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Abstract

Conducting a trial according to Good Clinical practice requires
input from a statistician (ICH, E9 http://www.ich.org/ ). The statis-
tician plays an important role in the study throw the different stages
of the study: Study planning, study conduction, study analysis and
study reporting. This report will describe the author’s statistical con-
tribution during the conduction of a clinical trial named study 33.
This study has been published, see section 7: Appendix 1, but the
published paper have a clinical focus and will therefore not fully ac-
count of the statistical work in the study. Therefore the report also
contains more general and more detailed sections describing relevant
statistical aspects. Study 33 was carried out as a double blinded, ran-
domized crossover study in healthy volunteers with the primary objec-
tive: “The primary objective for this study will be to compare sedation,
one hour after first dose in each period, between qutiapine immediate
release formulation (SEROQUEL®) and qutiapine extended release
formulation (SEROQUEL XR®) during initial dose escalation.” The
crossover design, where all patients receive both treatment options,
allows a within patient comparison. But it also introduces statistical
challenges such as period effect and possible interaction between treat-
ment and period. This report describes how these risks were handled
in study 33. Furthermore this report includes the results from study
33 as presented in a publication of study 33 (section 7).

*Postal address: Mathematical Statistics, Stockholm University, SE-106 91, Sweden.
E-mail:lollo_ok.hotmail.com. Supervisor: Rolf Sundberg.
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1. Introduction

The main purpose of this report is to describe the statistical work that was carried out for study 33
(section 3, 4.2, 5 and 7) Furthermore, the report has the ambition to give a more general
introduction to clinical trials and how they are conducted (section 2). Thus, section 2-6 are intended
to provide a suitable background to reading the Study 33 article (section 7).

The result from study 33 was presented in a publication, Self-Reported Sedation Profile of
Immediate-ReleaseQuetiapine Fumarate Compared With Extended-Release Quetiapine Fumarate
During Dose Initiation: A Randomize Double-Blind, Crossover Study in Healthy Adult Subjects a copy
is found as section 7. My role in study 33 was to act as the study statistician during the planning,
conduction and analysis phases of the study, described in more details in section 2. For the
publication, my main responsibility was to provide the analyses of study data and together with the
other authors to participate in the interpretations of the results. My role also included to provide
advises, comments and performing review of numbers, conclusions and text the publication. To write
a publication is a true team effort where the statistician plays a key role.

All information, numbers and conclusions other than found in the publication are my own
responsibility. AstraZeneca and Stockholm’s University cannot be hold accountable for the content of
this report.
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2. Clinical trail

2.1What is a clinical trial?

Clinical trials are a crucial part in all medical drug development. The purpose of a clinical trial is to
assess efficacy, safety or mechanisms associated with a new or established drug in humans. All
clinical trials are closely regulated by the medical authorities around the world. The main focus is to
perform the clinical trial in the most ethical, safe and scientific way possible. This is ensured by
conducting the study in line with the guidelines and regulations provided by Good Clinical Practice
(GCP). The most commonly used GCP-system is the one defined by International Committee of
Harmonisation (ICH, http://www.ich.org/ ), the ICH committee consists of the regulatory authorities

and pharmaceutical industry of Europe, Japan and the US. In order to be compliant with GCP the
statistician plays an important role all the way from study planning and designing to analyzing the
study and to the final interpretation and conclusion of the results (ICH E9, http://www.ich.org/). This

section will describe in short the different steps in a clinical trial from a statistician’s perspective.

2.2Study planning

A clinical study is designed to answer a specific unresolved clinically important question (the main
purpose), this is the primary objective of the study . The primary objective is assessed by measuring
and evaluating one or more primary endpoints and is often expressed in terms of reduced mortality
or other measures of efficacy, always in comparison with standard care or placebo. To support the
primary objective the study often also includes different secondary objectives. Sometimes the clinical
endpoints are differences in certain laboratory variables or in caring procedures. Such endpoints are
regarded as surrogate endpoints as they might not alter the clinical course even if the changes are
theoretically favourable and might explain the results.

There are several designs possible to answer the clinical question. They might be regarded in a
hierarchical order with the large multicenter, placebo controlled, randomized, and double blinded
study regarded as the most conclusive. Certain questions are not possible to answer with such
design. It is not always possible to perform blinding procedures due to obvious differences in
preparation, colour, immediate effects etc. Lower levels of evidence originate from less rigorously
designed studies like cohort studies and case series. From a statistical point of view, large metadata
studies of published data and case reports or register studies might provide a good clinical
background for the study planning, but are usually (with very few exceptions for extremely rare
indications) not considered as studies providing conclusive evidence for a submission. In addition this
is a globally rapidly evolving field of gaining knowledge of actual effects in every day practice and
adherence to guidelines. Such studies are called effectivity studies, as opposed to efficacy studies,
and provide useful information for already approved drugs. Another good source for post marketing
data is data base studies, they are necessary to show overall health effects in the general population
and the effect change over time. Thus, the appropriate design chosen must always depend on the
clinical question posed and the development state of the drug.

All the study objectives need to be specified and the primary outcome defined prior to the study is
started. In addition the analyses planed for the primary outcome should also be pre —specified. Often
are pre-specified subgroups included in the design. The randomization, concealment and blinding
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procedures must all be thoroughly documented. Exclusion and inclusion criteria must be precisely
defined. In this way the design must ensure the integrity of the analyses and minimize the risks of
different biases and over interpretation. In order for the study results to be considered valid the
preplanning of the design, conduction and end points appropriately of the study needs to be properly
documented. Also, all statistical methods to be used to analyze the results should be defined and
described in detail in advance. An important part of the statistical planning is the power calculation.
The sample size needed to gain the pre specified answers must be thoroughly calculated. The power
calculation is based on an assumption of the expected results. This assumption might be derived
from previous studies and laboratory results or from meta analyses of literature.

Today, larger clinical trials are often registered in different open official data bases (i e
www.clinicaltrails.gov) in order to evaluate publication biases and interrupted studies. Similarly, the
design of some large trails is presented as a scientific paper of its own. In this way the conduct and
planning of the trail is fully translucent. Also, this approach is a guarantee against scientific fraud.
However, for confidentiality reasons this approach is not always possible in commercially sponsored
trails. In all phases of this complicated planning process statistical expertise is fundamental.

Also, all clinical trials must have an ethical approval from an official ethical national or regional board
before starting. The application for ethical approval must contain all relevant aspects of the trail: the
study plan, risks and benefits for the patient and the patient information form. It must clearly be
stated that consent to participate in the trail is completely voluntary and that denied consent will not
affect care in general. In most cases written informed consent is mandatory.

At AstraZeneca Pharmaceutical Company there are two main documents outlining the design and
analyses planed for a study: the Study Design Concept (SDC) and the Clinical Study Protocol (CSP).
The SDC is a first high-level overview used in the initial planning phase of the study. The CSP is a more
detailed documentation of the study and how it will be performed. Designing a study will start with
creating a SDC and the CSP will then be created based on the concept outlined in the CSP. This CSP
needs to be approved by the regulating authorities in the countries where the study will be
preformed. All study related procedures then need to be strictly conducted according to the
protocol. Deviations from the protocol need to be reported and documented in the study report as a
protocol violation. Any major changes in the protocol after the finalized will be provided in an
amendment. The amendment, outlining the changes, needs to be submitted to the appropriate
authorities for approval.

The statistician is closely involved in the work of developing both the SDC and the CSP, especially the
sample size estimation and the statistical analysis plan (SAP). The SAP can be either a part of the CSP
or a document on its own (depending on the size and complexity of the study) and includes detailed
information about how study data will be handled and analysed.

2.2.1 Study conduction

After the planning phase of the study the next phase, study conduction, will follow. Patients or
healthy volunteers (from now on referred to as subjects) will be recruited at the centres selected for
the study. The selection will be done according to the selection criteria specified in the CSP. The
subject will be informed about the study, the investigational product, possible risks and benefits. The
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subject must sign an informed consent form before entering the study. No study procedures may be
started before the informed consent has been signed. Large clinical studies usually require a large
number of sites in order to facilitate the recruitment of the subjects in a timely manner. As the
external validity requires multiple centres in different countries as well as a large number of subjects,
the logistic challenges are demanding. This makes the coordination complicated and requires
dedicated and close monitoring.

The subject will then be started on study treatment including the investigational drug and if
applicable placebo or active controls depending on study design (see more about study designs in
section1.3.4).

In larger trails there is often an additional safety measure with an independent safety monitoring
board, with the task to stop the trail if intermediary analyses or monitoring of adverse events show
significant inferiority of study intervention.

The progress of the study in the individual subject will be documented in a specific Case Report Form
(CRF). Usually, the CRF includes all relevant background information concerning the subject,
demographic information (age, baseline height, baseline weight, sex, race etc), different safety
parameters (vital signs, weight, laboratory findings, adverse event information etc) as well as dose
information. In studies designed to measure efficacy endpoints it is also the means to capture effect
information. The CRF information will be the source data for all the analyses performed within the
study framework. After completion of study the information captured in the CRFs will be entered in a
database.

2.2.2 Study analysis and interpretation

After completion of the study the analysis and result interpretation will start. Data will be analysed
per protocol or according to the intention to treat principle. The intention to treat principle means
that the patient always is analysed in the stratum allocated even if he or she interrupted the
treatment or received the wrong treatment or in any other way did not fulfil the protocol. Per
protocol means that only patients fulfilling the protocol in each stratum will be analysed. The
intention to treat principle will create the most reliable clinical results and is not biased for drop-outs
or protocol violations. However in laboratory settings with specific questions the per protocol is to
prefer. Ideally, these two principles coincide.

The statistician is (according to AstraZeneca procedures) responsible for creating the output as well
as contributing to the interpretation of the results. Results from the study will be reported in the
clinical study report (CSR) as well as in publications (if applicable). The main findings in the study will
be made public this way. Other results will be kept as data on file and is not available publicly. These
unpublished results cannot be discussed and scrutinized in the scientific society, but are readily
available upon request from authorities and if applicable included in submissions. For study 33 an
abbreviated CSR was used since the main goal was to present the results in a publication (see the
publication in section 7) other data will be referred to as data on file.
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2.3Aim of study 33

2.3.1 What is Seroquel®?

The active substance of Seroquel® is qutiapine, a dibenzothiazepine derivate. It is a classified as an
atypical antidepressant and antipsychotic medication. The mechanism of action is inhibition of the
dopamine2 -receptor in the central nervous system. . It was first approved for treatment of
schizophrenia (United states food and drug administration, FDA www.fda.gov, in 1997) and bipolar
disorders (the treatment of acute manic episodes, FDA in 2004, and depressive episodes, FDA in
2006). In addition qutiapine was recently approved for major depressive disorder (FDA, in 2009) as
an add-on treatment to first line antidepressants. There are two different approved oral formulations
of the drug, Seroquel (immediate release formulation) and Seroquel XR (extended release
formulation).

2.3.2 Rational for conducting study 33

The most commonly reported adverse drug reaction for qutiapine includes somnolence and sedation.
Besides having dopamin2receptor inhibitory activity, qutiapine has high affinity to the histamine H;
receptor site. This interaction might explain the sedative effect. The safety and tolerability profile is
similar between the two formulations of qutapine, but it has been observed that the commonly
reported adverse event of initial sedation varies by formulation. The study hypothesis is that the
intensity of sedation follows the plasma concentration time curve for each formulation, immediate
release vs extended release. Hypothesizing that earlier and higher peak concentration increases
somnolence.

In study 33 healthy volunteers were selected in order to determine if the extended release
formulation of qutiapine causes a different sedation pattern then immediate release formulation of
qutiapine when given at a starting dose of 50 mg in the morning.

2.3.3 Study objectives
Primary objective for study 33 (as described in the CSP) was:

“The primary objective for this study will be to compare sedation, one hour after first dose in each
period, between qutiapine immediate release formulation (SEROQUEL®) and qutiapine extended
release formulation (SEROQUEL XR®) during initial dose escalation.”

The secondary objectives for study 33 (as described in the CSP) were:

e To characterize the difference in sedation profile for qutiapine IR and XR over the period of
initial dose escalation as measured by the Visual Analog Scale. The sedation profile includes
measures such as maximum intensity of somnolence, time to maximum intensity of
somnolence, and area under the curve (AUC) over the following time periods after dose: 0 to
4 hours, 8 to 14 hours, 0 to 24 hours, on all dosing days.
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e To characterize the pharmacokinetics of qutiapine and one of its metabolites
(neuroqutiapine) on Day 5 over an 11 hour interval by measuring Cpax, tmax and AUC...

e To explore the relationship between systematic exposure to qutiapine and one of its
metabolites (neuroqutiapine) and measures of sedation

2.3.4 Study design

Study 33 was a phase |, double blind, double-dummy, randomized, 2-period crossover study
conducted in one center in the United States (US). The study is conducted in healthy volunteers.

A crossover study is a special form of a controlled double blind randomized trial. In a controlled
double blind randomized parallel group trial the subject will be randomized to one of two or more
treatment arms. After randomization the patient will receive the randomized treatment in a double
blind setting (both the subject and the investigator is blinded, the subjects ID and the treatment will
not be linked together until after the end of the study when all results are unblinded in order to be
analysed). The crossover design is similar but instead of randomizing the subject to one treatment
the subject will be randomized to a treatment sequence. The treatment sequence consists of one or
more treatments applied in a fixed sequence of periods.

Study 33 was a two-period crossover were the subjects were either randomized to sequence AB
(Seroquel IR followed by Seroquel XR) or sequence BA (Seroquel XR followed by Seroquel IR). In order
to keep the blinding the study used double dummy. This means that the patients received two sets of
tablets each day one set of active Seroquel tablets (IR or XR) and one set of placebo tablets matching
IR or XR. The active tablet and the matching placebo tablet is then switched for the second part of
the study. In the end the subject will have received active tablets for both Seroquel IR and XR as well
as placebo tablets matching both Seroquel IR and XR.

The major benefit of the crossover design is that it will allow within patient comparison, which is not
possible in a conventional parallel group design. In addition a crossover design usually requires a
smaller sample size in order to reliably estimate the magnitude of the treatment effect. However
there are a number of disadvantages with a crossover design (Clinical trials- A Practical Approach,
Stuart J Pocock). One of the major issues with the crossover design is that the patient needs to be
part of the study long enough for the switch between treatment periods. Therefore crossover
designs are primarily suitable for short term studies. Since somnolence is known primarily to be a
short term risk with Seroquel the objective of study 33 was to look at sedation during the initial dose
titration. Thus, the short term nature of the study is compatible with the crossover approach.
Another issue with crossover trails is the stability of the disease. The disease state might fluctuate
over time irrespective of treatment given. Also, it is important that normal within patient variability is
small and does not change over time and that the disease symptoms are stable over study periods.
This is a prerequisite for within patient comparisons and the cross over design. In our study we
measured Seroquels sedative effect in healthy volunteers. Therefore we did not have to account for
disease fluctuations. However, there was still a risk of carry over effect from one period to another.
This was addressed by including a wash out period of 6 days between the two periods (see figure 1).
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Both the period effect (see section 2.3.1) and the interaction between period and treatment (see
section 2.3.2) will be analyzed.

Figure 1
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2.3.5 Study 33 publication

The result of study 33 was presented in a publication, see section 7, as well as in a Clinical Study
Report (AstraZeneca data on file).

3. Statistical methods and considerations

3.1Sample size calculations

The sample size calculation was performed as described in the CSP, (see below)
The hypothesis to be tested was:
Ho : VASpe = O
versus
Hy : VASe2 0

The estimate of the delta and standard deviation (SD) is based on data from 2 healthy volunteer
crossover studies (D1448C00008 and D1448C00013) evaluating tolerability of the XR formulation
which utilized the Bond-Lader VAS scale for Alert-Drowsy assessment.

Based on the pharmacokinetic profile for IR and XR and on the VAS data in studies

D1448C00008 and D1448C00013, the magnitude of difference between IR and XR at 1 hour post the
first 50 mg dose is estimated to be 10 mm. This was estimated based on an estimation of peak
sedation from the above studies. for quetiapine XR. The maximum observed difference between XR
and placebo occurred at the 8 AM assessment (11 hours after dosing) and the expected level of
sedation at peak concentration (6 hours after dosing) was estimated. For the quetiapine IR
formulation this was multiplied by 2 to account for expected differences due to the know differences
in Crax for the 2 formulations.

This calculation resulted in an estimated level of sedation at peak for quietiapine IR of approximately
16.6 mm. Since it is expected that the 1-hour VAS assessment for quetiapine IR may not be at peak
(average time to peak is 90 minutes) and the 1-hour VAS assessment for quetiapine XR may not be at
placebo level, a difference of 10 mm was considered to be a reasonable approximation to the
expected difference between the two treatments at 1 hour after dosing. This was used as the delta
for calculation of sample size.

The estimate of variability, to be conservative, was taken as the maximum SD from the 11-
hour evaluation in the 2 studies, which was 22.2.

Sample size was estimated for a 2-sided t-test at a = 0.05 with 90% Power assuming delta =
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10 mm and SD = 22.2 mm. It was assumed that about 10% of subjects would not complete the entire
study and thus not included in the primary analysis set (i.e. the PP analysis set), so the sample size
was set at 60 to ensure at least 52 fully evaluable subjects. The sample for a 2-sided t-test was
calculated using Kraemer, (1987):

 2(Zy_qp +Z1_p)a?
n= 52

For the crossover design we only need % the sample size since one subject will contribute to both
arms. This gives us (Kraemer 1987):
_(Zi—as Zy_p)*a?
n= 52

3.2Statistical methods

3.2.1 Analysis of primary objectives

The statistical analyses preformed on the primary objective (as described in the CSP):

The primary objective is to compare the sedative effect, as measured by the Bond-Lader

Visual Analogue Scale (VAS), of IR and XR 1 hour after dose administration at the first dosing day (i.e.
Day 1) of each period.

Denote the VAS value on IR by VAS;z and the corresponding value for XR by VASyz. For each patient
the difference between VASXR and VASIR will be calculated (VASxz-VASr=VASpr). The hypothesis
that VASp =0 will be tested by means of the Student’s paired t-test and a p-value less than, or equal
to, 0.0500 will be regarded statistically significant. As a robustness analysis the hypothesis will be
tested by means of the Wilcoxon signed rank test as well.

This analysis approach makes two main assumptions (in addition to the normality assumption for the
Student’s paired t-test): no period effect and no treatment-period interaction. These assumptions
will be tested using the methods presented in Pocock (1983). If the period effect is significant (i.e. the
p-value is less than or equal to 0.0500) the test presented above will be adjusted in order to take the
period effect into consideration (Pocock, 1983). If the interaction between treatment and period is
significant (i.e. the p-value is less than or equal to 0.0500) only the first period will be used.

3.2.2 Statistical analysis of secondary objectives

Secondary objectives will be analysed according to the same principal as for the primary objective
described above except for the robustness analyze and the test for period effect and the test of
treatment period interaction.

3.3Statistical considerations

As described in section 2.2.1 the relatively straightforward analysis of the primary objective makes
two main assumptions, no period effect and no treatment-period interactions. The sections 2.3.1 and
2.3.2 describes how these effects was analysed and handled in study 33.
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3.3.1 Period effect

As discussed earlier the crossover design is only feasible in a setting where the condition of interest,
in this case the sedation, remains stable during the study. If the condition changes during the study it
will affect the results. The level of somnolence or sedation is naturally not stable over hours or days.
Therefore it is very important to test for period effect. The treatment effect in study 33 was
examined by comparing the mean differences for the two treatment orders and test it with a t-test
(under the hypotheses that the difference is equal to 0, no period effect) with nj.gtna-1 degrees
of freedom. The test statistic t can be calculated as:

‘= VASpirra-B) — VASpirr(8-a)

2 2
SD(a-p) + SD(g-a)

N(4-B) N(p-4)

Where VASpera-p) is the mean difference in VAS score after A — mean difference in VAS score after B.
The SD(a.g) is the standard deviation of the difference and ni.g) is the number of patients in the
treatment sequence A followed by B. The same parameters but with a subscript B-A donates the
mean difference, standard deviation and numbers of patients for the sequence B followed by A.

If the period effect test is non-significant we use the test statistic (as described in section 2.2.1):
= VASpirr
,SD2
n
Where the mean difference (VASp ) and standard deviation of the difference (SD) is calculated based
on the difference between Seroquel XR and Seroquel IR regardless of treatment sequence.

If the period effect test is significant there is evidence for a period effect and we need to adjust the
results according to Pocock (1983). This gives us the slightly modified test statistic:

‘= VASpirra-) + VASpirr(8-a)

SDa—py’ + SDg—a)°
N(a-B) N(g-a)

Note that VASprr=(VASpirra-s- VAS-4)/2 if the number of patients are the same (e.i. the two
equations above are equivalent). Caution should still be made when interpreting the results since the
presence of a period effect can have a medical meaning that will not be captured in the adjusted test
of the primary objective.

3.3.2 Interaction between treatment and period

The study design for study 33 included a 6 day washout between the two treatment periods. The
purpose of the washout period was to minimize the risk of a carryover of the drug effect from the
drug in period 1 into period 2. Still there might be a carryover effect present or other interactions
between period and treatment. Therefore a test of interaction between treatment and period was
preformed.
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The interaction between treatment and period was examined by comparing the mean within patient
with means between the arms. The mean within patient means can be calculated as:

VASafter Ainarm (A-B),i + VASafter B (inarm A-B),i
VASpatient mean (4-B),i = 2

Where VAS,ter ain arm (a-8), COrresponds to the VAS score after treatment A for patient i in arm A-B. This
gives the mean over patient means:

A-B
Z:L(l ) VASPatient mean (A-B),i

VASyean (4-B) = g

Comparison between the two treatments arms performed with a two-sample t-test (Pocock (1983)):

VASMean (A-B) — VASMean (A-B)

SD(VASmean (a-p))° . SDWVASwean B-m))°

N(a-p) N(p-4)

If a treatment-period effect is present it is hard to interpret such an interaction but one common
reason is the carry-over effect. If a significant interaction is found Pocock (1983) recommend to
abandon the planed within patient analyse and instead analyse the between patient comparison
using the first period only. This is the same approach as described for this study in section 2.2.1.

It is also important to note in the interpretation of the results that the test for treatment-period
effect described above has low sensitivity. Especially for small crossover trials one may fail to detect
an interaction even if present.
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4. Results

The main results from study 33 are described in the published paper Self-Reported Sedation Profile of
Immediate-Release Quetiapine Fumarate Compared With Extended-Release Quetiapine Fumarate
During Dose Initiation: A Randomized, Double-Blind, Crossover Study in Healthy Adult Subjects
(Clinical Therapeutics Volume 31, Number 3, March 2009), see section 7 for the full article.

Results not included in the publication are not yet public (AstraZeneca data on file) and therefore not
included here.

4.1 Summary of main efficacy results

Sixty-three subjects was enrolled and received at least one dose of study medication and fifty-eight
subjects was eligible for the per-protocol population that was used in the efficacy analyze. The
difference in VAS one hour after first dose on day 1, a significant greater intensity of sedation with
quetiapine IR then with quetiapine XR (mean VAS score, 33.2 vs 11.3, respectively; P<0.001). The
difference was also significant at 1.5, and 2 hours after dosing (P<0.001) and at 3 hours after dosing
(P<0.01); on day 2 at 1 hour after dosing (P<0.01), at 1.5 and 2 hour after dosing (P<0.001) and at 3,
4, and 5 hours after dosing (P<0.001) ; on day 3 at 0.5 an 1 hour after dosing (P<0.05), at 1.5, 2, 3,
and 4 hours after dosing (P<0.001), and at 5 and 6 hours after dosing (P<0.05); on day 4 at 1 hour
after dosing (P<0.01), at 1.5, 2, 3, and 4 hours after dosing (P<0.001), and at 5 hours after dosing
(P<0.01); and on day 5 at 1.5, 2, and 3 hours after dosing (P<0.001), and at 4 hours after dosing
(P<0.05). Figures and more details can be found in section 7.

4.2 Statistical considerations

The test of period effect and of interaction between treatment and period was conducted according
to the analysis described in section 2.3.1 and 2.3.2. The result of the analysis was not statistically
significant (AstraZeneca, data on file) on the pre-specified significance level of 0.05. It is still
important to note, for the interpretation of the results, that the test for interaction between
treatment and period has a low sensitivity and one may fail to detect an interaction even if present.

The robustness analysis (for more details see section 2.2.1) of the primary hypothesis confirmed the
results of the primary analyze (AstraZeneca, data on file).

No correction for multiplicity was done.
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5. Discussion and conclusions

5.1 Study design

All study designs have their specific advantages and disadvantages. The choice of design is highly
dependent on the scientific question to be answered. The crossover design was chosen for study 33
primarily to address the between subject variability in sedation. Due to studying healthy volunteers
and thus controlling for the setting and the specific design of the study (including a washout period
to minimize carry-over effect) the risk of period effect and carry-over effect could be minimized (see
section 3.2 for more details). However conducting the study in healthy volunteers induces inevitable
bias in the translation of the study results to patients for which qutiapine IR and XR are approved.
The possibility of a difference in sedation profile and tolerability between healthy volunteers and a
patient population cannot be neglected and further studies are needed to assess the clinical validity
of the results in the present study.

Furthermore the study was only designed to investigate sedative effects (as measured by the VAS
scale) and not quality of sleep, ability to perform tasks, impact on disease state or other related
consequences of sedation that might have significance in the clinical setting. This limits the direct
clinical application of the study. Larger studies with patients are needed to evaluate the clinical
impact of qutiapine induced sedation. In such studies additional measures of sedation and its
consequences can be included.

To conclude, the design of study 33 was appropriate given the scope of the study. To further
characterize the sedation profiles of qutiapine IR and XR in the clinical setting, additional studies are
needed.

5.2 Study results

Study 33 was designed to compare sedation profiles between qutiapine IR and qutiapine XR during
initial dose escalation in healthy subjects. The results of the study showed a statistically significant
difference in sedation (VAS score) 1 hour after first dose on day one and subsequent separation
between the sedation profiles (based on VAS scores) as described in the publication (section 7) and in
section 3.1.

5.3 Concluding remarks

No statistical correction for multiple calculations was performed for secondary endpoints or
additional time points (not covered by the primary analysis). Bonferroni or other corrections might
be used for this purpose. Therefore caution should be taken when interpreting the results. Significant
p-values might be due to chance as multiple different variables and time points are analysed
independently. However, the result seems to be consistent between different study days and over
other types of measurements (i.e. number of patients at sleep and VAS categorical shifters). These
consistent clinical observations support the interpretation of the results.

In order to gain more knowledge concerning the sedative profile of quitiapine IR and qutiapine XR a
larger clinical study in patients was needed. Subsequently, a clinical study along these intentions has
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been performed. This study was designed as a controlled two armed double blinded study to
compare sedation during the initial dose titration between Seroquel IR and Seroquel XR in bipolar
depression patients (http://clinicaltrials.gov/ct2/show/record/NCT00926393 ).
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ABSTRACT

Objectives: The primary study objective was to as-
sess the time course and intensity of sedation after ad-
ministration of immediate-release (IR) and extended-
release (XR) quetiapine fumarate in healthy subjects
during dose initiation. The tolerability of the 2 formu-
lations was also evaluated.

Methods: This was a randomized, double-blind,
double-dummy, 2-period crossover study in healthy
adult (age 18-50 years) subjects. It employed the
dose-initiation schedule used in studies of the 2 que-
tiapine formulations in patients with bipolar depres-
sion: 50 mg on day 1, 100 mg on day 2, 200 mg on
day 3, and 300 mg on days 4 and 5. Doses were ad-
ministered in the morning. The primary end point was
the level of sedation 1 hour after dosing on day 1, as
rated by subjects using a visual analog scale (VAS)
ranging from 0 = alert to 100 = drowsy. Secondary
VAS end points included sedation over a 14-hour pe-
riod on day 1, and on days 2 through 5. Blood was
drawn on day § of both periods for determination of
plasma drug concentrations by a liquid chromatogra-
phy method with tandem mass-spectrometric detec-
tion. Adverse events (AEs) were recorded throughout
the study.

Results: Sixty-three subjects were enrolled in the
study, comprising the safety population. The per-
protocol population consisted of 58 subjects (79.0%
male, 21.0% female; 67.2% black, 24.1% white; mean
age, 31.8 years; mean weight, 80.7 kg). One hour after
dosing on day 1, sedation was significantly greater with
quetiapine IR than with quetiapine XR (mean VAS
score, 33.2 vs 11.3, respectively; P < 0.001). There were
no significant differences in sedation between formula-
tions at 7 hours after dosing (64.5 and 53.6), 8 hours
after dosing (46.9 and 50.8), or 14 hours after dosing
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(both, 12.7). On day 1, numerically more subjects had
a VAS score >75 (substantial sedation) 1 hour after dos-
ing in the quetiapine IR group than in the quetiapine
XR group (14 vs 4 subjects). On day 5, the mean
(95% CI) quetiapine C_ . for the IR and XR formu-
lations was 689.19 (605.83-784.02) and 381.70
(341.40-426.76) ng/mL; the mean AUC, ,; was
2835.89 (2517.92-3194.02) and 2515.21 (2281.76-
2772.55) ng - h/mL; and the median T _, was 2.0 and
5.0 hours. The incidence of any AEs was 21.7% with
quetiapine IR and 9.8% with quetiapine XR.

Conclusion: In these healthy subjects, quetiapine
XR was associated with a lower intensity of self-
reported sedation compared with quetiapine IR.
ClinicalTrials.gov Identifier: NCT00702676; Astra
Zenecaclinicaltrials.com Identifier: D1443C00033. (Clin
Ther. 2009;31:492-502) © 2009 Excerpta Medica Inc.

Key words: bipolar depression, atypical antipsy-
chotic, extended release, quetiapine, sedation.

INTRODUCTION

Bipolar disorder is a highly prevalent, chronic, recur-
rent, and disabling condition.! Although there are sev-
eral well-established pharmacotherapies for the treat-
ment of bipolar mania,>? there is little evidence to
support the efficacy of agents for the treatment of bipo-
lar depression.®* Current options include combina-
tion olanzapine—fluoxetine, lithium, valproate, lamo-
trigine, quetiapine, and the combination of an anti-
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depressant (eg, selective serotonin reuptake inhibitor,
serotonin—norepinephrine reuptake inhibitor) and a
mood stabilizer.’

Quetiapine fumarate is the only approved mono-
therapy for bipolar depression and the only atypical
antipsychotic approved as monotherapy for the treat-
ment of both poles of this disorder. Both the immediate-
release (IR) and extended-release (XR) formulations
of quetiapine are approved for the treatment of
schizophrenia, bipolar mania, and bipolar depression
in the United States and several European countries.
In the United States, quetiapine IR and quetiapine XR
are approved as adjunctive treatment to lithium or
divalproex for the maintenance treatment of bipolar I
disorder.®” Evidence from 5 published studies sup-
ports the efficacy of the 2 quetiapine formulations in
bipolar depression.8-13

Whereas the IR formulation provides rapid drug
release, quetiapine XR is formulated to provide gradu-
al release of quetiapine. At equivalent total daily dos-
es, quetiapine IR given twice daily and quetiapine XR
given once daily have similar AUC,_,, and t,,, values.
However, the T is longer with quetiapine XR dosed
once daily than with quetiapine IR dosed twice daily
(~6.0 vs ~1.5 hours, respectively); this, along with
gradual drug release over the day, produces a smooth-
er pharmacokinetic profile with quetiapine XR, al-
lowing attainment of more stable plasma concentra-
tions than with quetiapine IR.14

Examination of tolerability data from the quetiapine
XR clinical trial program,!315-18 including adverse
events (AFEs) and longitudinal laboratory data, and indi-
rect comparison with the quetiapine IR database (N =
25,359) suggests that the overall tolerability profile of
quetiapine XR, including events related to sedation, is
consistent with that of quetiapine IR for each indication
studied. The occurrence of AEs related to sedation dur-
ing clinical trials is a relatively crude measure of the se-
dation that may occur during treatment, particularly
during dose initiation. The first scheduled postbaseline
visit in clinical studies often occurs at week 1, and any
information regarding AEs is likely to be less detailed
than if it had been recorded daily. Also, there are meth-
odologic difficulties associated with formal compari-
sons of patients treated during separate clinical trial
programs {eg, possible bias due to timing and geograph-
ic location), which may be considered “nonrandom-
ized” cohorts. In countries where quetiapine XR is cur-
rently licensed, observations from clinical practice
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suggest that there may be some tolerability differences
between quetiapine IR and quetiapine XR, particularly
with respect to the onset and characteristics of sedation.
These differences may be important, as registration
studies do not generally capture tolerability variables on
a daily basis, and evidence of a drug’s tolerability is
based largely on AE reporting. It is also possible that
there may be meaningful differences between the XR
formulations of some drugs compared with the corre-
sponding IR formulation in terms of tolerability; for
example, less nausea and dizziness were reported with
venlafaxine XR than with venlafaxine IR."

This study (AstraZeneca clinical trial number
D1443C00033) examined the time course and intensity
of self-reported sedation with quetiapine IR and quetia-
pine XR during dose initiation in healthy adult sub-
jects, using the approved dose-initiation schedule for
patients with a depressive episode associated with
bipolar disorder.®” The hypothesis was that the time
course and intensity of sedation would correspond to
the pharmacokinetic profiles of the 2 formulations.
The tolerability of quetiapine IR and quetiapine XR was
also evaluated.

SUBJECTS AND METHODS
Subjects

The study included healthy men and women aged
18 to 50 years. Other key inclusion criteria were
weight 250 kg and normal findings (or deviations
from normal that were not considered clinically sig-
nificant by the investigator) on a complete physical
examination that included vital signs, clinical labora-
tory tests, and an electrocardiogram. Subjects were
excluded if they had (or had a history of) neurologic,
hematologic, psychiatric, gastrointestinal, hepatic,
pulmonary, cardiovascular, or renal disease, or an-
other condition known to interfere with the absorp-
tion, distribution, metabolism, or excretion of drugs.
Other exclusions were a history of significant alcohol,
drug, or substance abuse within the past year; use of
prescription medication for an acute or chronic medi-
cal condition within 4 weeks of the first day of peri-
od 1 (day 1); and receipt of an investigational drug
within 4 weeks of day 1. Pregnant or lactating women
were also excluded. Use of drugs that induce or inhibit
the cytochrome P450 3A4 isozyme was not permitted
within 4 weeks of day 1, and use of over-the-counter
medications (with the exception of acetaminophen)
was not permitted within 7 days of day 1.
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Study Design and Treatment

This randomized, double-blind, double-dummy,
2-period crossover study was conducted at a single
center in the United States. The dose-initiation sched-
ules were those approved for quetiapine IR and que-
tiapine XR in bipolar depression.5” A computerized
scheme was used to randomize subjects to treatment
sequence AB or BA. Subjects initiated treatment with
either quetiapine IR or quetiapine XR, given as a sin-
gle dose in the morning (with ~240 mL of water), in
the following order: 50 mg on day 1, 100 mg on day 2,
200 mg on day 3, and 300 mg on days 4 and 5. Medi-
cation was given in the morning to enable ac-
curate assessment of the intensity and time course
of sedation. Each treatment period lasted 7 days and
6 nights. After a washout period of at least 6 days,
subjects were switched to the alternative formulation
and repeated the treatment sequence. A matching pla-
cebo was used to maintain blinding. Compliance was
assessed by supervised administration of study medi-
cation, including inspection of the oral cavity and
hands. In each period, subjects were admitted to the
study center on day -2 and discharged on day 5. A
light breakfast was served ~1 hour before dosing on
all study days.

Written informed consent was obtained from all
subjects. The study was performed in accordance with
the ethical principles of the Declaration of Helsinki2?
and the Good Clinical Practice guidelines,?! applicable
regulatory requirements, and the AstraZeneca policy
on bioethics and human biological samples. Local in-
stitutional review board approval was obtained.

Study End Points and Assessments
Sedation

To evaluate the primary end point—the intensity
of sedation with the 2 quetiapine formulations 1 hour
after administration on the first day of dosing
(day 1)—subjects rated their level of alertness using a
100-mm visual analog scale (VAS), with responses
ranging from 0 = alert to 100 = drowsy. Such self-
reported rating scales of sedation may be used in
clinical practice, as well as in clinical trials.?? Second-
ary VAS end points included sedation over a 14-hour
period on day 1, and on days 2 through 5. The 14-hour
time point was chosen as reasonable for a “late eve-
ning” assessment and was expected to provide infor-
mation pertinent to levels of sedation that might occur
in the morning in actual use.
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Subjects were given standardized verbal instruc-
tions for completing the VAS. Each day from day -1
through day 4 of both study periods, they were to
complete the VAS before dosing and at 0.5, 1, 1.5, 2,
3,4,5,6,7,8,11,and 14 hours after dosing, On day 3,
subjects completed the VAS before dosing and at 0.5,
1,1.5,2,3,4,5,6,7,8,and 11 hours after dosing.
Mean VAS scores were calculated at each time point
on each day. If a subject was asleep at the time of a
scheduled assessment, the VAS score was recorded as
100. To facilitate comparisons and add clinical rele-
vance, VAS scores were categorized as >75 (substan-
tial sedation), 50-75 (marked sedation), 25-49 (mod-
erate sedation), and <25 (alert).

Pharmacokinetics of Quetiapine and Norquetiapine

The pharmacokinetics of quetiapine and norquetia-
pine, the major active metabolite of quetiapine in hu-
mans, were characterized over an 11-hour period on
day 5 (although steady state would not have been
achieved).

Blood was drawn by individual venipuncture or
through an indwelling catheter for determination of
plasma concentrations before dosing and at 0.5, 1,
1.5,2,3,4,5,6,7,8, and 11 hours after dosing on
day 5 of each study period. Venous blood samples
(2 mL) were collected into K,EDTA spray-coated
tubes; for samples obtained from a catheter, the first
1 mL of blood was discarded, and the catheter was
flushed with 2 mL of normal saline after sampling to
keep it patent. Blood samples were placed on ice and
centrifuged (10 minutes at 1500g) within 30 minutes
of collection; the resulting plasma was frozen at or be-
low =70°C within 15 minutes of plasma preparation
and kept frozen until transported to the laboratory.

Plasma drug concentrations of quetiapine were
determined by Bioanalytical Systems, Inc. (West Lafay-
ette, Indiana), using fully validated bioanalytic meth-
ods. In brief, quetiapine was extracted from human
plasma by liquid/liquid extraction at alkaline pH with
methyltert-butyl ether using isotope-labeled internal
standards for each analyte; the organic layer was col-
lected and evaporated to dryness, and the residue was
reconstituted with an ammonium formate buffer. The
samples were injected into a liquid chromatography
system with tandem mass-spectrometric detection
(LC-MS/MS) multiplexed with 2 Luna C18 columns
(Phenomenex, Inc., Torrance, California) using am-
monium formate/methanol mobile phases.
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The C_,,, T, and AUC, ;; were determined for
quetiapine. Plasma concentrations of norquetiapine
were also determined using liquid extraction and LC-
MS/MS methodology, and the same pharmacokinetic

parameters were determined as for quetiapine.

Adverse Events

AFs, whether spontaneously reported by subjects,
elicited by open questioning, or observed by study
personnel, were assessed and recorded throughout the
study. Because sedation was assessed using the VAS, it
was not recorded as an AE.

A full physical examination was conducted at
screening and at the end of the study. At screening and
on days =2, -1, and 5 of both study periods, blood
pressure and heart rate were recorded (preferably be-
fore administration of any scheduled dose) after the
subject had been seated for at least § minutes. Clinical
chemistry tests (nonfasting creatinine, bilirubin, glu-
cose, and thyroid function) and hematology tests (he-
moglobin, platelet count, and complete blood count)
were performed at screening and at day =2 of the first
study period and day § of the second study period.

Statistical Analysis

Based on the pharmacokinetic profiles of quetia-
pine IR and quetiapine XR and VAS data from previ-
ous unpublished studies in healthy subjects, the mag-
nitude of difference between quetiapine IR and
quetiapine XR at 1 hour after dosing on day 1 was
estimated to be 10 mm. The sample size was estimat-
ed for a 2-sided ¢ test at o = 0.05 with 90% power, as-
suming 8 = 10 mm and SD = 22.2 mm. It was assumed
that ~10% of subjects would not complete the entire
study, so the sample size was set at 60 to ensure at
least 52 fully evaluable subjects.

The primary analytic set, which was used for all
analyses, was the per-protocol (PP) population, which
consisted of all subjects who completed both periods
and thus provided information for both formulations
of quetiapine. Results of the 2 study periods were
pooled, allowing direct intrasubject comparison of the
tolerability of quetiapine IR and quetiapine XR.

The paired ¢ test was used to analyze the primary
and secondary objectives related to sedation. A P value
<0.05 was considered statistically significant.?3 The
Wilcoxon signed rank test was also used as a measure
of the robustness of the primary objective. No correc-
tion was made for multiplicity.
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Pharmacokinetic parameters were derived by non-
compartmental methods using WinNonlin Enterprise
edition version 4.1 (Pharsight Corporation, Mountain
View, California) and summarized using descriptive
statistics. C_,. and AUC, , were summarized using
geometric means (95% Cls). T, was recorded as a
median (range). AUC,_, was calculated using the lin-
ear trapezoidal rule. For the comparison of the quetia-
pine IR and XR formulations, geometric mean ratios
(90% ClIs) for C_, and AUC,, were determined
(with the TR formulation as the reference) using a
mixed-effect model, with treatment sequence, treat-
ment period, and treatment as fixed effects and
subject nested in sequence as a random effect. Log-
transformed AUC,_;; and C_
an analysis-of-variance model; least squares means
(95% CI) were calculated for each treatment group,
and the geometric mean ratios (90% Cls) were calcu-
lated for the difference between treatment groups.
The least squares means and corresponding Cls were
antilog-transferred back to the original scale to obtain
the geometric means and Cls for each treatment group
and the geometric mean ratios and 90% ClIs for the
difference between treatment groups. Statistical analy-
ses were performed using SAS version 9.1 (SAS Insti-
tute Inc., Cary, North Carolina).

AFEs were analyzed in the safety population (those
who received at least 1 dose of study medication) us-
ing descriptive statistics.

were analyzed using

RESULTS

Sixty-three subjects were enrolled and received at least
1 dose of medication (safety population). Four sub-
jects decided to discontinue the study, and 1 discontin-
ued for personal reasons. Thus, the PP population
consisted of 58 subjects (79.0% male, 21.0% female;
67.2% black, 24.1% white; mean age, 31.8 years;
mean weight, 80.7 kg).

Sedation

On day -1, when no active drug was given, mean
VAS scores for sedation over 14 hours ranged from
0.9 to 25.2. One hour after dosing on day 1, VAS
scores indicated a significantly greater intensity of
sedation with quetiapine IR than with quetiapine XR
{mean VAS score, 33.2 vs 11.3, respectively; P < 0.001)
(Figure 1). The difference in mean VAS scores between
treatments was significant on day 1 at 1, 1.5, and
2 hours after dosing (P < 0.001) and at 3 hours after
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dosing (P < 0.01); on day 2 at 1 hour after dosing
(P <0.01), at 1.5 and 2 hours after dosing (P < 0.001),
and at 3, 4, and 5 hours after dosing (P < 0.05); on
day 3 at 0.5 and 1 hour after dosing (P <0.05),at 1.5,
2, 3, and 4 hours after dosing (P < 0.001), and at
5 and 6 hours after dosing (P < 0.05); on day 4 at
1 hour after dosing (P < 0.01), at 1.5, 2, 3, and
4 hours after dosing (P < 0.001), and at 5 hours after
dosing (P < 0.01); and on day § at 1.5, 2, and 3 hours
after dosing (P < 0.001) and at 4 hours after dosing
(P < 0.03) (Figure 2).

The mean reported intensity of sedation was numeri-
cally greater with quetiapine IR than with quetiapine
XR over 7 hours after dosing on day 1 (mean VAS
scores at 7 hours, 64.5 and 53.6, respectively); the inten-
sity of sedation on day 1 did not differ significantly be-
tween formulations at 8 (46.9 and 50.8), 11 (15.8 and
12.8), and 14 (both, 12.7) hours after dosing (Figure 2).
A similar pattern was seen on each subsequent day.

On day 1, the highest mean VAS score was 73.0
with quetiapine IR (observed 3 hours after dosing)
and 53.9 with quetiapine XR (observed 3 and 6 hours
after dosing). On day 5, the highest VAS scores were
a respective 56.6 (3 hours after dosing) and 37.8

A 100

Drowsy

804

60

40

Mean VAS Score

204

Alert

Y o [ —

(6 hours after dosing). Consistent with these results,
the mean area under the VAS score-time curve for
each day suggested more overall sedation with que-
tiapine IR than with quetiapine XR, with significant
differences between formulations on days 1 (P =
0.004), 3 (P <0.001), 4 (P = 0.029),and 5 (P = 0.001)
(Table ).

No relationship was found between the level of
sedation and the dose during dose initiation with ei-
ther quetiapine formulation, as indicated by similar
area under the VAS score—time curve values on days 1
to 4 (50- to 300-mg doses).

On day 1, numerically more subjects had a VAS
score >75 (substantial sedation) 1 hour after dosing
in the quetiapine IR group than in the quetiapine
XR group (14 vs 4 subjects, respectively) (Table IT).
Of the 52 subjects who had a VAS score <25 (alert)
1 hour after dosing with quetiapine XR on day 1,
15 (28.8%) had a VAS score =50 (marked sedation)
1 hour after dosing with quetiapine IR on day 1. Of
the 36 subjects who had a VAS score <25 at 1 hour
after dosing with quetiapine IR on day 1, 2 (5.6%)
had a VAS score 250 at 1 hour after dosing with
quetiapine XR on day 1.

W Quetiapine IR
O Quetiapine XR

Before Dosing

T -1
1 Hour After Dosing

Figure 1. Visual analog scale (VAS) scores for quetiapine immediate release (IR} and quetiapine extended re-
lease (XR) before dosing and 1 hour after dosing on the first day of active medication in 58 healthy
subjects (per-protocol population). *P < 0.001 versus quetiapine IR, paired f test.
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Figure 2. Visual analog scale (VAS) scores for quetiapine immediate release (IR) and quetiapine extended re-
lease (XR) on (A) day -1, (B) day 1, (C) day 2, (D) day 3, (E) day 4, and (F) day 5 of dose initiation
in 58 healthy subjects (per-protocol population).
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Table I. Mean area under the visual analog scale
score-time curve from 0 to 14 hours, by
day, in 58 healthy subjects (per-protocol

population).

Day Quetiapine Quetiapine
(Dose) IR XR P
Day -1 (no active

drug) 168.0 133.0 -
Day 1 (50 mg) 579.3 467.1 0.004
Day 2 (100 mg) 480.7 414.9 0.067
Day 3 (200 mg) 572.6 4459 <0.001
Day 4 (300 mg) 565.9 470.0 0.029
Day 5 (300 mg)* 348.8 268.3 0.001

IR = immediate release; XR = extended release.
*Based on the period from 0 to 11 hours.

Pharmacokinetics

The plasma concentration—time curves on day 5 indi-
cated that concentrations of quetiapine were numeri-
cally higher in the first 4 hours after dosing with the
IR formulation than with the XR formulation (Figure
3). As expected, higher plasma concentrations of que-
tiapine were reached and the T, was shorter after
dosing with the IR formulation than after dosing with
the XR formulation, as supported by the geometric
mean values for C 689.19 ng/mL [95% CI,605.83-

max (

784.02] and 381.70 ng/mL [95% CI, 341.40-426.76],
respectively) and the median T, (2.0 hours [95% CI,
0.5-5.0] and 5.0 hours [95% CI, 1.5-11.0]) on day 5
(Table III). For C_,_, the geometric mean ratio of que-
tiapine XR to IR was 0.55 (90% CI, 0.49-0.62). The
geometric mean AUC,_,, for quetiapine IR and quetia-
pine XR was 2835.89 ng - h/mL (95% CI, 2517.92~
3194.02) and 2515.21 ng - h/mL (95% CI, 2281.76-
2772.55). The geometric mean ratio of quetiapine XR
to IR was 0.89 (90% CI, 0.82-0.96).

The pharmacokinetic variables for norquetiapine
after doses of quetiapine XR and quetiapine IR fol-
lowed a similar pattern to those for the parent com-
pound (Table III).

The pattern of sedation for the 2 quetiapine for-
mulations appeared to follow the respective plasma
concentration—time curves measured on day 3.

Adverse Events

No serious AEs, deaths, or AEs leading to discon-
tinuation occurred during the study. The most com-
mon AEs (occurring at an incidence of 25% with
either formulation) are summarized in Table TV.
The incidence of any AEs was numerically greater
in the quetiapine IR group than in the quetiapine
XR group (21.7% vs 9.8%, respectively). The most
commonly reported AEs for quetiapine IR were dry
mouth and dizziness (11.7% each), followed by
headache and nausea (8.3% each). The most com-
monly reported AEs for quetiapine XR were dry
mouth and nausea (6.6% each).

Table Il. Ratings of sedation 1 hour after dosing on day 1, showing the correspondence between the number
of subjects in each visual analog scale (VAS) score category when they received quetiapine immediate
release (IR) and quetiapine extended release (XR)} (N = 58; per-protocol population).*

VAS Score Category
When Subjects

Received Quetiapine IR <25
<25 33
25-49 4
50-75 4
>75 1

VAS Score Category When
Subjects Received Quetiapine XR

25-49 50-75 >75

0
0
0
1

S O O =
N O SN

*Subjects rated their level of sedation using a 100-mm VAS, with responses ranging from 0 = alert to 100 = drowsy. VAS scores
were categorized as >75 (substantial sedation), 50-75 {(marked sedation), 25-49 (moderate sedation), and <25 (alert).

498

Volume 31 Number 3



C. Datto et al.

- Quetiapine IR
-O- Quetiapine XR
600

Quetiapine Plasma Concentration (ng/ml)

T T T 1
0 2 4 6 8 10 12

Time (h)

Figure 3. Plasma concentration-time curves for quetiapine on day 5 after administration of the quetiapine
immediate-release (IR) and quetiapine extended-release (XR) formulations (day 1, 50 mg; day 2, 100 mg;
day 3, 200 mg; days 4 and 5, 300 mg) in healthy subjects (per-protocol population).

Table Ill. Pharmacokinetic parameters of quetiapine and norquetiapine on day 5 after administration of the

quetiapine immediate-release (IR) and quetiapine extended-release (XR} formulations in 58 healthy
subjects (per-protocol population).

Quetiapine IR, Quetiapine XR, Geometric Mean Ratio,
Geometric Mean Geometric Mean XR/IR

Analyte/Parameter (95% CI) (95% CI) (90% Cly*
Quetiapine

C. o Ng/mL 689.19 (605.83-784.02) 381.70 (341.40-426.76) 0.55 (0.49-0.62)
AUC, 4y, ng - h/mL 2835.89 (2517.92-3194.02) 2515.21 (2281.76-2772.55) 0.89 (0.82-0.96)
T e ht 2.0 (0.5-5.0) 5.0 (1.5-11.0) -
Norquetiapine

Crraxe NE/mML 153.47 (137.94-170.74) 107.69 (99.65-116.38) 0.70 (0.66-0.75)
AUC, ,;, ng - h/mL 1074.42 (985.29-1171.62) 880.22 (820.27-944.55) 0.82 (0.78-0.86)
Tae DT 3.0 (1.0-8.0) 6.0 (3.0-11.0) -

*For comparison of quetiapine XR and IR, geometric mean ratios of C__ and AUC,  and 90% Cls were determined (with
IR as the reference) using a mixed-effect model with treatment sequence, treatment period, and treatment as fixed ef-
fects, and subject nested in sequence as a random effect.

T Median (range).
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DISCUSSION
Results for the primary study objective—VAS scores
for sedation 1 hour after dosing on the morning of
day 1—indicated that the initial intensity of sedation
was significantly greater with quetiapine IR than with
quetiapine XR (P < 0.001). Quetiapine IR and quetia-
pine XR appeared to have different sedation profiles
during dose initiation, with the XR formulation as-
sociated with a lower intensity of sedation. In these
healthy subjects, the level of sedation with quetiapine
XR was numerically lower than with quetiapine IR
during the first 7 hours after dosing on each day of
active treatment, but became similar in the 2 groups
by 8 to 14 hours after dosing. In addition, maximum
levels of sedation appeared to occur later with quetia-
pine XR than with quetiapine IR. Although evening
dosing was not directly assessed in this study, clini-
cians should follow the prescribing information for
quetiapine XR with regard to evening dosing to mini-
mize potential sedation.®

The low level of sedation with both quetiapine for-
mulations between 8 and 14 hours after dosing corre-
sponds to the approximate time patients would awak-
en after taking an evening dose. Throughout day -1,
when subjects were not receiving medication, mean
VAS scores were low (range, 0.9-25.2). VAS scores
were higher after dosing on day 1: the maximum score
for quetiapine IR was higher than that for quetiapine
XR (73.0 vs 53.9, respectively). However, maximum
VAS scores had decreased by day 5 (56.6 and 37.8).
The greatest differences in the level of sedation be-
tween the 2 formulations generally occurred be-
tween 1 and 4 hours after dosing. Over the entire
dose-initiation period (days 1-5), sedation was lower
with quetiapine XR than with quetiapine IR, as indi-
cated by the area under the VAS score—time curve, with
significant differences between formulations on days 1
(P = 0.004), 3 (P <0.001), 4 (P =0.029),and § (P =
0.001). The area under the VAS score—time curve also
indicated that the level of sedation was decreased with
both formulations on day 5. The amount of sedation
had no relationship with the dose during dose initia-
tion with either formulation, as indicated by the simi-
lar area under the VAS score—time curve values on
days 1 to 4 (50- to 300-mg doses). The pattern of seda-
tion appeared to follow the plasma concentration—
time curves for the 2 formulations, as measured on
day 5. Overall, the differences in sedation profiles may
be attributable to differences in the pharmacokinetic

500

Table IV. Most commonly reported (5% with
either formulation) adverse events
(AEs) (safety population). Data are
number (%) of subjects.*

Quetiapine Quetiapine
IR XR
Variable (n = 60) (n=61)
Any AE 13 (21.7) 6 (9.8)
Specific AEs
Dry mouth 7 (11.7) 4 (6.6)
Dizziness 7 (1M.7) 1(1.6)
Headache 5(8.3) 2(3.3)
Nausea 5(8.3) 4 (6.6)
Abnormal dreams 3 (5.0) 1(1.6)
Nasal congestion 3 (5.0) 1(1.6)
Dysarthria 3 (5.0) 0

IR = immediate release; XR = extended release.
*Subjects with multiple events were counted only once.

profiles of quetiapine after administration of the 2 for-
mulations.!#In fact,based on the plasma concentration—
time curves and pharmacokinetic variables for quetiapine
after administration of the TR and XR formula-
tions on day 5 (300-mg dose), quetiapine plasma con-
centrations appeared to be higher and the T, shorter
for the IR formulation relative to the XR formulation.
The AUC, ,, values for quetiapine after dosing with
the IR and XR formulations were similar, and, al-
though it was not possible to characterize the AUC
over an entire dosing interval (the full time course—up
to 48 hours—was not evaluated for the 300-mg dose),
the similarity in AUC, ;; values suggests that the
2 formulations may produce comparable exposure.
The pharmacokinetics of the major active human me-
tabolite of quetiapine, norquetiapine, showed a similar
pattern to that of the parent compound.

The data presented here provide valuable informa-
tion for prescribers regarding the timing of dosing of
quetiapine XR and quetiapine IR. Evening dosing is
recommended for quetiapine XR,® whereas bedtime
dosing is recommended for quetiapine IR.” In the
healthy subjects in the present study, the onset of seda-
tion was later with quetiapine XR than with quetia-
pine IR. Therefore, to help manage potential evening
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or next-day sedation, administration of quetiapine
XR in the evening—for example, a few hours before
bedtime—may be beneficial.

This study in healthy subjects was conducted to
examine the sedation profiles of the 2 quetiapine for-
mulations over 14 hours after dosing using the same
dose-initiation schedule as in studies of quetiapine IR
and quetiapine XR in bipolar depression.3?-11-13 The
intention was to provide data to supplement any indi-
rect comparisons of AE data from such studies. This
small but focused study allowed more in-depth inves-
tigation of the sedation profiles of the 2 formulations
of quetiapine than can be derived from AE reporting
in registration studies.

Examination of the data from published studies in
patients with bipolar depression suggests similarities
in the overall incidence and type of AEs observed at
equivalent doses of quetiapine IR®%!1.12 and quetia-
pine XR.1? In a randomized, double-blind, placebo-
controlled study in patients with schizophrenia, the
median time to the onset of sedation with quetia-
pine IR and quetiapine XR was <3 days.!8 In addition,
a retrospective analysis of the quetiapine IR safety
database found that the onset of sedation typically
occurred within the first week of treatment and that
sedation was generally mild in intensity.24

Somnolence and sedation are AEs associated with
the atypical antipsychotics.2’ It has been suggested that
the receptor-binding profiles of the atypical agents, in-
cluding blockade of histamine H; receptors, may be
responsible for this sedation.?’2¢ Along with other as-
pects of patient management, a favorable tolerability
profile, particularly early in the course of treatment,
may improve patients’ adherence to medication. Ap-
proximately half of patients prescribed antipsychotic
medication for bipolar disorder are partially adherent
or completely nonadherent to medication,?” and pa-
tients cite AEs as one of the reasons for their reluc-
tance to comply with treatment.2®8 Adherence to
medication is essential for reducing symptoms and
IMproving outcomes.

This study was specifically designed to evaluate the
time course and intensity of sedation associated with
the 2 quetiapine formulations over 5 days; the use of
a crossover design, with sufficient washout (>6 days)
between phases, ensured that the data for the 2 for-
mulations could be compared. Other strengths of the
study included its randomized, double-blind, double-
dummy design and the measurement of sedation using
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a self-rated VAS, making the findings applicable to the
real-world setting. However, the inclusion/exclusion
criteria preclude extrapolation of the study findings
beyond the healthy subjects studied. Other potential
study limitations include daytime administration of
medication and the lack of a placebo arm. Further-
more, the study design required the performance of
pharmacokinetic assessments during dose initiation
(day 5); therefore, the results did not reflect steady-state
exposure and bioequivalence could not be determined.
Finally, because sedation was not assessed as an AE and
subjects who were asleep were unable to provide VAS
ratings, AEs may have been underestimated.

CONCLUSIONS

In this small study in healthy subjects, a difference was
observed in the sedation profiles of quetiapine XR and
quetiapine IR when administered according to the
dose-initiation schedule for the treatment of patients
with bipolar depression. Sedation was lower with que-
tiapine XR than with quetiapine IR in the first few
hours after dosing. By 8 to 14 hours after dosing, seda-
tion levels were similarly low with the 2 formulations.
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