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Abstract

Content: Clinician prescribing of off-label medications is common due to a lack of pediatric-
specific data regarding the dosing, efficacy and safety of medications regularly prescribed to
children.

Objective: This systematic review summarizes the published incidence of off-label medication
use in children from the past 10 years. We also performed a retrospective chart review to
determine the incidence of off-label prescriptions for children seen in the OU Physicians clinics.

Data Sources: We conducted a literature search of PubMed and OVID Medline from 2007 to
2017. Search terms included off-label use of medications and all child. For the local review, the
outpatient electronic medical record (EMR) was queried.

Study Selection: Studies were eligible for inclusion if the study included children < 18 years of
age, defined off-label use in the paper, and included the incidence of off-label drug use.

Data Extraction: Each review author extracted the study data from their assigned studies. For
the retrospective chart review, the EMR was queried for patients <21 years of age who had a clinic
visit and received a new prescription during 2017.

Results: We identified 31 studies, with off-label prescription rates from 3.2 % to 95%. The local
retrospective chart review included 1,323 prescriptions; 504 were off-label (38.1%) and 819 were
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approved. The frequency of off-label prescriptions does not differ significantly between the meta-
analysis from the systematic review and the local retrospective chart review (30.9% vs 38.1%).

Conclusions: The use of off-label medications in children remains a common practice for
pediatric providers.

Introduction

In comparison to adults, there is limited data pertaining to the dosing, efficacy, and safety of
medications in children. This relative lack of data can be attributed to many causes,
including unfamiliarity with age-related developmental pharmacology in pediatric patients,
ethical considerations with conducting pediatric research, and a lack of financial incentive
for the pharmaceutical industry. As a result, over the years there have been many significant
therapeutic misadventures with off-label use of medications involving children with
thalidomide and chloramphenicol being prominent examples. This lack of knowledge
regarding pediatric specific drug use is an on-going area of concern in need of significant
research. To address these concerns, Congress approved several pieces of legislation over the
last 30 years. Table 1 provides an overview of the actions created by each bill,[1] which
were designed to stimulate research related to drug pharmacology in pediatric populations.
Following introduction of these bills in the United States over the last 15 years, 1200 studies
have been submitted to the Food and Drug Administration (FDA), resulting in changes to
over 700 medication labels[2]. Other countries have also adopted similar legislation. The
European Medicines Agency created the European Pediatric regulation in 2007 in an effort
to facilitate the development and availability of medicines for children while Canada created
the Pediatric Expert Advisory Committee in 2009 in order to promote the development and
licensing of drugs for children.

Despite the passage of these bills and subsequent research, there is still a significant lack of
both pediatric-specific drug information and governmental approvals for on-label pediatric
prescribing. Until further research and applications occur, many clinicians are forced to
prescribe medications off-label. In response to this practice gap, The American Academy of
Pediatrics adopted a policy statement on the use of off-label medications in children; they
defined off-label use as “use of a drug that is not included in the package insert (FDA-
approved labeling) [and] does not imply improper, illegal contraindicated or investigational
use”[3]. This statement also emphasizes that off-label use does not necessarily require
prescribers to obtain informed consent if the decision to use the medication is supported by
scientific or anecdotal evidence and is not investigational in nature. For example, enalapril
has an FDA-approved indication for hypertension, heart failure, and asymptomatic left
ventricular dysfunction in adults but only has a FDA-labeled indication for hypertension in
children.[4] Despite this, enalapril is a commonly used to treat heart failure in pediatric
patients and informed consent is not required in these situations. It is important to recognize
that designation of off-label use can refer not only to the clinical indication for which a drug
is prescribed but also includes administration of a medication by any route or dosing scheme
that is not included in the package labeling approved by the FDA. For example,
dexmedetomidine, a commonly used sedative is labeled for administration via the 1V route
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only in adults but is used off-label when delivered via the inhaled route in adults and
children.

Despite the adoption of the previous legislation and subsequent studies, many medications
continue to be used off-label in children. The Department of Pediatrics at The University of
Oklahoma Health Sciences Center (OUHSC) is in the process of joining an ongoing national
study, entitled “Pharmacokinetics of Understudied Drugs Administered to Children Per
Standard of Care” (POPS). This trial aims to provide more data regarding drug
administration in children in an effort to decrease off-label use of medications and improve
FDA-labeling of medications for pediatric patients. As the study enrolls patients and gathers
medication-specific data, study medications change over time; currently POPS is studying
32 drugs, which are regularly prescribed in an off-label manner. The purpose of this
systematic review is to determine the incidence of off-label medication use in children
across varying health care settings over the previous 10 years. We also evaluated the off-
label use of medications in the outpatient pediatric clinics as part of our center’s preparation
for participation in the POPS study.

First, we conducted a literature review inclusive of prospective and retrospective studies on
off-label use of medications in pediatric patients in any healthcare setting using PubMed
(National Center for Biotechnology Information, U.S. National Library of Medicine,
Bethesda MD), and OVID Medline (National Library of Medicine, Bethesda MD) databases.
The initial search was performed April 6, 2018, and a second search was performed June 12,
2018. Search terms included all child (0-18 years), off-label use of medications with
publication dates of 2007 to 2017. The studies included were limited to those written in
English with the full article available through the OUHSC Bird Library (Appendix 1).
Literature reviews, letters to the editor, or opinion papers were excluded. Studies were
eligible for final inclusion if the study population included children, defined off-label use in
the paper, and included the incidence of off-label drug use. As our objective was to report
the overall incidence of off-label use in varying health care settings, studies were included if
they focused on multiple classes of medications in any health care setting and excluded if
they reported the incidence of off-label use of only a single medication or medication class.
Eligibility assessment was done by two authors (CA &SD); article titles and abstracts were
reviewed in an unblinded, standardized manner. Disagreements between the primary
reviewers were resolved by consensus opinion of four of the authors (CA, SD, PJ, & JM).
Studies from all countries were included, and we relied on the individual authors’
interpretation of the local regulatory agency’s ruling to determine off-label use of
medications in the country the article was published.

The included studies were then divided amongst five of the authors (CA, SD, HC, NA, &
JL) for review and extraction of study variables. A data extraction tool was created and pilot
tested on 5 randomly selected articles; no changes were made to the data extraction tool after
the pilot testing. Each review author extracted the study data from their assigned included
studies. A single author (CA) checked extracted data, and disagreements were presented to a
third author (SD) for resolution. Study variables included year of publication, years of data
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collection or duration of data collection, study design, age range of patient population
included in the study, setting of the study (i.e. inpatient unit vs. outpatient clinic), geographic
location of study, total number of prescriptions, the rate of off-label medication use, and
study definition of off-label use. The reason (i.e. dose, indication, frequency or route) drugs
were determined to be off-label, adverse drug reactions, and handling of parental consent for
off-label drug use was also collected if clearly stated in the paper.

There was no separate assessment of bias in the systematic review as all studies were either
retrospective or prospective observational. There is the inherent bias due to the nature of the
study design of retrospective and prospective observational studies.

Next we conducted a retrospective chart review of our electronic medical record system
(Centricity EMR, GE Healthcare) to determine the prevalence of off-label mediation use in
children at our institution. Data were collected for patients 0 to 20 years of age, as POPS is
enrolling patients through age 20, who had at least one outpatient visit at our institution
during 2017, and received a prescription with a start date in 2017 for one of the POPS
current 32 drugs of interest listed in Table 2. Data collected included the generic name of the
drug prescribed, date of prescription, zip code to determine rural/urban status, patient race,
patient ethnicity, and determination of off-label or approved use of the drug; if the drug was
used in an off-label manner, the reason was noted. IBM Micromedex (IBM Corporation) was
used to determine the Food and Drug Administration approved age range, route, dose and
indication for medications. Two authors (CA and SD) reviewed and discussed unclear cases
until consensus reached. The local retrospective study was approved by the Institutional
Review Board at OUHSC.

Descriptive statistics for the local data were calculated for demographic variables and
outcome of interest, prescription off-label status (approved vs. off-label). Chi squares were
calculated for categorical demographics (sex, rural/urban status, race, ethnicity), and log
binomial regression was used for continuous predictors (age). A p value of < 0.05 was
considered significant. Zip codes were used to determine rural/urban designation with rural
urban commuting area (RUCA) codes, using the four category classification as defined by
the Rural Health Research Center[5]. Comparisons of meta-analyses from the systematic
review and local data were performed by observing proportions and confidence intervals of
off-label prescriptions, and the frequencies of reasons for being off-label (age, dose,
indication, and route), among off-label prescriptions. Meta-analyses were performed using
MedCalc software’s meta-analysis function for proportions for the systematic review.
Analyses on local data were performed using SAS 9.4. Comparisons between Meta-analyses
and local data were performed by observing estimated proportions of off-label prescriptions
and their respective 95% confidence intervals.

During the literature review, 285 publications were initially identified. Eight duplicates were
removed, leaving 277 studies for initial screening. 54 studies met initial screening criteria
and were sent on for full review. From these, 23 studies were ultimately excluded; five
studies were not available in full manuscript, eleven were specific for a single medication or
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medication class, and seven published no incidence of off-label prescriptions (Diagram 1).
Thirty-one studies were included in final analysis, includingl16 retrospective studies and 15
prospective observational studies. Pediatric patients from infants to adolescents were
included in 24 studies, while 7 studies included only neonates. A total of 19 of the studies
were conducted in inpatient populations, 11 studies were outpatient and one study included
both inpatient and outpatient locations at a single center. The majority of the studies were
conducted in Europe (n=19), Asia (n=6) and Australia (n=3). The number of patients
involved in each study varied between 81 and 1.9 million patients. The 31 studies in the
systematic review had varied age ranges but overall included patients that were preterm
infants to 19 years old

Off-label use was described in the included 31 studies. Use of the medication outside the
package insert recommendations for indication, age, route, dose and frequency was the most
common definition of off-label use. Four studies further defined off-label as “use of
medications that had no pediatric indication or were contraindicated in children” [6-8]. The
rate of off-label prescriptions varied widely in the 31 reviewed studies and was reported to
be between 3.2% and 95%. Seven studies in our literature review specifically evaluated the
use of off-label medications in the neonate population, with off-label drug use ranging from
26% to 95%. See Table 3 for individual article details.

Only two studies reported adverse drug reactions related to off-label use of medications. One
study did not define or elaborate on the nature of the adverse drug reaction, however, the
second study reported fever, diarrhea and rash as an adverse drug reaction secondary to off-
label use of medications [9, 10]. No study commented on obtaining parental consent for the
use of off-label medications.

In our local retrospective chart review 22 of the 32 POPS drugs of interest were prescribed
as a new prescription in 2017, resulting in a total of 1,323 prescriptions for 1079 patients. Of
the 1,323 prescriptions, 504 prescriptions were off-label (38.1%) and 819 prescriptions were
on-label. Table 4 provides a list of the 22 included drugs and the off-label versus approved
use prescription percentages. The reasons the prescriptions were classified as off-label are
listed in Table 5, with patient age being the most common reason. Table 6 displays patient
demographics and frequency of off-label prescriptions defined by demographic grouping.
There was no significant difference in the frequency of off-label prescriptions between male
and female patients (38.6%, 37.6%). Off-label prescription frequency did not significantly
differ between urban and rural groups (37.7%, 39.1) or by ethnicity (Hispanic/Latino vs. Not
Hispanic/Latino 41.4% v. 38.2%). Though ostensibly there is large range in off-label
frequency between racial groups (27.8%—46.6%), this was not statistically significant. There
is, however, a significant association between age (in years) and frequency of being
prescribed an off-label drug (p<0.001). The probability of receiving an off-label prescription
is reduced by 3% for every year increase in age, with the probability at less than a year old
being 51.6% and the probability at 20 years old being 29.3%.

To estimate a combined proportion of off-label prescriptions from the systematic review for
comparison with our own data, we performed a meta-analysis for proportions (Figure 1).
The 12 statistic indicated that over 99% of the variation in proportions across studies was due
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to heterogeneity, and thusly the estimated proportion derived from the random effects model
used was 30.9%, (95% CI: 26.0-36.0) for the systematic review. Comparing the results of
local data (38.1%, 95%CI: 35.5, 40.8) with the meta-analysis from the systematic review, the
frequency of off-label prescription does not differ significantly (Table 7). When comparing
the reasons for off-label prescription (among those studies that listed them), OU Physicians
pediatric outpatient clinics showed a significantly larger proportion of off-label prescriptions
due to age (74.5%, 25.6%), and a significantly smaller proportion due to dose (10.3%,
48.3%). There was no significant difference between proportions of off-label prescriptions
due to indication (21.4%, 19.5%) or route (3.2%, 3.4%).

Discussion

Our study and literature review demonstrate that off-label use of medications in pediatric
patients is a common practice, with a significant number of children, inpatient and
outpatient, receiving an off-label medication. With the exception of three of the reviewed
studies [7, 11, 12], all studies demonstrate >12% of prescriptions are off-label. Though most
of the articles reviewed were from European countries, all continents were represented. The
historical practice of using off-label medications in children is a frequent worldwide
occurrence and continues to be an issue despite the increased awareness and passed
legislation. Eighteen of the reviewed studies were conducted in European countries and
published after the European Union Pediatric Regulation was established in 2007, which
proposed to stimulate pediatric specific research much like the United States regulations
reviewed in the introduction. The single included United States study in children was
published more than 10 years after FDAMA and Pediatric Rule, yet it continues to report a
high incidence of off-label medication prescriptions (36%).[13] Our local study for new
prescriptions in 2017 also demonstrated a high incidence of off-label use at 38.1%. Despite
international government efforts to mandate further research for pediatric drug labeling,
there continues to be a high rate of off-label use of medications.

The reason for off-label use varies among studies. Our local study had a significantly higher
proportion of patients that were given a medication off-label due to age and fewer that were
off-label due to dose when compared to the meta-analysis from the systematic review. As the
majority of the studies included in the systematic review were outside of the United States,
this may in part be due to different approved dosing regimens from the local regulatory
entities in the various countries that the systematic review studies were conducted. In
addition, we only included the 32 POPS drugs of interest in our local study, this may
account for the disparity between age and dosage between our study and the meta-analysis.

The literature review demonstrates the incidence of off-label use is higher among younger
populations, especially neonates as reflected in the neonate intensive care unit-specific
articles with off-label prescription rates of at least 26%. While our local study was not
focused primarily on the neonate population, we did find a significant number of off-label
prescriptions were due to patient age and the risk of receiving an off-label prescription
decreased as age increased.
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Finally, none of the studies we reviewed addressed the issue of parental consent for off-label
use despite two studies reporting an adverse drug reaction secondary to off-label medication
use. This may in part be secondary to the above-referenced American Academy of Pediatrics
adopted policy that specifically states providers do not need parental consent if the
medication use is supported by current evidence in the literature or a practitioners
experience with the medication. Additionally, there may be a lack of knowledge among
prescribers about the on label indications for commonly used pediatric medications.
Practitioners should be aware of the off-label medications they commonly use in children
and be mindful of known potential adverse reactions and side effects but also be wary of
possible new unreported drug reactions or side effects.

The real answer to this prescribing dilemma is more research in the pediatric population.
Hopefully, the POPS study will generate pediatric safety data and result in FDA approval for
many of the commonly prescribed medications currently used off-label, thereby eliminating
the conflict providers may feel in the current prescribing environment.

Our literature review was limited to the previous ten years and excluded studies evaluating
off-label use of a single specific drug or a specific class of drugs. Non-English language
articles were not included in the final analysis. Exclusion of these types of studies may have
limited the scope of our review. The systematic review included studies from multiple
countries, a broad age range and settings such as inpatient and outpatient, which we felt
would give us a current global perspective on off-label medication use but perhaps
introduced bias as each setting and country defined off-label based on their local regulatory
board. The studies included in the systematic review were also either retrospective or
prospective observational studies, which have inherent increased risk of bias compared to
randomized trials.

The local retrospective study was limited to the 32 drugs of interest in the POPs study that
are frequently prescribed off-label to children. The local prevalence of off-label use could be
significantly different in our patient population if inpatient prescriptions or all prescriptions
were included in analysis.

Conclusions

Off-label medication use is common in the pediatric population, especially in neonates and
younger age groups. More age-specific research is needed to provide adequate drug safety

and effectiveness for children. Until more data is provided, clinical decision making should
be guided by the best available evidence.
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