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Many drugs are still prescribed off-label to the pediatric population. Although off-label drug use not supported by high
level of evidence is potentially harmful, a comprehensive overview of the quality of the evidence pertaining off-label
drug use in children is lacking. The Dutch Pediatric Formulary (DPF) provides best evidence-based dosing guidelines
for drugs used in children. For each drug-indication-age group combination—together compiling one record—we
scored the highest available level of evidence: labeled use, systematic review or meta-analysis, randomized
controlled trial (RCT), comparative research, noncomparative research, or consensus-based expert opinions.

For records based on selected guidelines, the original sources were not reviewed. These records were scored as
guideline. A total of 774 drugs were analyzed comprising a total of 6,426 records. Of all off-label records (n = 2,718),
14% were supported by high quality evidence (4% meta-analysis or systematic reviews, 10% RCTs of high quality),
20% by comparative research, 14% by noncomparative research, 37% by consensus-based expert opinions, and 15%
by selected guidelines. Fifty-eight percent of all records were authorized, increasing with age from 30% in preterm
neonates (n = 110) up to 64% in adolescents (n = 1,630). Many have advocated that off-label use is only justified
when supported by a high level of evidence. We show that this prerequisite would seriously limit available drug
treatment for children as the underlying evidence is low across ages and drug classes. Our data identify the drugs
and therapeutic areas for which evidence is clearly missing and could drive the global research agenda.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE
TOPIC?
V1 Offlabel drug use in children is very prevalent, and many

high quality studies are available. Thirty-seven percent of off-
label records are not supported by any clinical studies at all.
HOW MIGHT THIS CHANGE CLINICAL PHARMA-

have advocated that off-label use is only justified when sup-
ported by a high level of evidence. However, a comprehensive
overview of the quality of the evidence pertaining off-label drug
use in children is lacking.

WHAT QUESTION DID THIS STUDY ADDRESS?

V] What is the highest level of evidence pertaining off-label

COLOGY ORTRANSLATIONAL SCIENCE?

4] Performing high quality randomized controlled trials for
the > 2,000 off-label record is a very long pathway to close this
information gap. Alternatively, modeling and simulation may
be valuable approaches to strengthen the evidence base for off-
label use of drugs, especially in younger age groups.

drug use in pediatrics?
WHAT DOES THIS STUDY ADD TO OUR
KNOWLEDGE?

M This study shows that the level of evidence for off-label pedi-
atric pharmacotherapy is low: for only 14% of off-label records,
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ARTICLE

Despite American and European legislation addressing unmet
medical needs in children, many drugs are still used off-label in
the pediatric population,l’2 Off-label drug use is defined as the
prescription of drugs outside of the indications, age groups, dos-
age, formulations, or routes of administration as authorized (or
“labeled”) by medicines evaluation authorities.”

Although the overall burden of ineffective and unsafe pharma-
cotherapy in children has never been established, the high preva-
lence of off-label drug use is worrisome as it is clearly related to
an increased risk of adverse drug reactions (ADRs).>"® The risk
of developing ADRs in adults is inversely related to the level of
evidence supporting the off-label prescriptions: when the off-label
drug use is supported by strong scientific evidence (i.e., at least
one randomized controlled trial (RCT)), patients have a similar
risk of developing ADRs as compared with authorized drugs.
Conversely, patients are at higher risk of developing ADRs if off-
label drug use is supported by weak scientific evidence only.9 Yet,
off-label prescribing is often the only option for a child when li-
censed drugs or alternatives supported by strong(er) evidence are
not available.

In addition, the European Medicines Agency (EMA) con-
cluded that the lack of proper labelling and the consequent lack
of dosing recommendations also leads to medication handling er-
rors, including dosing errors: a scenario EMA labeled “evidence
of harm”*°

As off-label drug use supported by weak scientific evidence is
thought to compromise efficacy and safety, knowledge on the level
of evidence supporting pediatric pharmacotherapy is crucial to en-
hance rational use of drugs.11 However, to the best of our knowl-
edge, this has not yet been systematically assessed.

We therefore aimed to evaluate the highest level of evidence
pertaining off-label drug use in pediatrics. As secondary objectives,
we explored the difference in available evidence between differ-
ent drug classes and set up a priority list for research based on the
World Health Organization (WHO) essential medicines list."

METHODS

Data source

The Dutch Pediatric Formulary (DPF) was launched in 2008 to provide
dosing guidelines for all drugs—both authorized and off-label—relevant
to the pediatric population in the Netherlands. Recently, Germany,
Austria, and Norway have also adopted this formulary in a country-
specific version.

Drugs are included in the formulary when a medical need is identified
by pediatric professionals and/or when a drug is authorized for a pediat-
ric age group. For every drug, a monograph is developed and maintained
following a structured decision framework. As part of this process, for
every drug, the authorization status is evaluated. A drug is considered to
be authorized for pediatric use when the posology section of the Dutch
Summary of Product Characteristics (SmPC; paragraphs 4.1 and 4.2) con-
tains an explicit and unambiguous dose recommendation for pediatric age
groups.

For off-label use, a standardized PubMed search is performed by a se-
nior pharmacist to retrieve available scientific information on efficacy,
safety, and dose in the pediatric population.'® The exact search query can
be found in Table S1. The available scientific evidence supporting a dose
recommendation and related safety issues are documented in benefic—risk
analysis documents and reviewed by a multidisciplinary editorial board.
The assessments are repeated every 5 years or more frequent if warranted
by emerging evidence. For selected drug groups, the DPF does not review
original evidence as generally accepted and/or high-quality drug dosing
guidelines are available. This applies to the National Institutes of Health
(NIH) Guideline for the use of Antiretroviral agents in pediatric HIV in-
fcction,14 SKION (Foundation Children’s Oncology Netherlands) guide-
lines for drugs used in pediatric oncology'® and the Blau handbook for
metabolic diseases.'® In the past 12 years, pediatric dose recommendations
for more than 750 drugs were established, and the repository continues to
expand as it is constantly updated.

Data collection

Record definition. For cach drug, indication and prespecified age
group—together constituting one record—the highest level of evidence
available was scored, using the documented studies in the benefit—risk
analysis documents. Thus, each drug might have multiple records when it
is prescribed for multiple indications and/or age groups (Figure 1).
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Figure 1 Example of the number of records per drug, taking metoprolol as an example.
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Anatomic Therapeutic Chemical-classification of drugs. Drugs were
classified according to the Anatomical Therapeutic Chemical (ATC)
system to allow analysis on several levels of drug classes (Figure S1)."”
This international classification system assigns drugs to a group based on
the organ or system on which they act and their therapeutic, pharmaco-
logical, and chemical properties. At ATC level 1, there are 14 major drug
groups that are defined (A to V).

Definition of age groups. Age categories were defined according to
the EMA classification system'® (Table $2). Groups were defined as
preterm neonates (<37 weeks gestational age and <28 days of post-
natal age), term neonates (> 37 weeks gestational age and < 28 days of
postnatal age), infants (1 month to 2 years), young children (2-6 years),
children (6-12years), and adolescents (12-18 years). Corresponding
weight-based categories were defined using Dutch Growth Chart
data to enable appropriate scoring when only weight categories were
listed in the SmPC or DPE.Y Records for preterm and term neonates
were only included when explicitly specified in the DPF. When the
dose recommendation applied to only a part of the EMA classified
age range (c.g., 4—G6years), the evidence level was scored for the entire
EMA category (e.g., 2-6 years).

Scoring of the level of evidence. All records were scored using a
predefined scoring system. An instruction protocol and a flowchart
(Figure 2) were developed to facilitate uniform scoring among research-
ers. Each ATC group was allocated to one researcher (authors N.S., M.S.,
H.H., L.B., A.H.,J.F, or J.H.) who scored all records within the ATC
group.

First, the authorization status per record was evaluated. Next, if a
record was off-label, the listed literature from the benefit—risk analysis
document was scored for the level of evidence, defined by the evidence-
based medicine methodology.”” The quality of RCTs was evaluated
using the Jadad classification®! (Figure 2). When no published sci-
entific evidence was available, the dose recommendation of the DPF
was established based on clinical practice and expert opinion of the

Record included in the DPF?

No Yes

v v

editorial board. These records were scored as consensus (D). Records
for selected drug groups (HIV, oncology, and metabolic discases) were
scored as selected guideline (X) as the original sources were not re-
viewed. For off-label records, levels A1 and A2 were considered high-
level evidence, whereas levels B, C, and D were considered low-level
evidence.?

To ensure that no high-quality evidence was missed due to a lag time
between the latest update (< Syears ago) and the current study, the ini-
tial PubMed DPF scarch was repeated for all drugs with a level B, C, or
D classification. In addition, the European Public Assessment Reports
(EPAR) as part of Articles 45 and 46 of the Pediatric Regulation were
checked on additional clinical studies.

Data verification

To validate our scoring system, a senior pharmacist (author M.H.) ver-
ified the scored level of evidence for a sample of 10% of all drugs listed
in the DPF. All drugs were sorted based on ATC code to assure every
ATC group and thus cach assessor was reflected in the sample. Every
tenth drug based on ATCS5 code was incorporated in the verification
sample. The Intraclass Correlation Coefficient (ICC), two-way mixed
model was selected to assess conformity between two assessors. As
suggested by Koo ez al.,** a score above 0.75 indicates good/excellent
agreement and therefore a score of >0.75 was considered acceptable
for further analysis.

Data analysis

The number of drugs and records were evaluated in its entirety as well
as per the ATC level 1 group. The percentage of authorized drugs by age
group was also analyzed. As the level of evidence may vary substantially
by indication, the level of evidence per record was analyzed (Figure 1).
For instance, enalapril is authorized for the treatment of hypertension
and symptomatic heart failure in children weighing more than 20kg.”
Yet, its use is off-label for the treatment of proteinuria related to chronic
kidney diseases. The latter would be missed when only analyzing our
data on a druglevel.

Use not listed Authorized use?

\ J
. z
Jadad classification 2
i
Score (ltem ?%
0/1 Study described as randomized
o Method used to generate sequence of

randomization described and appropriate
01 Study described as double blind

Method of double blinding described and
appropriate

01

01 Withdrawals and dropouts described

Method used to generate sequence of
randomization described yet inappropriate
Study described as double blind but
inappropriate method of blinding

0/-1

0/-1

Yes

» A0 |Authorized use

> A1 Systematic reviews or meta-analyses containing

4 at least two studies of level A2 evidence

» A2 Randomized controlled trials of high quality

4 according to the Jadad classification (score>4)

» B [Other comparative studies

> C Non-comparative studies, case series and case
reports

» D [Consensus-based expert opinions

> X Selected guidelines of which the original sources
were not reviewed

Figure 2 Scoring system of the level of evidence of records. Jadad classification adapted from Jadad et al. DPF, Dutch Pediatric Formulary.
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Data were collected from July 2020 to October 2020 and logged using
Castor EDC version 2020.2.32. IBM SPSS Statistics version 25.0.0.1 and
Microsoft Excel version 2016 were used for descriptive analysis of col-
lected data.

Priority list

To assess the international relevance of our results, data were analyzed
separately for drugs included on the WHO Essential Medicines for
children list, seventh edition (2019)."* The core list contains a list of
minimum medicine needs for a basic healthcare system, listing the
most efficacious, safe, and cost-effective medicines for priority condi-
tions. The complementary list, on the other hand, contains essential
medicines for priority diseases, for which specialized diagnostic or
monitoring facilities, and/or specialist medical care, and/or specialist
training are needed. We included drugs listed on both lists, thereby
including 250 drugs. As the WHO list does not specify indications per
drug, indications were not taken into account. Therefore, the analysis
on WHO essential medicines took place on a drug level in contrast to
other analyses which were performed on the record level thus includ-
ingage and indication.

Ethical approval and consent

As this study did not enroll patients, nor reviewed individual patient
data, this review was not subject to institutional review board approval
according to the Dutch Medical Research Involving Human Subjects
Act (WMO).

Data sharing
To enable a more detailed presentation of our results by record, our full
database is available in an open repository (https://doi.org/10.17026/
dans-27e-s6yf).

RESULTS
General
Authorization status and level of evidence for off-label records
were determined for 774 drugs with 6,426 records, with a me-
dian of 2 indications per drug (range 1-15). Of the 774 drugs, 73
drugs contained dosing information for preterm neonates, 252
for term neonates, 558 for infants, 658 for young children, 727
for children, and 757 for adolescents. Consequently, the number
of records varied between age groups with a smaller number of re-
cords available for preterm neonates (7 = 110) and term neonates
(n = 481) compared with infants (z = 1,230), young children
(n = 1,425), children (» = 1,550), and adolescents (» = 1,630).
Categorized by ATC level 1, the number of drugs and records
per ATC class varied (Table 1). ATC class “G” (genito-urinary sys-
tem and sex hormones) contained only 16 drugs with 95 records
and ATC class “J” (anti-infectives for systemic use) contained 130
drugs with 1,410 records. The number of indications and records
also varied per group.

Data verification

Data validation took place for 77 drugs, including 168 indica-
tions, with a total of 1,008 records. The inter-rater reliability for
these cases had an ICC of 0.869 (95% confidence interval 0.853—
0.883). For 80.8% (7 = 814) the level of evidence scored by the
first observer was exactly similar to the level scored by the senior
pharmacist. For 89.2% (n = 899), the level of evidence was exactly
similar or deviated only by one level. Underestimation of the level
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of evidence (» = 106) occurred approximately as frequently as an
overestimation (72 = 88).

Authorized use

Considering the different indications per drug, 3,708 (58%) of
all records reflected authorized use, varying from 33 (30%) for
preterm neonates to 1,042 (64%) for adolescents (Figure 3).

Off-label

When analyzing off-label records only (n = 2,718; Figure 3
depicts both authorized and off-label records), only 376 (14%)
were supported by high-quality evidence: 118 (4%) by meta-
analysis or systematic review and 258 (10%) by RCT of high
quality. Five hundred fifty-four (20%) were supported by
other comparative research, 371 (14%) by noncomparative re-
search, 1,000 (37%) by consensus, and 417 (15%) by selected

guidelines.

ATC level 1

The overall level of available evidence for the different ATC level
1 groups varied widely (Figure 4). Furthermore, there were large
differences between age groups (Table $3).

Across ATC groups, off-label records supported by high-quality
evidence ranged from 0.0% in various drugs (ATC group V) and
12.6% in genito-urinary drugs (ATC group G). Off-label records
supported by low-quality evidence ranged from only 13.2% in
systemic hormones (ATC group H) to 63.3% in genito-urinary
drugs (Figure 4). The group of systemic hormonal preparations,
excluding sex hormones and insulins (ATC group H), comprised
the highest number of authorized records 282 (79%). Conversely,
drugs for the genito-urinary system and sex hormones (ATC group
G) together with cardiovascular drugs (ATC group C) comprised
the lowest percentage of authorized-use records with only 21

(22%) and 138 (31%), respectively.

Priority list

For drugs listed on the WHO essential medicines list, 44-89%
was authorized, vs. 34-79% for all DPF drugs. For all off-label
drugs, different levels of evidence were available dependent on
age group (Table 2). Table 3 shows an overview of drugs on the
WHO essential medicines for which at least one age group is sup-
ported by low-quality evidence (B, C, or D) only, thus indicating
global priorities for research.

DISCUSSION

Our study demonstrates that the underlying evidence pertaining
off-label drug use in children is low across ages and drug classes.
Furthermore, we confirm that for a significant proportion of
drugs and indications a pediatric market authorization is still
lacking, especially in the younger age groups.

To the best of our knowledge, there are no similar studies pro-
viding such detailed and comprehensive (> 750 drugs) overview on
the level of evidence pertaining off-label drug use in the pediatric
population—including drug, age group and indication for use.
Although treatment guidelines and reviews establish levels of evi-
dence of treatment modalities, they often do not clearly distinguish
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Table 1 Number of drugs and records included in the DPF, sorted by ATC level 1 class

Number of Number of records

Number of indications per drug, (number of indications x
ATC level 1 drugs median (range) number of age groups)
A: Alimentary tract and metabolism (e.g., anti-acids, anti-emetics, 109 1(1-9) 935
constipation drugs, motility disorders, insulins, and drugs for metabolic
diseases)
B: Blood and blood forming organs (e.g., anti-thrombotics, 49 2 (1-12) 523
anti-hemorrhagics, and anti-anemic drugs)
C: Cardiovascular system (e.g., cardiac, antihypertensive, diuretic, 59 1 (1-8) 444
vaso-dilating, vaso-protecting drugs, beta-blockers, calcium antagonist,
and RAAS affecting drugs)
D: Dermatologicals (e.g., topically applied anti-inflammatory and 41 1(1-7) 189
anti-infective drugs, and emollients)
G: Genito-urinary system and sex hormones (e.g., gynecological 16 2 (1-5) 95
antimicrobial drugs, sex hormones and modulators of the genital tract, and
urinary system drugs)
H: Systemic hormonal preparations, excluding sex hormones and insulins 20 2 (1-15) 356
(e.g., pituitary and hypothalamic hormones, corticosteroids for systemic
use, thyroid drugs, pancreatic drugs, and calcium regulating drugs)
J: Anti-infectives for systemic use (e.g., antibacterial, anti-viral, anti- 130 2 (1-15) 1,410
mycobacterial drugs, vaccines, and immunoglobulins)
L: Antineoplastic and immunomodulating agents (e.g., oncolytic drugs, 67 1(1-9) 541
immunostimulants, and immunosuppressants)
M: Musculo-skeletal system (e.g., anti-inflammatory drugs, anti- 24 2 (1-6) 189
rheumatoids, muscle relaxants, and drugs used in bone diseases)
N: Nervous system (e.g., anesthetics, analgesics, anti-epileptics, 106 2 (1-6) 731
psycholeptics, and psycho-analeptics)
P: Antiparasitic products, insecticides, and repellents (e.g., antiprotozals, 21 2 (1-13) 284
anthelmintics, ectoparasiticides, incl scabidides, and repellents)
R: Respiratory system (e.g., drugs for nasal use, oropharyngeal drugs, 64 1 (1-6) 283
drugs used in asthma/COPD, cough and cold drugs, and antihistamines)
S: Sensory organs (e.g., drugs for ocular use, and drugs for auricular use) 42 1(1-4) 275
V: Various (e.g., allergens, antidotes, iron chelating agents, drugs for 26 1(1-4) 171
treatment of hyperkalemia and hyperphosphatemia, and detoxifying agents
for antineoplastic treatment)
Total 774 2 (1-15) 6,426

ATC, Anatomical Therapeutic Chemical; COPD, chronic obstructive pulmonary disease; DPF, Dutch Pediatric Formulary; RAAS, renin angiotensin aldosterone

system.

between authorized and off-label used drugs or are usually limited
by the number of drugs and/or indications. An example of such a
smaller study supporting our findings is the study by Kaley e al®
concluding that for B-blockers in various cardiac and vascular con-
ditions in children, for most indications only moderate to low-
evidence is available. Interestingly, the situation for adult off-label
prescribing appears more favorable. In the intensive care setting,
off-label drug use was supported by high to moderate quality ev-
idence, defined as level A1, A2 or B, in 64% of the cases,”
pared with only 34% in our study. In adult oncology patients, 61%

com-

of off-label prescriptions were supported by at least well designed
non-RCTs.”

In line with Tan ez al,”” our study confirms the relatively low
percentage of authorized drugs in the lower age groups, whereas
increasing with age. The limited number of authorized drugs in
children compared with adults, as well as the overall low level of
evidence pertaining off-label records and the observed differences
between drug classes may be explained by the methodological and

legislative challenges that arise when performing state-of-the-art
studies in the pediatric population.

Currently, a German, an Austrian, and a Norwegian equivalent,
based on the Dutch Pediatric Formulary’s database, have been es-
tablished. Although pediatric drug authorizations seem to differ
between countries to some extent, the (off-label) dose recommen-
dations, based on a thorough review of internationally published
studies are adopted by all countries. We are therefore confident
that the observed quality of evidence for off-label use is representa-
tive for all other countries and may thus be important for countries
outside of Europe.

Many advocate that off-label drug use is only justified when sup-
ported by a high level of evidence, even in pediatrics.>>**~*! Our
data show that including this prerequisite in treatment guidelines
or reimbursement schemes will seriously jeopardize drug treatment
of children, as denying off-label drug use may be more deleteri-
ous than the potentially increased risk of ADRs and lack of effi-
cacy. > It is reassuring though that drugs listed on the WHO
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Figure 3 Highest level of evidence available per record. X-axis: Group size (i.e., number of records) is indicated by the width of the bars

and reported per age group (between brackets). Y-axis: Level of evidence: AO: Authorized use; Al: systematic review or meta-analysis with
at least two studies of level A2; A2: randomized controlled trial with at least 4 points on the Jadad-scale; B: comparative research with a
maximum of 3 on the Jadad-scale; C: noncomparative research; D: consensus or expert opinion; X: Selected guidelines (HIV, oncology, and
metabolic diseases). Blue bars represent high level of evidence (level A1 and A2). Orange bars represent low level of evidence (B, C, and D).

RCT, randomized controlled trial.

essential medicines list are more often licensed for children and the
percentage of off-label drugs supported by low-quality evidence
only seems lower compared with all drugs in the DPF, thus better
satisfying the priority healthcare needs of the global pediatric pop-
ulation. Yet, drugs on the WHO list are selected with due regard
to evidence of efficacy and safety, leading to overall better available
evidence.

At the same time, our data clearly call for action to close the
identified information gaps to improve pediatric pharmaco-
therapy. In this evaluation, we have focused on the traditional
evidence-based medicine approach, with systematic reviews or
meta-analyses of RCTs as the highest level of evidence, to evalu-
ate the scientific strength pertaining off-label prescribing. This
approach has traditionally guided the development and market
authorization of drugs and is still widely used to support pediat-
ric treatment guidelines and thus rational prescribing. It is obvi-
ous that performing multiple high quality RCTs for the > 2,000
off-label records we have identified would not be feasible for
obvious financial, ethical, and practical reasons. Alternatively,
we advocate the newer regulatory approach for pediatric drug
development and the use of real-world data (RWD) to generate
real world evidence.”>™ In the regulatory approach, extrapo-
lation of efficacy data from other age groups can be considered
when the disease mechanism is the same,*®*” thereby reducing
the need for challenging RCTs. Pharmacokinetic (PK) studies
may still be needed to verify extrapolated doses from adults,
as unexpected variation in the mechanisms involved in drug

1248

disposition may affect drug disposition in children of different
ages. However, these studies may include less children or may
be less comphcated when modeling and simulation can support
their design.”"** In addition, electronic health records host
a pool of RWD generated by clinical practice, such as patient
characteristics, laboratory findings, routinely collected blood
concentrations, and pharmacodynamic outcomes. The usability
of RWD, however, is still hindered by the diversity of systems
that capture these data and most importantly the temporal re-
lation to these data. Yet, these data may aid in closing the infor-
mation gap without exposing children to the burden of clinical
trials.

Our data identify information gaps and can aid to determine
research priorities in addition to other important criteria related
to medical need and risks of the off-label use. These criteria in-
clude, but are not limited to, epidemiological data on frequency
and severity of disease, drug characteristics and the availability of
appropriate therapeutic alternatives. Most importantly, age should
be considered as an important criterion. As PK parameters are
subject to maturation and growth, and these changes are the most
pronounced during the first 2 years of life, incorrect dosing based
on changed PKs leading to toxicity or lack of efficacy is most likely
to occur in this age group and less likely in older children or adoles-
cents. Furthermore, criteria for research priorities may differ across
different pediatric subspecialties (e.g., pediatric gastro-enterology
vs. infectious diseases) and also between healthcare systems as elu-
cidated by our comparison with the WHO essential medicines
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Figure 4 The level of evidence available regardless of age in each ATC level 1 group. The number of records for each ATC group is listed
between brackets; ATC level 1: A: Alimentary tract and metabolism; B: Blood and blood forming organs; C: Cardiovascular system;

D: Dermatologicals; G: Genito-urinary system and sex hormones; H: Systemic hormonal preparations, excluding sex hormones and insulins;
J: Anti-infectives for systemic use; L: Antineoplastic and immunomodulating agents; M: Musculoskeletal system; N: Nervous system;

P: Antiparasitic products, insecticides and repellents; R: Respiratory system; S: Sensory organs; V: Various. Y-axis: Level of evidence:

AO: Authorized use; Al: systematic review or meta-analysis with at least two studies of level A2; A2: randomized controlled trial with at least
4 points on the Jadad scale; B: comparative research with a maximum of 3 on the Jadad scale; C: noncomparative research; D: consensus or
expert opinion; X: Selected guidelines (HIV, oncology, and metabolic diseases). Blue bars represent high level of evidence (level A1 and A2).
Orange bars represent low level of evidence (B, C, and D). ATC, Anatomical Therapeutic Chemical; RCT, randomized controlled trial.

Table 2 Percentage of drugs with indicated level of evidence per age group

High-level evidence Low-level evidence

Authorized (AO) (A1/A2) (B/C/D) Guideline

Age group (total number of drugs in age group

overall and on WHO essential medicines list) DPF (%) WHO (%) DPF(%) WHO (%) DPF(%) WHO (%) DPF(%) WHO (%)
Preterm (n = 73; n = 50) 34 44 22 18 38 30 8 8
Term (n = 252; n = 123) 48 54 6 6 34 30 12 10
Infant (n = 558; n = 218) 60 72 6 5 29 18 5 5
Young child (n = 658; n = 233) 71 83 5 5 21 10 3 1
Child (n = 727; n = 246) 75 87 4 2 19 10 3 1
Adolescent (n = 757; n = 246) 79 89 11 3 15 7 3 1

AO: Authorized use; Al: systematic review or meta-analysis with at least two studies of level A2; A2: randomized controlled trial with at least 4 points on the
Jadad-scale; B: comparative research with a maximum of 3 on the Jadad-scale; C: non-comparative research; D: consensus or expert opinion; Guidelines (HIV,
oncology, and metabolic diseases); DPF, Dutch Pediatric Formulary; WHO, World Health Organization.

list. We therefore have provided our dataset in a public repository
(https://doi.org/10.17026/dans-27e-s6yf), enabling healthcare pro-
fessionals, research groups, regulatory agencies, and other relevant
authorities worldwide to include the already available quality of ev-
idence as a criterion for defining research priorities. The EMA has
drafted the ‘Need for pediatric medicines lists,” indicating research
priorities.”” Comparison with this list, however, is less appropri-

ate as these listings, organized by drug class, are primarily based
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on pediatric authorization in member states and not on available
evidence. Furthermore, these lists, drafted in the early 2000s,
seem to be outdated for many drugs. For example, morphine and
enalapril have been studied in the listed age categories. 4445 The
US Food and Drug Administration (FDA) adopted more a prag-
matic approach to prioritize research in pediatric oncology based
on molecular targets for which there is evidence and/or a biologic
rationale.
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Table 3 Overview of drugs on WHO essentials medicines list for which at least one age group is only supported by low

quality evidence (B, C, or D)

Drug name Preterm neonate Term neonate Infant Young child Child Adolescent
Acetylsalicylic acid (cartazolate calcium) — — B B D D
Acyclovir B AO AO AO AO AO
Adalimumab — — C AO AO AO
Adrenalin (epinephrin) — D AO AO AO AO
Amoxicillin + clavulanic acid — D AO AO AO AO
Artesunate — D D D D D
Atropine ocular use — D B AO AO AO
Azithromycin — D AO AO AO AO
Benzathine-benzylpenicillin — B A2 A2 AO AO
Benzoylperoxide — — — — D A2
Benzylpenicillin B AO AO AO AO AO
Carbamazepine C C AO AO AO AO
Cefazolin A2 B AO AO AO AO
Ceftazidime — B AO AO AO AO
Chloroquine — D D AO AO AO
Ciprofloxacin D D AO AO AO AO
Clindamycin D D AO AO AO AO
Colistin (penta-Na-mesilate) C AO AO AO AO AO
Cyclopentolate — D AO AO AO AO
Deferoxamine — — D AO AO AO
Dexamethasone A2 B AO AO AO AO
Dopamine Al A2 D D D D
Enalapril — C AO AO AO AO
Enoxaparin B B B B B B
Erythromycin cutaneous use — — — — AO
Esketamine — — B Al Al Al
Ethambutol — — D D AO AO
Flucytosine — D D D D
Folic acid — D B B AO AO
Gentamycin B AO AO AO AO AO
Haloperidol — — C C AO AO
Hydrochlorothiazide C A2 AO AO AO AO
Insulin intermediate acting — — D AO AO AO
Insulin short acting — D AO AO AO AO
Itraconazole — —

Kinin — —

Lactulose — D AO AO AO AO
Levofloxacin — — A2 A2 B B
Lidocaine B B AO AO AO AO
Lidocaine auricular use — — A2 A2 A2
Mannitol — B B B B AO
Mercaptopurine — Guideline AO AO AO
Meropenem B B AO AO AO AO
Methadone (hydrochloride) — — C C C C
Methotrexate — D AO AO AO AO
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Table 3 (Continued)

Drug name Preterm neonate Term neonate Infant Young child Child Adolescent
Miconazole cutaneous use — A2 A2 D D D
Mupirocin — — B AO AO AO
Ofloxacin — ocular/auricular use — D A2 A2 A2 A2
Omeprazole — D B AO AO AO
Pancreatin D — AO AO AO AO
Paromomycin — — C

Pentamidine — — D B

Phenytoin — — B AO AO AO
Phytomenadione (vitamin K) AO AO C C B B
Piperacillin/tazobactam — — B AO AO AO
Prednisolone — D AO AO AO AO
Propofol A2 C AO AO AO AO
Propranolol — D AO AO AO
Propylthiouracil — D D B AO AO
Pyridoxin Guideline Guideline AO AO AO
Pyrimethamine — D AO AO AO AO
Ranitidine — D AO AO AO AO
Retinol (vitamin A) — D Al Al D D
Senna — — — — B AO
Silversulfadiazine — — B AO AO AO
Sodium docusate — — D B B AO
Sodium valproate — — B AO AO AO
Sodium chloride 0.9% D AO AO AO AO AO
Spironolactone D AO AO AO AO
Sulfadiazine — B B B B B
Terbinafine cutaneous use — — D D D AO
Thiamazole — — D AO AO AO
Thiamine (vitamin B1) — — C C D D
Thiopental — — C AO AO AO
Valganciclovir — C AO AO AO AO
Vancomycin oral use — — D D D AO
Vecuronium D AO AO AO AO AO
Xylometazoline — — D AO AO AO
Zinc sulfate — D D D D D

AO: Authorized use; Al: systematic review or meta-analysis with at least two studies of level A2; A2: randomized controlled trial with at least 4 points on the
Jadad scale; B: comparative research with a maximum of 3 on the Jadad scale; C: noncomparative research; D: consensus or expert opinion; X: Selected
guidelines (HIV, oncology, and metabolic diseases); — Not included in DPF; WHO, World Health Organization.

To reduce the risk for therapy failure and toxicity related
to off-label use, the Benefit and Risk Assessment for Off-label
(BRAvO) use decision tool was recently developed to assess and
balance benefits and risks of off-label drug use in children.?’
This may help physicians and guideline committees to address
information gaps in daily practice. Our data also call for a re-
appreciation of consensus and clinical expertise, although tra-
ditionally considered as low level of evidence.”® Many drugs
lacking solid scientific support have been used off-label for many
years in clinical practice. Physician experience and consensus
among healthcare professionals should therefore be appreciated

CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 112 NUMBER 6 | December 2022

to complement limited scientific data and to identify and bal-
ance benefits and risks.

Our study has several limitations. First, our study was not in-
tended to establish efficacy and safety of individual drugs in the
pediatric population. This requires a meta-analysis approach, in-
cluding an in-depth evaluation on study design, age-appropriate
dose leading to adult equivalent exposures, age-appropriate out-
comes, and adverse events. The traditional evidence-based medi-
cine interpretation of efficacy and safety usually does not address
these clinical pharmacological principles ecither. In addition,
many pediatric drug trials have serious flaws* As a meta-analyses
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approach was not feasible, we used the well-documented sum-
maries of available evidence of the editorial process of the DPE.
Despite this methodological limitation our data do provide im-
portant insight into the low level of evidence for pediatric phar-
macotherapy. After all, off-label drug use that has been studied by
means of an RCT is still more likely to reflect the true effect of
pharmacotherapy than a case series describing the drug. Second,
we did not investigate the supporting evidence for the authorized
records (licensed use). Especially for old drugs, authorization is
not always based on high-quality clinical studies either. But even
for recent authorizations, pediatric dosing may fall short. For ex-
ample, Voller er 413° has demonstrated that recently authorized
midazolam doses for preterm neonates do not lead to adequate
exposure. Therefore, our data may be even more significant, as the
number of records supported by a low level of evidence may be un-
derestimated. Third, the number of drugs evaluated for evidence
was much lower for neonates than for the older age groups, as only
the most frequently used drugs for neonatal care are included in
the DPE. Fourth, the level of evidence of three therapeutic areas
was not evaluated (i.e., oncology, HIV, and metabolic diseases)
representing 15% of all records. As referenced dosing guidelines
were already available, the DPF did not perform structured litera-
ture searches for these drugs, preventing duplicate efforts. Finally,
the selection of drugs represents prescribing patterns in the four
European countries where the DPF dosing guidelines are available.
This may differ across other parts of the world, but because the
number of drugs is so large and will overlap considerably, we do
not expect a significant different overall trend for other countries.

CONCLUSION

Our data demonstrate that the overall level of evidence pertaining
off-label prescribing in the pediatric population is low. Because it
is not feasible to study all off-label drugs in children with a low
level of evidence for all indications and all age groups, a tailored ap-
proach, including extrapolation of existing data and collection of
missing PK data, safety, and/or efficacy data, could aid to close the
information gap for pediatric prescribing. Our data identify the
drugs and therapeutic areas for which clinical evidence is clearly
missing and could therefore drive the global research agenda.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical
Pharmacology & Therapeutics website (www.cpt-journal.com).
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