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ABSTRACT: Upper respiratory infections and allergic rhinitis are common diseases in children. In recent years, U.S. Food and Drug
Administration has been promoting pediatric drug development with marketing exclusivity incentives and requirements. The assessment of
clinical pharmacology, efficacy, and safety data has facilitated pediatric drug development and provided appropriate labeling for pediatric
use. Regulatory decision making involves multiple evaluation processes, including drug exposure comparison between adult and pediatric
population, formulation bridging, dose selection, and evaluation of efficacy and safety in pediatric patients. This article reviews the
pediatric drugs indicated for cough, cold, and allergic rhinitis, focusing on the utility of clinical pharmacology, safety, and efficacy data in
determining the pediatric dosing regimen and the approaches taken for regulatory decision making. © 2013 Wiley Periodicals, Inc. and

the American Pharmacists Association J Pharm Sci
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INTRODUCTION

Respiratory diseases are common in childhood. Among them,
allergic rhinitis (AR) affects up to 50% of the pediatric popula-
tion worldwide and 20—40 million people in the United States
annually.’? If AR is not properly treated and becomes chronic,
it can lead to complications in both upper and lower airways.?
Cough, an essential protective physiological mechanism that
prevents food, liquid, dust, and chemicals from reaching the
lower airways, is a symptom of many inflammatory diseases
of the respiratory tract.* It is generally associated with up-
per respiratory tract disorders in children.? Over-the-counter
(OTC)/monprescription cough and cold medications have been
used by patients for decades, and the pediatric cough and cold
medications are widely used for the treatment of children’s up-
per respiratory tract infections. In 2007, the Consumer Health-
care Products Association (CHPA) conducted a survey which
indicated that 73% of 648 caregivers with children younger
than 18 years of age had administered OTC cough and cold
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medications. In response to the reports on the association of
the OTC cough and cold products with serious adverse effects
including death in young children, the Food and Drug Adminis-
tration (FDA) held an advisory committee meeting discussing
the safety concerns of cough and cold medicines for pediatric
use in 2007.% Because of serious adverse effects reported on the
cough and cold medications, FDA issued a public health advi-
sory to parents and caregivers, recommending not to use these
medications in pediatrics less than 2 years in 2008.” On Octo-
ber 8, 2008, FDA stated that FDA would support CHPA’s an-
nouncement on nonprescription OTC cough and cold medicines
in children and will not object to the new label modification
stating “do not use in children under 4,” which reflects a more
restrictive use of the drugs in children.®

In recent years, the interest in pediatric pharmacology has
grown significantly, leading to legislation in both the United
States (Best Pharmaceuticals for Children Act 2002, Pediatric
Research Equity Act 2003) and Europe (Pediatric Regulation
2007).912 These laws have resulted in improvements in pedi-
atric dose determination, risk identification, and drug labeling.
They also require pharmaceutical companies to develop appro-
priate pediatric formulations and conduct research in the full
pediatric age range. The Food and Drug Administration Safety
and Innovation Act of 2012 provided additional mandate to
promote pediatric development for drugs and devices.

Clinical pharmacology plays a significant role in the pedi-
atric research and drug development for the AR, cough, and cold
drugs. This review provides an overview of some approaches
used in the past for developing the AR, cough, and cold med-
ications from a clinical pharmacology perspective. It covers
14 AR, cough, and cold drugs focusing on pharmacokinetics
(PK), pharmacodynamics (PD), and dosing regimen selection.
It also provides an overview of the pediatric clinical trial de-
signs published for these 14 medications for AR, cough and cold
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indications. Regardless of the consistence to the current prod-
uct development policies at regulatory agencies, the informa-
tion discussed in this review is extracted from the available
literature and product labeling. However, as science advances,
it is important to stay informed of the most current policies for
drug development with the regulatory agency.

Treatment of Allergic Rhinitis, Cough, and Cold Symptoms

The medications for AR, either seasonal (SAR), perennial
(PAR),'? or both, have a significant impact on the quality of
life, due to their adverse effects on sleep, cognition, and psy-
chomotor function, etc.!* Currently available AR treatments
include antihistamines (e.g., desloratadine, levocetirizine, lo-
ratadine, cetirizine, fexofenadine),'® intranasal corticosteroids
(INSs) (e.g., fluticasone, ciclesonide, mometasone), subcuta-
neous immunotherapy,'® allergen injection immunotherapy,!”
and antileukotrienes.'® Medications to treat cough and cold
symptoms include antihistamines, antitussives, expectorants,
and nasal decongestants. In addition to monotherapy, the OTC
cough and cold preparations often combine two or more types
of medications, including antihistamines, antitussives, expecto-
rants, and decongestants. Sometimes, an antipyretics or anal-
gesics such as acetaminophen or ibuprofen is incorporated in
the combinations as well.

General Considerations for Drug Development in Pediatric
Patients

Although appropriate pediatric clinical trial designs are still
under discussion and evolving, the authors have presented the
designs used and published for these products. Some of the
clinical pharmacology issues related to pediatric trial designs
were also discussed at the FDA clinical pharmacology advisory
committee meeting in 2012.1°

Most AR, cough, and cold drugs are administered orally or
nasally. The dosing regimen in adults and pediatrics is sum-
marized in Table 1, which shows that the approved dosing for
most listed drugs for adolescents (12—17 years) is the same as
that for adults whereas a reduced dose is generally given to
children. Normally, the clinical study designs for dose selection
in adolescents and adults are also the same for AR, cough and
cold products. The focus of this review is on the study design in
pediatric population younger than 12 years.

As compared to adults, pediatric patients have a relatively
prolonged gastric emptying time, lower percentage of body fat,
and a decreased amount of plasma protein.*?> PK differences
between adults and pediatric patients can be explained by the
difference in body size and age. The ontogeny of metabolism
for children younger than 6 years may also be a factor for the
PK differences between adults and pediatric population.*?® The
pediatric trial design is generally based on the prior PK and
dosing regimen information from adult patients. Under the as-
sumption that the pathophysiology, symptomatology, clinical
course, and clinical treatment of AR are similar in pediatric
and adult populations, the efficacy information in adults can be
extrapolated to pediatric population 20232444

For intranasal drug products, the systemic drug exposure
is not consistently detectable or reliable as measures of local
bioavailability and efficacy and may only provide information
on systemic safety but not efficacy or local safety.*> Therefore,
the appropriate pediatrics dose should be determined mainly
based on the efficacy and safety data.
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The purpose for pediatric drug development is to obtain in-
formation in support of dosing, safety, and efficacy of medica-
tions in the pediatric population and communicate this infor-
mation in the product labeling. The guidelines on the types of
studies recommended for pediatric clinical trials are provided
in the pediatric study decision tree.*6

For AR, cough, and cold indication, the list of key pediatric
clinical studies is presented in Table 2. As summarized in the
table, information from PK, efficacy, and safety data is gener-
ally used in assessing the effects of drugs in AR, cough, and
cold patients.

The remainder of this review is organized according to the
drug class (including individual drugs), with the aim to summa-
rize various studies conducted for determining pediatric dosing
during drug development in the treatment of AR, cough, and
cold.

ANTIHISTAMINES

Oral and intranasal antihistamines are recommended as a
first-line therapy for AR.%° Although effective in relieving the
symptoms of AR, first-generation antihistamines are associ-
ated with undesirable adverse effects, such as sedation and
impairment of the psychomotor function. These side effects are
caused by the lack of H; receptor selectivity and the penetration
into the central nervous system of these drugs. Being more H;
receptor specific, the second-generation antihistamines were
developed with less frequent adverse effects observed with
first-generation antihistamines.” Desloratadine, fexofenadine,
levocetirizine, loratadine, cetirizine, and olopatadine belong to
the second-generation antihistamines and are included in this
category.

Oral Antihistamine
Desloratadine

The dose selection of desloratadine syrup in the pediatric pop-
ulation is based on a cross-study comparison of the plasma
concentration of desloratadine in adults and pediatric subjects,
established safety in pediatric patients and efficacy extrapola-
tion from adult efficacy data to pediatric patients. The PK and
safety of desloratadine were assessed in three safety studies
and five PK studies.*™*° Following a single-dose administra-
tion of 2.5 and 1.25 mg of desloratadine syrup in 6-11 -year-old
subjects and 2-5 -year-old subjects, respectively, the plasma
concentration of desloratadine was similar to a single dose of
5 mg desloratadine tablet in adults. Population PK modeling
and simulation analysis showed that doses of 1 and 1.25 mg in
subjects aged 6—11 months and 12-23 months, respectively, are
needed to obtain desloratadine plasma concentrations similar
to those achieved in adults administered a single 5 mg dose of
desloratadine syrup.2%4™*° The PK analysis also showed sim-
ilar upper limit of exposure in children and adults who are
poor metabolizers, but 67 times higher exposure than is seen
in normal metabolizers. PK assessment demonstrated that the
syrup and tablet formulations were bioequivalent following a
single 5 mg oral dose.

Under the assumption that the course of seasonal and peren-
nial AR and the effects of desloratadine are similar in the pedi-
atric and adult populations, a similar plasma exposure should
provide comparable efficacy in both populations. Under these
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=4 g4 conditions, the pediatric effectiveness was extrapolated from
g 23 adequate and well-controlled efficacy studies in adults.*"
. . 58 dequate and well-controlled efficacy stud dults.#7:49
g;ﬁ’ 8 o For the dosing regimen of 2.5 mg once daily for children 6—
- g % g S g Téﬁ 11 years of age, 1.25 mg once daily for children 12 months to
€ 52 23 A8 5 years of age, and 1 mg once daily for infants 6-11 months of
= 585 g £ age, the safety was also established in the three clinical safety
§ B8 & éé § 2 studies conducted in pediatric patients at age 6-11 years (n
°l Sz s | ig = 120), 2-5 years (n = 111), 12-23 months (n = 65), and 6—
- é’ £ 8 E ‘@? 11 months (n = 66) at dose 2.5, 1.25, 1.25, and 1 mg, once
< & 3 < & < & aily, respectively.?%4" ese studies were a -day treat-
5 S8 |55 dail tively.224"4 These studi 1l 15-day treat
E E z ) ment, randomized, double-blind, placebo-controlled, parallel-
ié’ group safety studies. The results of these studies showed that
o g g desloratadine was well tolerated, and no serious adverse events
2 M = & a 8 = Z = (AEs) were reported in pediatric subjects 6 months to 11 years
= Q; ) § g - Sn < i at the proposed doses.*”*° The safety measures in pediatric poor
= % <& % Eg E & “ § E}'ﬁ metabolizers receiving desloratadine were similar to those in
- S . . . . . .
og = % g ~_‘§ g E‘ 3 g % > pediatric normal metabolizers with or without desloratadine.
5} ) = ) < ¥
| 52 EERETET e | Eg
g B H g S E & 5 g o=
5 B EsETEioa L
2 PSSy 3g 22 28
= "E SELE 2 5ES % e 8= .
2 8 g g Ewme gw 3 g e Fexofenadine
Q < g3 5981893 = i) g
pi = % § g "‘é S g é g2 £ g g ‘2 g The proposed dose for fexofenadine hydrochloride in pediatric
g “afgApm Ay 3 B3| A SAR patients 2 to 11 years of age is based on PK and safet;
X 2 o p y 8! y
“ = N z Cj: data, formulation bridging, efficacy extrapolation from adults,
55 and efficacy assessment in SAR patients 6-11 years of age.
a ] 8 % The PK exposure of pediatric patients aged 6-11 years given
<2 g & I 2 3 £ 30 mg dose was comparable to that of adults given a 60 mg
5% ;O ] - ; :" dose. Population modeling and simulation showed that the ap-
0 25 5P 3 'é %Dé parent oral clearance estimate of fexofenadine was 44% lower
+ =] . . . .
g E § ? § %:o g0 < a in pediatric subjects aged 6-12 years, compared to adult sub-
g £5 5 g oS S g ek jects. Efficacy and safety of fexofenadine at doses of 15, 30, and
§ 2 ?o é” s 2 %’ E % g g 60 mg (tablet) twice daily were evaluated in two 2-week, mul-
& e D 2 Es 2% w0 g 88 ticenter, randomized, placebo-controlled, double-blind trials in
B0 g ~ = <
B & 2 % a gg’g’ g8 g = 877 SAR patients 6-11 years of age (60 mg twice daily was
% RIS % 2gg %% g ~ 8 considered an appropriate dose for adults).?! All three doses
=) =) ol o) E 8 significantly reduced total symptom scores (the sum of the indi-
% i vidual scores for sneezing, rhinorrhea, itchy nose/palate/throat,
N —_ - itchy/watery/red eyes) as compared to placebo. However, dose
- ) - ) p p
2] g S . . .
g %;g i § 27 &g response relationship was not apparent and the 60 mg twice
28 :" @ ¥ > < ; @ =3 daily did not provide any additional benefit over the 30 mg
% g N é‘i — Z “g N § g;ﬁ dose twice daily.21%! Fexofenadine 30 mg given twice daily is
S <« ! ! gl g & thus recommended for children 6-11 years of age.?!
z Z Z T = Qi
!; = c-:. E For children 2 to 6 years of age, PK and safety were
&) © = § evaluated.’® Fexofenadine was well tolerated, and no unex-
° £ B ¢ 5 ®'3 pected AEs were observed. Population analysis showed that the
g (R = 8 3 £g . .
e - R g2 g Ee apparent oral clearance estimate of fexofenadine was 36% lower
2 Em 2 29 g Z. ki e F§‘ in pediatric subjects 2 to 5 years compared to adult subjects.?b7!
3 g“ " #: S B é 4:-‘; = | B® As the clinical formulation in the PK and safety studies were
28| EE g © S esE |28 not suited for marketing, an oral suspension formulation was
o == & 55 3| % :
2 =23 o = o &g > g developed later as the to-be-marketed formulation. The formu-
B o E G 3 g £ 23 g :n g lation bridging program comprised of three PK studies to eval-
@ e E 3 £ E =3 uate the bioavailability, bioequivalence and food effect of the
'_S g E; suspension formulation. Administration of fexofenadine sus-
B B jﬁE pension of 30 mg to children 2 to 6 years of age resulted in
- g g;n _§ g;n 8 8 exposure comparable to those in adults given 60 mg dose and
;5 = é 2 é e children 6 to 12 years of age given 30 mg dose. The bioequiv-
= g § 8 E° 2 i% e alence was established between the fexofenadine suspension
= o . . .
S g % % " % % 228 and the reference product. Administration with food decreased
& 8 § e 8 § - § © g the rate and extent of exposure of fexofenadine. Based on PK,
3 ™ < . .
‘; éo e« S °x 3 i: b3 % safety of fexofenadine and an efficacy extrapolation from adults,
."g f:f %% S %% < < ;gg 30 mg twice daily was proposed for children 2-5 years of age
= ala =i %5 and the food effect is noted in the label.>°
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Levocetirizine

The proposed dose of levocetirizine dihydrochloride in pediatric
AR patients 6 months to 11 years of age is based on the PK
and safety data, formulation bridging and efficacy extrapola-
tion from adult subjects. Levocetirize is formulated as 5 mg
tablets and 2.5 mg/5 mL (0.5 mg/mL) oral solution. Bioequiva-
lence between these two formulations was demonstrated in the
healthy adult population.”? The efficacy in pediatric patients
younger than 12 years of age was extrapolated from adult effi-
cacy trials based on PK comparison. In a study conducted in 14
pediatric AR patients of 6-11 years with body weight between
20 and 40 kg and a single dose of 5 mg tablet, the systemic expo-
sure was twice that of healthy adults given the same dose.5>%*
The safety of levocetirizine in AR patients 6 to 12 years of age
was evaluated in two clinical trials and the 5 mg once daily
dose for 4 to 6 weeks was safe and well tolerated. Therefore, 2.5
mg once daily was recommended in children 6-11 years of age.

The clinical program consisted of two safety trials in children
from 6 months to <6 years of age with SAR, PAR, or chronic
idiopathic urticaria. The two safety studies were 2-week, multi-
center, randomized, double-blind, placebo-controlled, parallel-
group studies.?* A total of 69 patients 6—11 months of age were
randomly administered 1.25 mg once daily or placebo, and a
total of 173 patients 1-5 years of age were randomly given
1.25 mg twice daily or placebo. These two studies demonstrated
that AEs (e.g., somnolence and excitability) were similar to
those in the placebo group. No dedicated PK studies were con-
ducted in pediatric patients younger than 6 years of age. A
population PK modeling and simulation analysis showed that
exposure in children 6 months to 5 years of age given 1.25 mg
once daily were comparable to that adults given 5 mg once
daily. Therefore, a 1.25-mg once daily dosing was proposed for
the pediatric patients 6 months to 5 years of age.

Loratadine

One PK study and one safety study were reported in patients
2-5 years of age. The PK study was a single-dose, open-label
study in 18 subjects. The variability and range of exposure of
loratadine 5 mg syrup were comparable to that for a 10 mg
tablet or syrup in healthy adult subjects or children 8 years
of age and older.%® The safety of loratadine 5 mg syrup once
daily was evaluated in a randomized, placebo-controlled, par-
allel group 2-week study in 121 patients 2-5 years of age.5”
No deaths or serious events occurred in the trials, and no pa-
tients discontinued due to any AEs. Therefore, 5 mg dose once
daily was selected for the pediatric patients 2-5 years of age.
The PK and safety were also assessed in children 6 to 12 years
of age. As seen in younger children, the range and variabil-
ity of PK exposure loratadine in children in the 6-12 years
of age was similar to that of adults.?* The safety of lorata-
dine syrup at 10 mg once daily in children 6 to 12 years of
age was demonstrated in a placebo-controlled, double-blind,
2-week trial in 188 pediatric patients with SAR. Therefore,
10 mg dose once daily was proposed for the pediatric patients
6-11 years of age. The efficacy of loratadine syrup for the treat-
ment of seasonal AR in children 2—-12 years of age was based on
an extrapolation of the efficacy of loratadine in adults because
of the likelihood that the disease course, pathophysiology, and
the drug’s effect are similar to that of the adults.*

DOI 10.1002/jps.23720
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Cetirizine

The PK and safety of cetirizine in children 6 months to <2 years
of age were evaluated, and systemic exposure given maximum
dose of cetirizine solution (2.5 mg twice daily) was expected to
be two-fold higher than that observed in adults given 10 mg
cetirizine tablets once daily. The safety of proposed doses in dif-
ferent age group (5 or 10 mg/day for 6-11 years of age, 0.2-0.4
mg/kg twice daily for 2-5 years of age, 0.25 mg/kg twice daily for
12-24 months of age) was assessed in different safety studies,
and results demonstrated that all the doses were well tolerated
and no unexpected safety findings were reported.** PK model-
ing and simulation indicated that PK exposure of cetirizine at
2.5 mg dose (2-5 years of age) and 5 mg dose (6—11 years of
age) was estimated to be similar to adults given 10 mg.?® The
efficacy of cetirizine for the treatment of AR in pediatric pa-
tients is based on an extrapolation of the demonstrated efficacy
of cetirizine in adults with these conditions and the likelihood
that the disease course, pathophysiology, and the drug’s effect
are similar between these two populations.?® Therefore, 2.5 mg
once daily and 5 mg once daily are proposed for children 6
months to 5 years and children 6 to 11 years, respectively.

Intranasal Antihistamine
Olopatadine

Olopatadine nasal spray, an H; receptor antagonist, is indi-
cated for the relief of the symptoms of seasonal AR in adults
and children 6 years of age and older. Each 100 pL spray con-
tains 665 g of olopatadine hydrochloride. The proposed dose
for olopatadine nasal spray in pediatric patients 6 to 11 years
of age is mainly based on efficacy and safety data, whereas PK
assessment is useful for systemic exposure.

Three clinical trials were conducted to evaluate the PK,
safety, and efficacy of olopatadine in SAR patients.5® The PK
assessment was conducted after multiple dose administration
in pediatric patients aged 6-11 years. Olopatadine 0.6% nasal
spray were given to 42 patients twice daily for 14.5 days. The
mean Cmax of olopatadine following olopatadine nasal spray
0.6% one spray per nostril twice daily in patients 6-11 years
of age was about 2-fold less than that in adults and adolescent
12 years of age and older with two sprays per nostril twice
daily while mean AUC was comparable to that in adults and
adolescents. These differences are not considered clinically sig-
nificant.

Each of the two efficacy and safety studies was a 2-week,
double-blind, parallel group, vehicle-controlled trial in SAR pa-
tients 6-11 years of age.?® One study used the dose of olopata-
dine 0.6% nasal spray and vehicle control twice daily for 2
weeks, whereas the other study used the dose of olopatadine
at two concentrations (0.4% and 0.6%) nasal spray, one spray
per nostril twice daily for 2 weeks. The primary efficacy end-
point was the difference from placebo in the percentage change
from baseline in the average morning and evening reflective
total nasal symptom score (rTNSS) averaged for the 2-week
treatment period. Patients in the study with olopatadine 0.6%
Nasal Spray, one or two sprays per nostril twice daily, had
statistically significant greater decreases in rTNSS compared
to vehicle nasal spray whereas the study with olopatadine at
two concentrations was not successful. The safety was also
demonstrated in olopatadine nasal spray given one or two
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sprays per nostril twice daily in the study. As a result, one
spray per nostril twice daily was proposed in children 6-11
years of age.58

LEUKOTRIENE RECEPTOR ANTAGONIST
Montelukast

Montelukast is a leukotriene receptor antagonist that binds
to the cysteinyl leukotriene receptor 1 with high affinity and
selectivity.?? There was no clinical efficacy trial conducted in
pediatric SAR or PAR patients. The dose selection for pedi-
atric AR patients was based on PK and safety data and efficacy
extrapolation from adult patients. The systemic exposure of
montelukast given as one 4 mg chewable tablet to pediatric
patients 2-5 years of age and one 5 mg chewable tablet to pe-
diatric patients 6-14 years of age was similar to that given as
one 10 mg film-coated tablet in adults. Population PK modeling
and simulation showed that there was no correlation between
clearance, volume distribution, and weight or age in pediatrics
6 months to <2 years of age, suggesting the fixed dose approach
is appropriate in this age group. The efficacy of montelukast
for the SAR in pediatric patients 2-14 years of age and for
PAR in pediatric patients 6 months to 14 years of age was sup-
ported by extrapolation from the efficacy in patients 15 years
of age and older with SAR and PAR assuming that the disease
course, pathophysiology and the drug effect are similar among
these populations. The safety profiles of montelukast in the pa-
tients 2—-14 years of age were similar to the placebo group in a
2-week, multicenter, double-blind, placebo-controlled, parallel-
group study.?® This information was also applied to the PAR
population at the same age group. The safety in patients 6-23
months of age is supported with the safety data in pediatric
asthma patients and PK data in the same age group.

INTRANASAL CORTICOSTEROID

Intranasal corticosteroid are considered effective and safe first-
line treatment for AR; however, the safety of these compounds
remains a topic of discussion.” The intranasal corticosteroids
can be absorbed through airway and gastrointestinal routes;
most of the dose being swallowed.™ The current approved in-
tranasal corticosteroids in the treatment of pediatric AR, such
as mometasone, triamcinolone, and ciclesonide, are mainly me-
tabolized in the liver and have a very low oral bioavailability;
however, there is considerable variability in bioavailabil-
ity of the intranasal corticosteroids.””> Clinical studies have
shown that the corticosteroids may have potential effect on
hypothalamic—pituitary—adrenal (HPA) axis suppression par-
ticularly in pediatric population who may be a more vul-
nerable population.” Therefore, HPA axis assessments are
recommended in the clinical program for the intranasal cor-
ticosteroids.

Triamcinolone

Triamcinolone nasal spray is a corticosteroid indicated for the
treatment of nasal symptoms of SAR and PAR in adults and
children 2 years of age and older. Triamcinolone dose in pedi-
atric AR patients 2 years of age and older was selected based
on efficacy and safety data. Plasma concentrations were also
monitored to evaluate systemic exposure. The safety and effi-
cacy of triamcinolone at doses of 110 or 220 pug once daily were
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studied in two double-blind, placebo-controlled studies of 2- and
12-week duration in 518 SAR and PAR patients 6-12 years of
age.?” The results indicated that both doses significantly re-
duced the severity of nasal symptoms of AR compared with
placebo arm. Banov et al. also reported that 220 pg once daily
for 2 weeks was effective and safe in 116 SAR patients 6-11
years of age.”” The safety of 220 p.g once daily was also evalu-
ated with adrenal function tests for 6 weeks in children 6-12
years of age.®> No abnormal response to cosyntropin infusion
(peak serum cortisol <18 pg/dL) was observed.®? Therefore, 110
pg/day was proposed as the starting dose and 220 pg/day was
proposed as the maximum dose for children 6-11 years of age.

PK exposure of triamcinolone in pediatric patients of 2-5
years of age given 110 pg once daily was similar to that in
adults receiving dose 220 pg once daily. Population pharma-
cokinetic modeling and simulation indicated that the apparent
clearance and volume of distribution of triamcinolone in pedi-
atric patients 2-5 years of age were approximately half of those
in adults.?’” The 110 pg dose was evaluated in a randomized,
double-blind, placebo-controlled study. A total of 464 PAR pa-
tients were randomly given triamcinolone 110 pg or placebo
once daily in the morning. The 110 mcg once daily provided
statistically significantly greater improvement from baseline
for 24-hour rTNSS over the 4 week treatment period as com-
pared to placebo (p = 0.033). The safety data from this study
showed that the AEs were consistent with AEs typically noted
in clinical trials with SAR and PAR. The results for the HPA
axis assessment in children 2-5 years of age is inconclusive,
suggesting that a subset of patients might be more susceptible
to the effects of corticosteroids. The 110 pg once daily was pro-
posed for the 2-5 years of age group, however, subjects sensitive
to the effects of corticosteroids should be cautioned.

Ciclesonide

Ciclesonide nasal spray is a corticosteroid indicated for reliev-
ing nasal symptoms associated with SAR in adults and children
6 years of age and older and PAR in adults and adolescents 12
years of age and older.?® The selected dose for ciclesonide in
pediatric AR patients was based on efficacy and safety data.
Plasma concentrations were only sporadically measurable at
investigated doses due to low systemic exposure.

The efficacy and safety of ciclesonide nasal spray were eval-
uated in two randomized, double-blind, parallel-group, multi-
center, placebo-controlled clinical trials of 2 and 12 weeks in
duration in pediatric patients.®® In one trial, ciclesonide nasal
spray was administered at 200 and 100 pg once daily for 2
weeks in SAR patients 6 to <12 years of age. In the other trial,
ciclesonide nasal spray of 200 pug of once daily for 12 weeks was
administered in PAR patients 2 to <6 years of age. The primary
efficacy endpoint was the difference from placebo in the change
from baseline of the average of morning (AM) and evening (PM)
rTNSS averaged over 2 weeks of treatment in the SAR trial.
The primary objective of the 12-week trial was safety. However,
efficacy was also assessed in the PAR patients of 2 to <6 years
of age. In the 2 weeks SAR trial, the mean AM and PM rTNSS
and AM iTNSS 200 pg once daily dose (not 100 pg daily dose)
were statistically significantly different from placebo. In the
12-week trial in patients with PAR 2 to <6 years of age, effi-
cacy was not established. Therefore, the dose was proposed at
200 pg down to 6 years of age in SAR patients only.%
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The adrenal function in patients 2—11 years of age with PAR
at daily doses of 200, 100, and 25 pg was evaluated in a 12-week
study (6-11 years of age) and a 6-week study (2-5 years of age),
respectively.?®7 The results indicated that ciclesonide-treated
groups had a numerically greater decline in 24-h urinary free
cortisol compared to the placebo-treated group. Therefore, sub-
jects sensitive to the effects of corticosteroids should be cau-
tioned.

Mometasone

Mometasone furoate nasal spray is indicated for the treatment
of nasal symptoms associated with AR in patients >2 years of
age.?? Use of mometasone furoate nasal spray 50 pg for AR in
pediatric patients 2—11 years of age is supported by safety and
efficacy data from clinical studies. The efficacy and safety were
demonstrated in four clinical trials, and a total of 990 SAR or
PAR patients 3-11 years of age were given mometasone nasal
spray.54% Meltzer et al.®* conducted a dose-ranging study in
children 6-11 years of age with SAR in a 4-week, multicen-
ter, randomized, double-blind, active- and placebo-controlled,
parallel-group study. The patients were randomized to one
of five treatment arms: 25 pg mometasone nasal spray daily
(n =137), 100 ug mometasone nasal spray daily (n = 135), 200
pg mometasone nasal spray daily (n = 133), 84 pg beclometha-
sone dipropionate (BDP) twice daily (n = 138), and placebo
(n = 136). All doses of mometasone and BDP were significantly
more effective in reducing total nasal symptom scores than was
placebo (p < 0.02). Mometasone 25 pg daily was significantly
less effective than were the other active treatments (p < 0.05).
No additional benefit was observed for the 200 pg mometasone
furoate total daily dose compared with 100 pg mometasone
furoate total daily dose in pediatric patients. Twenty-eight pa-
tients 2-5 years of age with AR were treated with mometasone
nasal spray 50 pg (100 pg total daily doses) in a controlled trial
to evaluate safety. Therefore, one spray (50 pg in each spray)
per nostril once daily (100 pg total daily dose) was proposed for
the pediatric patients 2-11 years of age.?°

The effect of mometasone furoate nasal spray on adrenal
function was assessed in three clinical studies at daily dose up
to 200 pg versus placebo in AR patients 6-11 years of age (n =
48), 3-5 years of age (n = 48), and 2-5 years of age (n = 52).
No statistically significant decrease in mean plasma cortisol
levels nor 24-h urinary free cortisol levels were seen compared
to placebo.

IBUPROFEN AND ITS COMBINATION THERAPY

As ibuprofen is often used in combination products for cough
and cold, literature summary is presented here. Ibuprofen is a
propionic acid derivative of the nonsteroidal anti-inflammatory
class of drugs. It has a long history of use, first as a prescription
medication since 1969 and subsequently as an OTC product for
adults and children over 12 years of age since 1984, and for chil-
dren between 2 and 12 years of age since 1995. It is currently
available in four different formulations for the pediatric popu-
lations: oral drops, suspension, chewable tablets, and tablets,
all of which have been approved for OTC use for temporary re-
lief of minor aches and pains and reduction of fever in children.
On April 15, 1999, the OTC use of ibuprofen was extended from
2 years to 6 month of age.”
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Ibuprofen Monotherapy

The safety profile of ibuprofen has been widely evaluated in tra-
ditional pediatric clinical trials of fever and/or pain or in criti-
cal reviews.8%8! All have shown the low incidence of AEs with
ibuprofen. Lesko and Mitchell have published several papers
comparing the safety of ibuprofen and paracetamol with a focus
particularly on ibuprofen.’?%4 In a randomized, double-blind,
paracetamol (acetaminophen)-controlled trial, a total of 84,192
patients 6 months to 12 years of age were randomly assigned to
receive ibuprofen 5 mg/kg (n = 27,948) or ibuprofen 10 mg/kg
suspensions (n = 27,837), or 12 mg/kg paracetamol suspension
(n = 28,130) for the treatment of acute fever for 4 weeks.8? This
study showed that the short-term risk for hospitalization due to
gastrointestinal bleeding, acute renal failure, anaphylaxis, and
Reye’s syndrome associated with the use of high and low dose
ibuprofen in this trial was not different from the risk in chil-
dren treated with acetaminophen. Another large investigation
was known as the Children’s Analgesic Medicines Project.®
The objective of the study was to evaluate the actual clinical
experience with ibuprofen as compared to acetaminophen. It
was a prospective, multicenter, multiple-dose, randomized, and
open label study. It compared the safety of ibuprofen with that
of paracetamol given for relief of pain and/or fever. A total of
41,810 children aged 1-18 years, including 14,291 children <2
years of age, were enrolled in 68 clinics in the United States.
There were no cases of anaphylaxis, gastrointestinal bleeding,
renal failure, Reye syndrome reported in children <2 years of
age, and there were no serious AEs in >1% of patients in either
group.

The combination products containing ibuprofen for
the pediatric cough and cold patients include ibuprofen/
pseudoephedrine/chlorpheniramine and ibuprofen/
pseudoephedrine. Same as ibuprofen, pseudoephedrine
and chlorpheniramine are each approved and sold OTC as
single ingredients or in combination for children and adults as
well.

Ibuprofen/Pseudoephedrine/Chlorpheniramine

The triple combination of ibuprofen, pseudoephedrine, and
chlorpheniramine is approved as a tablet formulation for chil-
dren 12 years of age and older and as suspension formulation
for children 6 to 11 years old. Use of the triple combination of
ibuprofen, pseudoephedrine, and chlorpheniramine as suspen-
sion formulation for children 6 to 11 years old is supported by
PK and safety data, formulation bridging, and efficacy extrap-
olation from adult triple combination tablet program. The PK
and safety studies included two single dose PK studies and one
multiple dose safety study in children 6-11 years of age.*’ The
first study was a three-way crossover bioavailability/food effect
study in healthy adults. The results show that exposures of
individual component in the suspension formulation were com-
parable to those of the reference formulation and the presence
of food did not result in a clinically relevant change in the rate
and extent of absorption of ibuprofen, pseudoephedrine, and
chlorpheniramine from the combination suspension. The sec-
ond study was a one-period, one-treatment, open-label, single-
dose PK study (10 mL dose of suspension) in children 6-11 years
of age with symptoms of AR (n = 28). The systemic exposure
data demonstrated that the rate and extent of absorption of
ibuprofen, pseudoephedrine, and chlorpheniramine in the com-
bination suspension were similar between children (between
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6 and <12 years of age) and adolescents and adults (>12 years
of age). These two PK studies support the efficacy extrapola-
tion from adult efficacy data from the approved triple com-
bination tablet containing ibuprofen 200 mg/pseudoephedrine
30 mg/chlorpheniramine 2 mg.

The safety data were derived from a pivotal safety study,
two PK studies, postmarketing surveillance data, the litera-
ture, reports from the American Association of Poison Control
Centers, reports from the Drug Abuse Warning Network, Emer-
gency Department reports, and 4-month safety update. All the
safety databases support the safety of the triple combination
suspension in children at the proposed doses. No safety con-
cerns beyond what is already known about each of the active
ingredient in the product were noted.*’

Ibuprofen/Pseudoephedrine

Use of combination product of ibuprofen 100 mg and pseu-
doephedrine 15 mg in 5 mL suspension formulation in children
2 to 11 years old is supported by PK and safety data. PK and
safety were assessed in two PK and one safety studies.®5%” PK
studies included one single dose, randomized, open-label, single
center, three-way crossover study in 28 healthy children 6-11
years of age given 10 mL ibuprofen 110 mg/pseudoephedrine
15 mg/5 mL, 10 mL pseudoephedrine 15 mg/5 mL, and 10 mL
ibuprofen 100 mg/5 mL; and one single dose, randomized, open
label, multicenter, parallel group study in 19 patients 2—5 years
of age with an acute upper respiratory tract infection given
5 mL ibuprofen 110 mg/pseudoephedrine 15 mg/5 mL, or 5
mL pseudoephedrine 15 mg/5 mL. The results demonstrated
that the rate and extent of absorption of ibuprofen and pseu-
doephedrine in combination were similar to those of the in-
dividual components and similar across the age groups. The
data also suggested that the younger age group had a higher
clearance (after body weight normalization) for both ibupro-
fen and pseudoephedrine.®®¢” The safety was assessed in an
open-label, multiple-dose, single treatment, multicenter study
of ibuprofen 110 mg/pseudoephedrine 15 mg/5 mL in children
2-11 years of age. The dose used was one teaspoon (5 mL)
for subjects weighing 24-47 1b and two teaspoons (10 mL) for
subjects weighing 48-95 lb. The subjects received the same
dose every 6 h up to four times daily, and for no more than
7 days for the symptoms of cold or for no more than 3 days
for fever. A total 28% of subjects reported AEs, which was con-
sidered typical of clinical trials with similar treatments. There
were no unexpected AEs beyond what are already known about
the two active ingredients in the product.®%6” The safety study
and literature review were supportive of safety of the combina-
tion product of ibuprofen and pseudoephedrine. Therefore, the
the investigated two-tired pediatric dosing based on age and
body weight was proposed in pediatric patients 2 to 12 years
of age.36

Another combination product of ibuprofen 100 mg/5 mL and
pseudoephedrine HCI1 15 mg/5 mL is also marketed OTC with
the same dosing regimen in children 2-11 years of age.

The PK and safety of ibuprofen/pseudoephedrine suspen-
sion were evaluated in one multiple dose PK study in 24
healthy pediatrics 4-11 years of age given ibuprofen 7.5
mg/kg/pseudoephedrine 1.125 mg/kg every 6 h for 5 days; and
one 3-day multiple dose safety study in 124 patients with cold
2-11 years of age given same dose and dose interval for 3 days.®®
The results indicated that PK parameters for the ibuprofen/
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pseudoephedrine combination product were comparable to the
individual active ingredients in children down to 4 years of age.
The pediatric population had a 50% increased clearance for
both ibuprofen and pseudoephedrine compared to adults. No
serious AEs were seen in these studies. Safety data from these
pediatric studies, the ibuprofe/pseudoephedrine combination in
adults and the individual products support the use of the com-
bination in pediatric patients to 2 years of age. One single dose,
crossover bioequivalence study in 24 healthy adults demon-
strated no interaction between ibuprofen and pseudoephedrine.
Although the body-weight based dosing regimen used in the PK
and safety studies was safe and well tolerated, the two-tiered
dosing regimen based on weight and age was suggested in the
pediatric patients 2 to 11 years of age so that the maximum
daily dose of pseudoephedrine was within the range of mono-
graph recommendation.%®

SUMMARY

This review summarizes the pediatric drug development for
14 drugs used in the treatment of AR, cough, and cold. The use
of these drugs in pediatric patients is based upon the assess-
ment of PK, safety, and efficacy data. As the disease course,
pathophysiology and the drug’s effect are considered similar
in young pediatrics to that of adult patients for AR, cough,
and cold, the efficacy of orally administered drugs in pediatric
patients are generally extrapolated from adults or older pedi-
atrics. For some oral antihistamies, such as fexofenadine, the
proposed dose in pediatric SAR patients 2 to 11 years of age
is based on PK and safety data, efficacy extrapolation from
adults as well as the efficacy assessment in SAR patients 6-11
years of age. For other oral antihistamine drugs and leukotriene
modifier, such as desloratadine, levocetirizine, loratadine, ce-
tirizine, and montelukast, the selected dose in pediatric pa-
tients is based on PK and safety data in pediatric patients and
efficacy extrapolation from adults to pediatric patients. Age
appropriate formulations were developed for pediatric popula-
tion for most oral antihistamine drugs and a bioequivalence
study conducted in adults demonstrated equivalence between
the pediatric formulation and adult formulation. Additional
biopharmaceutical studies have also been conducted to assess
bioavailability and food effect for the pediatric formulations
in certain cases. For locally acting drugs, such as intranasal
antihistamine (e.g.,, olopatadine) and intranasal corticosteroids
(e.g., triamcinolone), as systemic exposure is not consistently
detectable or reliable as measures of local bioavailability and
efficacy, the proposed dose regimen was based mainly on the
clinical efficacy and safety data. Plasma concentrations were
also monitored, if measurable, to evaluate systemic exposure.

Ibuprofen has been on market well over 50 years, and the ap-
proval for pediatric use was based largely on PK and safety data
in pediatric patients. For the combination products of ibupro-
fen with other monograph drugs like pseudoephedrine and/or
chlorpheniramine, the dose selection in pediatric patients is
based on PK and safety data and efficacy extrapolation from
adults. The maximum daily dose should be within the mono-
graph recommended maximum daily dose.

In conclusion, for the AR, cough, and cold drugs, pediatric
dosing is determined by the totality of evidence. Assessment
includes factors such as PK, safety, efficacy, and formulation,
each of which plays a role in supporting the approval of drugs
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for pediatric populations. The knowledge and understanding
of information summarized in this review will help the future
trial design and regulatory decision making for new drugs or
combination products in AR, cough, and cold indication or other
disease areas for the pediatric drug development.
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