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Developmental changes during infancy and childhood can affect drug
pharmacokinetics (PK), i.e., absorption, distribution, metabolism, and
renal excretion. This, in turn, influences optimal dosing, efficacy, and
safety. To date, of the 40 H;-antihistamines available worldwide, only
11 have been studied in children using a PK approach. Here, we provide
the pediatricians’ perspective on the population PK of levocetirizine, the
pharmacologically active enantiomer of cetirizine, in very young
children who received oral cetirizine, and describe the factors that
influence levocetirizine PK in this population. In a prospective,
randomized, double-blind, parallel-group, placebo-controlled study,
very young children received oral cetirizine 0.25 mg/kg twice daily for
18 months. Plasma levocetirizine concentrations were measured in
timed, sparse blood samples collected at steady-state (3, 12 and

18 months after commencement of treatment) for the purpose of
monitoring safety, and levocetirizine population, PK parameters were
derived by using non-linear mixed effects modeling. In 343 children (age
14-46 months, body weight 8.2-20.5 kg), a total of 943 blood samples
were obtained. Compliance with cetirizine dosing was documented. The
population PK model used predicted that with increasing body weight,
levocetirizine oral clearance would increase by 0.044 1/h/kg, and
levocetirizine volume of distribution would increase by 0.639 1/kg.
Levocetirizine PK were not influenced by eosinophilia, sensitization to
allergens, allergic disease, gastroenteritis/diarrhea, or concomitant
ingestion of other medications. This population PK model predicts that
in very young children, the oral clearance of levocetirizine will be
rapid and will increase as body weight and age increase, therefore,
levocetirizine dosing should be based on body weight and age in this
population. Compared with older patients, on a mg/kg basis, relatively
higher doses may be needed, and twice-daily dosing may be necessary,
as previously reported for the related racemic H;-antihistamine
cetirizine.

Despite the widespread administration of

F. Estelle R. Simons, on behalf of the
ETAC Study Group

Section of Allergy and Clinical Immunology,
Department of Pediatrics and Child Health, University
of Manitoba, Winnipeg, Manitoba, Canada

Key words: allergy; young child; Hq-antihistamine;
population pharmacokinetics; cetirizine; levocetirizine

Dr F. E. R. Simons, 820 Sherbrook Street, Winnipeg,
Manitaba, Canada, R3A 1R9

Tel.: (204) 787 2537

Fax: (204) 787 5040

E-mail: Imcniven@hsc.mb.ca

Accepted 19 September 2004

absorption, distribution, metabolism, and renal

H-antihistamines to very young children with
allergic rhinitis, urticaria, and other disorders,
information is lacking about the pharmaco-
kinetics (PK) of most of these medications in
this population (1). Such data are important for
optimizing H;-antihistamine dosing, efficacy and
safety, because in this age group, incomplete
maturation of organ function may affect drug

excretion (2-4) and potentially influence optimal
dosing, efficacy, and safety.

There are inherent limitations to the number
and extent of pharmacokinetic studies that can
be performed in an individual child, due to
ethical considerations about blood sampling at
frequent intervals and the total volume of blood
removed during repeated sampling for drug
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measurements (2). Therefore, there are few
pharmacokinetic studies of Hj-antihistamines in
infants and children under the age of 6 yr (5-11),
and even in school-age children, there are not
many pharmacokinetic studies of drugs in this
class (11-21).

The term ‘population pharmacokinetics’ is
sometimes used to describe a two-stage approach
involving retrospective analyses of traditional
data-rich pharmacokinetic studies with multiple
measurements of drug concentrations in each
participant in specific populations (20-22). The
term ‘population pharmacokinetics’ is also used
to describe non-linear mixed effects modeling
analyses of drug plasma concentrations
measured in timed, sparse blood samples (21,
22), for example, those obtained in clinical trials
for the purpose of monitoring drug safety. Using
the second approach, the data are pooled and
can be used not only to estimate pharmacokinetic
parameters but also the influence of covariate
factors on these parameters (Table 1). Seldom
are either of these population pharmacokinetic
approaches utilized to obtain clinically relevant
pharmacokinetic information about H;-antihis-
tamines in children.

Levocetirizine is the pharmacologically active
enantiomer of the racemate cetirizine, and can be
measured in the blood after cetirizine adminis-
tration. It is also a newly synthesized chemical
entity (19) which is indicated in the treatment of
seasonal and perennial allergic rhinitis and
chronic idiopathic urticaria in adults and chil-
dren. We hypothesized that levocetirizine popu-
lation PK could be investigated in the young
children who received cetirizine in the prospect-
ive, randomized, double-blind, placebo-con-
trolled Early Treatment of the Atopic Child
(ETAC) Study (23-28). Our objective was to
demonstrate for pediatricians that the levocetir-
izine concentrations measured in timed, sparse
blood samples obtained at steady-state for safety
monitoring in children in the ETAC study could

Table 1. Classification of population pharmacokinetic studies (22)

be utilized to derive clinically relevant pharma-
cokinetic information. A companion paper for
pharmacologists, containing the technical des-
cription of the analytical methods, database
construction, population pharmacokinetic mode-
ling equations, and pharmacostatistical mode-
ling, has recently been published (29).

Methods

The ETAC study protocol was approved by the
institutional review board in each of the partici-
pating centers. The children, who had atopic
dermatitis and a family history of allergy, and
were at high risk for developing asthma and other
allergic disorders, were enrolled after informed
consent was obtained from their parents or
guardians. The inclusion and exclusion criteria
for the study, and the methods of monitoring for
efficacy and safety have been described in detail in
previous ETAC study publications (23-28).
Cetirizine 0.25 mg/kg or placebo solution were
administered as drops with breakfast and with the
evening meal every day for 18 months.
Throughout the study, the child’s primary
caregiver used a diary card to record all symp-
toms, events, and non-study medications admin-
istered. This information was recorded on a
weekly basis when the child was well, and on a
daily basis if the child was having symptoms of
any kind. Children were examined at eight
regularly scheduled visits: before treatment with
cetirizine or placebo, and at 1, 3, 6,9, 12, 15, and
18 months after beginning treatment. Blood
samples were obtained before, and after 3, 12,
and 18 months of cetirizine treatment, when
cetirizine and levocetirizine PK were presumed
to be at steady-state. The time interval between
blood sample collection and the previous cetiri-
zine dose was recorded for each child. Population
pharmacokinetic parameters were derived by
using non-linear mixed effects modeling with
first-order estimation (NONMEM-FO) (29-31).

Retrospective analyses of traditional data-rich pharmacokinetic studies

Non-linear mixed effects modeling analyses

Timed blood samples
for drug quantitation 10-12 samples over 24 h
Number of participants
studies are then pooled

Invasiveness HHH
Control of covariates

(diet, illness, medications) rigorous control during the study

Multiple, repeated at frequent intervals (eg, hourly), generally

Small (eg, n = 10-20 in individual studies) data from all

Rigorous inclusion and exclusion criteria at study entry, and

Sparse (generally 1-4 samples); sometimes obtained
over weeks, months or years during safety monitoring
in clinical trials or during therapeutic drug monitoring

May be large (n > 100)

+

Rigorous inclusion and exclusion criteria at study entry;
in long-term studies, control is modified by real-life
circumstances, e.g. ingestion of foods and xenobiotics,
intermittent acute illness, concomitant medication use
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Information entered into the NONMEM data-
base included H;-antihistamine concentrations,
demographics (age, sex, weight, height, and body
surface area), creatinine clearance, severity of
allergic disease (blood eosinophil count), allergic
sensitization (specific IgE to grass pollen or
house dust mite), intercurrent illness (gastroen-
teritis/diarrhea), and concomitant use of penicil-
lins, macrolide antibiotics, oral corticosteroids,
and hydroxyzine. Creatinine clearance (Cl.,) was
calculated using the formula (32):

0.28 x ht (cm) x BSA

Cler = Plasma creatinine (mg/dl)

where ht is height and BSA is body surface area.
BSA was calculated using the formula (33):

\/wat

BSA =—500

Levocetirizine and dextrocetirizine concentra-
tions were determined in plasma samples by
using chiral high performance liquid chromatog-
raphy with tandem mass spectrometric detection.
The quantification range was 12-1000 ng/ml for
both validated assays. Quality control samples at
7.5, 150, and 750 ng/ml were assayed in duplicate
with each batch of clinical samples (29, 30).

The software NONMEM (Version V, level 1.1)
(31) with first-order estimation (NONMEMFO)
was used throughout the population analysis and
simulations. Time zero in NONMEM was the
time of the last cetirizine dose administered
before the sample was taken. Levocetirizine and
dextrocetirizine concentrations were correlated
with the demographic and clinical information
entered into the NONMEM database. Specific-
ally, the effect of the demographic and clinical
covariates on oral clearance (CI/F, in L/h), and
on apparent volume of distribution (V/F, in L)
were evaluated (29).

Table 2. Demographics and clinical information

Pharmacokinetics of levocetirizine

A one-compartment open model with first-
order absorption and elimination was fitted to
the plasma profile of levocetirizine (29, 30, 34).
This model was selected based on visual inspection
of the data and experience with previous analyses
of total cetirizine concentrations in children (5-7,
15, 20). The pharmacokinetic parameters used to
characterize the model were: CI//F, V/F, and
absorption rate constant (K,, in h™"). The analysis
strategy involved selection of the basic pharma-
cokinetic model followed by univariate analysis,
forward selection analysis, and backward elimin-
ation analysis, resulting in the final pharmacoki-
netic model (29).

Results

At the time of blood sampling during the
18 month study, children ranged in age from
14 to 46 months and ranged in weight from 8.2 to
20.5 kg (Table 2). More boys than girls were
included, as was representative of the entire
ETAC Study population. As expected, body
weight, body surface area, and creatinine clear-
ance increased with age in a linear manner
(Table 2), and body weight and body surface
area were highly correlated (r = 0.964). There
were no significant differences in body weight,
body surface area, or creatinine clearance
between boys and girls.

Of the 399 children receiving cetirizine,
343 (86%) had one or more blood samples
accompanied by an accurate history of the time
interval between the preceding cetirizine dose and
the sample. The frequency distribution of the
number of samples per sampling interval taken
within the dose interval of 12 h at each of the
visits (months 3, 12, and 18) is shown in Fig. 1,
with 75% of the total number of samples being
obtained between 1 and 5 h of dosing.

Cetirizine (levocetirizine) was rapidly absorbed
(Fig. 2). Three, 12, and 18 months after cetirizine

Aget Weightt CREAT EQS

Month* n M/F (months) (kg) BSA¥(m?) (ml/min) (>500/pl)  SENS (n) DIAR (n) PEN (n) MAC (n) CORT (n) HYD (n)
Baseline 395 244/151 167 +41 108+14 049+005 266 +461 140 74 n/a n/a n/a n/a n/a

3 248 156/92 198 +41 119+16 052+005 2818 +578 53 57 9 18 2 4 3
12 279 170/109 29.0+43 139+16 059+005 3021 +433 95 62 17 17 4 1 9
18 226 137/89 353 +43 150+19 063+005 3275+ 487 75 47 10 6 2 2 5
Total (excludes 753 463/290 n/a n/a n/a n/a 223 166 36 41 8 7 17

baseline)

n, number of records; M/F, male/female; BSA, body surface area; CREAT, creatinine clearance; EOS, eosinophilia; SENS, sensitization to grass pollen or to house dust
mite, defined as specific IgE > 0.35 kUA/ml; DIAR, diarrhea; concurrent medications: PEN, penicillin; CORT, oral corticosteroids; MAC, macrolide; HYD, hydroxyzine;

n/a, not applicable.
*Number of months after cetirizine treatment was started.
tMean + SD.
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Fig. 1. Frequency of distribution of samples per sampling
interval from the latest morning dose following twice-daily
oral doses of levocetirizine 0.25 mg/kg.
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Fig. 2. Scatter plot of levocetirizine concentrations

measured at steady-state vs. time.

was started, the children had mean ages of 19.8,
29.0, and 35.3 months, and mean body weights
of 11.9, 13.9, and 15.0 kg, and the population
estimates of CI//F were 0.77, 0.86, and 0.91 1/h,
respectively. Inter-patient variability in C//F in
the basic model was 26.1%, explained in part by
the significant association between C//F and
weight, which decreased the inter-patient variab-
ility slightly (to 24.4%) in the final model.
Clearance increased linearly with weight as
follows: CI/F = 0.044 1/h/kg from 0.22 I/h, the
extrapolated intercept of the CI/F vs. body
weight plot.

The apparent distribution volume of levocetir-
izine was strongly associated with body weight
according to the simple relationship V/F (1) =
0.693 I/kg x BW (kg). The inter-patient variabil-
ity in levocetirizine V/F seen in the basic model
(37.3%) was almost completely explained by the
significant association between V/F and weight,
which reduced the inter-patient variability to
14.7% in the final model. As V/F increased faster
than CI/F increased with increasing weight (or
age), the terminal elimination half-life of levo-
cetirizine also increased with weight (or age),
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based on the fundamental pharmacokinetic rela-
tionship: #;, = In 2 X (V/F)/(CI/F).

Except for body weight and age, none of the
covariates assessed were found to affect levoce-
tirizine PK, although the number of children was
too small in some subgroups to permit a statis-
tically valid conclusion (Table 2). These covari-
ates included: sex, allergy (eosinophil count
>500/ul, n = 223), gastroenteritis/diarrhea (n =
36), or concomitant medications: penicillins, n =
41; macrolides, n = 8; oral corticosteroids, n = 7
and hydroxyzine (n = 17), the latter being of
interest because it is biotransformed to levo-
cetirizine, dextrocetirizine, and another metabo-
lite, PO26.

Discussion

H-antihistamines are widely used in the treat-
ment of allergic disorders in very young children,
especially for allergic rhinitis and urticaria. In
order to recommend optimal doses and dose
intervals for this age group, it is important that
the PK (absorption, distribution, metabolism,
and renal excretion) of the medications in this
class be investigated in this population (5-21), as
in the absence of such studies, dose and dose
interval are extrapolated from those recommen-
ded for adults and the dose selected may not be
optimal for efficacy or safety.

Development of organ function is ongoing
throughout infancy and childhood. Although
many of the maturational changes affecting
pharmacokinetic disposition of drugs are com-
plete by age 14 months, some maturational issues
remain clinically relevant in children aged
14-46 months, the age group we studied (3, 4).
Gastric pH, which can affect the rate and extent
of absorption of orally administered drugs, does
not reach adult levels of acidity (pH 2-3) until
approximately age 20-30 months. Gastric emp-
tying time and intestinal motility are slightly
increased in young children; during episodes of
diarrhea, motility is further increased and this
may affect drug absorption. With regard to drug
disposition, infants and very young children may
have a higher percentage of extracellular water
than adults and as a result may require higher
doses of hydrophilic medications such as cetiri-
zine and levocetirizine in order to achieve similar
plasma concentrations. Different drug-metaboli-
zing enzymes reach adult levels of activity at
different ages: for example, CYP3A4 reaches
adult activity by age 6 months and may exceed
adult activity between 1 and 4 yr. Although
glomerular filtration and renal tubular function
mature during the first year of life, acquisition of



renal function continues during early childhood,
which may be important for drugs such as
levocetirizine which are eliminated largely
(85%) unchanged in the urine.

Although most of the 40 Hi-antihistamines
currently available are widely used in infants
and young children, and many are available in
palatable liquid formulations including infant
drops, to date, only 11 of these medications have
been studied pharmacokinetically in children. The
first-generation Hj-antihistamines hydroxyzine,
diphenhydramine, chlorpheniramine, bromphe-
niramine and ketotifen, and the second-generation
H,-antihistamines cetirizine, ebastine, fexofena-
dine, levocetirizine, loratadine and mizolastine
have been studied in children aged 6-11 yr
(11-21). Cetirizine, levocetirizine, loratadine, ket-
otifen, and hydroxyzine have been studied in
children younger than age 6 yr (5-11, 20); and
cetirizine and levocetirizine have been studied in
infants (5, 8). All other Hy-antihistamine doses for
the pediatric population have either been extra-
polated from adult doses using age de-escalation
paradigms, or are based on anecdotal experience
and educated guesses (2).

In pharmacokinetic studies in infants and
children to date, Hj-antihistamines have gener-
ally been found to be well absorbed after oral
administration, with peak plasma concentrations
usually being reached within 2 h (5-21). Clear-
ance rates are similar to or faster than those
reported in adults, and terminal elimination half-
life values are similar to, or shorter than, those in
adults. In the pediatric population, there are no
prospective studies of concomitant administra-
tion of any H;-antihistamines with cytochrome
P450 inhibitors; for example, erythromycin and
other potential pharmacokinetic drug—drug or
drug—food interactions, with the exception of a
novel study of the effects of chlorpheniramine
on the PK of chloroquine (35). Many of the
H;-antihistamine pharmacokinetic studies in
children have included a pharmacodynamic com-
ponent, suppression of the histamine-induced
wheals and flares, thus providing information
about onset, amount, and duration of H;-anti-
histaminic activity (5, 8, 11-15, 17-19).

In traditional pediatric pharmacokinetic stud-
ies of medications, including H;-antihistamines,
inclusion and exclusion criteria are extremely
rigorous, and children with intercurrent disease
or those using concomitant medications are not
involved. In the ETAC Study, the inclusion and
exclusion criteria for entry were strict; however,
during the course of the 18-month investigation,
the children ingested a wide variety of foods,
and were inadvertently exposed to various

Pharmacokinetics of levocetirizine

xenobiotics; moreover, most of them inevitably
developed intercurrent illness and received con-
comitant medications in addition to cetirizine
(26). This provided the opportunity of studying
the effect of intercurrent diseases such as gastro-
enteritis/diarrhea and of concomitantly used oral
medications such as antibiotics and corticoster-
oids on levocetirizine elimination.

In this population pharmacokinetic study of
an Hj-antihistamine in very young children, we
used the non-linear mixed effect modeling
approach, which involved timed, sparse blood
samples during 18 months of regular cetirizine
treatment. At steady-state, we found that the rate
of increase in levocetirizine clearance with body
weight or age was slower than the rate of increase
of volume of distribution with body weight or
age. In the age range studied (1446 months),
based on these pharmacokinetic relationships, we
predict that the oral clearance rate of levocetir-
izine will increase as body weight and age
increase. Levocetirizine dose and dose frequency
should therefore be based on weight and age in
this population. An algorithm could be devel-
oped for an optimal pediatric levocetirizine dos-
age regimen: dose in mg twice daily = 0.20 mg/L
[0.244 L/h + (0.044 L/h/kg - BW)] x 12h, where
0.20 mg/l is mean maximum steady-state levo-
cetirizine plasma concentration at steady-state,
0.244 1/h is the extrapolated intercept of the C//F
vs. body weight plot, and BW is body weight in
kg. In daily clinical practice, due to the favorable
therapeutic index (benefit-to-risk ratio) of lev-
ocetirizine arising from cetirizine (23-28), it may
not be necessary to apply this formula.

In summary, as elimination of levocetirizine is
rapid in very young children, relatively high
doses may be needed, similar to those used in
adults, and twice-daily dosing may be necessary.
This is also true for the recommended dosing
strategy for cetirizine in very young children,
which is based on increasing cetirizine clearance
with weight and age (57, 20). Population phar-
macokinetic studies of additional H;-anti-
histamines are needed in infants and children in
order to facilitate optimal dosing recommenda-
tions for these medications in this age group.
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