Tolerability of Ziprasidone:
An Expanding Perspective

David G. Daniel, M.D.

Although atypical antipsychotic agents have improved the management of patients with schizo-
phrenia, their utility has been hindered by some limitations, including significant weight gain, glucose
metabolism disturbances, and increases in total and low-density lipoprotein cholesterol and triglycer-
ide levels. In addition to its low liability for movement disorders and its favorable tolerability record
in short- and long-term clinical trials, ziprasidone is associated with afavorable metabolic safety pro-
file (in terms of its effect on plasma lipid and glucose levels) and a negligible effect on weight. The
limited effect of ziprasidone on the corrected QT interval (QTc) has aso been well characterized, and
experience to date has not demonstrated any increased risk of clinical events attributable to QTc pro-
longation. Thisreview of pharmacokinetic and clinical trials of ziprasidone versus placebo and active
comparators focuses on the safety and tolerability of both the intramuscular and oral formulations.

T he introduction of atypical antipsychotic agents,
which are at least as effective as older conventional
agents but with less liability for extrapyramidal symptoms
(EPS),' has considerably improved the management of
patients with schizophrenia. However, the utility of some
atypical agents is limited by tolerability problems other
than movement disorders. Olanzapine, clozapine, and, to a
lesser extent, risperidone have been associated with clini-
cally important weight gain.? More recently, increased risk
of glucose metabolism disturbance has been reported
in patients treated with olanzapine, clozapine, or risperi-
done,® and elevated risk of new-onset diabetes has been
reported in patients receiving olanzapine.* The association
between olanzapine and hyperglycemia (including ketosis
or metabolic acidosis) or diabetes has been supported by
data on the time of onset of these complications and the
withdrawal of drug and rechallenge.® Olanzapine has also
been associated with significant increases in cholesterol®
and triglyceride levels.” Overweight, diabetes, and el-
evated cholesterol levels are well-recognized risk factors
for cardiovascular disease.®

Another limitation of atypical antipsychotics has been
the lack of an intramuscular (IM) formulation. Conse-
guently, clinicians continue to rely on IM formulations of

From Bioniche Development, Inc., McLean, Va.

Sponsored by Pfizer Inc, New York, N.Y.

Dr. Daniel has served on speaker/advisory boards of and as
a consultant for and received honoraria from Pfizer,
Bristol-Myers Squibb, Abbott, and Sumitomo.

Corresponding author and reprints: David G. Daniel, M.D.,
Bioniche Development, Inc., P.O. Box 6207, McLean, VA
22106-6207 (e-mail: drdaniel@bionichegroup.com).

40

(J Clin Psychiatry 2003;64[suppl 19]:40-49)

conventional agents when agitation or other manifesta-
tions of acute psychosis preclude oral administration of
atypical antipsychotics. Thus, thereis aneed for effective,
well-tolerated atypical antipsychotics for the short- and
long-term management of schizophrenia.

Ziprasidone, currently the only atypical antipsychotic
agent availablein both IM and oral formulations, has been
shown to rapidly and substantially reduce symptoms of
acute agitation in patients with psychosis and to be effec-
tivein reducing overall psychopathology in the long-term
treatment of stable outpatients with schizophrenia while
maintaining a favorable tolerability profile. The tolerabil-
ity profiles of IM and oral ziprasidone are reviewed here.

OVERALL TOLERABILITY

Short- and long-term clinical trial data show that IM
and ora formulations of ziprasidone are generaly well
tolerated. As with other atypical antipsychotics, ziprasi-
done is associated with alow risk of movement disorders
compared with conventional agents and has exhibited
an incidence of EPS comparable to placebo over 1 year.
Ziprasidone also is associated with a favorable metabolic
safety profile (i.e., minimal effects on plasma lipid and
glucose levels) and a weight-neutral profile that distin-
guish it from other atypical agents. The modest prolonga-
tion of the corrected QT interval (QTc) associated with zi-
prasidone has been well characterized, and clinical events
attributable to QTc prolongation have not been observed.

Oral Ziprasidone

Oral ziprasidone in daily doses ranging from 40 to
160 mg has been generally well tolerated in short-term®™**
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Table 1. Incidence of Treatment-Emergent Adverse Events
(= 5% and more frequent on ziprasidone than on placebo) in
Short-Term, Fixed-Dose, Placebo-Controlled Trials®

Ziprasidone Placebo
Adverse Event (N =702) (N =273)
Somnolence 14.4* 6.6
Nausea 9.5 7.0
Constipation 9.3 8.4
Akathisia 84 7.0
Dyspepsia 8.1 7.0
Dizziness 7.8 5.9
Respiratory disorder 7.7* 33

aData from Pfizer Inc.! Values represent the percentage of patients
who experienced the adverse event. The mean duration of treatment
was 28.4 days for ziprasidone and 24.6 days for placebo.

*p < .05 vs. placebo.

and long-term™* clinical trials in patients with schizo-
phrenia or schizoaffective disorder, with an overall inci-
dence of adverse events similar to that of placebo.***?

Short-term studies. Adverse events occurring more
frequently with ziprasidone versus placebo in short-term
studies (= 5% of patients) include somnolence, gastro-
intestinal effects, akathisia, dizziness, and respiratory dis-
orders, with differences being statistically significant
(p < .05) for somnolence and respiratory disorders (Table
1)."* The discontinuation rate for treatment-emergent ad-
verse events in short-term studies was 4.1% (29/702)
for ziprasidone-treated patients and 2.2% (6/273) for
placebo-treated patients.™

Long-term studies. In a 28-week trial comparing zi-
prasidone with haloperidol in 301 randomized outpatients
with stable schizophrenia, Hirsch and colleagues™ re-
ported treatment-emergent adverse events in 77% of
ziprasidone- and 85% of haloperidol-treated patients; all
adverse events were considered generally mild or moder-
ate in severity. The most common adverse events reported
in both study groups included insomnia and somnolence.
Twice as many haloperidol-treated patients (16%) as
ziprasidone-treated patients (8%) discontinued therapy
because of adverse events.

In the 1-year, placebo-controlled maintenance trial of
ziprasidone in 278 eval uabl e patients with chronic schizo-
phrenia by Araté and colleagues,* the frequency of indi-
vidual adverse events was generally similar between eval-
uable ziprasidone- and placebo-treated patients. A smaller
proportion of ziprasidone-treated patients than placebo-
treated patients discontinued therapy because of adverse
events (8.7% and 14.7%, respectively).*?

Common adverse events: oral ziprasidone versus
haloperidol, olanzapine, or risperidone. Comparative
trials of oral ziprasidone versus oral haloperidol, olanza-
pine, or risperidone in patients with schizophrenia or
schizoaffective disorder show that insomnia, somnolence,
akathisia, and headache are among the most common
treatment-emergent adverse events for these agents.
Table 2 lists several of the most common treatment-
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emergent adverse events occurring in = 5% of randomized
patients in a 28-week study versus haloperidol,** a 6-week
study versus olanzapine,** and an 8-week study versus
risperidone.’®

IM Ziprasidone and Sequential IM/Oral Treatment

Intramuscular ziprasidone in doses of 2 mg (control
dose) to 20 mg administered up to 4 times daily was gen-
eraly well tolerated in 3 fixed-dose and 2 flexible-dose
studies in a total of 921 patients with acute psychosis.*®
The most common adverse events associated with 1M
ziprasidone 10 or 20 mg (up to 3 days) in these 5 studies
were headache, nausea, dizziness, insomnia, anxiety, and
injection site pain, with most treatment-emergent adverse
events in al studies being of mild-to-moderate intensity.
Figure 1 shows all-cause treatment-emergent adverse
events (incidence = 5%) from the 6-week, flexible-dose,
rater-blinded study of sequential IM/oral ziprasidone and
haloperidol in agitated patients with schizophrenia or
schizoaffective disorder (N =567).%Y The percentage
of patients discontinuing therapy because of treatment-
emergent adverse eventsin all 5 studies ranged from 1.1%
t0 6.1% in the ziprasidone groups.*®

Three of the above studies—the two 7-day, open-label,
randomized studies (1 fixed-dose and 1 flexible-dose)™® and
the 6-week, rater-blinded, flexible-dose study—evaluated
the tolerability and efficacy of ziprasidone (N = 725) and
haloperidol (N = 280) during thetransition from IM to oral
therapy.*® In thetwo 7-day trials, fewer ziprasidone- than
haloperidol-treated patients discontinued therapy for any
reason (3.7% and 7.5%, respectively), whereas discontinu-
ations because of adverse events were comparablein the 2
groups (1.5% and 0.7% for ziprasidone and haloperidal, re-
spectively).*® During the first 2 weeks of the 6-week trial,
rates of discontinuation because of adverse events were
4.2% with ziprasidone and 9.6% with haloperidol .*® Rates
of discontinuation from lack of efficacy were low in both
groups (3.5% and 1.5% for ziprasidone and haloperidal,

respectively).
MOVEMENT DISORDERS

Oral Ziprasidone: Placebo-Controlled Studies

In short-term trials, the incidences of movement disor-
ders, as assessed by the Simpson-Angus Scale (SAS) and
the Barnes Akathisia Scale (BAS), have not differed sig-
nificantly between oral ziprasidone and placebo.™* Similar
to the results in short-term placebo-controlled trials, in the
1-year maintenance trial by Aratd and colleagues,*® scores
on the various movement disorder scales (SAS, BAS, and
Abnormal Involuntary Movement Scale [AIMS]) were
comparable between ziprasidone- and placebo-treated
groups (intent-to-treat [ITT] population, last observation
carried forward [LOCF]) in 294 randomized patients with
schizophrenia.
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Table 2. Most Common Treatment-Emergent Adverse Events Occurring in = 5% of All Randomized Patients in 3 Trials®

28-Week Study™ 6-Week Study™ 8-Week Study®®
Ziprasidone Haloperidol Ziprasidone Olanzapine Ziprasidone Risperidone
Adverse Event (N =148) (N =153) Adverse Event (N =136) (N =133) Adverse Event (N = 149) (N =147)
Insomnia 16 18 Somnolence 16.9 15.0 Insomnia 24.8 12.2
Somnolence 14 9 EPS 9.6 45 Somnolence 20.8 17.7
Akathisia 5 16 Dizziness 7.4 6.0 Agitation 16.1 13.6
Tremor 6 10 Akathisia 6.6 3.0 Headache 154 184
Headache 6 11 Nausea 6.6 23 Akathisia 12.8 20.4
Vomiting 11 6 Weight gain 0.7 6.0 Tremor 10.1 9.5

aData from Hirsch et al.,** Simpson et a.,** and Addington et al.*
Abbreviation: EPS = extrapyramida symptoms.

Figure 1. Treatment-Emergent Adverse Events With an
Incidence = 5% (all causes): Ziprasidone Versus Haloperidol*
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3Reproduced with permission from Zimbroff et al.1
Abbreviation: EPS = extrapyramidal symptoms.

Oral Ziprasidone: Comparative Studies

Ziprasidone versus olanzapine 6-month continuation
study. Ziprasidone 40 to 80 mg b.i.d. was compared with
olanzapine 5 to 15 mg g.d. in a 6-week, double-blind,
multicenter trial in 269 inpatients with acute schizophre-
nia or schizoaffective disorder.*** At week 6, patients in
both the ziprasidone and olanzapine groups achieved sub-
stantial reductions in Extrapyramidal Symptoms Rating
Scale (ESRS) total scores (—0.6 and —0.8, respectively), as
well asreductionsin BAS and AIM S improvement scores,
however, these reductions were not statistically signifi-
cant. Improvements in movement disorder measures con-
tinued throughout the 6-month continuation study, with
continued decreases in mean BAS total, AIMS total, and
AIMS global severity scores for both drugs.?®

Ziprasidone versus haloperidol 28-week study. In the
28-week outpatient trial by Hirsch and colleagues,™® which
compared oral ziprasidone and haloperidol in outpatients
with stable schizophrenia, the emergence of any move-
ment disorder was reported in more patients in the halo-
peridol group (41%) than in the ziprasidone group (15%),
as was the discontinuation of treatment because of move-
ment disorders (7% and 1% for haloperidol and ziprasi-
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Figure 2. Changes in Movement Disorder Severity Rating
Scales in a 28-Week Comparison Trial of Ziprasidone Versus
Haloperidol (all patients LOCF)*
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3Reproduced with permission from Hirsch et al.*®

PMean baseline scores on the Simpson-Angus Scale were
ziprasidone = 3.5, haloperidol = 3.2; on the Barnes Akathisia Scale,
for both drugs were 0.5; and on the AIMS were ziprasidone = 1.2,
haloperidol = 1.0.

Abbreviations: AIMS = Abnormal Involuntary Movement Scale,
LOCEF = last observation carried forward.

done groups, respectively). These between-group differ-
ences were also reflected in score changes on the move-
ment disorder assessment scales (Figure 2).*2
Ziprasidone versus risperidone 52-week continuation
study. In a 52-week continuation trial by Addington and
colleagues,? oral ziprasidone was associated with a lower
incidence of movement disorders than was risperidone.
Findings were based on the Movement Disorder Burden
Score (MDBS), which quantifies overall discomfort from
treatment-emergent dystonia, parkinsonism, tardive dys-
kinesia, and akathisia. At the core-study endpoint (8
weeks), MDBS scores were significantly lower for all
patients receiving ziprasidone (0.20 [N = 149]) than for
those receiving risperidone (0.35 [N = 147]; p<.05 vs.
ziprasidone). Ziprasidone patients continued to show more
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favorable results on MDBS at the 52-week endpoint (0.27
vs. 0.39), but the results were not statistically significant.
The percentage of patients who reported movement disor-
ders as adverse events and the percentage of days with
movement disorders were also lower in patients receiving
ziprasidone than in patients receiving risperidone at both
the core study and continuation study endpoints, but this
difference was not statistically significant.

Six-week, open-label switch trials. Three 6-week, open-
label switch trials (from olanzapine [N = 104], risperidone
[N = 58], or typical antipsychotic agents [N = 108] to oral
flexible-dose ziprasidone [40-160 mg/day]) showed sig-
nificantly improved mean SAS scores in patients switched
from conventional agents (mean change = 52%; p <.01)
or risperidone (mean change = 44%; p <.01); however,
no significant mean change in SAS scores occurred in
patients switched from olanzapine (mean change = 5.2%;
p=.74)%

IM Ziprasidone and Sequential IM/Oral Treatment

In the retrospective analysis of the 5 IM or sequential
IM/oral dosing trials mentioned above,’® IM ziprasidone
displayed a favorable safety profile and was well tolerated
at doses up to 80 mg/day, with all IM and oral doses tested
showing alow movement disorder liability.

IM ziprasidone. Two 24-hour studies were included in
the 5-trial analysis. One compared 10-mg doses of IM
ziprasidone (up to 4 injections daily) with subtherapeutic
2-mg (control) doses in 117 patients with agitation and
psychosis®; the other trial, very similar in design, com-
pared 2- and 20-mg doses in 79 similar patients.** No
patients experienced dystonia, akinesia, hypertonia, oculo-
gyric crisis, dyskinesia, tremor, twitching, or cogwheel
rigidity.?? Mild EPS was reported in 2 patients receiving
IM ziprasidone 2 mg and moderate akathisia was reported
in 1 patient receiving IM ziprasidone 10 mg.

IM ziprasidone versus IM haloperidol. In a compari-
son of fixed-dose IM ziprasidone and flexible-dose 1M
haloperidol in 306 patients with psychotic disorder, alower
incidence of treatment-related EPS, dystonia, and akathisia
was associated with ziprasidone than with haloperidol .*6%
The ziprasidone groups clearly had lower rates of move-
ment disorders compared with the haloperidol group, as
evidenced by SAS and BAS scores.’® Mean changes from
baseline to endpoint in SAS scores for patients receiving
IM ziprasidone 5, 10, and 20 mg q.i.d. were —0.45, —0.11,
and —0.18, respectively, compared with 0.15 for patients
given IM haloperidol. Similar results were seen for the
BAS parameter, with scores ranging from —0.09 to 0.02 for
the ziprasidone groups and 0.19 for the haloperidol group.

Sequential |M/oral ziprasidone versus sequential
IM/oral haloperidol. Intramuscular ziprasidone demon-
strated alower incidence of movement disorders compared
with IM haloperidol in a 7-day, open-label, randomized,
multicenter study in 132 patients with acute agitation asso-
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ciated with a psychotic disorder.?®® The ziprasidone group
(N =90) received an initial IM dose of 10 mg followed by
IM doses of 5 to 20 mg up to 4 times daily for 3 days, fol-
lowed by oral ziprasidone (80—200 mg/day) to day 7. The
hal operidol group (N = 42) received IM haloperidol 2.5 to
10 mg upto 4 timesdaily for 3 days, followed by oral halo-
peridol (10-80 mg/day) to day 7. The respective inci-
dences of various movement disorders after 3 days of IM
treatment with ziprasidone or haloperidol were as follows:
EPS, 0.0% and 21.4%; hypertonia, 0.0% and 7.1%; dysto-
nia, 1.1% and 7.1%; tremor, 1.1% and 2.4%; and akathisia,
2.2% and 0%. Also, mean changes from baseline in SAS
and BAS scores favored ziprasidone over haloperidol. Zi-
prasidone produced small mean decreasesin SASand BAS
scores at the end of IM treatment (—0.61 and —0.03, respec-
tively) and at study endpoint (—1.09 and —0.10, respec-
tively). Conversely, haloperidol produced mean increases
in these parameters at IM treatment endpoint (SAS, 3.80;
BAS, 0.34) and study endpoint (SAS, 6.0; BAS, 0.80).

A 6-week, rater-blinded trial comparing sequential
IM/oral ziprasidone with IM/oral haloperidol in 567 in-
patients with acute exacerbation of schizophreniaor schizo-
affective disorder rated movement disorder severity using
ESRS and BAS.Y At both the IM treatment phase (1 to 3
days) and study endpoints, there were significant (p < .001)
differences favoring ziprasidone in mean changes from
baseline in ESRS (Parkinson’s, dystonia, and dyskinesia)
and BAS total scores.

WEIGHT GAIN AND METABOLIC EFFECTS

Ziprasidone has been shown to have a negligible effect
on body weight in several short-term and long-term clin-
ical trials.

Oral Ziprasidone: Weight Change
in Placebo-Controlled Trials

In studies lasting 4 to 6 weeksin atotal of 702 patients,
ziprasidone was associated with weight gain in 0.4% of
patients and weight loss in an equal percentage of pa-
tients?” In comparisons with placebo, ziprasidone was
associated with similar median weight gains of 0.5to 1 kg
(1L1to2.21b).7

The 1-year, placebo-controlled maintenance trial by
Araté and colleagues' showed oral ziprasidone was asso-
ciated with a small mean reduction in body weight—
i.e, a3.6- and 2.7-, 3.2-, and 2.9-kg mean reduction from
baseline in the placebo and ziprasidone 40-, 80-, and
160-mg/day groups, respectively.

Oral Ziprasidone: Weight Change
in Comparative Studies

Ziprasidone versus olanzapine 6-week core and 6-
month continuation studies. In a 6-week tria that com-
pared oral ziprasidone (up to 80 mg b.i.d.; N = 136) or olan-
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Figure 3. Mean Weight Increase in an 8-Week Trial of
Ziprasidone and Risperidone and a 44-Week Continuation
Study (all patients)®
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aReproduced with permission from Addington et al.?*

zapine (upto 15 mg g.d.; N = 133) in inpatients with acute
exacerbation of schizophrenia or schizoaffective disorder,
olanzapine-treated patients experienced a 3.2-kg (7.2-1b)
increase in weight compared with a 0.54-kg (1.2-1b) in-
crease in ziprasidone-treated patients (p < .0001).™°

Patients who successfully completed this 6-week trial
were entered into a 6-month continuation study (N = 133)
and continued on the same dosage of medication based
on investigator clinical assessment.®® Patients treated
with olanzapine had a 4.7-kg (10.4-Ib) increase in weight
from baseline of the 6-week core study versus a statisti-
cally significant 1.3-kg (2.9-Ib) decrease in weight in
ziprasidone-treated patients (p < .001). Body mass index
also increased with olanzapine (1.251) and significantly
decreased with ziprasidone (—0.686; p = .001).

Ziprasidone versus haloperidol 28-week study. The
28-week study of flexible-dose ziprasidone (80-160
mg/day) and haloperidol (5-15 mg/day) by Hirsch and
colleagues® found small and similar mean changes in
weight from baseline to endpoint (+ 0.31 kg [0.68 Ib] for
ziprasidone and + 0.22 kg [0.48 |b] for haloperidol).

Ziprasidone versus risperidone 52-week continuation
study. The 1-year, double-blind comparison with risperi-
done by Addington and colleagues® demonstrated no
weight gain in patients given ziprasidone 40 to 80 mg
b.i.d. in the 8-week core study and minimal weight gainin
ziprasidone-treated patients in the 44-week continuation
study (Figure 3). In contrast, patients given risperidone
3,4, or 5 mg b.i.d. experienced weight gain (ranging from
1.4-4.0 kg [~ 3-9 Ib]) in both study phases.

Six-week, open-label switch studies. In the three 6-
week, open-label switch trials mentioned above,?*? there
were significant reductions in mean body weight in pa-
tients switched to ziprasidone from olanzapine (—1.8 kg
[-3.9 Ib]; p<.0001) or risperidone (0.9 kg [-1.9 Ib];

44

Figure 4. Weight Changes in Patients Switched to Ziprasidone
From Conventional Antipsychotics, Olanzapine, or
Risperidone in Three 6-Week, Open-Label Studies®
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3Reproduced with permission from Romano et al .28
*p < .05 vs. risperidone.
tp < .0001 vs. olanzapine.

p <.05), and a modest trend toward a decrease in weight
in those switched from conventional antipsychotics (0.3
kg [-0.6 Ib]; p= NS) (Figure 4).

Oral Ziprasidone: Lipid Profiles

Ziprasidone has been shown to have a neutral or favor-
able effect on patients' serum lipid profile in placebo-
controlled, active-comparator, and open-label switch
studies.

Short-term phase 2/3 studies. In 4 short-term (46
weeks), fixed-dose, placebo-controlled trials ziprasidone
and placebo produced small median decreasesin total cho-
lesterol and triglyceride levels.™

Comparative studies: ziprasidone versus 5 antipsy-
chotics. In an open-label, parallel-group, short-term trial
(14-25 days' treatment) in 164 inpatients with psychosis,
the overall effect on the fasting lipid profile was favorable
for ziprasidone compared with that for risperidone, olan-
zapine, quetiapine, thioridazine, and haloperidol treat-
ments, as demonstrated by marked median decreases from
baseline in total cholesterol, low-density lipoprotein
(LDL) cholesterol, and triglyceride levels (Table 3).%

Comparative studies: ziprasidone versus olanzapine 6-
week core and 6-month continuation studies. In the com-
parative 6-month continuation study versus olanzapine
mentioned above, % ziprasidone was associated with
slight decreases from baseline in fasting total cholesterol,
LDL cholesteral, or triglyceride levels at the 6-week end-
point*® and with no significant changes in fasting total or
LDL cholesterol levels at 6 months.® In contrast, fasting
total cholesterol level in the olanzapine-treated group in-
creased by a median 20 mg/dL at 6 weeks (p <.0001 vs.
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Table 3. Change From Baseline in Fasting Lipid Values With 6 Antipsychotic Agents Given for 14 to 25 Days®

Ziprasidone Risperidone Olanzapine Quetiapine Thioridazine Haloperidol

Lipids (mg/dL) (N =33-34) (N = 25-28) (N =26-27) (N =28-29) (N =29-31) (N = 29)
Total cholesterol

Median change -14.5% -3.0 4.0 5.0 21.0% —22.0f

Median % change —7.51 -1.6 21 2.4 13.7% -11.5%
LDL cholesterol

Median change -11.0 9.0 15 -0.5 20.0F -14.0%

Median % change -85 6.5 11 -0.3 18.6% -10.5%
HDL cholesterol

Median change 0.0 -2.0 -2.0 -3.0 15 -3.01

Median % change 0.0 -4.9 -4.6 -8.6 3.0 —6.0*
Triglycerides

Median change -37.0% -17.0 43.0F 25.0% 9.0 -18.0t

Median % change —28.0% 6.7 31.0% 18.3% 7.9 -18.0F
Total cholesterol/HDL ratio

Median change —-0.33f 0.31 0.28 0.48t 041t —-0.22*

Median % change —7.5t1 5.9% 5.4* 10.8t 12.4% —7.0%

aData from Pfizer Inc.* Not every patient underwent measurements of each lipid fraction or triglycerides. Wilcoxon signed rank test on change from
baseline values versus 0 and percent change from baseline values versus O: *p < .05, tp < .01, p < .001.
Abbreviations: HDL = high-density lipoprotein, LDL = low-density lipoprotein.

baseline; p < .0005 vs. ziprasidone)®® and by 13 mg/dL at
6 months (p < .05 vs. core-study baseling; p = NSvs. zipra-
sidone).? Similarly, fasting triglyceride level sincreased by
a median 26 mg/dL at 6 weeks in olanzapine-treated pa-
tients (p < .0005 vs. baseline; p < .005 vs. ziprasidone).*
Levels of fasting LDL cholesterol increased in the olanza-
pine group by a median 13 mg/dL at 6 weeks (p < .0001
vs. baseline; p <.0005 vs. ziprasidone) and a median 17
mg/dL at 6 months (p < .05 vs. baseline).’*%°

Six-week, open-label switch studies. In the short-term,
open-label switch trials, statistically significant reductions
in median nonfasting total cholesterol and triglyceride
levels were observed in patients switched to ziprasidone
from olanzapine (—17 mg/dL and —-50 mg/dL, respectively;
p <.0001 for each) or from risperidone (-11.5 mg/dL
[p=.001] and =29 mg/dL [p < .01], respectively).?>?

Oral Ziprasidone: Glucose Metabolism

Ziprasidone has a neutral effect on glucose metabolism
and insulin resistance, as indicated by pooled data from
trials in the ziprasidone phase 2/3 clinical program* and
data from the continuation study versus olanzapine.'*%

Pooled data from phase 2/3 clinical studies. In the
phase 2/3 pooled analysis, there were no cases of treat-
ment-emergent diabetes mellitus in 3834 patients receiv-
ing ziprasidone, 1 case (0.1%) in 686 patients receiving
haloperidol and 2 cases (0.6%) in 322 patients receiving
risperidone.* The overall incidence of clinically signifi-
cant elevations (> 1.2x the upper limit of normal) in ran-
dom plasma glucose levels in patients in short-term trials
was similar across treatment groups.™

Comparative studies; ziprasidone versus olanzapine 6-
month continuation study. In the 6-month continuation
study versus olanzapine,®* ziprasidone was not associ-
ated with significant increases from baseline in fasting
plasma insulin or fasting plasma glucose levels at either
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the 6-week or 6-month endpoint. Moreover, ziprasidone
was not associated with significantly increased insulin
resistance at 6 weeks (measured by the homeostasis model
assessment of insulin resistance index statistic).”® In the
olanzapine group, however, median fasting insulin levels
had increased significantly from baseline at 6 weeks
(3.3 uwU/mL; p<.0001)* and at 6 months (2.0 uU/mL;
p < .01)%; median fasting glucose levels had increased at 6
months (5 mg/dL; p = .05 vs. baseling)®® and median fast-
ing insulin resistance had increased at 6 weeks (p < .0001
vs. baseling).”

CARDIAC PROFILE

Oral Ziprasidone

A number of antipsychotic agents have been shown to
prolong the QTc, either at usual doses (e.g., thioridazine,
chlorpromazine, haloperidol, pimozide) or in overdose
(e.g., risperidone and quetiapine).”® The changes in QTc
associated with ziprasidone have been well characterized
in an extensive analysis of phase 2 and phase 3 clinical tri-
alsinvolving 4571 patients receiving up to 200 mg/day.™*

Placebo-controlled trials. In short-term, placebo-
controlled trials, the incidence of postural hypotension
was 1% in patients who were treated with oral ziprasidone
versus 0% in those receiving placebo.®* Tachycardia oc-
curred in 2% of the ziprasidone group and in 1% of the
placebo group. In short-term, fixed-dose IM trials, 20-mg
ziprasidone had a 5% rate of postural hypotension and a
2% rate of bradycardia.®

In the 1-year placebo-controlled study by Araté and
colleagues,*® no postural hypotension was reported and
the incidence of tachycardia was < 3% in the ziprasidone
and placebo groups. There were no significant electro-
cardiographic (ECG) abnormalities with ziprasidone treat-
ment, and QTc changes were similar between ziprasidone
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Figure 5. Mean Changes, With 95% CI, in QTc (Bazett Correction) With Ziprasidone and Other
Antipsychotics in Absence or Presence of Metabolic Inhibitors®
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and placebo patients, with no patient experiencing a QTc
> 500 ms.

Pooled data from phase 2/3 clinical studies. Pooled
datafrom short-term trialsin hospitalized patients on fixed
doses of ziprasidone (= 200 mg/day) revealed amean QTc
prolongation of 5.9 to 9.7 ms (Bazett correction).** A QTc
=500 ms (considered the clinically relevant threshold
for increased risk of arrhythmia) was observed in 0.06%
(2/3095) of ziprasidone recipients compared with 0.23%
(1/440) of placebo recipients. Prolongation > 60 ms oc-
curred in 2.6% and 1.2% of tracings from ziprasidone- and
placebo-treated patients, respectively.® Interestingly, the
QTc prior to treatment with ziprasidone does not appear to
predict observed changes in the QTc during treatment
(dataon file; Pfizer Inc, New York, N.Y.). Of note, in 1733
patient-years of study, ziprasidone was not associated with
an excess of syncope or sudden death compared with pla-
cebo or comparator antipsychotics, and there were no re-
ports of torsade de pointes.*

Effect on QTc: ziprasidone versus conventional and
atypical antipsychotics. In astudy specifically designed to
assess the effect on QTc prolongation, ziprasidone was
compared with thioridazine, quetiapine, olanzapine, ris-
peridone, and haloperidol in 164 patients.®* ECGs were
performed at times of peak plasma drug concentrations,
when the effect on QTc was predicted to be maximal. The
mean change in QTc (Bazett correction) was 20.3 ms in
ziprasidone recipients (N = 31), 11.6 ms in risperidone
recipients (N=20), 6.8 ms in olanzapine recipients
(N =24), 14.5 ms in quetiapine recipients (N = 27), 35.6
ms in thioridazine recipients (N =30), and 4.7 ms in
haloperidol recipients (N = 20) (Figure 5).** Coadminis-
tration of a metabolic inhibitor (ketoconazole) did not in-
crease the mean change in QTc for ziprasidone despite an
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increase in plasma concentrations of ziprasidone and its
main metabolites (Figure 5).** No patient in the study had a
QTc = 500 ms, either with or without coadministration of a
metabolic inhibitor.*

High-dose ziprasidone and QTc. A recent study exam-
ined the QTc effects of oral ziprasidone and haloperidol at
3 steady-state dosage levelsin patients with schizophrenia
or schizoaffective disorder.®® Twenty-nine patients were
assigned to treatment with escalating dosages of ziprasi-
done (40, 160, and 320 mg/day) and 30 patients to escal at-
ing dosages of haloperidol (2.5, 15, and 30 mg/day) over
16 days. Mean changes from baseline in QTc in ziprasi-
done patients were + 4.5 ms, +19.5 ms, and + 22.5 ms
for the 40-mg/day, 160-mg/day, and 320-mg/day dosages,
respectively. Corresponding QTc changes for haloperidol
patients were —1.2 ms, + 6.6 ms, and + 7.2 ms for the
2.5-mg/day, 15-mg/day, and 30-mg/day dosages, respec-
tively. There was a marginal increase of 3 ms in mean
QTc at twice the recommended ziprasidone dosage (320
mg/day) relative to the change at 160 mg/day. No patient
experienced a QTc = 450 ms or an increase from baseline
=75ms.

IM Ziprasidone

Phase 2/3 studies. In fixed- and flexible-dose phase 2/3
clinical trials QTc data were derived from ECGs recorded
randomly relative to IM dosing. For IM doses =5 mg,
mean changein QTc was 0.1 ms, with no relation observed
between QTc change and ziprasidone doses of 2 to 20 mg
in fixed-dose trials.*®

In the IM ziprasidone clinical program, atotal of 2136
ziprasidone serum samples were collected from 425 in-
dividuals administered IM doses while participating in
9 clinical trials.® The highest ziprasidone concentrations
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were seen within the first 2 hours postdose, as evidenced
by 1362 serum samples collected within 6 hours of re-
ceiving =5 mg IM ziprasidone. Data from 86 samples
from ziprasidone-treated patients and 24 samples from
hal operidol-treated patients revealed similar QTc changes
within 6 hours of IM dosing. Mean change in QTc mea-
sured within the first 2 hours of IM dosing was 3.4 ms
(95% Cl =—1.9 to 8.6) for 51 patients receiving ziprasi-
done= 5mgand 5.6 ms (95% CI = -5.2t0 16.4) for 13 pa-
tients receiving haloperidol.

The ziprasidone concentrations seen in the IM clinical
trial program lie within the range of those observed in the
oral program. QTcchanges directly observed near the time
of maximum serum concentration (C,,) post-IM dosing
suggest that the pharmacodynamic QTc profile for IM
ziprasidone does not differ meaningfully from that of the
oral drug.®

Effect on QTc: IM ziprasidone versus | M haloperidol.
The effects of IM ziprasidone versus IM haloperidol on
QTc have been characterized in a single-blind, random-
ized trial in which 58 patients received 2 injections of
ziprasidone (20 mg followed by 30 mg) or haloperidol
(7.5 mg then 10 mg), administered 4 hours apart.® Mean
QTc increase was 4.6 ms for ziprasidone and 6.0 ms for
hal operidol after injection 1, and 12.8 ms for ziprasidone
and 14.7 ms for haloperidol after injection 2. No subject
had a QTc = 500 ms.

Cardiac monitoring. The current data regarding zipra-
sidone-associated changes in QTc do not support routine
pretreatment cardiac monitoring.* Caution is warranted,
however, in certain at-risk populations. For example, zi-
prasidone should be avoided in patients with a known his-
tory of QT interval prolongation, recent acute myocardial
infarction, uncompensated heart failure, or arrhythmia,
and in patients receiving other agents known to prolong
the QTc. Baseline serum potassium and magnesium mea-
surements should be taken in patients at risk for significant
electrolyte disturbances (especialy hypokalemia); low
levels of potassium and/or magnesium should be repleted
before proceeding with ziprasidone treatment.*

SPECIAL POPULATIONS

Hepatic Impairment

Ziprasidone is eliminated mainly via the hepatic route;
thus, hepatic impairment would be expected to increase the
area under the curve (AUC) of ziprasidone. In an open-
label multicenter study, 30 subjects with normal hepatic
function or chronic stable hepatic impairment received oral
ziprasidone 20 mg b.i.d. for 4 days and asingle 20-mg dose
on day 5.% Blood samples from 26 evaluable patients, col-
lected on days 1 and 5, showed no statistically significant
differencesin C,,, or time to maximum serum concentra-
tion between the 2 groups. The mean AUC from zero to 12
hours (AUC,_,,,) increased by 26% in the cirrhotic group
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Tolerability of Ziprasidone

at day 5 compared with the control group (p =.0422).
Although this difference just reached statistical signifi-
cance, it was not considered clinically significant. The
investigators concluded that mild-to-moderate hepatic im-
pairment does not have aclinically significant effect onthe
pharmacokinetics or tolerability of ziprasidone.

Renal Impairment

An open-label multicenter study in 39 patients with
varying degrees of renal impairment found no statistically
significant differences in the mean pharmacokinetic pa-
rameters of ziprasidone between patients with normal re-
nal function and those with moderate or severe (requiring
hemodialysis) impairment.*® The AUC,,,, and C,, in
patients with mild renal impairment were significantly
greater than in the other groups (increases of 46%—67%
for AUC,_;,, and of 32%—72% for mean C,,,, [p < .02 for
both]), but there was considerable overlap in values for
these parameters between the groups. Therefore, these
pharmacokinetic differences were not considered clini-
cally significant.

Age and Gender Effects

An 8-day pharmacokinetic study of oral ziprasidone
(40 mg/day b.i.d. for 7 days and 20 mg on day 8) in 8 men
and 11 women aged 18 to 45 years and in 8 elderly men
and 8 elderly women aged = 65 years found similar values
for pharmacokinetic parameters in al groups except el-
derly women.*” The higher AUC, ,,, and C,,,, values ob-
served in this group were primarily because of 2 elderly
women with outlying (very high) values. Theinvestigators
found no reasons for these outlying values and concluded
that age and gender do not significantly influence the
pharmacokinetics of ziprasidone.

Drug-Drug Interactions

Ziprasidone is extensively metabolized via 2 enzymes,
with < 5% of the administered dose excreted as unchanged
drug.® Reduction of ziprasidone by aldehyde oxidase
accounts for approximately two thirds of ziprasidone
metabolism, while oxidation by cytochrome P450 3A4
accounts for the rest. Aldehyde oxidase has no known
clinically relevant inhibitors or inducers.® Furthermore,
data from in vitro studies of the effects of ziprasidone on
various CY P isoforms indicate that, at clinically relevant
doses, the drug is not likely to induce or inhibit CYP1A2,
CYP2C9, CYP2C19, CYP2D6, or CYP3A4.* It is un-
likely, therefore, that ziprasidone would be associated
with clinically relevant pharmacokinetic interactions with
other agents metabolized by these isoforms. Ziprasidone
has exhibited no effects in vivo on the pharmacokinetics
of dextromethorphan, estrogen, progesterone, or lithium;
however, in vivo studies show that the AUC of ziprasidone
is decreased about 35% by concomitant carbamazepine
and is increased 35% to 40% by concomitant ketocona-
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zole.®* Cimetidine or antacid has no effect on ziprasidone
pharmacokinetics.®

Race

No pharmacokinetic studies of ziprasidone have spe-
cifically evaluated the effects of race; however, population
pharmacokinetic evaluation has not shown any clinically
significant race-related differences in the pharmacokinet-
ics of ziprasidone.

Smoking

In vitro studies of human liver enzymes show that
ziprasidone is not a substrate for CY P1A2; thus, smoking
should not affect the pharmacokinetics of ziprasidone.
Moreover, population pharmacokinetic evaluation has not
shown significant pharmacokinetic differences between
smokers and nonsmokers.

DISCUSSION

Ziprasidone, in its IM and oral formulations, has been
generally well tolerated in both short- and long-term clini-
cal trials. The adverse events most commonly associated
with ziprasidone in clinical trials include somnolence,
insomnia, gastrointestinal disturbances, akathisia, dizzi-
ness, and headache, with events generally being of mild-
to-moderate intensity. Like other atypical antipsychatics,
ziprasidone is associated with a low risk for EPS com-
pared with conventional agents. Ziprasidone has a favor-
able metabolic safety profile (in terms of plasmalipid and
glucose effects) and negligible effects on body weight.

Ziprasidone's favorable effects on the lipid profile dis-
tinguish it from other atypical agents (e.g., olanzapine and
risperidone) that can elevate cholesterol and triglyceride
levels.5"® The relation between increased LDL choles-
terol and triglyceride levels and cardiovascular disease is
well established, as are the beneficial effects of lowering
these lipid levels and increasing high-density lipoprotein
cholesterol levels® Ziprasidone's observed minimal ef-
fects on total and LDL cholesterol and triglyceride levels
may be a consideration for patients with schizophrenia
who have other cardiovascular risk factors.

Ziprasidone has a weight-neutral profile that contrasts
sharply with the observed effects of other atypical anti-
psychotic agents, including olanzapine, risperidone, and
clozapine.? The clinical implications of this contrast are
considerable, given the potential impact of antipsychotic-
induced weight gain on compliance with antipsychotic
therapy and long-term medical outcomes.? Weight gain
and increases in body mass index are clearly associated
with increased mortality and morbidity from several con-
ditions, including cardiovascular disease, type 2 diabetes,
several types of cancer, gallbladder disease, osteoarthritis,
and respiratory problems.*® Antipsychotic-induced weight
gain is among the side effects most likely to have a nega-
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tive impact on compliance with antipsychotic medication,
thus increasing the risk for relapse.* In the switch studies
reviewed above, weight gain was the side effect cited most
frequently as the reason for switching from either olanza-
pine or risperidone to ziprasidone.*

Changes associated with ziprasidone on QTc have been
well characterized, and clinical events attributable to QTc
prolongation have not been observed. It is important to
consider the observed effects of ziprasidone on the QTcin
the wider context of amultiplicity of important influences
on cardiovascular health, such as weight gain, dyslipi-
demia, and diabetes mellitus. As noted, use of ziprasidone
should be avoided in patients with cardiovascular defi-
ciencies, such as aknown history of QT interval prolonga-
tion, low serum potassium and/or magnesium levels, re-
cent acute myocardial infarction, uncompensated heart
failure, or arrhythmia and in patients receiving other
agents known to prolong the QTc.®* The risk-benefit
analysisdifferswith theindividual patient, but for many of
our patients, ziprasidone's tolerability and safety profile
make it awelcome option.

Drug names: carbamazepine (Tegretol, Carbatrol, and others),
chlorpromazine (Thorazine, Sonazine, and others), cimetidine
(Tagamet and others), clozapine (Clozaril and others), hal operidol
(Haldol and others), ketoconazole (Nizoral), lithium (Eskalith,
Lithobid, and others), olanzapine (Zyprexa), pimozide (Orap),
quetiapine (Seroquel), risperidone (Risperdal), ziprasidone (Geodon).
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