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Background: Ziprasidone has been used to
treat schizophrenia since 2000. It is unknown
whether its modest QTc-prolonging effect in-
creases cardiovascular event risk.

Purpose: To describe the study design of the
Ziprasidone Observational Study of Cardiac Out-
comes (ZODIAC).

Method: The study was conducted between
February 2002 and February 2006. One-year
follow-up for the primary endpoint of nonsuicide
death ended in April 2007. ZODIAC is an open-
label, randomized, postmarketing study enrolling
patients with schizophreniain naturalistic practice
in 18 countries. The primary outcome measure
was the rate of nonsuicide mortality in the year
after initial recommendation for therapy. Subjects
were randomly assigned to either ziprasidone or
olanzapine, after which follow-up was conducted
by investigators aware of the assigned exposure.
A physician-administered questionnaire collected
baseline information on patients' demographics,
medical and psychiatric history, and concomitant
medication use. Data were self-reported by
patients or reported by enrolling physicians.

Results: ZODIAC enrolled 18,240 patients
with schizophrenia. Most (73.0%) were from the
United States or Brazil. Patients' baseline mean
age was 41.6 years, 55.1% were male, and 60.0%
were white. At baseline, approximately 18% had
hypertension, 14.8% had hyperlipidemia, 46.5%
currently smoked, 28.9% had a body mass index
> 30 kg/m?, and 7.7% had diabetes. Mean time
from schizophrenia diagnosis to study enrollment
was 10.4 years and mean Clinical Global Impres-
sions scale score was 5.2 (range: 1-8). Nearly
one third of patients had ever attempted suicide.
Seventy-one percent were using antipsychotics
at baseline. Almost 80% were using concomitant
medications, with 29.5% using antidepressants,
25.4% using anxiolytics, and 19.0% using mood
stabilizers. Less than 3% were using antihyper-
tensives or statins.

Conclusions: ZODIAC is a uniquely designed
study with an initial randomization to ziprasidone
or olanzapine and follow-up largely consistent
with usual practice (i.e., many characteristics of
anonexperimental study). Baseline data suggest
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this study population has a substantial prevalence
of cardiovascular risk factors. Concomitant medi-
cations were used frequently, although hyperlipi-
demia and hypertension may be undertreated.
Trial Registration: clinicaltrials.gov Identi-
fier: NCT00174447
(J Clin Psychiatry 2008;69:114-121)
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Z iprasidone is a novel antipsychotic agent that has
demonstrated efficacy in the treatment of schizo-
phreniain both short-term* and long-term trial s*° as well
as in the treatment of bipolar mania,®’ along with a low
propensity for causing extrapyramidal symptoms® and
hyperprolactinemia.’ These same trials have shown zipra-
sidone to exert a beneficial effect on weight gain and se-
rum lipid levels,® 2 well-established cardiovascular risk
factors. It has been known since its development that
Ziprasidone prolongs the QTc interval. In a phase 1 QT
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study at high doses, mean QTc prolongation was approxi-
mately 9 to 14 milliseconds greater for ziprasidone than
for several other antipsychotics tested but approximately
14 milliseconds lower than thioridazine.* However, no
ziprasidone-treated patient had a QTc = 500 milliseconds,
despite coadministration of ketoconazole to patients re-
ceiving the maximum recommended daily dose of zipra-
sidone. In the phase 2/3 development program overall,
2 (0.06%) of the 2988 patients had a QTc interval = 500
milliseconds.*? The 500 millisecond threshold is impor-
tant since most reported cases of torsades de pointes occur
at this level of prolongation or greater.

However, the precise relationship between QTc pro-
longation and the risk of serious adverse cardiac events
remains unsettled.®®* Significant QTc prolongation is of
concern because of its potential to induce torsades de
pointes and, rarely, sudden death. Syncope, palpitations,
dizziness, or seizures may in some cases aso represent
a manifestation of torsades de pointes. However, anti-
psychotic drugs causing much more QTc prolongation
than ziprasidone have been shown to increase sudden
death only when used at very high doses, although
whether this generalizes to ziprasidone is unknown.

The Clinical Antipsychotic Trials of Intervention Ef-
fectiveness study®® included 1460 patients, of whom 185
were randomly assigned to ziprasidone (ziprasidone was
added to the study after approximately 40% of subjects
had been enrolled). Ziprasidone was comparable in effec-
tiveness to the other medications in the first phase of the
trial but was the only study drug associated with improve-
ment in glycosylated hemoglobin, total cholesterol, and
triglyceride levels. It was also associated with the lowest
proportion of patients (7%) who gained more than 7% of
their baseline weight.

Nevertheless, the available sample size of patients
exposed to ziprasidone before marketing was limited,
and the U.S. Food and Drug Administration (FDA) recog-
nized that the premarketing data may not reflect real-
world use or real-world drug effects. Further study of a
large number of patients wasindicated, therefore, in order
to provide further safety assurance. This study was aregu-
latory requirement of both the FDA and the Swedish reg-
ulatory authorities.

The Ziprasidone Observational Study of Cardiac Out-
comes (ZODIAC), an international, multicenter, random-
ized, large simple trial, was designed to compare zipra-
sidone with another agent with respect to mortality and
hospitalization outcomes, including the primary outcome
nonsuicide mortality. This outcome was chosen as the pri-
mary measure since it was the most important. Further, an
increase in an uncommon cause of degath like torsades de
pointes could be counterbalanced by even a small de-
crease in a more common cause of death, like atheroscle-
rotic events, and given the lack of metabolic effects of zi-
prasidone, this latter was a possibility. Olanzapine was
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chosen as the medication for the comparison group sinceit
isasecond-generation (atypical) antipsychotic agent with-
out the same effect on QT prolongation.*® We chose to per-
form alarge simpleclinical trial to assure balance between
the groups® since it was not clear whether patients at
higher risk of cardiac outcomes would be more likely to be
placed on ziprasidone (because of itslack of metabolic ef-
fects) or on olanzapine (because of itslack of QT effects).

METHOD

Study Design

The study design chosen wasthat of alarge simpletrial,
i.e., astudy conducted with minimal modification of nor-
mal medical care, other than random allocation among the
study arms.'” Following 1:1 random assignment to treat-
ment with either ziprasidone or olanzapine, patients re-
ceived the selected medication in an unblinded fashion,
and no further study-related interventions were made.
Randomization was stratified by country. Patients were
prospectively followed as clinically appropriate and out-
comes determined. No laboratory testing or clinical moni-
toring was required by the protocol but was conducted at
the discretion of the treating physician as clinically appro-
priate. Data regarding subjects’ vital status, continued use
of assigned study drug, and hospitalization status were ob-
tained through follow-up with the treating physician or
other designated member of the medical care team. Medi-
cal records and other documentation, where applicable,
were obtained and analyzed.

Study Sites

Approximately 18,000 patients were to be included in
the study, including approximately 9235 patients from 701
centers in the United States, 45 patients from 10 centersin
Sweden, 3000 patients from 34 centersin Brazil, 1500 pa-
tients from 33 centers in Argentina, 500 patients from 18
centers in Chile, 400 patients from 11 centers in Mexico,
500 patients from 8 centers in Peru, 250 patients from 5
sites in Uruguay, 130 patients from 4 centers in Hong
Kong, 300 patients from 8 centersin Malaysia, 90 patients
from 3 centers in Singapore, 150 patients from 4 centers
in Taiwan, 200 patients from 5 centers in Thailand, 200
patients from 10 centersin South Korea, 500 patients from
15 centers in Hungary, 400 patients from 20 centers in
Poland, 200 patients from 15 centers in Slovakia, and 250
patients from 25 sitesin Romania.

Study Subjects

Inclusion criteria. The ZODIAC study enrolled pa-
tients with schizophrenia, as per physician clinical judg-
ment, from community mental health clinics, private psy-
chiatric practices, residential care facilities, and academic
treatment centers in 18 countries between February 2002
and February 2006. One-year follow-up for the primary
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endpoint of nonsuicide death ended in April 2007. Pa-
tients newly treated for schizophrenia and those receiving
continuing treatment were eligible if the treating psychia-
trist was ready to initiate a new antipsychotic medication
and would consider using either ziprasidone or olanzapine
as an appropriate therapy. Male and female patients who
met all the following criteria were eligible to be enrolled
in this study: aged 18 years or older; treated in an in-
patient or outpatient setting; diagnosed with schizophre-
nia; willing to provide enrolling physician with written,
signed, and dated informed consent to participate in
study; willing to provide Social Security number (appli-
cable to U.S. participants only); and willing to provide
information on at least 1 alternate contact person for study
staff to contact regarding patient’s whereabouts, should
the patient be lost to follow-up over the course of the
study.

Exclusion criteria. Patients presenting with any of the
following criteriawere excluded from the study: pregnant
or lactating women; participation in any other studiesin-
volving investigational products, concomitantly or within
30 days prior to entry in the study; presence of progres-
sive fatal disease of alife expectancy that prohibits them
from participating in a 1-year research study; or previ-
ously randomly assigned to study medication and enrolled
in this study.

Subject Enrollment

After aphysician determined that a patient was eligible
for inclusion in the study and willing to participate, the
patient signed awritten and dated informed consent docu-
ment acknowledging his or her understanding of the risks
and benefits of participating in the study and providing
access to future medical and hospital records. In Argen-
tina, Chile, Mexico, Peru, Uruguay, Hong Kong, Malay-
sia, Singapore, Thailand, Taiwan, South Korea, Hungary,
and Poland, a urine pregnancy test was performed prior to
enrollment among women of childbearing potential, per
local country regulations. Minimal information, including
demographics, ameasure of the severity of the underlying
schizophrenia, cardiac risk factors, and prior antipsy-
chotic medication use, was collected on the baseline
guestionnaire.

The patients were assigned to ziprasidone or olanza-
pinein astrictly random fashion within each country. The
enrolling physician ascertained the treatment group using
acentral telephone randomization system. Following ran-
dom allocation in the United States, Sweden, Hong Kong,
and Singapore, the enrolling physician wrote a prescrip-
tion for the study medication to be filled at alocal phar-
macy and either gave the patient a pharmacy card (United
States and Sweden) or a prescription form (Hong Kong,
South Korea, and Singapore) for study drug reimburse-
ment. In Brazil, Argentina, Chile, Peru, Mexico, Uruguay,
Malaysia, Taiwan, Thailand, Hungary, Poland, Romania,
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and Slovakia, following randomization to treatment, the
enrolling physician dispensed the randomized drug to the
patient on site. Neither the physician nor the patient was
blinded to the treatment allocation, consistent with nor-
mal medical care. Physicians and patients were free to
change regimens and dosing based on patients' responses
to the assigned medication.

Physicians were provided with the labeling for zipra-
sidone and olanzapine approved by their national regula-
tory agency and asked to use this information, coupled
with their clinical judgment, to determine whether pa-
tients were eligible to be randomly assigned into the
study.

Study Outcomes

Each patient was to be followed for 1 year, regardless
of how long she or he continued treatment, to determine
the outcomes of the study. In the event that the patient
was unable to be contacted, information from his or her
alternative contact person was used. Follow-up informa-
tion on the occurrence of possible serious cardiovascul ar
events and the patient’s vital statuswas collected at regu-
lar intervals by the treating physician or other designated
member of the medical care team.

The primary outcome of interest was nonsuicide
mortality; secondary endpoints included sudden death,
suicide, all-cause and cardiovascular mortality, as well
as al-cause hospitalization and hospitalization for ar-
rhythmia, diabetic ketoacidosis, and myocardia infarc-
tion. Discontinuation of randomized treatment was also
ascertained.

Data Collection

Data collection forms were brief. The baseline and
follow-up questionnaires were translated and back trans-
lated into the relevant local languages when required.

Baseline data. The baseline questionnaire was com-
pleted by the treating clinician at the time of patient re-
cruitment. Data elements included the patient’s study
identification number, birth date, height, weight, age at
onset and severity of schizophrenia (assessed using the
Clinical Global Impressions scal€),'® number of previous
psychiatric hospitalizations, history of cardiovascular
disease, prior antipsychotic use, history of diabetes diag-
noses and prior use of insulin or oral hypoglycemics, and
smoking status. The questionnaire was completed im-
mediately after the patient signed the consent form and
forwarded to the national coordinating center by physi-
cians or collected by study monitors during monitoring
visits and subsequently mailed to the national coordinat-
ing center, where the questionnaire was checked to be
sure that no personal identifiers were present. If a per-
sonal identifier was found, the national coordinating cen-
ter made this personal identifier unreadable. Only the na-
tional coordinating center was able to identify and track
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the data as outlined in the patient consent form. Ques-
tionnaires without personal identifiers were forwarded to
the data management center for inclusion in the study
database.

The patient was also asked to identify his or her
primary care physician and next of kin or other contactsto
be contacted if the patient was lost to follow-up. The pa
tient was also asked to provide his or her Social Security
number/national identification number or health insur-
ance number (such as the Assisténcia Médica Interna-
cional Ltda. [AMIL], Bradesco, Sul America, and others
in Brazil; Social Security or national health insurance
identification in Argentina, Chile, Uruguay, Peru, and
Hungary; Clave Unica de Registro de Poblacion [CURP]
[unique population register code] in Mexico; identifica-
tion card numbers in Hong Kong, Malaysia, Singapore,
Taiwan, Thailand, and South Korea; controllo nei doc-
umenti rumeni [CNP] number in Romania; and the Polish
Powszechny Elektroniczny System Ewidencji Ludnosci
[PESEL] number in Poland), which was recorded on a
separate form and stored separately from the question-
naire data.

Follow-up data. Two methods were used to identify
endpoints: (1) physician or other treatment team member
reporting death, hospitalization, or discontinuation of as-
signed study drug by telephone or, in some cases, on the
follow-up questionnaire and (2) standard follow-up meth-
ods used in cohort studies to track subjects in addition to
querying national or regional desth certificate data for
patients lost to follow-up.

The follow-up questionnaires, administered by tele-
phone or in person, often when the patient returned to re-
ceive study medication or a refill prescription per usual
medical practice, collected data on the patient’s continua-
tion of the study drug, current medication use, and hospi-
talizations or emergency room visits.

Physicians treating patients who did not return to re-
ceive their medication or follow-up pharmacy cards and
were lost to follow-up were contacted by the national co-
ordinating center and reminded to conduct patient follow-
up, either in person or by telephone, and utilize informa-
tion on alternate contacts as necessary.

In some cases, the endpoints of all-cause hospital-
ization or hospitalization for arrhythmia, myocardia in-
farction, or diabetic ketoacidosis may not be known by
the enrolling physician or other treatment team members.
In the United States, to quantify the potential impact of
unknown hospitalizations on the secondary analyses, the
hospitalization records for patients enrolled in state Med-
icaid programs will be obtained. This subset will include
newly enrolled U.S. study patients previously enrolled in
the Medicaid program. Using the patient’s Social Security
number, the national coordinating center will match this
subset of patients with their Medicaid hospitalization
records.
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Oversight Committees

Scientific Steering Committee. The study Scientific
Steering Committee (SSC) served 3 roles: to provide
clarification of open reports and study conduct at open
meetings, to safeguard the interests of the participating
patients, and, together with the sponsor study team, to
monitor study conduct. The SSC aso reviewed any data
safety monitoring board (DSMB) or sponsor recommen-
dations to change the study design and determined by
consensus whether to accept the recommendation; the
final decision remained with the SSC. The SSC com-
prised experts with extensive knowledge in the areas of
psychiatry, pharmacoepidemiology, statistics, and cardi-
ology, specifically cardiac el ectrophysiology.

Data Safety Monitoring Board. The DSMB evaluated
the conduct of the study, including the recruitment, man-
agement, and retention of the study patients; evaluated the
interim ad hoc analyses of study endpoints; and, based on
these analyses, decided whether to continue the study.
The DSMB was composed of an independent group of cli-
nicians and statisticians experienced in the treatment of
patients with psychiatric disorders, epidemiology, cardi-
ology, and the conduct of large-scale simplified trials.

A formal biostatistical stopping rule was not used
in this study since both study drugs were marketed prod-
ucts and this study was not a study of drug efficacy. In-
stead, the DSMB was to use clinical judgment about the
severity and frequency of any observed adverse event
combined with biological understanding of the plausibil-
ity of a causal link, knowledge about the premarketing
experience with the drug, and epidemiologic and biosta-
tistical expertise. The DSMB could make recommenda-
tions to the SSC about additional analyses to use for
monitoring the study, additional data collection, cessation
of the study, label changes to either of the 2 agents, or
drug withdrawal.

The DSMB was biannually provided with both open
and closed study reports. Open reports informed the com-
mittee about the distribution of patient demographics, the
conduct and progress of the study, and the data tables for
the interim ad hoc study analyses. Closed reports con-
sisted of the intent-to-treat analysis and similar summa-
ries and statistics as presented in the open report. A pre-
study meeting of the DSMB was convened to define the
DSMB's purpose, establish its charter, and define its pro-
cedure. The DSMB met every 6 months, following receipt
of the open and closed study reports, in open session with
the SSC chair and the sponsor to review study progress
and data provided in the open report, as well asin closed
session with the unblinded contract research organization
statistician to review the closed report. In addition, the
DSMB chair and the SSC chair could choose to convene
the DSMB to evaluate any emergent safety or study con-
duct issues; no such ad hoc meetings were held over the
course of the study.
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Endpoint Committee. The ZODIAC Endpoint Com-
mittee adjudicated the endpoints based on a review of
copies of medical and hospital records. The committee,
composed of an independent group of psychiatrists, cardi-
ologists, epidemiologists, and endocrinologists, received
on a monthly basis anonymized data gathered on any
subject who experienced a potential study outcome. Two
committee members reviewed each set of records indi-
vidually and classified them using standard criteria for
observational studies.’®2 Endpoint committee members
were blind to treatment status when adjudicating out-
comes. If there was no consensus, the forms could be ad-
judicated within the committee, or the chair could evalu-
ate the endpoint.

Statistical Analysis

The data were collected and entered into a database
as the study proceeded so that periodic ad hoc analyses
could be performed for the purpose of quality assurance
and safety assessment.

Main analyses will begin with a comparison of the
baseline characteristics of the 2 study groups to evaluate
whether randomization was successful and then a calcula-
tion of the incidence rates of each of the events of interest
in each study group. For any given analysis, follow-up
will be censored upon the first occurrence of the outcome
event of interest. Thus, for analyses of myocardial infarc-
tion, follow-up will be censored after a first myocardial
infarction. In analyses of death, follow-up for that same
patient would continue past the myocardial infarction un-
til the end of the study or death.

Relative risks and 95% confidence intervals will be
calculated for each of the key events of interest, com-
paring their rate in the ziprasidone versus the olanzapine
group. All subjects randomly assigned to treatment will
be evaluated in the analyses. The primary analysis will
beintent to treat. All patients were followed for 1 year, re-
gardless of actual drug use, and outcomes were assessed
at the end of the year of observation. Outcomes will be
compared based on the study medication the patient was
assigned. For a secondary analysis on the intent-to-treat
population, a Cox analysis will be performed, censoring
at time of nonsuicide mortality or withdrawal. In addition,
a person-time on treatment analysis (an analysis of events
during the time when patients were using the study medi-
cation) will be conducted as a secondary analysis.

Given that the study is randomized, it should not be
necessary to perform multivariate analysis. Inthe unlikely
event that this appears necessary, multivariate analyses
for calculations of relative risks and survival analysis
using logistic and Cox proportional hazards regression
methods will be completed.

The sensitivity of each hospitalization endpoint will be
estimated by using hospitalizations identified in the Med-
icaid inpatient records as the complete comparison group
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(i.e, the “gold standard”). The sensitivity of each hospi-
talization endpoint, as reported directly by the enrolling
physicians, will be calculated as a proportion of the com-
parable hospitalizations identified in the Medicaid hospi-
talization records. In addition, a sensitivity analysis will
be performed to quantify the potential impact of missing
hospitalization information for the entire study popula-
tion, in which the proportion of missing reports for the
study population can be varied around that found for the
Medicaid subset.

To estimate the sample size required for the study, the
study originally assumed that the rate of nonsuicide mor-
tality is 2% per patient year (based on the ziprasidone
clinical trial database), that arelative risk of 1.0 should be
rejected if the relative risk was actually 1.5, and that pa-
tients are enrolled in the study for only 6 months; 9000
patients were needed in each treatment arm, giving the
study 85% power assuming a 2-sided type | error rate
of 0.05. The assumptions used for this calculation were
thought to be conservative. The real life mortality rate
could have been significantly higher than 2% per patient-
year, as suggested by a recent risperidone study in which
the rate was 4% per patient-year.>* Additionally, the study
actually enrolled patients for 1 year of follow-up, not 6
months as was assumed in the calculation above. If the
mortality rate were 4% per patient-year and patients were
followed up for 1 year, the study would actually be pow-
ered to detect arelative risk of 1.2.

The study was approved by the St. Davids Human
Research Review Board, the University of Pennsylvania
Ingtitutional Review Board, and 125 local institutional
review boards, including those at a few of the U.S. sites,
and institutional review boardsin each of the participating
countries.

RESULTS

The ZODIAC study enrolled 18,240 patients with
schizophrenia. Frequencies for selected baseline char-
acteristics of 18,094 patients randomly assigned in
ZODIAC are presented.

Demographics

The breakdown by country of the 18,094 patients ran-
domly assigned in ZODIAC is given in Table 1. The ma-
jority (73.0%) of patients are from the United States and
Brazil, followed by other countries in Latin America
(16.2%), Central and Eastern Europe (5.4%), and East
Asia (5.1%). The mean age of patients was 41.6 (£ SD
13.0) years, 55.1% were male, and 60.0% were white.

History of Cardiovascular Conditions and Risk Factors

Almost 18% of the study population reported a history
of hypertension, 14.8% of patients reported hyperlipi-
demia, and 46.5% of patients currently smoked at the
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Table 1. Enrollment by Country in the ZODIAC Study

Country/Region N (%)
United States 9696 (53.6)
Brazil 3510 (19.4)
Sweden 47(0.3)
Latin America 2924 (16.2)
(Argentina, Chile, Peru, Uruguay, Mexico)
East Asia 918 (5.1)
(Hong Kong, South Korea, Malaysia,
Singapore, Taiwan, Thailand)
Central and Eastern Europe 999 (5.4)

(Hungary, Poland, Romania, Slovakia)

Abbreviation: ZODIAC = Ziprasidone Observational Study of Cardiac
Outcomes.

baseline visit. Less than 3% of patients had previously
suffered from coronary artery disease or angina, and 1.6%
had previously experienced a myocardia infarction at
baseline. Diabetes was present at baseline in almost 8%
of patients. Almost one third were overweight, per the
Centersfor Disease Control and Prevention (CDC) defini-
tion® of body mass index (BMI) of 25.0 to 29.9 kg/m?,
and over one quarter of patients (28.9%) were obese, per
the CDC definition of BMI > 30 kg/m?.

Psychiatric History

A mean = SD of 10.4 £+ 10.8 years had elapsed since
randomly assigned patients in ZODIAC were diagnosed
with schizophrenia (Table 2). The mean £ SD clinician-
rated Clinical Global Impressions scale score, which can
range from 1 to 8, with higher scoresindicating increasing
severity of schizophrenia, was 5.2+ 1.1. The mgjority
(74.0%) of patients had been hospitalized in an inpatient
psychiatric unit, and almost one third (30.0%) of patients
reported at baseline that they had attempted to commit
suicide in the past.

Medication Use at Baseline

The ZODIAC population was characterized by a high
(78.0%) prevalence of medication use at baseline. Anti-
psychotics were used at baseline by over two thirds
(70.7%) of patients. More than 29% of patients reported
using antidepressants. Anxiolytics such as clonazepam,
diazepam, lorazepam, alprazolam, and buspirone were
used by one quarter of patients. One fifth of patients re-
ported use of mood stabilizers, including valproic acid,
lithium, carbamazepine, gabapentin, topiramate, lamotri-
gine, and oxcarbazepine. Despite the fact that nearly 18%
of patients had a history of hypertension at baseline, only
1.3% of patients reported using antihypertensives. Statins
were used by less than 3% of the study population, even
though high cholesterol or triglyceride levels were in-
dicated by 14.8% on the baseline questionnaire. Among
the 1396 patients with diabetes at baseline, the mgjority
(60.2%) was using oral hypoglycemic agents; 22.8% of
diabetic patients reported using injected insulin.
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Table 2. Psychiatric History at Baseline of Patients Randomly
Assigned in the ZODIAC Study

Psychiatric Characteristic Value

Years since schizophrenia diagnosis, mean + SD? 10.4+£10.8
Clinician-rated Clinical Global Impressions Scale
score, N (%)
1 (Not assessed) 119 (0.7)
2 (Normal, not ill at all) 180 (1.0
3 (Borderline mentally ill) 648 (3.5)
4 (Mildly ill) 3,012 (16.7)
5 (Moderately ill) 7,840 (43.5)
6 (Markedly ill) 4,398 (24.4)
7 (Severely ill) 1,602 (8.9)
8 (Among the most extremely ill) 239 (1.3)
Missing, N 56
Ever hospitalized in an inpatient psychiatric 13,384 (74.0)
unit, N (%)
Ever attempted to commit suicide, N (%) 5,438 (30.0)

@Years since schizophrenia diagnosis was missing for 37.3%
(N =6,753) of patients.

Abbreviation: ZODIAC = Ziprasidone Observational Study of
Cardiac Outcomes.

DISCUSSION

ZODIAC is, to our knowledge, the largest prospective,
randomized study conducted among schizophrenia pa-
tients to date. It promises to yield clinically relevant in-
formation on the safety of 2 widely used atypical anti-
psychotics and should also provide a valuable global
perspective on the routine medical care of patients with
schizophrenia. Previous data indicated that use of ziprasi-
done was associated with a modest prolongation of mean
QTc, athough with no evidence of marked outliers. Thus,
the goa of this study is to determine whether the modest
increases in the QTc interval observed with ziprasidone
are associated with an increased risk of serious cardio-
vascular morbidity and mortality in alarge at-risk popula-
tion. In contrast, similar studies of olanzapine suggest that
it has a minimal effect on the QTc interval . This study
was therefore designed to compare ziprasidone to olanza-
pine in the treatment of schizophreniain clinical practice
settings.

ZODIAC has a number of design features of note.
First, its large sample size provides power needed to
evaluate small absolute and relative risks. Of course, any
study has its limits in sample size, and ZODIAC will be
unable, for example, to evaluate differences in the inci-
dence of uncommon but important outcomes, like the oc-
currence of torsades de pointes. Instead, in designing the
study, we chose to focus on nonsuicide mortality, since
even alarger increase in an uncommon cause of death like
torsades de pointes could be counterbalanced by a small
decrease in a more common cause of death, like athero-
sclerotic events, and, given the lack of metabolic effects
of ziprasidone, this was a possibility. An aggregate mea-
sure like all-cause nonsuicide death was deemed to be the
more important and appropriate outcome.
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Second, simple study procedures permit approxima-
tion of real-world clinical practice and allow for observa-
tion periods that are much longer than in typical clinical
trials. Broad inclusion criteria were utilized, and the only
intervention is being randomly assigned to treatment.
There were no additional study-mandated tests, monitor-
ing, or visits for patients after they were randomly as-
signed. Rather, follow-up took place during routine medi-
cal care. Thus, in many ways, thisis similar to the normal
observational study methods, and indeed the outcomes of
interest—hospitalization or death—are readily identified
while a patient is receiving usual care. Of course, once
again, torsades de pointes would not be reliably detected
as part of normal medical care. Further, as alarge simple
trial, ZODIAC is not well designed to characterize pa-
tientsin detail at baselinein terms of the cardiac and met-
abolic risk factors. Of course, randomization should as-
sure that these factors are balanced. Further, outcomes
other than death will be less completely recorded, since
we rely on reports from psychiatrists or other treatment
team members for these outcomes.

Third, in contrast to the normal observational study,
ZODIAC is a randomized trial. This feature minimizes
selection bias, which is the major limitation of nonex-
perimental studies. In other words, the study avoided the
problem that can occur without randomization, which is
that patients who receive different drugs may be inher-
ently at a different risk of the outcome of interest. Ran-
domization of exposure must give increased credibility to
the study’s comparative results when they become avail-
able. In typical practice, patients treated with ziprasidone
may be systematically different from those treated with
other antipsychotic drugs due to physicians’ possibly pre-
scribing the drug for patients with worse schizophrenia.
This possibility exists because ziprasidone was the newest
of the available antipsychotics at the time of study initia-
tion and was most likely to be used in patients who had
failed prior therapies. In addition, patients treated with
Ziprasidone may be systematically different from those
treated with other antipsychotic drugs due to prescribers
channeling of the drug to patients with underlying cardio-
vascular disease. This possibility exists given the weight
gain or adverse effects on lipids associated with olanza-
pine. Conversely, prescribing physicians concerned about
QT prolongation in patients with underlying heart disease
may selectively avoid ziprasidone. Given these likely se-
lection phenomena, random allocation of patients would
be the only approach affording the certainty of afair com-
parison between groups.

In conclusion, we present the design and the baseline
characteristics of participants in an international, multi-
center, randomized, large simple trial involving over
18,000 patients with schizophrenia. The ZODIAC study
has a number of unique design features, chosen specifi-
caly to optimizeitslikelihood of providing valid answers
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to the key question it was designed to address, i.e., the
comparétive rate of nonsuicide mortality in users of zi-
prasidone versus olanzapine. As a large simple trial, the
study is very large and naturalistic and yet uses random-
ization. Examining the baseline data now available, one
can see that cardiovascular risk factors, most notably hy-
pertension, hyperlipidemia, and obesity, are highly preva-
lent in this population. In addition, diabetes is more com-
monly reported and may be more severein this population
than in the general population, with over 20% of diabetic
subjects reporting the use of injected insulin. Concomi-
tant psychotropic medications were used frequently by
study participants. The majority of patients were not
antipsychotic-naive, and many also reported using antide-
pressants, anxiolytics, or mood stabilizers. Finally, use of
antihypertensives or statins was reported by a very low
proportion of subjects, suggesting that hypertension and
hyperlipidemia may be undertreated.

Drug names: alprazolam (Xanax, Niravam, and others), buspirone
(BuSpar and others), carbamazepine (Carbatrol, Equetro, and others),
clonazepam (Klonopin and others), diazepam (Diastat, Valium, and
others), gabapentin (Neurontin and others), ketoconazole (Nizoral, and
others), lamotrigine (Lamictal and others), lithium (Eskalith, Lithobid,
and others), lorazepam (Ativan and others), olanzapine (Zyprexa),
oxcarbazepine (Trileptal and others), topiramate (Topamax), valproic
acid (Depakene and others), ziprasidone (Geodon).

REFERENCES

1. Keck PE, ReevesKR, Harrigan EP, et al. Ziprasidone in the short-term
treatment of patients with schizoaffective disorder: results from two
double-blind, placebo-controlled multicenter studies. J Clin
Psychopharmacol 2001;21:27-35

2. Daniel DG, Zimbroff DL, Potkin SG, et d. Ziprasidone 80 mg/day and
160 mg/day in the acute exacerbation of schizophrenia and schizoaffec-
tive disorder: a 6-week placebo-controlled trial.
Neuropsychopharmacology 1999;20:491-505

3. Olie P, SpinaE, Murray S, et d. Ziprasidone and amisul pride effectively
treat negative symptoms of schizophrenia: results of a 12-week double-
blind study. Int Clin Psychopharmacol 2006;21:143-151

4. Simpson GM, Weiden P, Pigott T, et a. Six-month, blinded, multicenter
continuation study of ziprasidone versus olanzapine in schizophrenia
Am J Psychiatry 2005;162:1535-1538

5. Arato M, O’ Connor R, Méltzer HY, et a. A 1-year, double-blind,
placebo-controlled trial of ziprasidone 40, 80, and 160 mg/day in
chronic schizophrenia: the Ziprasidone Extended Use (ZEUS) Study.
Int Clin Psychopharmacol 2002;17:207-215

6. Keck PE Jr, Versiani M, Potkin S, et a. Ziprasidone in the treatment
of acute bipolar mania: a three-week placebo-controlled, double-blind,
randomized trial. Am J Psychiatry 2003;160: 741748

7. Potkin SG, Keck PE Jr, Segal S, et . Ziprasidone in acute bipolar
mania a 21-day randomized, double-blind, placebo-controlled
replication tria. J Clin Psychopharmacol 2005;25:301-310

8. Daniel DG, Zimbroff DL, Potkin SG, et d. Ziprasidone 80 mg/day
and 160 mg/day in the acute exacerbation of schizophreniaand
schizoaffective disorder: a6-week placebo-controlled trial.
Neuropsychopharmacology 1999;20:491-505

9. Addington DE, Pantelis C, Dineen M, et d. Efficacy and tolerability
of ziprasidone versus risperidone in patients with acute exacerbation
of schizophrenia or schizoaffective disorder: an 8-week, double-blind,
multicenter trial. J Clin Psychiatry 2004;65:1624-1633

10. Simpson GM, Glick 1D, Weiden PJ, et al. Randomized, controlled,
double-blind multicenter comparison of the efficacy and tolerability
of ziprasidone and olanzapine in acutely ill patients with schizophrenia
or schizoaffective disorder. Am J Psychiatry 2004;161:1837-1847

J Clin Psychiatry 69:1, January 2008



11.

Harrigan EP, Miceli JJ, Anziano R, et d. A randomized evaluation of the
effects of six antipsychotic agents on QTc, in the absence and presence
of metabolic inhibition. J Clin Psychopharmacol 2004;24:62—69

12. Physicians Desk Reference. 61st ed. Montvale, NJ Thompson PDR;

13.

14.

15.

16.

17.

18.

19.

J Clin Psychiatry 69:1, January 2008

2007: 2531

Reilly JG, Ayis SA, Ferrier IN, et d. QTc-interval abnormalities and
psychotropic drug therapy in psychiatric patients. Lancet 2000;355:
1048-1052

Hennessy S, Bilker WB, Knauss JS, et a. Cardiac arrest and ventricular
arrhythmiain patients taking antipsychotic drugs: cohort study using
administrative data. BMJ 2002;325:1070

Lieberman JA, Stroup TS, McEvoy JP, et a. Effectiveness of antipsy-
chotic drugsin patients with chronic schizophrenia. N Engl J Med 2005;
353:1209-1223

Titier K, Girodet PO, Verdoux H, et a. Atypical antipsychotics: from
potassium channels to torsade de pointes and sudden death. Drug Saf
2005;28:35-51

Peto R, Callins R, Gray R. Large-scale randomized evidence; large
simpletrias and overviews of trials. J Clin Epidemiol 1995;48:23-40
Guy W. ECDEU Assessment Manual for Psychopharmacology. US Dept
Health, Education, and Welfare publication (ADM) 76-338. Rockville,
Md: National Ingtitute of Mental Hedlth; 1976:218-222
Turnstall-Pedoe H. Problems with criteriaand quality control

in the registration of coronary eventsin the MONICA study.

20.

21

22.

23.

24.

25.

26.

ZODIAC Design and Baseline Subject Characteristics

ActaMed Scand Suppl 1988;728:17-25

Turngtall-Pedoe H, Kuulasmaa K, Amouyel P, et a. Myocardial infarc-
tion and coronary deaths in the World Health Organization MONICA
Project: registration procedures, event rates, and case-fatality ratesin

38 populations from 21 countriesin four continents. Circulation 1994;
90:583-612

Berger CS, Cayner J, Jensen G, et al. The changing scene of socia work
in hospitals: areport of anationa study by the Society for Social Work
Administratorsin Health Care and NASW. Health Soc Work 1996;21:
167-177

Cook R, Gardner G, Gardner A. A national survey: transporting patients
within Australian hospitals. Aust Health Rev 2000;23:108-114

Hu FB, Rimm EB, Stampfer MJ, et a. Prospective study of major dietary
patterns and risk of coronary heart disease in men. Am J Clin Nutr 2000;
72:912-921

Mackay FJ, Wilton LV, Pearce GL, et a. The safety of risperidone:

a post-marketing study on 7684 patients. Hum Psychopharmacol
1998;13:413-418

Kuczmarski RJ, Flegal KM. Criteriafor definition of overweight

in transition: background and recommendations for the United States.
Am JClin Nutr 2000;72:1074-1081

CzekallaJ, Kollack-Walker S, Beasley CM Jr. Cardiac safety parameters
of olanzapine: comparison with other atypical and typica antipsychotics.
J Clin Psychiatry 2001;62(suppl 2):35-40

PSY CHIATRIST.COM 121



	Table of Contents

