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1. Executive Summary 
 
1.1. Recommendations 
 
The Office of Clinical Pharmacology has reviewed the data submitted to the Clinical 
Pharmacology and Biopharmaceutics sections of NDA 22-047 and finds the data acceptable.   
 
1) 

• IR and SR formulations produce similar range of concentrations of the active moiety. 
Similar concentrations should result in similar effects, in general. 

• In Study D1444C0132, a significant dose-response relationship was demonstrated (P = 
0.0001) in addition to the significant effectiveness for all Seroquel SR formulation treated 
groups as compared to the placebo group by the end of 6th week. These results provided 
strong supportive evidence for the effectiveness of the Seroquel SR formulation.  

• Studies D1444C0133 and 5077IL/0041 outcomes suggested that the failure to detect the 
difference in PANSS change between the placebo and the Seroquel SR and IR likely due 
to the lack of sensitivity of the trials, rather than lack of effectiveness of the Seroquel SR 
formulation. This is because IR, which is approved currently, failed whenever SR did. 

• These two studies (5077IL/0041 and D1444C0133) which were conducted mainly in the 
USA failed to demonstrate significant effectiveness of Seroquel SR and IR formulations 
as compared to placebo. Whether this outcome reflected the differences in the 
expectation of US vs. non-US patient, since the primary dropout reason is lack of 
symptom-relief; whether it reflected the differences of clinical practice in the US vs. non-
US; whether it reflected the differences of investigators/centers in the US vs. non-US is 
unknown. It is important to note here that since both IR and SR arms failed, the study is 
at best un-interpretable with respect to effectiveness conclusion. The implication of the 
results with respect to trial conduct and/or patient behavior differences between US and 
non-US sites is uncertain. Certainly this is a phenomenon to be noted in future clinical 
trial for this indication. 

 
2)    The proposed dissolution method and specification is acceptable 
 
1.2. Phase IV Recommendations  
 
The sponsor should conduct studies to investigate dose-dumping in the presence of alcohol.  
The sponsor should perform dissolution studies for all Seroquel XR strengths using the accepted 
dissolution conditions with the addition of 0%, 5%, 20% and 40% of ethanol to the dissolution 
media.  The accepted dissolution method is: 
 
Apparatus   USP Apparatus I (Basket) 
Speed    200 RPM 
Media 900 mL 0.05M Sodium Citrate and 0.09N Sodium hydroxide 

(pH 4.8). At 5 hours, pH adjusted to 6.6 with 100 mL medium of 
0.05M Sodium Phosphate and 0.46N Sodium Hydroxide 
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1.3. Summary of Important Clinical Pharmacology and Biopharmaceutics Findings 
 
Regulatory Background: Seroquel (quetiapine fumarate) immediate release (IR) tablets were 
approved for the treatment of schizophrenia in 1997 and for acute mania associated with bipolar 
disorder in 2003. The sponsor is seeking approval for a quetiapine, 50 mg, 200 mg, 300 mg, 400 
mg, sustained release (SR) formulation for the treatment of schizophrenia.  
 
Therapeutic indication and Dosage Regimen: The SR tablet for the treatment of schizophrenia is 
intended to allow the administration of quetiapine once daily in the dose range of 400 to 800 
mg/day. Therapy with quetiapine SR can be initiated at a dose of 300 mg/day, with dose increases 
of up to 600 mg/day on Day 2 and up to 800 mg/day on Day 3. The approved quetiapine IR 
tablets for the treatment of schizophrenia are administered 2 or 3 times a day in the dose range of 
150 to 800 mg/day.  
 
 
Exposure-Response  
 

• IR and SR formulations produce similar range of concentrations of the active moiety. 
Similar concentrations should result in similar effects, in general. 

• In Study D1444C0132, a significant dose-response relationship was demonstrated (P = 
0.0001) in addition to the significant effectiveness for all Seroquel SR formulation treated 
groups as compared to the placebo group by the end of 6th week. These results provided 
strong supportive evidence for the effectiveness of the Seroquel SR formulation.  

• Studies D1444C0133 and 5077IL/0041 outcomes suggested that the failure to detect the 
difference in PANSS change between the placebo and the Seroquel SR and IR likely due 
to the lack of sensitivity of the trials, rather than lack of effectiveness of the Seroquel SR 
formulation. This is because IR, which is approved currently, failed whenever SR did. 

• These two studies (5077IL/0041 and D1444C0133) which were conducted mainly in the 
USA failed to demonstrate significant effectiveness of Seroquel SR and IR formulations 
as compared to placebo. Whether this outcome reflected the differences in the 
expectation of US vs. non-US patient, since the primary dropout reason is lack of 
symptom-relief; whether it reflected the differences of clinical practice in the US vs. non-
US; whether it reflected the differences of investigators/centers in the US vs. non-US is 
unknown. It is important to note here that since both IR and SR arms failed, the study is 
at best un-interpretable with respect to effectiveness conclusion. The implication of the 
results with respect to trial conduct and/or patient behavior differences between US and 
non-US sites is uncertain. Certainly this is a phenomenon to be noted in future clinical 
trial for this indication. 

 
Equivalence of  IR and SR Formulations: Quetiapine sustained release (SR) administered as 300-
mg tablets once daily and the immediate release (IR) formulation of quetiapine administered as 
150-mg tablets twice daily are equivalent with respect to overall exposure (AUC) at steady state. 
The mean AUC was about 4% higher when the SR was compared to the IR formulation. The 
difference in AUC was not significant. The mean Cmax was 13% lower after administration of 
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quetiapine SR compared IR formulation. The difference in Cmax was significant. Switching from 
quetiapine IR to SR provided similar total exposures (AUC). 
 
Dose Proportionality: The exposure to quetiapine in terms AUCss (or Cssmax) was proportional 
to dose after administration of quetiapine SR in doses  up to 800 mg/day. 
 
Food Effect: Administration of quetiapine SR following a standard high-fat breakfast (two eggs, 2 
strips of bacon, 2 pieces of toast with approximately 5 gm of butter, 75 gm of hashed brown 
potatoes and 150 mL of whole milk) produced increases in Cmax (44% to 52%) and AUC (20% 
to 22%) relative to the fasted state. These differences were significant. In comparison, a light 
meal  (2 slices of toast, 2 teaspoons (10g) of jelly (jam), 180 mL (6 fluids ounces) of orange juice, 
1 cup (237g) of coffee, 2 tablespoons (30.6 g) of 0.1% (skim) milk and 2 teaspoons (10g) of  
sugar ) had no significant effect on quetiapine pharmacokinetics.  
It is recommended that Seroquel XR be taken without food or with a light meal. 
 
IVIVC Development: A level A in vitro in vivo correlation (IVIVC) model which satisfies the 
criteria for both internal and external predictability was developed and is acceptable.  
 
Dissolution: The following dissolution method and specification are acceptable for quetiapine 
SR, 50 mg, 200 mg, 300 mg, and 400 mg strengths. 
 
Apparatus   USP Apparatus I (Basket) 
Speed    200 rpm 
Media 900 mL 0.05M Sodium Citrate and 0.09N Sodium hydroxide 

(pH 4.8). At 5 hours, pH adjusted to 6.6 with  100 mL medium 
of 0.05M sodium phosphate and 0.46N sodium hydroxide 

 
Specification: 
 
Not more than (NMT)  at 1 hour 

 at 6 hours 
 at 12 hours 

Not less than (NLT)  at 20 hours. 
 
The Level A IVIVC model supports these dissolution specifications. 
 
2. Question Based Review (QBR) 
 
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 and biopharmaceutics of this drug? 
 
Seroquel (quetiapine fumarate immediate release) tablets were approved for the treatment of 
schizophrenia in 1997 (NDA 20-639). Seroquel immediate release (IR) was approved in 2003 
(NDA 20-639 SE1-016/017) for acute mania associated with bipolar disorder. The sponsor is 
seeking approval for a quetiapine sustained release (SR) formulation for the treatment of 
schizophrenia. The use of quetiapine SR for the treatment of acute mania associated with bipolar 
disorder is not a subject of this application. The main objectives of the development plan for this 
application were to develop an SR formulation of quetiapine fumarate for once-daily dosing and 

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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to establish the efficacy and safety of quetiapine SR in the treatment of schizophrenia. The 
clinical program comprised of clinical pharmacology, biopharmaceutics, efficacy and safety 
studies. 
 
The approved quetiapine IR tablets for the treatment of schizophrenia are administered 2 or 3 
times a day in the dose range of 150 to 800 mg/day. The sustained release (SR) tablets for the 
treatment of schizophrenia is intended to allow the administration of quetiapine once daily in the 
dose range of 400 to 800 mg/day.  
 
 
2.1.1. What is the proposed therapeutic indication for Seroquel SR? 
 
Seroquel SR is indicated for the treatment of schizophrenia.  
 
2.1.2. What are the proposed dosage and route of administration? 
  
Seroquel SR tablets are intended for oral administration.  The recommended dose is 400 to 800 
mg/day administered once day. Therapy with quetiapine SR can be initiated at a dose of 300 
mg/day, with dose increases of up to 600 mg/day on Day 2 and up to 800 mg mg/day on Day 3. 
Seroquel (quetiapine) SR would be available as 50 mg, 200 mg, 300 mg and 400 mg tablets. 
 
2.2. General clinical pharmacology 
 
2.2.1. What are the design features of the clinical pharmacology and clinical studies used to 
support dosing or claims? 
 
The studies used to support dosing and claims are 4 safety and tolerability studies and 3 pivotal 
placebo controlled safety and efficacy studies. 
 
The safety and tolerability trials investigated 1) a starting dose of quetiapine SR considered 
appropriate for use in subsequent safety and efficacy studies 2) a dose escalation scheme for 
quetiapine SR considered appropriate for use in subsequent safety and efficacy studies. The 
studies were conducted in patients with schizophrenia, schizoaffective disorder, or bipolar 
disorder.  
The studies to establish starting doses were double blind, double dummy, randomized, parallel 
group study with 3 or 4 treatment groups designed to establish the highest tolerable starting dose. 
These studies compared quetiapine SR at fixed doses with quetiapine IR doses escalated 
according to approved prescribing information. The doses of quetiapine SR studied were from  
50 mg to 800 mg fixed starting doses.   
 
The studies to establish the dose escalation scheme for quetiapine SR were double-blind, 
randomized safety and tolerability of 2 or 3 treatment groups designed to compare dose-
escalation schemes for quetiapine SR with a fixed daily 300 mg dose of quetiapine SR. The 
sponsor reported that these studies indicated that a starting dose of 300 mg was well tolerated. 
The data also indicated that quetiapine SR was well tolerated when the dose was maintained at 
300 mg/day, escalated to 600 mg/day or escalated to 800 mg/day. The dosing scheme adopted for 
the first pivotal safety and efficacy study (study 041), 600 mg/day was reached on day 5 and 800 
mg/day was reached on day 8. The dosing scheme used in pivotal safety and efficacy studies 132 
and 133, escalation to 800 mg/day was reached on day 3.    
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The first pivotal placebo controlled study in the clinical program (041) was in patients with acute 
exacerbation of schizophrenia conducted in US and Canada and included 6 treatment groups: 
quetiapine SR 300 mg/day, 600 mg/day and 800 mg/day; placebo; and quetiapine IR 300 mg/day  
and 600 mg/day. The primary variable was the change from baseline in Positive and Negative 
Syndrome Scale (PANSS) total score at Day 42.   
 
Two other pivotal clinical efficacy studies centered on pivotal 6-week, multicenter, double-blind, 
placebo- and active-controlled studies in acutely ill patients with schizophrenia (Studies 132 and 
133). Each study included 3 once daily doses of quetiapine  SR (400 mg, 600 mg, and 800 mg) 
and 1 dose of quetiapine IR given twice daily (400 mg/day in study 132, 800 mg/day in study 
133). In Studies 132 and 133, the time to reach the maximum quetiapine SR dose of 800 mg/day 
was reduced to 3 days from 8 days in Study 041. The minimum fixed dose of quetiapine 
examined in 132 and 133 was 400 mg/day, compared with 300 mg/day in Study 041. Study 132 
was a foreign study conducted in 7 countries (Bulgaria, Greece, India, Indonesia, the Philippines, 
Romania, Russia and South Africa). Study 133 was conducted in the US.  
 
2.2.2. Are the active moieties in the plasma (or other biological fluid) appropriately 
identified and measured to assess pharmacokinetic parameters and exposure response 
relationships? 
  
Yes, the active moieties in the plasma have been adequately identified and measured. 
 
2.2.3. Exposure- Response 
 
2.2.3.1. Are the exposures after administration of the Sustained Release formulation similar 
to that of the Immediate Release formulation? 
 
Quetiapine sustained release (SR) administered as 300-mg tablets once daily and the immediate 
release (IR) formulation of quetiapine administered as 150-mg tablets twice daily are equivalent 
with respect to overall exposure (AUC) at steady state. Switching from quetiapine IR to SR 
provided similar total exposures (AUC). However, Cmax was lower after administration of 
quetiapine SR than after IR formulation. The mean AUC was about 4% higher when the SR was 
compared to the IR formulation and the 90% confidence interval (CI) around the ratio of the 
mean was 0.92% to 1.19%, contained within the 80% – 125% regulatory limit for bioequivalence. 
The mean Cmax was about 13% lower after administration of the SR compared to IR formulation 
and the 90% CI was 0.77 to 0.99, outside the 80% to 125% limits for bioequivalence. Median DF, 
which is a measure of how Cmax and Cmin fluctuate around the time-averaged plasma 
concentration (AUC(0-24h)/24 hours), was similar for the SR and the IR formulations. 
 
A study was conducted to compare the steady-state area under the quetiapine concentration-time 
curve across a 24-hour interval (AUC(0-24)) of sustained release (SR) quetiapine tablets with that 
of immediate release (IR) quetiapine tablets.  The study was a single-center, open-label, 
randomized, 2-period crossover, bioavailability trial. Subjects were randomly assigned to 1 of 2 
treatment-sequence groups (IR-SR or SR-IR). All subjects were given 300 mg/day of quetiapine 
SR on Days 1 and 2 of the Lead-in Period. Subjects assigned to the IR-SR sequence were given 
150-mg doses of quetiapine IR twice daily on Days 1 through 4 of Period 1, then switched to 
single daily 300-mg doses of quetiapine SR on Days 1 through 4 of Period 2. Subjects assigned to 
the SR-IR sequence were given single daily doses 300-mg of quetiapine SR on Days 1 though 4 
of Period 1, then switched to 150-mg doses of quetiapine IR twice daily on Days 1 through 4 of 
Period 2.  Steady-state pharmacokinetic parameters of quetiapine were derived from data 
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collected over the 24-hour dosing interval following administration of the morning dose of 
quetiapine on Day 4 of Period 1 and Day 4 of Period 2.  
 
The following figure depicts the mean plasma quetiapine concentrations over a 24-hour dosing 
interval for each of the two treatments. 
 

 
 
 
 
 

Fig A: Mean ± SEM plasma quetiapine concentrations 
 

 

 
 
 
The following table summarizes the steady state pharmacokinetic parameters of quetiapine for 
each treatment and the results of statistical comparisons of the 2 treatments. 
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Table 1: Comparison of pharmacokinetic parameters for a 300-mg dose of quetiapine 
administered as SR tablets (300 mg once daily) or as IR tablets (150 mg twice daily) 

 
2.2.3.2. What are the characteristics of the exposure-response relationships for efficacy? 
 
2.2.3.2.1 Overall, is there substantial evidence of effectiveness of Seroquel SR formulation? 
 

• The sponsor demonstrated equivalence (in terms of AUC) of Seroquel SR and IR 
formulation, which indicates that the exposure between Seroquel IR and SR formulation 
is comparable (Fig A).  

• Long term therapy is required to demonstrate anti-schizophrenia effect following 
Seroquel administration, which suggests that the cumulative overall exposure (e.g. AUC), 
rather than the shape of concentration time profile is more likely to be linked to 
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effectiveness (Fig B). Therefore, the Seroquel SR formulation is expected to produce 
similar effect on the symptoms as compared to IR formulation, given that the Seroquel IR 
formulation has been approved and the equivalence in exposure (in terms of AUC) of 
Seroquel SR and IR formulation was demonstrated. 

• In Study D1444C0132, a significant dose-response relationship was demonstrated (P = 
0.0001) in addition to the significant effectiveness for all Seroquel SR formulation treated 
groups as compared to the placebo group by the end of 6th week (Fig C). These results 
provided strong supportive evidence for the effectiveness of the Seroquel SR formulation.  

• Seroquel SR and IR formulation with the same dose consistently produced similar 
PANSS score change from baseline values in all three pivotal trials. Additionally, in 
Studies D1444C0133 and 5077IL/0041, neither Serqouel SR, nor Seroquel IR 
demonstrated significant effectiveness compared to placebo, even though the Seroquel IR 
formulation has been approved for schizophrenia. The outcomes suggested that the 
failure to detect the difference in effectiveness between the placebo and the Seroquel SR 
and IR likely due to the lack of sensitivity of the trials, rather than lack of effectiveness of 
the Seroquel SR formulation. (Fig D) 

• Two pivotal clinical studies (5077IL/0041 and D1444C0133) which were conducted 
mainly in the USA failed to demonstrate significant effectiveness of Seroquel SR and IR 
formulations as compared to placebo. Whether this outcome reflected the differences in 
the expectation of US vs. non-US patient, since the primary dropout reason is lack of 
symptom-relief; whether it reflected the differences of clinical practice in the US vs. non-
US; whether it reflected the differences of investigators/centers in the US vs. non-US is 
unknown. It is important to note here that the since both IR and SR arms failed, the study 
is at best un-interpretable with respect to effectiveness conclusion. The implication of the 
results with respect to trial conduct and/or patient behavior differences between US and 
non-US sites is uncertain. Certainly a phenomenon to be noted in future clinical trial for 
this indication. 
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Fig B. PANSS Change from Baseline versus Time (LOCF) 
 

 
 
Note: At least 2-3 week treatment is needed in order to demonstrate effectiveness of Seroquel 
comparing to placebo. 
 

 
 
 
 
 
 

Fig C. Dose-response relationship for Seroquel SR formulation 
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Note: Dose-response relationship has been demonstrated in Study D144C0132. (Using MMRM 
analysis, P = 0.0001) 
 

Fig D. PANSS Score Change from Baseline for Seroquel IR and SR formulation with the same 
dose.  

 
Note: Seroquel SR and IR formulation with the same dose produced similar PANSS score change 
from baseline. In Study 5077IL/0041 and D1444C0133, neither SR nor IR formulation 
demonstrated significant effectiveness as compared to placebo. 

 
Fig E Clinical sites in the Study D144C00132 
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Note: Study D144C00132 mainly included clinical sites in Asia and East Europe.   
 
 
 
 
 
 
 
 

Fig F Racial composition of the Study D144C0132 and American population 
 

 

 
 
 
Note: Racial composition in Study D144C0132 is different from the American population. 
 
 
2.2.3.2.2. What are the potential reasons for studies D1444C0133 and 5077IL/0041’s 
failure? 
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• Most likely reason for the failure of trial D1444C0133 and 5077IL/0041 is substantial early 

dropout. The overall dropout rates for study 5077IL/0041 and D1444C0133 are 57% and 39% 
respectively (Fig G). About half of them dropped out within the 1st week of treatment (Fig H). 
Interpreting trials with such a high rate of drop out is extremely challenging. No one method is 
reliable. 

 
 

Fig G.  Overall Percentage of Prematurely Discontinued Subjects vs. Study 
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Fig H. Time Distribution of Premature Discontinuation, by Study 
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Table 2 
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Summary of Clinical Trial Designs

ANCOVA with LOCF

Analysis

PANSS Score Change from Baseline on Day 42
Variables

42 Day42 Day42 DayDuration 

800mg/day IR400mg/day IR300, 600mg/day IR
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PlaceboPlaceboPlaceboTeatment
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Table 3 
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Summary of Clinical Outcomes

-15800mg IR

-6.97600mg IR

-26.6 ***400mg IR

-9.42300mg IR

-14.8-31.3 ***-11.17800mg SR

-16.8-30.9 ***-13.01*600mg SR

-13.8-24.8 *400mg SR

-5.01300mg SR

-12.1-18.8-5.19Placebo

D144C0133D144C01325077IL/0041Study 

*: Statistical Significance
 

 
 
2.2.3.3. What are the characteristics of the exposure-response relationships for safety? 
 
The sponsor reported that the type, frequency and intensity of AEs observed in the quetiapine SR 
and quetiapine IR groups were similar, with no apparent dose-response (safety) relationship. 
There were no AEs associated only with quetiapine SR treatment, and in general, there was no 
dose relationship with any common AE associated with drug across the dose range (300 to 800 
mg/day). The sponsor reported that overall, the profile of patients treated with quetiapine SR was 
comparable to that of patients treated with quetiapine IR.  
 
The sponsor reported that a total of 951 patients who were treated with quetiapine SR for up to 42 
days in the 3 placebo-controlled studies provided safety data for 4 fixed doses of quetiapine SR: 
300 mg/day (91 patients),400 mg/day (227 patients), 600 mg/day (310 patients), and 800 mg/day 
(323 patients). The sponsor reported that the most common AEs in all quetiapine dose groups 
were dry mouth, sedation, somnolence, and dizziness and most were rated as mild or moderate in 
intensity. The sponsor reported that the incidence rates across the quetiapine SR groups for all 
these AEs were higher than for placebo, although the rates were generally similar to those for 
quetiapine IR and did not appear to be related to the dose of quetiapine.  The sponsor reported 
that sedation, somnolence, and dizziness in patients treated with quetiapine in the placebo-
controlled pool occurred at rates similar to those reported for quetiapine IR in the original 
schizophrenia registration studies, while dry mouth was reported more frequently for both 
quetiapine SR and quetiapine IR in the placebo controlled pool. The sponsor reported that 
headache, insomnia, constipation, agitation, and dizziness postural were reported less frequently 
for quetiapine SR and quetiapine IR in the placebo-controlled pool than for quetiapine IR in the 
original schizophrenia registration studies; orthostatic hypotension was reported more frequently 
with quetiapine SR and quetiapine IR in the placebo-controlled pool. (Refer to the medical 
officer’s review for the Agency’s evaluation of safety) 
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2.2.3.4. Does this drug prolong the QT or QTc interval? 
 
No formal QT study was conducted for this application. The sponsor reported that the data did 
not indicate an association between quetiapine SR and QT prolongation. The sponsor reported 
that there were no adverse events associated with QT prolongation. 
 
2.2.3.5. Is the dose and dosing regimen selected by the sponsor consistent with the known 
relationship between dose-concentration-response? 
 
The approved quetiapine IR tablets for the treatment of schizophrenia are administered 2 or 3 
times a day in the dose range of 150 to 800 mg/day, with a recommended 4-day treatment 
initiation period to reach a dose of 300 to 400 mg/day. This dosing regimen was demonstrated in 
the original application (NDA 20-639) to be safe and effective. The sponsor has developed a 
sustained release (SR) tablets for the treatment of schizophrenia that will allow the administration 
of quetiapine once daily in the dose range of 400 to 800 mg/day. The dose selected by the sponsor 
is within the dose range approved for quetiapine IR. However, the dose would be administered 
once daily instead of 2 to 3 times a day as is the case for the IR formulation.  
 
 
2.2.4. What are the Pharmacokinetic characteristics of the drug and its major metabolite? 
 
2.2.4.1. Based on PK parameter, what is the degree of linearity or nonlinearity in the dose-
concentration relationship? 
 
The exposure to quetiapine in terms of AUCss (or Cmax) was proportional to the dose after the 
administration of quetiapine SR in doses from 100 to 800 mg/day.  
 
A  single-center, open-label, multiple-dose, within-subject dose escalation, comparison trial was 
conducted to determine the pharmacokinetics of quetiapine. Subjects were given oral doses of 
quetiapine fumarate once daily on Days 3 through 21.  Dosages were 50 mg on Day 3, 100 mg on 
Days 4 to 6, 200 mg on days 7 to 10, 300 mg on Days 11 to 14, 400 mg on Day 15, 600 mg on 
Days 16 to 18, and 800 mg on Days 19 to 21. For analysis of dose proportionality, AUCssτ was 
the primary measurement, and Cssmax was the secondary measurement. Dose proportionality 
was examined using linear regression of log-transformed AUCssτ and Cssmax on log dose 
adjusted for subject. For the test of linearity the statistical treatment included fitting the data to a 
power model of the form AUC = α(DOSE)β, where  α is the proportionality constant and β is the 
slope. After taking logs to linearize, dose proportionality was examined using linear regression of 
log-transformed AUCssτ (and Cssmax ) on log dose and testing for a null hypothesis in which the 
slope equaled 1. 
 
The following table presents the values calculated for determination of dose proportionality based 
on the power model. 
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Table 4. Determination of dose proportionality for quetiapine sustained-release (SR) formulation. 

 
 
In another study using commercial scale quetiapine SR tablets, the pharmacokinetics of 
quetiapine SR were linear and thus proportional to dose at the dose strengths of quetiapine SR 50 
to 400 mg. The results of this study are consistent to that observed when quetiapine doses of 100 
mg to 800 mg were evaluated. The following table provides the regression analyses of log-
transformed AUC and Cmax versus dose of quetiapine SR in this study. 
 
Table 5. Regression analysis of quetiapine SR dose proportionality under fasting 
conditions. 

 
 
 
The pharmacokinetic parameters after administration of quetiapine SR and IR are provided in the 
following table. 
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Table 6: Pharmacokinetic Parameters of quetiapine 

 
 
 
2.5. General Biopharmaceutics 
 
2.5.1. What is the quantitative and qualitative composition of quetiapine SR formulation? 
 
The following table provides the quantitative and qualitative composition of quetiapine sustained 
release formulations 
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Table 7: Quantitative composition of Seroquel SR tablets 

 
 
  
2.5.2. What is the effect of food on the bioavailability of the drug from the dosage form? 
What dosing recommendation should be made, if any, regarding administration of the 
product in relation to meals or meal types? 
 
Administration of quetiapine SR following a standard high-fat breakfast (approximately 800 to 
1000 calories, with 50% derived from fat content) produced increases in Cmax (44% to 52%) and 
AUC (20% to 22%) relative to the fasted state. These differences were significant. In comparison, 
a light meal (approximately 300 calories) had no significant effect on quetiapine 
pharmacokinetics.  
 
The high fat study was a multi-center, open-label, multiple-dose study. After a 2-day washout 
period, patients received oral doses of quetiapine SR or quetiapine immediate release (IR) orally 
once a day as follows: 50 mg SR on Days 1 to 4, 200 mg SR on Days 5 to 7, 300 mg SR on Days 
8 to 11, 400 mg SR on Days 12 to 14, 300 mg IR on Days 15 to 17. On Days 4 (50 mg SR dose) 
and 11 (300 mg SR dose), patients consumed a standardized high-fat breakfast (two eggs, 2 strips 
bacon, 2 pieces of toast with approximately 5 g of butter, 75 g of hashed brown potatoes and 150 
mL of whole milk) within 10 minutes of their scheduled quetiapine dose. The following table 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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summarizes the effects of a high fat meal on the pharmacokinetics of quetiapine after 
administration of 50-mg and 300-mg dose strengths of quetiapine SR.  
 
Table 8: Relative bioavailability of quetiapine SR 50 mg and 300 mg in the fed and fasted 
states 

 
 
The following table summarizes the effects of a low fat meal (2 slices of toast, 2 teaspoons (10g) 
of jelly (jam), 180 mL (6 fluids ounces) of orange juice, 1 cup (237g) of coffee, 2 tablespoons 
(30.6 g) of 0.1% (skim) milk and 2 teaspoons (10g) of sugar ) on the pharmacokinetics of 
quetiapine after administration of 50-mg and 300-mg dose strengths of quetiapine SR.  
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Table 9: Relative bioavailability of quetiapine SR 50 mg and of quetiapine SR 300 mg in 
the fasted and fed states 

 
 
 
 
2.5.3. How do the dissolution conditions and specifications ensure in vivo performance and 
quality of the product? 
 
The sponsor developed an in vitro- in vivo correlation (IVIVC) model which formed the basis for 
dissolution specification during the product development including stability assessment.  
 
 
2.5.3.1. Is the IVIVC model developed acceptable and can it be used to predict in vivo 
concentrations based on in vitro dissolution? 
 
The developed IVIVC model satisfies the criteria for both internal and external predictability and 
is acceptable. The Level A IVIVC can be used to support the inclusion of additional 
manufacturing sites, as a surrogate for bioequivalence studies to support biowaiver for future 
relevant SUPAC/variation changes. 
 
A simple linear model with a slope and intercept term was chosen to describe the IVIVC for 
Seroquel SR tablet formulations. The internal predictability of the Seroquel SR IVIVC model was 
assessed by predicting the average in vivo concentration-time profile for each of the three 400 mg 
SR formulations (fast, target, slow) used to develop the model. The %PE was less than 10% for 
each of the formulations, with the highest AUC(0-t) %PE being only 3.7% for the SR-F and the 



 24

highest Cmax %PE being only 8.7% for the SR-T. The MAPPE was 4.4% and 3.1% for Cmax 
and AUC(0-t), respectively. The Seroquel SR IVIVC model was also evaluated in terms of 
external predictability, using the average quetiapine concentration-time data for a 50 mg SR 
formulation. For both AUC(0-t) and Cmax, the %PE was less than 10%, satisfying the criteria for 
external predictability.  
 
The following figure demonstrates absorption vs dissolution with regression line 
 
Fig K: Average % absorbed in vivo vs. average % dissolved in vitro for 400 mg Seroquel SR 
tablet formulations 
 

 
 
 
 
The following graphs show the observed and predicted concentrations for the quetiapine SR 400 
and 50 mg formulations. 
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Fig L: IVIVC Model-predicted and average observed quetiapine concentration-time profiles for 
400 mg Seroquel SR tablet formulations 
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Fig M: IVIVC Model-predicted and average observed quetiapine concentration-time profiles for 
50 mg Seroquel SR tablet formulation. 
 

 
 
 
The following tables provide the internal and external validation for the IVIVC model. 
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Table 10:  Internal validation statistics for Seroquel SR IVIVC model 

 
%PE  Prediction error            MAPPE  Mean absolute prediction error 
 
 
Table 11: External validation statistics for Seroquel SR IVIVC model 
 

 
 
 
 
2.5.3.2. Is the proposed dissolution method and specification acceptable? 
 
The proposed dissolution method and specification are acceptable. The dissolution acceptance 
criteria is supported by the Level A IVIVC developed.   
  
Using the IVIVC model, the predicted upper and lower Cmax and AUC values for the 
profiles defined by the SEROQUEL SR upper and lower dissolution acceptance criteria 
were determined. The values are provided in the following table. The predicted Cmax 

using the lower acceptance limits is  different than the predicted Cmax using the upper 
acceptance limits. The predicted AUC using the lower acceptance limits is  different 
than the predicted AUC using the upper acceptance limits. These values are within the 
recommended limits in the Agency’s guidance on application of IVIVC in setting 
dissolution specifications. 
 
 
 
 
 
 
Table 12: Predicted AUC and Cmax values for the proposed lower and upper Seroquel SR 
dissolution specifications 

(b) (4)

(b) (4)
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The following dissolution method and specification are acceptable for quetiapine SR, 50 mg, 200 
mg, 300 mg, and 400 mg strengths. The specification is supported by the Level A IVIVC.  
 
 
Apparatus   USP Apparatus I (Basket) 
Speed    200 rpm 
Media 900 mL 0.05M Sodium Citrate and 0.09N Sodium hydroxide 

(pH 4.8). At 5 hours, pH adjusted to 6.6 with  100 mL medium 
of 0.05M sodium phosphate and 0.46N sodium hydroxide 

Specification: 
 
Not more than (NMT)  at 1 hour 

 at 6 hours 
 at 12 hours 

Not less than (NLT)  at 20 hours. 
 
The dissolution method selected is performed using the basket apparatus at a rotation speed of 
200 rpm. Initially, 900 mL of dissolution medium consisting of 0.05 M sodium citrate and 0.09 N 
sodium hydroxide are placed in each vessel. The pH of this medium is 4.8. At 5 hours, 100 mL of 
a medium consisting of 0.05 M sodium phosphate and 0.46 N sodium hydroxide are added to 
each vessel to bring the pH of the medium to 6.6 for the final duration of the dissolution analysis. 
Rotation speed of 200 rpm was used to provide complete release;  rpm did not provide 
complete release as shown in the figure below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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The rotation speed of 200 rpm is high for USP Apparatus 1 (Basket). But, the in vitro release 
using this method was similar to the in vivo release of quetiapine.   
 
 
2.6. Analytical Methods 
 
2.6.1. What bioanalytical methods are used to assess concentrations? 
 
All assay methods used to determine plasma concentrations of quetiapine and its metabolites 
in the studies were specific for the analytes measured. The assay employed methods that included 
quetiapine and metabolite extraction from alkalinized plasma by ethyl acetate, and detection by 
high performance liquid chromatography and tandem mass spectrometry. These assay methods 
provided accurate and reproducible results, with appropriate linearity and sensitivity. The within 
day and between day percent coefficient of variation (%CV) were less than 15%. The analytical 
methods are acceptable. The precision and accuracy of the assay methods are acceptable.  
Quality control data from each study are summarized in Analytical Methods in the Appendix. 
 
3. Detailed Labeling Recommendations 
 
a) The following language is recommended  to be added to the Dosage and Administration 
section of the label.   
  
It is recommended that Seroquel XR be taken without food or with a light meal (about 300 
calories) 
 
b) The following revision (double underline) of the text in the in Clinical Pharmacology Section 
under “Absorption” is recommended.  

(b) (4)
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4. Appendices 
 

Package Insert (Proposed) 
Clinical Pharmacology and Biopharmaceutics Individual Study Reviews 

Consult Review (Pharmacometric Review) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) (4)

28 Page(s) of Draft Labeling have been Withheld in Full as b4 (CCI/TS) immediately following this 
page
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4.2. Clinical Pharmacology and Biopharmaceutics Individual Study Reviews 
 
Title (5077IL/0086): Multiple dose Pharmacokinetics and the Effect of Food and Sustained-
Release (SR) Quetiapine Fumarate (Seroquel™) 
 
Objective: To evaluate the multiple-dose pharmacokinetics of quetiapine at 5 dose 
levels (100 mg, 200 mg, 300 mg, 600 mg, and 800 mg) achieved by the administration of 1, 2, or 
3 tablets of SR formulation (50 mg SR, 200 mg SR, or 300 mg SR); and to evaluate the effect of 
food on the bioavailability of SR Formulation tablets (200 mg SR and 300 mg SR). 2) To 
evaluate the safety and tolerability of multiple 800-mg doses of 
quetiapine fumarate administered as tablets of SR formulation (one 200-mg and two 300-mg 
tablets) 
 
Study Design: The study was a single-center, open-label, multiple-dose, within-subject dose 
escalation, comparison trial to determine the pharmacokinetics with and without food; safety; and 
tolerability. The mean age of the 12 evaluable subjects were 40 ± 8.4 years. Most (15/16 enrolled) 
had a diagnosis of paranoid schizophrenia. Subjects were given oral doses of quetiapine fumarate 
once daily on Days 3 through 21 in the fasting state at approximately 0600, except for Days 10 
and 14, when they received medication with the standardized high-fat breakfast (2 eggs, 2 strips 
of bacon, 2 pieces of toast with approximately 5 gm of butter, 75 gm of hashed brown potatoes 
and 150 mL of whole milk) at 0700. Dosages were 50 mg on Day 3, 100 mg on Days 4 to 6, 200 
mg on days 7 to 10, 300 mg on Days 11 to 14, 400 mg on Day 15, 600 mg on Days 16 to 18, and 
800 mg on Days 19 to 21. On Days 6, 9, 13, 18, and 21, subjects were to consume no food for 4 
hours after taking their trial medication. The sponsor supplied quetiapine tablets in 3 strengths: 50 
mg (formulation number F12414, lot number N83035, batch number ST72040-020-FA01), 200 
mg (formulation number F12377, lot number SN83036, batch number ST72039-FA01), and 300 
mg (formulation number F12359, lot number N83009, batch number ST72038-020-FA01).  
 
It was predicted, based on previous study, that a sample size of 12 subjects was sufficient to 
detect a 25% difference (with a power of 80% and a significance level of 0.10) in the dose-
normalized AUCssτ of quetiapine between any of the 5 dosage strengths of SR formulation. 
 
Data Analysis: Pharmacokinetic parameters were obtained for quetiapine, ICI 213,841 (the 
inactive sulfoxide metabolite of quetiapine), and ICI 214,227 (the active 7-hydroxy metabolite of 
quetiapine) from the concentration-versus-time data obtained over the 
24-hour dosing interval following the quetiapine fumarate dose administered on Days 6, 9, 10, 13, 
14, 18, and 21 using noncompartmental methods 
 
For analysis of dose proportionality, AUCss � was the primary measurement, and Cmaxss was 
the secondary measurement; assessment of dose proportionality was based on the parameters for 
quetiapine only, not those for the metabolites. Dose proportionality was examined using linear 
regression of log-transformed AUCss and Cmaxss on log dose adjusted for subject. For the test of 
linearity the statistical treatment included fitting the data to a power model of the form AUC = 
α(DOSE)β, where  α is the proportionality constant and β is the slope. After taking logs to 
linearize, dose proportionality was examined using linear regression of log-transformed AUCssτ 
(and Cmaxss ) on log dose and testing for a null hypothesis in which the slope equaled 1. Mean 
Cminss values for quetiapine were analyzed by ANOVA using the effects of subject and trial day 
as factors to evaluate the steady-state conditions for each dose group. Steady state was examined 
on Days 6, 9, 13, 18, and 21. The effect of food on the bioavailability of quetiapine was assessed 
by constructing 90% confidence intervals (CI) for the fed/fasted ratios of AUCssτ and Cmaxss 
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values, based on the least-square means from the analysis of variance (ANOVA) of log-
transformed AUCssτ and Cmaxss values with effects for subject and fed/fasted state. The 
protocol stated that if the 90% CIs for the fed: fasted ratios were within the interval 0.8 to 1.25 for 
AUCssτ and within the interval 0.7 to 1.43 for Cmax, then the bioavailability of quetiapine could 
be assumed to be similar under fed and fasted conditions; i.e., food would have had no clinically 
significant effect on the bioavailability of quetiapine. The analysis was performed separately for 
the 200-mg and 300-mg dose groups. 
 
Analytical Method:  The plasma samples were analyzed for concentrations of quetiapine, its 
hydroxylated metabolite, ICI214,227, and its sulfoxide metabolite, ICI213,841. The method is a 
validated procedure with extraction of quetiapine, ICI 214,227 and ICI 213,841 from alkalinized 
human plasma using ethyl acetate, and detection by HPLC with atmospheric pressure chemical 
ionization and tandem mass spectrometry. The method has a quantitation limit of 2.50 ng/mL 
with an applicable range to 5000 ng/mL by sample dilution with plasma. Recoveries of 
quetiapine, ICI 214,227 and ICI 213,841 from spiked plasma during method validation averaged 
104%, 94.4% and 92.4%, respectively.  
 
Results: The following figure contains the mean plasma concentration time profile for 
quetiapine. 
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The following table contains the morning trough plasma concentrations of quetiapine. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Morning trough plasma concentrations of quetiapine from sustained-release (SR) 
formulation received in the fasted state on Days 5, 6, 8, 9, 12, 13, 17, 18, 20 and 21 
(N=12) 

 
 
The results showed no significant differences in pre-dose plasma concentrations of 
quetiapine, thus indicating that the pharmacokinetic parameters were calculated under 
steady-state conditions. 
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The following table presents pharmacokinetic parameters for quetiapine at the five 
dosages and two treatment conditions (fed and fasted states).  
 
 
 
Pharmacokinetic parameters for quetiapine from sustained-release (SR) formulation at 
dosages of 100, 200, 300, 600 and 800 mg/day.  
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The figure presents dose-normalized AUCsst and Cmaxss values for quetiapine administered in 
the fasted stated at each of the doses tested.  
 

 
 
 
The following table presents the values calculated for determination of dose proportionality based 
on the power model. 
 
Determination of dose proportionality for quetiapine sustained-release (SR) formulation. 
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From the above table, it is observed that the estimate of the slope for AUCssτ is not 
significantly different from unity (slope=0.9, p-value 0.207), meaning, AUCτ α DOSE or 
AUCssτ =α.DOSE, where the estimate of the constant of proportionality α (also the 
intercept) is derived from the antilog of the average observed log dose-normalized 
AUCτ values. Similarly, the slope for Cmax is not significantly different from unity 
(slope=0.85, p-value 0.068). This suggests that the pharmacokinetics of quetiapine are 
linear in the dose range studied following administration of the sustained release tablets. 
 
Food Effect.: The following figure shows mean plasma quetiapine concentrations during the 
24-hour interval after dose administration for the 200-mg dosage in the fasted and fed 
states.  
 
Mean (SEM) plasma quetiapine concentrations (ng/mL) for the 200-mg dose of the 
sustained release (SR) formulation given in the fasted state and in the fed state 
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The following figure shows the individual AUC τ and Cmax values for the 200-mg dose of 
quetiapine given in the fed and fasted states.  
 
 
 
 
 
 
 
 
 
 
 
Individual AUCt and Cmax values for the 200-mg dose of the sustained-release (SR) 
formulation of quetiapine given in the fed state (Day 10) and the fasted state (Day 9) 

 
 
 
 
 
Individual AUC and Cmax values for the 300-mg dose of the sustained-release (SR) formulation 
of quetiapine given in the fed state (Day 14) and the fasted state (Day 13) 
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The following tables present the comparison of the pharmacokinetic parameters of 
quetiapine administered as the 200-mg SR formulation in the fed state or as the 200-mg 
SR formulation in the fasted state. And the comparison of the pharmacokinetic 
parameters of quetiapine administered as the 300-mg SR-C formulation under fed 
conditions or as the 300-mg SR-C formulation under fasted conditions. 
 
 
 
Comparison of pharmacokinetic parameters for quetiapine administered as the 200-mg SR 
formulation under fed and fasted conditions 
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Comparison of pharmacokinetic parameters for quetiapine administered as the 300-mg SR 
formulation under fed and fasted conditions 

 
 
 
 
 
 
The tables indicate that while the 90% CI for the ratio of AUCτ in the fed state to AUCτ 

in the fasted state was inside the 0.8 to 1.25 interval, for the 200-mg strength (0.80 to 
1.22), it  was not contained within the  interval for the 300-mg dose of formulation SR-C.  
The 90% CI for the ratio of Cmax in the fed state to Cmax in the fasted state extended beyond 
the protocol specified limit of 0.70 to 1.43. Under fed conditions, the value for Cmax of 
quetiapine increased, on average, by 32.% for the 200-mg dose and by 25% for the 300-
mg dose relative to Cmax in the fasted state. Food appeared to have no consistent effect on 
median tmax.  
 
Pharmacokinetic Summary: The results from the analysis of the steady-state Cmax and 
AUCτ showed that both parameters increased in proportion to dose. This indicates that the 
pharmacokinetics of quetiapine were linear following the administration of quetiapine SR 
tablets.  
 
The effects of food on the bioavailability of the SR tablets were examined using 200- and 
300-mg tablet strengths. The results showed that food had no  significant effect on 
quetiapine AUCτ ie, the extent of absorption, with mean values being reduced by 1% and 
5% in the fed state compared with the fasted state, for the 200-mg and 300-mg dose 
strengths, respectively. Increases in Cmax of 32% and 25% were noted for the 200 and 300 
mg tablet strengths, respectively.  
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Safety Summary: The following is the summary of adverse events observed in the trial 
as reported by the sponsor. No deaths or serious adverse events occurred during this trial. 
Ten subjects (63%) had 1 or more adverse events during the treatment period. The most 
common adverse events were headache and pain. Two subjects had dyspepsia while 
taking the 800-mg dosage. This adverse event is within the known profile of quetiapine. 
No relationship was seen between the dose of quetiapine and the occurrence of other 
adverse events. Two subjects had mild tachycardia attributed to treatment with quetiapine 
during the trial. Manually read ECGs showed that mean heart rates increased by 6 bpm 
between baseline and the Day 19 pre-dose assessment and by 22 bpm between the 
screening and post-dose assessments on Day 19. The higher heart rate at the time of peak 
plasma quetiapine concentrations is consistent with the known profile of quetiapine. No 
subjects had QTcF values that exceeded 0.500. No clinically significant change in QTcF 
occurred between baseline and either of the Day 19 ECGs. Mean QTcF intervals before 
and after 800-mg doses of quetiapine, when compared with baseline, did not suggest that 
quetiapine had any effect of prolonging the QT interval. Changes in vital signs during the 
trial were generally small, except for increases in pulse rate from pre-dose to post-dose 
assessments, which averaged approximately 11 bpm. Post-dose assessments showed 
small decreases in systolic and diastolic blood pressure, as well as the increases in pulse 
rate, compared with pre-dose assessments. No clear effect of trial treatment on postural 
changes in blood pressure was seen. Overall, the safety findings in this trial showed no 
new safety issues related to treatment with quetiapine. 
  
 
 
 
The pharmacokinetics of quetiapine were proportional to the dose after the administration 
of quetiapine SR in doses from 100 to 800 mg/day. Comparison of the bioavailability of 
200-mg and 300-mg doses of the SR formulation of quetiapine under fed and fasted 
conditions showed significant effects of food on biovailability with either dosage 
strength. Safety and tolerability data raised no new issues related to treatment with 
quetiapine. 
 
Reviewer’s comments: The pharmacokinetics of quetiapine was proportional to dose in a dose 
range of 100 mg to 800 mg.  High fat meal (standard FDA meal) had a significant effect of the 
exposure of quetiapine. 
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Title (Protocol No.  5077IL/0097): A Trial to Compare the Steady State Pharmacokinetics of 
Quetiapine in Men and Women with Selected Psychotic Disorders Following the Administration 
of Sustained Release  (SR) Quetiapine Fumarate (Seroquel) or Immediate Release Quetiapine 
Fumarate (Seroquel) 
 
Objectives: The primary objective was to compare the steady-state area under the quetiapine 
concentration-time curve across a 24-hour interval (AUC(0-24)) of sustained release (SR) 
quetiapine tablets with that of immediate release (IR) quetiapine tablets. The secondary  
objectives were to compare the IR and the SR tablets with respect to steady-state maximum 
observed plasma quetiapine concentration (Cmax) following administration of the morning dose; 
plasma quetiapine concentration at the end of the 24-hour dosing interval (Cmin); time to reach 
Cmax (tmax); and degree of fluctuation (DF), estimated as (Cmax–Cmin)/Cav*100, with 
Cav=AUC(0-24h)/24. Additional objectives were to record the tolerability of switching from the 
IR to the SR formulation and from the SR to the IR formulation at the same daily dose and to 
document the safety and tolerability of both the IR and the SR formulations. 
 
Study Design: This trial was a single-center, open-label, randomized, 2-period crossover, 
bioavailability trial. Twenty-four men and women with selected psychotic disorders completed all 
pharmacokinetic assessments (evaluable subjects). The mean age (range) and weight were 44 (18 
-62) years and 87.3 (58.5 to 124.6) kg, respectively. Subjects were randomly assigned to 1 of 2 
treatment-sequence groups (IR-SR or SR-IR). All subjects were given 300 mg/day of quetiapine 
SR on Days 1 and 2 of the Lead-in Period. Subjects assigned to the IR-SR sequence were given 
150-mg doses of quetiapine IR twice daily on Days 1 through 4 of Period 1, then switched to 
single daily 300-mg doses of quetiapine SR on Days 1 through 4 of Period 2. Subjects assigned to 
the SR-IR sequence were given single daily doses 300-mg of quetiapine SR on Days 1 though 4 
of Period 1, then switched to 150-mg doses of quetiapine IR twice daily on Days 1 through 4 of 
Period 2.  All oral antipsychotic medications were discontinued at least 48 hours before Admit 
Day; however, lithium treatment for underlying psychiatric disorders was permitted during the 
trial if the lithium dose had been stable for at least 1 month before the subject entered the trial. 
The following trial medication were supplied by the sponsor: 25-mg tablets of quetiapine 
fumarate IR (Formulation number F12153,Batch number N73223), 100-mg tablets of quetiapine 
fumarate IR (Formulation number F12154, Batch number N83085), 300-mg tablets of quetiapine 
fumarate SR (Formulation number F12527, Batch number 993066) 
 
 The following table contains the administration schedule for the study. 
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Quetiapine administration schedule 
 

 
 
 
On Day 4 of Periods 1 and 2, blood samples were collected before quetiapine administration 
(within 15 minutes before administration of the morning dose of the SR formulation); at 0.5, 1, 
1.5, 2, 3, 5, 8, and 12 hours (taken before administration of the evening dose of the IR 
formulation); and at 12.5, 13, 13.5, 14, 15, 17, 20, and 24 hours following morning quetiapine 
administration. On Days 2 and 3 of Period 1 and on Days 2 and 3 of Period 2, blood samples were 
also obtained within 15 minutes before morning quetiapine administration. Subjects fasted 
overnight before predose blood samples were collected. 
 
Analytical Method: Plasma samples were analyzed for concentrations using a validated method 
with extraction of quetiapine from alkalinized human plasma using ethyl acetate and detection by 
high-performance liquid chromatography (HPLC) with atmospheric pressure chemical ionization 
and tandem mass spectrometry. The method has a quantitation limit of 2.50 ng/mL with an 
applicable range to 5000 ng/mL by sample dilution with plasma. The method is specific against 
known metabolites 
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of quetiapine, chloral hydrate, benztropine mesylate, procyclidine, ketoconazole, diazepam, 
nordiazepam, carbamazepine, caffeine, aspirin, acetaminophen, nicotine, and ibuprofen. 
Recovery of quetiapine from spiked plasma during method validation averaged 104%. Stability of 
quetiapine has been established for at least 15 months in spiked samples at approximately –20oC. 
Quality control values for quetiapine averaged 101% of theory (7.6% between-day RSD). 
 
Data Analysis: Predose quetiapine plasma concentrations (Cmin) obtained on Days 2, 3, and 4 of 
Period 1 and Days 2, 3, and 4 of Period 2 were used to determine attainment of steady-state 
conditions. The following steady-state pharmacokinetic parameters of quetiapine were derived 
from data collected over the 24-hour dosing interval following administration of the morning 
dose of quetiapine on Day 4 of Period 1 and Day 4 of Period 2: AUC(0-24h), Cmax, tmax, Cmin, 
and DF.  
 
Noncompartmental methods were used to compute the pharmacokinetic parameters. The 
parameter DF was estimated as (Cmax–Cmin)/Cav x100, where Cav =AUC(0-24h)/24. 
For statistical comparisons, quetiapine SR, administered as 300-mg tablets once daily, was 
considered the test treatment, and quetiapine IR, administered as 150-mg tablets twice daily, was 
considered the reference treatment. 
 
The relative bioavailability of the SR and IR formulations at steady state was evaluated by 
constructing a 90% confidence interval for the SR/IR ratio for AUC(0-24h), based on the least-
squares means from the ANOVA. The 2 treatments were to be considered bioequivalent if the 
90% confidence interval for the ratio of geometric means (SR/IR) of AUC(0-24h) was within the 
range 0.80 to 1.25. The 90% confidence intervals for the ratios of geometric means (SR/IR) for 
Cmax and Cmin were also calculated for reference. 
 
Pharmacokinetic Results: Statistical analyses (ANOVA) of the trough concentrations obtained 
on Days 2, 3, and 4 of Periods 1 and 2 showed no statistical difference in trough concentrations 
suggesting that quetiapine concentrations reached steady state within each treatment sequence 
and period. Analysis of variance did not reveal a sequence effect on any of the pharmacokinetic 
parameters; therefore, the data for the 2 treatment sequences were combined for comparative 
purposes. The following table provides the mean trough quetiapine concentrations. 
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Morning trough quetiapine concentration (ng/mL) by treatment sequence, trial period, 
and trial day: mean (SEM) 

 
 
 
The following figure depicts the mean plasma quetiapine concentrations over a 24-hour dosing 
interval for each of the two treatments. 
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Mean (± SEM) plasma quetiapine concentrations 

 
 
 
 
The lower Cmax for the 2nd daily dose of the IR formulation may be the result of circadian 
variation in the pharmacokinetic parameters, according to the sponsor. This observation is 
reported by the sponsor to be consistent with other studies. The following tables summarize the 
steady state pharmacokinetic parameters of quetiapine for each treatment and the results of 
statistical comparisons of the 2 treatments. 
 
Comparison of pharmacokinetic parameters for a 300-mg dose of quetiapine administered as SR 
tablets (300 mg once daily) or as IR tablets (150 mg twice daily) 



 

 82

 
 
The geometric mean SR/IR ratio for AUC(0-24h) was 1.04. The 90% confidence interval 
for the ratio was 0.92 to 1.19, which is within the 0.80 to 1.25 bioequivalence criteria. 
The SR and IR formulations can therefore be considered equivalent with respect to AUC.  
Mean Cmax for the SR formulation was about 13% lower than mean Cmax for the IR 
formulation. Median tmax was 5 and 2 hours for the SR and IR formulations, respectively.  
 
The results of this trial indicate that the SR formulation administered as 300-mg tablets 
once daily (test treatment) and the IR formulation administered as 150-mg tablets twice 
daily (reference treatment) are equivalent with respect to overall exposure at steady state. 
The 90% confidence interval for the geometric mean SR/IR ratio for AUC(0-24h) was 0.92 
to 1.19. Median DF, which is a measure of how Cmax and Cmin fluctuate around the time-
averaged plasma concentration (AUC(0-24h)/24 hours), was similar for the SR and the IR 
formulations; these results are consistent with the similarity of Cmax, Cmin, and AUC(0-
24h) for the 2 formulations. A higher DF would normally be associated with an IR, as 
compared with an SR formulation.  
 
Safety Results: In all 3 quetiapine treatment categories (lead-in treatment with SR 300 
mg/day, randomized treatment with SR 300 mg/day, and randomized treatment with IR 
300 mg/day), the most frequent adverse events (at least 3 subjects in each treatment 
category) included insomnia, tachycardia, headache, hypertension, and agitation.  
The sponsor reported that no unexpected safety results were reported during this trial. 
Overall, the trial subjects tolerated quetiapine well, whether it was administered as an SR 
or an IR formulation. The trial results indicate that switching between the IR and SR 
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formulations of quetiapine was safe and well tolerated, as was initiation of trial treatment 
with quetiapine SR 300 mg/day.  
 
Summary: The results of this 2-period crossover trial indicate that the SR formulation of 
quetiapine administered as 300-mg tablets once daily and the IR formulation of 
quetiapine administered as 150-mg tablets twice daily are equivalent with respect to 
overall exposure (AUC) at steady state. The sponsor reported that there was no 
apparent increase in the number of adverse events, cardiovascular or other, when subjects 
were switched from one formulation of quetiapine to the other. The study results indicate 
that switching between the IR and SR formulations of quetiapine was safe and well 
tolerated, as was initiation of trial treatment with quetiapine SR 300 mg/day during the 2-
day Lead-in Period. 
 
Reviewer Comments: The study indicated that switching from quetiapine IR to SR provided 
similar total exposures (AUC). However, Cmax was lower by about 13% after quetiapine SR than 
after IR administration. 
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Title (5077IL/0118): Steady State, Dose Unit Proportionality, and Food Effect Study Using 
Commercial Scale Sustained Release (SR) Quetiapine Fumarate (Seroquel™) 
 
Objective: The purpose of this study was to evaluate the steady-state pharmacokinetics of 
4 different commercial-scale quetiapine fumarate (SEROQUEL™, quetiapine) sustained-
release (SR) tablets (50 mg, 200 mg, 300 mg, and 400 mg) and to evaluate the effect of 
food on the bioavailability of 50-mg and 300-mg SR tablets. 
 
Study Design: This was a multicenter, open-label, multiple-dose study.  Male or female, 
aged 18 to 65 years, with a diagnosis of schizophrenia or schizoaffective Disorder were 
eligible for enrollment. From 20 enrolled patients 13 evaluable patients (defined as those 
who met the patient selection criteria and who completed the study without major 
protocol violations or deviations) were required to provide 80% power to demonstrate 
dose proportionality at a 2-sided significance level of 5%. 
 
After a 2-day washout period, patients received oral doses of quetiapine SR or quetiapine 
immediate release (IR) orally once a day (at approximately 0700 hours) as follows: 50 
mg SR on Days 1 to 4, 200 mg SR on Days 5 to 7, 300 mg SR on Days 8 to 11, 400 mg 
SR on Days 12 to 14, 300 mg IR on Days 15 to 17. On Days 4 and 11, patients consumed 
a standardized high-fat breakfast (two eggs, 2 strips bacon, 2 pieces of toast with 
approximately 5 g of butter, 75 g of hashed brown potatoes and 150 mL of whole milk) 
within 10 minutes of their scheduled quetiapine dose. Batch numbers for quetiapine 
tablets were as follows: 50 mg SR, 9096F; 200 mg SR, 9077C; 300 mg SR, 9052C; 400 
mg SR, 9093F; 300 mg IR, 4522C. The following table provides a summary of the daily 
dosage of quetiapine:  
 

Daily Dosage of Quetiapine 
 

 
 
The following table summarizes  the pharmacokinetic variables for the study 
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Pharmacokinetic Variables 

 
 
Analytical Methods: Blood samples were collected within 15 minutes before the 
administration of study drug on all study days except Days 5, 8, 12, and 15. On Days 3, 4, 
7, 10, 11, 14, and 17, blood samples were also collected 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 
12, 16, 20, and 24 hours after the administration of study drug. Plasma samples were 
analyzed for concentrations of quetiapine by using a validated procedure that employed 
liquid-liquid extraction of quetiapine and internal standard (13C6-quetiapine) from 
alkalinized human plasma (containing heparin anticoagulant) using ethyl acetate, 
followed by reverse-phase liquid chromatography and turbo ionspray ionization tandem 
mass spectrometry. The method has a calibration range of 0.500 ng/mL to 500 ng/mL and 
an applicable quantitation range to 2000 ng/mL with appropriate dilution with plasma. 
Accuracy and precision of quetiapine from quality control samples spiked at 0.500, 
0.999, 20.0, and 400 ng/mL averaged 106% and 8.76%, respectively, across the 3 days of 
validation. Recovery of quetiapine from spiked plasma during method validation 
averaged 91.4%. Stability of quetiapine has been established previously for at least 15 
months in spiked samples at approximately –20°C. The performance of the analytic 
method was demonstrated over the course of the analyses by monitoring the results of the 
spiked quality control samples assayed each day of sample analysis. 
 
Overall precision for quality control samples, as measured by percent relative standard 
deviation (SD), was less than or equal to 7.97%, and the overall accuracy, as measured by 
percent recovery for these quality control samples ranged from 99.0% to 104%. All 
diluted quality control samples passed the acceptance criteria and were within 15% of 
theory. The precision for the dilution integrity quality control samples was δ5.07% and 
the overall accuracy ranged from 103% to 109%. 
 
Data Analysis: Pharmacokinetic parameters were computed using non-compartmental methods. 
Dose proportionality was determined by regression analysis, using log-transformed 
AUCssτ and Cssmax for Days 3, 7, 10, and 14. The following regression equations were 
used to analyze AUCssτ and Cssmax, respectively: log (AUCssτ)= α + β log (dose); log 
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(Cssmax = α + β  log (dose). The 95% confidence interval (CI) for the slope of log (dose) 
was constructed, and if the intervals were within the range of 0.75 to 1.25, dose 
proportionality was to be concluded. 
 
The effect of food on the pharmacokinetic parameter estimates was evaluated separately 
for the 50-mg and 300-mg doses of quetiapine SR. The 90% CIs for the geometric mean 
ratios (fed/fasted) of AUCssτ and Cssmax were constructed, based on the least-square means 
from the analysis of variance model for the log-transformed parameters. If the 90% CIs 
for AUCssτ and Cssmax were contained within the respective predefined intervals (0.80 to 
1.25 for AUCssτ, 0.70 to 1.43 for Cssmax), it was to be concluded that food did not have a 
statistically significant effect on the pharmacokinetics of quetiapine SR. 
 
Results: Ten of the 30 enrolled patients were evaluable for pharmacokinetic analysis, ie, 
they met the patient selection criteria and completed the study without major protocol 
violations or deviations. The mean age and weight of the evaluable patients were 52.3 ± 
8.63 years and 87.1 ± 13.65 kg, respectively.  
 
Steady-state trough plasma quetiapine concentrations measured after an overnight fast on 
the mornings of Days 3 (50 mg SR), 7 (200 mg SR), 10 (300 mg SR), 14 (400 mg SR), 
and 17 (300 mg IR) are provided in the following table. The blood samples for each dose 
were collected after 3 days of dose administration. Plasma quetiapine trough  
concentrations increased as the dose of quetiapine SR was escalated. 
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Steady State Trough Plasma Quetiapine Concentrations 

 
 
 
The estimated pharmacokinetic parameters of quetiapine are summarized in the following table. 
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Pharmacokinetic parameters of quetiapine 

 
 
 
The data indicated that exposure in terms of Cssmax, AUCssτ, and Cssmin increased with 
dose in a dose-proportional manner for the SR dose-strengths. The quetiapine t1/2 

appeared to be similar across all dose-strengths and formulations and is consistent with 
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that in previous studies. The fasted median tmax for all SR tablet strengths ranged from 
5.00 to 6.12 hours, consistently later than the median tmax for the 300-mg quetiapine IR 
tablet. 
 
 
Both Cssmax and AUCssτ increased following a high-fat meal when compared with the 
fasted state. CL/F decreased in the fed state, consistent with the observed small increases 
in AUCssτ.  
 
The following table provides the regression analyses of log-transformed AUC and Cmax versus 
dose of quetiapine SR. 
 
Regression analysis of quetiapine SR dose proportionality under fasting conditions 

 
 
The 95% CIs for the estimated regression slopes for both Cssmax and AUCssτ  included 
1.00, and were within the pre-specified range of 0.75 to 1.25.  
 
The following summarizes the effects of food on the pharmacokinetics of 50-mg and 
300-mg dose strengths of quetiapine SR. 
 
Relative bioavailabilityof quetiapine SR 50 mg and 300 mg in the fed and fasted states 
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Administration of quetiapine SR following a high-fat meal led to increases in AUCssτ and 
Cssmax relative to the fasted state. For the 50-mg quetiapine SR tablet, there was a 20% 
increase in AUCssτ and a 52% increase in Cssmax in the fed state. For the 300-mg 
quetiapine SR tablet, there was a 22% increase in AUCssτ and a 44% increase in Cssmax in 
the fed state. The food effect observed in this study fell significantly outside both the 
equivalence intervals.  
 
Pharmacokinetic Summary: The pharmacokinetics of quetiapine SR were linear and 
thus proportional to dose at the dose strengths of quetiapine SR tested (50 to 400 mg). 
The 95% CIs for the estimated regression slopes for both Cssmax (0.7904 to 1.0591) and 
AUCssτ (0.9055 to 1.0967) included 1.00, and were within the protocol specified range of 
0.75 to 1.25. Quetiapine t1/2 and CL/F appeared to be independent of the dose or 
formulation administered.  
 
Administration of quetiapine SR following a high-fat meal led to increases in AUCssτ and 
Cssmax relative to the fasted state. For the 50-mg quetiapine SR tablet, there was a 20% 
increase in AUCssτ and a 52% increase in Css max in the fed state. For the 300-mg 
quetiapine SR tablet, there was a 22% increase in AUCssτ and a 44% increase in Cssmax in 
the fed state. The AUCssτ for the 300-mg SR tablet was approximately 17% higher than 
that observed for the 300-mg IR tablet.  
 
Safety Summary: The sponsor reported that overall, the quetiapine formulations and 
dosages used in this study were well tolerated.  The most common adverse events 
reported were anxiety and insomnia. The sponsor reported that no serious adverse events 
were reported during study treatment, and no patient discontinued treatment with the 
investigational product because of adverse events. Mean heart rate appeared to increase 
with increasing quetiapine dose. Mean pulse rate was highest 6 hours after administration 
of the SR formulation. Changes in hematology and clinical chemistry (hepatic function) 
parameters before discharge were not considered clinically important by the sponsor. 
 
Conclusions: The different dose-strengths of quetiapine SR ranging from 50 mg to 400 
mg were dose-proportional with respect to Cssmax and AUCssτ. Administration of 
quetiapine SR following a high-fat meal led to significant increases in AUCssτ and Cssmax 

relative to the fasted state. 
 
Reviewer comments: Reviewer agrees with sponsor’s pharmacokinetic conclusions. 
Refer to Medical reviewer for comments on the safety data. 
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Title (D1444C00001): A Phase I, Randomized, Open-label, 5-Treatment, 5-Period, 4-Sequence 
Crossover Study to Compare the Pharmacokinetics of 4 Sustained release Formulations and the 
Immediate release Formulation of Quetiapine Fumarate (SEROQUEL™) in Adults with 
Schizophrenia, Schizoaffective Disorder, or Bipolar Disorder 
 
Objective: The primary objective of the study was to compare the single-dose pharmacokinetics 
of quetiapine fumarate (SEROQUEL™, quetiapine) between four sustained release (SR) tablet 
formulations and an immediate release (IR) tablet formulation in adults with schizophrenia, 
schizoaffective disorder, or bipolar disorder. 
 
Study Design: This was an open-label, randomized, 5 treatment-period, 4-sequence crossover 
pharmacokinetic study conducted in the US. Approximately 20 male patients 18 to 45 years of 
age, inclusive, were randomized in the study in order to obtain 12 evaluable patients (3 per 
treatment sequence). Each patient was to be randomized to receive 1 of the following treatment 
sequences: ABDCE, BCADE, CDBAE, or DACBE. Each of the first 4 treatment periods was to 
be 4 days in duration. The fifth treatment period was to be 3 days in duration. A 2-day Washout 
Period was utilized for all patients who were currently taking an antipsychotic medication other 
than quetiapine. Following the Washout Period, patients began a 2-day Dose Titration Period. 
The 2-day Dose Titration Period was required to adjust the patient’s dose prior to being 
randomized. During the Dose Titration Period, patients were given a single 100-mg dose 
quetiapine IR on the evening of Day –2 and quetiapine IR 100 mg twice daily on Day –1. 
 
Treatment periods 1, 2, 3, and 4 were to begin with an initial 2-day dose of quetiapine IR 
200 mg administered twice daily (Day 1 and Day 2), followed by a single oral dose of 1 of the SR 
400 mg tablet formulations: SR-F (Treatment B), SR-T (Treatment C), SR-S 
(Treatment D) or the IR 200 mg X 2 tablet formulation (IR 400 mg-dose; Treatment A, AM only) 
on Day 3 according to the randomization schedule. Serial blood samples were to be obtained from 
each patient for 48 hours after the Day 3 study drug administration of each Treatment Period for 
determination of quetiapine plasma concentrations. A single oral dose of quetiapine SR 50 mg 
(Treatment E) was to be administered on Day 1 of Treatment Period 5. For Treatment Period 5, 
serial blood samples were to be obtained from each patient for 48 hours after Day 1 study drug 
administration for determination of quetiapine plasma concentrations. The following table 
provides the study medication treatments utilized.  
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Study Treatments 
 
 
 

 
 
Study Patients: All of the 18 patients enrolled in this study were male, and the majority of the 
patients were Black (15/18). The mean age of the 18 enrolled patients was approximately 35 
years (range 18 to 45 years). All but 1 of the 18 patients had a diagnosis of schizophrenia; 1 
patient had a diagnosis of schizoaffective disorder. Three of the 18 patients discontinued from the 
study and 1 additional patient had a major protocol deviation (multiple dosing errors). As a result, 
14 patients (mean weight and height = 81.14 kg and 172.5 cm) were included in the PK 
population. Concomitant medications used by the patients were generally as allowed by the 
protocol and were considered unlikely to have influenced the PK parameter estimates or safety 
results. 
 
Analytical Method: A validated analytical procedure  Report No. 160839) with liquid-
liquid extraction of quetiapine, M213,841, M214,227, and M211,803 and ISTDs (13C6-
quetiapine, d8-M213,841, d8-M214,227, and d8-M211,803) from alkalinized human plasma 
(containing EDTA anticoagulant) using ethyl acetate, followed by LC/MS/MS was used. The 
method has a calibration range of 0.500 ng/mL to 500 ng/mL using a 100 µL aliquot, with a 
validated dilution of 1:20 fold with blank plasma, which extends the validated curve range to 10.0 
µg/mL. 
 
Data Analysis: Pharmacokinetic parameters were estimated by non-compartmental analysis. 
 
 
 
 
 
 

(b) (4)
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Results: The mean quetiapine plasma concentrations over a 48-hour time interval for each 
treatment are shown in the following figure. 
 

 
 
The estimated pharmacokinetic parameters of quetiapine based on data from the 14 evaluable 
patients are summarized in the following table 
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Equal doses of the quetiapine SR formulations produced a Cmax about 50% or more lower than 
the IR formulation, but the AUC(0-24hr) closely matched the IR formulation. The quetiapine 
half-life was approximately 7 hours, and appeared to be independent of the type of formulation 
administered. 
 
Statistical analysis of Cmax and AUC(0-24hr) PK parameter estimates following quetiapine 
400 mg doses for quetiapine IR and the 3 SR formulations are summarized in the following table 
for all evaluable patients.  
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The difference in the drug release rates (10% faster [SR-F] and 10% slower [SR-S]) between the 
different SR formulations relative to the SR-T formulation is reflected in both Cmax and AUC(0-
24hr), where the LS mean ratio estimates (SR 400 mg vs IR 200 mg X 2) for the SR-T 
formulation fell between the SR-F and SR-S formulations. In addition, the 90% CIs for AUC 
from each SR 400 mg vs IR 200 mg X 2 comparison fell between 0.8 and 1.25. The SR-T 
formulation is designed to be dosed once daily and achieve a similar Cmax and AUC to an 
equivalent total daily IR dose administered twice daily. 
 
The mean quetiapine sulfoxide, 7-hydroxy quetiapine, and N-desalkyl quetiapine plasma 
concentrations over a 48-hour time interval for each treatment are shown in the following figure.  
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Quetiapine sulfoxide plasma concentrations appear to be similar for quetiapine Cmax and tmax 
across all the different formulations. N-desalkyl quetiapine has a half-life approximately 2-fold 
longer than quetiapine. The Cmax for quetiapine and all its metabolites appears to occur at 
approximately the same tmax for each 
formulation. The plasma pharmacokinetic parameters for quetiapine sulfoxide, 7-hydroxy 
quetiapine and N-desalkyl quetiapine.  
 

Pharmacokinetic parameters of quetiapine sulfoxide (N = 14) 
Quetiapine Treatment PK Parameter 

IR 200 mg X 2 SR-F 400 mg SR-T 400 mg SR-S 400 mg SR-T 50 mg 
 Geometric Mean (%CV) 

Cmax (ng/mL) 1094.57 
(30.26) 

577.52 (37.44) 432.91 (27.42) 387.23 (27.72) 59.32 (31.43) 

Tmax (hr)  
Median 

1 (0.5 – 3.0) 4 ( 3.0 – 6.0) 6 (2.0 – 8) 5 (2 – 10) 4 (0- 12) 

AUC (0-24hr) 
(ng*hr/mL) 

5867.12 
(36.22) 

5264.48 
(31.83) 

4822.87 
(28.46) 

4551.77 
(28.46) 

701.22 

T ½ (hr) (Mean 
±SD) (N=8) 

7.64 ± 2.11 6.44 ± 0.98 7.18 ± 0.90 8.29 ± 2.33 7.59 ± 1.36 

CV= coefficient of variation; IR= immediate release; SR-F= sustained release- fast release 
profile; SR-S= sustained release- slow release profile; SR-T = sustained release target release 
profile. 
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Pharmacokinetic Parameters of 7-hydroxy quetiapine (n=14) 
Quetiapine Treatment PK Parameter 

IR 200 mg X 2 SR-F 400 mg SR-T 400 mg SR-S 400 mg SR-T 50 mg 
 Geometric Mean (%CV) 
Cmax (ng/mL) 47.35 (51.82) 21.77 (59.82) 18.35 (64.86) 15.22 (68.27) 2.42 (71.69) 
Tmax (hr)  
Median (max-
min) 

1 (0.5-2.0) 4 (2.9 – 8.0) 6 (3.0 – 10.0) 6 (4 – 12) 6 (0 – 28) 

AUC (0-24hr) 
(ng*hr/mL) 

342.60 (18.73) 323.69 (21.66) 309.26 (26.20) 285.68 (20.50) 49.40 (27.56) 

T ½ (hr) (Mean 
±SD) (N=3) 

5.75 ± 1.76 5.67 ± 1.72 7.04 ± 0.62  5.72± 2.04 4.34 ± 0.69 

CV= coefficient of variation; IR= immediate release; SR-F= sustained release- fast release 
profile; SR-S= sustained release- slow release profile; SR-T = sustained release target release 
profile. 
 

Pharmacokinetic Parameters of N-desalkyl quetiapine 
Quetiapine Treatment PK Parameter 

IR 200 mg X 2 SR-F 400 mg SR-T 400 mg SR-S 400 mg SR-T 50 mg 
 Geometric Mean (%CV) 
Cmax (ng/mL) 252.97 (33.15) 176.98 (23.94) 159.22 (24.85) 135.90 (29.82) 32.78 (56.88) 
Tmax (hr)  
Median (max-
min) 

2 (1-10) 6 (3-10) 7 (2-8) 6 (4-10) 4.6 (0-28) 

AUC (0-24hr) 
(ng*hr/mL) 

3075.8 (24.1) 2730.6 (19.1) 2527.7 (19.75) 2293.8 (29.9) 522.92 (62.97) 

T ½ (hr) (Mean 
±SD) (N=5) 

11.66 ± 1.53 11.15 ± 2.41 11.99 ± 2.90  12.77 ± 3.99 12.22 ± 2.12 

 
 
 
The SR formulations achieved a lower Cmax and more sustained plasma concentrations for the 
metabolites as had been observed for quetiapine. The median tmax for quetiapine was similar to 
the tmax observed for its metabolites. Half-lives for all the metabolites appeared independent of 
the formulation administered. The half-life of N-desalkyl quetiapine appears to be approximately 
12 hours, which is twice as long as quetiapine which led to significant carry over of residual 
concentrations from the 4th treatment period that confounded the PK parameters estimates for N-
desalkyl quetiapine Cmax and AUC for the quetiapine SR-T 50 mg treatment.  
 
Statistical analysis of metabolite Cmax and AUC(0-24hr) PK parameter estimates following 
quetiapine 400 mg doses for quetiapine IR and the 3 SR formulations are summarized in 
the following table.  
 



 

 118

 
 
The difference in the drug release rates (10% faster [SR-F] and 10% slower [SR-S]) between the 
different SR formulations is reflected in both Cmax and AUC (0-24hr), where the LS mean ratio 
estimates for the SR-T formulation fall between the SR-F and SR-S formulations. For all the 
metabolites, the Cmax for quetiapine SR-T 400 mg is approximately 37% to 61% lower than the 
quetiapine IR 200 mg X 2 formulation and the average AUC(0-24hr) is 14% to 18% lower than 
the IR formulation.  
 
 
Summary of pharmacokinetic results: The quetiapine IR 200 mg X 2 formulation achieved the 
highest Cmax at the earliest median tmax of approximately 1 hour, followed in order by the 
quetiapine SR-F, SR-T, and SR-S formulations. The quetiapine SR formulations produced lower, 
but more sustained plasma concentrations than the quetiapine IR formulation. The quetiapine SR 
formulations achieved very similar overall exposure over a 24-hour time period. The half-life of 
quetiapine and its metabolites appear independent of the formulation administered. When the 
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quetiapine IR and SR-T 400 mg formulations are compared, the AUC’s for all the 
metabolites appear lower (<20% on average) than for the IR formulation.  
 
Safety Summary: The sponsor reported that all quetiapine IR or SR doses were generally well 
tolerated in this population with no unexpected AEs reported during the study. There were no 
deaths or discontinuations due to adverse events during the study. There was 1 SAE (worsening 
of schizophrenia), which occurred during the post-treatment period. The majority of AEs were 
rated as mild in intensity. Fourteen of the 18 patients in the safety population reported a total of 
45 adverse events during study treatment. Six patients reported a total of 15 adverse events during 
study treatment that were considered treatment related by the investigator. Most of these 
treatment related events were CNS disorders and occurred similarly across the quetiapine IR or 
SR 400 mg formulations; no treatment-related AE was reported in the quetiapine 50 mg treatment 
group. Headache was the most frequently occurring AE (5 of 18 patients). Dizziness was reported 
in 2 patients during study treatment (IR 200 mg X 2 and SR-F 400 mg) with both 
cases associated with orthostatic changes in heart rates. Both events of dizziness were 
considered related to study treatment. The sponsor reported no clinically important changes in 
clinical laboratory or vital sign parameters between screening and end of treatment. 
 
Conclusions: All 3 SR 400 mg formulations had lower maximum plasma concentrations (Cmax) 
and delayed times to Cmax (tmax) than obtained with quetiapine IR consistent with sustained 
release formulations. The rank order of the Cmax and tmax for the different SR 400 mg 
formulations was consistent with that expected from their in-vitro drug dissolution rates. 
 
Reviewer’s comments: The reviewer agrees with the sponsor’s conclusions. 
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Title (D1444C00003):  A Study to Compare the Pharmacokinetics of 50 mg and 300 mg 
Quetiapine Fumarate Sustained Release (SR) Tablets Administered Following a Light Meal and 
in the Fasted State in Adult Volunteers and Adults with Schizophrenia, Schizoaffective Disorder 
or Bipolar Disorder 
 
Objective 
 
 The primary objective of the study was to estimate the effect of a light meal on the steady state 
pharmacokinetics of the sustained release (SR) formulation of quetiapine fumarate (SEROQUEL) 
(50 mg and 300 mg) using the fasting state as a comparison. 
 
The secondary objectives of the study were: 
 
1. To assess the safety and tolerability of quetiapine SR when administered following 
a light meal and in the fasted state. 
2. To describe the steady-state pharmacokinetics of quetiapine metabolites: 
quetiapine sulfoxide, N-desalkyl quetiapine and 7-hydroxy quetiapine when 
administered as quetiapine SR following a light meal and in the fasted state, 
respectively. 
3. To collect samples for pharmacogenetic analysis. 
 
Study Design: This was a single centre, open-label, two-cohort, randomized, two-treatment, two-
period crossover, steady-state pharmacokinetic study. The subject population for Cohort A was 
planned to be approximately 24 healthy male and 
female normal volunteers to ensure that 18 evaluable subjects completed the study.  
The patient population for Cohort B was planned to be approximately 16 adults with 
schizophrenia, schizoaffective disorder or bipolar disorder to ensure that 12 evaluable patients 
completed the study.  
 
Each subject and patient in Cohort A and Cohort B, respectively, received two study 
treatments, designated Treatment L and Treatment N. Treatment L was quetiapine SR 
administered together with a light meal. Treatment N was quetiapine SR administered in the 
fasted state. Each of the two study treatments was given for 3 days in crossover fashion according 
to one of two randomly assigned treatment sequences: LN or NL. The total of 6 days of treatment 
with the study drug were divided into two periods as follows: 
Administration of drug with food (L) and without food (N) was randomly allocated to study 
Period 1 (Days 1-3) and to study Period 2 (Days 4-6), respectively. Subjects in Cohort A were 
administered the 50-mg quetiapine SR tablet and patients in Cohort 
B received the 300-mg quetiapine SR tablet. All study drugs were administered orally, once daily 
in the morning. A washout study period for healthy volunteers was not required, so that they 
entered the study on Day –1. Patients in Cohort B entered the study on Day –2 and underwent a 
washout period of 2 days of their concurrent medication prior to dosing. There were 5 days 
between the last dose of prior anti-psychotic drug treatment and PK sampling on Day 3. 
 
The light meal for breakfast consisted of 2 slices of toast, 2 teaspoons (10g) of jelly (jam), 180 
mL (6 fluids ounces) of orange juice, 1 cup (237g) of coffee, 2 tablespoons (30.6 g) of 0.1% 
(skim) milk and 2 teaspoons (10g) of sugar (292 calories in total).  
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Fifteen serial blood samples were obtained from each subject between 0–24 hours at Day 3 and 
Day 6. The samples were analyzed for plasma concentrations of quetiapine and its 
metabolites. 
 
Analytical Method: Quetiapine, M213,841 (quetiapine sulfoxide), M214,227 (7-hydroxy 
quetiapine), and M211,803 (N-desalkyl quetiapine) concentrations were determined in human 
plasma samples collected from subjects following administration of quetiapine fumarate 
(Seroquel™). They were analyzed using a liquid-liquid extraction of quetiapine, M213,841, 
M214,227, and M211,803 and internal standards (ISTDs) (13C6–quetiapine, d8-M213,841, d8–
M214,227, and d8-M211,803) from alkalinized human EDTA plasma using ethyl acetate, 
followed by reverse phase liquid chromatography and turbo ionspray ionization tandem mass 
spectrometry (LC/MS/MS). Analyses were performed over the range of 0.500 to 500 ng/mL in 
human plasma with extension of the validated curve range to 10.0 mg/mL for quetiapine, 
M213,841, 
 
Data Analysis: Non-compartmental methods were used in computing the pharmacokinetic 
parameters. 
 
Results:  Quetiapine mean plasma concentrations following 50 mg in healthy volunteers (Cohort 
A) and after 300 mg quetiapine SR in patients (Cohort B) are shown in the following figures.  
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Mean plasma concentration versus time of quetiapine- Healthy volunteers, quetiapine SR 
50 mg  

 
 
 
 
 
For the 50-mg tablet, the highest mean concentrations of 40.8 ±16.3 ng/mL in the fed state were 
achieved at 3 h post dose compared to 36.7 ±14.4 ng/mL at 6 h in the fasted state. After dosing of 
300 mg quetiapine SR to the patient cohort, plasma concentrations also peaked more quickly in 
the fed compared to the fasted state with the highest means of 218 ±85.2 ng/mL at 6 h compared 
to 237 ±161 ng/mL at 8 h, respectively. 
 
Quetiapine sulfoxide plasma concentration versus time curves for both cohorts are shown in the 
following figures. After 50 mg quetiapine SR, concentrations of 45.5 ±16.2 ng/mL (fasted) and 
49.3 ±14.3 ng/mL (fed) were achieved at 4 h and 3 h, respectively. At the 300-mg dose level, the 
highest mean concentrations of 234 ±73.8 ng/mL (fasted) and 231 ±68.6 ng/mL (fed) were 
reached at 6 h post-dose. Quetiapine sulfoxide concentrations at 24 h post-dose were also similar 
(fed) or even slightly lower (fasted) than pre-dose levels, indicating that steady-state had been 
achieved for this metabolite. 
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Mean plasma concentration versus time of quetiapine sulfoxide- Healthy volunteers, 
quetiapine SR 50 mg 
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Mean plasma concentration versus time of quetiapine sulfoxide- Patients, quetiapine SR 
300 mg 

 
 
Compared to quetiapine and quetiapine sulfoxide concentrations of N-desalkyl quetiapine 
were lower as indicated in the following figures. The time of the highest mean concentrations of 
this metabolite also approximately coincided with that of the parent compound in both cohorts.  
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Mean plasma concentration versus time of N-desalkyl quetiapine – Healthy volunteers, 
quetiapine SR 50 mg 
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Mean plasma concentration versus time of N-desalkyl quetiapine- Patients, quetiapine SR 
300 mg 

 
 
 
Mean plasma concentrations of 7-hydroxy quetiapine were close to the lower limit of 
quantification (LOQ) for 50 mg quetiapine SR following dosing and did not reach 2 ng/mL at any 
time.  At the 300-mg dose level, all patients had quantifiable 
7 hydroxy quetiapine, but the highest mean concentrations at 6 to 8 h post-dose were below 20 
ng/mL.  
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Mean plasma concentration versus time of 7-hydroxy quetiapine- Healthy volunteers, 
quetiapine SR 50 mg 
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Mean plasma concentration versus time of 7-hydroxy quetiapine- Patients, quetiapine SR 
300 mg 
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Mean plasma concentration versus time of quetiapine- Patients, quetiapine SR 300 mg 

 
 
 
 
 
 
In the fasted state in both cohorts, the median tmax was reached at approximately 6 h (range: 1.5-
12 h). The tmax was reduced to 3 h (50 mg) and 4.1 h (300 mg), when quetiapine was 
administered in the fed state. The light meal not did produce a significant effect on Css,max nor 
AUCss. The apparent terminal elimination half-life, t1/2, was close to 6 h in both cohorts in the 
fasted state and did not change to a considerable extent, when quetiapine was given with the light 
meal. 
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Pharmacokinetic Parameters of quetiapine 
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The relative bioavailability of quetiapine was not significantly affected by the light meal. All 90% 
confidence intervals were within the equivalence limits [0.8, 1.25]. 
 
Relative bioavailability of quetiapine SR 50 mg and of quetiapine SR 300 mg in the fasted and 
fed states 

 
 
 
Summary of Pharmacokinetics:  A total of 20 healthy volunteers who received 50-mg 
quetiapine SR doses with or without food in randomized order for 3 days each and 13 patients on 
a higher dose of 300 mg were evaluable for pharmacokinetic evaluation. Css,max and AUCss for 
quetiapine and its metabolites did not indicate a significant effect of a light meal. All 90% 
confidence intervals for the mean ratios fed versus fasted of quetiapine fell within the equivalence 
limits [0.8, 1.25]. 
 
All the metabolites were rapidly formed and their tmax occurred at approximately the same 
time as tmax of the parent drug in the fasted state or shortly later in the fed state. Half-lives for 
quetiapine sulfoxide and 7-hydroxy quetiapine were similar to that of the parent drug, resulting in 
a t1/2 of approximately 6 h. Quetiapine sulfoxide showed a similar AUCss as the parent drug 
after both doses, followed by N-desalkyl quetiapine. There were only low concentrations of 7-
hydroxy quetiapine after both doses. The rank order of metabolite exposure in terms of Css,max 
and AUCss was quetiapine sulfoxide > N-desalkyl quetiapine > 7-hydroxy quetiapine. 
 
Safety Summary:  The sponsor reported that overall, no new or unexpected AEs were reported 
in this study. Furthermore, no SAE occurred and none of the volunteers and patients were 
discontinued due to an AE. Main symptoms were somnolence during the first days of treatment 
and tachycardia, only seen in the patients. Epistaxis was reported in healthy volunteers and was 
reported by the sponsor to be associated to the low relative humidity of the air in their room. Most 
of the AEs were judged by the investigator to be of mild intensity; however, moderate 
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somnolence also occurred more often. One severe AE occurred, ie, a syncope. Vital signs showed 
abnormal orthostatic changes in 3 healthy 
volunteers on Day 1 only. The sponsor reported that results of laboratory data and ECG 
recordings were clinically insignificant.  
 
Conclusions: There was no significant effect of a light meal on quetiapine SR Css,max and 
AUCss during treatment with 50 mg in healthy volunteers and 300 mg in patients. All 90% 
confidence intervals of the ratios fed/fasted for Css,max and AUCss were within the equivalence 
limits [0.80, 1.25]. 
 
 
Reviewer’s comments: The reviewer agrees with the sponsor’s comment. 
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Evaluation of In Vitro In Vivo Correlation (IVIVC) for Seroquel SR Tablets 
________________________________________________________________________ 
 
Background: The sponsor has developed a sustained release (SR) tablet formulation of 
quetiapine fumarate.  And has developed an in vitro in vivo correlation (IVIVC) model 
for the quetiapine fumarate SR tablet formulation. Validated IVIVC models may serve as 
surrogates for future bioequivalence studies and could enable the impact of formulation 
changes to be predicted from in vitro release data.  
 
Seroquel SR strengths (50 mg, 200 mg, 300 mg and 400 mg) were being developed for 
the purpose of once-daily dosing. The release of the active drug is  

. For all tablet strengths, the total  
content is . In order to achieve similar dissolution behavior for all strengths, the ratio 
of the  was adjusted accordingly. Batch 400 mg 9008K exhibits typical 
dissolution behavior and therefore, was chosen as the target profile. In order to establish 
an IVIVC, “fast” and “slow” batches of 400 mg tablets were manufactured. To provide 
the necessary increase and decrease in dissolution,  

 was adjusted to generate appropriate 
dissolution rates. 
 
Objective: The primary objective was to compare the single-dose pharmacokinetics (PK) 
of quetiapine fumarate of four SR tablet formulations (three 400 mg SR tablets and one 
50 mg SR tablet) and an IR tablet formulation in adults with selected psychotic disorders. 
The 400 mg SR formulations were designed to have differing drug release rates to allow 

APPEARS THIS WAY ON ORIGINAL
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for the development of an IVIVC model and the 50 mg SR tablet was designed to match 
the desired target dissolution profile to provide an external validation of the IVIVC 
model. 
 
Study Design: The critical elements in the design of the study use to develop the IVIVC 
(Study  D1444C0001) was as follows:  
- the study was conducted in patients. 
- a single dose design PK study was considered unethical for patients so a multiple dose 
design was employed. 
- 200 mg bid Seroquel IR was employed between the randomized treatments to help 
maintain patients clinically stable throughout the study. In addition, absorption of drug 
from the IR formulation would be completed prior to the administration of the 
randomized study treatments. 
 
The study was conducted as an open-label, randomized, 5-period, 4-sequence 
crossover PK study. Each subject was randomized to receive one of the following 
treatment sequences: ABDCE, BCADE, CDBAE, or DACBE. 
The first 4 treatment periods were four days in duration, while the fifth 
treatment period was of three days duration. The 2-day washout period was used for all 
subjects who were taking antipsychotic medication other than quetiapine fumarate and 
for those subjects who were taking quetiapine fumarate at a dose other than 200 mg twice 
daily. Following the washout period, subjects began the 2-day dose titration period. 
Subjects were given a single 100 mg dose of quetiapine fumarate on the evening of Day –
2 and quetiapine fumarate 100 mg twice daily on Day –1. Treatment periods 1, 2, 3 and 4 
began with an initial 2-day dose of quetiapine fumarate IR 200 mg twice daily (Day 1 and 
Day 2), followed by a single oral dose of one of the SR 400 mg tablet formulation 
(Treatment A) on Day 3 according to the randomization schedule. Serial blood 
samples were obtained from each subject for 48 hours after the Day 3 study drug 
administration of each Treatment Period for determination of quetiapine plasma 
concentrations. A single oral dose of quetiapine fumarate 50 mg SR (Treatment E) was 
administered on Day 1 of Treatment Period 5. For Treatment Period 5, serial blood 
samples were obtained from each subject for 48 hours after Day 1 study drug 
administration for determination of quetiapine plasma concentrations. Table A below 
summarizes the study treatments.  
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The possibility of developing an IVIVC for Seroquel SR tablet formulation was explored 
by performing deconvolution of the individual subject concentration-time data for the 
three 400 mg SR tablet formulations assessed in the study. The corresponding individual 
plasma concentration-time data following administration of the 400 mg Seroquel IR 
treatment were used to define the unit impulse response (UIR). 
 

 

(b) (4)
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Following the Agency’s guidance on IVIVC development and evaluation, the percent 
prediction error was estimated for each treatment according to: 
 

 
 
where Pobserved and Ppredicted were the observed and predicted Cmax or AUC0-t values.  
The term “mean absolute percent prediction error” (MAPPE) refers to the mean of the 
absolute values of the individual treatment prediction errors. The Agency criteria for 
internal validation of an IVIVC model state that for Cmax and AUC0-t, the absolute %PE 
for each formulation should not exceed 15% and MAPPE should not exceed 10% and the 
criteria for external validation of an IVIVC model state for Cmax and AUC0-t, the absolute 
%PE for each formulation should not exceed 10%. 
 
Results: 
 
The average in vitro dissolution profiles for the four Seroquel SR tablet formulations are 
displayed in the Appendix. The rank order in terms of release was 400 mg SR-F > 400 
mg SR-T ≈ 50 mg SR-T > 400 mg SR-S. The difference between the fastest (400 mg SR-
F) and the slowest (400 mg SR-S) dissolving Seroquel SR tablet formulation was 6, 13, 
26, 32, 36 and 29% at 1, 2, 4, 6, 8, and 12 hours, respectively, by which time 
approximately 98% had been released from the 400 mg SR-F formulation. 
F2 calculations clearly show that the profiles at the extremes of the dissolution 
range for the Seroquel SR tablet formulations (400 mg SR-F and 400 mg SR-S) were 
dissimilar, as indicated by an f2 value of 30 (Table 7) in Appendix.  A linear IVIVC 
model was fit to the in vivo % absorbed and in vitro % dissolved data from the 400 mg 
SR formulations, by estimating the a1 (intercept) and a2 (slope) parameters of the PDx-
IVIVC™ equation whilst fixing the b1 and b2 parameters to their null values of 0 and 1, 
respectively. The resulting model fit is presented in Figure 23 in the Appendix. The 
intercept and slope terms of the linear model were estimated to be 4.716% and 1.102, 
respectively (Table 25) in the Appendix.  
 
The IVIVC model, developed from the 400 mg SR Seroquel formulations, was assessed 
in terms of internal predictability by using the model to predict the average 
concentration-time profiles for the 400 mg SR formulations and comparing these profiles 
with the corresponding average observed profiles. The validation statistics are provided 
in Table 28. The highest %PE for Cmax was 8.7% for the 400 mg SR-T, with the MAPPE 
being 4.4%. For AUC0-t, the %PE was less than 4% for all three 400 mg SR formulations, 
with the MAPPE of only 3.1%.  
 
The IVIVC model was assessed in terms of external predictability by using the model to 
predict the average concentration-time profile for the 50 mg SR formulation and 
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comparing the predicted profile with the corresponding average observed profile. The  
validation statistics are presented in Table 30 in the Appendix. The %PE for Cmax was 
5.8% and for AUC0-t, the %PE was 9.5%, satisfying the criteria for external validation of 
IVIVC models. 
 
Summary: A simple linear model with a slope and intercept term was chosen to 
describe the IVIVC for Seroquel SR tablet formulations. The intercept (a1 parameter) was 
estimated to be 4.716 % and the slope (a2 parameter) estimated to be 1.102. The internal 
predictability of the Seroquel SR IVIVC model was assessed by predicting the average in 
vivo concentration-time profile for each of the three 400 mg SR formulations used to 
develop the model. The %PE was less than 10% for each of the formulations, with the 
highest AUC0-t %PE being only 3.7% for the SR-F and the highest Cmax %PE being only 
8.7% for the SR-T. The MAPPE was only 4.4% and 3.1% for Cmax and AUC0-t, 
respectively. The Seroquel SR IVIVC model was also evaluated in terms of external 
predictability, using the average quetiapine concentration-time data for the 50 mg SR-T 
formulation. For both AUC0-t and Cmax, the %PE was less than 10%, satisfying the criteria 
for external predictability.  
 
The developed IVIVC model satisfies the criteria for both internal and external 
predictability. The model covers potential future changes to all strengths of the SR 
formulation (50 – 400 mg) within the range of in vitro dissolution defined by the 400 mg 
SR-F and 400 mg SR-S.  
 
Reviewer Comments: The sponsor has developed an IVIVC model. The prediction error 
was less than 10% for both the internal and external validation of the IVIVC model. 
IVIVC has been demonstrated and is acceptable. 
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Appendix 
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The following tables provide the internal and external validation for the IVIVC model. 
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SEROQUEL SR batches from study 5077IL/0118 were also externally predicted using 
the IVIVC model. Study 5077IL/0118 was an open-label, steady-state study to evaluate 
dose proportionality and incorporated all strengths. Each strength meets the acceptance 
criteria of ≤10% PE (See the following table).  
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Dissolution Development 
 

 
The primary objective of dissolution development was to produce a discriminatory 
method that serves as a control method as well as to assure in vivo performance through 
an in vitro in vivo correlation (IVIVC). All of the dissolution data reported in this 
application was generated using one of 2 methods. Method A was used during early 
formulation Development. Method B is the final control and bioequivalence method. The 
review concentrates only on Method B.  
 
Dissolution Method B provides complete release of quetiapine and is applicable to all 
strengths of SEROQUEL SR tablets. The method is reported to be a sufficiently 
discriminating control test.  
 
A Level A IVIVC was developed for SEROQUEL SR and which is valid for all 
strengths. This IVIVC has been used to justify the dissolution acceptance criteria. The 
Level A IVIVC will be used to support the inclusion of additional manufacturing sites, to 
support biowaiver for relevant SUPAC/variation changes, and as a surrogate for future 
bioequivalence studies. 
 
Different dissolution systems were evaluated to better understand release 
dynamics of SEROQUEL SR formulations and determine if in vivo release of 
SEROQUEL SR could be better predicted. The media and tests evaluated consisted of 
single pH systems. Study designs are summarized in the following table 
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The final dissolution method selected (Method B) is performed using the basket 
apparatus at a rotation speed of 200 rpm. Initially, 900 mL of dissolution medium 
consisting of 0.05 M sodium citrate and 0.09 N sodium hydroxide are placed in each 
vessel. The pH of this medium is 4.8. 
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At 5 hours, 100 mL of a medium consisting of 0.05 M sodium phosphate and 0.46 N 
sodium hydroxide are added to each vessel to bring the pH of the medium to 6.6 for the 
final duration of the dissolution analysis. Samples are withdrawn over a 20 hour time-
period and analyzed for quetiapine using ultraviolet spectrophotometric detection at 290 
nm.  
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The dissolution method selected was used to generate the in vitro dissolution profiles, and 
the in vivo release profiles that are provided in the following figures. The 400 mg in vivo 
profile was generated during study D1444C00001 which is described in vivo in vitro 
correlation development. The 50, 200, and 300 mg in vivo profiles were generated from 
trials 5077IL/0036 and 5077IL/0037.  
 

 
 

 
 
 



 

 177

 
 
 
 
 
 
 
 
 
 

 
 
 



 

 178

 
 
 
 
 
 
 
The sponsor states that the method selected is discriminating and is indicative of the following 
parameters:  
 
1) Formulation changes, 2)  properties and 3) Process changes.  The dissolution 
method is reported to be a good control method. It is predictor of product performance 
and is discriminating against formulation and process changes for all SEROQUEL SR 
strengths. 
 
Dissolution Specification: Dissolution acceptance criteria have been developed based on 
a Level A IVIVC. Profiles defined by the upper and lower limits of the acceptance 
criteria have been shown to be bioequivalent in accordance with the Agency’s, 
‘Guidance for Industry; Extended Release Oral Dosage Forms: Development, Evaluation, 
and Application of In Vitro/In Vivo Correlations’.  
 
Although the IVIVC work included a batch of SEROQUEL SR 400 mg tablets (batch 
9008K) with a target IVIVC dissolution profile, for the purposes of setting the dissolution 
acceptance criteria, all batches used in the clinical efficacy trials were examined. A batch 
of SEROQUEL SR 200 mg tablets (batch 9071H), was identified as having the most 
appropriate target dissolution profile since its profile best matched the mean profile of all 
batches used in the efficacy studies. While batch 9071H best matched the mean 
dissolution profiles for all the efficacy batches, it also is predicted bioequivalent to the 
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400 mg target IVIVC batch. The predicted pharmacokinetic parameters, Cmax and AUC, 
for 200 mg batch (9071H) and 400 mg batch (9008K) are shown in the following table. 
 

 
The ranges for % dissolved at each sampling time point are centered about the target 
200 mg batch (9071H) and was based on profile bioequivalence and dissolution results at 
the time of manufacture and on stability. The proposed upper and lower acceptance 
criteria at each of the 4 selected sampling time points along with the mean dissolution 
profile for the 200 mg batch (9071H) are shown the following figure, 
 

 
 
 
 
Using the IVIVC model, the predicted upper and lower Cmax and AUC values 
for the profiles defined by the SEROQUEL SR upper and lower dissolution acceptance 
criteria were determined. The predicted Cmax using the lower acceptance limits 
are  different than the predicted Cmax using the upper acceptance limits. The predicted 
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AUC using the lower acceptance limits are  different than the predicted AUC using 
the upper acceptance limits.  
 

 
Reviewer comments: The rotation speed of 200 rpm is high for USP Apparatus 1. 
However, the in vitro release using this method appears to be similar to the in vivo 
release of quetiapine for the 200 mg and 300 mg strength. The in vitro release using this 
method underestimates in vivo release for the 400 mg strength.  
 
The following dissolution specification is proposed by the sponsor. The specification is 
justified by IVIVC and is acceptable.. 
 
Not more than  at 1 hour 

 at 6 hours 
 at 12 hours 

Not less than  at 20 hours. 
 
The specification is acceptable. 
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Analytical Methods 
 

 
All assay methods used to determine plasma concentrations of quetiapine and its metabolites in 
the biopharmaceutics studies were for the analytes measured. The assay methods employed assay 
methods that included quetiapine and metabolite extraction from alkalinized plasma by ethyl 
acetate, and detection by high performance liquid chromatography and tandem mass 
spectrometry.  
 
Assays for Studies 036, 037, 086, 097, and 109 were performed by  

For all data reported, the highest reported within-day and between-day 
coefficients of variation (CV%) were 7.9% and 11.9%, respectively, with an overall median 
CV% of 3.7% and 7.5%, respectively. With respect to the accuracy of the assay, the highest 
reported % deviation from quality control theoretical plasma concentrations was 14.4%, with 
an overall median deviation of –2.9%.  
 
Assays for Studies 118, 001, and 003 were performed by . 
For all data reported across the 3 studies, the highest reported between-day accuracy (%RSD) and 
precision (%RE) results from the quality control samples were 11.5% and 8.00% (absolute), 
respectively.  
 
The assay methods were accurate, reproductive results, with appropriate linearity and sensitivity. 
The assay methods used for the quantitation of quetiapine and related metabolites as well as the 
linearity and sensitivity of the assays are summarized in the following tables.  
 
The following tables contain analytical methods used and summary quality control (accuracy and 
precision) data. 
 
Analytical methods used to determine plasma concentrations of quetiapine and its metabolites (7-
hydroxy quetiapine, quetiapine sulfoxide and N-desalkyl quetiapine) 
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Assay variability for quetiapine in Study 5077IL/118 

 
 
 
 
 
 
 
 

Assay variability for  quetiapine and its metabolites in Studies 036, 037, 086, 097, 109 
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NC    Not calculated     QC Quality control sample  %RSD Percent coefficient of variation 
 
 
 
Assay variability for quetiapine and its metabolites in Studies D14444C0001 and D1444C00003 
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NAV  Not available; upper limit of quantitation was 200 ng/mL for M214,227 during analysis of samples for Study 
D14444C00003. QC  Quality control sample.  R.E. Relative error. %RSD Percent coefficient of variation 
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4.3. Pharmacometric Review 
 
 

PHARMACOMETRIC REVIEW 
 
 

NDA: 22047 
Drug name: Quetiapine (Seroquel SR) 
Indication: Treatment of schizophrenia 
Proposed Regimen (Sponsor): 400 to 800 mg once daily 
Applicant: AstraZeneca 
OCP Reviewer Kofi Kumi, Ph.D. 
PM Reviewer: Hao Zhu, Ph.D. 
PM Team Leader: Joga Gobburu, Ph.D. 
Type of Submission: NDA 
Submission Date: July 17, 2006 
PDUFA Date: May 17, 2007 
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1 QUESTION BASED REVIEW 
 
Overall, is there substantial evidence of effectiveness of Seroquel SR formulation? 

 
 
• The sponsor demonstrated equivalence (in terms of AUC) of Seroquel SR and IR 

formulation, which indicates that the exposure between Seroquel IR and SR formulation 
is comparable (Fig A).  

• Long term therapy is required to demonstrate anti-schizophrenia effect following 
Seroquel administration, which suggests that the cumulative overall exposure (eg. AUC), 
rather than the shape of concentration time profile is more likely to be linked to 
effectiveness (Fig B). Therefore, the Seroquel SR formulation is expected to produce 
similar effect on the symptoms as compared to IR formulation, given that the Seroquel IR 
formulation has been approved and the equivalence in exposure (in terms of AUC) of 
Seroquel SR and IR formulation was demonstrated. 

• In Study D1444C0132, a significant dose-response relationship was demonstrated (P = 
0.0001) in addition to the significant effectiveness for all Seroquel SR formulation treated 
groups as compared to the placebo group by the end of 6th week (Fig C). These results 
provided strong supportive evidence for the effectiveness of the Seroquel SR formulation.  

• Seroquel SR and IR formulation with the same dose consistently produced similar 
PANSS score change from baseline values in all three pivotal trials. Additionally, in 
Studies D1444C0133 and 5077IL/0041, neither Serqouel SR, nor Seroquel IR 
demonstrated significant effectiveness compared to placebo, even though the Seroquel IR 
formulation has been approved for schizophrenia. The outcomes suggested that the 
failure to detect the difference in effectiveness between the placebo and the Seroquel SR 
and IR likely due to the lack of sensitivity of the trials, rather than lack of effectiveness of 
the Seroquel SR formulation. (Fig D) 

• Two pivotal clinical studies (5077IL/0041 and D1444C0133) which were conducted 
mainly in the USA failed to demonstrate significant effectiveness of Seroquel SR and IR 
formulations as compared to placebo. Whether this outcome reflected the differences in 
the expectation of US vs. non-US patient, since the primary dropout reason is lack of 
symptom-relief; whether it reflected the differences of clinical practice in the US vs. non-
US; whether it reflected the differences of investigators/centers in the US vs. non-US is 
unknown. It is important to note here that the since both IR and SR arms failed, the study 
is at best un-interpretable with respect to effectiveness conclusion. The implication of the 
results with respect to trial conduct and/or patient behavior differences between US and 
non-US sites is uncertain. Certainly a phenomenon to be noted in future clinical trial for 
this indication. 
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Fig A Mean Concentration time profile of Seroquel SR and IR formulation 

 

 
Note: Exposure between Seroquel SR and IR formulation is comparable.  
  

Fig B. PANSS Change from Baseline versus Time (LOCF) 
 

 
Note: At least 2-3 week treatment is needed in order to demonstrate effectiveness of Seroquel 
comparing to placebo. 
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Fig C. Dose-response relationship for Seroquel SR formulation 
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Note: Dose-response relationship has been demonstrated in Study D144C0132. (Using MMRM 
analysis, P = 0.0001) 

 
Fig D. PANSS Score Change from Baseline for Seroquel IR and SR formulation with the 

same dose.  

 
Note: Seroquel SR and IR formulation with the same dose produced similar PANSS score change 
from baseline. In Study 5077IL/0041 and D1444C0133, neither SR nor IR formulation 
demonstrated significant effectiveness as compared to placebo.  
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Fig E Clinical sites in the Study D144C00132 

 
 

 
 
Note: Study D144C00132 mainly included clinical sites in Asian and East Europe.   
 
 

Fig F Racial composition of the Study D144C0132 and American population 
 

 
 
Note: Racial composition in Study D144C0132 is different from the American population. 
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What are the potential reasons for the uninterpretable studies D1444C0133 and 
5077IL/0041? 
 

• Most likely reason for the failure of trial D1444C0133 and 5077IL/0041 is substantial 
early dropout. The overall dropout rates for study 5077IL/0041 and D1444C0133 are 
57% and 39% respectively (Fig G). About half of them dropped out within the 1st week of 
treatment (Fig H). Interpreting trials with such a high rate of drop out is extremely 
challenging. No one method is reliable. 

 
FigG.  Overall Percentage of Prematurely Discontinued Subjects vs. Study 
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Fig H. Time Distribution of Premature Distribution, by Study 
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Recommendations to sponsor: 
 
Should the sponsor conduct another effectiveness and safety trial using the same clinical end 
point, we recommend the following: 

• In order to retain patients in the trial by educating patients, and developing a parametric 
model to describe the time course of PANSS score change from baseline and dropout, 
and then using this model to derive optimal patient retention scheme and implications on 
the study power, and  

• In order to increase sample size to compensate the high drop out rate.  
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2  ANALYSIS AND RESULTS 

2.1 BACKGROUND 
Quetiapine fumarate (SEROQUEL™, quetiapine) is a dibenzothiazepine derivative with 
established effectiveness in the treatment of schizophrenia (first approved in 1997) as well as 
acute mania associated with bipolar disorder (first approved in 2003). Quetiapine immediate 
release (IR) tablets for the treatment of schizophrenia are administered 2 or 3 times a day in the 
dose range of 150 mg/day to 800 mg/day, with a recommended 4-day treatment-initiation period 
to reach a dose of 300 mg/day to 400 mg/day.  
 
Schizophrenia is a chronic and disabling idiopathic psychotic disorder with an estimated 
worldwide prevalence of approximately 1%. In patients with schizophrenia, compliance with a 
treatment program is especially important; however, compliance is also especially problematic. 
While the reasons for noncompliance are varied, there is evidence that treatment complexity (eg, 
requirements for multiple doses per day or complex treatment initiation) is a contributing factor. 
 
This submission is a New Drug Application (NDA) for Seroquel SR (quetiapine fumarate) 
sustained release tablet to obtain marketing approval so that it will allow physician to administer 
quetiapine once daily in a rang of 400 to 800 mg/day.  
 

2.2 SPONSOR’S STUDIES AND ANALYSES 
 
One of the major objectives for the sponsor’s clinical development program is to establish the 
effectiveness and safety of quetiapine SR (sustained release) in the treatment of schizophrenia. 
Totally 18 clinical studies were conducted, including 7 biopharmaceutic (pharmacokinetic) 
studies, 5 clinical pharmacology (pharmacodynamic) studies, and 4 effectiveness and safety 
studies, and 2 other studies. Among them, 5077IL/0041, D1444C00132, and D1444C00133 are 
the key effectiveness and safety studies to demonstrate superior effectiveness of quetiapine 
sustained-release (SR) tablets compared with placebo in the treatment of patients with 
schizophrenia. Study designs and outcomes are summarized as following:  
 
Study 5077IL/0041: This 6-week, multicenter, randomized, double-blind, placebo-controlled, 
parallel-group study comprised a screening visit and a 42-day treatment period, which began 
within 7 days of screening.  All patients were hospitalized for the first 10 days of treatment. After 
baseline assessments on Day 1, patients were assigned to 1 of 6 possible treatments: quetiapine 
SR at 300, 600, or 800 mg daily, quetiapine IR at 300 or 600 mg daily (in 2 divided doses), or 
placebo. Prohibited psychoactive medications were discontinued at least 48 hours before baseline 
assessments, with depot and long acting antipsychotics discontinued at least 1 dosing interval 
before baseline assessments. After a patient started treatment, effectiveness and safety 
assessments were made on Days 4, 8 (Week 1), 15 (Week 2), 28 (Week 4), and 42 (Week 6) or 
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last visit. Eighty evaluable patients per treatment group were sufficient for 90% power over all 3 
quetiapine SR treatment groups (adjusted for multiple comparisons), assuming a mean (SD) 
difference of 15.5 (25.8) points between active treatment and placebo for change from baseline 
PANSS total score at Day 42. Therefore, 532 patients were enrolled from 49 centers both inside 
the US and outside US. Treatment-group sizes were as follows: placebo, n=84; quetiapine SR 300 
mg, n=91; quetiapine SR 600 mg, n=92; quetiapine SR 800 mg, n=89; quetiapine IR 300 mg, 
n=90; and quetiapine IR 600 mg, n=86. The primary effectiveness variable is the change in 
PANSS total score from baseline to Day 42. The Categorical endpoints such as PANSS response 
or CGI Global Improvement scores were analyzed using the Cochran-Mantel-Haenszel chi-square 
test. During the study, at least 50% of patients in each treatment group withdrew early (placebo, 
66%; quetiapine SR 300 mg, 62%; uetiapine SR 600 mg, 57%; quetiapine SR 800 mg, 51%; 
quetiapine IR 300 mg, 54%; and quetiapine IR 600 mg, 62%). Early withdrawal was most 
commonly due to lack of effectiveness or withdrawn consent and not AEs. All 532 enrolled 
patients were included in the safety population, and 498 were included in the primary analysis 
data set (modified intent to treat [MITT]).  All statistical analyses used last-observation-carried-
forward (LOCF) values for patients who withdrew early or had missing data. Following 
quetiapine SR treatment, the PANSS score change over time was demonstrated in Fig 3.2A and 
the statistical results were illustrated in Table 3.2A. The primary effectiveness objective was met 
for the quetiapine SR 600-mg dose. At the final visit, the estimated mean difference between SR 
600 mg and placebo (–7.82) for change from baseline in PANSS total score (primary 
effectiveness variable) was significant in favor of SR 600 mg (p=0.033, ANCOVA, adjusted for 
multiplicity). 
 
Study D1444C00132:  This was a 6-week, multicenter, double-blind, double-dummy, 
randomized, placebo controlled study comparing the effectiveness and safety of quetiapine SR 
400 mg/day, 600 mg/day and 800 mg/day and quetiapine IR 400 mg/day with that of placebo in 
the treatment of adult male and female patients with schizophrenia. This study was conducted at 
39 international centers (Non-US) in South Africa, Russia, Romania, Bulgaria, Greece, India, 
Indonesia, and the Philippines. The primary outcome variable was the change from baseline of 
the Positive and Negative Syndrome Scale (PANSS) total score at the end of treatment at Day 42 
(Last Observation Carried Forward [LOCF]). After a patient started treatment, effectiveness and 
safety assessments were made on Days 4, 8 (Week 1), 15 (Week 2), 28 (Week 4), and 42 (Week 
6) or last visit. The randomized study population comprised 588 patients. A total of 446 patients 
completed study treatment (72% of placebo patients, 74% of quetiapine SR 400 mg/day patients, 
81% of quetiapine SR 600 mg patients, 74% of quetiapine SR 800 mg/day patients and 78% of 
quetiapine IR patients). Of the 588 patients assigned to treatment and included in the safety 
analyses, 15 were excluded from the MITT population because post-baseline PANSS scores were 
missing. Analysis of the primary variable, the change from baseline in the PANSS total score at 
Day 42, showed significant improvement in all tested quetiapine SR doses (SR 400 mg/day, 600 
mg/day, and 800 mg/day) compared to placebo. The magnitude of change from baseline 
compared to placebo was -6.1 in the quetiapine SR 400 mg/day, -12.1 in the quetiapine SR 600 
mg/day group, and -12.5 in the quetiapine SR 800 mg/day group. Quetiapine IR 400 mg/day was 
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demonstrated to be superior to placebo (p=0.004) with a difference of -7.8. LOCF analyses based 
on the PP population at Day 42 as well as OC (observed cases) analyses for the MITT and PP 
populations supported the robustness of the primary analysis with regard to the effectiveness of 
the 3 quetiapine SR doses. Following quetiapine SR treatment, the PANSS score change over 
time was demonstrated in Fig 3.2B and the statistical results were illustrated in Table 3.2B. 
 
Study D1444C00133: This was a 6-week, multicenter, double-blind, double-dummy, 
randomized, placebo controlled study comparing the effectiveness and safety of quetiapine SR 
400 mg/day, 600 mg/day and 800 mg/day and quetiapine IR 800 mg/day with that of placebo in 
the treatment of adult male and female patients with schizophrenia. This study was conducted at 
40 centers in the United States. The primary outcome variable was the change from baseline of 
the Positive and Negative Syndrome Scale (PANSS) total score at the end of treatment at Day 42 
(Week 6) (Last Observation Carried Forward [LOCF]). After a patient started treatment, 
effectiveness and safety assessments were made on Days 4, 8 (Week 1), 15 (Week 2), 28 (Week 
4), and 42 (Week 6) or last visit. The randomized study population comprised 565 patients, 
divided into 5 treatment groups of similar sizes. A total of 333 patients completed treatment. The 
number of patients discontinuing early ranged from 40 (35%) in the quetiapine SR 400 mg/day 
group through 49 (42%) in placebo to 54 (47%) in the quetiapine IR 800 mg/day group, most 
commonly because consent was withdrawn, AEs, or lack of effectiveness. A Cochran-Mantel-
Haenszel (CMH) technique was used for the analysis of the PANSS response rate and the CGI 
Global 
Improvement score response rate. The PANSS score change over time was demonstrated in Fig 
3.2C and the statistical results were illustrated in Table 3.2C.Improvement from baseline in 
PANSS total score at Day 42 was seen in all groups, with greater improvement in quetiapine dose 
groups than in the placebo group. The change from baseline in PANSS total score in the placebo 
group was pronounced and continued throughout the study. However, quetiapine SR at each of 
the 3 doses (400 mg/day, 600 mg/day and 800mg/day) and quetiapine IR (800 mg/day) was not 
statistically superior to placebo at the end of treatment. Improvements were also seen at Day 42 in 
CGI Severity of Illness score (LOCF), PANSS response rate, CGI Global Improvement rating ≤ 3 
(LOCF) and change in PANSS subscale scores (LOCF), most consistently with quetiapine SR 
600 mg/day, but superiority to placebo was not demonstrated for any of the quetiapine dose 
groups. The quetiapine SR 600 mg/day group achieved separation from placebo in the PANSS 
general psychopathology, depression cluster and hostility/aggression cluster analyses, as shown 
by 95% CIs. At a dose of 800 mg/day, quetiapine IR, an atypical antipsychotic with proven 
effectiveness against the symptoms of schizophrenia, was also unable to differentiate from 
placebo in any of the effectiveness measurements assessed. 
 
The time course of the mean observed, LOCF imputed, and least-square predicted PANSS score 
change from baseline from the same study are different because the premature discontinuations 
are not missing completely at random, but rather they are correlated with the disease.  
 
The observed PANSS score change from baseline (non-dropout patient) from Seroquel SR 
treatment group was clearly separated from placebo group at all dose levels starting from week 4 



 

 204

in Study D1444C00132. Since the dropout rate in this study is very low, the time course for 
observed PANSS score change from baseline is similar compared with the LOCF imputed and 
least square predicted values. At the last visit, the apparent separation for PANSS score change 
from baseline in the treatment group can be demonstrated compared with placebo using either one 
of the plots.  
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Table 3.2A Overview of effectiveness results at Day 42  

(LOCF, MITT Popul ation, Study 5077IL/0041) 

 
 

Fig 3.2A PANSS score change from baseline versus time 
(LOCF, MITT, Study 5077IL/0041) 
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Table 3.2B Overview of effectiveness results at Day 42  

(LOCF, MITT Popul ation, Study D1444C00132) 

 
Fig 3.2B PANSS score change from baseline versus time 

(LOCF, MITT, Study D1444C00132) 
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Table 3.2C Overview of effectiveness results at Day 42  
(LOCF, MITT Popul ation, Study D1444C00133) 

 
Fig 3.2C PANSS score change from baseline versus time 

(LOCF, MITT, Study D1444C00133) 
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2.3 AIM OF THE ANALYSIS 
 
The overall aim of this analysis is to investigate the dose-effectiveness relationship in 
order to: 

• Explore the reason for the discrepant results that were seen among different 
effectiveness trials 

2.4 DATA 
Data used in the analysis is the effectiveness data set that comes along with the submission 
package. (PANSS.xpt) 

2.5 METHODS AND RESULTS 

2.5.1 Dose-response analysis 
The developed mixed-model repeated measures (MMRM) model is described by: 
 
∆ PANSS score = β0 + β1 Visit + β2 Dose + β3 BasePANSS score + β4 Visit*Dose 
 
Where β0, β1, β2, β3, β4 refer to the intercept, slope in placebo group, symptomatic effect, baseline 
PANSS score, and the slope between the treatment and placebo groups. The time effect was 
treated as a categorical variable.  
 
The time course of the mean observed, LOCF imputed, and least-square predicted PANSS score 
change from baseline from the same study are different because the premature discontinuations 
are not missing completely at random, but rather they are correlated with the disease.  
 
Considerable data are missing in study D1444C00133 and 5077IL/0041mostly due to lack of 
response. Last observation carried forward (LOCF) for missing data that the sponsor used can be 
an inappropriate imputation technique for the data when the dropouts are related to the patient 
disease progression or adverse events associated with the treatment (not missing at completely at 
random (MCAR)). Alternative approach using mixed model repeated measures (MMRM) model 
was developed to evaluate the dose and time effect.  
 
The mean observed PANSS score change from baseline, mean LOCF imputed PANSS score 
change from baseline, and least-square mean predicted PANSS score change from baseline for 
the three studies were shown in Fig 1A, Fig 1B, and Fig 1C respectively.  
 
The observed PANSS score change from baseline (observed patient) from Seroquel SR treatment 
group was obviously separated from placebo group at all dose levels starting from week 4 in 
Study D1444C00132. Since the dropout rate in this study is low, the time course for observed 



 

 209

PANSS score change from baseline is similar compared with the LOCF imputed and least square 
predicted values. At the last visit, a clear separation for PANSS score change from baseline in the 
treatment group can be demonstrated compared to placebo as shown in the figures (Fig 1A to Fig 
1C). Fig 1 D further illustrated the dose response for PANSS score change from baseline at the 
last visit by using observed data alone or using LOCF imputed data.  An obvious trend with larger 
PANSS score change from baseline as dose increases was demonstrated. Fig 1E compared the 
dose response relationship from observed (for completer only), MMRM model predicted and 
LOCF imputed mean PANSS score change from baseline at the last visit. Since MMRM model 
includes the information for patients who dropped out before last visit (usually with a smaller 
PANSS score change from baseline), the model prediction is slightly higher than the mean 
observation for the completers. LOCF assumed the patients who prematurely discontinued would 
finish the trial under the condition that the PANSS score change from baseline would never 
change from the time they left trial till the end of the study. This could be a very conservative 
approach to evaluate the treatment effect for different dose groups, therefore LOCF imputation 
yielded smaller PANSS score change from baseline as compared to the observed, and MMRM 
predicted mean values. In summary, the dose response relationship was clearly demonstrated for 
study D1444C00132 at the last visit with P <0.0001 and the parameter estimates were listed in 
Table 2.5.1.A. 

Table 2.5.1.A. Parameter estimates from MMRM analysis for Study D1444C00132. 

Parameters Estimate Significance 
Intercept -1.609 N 
Base PANSS Score -0.2039 *** 
Dose of Seroquel SR 
Formulation -0.0184 *** 
VISIT 4 12.5224 *** 
VISIT 5 7.7719 *** 
VISIT 6 2.4972 ** 
VISIT 7 1.4456 N 
VISIT 8 0 - 
DOSE*VISIT4 0.0172 *** 
DOSE*VISIT5 0.01274 *** 
DOSE*VISIT6 0.01135 *** 
DOSE*VISIT7 0.00531 ** 
DOSE*VISIT8 0 - 

Note: N: = not significant, ***: = P < 0.0001, **: = P < 0.05, -: Not applicable 
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Fig 1A.   Dose-Response Relationship for Observed and LOCF Imputed PANSS Score Change from 

Baseline (Mean±SE) at the Last Visit For Study D1444C00132. 
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Note:  (Left) Observed PANSS Score Change from Baseline and (Right) LOCF Imputed PANSS Score 
Change from Baseline. Blue circles were dose-response relationship for Seroquel SR formulation 
groups, and red squares represented the Seroquel IR formulation group.  Significant dose response 
relationship could be demonstrated for Seroquel SR formulation. (P < 0.0001) 

Fig 1B. Mean PANSS Score Change from Baseline, Corrected by Baseline and Placebo Effect versus 
Dose of Seroquel SR Formulation at Last Visit of Study D1444C00132. 

Dose [mg]
0 200 400 600 800

-2
0

-1
5

-1
0

-5
0

5

P
A

N
S

S
 S

co
re

 C
ha

ng
e 

fro
m

 B
as

el
in

e 
 C

or
re

ct
ed

 b
y 

Ba
se

lin
e 

an
d 

Pl
ac

eb
o 

Ef
fe

ct

Observed Mean Values (Completer)

LOCF Imputed Mean Values

MMRM Model Predicted Values

 
Note: Green circles represented the observed mean values for the completers. Red squares represented 
the LOCF imputed mean values, and the blue line was the MMRM model predicted mean values. 
MMRM model captured information form both completers and prematurely discontinued patients. 
Therefore, the model prediction was between the LOCF imputed and observed (for completer) values.  

Fig 1C. Observed PANSS Score Change from Baseline (Mean ± SE) versus Time, 
for Study 5077IL/0041, D1444C00132 and D1444C00133 
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Fig 1D. LOCF Imputed PANSS Score Change from Baseline (Mean ± SE) versus Time, 

for Study 5077IL/0041, D1444C00132 and D144C00133.  
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Fig 1E. Least Square Predicted PANSS Score Change from Baseline, Corrected by Placebo and 

Baseline Effect (Mean ± SE) versus Time,  
for Study 5077IL/0041, D1444C00132, and D1444C00133.  
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Study 5077IL/0041 is the trial with the highest dropout rate among the three studies. No superior 
effectiveness of SR formulation can be demonstrated at the last visit using observed PANSS score 
change from baseline (non-dropout patient) and least square prediction. The only complete 
separation from placebo group is the 600mg SR group using LOCF imputation, which is 
consistent with the sponsor’s primary analysis. However, LOCF imputation might not be 
appropriate when the dropout is not due to the worsening the symptom or drug therapy.   
 
In study D1444C00133, no separation of the observed PANSS score change from baseline 
(observed patients) in the SR treatment group can be identified compared to the placebo group at 
the last visit. Improved separation can be found using least square prediction which accounts for 
the information from premature discontinuation. However, at the last visit, the difference between 
the treatment groups and the placebo group was still marginal.  
 
In summary, the MMRM model clearly demonstrated significant dose response relationship for 
Seroquel SR treatment groups at the last visit for study D1444C00132. This provided supportive 
evidence for the effectiveness of Seroquel SR formulation. For study D1444C00133 and 
5077IL/0041, MMRM model demonstrated improved separation of Seroquel SR treatment groups 
from placebo group. However, this improvement still could not be translated into significance 
dose response at the last visit. 
 

2.5.2 Dropout analysis 
As summarized in the section 3.2, D1444C00132 study was conducted at the centers outside US 
and demonstrated superior effectiveness of SR formulation at all dose levels compared with 
placebo in the treatment of patients with schizophrenia. D1444C00133 was conducted at 40 
centers in the United States following similar design as study D1444C00132. None of the doses 
were superior for any of the effectiveness outcome variables compared with placebo at Day 42. 
5077IL/0041 is studied at centers both inside and outside US.  The primary effectiveness 
objective was met only for the quetiapine SR 600 mg dose. At the final visit, the estimated mean 
difference between SR 600 mg and placebo (–7.82) for change from baseline in PANSS total 
score (primary effectiveness variable) was significant in favor of SR 600 mg.  
 
In an effort to explore the reason why the different outcomes were seen from different clinical 
trials, the patient premature discontinuation pattern was investigated.  D1444C00132 was the only 
trail that demonstrated superior effectiveness for both SR and IR formulation at all dose levels 
compared with the placebo. As shown in Fig G, it was also the trial that had the lowest overall 
premature discontinuation rate (about 20%).  The dropout rates for study D1444C00133 and 
5077IL/0041, however, were about 40% and 60% respectively.  Since the sample size of each 
study was determined with the assumption that 90% of all randomized patients were expected to 
be the evaluable patients without significant protocol violation and deviation, high premature 
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discontinuation rate can lead to insufficient power for the detection of an anticipated difference 
between treatment groups and placebo group at the final visit.  
 
The distribution of premature discontinuation at various time points is different among the three 
pivotal trials. As illustrated in Fig H, most patients choose to withdrawal from the study after 2-3 
weeks of treatment in study D1444C00132, whereas the highest premature withdrawal rate was 
seen during the 1st week of trail in study D1444C00133 and 5077IL/0041. Since anti-
schizophrenia effect can only be seen following long-term therapy (in the time frame of weeks), 
patients who withdrawal from studies at early time points provided limited drug effectiveness 
information for data analysis. 
 
Therefore, high dropout rate and early drop out in study D1444C00133 and 5077IL/0041 could 
be two potential reasons that led to the different outcomes seen from the three pivotal 
effectiveness studies.  
 
Premature discontinuation was seen at all dose levels in the treatment group as well as in the 
placebo group. As shown in Fig 4.5.2A, no specific pattern was identified among different dose 
groups for a specific study.  
 

Fig 4.5.2A Premature Discontinuation versus Dose Groups, by Study 
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When considerable data are missing, it is important to understand the cause of the premature 
discontinuation. A scrutiny of premature discontinuation pattern (Fig 4.5.2B) indicated that the 
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lack of symptom relief was the main reason for patients’ early withdrawal from the trial for study 
5077IL/0041 and study D1444C00132.  
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Fig 4.5.2B Reasons for Premature Discontinuation, by Study 
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The distribution of PANSS total score change from baseline was evaluated at each time point for 
patients who discontinued at the next time point versus the patients who stayed in the trial for 
pooled data (Fig 4.5.2.C).  PANSS score change from baseline distribution for each trial was 
plotted in Fig 1 in Appendix. It appears that patients who dropped out from the trial had different 
PANSS total score change from baseline distribution as compared with those who stayed in the 
trials. The score distribution was especially separated at early time points.  
 
 
 
 
 



 

 218

 
Fig 4.5.2.C PANSS Score Distribution in Premature Discontinuation and Non-Premature 

Discontinuation Patients versus Last Visit Time.  
(Pooled Data from Study 5077IL/0041, D1444C00132, D1444C00133) 
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Note: At the last visit for the dropout patients, the distribution of PANSS score change from 

baseline was different from that from the non-dropout patients. This suggested that the patients 
who dropped out from study mainly due to insufficient relief from symptom.  

 
 
Patients were grouped according to their last visit time; the median PANSS score change from 
baseline within each group was plotted at different time points during their treatment course for 
each study (Fig 4.5.2D). The same plot using the pooled data and for each formulation within 
each study were demonstrated in Fig 2 and Fig 3 in the Appendix. The results showed patients 
who experienced sudden worsening of their PANSS score dropped out.  
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Fig 4.5.2.D Median PANSS Score Change from Baseline versus  Last Visit Time 
(for Study 5077IL/0041, D1444C00132, D1444C00133) 
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Note: Patients were grouped according to their last visit time. 
Patients tended to dropout at the next visit when a rebound in their PANSS score change 
from the baseline was observed at the last visit.  

 
Patients were further grouped according to their last visit PANSS score change from baseline; the 
percentage of subjects who stayed in the trial versus their last visit time for each study was 
demonstrated in Fig 4.5.2.E. The overall time trend for pooled data was shown in Fig 4 in 
Appendix. Patient with less relief of their syndrome following the treatment tended to discontinue 
the trial earlier.  
 
 
 
 
 
 
 
 
 
 
 
 

Fig 4.5.2.E  Percentage of Subjects Stayed in the Trial versus Last Visit Time  
(for Study 5077IL/0041, D1444C00132, D1444C00133) 
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Note: Patients were grouped by the last visit PANSS score change from baseline 

Patients with less relief of symptom after starting the trial tended to drop out early. 
 
 
 
The patterns for premature discontinuation suggested that most patients dropped out from trial 
due to worsening of the syndrome, the dropouts were not missing completely at random (MCAR), 
and rather they are correlated with the PANSS score change from baseline. The imputation based 
on last observation carry forward (LOCF) might be inappropriate because it can lead to biased 
estimator for the effectiveness at the final visit.  
 
 In summary, the premature discontinuation pattern suggested the LOCF might be an 
inappropriate imputation tool. Insufficient effectiveness information can be obtained from study 
D1444C00133 and 5077IL/0041 due to high dropout rate and early dropout.  

2.6 CONCLUSION 
 
Statistical significant dose response relationship was demonstrated for Seroquel SR formulation 
in study D1444C00132 at the last visit. 
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Most likely reason for the failure of trial D1444C0133 and 5077IL/0041 is substantial early 
dropout. The overall dropout rates for study 5077IL/0041 and D1444C0133 are 57% and 39% 
respectively. Among all premature discontinued patients, 53% and 44% of them dropped out 
within the 1st week of treatment for study 5077IL/0041 and D1444C0133 respectively, no 
imputation is reliable 
 
In the clinical studies, the patients dropped out early mainly due to lack of relief of syndrome. 
The LOCF imputation, which sponsor applied in the primary analysis is not appropriate.    
 
Should the sponsor conduct another effectiveness and safety trial, we recommend, 1.) to increase 
sample size to compensate the high drop out rate, and 2. ) To retain patients in the trial by 
educating patients, and using the joint time course of PANSS score change from baseline with 
dropout model to derive optimal patient retention scheme and implication the power. 
 
 

 



 

 222

3 APPENDIX 
 
Fig 1. PANSS Score Distribution in Dropout and Non Dopout Patients at the Last Visit Time for 

Study 5077IL/0041, D144C00132 and D144C00133. 
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Fig 2. Median PANSS Score Change from Baseline versus  Last Visit Time 
(for pooled data from Study 5077IL/0041, D1444C00132, D1444C00133) 
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*: Patients were grouped according to their last visit time.  

Fig 3.  Median PANSS Score Change from Baseline versus  Last Visit Time 
(from each formulation group of Study 5077IL/0041, D1444C00132, D1444C00133) 
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Patients were grouped by their last visit time 
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Fig 4. Percentage of Patients Stayed in the Trial versus Last Visit Time. 

(For pooled data from Study 5077IL/0041, D1444C00132 and D1444C00133) 
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