to be available,
doctors and manufacturers should be incentivized to collect and publish data on off-label
use. This would contribute to driving the off-label use process.

In the United Kingdom, physicians are permitted to prescribe medications off-label.
In line with guidance from the General Medical Council, the physician must ensure there
is ample evidence or experience supporting the medicine’s safety and efficacy. Off-label
prescribing may be deemed necessary when no appropriately licensed medicine is acces-
sible to address the patient’s requirements or when the prescription is part of approved
research [85].

In China, a guideline was introduced in 2022 with the aim of aiding the management of
pediatricians, pharmacists, medical managers, policymakers, and primary care physicians
in handling the off-label use of drugs in pediatric cases. Additionally, the guideline offers
recommendations for shaping future healthcare policies [86].

An important ethical issue in this context is determining the responsible party for
informing parents or caregivers when a child is prescribed an off-label drug. Occasionally,
physicians do not provide this information, while on the other hand, the pharmacist is
obligated to give it [87]. Hence, two possibilities follow: (1) the parents are stressed and
refuse to give their child a drug with no established efficacy and safety and (2) the parents



Pharmaceutics 2023, 15, 2652 6 of 20

return to the doctor in search of another alternative drug [88]. In our view, to avoid
complications, it is a physician’s obligation (evidenced by giving informed consent), later
confirmed by the pharmacist.

4. Methods
4.1. Search Strategy for the Prevalence of Off-Label Use

A literature search for the prevalence of off-label drug use was conducted in PubMed,
Scopus, ScienceDirect, and Web of Science. Medical subject headings and free text searches
were identical in all databases (“off-label use”, “prevalence”, “pediatric”, “children”,
“neonates”, and/or “study”). Identified article titles and abstracts were reviewed, and
articles were included if evaluating off-label drug uses, with a clear description of the health
care setting and studied population. The duplicates were removed from the identified
papers with the help of Zotero software (v6.0.26), and the rest were browsed for relevance.
The search strategy, flow diagram, and retrieved articles are presented in Figure 1.
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Only full-text research articles published in English, between January 2012 and Decem-
ber 2022, and reporting on the prevalence of off-label prescribing in children were included
in this review. All papers considered relevant and meeting the selected criteria (n = 42)
were original articles discussing the off-label treatment in the pediatric population.

4.2. Inclusion and Exclusion Criteria

Reference lists were searched to identify any relevant articles. Therapeutic and clinical
guidelines, conference proceedings, book chapters, therapeutic strategies, and updates, as
well as all systematic or other reviews, were excluded.

Two review authors independently conducted the quality assessment of the eligible
studies. Owing to disparities in study design, children’s age, study duration, and outcome
measures, statistical pooling of data was not performed. Instead, a thematic analysis of the
included studies was undertaken, involving a meticulous examination and reexamination
to identify emerging themes and groupings of similar themes from the articles.

Data extracted included: the country where the study was performed, a clear descrip-
tion of the health care setting, the studied population, the number of patients included
in the study, the duration of the study, the number of prescriptions, and off-label drug
prescriptions as a percent. The included articles were divided into three age groups: from
0 to 18 years old; from 0 to 15 years old; and neonates. Further, the articles were browsed
for the most often off-label prescribed drug groups.

5. Results
5.1. Overall Prevalence of Off-Label Drug Prescribing in Pediatrics

We reviewed published literature from 2012 to 2022 to provide an up-to-date summary
of the extent of off-label use in pediatric patients. The proportion of off-label prescrip-
tions in our survey ranged from 3.3% (non-clinical settings; Italy) [89] to 94% (for NICU
patients; Ireland) [90]. Comparing our review with some previously published literature,
Moulis et al. [91] and Gore et al. [92] reported 7.0–78.7% and 36.3–97.0%, respectively.
Magalhães et al. [93] retrieved 34 studies in which off-label prescriptions ranged from
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12.2% to 70.6%. Balan et al. [94] reported a more extensive range of off-label prescrip-
tions (i.e., 1.2–99.7%). Experience in several countries showed that despite it being almost
impossible to estimate real-world data, especially in outpatients [95], many published
retrospective and prospective trials studies estimate a high proportion of off-label pediatric
prescribing [6]. As might reasonably be expected, patients treated out-of-hospital are less
likely to be prescribed off-label medications [89,96–98]. In a hospital setting, the disease
and patient’s condition are of primary importance. Oshikoya et al. [99] reported a low
rate of off-label prescriptions in the chronic treatment of epilepsy, asthma, and sickle cell
anemia, while in the most vulnerable group of NICU patients, the percentage skyrocketed
to 94% [90]. Comparative data on the extent of off-label prescribing in children 0 to 18 years
in different countries and regions, published in medical literature from 2012 to 2022, are
summarized in Table 1.

Table 1. Data on off-label prescribing in children 0 to 18 years by countries.

Country
% Off-Label
Prescriptions

(Total Prescriptions)

Type of Study
(Number of Patients and Age) Studied Period

Italy [89] 3.3% (4,027,119) Retrospective
(n = 1,708,755 non-clinical setting; 0–18 years)

12 months
(January–December 2011)

Finland [100] 71% (1054) Retrospective
(n = 123; inpatients; 0–18 years)

0.5 months
(April–May 2011)

Norway [101] 44% (930) Prospective cross-sectional
(n = 400 inpatients; 0–17 years)

6 months
(September–October 2013 and
(September–December 2014)

Sweden [102] 41% (11 294) Prospective
(n = 2947 inpatients; 0–18 years)

4 days
(2 days in May and 2 days in

October 2008)

Portugal [96] 28.1% (724) Retrospective descriptive
(n = 700 outpatient; 0–18 years)

12 months
(January–October 2010)

Croatia [103] 19.7% (1643) Prospective
(n = 531 inpatients; 0–18 years)

12 months
(May 2010–April 2011)

Slovakia [104] 15.7% (267) Prospective
(n = 68 inpatients; 2–18 years)

1 month
(February–March 2011)

USA [105] 36% (1090) Retrospective cohort
(n = 82 inpatients; 0–18 years)

3 months
(June 2008–August 2008)

Canada [106] 38.2% (2145) Retrospective cross-sectional
(n = 308 inpatients; 0–18 years)

A day
(5 March 2014)

Australia [107] 25.7% (2654) Retrospective
(n = 699 ED *, in- and outpatients; 0–18 years)

24 months
(January–December 2008)

Australia [108] 30.5% (6786) Retrospective observational
(n = 3343 ED patients; 0–17 years)

12 months
(July 2011–June 2012)

Australia [109] 53.9% (1160) Retrospective cross-sectional study
(n = 190 inpatients; 0–18 years)

1 month
(June 2013)

Malaysia [110] 34.1% (1295) Prospective
(n = 194 inpatients; 28 days–18 years)

3 months
(April–June 2012)

Indonesia [111] 71.5% (1961) Retrospective cross-sectional
(n = 200 inpatients; 1 month–18 years)

3 months
(August–October 2014)

Malaysia [112] 35.6% (508) Prospective
(n = 220 outpatients; 1 month–17 years)

6 months
(July 2011–December 2011)

Nigeria [99] 7.7% (1746) Retrospective descriptive
(n = 477 inpatients; 0–16 years)

12 months
(January–October 2015)

* ED = emergency department.

In the group of studies involving children up to 15 years of age (Table 2), the differences
in age and dose are the main reasons for off-label use. It is noteworthy that many drugs
were in off-label use for many years [113]. The most often prescribed drugs, as off-label
use, are from groups of drugs for the treatment of the respiratory system, anti-infectives,
nervous system, and alimentary system. Different studies give varying reasons for off-
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label use, such as dosage/frequency [114,115], age [116], and formulation [117]. All the
reported ranges are considerably wide. The prevalence rate of off-label medicine use in
Germany, especially for children aged 3 to 6 years, is 48.7% [95]. In 1998, Conroy [118]
performed a prospective study of off-label use in five European countries (United Kingdom,
Sweden, Germany, Italy, and the Netherlands) and found that off-label prescriptions were
39%. Schaffer, Ref. [119] reported only 12.2% of prescriptions, based on age, to be off-label
in Australia.

Table 2. Data on off-label prescribing in children 0 to ≤15 years by countries.

Country
% Off-Label
Prescriptions

(Total Prescriptions)

Type of Study (Number of Patients
and Age) Studied Period

Czech Republic [97] 9.02% (8559) Prospective observational
(n = 4282 outpatients; 0–15 years)

6 months
(January–June 2012)

Slovakia [104] 21% (206) Prospective
(n = 49 inpatients; 0–6 years)

1 month
(February–March 2011)

USA [120] 57% (240) Prospective observational
(n = 40 inpatients; 3 weeks–15 years)

4.5 months
(November 2011–April 2012)

Brazil [121] 31.7% (731) Retrospective cross-sectional
(n = 705 outpatients; 0–12 years)

5 months
(August–December 2012

Brazil [122] 39% (342) Prospective cross-sectional
(n = 342 inpatients; 0–14 years)

3 months
(November 2007–January 2008)

Brazil [123] 77.8% (1158) Prospective
(n = 320 inpatients; 2–14 years)

6 months
(September 2012–February 2013

Brazil [117] 45% (1328) Prospective observational
(n = 157 inpatients; 1 month–12 years)

A week period
Phase 1 (August 2014)
Phase 2 (January 2015)

Australia [114] 31.8% (887)

Retrospective
(n = 300 inpatients; 0–12 years)

Group 1—150 consecutive patients
Group 2—150 consecutive patients

2 months
Group 1 (1 July 2009–5 August 2009).
Group 2 (1 January 2010–22 February

2010)

India [113] 41.25% (1789) Prospective observational
(n = 482 PICU patients; 1 month–12 years)

12 months
(April 2012–March 2013)

India [98] 10.1% (405) Prospective cross-sectional
(n = 170 outpatients; 15 days–12 years)

2 months
(July 2012–August 2012)

Indonesia [116] 18.6% (4936) Retrospective population-based
(n = 4936 outpatients; 0–5 years)

12 months
(January–December 2012)

Pakistan [124] 48.6% (3168) Prospective, observational
(n = 895 inpatients; 1 month–15 years)

12 months
(March 2014–February 2015)

Malta [115] 51.7% (209) Prospective
(n = 209 outpatients; 0–14 years)

A month period
Phase 1 (September 2006)

Phase 2 (January 2007)

5.2. Prevalence of Off-Label Drug Prescribing in Neonates

Generally, neonates receive more prescriptions (mean = 5–7) per patient [117,125,126]. For
instance, Langerová et al. [97] reported the lowest rate of off-label use (9.019%; n = 4282 patients)
in children 0 to 15 years; however, the data on neonates are 40.9%, just as the other reports for
this age group (Table 3).
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Table 3. Data on off-label prescribing in neonates by countries.

Country
% Off-Label
Prescriptions

(Total Prescriptions)

Type of Study (Number of Patients
and Age) Studied Period

Spain [127] 22.5% (564) A Prospective, observational study
(n = 84 NICU * patients)

6 months
(April–September 2018)

Slovakia [128] 43% (962) Prospective cross-sectional
(n = 202 NICU patients)

6 months
(April–September 2012)

Portugal [129] 52.7% (1011) Retrospective cross-sectional study
(n = 218 NICU patients)

6 months
(January–June 2013)

France [130] 59.5% (8891) Prospective, observational
(n = 910 NICU patients)

12 months
(January–December 2012)

Italy [131] 59% (720) Prospective
(n = 220 NICU patients)

1-day survey
(May–July 2014)

Ireland [90] 94% (900) Prospective
(n = 110 NICU patients)

2 months
(February–March 2012)

Brazil [132] 27.7% (318) Observational cohort study
(n = 61 NICU patients)

1.5 months
(July–August 2011)

Brazil [133] 49.3% (3935) Prospective cohort study
(n = 220 NICU patients)

12 months
(August 2015–July 2016)

Brazil [134] 79.0% (16,143) A nonconcurrent, hospital-based cohort
study (n = 592 NICU preterm patients)

24 months
(January 2016–December 2017)

India [135] 50% (568) Prospective
(n = 156 NICU patients)

3 months
(June–August 2009)

India [136] 12.3% (2642) Prospective descriptive
(n = 460 NICU patients)

9 months
(July 2014–March 2015)

Pakistan [137] 52.14% (3448) Prospective, observational
(n = 1300 inpatients)

12 months
(May 2014–April 2015)

Israel [138] 64.8% (1064) Prospective
(n = 134 NICU patients)

2 months
(December 2015–January 2016)

* NICU = neonatal intensive care unit.

Gore et al. [92], Cuzzolin and Agostino [131], Gonçalves and Heineck [121], and
Aamir et al. [137] also reported a higher percentage of off-label prescriptions in pediatric
intensive care units (PICU), pediatric medical and surgical wards, and neonatal intensive
care units (NICU). In the study of Gore et al. [92], the number of patients studied ranged
from 34 in NICU to 355,409 hospitalized children. Gonçalves and Heineck [121] found that
95.5% of newborns were prescribed at least 1 off-label drug, and the studied newborns were
admitted to the NICU of a university hospital in Brazil. The condition’s severity and the
need for intensive care in the NICU may explain the considerable number of prescriptions
per patient [121,134]. Lindell-Osuagwu et al. [139] reported that in Finland, the proportion
of off-label prescriptions increased from 50% in the 2001 [139] to 71% in 2011 [100]. In
Mumbai, India, Chauthankar et al. [136] reported that 38% of neonates received at least one
off-label drug, and overall off-label use was 12.3%. Similarly, in Brazil, Carvalho et al. [132]
reported 27.7%, while Vieira et al. [134] reported 79% of off-label use. The great difference
is not due to the year the study was performed, but rather to the definition of off-label,
gestational age, inclusion and exclusion criteria, severity of medical condition, and variety
of drugs used. This indicates that both the low and the high percentages may be accepted
as valid. In contrast, a study performed in Norway [101] reported no difference between
neonates (42%) and total off-label prescriptions (44%; 0–17 years).

An aspect in which we found notable differences between studies is the reason why
the drug was used in off-label conditions. Such differences may be due to the definition of
off-label use and varying reasons for off-label use (Table 4).
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Table 4. Most common reasons for off-label use in the NICU.

Reason for Off-Label Determination Prevalence of the Reason
(%) Reference

Dosage 25.7–40–52–61.29 [129,136–138]
Indication 13.68–36 [137,138]
Frequency 32 [138]

Age 10.79–15–44.8 [130,137,138]
Route of administration 14 [138]

Combined (more than one reason) 0.11–8.12–15 [136–138]
Contraindication 13.8 [128]

5.3. Prevalence of Off-Label Drug Prescribing by Drug Groups

Prevalence of off-label prescribing also varies widely with the class of drugs: off-label
use was highest among anti-infectives [99,106,108,111,114,116,122,126,128–130,134–136,138],
CNS drug group [99,102,106,108,109,111,114,122,126,133–136], respiratory [104,107,108,111,
112,115,121,122,133], alimentary tract medicines [103,104,106–108,111,122,126,128,134], and
cardiovascular medications [107,113,119,126,133,134]. This order was also observed in
other studies [89,91,96,140–142], while the lowest off-label use was noted in antidiabetic
drugs [143].

Four of the studies reported the dose, age, and indication as major contributors to off-
label prescribing [99,106,111,112]. It is not possible to isolate individual, most commonly
prescribed off-label medications, as studies vary widely from one another. Most recently,
Oishi et al. [144] reported a surprisingly high (18.8%) level of off-label prescriptions of
asthma inhalers in pediatric patients aged 0–14 years in Japan. Despite the fact that
Carnovale et al. [89] reported that 12.8% of off-label prescriptions are contraindicated drugs,
any of the above-mentioned drug classes have well-established use in protocols, clinical
trials, and meta-analyses, but were not investigated in controlled clinical trials that meet
regulatory agency’s criteria [132].

Different studies give varying reasons for off-label use, such as dosage/frequency [114,115],
age [116], and formulation [117]. Likewise, in some studies [106,108], the existence of
published scientific evidence was analyzed as well. Smeets et al. [145] described that only
14% of all off-label records (n = 2718) were supported by high-quality evidence based on
randomized clinical trials. This indicates that data should be presented by age-related
periods in a child’s development, from neonates to adolescents, rather than overall, as well
as those inpatients, ED patients, and outpatients must be considered separately. The benefit
of these reviews is that it can be noted that most off-label prescriptions were prescribed
in neonates/infants, and especially in emergency settings [146], which is most likely due
to the extreme vulnerability of this group of patients and the lack of clinical studies,
including pharmacokinetic studies. These findings are supported by an EU report [79] and
corroborated by systematic reviews by Balan et al. [147] and Allen et al. [6]. By providing
fresh insights into the practice of off-label drug prescribing, these findings aim to contribute
to the generation of novel and more effective knowledge, addressing the demand for
high-quality drugs that are both safe and efficacious in the pediatric population.

In NICU, the most often off-label prescribed drug groups were anti-infectives (such as
amikacin, gentamicin, vancomycin, meropenem, cefepime, and cefazoline), followed by
drugs acting on the nervous system, the respiratory system, gastrointestinal system, and
cardiovascular agents in [128–136,138].

A comparison between included studies, regarding the most commonly off-label
prescribed active principles and the reason for it, was not performed in our study, due
to the sheer variety of drugs used and polypharmacy, especially where NICU or PICU
are concerned, different study periods, and the broad definition of off-label use, i.e., any-
thing beyond the official approved SmPC (mode of use, age group, indication, dose and
dosage regime, route of administration, contraindications, and precautions/warnings).
The main variations in the studies are due to: (1) the broad definition of off-label use,



Pharmaceutics 2023, 15, 2652 11 of 20

which includes all the information in the SmPC, such as dose and dose regimen, including
lower or higher dose, patient age and weight, route of administration, indications, and
precautions and contraindications [104,111,148]; (2) the drug information included in the
SmPC of the specific product or other products with the same active ingredient, as well
as the use of databases and formularies (national and international) when looking for
product information; (3) the patient’s condition (acute or chronic), as well as the duration
of the disease; (4) the physician’s experience and the availability of national therapeutic
recommendations for the disease; (5) the season in which the study was conducted; and
(6) inpatient or ambulatory treatment. All these factors are equal in severity.

6. Discussion

In a recent collaborative position statement, the European Academy of Pediatrics and
the European Society for Developmental Perinatal and Pediatric Pharmacology recom-
mend considering off-label prescribing for children as rational and clinically appropriate,
provided that the benefits outweigh the risks [149,150]. However, there is a lack of specific
guidance on how to evaluate the benefits and risks of off-label use. The application of
the Grading of Recommendations Assessment, Development, and Evaluation (GRADE)
methodology [151], commonly used in evidence-based medicine for assessing the benefits
and risks of an intervention, has limitations in this context. Crucial areas that are not
adequately addressed include appropriate dose selection, evaluation of the availability of
suitable drug formulations, and considerations of safety [152,153]. Special emphasis on
dose selection is crucial, as detailed in Section 2, considering that age-specific alterations
in pharmacokinetics (PKs) and pharmacodynamics (PDs) could significantly influence
the required dose to achieve the target exposure [50,154]. In addressing the inherent chal-
lenges of off-label prescribing in children, a practical framework named Benefit and Risk
Assessment for Off-label Use (BRAvO) was introduced in 2021 for healthcare profession-
als and guideline working groups. This framework provides guidance on whether and
how to conduct a benefit–risk analysis for off-label pediatric prescribing, encompassing
dose selection to ultimately enhance both drug efficacy and safety [150]. The conclusions
regarding the balance and acceptance of benefits and risks are, therefore, subject to the
judgment of healthcare professionals. While a standardized scoring system could objectify
the assessment outcome, it may also compromise ease of use. The framework, by ensur-
ing a structured and documented approach, promotes transparency and verifiability in
the decision-making process. Additionally, it is crucial to recognize that a benefit–risk
assessment is an ongoing and dynamic process. As new insights surface, the equilibrium
between benefits and risks may undergo significant shifts, potentially leading to different
conclusions [150]. Moreover, drug information is continually evolving with the emergence
of new formulations as technology advances. This dynamic nature means that studies
published at different times might have varying definitions of off-label prescription, even
for the same drug.

Over the past two decades, there were significant advances in policy and legislation
that support the development of medicines used from neonates to adolescents [155–157].
Since the introduction of the US and European legislation, we witnessed the most substan-
tial advances in pediatric drug development, resulting in the incorporation of pediatric use
labeling information in almost 700 product labels [158,159]. The Pediatric Regulation was
enacted in the European Union (EU) on 26 January 2007, with the primary goal of enhanc-
ing the health of children in Europe by simplifying the development and accessibility of
medicines for individuals aged 0 to 17 years. In October 2017, the European Commission
released a comprehensive ten-year report on the implementation of the Pediatric Regu-
lation [160]. The report indicates a notable increase in the availability of medicines for
children across various therapeutic areas over the past decade, particularly in rheumatol-
ogy and infectious diseases. However, it also highlights limited progress in conditions
exclusively affecting children or those exhibiting biological distinctions between adults and
children, especially in the case of rare diseases. Subsequently, the European Commission,
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along with the European Medicines Agency (EMA) and its Pediatric Committee (PDCO),
devised an action plan to enhance the implementation of the Regulation [161].

The longstanding use of off-label medications in children is a common global phe-
nomenon and remains a concern, persisting despite heightened awareness and enacted
legislation. It is noteworthy that many drugs were in off-label use for many years [113]. A
typical example is paracetamol, which is often mentioned as off-label use [96,102,109,111,
118,122,124,127,129,132,136,137], despite it being on the market for nearly 70 years. The
lack of pediatric information or if it is insufficient or unclear in the SmPCs emerges as one
of the main factors for classifying a drug as off-label in many cases. Our literature review
demonstrates that off-label use of medications in pediatric patients is a common practice
accounting for inpatients and outpatients. We evaluated the problems and achievements
in the off-label treatment of children. A wide range of results were detected between
studies. The number of products identified varies greatly between the studies, depending
on the country, the studied period (from one day [106] to two years [134]), and the num-
ber and kind of units included. Such difference may be due to the inequalities in drug
therapies dependent on geographic areas and updates in SmPC. This may lead to some
of the off-label uses being considered as such, because despite the experience with a drug,
it is introduced in the clinical guidelines but not in the drug’s SmPC. Hence, off-label use
could be associated with increased safety concerns, and under or overdosing due to insuffi-
cient or unclear information for use in children [92,162,163]. Despite various international
regulatory initiatives and achievements over the past 20 years, many challenges remain
in the development and evaluation of the safety and efficacy of pediatric medicines [164].
The review showed the complexity of the matter. More age-specific research is needed
to provide adequate drug safety and efficacy for children. Until more data are provided,
clinical decision-making should be guided by the best available scientific evidence and
closely monitored while authorities, academics, and manufacturers collaborate to foster
trials and authorize adequate drugs for this population. Therefore, we agree with Ya-
mashiro et al. [165], van der Zanden et al., [150], and Kaguelidou et al. [164] that the most
important thing is the compliance with the off-label prescription algorithm and the creation
of a professional network of off-label prescriptions and their implications so that healthcare
providers have a foundation to stand on when deciding whether to prescribe an off-label
drug or not.

The problem of pediatric clinical trials existed for many years. Although there were
great achievements in the last two decades, clinical trials in children will always lag
behind those in adults because of the enormous diversity and specificity of this category of
patients [164]. Off-label use in pediatrics is ubiquitous and primarily based on physicians’
experience, collaboration, knowledge, and existing published scientific literature.

The key determinants and interactions between the patient’s state of health, the
doctor’s knowledge and experience, legislative measures, and the influence of the phar-
maceutical industry on the prescription of off-label drugs in pediatrics are, first of all,
the different age groups in children, characterized by their anatomical, morphological,
and the psychological condition, that makes the creation of medicines for children a great
challenge for the industry. Secondly, it is evidence-based medicine, which allows the
medical practitioners, based on their experience, to prescribe a drug that is not intended,
but which they are afraid to promote because of the risk of a possible error. The next
determinant is the various legislative measures and initiatives around the world that seek
to facilitate children’s access to medicines, but which are not uniform, which in turn leads
to confusion in an industry characterized by globalization rather than segmentation, and
this versatility leads to choosing the easiest step—avoiding development of medicines
for children. Conversely, variations in regulatory criteria among national agencies can
contribute to the prevalence of off-label prescriptions. Overly stringent criteria may result
in reduced access to medications [166]. Given the prevalence of off-label drug use, the
cooperation of health and regulatory authorities on one hand, and the pharmaceutical
industry on the other side, is integral to instituting individual measures to provide safe and
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comprehensive pharmacotherapy for pediatric patients. Enforcement of legislation in the
drug development process, along with subsequent pharmacovigilance, has the potential to
enhance the quality of information and increase accountability within the pharmaceutical
industry. This, in turn, could aid and streamline drug research in children [92]. Where
it is common and evidence-based, the marketing authorization holder and the relevant
regulatory authorities should have a shared responsibility to take appropriate measures
to address legal uncertainties and safety concerns, including updating the SmPC. Health
authorities and health insurance should support and thus reimburse therapeutic practices
that are evidence-based or recommended by a respected and responsible professional
body, regardless of labeling status. Legislation should be enacted to effectively encourage
research into off-label medicines and facilitate the registration of off-label uses with a
favorable balance between benefits and harms [149].

To summarize, the evidence, as shown in our study, is that different countries have
different extents of off-label prescriptions (from 3.3% for non-clinical settings to 94% for
NICU patients). A major problem arises that depending on the clinical setting and the
region, different drugs may be prioritized for various periods, which is especially certain
for antibiotics. The lack of pediatric information or if it is insufficient or unclear in the
SmPC emerges as one of the main factors for classifying a drug as off-label in many of
the cases. We posit that the considerable variability in the observed ranges stems from
significant heterogeneity among the studies under review, likely attributed to differences
in methodology and the diverse patient populations studied (ranging from general ward to
ICU patients). The varying perspectives among prescribers, influenced by their experience
and the availability of drugs in their local contexts, could also contribute to this heterogene-
ity. Notably, ICU patients, being generally more unwell, may receive a higher volume of
prescriptions compared to patients in general wards. Additionally, hospitalized patients
present a spectrum of diagnoses, leading to diverse drug prescriptions with variations in
frequencies, formulations, dosages, and routes of administration. Because significantly
more off-label medicines are prescribed at NICU and PICU, it is of paramount importance
to provide the best possible information to prescribers on the appropriate use of medicines
for children, especially concerning age and dose.

7. Conclusions
7.1. Achievements

In conclusion, though much progress in pediatric drug development was made over
the past several years, further efforts are necessary to improve the availability of pedi-
atric medications. Unless there is an increase in the availability of sufficient pediatric
clinical trials and licensed drugs, the practice of off-label drug prescriptions should not
be discouraged, but rather encouraged in a systematic manner. Our review offers recom-
mendations for expanding scientific knowledge and understanding of the off-label use.
The results are not directly comparable but provide valuable information on the issue.
To allow results comparability, the need to unify the presentation of clinical studies on
the prevalence of off-label use in pediatrics is highlighted. Equally, prescribers should
(1) refer to authorized drug databases/formularies or drug information in the Summary of
Product Characteristics (SmPC) before prescribing; (2) contemplate prescribing an off-label
drug only when essential, following discussions with the patients’ parents or caregivers
regarding associated risks and benefits; (3) inform the parents or caregivers and sign a
consent form; and (4) closely monitor the patient, taking necessary steps to address adverse
reactions following an off-label drug prescription, and ensure proper documentation while
submitting the report to the country’s drug authority. In our opinion, off-label use should
be accepted as an already established practice, but on the assumption that it is based on
evidence-based medicine, especially when it comes to old medicines that are of particular
importance for young patients.
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7.2. Limitations

Our study had several limitations. We do not distinguish between in- and outpatients,
age groups, and active principles used because of the vast divergencies (study design
methodologies, terms of participants, and different study periods) between reviewed
studies. We do not comment on the most often used medicines as well as the consequences
of off-label prescriptions, as the present paper is a narrative review of the literature on the
prevalence of off-label drug use in children for the period of 2012 to 2022.
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103. Palčevski, G.; Skočibušić, N.; Vlahović-Palčevski, V. Unlicensed and off-label drug use in hospitalized children in Croatia: A
cross-sectional survey. Eur. J. Clin. Pharmacol. 2012, 68, 1073–1077. [CrossRef]

104. Slažneva, J.; Kovács, L.; Kuželová, M. Off-label drug use among hospitalized children: Identifying extent and nature. Eur. Pharm.
J. 2012, 59, 48–54. [CrossRef]

105. Maltz, L.A.; Klugman, D.; Spaeder, M.C.; Wessel, D.L. Off-Label Drug Use in a Single-Center Pediatric Cardiac Intensive Care
Unit. World J. Pediatr. Congenit. Heart Surg. 2013, 4, 262–266. [CrossRef]

106. Corny, J.; Bailey, B.; Lebel, D.; Bussières, J.-F. Unlicensed and off-label drug use in paediatrics in a mother-child tertiary care
hospital. Paediatr. Child Health 2016, 21, 83–87. [CrossRef]

107. Czarniak, P.; Bint, L.; Favié, L.; Parsons, R.; Hughes, J.; Sunderland, B. Clinical Setting Influences Off-Label and Unlicensed
Prescribing in a Paediatric Teaching Hospital. PLoS ONE 2015, 10, e0120630. [CrossRef]

108. Taylor, D.M.; Joffe, P.; Taylor, S.E.; Jones, A.; Cheek, J.A.; Craig, S.S.; Graudins, A.; Dhir, R.; Krieser, D.; Babl, F.E. Off-label and
unlicenced medicine administration to paediatric emergency department patients. Emerg. Med. Australas. 2015, 27, 440–446.
[CrossRef]

109. Landwehr, C.; Richardson, J.; Bint, L.; Parsons, R.; Sunderland, B.; Czarniak, P. Cross-sectional survey of off-label and unlicensed
prescribing for inpatients at a paediatric teaching hospital in Western Australia. PLoS ONE 2019, 14, e0210237. [CrossRef]

110. Lee, J.L.; Redzuan, A.M.; Shah, N.M. Unlicensed and off-label use of medicines in children admitted to the intensive care units of
a hospital in Malaysia. Int. J. Clin. Pharm. 2013, 35, 1025–1029. [CrossRef]

111. Tukayo, B.L.A.; Sunderland, B.; Parsons, R.; Czarniak, P. High prevalence of off-label and unlicensed paediatric prescribing in a
hospital in Indonesia during the period Aug.—Oct. 2014. PLoS ONE 2020, 15, e0227687. [CrossRef]

112. Mohamad, N.F.; Ali, A.M.; Shah, N.M. Respiratory drugs prescribed off-label among children in the outpatient clinics of a hospital
in Malaysia. Int. J. Clin. Pharm. 2014, 37, 127–132. [CrossRef]

113. Jobanputra, N.; Save, S.U.; Bavdekar, S.B. Off-label and unlicensed drug use in children admitted to Pediatric Intensive Care
Units (PICU). Int. J. Risk Saf. Med. 2015, 27, 113–121. [CrossRef]

114. Ballard, C.D.; Peterson, G.M.; Thompson, A.J.; Beggs, S.A. Off-label use of medicines in paediatric inpatients at an Australian
teaching hospital. J. Paediatr. Child Health 2013, 49, 38–42. [CrossRef]

115. Ellul, I.C.; Grech, V. Off-label and unlicensed paediatric prescribing in a community setting: A prospective longitudinal cohort
study in Malta. Paediatr. Int. Child Health 2014, 34, 12–18. [CrossRef]

116. Abdulah, R.; Khairinisa, M.A.; Pratiwi, A.A.; Barliana, M.I.; Pradipta, I.S.; Halimah, E.; Diantini, A.; Lestari, K. Off-label paediatric
drug use in an Indonesian community setting. J. Clin. Pharm. Ther. 2015, 40, 409–412. [CrossRef]

117. Dornelles, A.D.; Calegari, L.H.; de Souza, L.; Ebone, P.; Tonelli, T.S.; Carvalho, C.G. The Unlicensed and Off-label Prescription of
Medications in General Paediatric Ward: An Observational Study. Curr. Pediatr. Rev. 2019, 15, 62–66. [CrossRef]

118. Conroy, S.; Choonara, I.; Impicciatore, P.; Mohn, A.; Arnell, H.; Rane, A.; Knoeppel, C.; Seyberth, H.; Pandolfini, C.; Raffaelli,
M.P.; et al. Survey of unlicensed and off label drug use in paediatric wards in European countries. European Network for Drug
Investigation in Children. BMJ 2000, 320, 79–82. [CrossRef]

119. Schaffer, A.L.; Bruno, C.; Buckley, N.A.; Cairns, R.; Litchfield, M.; Paget, S.; Zoega, H.; Nassar, N.; Pearson, S. Prescribed medicine
use and extent of off-label use according to age in a nationwide sample of Australian children. Paediatr. Périnat. Epidemiol. 2022,
36, 726–737. [CrossRef]

120. Luedtke, K.E.; Buck, M.L. Evaluation of Off-label Prescribing at a Children’s Rehabilitation Center. J. Pediatr. Pharmacol. Ther.
2014, 19, 296–301. [CrossRef]

121. Gonçalves, M.G.; Heineck, I. Frequency of prescriptions of off-label drugs and drugs not approved for pediatric use in primary
health care in a southern municipality of Brazil. Rev. Paul Pediatr. 2016, 34, 11–17. [CrossRef]

122. Dos Santos, L.; Heineck, I. Drug utilization study in pediatric prescriptions of a university hospital in southern brazil: Off-label,
unlicensed and high-alert medications. Farm. Hosp. 2012, 36, 180–186. [CrossRef]

123. Pereira Gomes, V.; Melo da Silva, K.; Oliveira Chagas, S.; dos Santos Magalhães, I.R. Off-label and unlicensed utilization of drugs
in a Brazilian pediatric hospital. Farm. Hosp. 2015, 39, 176–180. [CrossRef]

124. Aamir, M.; Khan, J.A.; Shakeel, F.; Asim, S.M. Unlicensed and off-label use of drugs in pediatric surgical units at tertiary care
hospitals of Pakistan. Int. J. Clin. Pharm. 2017, 39, 860–866. [CrossRef]

125. Saito, J.; Nadatani, N.; Setoguchi, M.; Nakao, M.; Kimura, H.; Sameshima, M.; Kobayashi, K.; Matsumoto, H.; Yoshikawa, N.;
Yokoyama, T.; et al. Potentially harmful excipients in neonatal medications: A multicenter nationwide observational study in
Japan. J. Pharm. Health Care Sci. 2021, 7, 23. [CrossRef]

https://doi.org/10.1080/14740338.2017.1344639
https://doi.org/10.1111/jcpt.12119
https://doi.org/10.1111/jphp.12581
https://doi.org/10.1111/j.1651-2227.2012.02656.x
https://doi.org/10.1007/s00228-012-1221-x
https://doi.org/10.2478/v10219-012-0016-6
https://doi.org/10.1177/2150135113481042
https://doi.org/10.1093/pch/21.2.83
https://doi.org/10.1371/journal.pone.0120630
https://doi.org/10.1111/1742-6723.12431
https://doi.org/10.1371/journal.pone.0210237
https://doi.org/10.1007/s11096-013-9846-0
https://doi.org/10.1371/journal.pone.0227687
https://doi.org/10.1007/s11096-014-0049-0
https://doi.org/10.3233/JRS-150653
https://doi.org/10.1111/jpc.12065
https://doi.org/10.1179/204690513X13656734979929
https://doi.org/10.1111/jcpt.12276
https://doi.org/10.2174/1573396314666181113101506
https://doi.org/10.1136/bmj.320.7227.79
https://doi.org/10.1111/ppe.12870
https://doi.org/10.5863/1551-6776-19.4.296
https://doi.org/10.1016/j.rpped.2015.06.008
https://doi.org/10.1016/j.farma.2010.12.008
https://doi.org/10.7399/FH.2015.39.3.8472
https://doi.org/10.1007/s11096-017-0485-8
https://doi.org/10.1186/s40780-021-00208-9


Pharmaceutics 2023, 15, 2652 19 of 20

126. Flint, R.B.; van Beek, F.; Andriessen, P.; Zimmermann, L.J.; Liem, K.D.; Reiss, I.K.; de Groot, R.; Tibboel, D.; Burger, D.M.; Simons,
S.H.; et al. Large differences in neonatal drug use between NICUs are common practice: Time for consensus? Br. J. Clin. Pharmacol.
2018, 84, 1313–1323. [CrossRef]

127. Alonso, A.S.; Avila-Alvarez, A.; Eiriz, M.C.; Roca, C.M.; Gómez, P.Y.; López, A.C.; Trisac, J.L.F.; Díaz, S.P. Use of off-label drugs in
neonatal intensive care. Anal. Pediatr. 2019, 91, 237–243. [CrossRef]

128. Schweigertova, J.; Durisova, A.; Dolnikova, D.; Ondriasova, E.; Balazova, M.; Slezakova, V.; Kuzelova, M. Off-label and unlicensed
use of medicinal products in the neonatal setting in the Slovak Republic. Pediatr. Int. 2016, 58, 126–131. [CrossRef]

129. Silva, J.; Flor-De-Lima, F.; Soares, H.; Guimarães, H. Off-Label and Unlicensed Drug Use in Neonatology: Reality in a Portuguese
University Hospital. Acta Med. Portug. 2015, 28, 297–306. [CrossRef]

130. Riou, S.; Plaisant, F.; Boulch, D.M.; Kassai, B.; Claris, O.; Nguyen, K.-A. Unlicensed and off-label drug use: A prospective study in
French NICU. Acta Paediatr. 2015, 104, e228–e231. [CrossRef]

131. Cuzzolin, L.; Agostino, R. Off-label and unlicensed drug treatments in Neonatal Intensive Care Units: An Italian multicentre
study. Eur. J. Clin. Pharmacol. 2016, 72, 117–123. [CrossRef]

132. Carvalho, C.G.; Ribeiro, M.R.; Bonilha, M.M.; Fernandes, M., Jr.; Procianoy, R.S.; Silveira, R.C. Use of off-label and unlicensed
drugs in the neonatal intensive care unit and its association with severity scores. J. Pediatr. 2012, 88, 465–470. [CrossRef]

133. Costa, H.T.M.d.L.; Costa, T.X.; Martins, R.R.; Oliveira, A.G. Use of off-label and unlicensed medicines in neonatal intensive care.
PLoS ONE 2018, 13, e0204427. [CrossRef]

134. Vieira, V.C.; Costa, R.S.; Lima, R.C.G.; Queiroz, D.B.; de Medeiros, D.S. Prescription of off-label and unlicensed drugs for preterm
infants in a neonatal intensive care unit. Rev. Brasil. Ter. Intens. 2021, 33, 266–275. [CrossRef]

135. Jain, S.; Saini, S.S.; Chawla, D.; Kumar, P.; Dhir, S. Off-label use of drugs in neonatal intensive care units. Indian Pediatr. 2014,
51, 644–646. [CrossRef]

136. Chauthankar, S.A.; Marathe, P.A.; Potey, A.V.; Nanavati, R.N. Drug utilization in neonatal intensive care unit of a tertiary-care
hospital in Mumbai, India. Indian Pediatr. 2017, 54, 931–934. [CrossRef]

137. Aamir, M.; Khan, J.A.; Shakeel, F.; Shareef, R.; Shah, N. Drug utilization in neonatal setting of Pakistan: Focus on unlicensed and
off label drug prescribing. BMC Pediatr. 2018, 18, 242. [CrossRef]

138. Nir-Neuman, H.; Abu-Kishk, I.; Toledano, M.; Heyman, E.; Ziv-Baran, T.; Berkovitch, M. Unlicensed and Off-Label Medication
Use in Pediatric and Neonatal Intensive Care Units: No Change Over a Decade. Adv. Ther. 2018, 35, 1122–1132. [CrossRef]

139. Lindell-Osuagwu, L.; Korhonen, M.J.; Saano, S.; Helin-Tanninen, M.; Naaranlahti, T.; Kokki, H. Off-label and unlicensed drug
prescribing in three paediatric wards in Finland and review of the international literature. J. Clin. Pharm. Ther. 2009, 34, 277–287.
[CrossRef]

140. Belayneh, A.; Abatneh, E.; Abebe, D.; Getachew, M.; Kebede, B.; Dessie, B. Off-label medication use in pediatrics and associated
factors at public hospitals in east Gojjam zone, Ethiopia. SAGE Open Med. 2022, 10, 20503121221096534. [CrossRef]

141. Czaja, A.S.; Reiter, P.D.; Schultz, M.L.; Valuck, R.J. Patterns of Off-Label Prescribing in the Pediatric Intensive Care Unit and
Prioritizing Future Research. J. Pediatr. Pharmacol. Ther. 2015, 20, 186–196. [CrossRef]

142. Blanco-Reina, E.; Medina-Claros, A.; Vega-Jiménez, M.; Ocaña-Riola, R.; Márquez-Romero, E.; Ruiz-Extremera, Á. Drug utilization
pattern in children and off-label use of medicines in a pediatric intensive care unit. Med. Intensiv. 2015, 40, 1–8. [CrossRef]

143. Arocas Casañ, V.; Cabezuelo Escribano, B.; Garrido-Corro, B.; De la Cruz Murie, P.; Blázquez Álvarez, M.J.; De la Rubia Nieto,
M.A. Off-label and unlicensed drug use in a Spanish Neonatal Intensive Care Unit. Farm. Hosp. 2017, 41, 371–381. [CrossRef]

144. Oishi, K.; Inage, E.; Kojima, M.; Yamada, H.; Tanaka, Y.; Yoneyama, T.; Yamazaki, S.; Honjo, A.; Baba, Y.; Kudo, T.; et al. Evidence
of off-label inhalation therapy on pediatric asthma practice in Japan. Pediatr. Int. 2023, 65, e15595. [CrossRef]

145. Smeets, N.J.L.; Raaijmakers, L.P.M.; van der Zanden, T.M.; Male, C.; de Wildt, S.N. Guiding future paediatric drug studies
based on existing pharmacokinetic and efficacy data: Cardiovascular drugs as a proof of concept. Br. J. Clin. Pharmacol. 2023,
89, 2888–2901. [CrossRef]

146. Zodidi, M. Off Label and Unlicensed Drug Use in Neonatal Wards (Excluding Neonatal ICU) at Tygerberg Children’s Hos-
pital (TBH). Master’s Thesis, (MMed)-Stellenbosch University, Stellenbosch, South Africa, December 2019. Available online:
http://hdl.handle.net/10019.1/106987 (accessed on 20 August 2023).

147. Balan, S.; Hassali, M.A.A.; Mak, V.S.L. Two decades of off-label prescribing in children: A literature review. World J. Pediatr. 2018,
14, 528–540. [CrossRef]

148. Le Jeunne, C.; Billon, N.; Dandon, A.; Berdaï, D.; Adgibi, Y.; Bergmann, J.-F.; Bordet, R.; Carpentier, A.; Cohn, E.; Courcier, S.; et al.
Off-label Prescriptions: How to Identify Them, Frame Them, Announce Them and Monitor Them in Practice? Therapies 2013,
68, 233–239. [CrossRef]

149. Schrier, L.; Hadjipanayis, A.; Stiris, T.; Ross-Russell, R.I.; Valiulis, A.; Turner, M.A.; Zhao, W.; De Cock, P.; De Wildt, S.N.; Allegaert,
K.; et al. Off-label use of medicines in neonates, infants, children, and adolescents: A joint policy statement by the European
Academy of Paediatrics and the European society for Developmental Perinatal and Pediatric Pharmacology. Eur. J. Pediatr. 2020,
179, 839–847. [CrossRef]

150. van der Zanden, T.M.; Mooij, M.G.; Vet, N.J.; Neubert, A.; Rascher, W.; Lagler, F.B.; Male, C.; Grytli, H.; Halvorsen, T.; de Hoog,
M.; et al. Benefit-Risk Assessment of Off-Label Drug Use in Children: The Bravo Framework. Clin. Pharmacol. Ther. 2021,
110, 952–965. [CrossRef]

https://doi.org/10.1111/bcp.13563
https://doi.org/10.1016/j.anpedi.2018.12.015
https://doi.org/10.1111/ped.12771
https://doi.org/10.20344/amp.5271
https://doi.org/10.1111/apa.12924
https://doi.org/10.1007/s00228-015-1962-4
https://doi.org/10.2223/JPED.2231
https://doi.org/10.1371/journal.pone.0204427
https://doi.org/10.5935/0103-507X.20210034
https://doi.org/10.1007/s13312-014-0468-y
https://doi.org/10.1007/s13312-017-1184-1
https://doi.org/10.1186/s12887-018-1211-y
https://doi.org/10.1007/s12325-018-0732-y
https://doi.org/10.1111/j.1365-2710.2008.01005.x
https://doi.org/10.1177/20503121221096534
https://doi.org/10.5863/1551-6776-20.3.186
https://doi.org/10.1016/j.medin.2014.11.007
https://doi.org/10.7399/fh.2017.41.3.10691
https://doi.org/10.1111/ped.15595
https://doi.org/10.1111/bcp.15781
http://hdl.handle.net/10019.1/106987
https://doi.org/10.1007/s12519-018-0186-y
https://doi.org/10.2515/therapie/2013041
https://doi.org/10.1007/s00431-019-03556-9
https://doi.org/10.1002/cpt.2336


Pharmaceutics 2023, 15, 2652 20 of 20

151. Guyatt, G.H.; Oxman, A.D.; Vist, G.E.; Kunz, R.; Falck-Ytter, Y.; Alonso-Coello, P.; Schünemann, H.J.; GRADE Working Group.
GRADE: An emerging consensus on rating quality of evidence and strength of recommendations. BMJ 2008, 336, 924–926.
[CrossRef]

152. Kalra, A.; Goindi, S. Issues Impacting Therapeutic Outcomes in Pediatric Patients: An Overview. Curr. Pediatr. Rev. 2014,
10, 184–193. [CrossRef]

153. Ivanovska, V.; Rademaker, C.M.; van Dijk, L.; Mantel-Teeuwisse, A.K. Pediatric Drug Formulations: A Review of Challenges and
Progress. Pediatrics 2014, 134, 361–372. [CrossRef]

154. Richey, R.H.; Hughes, C.; Craig, J.V.; Shah, U.U.; Ford, J.L.; Barker, C.E.; Peak, M.; Nunn, A.J.; Turner, M.A. A systematic review of
the use of dosage form manipulation to obtain required doses to inform use of manipulation in paediatric practice. Int. J. Pharm.
2017, 518, 155–166. [CrossRef]

155. Greenberg, R.G.; McCune, S.; Attar, S.; Hovinga, C.; Stewart, B.; Lacaze-Masmonteil, T. Pediatric Clinical Research Networks:
Role in Accelerating Development of Therapeutics in Children. Ther. Innov. Regul. Sci. 2022, 56, 934–947. [CrossRef]

156. Green, D.J.; Zineh, I.; Burckart, G.J. Pediatric Drug Development: Outlook for Science-Based Innovation. Clin. Pharmacol. Ther.
2018, 103, 376–378. [CrossRef]

157. Samuels, S.; Park, K.; Bhatt-Mehta, V.; Sun, H.; Mulugeta, Y.; Yao, L.; Green, D.J.; Burckart, G.J. Pediatric Efficacy Extrapolation
in Drug Development Submitted to the US Food and Drug Administration 2015–2020. J. Clin. Pharmacol. 2023, 63, 307–313.
[CrossRef]

158. Dunn, A.; Jung, D.; Bollinger, L.L.; Krams, M.; Smith, B.P.; Gobburu, J.V.S. Accelerating the Availability of Medications to Pediatric
Patients by Optimizing the Use of Extrapolation of Efficacy. Ther. Innov. Regul. Sci. 2022, 56, 873–882. [CrossRef]

159. Ward, R.M.; Benjamin, D.K.; Davis, J.M.; Gorman, R.L.; Kauffman, R.; Kearns, G.L.; Murphy, M.D.; Sherwin, C.M. The Need for
Pediatric Drug Development. J. Pediatr. 2018, 192, 13–21. [CrossRef]

160. State of Paediatric Medicines in the EU. Available online: https://health.ec.europa.eu/system/files/2017-11/2017
_childrensmedicines_report_en_0.pdf (accessed on 28 August 2023).

161. Boosting the Development of Medicines for Children. Closing Report of the European Medicines Agency and European Commission
(DG Health and Food Safety) Action Plan on Paediatrics. EMA/635567/2022. Available online: https://www.ema.europa.eu/en/
documents/report/boosting-development-medicines-children-closing-report-european-medicines-agency-european-commission_
en.pdf (accessed on 26 August 2023).

162. Bellis, J.R.; Kirkham, J.J.; Nunn, A.J.; Pirmohamed, M. Adverse drug reactions and off-label and unlicensed medicines in children:
A prospective cohort study of unplanned admissions to a paediatric hospital. Br. J. Clin. Pharmacol. 2014, 77, 545–553. [CrossRef]

163. Saiyed, M.M.; Lalwani, T.; Rana, D. Is off-label use a risk factor for adverse drug reactions in pediatric patients? A prospective
study in an Indian tertiary care hospital. Int. J. Risk Saf. Med. 2015, 27, 45–53. [CrossRef]

164. Kaguelidou, F.; Ouèdraogo, M.; Treluyer, J.-M.; Le Jeunne, C.; Annereau, M.; Blanc, P.; Bureau, S.; Ducassou, S.; Fiquet, B.; Flamein,
F.; et al. Paediatric drug development and evaluation: Existing challenges and recommendations. Therapie 2023, 78, 105–114.
[CrossRef]

165. Yamashiro, Y.; Martin, J.; Gazarian, M.; Kling, S.; Nakamura, H.; Matsui, A.; Cucchiara, S.; Aloi, M.; Wynn, E.L.; Mulberg, A.E.
Drug Development: The use of unlicensed/off-label medicines in pediatrics. J. Pediatr. Gastroenterol. Nutr. 2012, 55, 506–510.
[CrossRef]

166. Costa, H.T.M.L.; Florencio, A.P.; Bezerra, P.K.D.V.; Cavalcanti, J.E.C.; Costa, T.X.; Fernandes, F.E.M.; Martins, R.R. Comparative
assessment of off-label and unlicensed drug prescription in neonatal intensive care: FDA versus Brazilian guidelines. An. Pediatr.
2021, 94, 153–160. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.2174/1573396309666131209211017
https://doi.org/10.1542/peds.2013-3225
https://doi.org/10.1016/j.ijpharm.2016.12.032
https://doi.org/10.1007/s43441-022-00453-6
https://doi.org/10.1002/cpt.1001
https://doi.org/10.1002/jcph.2160
https://doi.org/10.1007/s43441-022-00411-2
https://doi.org/10.1016/j.jpeds.2017.08.011
https://health.ec.europa.eu/system/files/2017-11/2017_childrensmedicines_report_en_0.pdf
https://health.ec.europa.eu/system/files/2017-11/2017_childrensmedicines_report_en_0.pdf
https://www.ema.europa.eu/en/documents/report/boosting-development-medicines-children-closing-report-european-medicines-agency-european-commission_en.pdf
https://www.ema.europa.eu/en/documents/report/boosting-development-medicines-children-closing-report-european-medicines-agency-european-commission_en.pdf
https://www.ema.europa.eu/en/documents/report/boosting-development-medicines-children-closing-report-european-medicines-agency-european-commission_en.pdf
https://doi.org/10.1111/bcp.12222
https://doi.org/10.3233/JRS-150642
https://doi.org/10.1016/j.therap.2022.11.010
https://doi.org/10.1097/MPG.0b013e318272af1f
https://doi.org/10.1016/j.anpedi.2020.07.010

	Introduction 
	The Need for Pediatric Drugs 
	Features of the Children 
	Drug Formulations for Children 
	Dosing in Children 
	Conducting Clinical Research with Children 

	Legislative and Ethical Measures for Off-Label Restriction 
	Methods 
	Search Strategy for the Prevalence of Off-Label Use 
	Inclusion and Exclusion Criteria 

	Results 
	Overall Prevalence of Off-Label Drug Prescribing in Pediatrics 
	Prevalence of Off-Label Drug Prescribing in Neonates 
	Prevalence of Off-Label Drug Prescribing by Drug Groups 

	Discussion 
	Conclusions 
	Achievements 
	Limitations 

	References

