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Seroquel pharmacology
Summary

® Active in standard antipéychotic tests
® Limbic selectivity

® Minimal dystonic liability in haloperidol-
sensitised and drug-naive monkeys

® Clozapine-like transient increase in rat plasma
prolactin levels

® Clozapine-like in new tests

Goldstein and Arvanitis 1995; Goldstein et al 1993; Ellenbroek et al 1996

Seroquel pharmacology - summary

Seroquel is effective in a number of animal models predictive of antipsychotic activity. For example,
Seroquel blocks conditioned avoidance in monkeys,! reverses apomorphine- or amphetamine-induced
behavioural abnormalities in monkeys, cats and mice'22 and restores prepulse inhibition in rats*s

Seroquel is selective for the limbic system,57 the area of the brain where drugs are thought to exert their
antipsychotic activity, whereas extrapyramidal symptoms (EPS) adverse events are associated with
activity in the striatum. These results predict a low risk of EPS with Seroquel

In haloperidol-sensitised monkeys, doses exceeding 4.5 times the maximum predicted monkey
antipsychotic dose are required before Seroquel produces a 100% incidence of dyskinetic movements.
In non-sensitised monkeys, Seroquel produced fewer and much less severe dystonia than haloperidol.2
These resulfs predict Seroquel shouid have a low risk of EPS

Seroquel is clozapine-like in that it produces transient elevation in serum prolactin in animals?

Saoctal isolation paradigms provide animal moedels of negative symptoms. Standard antipsychotics have
no effect on amphetamine-induced social isolation in monkeys, but Seroquel, like clozapine, produces an
improvement in social behaviour.® Seroquel also reduces the level of phenyleyclidine (PCP)-induced
social isolation in rats.? Both these results predict that Seroquel has efficacy in improving negative
symptoms

References

1.

©EeNOANWN

Goldstein JM. In: Holliday SG, Ancill RJ, MacEwan GW, eds. Schizophrenia: Breaking Down the Barriers.
John Wiley & Sons Ltd, 1996: 177-236.

Goldstein J, Arvanitis L. CNS Drug Reviews 1995; 1: 50-73.

Migler BM et al. Psychopharmacojogy 1993; 122: 289-307.
Swerdlow NR et al. J Pharmacol Exp Ther 1996; 279: 1290-1299.
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Seroquel - receptor binding characteristic
of an atypical antipsychotic

Clozapine Seroquel Receptor
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Seroquel - receptor binding characteristic of an atypical
antipsychotic

o Seroquel interacts with a broad range of neurotransmitter receptors and this
may be responsible for its atypical antipsychotic properties?

o Atypical antipsychotics, like Seroquel, clozapine, risperidone and olanzapine,
have a higher 5HT,, relative to D, binding ratio?

e By contrast, the standard antipsychotic, haloperidol, has a narrower range of
receptor affinities and a higher D, relative to 5HT,, binding ratio’

o Not shown here are binding characteristics to D, receptors. Seroquel and
clozapine have similar binding to D, receptors?

References
1. Goldstein JM. Emerging Drugs 1999; 4: 127-151.

2. Goldstein JM. In: Holliday SG, Ancill RJ, MacEwan GW, eds. Schizophrenia:
Breaking Down the Barriers. John Wiley & Sons Litd, 1996: 177-236.
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Seroquel - relatively low D, and high 5HT,,
occupancy rates? reduce the risk of EPS
D,
low intermediate high
haloperidol
low sulpiride
flupenthixol
SHT2, olanzapine -
: risperidone
high 22:::&2? sertindole
ziprasidone
zotepine
aThis relates to clinically used doses Kasper et al 1999

Seroquel - relatively low D, and high 5HT,, occupancy rates?®
reduce the risk of EPS

The combination of a relatively high affinity for the 5HT,, receptor and a
relatively weak affinity for the D, receptor may be responsible for minimising
motor system disturbances (ie extrapyramidal symptoms, [EPS])’

Haloperidol and other typical antipsychotics (eg sulpiride, flupenthixol) have
a low 5HT,, receptor affinity together with a high D, affinity, and may be
associated with severe EPS?

Some atypical antipsychotics combine a high affinity for the 5HT,, receptor
with an intermediate affinity for the D, receptor which may lead to EPS,
particularly at higher doses? o

Seroquel and clozapine have the desirable profile of a high 5HT,,: D,
receptor affinity ratio, which results in relatively low D, occupancy at
therapeutic doses and very low placebo-like levels of EPS coupled with
efficacy’

2This relates to clinically used doses.

Reference

1.

Kasper S et al. Eur Arch Psychiatry Clin Neurosci 1999; 249 (Suppl 4): 83-89.
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Seroquel - receptor profile
Summary

® Antagonist at multiple receptors
@ Moderate affinity for D,
® Greater 5HT, to D, ratio
® High affinity for o, and histamine

@ No appreciable affinity for muscarinic
cholinergic
Goldstein 1996; 1999

Seroquel - receptor profile - summary

Seroquel has the diverse receptor binding profile that is characteristic of an
atypical antipsychotic.” Receptor binding profiles may be used to predict
both the beneficial and adverse effects of drugs

Seroquel shows only moderate affinity for dopamine D, receptors. High
levels of D, occupancy may be associated not only with therapeutic effects,
but also with extrapyramidal symptoms (EPS) and raised prolactin.
However, Seroquel binds selectively to limbic D, receptors (EPS are

- associated with D, occupancy in the striatum), predicting a therapeutic effect

without EPS2

Seroquel binds more readily to 5-HT, than to D, receptors. This high 5HT, to
D, binding ratio has been described as the hallmark of the atypical
antipsychotics and predicts a low propensity to cause EPS!

Seroquel has high affinity for alpha, receptors, which may be related to the
possible side effects of orthostatic hypotension, dizziness and tachycardia.?
Seroquel also has high affinity for histamine, which may be related to its
sedative effects?

Seroquel's negligible affinity for muscarinic cholinergic receptors explains its
lack of anticholinergic side effects?

References

1.

2.

Goldstein JM. In: Holliday SG, Ancill RJ, MacEwan GW, eds. Schizophrenia:
Breaking Down the Barriers. John Wiley & Sons Ltd, 1996: 177-236.

Goldstein JM. Emerging Drugs 1999; 4: 127-151.
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Seroquel - active in standard
antipsychotic tests

® Antagonism of apomorphine-induced
visual searching in cats

® Antagonism of apomorphine-induced
blinking in squirrel monkeys

® Antagonism of conditioned avoidance in
squirrel monkeys

Goldstein 1996; Migler et al 1993

Seroquel - active in standard antipsychotic tests
o These animal models are tests predictive of antipsychotic activity

s In these models, Seroquel produced similar effects fo clozapine. These data
predict that Seroquel, like clozapine, should be an effective atypical
antipsychotic in clinical practice'?

References

1. Goldstein JM. In: Holliday SG, Ancill RJ, MacEwan GW, eds. Schizophrenia:
Breaking Down the Barriers. John Wiley & Sons Lid, 1996: 177-236.

2. Migler BM et al. Psychopharmacology 1993; 122: 299-307.
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Seroquel -
limbic selectivity

® Reversal of amphetamine inhibition of
midbrain DA celi firing at lower doses in
A10 vs A9 neurons

@ Selective depolarisation inactivation of
A10 DA cells after chronic dosing

® Selective increase in c-fos expression in
limbic-related but not motor-related

areas
Goldstein et al 1993; Vahid-Ansari et al 1996

Seroquel - limbic selectivity

Electrophysiological and neurochemical data from these in vifro studies
provide evidence for the limbic selectivity of Seroquel, which implies
antipsychotic activity without extrapyramidal symptoms (EPS)

Seroquel and clozapine were more active in reversing the inhibitory action of
amphetamine on mesolimbic (A10) than nigrostriatal (AS8) dopamine (DA)-
containing neurons, whereas haloperidol exhibited the opposite selectivity"

After chronic dosing, Seroquel caused depolarisation of A10 DA cells
whereas chronic dosing of haloperidol caused a non-selective increase in the
number of active A9 and A10 cells?

Chronic dosing with antipsychotics induces the neuronal gene, c-fos, to
produce increased levels of its protein, Fos (this process is called ‘c-fos
expression’). A technique measuring this process is used o ‘map’ which
neurons antipsychotics bind to. Studies have shown that Seroquel, like
clozapine, has preferentiai action on the limbic structures in the brain, which
is in contrast to the action of haloperidol in the striatum?

References

1.

Goldstein UM et al. Psychopharmacology (Berl) 1993; 112: 293-298.

2. Vahid-Ansari F et al. Eur J Neurosci 1996; 8: 927-936.

AZ/SER 1515427



Seroquel shows minimal liability to
dystonia in drug-naive monkeys

® Chronic administration more closely
simulates dosing conditions in man that
produce EPS/TD

® Clozapine does not cause dystonia in this
model

® Seroquel has minimal dystonic liability in
this model

Goldstein 1996

Seroquel shows minimal liability to dystonia in drug-naive
monkeys

o The chronic administration of antipsychotics to previously untreated Cebus
monkeys simulates dosing conditions that produce extrapyramidal symptoms
(EPS) in humans more closely than does the haloperidol-sensitised monkey
model’

e Clozapine produces no dystonia in this model. Compared with haloperidol,
Seroquel shows a lower rate of sensitisation, producing fewer dyskinesias,
which are of lesser severity and of shorter duration’

» These data predict that Seroquel, like clozapine, will have a significantly
reduced propensity to produce EPS and tardive dyskinesia than standard
antipsychotics’

Reference

1. Goldstein JM. In: Holliday SG, Ancill RJ, MacEwan GW, eds. Schizophrenia:
Breaking Down the Barriers. John Wiley & Sons Lid, 1996: 177-236.
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Intensity of sensitisation
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intensity | — Seroquel
rating 3.5 —— Haloperidol
3.0 4
2 {n=13) monkeys
2.0 - for Seroquel and
) 26 monkeys for
1.5 - haloperidol
1.0
0.5 J —
0.0 T T T 1 T T T T T T T (]
01 2 3 456 7 8 910 112
Treatment (weeks) Goldstein 1999

Intensity of sensitisation

o This slide shows the mean intensity rating of dyskinetic responses to
Seroquel and haloperidol, exhibited by drug-naive Cebus monkeys, as a

function of time!

s |t was not until Week 5 that the first responses were seen with Seroquel;
these remained of low intensity throughout the study?

o |n contrast, initial reactions with haloperidol were observed from 2 weeks of

treatment and the intensity of response increased rapidly over the study

period?

Reference

1. Goldstein JM. Emerging Drugs 1999; 4: 127-151.
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Seroquel - clozapine-like in
new tests

@ Substitutes for clozapine in monkeys trained
to discriminate clozapine-like drugs

® Reverses apomorphine- and PCP-induced
disruption of prepulse inhibition

® Reverses amphetamine disruption of monkey
social behaviour, a model predicting
negative symptom efficacy

Ellenbroek et al 1996; Sams-Dodd 1999

Seroquel - clozapine-like in new tests

e Seroquel is clozapine-like in a range of animal tests that are used to predict
the antipsychotic activity of potential agents’

s Studies in various animal models predict that Seroquel has antipsychotic
activity and, furthermore, that it has activity against the negative symptoms of
schizophrenia. Activity against negative symptoms is also considered to be
a distinguishing characteristic of atypical antipsychotics, and is not shared by
the standard antipsychotics'?

References
1. Ellenbroek BA et al. Neuropsychopharmacology 1996; 15: 406-416.
2. Sams-Dodd F. Rev Neurosci 1999; 10: 59-90.
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Seroquel - preclinical findings predict
atypical antipsychotic profile

@ Antipsychotic activity
— inhibits conditioned avoidance in primates
- reverses effects of dopamine agonists in rodents

— elevates levels of dopamine metabolites (a measure of functional
response to dopamine receptor blockade)

- reverses amphetamine-induced asocial behaviours

— substitutes for clozapine in drug discrimination tests in primates
® Tolerability profile

- low propensity for EPS including minimal dystonia

— minimal propensity for anticholinergic activity

— no sustained increase in plasma prolactin

Carey and Bergman 1997; Goldstein 1996; 1999

Seroquel - preclinical findings predict atypical antipsychotic profile

o Qverall, the preclinical profile’7 of Seroquel suggests that it would be
clozapine-like in terms of a broader antipsychotic activity than standard
antipsychotics. Like clozapine, Seroquel will also be less likely to cause
extrapyramidal symptoms (EPS) and tardive dyskinesia than the standard
antipsychotics®. Furthermore, Seroquel is unlikely to be associated with
hyperprolactinaemia, which is a common side effect of standard
antipsychotics?

References

1. Goldstein JM. In: Holliday SG et al, eds. Breaking Down the Barriers. London: John
Wiley & Sons Ltd; 1996: 177-236.

Saller CF, Salama AL. Psychopharmacology 1993; 112: 285-292.
Ellenbroek BA et al. Neuropsychopharmacology 1996; 15 (4): 406-416.
Carey G, Bergman J. Behav Pharmacol 1994; 1: 114, '

Migler BM et al. Psychopharmacology 1993; 112: 299-307.

Carey G, Bergman J. Psychopharmacology 1997; 132: 261-269.
Goldstein JM. Lancet 1995; 346(8972): 450. (Letter)
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Seroquel -
effective in schizophrenia

Improvement in overall symptoms - BPRS total
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Seroquel — effective in schizophrenia

o Studies 13, 6 and 8 were 6-week randomised, double blind, piacebo-controlled trials of
Seroquel in patients with schizophrenia'23

e This slide presents the consistently observed and statistically significant improvement
compared with placebo in the Brief Psychiatric Rating Scale (BPRS) total score reported for
study 6 and for subsets of patients from studies 13 and 8

o In study 13, patients (n=361) were randomised to treatment with placebo, Seroquel
(75 mg/day, 150 mg/day, 300 mg/day, 600 mg/day or 750 mg/day) or haloperidoi
12 mg/day. A subset of trial last value carried forward (LVCF) data is shown in this slide
and these data were available from 51 patients receiving placebo, 51 patients receiving
Seroquel 600 mg/day (fixed dose) and 53 patients receiving Seroquel 750 mg/day (fixed
dose)?

e In study 6, patients (n=109) were randomised to treatment with either placebo or Seroquel
(75-750 mg/day). The LVCF data shown were evaluated in 53 patients who had received
placebo and in 53 patients who had received Seroquel (flexible dose). Patients received
Seroquel 58-526 mg/day and the mean daily dose administered was 307 mg/day?

» |In study 8, patients (n=286) were randomised to treatment with placebo, low-dose Seroquel
(flexible dose up to 250 mg/day) or high-dose Seroquel (flexible dose up to 750 mg/day).
The subset of LVCF data shown were evaluated in patients receiving placebo (n=92) or
high-dose Seroquel (n=92). The high-dose Seroquel patients received a mean dose of
360 mg/day Seroquel (range 50-566 mg/day). For high-dose Seroquel patients who
completed the trial, the mean daily dose was 488 mg/day®

" References

1. Arvanitis LA et al. Bjol Psychiatry 1997, 42: 233-246.
2. Borison RL et al. J Clin Psychopharmacol 1996; 16 (2): 158-169.

3. Small JG et al. Arch Gen Psychiatry 1997, 54: 549-557.
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Seroquel improves schizophrenia
symptoms within 1 week
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Seroquel improves schizophrenia symptoms within 1 week

Meta-analysis of three 6-week, randomised, double-blind, placebo-controlled
frials (trials 67, 82 and 139). All patients had schizophrenia. A total of 422
patients treated with Seroquel and 195 patients who received placebo were
included in the meta-analysis

Patients received Seroquel up to 750 mg/day in trial 6, up to 250 or 750
mg/day in trial 8 and fixed doses (75 mg/day, 150 mg/day, 300 mg/day,
600 mg/day, and 750 mg/day) in trial 13

This graph shows an analysis of covariance for change in Brief Psychiatric
Rating Scale (BPRS) total score (least squares mean) from baseline to Week
1 (observed cases)

Seroquel shows a statistically significant improvement in BPRS total score,
compared with placebo#*

References

1.
2. Small JG et al. Arch Gen Psychiatry 1997; 54. 549-557.
3.

4. Data on file — AstraZeneca.

Borison RL et al. J Clin Psychopharmacol 1996; 16; 158-169.

Arvanitis LA et al. Biol Psychiafry 1997; 42: 233-246.

16

AZISER 1515434



Seroquel - more effective’ than
haloperidol in schizophrenia

Meta-analysis of 5 double-blind, randomised haloperidol
comparator trials (trials 13, 14, 50, 52 and H-15-31)

—a p<0.05

u i !
0 1 2

Odds ratio and 95% confidence interval

Seroquel dose 150-800 mg/day (n=783)

Haloperidol dose up to 20 mg/day (n=625)

t Response rate defined as >40% reduction in

BPRS total score from baseline Data on file - AstraZeneca

Seroquel - more effective than haloperidol in schizophrenia

Meta-analysis of five randomised, double-blind, haloperidol-controlled trials
(trials 13,1 14,2 503, 524 and H-15-315)

In trial 13, patients received Seroquel fixed doses (75 mg/day, 150 mg/day,
300 mg/day, 600 mg/day and 750 mg/day) or haloperidol 12 mg/day. In trial
14, patients received Seroquel up to 800 mg/day or haloperidol up to

16 mg/day. In trial 50, patients received Seroquel up to 600 mg/day or
haloperidol up to 20 mg/day. In trial 52, patients received Seroquel up to 600
mg/day or haloperidol up fo 20 mg/day. In trial H-15-31, patients received
flexible dosing of Seroquel (up to 600 mg/day, n=100) and haloperidol (up to
18 mg/day, n=97)

Response rates were defined as a >40% reduction in total Brief Psychiatric
Rating Scale (BPRS) score from baseline to end of treatment

These data include patients with schizophrenia only. This slide shows the
adjusted odds ratio for combined analysis and the 95% confidence limits.
Qdds ratios greater than 1 indicate a significantly higher rate of response
compared with either placebo or haloperidol®

References

1.

o e

Arvanitis LA et al. Biol Psychiatry 1997; 42; 233-246.
Copolov DL et al. Psychol Med 2000; 30: 95-105.
Data on file - AstraZeneca.
Emsley RA et al. Inf Clin Psychopharmacol 2000; 15(3): 121-131.
Murasaki M et al. Int J Neuropsychopharmacoi 2000; 3(S1): 150.
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Seroquel - as effective as risperidone

in schizophrenia
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Seroquel - as effective as risperidone in schizophrenia

o QUEST (Quetiapine Experience with Safety and Tolerability) was a 16-week,
open-label trial comparing Seroqguel and risperidone in 751 adult outpatients
with mixed psychotic disorders?

o This slide presents the subanalysis of the schizophrenia cohort within
QUEST where patients received Seroquel mean dose 288.1 mg/day (n=191)
or risperidone mean dose 5.1 mg/day (n=60)2

e This slide details the improvement in mean Positive and Negative Syndrome
Scale (PANSS) total score from baseline at 16 weeks in patients on Seroquel
(n=166) and risperidone (n=50)?

e Seroquel is as effective as risperidone in improving the PANSS total score in
patients with schizophrenia?

References

1. Reinstein M et al. Poster presented at the American Psychiatric Association Annual
Meeting, Washington DC, 1999.

2. Data on file — AstraZeneca.
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Seroquel - at least as effective as olanzapine
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Data from Arvanitis et al 1997 ' Data from Beasley et al 1996

Seroquel — at least as effective as olanzapine

e These data are from two 6-week, randomised, double blind, placebo-
controlled trials in patients with schizophrenia. Both trials used several
definitions of response. This slide shows the response data that were
defined as a 240% improvement in the Brief Psychiatric Rating Scale (BPRS)
total score from baseline at endpointi?

o |n a study of Seroquel, patients (n=361) were randomised to treatment with
placebo, Seroquel (75 mg/day, 150 mg/day, 300 mg/day, 600 mg/day or
750 mg/day) or haloperidol 12 mg/day. The Seroquel analysis shows a
subset of the response rates at endpoint (last value carried forward [LVCF]),
adjusted for placebo (n=51), in patients receiving Seroquel 600 mg/day
(n=51) and 750 mg/day (n=53)1

e The olanzapine analysis shows the response rates (LVCF), adjusted for
placebo (n=62), in patients receiving olanzapine & £ 2.5 mg/day (n=63),
10 + 2.5 mg/day (n=62) or 15 + 2.5 mg/day (n=65)?

References
1. Arvanitis LA et al. Biol Psychiatry 1997; 42: 233-246.
2. Beasley CM et al. Neuropsychopharmacology 1996; 14 (2): 111-123.
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Seroquel has statistically significant greater
response rate than haloperidol in partial responders
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Seroquel has statistically significant greater response
rate than haloperidol in partial responders

The PRIZE (Partial Responders International schiZophrenia Evaluation)
multicentre, double-blind study compared the efficacy and tolerability of 8
weeks’ treatment of Seroquel 600 mg/day with haloperidol 20 mg/day in
patients with schizophrenia, who had a history of partial response to typical
antipsychotics and displayed a partial or no response to 1 month of
fluphenazine (20 mg/day) treatment’

365 patients entered the fluphenazine run-in (4 weeks) and, of these, 143
patients were randomised to 8 weeks’ treatment with Seroquel and 14510 8
weeks’ treatment with haloperidol

Positive and Negative Syndrome Scale (PANSS) scores were evaluated in
140 Seroquel patients and 141 haloperidol patients (LVCF analysis)

Partial responders are the population of patients most commonly seen by
psychiatrists in clinical practice

Reference

1.

Emsley RA et al. Int Clin Psychopharmacol 2000; 15: 121-131.

20

AZ/SER 1515438



Seroquel - efficacy in positive

symptoms
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Seroquel — efficacy in positive symptoms

Studies 13, 6 and 8 were 6-week randomised, double blind, placebo-controlled trials of
Seroquel in patients with schizophrenia’23

This slide presents the statistically significant improvement in the positive symptom cluster
score of the Brief Psychiatric Rating Scale (BPRS) reported for study 6 and for subsets of
patients from studies 13 and 8 compared with placebo

In study 13, patients (n=361) were randomised to treatment with placebo, Seroquel

(75 mg/day, 150 mg/day, 300 mg/day, 600 mg/day or 750 mg/day) or haloperidol 12 mg/day.
A subset of trial last value carried forward (LVVCF) data is shown in this slide and these data
were available from 51 patients receiving placebo, 51 patients receiving Seroquel 600 mg/day
(fixed dose) and 53 patients receiving Seroquel 750 mg/day (fixed dose)?

in study 6, patients (n=109) were randomised to treatment with either placebo or Seroquel
(75-750 mg/day). The LVCF data shown on the slide were evaluated in 53 patients who had
received placebo and 53 who had received Seroquel (flexible dose). Patients received
Seroquel 58-526 mg/day and the mean daily dose administered was 307 mg/day?

In study 8, patients (n=286) were randomised to treatment with placebo, low-dose Seroquel
(flexible dose up to 250 mg/day) or high-dose Seroquel (flexible dose up to 750 mg/day). The
subset of LVCF data shown were evaluated in patients receiving placebo (n=92) or high-dose
Seroquel (n=92)°

References

1. Arvanitis LA et al. Biol Psychiatry 1997; 42: 233-246.

2. Borison RL et al. J Clin Psychopharmacol 1996; 16: 158-169.
3. Small JG et al. Arch Gen Psychiatry 1997; 54: 549-557.
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Seroquel is as effective as haloperidol in
improving positive symptoms
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Seroquel is as effective as haloperidol in improving
positive symptoms

Meta-analysis of schizophrenic patients in four randomised, double-blind,
haloperidol-controlled trials (trials 14,7 50,2 528 and H-15-314). Trial 14 was
6 weeks in duration, trial 50 data up to Week 12 only (ie the acute phase)
has been included, and trials 52 and H-15-31 were of 8 weeks’ duration. A
total of 333 patients treated with Seroquel and 368 patients treated with
haloperidol were included in the meta-analysis?

Patients receiving Seroquel were given a mean dose of 455 mg/day in trial
14, 364 mg/day (data up to Week 12 only) in trial 50, 600 mg/day in trial 52
and 600 mg/day (maximum dose) in trial H-15-31. Patients receiving
haloperidol were given a mean dose of 8 mg/day in trial 14, 10 mg/day (data
up to Week 12 only) in trial 50, 20 mg/day in trial 52 and 18 mg/day
(maximum dose) in trial H-15-31

The slide details the percentage improvement from baseline in Positive and
Negative Symptoms Scale positive subtotal score. This data set included
only patients who were dosed with 150-750 mg/day Seroquel and shows
efficacy comparable to haloperidol in positive symptoms

References

@ NN

Copolov DL et al. Psychol Med 2000; 30: 95-105.
Data on file — AstraZeneca.
Emsley RA et al. Int Clin Psychopharmacol 2000; 15: 121-131.

Murasaki M et al. Poster presented at the 11" World Congress of Psychiatry,
Hamburg, 1999.
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Seroquel is as effective as risperidone in improving
the positive symptoms of schizophrenia

Change in -5 -
mean
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score from
baseline -3 Sk
at 16 weeks
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*kk

Risperidone
288.1 mg/day 5.1 mg/day
p=NS between treatments (n=167) (n=51)
***n<0.001 vs baseline , QUEST study
Mean doses shown Data on file - AstraZeneca

Seroquel is as effective as risperidone in improving the positive
symptoms of schizophrenia

QUEST (Quetiapine Experience with Safety and Tolerability) was a 16-week,
open-label trial comparing Seroquel and risperidone in 751 adult outpatients
with mixed psychotic disorders?

This slide presents data from the subanalysis of the schizophrenia cohort
within QUEST ([n=251]; Seroquel [n=191] and risperidone [n=60]), where
patients received Seroquel mean dose 288.1 mg/day or risperidone mean
dose 5.1 mg/day?

The Positive and Negative Syndrome Scale (PANSS) was a primary efficacy
measure?

This slide details the improvement in mean PANSS positive score from
baseline at 16 weeks in patients on Seroquel (n=167) and risperidone
(n=51)2

Seroquel is as effective as risperidone in improving the PANSS positive
score in patients with schizophrenia?

References

1.

Reinstein M et al. Poster presented at the American Psychiatric Association Annual
Meeting, Washington DC, 1999.

2. Data on file — AstraZeneca.
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Seroquel - efficacy in negative

symptoms
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*p<0.05 vs placebo Arvanitis et al 1997; Borison et al 1996; Small et al 1997

Seroquel - efficacy in negative symptoms

o

Studies 13, 6 and 8 were 6-week randomised, double-blind, placebo-controlled trials of
Seroquel in patients with schizophrenia

This slide presents the statistically significant improvement compared with placebo in the
Scale for Assessment of Negative Symptoms (SANS) score reported for study 6 and for
subsets of patients from studies 13 and 8

in study 13, patients (n=361) were randomised to treatment with placebo, Seroquel

(75 mg/day, 150 mg/day, 300 mg/day, 600 mg/day or 750 mg/day) or haloperido!

12 mg/day. A subset of last value carried forward (LVCF) data is shown in this slide and
these data were available from 51 patients receiving placebo, 51 patients receiving
Seroquel 600 mg/day (fixed dose), and 53 patients receiving Seroquel 750 mg/day (fixed
dose)?

In study 6, patients (n=1089) were randomised to treatment with either placebo or Seroquel
(75-750 mg/day). The LVCF data shown were evaluated in 53 patients who had received
placebo and in 53 patients who had received Seroquel (flexible dose). Patients received
Seroquel 58-526 mg/day and the mean daily dose administered was 307 mg/day?

In study 8, patients (n=286) were randomised to treatment with placebo, low-dose
Seroquel (flexible dose up to 250 mg/day) or high-dose Seroquel (flexible dose up to 750
mg/day). The subset of LVCF data shown in the slide were analysed in patients receiving

placebo (n=56) or high-dose Seroquel (n=55) who were evaluable for SANS score

References

1.

Arvanitis LA et al. Biol Psychiatry 1997; 42: 233-246.

2. Borison RL et al. J Clin Psychopharmacol 1996; 16: 158-169.
3. Small JG et al. Arch Gen Psychiatry 1997, 54: 549-557.
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Seroquel - reduction in negative symptoms appears
similar to other atypicals
Peuskens & Link 1997 range
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PANSS negative subscale
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Seroquel - reduction in negative symptoms appears similar
to other atypicals

s |n a series of 6-week, double-blind, prospective, randomised studies in
schizophrenia, the magnitude of change in negative symptoms from baseline
with Seroquel, as measured by Positive and Negative Syndrome Scale
(PANSS) score, was similar to the changes seen with either olanzapine or
risperidone?’-12

References

Peuskens J, Link CCG. Acta Psychiatr Scand 1997, 96: 265-273.
Small J et al. Arch Gen Psychiatry 1997, 54 549-557.

Copolov DL et al. Psychol Med 2000; 30: 95-105.

Emsley RA et al. Int Clin Psychopharmacol 2000; 15: 121-131.
Beasley CM et al. Psychopharmacology 1996; 124: 159-167.
Beasley CM et al. Eur Neuropsychopharmacol 1997, 7: 125-137.
Tollefson G et al. Am J Psychiatry 1997; 154: 457-465.

Tran P et al. J Clin Psychopharmacol 1997; 17: 407-418.

9. Marder SR, Meibach RC. Am J Psychiatry 1994; 151: 825-835.
10.Chouinard G et al. J Clin Psychopharmacol 1993; 13: 25-40.
11.Peuskens J. BrJ Psychiatry 1995: 166: 712-726.

12.Blin O et al. J Clin Psychopharmacol 1996: 16: 38-44.
13.Kasper and Miiler-Spahn. Exp Opin Pharmacother 2000; 1(4): 783-801.
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Seroquel significantly improves mood compared
with haloperidol in patients with schizophrenia
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**p<0.01 vs haloperidol
Results from meta-analysis of 4 randomised clinical trials

Data on file - AstraZeneca

Seroquel significantly improves mood compared with haloperidol
in patients with schizophrenia

» These data were obtained from a meta-analysis of four haloperidol
comparator trials (studies 13, 14, 50 and 52)1

o | east squares mean (LSM)change from baseline in Brief Psychiatric Rating
Scale (BPRS) Factor | is shown for Seroquel (n=676) vs haloperidol (n=558)
[last value carried forward values]’

o Only patients with schizophrenia receiving 150-750 mg/day Seroquel or
8-20 mg/day haloperidol were included in this analysis’

Reference
1. Data on file — AstraZeneca.
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Seroquel compared with haloperidol significantly
improves mood in fluphenazine non-responders
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Depressive factor = anxiety, guilt, depression, somatic concern, preoccupation

Population with baseline score >20

8-week, randomised, double-blind trial PRIZE Study
Data on file - AstraZeneca

Seroquel compared with haloperidol significantly improves mood
in fluphenazine non-responders

e These data are from an 8-week, multicentre, double-blind randomised trial
(PRIZE — Partial Responders Intemational schiZophrenia Evaluation)
comparing Seroquel (600 mg/day) and haloperidol (20 mg/day) in
schizophrenic patients with a history of partial response to conventional
antipsychotic therapy, and who did not experience a sufficient response to
4 weeks’ treatment with fluphenazine?

s Supplemental efficacy analysis was carried out on the PRIZE data. This
enabled comparison of a number of parameters between treatments. This
slide shows the change from baseline (last observation carried forward
values) in Kay's Depressive Factor (Kay performed a factor analysis on the
30 Positive and Negative Syndrome Scale items which yielded 5 domains
including the depressive domain which comprised the 5 items: anxiety, guilt,
depression, somatic concern and preoccupation). This population had a
baseline score >20 for the sum of these items?

e Seroquel shows a significantly greater improvement in mood compared with
haloperidol (p=0.015)' Shown as p<0.05 on slide to follow convention.

Reference
1. Data on file — AstraZeneca.
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Seroquel improves depressive symptoms more
than risperidone in patients with psychosis
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Mean doses at 4 months shown Reinstein et al 1999

Data from an open-label, randomised, comparator trial

Seroquel improves depressive symptoms more than risperidone
in patients with psychosis

o These data are from a 16-week, multicentre, open-label trial (QUEST —
Quetiapine Experience with Safety and Tolerability) comparing Seroquel and
risperidone in adult outpatients with mixed psychotic disorders?

o The mean dose at Week 16 was 317 mg/day for Seroquel and 4.5 mg/day for
risperidone?

e The slide details the improvement in the Hamilton Rating Scale for
Depression (HAM-D) during the trial in 446 Seroquel-ireated patients and
150 risperidone-treated patients. The baseline mean HAM-D score was 15.5
for both treatment groups!

Reference

1. Reinstein M et al. Poster presented at the American Psychiatric Association Annual
Meeting, Washington DC, 1999.
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Seroquel - improves overall cognitive
function in schizophrenia
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Neurocognitive tests were: Stroop Color-Word, Hopkins Verbal

Learning, Symbol-Digit Substltuthn, Trials B-A, Paragraph Recall Velligan et al 1999
and Verbal Fluency

b

Seroquel — improves overall cognitive function in schizophrenia

Over 24 weeks, cognitive function improved in patients treated with Seroquel
(600 mg/day) and declined in those receiving haloperidol
(12 mg/day)"

Cognitive function was measured using a battery of six neurocognitive tests
(Stroop Color-Waord, Hopkins Verbal Learning, Symbol-Digit Substitution,
Trials B-A, Paragraph Recall and Verbal Fluency). The combined scores of
these tests provided the measure of overall cognitive function®

Cognitive deficits cause difficulty in living in the community. Seroquel
treatment may help alleviate this by improving some aspects of cognitive
function?

The between-treatment difference is statistically significant (p<0.03 -
although shown as <0.05 to follow slide convention)

Reference

1.

Velligan DI et al. Poster presented at the American Psychiatric Association Annual
Meeting, Washington DC, 1999.
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Seroquel has a broad spectrum of
efficacy in schizophrenia
Anxiety/ Thought
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Seroquel has a broad spectrum of efficacy in schizophrenia

These data are from a meta-analysis of three 6-week, randomise'd, double-blind,
placebo-controlled trials (trials 61, 82 and 133) in patients with schizophrenia

Study 50771L/0006 contained one Seroquel dose group (flexible-dose up to
750 mg/day), and the mean Seroquel dose was 307 mg/day (n=109)"

Study 204636/0008 contained two Seroquel dose groups, one allowing flexible
dosing up to 250 mg/day and the other allowing flexible dosing up to 750 mg/day.
Data from patients who received less than 150 mg/day have not been included in this
meta-analysis. The mean Seroquel dose in the patients included from each dose
group was 219 mg/day and 402 mg/day, respectively (n=286)2

Study 50771L/0013 contained five fixed-dose Seroquel groups (75 mg/day,
150 mg/day, 300 mg/day, 600 mg/day and 750 mg/day). Data from patients in the 75
mg/day group have not been included in this meta-analysis (n=361)3

This slide details the significant improvements in all factors of the Brief Psychiatric
Rating Scale (BPRS) for Seroquel (n=425) compared with placebo (n=198). The
BPRS factors were: | (anxiety/depression), Il (anergia), lll (thought disturbance), IV
(activation) and V (hostility). The data set included only patients who received
150-750 mg/day Seroquel*

References

1.
2. Small JG et al. Arch Gen Psychiatry 1997; 54: 549-557.
3.

4. Data on file — AstraZeneca.

Borison RL et al. J Clin Psychopharmacol 1996; 16: 158-169.

Arvanitis LA et al. Biol Psychiafry 1997; 42: 233-246.
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Seroquel significantly improves the symptoms of
aggression and hostility in schizophrenic patients
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Data from meta-analysis of 4 placebo-controlled trials
Patients symptomatic at baseline

*p<0.05 vs placebo, **p<0.001 vs placebo Data on file - AstraZeneca

Seroquel significantly improves the symptoms of aggression and
hostility in symptomatic schizophrenic patients

o The data in this slide were derived from a meta-analysis of four acute, randomised,
double-blind, placebo-controlled studies in patients with schizophrenia?

e The Seroquel dose ranged from 150-750 mg/day’

o Hostility/aggression was assessed on three parameters: score on the hostility item of
the Brief Psychiatric Rating Scale (BPRS); score on the hostility cluster of the BPRS
(sum of the scores for the items anxiety, tension, hostility, suspiciousness,
uncooperativeness and excitement); and score on Factor V of the BPRS (sum of the
scores for the items hostility, suspiciousness and uncooperativeness) !

o Only patients who were symptomatic on a given parameter at baseline were included
in the analysis for that parameter. The thresholds for inclusion were as follows:
hostility item baseline score of 3 or more; hostility cluster baseline score of 12 or
more; Factor V baseline score of 6 or more!

e A pooled treatment effect was calculated by combining the treatment effects from the
four studies, weighted according fo study size and within-study variation. Data were
analysed using a last value carried forward approach?

o The numbers of patients included in each analysis were: hostility item, Seroquel
171/placebo 686; hostility cluster, 297/121, Factor V, 288/1201

e Seroquel was significantly more effective than placebo at improving these symptoms
of aggression and hostility in patients with schizophrenia®

Reference
1. Data on File —~ AstraZeneca.
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Seroquel - initial clinical
response? maintained long term
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eParticipants with >40% improvement from baseline in BPRS total score or BPRS total
score <18 at Week 6 of acute-phase trial

{n=267) Adapted from Rak & Raniwalla 2000

Seroquel —~ initial clinical response? maintained long term

¢ These data are from a subset of patients (n=267), who had previously

responded to Seroquel in three 6-week placebo-controlled trials before
entering the 52-week open-label extension trial (OLE) of Seroquel in patients
with schizophrenia’

Patients received up to 800 mg/day Seroquel in the OLE studies. Two OLE
studies evaluated fixed doses of Seroquel and one used flexible dosing®

The observed number of patients evaluated by the Brief Psychiatric Rating
Scale (BPRS) Total score and Clinical Global Impression (CGl) severity of
iliness score, at 0 and 52 weeks were n=266 and

90 and n=267 and 91, respectively’

aResponse was defined as a >40% decrease from baseline in the BPRS total
score or a BPRS total score of <18 at Week 6 of the acute-phase trial’

Reference

. Rak |, Raniwalla J. Poster presented at the Winter Workshop, Davos, 2000.
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Seroquel - efficacy in
schizophrenia

Efficacy comparable to or greater than other
antipsychotics :

Efficacy in both positive and negative symptoms
Improves depressive symptoms

Improves cognitive function

Reduces aggression and hostility

Efficacy in ‘partial responders’

Efficacy maintained long term (52 weeks)
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Seroquel - effective in
elderly psychotic patients

Results from a 52-week open-label study (Study 48)
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***p<0.001 vs baseline for all assessment points
Seroquel median dose 138 mg/day (n=184) Tariot et al 2000

Seroquel — effective in elderly psychotic patients

o Results from this 52-week, open-label, multicentre trial involving
184 elderly patients with psychosis showed that, at a median dose of
138 mg/day, Seroquel was effective at all timepoints. Patients had a mean
age of 76 years (range 54-94 years) and 53% of the patients were female?

e During the study, there was a progressive improvement from baseline in the
Brief Psychiatric Rating Scale (BPRS) total score. Improvements from
baseline in BPRS total score were significant at all timepoints sampled
(p<0.0001 vs baseline) *

e The median duration of treatment for all patients was 348 days (range
2-428 days) 1

Reference
1. Tariot et al. Clin Ther 2000; 22: 1068-1084.
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Seroquel - effective in patients with
Parkinson’s disease and psychosis
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Seroquel - effective in patients with Parkinson’s disease and
psychosis

o

A subset analysis’ was carried out on 40 elderly psychotic patients diagnosed with
advanced Parkinson’s disease (PD) who participated in a 52-week, open-label
multicentre trial of Seroquel in elderly psychotic patients (n=184).2 The patients in the
PD subset ranged in age from 54 to 89 years and 45% of the study population were
female!

Patients were flexibly dosed, starting with a 25 mg dose (qd or bid). The dose was then
increased by 25-50 mg incrementis every 1-3 days up to 800 mg/day depending on
clinical response and tolerability. The mean dose was 75 mg/day"

Seroquel produced continuous improvements in psychotic symptoms up to 12 weeks as
assessed by improvements (mean % change) from baseline in the Brief Psychiatric
Rating Scale (BPRS) total score and Clinical Global Impression (CGI) Severity of
Iliness score. Improvements in the BPRS total score were significant at Week 12
{(p<0.0001), as were improvements in the CGI score (p=0.0033). This clinical
improvement was subsequently maintained over the 52 weeks!

References

1. Juncos J et al. Poster presented at the American Psychiatric Association Annual

Meeting, Washington DC, 1999.

2. Tariot P et al. Poster presented at the American Psychiatric Association Annual

Meeting, Washington DC, 1999,
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Seroquel - effective in patients with
Alzheimer’s disease and psychosis
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Seroquel - effective in patients with Alzheimer’s disease and
psychosis

= A subset analysis’ was carried out data from 78 elderly psychotic patients
diagnosed with Alzheimer's disease (AD) who had participated in a 52-week,
open-label, multicentre trial of Seroquel in elderly psychotic patients (n=184)?

o The patients in this AD subset ranged in age from 62 to 92 years (mean 78
years) and 54% of the study population were female. The median Seroquel
dose received by these patients was 100 mg/day’

o Significant (p<0.05) improvements from baseline scores in BPRS Total and
Hostility Cluster scores were noted for Alzheimer's patients treated with
Seroquel at all time points analysed (Weeks 2, 4, 8, 12, 24, 36, 52 and
LOCF, excluding Week 2 for Factor V and Weeks 2 and 12 for Hostility
Item)?

References

1. Schneider L et al. Poster presented at the American Psychiatric Association Annual
Meeting, Washington DC, 1999,

2. Tariot et al. Clin Ther 2000; 22: 1068-1084.
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Seroquel - preliminary evidence of
efficacy in psychosis associated with
Lewy Body disease
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Seroquel - preliminary evidence of efficacy in psychosis associated
with Lewy Body disease

A 24-week, open-label trial evaluated the efficacy and tolerability of Seroquel
in 9 elderly psychotic patients with Parkinson’s disease and dementia who
met the criteria for Lewy Body disease. The patients’ mean age was

76 years (range 63-88 years) and 56% of the study population were female?

Seroquel was flexibly dosed (25-300 mg/day) and the mean peak dose
administered was 107 mg/day’

All 8 patients with Lewy Body disease and psychosis who received Seroquel
showed marked improvements in psychosis, as assessed by improvements
in the Brief Psychiatric Rating Scale (BPRS) scores from baseline to
endpoint?

Preliminary data suggest that Seroquel is effective in improving psychosis in
patients with Parkinson’s disease and dementia who meet the criteria for
Lewy Body disease!

Reference

. Parsa MA et al. Poster presented at the World Psychiatric Association Annual
Meeting, Hamburg, 1999.
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Seroquel - preliminary evidence of efficacy
in adolescents with psychotic disorders
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Seroquel — preliminary evidence of efficacy in adolescents with
psychotic disorders

These preliminary data are from an open-label, 23-day, dose-escalation trial.
Patients discontinued all other antipsychotic treatment on Day 1 and started
Seroquel 25 mg bid on Day 3, which was increased in a stepwise manner
over the following 18 days to reach 400 mg bid on Day 21. A final dose of
400 mg was given on the morning of Day 23. Patients who were unable to
tolerate this titration schedule were given up to 6 extra days to reach the
maximum dose’

The study evaluated 10 patients. Their mean age was 13.6 years (range
12.3-15.9 years) and 50% of the population were female. Their diagnoses
were either schizoaffective disorder (n=7) or bipolar disorder with psychotic
features (n=3)!

The slide details improvement in the Brief Psychiatric Rating Scale (BPRS)
total score and Clinical Global Impression (CGI) Severity of liiness score
during the trial’

Reference

1.

McConville BJ et al. J Clin Psychiatry 2000; 61: 252-260.
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Seroquel - efficacy in other
patient populations

® Improves psychosis in the psychotic
adult, adolescent and elderly
(including Parkinson’s disease,
Alzheimer’s disease and Lewy Body
disease) populations

Seroquel - efficacy in other patient populations

Summary slide
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Seroquel - similar percentage of patients
discontinue due to adverse events
compared with placebo

Patients 15 -
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% 0-

Placebo Seroquel

(n=206) (n=1710)
p=NS Data on file - AstraZeneca

Seroquel - similar percentage of patients discontinue due to
adverse events compared with placebo

e In an analysis of Phase II/lll controlled trials of Seroquel, the percentage of
patients withdrawn from Seroquel treatment (5.0%) was similar to that with

placebo (2.9%; p=NS)'

e 1710 patients received Seroquel and 206 placebo’

Reference
1. Data on file — AstraZeneca.
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Low EPS risk - the essence of atypicality

Jibson and Tandon 1998

Low EPS risk — the essence of atypicality

= As an atypical antipsychotic, Seroquel is characterised by being at least as
effective as standard antipsychotics with a much lower risk of extrapyramidal
symptoms (EPS)

e This relative lack of EPS with atypical antipsychotics may have a favourable
effect on cognition, compliance and patients’ subjective experience of
treatment

Reference:
Jibson MD and Tandon R. J Psychiatr Res 1998; 32:215-228.
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Seroquel - placebo-level EPS
across the full dose range
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Data from a 6-week trial Arvanitis et al 1997; Data on file - AstraZeneca

Seroquel — placebo-level EPS across the full dose range

o These data are from a 6-week randomised, double blind, placebo-controlled

trial of Seroquel in patients with schizophrenia (361 patients were
randomised to treatment)?

o Evaluable patients for extrapyramidal symptoms (EPS) and anticholinergic
medication are: (Seroquel 75 mg/day [n=53], 150 mg/day [n=48], 300 mg/day

[n=52], 600 mg/day [n=51] or 750 mg/day [n=54]) or placebo [n=51]1?

e These data show the proportion of patients reporting one or more EPS
adverse events (akathisia, parkinsonism or dystonia )? and those requiring

benztropine during the trial?

References
1. Arvanitis LA et al. Bjol Psychiatry 1997; 42: 233-246.

2. Data on file - AstraZeneca.
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EPS adverse events:
Seroquel vs placebo
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EPS adverse events: Seroquel vs placebo

®

L

These data are from four double-blind, placebo controlled studies (41, 62, 8% and 134) comparing Seroquel
with placebo in patients with schizophrenia in the short-term (3 weeks for study 4, 6 weeks for studies 6,
8 and 13)

In study 4, patients (n=12) were randomised to treatment with either placebo or increasing doses of
Seroquel (25-250 mg/day). Doses were increased in increments of 25-50 mg until the final dose of 250
mg/day was reached?

In study 6, patients (n=109) were randomised to treatment with either placebo or Seroquel (75-

750 mg/day). Patients received Seroquel 58-526 mg/day and the mean daily dose administered was
307 mg?

In study 8, patients (n=286) were randomised to treatment with placebo, low-dose Seroquel (<250
mg/day) or high-dose Seroquel (<750 mg/day). The low dose group received a mean dose of 209
mg/day Seroguel (range 50-267 mg/day), and for those that completed the trial the mean daily dose was
248 mg. The high-dose group of the study received a mean dose of 360 mg/day Seroquel (range 50-
566 mg/day). For high-dose Seroquel patients who completed the trial, the mean daily dose was 488 mg?
In study 13, patients (h=361) were randomised to treatment with placebo or fixed dose Seroquel

(75 mg/day, 150 mg/day, 300 mg/day, 600 mg/day or 750 mg/day)*

This slide details the combined percentage of total patients from these 4 studies who had acute EPS
adverse events during the trials (Seroquel n=510, placebo n=206)5

The Total EPS group = combined data from the three subgroups presented in the slide. The
Parkinsonism subgroup = hypertonia, neck rigidity, cogwheel rigidity, tremor, akinesia, hypokinesia and
EPS; the akathisia subgroup = akathisia and the dystonia subgroup = dystonia, oculogyric crisis and
torticullis®

For this population, significance tests showed there was no difference between Seroquei and placebo in
terms of incidence of EPS in the Total EPS data set and in each of the EPS subgroupss

Seroquel has placebo-like EPS levels at doses used in schizophrenias
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Seroquel - significantly less
anticholinergic use than haloperidol

% patients with 26 -
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Seroquel - significantly less EPS than haloperidol

o The PRIZE study (Partial Responders International schiZophrenia
Evaluation) compared the efficacy of 8 weeks’ Seroquel treatment (600
mg/day) with haloperidol (20 mg/day) in 288 patients who had a history of
partial response or non-response to conventional antipyschotics?

o After a 4-week run-in period with fluphenazine (20 mg/day), patients with a
reduction in Positive and Negative Syndrome Scale (PANSS) total score of
<30% and a PANSS positive score of 215 (ie partial responders) were
randomised to treatment with Seroquel or haloperidol

¢ Patients treated with Seroquel had significantly less treatment-emergent
extrapyramidal symptoms (EPS) (as measured by the number of patients
requiring anticholinergics after baseline) than those treated with haloperidol:
3 of 81 patients on Seroquel required anticholinergics after baseline
compared with 17 of 74 patients on haloperidol (p<0.001)2

References
1. Emsley RA et al. Int Clin Psychopharmacol 2000; 15: 121-131.
2. Data on file — AstraZeneca.
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Risperidone - EPS are dose related
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Risperidone — EPS are dose related

o These data are from a multinational, parallel-group, double-blind study of 8
weeks’ treatment of risperidone (1-16 mg/day) versus haloperidol 10 mg/day

in patients with chronic schizophrenia?

e EPS were assessed using the Extrapyramidal Symptom Rating Scale

(ESRS)!

e EPS with risperidone were evaluated in 1136 patients (1 mg/day, n=229;

4 mg/day, n=227; 8 mg/day, n=230; 12 mg/day, n=226; 16 mg/day, n=224)

and EPS with haloperidol 10 mg/day were evaluated in 226 patients?

References
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Olanzapine - EPS are dose related
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Olanzapine — EPS are dose related

¢ These treatment-emergent extrapyramidal symptoms (EPS) data were
obtained during the acute phase of a fixed dose range placebo-controlled
clinical trial®

* The fixed dose ranges of olanzapine and the numbers of evaluable patients
within these groupings are: (2.5-7.5 mg/day [n=65], 7.5-12.5 mg/day [n=64]
and 12.5-17.5 mg/day [n=69]), with placebo (n=68)"

e The average daily dose of olanzapine for the treatment of schizophrenia in
the UK is 16 mg/day?

« Significant differences in treatment-emergent EPS compared with placebo
were seen at dosages commonly used in clinical practice

References
1. Olanzapine Prescribing Information, 1998.
2. UK Medicare, 1999.
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Seroquel - less EPS than risperidone

Cumulative percentage of subjects requiring the addition
of anti-EPS medication
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n Trial week
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apatients with schizophrenia QUEST Study
Mean doses shown Data on file - AstraZeneca

Seroquel — less EPS than risperidone

QUEST (Quetiapine Experience with Safety and Tolerability) was a 16-week,
open-label trial comparing Seroquel and risperidone in 751 adult outpatients
with mixed psychotic disorders?

This slide presents data from the subanalysis of the schizophrenia cohort
within QUEST ([n=251]; Seroquel [n=191] and risperidone [n=60]), where
patients received Seroquel (mean dose 288.1 mg/day) or risperidone (mean
dose 5.1 mg/day?)

This slide details the cumulative percentage of patients who received
adjunctive therapy for extrapyramidal symptoms (EPS) during the 16-week
trial. The number of patients in each treatment group who were evaluable for
this parameter are: Week 1: 183 Seroquel/58 risperidone; Week 2: 174/50;
Week 4: 159/50; Week 8: 139/44; Week 12: 126/40; Week 16: 121/392

Approximately half of the patients beginning the trial reported baseline EPS
(Seroquel 59.7% [n=114/191]; risperidone 51.7% [n=31/60])?

References

. Reinstein M et al. Poster presented at the American Psychiatric Association Annual
Meeting, Washington DC, 1999,

2. Data on file - AstraZeneca.
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Seroquel - incidence of EPS similar
with short- and long-term use
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Data on file - AstraZeneca

Seroquel - incidence of EPS similar with short- and long-term use

_The two left-hand columns show data? from four short-term double blind,

placebo-controlled trials (6-week?34 and 3-week®) in patients with
schizophrenia who received Seroquel 75-750 mg/day

An open-label extension (OLE) trial® has evaluated the long-term (52-week)
safety of Seroquel in 855 patients with schizophrenia. Patients were
recruited directly after completing at least 2 weeks of randomised treatment
(Seroquel, haloperidol or placebo) in one of three short-term trials. In this
OLE trial patients could receive up to 800 mg/day Seroquel on a flexible-
dose basis, although the mean dose administered was 490 mg/day

References
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Seroquel - low risk of tardive dyskinesia
in patients with schizophrenia

Incidence of 0.05 -
TD: cases
per patient 0.04
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Glazer-Mlorgenstern criteria Schooler-Kane criteria

Data from 1-year, open-label, follow-up study Glazer et al 1999

Seroquel — low risk of tardive dyskinesia in patients with
schizophrenia

It is thought that there is an association between extrapyramidal symptoms (EPS)
and the development of tardive dyskinesia (TD). Atypical antipsychotics that have a
minimal propensity to cause EPS, such as Seroquel, should be therefore less likely
to be associated with TD '

Data on TD have been summarised from 3 Phase |l Seroquel studies
(B-week double-blind phases followed by 2-year+ open-label extensions) involving
301 patients aged 18-65 years with schizophrenia'

Abnormal Involuntary Movement Score (AIMS) assessments, analysed using both
Glazer-Morgenstern and Schooler-Kane criteria, showed that Seroquel was
associated with a very low risk of TD: 0.009 and 0.004 cases per patient year,
respectively

Reference

1.

Glazer WM et al. Poster presented at the Annual Meeting of the American College of
Neuropsychopharmacology, Acapulco, 1999.

51

AZ/SER 1515469



Potential consequences of prolactin elevation

Potential consequences of prolactin elevation

Conventional antipsychotics increase serum prolactin through blockade of the
inhibitory effect of dopamine on prolactin release from the pituitary. This may
lead to a range of symptoms, including amenorrhoea, galactorrhoea, breast
enlargement and osteoporosis in women, and impotence, gynaecomastia and
occasional galactorrhoea in men. Sexual dysfunction, including alterations in
the quality of orgasm and erectile or ejaculatory dysfunction can occur in up to
60% of patients on standard antipsychotics.
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Seroquel across the entire dose range -
effect on prolactin indistinguishable
from placebo
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Seroquel across the entire dose range - effect on prolactin
indistinguishable from placebo

e These data are from a 6-week randomised, double-blind, placebo-controlled
trial of Seroquel 75-750 mg/day in patients with schizophrenia (361 patients
were randomised to treatment)’

e The bar chart shows the mean change in prolactin from baseline at endpoint.
Evaluable patients: (Seroquel 75 mg/day [n=19], 150 mg/day [n=25],
300 mg/day [n=31], 600 mg/day [n=28] or 750 mg/day [n=28] mg/day),
haloperidol (12 mg/day [n=24]) or placebo [n=19]

Reference
1. Arvanitis LA et al. Biol Psychiafry 1997, 42: 233-246.
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Seroquel allows normalisation of
previously elevated prolactin levels
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***p<0.001 vs haloperidol

Data on file - AstraZeneca

Seroquel allows normalisation of previously elevated prolactin levels

e This is a meta-analysis® from three double-blind studies (8-week?3 and 8-week,b
in partial responders4) in which patients with schizophrenia received Seroquel
(up to 800 mg/day; n=429) or haloperidol (up to 20 mg/day; n=320). These data

are from a last value carried forward analysis
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Long-term weight change with
Seroquel and olanzapine
Seroquel monotherapy Olanzapine 15 mg/day
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Kasper & Miiller-Spahn 2000 Adapted from Nemeroff 1997

Long-term weight change with Seroquel and olanzapine

¢ The left-hand graph shows changes in weight observed with seroquel
monotherapy during controlled, uncontrolled and open-label extension trials
(n=455) over 52 weeks in patients with schizophrenia.! Patients received a
mean dose of quetiapine 475 mg/day at completion of the trial (156 weeks)?

e The right-hand graph shows weight changes observed during a maintenance
trial of olanzapine. In this trial, 69 patients received 15 mg/day olanzapine®

References
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Seroquel - weight neutral at all doses
Open-label extension studies
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Brecher et al 2000

Seroquel — weight neutral at all doses

o Study 51 was an open-label extension study of Seroquel in patients who had
participated in Phase Illb clinical trials (approximately 500 patients entered
the trial).? These data are from a subset of patients with schizophrenia who
received Seroquel up to 800 mg/day in Study 511

e For each dose group, the change in mean weight from baseline at endpoint
presented in this slide was obtained from the same cohort of patients.!
Endpoint was defined as the final weight value that was taken for each
patient.” Dose groups were calculated using the modal dose value for the
time period when the last weight value was recorded’ '

e |t can be seen that the 95% confidence limits for the mean changes in
weight from baseline at each dose include 0; therefore Seroquel has a
neutral effect on weight at all doses

Reference
1. Brecher et al. Int J Psych Clin Pract 2000; 4. 287-291.
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Long-term Seroquel monotherapy has
neutral effect on weight
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Long-term Seroquel monotherapy has neutral effect on weight

¢ The slide shows the mean and 95% confidence intervals (Cl) change in
weight from baseline to endpoint for 178 patients enrolled in an open-label
extension (OLE) study’

¢ All patients had a diagnosis of schizophrenia and had completed at least 4
weeks of Seroquel treatment in one of six Phase IlIb clinical trials before
entering the OLE

o Seroquel was flexibly dosed up to 800 mg/day. The mean dose was 473
mg/day. The mean duration of OLE Seroquel monotherapy was 18.6 months

o Patients were stratified into five categories according to their BMI at
baseline.? Seroquel monotherapy was weight-neutral across all the
categories (95% Cl includes 0), except for the most severely obese group
(BMI of 35 or more), in whom the mean weight decreased slightly

References
1. Brecher et al. IntJ Psych Clin Pract 2000; 4. 287-291.

2. National Heart, Lung and Blood Institute. Clinical Guidelines on the identification,
evaluation and treatment of overweight and obesity in adults — executive summary.
Bethesda, MD: National Institute of Health; June 1998.
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Long-term Seroquel has neutral
effect on weight
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Long-term Seroquel has neutral effect on weight

Patients who had completed at least 4 weeks of treatment in one of six
Seroquel Phase llIb trials could participate in an open-label extension study
(OLE)

All patients had schizophrenia. Seroquel was flexibly dosed up to a
maximum of 800 mg/day

The slide shows data from 112 patients who completed at least 53 weeks of
OLE Seroquel monotherapy’

Patients were stratified according to their BMI at baseline into five categories:
underweight (BMI <18.5); normal weight (BM| 18.5-25); overweight (BMI 25-
30); obese (BMI 30-40); and severely obese (BMI 40 or more)?

The majority of patients did not change BMI category during Seroquel
monotherapy

References

1. Data on File -~ AstraZeneca.

2. National Heart, Lung and Blood Institute. Clinical Guidelines on the identification,

evaluation and treatment of overweight and obesity in adults ~ executive summary.
Bethesda, Md: National Institute of Health; June 1998.
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Long-term Seroquel has neutral effect on
weight in obese / severely obese patients
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Long-term Seroquel has neutral effect on weight in obese / severely
obese patients

Patients who had completed at least 4 weeks of treatment in one of six Seroquel
Phase llib trials could participate in an open-label extension study (OLE)

All patients had schizophrenia. Seroquel was flexibly dosed up to a maximum of 800
mg/day

The slide shows data from 20 patients who completed at least 53 weeks of OLE
Seroquel monotherapy, and who were obese or severely obese (BMI of 30 or more)
at the beginning of treatment’

Patients were stratified according to their BMI at baseline into five categories:
underweight (BMI <18.5); normal weight (BM| 18.5-25); overweight (BMI 25-30),
obese (BMI 30-40); and severely obese (BMI 40 or more)?

Three-quarters of obese or severely obese patients did not change BMI category
during Seroquel monotherapy. All those who did change showed a favourable
decrease in BM| category

None of the obese or severely obese patients showed an unfavourable change in
BMI category during Seroquel treatment

Patients is the severely obese category cannot show an unfavourable change in BMI

References
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2.
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National Heart, Lung and Blood Institute. Clinical Guidelines on the identification, evaluation and
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Seroquel - no clinically significant effect on
cardiac repolarisation (QT interval)

@ Seroquel causes an increase in heart rate (HR) and
a shortening of QT interval

® Bazett’s heart rate correction overestimates QTc
interval for drugs which increase heart rate

@ No dose-related increase in QT interval (corrected for
HR) with Seroquel

® No potentially clinically significant outliers (QTc
>60 msec change from baseline, QTc >500 ms)

Pfizer Study 54, FDA Psychopharmacological Drug Advisory Committee 19th July 2000

Seroquel - no clinically significant effect on cardiac repolarisation (QT interval)

+ Bazett's heart rate correction formula has been conclusively shown to overestimate
the effects on cardiac repolarisation (QTc interval) when heart rates are increased!?

¢ The conclusions presented in the slide are based on data that were considered by
the European regulatory authorities® and the FDA during the approval process of
Seroquel and in the FDA review of Pfizer Study 054

* [n addition, these data are now independently confirmed by the Pfizer study 54,
which was conducted at the FDA's request.* In this study, the effect of Seroquel on
the QT interval was examined across a 2 order of magnitude range of plasma
concentration in the presence of a potent CYP 450 3A4 metabolic inhibitor. The
absence of a dose- (or concentration-) related effect on QTc interval was confirmed
for Seroquel. Of the antipsychotic drugs assessed, Seroquel was the only
antipsychotic that demonstrated such a clear shortening of the QT interval and no
prolongation of the QT interval (appropriately corrected) across a wide plasma
concentration range* The plasma concentration extended over a 2 order of
magnitude range (102 to 104 ng/ml)

References
1. Karjalainen J et al. J Am Coll Cardiol 1994; 23. 1547-1553.
2. Funck-Bentano C and Jaillon P. Am J Cardiol 1993; 72: 17B-22B.

3. Mutual Recognition Procedure No. NL/H/156/01-03, Reference Member State: The
Netherlands, Assessment report for Seroquel (film-coated tablets containing quetiapine
fumarate) August 1999,

4. FDA Background on Zeldox TM (ziprasidone hydrochloride capsules) Pfizer, Inc.
Psychopharmacological Drugs Advisory Committee 19 July 2000. Overview Memo by Thomas
Laughren, M.D.; Cardio Review, Maryann Gordon, M.D.
http://www.fda.gov/ohrms/dockets/ac/00/backgrd/3619b1b. pdf
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Effect of antipsychotic drugs on QTc
(steady state)

QTc change from baseline (msec)

Ziprasi- Risperi- Olanza- Seroquel Halo- Thiorid-

done done pine peridol azine
Baseline correction 15.8 3.6 17 5.7 7.1 30.1
Bazett’s correction® 20.3 9.1 6.8 14.5 4.7 35.6
FDA-proposed correction 16.5 4.3 23 6.9 6.8 30.8
Fridericia correction 16.5 3.0 1.1 4.8 7.3 29.6
Hodges correction 14.9 3.3 2.5 7.5 74 28.7
Framingham correction 14.9 3.7 1.6 4.4 6.1 28.5
Linear Baseline correction 14.6 3.3 1.2 3.8 6.3 28.1

*Bazett’s has consistently been found to be inaccurate
Funck-Brentano and Jaillon 1993
Pfizer Study 54, FDA Psychopharmacological Drug Advisory Committee 19th July 2000

Effect of antipsychotic drugs on QTc (steady state)

The Pfizer Study 541 compared the effects of antipsychotic drugs using 7 formulae including a Baseline
heart rate correction formula. This approach was recommended by the FDA in preference to using a
‘standard’ heart rate correction formula such as Bazett's or Fridericia. The FDA recommended
calculating a dataset-specific heart rate correction formula for each drug’s baseline dataset. This
Baseline heart rate correction formula was, by definition, the best correction formula for the ‘baseline’ QT
interval and heart rate data. The Baseline heart rate correction formula appropriate for each drug's
dataset was then applied to the QT intervals during drug treatment. This approach ensures a meaningful
comparison across all drugs in spite of their differing effects on heart rates?

Antipsychotics were evaluated over the following dose ranges: ziprasidone (20-80 mg twice-daily);
risperidone (1-8 mg twice-dally); olanzapine (5-20 mg once-daily); Seroquel (25-375 mg twice-daily),
thioridazine (25-150 mg twice-daily) and haloperidol (2-15 mg once-daily)

The Bazett's formula has been criticised as it overestimates the QTc¢ interval when heart rates are
increased and underestimates it when heart rates are decreased. The Bazett's formula is therefore likely
to bias results when comparing drugs that affect heart rate to different extents. This is demonstrated by
the data shown on this slide. The effects on QTc interval of the compounds asscciated with an Increase
in heart rate (ziprasidone, risperidone, olanzapine, Seroque! and thioridazine) appear largest with the
Bazett's formula, while the heart rate lowering effects of haloperidol result in a lower apparent QTc effect
with this correction formula than with any of the others?

Haloperidol is considered to have a placebo-like effect, therefore any compound showing a smaller or
equivalent change to haloperidol has no clinically significant effect on QTc interval.

Risperidone, clanzapine and Seroquel showed no effect on appropriately corrected QTc intervals. Use of
Bazett's formula is inappropriate due to the dissimilar effects of these drugs on heart rates

The increases in heart rate with Seroquel are not clinically significant but are sufficient to bias QTc
calculations using the Bazett's formula

References:

1.

FDA Background on Zeldox TM (ziprasidone hydrochloride capsules) Pfizer, Inc. Psychopharmacological
Drugs Advisory Committee 19 July 2000. Advisory Committee Briefing Document.

http://www.fda.gov/ohrms/dockets/ac/00/backgrd/3619b1a.pdf
Funck-Bentano C and Jaillon P Am J Cardiof 1993; 72: 178-22B.
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Effect of antipsychotic drugs on QTc
(steady state)
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Pfizer Study 54, FDA Psychopharmacological Drug Advisory Committee 19th July 2000

Effect of antipsychotic drugs on QTc (steady state)

The Pfizer Study 54! compared the effects of antipsychotic drugs using 7 formulae including a
Baseline heart rate correction formula. This approach was recommended by the FDA in
preference to using a 'standard’ heart rate correction formula such as Bazett's or Fridericia.
The FDA recommended calculating a dataset-specific heart rate correction formula for each
drug's baseline dataset. This Baseline heart rate correction formula was, by definition, the
best correction formula for the ‘baseline’ QT interval and heart rate data. The Baseline heart
rate correction formula appropriate for each drug's dataset was then applied to the QT
intervals during drug treatment. This approach ensures a meaningful comparison across all
drugs in spite of their differing effects on heart rates’

Antipsychotics were evaluated over the following dose ranges: ziprasidone (20-80 mg twice-
daily); risperidone (1-8 mg twice-daily); olanzapine (5-20 mg once-daily); Seroquel (25-375 mg
twice-daily), thioridazine (25-150 mg twice-daily) and haloperidol (2-15 mg once-daily)
Thioridazine has received a black box warning in the US for risk of sudden death related to its
effects on cardiac repolarisation (QT interval). The warning states that a Pfizer study found
that "the mean increase in QTc from baseline for ziprasidone ranged from approximately 9 to
14 msec greater than for four of the comparator drugs (risperidone, olanzapine,
quetiapine,and haloperidol), but was approximately 14 msec less than the prolongation
observed for thioridazine".? Although Seroquel was clearly associated with a decrease in QT
interval across a wide plasma concentration range, the effects of Seroquel, risperidone and
olanzapine on QTc interval appear to be indistinguishable from each other. The effect of
haloperidol on the QTc interval is considered o be equal to that of placebo’

Reference

1.

FDA Background on Zeldox TM (ziprasidone hydrochloride capsules) Pfizer, Inc.
Psychopharmacological Drugs Advisory Committee 19 July 2000. Advisory Committee
Briefing Document hitp://www.fda.gov/ohrms/dockets/ac/00/backgrd/3619b1a.pdf

NDA 20-825 Approval letter and labeling http://www.fda.gov/cder/foi/label/2001/20825Ibl. pdf
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Seroquel - no requirement for
cardiac monitoring

No statistically significant Seroquel / placebo
differences in proportion of patients
experiencing potentially important changes in
ECG parameters in placebo-controlled trials

Review of post-marketing data (death, sudden
death, cardiovascular death, QT prolongation,
TdP, syncope) demonstrates no signal of
increased risk (as of 30th June 2000)

No requirement for cardiac monitoring with
Seroquel

Seroquel Prescribing Information

Seroquel - no requirement for cardiac monitoring

References

The first bullet point is a conclusion based on data that were reviewed by the
FDA during their consideration of the New Drug Application for Seroquel,

resuliing in US approval in September 1997. This conclusion remains in the
US label for Seroquel’

The second bullet point summarises data reviews that were considered and
agreed by the Dutch College during the Mutual Recognition Review
Procedure and were published in a report dated August 1999.2 The absence
of a signal indicating increased risk has been recently reaffirmed

1. Seroquel Prescribing Information.

2. Mutual Recognition Procedure No. NL/H/156/01-03, Reference Member State: The
Netherlands, Assessment report for Seroquel (film-coated tablets containing
quetiapine fumarate) August 1999.
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Seroquel - laboratory and safety
findings

® No clinically significant cardiac
arrhythmias or alterations in cardiac
intervals

— no requirement for ECG monitoring

® No clinically significant laboratory
findings
— no requirement for blood monitoring

~ no requirement for thyroid or liver monitoring

Meats 1997; Data on file - AstraZeneca

Seroquel - laboratory and safety findings

No requirement for ECG monitoring?

Analysis of phase /Il trials reveal no requirement for monitoring blood
pressure or routine monitoring for neutropenia or leucopenia’

A lack of clinically significant laboratory findings means that there is no
requirement for thyroid or liver monitoring?

References

1.

Data on file — AstraZeneca.

2. Meats P et al. Int J Psych Clin Prac 1997, 1: 231-239.
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Lens opacities - safety update

® 26% of schizophrenics have lens opacities

- multiple cataractogenic risk factors
® 620,000 Seroquel exposures through May 31 2000
© 32 cases of lens opacities reported

© Most had concomitant risk factors: trauma,
hypertension, diabetes, known cataractogens

¢ Independent evaluation by ophthalmologist consultant
did not identify hallmarks suggesting lens toxicity
attributable to Seroquel

McCarty et al 1999, Laties et al 2000

Lens Opacities - safety update

s 26% of schizophrenic patients exposed to psychotropic medication from a
community mental health service had lens opacities?

¢ Of 620,000 patients in the US (cases reported between September 1997 and
31 July 2000) treated with Seroquel, lens opacities have developed in only
32 patients. These 32 reported cases are a global composite, making the
reporting rate even less?, The mean age of these cases was 42.6 years;
male:female ratio was 1:1.2. Most of the reported cases had risk factors for
lens opacities and some cases had cataracts at baseline?

» No conclusive evidence of direct linkage between Seroquel and ocular
changes has been found? '

References
1. McCarty CA et al. Ophthalmology 1999; 106: 4 683-7.

2. Laties AM et al. Poster presented at the American College of
Neuropsychopharmacology Annual Meeting, Puerto Rico, 2000.
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Seroquel - tolerability in schizophrenia

Unique tolerability profile

Incidence of EPS no different to placebo across the full dose range
Significantly less EPS than haloperidol, even at higher doses
Incidence of EPS does not increase with long-term use

Low risk of tardive dyskinesia

Low level of sexual dysfunction (prolactin levels equivalent to placebo
across all doses)

Significantly lower prolactin levels than standard antipsychotics
Weight neutral in long-term monotherapy

No clinically significant effect on QT interval - ECG monitoring
not required

Seroquel - tolerability in schizophrenia

Summary slide
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Tolerability in other
populations
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Seroquel - improvement in EPS in
adolescents with psychosis

Mean -3 -1 | ¥ AIMS fotal score

change ® BAS global akathisia score

from SAS total score *
baseline -2 - =

-4

8 14 20
**p<0.05 vs baseline Day
Seroquel flexibly dosed up to
800 mg/day (n=10) Adapted from McConville et al 2000

Seroquel — improvement in EPS in adolescents with psychosis

These preliminary data are from an open-label, 23-day, dose-escalation trial.
Patients discontinued all other antipsychotic treatment on Day 1 and started
Seroquel 25 mg bid on Day 3, which was increased in a stepwise manner
over the following 18 days to reach 400 mg bid on Day 21. A final dose of
400 mg was given on the morning of Day 23. Patients who were unable to
tolerate this titration schedule were given up to 6 extra days to reach the
maximum dose!

The study evaluated 10 patients. Their mean age was 13.6 years (range
12.3-15.9 years) and 50% of the population were female. Their diagnoses
were either schizoaffective disorder (n=7) or bipolar disorder with psychotic
features (n=3)!

The observed mean change from baseline in Abnormal Involuntary
Movement Scale (AIMS) total score, Bames Akathisia Scale (BAS) score
and Simpson-Angus Scale (SAS) total score are presented at 3 planned
timepoints (n=10; except for baseline SAS assessment where n=9)"

Reference
1.McConville BJ et al. J Clin Psychiatry 2000; 61: 252-260.
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Seroquel - low incidence of EPS
adverse events in the elderly
Results from a 52-week, open-label study (n=184)
Adverse event n (%)
Akathisia 6 (3)
Tremor 6 (3)
Dyskinesia 5(3)
Abnormal gait 3(2)
Inco-ordination 2(1)
Choreoathetosis 1(1)
Movement disorder 1(1)
Neck rigidity 1(1)
Extrapyramidal syndrome 1(1)
Total 23 (13)

Seroquel median dose 138 mg/day Tariot et al 1999

Seroquel - low incidence of EPS adverse events in the elderly

This 52-week, open-label, multicentre trial involved 184 elderly patients with
idiopathic psychoses (28%) and organic psychoses (72%).! Patients had a
mean age of 76 years (range 54-94 years) and 53% of the patients were
female?

The trial was flexibly dosed with patients started on Seroquel 25 mg (qd or
bid) and escalated to 800 mg/day, depending on clinical response and
tolerability. The median daily dose was 138 mg/day’

The incidence of extrapyramidal symptoms (EPS) in the elderly is similar to
that seen in placebo-controlled Seroquel trials, where EPS were reported in
7% of patients receiving Seroquel and 12% of those on placebo!

In this study only 13% of patients experienced EPS adverse events '

Reference

. Tariot P et al. Poster presented at the American Psychiatric Association Annual
Meeting, Washington, 1999.
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Seroquel - improved EPS over 1 year
in elderly psychotic patients

Mean -3.5
change
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Seroquel median dose 138 mg/day Adapted from Tariot et al 2000
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Seroquel — improved EPS over 1 year in elderly psychotic patients

This 52-week, open-label, multicentre trial involved 184 elderly patients with
idiopathic psychoses (28%) and organic psychoses (72%).! Patients had a
mean age of 76 years (range 54-94 years) and 53% of the patients were
female?

The trial was flexibly dosed with patients started on Seroquel 25 mg (gd or
bid) and escalated to 800 mg/day, depending on clinical response and
tolerability. The median daily dose was 138 mg/day?

Extrapyramidal symptoms (EPS) did not worsen during the course of the 52-
week trial of Seroquel. In fact, there was a trend towards improvement in
EPS as indicated by a progressive decline in the mean Simpson-Angus
Scale (SAS) score. At Week 52, the analysis was on observed cases’

Improvement in the SAS score was noted within 2 weeks?

Reference
1. Tariot et al. Clin Ther 2000; 22: 1068-1084.
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Seroquel has a low risk of tardive
dyskinesia in elderly psychotic patients
Incidence of 30 - 30 -
TD (Schooler-
Kane criteria) 25 - 25 -
after 1 year
(%) 20 - 20 -
15 15
10 S 10-J
5 - 5~
0 ol FEEEEE 2
Older-generation Seroquel
antipsychotics
Seroquel median dose 138 mg/day
Data from Jeste et al 1995 Data from Jeste et al 2000

Seroquel — low risk of tardive dyskinesia in elderly psychotic patients

The data for the older-generation antipsychotics are from a prospective
longitudinal study of 266 outpatients who were >45 years old, had psychosis or
other severe behavioural symptoms and had a median exposure of 21 days of -
total lifetime neuroleptic exposure. During the study, most patients received
either a high-potency or low-potency neuroleptic and were maintained on
relatively low doses (typically <150 mg/day chlorpromazine equivalent).
Cumulative incidence of tardive dyskinesia (TD) in this population was 26% after
1 year (Schooler-Kane criteria)’

The data for Seroquel are from a subanalysis? of 52-week data in elderly
psychotic patients.? Eighty-five patients (mean age 77 years; range 54-

95 years) with mixed psychotic disorders were included in the subanalysis.?
These patients had no TD or history of TD at baseline and had not withdrawn
from the trial due to TD during the first 4 weeks of the trial. They received a
mean dose of Seroquel 172 mg/day. The 1-year persistent TD risk in these 85
patients was estimated fo be 2.7% (Schooler-Kane criteria)?

References

1.
2.
3.

Jeste DV et al. Arch Gen Psychiatry 1995; 52. 756-765.
Jeste DV et al. Poster presented at the Winter Workshop, Davos, 2000.

Tariot P et al. Poster presented at the American Psychiatric Association Annual Meeting,
Washington DC, 1999. ’ »
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Atypical antipsychotics in
Parkinson’s disease

85%

77%

70%

Psychosis
improved

13%

PD

28%

worsened
38%
Risperidone Olanzapine Seroquel
(n=82) (n=130) (n=123)

Data from Friedman & Factor 2000

Atypical antipsychotics in Parkinson’s disease

¢ This slide summarises the results of published open-label studies, available
from Medline and supplemented by presentations at meetings, with
risperidone, olanzapine and Seroquel in Parkinson’s disease. These data
suggest Seroquel to be well tolerated with less worsening of motor function
than risperidone and olanzapine’

s Psychosis was measured by Clinical Global Impression scale (CGl), the Brief
Psychiatric Rating Scale (BPRS) and Survey Assessment of Positive
Symptoms (SAPS). Motor function was measured by the motor scale of
Unified PD Rating Scale (UPDRS)*

Reference
1. Friedman JH, Factor SA. Mov Disord 2000; 15: 201-211.
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Seroquel - well tolerated in elderly psychotic
patients with Parkinson’s disease

Change -3.0 1

from B 12 week
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Seroquel mean dose 75 mg/day Juncos et al 1999

Seroquel - well tolerated in elderly psychotic patients with
Parkinson’s disease

A subset analysis! was carried out on 40 elderly psychotic patients
diagnosed with advanced Parkinson’s disease (PD) who participated in a 52-
week, open-label multicentre trial of Seroquel in elderly psychotic patients
(n=184).2 The patients in the PD subset ranged in age from 54 to 89 years
and 45% of the study population were female?

Patients were flexibly dosed, starting with a 25 mg dose {qd or bid). The
dose was then increased by 25-50 mg increments every 1-3 days up to 800
mg/day depending on clinical response and tolerability. The mean dose was
75 mg/day?

Extrapyramidal symptoms (EPS) and abnormal involuntary movements were
assessed by the Simpson-Angus Scale (SAS) and the Abnormal Involuntary
Movement Scale (AIMS), respectively?

There were no significant changes from baseline in the SAS and AIMS
scores at Week 12 and Week 521

Seroquel did not worsen the motor symptoms of Parkinson’s disease'

References

1.

2.

Juncos J et al. Poster presented at the American Psychiatric Association Annual
Meeting, Washington DC, 1999.

Tariot P et al. Clin Ther 2000; 22: 1068-1084.
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Seroquel - consistently reduces EPS in
elderly patients with Alzheimer’s disease

Mean -2.5 -
*
change
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*p<0.05 vs baseline
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Seroquel median dose 100 mg/day (n=78) Data from Schneider et al 1999

Seroquel — consistently reduces EPS in elderly patients with
Alzheimer’s disease

e A subset analysis' was carried out data from 78 elderly psychotic patients
diagnosed with Alzheimer’s disease (AD) who had participated in a 52-week,
open-label, multicentre trial of Seroquel in elderly psychotic patients (n=184)2

s The patients in this AD subset ranged in age from 62 to 92 years (mean 78
years) and 54% of the study population were female. The median Seroquel
dose received by these patients was 100 mg/day*

s The Simpson-Angus Scale (SAS) data were assessed in observed cases at
Weeks 12 and 522

References

1. Schneider L et al. Poster presented at the American Psychiatric Association annual
meeting, Washington DC, 1999.

2. Tariot et al. Clin Ther 2000; 22: 1068-1084.
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Seroquel - well tolerated in patients with
Lewy Body disease

SAS 30 -
score
25 -
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10

Absence
of EPS

Baseline 24 weeks

Seroquel dose range 25-300 mg/day (n=9) Adapted from Parsa et al 1999

Seroquel — well tolerated in patients with Lewy Body disease
o A 24-week, open-label trial evaluated the efficacy and tolerability of Seroquel

in nine elderly psychotic patients with Parkinson’s disease and dementia who
met the criteria for Lewy Body disease. The patients’ mean age was
76 years (range 63-88 years) and 56% of the study population were female’

Seroquel was flexibly dosed (25-300 mg/day) and the mean peak dose
administered was 107 mg/day*

The Simpson-Angus Scale (SAS) scores at baseline and endpoint for each
of the nine patients are shown. These nine patients did not show significant
worsening of motor abnormalities as measured by SAS over the course of
the trial’

Motor function improved in six of the nine patients?

These preliminary results suggest that Seroquel maintains or improves motor
function in patients with Lewy Body disease?

Reference

. Parsa MA et al. Poster presented at the World Psychiatric Association Annual
Meeting, Hamburg, 1999,
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Seroquel - tolerability in other
patient populations

@ Low risk of EPS in vulnerable populations:
— the elderly

— patients with Alzheimer’s disease, Parkinson’s
disease or Lewy Body disease

— adolescents
® Better risk:benefit than olanzapine or

risperidone indicated in EPS-vulnerable
patients

Seroquel - tolerablity in other patient populations

Summary slide
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Seroquel - efficacy & tolerability

Broad spectrum efficacy

At least as effective as other antipsychotics
Responses maintained long term

Unique tolerability profile

Placebo-level EPS across the full dose range
Minimal sexual dysfunction

Weight neutral in long-term monotherapy

No blood / CV monitoring

Seroquel — efficacy and tolerability

Summary slide
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Patient acceptability
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Seroquel - 98% of patients report mild or no
side effects with long-term treatment

Patients 100 .

(%)
80
60 -
40 4
20 4
0 L-_n
None Mild Moderate Severe
Patients’ rating of side effects over previous month
(n=129) Hellewell et al 1999

Seroquel - 98% of patients report mild or no side effects with

long-term treatment

* In this study, 129 patients with either schizophrenia (68%), functional
psychoses (10%), organic psychoses (19%) or affective disorders (3%) who
had received Seroquel for =6 months in open-label extension trials were
asked to complete a patient satisfaction questionnaire’

¢ The questionnaire was designed following a review of published work and
input from expert opinion. It was completed by both the investigator and the
patient!

e The mean duration of Seroquel treatment was 19.9 months (range 6.1-
47.2 months); the mean age was 51.3 years (range 18-91 years) and 46.5%
of the patients were female?

* The majority of patients (98%) reported that they had had no or mild side
effects over the previous month of treatment with Seroquel. No effects n=96,
mild effects n=30, moderate effects n=3, severe effects n=07

o Patients in open-label extension trials were flexibly dosed with Seroquel up
to a maximum of 800 mg/day?

References
1. Hellewell JSE et al. Int J Psychiatr Clin Pract 1999; 3: 105-113.
2. Data on file - AstraZeneca.
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Seroquel - wide-ranging improvements in quality of life

Proportion of patients (%)
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Feel better in general EES
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Feel more relaxed &g
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Feel more able to cope with stress
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Experienced an improvement in sex life

Hellewell et al 1999

Seroquel — wide-ranging improvements in quality of life

In this study, 129 patients with either schizophrenia (68%), functional
psychoses (10%), organic psychoses (19%) or affective disorders (3%) who
had received Seroquel for =6 months in open-label extension trials were
asked to complete a patient satisfaction questionnaire?

The questionnaire was designed following a review of published work and
input from expert opinion. It was completed by both the investigator and the
patient!

The mean duration of Seroquel treatment was 19.8 months (range 6.1-
47.2 months); the mean age was 51.3 years (range 18-91 years) and 46.5%
of the patients were female!

Patients were asked if they had noticed any benefits, during the last 6
months of treatment with Seroquel, in the specific aspects of quality of life
listed on the slide?

Patients in open-label extension trials were flexibly dosed with Seroquel up
to a maximum of 800 mg/day?

References

1.

Hellewell JSE et al. Int J Psych Clin Pract 1999; 3: 105-113.

2. Data on file — AstraZeneca.
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Seroquel - long-term treatment is associated
with high rates of patient satisfaction
Patients 50 -
(%)
40 -
30 A
20 -
10
0 R
Extremely Very Satisfied Unsatisfied Very
satisfied  satisfied unsatisfied
Patients’ satisfaction with treatment over previous month
(n=128) Hellewell et al 1999

Seroquel — long-term treatment is associated with high rates of
patient satisfaction

In this study, 129 patients with either schizophrenia (68%), functional
psychoses (10%), organic psychoses (19%) or affective disorders (3%) who
had received Seroquel for 26 months in open-label extension trials were
asked to complete a patient satisfaction questionnaire’

The questionnaire was designed following a review of published work and
input from expert opinion. It was completed by both the investigator and the
patient!

The mean duration of Seroquel treatment was 19.9 months (range 6.1-
47.2 months); the mean age was 51.3 years (range 18-91 years) and 46.5%
of the patients were female?

These data are from 128 patients who responded to the question “During the
past month, how satisfied have you been with your antipsychotic
medication?” Extremely satisfied n=57, very satisfied n=40, satisfied n=29,
unsatisfied n=2"

Patients in open-label extension trials were flexibly dosed with Seroquel up
to a maximum of 800 mg/day?

References

1.

Hellewell JSE et al. Inf J Psych Clin Pract 1999; 3: 105-113.

2. Data on file - AstraZeneca.
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Seroquel - preferred by 97% of patients
in study of long-term satisfaction

97% of patients preferred
long-term Seroquel to their
previous medication

97% e

(n=118) Hellewell et al 1999

Seroquel — preferred by 97% of patients in study of long-term
satisfaction

In this study, 129 patients with either schizophrenia (68%), functional psychoses
(10%), organic psychoses (19%) or affective disorders (3%) who had received
Seroquel for 26 months in open-label extension trials were asked to complete a
patient satisfaction questionnaire?

The questionnaire was designed following a review of published work and input
from expert opinion. It was completed by both the investigator and the patient!

The mean duration of Seroquel treatment was 19.9 months (range 6.1-
47.2 months); the mean age was 51.3 years (range 18-91 years) and 46.5% of the
patients were female?

114 of the 118 patients (97%) who had received previous treatment reported that
they preferred Seroquel to previous medications’

Patients in open-label extension trials were flexibly dosed with Seroquel up to a
maximum of 800 mg/day?

References

1.
2.

Hellewell JSE et al. int J Psychiatr Clin Pract 1999; 3: 105-113.
Data on file - AstraZeneca.
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Dosing and
administration of
‘Seroquel’
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Higher doses of Seroquel achieve greater response
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Data from a double-blind, randomised,
placebo-controlled study Data on file - AstraZeneca

Greater response to higher doses of Seroquel

¢ Trial 8" was a double-blind, placebo-controlied study comparing low and high
dosage regimens of Seroquel in patients with schizophrenia

e Patients received up to 250 mg/day or up to 750 mg/day. Mean doses were
218.9 mg/day for the low dose group and 401.8 mg/day for the high dose
group.

e The slide details the mean change from baseline in the Brief Psychiatric
Rating Scale total score (last value carried forward). This data set includes
only patients who were dosed with Seroquel 150-250 mg/day or 150-750
mg/day?

References
1. Small JG et al. Arch Gen Psychiatry 1997, 54: 549-557.
2. Data on file — AstraZeneca.
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Seroquel - 400-750 mg/day: most

frequent dose range in schizophrenia

Pooled OLE data from patients treated with
Seroquel for up to 1 year
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(n=715) Data on file - AstraZeneca

Seroquel - 400-750 mg/day: most frequent dose range

o For 45% of patients the most effective dose of Seroquel was between 400
and 750 mg/day’

o Dose levels were based on clinical response and tolerability. The slide
details the percentage of patients who received a particular Seroquel dose
for up to 1 year. This data set (n=715) excludes patients receiving
>750 mg/day Seroquel and includes only patients meeting the DSM-IIIR or
DSM-1V criteria for schizophrenia?

e These data are derived from pooled open-label-extension (OLE) trials? (trials
12, 13, 14, 15, 17 and 35) in which patients with schizophrenia,
schizoaffective disorder or bipolar disorder (n=1085) received <800 mg/day
Seroquel for up to 2 years

References
1. Data on file — AstraZeneca.

2. Arvanitis LA, Rak IW. Schizophrenia Research 1997; 24: 196-197.
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Seroquel - 400-800 mg/day: most

frequent dose range in psychoses

Pooled OLE data from patients treated with

el for ea
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Adapted from Arvanitis & Rak 1997; Data on file - Astra Zeneca

Seroquel - 400-800 mg/day is the most frequently used effective
dose range in the long term treatment of psychoses

These data are an analysis of 1085 patients who were participating in the
open-label extension (OLE) studies of Seroquel. The diagnositic citeria for
entry into the OLE studies was schizophrenia, but patients enrolled into
these studies could also have a diagnoses of schizoaffective disorder or
bipolar disorder?

The data presented show that the most common mean daily dose was 450-
600 mg/day (29.9% of patients). The next most common doses were 600-
800 mg/day (25.2%) and 300-450 mg/day (24.4%)

Only 1 in 5 patients (20.5%) received less than 300 mg/day

Patients entered the OLE studies from one of 11 Phase Il clinical or clinical
pharamcology trials

References

1. Adapted from Arvanitis LA, Rak |. Poster presented at International Congress on

Schizophrenia Research, Colorado Springs, 1997.

2. Data on file — AstraZeneca.
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Seroquel in schizophrenia - dosage
and ease of administration

® Initiating therapy: ‘Go to 4.. then explore’

— initial dose 25 mg bid

— fitrate to dose of 400 mg/day by Day 5§
@ Pharmacokinetic considerations

— no adjustment to titration and dose usually necessary

- with or without food

— dose not dependent on gender or smoking status

— consider adjustment in elderly and hepatically impaired patients
® Target dose 400-750 mg/day

- >50% of responders maintained long term on 400-750 mg/day

Seroquel in schizophrenia - dosage and ease of administration

Seroquel is effective across the range 150-750 mg/day.' However, the full
clinical effect is generally observed at 400-750 mg/day (or up to 800 mg/day
in US)?

It is recommended in the prescribing information that Seroquel shouid be
administered twice-daily, at a starting dose of 50 mg/day, increasing to 400
mg/day by Day 53

Seroquel may be administered with or without food?

Changes to the rate of titration and dose are rarely needed but may be
considered in selected populations®

Seroquel is associated with few drug-drug interactions?®

References

1.

Arvanitis LA, Miller BG, and the Seroquel Trial 13 Study Group. Biol Psychiatry 1997,
42: 233-246.

2. Small JG et al. Arch Gen Psychiafry 1997; 54: 549-557.
3. Seroquel Prescribing Information.
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Public Health Service

Food and Drug Administration
Rockville, MD 20857

NDA 20-639 S-048

AstraZeneca Pharmaceuticals LP
Attention: Kathryn Bradley
Director, Regulatory Affairs
1800 Concord Pike

P.O. Box 8355

Wilmington, DE 19803-8355

Dear Ms. Bradley:

We acknowledge receipt of your supplemental new drug application dated and received
December 4, 2008, submitted under section 505(b) of the Federal Food, Drug, and Cosmetic Act
for Seroquel (quetiapine fumarate) tablets.

This “Changes Being Effected” supplemental new drug application provides for revised labeling
to include new safety information for both adult and pediatric patients.

We have no objection to your submission of the new safety information pertaining to the clinical
trials as a CBE supplement. However, the Division is requesting that you reformat the
information for better integration in the overall label prior to your intended implementation on
January 4, 2009. Specifically:

1. Place the pediatric safety information in the relevant sections of labeling with the adult data
rather than separately in sections 5.19 and 8.4. For example, the proposed pediatric data in
the section 8.4 subtitled "Changes in Thyroid Function Tests" should be placed at the end of
section 5.10 (Warnings and Precautions: Hypothyroidism). The same principle applies to
other pediatric safety information that already has adult data included prominently.

2. The weight gain signal is significant for both adult and pediatric populations and should be
elevated to the Warnings and Precautions section rather than the vital signs section (the latter
section could refer back to the information in Warnings and Precautions section) with
inclusion of data for both populations. In fact, the data for weight change, glucose changes,
and lipid changes from the clinical trials, both adult and pediatric, need to be elevated to the
Warnings/Precautions section of labeling., Please see the format used in the currently
distributed label for another antipsychotic drug, i.e., Zyprexa, for the correct format for this
information.

3. The safety data for Increases in Blood Pressure is an unexpected signal and there is currently
no similar adverse event signal for the adult population. Because of this unexpected and
clinically significant signal that may be specific to the pediatric population, this safety data
should be included in a separate section in Warnings and Precautions. Please offer your
rationale for this unusual finding.

CONFIDENTIAL
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4. For each section describing pediatric safety signals, the following statement should be
included "Safety and effectiveness of SEROQUEL have not been established in pediatric
patients and SEROQUEL is not approved for patients under the age of 18 years".

5. Please replace your proposed Hyperprolactinemia statement with the standard language now
used for more recently approved atypical antipsychotic agents, €.g., Invega. Any actual
clinical trials data regarding prolactin elevation should, of course, be data for quetiapine,
including the pediatric data.

6. All pediatric safety data and the other changes we are requesting for Seroquel should be
included in revised labeling for Seroquel XR as well.

The above requested changes should be implemented immediately, and they should be submitted
as an amendment to your pending supplemental application to the Seroquel NDA and as an
original supplemental application to the Seroque]l XR NDA, 22-047, within 30 days from the
date of this letter, or notify FDA that you do not believe these changes are warranted, and submit
a statement detailing the reasons. If you wish to have our prior comment on your alternative
proposal in response to these requests, we would be happy to provide such comment.

Please note that your proposed labeling language in the above referenced CBE is under
continuing review by the Agency. Please also note that the Division is currently reviewing your
metabolic data submission and the pediatric efficacy supplements submitted under this NDA
(S-045 and S-046). We will be providing further labeling comments, if any, and will take final
action on these submissions when reviews are completed.

If you have any questions, call Kimberly Updegraff, M.S., Regulatory Project Manager, at
301-796-2201.

Sincerely,
{See appended electronic signature page}

Thomas Laughren, M.D.

Director

Division of Psychiatry Products

Office of Drug Evaluation I

Center for Drug Evaluation and Research

CONFIDENTIAL
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DECLARATION OF LAURA M. PLUNKETT, PH.D., DABT

My name is Laura M. Plunkett. I am over twenty-one years of age, am of
sound mind, have never been convicted of a felony, and am otherwise competent to
make this Declaration. I have personal knowledge of all factual statements
contained herein and all such factual statements are true and correct as outlined

herein in this declaration-report.

A, Qualifications and Expertise
I am board-certified as a Diplomate of the American Board of Toxicology, a
pharmacologist and United States Foed and Drug Administration (FDA) regulatory

specialist. I have over twenty years of experience in the areas of pharmacology' and

! Pharmacology is the study of how substances interact with living organisms to produce a change in function. Gosdman & Gilman's
The Pharmuacological Basis of Therapeutics, 6" edition,



toxicology” and have worked in both government and academic research and taught
pharmacology and toxicology at the undergraduate and postgraduate levels.

I received a B.S. degree in 1980 from the University of Georgia, and a Ph.D. in
pharmacology from the University of Georgia, College of Pharmacy, in 1984, My
doctoral research was focused in the area of cardiovascular pharmacology and
specifically dealt with delineating neurochemical mechanisms responsible for the cardiac
toxicity of digitalis glycosides. From June of 1984 through August of 1986, I was a
Pharmacology Research Associate Training (PRAT) fellow at the National Institute of
General Medical Sciences, Bethesda, Maryland. 1 worked in a neurosciences laboratory
of the National Institute of Mental Health and my research there focused on
neurochemical systems that control body functions, including dopaminergic and
serotonergic systems. From September 1986 to June 1989 I was an Assistant Professor of
Pharmacology and Toxicology in the medical school at the University of Arkansas for
Medical Sciences, Little Rock, Arkansas where I performed basic research in the areas of
neuropharmacology and toxicology as well as cardiovascular pharmacology and
toxicology. I taught courses for both medical students and graduate students in
pharmacology and toxicology as well as the neurosciences. From December of 1989 to
August of 1997 I worked for ENVIRON Corporation, first in the Arlington, Virginia
office and then in the Houston, Texas office. At ENVIRON I was a consultant to a
variety of clients in areas of pharmacology, toxicology, risk assessment and regulatory
strategy with a focus on products regulated by the U.S. Food and Drug Administration
(FDA). Since forming my own company in 1997, I have consulted for a variety of clients
in areas of pharmacology, toxicology, risk assessment and regulatory strategy with a

focus on products regulated by the U.S. Food and Drug Administration.

B. Responses to Particular Astra-Zeneca Statements
I have reviewed the brief of Astra Zeneca that criticizes my opinions and

methodology and I believe it is important to respond.

?Toxicology is the study of the adverse effects of xenobiotics, or chemicals, on living organisms. It is the study of symploms,
mechanisms, treatments and detection of poisoning, especially the poisoning of people. Casarett & Doull's Toxicology: The Basic
Seience of Poisons, 7" edition.
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1. Use of a Non-Scientific Method
Astra-Zeneca (AZ) has suggested that T have employed a method for assessing
causation that is “non-scientific”. Contrary to AZ’s suggestion, I have employed a
method that is routinely used by scientists when examining the possible cause-and-effect
relationship between exposure and a disease or condition, namely weight-of-the-
evidence. This method is based on use of a series of considerations or guidelines first
articulated by Sir Austin Bradford Hill in 1965 in a speech before the Royal Society of
Medicine and will be referred to hereafter as the “Bradford Hill” considerations®. These
considerations or guidelines, there are nine of them outlined”, have been used for decades
by scientists as a tool for organizing and classifying evidence to support a weight-of-the-
evidence assessment for causation. As discussed in the speech and paper, all nine are not
necessary for causation to be established. In order to understand how the author himself
meant for these nine considerations to be used it is best to examine his own statements:
“Here then are nine different viewpoints from all of which we should study
association before we cry causation. What I do not believe — and this has been
suggested — is that we can usefully lay down some hard-and-fast rules of evidence
that must be obeyed before we accept cause and effect. None of my nine
viewpoints can bring indisputable evidence for or against the cause-and-effect
hypothesis and none can be required as a sine qua non. What they can do, with
grealer or less strength, is to help us to make up our minds on the fundamental
question — is there any other way of explaining the set of facts before us, is there
any other answer equally, or more, likely than cause and effect?” (from page 299,
left colummn, second full paragraph of Hill, A.B. 1965. The environment and
disease: association or causation? Proc. Royal Soc. Med. 58:295-300).
Clearly, in order o be consistent with the Bradford Hill methodology, the nine points are
used as guidelines to assess the body of literature and evidence that is available for any

one situation being investigated. However, no one of the nine considerations should be

* The “Bradford Hill" guidelines or considerations are described in the 1965 publication (Hill, A.B, 1965.
The environment and disease: association or causation? Proc. Royal Soc. Med. 58:295-300).

* The nine viewpoints or considerations described by Sir Austin Bradford Hill were: 1) strength; 2)
consistency; 3} specificity; 4) temporality; 5) biological gradient {(dose-response); §) plausibility; 7)
coherence; 8) experiment; and 9) analogy.



viewed as an absolute requirement, consistent with the Bradford Hill method as described
by Sir Austin Bradford Hill himself.

Therefore, in my current weight-of-the-evidence assessment for Seroquel and
diabetes, ] employed the Bradford Hill method as a guide in my assessment (see my
expert report which is attached to this Declaration and which I affirm contains my
scientific opinions in this matter). My use of the Bradford Hill method and weight-of-
the-evidence assessment in the Seroquel litigation are consistent with my use of these
same tools in my practice as a pharmacologist throughout the years, and has also been
accepted by courts in other litigations including phenylpropanolamine (PPA) products,
diet drugs lmown as “Fen-phen”, and Zyprexa, It should also be pointed out that a
number of the defense experts have also employed a similar method for causation
analysis.

AZ has asserted that my use of the Bradford Hill method and weight-of-the-
evidence assessment are “non-scientific” because 1 have limited my discussion only to
studies and evidence that support my position, ignoring studies that do not support my
position. This is totally false. As in any weight-of-the-evidence assessment, there may
be studies that both support a causation opinion and studies that do not. What is
important to show is that both types of studies have been considered. In my reference list
provided to defense counsel and during my deposition I discussed the fact that indeed
studies do exist that I have not cited and that may not support my position. However,
also, as discussed in my report and my deposition, it is the totality of the evidence that is
important to niy eventual finding that Seroquel can cause hyperglycemia and diabetes as
well as weight gain. Although I have not given detailed rebuttals of each paper in my
expert report, I was prepared to discuss those papers at my deposition and in some cases
they were discussed while in other cases defense counsel chose not to discuss certain
published studies. Therefore, contrary to the defense’s assertions I have not “cherry-
picked” studies but have considered all of the studies available and concluded that the
totality of the evidence supports a weight-of-the-evidence assessment that Seroquel can
cause hyperglycemia and diabetes as well as weight gain.

1 have used a method that is based on sound science and considers more than just

observational study data. It includes a consideration of the totality of available evidence,



which is consistent with the Bradford Hill method and would include experimental data
in cells, animals, and humans (experimentation and biologic plausibility under Bradford
Hili), data collected in chemically similar compounds (analogy under Bradford Hill),
epidemiological data, case reports, AZ clinical study data, and any other data or
information that 1 felt was relevant to the question of Seroquel and metabolic effects.
Although defense counsel attempt to discount the value of in vitro and animal studies, 1
believe that all types of data (animal, in vifro, and human) are relevant to a cause and
effect assessment of diabetes risk and Seroquel use. Indeed, much of the data submitted
by AZ to the FDA as part of the drug approval process was animal experiments AZ
performed to assess safety and efficacy of Seroquel. It is curious that the company in this
litigation context now chastises the very type of data it values in the drug approval
context.

I have also included case reports within my weight-of-the-evidence assessment
because, as described by Bradford Hill, such data are a type of experiment where there is
a component of challenge/dechallenge, where challenge refers to administration of a
drug, in this case Seroquel, and dechallenge refers to the situation where the drug is
removed. It should be noted that in the case of Seroquel, there are several case reports
that show that with dechallenge of a patient that developed hyperglycemia or diabetes
while taking Seroquel, the hyperglycemia or diabetes improved (e.g., Sobel er al. 1999,
Domon and Cargile 2002%; Sneed and Gonzalez 20037; Takahashi et al. 2005°; Marlowe
et al. 2007%). These type of case reports are consistent with the type of experimentation
described by Bradford Hill and are validly used in a weight-of-the-evidence causation
assessment.

I testified throughout my deposition, and explained in my expert report, that 1

have relied on a variety of different types of data (in vitro data, animal data, clinical data,

? Sabel, M. et al. 1999. New-onset of diabetes mellitus associated with the initiation of quetiapine
treatment. J. Clin. Psychiatry 60:556-557.

 Domen, S.E. and C.S. Cargile. 2002. Quetiapine-associated hyperglycemia and hypertriglyceridemic. J.
Am, Acad. Child Adolesc. Psychiarry 41: 495-496,

7 Sneed, K.B. and E.C. Gonzalez. 2003. Type 2 diabetes mellitus induced by an atypical antipsychotic
medication, J. dm. Board Fam. Pract. 10:251-254,

¥ Takahashi, M. et al. 2005. Rapid onset of quetiapine-induced diabetic ketoacidosis in an elderly patient.
Pharmacepsychiairy 38:183-184.

? Marlowe, K.F, et al. 2007. New onset diabetes with ketoacidosis attributed to quetiapine. South. Med. J.
100:829-831.



epidemiological data, and statements in authoritative texts or by authontative bodies) to
support my opinions regarding the adverse metabolic effects and human health risks
associated with Seroquel. Therefore, the method I have used is consistent with
methodology routinely used by scientists to assess causation and I have considered all of
the evidence before forming my opinion. The fact that after I formed my causation
opinions some studies were identified or published that when considered individually
may not support my findings is not sufficient evidence to suggest that my method was
non-scientific. In fact since then, there have also been new positive studies reflecting the
diabetogenic potential of Seroquel (e.g., Savoy et al. 2008'%; DuMouchel et al. 2008'";
Meyer et al. 2008'%). I have not put more weight on papers that support my opinions; 1
have simply listed those papers in my expert report in order to fully define the evidence

that I have relied on.

2, AZ Counsel Suggest It Is Inappropriate to Consider Data on Drugs
Chemically Similar to Seroquel In a Weight-of-the-Evidence Assessment

In performing the weight-of-the-evidence causation assessment relating (o
Seroquel, 1 used the Bradford Hill method, a standard, well recognized methodology
(discussed above) to guide my evaluation of the body of published literature. As already
discussed, these nine areas listed by Bradford Hill are not meant to be strictly applied but
instead used to guide the health professional. Several of the nine considerations,
however, have become an integral part of causation analysis. One such criterion is
“analogy” (see Hill 1965). As I discussed in my experi report and my deposition,
analogy is the process of examining a potential cause and effect relationship by looking
for chemically similar compounds, or other compounds with similar physical or chemical

properties, that may or may not have produced similar adverse effects. This is the same

" Savey, Y.E. et al. 2008, Differential effects of various typical and atypical antipsychotics on plasma
glucose and insulin levels in the mouse: evidence for the involvement of sympathetic regulation.
Schizophr. Bull. Aupg 14 [Epub ahead of print].

"' DuMouchel, W. et al. 2008. Antipsychotics, glycemic disorders, and life-threatening diabetic events: a
Bayesian data-mining analysis of the FDA adverse event reporting system (1968-2004), Ann.
Clin. Psychiatry. 20:21-31.

2 Meyer, I M. et al. 2008, Change in metabolic syndrome parameters with antipsychotic treatment in the
CATIE schizophrenia trial: prospective data from phase 1. Schizophr. Res. 101:273-286.



way that textbooks of pharmacology and toxicology are organized. Classes of
compounds or drugs are discussed together in terms of the similarities in both their
toxicological and pharmacological profiles. Although any two chemically similar
substances may differ quantitatively in terms of the doses required to produce certain
effects in animals and humans, the gualitative aspects of a pharmacological and
toxicological profile of chemically similar compounds are usually very similar. In any
event, as a pharmacologist I carefully reviewed the pharmacological similarities and
differences of the agents. In fact, to ignore chemical classes would be contrary to
fundamental teachings of pharmacology.

To evaluate Seroquel, 1 thought it was important to look for chemically similar
compounds to predict the likely toxicological and pharmacological profile of Seroquel,
since it has been known for decades that anti-psychotic drugs, including the atypical anti-
psychotics, have effects to alter metabolism that can lead to weight gain and effects on
glucose metabolism (see any standard textbook of pharmacology such as Baldessarini,
R.J. 1980. In: Goodman & Gilman's The Pharmacological Basis of Therapeutics, 6"
edition, A.G. Gilman et al. (eds.), chapter 19, McMillan Publishing Co.: New York). In
these standard textbooks of pharmacology, it is taught that clozapine and olanzapine
(Zyprexa) are the two most chemically similar compounds to Seroquel. This is seen by
inspecting the ring structures of the compounds and the types of chemical groups
attached. Therefore, in these textbooks, the effects of clozapine are used as a standard for
comparison of the other chemically similar atypical anti-psychetics, including Zyprexa
and Seroquel. As a result, using the Bradford Hill methods of causation analysis, I have
used data on clozapine and Zyprexa as part of my welght-of-the-evidence assessment for
causation. Never have I only used data on chemically similar compounds. The clozapine
and Zyprexa data are only used as supporting information that demonstrate that there was
some predictability surrounding the effects of Seroquel on metabolic parameters and its
likely propensity to induce diabetes. It is a standard practice for a pharmacologist and
toxicologist to perform a causation assessment and to use chemical analogy.

In my deposition and my expert report, I discussed my reasons for concluding that
clozapine and Zyprexa data were relevant to the Seroquel assessment. I noted that the

drugs were ‘‘chemically similar” and they had similar potencies on dopamine and



serotonergic receptors which, for efficacy and likely safety, is an important part of the
pharmacological profile of the drugs. Therefore, I believe I have provided valid scientific
reasons and used valid scientific methodology for utilizing clozapine and Zyprexa data as
part of the body of evidence supporting my conclusions about Seroquel. Therefore,
although other scientists may challenge my interpretation of the data, the use of
chemically similar compounds in my causation analysis is based on well-accepted

principles of pharmacology and toxicology.

3. AZ Counsel Suggest Three Things Are Needed to Establish Causation
and These Three Things Are Not Provided for Seroquel

Defense counsel has suggested that three things are needed in order to establish
causation: 1) biologic mechanism; 2) dose-response effect; and 3) general acceptance.
Defense counsel then suggests that I have failed to provide all three of these necessary
supports for cansation in my opinions. I strongly disagree with both of defense counsel’s
suggestions.

First, as discussed in detail above in section 1 of my declaration, there are NOT
three absolute requirements for establishing causation. Instead, consistent with the
method of Sir Austin Bradford Hill, there are nine considerations that should be applied
to the available data for any given situation and two of those nine do include plausibility
and biologic gradient. Plausibility is usually interpreted to mean biologic plausibility.

As the 1965 paper states: “It will be helpful if the causation we suspect is biologically
plausible. But this is a feature I am convinced we cannot demand.” (see page 298 of Hill,
A.B. 1965. The environment and disease: association or causation? Proc. Royal Soc.

Med. 58:295-300). This does not mean that it is necessary to completely understand any
mechanism of injury only that the cause-and-effect between the injury in question and the
agent being exarnined is based on some type of plausible mechanism. As discussed
below, ] have addressed this 1ssue in my opinions. More importantly, however, general
acceptance is NOT one of the nine considerations for establishing causation. Therefore,
defense counsel is simply wrong in its suggestions.

Regardless, my expert report clearly outlines evidence that would support each of

these three areas, or provides reasons why certain aspects of all three areas cannot be



provided based on currently available data. I will briefly point out the evidence I have
identified for each of these three areas.

With respect to biologic mechanism, I have stated in my expert report and my
deposition that no one knows the exact molecular mechanism in any one individual that is
responsible for the metabolic effects of Seroquel, including its effects to induce
hyperglycemia, weight gain, and diabetes. In fact, AZ’s package insert for Seroquel states
in the Clinical Pharmacology Section 12.1 that “the mechanism of action of SEROQUEL,
as with other drugs having efficacy in the treatment of schizophrenia and bipolar
disorder, is unknown.” Instead, the insert goes on to discuss proposed mechamsms that
may explain its actions. Thus, not knowing with certainty the precise mechanism of -
action of a therapeutic or an adverse effect does not mean that there is not evidence for a
likely biologic mechanism. Nor does it mean that you must need to know the precise
mechanism. If that was the case, Seroquel and many drugs, which are recognized io have
certain intended therapeutic effects, yet the precise mechanism is not precisely
understood, would not be approved for human use, if one applied the same standards is
AZ is suggesting should be applied here. Moreover, often in medicine and pharmacology,
there can be more than one mechanism underlying therapeutic and adverse drug effects.

In paragraphs 35-40 of my report, I discuss the likely mechanisms underlying the
adverse metabolic effects of Seroquel. Then, in my deposition I discussed these
mechanisms in even more detail.

I would first like to respond to defense counsel’s statements regarding two
specific studies, Henderson et al. 2006 and Melkersson et al. 2005"". Melkersson et al.
(2005) is a study of insulin release in vitro from rat pancreatic cells and the authors
reported that at the doses of Seroquel tested (10°° M), there was no statistically significant
increase in insulin release, indicating that the drug did not directly stimulate insulin

release in rat pancreas under the conditions of the assay. Interestingly, in a similar study

" Henderson, D.C. et al. 2006. Glucose metabolism in patients with schizophrenia treated with olanzapine
or quetiapine: a frequently sampled intravenous glucose tolerance test and minimal model
analysis. J. Clin. Psychiatry 67:788-797.

" Melkersson, K.I. et al. 2005, The atypical antipsychotics quetiapine, risperidone, and ziprasidone do not
increase insulin release in vitro, Neuroendocrinol. Lett. 26:205-208.



reported in 2001 (Melkersson et al. 2001'°), clozapine but not olanzapine exhibited the
ability to directly stimulate insulin release in this experimental system. Given the well-
accepted relationship between olanzapine (Zyprexa) and diabetes (see labeling from
Physicians’ Desk Reference, 2008; ADA Consensus statement 2004]6), it is clear that this
experimental model is not a sensitive indicator of the diabstogenic potential of anti-
psychotic drugs in humans. Now considering the paper cited by the defense counsel
known as Henderson et al. (2006), this study reports results of testing in non-obese
schizophrenic patients where measures of insulin resistance in 7 patients taking Seroquel
was compared to 8 patients taking Zyprexa or 9 normal controls (not schizophrenic).
Although only Zyprexa was associated with statistically significant decreases in insulin
sensitivity index as compared to controls (where decreased insulin sensitivity is thought
to be associated with Type II diabetes), the insulin sensitivity index in Zyprexa-treated
patients was nol statistically significant from the index value reported for Seroquel-
treated patients. In most endpoints measured in the study, Seroquel treatment affected
insulin and glucose homeostasis in the same direction as did Zyprexa, although Zyprexa
showed greater diabetogenic potential. This result is actually consistent with my
opinions as I have identified Zyprexa as having a greater diabetogenic potential than
Seroquel, although the weight-of-the-evidence shows both drugs are capable of causing
hyperglycemia and diabetes.

I would also like to respond to defense counsel’s concerns that some available
studies have shown that Seroquel lacks certain specific activity under the conditions of
the assay being tested (e.g., Henderson et al. 2006; Melkersson ef al. 2005) by pointing
out that there are peer-reviewed published studies that do provide basic mechanistic or
biologic mechanism data specific to Seroquel (e.g., Dwyer and Donohoe 2003'"; Savoy et

al. 2008'%; Vestri et al. 20067, Cope et al. 2005%). The following is a brief discussion of

' Melkersson, K I et al. 2001. Different effects of antipsychotic drugs on insulin release in vitro. Eur
Neuropsychepharmacology 11:327-332.

'® American Diabetes Association et al. 2004. Consensus development conference on antipsychotic drugs
and obesity and diabetes. Digberes Care. 27:596-601.

' Dwyer, D.S. and D. Donohoe. 2003, Induction of hyperglycemia in mice with atypical antipsychotic
drugs that inhibit glucose uptake. Pharm. Biochem. Behav 75:255-260.

'* Savoy, Y.E. etal. 2008. Differential effects of various typical and atypical antipsychotics on plasma
glucose and insulin levels in the mouse: evidence for the involvement of sympathetic regulation.
Schizophr. Bull. Aug 14 [Epub ahead of print].
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these papers and how they contribute to the potential or likely biologic mechanism of
Seroquel to produce metabolic effects including weight gain, hyperglycemia, and
diabetes.

Cope et al. (2005) provides a basis for a plausible and scientifically-based
mechanism that underlies the metabolic effects of Seroquel. The authors report
development of a mouse model to evaluate the effects of anti-psychotic drugs on food
consumption, body weight, and body composition. This model development was
undertaken in order lo assist in understanding the known effects of some anti-psychotic
drugs to induce significant weight gain in patients undergoing pharmacological treatment.
The authors report that 4 weeks treatment with olanzapine (Zyprexa), quetiapine
(Seroquel), ziprasidone, or nisperidone caused sigmficant weight increases in mice but
only olanzapine and quetiapine were associated with significantly increased food intake.
The authors also conclude that their mouse model of anti-psychotic-induced weight gain
resembled the human experience with these medications. It should be noted that animals
treated with quetiapine showed a dose-response effect on food consumption (see page
611 of Cope ef al. 2005). Therefore, the results of this paper provide evidence for a
biologic mechanism of Seroquel-induced weight gain that is related to increased caloric
intake. '

Dwyer and Donchoe (2003) also provide a basis for a plausible and scientifically-
based mechanism that underlies the metabolic effects of Seroquel. The authors report use
of the same mouse strain used by Cope et al. (2005), C57BL/6J mice, of the same age
range but a different sex (Cope et al. used only female animals while Dwyer and
Donohoe employed only male ammals). Interestingly, using only a single dose of 10
mg/kg/day of Seroquel (a dose that would be equivalent to giving 700 mg to a 70 kg
human; a dose within the therapeutic range for humans), the authors reported statistically
significant increases in blood glucose levels at both 30 minutes and 3 hours after dosing,.
The authors also reported that inhibition of glucose transport was correlated with the

hyperglycemic responses seen in the animals. It is the inhibition of glucose transport that

" Vestri, H.S. et al. 2007. Atypical antipsychotic drugs directly impair insulin action in adipocytes: effects
on glucose transport, lipogenesis, and antilipolysis. Neuropsychopharmacology 32:765-772.

2 Cope, M.B. et al. 2005. Antipsychotic drug-induced weight gain: development of an animal model. Inz. J.
QObesity. 29:607-614.
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is proposed as an underlying biologic mechanism for Seroquel as well as the other drugs
shown to have similar activity (e.g., risperidone, clozapine)®'. Therefore, the results of
this paper provide evidence for a biologic mechanism of Seroquel-induced
hyperglycemia.

Vestri et al. (2006} is another paper that provides a basis for a plausible and
scientifically-based mechamsm that underlies the metabolic effects of Seroquel. The
authors report results of in vitro testing to examine the effects of anti-psychotics,
including Seroquel, to exert direct cellular effects on insulin action and substrate
metabolism in adipocytes (fat cells). The cell lines used are ones routinely used to
examine adipocyte functions. The authors reported that quetiapine treatment significantly
reduced the lipolytic response to insulin in these cells; normaily insulin stimulates
lipolysis, or fat breakdown. The effect of quetiapine was similar to the effect seen with
olanzapine and clozapine, in terms of potency. Quetiapine also reduced the basal rate of
lipolysis in the cells, again similar in potency in producing this effect as compared to
olanzapine and clozapine. The authors conclude that they have shown that drugs like

quetiapine directly modulate insulin action and metabolic processes, “‘and the results are

relevant to the high risk of obesity and diabetes conferred by these medications” (see

page 6, left column of Vestri et al. 2006). Therefore, the results of this paper provide
evidence for a biologic mechanism of Seroquel-induced weight gain and diabetes.
Finally, Savoy et al. (2008) is another paper that provides a basis for a plausible
and scientifically-based mechanism that underlies the metabolic effects of Seroquel. The
authors report on the effects of anti-psychotic drugs, including Seroquel, on plasma
glucose and insulin levels in vivo in mice. Again, it is important to note that the dose of
Seroquel administered to the mice was 10 mg/kg, which if given to a 70 mg human
would be approximately 700 mg (in the therapeutic range). The authors report that
quetiapine produced statistically significant increases in plasma glucose (produced
hyperglycemia) but did not sigmficantly increase plasma insulin levels in the mice; a
similar effect was reported for olanzapine and clozapine. It is also reported that the strain

of mice had an intact glucose-insulin homeostatic mechanism as evidenced by their

%) 1t should be noted that there is published literature available which supports the link of these two drugs to
hyperglycemia and diabetes as well.
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responses seen following glucose administration. The authors reported that the lack of
change in insulin levels in the mice with quetiapine treatment indicates that this drug is
blocking the acute insulin secretory compensation mechanism that 1s usually apparent
with hyperglycemic responses, an effect that is in agreement with other studies showing
inadequate insulin secretion in dogs treated with olanzapine. The authors further suggest
that the glucose response seen following treatment with quetiapine, as well as drugs such
as olanzapine and clozapine, is driven by activation of the sympathetic nervous system
via a central mechanism. Therefore, the results of this paper provide evidence for a

biologic mechanism of Seroquel-induced hyperglycemia and diabetes.

Clearly, contrary to the defense counsel’s assertions, I have provided a biologic
mechanism that is plausible and scientifically-based for the metabolic effects of Seroquel,
including a likely mechanism that could be acting independent of the additional weight
gain mechanism.

Now, with respect to dose-response assessment and review of the studies I have
cited as support for the weight-of-the-evidence, there are a variety of studies in cells,
animals and humans, studies that often examine different endpomts. As a result, there is
often a lack of dose-response information in any one study. However, as mentioned
above with respect to the study by Cope et al. (2005), some studies do specifically
provide dose-response data. The study by Cope et al. (2005), for example, provides
dose-response information for weight gain and food consumption in mice, a model for the
effects of Seroquel in humans. The AZ clinical trials for Seroquel also provide data on
dose-response for weight gain in patients. However, due to the design of most
epidemiological studies, such dose-response information is generally not available, a fact
that is not an indicator of the lack of an effect for Seroquel but due to the fact that design
of such a study would require enormous resources in order to recruit patients at both low
and high doses of the drug, across diseases. For example, since higher doses of Seroquel
are generally needed in order to treat schizophrenia, much lower doses of Seroquel may
be used for less difficult to treat psychiatric conditions. Comparing doses across disease
states is thus almost impossible with the epidemiological data currently available due to

the way the drug is used by physicians.
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There are, however, data from several AZ clinical trials that can be used to
examine the dose-response of metabolic effects with Seroquel treatment. For example,
data from AZ clinical trial 125 provides evidence that Seroquel treatment produces
statistically significant adverse effects on glucose metabolism. Study 125, the AZ study
that was supposedly designed to examine the adverse metabolic effects of Seroquel, was
a 24 week, open label study comparing effects of glucose metabolism and insulin
sensitivity in patients taking Seroquel (mean dose of 607 mg/day), and its closest market
competitors, Zyprexa and Risperdal. Tt was not a blinded study, nor was it placebo-
controlled, two important features of well-designed trials. The design of the study did
atiempt to control for factors which might confound indicators of glucose dysregulation:
it was conducted in primarily white Eastern Europeans, with average baseline BMI of 24,
and was intended to exclude patients with history of diabetes or recent atypical
antipsychotic use. In other words, the study population was, in general, metabolically
healthy; this population is not representative of the general population that is exposed to
Seroquel. The study report shows that there were statistically significant increases in both
mean fasting blood glucose (3.19 mg/dl) and the marker HbAlc (0.122%), indicating that
Seroquel may have disrupted the body’s ability to regulate glucose in a fasting state.
Fasting C-peptide (a measure of endogenous insulin production) also increased,
indicating that the patients were now producing more insulin in a fasting state: a marker
for insulin resistance. Further, patients taking Seroquel experienced a mean weight gain
of 3.65 kg (8 pounds) in just 24 weeks, a large amount of weight increase in a short
period of time. The results of Study 125 provide evidence that Seroquel at doses in the
range of 600 mg/day causes adverse metabolic effects, and that it may do so by
increasing body weight and/or by inducing insulin resistance.

Other AZ clinical studies also provide dose-response information relating to
adverse metabolic effects. Data from AZ Clinical Trnal Report 50771L0015 reveals that
the company observed a dose-response effect of Seroquel on weight gain across the dose
range of 75 mg, 300 mg, and 600 mg Seroquel (see Table 45 of report). These effects are
supported by data from a recent June 2008 FDA submission by AZ in response to a
specific request by FDA to provide detailed analysis of clinical trials with metabolic data.

In this recent submission, which I received after my report and deposition transpired, AZ
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reported that in placebo-controlled trials with Seroquel, there was a significant increase in
fasting blood glucose levels in patients taking Seroquel for a median time of only 55
days, with a significant number of the patients having fasting levels in the range of
diabetes (greater than 126 mg/dL; see Table 339 of the report; attached to the Plaintiffs’
exhibit submission). Inspection of data in Table 400 of this same report, also attached to
the Plaintiffs’ exhibition submission accompanying the opposition to the Daubert motion,
reveals that in all trials, a list that did not include trials 41 and 49, despite the fact that
they did not appear to meet the exclusion criteria, there was still a significant shift to
diabetic levels of fasting blood glucose (i.e,, greater than 126 mg/dL) with Seroquel
treatment after a median treatment time of only 71 days, While AZ does not explicitly
articulate in the submission that the findings are statistically significant, it is clear from
the reading of the tables and considering the confidence interval that they are, in fact,
statistically significant. This is seen when one performs the relative risk (RR) calculation
which AZ neglected to include. 1 calculate that this data resulied in a RR of 1.73 (95%
confidence intervals 1.05-2,85) when quetiapine-treated patients from placebo-controlled
trials are compared with placebo-treated patients. In addition to the striking consistency
among the data in terms of seeing these effects (hyperglycenna that reaches levels
indicative of diabetes) across trials, the median time to appearance of the effects are
short, in days, characteristic of drug-induced effects, which can occur in days and weeks.
I believe the analysis of this totality of clinical trial data itself supports the dose-response
nature of the adverse metabolic effects of Seroquel.

It is also important to point out that the dose-response information available for
Seroquel and adverse metabolic effects such as weight gain, hyperglycemia and diabetes
indicates that these effects of Seroquel can be seen even at low doses. For example,
inspection of the tables from the AZ June 2008 FDA submission reveals that data from
Table 450 provide evidence for effects of Seroquel to produce hyperglycemia and
diabetic level fasting blood glucose at low doses. In Table 450 it is seen that with
Seroquel treatment there was a statistically significant increase in the nmumber of patients
exhibiting fasting blood glucose levels indicative of diabetes (> 126 mg/dL) as compared
to patients receiving placebo, with the average dose of Seroquel administered being only

180 mg for about 56 days of exposure (median exposure duration). The RR can be
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calculated to be 2.15 (95% confidence intervals 1.02-4.56) for Seroquel treatment.
Further support for the adverse effects of Seroquel even at low doses is found in the paper
by Buse et al. (2003)*. In this retrospective analysis of a patient claims database, the
authors reported that at a mean dose of only 80 mg quetiapine (Seroquel) was associated
with a statistically significant increase in the hazard ratio (HR) for development of
diabetes with Seroquel treatment to 1.7. Both of these studies provide evidence that the
effects of Seroquel to produce adverse metabolic effects are not limited to high doses of
the drug.

Finally, defense counsel has suggested that the weight-of-the-evidence opinions I
have expressed, that Seroquel can cause adverse metabolic effects that include weight
gain, hyperglycemia and diabetes, are not generally accepted. I strongly disagree. In my
deposition 1 discussed with counsel the fact that there are review articles available on
diabetes risk and anti-psychotic drugs that state that Seroquel 1s associated with an
increased risk of weight gain as well as diabetes. [ would point to the 2004 consensus
statement by the American Diabetes Association (ADA 2004) where they conclude by
stating that "“These three adverse conditions [obesity, diabetes, and dyslipidemiaf are
closely linked, and their prevalence appears to differ depending on the SGA [second
generation anti-psychotic] used. Clozapine and olanzapine are associated with the
greatest weight gain and highest occurrence of diabetes and dyslipidemia. Risperidone
and quetiapine appear to have intermediate effects. Aripiprazole and ziprasidone are
associated with little or no significant weight gain, diabetes, or dyslipidemia, although
they have not been used as extensively as the other agents.” (see page 600, far right
column of ADA 2004). Therefore, this panel of experts has singled out certain anti-
psychatics as being of greater risk than others in terms of weight gain and diabetes, with
quetiapine being one listed has having a greater risk than some of the others. This is
again consistent with my opinions where olanzapine would pose a greater risk than
Seroquel.

Similarly, I would point the Court to the most authoritative and widely relied

upon treatise in the field of pharmacology, Goodman & Gilman’s: The Pharmacological

* Buse, 1.B. et al. 2003. A retrospective cohort study of diabetes mellitus and antipsychotic treatment in the
United States. J. Clin. Epidemiol. 56:164-170.
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Basis of Therapeutics, a resource that is available at every hospital formulary and the
resource that I used when teaching pharmacology to medical students. This text notes:

"Weight Gain and Metabolic Effects. Weight gain and its associated long-term

complications can occur with extended treatment with most antipsychotic and

antimanic drugs. Weight gain is especially prominent with clozapine and
olanzapine; somewhat less with quetiapine; even less with fluphenazine,
haloperidol, and risperidone; and is very low with aripiprazole, molindone, and
ziprasidone (dllison et al., 1999). Adverse effects of weight gain likely include
increased risk of new-onset or worsening of type 2 diabetes mellitus,
hypertension, and hyperlipidemia. Only some of these consequences are
explained by risk factors associated with major psychiatric disorders
themgelves. "

In addition to this authoritative pharmacology text, there are other textbooks that
describe the adverse metabolic effects of anti-psychotic drugs, including Seroquel. The
fact that this discussion is found in textbooks is proof of the general acceptance of the
fact that Seroquel can cause adverse metabolic effects including weight gain,
hyperglycemia, and diabetes. For example, in a textbook entitled “Applied Therapeutics:
The Clinical Use of Drugs” it is stated that “Among the atypical agents, weight gain is
most common with clozapine and olanzapine, lowest with ziprasidone and aripirazole,
and intermediate with risperidone and quetiapine.”; further that "The issue of weight
gain has important clinical implications in light of the link with impaired glucose
tolerance and type Il diabetes, hyperlipidemia, and increased mortality. ”; further that
“Patients who had no weight gain due to atypical antipsychotics can still develop
diabetes mellitus.”®* In another textbook entitled “Pharmacotherapy Principles &
Practice” it is stated that in the case of quetiapine, "“Mild weight gain and minor
elevations in triglycerides can occur.”’; under the section for antipsychotics that “ds a
group, however, they are more likely [than conventional agents] to cause metabolic side

effects such as weight gain, glucose dysregulation, and dyslipidemia.”, and further that

¥ See page 480 of Baldessarini, R.]. and F.1. Tarazi. 2006. Pharmacotherapy of psychosis and mania.
Goodman & Gilman's The Pharmacological Basis of Therapeutics, 11th edition. L.L.

% Koda-Kimble, M.A. et al. 2009. Applied Therapeutics: The Clinical Use of Drugs, 9th edition, Lippincott
Williams & Wilkins: Philadelphia, PA.
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“Among the atypical antipsychotic drugs approved for treatment of bipolar disorder,
olanzapine is more likely to cause metabolic side effects. Quetiapine and risperidone
cause fewer metabolic effects than olanzapine. Aripiprazole and ziprasidone are neutral
in effects on weight, glucose, and lipids. "33 These statements provide further support for
the fact that the adverse metabolic effect profile of Seroquel is generally accepted by the
medical community.

Moreover, the above statements from these medical texts reflect to me, clear

general acceptance.

' hold additional relevant opinions as set forth in my expert report in this matter,

which is attached and incorporated by reference.

I declare under penalty of perjury that the foregoing is true and correct. Executed

this 2% day of November 2008.

Laura M. Plunkett, Ph.D, DABT

** Chisholm-Burns, ML A. et al. 2008. Pharmacotherapy Principles & Practice. McGraw-Hill: New York.
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L Training and Qualifications
1. 1 am a pharmacologist, toxicelogist, United States Food and Drug Administration

(FDA) regulatory specialist and principal of a consuiting company known as Integrative
Biostrategies, LLC. Integrative Biostrategies, based in Houston, Texas, is a consulting firm that
works at the interface of biological science, regulatory affairs and business decisions to provide
its clients with science-based solutions to issues associated with product development and
stewardship. Before joining Integrative Biostrategies in 2001, 1 was head of the consulting firm

known as Plunkett & Associates.

2. 1 am board-certified as a Diplomate of the American Board of Toxicelogy. 1am a
member of several professional organizations and have authored or co-authored numerous
scientific publications. I have over twenty years of experience in the areas of pharmacology and
toxicology and have worked in both government and academic research. 1 have taught

pharmacology and toxicology at the undergraduate and postgraduate levels.

3. I received a B.S. degree in 1980 from the University of Georgia and a Ph.D. in
pharmacology from the University of Georgia, College of Pharmacy in 1984. My doctoral
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research was focused in the area of cardiovascular pharmacology and specifically dealt with
delineating neurochemical mechanisms responsible for the cardiac toxicity of digitalis

glycosides.

4, From June 1984 through August 1986, | was a Pharmacology Research Associate
Training {PRAT) fellow at the National Institute of General Medical Sciences, Bethesda,
Maryland. I worked in a neurosciences laboratory of the National Institute of Mental Health. My
research focused on the role of various brain neurochemical systems invelved in the control of

autonomic nervous system and cardiovascular function.

5. From September 1986 to June 1989 1 was an Assistant Professor of Pharmacology
and Toxicology in the medical school at the University of Arkansas for Medical Sciences, Little
Rock, Arkansas, where | performed basic research in the areas ef neuropharmacology and
toxicology as well as cardiovascular pharmacology and toxicology. 1 taught courses for both
medical students and graduate students in pharmacology and toxicology as well as the
neurosciences. During this time, 1 studied drugs of all classes that affect brain function, including
anti-psychotic drugs. Asa pharmacologisl, my work was directed towards understanding the
biclogic mechanisms of drug actions. Much of my focus was on drugs that affect brain function,

which includes anti-psychotics.

6. From December 1989 to August 1997, I worked for ENVIRON Corporation, first
in the Arlington, Virginia office and then in the Houston, Texas office. | worked specifically
within the health sciences group and most of my projects dealt with issues surrounding products
or processes regulated by the FDA. During my consulting career (ENVIRON, Phinkett &
Associates, and Integrative Biostrategies), I have worked on a variety of projects dealing with the
regulation of products by the FDA, including human drugs, veterinary drugs, biologics, medical
devices, consumer products, dietary supplements and foods. 1 have advised my clients on
regulatory issues and strategies for their products (relating to both Canadian and American
regulations), designed preclinical and clinical studies for both efficacy and safety, advised clients
on issues related to statements regarding efficacy and warnings for their products based on the

current labelling regulations and generally acted as a regulatory affairs staff for small companies
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in their early stages of product development. A tool common to all work my work as a consultant
would be risk assessment, including many projects where risks and benefits of human

therapeutics were at issue. Attached here in Appendix A is a copy of my curriculum vitae.

1L Information Reviewed
7. During the course of work on this case, 1 have reviewed the following materials:
a) scientific literature relating to the pharmacology and toxicolegy of anti-
psychotic drugs in general and quetiapine (Seroquel) in particular;
b) labelling for Seroquel as provided by the Physician’s Desk Reference; and
¢) regulations of the U.S. Food and Drug Administration (FDA) relating to the

development, approval, labelling and marketing of prescription drug products.

III. Summary of Bipolar Disorder and Schizophrenia

8. Schizophrenia is a major mental illness described by the Diagnostic and Statistical
Manual of Mental Disorders (“DSM IV*) as a psychotic disorder that is a chronic, severe and
disabling brain disease. The hallmark of schizophrenia is disordered thought and perception.
Typical symptoms include delusions and hallucinations. While most people diagnosed with |

schizophrenia are not gainfully employed, a substantial minority do have gainful employment.

9. Bipolar disorder is described by the DSM IV as a mood disorder. Bipolar disorder
is a major mental illness, the hallmark of which is manic episodes marked by a euphoric, irritable
or expansive mood. Patients with bipolar disorder usually also experience major depressive

episodes.

IV.  Atypical Anti-psychotics
10. The primary class of drugs used to treat symptoms of schizophrenia and bipolar
disorder is known as anti-psychotics. Additionally, mood stabilizers or anti-depressants may also

be used to treat bipolar disorder.

11.  Anti-psychotics fall into two general categories: the newly developed atypical

anti-psychotics and the older, conventional or typical anti-psychotics. The term “atypical” is
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applied to the newer drugs mainly because of the lower risks of adverse neurological effects
known as extrapyramidal effects. As a general rule, because many atypical anti-psychotics
(including Seroquel) still have patent protection, generic versions are not available and as such

they are more expensive to purchase and, as a result, more profitable to the manufacturer.

12, Conventional, or typical, anti-psychotics as a group include drugs of a number of
different chemical ciasses. These drugs have efficacy to treat both bipolar disorder and
schizophrenia but alse often exhibit significant side effects, including risk of acute and long-term
neurclogical side effects, including extrapyramidal effects.

13.  Atypical anti-psychotic drugs are considered as having less of a risk of producing
extrapyramidal side effects, the unwanted neurological effects that are characterized by changes
in movement. In fact, the goal of introducing atypical anti-psychotics to the marketplace was to
provide an effective treatment that also improved the quality of life of the patient. While the
-exact mechanisms responsible for the pharmacological differences between typical and atypical
anti-psychotics have not yet been clearly defined, differences have been identified in the pattern
of brain neurotransmitter receptor systems affected by the various drugs, effects that can be seen
in responses elicited in animal models and/or effects that relate to the pharmacological and

toxicological responses in humans.

14.  Anti-psychotics will only treat the symptoms of schizophrenia and bipolar
disorder; there is no “cure” for such disorders. The etiology of schizophrenia and bipolar
disorder also remains to be elucidated, although genetics appears to play some role in these

disorders.

15.  Quetiapine, marketed in the U.S. under the trade name of Seroquel, is a widely
prescribed prescription drug product that was approved by the FDA in 1997 for the treatment of
schizophrenia. Seroquel was subsequently approved for management of acute manic episodes
associated with bipolar disorder in 2004. 1 believe that Seroquel is also widely prescribed for off-
label uses, including the treatment of sleep disorders, control of agitation, anxiety, aggression

and behavioural disturbances.
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16. The psychotic symptoms treated with atypical anti-psychotic drugs such as
Seroquel include disordered thought processes, disorganized and/or irrational behaviour, and
degrees of altered mood, from severe agitation to severe withdrawal. Other drugs that have been
or are used in the treatment of psychotic disorders include phenothiazines (e.g., chlorpromazine,
also known as Thorazine; thioridazine, also known as Mellaril), thioxanthines (e.g.,
chloprothixene, also known as Taractan; thiothixene, also known as Navane), haloperidol
(Haldol), clozapine (Clorazil), aripiprazole {Abilify), loxapine (Loxitane), molindrone (Maoban),
pimozide (Orap), olanzapine (Zyprexa), riperidone (Risperda!), and ziprasidone (Geodon). The
optimum therapy for treating schizophrenia and bipolar disorder is chosen for each patient based
on the patient’s medica! history, including any risks of known side effects of the drug, and the

patient’s response to the drug in relation to the drug’s efficacy and adverse events.

17. The pharmacclogy of Seroquel and other similar anti-psychotic drugs is described
in many textbooks and review articles (e.g., Goodman & Gilman's The Pharmacelogical Basis
of Therapeutics, 1] " edition. 2006. Brunton, L.L. et al. (eds.), McGraw-Hill: New York, chapter
18). Seroquel produces its therapeutic and adverse effects through its activity on various receptor
systems in the brain and throughout the body. Seroquel is known to be an antagonist of Dy, Ds,
5-HT,, 5-HT24, H), u;, and o- receptors. The efficacy of Seroquel and other atypical anti-
psychotic drugs has been linked to dopaminergic and serotonergic syslem antagonist activity.
However, the exact mechanism by which atypical anti-psychotic drugs produce their effects in

schizophrenia and bipolar disorders is not known.

V. Seroquel and Associated Health Risks

18.  Seroquel is well absorbed following oral administration, with peak concentrations
achieved in the blood within 1.5 hours, and an elimination half-life in the range'ofé hours. ltis
widely distributed in the body and steady state blood levels are achieved within a few days.
Following oral administration, Seroquel is extensively metabolized although the major

metabolites are not pharmacologically active.

15. Seroquel use has been associated with deaths that have been attributed to severe

liver, kidney, and pancreatic damage. Its adverse effects include, but are not limited to,
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ketoacidosis, pancreatitis, diabetes mellitus, weight gain, hyperglycemia, blindness, increased
thirst, and hypoglycemia. Other serious injuries associated with Seroquel use include: a
potentially fatal condition known as neuroleptic malignant syndrome (NMS); tardive dyskinesia,
which can cause potentially irreversible, involuntary movements; and other serious heaith
problems associated with the onset of diabetes including heart disease, blindness, coma, seizures
and death. These adverse health effects have been reported following both short-term and longer-

term use of Seroquel.

20.  Some of'the adverse health effects associated with Seroquel use have been
attributed to activity of the drug on certain receptor systems in the body. For example, orthostatic
hypotension seen in some patients administered Seroquel is thought to be attributed to o-
adrenergic antagonist activity of the drug while somnolence has been attributed to antagonism of

histamine type 1 (H,) receptors by Seroquel.

21.  While Seroquel is similar in basic pharmacological profile to other atypical anti-
psychotic drugs, including olanzapine and risperidone, the potency of Seroquel as an antagonist
at D, and 5-HTa4 receptors is less than either olanzapine or risperidone. Differences in potency
as an antagonist at certain receptor types may explain some of the differences observed among

the various atypical anti-psychotics in terms of both efficacy and toxicity.

22. It has been known for decades that many anti-psychotic drugs have effects to alter
metabolism that can lead to weight gain and effects on glucose metabolism (e.g., Baldessarini,
R.J. 1980. Drugs and the treatment of psychiatric disorders. In: Goodman & Gilman's The
Pharmacological Basis of Therapeutics, 6™ edition. A.G. Gilman et al. (Eds.), chapter 19,
MacMillan Publishing Co.: New York). However, it has been recognized more recently (since
about 1999) that there appear to be differences among the various anti-psychotic drugs in terms
of their propensity for inducing weight gain and changes in glucose metabolism, as well as the
onset of diabetes (e.g., Melkersson, K. and M-L. Dahl. 2004. Drugs 64:701-723; American
Diabetes Association et al. 2004. Diabetes Care 27:396-601; Allison, D.B. et al. 1999. Am. J.
Psychiatry 156:1686-1896; Bobes, J. et al. 2003. Schizophr. Res. 62:77-88; Wetterling, T. 2001.
Drug Saf. 24:59-73; Buse, 1.B. et al. 2003. J. Clin. Epidemiol. 56:164-170). Moreover, it has
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now been recognized that clinically significant hyperglycemia and diabetic complications can
occur during anti-psychotic treatment both with and without changes in body weight

(Newcomer, J.W. et al. 2002. Arch. Gen. Psychiatry 59:337-345; Newcomer, J.W. 2005. CNS
Drugs 19(S1):1-93). Because of the differences apparent among different anti-psychotic agents
in terms of risks of diabetes and weight gain, the effects of Seroquel cannot be considered simply
a “class” effect for atypical anti-psychotic drugs (Newcomer, J.W. 2005, CNS Drugs 19(Suppl.
1):1-93). Different anti-psychotic drugs, including the second generation atypical anti-psychotic
agents, have different toxicological profiles.

23. Between January 1997 and July 2002, numerous adverse drug event reports were
submitted to the FDA. These reports indicated that patients consuming Seroquel experienced
significant adverse health effects, including hyperglycemia, diabetes, exacerbation of pre-
existing diabetes, ketoacidosis, and death. These adverse event reports were discussed in an

-article by Koller et al. (2004, J. Clin. Psychiatry 65:857-863). The authors concluded that use

. of Seroiquel may unmask or precipitate hyperglycemia in patients.

24.  Case reports linking Seroquel use with hyperglycemia and/or diabetes appeared in

the published literature as early as 1999 (e.g., Sobel et al. 1999. J. Clin. Psychiatry 60:556-557).

25. A large study involving the U.S. Veterans’ Administration (Sernyak, M.J. ef al.
2002. Am. J. Psychiatry 159:561-566) was performed in 1999 where records from all patients
being treated nationally with anti-psychotics were examined. The authors reported that there was
an increased risk of diabetes with exposure to certain anti-psychotic drugs. One of the drugs

shown to be associated with an increased risk was Seroquel.

26.  Ataconference in Europe in 2002, Lambert and colleagues reported the results of
a matched case-control study of California Medicaid claims data from 1997 through 2000. They
found that there was an increased risk of developing type 11 diabetes in patients exposed to

Seroquel (Lambert et al. 2002. Eur. Neuropsychopharmacol. 12:S307).

27.  Inor about August of 2003, a report in the Wall Street Journal showed that a
study of 19,878 U.S. military veterans between October 1998 and October 2001 indicated that
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Seroquel and other members of the new class of anti-psychotic drugs posed a higher risk of

diabetes. The article stated that effects were most pronounced with Seroquel.

28. At a conference of the International Society for Pharmacoepidemiology held in
Philadeiphia on August 23 and 24, 2003, study data were reported that showed that patients on

Seroque! had 3.34 times as many cases of diabetes as those on older antipsychotic drugs.

20. When considered as a whole in a weight-of-the evidence assessment, the available
scientific data indicate that Seroquel can cause physiological effects known to be risk factors for
diabetes, including increased body weight and other metabolic effects, and can cause diabetes
itself. The scientific data include case reports published on an ongoing basis since 1999 (Sobel,
M. et al. 1999. J. Clin. Psychiatry 60:556-557; Procshyn, R.M. et al. 2000. Can. .J. Psychiatry
45:668-669; Wilson, D.R. et al. 2002. Schizophr. Res. 59:1-6; Domon, S.E. and C.S. Cargile.
2002. J. Am. Acad. Child Adolesc. Psychiatry -41: 495-496; Sneed, K.B. et al. 2003. .J Am.
Board Fam. Pract. 16:251-254), clinical data (e.g., Borison, R. et al. 1996. J. Clin.
Psychopharmacol. 16:158-169; Small, J.G. et al. 1997. Arch. Gen, Psychiatry 54:549-557;
Arvanitis, L.A. and B.G. Miller. 1997. Biol. Psychiatry 42:233-246; Peuskens, J. and C.G. Link.
1997. Acta Psychiatr, Seand. 96:265-273; Copolov, D.L. et al. 2000. Psychol. Med. 30:95-105;
Brecher, M. et al. 2000. Inr. .J. Psych. Ch'n. Pract. 4:287-291; Wirshing, D.A. et al. 2002. J. Clin.
Psychiatry 63:856-865; Nasrallah, H. 2003. Psychoneuroendocrinology 28:83-96; the product
insert for Seroque! in 2005, Physician’s Desk Reference, pp. 662-667), a survey of adverse drug
reports {Koller, E.A. et al. 2004. J. Clin. Psychiatry 65:857-863), epidemiological data
assembled since 1999 (Sobel et al. 1999. J. Clin. Psychiatry 60:556-557; Sernyak, M.J. et al.
2002. Am. J. Psychiatry 159:561-566; Ollendorf, D.A. et al. 2004. MedGenMed 6:5; Citrome, L.
et al. 2004. Psychiatr. Serv. 55:1006-1013; Leslie, D.L. and R.A. Rosenheck. 2004, Am. J.
Psychiatry 161:1709-1711; Feldman, P.D. et al. 2004. .J. Am. Med. Dir. Assoc. 5:38-46;
Sacchetti, E. et al. 2005. Int. Clin. Psychopharm. 20:33-37; Lambert, B.L. et al. 2006, Am. .J.
Epidemiol. 164:672-681; Guo, 1.J. et al. 2006. J. Clin. Psychiatry 67:1055-1061; Guo, J.J. et al.
2007. Pharmacotherapy 27:27-35), and animal data (Cope, M.B. et al. 2005. Int. J. Obesity

29:607-614). Each source of information is important in the analysis of the risks associated with
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use of Seroquel, and is consistent with accepted methods for establishing causation in a weight-

of-the-evidence analysis (Hill, A.B. 1965. Proc. Royal Soc. Med. 58:295-300).

30. T believe that the available scientific data demonstrate that Seroque! consumption
and use can cause adverse metabolic effects that include, but are not limited to an increased risk
of clinically significant body weight gain, hyperglycemia, altered glucose metabolism, and an

increased risk of diabetes and diabetes-related complications.

31 It is also important to remember that although clinical trials had been performed
with Seroquel as part of the drug development process, such trials are limited in their ability to
identify risks associated with drug use by the general population. This is because such drug
development clinical trials are performed in either healthy volunteers or in patients that have
often been pre-screened for the propensity to develop adverse effects such as hyperglycemia or
diabetes, with such patients then usually excluded from studies. It is only after a drug has been
placed on the market, and wider exposure is seen, that a true pictﬁre of the adverse effects
associated with a drug can be observed. As a result, 1 believe that companies have the dutyto
carefully monitor their drugs afier approval and during marketing for either the existence of new

adverse events or a higher than expected incidence of known adverse effects.

32. Scientific studies have established that there are apparent differences among anti-
psychotic drugs in terms of risks of diabetes, weight gain and other adverse health effects
discussed above. As a result of these differences, and differences in toxicological profiles, 1
believe that side effects arising through the consumption of Seroquel cannot be described as a

“class effect” for all atypical anti-psychotic drugs.

33.  Finally, when considering the adverse health effects associated with use of
Seroquel, it is important to realize that Seroquel is not unique in terms of its efficacy. Studies
have shown that other anti-psychotic drugs have similar effectiveness to Seroquel but have less
risk for hyperglycemia, weight gain, metabolic disturbances and diabetes. Therefore, there are
safer alternative therapies that could be used that would also provide for effective treatment but

with fewer side effects.
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34, For example, in the CATIE Schizophrenia Trial, a trial sponsored by the National
Institute of Mental Health which is the largest trial conducted to date comparing efficacy and
safety of some of the most prescribed anti-psychotic drugs, it was shown that clozapine was
more effective than other atypical anti-psychotics {i.e., Seroquel, Zyprexa, Risperdal). Further,
when all of the atypical agents studied were examined, including Seroquel, none of the agents
was more effective or better tolerated than the typical anti-psychotic, perphenazine (Manschreck,
T.C. and R.A. Boshes. 2007. Harv, Rev. Psychiairy 15:245-258; Nasrallah, H.A. 2007. .J Clin.
Psychiatry 68:5-11).

VI. Mechanisms Underlying the Adverse Effects of Seroquel

35.  Although the exact molecular mechanisms responsible for the metabolic effects of
Seroquel have not been established, there are data that describe the basic mechanisms that lead to
the effects of Seroquel on body weight gain and altered glucose metabolism, and eventually
diabetes. However, weight gain is not a prerequisite for atypical anti-psychotic drug-induced
effects on glucose metabolism and induction of type 11 diabetes (Newcomer, J.W. 2004, Clin.
Ther. 26:1936-1946; Newcomer, 1.W. 2005. CNS Drugs 19(S1):1-93; Dwyer, D.S. and D.
Donohoe. 2003, Pharm. Biochem. Behav. 75:2553-260; Ardizzone, T.D. et al. 2001. Brain Res.
923:82-90; Dwyer, D.S. et al. 1999, Prog. Neuwro-Psychopharmacol. Biol. Psychiat. 23:69-80;
Newcomer, 1.W. et al. 2002. Arch. Gen. Psychial. 59:337-345; Koller, E.A. and P. Murali. 2002.
Pharmacotherapy 22:841-852; Koller, E. et al. 2001. Am, J. Med. 111:716-723; Ebenbichler,
C.F.etal 2003. J Clin. Psychiaf. 64:1436-1439).

36.  Clinically significant body weight gain is often seen with administration of
Seroquel to patients (Borison, R. et al. 1996. L. Clin. Psychopharmacol. 16:158-169; Small, J.G.
et al. 1997. Arch. Gen. Psychiatry 54:549-557; Arvanitis, L.A. and B.G. Miller. 1997. Biol.
Psychiatry 42:233-246; Peuskens, J. and C.G. Link. 1997. Acta Psychiatr, Scand, 96:265-273;
Copolov, D.L. et al. 2000. Psychol. Med. 30:95-105; Brecher, M. et al. 2000. Int. J. Psych. Clin.
Pract. 4:287-291; Nasrallah, H. 2003. Psychoneurcendocrinology 28:83-96). The effects of
atypical anti-psychotics on weight gain have been shown to be attributable to both increased

caloric intake (increased appetite) and decreased energy expenditure {Gothelf, D. et al. 2002. Am.
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J. Psychiatry 159:1055-1057; Virkkunen, M. et al. 2002. Pharmacopsychiairy 35:124-126).
These mechanisms for increased body weight gain are consistent with the fact that Seroquel has
effects on neurotransmitter systems in the brain that affect appetite and mood. It is well-
established in the medical literature that a clinically significant increase in body weight is a risk
factor for diabetes (e.g., Foster, D.W. 1994. Diabetes mellitus. In: Harrison=s Principles of
Internal Medicine, 13" edition. K.J. 1sselbacher et al. (Eds.), chapter 337, McGraw-Hill: New
York). Therefore, any effect of Seroquel to increase body weight is a significant risk for the

development of diabetes.

37.  As discussed above, Seroquel administration to patients has been linked to an
increased risk of type 11 diabetes (see the weight of the evidence discussion above). The
mechanisms responsible for development of type 11 diabetes have been examined in both animals
and humans. Type 1l diabetes is a disorder that is characterized by normal or high levels of
insulin in blood at the same time that glucose levels in biood are elevated. The condition is
sometimes referred to as insulin resistance. Insulin normally acts to promote transport of glucose
across cell membranes (reducing blood glucose levels) and to inhibit lipolysis. Resistance to the
activity of insulin leads to hyperlipidemia and eventually 1o hyperglycemia and even
development of diabetes. Although increased weight gain has been discussed as a likely factor in
the development of insulin resistance and drug-induced diabetes, there are data that demonsirate
Seroquel-induced effects on glucose metabolism and insulin resistance that are independent of

weight gain.

38.  Observational data has shown that atypical anti-psychotics that are structurally
similar to Seroquel (i.e., clozapine and olanzapine) can exert direct effects on glucose-insulin
homeosiasis by induction of hyperinsulinemia (Melkersson, K.1. et al. 2003.
Psychopharmacology 170:157-166; Melkersson, K.1. et al. 2000. J. Clin. Psychiatry 61:742-
749). The increased levels of insulin lead to decreased insulin sensitivity in tissues and could
lead to an insulin-resistant state (Melkersson, K. and M-L. Dahl. 2004. Drugs 64:701-723). In
vitro data have shown that olanzapine stimulates insulin release from pancreatic islet cells
(Melkersson, K. 2004. Eur- Neuropsychopharmacology 14:115-119). Regardless of the exact

molecular changes that may occur in any one patient treated with Seroquel, these data indicate
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that atypical anti-psychotics that are pharmacologically and chemically similar to Seroquel have
direct and indirect effects on glucose metabolism that are consistent with the development of
insulin resistance, hyperglycemia and potentially type 11 diabetes, Considered together, the
mechanistic data provide evidence for both direct and indirect effects that can lead to
disturbances in glucose metabolism and development of type 11 diabetes. These findings are
supported by findings with atypical anti-psychotic drugs, including data specific to Seroquel,
that have linked the drugs to induction of diabetes, apart from the induction of weight gain
(Dwyer, D.S. and D. Donohoe. 2003. Pharm. Biochem. Behav. 75:255-260; Ardizzone, T.D. et
al. 2001. Brain Res. 923:82-90; Dwyer, D.S. et al. 1999. Prog. Neuro-Psychopharmacol. Biol,
Psychiat, 23:69-80; Newcomer, J.W. et al. 2002. Arch. Gen. Psychiat. 59:337-345; Koller, E.A.
and P. Murali. 2003. Pharmacotherapy 22:841-852; Koller, E. et al. 2004. .J. Clin. Psychiatry
65:857-863; Ebenbichler, C.F. et al. 2003. J. Clin. Psychiat. 64:1436-1439).

39.  The data indicate that administration of Seroquel can cause diabetes and/or the
effects on glucose metabolism that can lead to diabetes. The data also indicate that Seroquel
poses a greater risk for hyperglycemia and diabetes, both with and without body weight gain,

than some other anti-psychotic drugs.

40.  Although available studies have focused on the association of type II diabetes
with Seroquel treatment, as well as treatment with other atypical anti-psychotic drugs, the
toxicity of these drugs, which includes aliered glucose metabolism, obesity, and hyperglycemia,
would also be significant risk factors for individuals with undiagnosed type 1 diabetes or a
genetic predisposition for type I diabetes. Type 1 diabetes is characterized by a loss of insulin
secretion capacity due to the loss of beta cells in the pancreas. The loss of insulin secretion
capacity means that type I diabetics would need to rely on exogenous sources of insulin to
control blood glucose levels. Therefore, it is only common sense that any effects of a drug such
as Seroquel to affect glucose metabolism or blood glucose levels would be a greater risk for
individuals who already are at risk of type I diabetes or who are not yet exhibiting clinical signs

and symptoms of type I diabetes.

VII. Warning of Health Risks
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41. Despite the findings of the studies discussed above, AstraZeneca failed to wamn
the FDA, physicians, other health practitioners, and patients of the adverse metabolic effects

associated with the consumption of Seroquel at the time these risks were first identified.

42. A review of the most recent product labelling for Seroquel that is available to
health professionals demonstrates that, in my opinion, the warnings related to risks of
hyperglycemia and diabetes in particular are not adequate to convey the risks posed by Seroquel
itself. The discussion of hyperglycemia and diabetes is put forth as an effect of anti-psychotics in

general only.

43. At the time that the Seroquel labelling failed to adequately warn physicians ofthe
risks associated with use of the drug, other international regulatory bodies were requiring
specific changes to product labelling related to the risks of hyperglycemia and diabetes that were
associated with Seroquel, not anti-psychotics in general. For example, in Japan, physicians were
being specifically warned to not use Seroquel in patients with a history of diabetes and to
monitor patients for development of glucose abnormalities’during treatment with Seroquel,
regardless of their medical history. Additionally, in 2005 permission to market Seroquel in
France had been denied due in part to the risk of hyperglycemia and diabetes associated
specifically with Seroquel, again not anti-psycholics in general. Accordingly, I believe that the
physicians in the U.S., and as a result their patients, were not being supplied with adequate risk
information related to hyperglycemia and diabetes even though actions had been taken in other

countries to warn physicians and patients of these risks.

44.  Asaresult, | believe that the product warnings were wholly inadequate to warn
physicians and their patients of the significant adverse metabolic effects associated with the
consumption of Seroquel. Nonetheless, Seroquel was marketed heavily as safe and effective for
the treatment of bipolar disorder and schizophrenia, promising fewer side effects than other
similar treatments including the other atypical anti-psychotics on the market. Further, Seroquel
was being prescribed by physicians for treatment of conditions other than bipolar disorder and

schizophrenia (off-label use), which use I believe was known by Astra-Zeneca.
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VIII. Conclusion

43. In conclusion, based on my training and experience as a pharmacologist,
toxicologist, and risk assessor, it is my opinion that Seroquel can cause hyperglycemia and
diabetes. The adverse health effects, including these adverse metabolic effects, associated with
the consumption and use of Seroquel were predictable based on the known pharmacological
profile of the drug and would have been predicted prior to the approval of Seroquel! based on the
known effects of other structuraily similar anti-psychotic drugs. Moreover, the adverse health
effects associated with Seroquel consumption and use can be serious, life-threatening conditions
and were recognized in the published medical literature soon after the drug was approved. All

opinions expressed in this report are based on a reasonable degree of scientific certainty.

IX. Compensation
46. My compensation by plaintiff’s attorney in this matter is at the rate of $300.00 per
- hour for review of documents and materials related to the case and $400.00 per hour for

testimony.

X. Previous Testimony

47. A list of my previous testimony for the past four years is included in Appendix B.
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Food and Drug Adminisiration
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TRANSMITTED BY FACSIMILE

James L. Gaskill, PharmD
Director

Promotional Regulatory Affairs
AstraZeneca

AstraZeneca Pharmaceuticals LP
1800 Concord Pike

Mailstop D1C-715

Wilmington, DE 19803-8355

Fax (302) 886-2822

RE: NBDA # 20-639
Seroquel® (quetiapine fumarate) Tabiets
MACMIS ID # 14670

Dear Dr. Gaskill;

The Division of Drug Marketing, Advertising. and Communications (DDMAC) of the U.S. Food
and Drug Administration (FDA) has reviewed a professional sales aid (238110) for Seroque!®
(guetiapine fumarate) tablets (Seroquel) submitted by AstraZeneca under cover of Form FDA
2253. This piece is false or misleading because it minimizes the risk of hyperglycemia and
diabetes mellitus and faiis to communicate important information regarding neuroleptic
malignant syndrome, tardive dyskinesia, and the bolded cataracts precaution. Thus, the
promotiona! material misbrands the drug in violation of the Federal Food, Drug, and Cosmetic
Act (Act), 21 U.S.C. §§ 352(a) & 321(n). Cf. 21 CFR 202.1(e){6)i). The promotional material
raises significant public health and safety concerns through its minimization of the risks
associated with Seroquel.

Background

According to its FDA-approved product labeling {P1}, Seroquelis indicated for the treatment of
acute manic episodes associated with bipolar | disorder, as either monatherapy or adjunct
therapy to lithium or divalproex and for the treatment of schizophrenia,

The Pl includes important warnings and precautions. it states (in pertinent pait):

WARNINGS

Neuroleptic Malignant Syndrome (NMS})

A potentially fatal symptom complex sometimes referred to as Neurcleptic Malignant
Syndrome (NMS) has been reporied in association with administration of antipsychotic drugs,
including SEROQUEL. Rare cases of NMS have been reported with SEROQUEL. Clinical

EXHIBIT

/¢
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manifestations of NMS are hyperpyrexia, muscle rigidity, altered mental status, and evidence
of autonomic instability (irregular pulse or biood pressure, tachycardia, diaphoresis, and
cardiac dysrhythmia). Additional signs may include elevated creatine phosphokinase,
myoglobinuria (rhabdomyolysis), and acute renal failure.

The diagnostic evaluation of patients with this syndrome is complicated. in arriving at a
diagnosis, it i1s important to exclude cases where the chinical presentation includes both
seripus medical illness {e.qg., pneumonia, systemic infection, elc.) and untreated or
inadequately treated extrapyramidal signs and symptoms (EPS). Other important
considerations in the differential diagnosis include central anticholinergic toxicity, heat stroke,
drug fever, and primary central nervous system (CNS) pathology.

The management of NMS should include: 1) immediate discontinuation of antipsychotic drugs
and other drugs not essential to concurrent therapy, 2) intensive symptomatic treatment and
medical monitoring; and 3) treatment of any concomitant serious medical problems for which
specific freatments are available. There is no general agreement about specific
pharmacological treatment regimens for NMS.

If a patient requires antipsychotic drug treatment after recovery from NMS, the potentiai
reintroduction of drug therapy shouid be carefully considered. The patient should be carefully
monitored since recurrences of NMS have been reported.

Tardive Dyskinesia

A syndrome of potentially irreversible, involuntary, dyskinetic movemenis may develop in
patients treated with antipsychotic drugs. Although the prevaience of the syndrome appears
to be highest among the elderly, especially eiderly women, it is impossible to rely upon
prevalence estimates to predict, at the inception of antipsychotic trealment, which patients
are likely to develop the syndrome. Whether antipsychotic drug products differ in their
potential to cause tardive dyskinesia is unknown,

The risk of developing tardive dyskinesia and the likelihood that it wilt become irreversible are
believed fo increase as the duration of treatment and the total cumulative dose of
antipsychotic drugs administered to the patient increase. However, the syndrome can
deveiop, although much less commonly, after relatively brief treatment periods at low doses.

There is no known treatment for established cases of tardive dyskinesia, although the
syndrome may remit, partially or completely, if antipsychotic treatment is withdrawn.
Antipsychotic treatment, itself, however, may suppress (or partially suppress) the signs and
symptoms of the syndrome and thereby may possibly mask the underlying process. The
effect that symptomatic suppression has upon the long-term course of the syndrome is
unknown.

Given these considerations, SEROQUEL should be prescribed in a manner that s most likely
to minimize the occuirence of tardive dyskinesia. Chrenic antipsychotic treatment should
generally be reserved for patients who appear 1o suffer from a chronic illness that (1) is
known to respond to antipsychotic drugs, and (2) for whom afternative, equally effective, but
potentially less harmful treatments are not available or appropriate. In patients who do
require chronic treatment, the smallest dose and the shortest duration of treatment producing
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a satisfactory clinical response should be sought. The need for continued treatment should
be reassessed periodically.

if signs and symptoms of tardive dyskinesia appear in a patient on SEROQUEL, drug
discontinuation should be considered. However, some patients may require {reatment with
SEROQUEL despite the presence of the syndrome.

Hyperglycemia and Diabetes Mellitus

Hyperglycemia, in some cases extreme and associated with ketoacidosis or hyperosmolar
coma or death, has been reported in patients {reated with atypical antipsychotics, including
Seroquel. Assessment of the relationship between atypicai antipsychotic use and glucose
abnormalities is complicated by the possibility of an increased background risk of diabetes
mellitus in patients with schizophrenia and the increasing incidence of diabetes melliius in the
general population. Given these confounders, the relationship between atypical antipsychotic
use and hyperglycemia-related adverse events is not completely understood. However,
epidemiological studies suggest an increased risk of treatment-emergent hyperglycemia-
related adverse events in patients treated with the atypical antipsychotics. Precise risk
estimates for hyperglycemia-related adverse events in patients treated with atypical
antipsychotics are not available.

Patients with an established diagnosis of diabetes mellitus who are started on atypical
antipsychotics shouid be monitored regularly for worsening of glucose control. Patients with
risk factors for diabetes mellitus (eg, obesity, family history of diabetes) who are starting
treatment with atypical antipsychotics should undergo fasting blood glucose testing at the
heginning of treatment and pericdically during treatment. Any patient treated with atypical
antipsychotics should be monitored for symptoms of hyperglycemia including polydipsia,
polyuria, polyphagia, and weakness. Patients who develop symptoms of hyperglycemia
during treatment with atypical antipsychotics should undergo fasting blood glucose testing. In
some cases, hyperglycemia has resolved when the atypical antipsychotic was discontinued;
however, some patients required continuation of anti-diabetic treatment despite
discontinuation of the suspect drug.

PRECAUTIONS

Orthostatic Hypotension
SEROQUEL may induce orthostatic hypotension associated with dizziness, tachycardia and,

in some patients, syncope, especially during the initial dose-titration period. SEROQUEL
should be used with particuiar caution in patients with known cardiovascuiar disease,
cerebrovascular disease or conditions which would predispose patients to hypotension.

Cataracts

Examination of the lens by methods adequate to detect cataract formation, such as slit
lamp exam or other appropriately sensitive methods, is recommended at initiation of
treatment or shortly thereafter, and at & month intervals during chronic treatment.

Seizures
As with other antipsychotics SEROQUEL should be used cautiously in patients with a history
of seizures or with conditions that potentially lower the seizure threshold.



.Case 6:06-md-01769-ACC-DAB Document 1114-3  Filed 11/03/2008 Page 4 of 7

James L. Gaskilt
AstraZeneca Page 4
NDA 20-639

After reviewing the available data pertaining to the use of atypical antipsychotic medications
and diabetes mellitus adverse events, FDA asked all manufacturers of atypical antipsychotics
to include a warning in their Pl regarding this risk on Sepiember 11, 2003. FDA believes that
the safe use of Seroquel can be enhanced by informing prescribers and patients about these
events and increased attention to the signs and symptoms of diabeles mellitus may lead to
earlier detection and appropriate treatment and thus reduce the risk for the most serious
outcomes. The Plinciuding the hyperglycemia and diabetes mellitus warning for Seroquel
was approved on January 12, 2004,

Misteading Presentation

Page two of the professional sales aid starts with a prominent header, which states “Diabetes
information,” and then presents the following five bullets:

+ Hyperglycemia, in some cases extreme and associated with ketoacidosis,
hyperosmolar coma, or death, has been reported in patients treated with atypical
antipsychotics, including SEROQUEL

» The relationship of atypical use and glucose abnormalities is complicated by the
possibility of increased risk of diabetes in the schizophrenic population and the
increasing incidence of diabetes in the general population

+ The resuits of retrospective studies of SEROQUEL and diabetes have been discrepant

+ Postmarketing reports of diabetes or diabetes-related events are very rare {<0.01%)
with SEROQUEL. These reports were confounded by preexisting or coexisting risk
factors and/or had limited information

o SEROQUEL is an atypical that has had over 16 million patient exposures worldwide
since its approval in 1997, AstraZeneca believes that the available scientific and
medical data do not establish that SEROQUEL causes diabetes

The first two bullets contain information from the Warning in Seroquel's P regarding
Hyperglycemia and Diabetes Mellitus concerning the observed hyperglycemic events and the
areas of uncertainty about the glucose abnormality findings. While the agency acknowledges
that it has not been established whether Seroquel causes diabetes, you fail to include
information regarding the increased risk of treatment-emergent hyperglycemia-related
adverse events in patients treated with atypical antipsychotics. The increased risk may be
due to confounding factors and is not completely understood, but a waming about it was
recently added to Seroquel's Pl to enhance the safe use of Seroquel and protect public
health. Because your bullets about the relatiocnship between the use of Seroquel and
hyperglycemia leave out this information, the bullets are misleading and undermine the

warning.

Furthermore, the fourth bullet claims that the percentage of diabetes or diabetes-related
events in post-marketing reports is "very rare (<0.31%} with Seroquel.” In light of the
voluntary nature of post-marketing adverse event reporting by healthcare professionals and
patients, it is infeasible to obtain an accurate percentage of all diabetes or diabetes-related
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adverse events associated with Serogquel based upon these reports. Therefore, quantifying
post-marketing adverse events in this manner is misleading.

Omission of Materiat Facts

Promotional materiais are misleading if they fail to reveal facts that are material in light of the
representations made or with respect to consequences that may result from the use of the
drug as recommended or suggested in the materials. Specifically, the professional sales aid
fails to include relevant risk information about the Warnings and Precautions that it presents.
While the professional sales aid states that "Prescribing should be consistent with the need to
minimize the risk of tardive dyskinesia,” it fails to reveal that the risk of developing the
condition and the likelihood that it will become imreversible are believed to increase as the
duration of treatment and the total cumulative dose of antipsychotic drugs administered
increase. The sales aid also fails 1o mention that the syndrome may partially or completely
remit if antipsychotic treatment is withdrawn. Additionally, the professional sales aid states
that “A rare condition referred to as neuroleptic malignant syndrome has been reported with
this class of medications, including SEROQUEL.” This statement is misleading in that it fails
to reveal that NMS is a potentially fatal symptom complex associated with the administration
of Seraquel. Furthermore, the professional sales aid fails to convey the imponrtant information
from the Pl regarding the clinical manifestations of NMS and that management of NMS
should include immediate discontinuation of antipsychotic drugs.

The professional sales aid states that “Precautions include the risk of seizures, orthostatic
hypotension, and cataract development.” This statement is misleading because it omits
material facts from the Pl about these risks. In particular, it fails to mention important
information from the bolded cataracts precaution recommending that physicians examine all
patients at initiation of Seroquel treatment or shortly thereafter, and at six month intervals
during chronic treatment, to detect cataract formation.

Conclusion and Requested Action

For the reasons discussed ahove, the professional sales aid misbrands Seroque! in violation
of the Federal Food, Drug, and Cosmetic Act {Act), 21 U.S5.C. §§ 352(a) & 321(n}. Cf 21

CFR 202.1(e)}(6)().

DDMAC requests that AstraZeneca immediately cease the dissemination of violative
promotional materials for Seroquel such as those described above. Please submit a written
response to this letter on or before November 30, 2008, stating whether you intend to comply
with this request, listing all violative promotional materials for Seroguel the same as or similar
to those described above, and explaining your plan for discontinuing use of such materials.
Please direct your response to e at the Food and Drug Administration, Center for Drug
Evaluation and Research, Division of Drug Marketing, Advertising, and Communications,
59801-B Ammendale Road, Beltsville, MD 20705-12686, or facsimile at 301-796-9878. In all
future correspondence regarding this matter, please refer to MACMIS # 14670 in addition to
the NDA number. We remind you that only written communications are considered official,
you choose to revise your promotional materials, DDMAC is willing to assist you with your
revised materials by commenting on your revisions before you use them in promotion.
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The violations discussed in this letter do not necessarily constitute an exhaustive list. itis
your responsibility to ensure that your promotional materials for Seroquel comply with each
applicable requirement of the Act and FDA implementing regulations.

Failure to correct the violations discussed above may result in FDA regulatory action,
including seizure or injunction, without further notice.

Sincerely,
{See appended electronic signature page)

Robert Dean, MBA

Regulatory Review Officer

Division of Drug Marketing,
Advertising, and Communications
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UNITED STATES DISTRICT COURT
MIDDLE DISTRICT OF FLORIDA
ORLANDO DIVISION
IN RE: Seroquel Products Liability Litigation
MDL DOCKET NO. 1769

This document relates to:

Linda Guinn 6:07-cv-10291
Janice Burns 6:07-cv-15959
Richard Unger 6:07-cv-1581 2
Connie Curley 6:07-cv-15701

Linda Whittington ~ 6:07-cv-10475
Eileen McAlexander 6:07-cv-10360
Sandra-Carter—————6:07-ev—13234
David Haller 6:07-cv-15733
Charles Reyy———6:07 a1 02
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DECLARATION OF WILLIAM WIRSHING, M.D.

My name is William C. Wirshing. I am over twenty-one years of age, am of sound
mind, have never been convicted of a felony, and am otherwise competent to make this
Declaration-Report. 1 have personal knowledge of all factual statements contained herein
and all such factual statements are true and correct as outlined herein in this declaration-
report.

Qualifications and Expertise

1. I graduated in 1978 from the College of Engineering at the University of
California at Berkeley with highest honors and a Bachelors of Science degree in Electrical
Engineering and Computer Science (minor in bioelectric systems). I received my M.D. from
the University of California at Los Angeles in 1982, receiving the Sandoz Award for

“Excellence in the Behavioral Sciences.” I remained at UCLA for both my rotating



internship, during which I focused on internal medicine, neurology, and pediatrics and for my
three-year residency training in psychiatry. My final year of residency was at the West Los
Angeles Veterans Affairs Medical Center where 1 was Chief Resident in Geropsychiatry.
Over the next two years, I was a Post Doctoral Research Scholar at UCLA, a fellowship
position through the National Institute of Mental Health during which I learned and applied
clinical research techniques for the study of persons with severe schizophrenia.

2. I am the Vice-President in charge of research and continuing medical
education for Exodus Inc. in Culver City, California and alse Clinical Director of Exodus
Real Recovery in Agoura Hills, California. In my clinical psychiatric practice, I see
approximately 325 new patients in a typical month; supervise nearly a dozen psychology
doctoral candidates; and teach over a dozen nursing, social work, and nurse practitioner
students.

3. Over the decades between 1986 and 2006, both my clinical work and research
focus remained on the treatment of persons with schizophrenia. I was the Chief of the
Schizophrenia Treatment Unit at the VA Medical Center during the vast bulk of this time
frame, and was also the Co-Chief of the Schizophrenia Outpatient Research Clinic during the
last ten years.

4. Given my expertise in the treatment of schizophrenia, I have had occasion to
prescribe Seroquel and the other antipsychotic agents and have extensive first hand clinical
and academic experience with the medication. I was invited to be one of nineteen experts
who presented their findings and opinions at the consensus development conference in

November 2003 before the American Diabetes Association; the American Psychiatric



Association; the American Association of Clinical Endocrinologists and the North American
Association for the Study of Obesity. It was the findings of this conference that resulted in
the February 2004 Consensus Statement in the journal Diabetes Care, cited by counsel.

5. I have also been involved in litigation regarding another anti-psychotic agent,
olanzapine (Zyprexa). I was found qualified to testify before the MDL court in that
litigation. Moreover, as a lead witness for the State of Alaska in litigation involving
Zyprexa, Eli Lilly did not challenge my qualifications and I presented my opinions in that
recent trial which settled before verdict.

6. 1 have attached my curriculum vitae and the report I submitted to counsel for
Plaintiffs in this litigation, and I incorporate those documents by reference herein. I also
incorporate my deposition testimony.

Definitions

7. I have been asked to provide some basic definition of some salient medical
terms : OGTT, two hour and fasting glucose and HbAlc.

OGTT is a standard test of glucose metabolism wherein a patient in a

fasting state is administered a standard oral glucose load (usually

75gm) and has his/her blood glucose measured at standard intervals out

to two hours.

Two hour glucose: The plasma glucose measured two hours after the
oral glucose load in the OGTT

Fasting glucose: Plasma glucose measured in the fasting state (i.e.,
at least 8 consecutive hours of fasting--though sometime the
definition is extended to 12 hours.

HbA1C: This is glycosolated hemoglobin. It is a measure of the
percentage of the hemoglobin (the oxygen carrying molecule of red
blood cells) that has an attached glucose element. It is integrated



summary of the severity of glucose elevations a person has had over
the preceding 60 days. It integrates both the severity of the

elevated glucose and the amount of time such elevations occurred. It
does not though distinguish between levels and time (i.e., low
elevations over a protracted period and high levels over a briefer
epoch will both result in an elevated HbAlc).

Responses to Particular AstraZeneca Statements

3. I have reviewed the brief of AstraZeneca that criticizes my opinions and
methodology and I believe it is important to respond.

9. AZ lawyers state “Dr. Wirshing has no scientifically reliable basis for
extrapolating from weight gain allegedly related to Seroquel to diabetes. Dr. Wirshing
ignores the data that contradict his opinion and relies instead on the cherry-picked weight
gain data.” 1respond as follows:

10.  The fact that Seroquel induces significant and sometimes massive increases in
adiposity is indisputable. The data supporting this have been available to the company since
before launch. The data are so compelling in fact that the company recently (July 2008,
Jeffries & Alam) proposed that weight gain be changed to a “very common” undesirable side
effect in their labeling. There are literally hundreds of studies to support this observation.
Among the more recent of these studies carried out and reported by AstraZeneca (July 2008,
Jeffries & Alam Weight Gain in Adolescents) concerns the impact on weight gain in
adolescent populations treated from three to 26 weeks. In the 3-week inal a jaw dropping
12% gained in excess of 7% of their body weight (FDA definition of clinically significant for
pharmaceutical studies) versus 0% in the placebo group (on average 1.7kg vs. 0.4kg).

During the 26-week study patients gained an average of 4.4kg with a startling 45% gaining



more than 7% of their body weight.

11. I have personally treated in excess of 3000 patients with quetiapine over the
last decade. Of these, several hundred have developed diabetes and I have been responsible
for delivering their endocrinologic care over the years. | have designed, implemented, and
currently run programs to help my patients control and loose the weight gain associated with
quetiapine and other related psychoactive compounds. For me, weight gain and diabetes are
not abstract constructs to be sifted from the voluminous data of trials but stark daily clinical
realities. The weight gain in my patients is at least as resistant to weight reduction
techniques as the “normal” weight pain. It requires diligence, focus, and consistency over a
protracted period of time which is difficult for any group of people, nevertheless those with
mental iliness.

12, The causal relationship between weight gain and diabetes is established,
robust, and unarguable. The connection between Seroquel and diabetes has become generally
accepted in the medical community. It is referenced not just in multiple peer reviewed
journals, but also in numerous recognized text books, including Harrison’s /nternal
Medicine; Goodman and Gillman’s The Pharmacological Basis of Therapeutics and
psychiatry texts including Schatzberg, MD, Alan F., Charles B. Nemeroff, MD, PhD, The
American Psychiatric Publishing Textbook of Psychopharmacology. 3" Ed. Arlington, VA:
American Psychiatric Publishing, Inc.

13, Indeed the defense’s own expert stated in his report that the causal connection
between excessive weight (obesity) and diabetes is larger than the causal impact of smoking

on lung cancer. Dr. Koplan however, seeks to draw an artificial line between the risk and



import of obesity, or pre-existing BMI and added weight gain, suggesting that because
obesity 15 such an important risk factor, any other risk factors pale by comparison and are
thus epidemiologically and clinically inconsequential.

14.  As aclinical and academic physician practicing with this patient population, I
was surprised by such an incorrect and flippant approach to the very real risk of the Seroquel
induced weight gain in this already high risk population. Dr. Koplan disregarded an
abundance of literature that establishes the risk. For example, the Fontaine study, Estimating
the Consequences of Anti-Psychotic Induced Weight Gain on Health and Mortality Rate,
used the Framingham Heart Study’s public use data set and national statistics on population
demography to estimate the expected effect of weigh gain on number of deaths and incident
cases of IGT [Impaired Glucose Tolerance] and HTN [hypertension] for a 10 year period.
Critically “results indicated that the estimated deleterious effects of weight gain were greater
for people with higher BMI’s at baseline, for greater degrees of weight gain.” Indeed, the
study found thal the relationship of impaired glucose tolerance with BM1I is “monotonically
increasing.” Pages 277-278. In the discussion, Fontaine et. al., noted that the impact of
weight gain would be even more deleterious amongst the schizophrenic population, precisely
because of their increased baseline risk:

[1]t seems likely that additional weight gain from atypical agents will increase

both the prevalence and severity of elevated BMI, as well as further increase

the medical diseases that are associated with weight gain and higher BMIs

(Henderson et.al., 2000). This will cause the BMI distribution from the

Framingham sample, a sample of primarily non- schizophrenic individuals, to

result in conservative estimates when extrapolated to the schizophrenic

population. Fontaine, ibid., at 283.

i5.  I'was also surprised to see Dr. Koplan’s Declaration minimizing the import of



weight gain superimposed on underlying elevated BMI in light of the fact that he was a co-
author of a paper by Mokdad and others entitled The Continuing Epidemics of Obesity and
Diabetes in the United States, JAMA 2001: 286910. In that study, Dr. Koplan and his co-
authors note that “Both BMI and weight gain are major risk factors for diabetes....For every
1-kp increase in measured weight, the risk of diabetes increased by 4.5% in a national sample
of adults.” (bold added for emphasis) Mokdad at 1197.

16.  Similarly, Resnick, HE et. al. suggest in the article Relation of Weight Gain
and Weight Loss on Subsequent Diabetes Adults, Journal of Epidemiology and Community
Health; (Aug 2000; 54,8) that many overweight people have not reached a threshold at which
additional weight gain fails to increase diabetes risk reflecting that an increased weight for
that population, which pushes them over that threshold, will have obvious deleterious clinical
consequences including of course, diabetes. Finally, the literature on this issue is ever
growing. Just this week the New England Journal of Medicine published a study from
Sweden entitled Clinical Risk Factors, DNA Varianis and the Development of Type 2
Diabetes by Lysenko N. Engl. J. Med 2008:359:2220-32. This study looked at risk factors
beyond obesity and weight gain, and considered genetic risk factors as well. Lysenko notes
"fw]e also evaluated whether genetic risk factors would further increase the risk imposed by
an increase in the BML... There was a stepwise increase in diabetes risk with an increasing
number of risk alleles and increasing quartiles of BMI or a disposition index above or below
the median...” Lysenko at 2229,

17.  The above data reflect a fundamental premise of clinical medicine — that each

incremental risk factor can worsen outcomes and can be contributory, or in legal parlance,



are substantial contributing factors. The Koplan analysis which disregards the import of
incremental drug induced weight gain in an already obese person is incorrect and plainly
contrary to good medicine and science. Obviously all these risks are important and hence
they are all substantial contributing factors in assessing the etiology of the diabetes.

18. Indeed, the ADA Consensus Conference developed important clinical
guidelines including baseline monitoring (including for personal and family history of
obesity, etc.) and measurements of weight, blood pressure, fasting plasma glucose and fasting
lipid profile prior to inception of antipsychotic medication and thereafter follow-up
monitoring at specific intervals. Moreover, the consensus tells physicians that “if a patient
gains greater than or equal to five percent of his or her initial weight at any time during
therapy, one should consider switching the SGA.” The data reflect that Seroquel causes such
an appreciable weight gain or higher in a significant number of patients. These
recommendations would be superfluous if the Koplan view of the evidence was correct since
if the underlying obesity or other underlying or “confounding” risk factors already exist, the
incremental weight gain independently related to Seroquel would be immaterial. Of course,
it is highly material to real patients in the clinical setting and hence those guidelines are well
founded. Even AZ has recognized their validity in the additional recommendations in the
later package nserts.

19. It has been and continues to be my opinion that quetiapine induces its most
deleterions impact on endocrinologic functioning (i.e., glucose regulation) largely through its
impact on weight gain, Diabetes, though, is but one of the many possible downstream

consequences of excessive adiposity. Additionally, though weight gain is a large and often



times dominant causal factor for Type II diabetes, it is by no means the only one. Other
established risk factors include family history, smoking status, ethnicity, and hepatic
functioning (Lyssenko et al, 2008), as well as emerging specific genetic factors (Meigs, et.
al., Genotype Score in Addition to Common Risk Factors for Prediction of Type 2
DiabetesMeigs, et. al., N. Engl. J. Med 2008; 359:22008-19. 2008.

20.  Thus, while the defense is correct in stating that “on average” it can take an
extended time for the deleterious impact of excessive weight to exert its ultimate effect on
diabetes, there is enormous variance in this figure. In patients, for example, who were obese
at baseline, and had several of these additional clinical factors, quetiapine induced weight
gain would be expected to have a much more rapid impact on glucose metabolism and
ultimately the expression of frank diabetes.

21.  In addition to the well-established and recurrently documented connection
between quetiapine induced weight gain and diabetes, there is a growing body of evidence to
suggest that quetiapine may have an additional deleterious impact on glucose metabolism.
For example, Studies 126 and 127, which formed the basis for the recent changes in the
adverse experiences section, suggested that quetiapine use resulted in a several fold increase
in new onset diabetes over an extremely brief period of time. While there were only a small
percentage of patients who developed diabetes, the brevity of exposure suggests that
quetiapine was exerting this toxicity through “extra-adiposity” avenues. It is not known
exactly what these mechanisms might be (hepatic, neurogenic, and pancreatic have all been
suggested), however such an effecl could easily account for the many rapid onset diabetes

cases that have been reported. It would also account for the few cases 1 have personally seen



where discontinuing the quetiapine caused a remediation of the diabetes and reintroduction
resulted in additional diabetic decompensation. In any event, even though I believe that the
weight gain adiposity is the most obvious, if not predominant mechanism, it does not exclude
other co-occurring mechanisms. In medicine, the development of disease is frequently
multifactorial and there are often multiple mechanisms that explain how a drug causes an
effect. In any event, one does not need to fully appreciate the mechanism of action to accept
that a certain adverse or salutary response is related to a medication’s ingestion. We still do
not fully understand the mechanism of action as to how the SGA’s, including Seroquel, have
a beneficial effect on certain mental illnesses and the same is true for many medications, if
not the majority of all medications. Nevertheless certain adverse drg reactions are widely
appreciated.

22.  Study 125 further highlights this latter point. This study is touted by
AstraZeneca as the only study designed to examine the question of whether Seroquel may
cause diabetes. On the contrary, Study 125 was actually designed NOT to detect certain
important markers for Seroquel-induced glucose dysregulation. Significantly, despite the
design limitations, proper interpretation of the results of Study 125 provides evidence that
Seroquel does indeed cause diabetes by inducing insulin resistance.

23.  Study 125 was a 24 week, open label study comparing effects of glucose
metabolism and insulin sensitivity in patients taking Seroquel, and its closest market
competitors, Zyprexa and Risperdal. It was not a blinded study, nor was it placebo-
controlled, two very important features of well-designed trials. The design of the study did

attempt to control for factors which might confound indicators of glucose dysregulation: it
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was conducted in primarily white Eastern Europeans, with average baseline BMI of 24, and
intended to exclude patients with history of diabetes or recent atypical antipsychotic use. In
other words, the study population was (generally speaking) metabolically healthy. As
explained below, it is for precisely this reason that the primary endpoint of the study fails to
properly measure Seroquel's diabetic potential.

24.  The primary endpoint of the study was the change at 24 weeks of the
"area under curve" in a 2 hour oral glucose tolerance test (OGTT). The OGTT is a standard
clinical measure to detect abnormalities in glucose metabolism. Indeed, a peak blood sugar
exceeding 200mg/d] following a glucose load is part of the definition of DM. It is, though, a
decidedly down stream effect in a person with Type Il DM. Area under curve values such as
those identified as the primary endpoint of this study would be very unlikely to shift in an
endocrinologically healthy group in but 24 weeks time, even with the significant weight gain
that occurred in Study 125. Given what we know about DM, one would not expect a
population of increasingly obese patients to manifest an average shift in OGTT for years
(though marked individual variation would be expected—see above). A much more sensitive
measure of glucose regulation are so-called clamp studies (goid standard) or calculating a
HOMA 1ndex (less rigorous and more variable). These tests are able to detect subtle changes
is glucose regulation well before the insensitive OGTT.

25.  The primary endpoint used 1 Study 125 measures how well a patient’s body
disposes of glucose immediately following a glucose load; essentially, whether these
generally healtly patients were able to produce enough insulin to meet the load. Not

surprisingly, the results indicated no statistically significant change from baseline to Week 24
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in these metabolically healthy patients. The primary endpoint of this study does NOT
measure the body's regulation of glucose in the fasting state, nor does it measure insulin
resistance. In other words, the primary endpoint will NOT reveal whether Seroquel has
increased insulin resistance in these patients, whether the pancreas must now produce more
insulin in order to meet the glucose load, or whether Seroquel has produced a disturbance in
fasting blood glucose levels.

26.  What 1s truly important and informative about the results of Study 125 are the
statistically significant positive findings in the secondary parameters, particularly taken in the
context of the small sample size (110 patients completing the study in the Seroquel arm) and

- relatively short duration (24 weeks). There were statistically significant increases in both
mean fasting blood glucose (3.19 mg/dl) and HbAlc (0.122%), indicating that Seroquel may
have disrupted the body's ability to regulate glucose in a fasting state. Fasting C-peptide (a
measure of endogenous insulin production) also increased, indicating that these patients were
now producing more insulin in a fasting state: a marker for insulin resistance. Further,
patients taking Seroquel experienced a mean weight gain of 3.65 kg (8 pounds) in just 24
weeks. All of these findings were statistically significant despite the fact that the study was
powered to look at ancther (less useful) primary endpoint. The results of Study 125 provide
additional evidence that Seroquel causes diabetes, and that it may do so by inducing insulin
resistance, even over a comparatively brief epoch.

27. Overall it appears that there are some additional non-adiposity factors that

may be contributing to the diabetes seen with quetiapine use. Though I continue to be of the

opinion that the lion’s share of the causal equation goes to increases in adiposity, in certain
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patients these other factors may in fact predominate.

28. Defendant's make other incorrect comments about my opinions. Defendant
claims that I improperly extrapolate from an accepted premise — that obesity can cause
diabetes — to an unfounded claim -“that any amount of weight gain over any period of time
will cause diabetes.” The defendants misstate. I explain that quetiapine leads to weight gain
and that weight gain leads to diabetes. I did not say “any weight gain.” Rather, I explained,
“[u]sing the FDA’s definition of clinically pertinent weight gain (i.e., a 7% increase)
quetiapine routinely impacted over 25 percent of the treated population.”

29, Defendant states that I do not actually offer an opinion that Seroquel
causes diabetes. Instead, they claim I opine that Seroquel causes weight gain and, as a result,
“it is axiomatic” that Seroquel will lead to diabetes — eventually.” The word “eventually” is
tacked on by the defendants. I state that “it is axiomatic that increases in obesity will result
in subsequent increases in hyperglycemia, frank diabetes, hyperosmolar coma, and even
death due to endocrinologic complications.” As I explained above, there is a wealth of
literature showing that each incremental kg of weight increase correlates to development of
diabetes in some.

30..  Ihold additional relevant opinions as set forth in my expert report in
this matter, which is attached and incorporated by reference. Additional opinions were
elaborated in my deposition. The documents I reference in this Declaration-Report are
annexed as exhibits to the Declaration of Paul Pennock, Esq.

I declare under penalty of perjury that the foregoing is true and correct.
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Executed this 24th day of November 2008.
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William C. Wirshing, M.D.
Educational and Prolessional Background

Cducation

{ gradusted in 1978 from the College of Engincering at the University of Calilornia m
Berkeley with highest honors tcumulative G.P.AL 3.93) and a Bachelors of Science
degree in Electrical Engineering and Computer Science {minor in hicelecironic svstents),
During my tenure there. I was clected 10 membership in the Phi Beta Kappua and Tau Bera
Pi honer societivs. The lormer is traditionally reserved only tor those pursuing &
“liberal” educativml experience {e.g.. College of Letters and Science) and the laiter is the
cquivittent entity for students in the seience-intensive curriculum ol the School of
Engineering. Although 1 then began medical school at UCLA almost immediately
following my undergraduate studies. my educition was interrupted when my voungest
brother developed and then sueccumbed to brain cancer during my {irst and second years.
During several fengthy arranged absences from school in southern Calilornia. | assisted
miy mother in caring tor my brother and worked as an engineer in Mountain View (e
“Silicon Valley™) Calitornia through the beginning of my third year at UCLA,

I ecompleted my undergraduate medical sehooling {(—on time™, despite my profracted
absences from campus) with a 3.97 GPA and was given the Sandoz award for
“Excellence in the Behavioral Sciences™ at graduation in 1982, In addition. | was ¢lected
to the Alpha Omega Alpha Medical Honor Society at the end ol my third vear. |
remained at UCLA for both my rotating internship during which | focused on internal
medicine, neurology, and pediatrics and for my three-vear residency wraining in
psychiatry, My finul vear of resideney training I was the Chicel Resident in
Geropsychiatry ut the West Los Angeles Veterans Affairs Medieal Center. Over the next
two years. | was a Post Doctoral Research Scholar at UCLAL u fellowship position
through the Nutional Institute of Mental Health during which | lcarned and applicd
clinical research techniques for the study of persons with severe schizophrenia. My
mentors were Professors Van Putten. Goldstein. and Marder.

Chinical. Research. and Teaching Background

I remained at both UCLA and the affiliated West Los Angeles Veterans Affairs Medical
Center undil fate in 2006, Over the two decades between 1986 and 2006 though. buth my
clinical work und research focus remained on the treaimeni of persons with
scittzophrenia. [ was the Chief of the Schizophrenia Treatment Unit ar the VA Medical
Center during the vast bulk of this epoch. and was also the Co-Chief of the Schizophrenia
Outpatient Rescarch Clinie during the last ten years, Though | vose through the
traditional academic ranks at UCLA and even reached the level of Tull Professar over 1ve
vears ahead of “schedude™. 1 never lost my fascination with clinical care and never traded
it for more admimstrative tasks as my career wandered through the decades. Sinee
leaving the traditional ranks of academia, T have been able to continue and even expand
my dual interests in clinical work and teaching. Over the Jast vear | have been Viee
President in charge of research and continuing medicul education for Iixodus Inc. in
Culver City, CA and also Clinical Direcior of Exodus Real Recovery in Agoura Hills.

Wirshing Expert Report Quetiapine Litigation Page § of 1)



CA. Inatypical month. | now see approximaiely 325 new patienis: supervise nearly a
dozen psychology doctoral candidates: and teach over a dozen nursing. social work. and
nurse practitioner students, Over the course of my career. | have taken care of over
twenty five thousand patients. the vast majority of which have suffered from one or
another psychotic ilIness.

As is usual among clinical academictans. my patient care tasks and research interests
dovetailed consistently and have always taken place in a setting with medical trainces at
every level of experience. Teaching these persons over the years has been the third mujor
leg uf my vocational life. Unlike most of my academic colleagues. [ never thought of
these teaching duties as on obligation (0 be wlerated and where possible shunted to my
vounger colleazues. In fact. it generally occupied the top spol in my personal emotional
ranking of our traditiona} tasks (i.e.. weaching. rescarch. and patient care). My ieaching
has been honored vver the vears with several awards from both my students and
colleagues. including 2006 when [ was again nominated lor the Golden Apple Award by
the graduating medical school class (the highest teaching wccolade in the School of
Medicine) T eurrently give over 123 routine leciures per year at my various work sites.

Within the context of these various positions and responsibilities. | have been able 1o
experience, study. and then weach others about the care of seriously mentally i) putients,
While | have been most consistently compelied by and fascinated with the prototypic
psychotic iliness schizophrenia, persons with bipolar illness (i.e.. “manic depressive
disorder™) have tuken up a close second place over the vears. Like any academician in
my wrea. | have sought and received grants to continue my studies and have published in
the peer reviewed literature (with the substantial aide ol my colleagues and assistanis—
sec my altached CV Tor the detnils). [ believe that | have been fortunate in the extreme
to have had these prolessional opportunities. They have permitted me to Jive an enviable
work life that | was never able to nwster and was therefore neither predictabie nor
rouiine,

Experience With Industry

These sundry positions also brought me into contact with the pharmaceutical industry tha
coincidentally became increasingly interesied in the treatment of psychotic persons at the
very onset of my career in the mid 1980%s. This time marked the beeinning ol the second
signilicant epoch of pharmacologic treatment ol psvehosis (The first one having begun in
the early 193075 but which had plateaued by the late 19607s). This period saw the
development. testing. and subsequent marketing of what came to be known as the
“Second Generation”™ or “Atypical” antipsychotic compounds. Though not truly
revolutionary or even novel per se (see below), they did constitute a significant advanee
in many. though not all. aspects over the older medications. This mulual interest in the
wreatment of psychosts allowed me 1o “test” potential medications in my patients under
controled protocol conditions from the beginning of their development by industry.
Although not every medication that we tested over the years survived the gaumlel of
clinical testing. we were able to test every medication that did receive the approval 10
market by the Food and Drug Administration.

Wirshing Expert Report Qunetfapine Litigation Page 2 of 1)



The approval process for medications is a lenuthy one that has become increasimgly
burdened by repulation and requiremenis over the vears. As a consequence. it can take
years for a piven compound to move from Frst testing in paiients to full marketing
approval. Among the medications that we tesied and studied that went on 10 receive
approval hive been risperidone (approval 1994). olanzapine (1996), ziprazadone (2000).
aripiprazole (2002), and quetiapine (1997), The early and prolonged nature ol this
experience allowed us 1o develop a clinical knowledge of the real world effects of these
drugs that was often at the very forelront of the entire hield. As s usual with
pharmacolegic compounds. our novel discoveries and observations generally involved
the toxic effects rather than the therapewtic impacts of the drugs.

In the early to mid 1990 s we were umong the very first 10 report on the curious
metabolic effects, In particular, we noticed that many of our patients gained weight when
[irst begun on these drugs and at a rate that was, on oceasion, singulin in our experience.
We also noted that these patients soon began 1o sulfer the usual downstream
consequences ol paining weight {e.g.. glucose intolerance. frank diabctes, and even
severe hyperglyeemin with resultant hyvperasmielar coma).  As is customary in the
academic world. we deseribed our experience in the peer reviewed hierafure and reported
it at any number of seientific meetings. In addition. though. we worked with industry 1o
extend. understand, and hopefully {ind ways to remediate these various toxicities. The
increasingly high cconomic stakes of the field sometimes lead those in industry 1o
confuse the message and the messenger (at least rom my perspective). As a
consequence. our relationships would. or at leasi could. sour and blossom suddenly.
depending on the details of our latesi report.. As one might expect. our observitions and
conciusions were not infrequently challenged by one company only 10 be embraced wid
promoied by its competitor,

I did not have any direct deadings with Imperial Chemical Industries, as Zenecu was
called prior to their name change. while they were developing their antipsychotic
compound 1C] 204636 (quetiapine’s “name’ prior to its receiving a formal designation hy
the nomenclatlure committee). 1 was, however, very familiar with the published
preclinical and clinical Ierature on the drug in the 19807 and early 19907s,

tmmediately alier launch in the United States in 1997, 1 began o lecture for the company
and started negotiations with them 1o perform a high dose ¢linieal trial in a subpopulation
ol persons with schizophrenia whose symptoms were unresponsive to other available
antipsychotic compounds. While a variety of regulitory. legal. and logistical
impediments conspired to uhitmalely thwart my hopes lor such a trial. our interest in and
experience with high dose treaument did result in a single publication (Picrre. et al, 2005).
I continued 10 lecture and provide ad hoe consultation at the company’s request (the fast
time was August ol 2008). though the frequency of these interactions has diminished
considerably over time. [ have. however. kept them apprised of my concerns about and
observation of their drug. including this last spring when | sent them a prepublication
copy of a letter that was recently published in the American Journal of Psyehiatry
(Murphy. el al. 2008). Through out this lengthy assoctation. | would charncterize our
relationship as muiually respectful und professionally cordial.  In notable contrast to
some ol iheir corporate peers in the pharmaceutical industry. Astra Zeneea never treated
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me dismissively or disrespectfuily simply beeause 1 would describe an observed taxiciny
or express an unflattering opinion about quetiapine’s clinical characteristics.

History of Antipsychotic Drugs

It can. | think. be persuusively argued that the origins ol the “modern™ biological theories
of psychiatry can he traced directly to the serendipitous discovery of antipsyehotic
medications in the early 1950°s. During that epoch. a trio of French physicians
{psychiatrists Delay and Deniker and neurosurgeon Henri Laborit) determined that the
experimental Rhone-Poulene compound RIP 4609 (i.c.. chiorpromazine or ~Thorazine™)
had a singular power to reduce psychotic symptoms in clronically and severchy il
patients with schizophreniz. Schizophrenia is the prowotypic psychotic illness that
consistently afflicts 0.9 percent of the population. is life long and incurable. runs in
lfumilics, and generally has is origins in late adolescence or early adulthood. 1 is Nurther
the exclusive provinee ol the human animal—even our ¢losest primate relatives do not
develop schizophrenia. 1t would be difficult 1o overstate the magnitude of this
pharmacologic discovery. coming as it did ata time when wet wraps. hydrotherapy. and
frontal lobotomies were the onfy “effeetive™ palliative tremmems. The pharmacologic
efticacy of chiorpromazine. though. came with an apparently obligatory neurotoxicity
that developed after about two weeks ol tremment. T'his neurotoxicity. which came o be
called extrapyramidal symptoms or EPS. included parkinsonism (i.e., slowed movements
and mentation, a specilic tremor, and muscular rigidity ). akathisia (i.c.. an inensely
dsyphuoric sense of restlessness). and dystonia (e, sustained. uncontrollable. and
functionally disruptive muscular contractions). While these acute EPS could be dramatic
and overwhelming, they were transitory and would eventually disappear once the
offending agent was discontinued. Unfortunately. there also developed a later.
sometimes grotesque disorder of excessive motor movement that was termed tardive
dyskinesia (literally ~late bad movement™). It was eveniually observed that this tardive
dyskinesia (TD) would acerue with coch passing vear of cumulative exposure 1o the
medication at a rate of three 1o five percent of the treated population per snnum. More
ominous stitl was the abservation that unlike acute EPS.TD proved to be lilelong and
irreversible in a large number of those afflicted (circa %), even if the cousal agent were
permanently discontinued. These neurotoxicities were so consistent, predictable. and
uniform that they eventually came to be seen as the hallmark of this class of imedications
which were termed “neuroleptics™ (Le. "to s¢ize the neuron™). In other words. these
antipsycihotic medications were defined quite iterally by the toxicities they produced.

Though these EPS were the chinical bane of antipsychotic compounds. they were o
crucitlly exploitable characteristie for drug developers. Because there is no animal
muodel for schizophrenia per se, it is not possible 10 sereen potential molecular candidates
for this properiy. There are. however. many excellent animal models for EPS and related
behavioral toxicities. [ was thus possible to search for potential antipsychotic
compounds by simply sereening for extrapyramidal liability in one or another of these
madels. It should come as no surprise then that all antipsvehotic medications shared the
neurotoxic characteristic—it was this toxicity that allowed them o be discovered in the
tirst place. Arvid Carlsson and colleagues detailed the mechanisms that ure believed 1o
tilerlie this duality (e antipsychotic potential and neurotoxic Labilitvy in the carly
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JUB’s. Ina series ol clever animal experiments and brilliant deductions he proposed that
antipsychotics exerted hoth effects by binding to and blocking dopamine receptors tmore
spectfically the D2 recepror subtvpe) in the brain. 1 s of historical note that he shared
psvehiatry’s first Nobel Prize for Medicine in 2000 for these discoveries,

As an ultimate consequence ol this process. there came to clinical market an array ol
often times chemically dissimilar compounds that had equipotent antipsyehotic ellicacy
and were uniformly neurotoxic. They did, of course. vary in a number ol secondary
characteristicg (c.o., aticholinergic potency, sedative potential. tendency to induee
orthostatic hypotension. ete.). but their primary elficacies and core toxicifics were
eifectively equivalent. I is important 1o note that these dopamine reeeplors are important
not only in motor control and psychotic symptoms, but they are also crucial in mediating
reward leaming. Thus. any antipsyehotic molecule that blocks these dopamine receptors
will attenuate and possibly destroy an animal™s (or a person’s) ability 1o pormally
experience pleasure. Bn clinical practice these drugs are notoriously dvsphoropenic and
exceedingly difficult to subjectively tolerate,

Fhe singular exeeption to these generalizations about amipsychotics is the compound
clozapine. This molecule s a modified structural analog of the tricyelic untidepressant
imipramine (a revolutionarily useful and powerlul antidepressant medication that hus no
amipsycholic power whatsoever) and was synthesized by Sandoz Pharmaccutivals in
1959, Though #ts road to murket was tonurousty long and marred by a number of
tracically toxic detours, it ultimately proved isell to be u truly different antipsychotic. I
wis evenlually shown that elozapine had greater antipsyehotic power than conventional
neuroleptics (as the rest of the antipsychotic market came to be named) and at ordinary
antipsychotic duses it failed 1o cause the EPS that characterized its conventional
counferparts. Clozapine then became the prototypic “atvpical™ antipsycholic in that it
alone wits 4 non-neuroleptic antipsychotie: a drug capuble of separating amipsychotic
efficacy from neurntoxic liability. While a number of ollen clever and sometimes even
compelling explanations of how clozapine is able (o excrt these clinical behaviors have
been cluborated. none have to date been proven. In addiion. though the group of more
recently developed and marketed antipsychotics (i.e.. risperidone, olanzapine. quetiapine.
aripiprazole. and ziprazidone) have claimed kinship to clozapine by usurping its
“wtvpical” label. none has matched clozapine™s antipsychotic power and all are variably
more neurotoxic. This is not 1o say that as a class™ they have failed o improve upon the
conventional compourds. but only that they have not succeeded in truly inheriting
clozapings fegacy.,

Cuetiapine’s PDevelopment

fmperial Chemical Industries first claborated what they designated 1C1 204636 in the
earlv 19807, Tt is a structural analog of clozapine and technically considered a
dibenzothinzepine. lts recepior (i.e., the proteinaceous components on the lipid neural
membrimes of the central nervous system |CNS]) binding prolile indicates that it has
weik and eastly reversible afTinity for the classic D2 receptor that Carlsson idemtified in
1963, It also hinds with weak to moderate intensity 10 a wide spectrum ol other receptors
in the NS but in a pattern that 1s really anlike any other antipsyehotic compound.
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including clozapine. upon which its struciure is based. These other binding
characteristics are conceptuadized o account for quetiapine’s observed clinieal effeers. In
bricl. they canfer on guetiapine: sedation. ow EPS lability. minimal impact un
prolactin, orthostatic hypotension (i.e.. a fall in blood pressure when standing),
anticholinergic toxicity (1.e.. constipation, dry mouth. blurred vision, memory
disturbances. and tachycardia). and weight gain liability. All of these uliimately observed
characteristics would be expected based only on the neuromolecolar characteristics of
quetiapine.

Though the knowledae ol quetiapine’s unique receptor binding profile allowed lor the
casy prediction of its pattern of toxicity in humans. its low and weak affinity an the
critical D2 receptor posced a challenge Tor protocol designers during its early vears of
clinical testing. For all conventional compounds the appropriate dose o achieve optimal
antipsyveholic activity is exactly the dose that ulso begins to produce EPS. With un
“atypieal” drug though. the appropriate deose would be an unknown amount lower. Thus.
an early hurdle lor quetiapine was determining just where the optimal antipsyehotic dose
range was located. Ultimately quetiapine’s FDA reeistration trials involved multiple
doses (Nive) ol quetiapine over a ten Told dosing range compared 1o single dose of the
reference conventional neuroleptic haloperidol, Despite the methodalogic asymmetry of
this desien that markedly fivored guetiapine. it failed 1o beat its conventional comparator
atany dose. In facl. the haloperidel arm was generally shightiy better (thaugh not
statisticatly so) than any of the five doses ol quetiapine. This pattern of being marginally
cqual fo or slishtly inferor to comparitor drugs has been repeated numerous times over
the vears of testing. When AZ atemipted 1o perform a meta-analysis (i.e.. combining
multiple trials 1o achieve gremer statistical power in an effort to show a small eiTeet tha
is not apparent in any single study) on its acerued dataset, they discovered this very
patiern. This disappointing result prompied the marketing personned within AZ to "spin”
these conclusions by touting that quetiapine had “unsurpassed efficacy™. While
technteally correct {rom a statistical point of view beeause no single study had shown that
any conventional comparator was statistically superior to quetiapine. such hvpe is clearty
disingenuous sophistry.

When considered across many trials involving schizophrenic subjects. quetiapine has
been demonsrated to be about 10-20 percent less effective than standard doses of
conventional medications. This was shown most clearly in the Clinical Antipsyehatic
Trials of Tmerveniion Elfectiveness (CATIE) study that was reported in late 2005.

This NIMH funded trial compared Towr atypical medications (quetiapine. Ziprazidone.
risperidone. and olanzapine) to a single tvpical medication (perphenazine} and involved
1460 subjects treated over an 1§-month epoch. The primary owtcome variable was “time
to discontinuation” of the assigned drug. The results revealed that quetiapine was about
20 percent less effective than the conventional agent perphenazine (4.0 vs. 5.0 months)
and about 30 percent less effective than olanzapine (9.2 monihs).

While these elficacy tacts were disappointing and clearly contributed 10 gquetiapine’s

dismal market share when it was first approved for use in 1997, 11 afso supgested 1o me o
fantalizing possibility. Because conventional antipsychotie medications were all
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essentially equi-efficacious and seemed to share a single underlying mechanism of action.
any drug that had demonstrably less efficacy might possibly wark through a dissimilar
mechanism. This possibility was a major motivating factor in my wanting to pursue a
higher thun standard dose experimental trial with the company after the drog wus
launched. T eontinue 1o believe that quetiapine does. in tact work through largely distina
mechanisms, Unlortunately this distinetion translates into slightly less pharmacologic
power on average than conventional medications. AZ has “oversold™ guetiapine’s
eflicacy in their marketing endeavors lor vears.

Queliapine’s Toxic Metabolic Profile

The daiaset that Zenecu had comipiied on quetiapine prior to its launch in 1997 clearls
tndicuted that clinical]ly significant weight gain was o common side effect of quetinpine.
The data trom Zeneca's Phase /411 trials demonstirated a clear dose related tmpact on
weight that compeilingly worsened over time. Using the FIIA s definition of clinical v
pertinent weight gain (ie.. a 7% increase). quetinpine routinely impacted over 25 pereent
ol the treated population (somewhat lower for lower doses ol guetiapine and sumewhat
Iigher with higher quetiapine doses). The average shilt in weight was 6.2 ths over the
first six manths of treatment and F1 Ebs alter six months of weatment. This is
approximaiely habfivay between the weight gain induced by risperidone and olanzapine—
guetinpine s major competitors at launch, Weight gains of this magmtude are
impressively large and impael an amazingly large amd consisient percentage ol pativnts.
Despite these data, which have been available to the company since before launch. the
fubrel Tor guetiapine has never, even o the present day. “warned™ of this predictible and
serious (oxicity. Instead, the label has merely listed in the adverse experiences section
that quetiapine is “sometimes associated with increases in hody weight™. Further. their
muarketing materials over the years have consistently touted that quetiapine is “weight
neutral ™. This is palpably inappropriate and inadequale at best and deceptively
mislesding at worst, 1t is my opinion that this labeling delicieney rises o the legal
definition of gross neghgence (e, “willlul disregard tor the salety of others™). Tt is
unconseionable that after more than a decade’s time that the warnings section is still
silent about the single most prominent serious toxic characteristic of the eompournd.

There are o number of well-known health consequences to increases in adiposity. Among
these are increased risks for glucose intolerance and even frank diabetes. increases in
tnal cholesterel and triglycerides in the blood. seenndary risks for cardiovascular discase,
inereased rates ol degenerative osteoarthritis. and even increased risks for certain
nudignancies (e.g., colon cancery. The faet that quetiapine use resulls inweleht gain and
therefore causes diabetes in susceptible patients cannot be rationally disputed. This was
confirmed by the APA/ADA consensus conference an the metabolic toxicities of the
atypical antipsychotics held in 2004, That conference ol independent (ie.. non-industryd
experls (at which | provided the presentation on the monitoring protocol) concluded that
guetiapine use could result in significant weight gain. mereased rates ol diabetes. und
nathologic changes in lipid profiles. Although the current label change implemented in
2007 does direet one 10 0 new section in the adverse events section that documents. 10 a
degree, some of the measured incresses in new onser diabetes. 1t remains inadequate and
nusleading. Firstly, the “class labeling”™ warning section on endocrinologic wxicities is
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laced with generalities., disclaimers, and distracting verbiage. I latls completely o state
the measured increases in new onset diabetes that are specific to guetiapine and that are
detailed in the adverse experiences section. Secondly. it fails 1o make the known
connection between increases in adiposily and subsequent changes in glucose regufation,
lt gives the mistaken impression that the risks of diabetes only apply to a decidedly minor
{circa 2-4%0) portion of treuted patients when, in fuct, nearly one third of patients treated
with standurd doses for as Hitle as a vear are al decidedly increased risk of glucoese
disregulation. The company personnel have opined in depositions that the details of
quetiapine’s measured risk ol diabetes and related endocrinologic disturbances were
unknown until the results of these later done studies were completed. Such rhetoric is
intellectually and clinically dishonest as it requires one to deny the clinical lTact that
increases in adiposiy tha are caused by quetinpine (and were known 10 the company
belore launch in 1997 will result in predictable increase in endocrinologic dysiunction.

It is axiomatic that increases in obesity will result in subsequent increases in
hyperglveemia. frank diabetes. hyperosmolar coma. and even death due 1o endocrinologic
complications. To deny vitherwise. as AZ officials continue to do 10 the present day. is
negligently irresponsible.

Additionally, the label is virtually silent tor a1 least i is decidedly unclear)y about
quetiapine’s ability (o induce massive changes in circulnting triglycerides and thereby
lead to secondary and potentially lethal pancreatitis (i.e.. marked inflammation of the
pancreatitis). When a person gains significant wdiposity, there is a predictable increase in
the levels of circulating Iipid pools (Le.. triglveerides. VILDL. LD ete ) because 1o body
must manage o larger low of s from the gut and to and from the tissoes. These
changes, while potentindly of long-term clinical pertinence, are usually of ordinary
nagnitude. Quetiapine. though, also results in massive acute elevations in triglycerides
that can, on occasion. overwhelm the body’s fin management system and cause secondary
pancreatitis. The precise mechanisms whereby this toxicity is mediated have vet o be
clicidated, however. it is likely that interference with one of the early lipid management
enzymes in the liver (e.g.. lipoprotein lipase A) causes a “backup™ of the riglyeeride
ransporl vehicle (i.e.. chylomicrons) from the aut that feads to the hypertriglyeeridemin.
This additional metubolic-like toxicily is unrelated to changes in weight. tends 1o veeur
during the first several months of treatment. and 1s markediy more acutely serious than
the more pedestrian increases in the sundry lipid pools that predictably follow increases
in adiposity. This toxicity has clearly emerged during the post marketing survetllunce
neriod, has been reported {requently in the case report Herature. and was discussed m
length at the consensus conference in 2004,

Addictive Potential

The single most consistent toxic effect of quetiapine is sedation. This propeny when
coupled with quetiapine’s low EPS profile has prompied clinicians to use the drug
excessively off=label for such conditions as anxiety and insomma. These characteristics
also raise a reasonable concern that guetiapine may have some addictive potential. In
fact clinical experience and a number of case reporls have suggested that certain patients
wiil abuse. divert for sale. und become physically dependent on quetiapine (Pierre. el al.
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2004; Murphy et al. 2008). Despite these lacts the label has been virtually silent abuout
this reaiity.

Off Label Use

Quetiapine has come 1o dominate the atypical antipsychotic market primarily beeause i1 13
used excessively ol label (current estimates are about {wo thirds of the prescriptions are
off-labeh. 1 am ol the opinion that primary among the reasons [or this disproportionate
ofT label nse are the thcts that quetiapine is sedating and highly subjectively tolerable and
the inaccurate clinical impression that it is also comparatively free of concerning
toxicities and devoid ol abuse potential. A secondary reason is that quetinpine’s share of
the on Jabel marked is reduced because it is simply not as polent an antipsychotic as other
available products. While preseribing a drug lor olT label use is a common and olien
clinieally reasonable practice. promoting a drug for of T label use is illegal. AZ was
clearly aware of the excessive ofl' label use of quetiapine over the vears. Their afficials
have stated repeatedly in depositions thar AZ endeavored o provide lTabel support of
these “passively vhserved™ preseriptive habits by investing heavily in confirmatory
studies. Though many such studies were perlormed. T consider the chum Largely
dishonest. [f truc. ihen 10 swould have been imperative for AZ to study the largest and
most excessive off [abel use. to wit. insomnia. Such a study would have been logistically
and ceonomically trivial to perform, at least in comparison to the studies done in mouod
and psychosis based disorders, There is to date no evidence ol any quality that
demonstrates that quetiapine decreases sleep latency, increnses 1otal sleep time,
normalizes steep architecture. or intproves davtime wakelulness. There 1s. in fact. ample
evidence that gquetiapine tmpairs significantly davtime wakelulness, | believe that A/
knew that any real detailed sleep study would ultimately be an indictiment of clinical
practice aml would potentinlly eut the total use of their product by more than halll Itis
further my opinion that AZ mischaracterized the true toxic potential ol their product and
that this behavior has in part prompted clinicians to use their product inappropristely and
excessively off label. If clinicians had been aware of the true imetabolic toxicities and
addietive labilities of quetiapine then T do not believe that we would have the amouni of
off label usage we see oday. 11 is my opinion therefore that AZ has been engaped in
“tndirect”™ off label marketing., While their behavior may have in fact heen technically
within the “letter ol the faw™, it was and continues to be irresponsible. improper, and
cthically indelensible.

Conclusions/Summary

AZ7s marketing of queliapine has consistently exaggerated the true efficacy of the
compound,

A7, has been aware of the true metabolic woxicitics ol quetiapine since before launch in
1997, Despite this they have engaged in a marketing campaign that has minimized.
obfuscated, or frankly denied these metabolic realities, Their product label has been
consistently and continuously inadequate in its warnings about the impact on lipid and
glucose metabolism, hyperglycemia. and dinbetes. Their label continues 10 be wholly
inaduguate to the point of being decidedly misleading in its warnings about weight gain.
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Additionally, the curreﬁt label is inadequarte regarding quetizpine’s mbility to markedly
disrupt normal lipid metabelism and cause massive hypertriglyeeridemia and secondary
pancreatitis.

The current label is inadequate 1n its description about the abuse potential of quetiapine.
A7 shouid have identified and warned of this abuse liability based on the clinical
characteristics of quetispine and the curious and excessive off label use patterns. Further,
their tacit acceptance of the excessive use of their product for routine insomnia for the
past decade without ever having investigated the effects of their product on sleep, 