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1. Executive Summary
1.1 Recommendations
The Office of Clinical Pharmacology has reviewed the data submitted to the Clinical
Pharmacology section of this supplemental NDA and finds it acceptable. The following are the
general conclusions from the data OCP reviewed:
1. There was a tendency for children aged 10 -12 years old to have higher exposures of
quetiapine (AUC was 36% – 55% and Cmax was 54% - 71% higher) than adolescents
aged 13 to 17 years old.
2. Dose normalized exposures were generally lower (AUC = 12% lower and Cmax = 8%
lower) in pediatric/adolescent patients than adult. These differences are not expected to
be clinically relevant.
3. Dose normalized, weight-normalized AUC and Cmax decreased by about 40% when
pediatric children ages 10 to 17 were compared to adults. The decrease in exposure are
not expected to be clinically relevant.
4. Quetiapine does not appear to prolong QTc interval in children and adolescents at the
proposed clinical doses.
1.2 Phase IV Commitments recommended
There are no phase IV recommendations from OCP
1.3 Summary of Clinical Pharmacology Findings
Background: In response to a Written Request issued by the Agency, the sponsor submitted a
supplemental New Drug Administration containing, pharmacokinetic, efficacy and safety data for
the use of Seroquel in the treatment of schizophrenia and bipolar mania in pediatric patients.
Comparison of exposures between pediatric patients aged 10 -17 years old.
In a pharmacokinetic study in which pharmacokinetic data was obtained on days 7 and 13 of
dosing, exposure to quetiapine in terms of AUCss and Css,max appeared to be higher in 10- to
12-year-old subjects than in the 13- to 17-year-old subjects. The geometric means for AUCss on
Days 7 and 13 were 55% and 36% higher, respectively, for the 10- to 12-year-old subjects as
compared to the 13 – 17 year old. The geometric means for Css,max on Days 7 and 13 were 71%
and 54% higher, respectively, for the 10- to 12-year-old subjects as compared to the 13 -17 year
olds. The apparent oral clearance (CL/F) was 38% and 30% lower for the 10- to 12-year-old
subjects on Days 7 and 13, respectively as compared to 13 to 17 year olds.
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Figure 1: Box plots of oral clearance of quetiapine on Day 7 and Day 13 by age group

Comparison of exposures between pediatric patients aged 10 -17 years and Adults.
Comparison of dose normalized exposures (AUCss and Cmax) to quetiapine showed a 12%
decrease in exposure (AUC) in pediatric children ages 10 to 17 years old compared to adults.
Approximately a 40% decrease in AUC was also observed when exposures were adjusted for
dose and weight of patients. The decrease in exposure may not be clinically relevant.
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Table 1: Comparison of dose-normalized exposure (AUCss and Cmax) to quetiapine and 3
metabolites in children/adolescents with exposure in adults

Table 2: Comparison of dose-normalized, weight-normalized AUC and Cmax of quetiapine and 3
metabolites in children/adolescents with exposure in adults
Analyte
Dose- Weight Normalized AUC
Dose –Weight normalized Cmax
Mean Ratio
90% CI
Mean Ratio
90% CI
Quetiapine
0.59
0.50 – 0.70
0.61
0.53 – 0.72
Quetiapine
0.85
0.77 – 0.93
0.86
0.79 – 0.95
sulfoxide
7-hydroxy
0.72
0.61 – 0.84
0.74
0.63 – 0.87
quetiapine
N-desalkyl
0.96
0.86 – 1.07
0.87
0.76 – 1.00
quetiapine
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Figure 2: Box plot of Dose-normalized, weight-normalized AUC of quetiapine versus age on
combined data from children and adults
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Figure 3: Box plot of Dose-normalized, weight-normalized Cmax of quetiapine versus age on
combined data from children and adults

Does quetiapine prolong QTc interval in children and adolescents at the proposed clinical doses?
Quietapine does not appear to prolong QTc interval in children and adolescents at the proposed
clinical doses. The potential for QTc prolongation at the proposed doses was evaluated by using
the quetiapine concentration-QTcF relationship derived from a thorough QT study in healthy
adults. Assuming the concentration-QT relationships are similar between the pediatric patients
and healthy adults, the model predicted mean placebo-corrected, baseline-adjusted QTc (ΔΔQTc)
intervals are less than 10 ms following the highest dose (i.e. 400 mg BID) tested in the two
pivotal pediatric studies (Study D1441C00112 and Study D1441C00149). In addition, the largest
observed mean QTc interval change from baseline (ΔQTcF) observed in the clinical trials was
around 2 ms. No patients had QTcF values larger than 500 ms or ΔQTcF greater than 60 ms.
Table 3: Model Predicted ΔΔQTcF Values
Daily Dose
(mg/day)
400
600
800

Dose
(mg)
200
300
400

Dosing

Cmax
(ng/mL)
520.9
1023.6
1113.4

BID
BID
BID
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Predicted QTcF (90% CI)
(ms)
5.4 (3.6 - 7.1)
6.8 (4.9 - 8.7)
6.9 (5.0 - 8.9)

2. Question Based Review
The QBR section of the review has used a deductive approach (i.e. starts with conclusions
followed with supportive details) as instructed by CDER Review template MaPP 4000.4
2.1 What pertinent regulatory background or history contributes to the current assessment of the
clinical pharmacology?
The sponsor submitted this supplemental New Drug Application (sNDA) for Seroquel®
(quetiapine fumarate) Tablets for Pediatric Exclusivity determination in response to a Pediatric
Written Request issued by the Agency. The supplement contains, pharmacokinetic, efficacy and
safety data for the use of Seroquel in the treatment of schizophrenia and bipolar mania in
pediatric patients. No new information was included in the CMC (chemistry, manufacturing, and
control), biopharmaceutics or preclinical, sections of this sNDA. These sections are crossreferenced to NDA 20-639 and associated supplements. The purpose of the clinical pharmacology
evaluation was to characterize the steady-state pharmacokinetics (PK) of Seroquel™ ,
administered twice daily as quetiapine immediate-release tablets (up to total daily doses of 800
mg) in children and adolescents 10 to 17 years of age with diagnoses of bipolar I or
schizoaffective disorder.
Quetiapine is a dibenzothiazepine derivative marketed in the US and a number of other countries
for the treatment of adult patients with schizophrenia and bipolar disorder, including bipolar
depression, bipolar mania and bipolar maintenance. The recommended dose range of quetiapine
in adults is between 150 mg and 750 mg; safety data are available for doses up to 800 mg per day.
The sponsor conducted a study to characterize the steady-state pharmacokinetics (PK) of
quetiapine administered as quetiapine tablets in children and adolescents 10 to 17 years of age
with schizoaffective or bipolar 1 disorder. This study was conducted in response to a Pediatric
Written Request issued by the Agency for information on quetiapine in subjects aged 10 to 17
years. The PK results in this pediatric study was compared to a study (Study D1441C00130) in
adults (18 to 45 years) to determine if there are differences in the exposure between the pediatric
and adult patients. The overall objective and design of the two studies (Studies D1441C00028
and D1441C00130) were similar.
2.2 General Clinical Pharmacology
2.2.1 What is the proposed therapeutic indication for quetiapine IR in this submission?
This sNDA seeks approval of the use of Seroquel® (quetapine fumarate) in treatment of
schizophrenia and bipolar mania in pediatric patients
2.2.2 What are the proposed dosing recommendations for Seroquel in pediatric patients?
The total daily dose for the initial five days of therapy is 50 mg (Day 1), 100 mg (Day 2), 200 mg
(Day 3), 300 mg (Day 4) and 400 mg (Day 5). After Day 5, the dose should be adjusted within
the recommended dose range of 400 to 600 mg for mania and 400 to 800 mg/day for
schizophrenia based on response and tolerability. Dose adjustments should be in increments of no
greater than 100 mg/day.
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2.2.3 What is the Pharmacokinetics of Quetiapine and its Metabolites in Pediatric patients aged
10 – 17 years?
Exposure to quetiapine in terms of AUCss and Css,max appeared to be higher in the 10- to
12-year-old subjects than in the 13- to 17-year-old subjects on Days 7 and 13. The geometric
means for AUCss on Days 7 and 13 were 55% and 36% higher, respectively, for the 10- to
12-year-old subjects as compared to the 13 – 17 year old. The geometric means for Css,max on
Days 7 and 13 were 71% and 54% higher, respectively, for the 10- to 12-year-old subjects as
compared to the 13 -17 year olds.
The study in pediatric patients was a multicenter, open-label, inpatient, steady-state, PK, safety
and tolerability study in children and adolescents (10 to 17 years) with confirmed clinical
diagnoses of schizophrenia, schizoaffective disorder or bipolar disease. Subjects received
ascending total daily doses of quetiapine, administered in equally divided doses twice daily unless
noted otherwise. Plasma and urine concentrations of quetiapine and its metabolites were
measured after the morning doses were administered on Day 7 (200-mg dose) and Day 13 (400
mg dose). Safety was assessed by recording adverse events (AEs) and collecting vital signs
measurements, electrocardiographic (ECG) data and clinical laboratory tests. The following
figure depicts the design of the study.
Figure 4: Flow chart depicting the design of study in pediatric patients

Mean plasma concentrations of quetiapine and 3 metabolites over time on Day 7 and Day 13 for
subjects who received the 200 and 400 mg morning dose are provided in the following figures
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Figure 5: Mean plasma concentrations of quetiapine and 3 metabolites over time on Day 7 for
subjects who received the 200 mg morning dose
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Figure 6: Mean plasma concentrations of quetiapine and 3 metabolites over time on Day 13 for
subjects who received the 400 mg morning dose
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Figure 7: Scatter plot of oral clearance of quetiapine by age for Day 7 and Day 13
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Figure 8: Box plots of oral clearance of quetiapine on Day 7 and Day 13 by age group

Pharmacokinetic parameters for quetiapine are presented in the following table.
Exposure to quetiapine in terms of AUCss and Css,max appeared to be higher in the 10- to
12-year-old subjects than in the 13- to 17-year-old subjects on Days 7 and 13. The geometric
means for AUCss on Days 7 and 13 were 55% and 36% higher, respectively, for the 10- to
12-year-old subjects as compared to the 13 – 17 year old. The geometric means for Css,max on
Days 7 and 13 were 71% and 54% higher, respectively, for the 10- to 12-year-old subjects as
compared to the 13 -17 year olds. The quetiapine Css,min was 22% and 21% higher for the 10- to
12-year-old subjects on Days 7 and 13, respectively as compared to the 13 to 17 year olds. The
apparent oral clearance (CL/F) was 38% and 30% lower for the 10- to 12-year-old subjects on
Days 7 and 13, respectively as compared to 13 to 17 year olds.
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Table 4: Mean Pharmacokinetic parameters for quetiapine by age group
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The pharmacokinetic parameters of the active metabolite, N-desalkyl quetiapine is provided in
the following table.
Table 5: Pharmacokinetic parameters for N-desalkyl quetiapine for subjects who received the 200
mg and 400 mg morning dose

The means for AUCss for N-desalkyl quetiapine on Days 7 and 13 were 32% and 21% higher,
respectively, for the 10- to 12-year-old subjects compared to 13 to 17 year olds. The means for
Css,max on Days 7 and 13 were 30% and 32% higher, respectively, for 10- to 12-year-old
subjects compared to the 13 to 17 year old.
In terms of in vivo exposure, the rank order of exposure with respect to both AUCss and Css,max
was: quetiapine sulfoxide>quetiapine> N-desalkyl quetiapine>7-hydroxy quetiapine.

Quetiapine sulfoxide and 7-hydroxy quetiapine are inactive metabolites.
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2.2.4 How does the exposure to quetiapine in pediatric patients compare to adults?
The comparison of pharmacokinetics between pediatric patients and adults was done across two
studies. The study designs for the two studies were similar.
2.2.4.1 Dose normalized exposure comparison
Comparison of dose normalized exposures (AUCss and Cmax) to quetiapine showed a 12%
decrease in AUC and 8% decrease in Cmax in pediatric children ages 10 to 17 years old
compared to adults (ages 18 to 45 years).
Dose normalized AUC increased by about 6% and Cmax increased by 16% when children 10 –
12 years are compared to adults. But when children 13 – 17 years are compared to adults, dose
normalized AUC and Cmax decreased by about 27% and 28% respectively.
Table 6: Comparison of dose-normalized exposure (AUCss and Cmax) to quetiapine and 3
metabolites in children/adolescents with exposure in adults

Table 7: Comparison of dose-normalized AUC and Cmax of quetiapine and 3 metabolites in
children (10 -12 years) with exposure in adults (18 – 45 years)
Analyte
Dose- Normalized AUC
Dose –Normalized Cmax
Mean Ratio
90% CI
Mean Ratio
90% CI
Quetiapine
1.06
0.88 – 1.26
1.16
0.99 – 1.35
Quetiapine
1.43
1.29 – 1.58
1.53
1.37 – 1.72
sulfoxide
7-hydroxy
1.16
0.97 – 1.40
1.23
1.00– 1.51
quetiapine
N-desalkyl
1.63
1.44 – 1.84
1.49
1.26 – 1.75
quetiapine
Post hoc analyses with no control for multiplicity.
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Table 8: Comparison of dose-normalized AUC and Cmax of quetiapine and N-desalkyl
quetiapine in adolescents (13 - 17 years) with exposures in adults (18 – 45 years)
Analyte
Dose- Weight Normalized AUC
Dose –Weight normalized Cmax
Mean Ratio
90% CI
Mean Ratio
90% CI
Quetiapine
0.73
0.61 – 0.88
0.72
0.60 – 0.86
Quetiapine
1.11
0.99 – 1.25
1.06
0.94 – 1.21
sulfoxide
7-hydroxy
1.00
0.81 – 1.22
0.98
0.78 – 1.22
quetiapine
N-desalkyl
1.28
1.12 – 1.47
1.14
0.96 – 1.35
quetiapine
Post hoc analyses with no control for multiplicity.

The following figures provide a comparison of the pediatric populations to adults in an across
studies comparison.
Figure 9: Box plot of Dose-normalized AUC of quetiapine versus age on combined data from
children and adults
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Figure 10: Box plot of Dose-normalized Cmax of quetiapine versus age on combined data from
children and adults

2.2.4.2 Dose normalized, weight normalized exposure comparison
Dose normalized, weight-normalized AUC decreased by 41% and Cmax decreased by 39% when
pediatric children ages 10 to 17 were compared to adults. The decrease in exposure may not be
clinically relevant.
Dose normalized, weight normalized AUC decreased by about 35% and Cmax decreased by 28%
when children 10 – 12 years are compared to adults. When children 13 – 17 years are compared
to adults, dose normalized, weight-normalized AUC and Cmax decreased by about 47% and 48%
respectively. These decreases in exposure are not expected to be clinically relevant.
The following tables provide a comparison of the pediatric populations to adults in an across
studies comparison.
Table 9: Comparison of dose-normalized, weight-normalized AUC and Cmax of quetiapine and 3
metabolites in children/adolescents with exposures in adults
Analyte
Dose- Weight Normalized AUC
Dose –Weight normalized Cmax
Mean Ratio
90% CI
Mean Ratio
90% CI
Quetiapine
0.59
0.50 – 0.70
0.61
0.53 – 0.72
Quetiapine
0.85
0.77 – 0.93
0.86
0.79 – 0.95
sulfoxide
7-hydroxy
0.72
0.61 – 0.84
0.74
0.63 – 0.87
quetiapine
N-desalkyl
0.96
0.86 – 1.07
0.87
0.76 – 1.00
quetiapine
Post hoc analyses with no control for multiplicity.
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Table 10: Comparison of dose-normalized, weight-normalized AUC and Cmax of quetiapine and
3 metabolites in children, 10 – 12 years with exposures in adults
Analyte
Dose- Weight Normalized AUC
Dose –Weight normalized Cmax
Mean Ratio
90% CI
Mean Ratio
90% CI
Quetiapine
0.65
0.53 – 0.80
0.72
0.60 – 0.85
Quetiapine
0.89
0.79 – 1.00
0.95
0.85 – 1.06
sulfoxide
7-hydroxy
0.72
0.59 – 0.88
0.76
0.62 – 0.94
quetiapine
N-desalkyl
1.00
0.87 – 1.16
0.92
0.78 – 1.10
quetiapine
Post hoc analyses with no control for multiplicity.

Table 11: Comparison of dose-normalized, weight-normalized AUC and Cmax of quetiapine and
3 metabolites in adolescents, 13 - 17 years with exposures in adults
Dose- Weight Normalized AUC
Dose –Weight normalized Cmax
Analyte
Mean Ratio
90% CI
Mean Ratio
90% CI
Quetiapine
0.53
0.43 – 0.65
0.52
0.43 – 0.63
Quetiapine
0.81
0.71 – 0.91
0.77
0.68 – 0.87
sulfoxide
7-hydroxy
0.72
0.59 – 0.89
0.71
0.57 – 0.88
quetiapine
N-desalkyl
0.92
0.80 – 1.07
0.82
0.69 – 0.98
quetiapine
Post hoc analyses with no control for multiplicity.

18

Figure 13: Box plot of Dose-normalized, weight normalized AUC of quetiapine versus age on
data from children versus adults
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Figure 14: Box plot of Dose-normalized, weight-normalized Cmax of quetiapine versus age on
children and adults
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Figure 15: Box plot of Dose-normalized, weight-normalized Cmin of quetiapine versus age of
data from children and adults

Fig 16: Box plot of Weight-normalized Oral Clearance (Cl/F) of quetiapine versus age on
combined data from children and adults

21

Comparisons of weight-adjusted, dose normalized exposure showed evidence of significant agerelated differences in exposure to quetiapine, with about 41% lower exposures seen in
children/adolescents. These comparisons of weight-adjusted, dose-normalized exposure showed
no evidence for age-related differences in exposure to N-desalkyl quetiapine metabolites. The
differences in exposures between the pediatric patients and adults may not be clinically relevant.
2.2.5. Does quetiapine prolong QTc interval in children and adolescents at the proposed clinical
doses?
Quetiapine does not appear to prolong QTc interval in children and adolescents at the proposed
clinical doses. The potential for QTc prolongation at the proposed doses was evaluated by using
the quetiapine concentration-QTcF relationship derived from a thorough QT study in healthy
adults. Assuming the concentration-QT relationships are similar between the pediatric patients
and healthy adults, the model predicted mean placebo-corrected, baseline-adjusted QTc (ΔΔQTc)
intervals are less than 10 ms (Table 12) following the highest dose (i.e. 400 mg BID) tested in the
two pivotal pediatric studies (Study D1441C00112 and Study D1441C00149). In addition, the
largest observed mean QTc interval change from baseline (ΔQTcF) observed in the clinical trials
was around 2 ms (Table 13). No patients had QTcF values larger than 500 ms or ΔQTcF greater
than 60 ms.
Table 12: Model Predicted ΔΔQTcF Values
Daily Dose
(mg/day)
400
600
800

Dose
(mg)
200
300
400

Dosing
BID
BID
BID

Cmax
(ng/mL)
520.9
1023.6
1113.4

Predicted QTcF (90% CI)
(ms)
5.4 (3.6 - 7.1)
6.8 (4.9 - 8.7)
6.9 (5.0 - 8.9)

Table 13: Summary of the QTcF change from Baseline Values
Study
Patients
Treatment
Placebo

400 mg/day

600 mg/ day

800 mg/day

Age
Mean
(SD)
N
Mean
(SD)
N
Mean
(SD)
N
Mean
(SD)
N

D1441C00112
schizophrenia
13 ~ 17

D1441C00149
Bipolar I mania
10 ~ 17

-2.1 (18.1)
71

-1.2 (17.6)
81

1.96 (16.2)
72

-0.11 (16.1)
94

-

-1.1 (16.8)
98

1.96 (18.1)
73

-
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2.2.6. What were overall adverse events profile in Study 28 reported by the sponsor?
In this pharmacokinetic study, the sponsor reported that quetiapine was well tolerated in this
subject population and no new safety concerns were identified. There were no deaths or serious
AEs during or after treatment. There were no apparent differences between younger and older
subjects’ safety profiles. Somnolence was the most frequently occurring adverse event during
treatment. The majority of cases were considered treatment related, were rated as mild in intensity
by the investigator, and were transient. A comparison of the occurrence of AEs in children and
adolescents in the present study with AE occurrence in adults in Study D1441C00130 showed
adult subjects reported 1 or more AEs more frequently than children. Dizziness was reported
more frequently in adults than in children and adolescents. The sponsor stated that there were no
other obvious differences between children and adults in the types or severity of AEs reported;
however, the small sample sizes in both studies limit the comparisons that can be made between
the safety profiles. The sponsor reported that increases in mean ALT and mean heart rates were
seen in children and adolescents in the present study; however these changes were not unexpected
and were not clinically meaningful. No other trends were seen in other clinical laboratory tests,
vital signs measurements or ECG parameters.

3. Detailed Labeling Recommendations
Detailed OCP Labeling recommendations are incorporated in the proposed label attached under
Appendices. The following recommended revisions is to the paragraph under “Children and
Adolescents” under section 12.3. The proposed label is provided in the Appendix.

(b) (4)
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4.

Appendix

Proposed Label with OCP recommendations. OCP edits are noted as “Track Changes: in the
proposed label
Clinical Pharmacology Individual Reports
Pharmacometric Review
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FOLLOWING THIS PAGE, 55 PAGES WITHHELD IN FULL - DRAFT LABELING - B4

4.2 Individual Reports
Title (Protocol D1441C00028): A Study to Characterize the Steady-State Pharmacokinetics,
Safety and Tolerability of Quetiapine Fumarate (SEROQUEL™) in Children and Adolescents
with Selected Psychotic Disorders
Objectives: To characterize the steady-state pharmacokinetics (PK) of quetiapine fumarate
(SEROQUEL™, quetiapine) administered as quetiapine tablets in children and adolescents 10 to
17 years of age. The secondary objectives were:
1. To monitor the tolerability and safety of titrating doses of quetiapine
2. To determine the dose-proportionality for quetiapine
3. Compare the AUC and Cmax between the subjects in this trial and D1441C00130
4. To characterize the PK of 3 metabolites: quetiapine sulfoxide, 7-hydroxy quetiapine
and N-desalkyl quetiapine
Study Design: This was a multicenter, open-label, inpatient, steady-state, PK, safety and
tolerability study in children and adolescents (10 to 17 years) with confirmed clinical diagnoses
of schizophrenia, schizoaffective disorder or bipolar disease. Subjects received ascending total
daily doses of quetiapine, administered in equally divided doses twice daily unless noted
otherwise, as follows: Day 1 (a single 50-mg dose in the evening), Day 2 (100 mg), Day 3 (200
mg), Day 4 (300 mg), Days 5 to 7 (400 mg), Day 8 (500 mg), Day 9 (600 mg), Day 10 (700 mg),
Days 11 and 12 (800 mg), and Day 13 (a single 400-mg dose in the morning). Plasma and urine
concentrations of quetiapine and its metabolites were measured after the morning doses were
administered on Day 7 (200-mg dose) and Day 13 (400-mg dose). The study used intact
quetiapine 25-mg tablets (formulation number F12804; batch number 2000058452; lot number
7527F) and 100-mg tablets (formulation number F12689; batch number 2000058452; lot number
7511H) that were administered orally, every 12 hours. Safety was assessed by recording adverse
events (AEs) and collecting vital signs measurements, electrocardiographic (ECG) data and
clinical laboratory tests.
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The following figure is a flow chart depicting the design of the study.

Multiple blood samples for determining plasma concentrations were drawn as follows:
• On Day 7 immediately prior to the 200-mg morning dose (time 0) and 0.25, 0.5, 1,
1.5, 2, 3, 5, 8 and 12 hours after this dose
• On Day 13 immediately prior to the 400-mg morning dose (time 0) and at 0.25, 0.5,
1, 1.5, 2, 3, 5, 8, 12, 16, 20, and 24 hours after this dose
To verify that steady-state was achieved, pre-dose blood samples were obtained as follows:
• On Days 6 and 7 prior to the 200-mg morning dose
• On Day 7 12 hours after dosing
• On Days 12 and 13 prior to the 400-mg morning dose
• On Day 13 12 hours after the 400-mg morning dose
Subjects were not permitted to take any concurrent antipsychotic or psychotropic medications,
with the exception of valproic acid and lithium. Subjects who were stabilized on either of
these medications for at least 1 month prior to the first administration of study treatment were
permitted to continue these treatments at their current dose. All other antipsychotic and
psychotropic medications were to be discontinued for at least 3 days before beginning study
treatment. Acetaminophen was the only medication allowed for analgesia without prior
consultation with the sponsor. Oral lorazepam was permitted for acute agitation or severe
insomnia, with the dosage determined at the discretion of the principal investigator.
Analytical Methods: The concentrations of quetiapine, quetiapine sulfoxide (M213,841), 7
hydroxy quetiapine (M214,227), and N-desalkyl quetiapine (M211,803) in plasma and urine were
determined using a validated reverse-phase liquid chromatography and turbo ionspray ionization
tandem mass spectrometry (LC/MS/MS). The method has a validated assay range of 0.500 to 500
ng/mL for all analytes, utilizing a 100 μL sample aliquot with extension of the validated curve
range to 10.0 μg/mL (50 µg/mL for urine) with appropriate dilution.
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Data Analysis: The following pharmacokinetic parameters were computerized by noncompartmental methods: Blood samples: AUCss, Css,max, Css,min, T1/2, Tmax, CL/F, Fu,
Ael(m), CLR, and λz for quetiapine and AUCss, Css,max, Css,min, t1/2, tmax, Fu, Ael(m), CLR,
and λz for 3 metabolites (quetiapine sulfoxide, 7-hydroxy quetiapine, and N-desalkyl quetiapine).
AUCss and Css,max following the 200-mg and 400-mg morning doses on Days 7 and 13 were
the primary variables. Urine samples: Fu and Ael(m) for quetiapine 4 metabolites (quetiapine
sulfoxide, 7-hydroxy quetiapine, N-desalkyl quetiapine and 7-hydroxy N-desalkyl quetiapine).
Plasma concentrations and PK parameters for quetiapine and its metabolites were summarized
descriptively for each dose for all subjects and by age group (10-12 years and 13-17 years).
To assess the dose-proportionality of quetiapine, log-transformed AUCss and Css,max for the
400-mg morning dose were compared to the log-transformed AUCss and Css,max for the
200-mg morning dose, respectively, using analysis of variance (ANOVA) methods. Comparisons
of exposure in children/adolescents with that in adults (from Study D1441C00130) used the
following models: log-transformed, dose-normalized AUCss and Css,max were analyzed
separately using ANOVA with a term for age group (ie, 10- to 17-year-old subjects or adult
subjects). Least squares means and 90% confidence intervals for the ratios of interest (ie, AUCss
for 10- to 17-year-olds: AUCss for adults and Css,max for 10- to 17-year-olds:Css,max for
adults) were calculated. If the 90% confidence intervals for both AUCss and Css,max were
completely contained within the interval 0.71 to 1.41, it was concluded that there was no
difference in exposure between adults and 10- to 17-year-old subjects.
Results: Twenty-eight subjects were enrolled in this study. Twenty-seven of the 28 subjects
received the study medication; 1 subject was withdrawn from the study after enrollment but prior
to receiving study medication. As a result, 27 subjects were included in the safety population.
Three additional subjects withdrew from the study prior to completion; therefore, 24 subjects
were evaluable for PK analyses. Three subjects in the 10- to 12-year age group were unable
to tolerate daily doses above 600 mg and remained on 600 mg per day from Day 11 onward,
as allowed by the protocol. Of the 27 subjects in the safety population, 13 were in the 10- to 12
year age range, and 14 were in the 13- to 17-year age range. The median age of subjects in the
safety population was 13 years. In the 13- to 17-year-old age group, 10 of the 14 subjects were 13
or 14 years old. Approximately one-half of the subjects in each age group were male.
Approximately one-half of all subjects were black; the proportion of blacks was slightly higher in
the 13- to 17-year-old age group. All but 1 of the subjects had a diagnosis of bipolar I disorder;
1 subject in the 10- to 12-year-old age group had a diagnosis of schizoaffective disorder.

82

Pharmacokinetic Results
Mean plasma concentrations over time for quetiapine and 3 metabolites on Days 7 and 13.
Mean plasma concentrations of quetiapine and 3 metabolites over time on Day 7 for subjects who
received the 200 mg morning dose
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Mean plasma concentrations of quetiapine and 3 metabolites over time on Day 13 for subjects
who received the 400 mg morning dose
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Mean plasma concentrations of quetiapine over time in Day 7 for PK population subjects who
received the 200 mg morning dose
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Mean plasma concentrations of quetiapine over time on Day 13 for PK population subjects who
received the 400 mg morning dose
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Descriptive statistics of the pharmacokinetic parameters for quetiapine are presented in the
following table.
Pharmacokinetic parameters for quetiapine for subjects who received the 200 and 400-mg
morning dose

Exposure to quetiapine in terms of AUCss and Css,max appeared to be higher in the 10- to
12-year-old subjects than in the 13- to 17-year-old subjects on Days 7 and 13. The geometric
means for AUCss on Days 7 and 13 were 55% and 36% higher, respectively, for the 10- to
12-year-old subjects as compared to the 13 – 17 year old. The geometric means for Css,max on
Days 7 and 13 were 71% and 54% higher, respectively, for the 10- to 12-year-old subjects as
compared to the 13 -17 year olds. The quetiapine Css,min was 22% and 21% higher for the 10- to
12-year-old subjects on Days 7 and 13, respectively as compared to the 13 to 17 year olds. The
apparent oral clearance (CL/F) was 38% and 30% lower for the 10- to 12-year-old subjects on
Days 7 and 13, respectively as compared to 13 to 17 year olds.
Box plots of CL/F for all PK population subjects in each age group on Days 7 and 13 are
presented in the following figure. A scatter plot of CL/F by age for Days 7 and 13 for all PK
population subjects is presented in the following figure. The median CL/F was lower among 10to 12-year-old subjects relative to the 13 to 17 year olds. Regression lines showed CL/F tended to

87

increase with age. However, there was large amount of overlap in the distributions of CL/F at all
ages. Dose normalized AUC or Cmax does not appear to indicate a change in exposure when
compared to the weight of the patient.
Box plots of oral clearance of quetiapine on Day 7 and Day 13 by age group
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Scatter plot of oral clearance of quetiapine by age for Day 7 and Day 13

F

(b) (4)
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Scatter plot of oral clearance of quetiapine by weight for Day 7 and Day 13

(b) (4)

The clearance of quetiapine increase with age and weight of the patients. There was large interpatient variability in the data.
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Oral Clearance (CL/F) of quetiapine versus body mass index

(b) (4)
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Dose-normalized AUC of quetiapine versus weight on combined data from children/adolescents
and adults (data from study 41441C00130)
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Dose-normalized Cmax of quetiapine versus weight on combined data from children/adolescents
and adults
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Metabolite pharmacokinetics
The following figures contain the plasma concentration time profile for the metabolites.
Mean plasma concentrations of quetiapine sulfoxide (IC1213841) over time on Day 7 for PK
population subjects who received the 200 mg morning dose
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Mean plasma concentrations of quetiapine sulfoxide (ICI213,841) over time on Day
13 for PK population subjects who received the 400 mg morning dose
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Mean plasma concentrations of 7-hydroxy quetiapine (ICI214,227) over time on Day
7 for PK population subjects who received the 200 mg morning dose
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Mean plasma concentrations of 7-hydroxy quetiapine (ICI214,227) over time on Day
13 for PK population subjects who received the 400 mg morning dose
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Mean plasma concentrations of N-desalkyl quetiapine (M211,803) over time on Day
7 for PK population subjects who received the 200 mg morning dose
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Mean plasma concentrations of N-desalkyl quetiapine (M211,803) over time on Day
13 for PK population subjects who received the 400 mg morning dose
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Pharmacokinetic parameters at steady-state are summarized for the 3 metabolites, quetiapine
sulfoxide, 7-hydroxy quetiapine and N-desalkyl quetiapine in the following tables.
Pharmacokinetic parameters for quetiapine sulfoxide for subjects who received 200 and 400-mg
morning dose on Day 13

Exposure to quetiapine sulfoxide in terms of AUCss and Css,max were 30% and 40%,
respectively higher on day 7 and 17% and 33% , respectively higher on day 13 in 10- to 12-year
old subjects than in 13- to 17-year-old subjects.
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Pharmacokinetic parameters for 7-hydroxy quetiapine for subjects who received the 200 mg and
400 mg dose on day 13.

There was about 17% and 3% higher AUCss for 7-hydroxy quetiapine in 10- to 12-year-old
compared to 13 to 17 year old subjects on day 7 and 13, respectively. The Css,max was 32%
higher in 10- to 12-year-old compared to 13 to 17 year olds on Day 7 and about 9% on Day 13.
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Pharmacokinetic parameters for N-desalkyl quetiapine for subjects who received the 200 mg and
400 mg morning dose

The means for AUCss for N-desalkyl quetiapine on Days 7 and 13 were 32% and 21% higher,
respectively, for the 10- to 12-year-old subjects compared to 13 to 17 year olds. The means for
Css,max on Days 7 and 13 were 30% and 32% higher, respectively, for 10- to 12-year-old
subjects compared to the 13 to 17 year old.
Summary of Pharmacokinetics
Two of the metabolites, quetiapine sulfoxide (t ½ = 5.27 hrs) and 7-hydroxy quetiapine (t ½ =
5.88 hrs), had estimates of t1/2 similar to quetiapine (5.52 hrs). The N-desalkyl quetiapine
metabolite (t ½ = 11. 32 hrs) had a longer t ½ than quetiapine (t ½ = 5.52).
In terms of in vivo exposure, the rank order of exposure with respect to both AUCss and Css,max
was: quetiapine sulfoxide>quetiapine> N-desalkyl quetiapine>7-hydroxy quetiapine.
Quetiapine AUCss and Css,max appeared to be higher in 10- to 12-year-old subjects than in
13- to 17-year-old subjects. Similar trends were observed for the quetiapine sulfoxide and
N-desalkyl quetiapine metabolites. There was high degree of inter-subject variability in exposure
to quetiapine and its metabolites in both subject populations. There was no apparent association
between AUC and Cmax with weight for quetiapine.
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Comparison of pharmacokinetic results with those from Study D144C100130
The following figures contain the mean plasma concentrations over time for quetiapine in
subjects who received 200 mg morning dose on combined data from children/adolescents and
adults from study D1441C00130
Mean plasma concentrations for quetiapine over time for PK population subjects who received
the 200 mg morning dose on combined data from children/adolescents and adults
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Mean plasma concentrations of quetiapine over time for PK population subjects who received the
400 mg morning dose on combined data from children/adolescents and adults
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Mean plasma concentrations of quetiapine sulfoxide over time for subjects who received 200 mg
morning dose on combined data from children/adolescents and adults
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Mean plasma concentrations of quetiapine sulfoxide over time for subjects who received 400 mg
morning dose on combined data from children/adolescents and adults
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Mean plasma concentrations of 7-hydroxy quetiapine (ICI214,227) over time for PK
population subjects who received the 400 mg morning dose on combined data from
children/adolescents and adults (data from study D1441C00130)
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Mean plasma concentrations of N-desalkyl quetiapine (M211,803) over time for PK
population subjects who received the 400 mg morning dose on combined data from
children/adolescents and adults (data from study D1441C00130)
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The results of the comparisons of dose-normalized AUCss and Css,max for quetiapine and the
3 metabolites between children/adolescents and adults are presented in the following table.
Comparison of dose-normalized exposure (AUCss and Cmax) to quetiapine and 3 metabolites in
children/adolescents with exposure in adults in Study D1441C00130

The comparisons of dose-normalized exposure in children/adolescents with that in adults
showed no evidence for age-related differences in exposure to quetiapine or its CYP2D6
metabolite, 7-hydroxy quetiapine. The effect of age on exposure to quetiapine sulfoxide, as
measured by AUCss, showed statistical significance, with about 27% higher exposure seen in
younger subjects. The effect of age on exposure to quetiapine sulfoxide, as measured by Css,max,
was statistically significant, with about 30% higher peak exposure seen in younger subjects.
When AUCss and Css,max were normalized by the weight-adjusted dose (i.e, were divided by
[dose/weight]), no differences in exposure with age were apparent for quetiapine sulfoxide or
N-desalkyl quetiapine. For quetiapine and 7-hydroxy significant differences were observed.
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Comparison of dose-normalized, weight-normalized AUC and Cmax of quetiapine and 3
metabolites on combined data from children/adolescents and adults (data from study
D1441C00130)

Comparisons of weight-adjusted, dose normalized exposure showed evidence for statistically
significant age-related differences in exposure to quetiapine and 7-hydroxy quetiapine, with (41%
lower AUC, 39 % lower Cmax for quetiapine; 28% lower AUC, 26% lower Cmax for 7
hydroxyquetiapine) lower exposures seen in younger children/adolescents. These comparisons of
weight-adjusted, dose-normalized exposure showed no evidence for age-related differences in
exposure to the quetiapine sulfoxide or N-desalkyl quetiapine metabolites.
Conclusions:
The sponsor concluded that comparisons of dose-normalized exposure in children/adolescents
with that in adults showed no evidence for age-related differences in exposure to quetiapine or its
CYP2D6 metabolite, 7-hydroxy quetiapine. However, these analyses showed statistically
significant differences in the quetiapine sulfoxide and N-desalkyl quetiapine metabolites, with
higher exposures seen in children/adolescents.
Comparisons of weight-adjusted, dose normalized exposure showed evidence for statistically
significant age-related differences in exposure to quetiapine and 7-hydroxy quetiapine, with lower
exposures seen in younger children/adolescents ((41% lower AUC, 39 % lower Cmax for
quetiapine; 28% lower AUC, 26% lower Cmax for 7-hydroxyquetiapine). The comparisons of
weight-adjusted, dose-normalized exposure showed no evidence for age-related differences in
exposure to the quetiapine sulfoxide (27% increase in AUC) or N-desalkyl quetiapine (45%
increase in AUC) metabolites. There was large variability in the data.
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Safety summary: The sponsor reported that quetiapine was well tolerated in this population of
children and adolescents ages 10 to 17 years with diagnoses of bipolar I disorder or
schizoaffective disorder. There were no deaths or other serious AEs during study treatment. There
were no unexpected AEs reported during the study. The sponsor reported that there were no
obvious differences between the age groups in the types of adverse events that occurred, or in
their intensity. Three subjects in the 10- to 12-year-old age group had their study medication
doses restricted to 600 mg/day from Day 11 onward. Somnolence was the most frequently
occurring AE during study treatment. Most of the cases of somnolence occurred shortly after
initiation of study treatment (ie, Day 1 or 2) and resolved prior to study completion; all cases
were rated by the investigators as mild in intensity and were considered treatment related.
Reviewer comments: There was a trend towards higher exposures (36% to 55% higher AUC) in
the younger children (10- 12 years old) when compared to adolescents (13 -17 year olds). There
was large inter patient variability in the data.
Comparisons across studies indicated that dose normalized exposures in children/adolesecents
(10-17 years) were 12% lower AUC than adults. When adjusted for weight and dose, there
appears to be significant differences in exposure to quetiapine and its 7-hydroxy metabolite with
children/adolescents having lower (about 30-40% lower) than adults.
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Title (D1441C00130): A Study to Characterize the Steady-State Pharmacokinetics and Safety
and Tolerability of Quetiapine Fumarate (SEROQUEL™) in Adults with Selected Psychotic
Disorders
Background: In response to a pediatric written request from the Agency, the sponsor originally
designed a study to be conducted in subjects ages 10 to 17 years and in adults (ages 18 to 45).
Adult subjects were included in order to provide concurrent PK data for quetiapine and its
metabolites that could be compared with the PK data obtained in the pediatric and adolescent
subjects .All subjects were to be titrated to steady-state doses using the same 10-day titration
schedule, the safety and tolerability of which had not been previously studied. After a review of
the original study protocol, the FDA requested that the titration schedule for 10- to 17-year-old
subjects be extended to 11 days. As a result of this recommendation, the original study protocol
was amended to include only pediatric and adolescent subjects (Study D1441C00028) using the
11-day titration schedule, and a separate study protocol (the present study) was developed for the
adult subjects, retaining the 10-day titration schedule. The comparison of exposure to quetiapine
and its metabolites in children 10 to 17 years of age to that seen in adults was conducted.
Objectives: The primary objective of this study was to characterize the steady-state PK of
quetiapine administered as quetiapine tablets. The secondary objectives were: 1. Monitor the
tolerability and safety of titrating doses of quetiapine, 2. Determine the dose-proportionality for
quetiapine 3. Characterize the pharmacokinetics of 3 metabolites: quetiapine sulfoxide,
7-hydroxy quetiapine and N-desalkyl quetiapine
Study Design: This was an open-label, multicenter, inpatient, steady-state, safety and tolerability
study that characterized the pharmacokinetics of quetiapine in adults between 18 and 45 years of
age. Steady-state PK design was chosen for the study because quetiapine is titrated based on
tolerability until an adequate response is obtained. The study consisted of a 16-day/15-night
inpatient stay at the clinical research center (CRC), including a 3-day pre-treatment washout
period, a 12-day quetiapine treatment period, and 1 additional day for final evaluation. The
following figure illustrates the design of the study. The 3-day washout period was included in
order to wash subjects out from their current antipsychotic medications before beginning study
drug administration on Day 1.
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Study Flow Chart

Subjects were dosed according to the following titration schedule:
Study medication titration schedule

Subjects were instructed not to chew or crush the tablets. On Days 6 and 12, subjects were
administered their morning doses of quetiapine with 240 mL of water following an overnight
fast of at least 8 hours. Subjects were provided standard meals no less than 4 hours after drug
administration. Subjects were allowed water as required except for 1 hour before and after
drug administration. Subjects were to remain in an upright or sitting position for at least
1 hour following dosing.
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To verify that steady-state was achieved, plasma concentrations for the 200-mg morning dose
were obtained before dosing on Days 5 and 6 and 12 hours after dosing on Day 6. Plasma
concentrations for the 400-mg morning dose were obtained before dosing on Days 11 and 12
and 12 hours after dosing on Day 12. In order to characterize the PK profile of quetiapine and
its metabolites, 2 mL serial blood sampling was done on Days 6 and 12 at 0, 0.25,1,1.5,2,3,5,8
and 12 hours post dose. In addition, 2 mL blood samples were taken at 16, 20 and 24 hours on
Day 12 in order to calculate terminal half-life. A total urine collection was taken over the
morning 12-hour, steady-state dosing interval on Days 6 and 12. Total urine PK samples were
collected on Days 6 and 12, which included all urine collected following the morning dose and
throughout the 12-hour dosing interval.
The details of the investigational product and any study treatment are given in the following table.
Details of investigational product

Analytical Method: The concentrations of quetiapine, quetiapine sulfoxide, 7-hydroxy
quetiapine and N-desalkyl quetiapine in plasma were determined by a validated method utilizing
a liquid-liquid extraction from alkalinized human EDTA plasma using ethyl acetate, followed by
reverse-phase liquid chromatography and turbo ionspray ionization tandem mass spectrometry
(LC/MS/MS). The method has a validated assay range of 0.500 to 500 ng/mL for all analytes,
utilizing a 100 μL or 500 μL sample aliquot.
Data Analysis: Pharmacokinetic parameters for quetiapine and its metabolites were derived
using non-compartmental methods from the plasma concentration versus time data. Quetiapine
plasma concentration-time profiles were obtained on Day 6 (200-mg morning dose) and Day 12
(400-mg morning dose). The area under the plasma concentration versus time curve during the
dosing interval at steady-state (AUCss) and the maximum observed steady-state plasma
concentration during a dosing interval (Css,max) following the 200-mg and 400-mg morning
doses on Days 6 and 12 were the primary variables.

133

Results: Mean plasma concentrations of quetiapine and 3 quetiapine metabolites are plotted over
time in the following figures.
Mean plasma concentrations of quetiapine and 3 metabolites over time on Day 6 (200-mg
morning dose)

134

Mean plasma concentrations of quetiapine and 3 metabolites over time on Day 12 (400-mg
morning dose)

Descriptive statistics for quetiapine PK parameters are presented in the following table.
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Pharmacokinetic parameters on Day 6 (200 mg) and Day 12 (400 mg) for quetiapine

7

A scatter plot of Cl/F by age, weight and body mass index are provided in the following figures.
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Scatter plot of oral clearance (CL/F) of quetiapine by age for Day 6 (200-mg morning dose) and
Day 12 (400-morning dose)

(b) (4)
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Scatter plot of oral clearance (CL/F) of quetiapine by weight for Day 6 (200-mg) and Day 12
(400-mg morning dose)

(b) (4)

Scatter plot of oral clearance (CL/F) of quetiapine by body mass index for Day 6 (200-mg) and
Day 12 (400-mg morning dose)

(b) (4)

The regression lines showed that CL/F tended to decrease with age, weight and body mass index
(BMI). There was great variability in the data.
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Pharmacokinetic parameters at steady-state are summarized for the 3 metabolites, quetiapine
sulfoxide, 7-hydroxy quetiapine and N-desalkyl quetiapine, are provided in the following tables.
Pharmacokinetic parameters for quetiapine sulfoxide on day 6 (200 mg) and day 12 (400 mg)
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Pharmacokinetic parameters for 7-hydroxy quetiapine on Day6 (200 mg) and Day 12 (400 mg)
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Pharmacokinetic parameters for N-desalkyl quetiapine on Day 6 (200 mg) and Day 12 (400 mg)
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Pharmacokinetic summary
Quetiapine was rapidly absorbed with a Tmax between 1 and 1.2 hours
after dosing, and had a t1/2 of approximately 5 hours. Two of the metabolites, quetiapine
sulfoxide and 7-hydroxy quetiapine, had estimates of t1/2 similar to quetiapine. The N-desalkyl
quetiapine metabolite had a longer t1/2 than quetiapine. Estimates of the t1/2 for N-desalkyl
quetiapine ranged from 7.6 to 20.8 hours. In terms of in vivo exposure, the rank order of exposure
with respect to AUCss was: quetiapine sulfoxide≈quetiapine>N-desalkyl quetiapine>7-hydroxy
quetiapine. The rank order of in vivo exposure with respect to Css,max was:
quetiapine≈quetiapine sulfoxide>N-desalkyl quetiapine>7-hydroxy quetiapine.
Urinary excretion of quetiapine and its metabolites appeared to be minor.
Summary of Safety
The sponsor reported that quetiapine was well tolerated in this study population. The sponsor
reported that one subject was withdrawn from the study on Day 3 as a result of severe agitation
that was considered unrelated to the study treatment. Dizziness was the most frequently occurring
AE during study treatment (13 of 29 subjects). The majority of occurrences of dizziness were
considered treatment related. Dizziness tended to occur shortly after study treatment began,
was typically rated by the investigators as mild in intensity, and was transient. Slightly over
one-half of the subjects reporting dizziness had accompanying vital signs changes consistent
with orthostatic hypotension. Other frequently occurring AEs included anxiety, lethargy, dry
mouth, and insomnia. The majority of these events were rated by the investigators as mild in
intensity. The majority of occurrences of lethargy and dry mouth were considered treatment
related.
Reviewer Summary: The steady-state pharmacokinetics of quetiapine and 3 metabolites were
characterized in adults from 18 to 45 years of age with primary diagnoses of
schizophrenia, schizoaffective disorder, or bipolar I disorder. The rank order of exposure with
respect to AUCss was: quetiapine sulfoxide≈quetiapine>N-desalkyl quetiapine>7-hydroxy
quetiapine. The rank order of in vivo exposure with respect to Css,max was:
quetiapine≈quetiapine sulfoxide>N-desalkyl quetiapine>7-hydroxy quetiapine. Exposure
(AUCss, Cmax) to quetiapine tended to increase with an increase in age and weight.
Urinary excretion of quetiapine and its metabolites appeared to be minor.
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4.3.
OFFICE OF CLINICAL PHARMACOLOGY:
PHARMACOMETRIC REVIEW

8
8.1

SUMMARY OF FINDINGS
Key Review Questions

The purpose of this review is to address the following key questions.

8.1.1 Does quietapine prolong QTc interval in children and adolescents at the
proposed clinical doses?
Quietapine does not appear to prolong QTc interval in children and adolescents at the proposed
clinical doses. The potential for QTc prolongation at the proposed doses was evaluated by using
the quietiapine concentration-QTcF relationship derived from a thorough QT study in healthy
adults. Assuming the concentration-QT relationships are similar between the pediatric patients
and healthy adults, the model predicted mean placebo-corrected, baseline-adjusted QTc (ΔΔQTc)
intervals are less than 10 ms (Table 2Error! Reference source not found.) following the highest
dose (i.e. 400 mg BID) tested in the two pivotal pediatric studies (Study D1441C00112 and Study
D1441C00149). In addition, the largest mean QTc interval change from baseline (ΔQTcF)
observed in the clinical trials was around 2 ms (Table 3). No patients had QTcF values larger than
500 ms or ΔQTcF greater than 60 ms.
Table 2: Model Predicted ΔΔQTcF Values
Daily Dose
(mg/day)
400
600
800

Dose
(mg)
200
300
400

Dosing
BID
BID
BID

Cmax
(ng/mL)
520.9
1023.6
1113.4

Predicted QTcF (90% CI)
(ms)
5.4 (3.6 - 7.1)
6.8 (4.9 - 8.7)
6.9 (5.0 - 8.9)

The two pivotal pediatric studies (Study D1441C00112 and Study D1441C00149) had slightly
different results for ΔQTc following quietapine treatment. As shown in Table 3, a larger (i.e.,
approximately 2 ms) ΔQTcF was seen in quietapine treated groups as compared to the placebo
group in Study D1441C00112. However, ΔQTcF for quietapine treated groups (e.g. -1.1 ms in
600 mg/day dose group) was similar to the placebo group (i.e. -1.2 ms in placebo group) in Study
D1441C00149.
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Suboptimal ECG sampling may lead to the difference in QTc results. Firstly, it has been found
that the change in QTc interval is driven by drug concentration. If the ECGs were not taken at the
same time post-dose between the two trials, the results may be different. Secondly, diurnal effect
has been shown to affect QTc intervals. If the ECGs were not collected in time-matched fashion
between the placebo group and treatment group or between the final visit and baseline visit, the
results can be variable. Thirdly, QTc intervals may change over weeks. In the two studies, the
baseline values were collected either 3 weeks or 6 weeks prior to the final visit. Different lag time
between the ECGs observed at baseline and at the final visit may lead to different results.
Furthermore, the QTc itself is highly variable, especially when ECGs were not taken in
triplicates.
Table 3 Summary of the QTcF change from Baseline Values
Study
Patients
Treatment
Placebo

400 mg/day

600 mg/ day

800 mg/day

9

Age
Mean
(SD)
N
Mean
(SD)
N
Mean
(SD)
N
Mean
(SD)
N

D1441C00112
schizophrenia
13 ~ 17

D1441C00149
Bipolar I mania
10 ~ 17

-2.1 (18.1)
71

-1.2 (17.6)
81

1.96 (16.2)
72

-0.11 (16.1)
94

-

-1.1 (16.8)
98

1.96 (18.1)
73

-

PERTINENT REGULATORY BACKGROUND

Quetiapine (Seroquel®) has been approved as monotherapy for the treatment of depressive
episodes associated with bipolar disorder in adults. It has also been approved as either
monotherapy or adjunctive therapy for the treatment of the acute episodes of bipolar I disorder in
adults. Additionally, it is used for the maintenance treatment of bipolar I disorder as adjunctive
therapy to lithium or divalproex in adults.
The sponsor provided the pediatric study reports in the current submission to fulfill the pediatric
Written Request originated on 11 February 2003, and subsequently amended on 7 May 2004 and
3 February 2005. The sponsor is seeking an additional six-month marketing exclusivity and the
indication for the treatment of acute maniac episodes associated with bipolar I disorder in
children and adolescents (10 – 17 years) and schizophrenia in adolescent (13 – 17 years).

10 RESULTS OF SPONSOR’S ANALYSIS
Study D1441C00112 was a 6-week, multicenter, double-blind, parallel-group, randomized,
placebo-controlled study to compare the efficacy and safety of 2 fixed doses of quetiapine (400
mg/day and 800 mg/day) with that of placebo in patients aged 13 to 17 years with schizophrenia.
The double-blind study was preceded by a medication washout period of 1 to 28 days based on
the current medications at screening. Of the 268 patients enrolled in this study, 222 were
randomly assigned to study treatment. With 73 patients in the 400 mg/day quetiapine group, 74
patients in the 800 mg/day quetiapine group, and 75 patients in the placebo group, the
randomization goals were considered to be adequately satisfied. Treatment began with a 50-mg
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dose on the evening of Day 1. The dose was escalated daily in increments of 100 mg thereafter, to
reach a target fixed dose of 400 mg/day by Day 5 or 800 mg/day by Day 9, according to
randomized treatment assignment. The overall treatment duration was 6 weeks. Twelve-lead
ECGs were preformed at screening and on Day 42 (or withdrawal). QTc intervals were calculated
using the Fridericia formula. Based on the clinical observation, the QT results were shown in
Table 4.
Study D1441C00149 was a 3-week, multicenter, double-blind, parallel-group, randomized,
placebo-controlled study to compare the efficacy and safety of 2 fixed doses of quetiapine (400
mg/day and 600 mg/day) and placebo, given in divided doses (either twice daily [bid] or three
times daily [tid], per the judgment of the investigator), in patients aged 10 to 17 years with
Bipolar I mania. Of the 393 patients screened for this study, 284 were randomly assigned to study
treatment. With 95 patients in the 400 mg quetiapine group, 98 patients in the 600 mg quetiapine
group, and 91 patients in the placebo group, the randomization goals were considered to be
adequately satisfied.
Treatment began with a 50 mg dose on the evening of Day 1. On Day 2, the dose was increased to
50 mg twice daily (i.e., 100 mg/day). Thereafter, the dose was escalated in 100 mg increments
daily to reach a target of 400 mg/day by Day 5 or 600 mg/day by Day 7, according to randomized
treatment assignment. Placebo to match 25 mg and 100 mg quetiapine tablets was administered
orally in blinded fashion, according to randomized treatment assignment. The overall treatment
duration was 21 days (3 weeks). QTc intervals were calculated using the Fridericia formula.
ECGs were administered at screening period and by the end of the treatment. Based on the
clinical observation, the QT results were demonstrated in Table 6.
Reviewer’s Comments: The reviewer preformed additional analysis to further evaluate the
quetiapine’s QTc effect. There are several factors which may contribute to the inconsistent
results. Firstly, the mean QTcF interval change from baseline following various doses of
quietapine is not expected to be large. Assuming the concentration-QT relationships are similar
between the pediatric patients and healthy adults, the model predicted mean placebo-corrected,
baseline-adjusted QTc (ΔΔQTc) intervals were less than 7 ms. Secondly, it has been found that
the change in QTc interval is driven by drug concentration. If the ECGs were not taken at the
same time post-dose between the two trials, the results may be different. Thirdly, diurnal effect
has been shown to affect QTc intervals. If the ECGs were not collected in time-matched fashion
between the placebo group and treatment group or between the final visit and baseline visit, the
results can be variable. Fourthly, QTc intervals may change over weeks. In the two studies, the
baseline values were collected either 3 weeks or 6 weeks prior to the final visit. Different lag time
between the ECGs observed at baseline and at the final visit may lead to inconsistent results.
Furthermore, the QTc itself is highly variable, especially when it is measured in triplicates .
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Table 4 Vital Signs and Change from Baseline to the Final Visit

(Study D1441C00112)
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Table 5 Vital Signs and Change from Baseline to the Final Visit

(Study D1441C00112)

11 REVIEWER’S ANALYSIS
11.1 Introduction
The reviewer preformed additional analysis to evaluate the QT interval change following
quetiapine treatment.

11.2 Objective
Analysis objective was to evaluate quietapine’s QTc effect in pediatrics.

11.3 Methods
We compared the QTc interval change from the baseline in the quetiapine treatment group with
the placebo group by the final day of the treatment.

11.3.1 Data Sets
Data sets used are summarized in Table 6.
Table 6. Analysis Data Sets
Study Number
Study 112

Name
Ecg_e xpt

Link to EDR
\\cdsnas\pharmacometrics\

Study 149

Ecg_e xpt

\\cdsnas\pharmacometrics\

11.3.2 Software
The analysis was conducted by using S_Plus (Version 7.0, Insightful, Inc.).
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11.4 Results
A scrutiny of the data indicated minimal QTcF change from baseline from the two pivotal trials (

Table 7).
The observed QT-RR interval relationship was presented in

Figure 1 together with the Bazett’s (QTcB) and Fridericia (QTcF) stratified by different study
(patient population). It appeared that QTcF was the best correction method to remove the heart
rate effect. Therefore it was chosen for further analyses.

Figure 1 QT, QTcB, QTcF, and QTcS vs. RR, by Study (or Patient Population)
(Each Subject’s Data Points are Connected with a Line)
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Note:
Study D1441C00112 is conducted in patients aged 13 to aged 13 to 17 years with schizophrenia
Study D1441C00149 is conducted in patients aged 10 to 17 years with Bipolar I mania

Table 7 Summary of the Number of Patients with different QTcF change from Baseline

Study
D1441C00112
D1441C00112

Dose Group

Dosing

Placebo
400 mg /
day

0
200 mg
BID

Total
Number of
patients
68
70
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Number of patients
dQTcF > 30
ms
2

dQTcF >
60 ms
0

QTcF > 500
ms
0

2

0

0

D1441C00112
D1441C00149
D1441C00149
D1441C00149

800 mg /
day
Placebo
400 mg /
day
600 mg /
day

300 mg
BID
0
200 mg
BID
400 mg
BID

72
80

2
1

0
0

0
0

92

1

0

0

87

5

0

0

We compared the QTc change from the baseline in different dose groups and the results were
shown in Table 8. It appears that QTc values are inconsistent between the two pivotal trials
(Study D1441C00112 and Study D1441C00149). As shown in Table 8, a larger (i.e.,
approximately 4 ms) ΔQTcF was seen in quietapine treated groups as compared to the placebo
group in Study D1441C00112. However, ΔQTcF for quietapine treated groups was similar to the
placebo group in Study D1441C00149.
Table 8: Summary of the QTcF change from Baseline Values
Study
Patients
Treatment
Placebo
400 mg/ day
600 mg/ day
800 mg/ day

Age
Mean (SD)
N
Mean (SD)
N
Mean (SD)
N
Mean (SD)
N

D1441C00112
schizophrenia
13 ~ 17
-2.1 (18.1)
71
1.96 (16.2)
72
1.96 (18.1)
73

D1441C00149
Bipolar I mania
10 ~ 17
-1.2 (17.6)
81
-0.11 (16.1)
94
-1.1 (16.8)
98
-

In an effort to understand the different QTc results between the two pivotal studies. We applied
the concentration-QTc model derived from the thorough QT study in healthy adults. (Please refer
to QT-IRT report for NDA 21999: paliperidone). Briefly, this thorough QTc study was a placeboand active-controlled, 3-arm parallel study. All subjects underwent a 6-day placebo washout
phase, and then received 1-day of open-label moxifloxacin treatment. They were then randomized
2:2:1 to 10 days of double-blind treatment of INVEGATM, SEROQUEL®, or placebo ( ). The 4
treatment arms were listed as the following:
• Moxifloxacin: 400 mg (Day 1)
• Placebo: Day 2-11
• Quetiapine IR : 100 mg bid (Day 2), 200 mg bid (Day 3), 300 mg bid (Day 4),and 400
mg bid (Day 5-11)
• Paliperidone ER: 12 mg qd (Day 2-5) and 18 mg qd (Day 8-11)
Blood samples and ECGs were collected at various time points (Table 9).
Table 9 Highlights of Schedule of Intervention
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The quietapine concentration-time profile and placebo-adjusted, baseline-corrected QTcF profile
were shown in Figure 3. The relationship between quetiapine concentrations and QT interval was
investigated by using log-linear mixed-effects models. Data collected from the 400 mg bid
Quetiapine dose group at day 6 and 11 was used for the Quetiapine concentration-QTcF analysis.

Figure 2 Schematic Illustration of the Study Design
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Figure 3 Mean ΔQTcF (Change from Baseline) from day 1 to 11 (left), ΔΔQTcF (top
right), and Quetiapine concentration (bottom right) profiles for placebo (black line), 400 mg
bid at day 6 (blue line) and day 11 (red line), and moxifloxacin (green line)

(Source: QT-IRT Review for NDA 21999)
Figure 4 ΔQTcF (left) and ΔΔQTcF (right) vs. quetiapine concentration with observed
median-quantile concentrations and associated mean QT (90% CI) prolongation overlaid
(blue dots).

(Source: QT-IRT Review for NDA 21999)
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Table 10 Exposure-Response Analysis of Quietapine associated ΔQTcF and ΔΔQTcF

(Source: QT-IRT Review for NDA 21999)
Based on the concentration-QT relationship, the predicted ΔΔQTcF values when children and
adolscents are administered queitiapine 200 mg, 300 mg, and 400 mg BID are shown in Table 11.
Under 200 mg, 300mg, and 400 mg BID dosing, the mean baseline-corrected, placebo-adjusted
QTcF values are 5.4, 6.8, and 6.9 ms respectively. The maximal upper bound of 90% confidence
interval is less than 9 ms under 400 mg BID dosing.
Table 11 Model Predicted ΔΔQTcF Values
Daily Dose
(mg/day)
400
600
800

Dose
(mg)
200
300
400

Dosing
BID
BID
BID

Cmax*
(ng/mL)
520.9
1023.6
1113.4

Predicted QTcF (90% CI)
(ms)
5.4 (3.6 - 7.1)
6.8 (4.9 - 8.7)
6.9 (5.0 - 8.9)

(Note: * please refer to Dr. Kofi Kumi’s review on NDA 20639 for the Cmax values)

12 LISTING OF ANALYSES CODES AND OUTPUT FILES
File Name
QTanalysis.ssc

Description
Analysis Script File

Location in \\cdsnas\pharmacometrics\
\\cdsnas\PHARMACOMETRICS\Seroquel\Analysis\SPlus
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