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ABSTRACT OF DISSERTATION

Putting Pediatric Off-Label Prescribing on the Map: A Study to
Understand which Children, Medications and Physicians are

Involved in Prescribing Drugs for Unapproved Uses

by

Alicia Theresa Francesca Bazzano
Doctor of Philosophy in Health Services
University of California, Los Angeles, 2012
Professor Robert Brook, Chair

Background. Prescribing medications for an indication or age outside of the terms of
U.S. Food and Drug Administration (FDA) approval is called off-label prescribing. In children,
off-label prescribing has resulted in drug disasters and increased adverse events and has been the
subject of recent legislation promoting medication study. Off-label prescribing appears to be a
very common pediatric practice; nonetheless, the pharmacoepidemiology of off-label prescribing
has not been systematically studied and could inform approaches to interventions.

Methods. The National Ambulatory Medical Care Surveys (NAMCS), a nationally
representative population-based sample of U.S. outpatient medical visits collected by the Centers
for Disease Control and Prevention (CDC) were utilized over a four-year period (2001-2004).
We evaluated an estimated 312 million prescription visits by children 0-17 years old (based on a

sample of 7901 prescription visits). FDA-approved age and indication were compared to the to
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the child’s age and diagnoses. Descriptive and regression analyses were used to determine
epidemiological characteristics and predictors of: (1) pediatric off-label prescribing in general,
(2) prescribing to infants and toddlers (0-3 yrs; n=81 million visits) and (3) off-label prescribing
for age versus off-label prescribing for indication.

Results. Sixty-two percent of U.S. outpatient pediatric prescription visits included
off-label prescribing, with 25% (95% CI: 23%, 27%) including off-label prescribing for age and
53% (95% CI: 50%, 56%) oft-label prescribing for indication. Approximately 96% of
cardiovascular-renal, 86% of pain, 80% of gastrointestinal, and 67% of pulmonary and
dermatologic prescriptions were off-label. Anti-infectives, upper respiratory and pulmonary
medications were much more commonly prescribed off-label for indication (41%, 52%, and
61%) than for age (6%, 16%, and 24%). For infants and toddlers, off-label prescribing occurred
in 65% of prescription visits (52.7 million), with a higher risk of exposure to off-label
prescribing for age than older children. Physician specialists were 14% (95% CI: 7%, 20%) more
likely to prescribe off-label for age than general pediatricians or family physicians. Most top
prescribed off-label medications have remained unchanged over time.

Conclusions. Despite legislation resulting in studies and labeling changes of pediatric
medications, the majority of pediatric outpatient visits involve off-label prescribing, across all
medication categories, to the youngest children, and especially by physician specialists, and with
medications that are off-label for indication; this exposure is disproportionate compared to
adults. Many off-label prescriptions are for medications with unproven benefit or safety
concerns. FDA policies should be strengthened to require prioritized study of all medications
commonly prescribed off-label; mandate patient registries to assess off-label prescribing over

time; and provide physicians more accessible prescribing information. Medical education and
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prescribing incentives and tools should target the most commonly off-label prescribed drugs.
Future research should determine outcomes, causes, and appropriateness of off-label prescribing

to children.
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CHAPTER 1: INTRODUCTION AND SPECIFIC AIMS

A Case Study

Anne was a 5-year-old girl needing an MRI of her brain to evaluate a possible seizure.
Anne’s parents were very concerned that the MRI would make her very anxious. They told her
regular pediatrician of their concerns and, in response, the pediatrician prescribed Soma™"
(carisoprodol), a muscle relaxant, telling Anne’s mother to give her one-fourth tablet on the
morning of the MRI. Anne’s parents tried to cut the pill into quarters and gave it to Anne about
one hour before the MRI, but they weren’t sure that she took exactly one-fourth. When Anne
arrived at the MRI suite, she was anxious and agitated. Due to the previously prescribed Soma,
the attending physician did not provide further sedation. About halfway through the MRI, Anne
became very sleepy--so somnolent that she had to remain in recovery for two extra hours, having
her heart rate, blood pressure, respiratory rate and oxygen saturation monitored continuously.
The attending physician shared with Anne’s parents that Soma is a medication that has not been
studied for use in children and does not have U.S. Food and Drug Administration (FDA)
approval for use in children. In adult post-marketing studies, carisoprodol was associated with
increased risk of seizures and sedation. Anne’s parents asked, “How does this happen? Why did

our pediatrician prescribe this medication for Annie?”

Prescribing Medications in an Unapproved Manner

When the FDA gives a license for a drug in the U.S., it is given for a certain indication in
a certain sub-population. Once a drug is approved for any age group or indication, the FDA does
not regulate the prescribing of the drug by physicians. A physician is able to use the medication

for another age group, indication, dosage, population, or by a route of administration that is



different from that for which the drug was approved. The FDA considers such use part of the
“practice of medicine” by the physician and does not interfere, but does state that the physician
using a medication for a non-approved use has a “responsibility to be well-informed about the
product and to base its use on firm scientific rationale and on sound medical evidence, and to
maintain records of the product’s use and effects” (U.S. Food and Drug Administration [FDA],
2011b). The prescribing of medicine that is used in circumstances other than the specific
approved use, and thus has not been tested or approved by the FDA, is commonly called
off-label or unlabeled prescribing (American Academy of Pediatrics Committee on Drugs
[AAP], 1996). This may include the prescribing of a medication in an age, indication, dosage,

route or manner that is not approved by the FDA.

Off-Label Prescribing in Adults

Off-label prescribing for an unapproved indication (or diagnosis) is widespread among
physicians caring for adults (Radley, Finkelstein, & Stafford, 2006). Sometimes the scientific
and clinical trial evidence clearly supports use and the medication label lags behind the available
data. Physicians may be following the “standard of care” by prescribing medications for those
off-label indications. This is the case, for example, in prescribing the tricyclic antidepressant
amitriptyline for neuropathic pain (Saarto & Wiffen, 2007). Amitriptyline was originally studied
and approved for depression but subsequent trials have shown its usefulness in diabetic
neuropathy (Max et al., 1992) and other neuropathic pain syndromes. The makers of
amitriptyline have not gotten FDA approval for any of these indications and FDA cannot require
it; but physicians, who are aware of the evidence, prescribe the medication legally to patients.

On the other hand, studies indicate that 73-79% of oft-label prescribing is for indications

that do not have strong supporting evidence, such as a randomized clinical trial (Eguale et al.,
2



2012; Radley et al., 2006). Proponents of off-label prescribing describe this off-label prescribing
without evidence of safety or efficacy as “innovative prescribing” and point to new approved
drug uses that were discovered through this prescribing (Demonaco, Ali, & Hippel, 2006).
However, this “innovative prescribing” has been found to be a challenge to quality of care and
concerning for increased patient risk of adverse events with uncertain benefits (Ansani et al.,

2006).

Off-Label Prescribing in Children

In adults, medications are often studied for safety and efficacy for one condition and then
used for a different condition. In children, it has been estimated that up to two-thirds of
medications on the market have never been tested for safety or efficacy and had no labeling for
children (Demonaco et al., 2006). Moreover, we have very little knowledge in the U.S. about the
magnitude of off-label prescribing to children--in other words, how commonly those untested
and unlabeled drugs are prescribed.

Studies in Europe and the U.S. indicate a great deal of off-label prescribing in
hospitalized children and certain subspecialties. For example, in Italy, a national study of
hospitalized children found that 89% were exposed to off-label prescribing, mostly due to
unapproved dosing/frequency (50%) and less often indication (7%) or age (7%) (Pandolfini et
al., 2002). A multinational European study of prescribing in hospitals revealed that 46% of
prescriptions were off-label or unlicensed, exposing 67% of pediatric patients, with substantial
variation among hospitals and medications (Conroy et al., 2000).

In the U.S., the first study in the general pediatric inpatient setting found that 7% of
medications were used off-label in a single hospital (Thompson & Helfin, 1987). Eiland and

Knight (2006) subsequently found that one-third of prescriptions for hospitalized children in a
3



single teaching facility were off-label. In a 2007 report of patients in 31 children’s hospitals
across the U.S., Shah et al. (2007) found that 79% were prescribed medications that were off-
label for age. In the pediatric emergency department setting, 43% of children received
medications that were off-label for age (McKinzie, Wright, & Wrenn, 1997). Yoon and
colleagues used prescription claims data and found that half of cardiovascular medications were
prescribed to children younger than the labeled age (Yoon, Dombkowski, Rocchini, Lin, &
Davis, 2007) despite less expensive on-label alternatives. Studies have also indicated that a large
portion of psychotropic medication prescribing to children is off-label and without adequate
testing in children (Pathak, West, Martin, Helm & Henderson, 2010; Zito et al., 2008).

European rates of off-label prescribing to children in the outpatient setting vary widely
between countries, from 14% of prescriptions to Swedish children (Olsson, Kimland, Pettersson,
& Odlind, 2011) to 26% in U.K. pediatric offices (Ekins-Daukes, Helms, Simpson, Taylor, &
McLay, 2004) to 56% in a study of French pediatricians (Chalumeau et al., 2000). Data from
Europe should be taken with caution, since prescribing practices may differ from the U.S. and
especially in the U.K., with the National Health Service and its formulary, which restricts
prescribing of certain medications.

The current literature has begun to describe the epidemiology of off-label prescribing to
children in the U.S. and elsewhere. A few studies, like Shah’s, have generated national data, but
most have concentrated on single categories of medication, specialties, cities or hospitals.
However, the vast majority of prescribing and medication utilization in children occurs in the
outpatient rather than the inpatient setting. To date, no national studies have assessed how often

and under what circumstances children are prescribed medications off-label at office visits in the



U.S. nor have studies addressed off-label prescribing for age in comparison with off-label

prescribing for indication.

Why is Off-Label Prescribing Important?

Unlike in adult medicine, off-label prescribing to children is worrisome not only for
concerns that the medication we give a child might not work (or efficacy concerns), but also that
the medication might not be safe. In one ironic example, newborns who are exposed to sedative
benzodiazepines (in itself off-label; Roche Pharmaceuticals, Inc., 2008a) and develop respiratory
depression may receive the antidote flumazenil off-label as well without a proper,
age-appropriate understanding of the effects, adverse events or dosing of either medication
(Genentech, 2010).

Children who receive off-label prescriptions have a 2 to 3 times higher relative risk of
adverse events (Horen, Montastruc, & Lapeyre-Mestre, 2002) and increased serious adverse
events (Conroy, 1996) than children who received labeled medications. Because the medications
have not been tested or approved, physicians may have few supports for prescribing. As clearly
illustrated in Anne’s case study, dosages are extrapolated from adults, drugs are formulated as
pills and must be cut into pieces or liquefied, and drug interactions have not been studied.
Further, no information is accruing for these prescriptions, which makes the next prescribing

episode just as experimental (risky) as the last.

Children are not Little Adults and Infants are not Little Children
when it Comes to Prescribing

Children of different ages react very differently to medications, and medications have

differential effects based on age and physiology. Children have basic physiological differences



from adults, including heart rates that in the newborn period are more than twice as fast as in
adults, and decrease to adult rates in the pre-teen years; blood pressures that are much lower than
adults and may remain so until late adolescence; higher metabolic rates; and much larger head
and skin surface area than adults. Pharmacodynamics (i.e., how medications affect the body)
clearly diverge between children and adults. For example, sedating medications like
benzodiazepines and diphenhydramine sometimes have a “paradoxical effect” on children and
actually cause agitation and increased activity levels (Roche Pharmaceuticals, Inc., 2008b).
Other medications may result in side effects unique to pediatrics, such as the tetracycline
antibiotics, which cause tooth discoloration and dysplasia (Barr Laboratories, Inc., 2011).
Differences in pharmacokinetics (i.e., how the body affects medications) between children and
adults span all four stages of drug disposition: absorption, distribution, metabolism and
excretion. When an infant ingests a drug, absorption patterns are affected by prolonged
stomach-emptying time, decreased gastric acidity and larger small intestine surface area
compared with those in adults (Novak & Aleen, 2007). Drugs may be more rapidly absorbed,
such as beta-lactam antibiotics in young infants or more slowly, such as the anti-epileptic drug
phenytoin (Woo, 2004). Children have thinner, more permeable skin and a much larger skin
surface area relative to adults. If medications are absorbed through the skin, such as in topical
preparations, greater absorption into the systemic circulation is a risk. For example, when infants
and children have been exposed to high-potency topical steroids for diaper dermatitis or eczema,
systemic absorption and adrenal axis suppression has led to Cushing’s syndrome and deaths
(Tempark et al., 2010). Infants’ and children’s higher body composition of water can affect drugs
that are hydrophilic by increasing their volume of distribution and conversely affects lipophilic

drugs by decreasing their volume of distribution (Alcorn & McNamara, 2003). In comparison to



adults, infants also have lower levels of serum proteins, which are needed for drug binding. Drug
toxicities may result as the unbound form is increased in the circulation (Kearns & Reed, 1989).
Over the course of a child’s physiologic development, dramatic changes in intestinal microflora
and hepatic enzymes occur (Rice & Barone, 2000). Maturation of drug metabolizing enzymes is
variable and delayed maturation can result in decreased drug metabolism and toxicity, such as in
the case of the antibiotic gentamicin, which requires therapeutic drug monitoring and reduced
dosing frequency in the neonate (Rao, Srinivasjois, Hagan, & Ahmed, 2011). Finally, drug
excretion through the kidneys is reduced in infants compared to that in children and adults due to
decreased renal blood flow and tubular function (Novak & Aleen, 2007).

With all of the differences between children and adults, it might be surprising that the
primary means of determining medication doses for children is by adjustment based on simply
comparing adult body weight to the child’s body weight. This is especially common when
prescribing medications that have not received FDA approval for children (Steinbrook, 2002).
Because neonates, infants and children exhibit physiological immaturity and vast differences in
responses to medications, the weight-based method of determining dosing has led to poor
outcomes, including overdose leading to toxicity and under-dosing leading to ineffectiveness
(Alcorn & McNamara, 2003). Infants and young children are likely at the greatest risk of poor
outcomes with this off-label prescribing, given their developmental vulnerability, furthest
deviation in physiology from adults, and the severe lack of testing in this age group.
Understanding the differences between children and adults in terms of pharmacokinetics and
pharmacodynamics may lead one to consider why pediatric medications have not historically

been tested for children.



Policy Context: The History of the FDA and Studying Medications
for Children

The history of food and drug law is intimately intertwined with medication prescribing to
children. In 1937, 107 Americans, mostly children, died due to a liquid preparation of the
antibiotic sulfanilamide that was made with diethylene glycol (more commonly known as
“antifreeze”; U.S. Food and Drug Administration [FDA], 1981). As a direct result of this
pediatric tragedy, the Federal Food, Drug and Cosmetic Act of 1938 was enacted to ensure that
medications are tested for safety before marketing (Federal Food, Drug and Cosmetic Act, 1938).
Toxicity studies were required on all new medications to be sold in the U.S. Additionally, direct
advertising was prohibited for use beyond the FDA-approved labeling. This fundamentally
changed the role of the FDA from an after-event policing agency to a pre-marketing consumer
regulatory agency. However, despite the children’s drug-caused deaths from sulfanilamide, older
medications and studies on children were excluded from these safety requirements. In 1962,
thalidomide, a popular medication prescribed for a number of uses, including the prevention of
morning sickness in pregnancy, was found to cause birth defects in thousands of European
babies--20% of those who were exposed to the drug (McBride 1961). Following the thalidomide
disaster, the Kefauver-Harris Drug Amendments were enacted to ensure the efficacy of
medications before marketing (Federal Food, Drug and Cosmetic Act Amendments, 1962). The
process of pre-clinical and human clinical trials was established, including phase I safety studies
to determine safety and pharmacokinetics; phase Il trials to determine safe dosing range; and
phase III trials to determine efficacy and adverse events. In the 1960s, the antibiotic,
chloramphenicol, caused the deaths of many newborns who developed “gray baby syndrome” as
a result of hepatic and renal toxicity (Weiss, Glazko, & Weston, 1960). Subsequently, the FDA

contracted with the National Academy of Sciences and the National Research Council in 1966 to
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evaluate the effectiveness of 4000 medications approved based on safety alone between

1938 and 1962, establishing the FDA’s role in surveillance and contracting for research studies.
Nonetheless, the vast majority of these medications were never tested for children. In 1979,
when pediatric information was mandated on drug labeling and prescribing information, “Safety
and effectiveness have not been established in children” was included on most of those labels. In
response to growing awareness of concerns regarding off-label prescribing to children, FDA
allowed an easier path to pediatric labeling, requiring only establishment of a pediatric dosing
regiment for medications in which the disease course was similar to adults (Coté, Kauffman,
Troendle, & Lambert, 1996). In addition, the FDA in 1994 issued the “pediatric final rule,”
mandating that some drugs be tested for pediatric use. This rule came under scrutiny and was
eventually overturned. However, in 2002, Congress acted to pass the Best Pharmaceuticals for
Children Act (BPCA) and established significant incentives for testing in children (Best
Pharmaceuticals for Children Act, 2002). Specifically, drug manufacturers were given an
extension of six months market exclusivity in both children and adults before generics would be
allowed. In addition, a list of drugs needing study was mandated to be published and the
legislation provided for a foundation to fund the study of generic drugs. This was followed in
2003 by the Pediatric Research Equity Act (2003) that reinstated the pediatric rule and required
that new molecular entities with an expected use in pediatrics be tested on children. In 2007, the
BPCA was renewed and strengthened. The FDA’s authority to make written requests was
reaffirmed, a pediatric committee was convened to oversee drug development, and funding for

study of generic drugs was increased.



Challenges to Improving Research and Labeling of Medications
for Children

Even with these efforts to increase research, many challenges exist to studying pediatric
medications. A reluctance to test medications on children is longstanding and originates with the
cost of trials, scientific challenges, practical barriers, and historical ethical concerns regarding
including children in clinical trials. Pharmaceutical manufacturers have generally viewed
children’s medications as a small portion of market share, given that adults take medications
much more frequently and continuously than children (FDA, 2011a). It is hoped that the lack of
perceived financial benefit was obviated to a certain degree due to the BPCA’s exclusivity
incentive (Roberts, Rodriguez, Murphy, & Crescenzi, 2003). Because children display such a
wide range of age-dependent clinical responses to medications, trials must include measures that
span age-ranges. For example, adult obesity is defined as having a body mass index
(weight/height ratio) of 25 or more. In children, the BMI limit changes based on age and must be
expressed as a z-score or percentile to describe difference from the average child. For mental
health drugs, outcome measures must address age-dependent expressions of behavior. For
example, an angry five year-old may throw a tantrum whereas an angry teenager may engage in
vandalism. Clinical trials are more challenging to carry out in children than adults.
Age-appropriate equipment, personnel with training in performing procedures on children, and
family-centered environments are all needed (FDA, 2011a). Procedures that may seem standard
to adults, such as drawing blood or obtaining urine, may be much more challenging in children.
Other procedures, such as obtaining a computerized tomography (CT) scan, may entail increased
risk in children compared with adults. Nonetheless, recent pediatric pharmaceutical networks and
others have developed age-appropriate methods to address these scientific and practical issues.

Finally, until recently, children were not included in clinical trials due to ethical concerns of
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coercion. While adults may offer informed consent to participate in trials, children may not fully
understand the risks, benefits and alternatives of the research and thus generally do not provide
informed consent (Steinbrook, 2002). To ensure protection, the U.S. Office for Human Research
Protections (OHRP) considers children a “vulnerable population” and requires special research
regulations for children participating in studies (U.S. Department of Health and Human Services
[HHS], n.d.). Overall, though barriers do exist, newer methodologies and protections have made
the inclusion of children in clinical trials significantly more feasible.

Recent FDA policy measures have increased drug testing for children and labeling
changes are occurring (Roberts et al., 2003), but limitations have been noted by academicians
and the government (U.S. Government Accountability Office [GAO], 2011). The BPCA
legislation is restricted, as FDA has only one opportunity to make a written request and this is
negotiated with the drug companies. Responses to written requests are voluntary and no
consequence occurs should study not be undertaken. In addition, only those medications that are
thought to be profitable are likely to be tested (Walton et al., 2008) and even in the face of a
6-month exclusivity incentive, a pharmaceutical company may not wish to risk negative clinical
trial results affecting drug sales for the lifetime of a medication (Stafford, 2008). For off-patent
medications, of which there are many, a very small budget (approximately $2 million)
substantially limits the ability of NIH to conduct trials on more than a few medications (Berenzy,

Smith, & Benjamin, 2011).

The Utility of Understanding the Pharmacoepidemiology of
Off-Label Prescribing to Children

Given the barriers to research and labeling of medications for children, it appears as

though not every medication used off-label in children will be studied in a timely fashion. As a
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result, prioritization of which drugs to be studied and in what populations and circumstances
becomes a necessity until all medicines are required to be scrutinized for safety and efficacy in
children.

Even after testing, the results may not be transmitted to the label and moreover the
physicians prescribing may not become aware of the labeling change (Gazarian, 2003). When
alternative labeled medications are available, physicians may continue to prescribe in an
off-label manner (Pandolfini, Campi, Clavenna, Cazzato, & Bonati, 2005). In this case,
understanding which physicians are prescribing to which children and under what circumstances

may facilitate incentives and support for prescribing on label.

Beyond the Label: Physician Prescribing Practices and Theory

The complexity of physician off-label prescribing behavior indicates that a theoretical
basis is useful in order to appropriately inform study. A prominent theory emerging on physician
prescribing behavior is the Theory of Planned Behavior (Ajzen, 1991), which has its origins in
the school of Social Learning and Theory of Reasoned Action (Bandura, 1998). It assumes that
individuals have rationally processed information in order to decide on and carry out a behavior.
Behavioral attitudes, perceived social norms and perceived behavioral control determine one’s
intention to act which in turn results in behavior. The major constructs are defined below:

* Attitudes are the individual’s beliefs about and evaluation of the outcomes of his/her
behavior; for example, whether the results of prescribing would be favorable based on
past experience.

*  Subjective Norms are the perceived social pressure to perform or not perform the
behavior, or whether primary care physicians generally approve of prescribing
medications for subspecialty issues and whether the physician is motivated by that

approval.

*  Perceived Behavioral Control is a person’s belief of the ease or difficulty of the behavior
or how much power she thinks she has over the behavior and how much is controlled by
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outside factors. For example, whether health maintenance organization (HMO) policies
would direct prescribing of a certain medication.

These theories have been increasingly applied to provider behavior with significant empirical
success.

In some studies, an augmentation of this theory includes factoring in the patient and
encounter, the organization and practice, and environment as independent factors that determine
provider behavior (Rashidian & Russell, 2011). This may account for features of behavior that
are not intended or that are outside of the physician’s perceptions of factors that determine
his/her behavior. A compilation of these factors was influential in the development of the current

model.

Conceptual Model of Off-Label Prescribing

The components of theory may be used as a basis for concepts that may describe off-label
prescribing (see Figure 1). For example, attitudes of the physician about off-label prescribing
behavior may be affected by her background, available decision support and specific drug
knowledge. Where and when the physician trained and practices may affect social norms. Risk
aversion may influence the physician’s perceived behavioral control.

Patient factors also have a role in decision-making. These characteristics work through
their influence on physician beliefs, perceptions and behavior and include patient demographics
and disease severity. For example, social norms may influence physicians toward prescribing
off-label to a child with cancer for which there may be no on-label alternative.

Visit characteristics also may play a role in prescribing. One example of how the concept
of perceived behavioral control is operationalized is sharing care. For example, if a physician

shares care with another, she may feel she has less control over the prescribing.

13



Finally, health systems may have a direct or indirect effect on physicians’ prescribing,
which could be due to behavioral beliefs, norms within the organization, such as prescribing
guidelines, or perceived power within the organization and therefore, perceived control.

Although not all of these factors may be studied at once, this framework assisted in

selecting data sources that would include some of the factors.

Finding Data Sources for Off-Label Prescribing

Since no publicly available national databases specific to off-label prescribing exist, we
explored the National Ambulatory Medical Care Survey (Centers for Disease Control and
Prevention [CDC], 2012). This database constitutes a national probability sample survey
conducted by the Centers for Disease Control and Prevention that can be used for national
prescribing estimates. The intent of the survey is to provide information on content of U.S. health
care visits and it uses a chart abstraction format that does include prescribing information.
Specifically, physician offices participate yearly by completing a one page encounter form on
approximately 30 randomly selected visits during one week. This form includes data on patient
demographics, reason for the visit, diagnostic work up, up to three diagnoses, up to six
medications, follow-up, and payment source. In addition, NAMCS includes some information on
physician and health system characteristics.

Thus, many factors desirable for study in the conceptual model are included in NAMCS.
Given that the study was not originally intended to evaluate off-label prescribing, not all factors

that may be part of the decision to prescribe medications off-label are included.
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Specific Aims of the Three Papers

There is a need to understand the scope of off-label prescribing so as to serve as a basis
for policy and practice decisions. If off-label prescribing to children is an infrequent practice or
restricted to certain types (e.g., indication or age) or patient, physician and medication
characteristics, targeting those factors for study would be a reasonable approach. If off-label
prescribing to children is ubiquitous or shows little variation across medications, prescribers or
patients, a second look at the acceptability and rationale for off-label prescribing may be in
order.

The specific aims of these three papers are as follows:

1. To determine the frequency of off-label prescribing to U.S. children and to determine
which patient, physician, and visit characteristics are associated with off-label prescribing

2. To assess the pharmacoepidemiology of off-label prescribing to infants and toddlers

3. To compare frequencies and characteristics of off-label prescribing for age with off-label
prescribing for indication in children.
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Figure 1. Conceptual model of factors influencing off-label prescribing to children.
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CHAPTER 2: OFF-LABEL PRESCRIBING TO CHILDREN IN
THE UNITED STATES OUTPATIENT SETTING

Abstract

Objective. The aim of this study was to determine the frequency of oft-label prescribing
to children at U.S. outpatient visits and to determine how drug class, patient age, and physician
specialty relate to off-label prescribing.

Methods. Data from the 2001 through 2004 National Ambulatory Medical Care Surveys
(NAMCS) consisted of a sample of 7901 outpatient visits by children aged 0 through 17 years in
which prescriptions were given, representative of an estimated 312 million visits. We compared
FDA-approved age and indication to the child’s age and diagnoses. We used multivariate logistic
regression to determine adjusted differences in probabilities of off-label prescribing.

Results. Sixty-two percent of outpatient pediatric visits included off-label prescribing.
Approximately 96% of cardiovascular-renal, 86% of pain, 80% of gastrointestinal, and 67% of
pulmonary and dermatologic medication prescriptions were off-label. Visits by children
aged <6 years had a higher probability of off-label prescribing (P<.01), especially visits by
children aged <1 year (74% adjusted probability). Visits to specialists also involved a
significantly increased probability (68% vs. 59% for general pediatricians, P<.01) of off-label
prescribing.

Conclusions. Despite recent studies and labeling changes of pediatric medications, the
majority of pediatric outpatient visits involve off-label prescribing across all medication
categories. Off-label prescribing is more frequent for younger children and those receiving care
from specialist pediatricians. Increased dissemination of pediatric studies and label information

may be helpful to guide clinical practice. Further research should be prioritized for the

21



medications most commonly prescribed off-label and to determine outcomes, causes, and

appropriateness of off-label prescribing to children.

Introduction

Oft-label prescribing occurs when a child receives a medication that has not received
FDA approval for the child’s age or diagnosis. Off-label prescribing is concerning because of
lack of information on medication safety, efficacy, and proper use in children (e.g. dosing,
interactions). Furthermore, off-label prescribing has been associated with adverse drug events
(Horen, Montastruc, & Lapeyre-Mestre, 2002; Ufer, Kimland, & Bergman, 2004). Recent
legislation gave FDA authority to require evaluation of certain new drugs for children and to
encourage evaluation of others through patent extensions (Best Pharmaceuticals for Children
Act, 2002; Pediatric Research Equity Act of 2003). As a result, the FDA has reported an increase
in the number of medications approved for use in children (Roberts, Rodriguez, Murphy, &
Crescenzi, 2003). Nonetheless, little published information is available on how often physicians
prescribe medications off-label to children, which types of medications physicians prescribe,
which children receive these off-label medications, and which physicians are prescribing oft-
label.

Worldwide reported rates of off-label prescribing to children range from 11% to 79%
(Chalumeau et al., 2000; Ekins-Daukes, Helms, Simpson, Taylor, McLay, 2004; McIntyre,
Conroy, Avery, Corns, & Choonara, 2000; Roberts et al., 2003; Shah et al., 2007). One recent
U.S. study reported that 79% of children admitted to tertiary care children’s hospitals received
off-label prescriptions (Shah et al., 2007). This study and others have described variation in
off-label prescribing across drug category and patient age, but methodology and results are

inconsistent, with some indicating, for example, that respiratory medications are most often
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prescribed off-label (Horen et al., 2002) and others concluding that topical preparations are most
often prescribed off-label (Ufer, Rane, Karlsoon, Kimland, & Bergman, 2003). Studies also
differ with regard to age of children receiving off-label medications (Ekins-Daukes et al., 2004;
Schirm, Tobi, & de Jong van den Berg, 2003). Some studies indicate that physician specialists
prescribe off-label to children more frequently (Schirm et al., 2003). Prior investigations have
been limited by small sample size (Bajcetic et al., 2005), single U.S. or international geographic
location (Eiland & Knight, 2006; McKinzie, Wright, & Wrenn, 1997), examination of
prescribing for a single or limited set of conditions (Chen, Reeves et al., 2006; Yoon,
Dombkowski, Rocchini, Lin, & Davis, 2007), exclusive focus on the inpatient setting (Eiland &
Knight, 2006); Shah et al., 2007) and lack of control for other potential explanatory variables
(Yoon et al., 2007).

Research and policy interventions may benefit from understanding which children
receive which medications off-label at outpatient visits. Educational interventions could be better
targeted if the types of physician specialists who most often prescribe off-label were known.
Because most prescribing to children occurs during office visits, we chose to study outpatient
prescribing. Thus, our study seeks to answer the following questions: (1) what is the frequency
of off-label prescribing for age and indication to U.S. children in the outpatient setting? (2) what
is the relationship between off-label prescribing and drug category, patient age, and physician

specialty?

Methods
Data Sources

We used data from the 2001 through 2004 National Ambulatory Medical Care Surveys

(NAMCS; Cherry, Burt, & Woodwell, 2003), conducted by the Centers for Disease Control and
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Prevention (CDC), National Center for Health Statistics, to provide nationally representative
information on the content of office-based physician visits in the U.S. NAMCS used a 3-stage
probability design that sampled geographic areas, then practicing physicians within geographic
areas, then patient visits among physicians. The design included sampling weights, which permit
estimations at the national population level and comparisons among subgroups. NAMCS took a
random sample of all U.S. non-federally employed physicians (excluding anesthesiologists,
radiologists, and pathologists) who are primarily engaged in “office-based patient care” as
classified by the American Medical Association or the American Osteopathic Association, which
compile lists of all licensed physicians regardless of organizational affiliation. In 2001 through
2004, 5501 physician offices (64%-70% of those eligible) participated in the NAMCS by
completing a one page encounter form on a systematic random sample of approximately

30 patient visits during a randomly assigned 1-week period (Cherry et al., 2003). This form
included data on patient demographics, reason for the visit, diagnostic workup, diagnoses (up to
three), medications (up to six), and follow-up. Non-response rates for NAMCS data are generally
less than 5%. We analyzed visits from the NAMCSs by children aged <18 years during which a
medication available by prescription was given (prescription visits). Visits were excluded if the
following treatments were given: vaccines, vitamins, over-the-counter medications, nutritional
products, nonspecific treatments (e.g. “antibacterial agent”), non-medications (e.g. infant oil,
soap), and rarely prescribed medications (e.g. chloramphenicol, domperidone).

Dependent Variable: Off-Label

We constructed dichotomous variables describing whether or not the visit involved
off-label prescribing. A visit was considered off-label for age or indication if at least

one prescription at the visit was off-label for age or indication. A prescription was off-label for
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age when the child’s age was less than the youngest FDA-approval age for the drug regardless of
indication. A prescription was considered off-label for indication when none of the visit
diagnoses corresponded to an FDA-approved indication. FDA-approved indications were
converted to International Classification of Disease, 9th Revision, Clinical Modification codes
(World Health Organization [WHO], 2006), which were cross-matched with the NAMCS
physician diagnosis variable to ensure inclusion of all plausible diagnoses. For consistency
across data years, we used the latest available medication prescription information obtained from
the label (also known as the package insert), Physician’s Desk Reference (Physician’s Desk
Reference, n.d.), FDA website (Center for Drug Evaluation and Research, Food and Drug
Administration [CDER, FDA], n.d.), or other compendia (Micromedex, 2004) as of September 1,
2007. For generic equivalents for which children’s prescribing information was unavailable,
branded drug data were substituted.

The frequency of off-label prescribing at visits was defined as the number of visits in
which at least one off-label medication was prescribed. The proportion of visits with at least one
off-label prescription was determined by dividing the visits in which an off-label prescription
was provided by the total number of visits in the sample. Frequencies and proportions for

specific age groups and drug categories were derived using the same general method.

Key Independent Variables
Patient Age

We categorized patient ages as follows: infant (aged <1 year), toddler (aged
1 to <2 years), preschool (aged 2 to <6 years), school age (aged 6 to <12 years), and adolescent

(aged 12 to <18 years). This classification closely follows FDA age categories.
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Drug Category

We reviewed all NAMCS drug names for accuracy, combining drugs (e.g., Azma-cort
and Azmacort) that had been missed by NAMCS to ensure precise drug counts. We used
NAMCS drug categories, based on National Drug Code (NDC) Directory classifications, which
broadly categorize drugs by their uses. Medication names and NDC classifications are searchable
on the CDC website (National Center for Health Statistics [NCHS], n.d.). We did not change
drug category based on potential off-label uses of a medication. For example, diuretics were
included as cardiovascular-renal medications, even though they might be used off-label for
neonatal chronic lung disease. We reclassified some NAMCS drug categories due to sample size
limitations and drug similarities. Specifically, we combined anti-parasitics with antimicrobials,
and from the respiratory tract category, we separated upper respiratory drugs (i.e., otic, cough,
cold, and allergy preparations) from pulmonary drugs (e.g. asthma medications). We performed
bivariate analyses but did not include the drug category variable in our multivariate modeling
because our regressions were at the visit level rather than prescription level.

Physician Specialty

NAMCS includes 15 self-reported physician specialties, which are based on American
Medical Association and American Osteopathic Association categories. We collapsed the
variable, simplifying specialties to include family medicine/general practice, general
pediatricians, and all other specialties (adult and pediatric).

Covariates

Initial model covariates were derived from existing empiric literature (Schirm et al.,
2003; ‘t Jong, Eland, Sturkenboem, van der Anker, & Stricker, 2003) and theory on physician
prescribing behavior (Carrin, 1987), and included the following patient characteristics: gender,

race/ethnicity (combined variable), region of the country (Northeast, Midwest, South, West),
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urban or rural, and presence of one or more chronic conditions (based on whether the patient’s
diagnoses correspond to a list of chronic and severe pediatric conditions [Kuhlthau, Beal, Ferris,
& Perrin, 2002]). Visit covariates included expected payment source (categorized as private
insurance, Medicaid, self-pay, or other), number of visits in the past 12 months (0, 1-2, 3 or
more), whether the patient was referred for the visit (yes or no), whether the physician shared
care for the problem with another provider (yes or no), and number of prescriptions given at the
visit (1, 2, or 3-6; ‘t Jong et al., 2003). Physician covariates included type of office setting and
whether or not the physician was the patient’s primary care physician (‘t Jong et al., 2003). We
excluded variables from our final model if the bivariate analyses revealed P-values >.1, unless
theoretical concerns justified their inclusion.

Statistical Analysis

We derived national estimates from this probability survey by using sampling weights
provided in NAMCS. These weights reflected the probability of selecting the primary sampling
unit (geographic area), the probability of selecting a physician within the area, and the
probability of selecting a patient visit within the physician’s practice. Sampling weights
compensate for overrepresentation and underrepresentation in the sampling design. By correcting
for unequal probabilities of selection, they enable unbiased national estimates regarding the
approximately 880 million outpatient visits in the U.S. each year. Our analyses also took into
account stratification and clustering of visits within geographic area and within physician by
using the masked design variables that NAMCS supplies to estimate standard errors via Taylor
linearization. By correcting for clustering, we accounted for the non-independence of visits
within an area or physician, which otherwise could have artificially decreased standard errors in

regression analyses.
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Multivariate logistic regression modeling was used to determine whether patient age and
physician specialty were associated with off-label prescribing for age or indication. These
analyses were performed at the visit level. We calculated odds ratios and 95% confidence
intervals (CI) for all independent variables in our multivariate regression models. Then, to
describe the independent probability that each variable was associated with off-label prescribing
with all other variables held constant, we determined multivariate adjusted differences in
probabilities with bootstrapped Cls. All analyses were performed using Intercooled Stata

9.0 (StataCorp LP, College Station, TX). Statistical significance was predetermined as P<.05.

Results

Characteristics of the estimated 312 million visits by children during 2001 to 2004 in
which at least one medication was prescribed (prescription visits) are presented in Table 1.
Forty-eight percent of visits were by females; 71% of visits were by white children, with 14% by
Hispanics, and 10% by black children. Two thirds of visits were by patients with private
insurance, with 23% having Medicaid. Fifty-eight percent of visits were to general pediatricians
and 25% were to general practitioners or family physicians. At 62% of prescription visits (95%
CI, 61%—-64%), children received at least one off-label prescription for age or indication, so that
children were exposed to medications outside of their FDA-approved use during 193.5 million
visits (95% CI, 189-200 million) in 2001 to 2004. Over 90% of prescriptions for
cardiovascular-renal medications and over 80% of prescriptions for pain and gastrointestinal
were off-label for age or indication (Figure 2). Two thirds of pulmonary and dermatologic
prescriptions were for off-label uses. Anti-infective medications were prescribed off-label least

often (42% of anti-infective prescriptions).
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Table 2 describes the top five medications most commonly prescribed off-label within
each major medication category. Almost 30% of prescriptions were for anti-infective
medications, and amoxicillin, azithromycin (Zithromax; Pfizer Inc, New York, NY),
amoxicillin/clavulanate (Augmentin; GlaxoSmithKline plc, Brentford, Middlesex, UK),
cephalexin (Keflex; MiddleBrook Pharmaceuticals Inc, Germantown, MD), and cefpodoxime
(Omnicef; Abbott Laboratories, Abbott Park, Ill) were the anti-infective medications most often
prescribed off-label. Upper respiratory medications composed the second largest portion of
prescriptions (17% of prescriptions). The most often prescribed off-label within this category
included the antihistamines, cetirizine (Zyrtec; Pfizer Inc), loratadine (Claritin; Schering-Plough
Healthcare, Kenilworth, NJ), promethazine (Phenergan; Baxter Healthcare, Deerfield, I11), and
the nasal steroids mometasone (Nasonex; Schering-Plough Healthcare) and fluticasone (Flonase;
GlaxoSmithKline plc). Central nervous system medications represented the third most often
prescribed category (15% of prescriptions). The antidepressants paroxetine (Paxil;
GlaxoSmithKline plc) and sertraline (Zoloft; Pfizer Inc), the antipsychotic risperidone
(Risperdal; Ortho- McNeil-Janssen Pharmaceuticals Inc, Titusville, NJ), and the stimulants
methylphenidate extended-release (Concerta; Ortho-McNeil-Janssen Pharmaceuticals Inc) and
amphetamine-mixed salts (Adderall; Shire Pharmaceuticals, Wayne, Pa) comprise the central
nervous system medications most commonly prescribed off-label. The pulmonary medications
most commonly prescribed off-label included albuterol, montelukast sodium (Singular; Merck &
Co Inc, Whitehouse Station, NJ) and levalbuterol (Xopenex; Sepracor, Marlborough, Mass).
Within the cardiovascular-renal medications, physicians prescribed clonidine most often oft-
label. Much of the gastrointestinal off-label prescribing was due to prescriptions for polyethylene

glycol (MiraLax; Schering-Plough Healthcare).
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Multivariate logistic regression revealed that children aged 6 to <12 had a 59% adjusted
probability of receiving at least one prescription not FDA-approved for their age or diagnosis at
U.S. visits (Table 3). Compared with this group, visits by children aged <1 year had a 74%
adjusted probability of involving an off-label prescription, visits by 1 to <2-year-old children had
a 67% adjusted probability of off-label prescribing, and visits by 2 to <6 year olds had a 65%
adjusted probability of off-label prescribing (P<.001). Children who received more than one drug
were also significantly more likely to receive off-label prescriptions (26%—39% increased
probability depending on number of drugs received; P<.001). Visits by children with chronic
diseases were slightly less likely to result in off-label prescriptions (60% adjusted probability)
than visits by children without chronic diseases (64% adjusted probability).

Children visiting general pediatricians had a 59% adjusted probability of receiving drugs
prescribed off-label. Those visiting family physicians had a 63% probability of receiving
off-label prescriptions. The adjusted probability of off-label prescribing was 68% for children
visiting physicians of other specialties, resulting in a 5% increased probability as compared with
family physicians (95% CI, 2%-8%). No other characteristics examined were significantly

associated with off-label prescribing.

Discussion

Physicians prescribe medications off-label to children at the majority of physician visits
in the U.S. outpatient setting. Despite evidence of an association between off-label prescribing to
children and increased adverse events (including those requiring treatment or those that are
potentially life threatening; Horen et al., 2002; Turner, Nunn, Fielding, & Choonara, 1999) no
U.S. studies have followed children who receive off-label medications to examine outcomes

longitudinally. The substantial number of children exposed to off-label prescriptions, even
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several years after FDA regulations strengthening pediatric drug labeling requirements, suggests
the need for such studies.

Some of the medications most commonly prescribed off-label in the current study are
widely used medications for which little evidence exists of harm to children. For example, the
off-label use of albuterol was quite common. The long history of albuterol use without
indications of serious adverse events may serve as a rationale for pediatric off-label use.
However, several drugs like albuterol, which were once commonly used off-label in children,
later were found to be ineffective or have serious side effects when systematically studied. For
example, physicians used cisapride off-label for gastric motility in neonates and infants before
links to life-threatening arrhythmias resulted in its voluntary withdrawal (Henney, 2000).
Similarly, promethazine, one of the medications most commonly prescribed off-label in our
study, more recently received a black box warning in 2005 for children aged under two years due
to respiratory depression and death (Starke, Weaver, & Chowdhury, 2005). Other drugs used
widely off-label for children, the antidepressants paroxetine (Paxil; Glaxo-SmithKline plc) and
citalopram (Celexa; Forest Pharmaceuticals Inc, New York, NY), as of 2005 have black box
warnings for suicide in children (CDER, FDA, 2004). The dermatologic medication
pimecrolimus (Elidel; Novartis Pharmaceuticals, Basel, Switzerland) received black box warning
in 2006, stating that it is not indicated in children aged under two years (Novartis
Pharmaceuticals Corp., 2007). Finally, 27 years after approval of albuterol (Ventolin HFA), in
March 2008 the FDA reported that safety and effectiveness of albuterol with or without a spacer
device has not been established for children aged younger than four years, based on three
randomized, double-blind placebo controlled studies with 250 children aged younger than four

years with dosing from 90 mcg to 360 mcg HFA in which efficacy was not demonstrated (U.S.
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Food and Drug Administration [FDA], n.d.). These examples highlight potential adverse
outcomes of off-label prescribing and emphasize the need for systematically evaluating safety
and efficacy, even when drugs have been widely used off-label for some time. Though all
medications deserve a second look for safety and efficacy after long-term and widespread use,
medications used off-label extensively in children should be prioritized because they have not
received even initial FDA scrutiny.

We found substantial variation in off-label prescribing by drug category, which was
driven by several key medications and conditions. Much of the off-label prescribing of anti-
infectives and upper respiratory medications was for the common cold and unspecified upper
respiratory infections (URI). Many physicians describe antibiotic prescribing for a diagnosis of
URI as “overuse.” At the same time, off-label use applies because antibiotics are not
FDA-approved for viral infections. Previous literature has documented such use (Nyquist,
Gonzales, Steiner, & Sande, 1998) and lack of evidence for its effectiveness (Arroll, & Kenealy,
2005). Given recent safety concerns regarding use of over-the-counter cough and cold
preparations in young children (Centers for Disease Control and Prevention [CDC], 2007), the
frequency of off-label use of prescription upper respiratory medications implies that scrutiny of
these medications is also warranted.

Physicians commonly prescribed several psychoactive medications off-label, including
antidepressants and atypical antipsychotics, a result consistent with other studies showing a high
prevalence and increasing use of off-label psychotropic medications in children (Cooper et al.,
2006; Zito et al., 2000). Such use is known to be out of proportion with the evidence base for
psychotropic medications in children (Bhatara, Feil, Hoagwood, Vitiello, & Zima, 2004;

Findling, Steiner, & Weller, 2005). The long-term effects of many off-label central nervous
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system medications in children have not been evaluated, and some studies suggest that more
adverse drug reactions occur in pediatrics (King, Zwi, Nunn, Longworth, & Dossetor, 2003;
Sikich, Hamer, Bashford, Sheitman, & Lieberman, 2004). Given the limited evidence for safety
and effectiveness of these medications, further evaluation of these drugs in children and efforts
to examine the circumstances in which this prescribing occurs are needed.

Nearly all cardiovascular-renal medication prescriptions were off-label. This result was
due primarily to use of clonidine both for children younger than the FDA-approved age and for
children with non-cardiac diagnoses, for example, possibly for behavioral conditions or
insomnia. Much of the gastrointestinal off-label prescribing was accounted for by use of
polyethylene glycol (MiraLax), which is not approved for children, for constipation. Thus, the
relatively small number of medications and conditions that account for a significant portion of
off-label prescribing suggest focused targets for research.

Many of the medications most often prescribed off-label in our study (21 of 50) have
undergone testing in children and/or had labeling changes from 2000 to 2007 under efforts of the
FDA to improve pediatric drug information (FDA, n.d.). Our results, which take these labeling
changes into account, indicate that pediatric practice urgently needs wider dissemination of the
pediatric studies completed under the FDA authority and of these labeling changes. Some labels
have not undergone changes although studies indicate effectiveness. For example, studies
suggest that montelukast, which was frequently prescribed off-label, is effective for perennial
allergic rhinitis, though this is not a labeled indication (Chen, Lu, & Sun, 2006). Additionally,
five medications from the most common (azithromycin, hydrocortisone, methylphenidate
[Concerta], clonidine, and furosemide [Lasix]) were included on the FDA/National Institute of

Child Health and Human Development priority list of drugs for which pediatric studies are
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needed, but all remained incomplete (National Institute of Child Health and Human
Development, 2007). The frequency of off-label use of these and other off-patent medications
may provide information to further guide efforts at prioritization of pediatric studies and labeling
changes.

Younger children in our study were more likely to receive off-label medications,
especially children aged less than two years. Few medications are tested or approved in this age
group (Giacoia, Birenbaum, Sachs, & Mattison, 2006), giving physicians limited choices for
medications approved for young children. Given the difficulties in enrolling young children in
studies, this group likely will continue to be understudied by pharmaceutical manufacturers. The
results of the upcoming National Institutes of Health Neonatal Drug Initiative (Giacoia &
Mattison, 2005), as well as improving post-marketing data, may help to bridge this evidence gap.

Off-label prescribing varied by physician specialty; non-general pediatricians were more
likely to prescribe off-label than general pediatricians, a result consistent with a prior study
(Radley, Finkelstein, & Stafford, 2006; Schirm et al., 2003). When treating adults, physicians
frequently prescribe medications off-label (Radley et al., 2006). Additionally, non-pediatric
physicians sometimes lack familiarity with FDA approval ages or indications of certain drugs
(L1, Jaffe, Li, & Haynes, 1998). Common sources of pediatric prescribing information, such as
the Harriet Lane Handbook (Robertson & Shilkofski, 2005), do not always distinguish the
FDA-approved age and indications from dosing for children younger than the approved age. This
suggests that an information gap may hinder physicians caring for children, and provision of
more accessible and comprehensive pediatric prescribing resources may ameliorate some

off-label prescribing.
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Limitations

The use of the NAMCS database for this study presented several limitations. Some
variables that may explain off-label prescribing, such as physician and family attitudes,
previously used medications, and the context of the visit, are not included in NAMCS. Without
these variables and other further scrutiny, we cannot determine appropriateness of specific
instances of off-label use. NAMCS data rely on International Classification of Disease,
9th Revision, Clinical Modification coding of physicians’ diagnoses, which may be imprecise.
For example, with “unspecified URI,” a physician could have intended “sinusitis,” for which
antibiotics may be indicated. Though we coded indications broadly, we cannot be sure that every
indicated diagnosis was included. Additionally, for 3% of medications in our sample, different
approval ages exist for different indications. For example, fluoxetine is approved for age eight
years for obsessive compulsive disorder, but age 18 years for depression. We used the lowest age
for FDA approval because NAMCS data did not allow determination of which particular
indication a particular drug was prescribed. Thus, we used age eight years for any child
prescribed fluoxetine. As a result, we may have somewhat underestimated the frequency of
off-label prescribing for age, particularly for central nervous system drugs, which most
commonly had two approval ages. NAMCS data provided visit-based rather than patient-based
estimates and do not account for potential repeat visits. Thus, these data are not intended for
extrapolation to the patient level. Additionally, labeling of medications is a dynamic process, and
our data do not reflect changes after September 2007. Nonetheless, this study may provide
baseline data for monitoring trends in off-label prescribing to children. Despite these limitations,
NAMCS is well known as a reliable database that has been frequently used by previous studies

to estimate prescribing (Thomas, Conrad, Casler, & Goodman, 2006).
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Conclusions

This study demonstrates a large extent of off-label prescribing to children. In view of
legislation intended to strengthen pediatric labeling and therefore decrease off-label use, the high
incidence of off-label prescribing across multiple drug categories leads us to propose that
dissemination of up-to-date pediatric prescribing information should be a national priority.
Research efforts should target the unstudied medications and conditions that account for some
off-label prescribing. Further research should also focus on determining the circumstances of
off-label prescribing and its appropriateness. Development of guidelines for appropriate off-label

prescribing may help to inform clinical practitioners.
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Table 1. Characteristics of U.S. Outpatient Pediatric

Prescription Visits from 2001-2004*

Characteristic Visits, %* 95% CI*
Patient gender

Female 48 46-49
Patient race/ethnicity

White 71 68-75

Hispanic 14 11-18

Black 10 8-11

Other 5 4-6
Patient age

0 -<I year 10 9-11

1 - <2 years 10 9-11

2 - <6 years 23 22-25

6 - <12 years 28 27-30

12 - <18 years 29 27-31
Any chronic diseases

Yes 25 23-27
Payment source

Private insurance 67 65-70

Medicaid 23 21-26

Self-pay 4 3-5

Other (Medicare, military, etc.) 6 5-7
Number of prescription medications

1 63 62-65

2 24 23-25

3-6 13 11-14
Physician specialty

General pediatrics 58 54-61

General or family practice 25 22-28

Other specialties 17 15-20

**Based on weighted sample from National Ambulatory Medical Care Survey.

Unweighted n=7901, weighted »=312,079,000.

TCI indicates confidence interval.
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Figure 2. Proportion of prescriptions that are off-label by common
drug categories (estimated prescriptions, N=484,010,000).
Gl indicates gastrointestinal; dx indicates diagnosis.
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Table 2. 2001-2004 NAMCS Top Five Medications Most Often Prescribed Off-Label within
Each Major Drug Category*

Drug Category R.an.k Rank  Generic Medication Name FDA Number of Unweighted n
(% of RX'S) within Overall (Proprietary?) Approval Off-Lz:bel of Off-Label
Category Age (yrs)|| Rx Rx
Anti-infectives 1 1 Amoxicillin 0.25 15,580,000 346
(28%) 2 3 Azithromycin (Zithromax) 0.5 13,160,000 270
3 5 Amoxicillin/clavulanate 0 9,240,000 208
(Augmentin)
4 14 Cephalexin 1 3,260,000 78
5 16 cefpodoxime (Omnicef) 0.5 2,790,000 61
Upper 1 6 Cetirizine (Zyrtec) 0.5 9,090,000 224
respiratory 2 7 Loratadine (Claritin) 2 5,370,000 133
(17%) 3 10 Promethazine (Phenergan) 2 4,500,000 76
4 12 Mometasone (Nasonex) 2 4,220,000 108
5 15 Fluticasone nasal (Flonase) 4 2,870,000 78
CNS (15%) 1 28 Sertraline (Zoloft) 6 1,760,000 82
2 27 Fluoxetine (Paxil) 18 1,750,000 67
3 31 Risperidone (Risperdal) 5 1,650,000 79
4 34 Methylphenidate (Concerta) 6 1,600,000 39
5 37 amphetamine/ 1,530,000 45
dextroamphetamine (Adderall)
Dermatologics 1 11 Hydrocortisone 0 4,240,000 95
(topicals) (12%) 2 17 Nystatin (Mycostatin) 0 2,780,000 55
3 19 Mupirocin (Bactroban) 0.17 2,360,000 64
4 24 Pimecrolimus (Elidel) 2 1,850,000 42
5 26 Triamcinolone 0 1,800,000 58
Pulmonary 1 2 Albuterol 4 14,140,000 268
(11%) 2 Montelukast (Singulair) 1 11,030,000 222
3 8 Levalbuterol (Xopenex) 6 5,090,000 96
4 9 Fluticasone (Flovent) 4 5,010,000 105
5 32 Budesonide, inhaled 1 1,640,000 31
(Pulmicort Respules)
Neurologics 1 41 Divalproex sodium (Depakote) 2 1,350,000 69
(4%) 2 1 Topiramate (Topamax) 2 460,000 27
3 1 Oxcarbazepine (Trileptal) 4 430,000% 25
4 1 Sumatriptan (Imitrex) 18 300,000% 14
5 1 Gabapentin (Neurontin) 3 250,000% 14
Ophthalmologic 1 33 Olopatadine (Patanol) 3 1,630,000 31
(ophthalmics) 2 48 Ciprofloxacin (Cipro HC) 1 1,230,000 48
(3%) 3 q Tobramycin/dexamethasone 2 500,000% 20
(Tobradex)
4 q Neomycin/polymyxin 18 420,000% 8
B/dexamethasone (Maxitrol)
5 1 Tobramycin (Tobrex) 2 420,000% 12

(table continues)
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Table 2. (continued)

Drug Category Vl::t‘;:ll; Rank Generic Medication Name Apl;?:?\fal li)uflfl_llli;ll;;f Iilflv(v)(}lfg]lzgel:i;
(% of Rx*§) Category Overall (Proprietaryt) Age (yrs)| Rx' Rx
GI (2%) 1 13 Polyethylene glycol 17 3,320,000 64
(Miralax)

2 38 Ranitidine (Zantac) 0.083 1,510,000 33

3 53 Lansoprazole (Prevacid) 1 1,060,000% 23

4 68 Lactulose 18 870,000% 19

5 bl Esomeprazole (Nexium) 12 440,000% 8
Cardiovascular-r 1 23 Clonidine 12 1,870,000 69
enal (2%) 2 71 Guanfacine (Tenex) 12 790,000 36

3 q Epinephrine (Epipen) 0 580,000% 20

4 q Metoprolol (Toprol XL) 6 390,000% 10

5 q Furosemide (Lasix) 18 340,000% 9
Relief of pain 1 74 Acetaminophen/codeine 3 710,000 36
2%) (Tylenol with Codeine)

2 bl Acetaminophen/ 18 650,000% 16

hydrocodone (Lortab or
Vicodin)
3 bl Propoxyphene/ 18 510,000% 16
acetaminophen (Darvocet)
4 9 Cyclobezaprine (Flexeril) 15 420,000% 10
5 9 Celecoxib (Celebrex) 2 390,000% 10

*N=484,010,000 estimated prescriptions, rounded to nearest 10,000; unweighted n=12,432 prescriptions); NAMCS indicates
National Ambulatory Medical Care Survey.

TProprietary names, which are all trademarked, are provided for reference only and do not indicate an endorsement of the
product.

1National Ambulatory Medical Care Survey advises that estimates based on unweighted samples of <30 may be unreliable.
§Rx indicates prescription. Percentages do not add up to 100% because categories with <2% of prescriptions are not included.
**CNS indicates central nervous system.

||Late information as of September 2007. Changes in approval ages may have occurred since 2007.

9Not ranked in the top 100 drugs.
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Table 3. Adjusted Patient Probability of Having a Visit With Off-Label Prescribing+t

AORS of Visit With  Adjusted Probability Difference In
Off-Label of Visit With Adjusted
Prescribing (95% Off-Label Probabilities
Characteristics} CD|| Prescribing (95% CI)
Gender
Male Referent 62% referent
Female 1.04 (0.95, 1.15) 63% 1% (-1, 3)
Race/Ethnicity
White Referent 62% referent
Black 1.13 (0.94, 1.35) 64% 2% (-1, 6)
Hispanic 1.08 (0.92, 1.26) 63% 1% (-2, 5)
Other 1.44 (1.1, 1.85)* 69% 7% (3, 12)
Age
0 - <1 year 2.2 (1.8,2.67)*** 74% 15% (12, 19)
1 - <2 years 1.52 (1.25,1.84)*** 67% 8% (4, 13)
2 - <6 years 1.36 (1.18, 1.57)*** 65% 6% (4, 9)
6 - <12 years Referent 59% referent
12 - <18 years 1.02 (0.89, 1.16) 59% 0% (-2, 3)
Chronic diseases
Yes 0.85 (0.75, 0.96)* 60% -4% (-6, 0.2)
No Referent 64% referent
Payment source
Private insurance Referent 62% referent
Medicaid 1.13 (0.99, 1.29) 65% 3% (-0.1, 5)
Self-pay 1.1(0.85, 1.4) 64% 2% (-4, 7)
Other 0.89 (0.73, 1.1) 60% -2% (-7, 2)
Number of Rx medications
1 Referent 51% referent
2 3.36 (2.97, 3.8)*** 77% 26% (24, 29)
3-6 9.3(7.41, 11.67)*** 90% 39% (37, 42)
Physician specialty
General pediatrics 0.85 (0.74, 0.97)* 59% 4% (-7, 0.3)
General/family practice Referent 63% referent
Other specialty 1.3 (1.12, 1.51)** 68% 5% (2, 8)

TBased on patient, visit, and physician characteristics. Unweighted n=7901, weighted N=312,000,000.
tAll variables included in the model are described in the table.

§AOR indicates adjusted odds ratio.

[|CI indicates confidence interval.

{Rx indicates prescription.

*P<.05.

**p<.01.

*#%Pp<,001
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CHAPTER 3: OFF-LABEL PRESCRIBING TO U.S. INFANTS
AND TODDLERS AND ASSOCIATED FACTORS

Abstract

Objective. To determine frequencies of off-label prescribing to children younger than the
FDA-approved age and for unapproved indications in U.S. children <3 years (yrs) old in the
outpatient setting and to determine factors associated with off-label prescribing.

Design/Setting/Participants. The 2001-2004 National Ambulatory Medical Care
Survey, a national probability sample survey of outpatient physician visits, was used to derive
population estimates of visits where children <3 yrs got prescriptions (81 million).
FDA-approved age and indications were compared to the child ‘s age and diagnoses.

Main Outcome Measures. Population-level visit-based frequencies of off-label
prescribing for age and indication; patient, visit and physician factors associated with receiving
at least one off-label prescription for age or indication.

Results. Off-label prescribing occurred in 65% of prescription visits (52.7 million). At
42% of visits (33.6 million), children <3 yrs received at least one off-label prescription for age
and at 53% of visits (42.9 million), at least one prescription was off-label for indication. At 30%
of visits (23.8 million), prescriptions were off-label for both age and indication. Children
prescribed multiple drugs and those seeing subspecialists had increased odds of receiving
off-label prescriptions for age or indication compared to children prescribed one drug or seeing a
pediatrician respectively (p <0.01 for both comparisons).

Conclusions. About two-thirds of children <3 yrs receive off-label prescriptions for age
and/or indication at U.S. outpatient prescription visits. Many off-label prescriptions are for
medications with unproven benefit or safety concerns. Physician and consumer education and

population-based surveillance of off-label prescribing outcomes are warranted.
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Introduction

Prescribing drugs to patients who are younger than the U.S. Food and Drug
Administration (FDA) approved age for the drug or for unapproved medical indications is
referred to as off-label prescribing. Studies have indicated that off-label prescribing to children
may increase the risk of adverse drug events (Horen, Montastruc, & Lapeyre-Mestre, 2002;
Turner et al., 1999). However, the literature on off-label prescribing to children in the U.S. is
limited. To date, most studies of off-label prescribing have examined single drug classes
(Aparasu, & Bhatara, 2007; Cooper et al., 2006; Olfson, Blanco, Lui, Moreno, & Laje, 2006) or
regional samples (Chen et al., 2006), or have focused exclusively on the inpatient setting (Eiland
& Knight, 2006; Shah et al., 2007; Thompson, & Heflin, 1987). Shah and colleagues reported
that in U.S. tertiary care children’s hospitals, 79% of inpatients received off-label medications
(Shah et al., 2007). In the general pediatric inpatient setting, Eiland and Knight found that 31%
of children hospitalized during one-half of the year received off-label medications (Eiland &
Knight, 2006). We previously reported that 62% of outpatient visits by U.S. children 0-18 years
of age include off-label prescribing. These studies indicate that children frequently receive
off-label medications without sufficient evidence to support their use.

Infants and toddler may be more affected by off-label prescribing than other children.
Over half of U.S. children are taking prescription or over-the-counter medications during a given
week and medication use in children is most prevalent among 0-2 year olds (Vernacchio, Kelly,
Kaufman, & Mitchell, 2009). Incongruously, infants and toddlers are least included in drug
development studies (Giacoia, & Mattison, 2005), yet examples suggest a high potential for
adverse events that are unique to these young children, such as reactions to cough and cold

medications (Centers for Disease Control and Prevention [CDC], 2007) and gray baby syndrome
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with chloramphenicol (Lischner, Seligman, Krammer, & Parmelee, 1961). Pharmacokinetics (the
body’s absorption, distribution, metabolism and elimination of drugs) in infants and toddlers also
vary dramatically from those in older children and adults due to differences in body surface area,
immature intestinal transport, changes in intestinal microflora and conjugation, and delayed
enzymatic maturation among other factors (Steinbrook, 2002). In addition, pharmacodynamics
(the physiological effects of a drug on the body) also significantly differ from those in older
children, resulting in dose/response variability. Finally, children younger than three years old
also represent perhaps the most neuro-developmentally vulnerable group, with dynamic
developmental phenotypic changes that coincide with rapid cerebral metabolism and synaptic
density growth (Rice, & Barone, 2000). Taken together, these differences indicate that infants
and toddlers could be disproportionately vulnerable to the adverse effects of off-label medication
use. A clearer understanding of which drugs are most frequently prescribed off-label to infants
and toddlers at outpatient visits and under what circumstances could help to guide drug
development and clinical care of young children. The objectives of this study were to determine
the frequency of off-label prescribing to infants and toddlers at office visits in the U.S. and to

characterize patient, visit and physician factors that are predictive of this off-label prescribing.

Methods
Data Sources
We used data from the 2001-2004 National Ambulatory Medical Care Survey, a national
probability sample survey performed by the Centers for Disease Control of the content of
outpatient physician visits (Cherry, Burt, & Woodwell, 2003). This study was designed to focus
on visits in which children <3 years old received prescriptions (Rx) within NAMCS. Previously,

we had reported on a more general analysis of NAMCS off-label prescribing for age to all
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children less than 18 years old (Bazzano, Mangione-Smith, Schonlau, Suttorp, & Brook, 2009).
NAMCS uses a multi-stage probability sampling method designed to produce national estimates
of visit data. During 2001 through 2004, 5501 physician offices (64-70% of those eligible)
participated in NAMCS by completing a one-page encounter form on a systematic random
sample of patient visits. This encounter form included data on patient demographics, reason for
the visit, diagnostic work up, diagnoses (up to three), medications (up to six), and follow-up. We
analyzed only visits in NAMCS by children <3 years old during which one or more medications
available by prescription were given and excluded vaccines, vitamins, over-the-counter
medications, nutritional products, nonspecific treatments (e.g., “antibacterial agent”), non-
medications (e.g. infant oil, soap), and rarely prescribed medications (e.g. domperidone). The
total number of included unweighted prescription visits was 1811. We reviewed all NAMCS
drug names for accuracy, combining brand name and generic drugs (e.g. albuterol and
Proventil™) that had been missed by NAMCS to ensure precise drug counts. We reclassified
some NAMCS drug categories due to small sample sizes and drug similarities. Specifically,
anti-parasitics were combined with antimicrobials, neurologics were added to central nervous
system drugs, and upper respiratory drugs were separated from pulmonary drugs.

Dependent Variable: Off-Label

We identified all medications available by prescription at visits for children <3 years, and
found 2,534 eligible prescriptions in total. A prescription was considered off-label for indication
when none of the child’s diagnoses corresponded to an FDA-approved indication.
FDA-approved indications were converted to International Classification of Disease 9" edition
(ICD9-CM) codes, which were cross-matched with the NAMCS ICD9 variable to ensure

inclusion of all plausible diagnoses. A prescription was off-label for age when the child’s age
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was less than the youngest FDA-approval age for the drug regardless of indication, as
determined by the medication prescribing information (label), obtained from the Physician’s
Desk Reference (Physician’s Desk Reference, 2001), FDA or manufacturer’s website, or other
compendia (Micromedex, 2004). A prescription visit was considered off-label for age or
indication if at least one prescription at the visit was off-label for age or indication respectively.
For consistency across data years, we used the latest available prescribing information as of
September 1, 2007. For generic equivalents for which children’s prescribing information was
unavailable, branded drug data were substituted.

Independent Variables

Independent variables were derived from existing empiric literature (Denig, Witteman, &

Schouten, 2002; Schirm, Tobi, & de Jong van den Berg, 2003) and theory on physician
prescribing behavior (Carrin, 1987; Clark, Potter, & McKinlay, 1991; Walker, Grimshaw, &
Armstrong, 2001). Variables included patient age, gender, race/ethnicity (combined variable),
and region of the country. Patient age categories included <3 months, 3 to <6 months, 6 months
to <1 year, 1 year to <2 years, and 2 years to <3 years. We also included expected payment
source (private insurance, Medicaid, self-pay, or other), whether the physician shared care for the
problem with another provider (yes or no), and number of prescriptions given at the visit (1, 2,
3 or more), physician specialty, solo practice versus other, and whether or not the physician was
the patient’s primary care physician. Due to sample size limitations, we categorized physician
specialty as follows: family practice and generalists, general pediatricians, and other specialists.
Statistical Analysis

Visits were weighted to reflect the national population of visits (80 million visits with

prescriptions by children <3 years) and all of our estimates took sampling design into account:
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sampling weights to address unequal probability of selection, stratification, and clustering within
geographic area and within physician.

Descriptive analyses were used to characterize visit characteristics and off-label
prescribing frequencies. The frequency of off-label prescriptions was defined as the number of
prescriptions given where the child’s age was lower than the lowest FDA-approved age. The
proportion of off-label prescriptions was derived by dividing the number of off-label
prescriptions by the total number of prescriptions in the sample. The frequency of off-label
prescribing at visits was defined as the number of visits in which at least one off-label
medication was prescribed. The proportion of visits with at least one off-label prescription was
determined by taking the visits in which an off-label prescription was provided and dividing by
the total number of visits in the sample. Frequencies and proportions for specific indications and
drug categories were derived using the same general method.

Multivariate logistic regression modeling at the visit level was used to determine which
patient, visit and physician characteristics were associated with off-label prescribing for age or
indication. For the logistic regression, we chose several variables that were entered into the
model a priori to ensure an adequate description of our population. These included the following
independent variables: age, gender, ethnicity, and region of the country. The other potential
predictors were chosen on the basis of statistical significance in simple logistical regressions
using the dependent variable of off-label prescribing. We excluded independent variables with
p-values larger than 0.10 in the simple logistic regression from the final model. We calculated
odds ratios and 95% confidence intervals for all variables in our multivariate regression models.
Then, to describe the magnitude of off-label prescribing under various conditions, we used

recycled predictions to determine the adjusted probability of off-label prescribing for each
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variable with all other variables held constant. The differences in these adjusted probabilities and
95% confidence intervals were calculated. Analyses were based on variables with counts of

>30 records to ensure reliability, as recommended by NAMCS documentation. All analyses were
performed using Intercooled STATA 9.0° (StataCorp LP, College Station, TX). Statistical

significance was predetermined to be at the p <0.05 level.

Results

Sample characteristics of infants and toddlers included in the study are presented in
Table 4. Sixty-five percent of prescription visits involved off-label prescribing for age or
indication, so that children were exposed to medications not FDA-approved for their age or
indication at 52.7 million visits. Somewhat more children received prescriptions that were
off-label for indication than were off-label for age (53% vs. 42% of visits). More than one-fourth
of prescription visits (23.8 million) included oftf-label prescribing for both age and indication
(Table 5). Among the nine medication categories, only anti-infectives were prescribed in an FDA
approved manner more than 50% of the time. Proportionately, almost all (98%)
cardiovascular/renal drugs were prescribed off-label for age or for indication. Similarly, more
than 90% of medications affecting the central nervous system, pain medications, and
dermatologics were prescribed off-label (Figure 3). However, a larger number of prescriptions
were off-label among anti-infectives and pulmonary medications, accounting for almost
30 million off-label prescriptions.

Albuterol sulfate was the medication most often prescribed to children younger than the
FDA-approved age, with 6.5 million off-label prescriptions, followed by levoalbuterol
(Xopenex™) with 2.3 million prescriptions. The topical immunomodulator, (Elidel™), was

prescribed off-label over one million times to children younger than three years of age. The
52



inhaled corticosteroid, budesonide (Pulmicort™), was prescribed off-label for age approximately
one million times as well. The phenothiazine, promethazine (Phenergan™), was prescribed
off-label for age 875,000 times. Several cold and cough combination medications were also
among the most frequently off-label prescribed to children younger than the approved age. Of
the top 10 medications, only five had an FDA approval for any children <4 years of age

(Table 6).

The antibiotics, amoxicillin and azithromycin, were mostly frequently prescribed
off-label for indication, at almost five million and three million times, respectively. The
diagnoses for which these antibiotics were most often prescribed off-label were upper respiratory
infection (e.g., the common cold) and bronchitis. Albuterol sulfate and levalbuterol ranked
second and fourth among medications most commonly prescribed off-label for indication, with
4.5 and 2.3 million off-label prescriptions, respectively. These medications, both inhaled beta
agonists with an FDA approved indication for asthma, were most commonly prescribed for the
diagnoses of upper respiratory infection and bronchitis. Nystatin, the topical anti-Candidal agent,
was also among the top five medications, and was prescribed off-label for indication almost
2.5 million times (Table 7). Off-label prescriptions were most commonly given to infants and
toddlers with the following diagnoses: acute upper respiratory infection, otitis media, and
bronchitis.

Multivariate logistic regression analysis revealed three significant predictors of visits
with off-label prescribing: child’s age, number of medications prescribed and physician specialty
(Table 8). Children younger than six months and particularly younger than three months had a
significantly higher probability of receiving at least one off-label prescription than older children

(15% and 26% higher, respectively). Compared to children receiving one prescription, children
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prescribed two medications had a 30% higher adjusted probability of receiving at least one
off-label prescription (95% CI: 26%, 35%). When prescribed three or more medications, the
adjusted probability of receiving at least one prescription off-label was 38% higher than if
prescribed one medication (95% CI: 33%, 43%). When children visited subspecialists, the
probability of off-label prescribing was 18% higher (95% CI: 11%, 24%) than when visiting
general pediatricians. Gender, race/ethnicity, region of the country, payment source, number of
visits, and solo practice were not predictive of off-label prescribing at visits in which children

received prescriptions.

Discussion

About two-thirds of infants and toddlers in the current study received off-label
prescriptions at outpatient visits in the U.S. Off-label prescribing for an unapproved indication
was more common than prescribing to children younger than the FDA-approved age, however
more than one-fourth of children younger than three years of age received prescriptions that were
off-label for both age and indication. These results were consistent regardless of payment source,
gender of the child, or region of the country, indicating that off-label prescribing to infants and
toddlers is a practice that is pervasive in pediatrics. The level of exposure in infants and toddlers
to off-label medications in this study demonstrates the urgent need for further research to
determine the magnitude of potential adverse effects of off-label prescribing to this vulnerable
group.

This study addresses a gap in the literature by specifically analyzing off-label prescribing
to infants and young children in the U.S. outpatient setting. We, and others, have previously
reported on off-label prescribing for age to children 0-17 years of age but we could find no

studies specific to 0-3 year olds. Neonatal studies indicate an extremely high rate of off-label
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prescribing in the intensive care setting (92%; Conroy, Mclntyre, & Choonara, 1999). In
addition, one analysis has recently characterized off-label prescribing in tertiary care children’s
hospitals in the U.S. (Shah et al., 2007). In contrast, the current study addresses care in the
medical setting where infants and toddlers have most contact--outpatient office visits. Prior
studies in the pediatric outpatient setting have exclusively been conducted outside the U.S. where
lower rates of off-label prescribing have been reported ranging from 26-41% (Bucheler et al.,
2002; Chalumeau et al., 2000; Ekins-Daukes, Helms, Simpson, Taylor, McLay, 2004; Mclntyre,
Conroy, Avery, Corns, & Choonara, 2000; Schirm et al., 2003, ‘t Jong, Eland, Sturkenboem, van
der Anker, & Stricker, 2003; Ufer, Rane, Karlsoon, Kimland, & Bergman, 2003). However,
these studies all varied in their definitions of off-label prescribing, often not including
indications. Restricted formularies in several European health systems may also account for
differences from our results. Additionally, European children are mainly seen by general practice
physicians and pediatricians are considered secondary subspecialty providers. In contrast, our
study reflects the U.S. population in which the majority of children are seen by pediatricians.
The almost universal prescription of cardiovascular, renal, CNS and pain medications in
an off-label manner, as demonstrated in our study, points to these drugs as primary targets for
intervention. Case examples, such as lamotrigine-associated Stevens-Johnson syndrome
(GlaxoSmithKline, 2010), provide historical precedents for severe adverse events within these
medication categories. Further, anithypertensives and antiepileptics, for example, are
medications that are usually used for a relatively small population of children with more severe
disease and for longer time periods. Traditional clinical trials of efficacy and safety studies

reflect short-term use. To augment clinical trials for these medications, an approach may be a
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medication registry, which could actively monitor these populations of children over time for
side effects, safety issues and efficacy.

It is not surprising that among the medications most commonly prescribed off-label were
albuterol and budesonide, given the frequency of pulmonary disease in infants and toddlers.
Long experience with these medications in children with few reports of serious adverse events or
deaths may be reassuring; however, a recent Cochrane collaboration systematic review analyzed
albuterol use for recurrent wheeze in infants (as opposed to older children) and showed no clear
benefit (Chavasse, Seddon, Bara, & McKean, 2002). On the other hand, in our study, albuterol
was most frequently prescribed for infants with the off-label diagnoses of bronchitis and upper
respiratory infection rather than wheeze or asthma. The effectiveness of albuterol in infants and
toddlers for these indications has also been unsupported by literature or guidelines and the FDA
denied a labeled indication for albuterol in children under four years. Similarly, newer
randomized controlled trials question the benefit of inhaled corticosteroids, such as fluticasone,
in infants and toddlers with wheeze (Bisgaard, Hermansen, Loland, Halkjaer, & Buchvald, 2006)
and risks of growth suppression are well-established in older children (Easton et al., 1981;
Lipworth, 1999; Randell et al., 2003).

A large number of off-label prescriptions were for upper respiratory infections, including
antihistamines, decongestants, cough suppressants and combinations in our study. The use of
cough and cold preparations in children has recently come under increased scrutiny. In 1997, the
American Academy of Pediatrics issued a policy statement advising that physicians should
educate parents on the lack of efficacy, risk for adverse events, and potential for overdose in
young children taking cough suppressant medications (American Academy of Pediatrics

Committee on Drugs, 1997). In 2000, phenylpropanolamine (PPA), a commonly used
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over-the-counter decongestant that had been marketed for many years, was withdrawn from the
market after studies indicated that it could cause hemorrhagic stroke (Center for Drug Evaluation
and Research, Food and Drug Administration [CDER, FDA], 2000). More recently, the CDC
issued a warning following its report of 1,500 serious adverse events and six deaths in children
younger than two years of age due to cough and cold preparations in 2004-2005 (CDC, 2007). A
growing literature has shown that these medications are no more effective than placebo (De
Sutter, Lemiengre, Campbell, & Mackinnon, 2003; Smith, & Feldman, 1993; Taverner, & Latte,
2007). In our study, the widespread off-label use of promethazine in infants and toddlers was
particularly concerning due to reports of fatal respiratory depression, prompting a black box
warning in 2005 (Starke, Weaver, & Chowdhury, 2005). Despite warnings, a 2011 European
study indicated that prescribing patterns of these cough and cold preparations had hardly
changed (Sen et al., 2011). Further research should document whether U.S. physicians reduced
their prescription of promethazine and other cough and cold medications. Given the available
evidence, the extensive use of these agents is of concern and may indicate the need for further
tools focused on physicians, pharmacists, and consumers to reduce this inappropriate medication
use.

Antibiotics accounted for the largest number of off-label prescriptions to infants and
toddlers for non-FDA approved indications. Prescribing of antibiotics to children for upper
respiratory infections and other viral illnesses is known to be ineffective and to produce bacterial
resistance (Arason et al., 1996; Arroll, & Kenealy, 2005). Our study confirms that inappropriate
antibiotic prescribing among infants and toddlers is prevalent and additional interventions and

public health campaigns aimed at physicians and consumers to address this issue are needed.
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For infants younger than six months old, more than 75% of visits included off-label
prescriptions. Although perhaps not surprising, this is particularly concerning because compared
to older infants and children, these young infants experience the highest medication adverse
events rates (Moore, Weiss, Kaplan, & Blaisdell, 2002). Medications for neonates and infants are
the least likely to be studied and the FDA has stated that scant information is available on
neonates and young infants for drugs in any class (Rodriguez, Roberts, & Murphy, 2001). The
existing research on the effects of off-label medications in infants, such as previously described
for albuterol and promethazine, indicates multiple reasons for caution in using them. In another
frequently used medication in our study, pimecrolimus cream, an immuno-suppressant used for
eczema, higher blood levels were detected in infants and young children than adults, and it is
associated with higher risk of respiratory infections and cancer (Novartis Pharmaceuticals Corp,
2007). Recently, the FDA has gained the ability to issue written requests to manufacturers for
study of specific pediatric populations and indications. Of the over 300 drugs that have been
studied since the new legislation, the vast majority state “study waived for 0-2 month olds” and
less than 10 have received labeling changes due to study of infants (CDER, FDA, 2011). The
disproportionate burden of off-label prescribing in 0-6 month old infants indicates the strong
need to put resources into study of drugs in this group and FDA should consider increasing
requirements for manufacturers to study 0-2 month olds rather than granting waivers.

Children who were seen by subspecialists were more likely to be prescribed off-label
medications. These cases may reflect children with more complex disease. Such complexity is
known to be associated with higher rates of off-label prescribing (Shah et al., 2007).

Alternatively, subspecialists, in particular those without neonatal and pediatric training, may not
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be as familiar with the FDA-approved ages and indications for pediatrics, indicating the potential
need for continued education on prescribing to young children.

Limitations

Several limitations of this study must be acknowledged. Drug formulation and dosage
were not included in the NAMCS data set. Prior studies indicate that dosing outside the label
recommendation accounts for a significant portion of off-label prescribing to children
(Ekins-Daukes et al., 2004). Thus, we may have underestimated the extent of off-label
prescribing to infants and toddlers. It is also possible that off-label prescribing has changed over
time. However, though some medications have undergone recent labeling changes (Roberts,
Rodriguez, Murphy, & Crescenzi, 2003), many of the medications most frequently prescribed
off-label in our analysis are still not labeled for young children or for the most frequently
prescribed indications. Additionally, this study may serve as a baseline for monitoring trends in
off-label prescribing as the practice continues. Finally, we were unable to comment on
appropriateness of prescribing at individual visits, as NAMCS was not intended for this specific
research question and details of the patient circumstances were not available.

Implications

At least two-thirds of infants and toddlers are exposed to off-label medications at U.S.
outpatient prescription visits. The youngest infants are most likely to receive these medications.
Many off-label prescriptions are for medications with serious safety concerns or are intended to
treat self-limited disease. These findings indicate the need for review of prescribing practices to
infants as a profession as well as continuing physician and consumer education regarding

efficacy and risks in using off-label medications in infants and toddlers. Furthermore,
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population-based surveillance of the outcomes of off-label prescribing to infants and young

children, particularly for certain medication categories, is warranted.
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Figure 3. Percentage of prescriptions to 0<3 year olds that are off-label for age
or for indication (diagnosis) by drug categories.’

"' With 95% confidence intervals.
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Table 4. Characteristics of Pediatric Prescription Visits

(N=80,630,000 Visits)*

Characteristic % of Visits * 95% CI1
Patient
Gender
Female 48 44,53
Male 52 47,56
Race/Ethnicity
White 67 58,75
Hispanic 18 11,26
Black 9 7,12
Other 6 3,9
Age
<3 months 9 7,12
3 - <6 months 9 6,13
6 - <12 months 20 18,23
1 year - <2 years 36 33,40
2 years - <3 years 25 21,29
Region of the Country
Northeast 21 5,59
Midwest 18 6,45
South 38 19,62
West 22 5,58
Visit
Payment Source
Private insurance 65 59,71
Medicaid 26 20,32
Self-pay 2 1,4
Other/unknown 7 4,10
Number of Prescription Medications
Given
1 69 65,73
2 23 21,26
>3 7 5,10
Physician
Specialty
General Pediatrics 77 72,82
General or family practice 18 13,24
Other subspecialties 5 4.7
Solo practice
Yes 23 70,82
No 77 18,30
Patient’s primary care physician
Yes 86 82,88
No 14 12,18

*Visits at the population level; unweighted n=1,811.
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Table S. Frequency and Proportion of Visits* with Off-Label Prescribing

Type of Off-Label Rx

No. of Off-Label
Prescription Visits

Proportion of Total
Prescription Visits (95% CI)

Off-label for age
Off-label for indication

Off-label for both age and
indication

Off-label for either age or
indication

33.6 million 42 (39,44)
42.9 million 53 (50,56)
23.8 million 30 (27.,32)
52.7 million 65 (63-68)

*Visits at the population level (N=80,630,000); unweighted n=1,811 visits.

Table 6. Top 10 Medications with Most Prescriptions (Rx) Off-Label for Indication

Drug Name (Proprietary) Drug Category # of Off-Label Rx* % of Off-Label Rx
1. amoxicillin anti-infectives 4,966,000 9
2. albuterol pulmonary 4,535,000 8
3. azithromycin (Zithromax™) anti-infectives 2,975,000 5
4. nystatin (Mycostatin™) dermatologics 2,436,000 4
5. levalbuterol (Xopenex™) pulmonary 2,263,000 4
6. amoxicillin-clavulinate (Augmentin™) anti-infectives 2,184,000 4
7. cetirizine (Zyrtec™) upper respiratory tract 1,844,000 3
8. promethazine (Phenergan™) upper respiratory tract 1,200,000 2
9. montelukast (SIngulair™) pulmonary 1,174,000 2
10. hydrocortisone dermatologics 1,133,000 2
*Rounded to the nearest thousand.
Table 7. Top 10 Medications with Most Prescriptions (Rx) Off-Label for Age
FDA- # of % of
Drug name (Proprietary) Drug Category Approval Off-Label
Age* RxA Off-Label Rx
1. albuterol pulmonary 4 6,547,000 15
2. levalbuterol (Xopenex™) pulmonary 6 2,263,000 5
3. Pimecrolimus (Elide]™) dermatologics 2 1,023,000
e el P oy o umwo o
5. amoxicillin anti-infective 0.25 992,000 2
6. hydroxyzine (Atarax™) upper respiratory tract 6 984,000 2
7. promethazine (Phenergan™) upper respiratory tract 2 874,000 2
8. fluticasone oral inhalation (Flovent™)  pulmonary 4 839,000 2
9. montelukast sodium (Singulair™) pulmonary 1 745,000 2
10. mometasone nasal (Nasonex™) upper respiratory tract 2 716,000 2

*As of September 2007. Since 2007, Singulair has obtained FDA approval for six months and older.

“Rounded to the nearest thousand.
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Table 8. Results of Logistic Regression Model Predicting Visit with Off-Label for

Age or for Indication

Characteristic Adjusted or for Visit Adjusted Difference in
with Off-Label Rx Probability for Adjusted
95% CI™) Visit with Probabilities
Off-Label Rx 95% C1M)

Gender

Female 0.92 (0.73, 1.16) 65% -2% (-6%, 3%)

Male referent 67% referent
Age

0<3 mo 5.38 (2.93, 9.86) 88% 26% (19%, 33%)

3<6 mo 2.27 (1.4, 3.67) 77% 15% (7%, 23%)

6<12 mo 0.96 (0.69, 1.33) 61% -1% (-7%, 6%)

12 yrs 1.08 (0.77, 1.5) 64% 2% (-5%, 8%)

2<3 yrs referent 62% referent
Race/Ethnicity

White/Non-Hispanic referent 65% referent

Hispanic 1.24 (0.85, 1.83) 69% 4% (-3%, 12%)

Black/African-American 1.28 (0.81, 2.01) 69% 4% (-3%, 13%)

Other 1.66 (0.99, 2.78) 74% 9% (0, 18%)
Region of the country

Midwest 0.97 (0.61, 1.56) 69% 0% (-9%, 18%)

South 0.79 (0.55, 1.14) 65% -4% (-11%, 2%)

Northeast referent 69% referent

West 0.79 (0.56, 1.1) 65% -4% (-10%, 2%)
Payment source

Private insurance referent 66% referent

Medicaid 1.16 (0.84, 1.62) 69% 3% (-4%, 9%)

Self-pay 0.98 (0.44,2.17) 65% -1% (-16%, 14%)

Other/unknown 0.88 (0.5, 1.54) 63% -3% (-13%, 8%)
Number of Rx medications

1 referent 57% referent

2 5.57 (4.012, 7.75) 87% 30% (26%, 35%)

3 or more 15.56 (6.03, 40.16) 95% 38% (33%,43%)
Solo practice

No referent 66% referent

Yes 1.09 (0.78, 1.54) 67% 1% (-4%, 8%)
Other physicians share care

No referent 66% referent

Yes 1.05 (0.76, 1.45) 67% 1% (-5%, 7%))
Physician specialty

General pediatrics referent 63% referent

General or family 1.18 (0.78, 1.81) 67% 4% (-5%, 11%)

practice

Subspecialties 2.87 (1.85, 4.45) 82% 19% (11%, 24%)

“Cl=confidence interval.
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CHAPTER 4: DIFFERENCES IN OFF-LABEL PRESCRIBING
TO CHILDREN FOR AGE VERSUS FOR INDICATION

Abstract

Background. Previous studies have determined that off-label prescribing to children is
pervasive. However, few studies have compared oft-label prescribing for age, in which drug
safety has not been scrutinized by the U.S. Food and Drug Administration (FDA), with off-label
prescribing for indication, in which drug efficacy has not been reviewed by the FDA. Differences
in prescribing frequencies, medications, patient and physician characteristics could warrant
different approaches to interventions.

Objective. The first objective of this study was to determine the frequencies of off-label
prescribing for age and off-label prescribing for indication to U.S. children at outpatient visits.
The second objective was to compare off-label prescribing for age to off-label prescribing for
indication in terms of most commonly used medications and classes, patient characteristics and
physician specialty.

Methods. We analyzed data from the National Ambulatory Medical Care Survey over a
four year period (2001-2004). This probability sample survey of outpatient visits was used to
derive nationally representative estimates of numbers and proportions of visits that included
off-label prescribing for age or for indication. We used two multivariate logistic regression
models to determine which patient, visit and physician characteristics were associated with
off-label prescribing for age and for indication.

Results. Of the estimated 312 million children’s visits (unweighted n=7901 visits), 25%
(95% CI: 23%, 27%) included off-label prescribing for age and 53% (95% CI: 50%, 56%)
included off-label prescribing for indication. Whereas no age-related differences were found with

off-label prescribing for indication, visits by children aged 0-2 years involved more off-label
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prescribing for age (46%, 95% CI: 42%,50%) than did other age groups. Anti-infectives, upper
respiratory medications, and pulmonary medications were much more commonly prescribed
off-label for indication (41%, 52%, and 61%) than for age (6%, 16%, and 24%). Physician
specialists were 14% (95% CI: 7%, 20%) more likely to prescribe off-label for age than general
pediatricians or family physicians.

Conclusions. We found striking differences between the epidemiologic profiles of
off-label prescribing for indication and for age. Children are consistently exposed to medications
that are off-label for indication and this exposure is disproportionate in comparison to adults.
Medications used off-label for age, though used relatively less frequently, require special
prioritization for study due to safety concerns. FDA policies should be strengthened to increase
such study, mandate patient registries to assess off-label prescribing over time, and provide more
accessible prescribing information. Physician prescribing education, especially for subspecialists,
should be targeted at the most commonly prescribed drugs within each type of off-label

prescribing.

Introduction

Medications are scrutinized and approved by the U.S. Food and Drug Administration
(FDA) for a specific indication and population. Once the medication receives a license,
physicians may legally prescribe the medication for an unapproved indication, in an unapproved
age group, in an unapproved formulation, or at an unapproved dose. The FDA considers this part
of the “practice of medicine” and does not interfere with this prescribing (Stafford, 2008).
Though children are vulnerable to all of the types of off-label prescribing, most often oft-label

prescribing for indication and for age have been studied and addressed by policymakers.
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Off-label prescribing for indication occurs when a physician prescribes a medication for
an indication or diagnosis that is different from that which the drug is approved by the FDA. In
this case, the drug has been approved as safe for the patient’s age, but the medication has not
undergone FDA scrutiny with regard to efficacy for treating the diagnosis. This prescribing is
very common across all physicians and patient groups (Radley, Finkelstein, & Stafford, 2006).
One notorious example of this type of off-label prescribing is gabapentin. This medication was
originally approved as an anti-epileptic and was quickly promoted and used off-label for
diagnoses ranging from neuropathic pain to headaches (Steinman, Bero, Chren, & Landefeld,
2006). In the largest settlement of its kind until 2004, the manufacturer was fined $430 million
for promotion of off-label use.

Off-label prescribing for age occurs when a physician prescribes a medication to a child
who is younger than the FDA-approved age. The drug manufacturer has not obtained
FDA-approval indicating that the drug is safe or effective for the patient’s age group. In general,
the youngest children appear most at risk for off-label prescribing for age (Bazzano, Mangione
Smith, Schonlau, Suttorp, & Brook, 2009; Shah et al., 2007). One study indicated that 50% of
cardiovascular medications were prescribed to children younger than the FDA-approved age
(Yoon, Dombkowski, Rocchini, Lin, & Davis, 2007).

Historically, the FDA has regulated drug safety and drug efficacy differently, in large
part as a result of pediatric drug prescribing. In 1937, a liquid preparation of the antibiotic
sulfanilamide, which contained diethylene glycol (a.k.a. “antifreeze”), killed 107 people,
primarily children. This tragedy led to the 1938 Federal Food, Drug and Cosmetics Act (serving
as the basis for today’s FDA), which required that safety be proven before marketing a drug. In

1962, thalidomide caused phocomelia (limb defects) in thousands of babies, prompting the
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Kefauver-Harris Drug Amendment, which required establishment of efficacy prior to marketing
drugs. When studying drugs in humans for FDA approval, safety trials are completed first
(phase I) and are followed by efficacy trials (phase II and III). Nonetheless, despite historical
precedents, most drugs have not been studied on children and their labels have carried the
statement “Safety and effectiveness have not been examined in children.” Recently, growing
concerns about lack of pediatric prescribing information in the face of increased pediatric
prescribing have prompted legislation encouraging and in some cases mandating safety and
efficacy studies of pediatric populations for FDA review (Best Pharmaceuticals for Children Act,
2002). Since 1997, these policies have resulted in a number of medications receiving FDA
scrutiny and labeling for children of different ages and for pediatric indications (Roberts,
Rodriguez, Murphy, & Crescenzi, 2003).

We have previously reported on off-label prescribing to U.S. children in general,
combining off-label for age and for indication (Bazzano et al., 2009). Others have described
off-label prescribing to children for age only (Shah et al., 2007) or indication only (Radley et al.,
2006). In a small study in a single teaching hospital, Eiland and Knight found significant
differences in rates of off-label prescribing for age (10%) versus indication (21%) as well as in
which medications were prescribed off-label for age or indication (Eiland & Knight, 2006). To
our knowledge, studies have not compared off-label prescribing for indication with off-label
prescribing for age in U.S. children in the outpatient setting.

Determining which medications are most frequently prescribed off-label for indication
and off-label for age can assist with prioritization of efficacy and safety studies. Understanding
whether factors such as drug category, child’s age and physician specialty differ among off-label

prescribing for age and off-label prescribing for indication could help policymakers and
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clinicians understand the breadth of the practice in order to better target solutions appropriate to
each type of off-label prescribing. Thus, the objectives of this study were to determine the
frequency of off-label prescribing for age and off-label prescribing for indication as well as to
compare them in terms of medication categories, most common medications, children’s ages and

physician specialties.

Methods

This study used National Ambulatory Medical Care Survey (NAMCS) data from a
four-year period (2001-2004) to examine off-label prescribing for age and indication to children.
The NAMCS is a nationally representative probability sample survey of outpatient medical visits
conducted by the National Center for Health Statistics intended for use to describe the national
population of visits.

Office-based, non-federally employed physicians engaged in direct patient care, not
including anesthesiology, pathology and radiology, and their office staff completed the survey
regarding approximately 30 visits randomly selected during a 1-week period. The 1-page written
survey included questions on patient demographics, reason for the visit, diagnoses (up to three),
diagnostic testing, medications (up to six), and follow-up. In addition, data are collected on
physician demographics and type of practice. During 2001-2004, 5501 physician offices
participated (64-70% of eligible).

Our sample consisted of all visits by children less than 18 years old during which a
medication available by prescription was given (prescription visits). We excluded vitamins,
oxygen, vaccines, over-the-counter medications, nutritional products, nonspecific treatments
(e.g., “antibacterial agent”), non-medications (e.g., infant oil, soap), and rarely prescribed

medications (e.g., chloramphenicol, domperidone) in our definition of prescription medications.
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We reviewed all NAMCS drug names for accuracy, and combined brand name and generic drugs
(e.g. albuterol and Proventil™) to ensure precise drug counts.

Dependent Variables: Off-Label Prescribing for Age
and Off-Label Prescribing for Indication

We considered a prescription to be “off-label for age” if the child’s age was younger than
the FDA-approval age. A prescription was considered “off-label for indication” if none of the
given diagnoses corresponded to an FDA-approved indication. FDA-approved age and
indications were obtained from the package insert (label), the Physician’s Desk Reference
(Physician’s Desk Reference, 2007), FDA website (Center for Drug Evaluation and Research,
Food and Drug Administration [CDER, FDA], n.d.) or other compendia. These indications were
converted into International Classification of Disease, 9th Revision, Clinical Modification
(World Health Organization [WHO], 2006) codes to correspond with the NAMCS diagnosis
variable. For consistency across data years, we used the latest available prescription information
as of September 1, 2007. For generic equivalents for which children’s prescribing information
was unavailable, we substituted brand-name medication information. A prescription visit was
considered off-label if at least one prescription from that visit was off-label.

Independent Variables of Interest

Drug Category

We used NAMCS drug categories, based on National Drug Code (NDC) Directory
classifications, which broadly categorize drugs by their uses. We did not change drug category
based on potential off-label uses of a medication.

We reclassified categories with small sample sizes and drug similarities. For example, we

combined anti-parasitics with antimicrobials, and we added neurological medications to central
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nervous system medications, which included psychiatric medications. The respiratory tract
category was divided into upper respiratory drugs and pulmonary drugs.

Child’s Age

Age was categorized as 0 to <2 years, 2 to <6 years, 6 to <12 years, and 12 to <18 years.
These categories translate roughly to infants and toddlers, preschoolers, school age and
adolescents and reflect standard pediatric groupings.

Physician Specialty

NAMCS classifications of physician specialties were combined into larger categories
than originally in NAMCS due to sample size limitations. Our categories included generalists
and family physicians, general pediatricians, and other specialists.

Covariates

We included relevant patient demographic variables, such as gender, race/ethnicity,
region of the country, and urban vs. rural as model covariates. In addition, we measured presence
of chronic disease based on whether the patient had one of any diagnoses on a list of chronic and
severe pediatric conditions previously used in the literature (Kuhlthau, Beal, Ferris, & Perrin,
2002). Expected payment source (private insurance, Medicaid, self-pay or other), number of
visits in the past 12 months, number of medications prescribed at the visit (1, 2, 3-6) and whether
the physician shared care for the diagnosis with another provider (yes or no) were included as
visit characteristics.

Statistical Analysis

Our analyses used weighted national estimates of visits. In order to construct unbiased
national population estimates, NAMCS used a multistage stratified sampling design in which

visits are sampled within physicians who are sampled within geographic areas of the country.
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These visits are weighted to reflect under or over-representation within the sample. In addition,
we corrected for clustering, or similarities of visits by the same provider or region of the country.
More detailed descriptions of sampling and weighting procedures of NAMCS are available
online (Centers for Disease Control and Prevention [CDC], n.d.).

We used descriptive analyses that were weighted to reflect population estimates of
off-label prescribing for age and oft-label prescribing for indication and the same techniques
were used for each type of off-label prescribing. The frequency of off-label prescribing at visits
was defined as the number of visits in which at least one off-label medication was prescribed.
The proportion of visits with at least one off-label prescription was determined by dividing the
visits in which an off-label prescription was provided by the total number of visits in the sample.
We compared frequencies and proportions of off-label prescribing for indication and for age
among various age groups and drug categories at the visit level. The most frequently prescribed
medications were tabulated from weighted estimates as well.

We analyzed factors that could be associated with off-label prescribing by utilizing two
multiple logistic regression models with the dependent variables of off-label prescribing for age
and off-label prescribing for indication. The unit of analysis was patient visit. We derived
bivariate analyses and then incorporated into our final model those variables which showed
significance at the p <0.1 level. We also included demographics in our final models regardless of
bivariate significance. We determined multivariate adjusted probabilities for each variable using
the recycled predictions technique to illustrate the independent probability that each variable was
associated with off-label prescribing with all other variables held constant. We also calculated
differences in adjusted probabilities and their confidence intervals. To ensure accuracy of

confidence intervals while avoiding parametric assumptions of our estimation sample (Carpenter,
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& Bithell, 2000), we bootstrapped the confidence intervals using the bias-corrected method. All
analyses were performed using Intercooled Stata 9.0 (StataCorp LP, College Station, TX).

Statistical significance was predetermined as p <0.05.

Results

An estimated 312 million visits in which at least one medication was prescribed
(prescription visits) were included in the analysis. Sample characteristics have been reported
elsewhere (Bazzano et al., 2009). In brief, visits involved slightly more male children (52%) and
about two-thirds of children were white (71%), about one-sixth were Hispanic (14%) and
one-tenth were black (10%). Almost a third of visits involved adolescents (29%), or school aged
children (28%), with almost one-quarter involving preschoolers (23%) and the remainder infants
(20%). One fourth of children had chronic diseases.

During prescription visits overall, off-label prescribing was twice as common for
indication than for age, with 53% (95% CI, 50%-56%) of visits including off-label prescribing
for indication and 25% (95% CI, 23%-27%) including off-label prescribing for age (Table 9).
Younger children more often received medications that are off-label for age; 46% of those less
than two years old received medications approved only for older children whereas for those over
two years old, about 20% of visits included off-label prescribing for age. There was no
association between age and off-label prescribing for indication and 50-56% of visits by children

in each age group included this off-label prescribing.

Vast differences were found between rates of the two types of off-label prescribing by
drug categories. Off-label prescribing for age was rare for anti-infectives (6%), and increased in

frequency for upper respiratory medications (16%), pulmonary drugs (24%), ophthalmologics
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(30%), drugs affecting the central nervous system (32%), and dermatologics (39%). Over half of
cardiovascular-renal medications (70%), gastrointestinal drugs (61%) and pain medications
(55%) were prescribed off-label for age (Figure 4). Anti-infectives, upper respiratory
medications, and pulmonary medications were much more commonly prescribed off-label for
indication (41%, 52%, and 61% respectively) than for age. Almost half of dermatological (42%)
and central nervous system (47%) prescriptions were off-label for indication. Most prescriptions
for pain medications (70%), gastrointestinal drugs (68%) and cardiovascular-renal medications
(80%) were off-label for indication (Figure 5).

The medications most commonly prescribed off-label for age spanned across medication
categories. The top-ranked were the two related pulmonary medications, albuterol and
levalbuterol, which together accounted for about 10 million prescriptions (Table 10).
Polyethylene glycol, a gastrointestinal medication used for constipation, ranked third. Four
medications affecting the central nervous system were among the top 20 prescribed off-label for
age. These included the antidepressants, paroxetine, buproprion and escitalopram as well as the
second generation anti-psychotic, quetiapine. Several upper respiratory medications were among
the top medications, including triamcinolone actetonide, a nasal steroid, and two products
containing first generation antihistamines, chlorpheniramine/phenylephrine and hydroxyzine.

Medications most commonly prescribed off-label to infants (02 years) included pulmonary,

dermatologics, upper respiratory and antibiotics. In adolescents, 8 of the 10 most commonly
prescribed off-label were medications affecting the central nervous system and two were pain
medications.

In contrast, the medications that were most commonly prescribed off-label for indication

cluster around fewer drug categories. Several of the medications prescribed for a non-approved
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indication were anti-infectives. Top overall and among the anti-infectives were amoxicillin and
azithromycin, accounting for 28 million prescriptions, with amoxicillin-clavulanate prescriptions
accounting for over nine million of those off-label for indication (Table 10). The pulmonary
medications, albuterol and montelukast sodium, accounted for more than 11 million off-label
uses each. Others among the top 20 from the pulmonary medications included levalbuterol and
fluticasone oral inhalation, and each was prescribed off-label for indication about five million
times. The other group of medications that ranked highly in terms of use for unapproved
indications was the upper respiratory medications, such as cetirizine, promethazine, fluticasone
and fexofenadine. The medications most commonly prescribed off-label for indication were
similar across age groups.

In multiple logistic regression analysis, we found significant differences among factors
associated with off-label prescribing for age compared to off-label prescribing for indication.
Child’s age was significantly associated with rates of off-label prescribing for age (Table 11).
Those children who were 6-12 years old had a 23% adjusted probability of receiving an off-label
medication not approved for their age group; in contrast, the adjusted probability for infants less
than a year of age was 61% and for those between 1 and 2 years of age, it was 50%. Payment
source also was associated with differences in off-label prescribing for age. Those with private
insurance had the lowest adjusted probability of off-label prescribing for age (26%), whereas
those who had Medicaid or self-pay were more likely to receive at least one prescription that was
off-label for age (31% and 41% adjusted probabilities respectively). The number of medications
also predicted a visit that included receipt of a prescription that was off-label for age--those visits
that included three or more prescriptions had the highest risk, with 49% adjusted probability of at

least one of those medications being off-label for age. Finally, visiting general pediatricians
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conferred lower predicted probability of off-label prescribing for age (21%) than visiting other
specialties (39%) or general/family medicine practitioners (25%).

In contrast, only two factors were significantly associated with off-label prescribing for
indication in multiple logistic regression modeling. Having a chronic disease reduced the
adjusted probability of off-label prescribing for indication by 6% compared to those who did not
have chronic diseases (Table 11). Increasing number of medications was also associated with
increased probability of off-label prescribing for indication, with those receiving one prescription
having a 41% adjusted probability, whereas receipt of three or more prescriptions conferred an

additional 44% chance of off-label prescribing (for a total of 85% adjusted probability).

Discussion

Our findings suggest that there are striking differences in national patterns of off-label
prescribing to children, with off-label prescribing for indication twice as common as off-label
prescribing for age. To our knowledge, this is the first study to compare oft-label prescribing for
age and for indication in a nationally representative sample of U.S. children. These findings have
important clinical and public health implications. Half of visits during these four years involved
off-label prescribing for indication. In comparison, a recent national study revealed that 21% of
prescriptions to adults were off-label for indication (Radley et al., 2006). Children are receiving
prescriptions without evidence that they will be effective as assured through FDA-approval at an
alarming rate. The disparity of this exposure in comparison to adults necessitates further study to
determine the underlying mechanisms and consequences of this prescribing behavior to children.
In particular, research should focus on understanding differences in factors surrounding pediatric

visits that contribute to off-label prescribing for non-approved indications in children.
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Furthermore, the large degree of off-label prescribing for indication to children supports
maintenance and strengthening of FDA regulation of advertising of off-label uses.

Given the large reliance on the practice, it appears that off-label prescribing to children
for unapproved indications is unlikely to be eliminated. In fact, in evaluating off-label
prescribing for an indication that is not labeled, an argument can be made in select cases for
clinical appropriateness if there is good quality evidence of effectiveness in the medical
literature. In some cases, substantial literature exists to support the use of the medication for the
off-label diagnosis and this information has not been incorporated into the label. For example,
ondansetron has FDA approval for the indications of chemotherapy-related, radiation
therapy-related and post-operative vomiting. It has been found effective in clinical trials and is
often used for vomiting related to gastroenteritis (Freedman, Adler, Seshadri, & Powell, 2006).
In these cases, the physician may have a foundation for prescribing for an off-label indication.
With FDA surveillance of this literature, the agency could make an argument of substantial oft-
label use of medications and potentially require pharmaceutical manufacturers to put forth the
product for FDA approval.

On the other hand, previous studies on children and adults have shown that off-label
prescribing typically occurs in the absence of evidence of effectiveness (Radley et al., 2006).
One study demonstrated that 79% of off-label prescribing for indication in adults did not have a
body of supporting evidence for efficacy (Eguale et al., 2012). Likewise, children often receive
off-label prescriptions for indications that are non-evidence based and do not follow practice
guidelines (Pandolfini, Campi, Clavenna, Cazzato, & Bonati, 2005). Pediatric studies also point
to increased rates of adverse events and serious harm with off-label prescribing for indication

(Horen, Montastruc, & Lapeyre-Mestre, 2002). In the absence of evidence, physicians and
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patients may benefit from a standardized approach to determining and documenting whether
off-label prescribing for unapproved indications is appropriate (Gazarian et al., 2006).

Whereas the majority of prescribing was off-label for indication, off-label prescribing for
age involved a smaller portion of children and disproportionately affected younger children
(0-2 year olds). Fewer medications are tested or approved in this age group. The FDA considers
medications that are off-label for indication differently from those which are used off-label for
age in terms of requirements for study. In order to gain FDA approval, these drugs require
studies indicating safety in younger age groups, including pharmacokinetic and
pharmacodynamic profiles. Some newer medications fall under recent regulations that require or
give incentives for studying children if the drug is expected to treat children (Best
Pharmaceuticals for Children Act, 2002; Pediatric Research Equity Act, 2003). Other, especially
older, medications are less likely to be studied, with a few exceptions such as albuterol (which
was denied FDA approval for children <4 years old). Some have argued for high-cost, high-risk
older drugs to be prioritized for study (Walton et al., 2008). We agree with that recommendation
and would like to see it expanded to highly utilized drugs as well and those in certain high-risk
populations (e.g., infants and toddlers).

One of the major barriers to decreasing off-label prescribing for age is thought to be
difficulty in studying children. While this may be true for classic randomized controlled trials,
alternatives that provide data on large numbers of children at lower cost do exist. In particular,
given the national mandate for use of electronic medical records, patient registries are becoming
an accessible, low cost option to follow cohorts of children over time. For example, the FDA
mandated a strict registry for oral tretinoin (Accutane) prescribers and users (Martin, 2006),

pregnancy registries follow women taking anti-convulsants (Holmes, Wyszynski, & Lieberman,
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2004), and the Centers for Disease Control administers a national network of cancer registries
that Congress authorized in 1992 (CDC, 2012). While we believe the major goal should be to
reduce off-label prescribing for age, children currently taking medications off-label would
benefit from similar registries.

Medications most commonly used off-label for indication closely mirrored the
medications most commonly prescribed overall to children (Vernacchio, Kelly, Kaufman, &
Mitchell, 2009) and included those drug categories in which the most prescribing occurred
(antibiotics, pulmonary, upper respiratory). In contrast, the medications most commonly
prescribed off-label for age followed more typical patterns of adult prescribing (Vernacchio et
al., 2009). This finding is concerning especially for the central nervous system medications, and
newer antipsychotics in particular, which have a poor evidence base and significant safety
concerns in children (Correll, 2008; Egger, 2010). On a policy level, this finding indicates that
the FDA’s incentives and requirements for study of pediatric drugs may not be sufficient even
for newer medications. Furthermore, especially for children, FDA should continue to uphold its
high standards with regard to studies required for labeling.

Factors associated with off-label prescribing for indication differed from those associated
with off-label prescribing for age. Children with chronic diseases were prescribed medications
that were off-label for indication less often than children without chronic diseases. This is
consistent with adult literature in which patients with higher co-morbidities had lower off-label
use (Eguale et al., 2012). Indications on labels tend to correspond to diagnoses, such as diabetes,
rather than symptoms, such as fever and cough. Thus, children with some chronic diagnoses may
already benefit from increased study and labeling of medications. Additionally, children with

co-morbidities may not receive off-label medications due to higher risks of adverse drug
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interactions (Levi, Levy, Andersen, & Truloff, 2010). With regard to insurance, children with
Medicaid or who were self-pay were exposed to off-label prescribing for age more frequently, a
result that is consistent with previous studies (Leslie & Rosenheck, 2012); this may be due to
formulary restrictions by private insurers or perhaps that children with Medicaid may receive
older, generic drugs that have not been approved and have little incentive for study. Finally,
subspecialists were more apt to prescribe medications that were off-label for age than general
pediatricians. Subspecialists, especially those not trained in pediatrics, may not have as much
familiarity with medications for children (Li, Jaffe, Li, & Haynes, 1998) or approved ages and
safety concerns regarding differences between children of different ages and adults. Continuing
education and prescribing incentives, using techniques with proven effectiveness, regarding
prescribing for different age groups may be helpful in reducing off-label prescribing for age by
subspecialists.

Limitations

This study was a secondary analysis of a national database of outpatient visits. It was not
originally specifically intended to analyze off-label prescribing and as such, several variables
that may better characterize differences between off-label prescribing for age and for indication
are not present. Though the NAMCS database is frequently used for prescribing data and has
been used for other off-label prescribing studies, a more specific prospective data set could help
guide interventions. The NAMCS data measure a specific four-year period. Prescribing is a
physician behavior that changes over time and specific frequencies may have changed as new
drugs are marketed since the study began. Already marketed medications are also undergoing
label revisions in response to pediatric study so that some medications previously considered

off-label for age might now be labeled. Nonetheless, as one of the first national studies of
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off-label prescribing at children’s office visits, this may serve as a reference with which to
compare future research.

Conclusions

This study indicates that children are prescribed medications off-label for indication
much more frequently than off-label for age. In comparison to adults, children are
disproportionately exposed to medications that are off-label for indication. Medications
prescribed off-label for age, though used less frequently, require special prioritization for study
due to safety concerns. FDA policies should be strengthened to require such study, mandate
registries, and provide more accessible prescribing digests. Physician education and prescribing
incentives should be targeted at these most commonly prescribed drugs within each type of

off-label prescribing.
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Table 9. Off-Label Prescribing for Age and for Indication by Age Group (N=312 Million
Based on Unweighted n=7901 Visits)

Age Group Proportion of Visits with Off-Label Proportion of Visits with Off-Label
Prescribing for age (95% CI) Prescribing for Indication

0 to <2 years 46% (42, 50) 50% (45, 55)

2 to <6 years 21% (17, 26) 56% (52, 60)

6 to <12 years 19% (16, 23) 52% (46, 57)

12 to <18 years 20% (17, 23) 56% (52, 59)

Total 25% (23,27) 53% (50, 56)
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Figure 4. Percentage of off-label prescriptions for age in each drug category
(N=484,010,000 estimated prescriptions).
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Figure 5. Percentage of off-label prescriptions for indication in each drug category
(N=484,010,000 estimated prescriptions).
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Table 10. A Comparison of the Top 20 Most Common Medications Off-Label for Age vs.
Off-Label for Indication (N=484,010,000 Estimated Prescriptions; Unweighted
n=12,432 Prescriptions)

Rank Off-Label for Age Off-Label for Indication
Medication Drug No.of Rx FDA Medication Drug No. of Rx
(Proprietary Category Off-Label Approval (Proprietary Category Off-Label
Name) for Age Age (Yrs) Name) for

Indication

1 Albuterol Pulmonary 6,550,000 4 Amoxicillin Anti-infectives 14,980,000

2 Levalbuterol Pulmonary 3,480,000 6 Azithromycin Anti-infectives 13,090,000
(Xopenex)

3 Polyethylene Gastrointestinals 3,320,000 17 Albuterol Pulmonary 11,240,000
glycol (MiraLax)"

4 Mometasone Upper 1,800,000 2 Montelukast Pulmonary 11,030,000
(Nasocort) respiratory sodium

(Singulair)

5 Paroxetine (Paxil) CNS 1,750,000 18 Amoxicillin- Anti-infectives 9,240,000
clavulanate
(Augmentin)

6 Chlorpheniramine Upper 1,600,000 18 Cetirizine Upper 9,040,000
/phenylephrine  respiratory (Zyrtec) respiratory
(Ryantan)

7 hydroxyzine Upper 1,430,000 6 Loratadine Upper 5,160,000

respiratory (Claritin) respiratory

8 Budesonide Pulmonary 1,330,000 6 Levalbuterol Pulmonary 5,080,000
inhalation powder (Xopenex)

(Pulmocort
turbuhaler)

9 Buproprion CNS 1,280,000 6 Fluticasone oral ~ Pulmonary 5,000,000
(Wellbutrin) inhalation

(Flovent)

10 Hydrocortisone ~ Dermatologics 1,240,000 18 Promethazine Upper 4,450,000
valerate (topicals) (Phenergan) respiratory
(Westcort)

11 Clotrimazole Dermatologics 1,210,000 2 Mometasone Upper 3,810,000
(Lotrimin) (topicals) (Nasonex) respiratory

12 escitalopram CNS 1,170,000 12 Cephalexin Anti-infectives 3,060,000
(Lexapro)

13 clonidine Cardiovascular- 1,130,000 12 Fluticasone nasal Upper 2,820,000

renal spray (Flonase)  respiratory

14 Fluticasone oral ~ Pulmonary 1,090,000 4 Nystatin Dernatologics 2,780,000
inhalation (topicals)

(Flovent)

15 Lansoprasole Gastrointestinal 1,060,000 1 Hydrocortisone ~ Dermatologics 2,770,000
(Prevacid) topical (topicals)

16 Pimecrolimus Dermatologics 1,020,000 2 Polyethylene Gastrointestinal 2,590,000
topical (Elidel)  (topicals) glycol (MiraLax)
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Table 10. (continued)

Rank Off-Label for Age Off-Label for Indication
Medication Drug No.of Rx FDA Medication Drug No. of Rx
(Proprietary Category Off-Label Approval (Proprietary Category Off-Label
Name) for Age Age (Yrs) Name) for

Indication

17 Citalopram CNS 1,010,000 18 Cefdinir Anti-infectives 2,530,000
(Celexa) (Omnicef)

18 amoxicillin Anti-infectives 990,000 0.25  Mupirocin Dermatologics 2,360,000

(Bactroban) (topicals)

19 Quetiapine CNS 970,000 18 Cefprozil (Ceftin) Anti-infectives 2,360,000
(Seroquel)

20 Ciprofloxacin Anti-infectives 880,000 18 Fexofenadine Upper 2,250,000
(Cipro)$ (Allegra) respiratory

#Miralax™ has since become over-the-counter, but does not have an indication for pediatric use under 17 years of age.

§ Ciprofloxacin is now approved for use as second-line therapy in complicated urinary tract infections and pyelonephritis for
children aged 1-17 years. Labeling reflects it is not a drug of first choice due to increased adverse events compared to controls
including events related to joints and/or surrounding tissues. No visits in our study in which ciprofloxacin was prescribed
included the diagnosis of pyelonephritis or urinary tract infection.
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Table 11. Adjusted Probability of Having a Visit with Off-Label Prescribing for Age vs.
Off-Label Prescribing for Indication (N=312 Million Estimated Visits Based on
Unweighted n=7901 Visits)

Characteristic Adjusted Difference In Adjusted Difference In Adjusted
Probability of  Adjusted Probability = Probability Probability of Visit With
Visit With of Visit With of Visit With  Off-Label Prescribing for
Off-Label Off-Label Prescribing Off-Label Age (95% Confidence
Prescribing for for Indication (95% Prescribing Interval)
Indication Confidence Interval) for Age
Gender
Male 54% referent 27% referent
Female 52% -2% (-6%, 1%) 28% 1% (-2%, 4%)
Race/Ethnicity
White 52% referent 28% referent
Black 58% 6% (-0.1%, 11%) 30% 2% (-3%, 8%)
Hispanic 55% 3% (-5%, 10%) 27% -1% (-5%, 3%)
Other 58% 6% (-2%, 14%) 28% 0% (-7%, 7%)
Age
0 - <1 year 55% 2% (-4%, 8%) 61% 38% (32%, 43%)***
1 - <2 years 49% -4% (-13%, 4%) 50% 27% (21%, 33%)***
2 - <6 years 55% 2% (-3%, 7%) 28% 5% (0%, 9%)**
6-<12years 53% referent 23% referent
12 - 53% 0% (-5%, 5%) 19% -4% (-8%, -1%)*
<18 years
Chronic diseases
Yes 49% -6% (-11%, -1%)* 30% 3% (-2%, 8%)
No 55% referent 27% referent
Payment source
Private 53% referent 26% referent
insurance
Medicaid 54% 1% (-3%, 5%) 31% 5% (1%, 9%)*
Self-pay 56% 3% (-12%, 15%) 41% 15% (4%, 26%)*
Other 48% -5% (-12%,2%) 27% 1% (-7%, 9%)
Number of Rx
medications
1 41% referent 19% referent
2 69% 28% (24%, 34%)*** 39% 20% (16%, 24%)***
3-6 85% 44% (39%, 49%)*** 49% 30% (24%, 37%)****
Physician
specialty
General 52% -6% (-12%, 1%) 21% -4% (-8%, -1%)*
pediatrics
General/famil  58% referent 25% referent
y practice
Other 53% -5% (-13%, 2%) 39% 14% (7%, 20%)*
specialty

%p <0.05; **p <0.01; ***p <0.001
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CHAPTER 5: DISCUSSION AND CONCLUSIONS

The intent of this dissertation was to determine the magnitude of off-label prescribing to
children. Part of the goal was to achieve an understanding of what is involved--what drugs, what
children’s and what physicians’ characteristics are predictive of whether off-label prescribing

occurs.

Summary of the Three Papers

The first paper, “Off-Label Prescribing to Children in the U.S. Outpatient Setting” found
that off-label prescribing to children at office visits was pervasive and over half of U.S. children
were exposed. Cardiovascular-renal, pain and central nervous system medications were almost
exclusively prescribed off-label. Younger children, those seeing subspecialist physicians and
those receiving higher numbers of drugs all were associated with a higher probability of off-label
prescribing. Many of the medications had insufficient evidence to support their off-label use in
children.

The second paper, “Rates and Predictors of Off-Label Prescribing to U.S. Infants and
Toddlers,” considered a specific subpopulation: 0-3 year olds. Due to their developmental
immaturity (Rice & Barone, 2000) and evidence of increased risk of adverse events (Moore,
Weiss, Kaplan, & Blaisdell, 2002), this group represented a particularly vulnerable population.
This study found that 65% of infants and toddlers were exposed to off-label prescribing and, in
children younger than six months, a 77-88% adjusted probability of off-label prescribing was
found. Both off-label prescribing for indication and off-label prescribing for age were common.
Many of the 20 most common off-label medications were associated with safety concerns or

unproven benefit and were for self-limited disease.
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The third paper found considerable differences between off-label prescribing for age and
off-label prescribing for indication, with off-label prescribing for indication more than twice as
common as off-label prescribing for age and in disproportion as compared to adult off-label
prescribing for indication. Anti-infectives, upper respiratory medications, and pulmonary
medications were much more commonly prescribed off-label for indication than for age, whereas
no differences were noted for pain medications, gastrointestinal medications and
cardiovascular-renal medications, which were mostly prescribed off-label for both age and
indication. Off-label prescribing for age was associated with younger children and subspecialist

physicians.

Placing the Papers in the Context of the Literature

This body of work adds to the literature on off-label prescribing to children as it is the
first and to date only examination of the pharmacoepidemiology of pediatric off-label prescribing
that used a large database to establish national population rates. This new contribution goes
beyond single site or drug class studies in determining that off-label prescribing to U.S. children
is extensive and varied. This dissertation also adds to the data available to prioritize the study
and regulation of off-label use of medications that are used most commonly in various pediatric
populations.

Throughout these analyses, medications for pain, gastrointestinal medications and
cardiovascular-renal medications were prescribed off-label in the greatest proportion--up to
90+% of prescriptions for each of these categories were off-label. Few pain medications are
studied for use in children resulting in high proportions of off-label use (Conroy, & Peden,
2001). These findings are echoed in a study of off-label prescribing of cardiovascular

medications in pediatric inpatients, in which 60% of medications were never used on label
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(Pasquali et al., 2008). Antihypertensive medications are also frequently prescribed off-label
even when less expensive on-label alternatives from the same medication class are available
(Yoon, Dombkowski, Rocchini, Lin, & Davis, 2007). Previous studies have similarly indicated
that these categories have many medication uses with little or no scientific support (Radley,
Finkelstein, & Stafford, 2006). More concerning, of the top 15 drugs most often named in fatal
events reported to the FDA MedWatch adverse reporting system, seven were medications for
pain (Moore et al., 2002). Even though collectively these medications only accounted for 6% of
all exposure to off-label prescribing to children, their ramifications in terms of safety underscores
the need to prioritize the study of these medications in children.

CNS medication use was often found to be off-label for age, indication and both age and
indication, accounting for 15% of off-label prescribing. Many studies document CNS medication
use in children is out of proportion to the evidence base (Zito et al., 2008). When prescribed to
adults off-label, in 83-94% of the instances, CNS medications had little or no evidence of
efficacy (Radley et al., 2006). Moreover, when several CNS medications have been studied for
children, they have been found to be ineffective or unsafe (e.g. anti-depressants). Four of the top
15 drugs most often reported to FDA MedWatch for serious adverse events or deaths were
psychiatric medications (Moore et al., 2002). Data indicating long-term safety are even scarcer.
For example, in the Treatment of Adolescents with Depression Study, at 36 weeks, suicidal
events were more common in patients receiving fluoxetine therapy (15%) than in patients
receiving cognitive behavioral therapy (i.e., talk therapy; 6%; March et al., 2007). Unlike in
adults (Doresey, Rabbani, Gallagher, Conti, & Alexander, 2010), despite black box warnings for
use in children, antipsychotic use in pediatrics has increased precipitously over the past 10 years

without any indication of slowing (Comer, Olfson, & Mojtabai, 2010). Given the long-term
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potential consequences, these drugs require special treatment in children. In particular, patient
registries to collect long-term data, improved unbiased education on study results for physicians,
and appropriate prescribing tools (e.g. formulary restrictions) may be useful strategies to
decrease inappropriate off-label prescribing of CNS medications.

Younger children were clearly most affected by and most vulnerable to off-label
prescribing. Most often, children 0-3 years of age received prescriptions that were off-label for
age rather than indication. Prescribing in the neonatal intensive care unit almost entirely involves
off-label prescribing, with 90% of infants in one study exposed (Conroy, McIntyre, & Choonara,
1999). Similarly, hospitalized infants and young children are at higher risk of off-label
prescribing (‘t Jong, Eland, Sturkenboem, van der Anker, & Stricker, 2003). The current study
compliments previous work by assessing infants and young children in the U.S. outpatient
setting and corroborates the findings that off-label prescribing is ubiquitous in this population.
Frequently, off-label medications were prescribed for self-limited disease, such as upper
respiratory infection, or even in the face of labeling indicating that use is not recommended (e.g.,
promethazine). These findings engender serious doubt as to the safety and advisability of the
current state of prescribing to infants and young children.

The findings of this dissertation also call into question the effectiveness of the current
FDA regulations promoting study of off-label medications. Very few medications prescribed
off-label in this body of work had either been studied and had significant labeling changes or
were targeted for study on the list of pediatric drugs most urgently needing study. In a
2009 study of off-label prescribing for pediatric cardiovascular disease, medications that had
been studied under recent federal legislation were prescribed to only 20% of patients, and were

still used in an off-label manner 62% of the time (Pasquali et al., 2008).
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These results imply that the existing system of studying pediatric medications is not
adequately protecting children and continues to be in need of revision and strengthening. At the
same time, the variation in off-label prescribing, with some categories having very low
prescribing off-label for age, suggests that it is possible to reduce off-label prescribing in all
categories. For example, very little off-label prescribing for age or indication was found for
pediatric oncology medications because the clinical model is to routinely place children on
clinical trials (Shah et al., 2007). Perhaps other children could receive similar protections and

benefits using cancer therapy as a model.

This Study in Relation to the Conceptual Model

Although not intended to test all of the concepts in a theory-based conceptual model, this
dissertation does indicate that some variables tested are predictive of off-label prescribing to
children. Specifically, patient age as a characteristic was found to play a significant role in
off-label prescribing for age, with physicians prescribing off-label for age more often to younger
children. While one explanation is simply that fewer labeled medications are available,
physicians’ attitudes towards younger children and the belief that younger children may be more
vulnerable to disease may also have influenced prescribing off-label. Additionally, physician
characteristics, and in particular, physician specialty played a significant part in differential rates
of off-label prescribing. The social norms associated with certain specialties, such as the
expectation for subspecialists who are not pediatric trained to care for children and be familiar
with pediatric medications, may also have led to increased oftf-label prescribing. While further
study is needed, this body of work supports partial validation of the proposed explanatory

conceptual model of off-label prescribing.
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Limitations

The body of work presented here should be viewed in light of several limitations.
Prescribing is a dynamic process as medications are moving through the FDA approval process
and being tested daily. Likewise, physicians may change their prescribing habits based on new
information or beliefs. This study addressed a four year time period of U.S. office visits from
January 2001 through December 2004. Many new medications have entered the pediatric market
and been labeled for use in children. Additionally, it is possible that physicians have become
more aware of off-label prescribing to children since the legislation has been in place.

On the other hand, no subsequent U.S. studies similar to this work have been performed.
In addition, most drugs included have not undergone labeling changes that would have
significantly altered these results. Of the labeling changes of the 20 medications most commonly
prescribed oft-label for age, only three could have affected study results (Table 12). The paucity
of study and labeling change is particularly true of older and generic medications, which have
been associated in other studies with higher off-label use (Eguale et al., 2012). In fact, some
medications listed as most urgently needing study have remained unstudied since the list’s
inception in 2002 (U.S. Food and Drug Administration [FDA], 2009). Furthermore, no
large-scale physician interventions have been directed at reducing off-label prescribing. Finally,
even if some prescribing has changed, this dissertation may serve as a baseline from which to
consider off-label prescribing trends.

In developing a conceptual model of off-label prescribing based on the Theory of
Planned Behavior, physician prescribing was assumed to be a rational behavior and with the
intention to prescribe a medication resulting in a prescription. There is reason to doubt this

interpretation and instead to recognize that prescribing may take on the characteristics of a habit
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(Sbarbaro, 2001). Additionally, even though the Theory of Planned Behavior has widely been
used as a model for prescribing, some studies question the effectiveness of its higher-level
constructs (e.g., subjective norms) in predicting some behavior (Rashidian & Russell, 2011). As
a result, interventions using some of the factors thought to predict off-label prescribing may not
result in improved prescribing behaviors. Though the factors in this dissertation generally relate
to demographics and describe pharmacoepidemiology, future intervention studies should
carefully consider which constructs have evidence of affecting prescribing behavior change.

In a related issue, as a secondary analysis, not all variables were present in NAMCS that
would have more fully evaluated the relationship between children, physicians and medications.
In particular, several physician factors such as sources of prescribing information and formulary
use could not be gleaned using such a large dataset. One newer study using an electronic health
record database of the primary care research network in Canada found that formulary-restricted
drugs had lower off-label use. The same study reported that for physicians caring for adults,
those who practiced more evidence-based medicine were less likely to prescribe for an off-label
indication (Eguale et al., 2012). Large databases capable of generating national population-level
statistics invariably are restricted in the number of factors they include and our weighing of the
options favored use of such a data set over clearer elucidation of associated factors. Future
studies in the U.S. using datasets similar to the Canadian research network data may be useful in
further elucidating omitted factors.

Additionally, in NAMCS up to three diagnoses were included and up to six medications.
However, a direct link describing the specific diagnosis for which the medication was prescribed
was not provided. Thus, while our methodology allowed us to determine that none of the listed

diagnoses was an approved indication for the drug, we could not always determine which
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specific diagnosis was the impetus for the off-label use when more than one diagnosis was listed.
If we had, we could have identified indication-drug pairs with the highest prevalence of off-label
prescribing, even more directly targeting new studies. For example, several studies have
described the most common off-label indications for specific psychiatric medications, such as
oxazepam and insomnia (Eguale et al., 2012; Radley et al., 2006; Zito et al., 2008). Nonetheless,

we were able to provide direction for study in describing which medications to prioritize.

Conclusions

In sum, this dissertation provides evidence of pervasive off-label prescribing to U.S.
children and demonstrates disproportionate off-label prescribing to the particularly vulnerable
group of infants and toddlers. Furthermore, vast differences in off-label prescribing for indication
and off-label prescribing for age were found. As new legislation is debated, these findings
suggest that strengthening requirements to study all medications commonly prescribed off-label
to children is urgently needed. Improved, proactive FDA dissemination of study results and
labeling are essential, as are patient registries to follow children exposed to off-label
medications. Concomitant physician prescribing incentives and supports as well as educational
campaigns have the potential to reduce the ubiquitous, long-standing, and potentially dangerous

practice of off-label prescribing to children.
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Table 12. Changes to Medication Labeling of the Top 20 Off-Label Medications and
Potential Effects on Off-Label Prescribing*

Medication

Drug Category Labeling Change

Potential Effects on Off-Label
Prescribing

Amoxicillin
(MoxatagTM)
Clonidine
(KapvayTM)

Fluticasone oral
inhalation
(Floventm)
Quetiapine
(Seroquel™)

Anti-infective

CNS

Pulmonary

CNS

For children >12 years, once daily
dosing for pharyngitis or tonsillitis.
New proprietary formulation,

Kapvay™, extended release tablets.

Approved for ADHD in children
>6 years.

Safety and efficacy in >4 years (no
change). Studies in children

6 months - <4 years added to label.
Approved in children >10 years
with bipolar mania. Approved in
children >13 years with
schizophrenia.

No effect.

Reduces off-label prescribing as
approval age changed from 12 years
to 6 years.

No change or possible increase in
off-label prescribing given new PK
data described in >6 months old.
Reduces off-label prescribing as
approval age changed to 10 years.

*Since 2007.
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