
Expert Report of Donna K. Arnett, Ph.D.

A. Brief Report of Professional Qualifications

I am an epidemiologist with more than 20 years of experience in the design and
conduct of experimental and observational epidemiological studies, including clinical
trials, family studies, cross-sectional surveys, cohort, and case-control studies. I am
Professor and Chair of Epidemiology at the University of Alabama at Birmingham,
Department of Epidemiology. I am a Fellow of the American Heart Association and
the American College of Epidemiology, and an Elected Member of the American
Epidemiology Society. I have served as an Associate Editor for the American
Journal ofEpidemiology since 1996 and as an Editor since 2004. I currently serve as
a Guest Editor and as relief Guest Editor-in-Chief for Circulation. I am routinely
asked to evaluate epidemiological research studies for publication in peer-reviewed
journals, including the New England Journal ofMedicine and the Journal ofthe
American Medical Association. I have served on numerous National Institutes of
Health (NIH) review panels for epidemiological research. For the past two years, I
have served as Chair for the Cardiovascular and Sleep Epidemiology Study Section
(CASE) for the National Institutes ofHealth.

My principle professional interests include cardiovascular and metabolic disease
epidemiology, genetic epidemiology, and pharmacogenetics. I have published more
than 225 peer-reviewed articles and more than 12 book chapters or invited review
papers.

Since 1994, I have designed and taught graduate level courses in fundamental and
advanced concepts of epidemiology, methodological and theoretical aspects of
epidemiology, and grant writing. From 1998-2001, I served as Chair of the
Epidemiology Master's Degree Program at the University of Minnesota and as
Director for the National Heart, Lung, and Blood Institute funded Training Program
in Cardiovascular Genetic Epidemiology. For the past 10 years, I have taught a two­
week summer course in Epidemiology and Prevention to physicians and other health
care professionals for the American Heart Association and Centers for Disease
Control.

A copy of my curriculum vitae is attached for additional detail.

B. Brief Overview ofPrinciples of Epidemiology

Randomized, double-masked, placebo-controlled clinical trials are the optimal design
for testing a hypothesized association between an exposure (or treatment) and disease
because such studies offer the best control for confounding (i.e., variables that are
associated with the disease and associated with the exposure) and provide for the
optimal test for temporality (i.e., exposure precedes disease). Placebo controlled
studies are the gold standard for evaluating the risks and benefits of a new treatment.
During a clinical trial, four general reasons could explain clinical improvement in a
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participant's condition: (1) natural history of the disease; (2) specific effects of the
treatment under investigation; (3) regression to the mean; and (4) placebo effect. A
study without a placebo control cannot differentiate amongst the prior 3 conditions.
Active comparator randomized clinical trials are frequently used once a known
treatment is available since withholding treatment from a diseased group could be
unethical; however, there are methodological limitations of trials that use an active
control. For example, there can be variable responses to drugs in some populations,
unpredictable and small effects, and spontaneous improvements which with an active
(rather than a placebo) control may mask the full effect of the drug under
investigation.

Many epidemiological studies are observational and provide an assessment of a
relation between an exposure and disease. Because of the observational nature of
these studies, exposures are not "randomly-assigned" to study volunteers, and hence,
factors that may be associated with the exposure of interest, and also independent
predictors of the disease, may confound the observed relation between the exposure
and disease. The best observational design to test a hypothesized association between
exposure and disease is a cohort study. Cohort studies can be conducted either
prospectively or retrospectively. Cohort studies are similar conceptually to clinical
trials in that subjects are followed for the occurrence of endpoints. Therefore,
temporality between the exposure and the endpoint can be conclusively evaluated.
The availability of large administrative databases has prompted a number of cohort
studies to evaluate adverse exposures, including pharmacological exposures, in
relation to disease. The benefits of these types of cohort studies include their cost
efficiency and ease of implementation. For example, pharmacy records can be linked
to clinical records to assess a hypothesized association between a particular drug
exposure and disease.

Case-control studies are also hypothesis-testing studies, and they rely on design
qualities that, if done correctly, provide for an estimation of the exposure-disease
relationship in a cost-efficient way. In a case-control study, diseased individuals are
sampled (i.e., cases) as are non-diseased individuals (i.e., controls), and subjects are
classified with respect to exposure. The effect measure used is the ratio of the
exposure odds in cases compared to the exposure odds in controls. Conceptually, the
case-control study can be thought of as nested within a population cohort, and if two
important criteria are met, provide a valid estimate of the disease odds ratio. For
excellent internal validity, a case-control study requires that exposure must measured
in all cases (or a representative sample of cases that reflects the true exposure odds of
all cases), and that the sample of the non-diseased members of the source population
that generated the cases reflect the exposure odds of the population. If these
conditions are met, then the exposure odds ratio will be equal to the disease odds ratio
that can be calculated from a cohort study. In practice, these conditions are
challenging to meet except in the case of the nested case-control studies, where the
exposure odds can be accurately measured using previously collected data and/or
specimens. Nested case-control studies overcome two other potential biases
common to the case-control studies, namely, temporality and recall bias. Temporality
is a concern in non-nested case-control studies because exposure ascertainment is
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detennined after disease onset. Another potential bias unique to non-nested case­
control studies is recall bias, where cases are more likely than controls to recall prior
exposures because of their disease.

C. Review of the Evidence for Effects of Seroquel on Metabolic Risk, including
Weight Gain, Hypertriglyceridemia, Insulin Resistance, and Diabetes

The basis for my opinions expressed herein is derived from my education, training,
research, experience, and review of the Seroquel New Drug Application (NDA) to the
Food and Drug Administration, internal Astra Zeneca documents, the peer-reviewed
medical literature, and other publicly available documents concerning Seroquel and
its relationship to weight gain and other metabolic risks. In developing my opinions in
this case, I am relying primarily upon the Astra Zeneca NDA application and the
related published literature, published cohort and nested case-control studies, and
meta-analyses of published studies. I have spent over 80 hours reviewing literature
and documents related to Seroquel.

Based upon my review of the above specified documents, I have developed the
following opinions in this case: (1) Seroquelleads to clinically significant and
relevant metabolic risk, including weight gain and other metabolic complications,
including but not limited to hypertriglyceridemia, insulin resistance, and diabetes; (2)
the metabolic risks from Seroquel appear shortly after treatment and throughout
treatment; (3) Astra Zeneca should have made the data presentation clearer within the
New Drug Approval application and included the data regarding metabolic risk
within scientific publications of the Phase II and Phase III randomized clinical trials
in order to warn the FDA, future patients and physicians about metabolic risks
associated with Seroquel; (4) the metabolic risks associated with Seroquel outweigh
the benefits of treatment; and (5) Astra Zeneca promoted Seroquel as metabolically
neutral when there was insufficient evidence to support this claim but substantial
evidence that the drug in fact caused weight gain and other metabolic derangements
(6) Astra Zeneca withheld support for studies that could have demonstrated
Seroquel's metabolic risk relative to other atypical antipsychotics. I have developed
these opinions utilizing the nonnal methodology that I exercise as an epidemiologist
in the ordinary scope of my practice. Further, I state these opinions to a reasonable
degree of scientific certainty.

C.I. Overview: The Effect of Seroquel on Weight Gain and Other Metabolic
Derangements

Seroquel causes weight gain and other metabolic toxicities through stimulation of the
hypothalamic AMP activated protein kinase (AMPK). AMPK is responsible for
maintaining energy balance and the regulation of food intake. Seroquel blocks
histamine HI receptors, the receptors responsible for the inflammatory response
which then stimulates AMPK. In addition to the effects on HI receptors, Seroquel
affects insulin action and metabolism directly in the cell, leading to insulin resistance
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and alterations in lipogenesis and lipolysis, which ultimately cause progressive lipid
accumulation.

Weight gain can lead to reductions in patient compliance with the medication which
could lead to poor clinical outcomes. Weight gain is an important concern of
Seroquel treatment, and in particular among schizophrenic individuals since there is
an association between schizophrenia and Type II diabetes mellitus, and weight gain
is an important risk factor for diabetes development. Weight gain is also an important
determinant of other metabolic toxicities, such as hypertriglyceridemia, hypertension,
and insulin resistance, all part of the metabolic syndrome. Moreover, once weight has
been gained, it is challenging to lose, and this is a large concern for schizophrenic
patients who are not typically capable of undertaking lifestyle management to
maintain or to lose weight.

There is unequivocal and consistent evidence that Seroquel treatment leads to
clinically and statistically significant increases in weight, that the onset of the weight
gain occurs shortly after the beginning of treatment and progresses with increased
duration of treatment, and that the weight gain is proportionate to the dose ingested.
Significant weight gain was observed during the Phase II and III trials and
subsequently demonstrated throughout the developmental program of Seroquel for
other treatment indications. In addition, other components of the metabolic syndrome
(i.e., hyperinsulinemia, hypertriglyceridemia) were similarly observed during the
development of Seroquel, and increased incidence of diabetes has been observed with
Seroquel treatment. The justification for this opinion follows.

C.1.1. Weight Gain in Response to Seroquel Treatment

The New Drug Application for Seroquel was submitted to the FDA in July, 1996.
According to the Integrated Safety Report filed as a part of the NDA, weight and vital
signs were collected on the same case report form and were summarized together in
the safety report to the FDA. In fact, according to the majority of protocols reviewed,
weight for the Phase II and III trials was collected at each visit. Results presented in
the Integrated Safety Report are restricted to the analysis which required that subjects
who were included in the tabulations had both baseline and post-baseline
observations available. Clinically significant weight gain was defined by a gain of
7% of the baseline body weight (approximately 10 pounds for a 150 pound
individual).

In the Phase II and III trials, the mean age of the trial participants was 38 years, and
the mean body weight was normal (76 kg or 168 lbs). A total of2162 schizophrenic
patients were exposed to Seroquel with doses ranging from 50 to 800 mg/day
administered between two and four times daily. Of the 2162 subjects, 1710 were
from Phase II and III controlled trials and 454 were from new Seroquel exposures
from the uncontrolled trials and were available for analysis. As of June 1, 1995,407
subjects had been exposed to Seroquel for 6 months or longer and only 1 subject for 2
years or longer; 110 subjects were treated for one year or longer. As stated on page
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119 of the report, "In the Phase II and III placebo-controlled trials, Seroquel was
associated with a statistically significant weight gain (p=0.0471)." Additionally,
from the short term placebo-controlled trials, Astra Zeneca stated that the mean
weight gain for Seroquel-treated patients was 2.2 kg (4.85 pounds) greater than the
mean weight increase for placebo-treated patients. The range of weight gain was
markedly higher for the Seroquel treated than the placebo treated patients, indicating
that the distribution ofweight gain was non-normal. Therefore, median weight
change would have been the optimal measure of central tendency, but median weight
change was not provided (in contrast to other vital sign measures that were provided
as medians). Had the median, rather than the mean, been reported, the findings
regarding the differences between Seroquel and placebo would have been even more
dramatic. More detail regarding individual studies is provided below.

The following table describes the studies included in the NDA, and the status of vital
signs collected in each. Placebo controlled trials are indicated by bold type.
Uncontrolled trials are indicated by italics. Active comparator trials are indicated by
underlined text. Trial 0012 was a low dose Seroquel study and limited data were
provided in the Integrated Safety report for this study, although the data provided
were indicative of weight increases with treatment.

Vital signs and weight assessments b J trial (integrated Phase 11-111 trials)
0004 0005 0006 0007 0008 0012 0013 0014 0015 0048 LTE

Pulse X X X X X X X X X X X
Blood X X X X X X X X X X
Pressure*
Respiratory X X X X
Temperature X X X X X X X US
Weight X X X X X X X X X X X
* All measures were taken while subjects were seated.
* Unless otherwise noted, readings were taken for both supine and standing systolic and diastolic blood pressures.
+ Only supine readings were taken for Trial 0007.
** Respiration readings were taken while subjects were in the supine position unless otherwise noted.

Data for studies 0004, 0006, 0008, and 0013 were only provided in summary form.
In these trials combined, 89/391 (23%) of Seroquel treated subjects had clinically
significant weight gain compared to 11/178 (6%) of placebo-treated subjects. This
resulted in a relative risk for clinically significant weight gain with treatment of 3.68
(p<.0001, 95% CI 2.1-6.7).

For Study 13 alone, clinically significant weight gain was observed in 2/51 (6%) for
placebo, 2/52 (4%) for haldoperidol, 6/53 (11 %),8/48 (17%), 5/52 (10%), 8/51
(16%), 7/54 (13%) for Seroquel 75 mg, 150 mg, 300 mg, 600 mg, and 750 mg,
respectively. In comparing low dose Seroquel (75 or 150 mg) versus placebo, the
relative risk of weight gain was 3.54 (p=.06, 95% CI .95-16.1), and contrasting high
dose (the dose recommended for schizophrenia), the relative risk of weight gain
versus placebo was 4.77 (p=.012, 95% CI 1.34-18.2). This provides strong evidence
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for dose response, a criterion frequently invoked to determine causation, and also
indicates that Seroquel results in increased risk of clinically significant weight gain.

For Study 0013 and 0014 combined, clinically significant weight gain occurred in
70/354 (19.8%) in the Seroquel treated subjects versus 18/236 (7.6%) in the
hadoperidol treated subjects (relative risk 2.61; 95% confidence interval 1.61 - 2.42,
p<.OOOl).

For Study 0007, clinically significant weight gain occurred in 28/100 Seroquel treated
subjects compared to 19/99 of the chlorpromazine treated subjects (RR=1.47, p=­
0.14, 95% CI 0.88-2.44). This active comparator study indicated that Seroquel's
weight gain was greater than that of another atypical antipsychotic. This active
comparator was not used again in subsequent trials presented in the NDA.

In summary, for these short-term placebo trials, the relative risk for a clinically
significant increase in weight ranged from 2.61 to 4.77, indicating a strong and
consistent increased risk, and for the active comparisons, a modest to strong increased
risk for weight gain compared to chlorpromazine and ha1doperidol.

Study 0015 was the long-term, 52-week study, implemented to evaluate the long-term
efficacy and safety of Seroquel compared to haldoperidol for treatment of
schizophrenia. In this study, Seroquel was associated with a statistically significant
increase in weight gain that was dose-dependent and time-dependent (i.e., the longer
the treatment, the greater the weight gain). The difference in the mean weight gain
was 3.0 kg between treatment groups (+1.6 kg for Seroquel versus -1.4 kg for
haldoperidol). Clinically significant weight gain occurred in 50/209 (23.9%) of the
Seroquel participants compared to 4/38 (10.5%) of the haldoperidol-treated subjects
(relative risk=2.27, p=0.066, 95% CI=0.94-7.55). As stated in the Integrated Safety
Report "In general, mean weight increases from baseline for quetiapine-treated
subjects were greater at Week 52 for subjects completing the trial (ranging from 2.05
to 8.52 kg) compared with the increases seen at final evaluation (Week 52 or
withdrawal), suggesting a trend for subjects to continue gaining weight over time."
Also stated in the Integrated Safety Report "The percentage of subjects with clinically
significant increases from baseline in weight increased as the dose level of quetiapine
increased (for the 75-,300-, and 600-mg dose groups, 15.2%,22.9%, and 32.9% of
subjects had significantly high changes)." This dose-response was statistically
significant. The findings from this long-term study confirm findings of the short-term
studies and also suggest that weight gain continues with treatment duration.

In the uncontrolled trials (0005, 0048, and OLE), 27.5% of Seroquel-treated subjects
had a clinically significant high weight gain, comparable to the findings in the
controlled trials and the long-term controlled trial for Seroquel-exposed participants
(Study 0015 cited previously, i.e., 23.9%).

In addition to these controlled and uncontrolled trials included in the NDA
application, there were indications from the long-term extensions of the trials that
weight gain was persistent throughout follow-up and increased with time, indicating
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that prolonged treatment with Seroquel could lead to substantially increased risk of
metabolic toxicity. With increased follow up, data later presented during the
observed long-term extensions showed that 37.2% of Seroquel-exposed patients had
clinically significant weight gain at some point during follow up. Weight gain
increased with increased exposure duration: mean weight change compared to
baseline weight increased by 3.8 (± 9.0) kg at week 65,4.4 (±-9.6) kg at week 104,
5.7 (±-10.9) kg at week 156, and 6.7 to 7.3 (±-9.9-13.1) kg at weeks 208 - 260. If
presented as median weight gain, this substantial weight gain would have
undoubtedly been much larger.

There are two methodological concerns that, with a degree of scientific certainty,
resulted in underestimates of the true effect of Seroquel on weight gain in these
studies. First, the studies provided in the NDA had consistently high drop-out rates
for Seroquel. This is an important characteristic to define the internal validity of a
study. Among the 2162 subjects randomized to (n=1710) or treated in uncontrolled
trials (n=454), 80.1 % withdrew, and the rate was much higher than the 42% for the
active comparators or 61.2% for placebo. This has important implications for the
interpretation of results related to weight gain or other metabolic abnormalities.
Weight gain is a major contributor to non-compliance, and in aggregate in the Phase
II and III program, weight gain was associated with greater drop-outs. Therefore, the
result reported from these studies almost surely underestimates the true impact of
Seroquel on weight gain. Second, many of the studies conducted restricted weight as
an inclusion criterion, generally between 100 and 230 pounds. Had heavier subjects
been included, it is likely that the weight gain would have been even greater. Since
these subjects were excluded, it is unclear whether Seroquel would have been safe in
overweight and obese subjects (i.e., the studies are not generalizeable to these
subjects).

A metabolic cause for concern regarding the weight data presented in the NDA is the
consistent pattern for reductions in thyroid hormone levels that occurred with
Seroquel treatment. Low levels of thyroid hormone are associated with greater body
weight. Each trial presented in the Table above collected at least one measure of
thyroid function. As stated in the Integrated Safety Report, "Consistent laboratory
data suggest that quetiapine treatment tends to reduce thyroid hormone plasma levels,
primarily total T4 and free T4 with smaller decreases seen in total T3 and reverse
T3 ... Both total T4 and free T4 mean values are reduced and the incidence of
significantly low values is increased in quetiapine-treated subjects compared both to
placebo- and haloperidol-treated subjects. Results from Trials 0013 and 0015 indicate
that the reductions in thyroid hormone levels are dose-related, that the onset of the
reductions may occur within the first few days of treatment." Note that the definition
of abnormalities for any of the thyroid hormone levels was less than 0.8 times the
lower limits of normal or greater than 1.2 times the upper limit of normal. The
Integrated Safety Report dismisses these thyroid changes as clinically irrelevant since
the thyroid stimulating hormone did not significantly increase. However, because
most of the studies were short term, the design may have precluded the development
of an increased TSH.
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