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The sponsor has conducted 2 traditional pharmacokinetic studies – one single dose
study (20 mg citalopram oral solution) in healthy children (aged 7-11 years) and adults,
and a second multiple dose study in depressed adolescents (aged 10-17 years) and in
depressed adults given 20 mg citalopram once daily with forced titration to 40 mg once
daily for a total of four weeks. In the single dose study, higher Cmax (114%), larger
AUC0-∞ (33%), and smaller CL/F (28%) for citalopram were observed in children
compared to adults. However, in the multiple dose study pharmacokinetic parameters of
citalopram after a single dose of 20 mg citalopram and after multiple doses of 40 mg
once daily were similar in depressed adolescents and adults. In addition, in efficacy trial
CIT-MD-18 (in depressed children and adolescents aged 7-17 years), the sponsor has
collected a blood sample (between 8-14 hours post dose) for the measurement of
citalopram steady-state concentrations in plasma. In this study, the steady-state
concentrations of citalopram were approximately 13% higher in the children as
compared to the adolescents. Correlation analyses revealed no significant correlation
between age and citalopram concentration (r=0.059, p=0.650) as well as body weight
and citalopram concentration (r=-0.218; p=0.089).
These results suggest that the pharmacokinetics of Celexa are similar in adolescents
and in adults. However for younger children (7-11 years of age), the single dose
pharmacokinetic data suggest a higher exposure in the pediatric population compared to
adults. Data from the sparse sampling pharmacokinetic study (in the efficacy trial) need
to be analyzed further to be able to conclude similarity or differences in
pharmacokinetics between younger children (7-11 years) and adults/adolescents.
Recommendation: The pharmacokinetic studies provided in this pediatric supplement
for Celexa submitted to the Division of Neuropharmacological Drug Products to fulfil the
pediatric written request provide an understanding of the pharmacokinetics of citalopram
in pediatric patients between the ages of 7 and 17 years, inclusive. This submission is
acceptable from OCPB perspective. Data from the sparse sampling pharmacokinetic
study need to be analyzed further to be able to conclude similarity or differences in
pharmacokinetics between younger children (7-11 years) and adolescents/adults.
Comment: At the time when data from the sparse sampling pharmacokinetic study are
analyzed further, the sponsor will be requested to submit the exact sampling time
relative to dosing for all of the sparse sampling data.
Introduction and Background: CelexaTM (citalopram HBr) is an orally administered
selective serotonin reuptake inhibitor (SSRI) with a chemical structure unrelated to that of
other SSRI's or of tricyclic, tetracyclic, or other available antidepressant agents. Celexa is
available as 10 mg, 20 mg and 40 mg film coated tablets and also as an oral solution (2
mg/ml).
Celexa (citalopram HBr), in adults, is labeled to be administered at an initial dose of 20 mg
once daily, generally with an increase to a dose of 40 mg/day. Dose increases should
usually occur in increments of 20 mg at intervals of not less than one week. Although
certain patients may require a dose of 60 mg/day, the only study pertinent to dose
response for effectiveness did not demonstrate an advantage for the 60 mg/day dose over
the 40 mg/day dose; doses above 40 mg are therefore not ordinarily recommended.
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The mechanism of action of citalopram HBr as an antidepressant is presumed to be linked
to potentiation of serotonergic activity in the central nervous system resulting from its
inhibition of CNS neuronal reuptake of serotonin (5-HT). In vitro and in vivo studies in
animals suggest that citalopram is a selective serotonin reuptake inhibitor with minimal
effects on norepinephrine and dopamine neuronal reuptake. Citalopram is a racemic
mixture (50/50), and the inhibition of 5-HT reuptake by citalopram is primarily due to the
(S)-enantiomer .
The single and multiple-dose pharmacokinetics of citalopram are linear and doseproportional in a dose range of 10-60 mg/day. The absolute bioavailability of citalopram
was about 80% relative to an intravenous dose and absorption is not affected by food. The
volume of distribution of citalopram is about 12 L/kg and the binding of citalopram,
demethylcitalopram, and didemethylcitalopram to human plasma proteins is about 80%.
The tablet and oral solution dosage forms of citalopram HBr are bioequivalent. Following a
single oral dose (40 mg tablet) of citalopram, peak blood levels occur at about 4 hours.
Biotransformation of citalopram is mainly hepatic, with a mean terminal half-life of about 35
hours. Citalopram is metabolized to demethylcitalopram, didemethylcitalopram citalopram
N-oxide and a deaminated propionic acid. In humans, citalopram is the predominant
compound in plasma. At steady state, the concentrations of citalopram's metabolites,
demethylcitalopram and didemethylcitalopram in plasma are approximately one-half and
one-tenth, respectively, that of the parent drug. In vitro studies show that citalopram is at
least 8 times more potent than its metabolites in the inhibition of serotonin reuptake,
suggesting that the metabolites evaluated do not likely contribute significantly to the
antidepressant actions of citalopram.
In vitro studies using human liver microsomes indicated that CYP3A4 and CYP2C19 are
the primary isozymes involved in the N-demethylation of citalopram. With once daily
dosing, steady state plasma concentrations are achieved within approximately one week.
At steady state, the extent of accumulation of citalopram is expected to be 2.5 times the
plasma concentrations observed following a single dose. Following intravenous
administrations of citalopram, the fraction of drug recovered in the urine as citalopram and
demethylcitalopram was about 10% and 5%, respectively. The systemic clearance of
citalopram is 330 ml/min, with approximately 20% of that due to renal clearance.
In vitro enzyme inhibition data did not reveal an inhibitory effect of citalopram on
CYP3A4, -2C9, or -2El, but did suggest that it is a weak inhibitor of CYP-IA2, -2D6, and
-2C19. However, in vivo data to address this question are limited. Coadministration of
citalopram and the potent 3A4 inhibitor ketoconazole did not significantly affect the
pharmacokinetics of citalopram. Citalopram steady state levels were not significantly
different in poor metabolizers and extensive 2D6 metabolizers after multiple dose
administration of Celexa.
Clinical Pharmacology
1 a. Has the sponsor adequately evaluated the pharmacokinetics of Celexa in the
pediatric population?
1. b. Are the pharmacokinetics of Celexa similar in the pediatric population and in
adults?
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Study CIT-PK-013
Objective: This study was designed to evaluate the pharmacokinetics of citalopram and its
metabolites in pediatric subjects (compared to adult subjects) following a single 20 mg
dose.
Study Design: This was an open-label, parallel, single dose study in 12 pediatric (7 -11
years old) and 12 adult (18 -35 years old) healthy male and female subjects. Subjects were
institutionalized for the entire study. Subjects received a single, oral dose of 20 mg of
citalopram in a 10 ml oral solution at 0800 on Day 1, following which multiple plasma
samples were obtained. Blood samples were collected for the measurement of plasma
concentrations of each citalopram enantiomer and its respective metabolites. Safety was
assessed throughout the study by monitoring of adverse events and by laboratory and
physical examinations and vital sign and ECG measurements
On Day 1 subjects received a single 20 mg dose of citalopram in a 10 mL oral solution
(10mg/5mL) at 0800 hours. Subjects remained ambulatory or seated upright and awake
for the first four (4) hours following drug administration and did not engage in strenuous
activity. Subjects were dosed under fasted conditions. During the study, standardized,
bland, low-fat meals were provided to all subjects while institutionalized. Meals did not
contain any caffeine containing food or beverages. Subjects did not eat grapefruit or
drink grapefruit juice from 48 hours before; and throughout the study. Subjects were
required to consume the entire contents of each meal and snack. When meal times
coincided with the blood sampling schedule and vital sign measurement, the vital signs
were measured first, then the blood samples were drawn before meals. No concomitant
medication was permitted during the study.
Pharmacokinetic Sample Collection: Blood samples were collected at the following
times.
Day 1, after 0800 drug administration at: 0 hour (pre-dose), 1, 2, 3, 4, 8, and 12 hours
(post-dose); Days 2, 3, 4, 5, 6, 7, and 8 at: 24, 48, 72, 96, 120, 144, and 168 hours (post
Day 1 dose).
Bioanalytical Procedure: The citalopram enantiomers and enantiomeric metabolites R
CT (R-citalopram), escitalopram (S-CT), R- and S-didemethylcitalopram (DCT), R- and
S-didemethylcitalopram and their internal standard, D-4-R-citalopram (D-4-R-CT), were
extracted from 0.5 ml human plasma using diethyl ether and then back extracted with
0.1N HCI. The mobile phase was 0.1 % ammonium trifluoroacetate in methanol. The
enantiomers of citalopram, demethylcitalopram, and didemethylcitalopram were
quantified using a triple quadrupole mass spectrometer in positive APCI/SRM
(Atmospheric Pressure Chemical Ionization/Selective Reaction Monitoring) mode. The
dynamic range of the assay was from 1 to 150 ng/ml for all analytes. The correlation
coefficients of standard curves were greater than or equal to 0.99. Duplicate QC
samples at three nominal concentrations (3.75, 15, and 75 ng/ml, for all analytes) were
analyzed along with plasma samples. The following table summarizes the precision
(%CV) and accuracy (% deviation) of the method during the study.
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Statistical Analysis: Statistical analyses were performed with the Statistical Analyses
System (SAS) version 6.12 for the UNIX system microcomputers using the General
Linear Models procedure (GLM). Analysis of variance (ANOY A) was performed on all of
the pharmacokinetic parameters, including Cmax, AUC, Tmax, T1/2, and CL/F. AUC and
Cmax were log-transformed in the analysis of variance comparison. Statistical
comparison of pharmacokinetic parameters between children (7 to 11 years old) and
adults (18 to 35 years old) were performed using ANOVA adjusted by gender (as the
factor). Similarly, the impact of the gender effects on pharmacokinetic parameters
adjusted by age (as the factor) was evaluated.
Patient Demographics: Twenty-four subjects, twelve adults (3 males and 9 females)
and twelve children (6 males and 6 females) were enrolled and received citalopram.
Patients’ demographic characteristics are shown in the table below.

Pharmacokinetic Results:. Pharmacokinetic data were analyzed for all 24 subjects: 12
adults (9 females and 3 males) and 12 children (6 males and 6 females) who entered the
study. Didemethylcitalopram was below the limit of quantitation in all subjects at all time
points except for one pediatric subject with concentrations above 1 ng/mL at 24 and 48
hours after citalopram administration. Since plasma concentrations of
didemethylcitalopram were close to or below the limit of quantification (1 ng/mL), no
discussion of didemethylcitalopram pharmacokinetics has been presented by the
sponsor.
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Effect of Age: The mean plasma concentration plots for citalopram and
demethylcitalopram are shown in the figures below by age group.

A summary of the mean pharmacokinetic parameters (Mean ± SD) of citalopram for the
healthy adult and pediatric subjects following the administration of 20 mg citalopram oral
solution is presented in the table below.

Following a single dose administration of 20 mg citalopram oral solution, a shorter Tmax
(24%), higher Cmax (114%), larger AUC0-t (38%) and AUC0-∞ (33%) were observed in
children compared to adults. These data suggest that the rate of absorption of
citalopram was faster and the extent of absorption was higher in children compared to
adults. Also, a shorter t1/2 (24%) and smaller CL/F (28%) were observed in children
compared to adults. Similar conclusions were obtained when adjustments were made for
differences in body weights between the subject populations.
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A summary of the mean pharmacokinetic parameters ((Mean ± SD) of
demethylcitalopram for the healthy adult and pediatric subjects following the
administration of 20 mg citalopram oral solution is presented in the table below.

A higher Cmax (142%) and AUC0-t (114%) for demethylcitalopram was observed in
children compared to adults. Tmax, tl/2 and AUC0-∞ for demethylcitalopram were not
significantly different in children relative to adults.
Effect of Gender: The mean plasma concentration plots for citalopram and
demethylcitalopram are shown in the figures below by gender.

The table below shows the mean pharmacokinetic parameters of citalopram following
administration of 20 mg citalopram in male and female (both adult and children)
volunteers.
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No gender effects were found for any of the pharmacokinetic parameters for citalopram
between the female and male groups, except for 42% decrease in demethylcitalopram
Tmax at steady state in male patients relative to female patients. The rate and extent of
absorption as well as the disposition of escitalopram and S-demethylcitalopram were
similar in both adult and pediatric patients. The PK parameters for males and females
were compared for children separately (see table below). These data suggest no gender
differences in citalopram PK in children following a single 20 mg dose.
Males
Females
(n=6)
(n=6)
Cmax (ng/ml)
43.3 (8.2)
44.4 (9.2)
tmax (h)
3.3 (0.6)
2.5 (0.8)
t1/2 (h)
26.1 (4.6)
26.1 (3.7)
AUCinf (ng*h/ml) 1224.5 (455.8) 1098.9 (207.9)
CL/F (L/h)
17.9 (4.9)
18.8 (3.5)

For demethylcitalopram, Cmax (10%) and AUC0-t (19%) of S-demethylcitalopram was
higher in female compared to male subjects. No gender effects were found for any of the
other pharmacokinetic parameters.
Conclusions: Following a single dose of 20 mg citalopram oral solution, the rate of
absorption of citalopram was faster and the extent of absorption was larger in children
compared to adults. A shorter tmax (24%) and t1/2 (24%), higher Cmax (114%), larger
AUC0-∞ (33%), and smaller CL/F (28%) for citalopram were observed in young children
compared to adults. Similar conclusions were obtained when adjustments were made for
differences in body weights between the subject populations. A higher Cmax (142%) for
demethylcitalopram was observed in children compared to adults. No gender effects on
pharmacokinetic parameters (except citalopram Tmax) were found for citalopram and
demethylcitalopram in this study. Tmax (11%) for citalopram was shorter in females than
in males.
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CIT-PK-07
Objective: The primary objective of this study was to evaluate the pharmacokinetics of
citalopram, demethylcitalopram, didemethylcitalopram and their enantiomers in pediatric
patients with depression (compared to adult patients with depression), following titration to
a dose of 40 mg daily from a starting dose of 20 mg daily. The secondary objectives were
to assess the safety and
efficacy of citalopram in pediatric patients.
Study Design: This study was a 4 week, open-label, parallel group, multiple-dose, doseescalating study. The study was initially designed to include three groups of 12 depressed
patients each, aged 7-11 years (children), 12-17 years (adolescents), and 21-45 years
(adults). Because of difficulty recruiting depressed children, the protocol was amended to
define a single group of pediatric patients from 10-17 years of age (n=13) for comparison
with the adult patients (n=12). The patients received citalopram at a starting dose of 20 mg
daily for one week and then received citalopram 40 mg daily for 3 weeks.
Blood and urine samples for pharmacokinetic analysis were collected throughout the study.
Efficacy assessments in adult patients were performed by use of Clinical Global
Impressions Severity Scale (CGI-S) and Clinical Global Improvement Scale (CGI-I). In the
pediatric patients, Kiddie and Young Adult-Schizophrenia and Affective Disorders
Schedule-Present and Lifetime (K-SADS-PL) and Children's Depression Rating Scale,
Revised (CDRS-R) were used. Safety was assessed throughout the study by monitoring
adverse events, laboratory tests, ECG's, physical examinations, and vital signs. Efficacy
assessments were administered prior to the first dose of citalopram (Baseline) and after
four weeks of treatment with citalopram.
The study drug was orally administered once daily between 0600 hours and 1000 hours.
A single 20 mg cltalopram tablet from Day 1 to Day 7 was administered and a single 40
mg citalopram tablet from Day 8 to Day 28. While patients were housed (Days 1 and 28)
in the clinic they were given standardized, bland, low fat, xanthine-free meals and
snacks. No alcohol-containing foods or beverages was consumed for 72 hours prior to
the first dose of study drug (Day 1) until the last blood sample was collected on Day 35.
No grapefruit or grapefruit juice was consumed from Day -1 to Day 35, inclusive.
Pharmacokinetic Sample Collection: Blood samples were collected at the following
times from all patients except those younger than 12 years of age:
Day 1: 0.0 hour (pre-dose) and 1.0,2.0,3.0,4.0,6.0,8.0, 12.0 hours post-dose
Day 2: 24.0 hours (post-dose )
Day 8: 0.0 hour (pre-dose )
Day 27: 0.0 hour (pre-dose)
Day 28: 0.0 hour (pre-dose), and 1.0,2.0,3.0,4.0,6.0,8.0, and 12.0 hours post-dose.
Days 29,30,32,34, and 35: 24.0,48.0,96.0, 144.0, and 168.0 hours post the Day 28 final
drug dose.
For the patient under 12 years of age only 17 blood samples were collected, at the
following time points:
Day 1: 0.0 hour (pre-dose) and 1.0,2.0,4.0,8.0, and 12.0 hours post-dose
Day 2: 24 hours post dose
Day 8: 0.0 hour (pre-dose )
Day 28: 0.0 hour (pre-dose), and 1.0,2.0,4.0,8.0, and 12.0 hours post-dose.
Days 29, 30, and 32: 24.0, 48.0, and 96.0, hours post the Day 28 final drug dose.
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Bioanalytical Procedure: R- and S-citaloprarn and metabolites in human plasma were
determined using a validated LC/MS/MS method. R-citalopram (R-CT), escitalopram (S
CT), R- and S-DCT, R- and S-DDCT and their internal standard, d4-R-CT, were
extracted from 0.5 mL human plasma using diethyl ether and then back extracted with
0.1 N HCl. The mobile phase was 0.1 % ammonium trifluoroacetate in methanol. The
enantiomers of citalopram, demethylcitalopram, and didemethylcitalopram were
quantitated using a triple quadrupole mass spectrometer.
The dynamic ranges of the assays were from 1 to 150 ng/ml in plasma for all analytes.
All analytical runs had standard curve correlation coefficients greater than 0.99. For
plasma standards, the precision and accuracy for all analytes were within 5.3% and 
3.5%, respectively, not including outliers. The precision and accuracy for all analytes
were within 14.2% and 5.6%, respectively, including outliers. For quality control samples,
the precision and accuracy for all analytes were within 16.7% and -9.7%, respectively,
including outliers.
Statistical Analysis: Statistical analyses were performed with the Statistical Analyses
System (SAS) version 6.12 for the UNIX system microcomputer using the General
Linear Models procedure (GLM). Analysis of variance (ANOV A) was performed on the
pharmacokinetic parameters including Cmax, AUC0-24 and Tmax after the initial doses,
and Cmax, AUCss, Tmax, t1/2, CL/F after the final dose. AUC and Cmax were logtransformed in the analysis of variance.
Statistical comparison of pharmacokinetic parameters between pediatric and adult
patients were performed using ANOV A adjusted for gender (as the factor). Similarly,
gender effects on pharmacokinetic parameters were assessed using ANOVA adjusted
for age (as the factor).
Patient Demographics: Twenty-five patients, twelve adult patients (4 males and 8
females) and thirteen pediatric patients (7 males and 6 females) were enrolled and
received citalopram. Patients’ demographic characteristics are shown in the table below.
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Pharmacokinetic Results: Pharmacokinetic data were analyzed for all 23 patients [11
adults (7 females and 4 males) and 12 pediatric patients (7 males and 5 females)] who
completed the study.
In general, none of the patients had detectable concentrations of didemethylcitalopram
during the 24 hour period after the initial dose of 20 mg citalopram and the
concentrations for didemethylcitalopram at steady-state were too low to estimate the
pharmacokinetic parameters. No discussion of didemethylcitalopram pharmacokinetics
has been presented by the sponsor.
Effect of Age:
Single Dose Pharmacokinetics: The mean plasma concentration plots for citalopram
and demethylcitalopram following a single 20 mg dose of Celexa are shown in the
figures below by age group.

A summary of the mean pharmacokinetic parameters (Mean ± SD) of citalopram and
demethylcitalopram for the healthy adult and pediatric subjects following the
administration of a single oral dose of 20 mg is presented in the table below.

No significant age effects were found for Cmax, Tmax, or AUC0-24 of citalopram or
demethylcitalopram between the pediatric and adult groups after the initial dose of 20
mg citalopram. These data suggest that the rate and extent of absorption of citalopram
and its rate of metabolism to demethylcitalopram following a single dose of 20 mg
citalopram were similar in the two age groups following a single oral dose of Celexa
administered as 20 mg tablet.
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Comparison of the pharmacokinetics of citalopram and demethylcitalopram following a
single 20 mg dose across studies (PK-13 and PK-07) suggests that younger children
(aged 7-11 years) have higher AUC (approximately 30%) and Cmax (60-100%) than
adolescents and adults following a single 20 mg dose of citalopram.
Multiple Dose Pharmacokinetics: The mean plasma concentration plots for citalopram
and demethylcitalopram following multiple doses of Celexa 40 mg once daily are shown
in the figures below by age group.
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A summary of the mean pharmacokinetic parameters ((Mean ± SD) of citalopram and
demethylcitalopram for the healthy adult and pediatric subjects following multiple doses
of 40 mg/day is presented in the table below.

No age effects were found for the pharmacokinetics of citalopram and
demethylcitalopram between the pediatric and adult groups after a multiple daily dose of
40 mg citalopram.
Effect of Gender: The tables below show the mean pharmacokinetic parameters of
citalopram and demethylcitalopram following a single dose of 20 mg citalopram and
multiple dose administration of 40 mg once daily in male and female volunteers.
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No gender effects were found for any of the pharmacokinetic parameters for citalopram
and demethylcitalopram between the female and male groups after a single dose of 20
mg
Citalopram or multiple dose administration of 40 mg citalopram.
Conclusions: Pharmacokinetic parameters of citalopram and demethylcitalopram after
a single dose of 20 mg citalopram and after multiple doses of 40 mg once daily
citalopram were similar between depressed adolescents and adults.
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