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ABSTRACT: Pediatricoral formulations can be quite scientifically challenging to develop
and the prerequisites for both a measurable dosage form to administer based upon body-
weight, and also taste-masking are two of the challenges unique for pediatric oral
formulations. The physicochemical and organoleptic properties of the active drug
substance such as solubility, chemical stability, and taste along with the intended dose
can determine which formulations are feasible to develop. Oral pediatric formulations are
available in 17 different varieties and can be either a ready-to-use formulation such as a
solution, syrup, suspension, tablet, scored tablet, chewable tablet, orally disintegrating
tablet, or thin strip, or can also be a formulation that requires manipulation such as a
powder for constitution to a suspension, tablet for constitution to a suspension, powder for
constitution to a solution, drops for reconstitution to a suspension, concentrated solution
for dilution, effervescent tablet, bulk oral granules, bulk oral powder, or solid in a capsule
to mix with food or drink. Recently there has been an increase in pediatric formulation
development inspired by increased regulatory incentives. The intent of this review is to
educate the reader on the various types of formulations administered orally to pediatrics,
the rationale in deciding which type of formulation to develop, the excipients used,
development challenges, the in-use handling of oral pediatric formulations, and
the regulatory incentives. © 2007 Wiley-Liss, Inc. and the American Pharmacists Association
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DISCOVER SOMETHING GREAT

INTRODUCTION

Recently there has been an increase in pediatric
formulation development inspired by increased
regulatory incentives. Pediatric formulations can
be quite scientifically challenging to develop due
to unique requirements and limitations. Pediatric
formulations are delivered by many routes of
administration including oral, rectal, nasal, buc-
cal/sublingual, topical/transdermal, injectable,
pulmonary, ocular, and ear drops. Pediatric
formulations are obviously designed to be admi-
nistered to infants and children, but can also be
administered to adults who desire the ability to
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adjust their dose, for ease of swallowing, or to
achieve a desired pharmacokinetic effect such as a
shorter onset of action or higher maximum
plasma concentration (C.,) compared to the
conventional formulation such as a tablet.

This review focuses on commercially available
oral pediatric formulations® and the challenges in
their development. Table 1 is a listing of excipients
used in commercially available pediatric oral
formulations. Tables 2 and 3 are selected lists of
commercially available pediatric oral formula-
tions arranged by formulation type and then
alphabetically by the drug’s generic name, which
is followed by the trade name. Oral pediatric
formulations are available in 17 different types of
formulation and can be a ready-to-use formulation
(Tab. 2) such as a solution, syrup, suspension,
tablet, scored tablet, chewable tablet, orally disin-
tegrating tablet, or thin strip. An oral pediatric
formulation can also require manipulation such as
apowder for constitution to a suspension, tablet for
constitution to a suspension, powder for constitu-
tion to a solution, drops for reconstitution to a
suspension, concentrated solution for dilution,
effervescent tablet, bulk oral granules, bulk oral
powder, or solid in a capsule to mix with food or
drink (Tab. 3). Figure 1 is a bar chart showing the
occurrences, as identified in this review, of the 16
different types of prescription pediatric formula-
tions. The intent of this review is to educate the
reader as the various types of formulations
administered orally to pediatrics, the rationale in
deciding which type of formulation to develop,
excipients used, development challenges, the in-
use handling of oral pediatric formulations, and
regulatory incentives.

REGULATORY INCENTIVES

In December 1994 the Center for Drug Evaluation
at the Food and Drug Administration (FDA)
issued the first of what are commonly referred to
as “The Pediatric Rules,” as a response to the
observation that approximately 75% of prescrip-
tion drugs in 1992 had inadequate pediatric use
information. Thus the FDA began to encourage
pharmaceutical companies to consider the pedia-
tric population during two time periods: through-
out a drug’s development up to approval and
during marketing (www.fda.gov/cder/pediatric;
accessed May 21, 2007).

Since pediatric formulations may have low sales
volume, the Food and Drug Administration Mod-
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ernization Act of 1997 and the Best Pharmaceu-
ticals for Children Act of 2002 added an economic
incentive to industry. Specifically “The Pediatric
Exclusivity Rule,” also known as the “Pediatric
Rule of 1998” grants the sponsor company an
additional 6 months of patent life on the active
moiety if a pediatric formulation is marketed or
pediatric dose information is provided. However,
the United States law granting pediatric exclusiv-
ity is scheduled to sunset in October of 2007. In
addition, under the Pediatric Research Equity Act
of 2003 the FDA can require pediatric studies of a
drug submitted in a new drug application if the
FDA determines the product is likely to be used in
a substantial number of pediatric patients. These
incentives seemed to have accomplished their
intended purpose since nearly 100 medicines for
sale in the United States of America (USA) have
received pediatric labeling since the late 1990s,
and 250 clinical studies have been conducted on
124 products as of July 2005.2 As of May 2007
the FDA has granted pediatric exclusivity to
136 approved drugs (www.fda.gov/cder/pediatric/
exgrant.htm; accessed May 21, 2007).

In Europe a legislative framework came into
force January 2007 by the European Commission
and was published in the Official Journal of
the European Union (EU) as regulation num-
ber 1901/2006 (http://ec.europa.eu/enterprise/
pharmaceuticals/eudralex/vol-1/reg 2006 1901/
reg 2006 1901 en.pdf; accessed May 21, 2007).
The European legislation is inspired by observa-
tions that Europe has 100 million children, which
is 20% of the total population, but there is a lack of
suitable pediatric formulations and dosing guide-
lines. European hospital dispensaries commonly
extemporaneously manipulate many adult drugs.
The European legislation also contains the incen-
tive of 6-month patent extension, but is more
rigorous than the USA regulations in that the EU
proposal also requires that the sponsor at the time
of the marketing authorization application to
provide data on the use in children, and also to
market the pediatric formulation for the approved
indication within 12 months. The EU proposal also
provides incentives for off-patent medicines.

CLINICAL CHALLENGES

Clinical trials in pediatric patients are challen-
ging due to pharmacokinetic variations with age,
potentially different doses for different age
groups, dose calculated based upon body-mass,
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