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Off-label medication use refers to prescribing drugs outside the approved labeling
regarding age, dose, indication, route, or frequency of administration. In pediatric
practice, off-label prescribing is highly prevalent due to the limited availability of
adequately tested and licensed medications for children. This narrative review aims to
summarize the prevalence of off-label medication use in pediatric patients, evaluate
associated safety concerns, and discuss rational prescribing practices to optimize
therapeutic outcomes. Evidence from published literature demonstrates that off-label
prescribing rates range widely from 3.2% to 95%, particularly in neonatal and intensive
care settings. Although off-label use may provide essential therapeutic benefits, it is
associated with increased risks of adverse drug reactions (ADRs), dosing errors, and
insufficient evidence regarding efficacy and safety. Regulatory initiatives such as the
Best Pharmaceuticals for Children Act (BPCA) and Pediatric Research Equity Act
(PREA) have improved pediatric labeling; however, significant gaps remain. Rational
prescribing practices, including evidence-based prescribing, clinical pharmacist
involvement, pharmacovigilance and adherence to pediatric formularies are crucial for
minimizing risks associated with off-label drug use. Further pediatric clinical trials and
strengthened regulatory policies are necessary to improve medication safety in children.

INTRODUCTION

especially in pediatric medicine where approved
therapeutic alternatives are limited. (!’ Children are

Oft-label medication use refers to the prescription
of medicines outside the approved product
labeling for age group, indication, dosage, route of
administration, or frequency. Off-label prescribing
is legal and frequently practiced worldwide,

often considered “therapeutic orphans” because
many medications used in adults lack sufficient
pediatric clinical trials to establish efficacy and
safety.  Ethical challenges, developmental
pharmacokinetic  variability, limited financial
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incentives for pharmaceutical industries, and
difficulties in conducting pediatric studies
contribute to inadequate pediatric labeling. -
Despite regulatory improvements over the past
two decades, off-label prescribing remains highly
prevalent in pediatric populations, particularly
among neonates, critically ill children, and patients
with rare diseases. (1321

This narrative review discusses the prevalence of
off-label medication use in children, associated
safety concerns, and strategies for rational
prescribing practices.

1. METHODOLOGY

A narrative literature review was conducted using
published articles
including PubMed, Google Scholar, and Scopus.
Articles published between (2000 and 2025)
related to off-label medication use in pediatric
patients were reviewed. Keywords used included
“off-label prescribing,” “pediatric drug use,”
“adverse drug reactions,” “unlicensed medicines,”
and “rational prescribing in children.” A total of 25

retrieved from databases

relevant articles including systematic reviews,
observational studies, policy statements, and
narrative reviews were selected for analysis.

Search terms: Off-label prescribing, off-label
drug use, pediatric phramcotherapy, children,
neonates, adverse drug reaction (ADR),
medication safety, rational prescribing.

Inclusion criteria:

e Studies involving pediatric patients (0-18
years).

e Articles related to off-label medication use,
safety, or prescribing practices.

e Original research articles, reviews, and policy
statements.
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e Articles published in English between 2000
and 2025.

e Full-text articles available for review.
Exclusion criteria:

e Studies involving only adult populations.

e Articles unrelated to off-label medication use
in children.

e Conference abstracts, editorials, letters, and
duplicate publications.

e Articles with insufficient data or unavailable
full text.

e Non-English publications.

2. Prevalence Of Off-Label Medication Use In
Pediatrics

Off-label prescribing is substantially more
common in children than adults due to the scarcity
of pediatric-specific clinical evidence. Several
studies have reported wide variability in
prevalence depending on healthcare setting,
patient population, and study methodology. ?3 A
systematic review by Allen et al. identified off-
label prescribing rates ranging from 3.2% to 95%
across pediatric healthcare settings. Neonatal
intensive care units (NICUs) demonstrated the
highest prevalence due to the lack of approved

medications for premature infants. ®

Similarly, Shuib ef al. reviewed 47 observational
studies and reported off-label prescription rates
ranging from 7.4% to 99.5% in hospitalized
pediatric patients. Studies conducted in tertiary
care hospitals in India also revealed high rates of
off-label medication use among pediatric
inpatients. Antibiotics, anticonvulsants,
respiratory drugs, and gastrointestinal medications
were among the most commonly prescribed oft-
label medications. (3:6:%:13:15)
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The prevalence
(10,11,12,13)

is particularly elevated in:

e Neconatal intensive care units (NICUs)
e Pediatric intensive care unit (PICUs)
e Oncology wards

e Pediatric palliative care settings

Common categories of off-label prescribing
include 3

e Use outside approved age range
e Unapproved indication

e Higher or lower than labeled

recommendations

dosage

e Alternative routes of administration

The lack of suitable pediatric formulation further
contributes to medication manipulation and
unlicensed use.

4 FACTORS CONTRIBUTING TO OFF-
LABEL PRESCRIBING (-3:14.18.21)
4.1 Limited Pediatric Clinical Trials

Children are underrepresented in clinical research
due to ethical concerns, recruitment challenges,
and developmental variability. Consequently,
many medications approved for adults lack
adequate pediatric evidence.

4.2 Developmental Pharmacokinetics

Drug absorption, distribution, metabolism and
excretion differ significantly among neonates,
infants, children and adolescents. Extrapolation of
adult dosing may therefore be inappropriate and
potentially harmful.

4.3 Lack of Commercial Incentives

Pharmaceutical companies may have limited
financial motivation to conduct pediatric trials due
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to smaller market size and increased research
COSts.

4.3 Absence Of Pediatric Formulations

Many medications are unavailable in child-
friendly dosage forms such as liquid formulations,
leading to extemporaneous preparation and dosing
inaccuracies.

5 SAFETY CONCERNS ASSOCIATED

WITH OFF-LABEL MEDICATION USE
(1,3,11,12,13,14,16,17,18)

5.1 ADVERSE DRUG REACTIONS (ADRs)

Several studies associated off-label prescribing
with increased ADR incidence in pediatric
patients. Immature organ systems and altered
pharmacodynamics make children particularly
vulnerable to medication toxicity.

Common ADRs associated with off-label use
include:

e Sedation

e Respiratory depression

e Hepatotoxicity

e Renal impairment

e Cardiovascular complications

Psychotropic medications prescribed off-label in
children require especially close monitoring due to
risks of metabolic and neurological adverse
effects.

5.2 DOSING ERRORS

Off-label dosing often relies on empirical
calculations or extrapolation from adult studies,
increasing the likelihood of underdosing or
overdosing. Medication manipulation such as
tablet splitting or dilution may further compromise
dose accuracy.
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5.3 LIMITED EVIDENCE OF EFFICACY

van der Zanden et al. demonstrated that only a
minority of pediatric off-label prescriptions are
supported by high-quality evidence such as
randomized controlled trials or meta-analyses.
Many pediatric off-label practices depend on
expert consensus rather than robust clinical
evidence, potentially compromising treatment
outcomes.

5.4 PHARMACOVIGILANCE
CHALLENGES

Detection of ADRs in children remains difficult
because pediatric patients may be unable to clearly
communicate symptoms. Underreporting of ADRs
further limits safety surveillance.

6 ETHICAL AND REGULATORY
CONSIDERATIONS (13:2122)

Off-label prescribing in children raises important
ethical concerns regarding informed consent,
patient safety, and evidence-based care. The
American Academy of Pediatrics acknowledges
that off-label prescribing may be appropriate when
supported by sound scientific evidence or expert
clinical judgment.

Regulatory initiatives such as:

e Best Pharmaceuticals for Children Act
(BPCA) [2002-2022]
e Pediatric Research Equity Act (PREA) [2017-

2026]

These have significantly improved pediatric drug
labeling and encouraged pediatric clinical
research. However, many pediatric medications
remain inadequately studied, especially in
neonates and critically ill children. Healthcare
providers must carefully balance in the potential
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benefits, available evidence and possible risks
before initiating off-label therapy.

7 RATIONAL PRESCRIBING PRACTICES
(1,2,5,18,19,20,23)

Rational prescribing is essential to minimize risks
associated with off-label medication use.

7.1 EVIDENCE-BASED PRESCRIBING

Clinicians should prioritize medications supported
by pediatric guidelines, systematic reviews,
randomized controlled trials and pediatric
formularies. The Dutch Pediatric Formulary has
emerged as an important evidence-based resource
for pediatric pharmacotherapy.

7.2 CLINICAL
INVOLVEMENT

PHARMACIST

Clinical pharmacists play a vital role in dose
calculation, ADR  monitoring, medication
reconciliation and identification of drug
interactions. Collaborative multidisciplinary care
improves medication safety in pediatric settings.

7.3 PHARMACOVIGILANCE AND ADR
REPORTING
Strengthening  pediatric ~ pharmacovigilance

systems is necessary to identify previously

unrecognized adverse effects and improve
medication safety databases.
7.4 PARENT AND CAREGIVER

EDUCATION

Caregivers should receive adequate counseling
regarding medication administration, potential
side effects, adherence and monitoring
requirements. Therapeutic communication helps
improve therapeutic outcomes and informed
decision-making.
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7.5 NEED FOR PEDIATRIC CLINICAL
RESEARCH

Additional pediatric clinical trials are urgently
needed to generate high-quality safety and efficacy
data for commonly prescribed medications.

8 FUTURE PERSPECTIVES (1:3:3:192021)

Future efforts should focus on expanding pediatric
clinical trials, improving pediatric drug
formulations, implementing artificial intelligence-
assisted pharmacovigilance and harmonizing
international pediatric prescribing guidelines.
Global  collaboration  between  regulatory
authorities,  healthcare = professionals  and
pharmaceutical industries is essential to reduce
unsafe off-label prescribing practices.

9 CONCLUSION (331618212

Off-label medication use remains highly prevalent
in pediatric healthcare due to limited pediatric-
specific evidence and the lack of approved
therapeutic alternatives for many conditions.
Although off-label prescribing is often clinically
necessary and may provide significant therapeutic
benefits, it is associated with important safety
concerns, including adverse drug reactions, dosing
errors, and uncertainties regarding efficacy.
Rational prescribing based on the best available

evidence, active pharmacovigilance, and
multidisciplinary collaboration involving
physicians, pharmacists, and caregivers is

essential to optimize medication safety and
therapeutic outcomes in children. Further pediatric
clinical research and strengthened regulatory
initiatives are required to expand evidence-based
pediatric labeling and promote safer use of
medicines in the pediatric population.
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