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Antipsychotic

Background: In the treatment of schizo-
phrenia, changing antipsychotics is com-
mon when one treatment is suboptimally
effective, but the relative effectiveness of
drugs used in this strategy is unknown.
This randomized, double-blind study
compared olanzapine, quetiapine, ris-
peridone, and ziprasidone in patients
who had just discontinued a different
atypical antipsychotic.

Method: Subjects with schizophrenia
(N=444) who had discontinued the atypi-
cal antipsychotic randomly assigned dur-
ing phase 1 of the Clinical Antipsychotic
Trials of Intervention Effectiveness (CATIE)
investigation were randomly reassigned
to double-blind treatment with a differ-
ent antipsychotic (olanzapine, 7.5-30 mg/
day [N=66]; quetiapine, 200-800 mg/day
[N=63]; risperidone, 1.5-6.0 mg/day [N=
69]; or ziprasidone, 40-160 mg/day [N=
135]). The primary aim was to determine
if there were differences between these
four treatments in effectiveness mea-
sured by time until discontinuation for
any reason.

Results: The time to treatment discontin-
uation was longer for patients treated
with risperidone (median: 7.0 months)
and olanzapine (6.3 months) than with
quetiapine (4.0 months) and ziprasidone
(2.8 months). Among patients who dis-
continued their previous antipsychotic
because of inefficacy (N=184), olanzapine
was more effective than quetiapine and
ziprasidone, and risperidone was more
effective than quetiapine. There were no
significant differences between antipsy-
chotics among those who discontinued
their previous treatment because of intol-
erability (N=168).

Conclusions: Among this group of pa-
tients with chronic schizophrenia who
had just discontinued treatment with an
atypical antipsychotic, risperidone and
olanzapine were more effective than
quetiapine and ziprasidone as reflected
by longer time until discontinuation for
any reason.

(Am ] Psychiatry 2006; 163:611-622)

Antipsychotic drugs are the cornerstone of treatment
for schizophrenia but have limited effectiveness (1). A com-
mon treatment strategy when a drug is not adequately effi-
cacious or tolerable is to switch medicines in an attempt to
obtain greater effectiveness, but it is not known if any sec-
ond-generation antipsychotic drugs other than clozapine
have advantages over others when used in this situation.

For patients with symptoms that fail to respond ade-
quately to antipsychotic treatment, only clozapine has
consistently been shown to be more effective than other
drugs (2-4). However, clozapine is not commonly used be-
cause of the risk of severe side effects, including agranulo-
cytosis, and because of its substantial level of intolerability
and complexity of administration. Instead, other second-
generation antipsychotics are commonly recommended
when one drug is not effective, but clinicians and patients
have little to guide them in this situation. On the basis of
the assumption that other antipsychotics are similarly ef-
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ficacious, practice guidelines have suggested that treat-
ment choice should be made according to patient prefer-
ence and side effect risks (5).

However, a growing body of evidence suggests that sec-
ond-generation drugs are not homogeneous in their ef-
fects and may have substantial differences in efficacy, in-
cluding relapse prevention, and in the incidence of side
effects (1, 6-8). In addition, adverse metabolic effects, in-
cluding an increased risk of diabetes, dyslipidemias, and
coronary heart disease, have been associated with sec-
ond-generation antipsychotics (9, 10).

We report the primary outcomes of a double-blind clini-
cal trial that compared the effectiveness of atypical antipsy-
chotics among schizophrenia patients who had just discon-
tinued treatment with a different atypical antipsychotic
randomly assigned during phase 1 of the long-term Clinical
Antipsychotic Trials of Intervention Effectiveness (CATIE)
investigation. This phase 2 study was recommended to in-
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FIGURE 1. Enrollment, Antipsychotic Allocation, and Progression of Schizophrenia Patients in the Clinical Antipsychotic Tri-

als of Intervention Effectiveness (CATIE) Investigation
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a Phase 1B: double-blind treatment with olanzapine, quetiapine, or risperidone for those patients first assigned to perphenazine.

dividuals who poorly tolerated their previous treatment,
but it also included 1) patients who discontinued their pre-
vious treatment because of inefficacy and did not want to
consider treatment with clozapine, and 2) patients who dis-
continued their previous treatment independently of their
doctor’s recommendation.

Method

Study Setting and Design

The CATIE investigation was initiated by the National Institute
of Mental Health (NIMH) to determine the comparative effective-
ness of antipsychotic drugs. Its rationale, design, and methods
have been previously described in detail (1, 11-14). The study was
conducted between January 2001 and December 2004 at 57 U.S.
clinical sites. In phase 1, patients were randomly assigned to re-
ceive olanzapine, perphenazine, quetiapine, risperidone, or
ziprasidone under double-blind conditions and were followed for
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up to 18 months or until treatment was discontinued for any rea-
son. Patients whose assigned phase 1 treatment was discontinued
could enter phase 2 (12). If the treatment received during phase 1
was perphenazine, patients entered phase 1B in which they were
randomly assigned to receive double-blind treatment with olan-
zapine, quetiapine, or risperidone. If patients again discontinued
treatment in phase 1B, they then entered phase 2.

In phase 2, patients and their study doctor could choose be-
tween two randomization pathways. The “efficacy” pathway
(phase 2E), recommended to individuals who discontinued the
previous treatment because of inefficacy, compared open-label
clozapine to double-blind treatment with olanzapine, quetiap-
ine, or risperidone. The “tolerability” pathway (phase 2T), rec-
ommended to individuals who discontinued the previous treat-
ment because of intolerability, compared double-blind
treatment with olanzapine, quetiapine, risperidone, or ziprasi-
done. The choice between pathways was meant to simulate ev-
eryday practice in which many patients do not accept the recom-
mendation to try clozapine.

Am | Psychiatry 163:4, April 2006
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TABLE 1. Demographic and Clinical Characteristics for Schizophrenia Patients Randomly Assigned to Double-Blind Treat-
ment With Olanzapine, Quetiapine, Risperidone, or Ziprasidone

Olanzapine Risperidone Quetiapine Ziprasidone Total
Characteristic at Phase 2 Baseline (N=108) (N=104) (N=95) (N=137) (N=444)
Mean SD Mean SD Mean SD Mean SD Mean SD
Age (years) 40.0 11.6 41.8 11.0 40.1 10.6 41.3 10.8 40.8 11.0
Education (years) 12.0 1.9 11.8 2.7 12.5 2.1 12.3 2.5 12.1 2.3
PANSS total score (range: 30-210) 79.6 19.5 74.2 17.5 78.0 20.5 76.5 17.3 77.0 18.6
Years since first antipsychotic
medication prescribed 12.9 10.2 13.2 11.1 14.7 10.0 14.3 10.3 13.8 10.4
N % N % N % N % N %
Male gender 73 68 72 69 67 71 96 70 308 69
Race
White 71 66 68 66 57 60 95 69 291 66
Black /African American 33 31 30 29 32 34 37 27 132 30
All other race groups? 4 4 5 5 6 6 5 4 20 4
Spanish/Hispanic/ Latino ethnicity 12 11 16 15 8 8 20 15 56 13
Exacerbation in 3 months prior
to study 26 24 30 29 26 27 31 23 113 25
Antipsychotic received in prior phase
Olanzapine 37 36 34 36 45 33 116 26
Quetiapine 43 40 45 43 49 36 137 31
Risperidone 42 39 42 44 43 31 127 29
Ziprasidone 23 21 22 21 19 20 64 14
Reason for prior phase
discontinuation
Inadequate therapeutic effect 54 50 39 38 37 39 54 39 184 41
Intolerable side effectsP 29 27 46 44 39 41 54 39 168 38
Extrapyramidal 7 6 8 8 1 12 7 5 33 7
Sedation 4 4 4 4 3 3 9 7 20 5
Weight/metabolic© 4 4 18 17 16 17 20 15 58 13

2 American Indian or Alaska Native (<1%), Asian (2%), Native Hawaiian or other Pacific Islander (<1%), and two or more races (1%). One patient

in the risperidone group had missing race data.

b Significant difference among treatments (y2=7.9, df=3, p<0.05). Step-down pairwise comparisons showed that olanzapine significantly dif-
fered from risperidone (p=0.008), quetiapine (p<0.04), and ziprasidone (p<0.04).

¢ Significant difference among treatments (x2=11.5, df=3, p=0.01). Step-down pairwise comparisons showed that olanzapine significantly dif-
fered from risperidone (p=0.001), quetiapine (p=0.002), and ziprasidone (p=0.004).

The present report is limited to results from the phase 2 tolera-
bility pathway. Patients were assigned to a treatment they had not
received in phase 1. Patients eligible to receive ziprasidone were
randomly assigned to ziprasidone or one of the other atypical an-
tipsychotics not previously received in a 2:1:1 ratio. Those who
enrolled in phase 2 before the availability of ziprasidone were as-
signed to a drug not previously received in a 1:1 ratio. Patients
who received ziprasidone during phase 1 were randomly assigned
to olanzapine, quetiapine, or risperidone treatment in a 1:1:1 ra-
tio. If the assigned treatment worked adequately, patients could
continue receiving it until the completion of either 18 months of
study treatment across phases 1 and 2 or until 6 months of treat-
ment in phase 2 (if the 6-month period extended beyond the orig-
inal 18 months).

Participants

Initial inclusion criteria required age between 18 and 65 years,
a diagnosis of schizophrenia (determined by the Structured Clin-
ical Interview for DSM-1V), and appropriateness for oral antipsy-
chotic medication. Exclusion criteria were diagnosis of schizoaf-
fective disorder, mental retardation, or other cognitive disorders;
past serious adverse reactions to any of the proposed treatments;
the current episode of schizophrenia being the patient’s first; his-
tory of treatment resistance, defined by persistence of severe
symptoms despite adequate trials of one of the proposed treat-
ments or prior treatment with clozapine for treatment resistance;
current pregnancy or breast-feeding; or serious and unstable
medical condition.
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The study was approved by an institutional review board at
each site, and written informed consent was obtained from each
patient or their legal guardian.

Interventions

Identical capsules contained olanzapine, 7.5 mg; quetiapine,
200 mg; risperidone, 1.5 mg; or ziprasidone, 40 mg. (Ziprasidone
was approved for use by the Food and Drug Administration after
the study began and was added to the study in January 2002.)
Medications were flexibly dosed (within one to four capsules
daily) on the basis of the study doctor’s judgment. Overlap in the
administration of the phase 1 and phase 2 antipsychotics was
permitted for the first 4 weeks to allow for gradual transition to
the new medication. Concomitant medications were permitted
throughout the trial except additional antipsychotics. Patients
had monthly visits with study doctors.

The drug package inserts for quetiapine and ziprasidone spec-
ify that these drugs are to be given twice daily, whereas olanzap-
ine and risperidone may be given once daily. To protect blinding,
half the patients assigned to olanzapine and risperidone were as-
signed to twice daily dosing and the other half to once daily dos-
ing. To minimize initial side effects, patients assigned to quetiap-
ine began treatment by receiving one 100-mg capsule on days 1
and 2, one twice daily on day 3, and one for the first dose of day 4.
All patients assigned to twice-a-day dosing received five identical
capsules to begin treatment.
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TABLE 2. Treatment Discontinuation Measures Among Schizophrenia Patients Randomly Assigned to Double-Blind Treat-
ment With Olanzapine, Quetiapine, Risperidone, or Ziprasidone

Outcome Olanzapine (N=66)

Risperidone (N=69)

Quetiapine (N=63) Ziprasidone (N=135)

Treatment discontinuation
for any reason

N % N
Subjects discontinuing 44 67 44
Median 95% Cl Median
Kaplan-Meier time to discon-
tinuation (months) 6.3 3.5-9.7 7.0
Hazard Hazard
Ratio 95% Cl Ratio
Cox model treatment
comparisons?
Olanzapine 1.02
Risperidone
Quetiapine
Treatment discontinuation
for inefficacy
N % N
Subjects discontinuing 15 23 18
25th %ile 95% Cl 25th %ile
Kaplan-Meier time to
discontinuation (months) 9.1 3.5 8.3
Hazard Hazard
Ratio 95% Cl Ratio
Cox model treatment
comparisons?: olanzapine 0.82
Treatment discontinuation
for intolerability?
N % N
Subjects discontinuing 13 20 7
Treatment discontinuation (any
reason) by phase 1 subgroup
N % N
Subjects discontinuing who
discontinued phase 1
because of inefficacy® 21 57 17
Median 95% Cl Median
Kaplan-Meier time to discon-
tinuation (months) 9.6 4.6— 6.4
Hazard Hazard
Ratio 95% Cl Ratio
Cox model treatment
comparisons?
Olanzapine 0.76
Risperidone
Quetiapine
N % N
Subjects discontinuing who
discontinued phase 1
because of intolerabilityd 16 80 20
Median 95% Cl Median
Kaplan-Meier time to discon-
tinuation (months) 3.3 1.9-6.5 8.9

% N % N %
64 53 84 104 77
95% Cl Median 95% Cl Median 95% Cl
4.1-10.0 4.0 3.1-4.8 2.8 2.4-4.4
Hazard Hazard
95% Cl Ratio 95% Cl Ratio 95% Cl
0.67-1.55 0.65* 0.43-0.97 0.61** 0.43-0.87
0.64* 0.43-0.95 0.60** 0.42-0.85
0.94 0.67-1.31
% N % N %
26 22 35 42 31
95% Cl 25th %ile 95% Cl 25th %ile 95% Cl
2.9-13.0 4.2 3.0-5.9 4.1 2.4-5.8
Hazard Hazard
95% Cl Ratio 95% Cl Ratio 95% Cl
0.41-1.64 0.50 0.26-0.96 0.49 0.27-0.89
% N % N %
10 11 17 19 14
% N % N %
65 21 88 37 69
95% Cl Median 95% Cl Median 95% Cl
2.7-10.0 4.2 3.0-5.9 2.6 1.8-6.1
Hazard Hazard
95% Cl Ratio 95% Cl Ratio 95% Cl
0.40-1.45 0.39%* 0.21-0.73 0.42%* 0.24-0.73
0.51* 0.26-0.99 0.55 0.30-1.00
1.07 0.62-1.85
% N % N %
63 22 81 42 78
95% Cl Median 95% Cl Median 95% Cl
2.7-13.0 3.8 2.0-7.0 3.1 1.8-6.1

4 Pairwise comparisons of olanzapine, risperidone, and quetiapine via step-down/closed testing. Comparisons of each atypical versus
ziprasidone via Hochberg adjustment. Hazard ratios less than 1 indicate greater time until discontinuation for the first column treat-

ment.

b Kaplan-Meier 25th percentile for discontinuation due to intolerability not estimable because of low event rates.
¢ Subgroup Ns: olanzapine=37, risperidone=26, quetiapine=24, ziprasidone=54.
d Subgroup Ns: olanzapine=20, risperidone=32, quetiapine=27, ziprasidone=54.
*p<0.05, after Hochberg adjustment for multiple comparisons where applicable.

**p<0.01.

Objectives and Outcomes

We hypothesized that there would be significant differences in
the overall effectiveness of olanzapine, quetiapine, risperidone,
and ziprasidone in treating schizophrenia. Because we expected
many discontinuations in phase 1 to be due to weight gain, and
because ziprasidone was expected to cause little or no weight

614 ajp.psychiatryonline.org

gain, we also hypothesized that ziprasidone would be more effec-
tive than the other drugs.

The primary outcome measure was time until treatment dis-
continuation for any reason, a discrete outcome selected because
stopping or changing medication is a frequent occurrence and
major problem in the treatment of schizophrenia. Medication

Am | Psychiatry 163:4, April 2006
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FIGURE 2. Time Until Discontinuation Among Schizophrenia Patients Randomly Assigned to Double-Blind Treatment With

Olanzapine, Quetiapine, Risperidone, or Ziprasidone
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discontinuation integrates patient and clinician judgments of ef-
ficacy, safety, and tolerability into a global measure of effective-
ness and signals the need for a new treatment strategy. A key sec-
ondary outcome was the reason for treatment discontinuation as
judged by the study doctor. Additional secondary efficacy out-
comes included Positive and Negative Syndrome Scale (PANSS)
scores and Clinical Global Impression (CGI) ratings, which were
collected during the study visits at baseline and months 1, 3, 6, 9,
12, 15, and 18. Secondary safety and tolerability outcomes in-
cluded incidence of serious adverse events, incidence of treat-
ment-emergent adverse events, and changes in weight, neuro-
logic side effects, and laboratory analytes.

Statistical Methods

Ziprasidone was added to the trial after 24% of phase 2 enroll-
ment. Because the main aim of phase 2 was the evaluation of
ziprasidone, all effectiveness evaluations were limited to the co-
hort of patients who received at least one dose of study medica-
tion and entered the phase after ziprasidone became available. (A
series of confirmatory analyses including all phase 2 patients
were consistent with the planned analyses.) In order to best char-
acterize side effect profiles, safety outcomes are reported for all
patients assigned to a treatment condition.

Time until phase 2 treatment discontinuation was estimated by
Kaplan-Meier survival curves. Treatment groups were compared
with Cox proportional hazards regression models (15) that ad-
justed for 1) whether the patient had an exacerbation in the 3
months before entering the study, 2) tardive dyskinesia status at
study baseline, and 3) whether the patient was initially assigned
to perphenazine (and thus had an additional treatment phase
prior to entering phase 2). The overall difference between treat-
ments was evaluated with the use of a test with three degrees of
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freedom (df). If significance was reached at a level of p<0.05,
ziprasidone was then compared with each of the other antipsy-
chotics by a Hochberg adjustment for multiple comparisons (16),
in which the largest p value was compared with a value of 0.05
and the smallest p value was compared with a value of 0.017
(0.05/3). In addition, the three atypical groups were compared
with each other via step-down testing: pairwise comparisons
were evaluated only if the p value from the 2 df test was <0.05.
Subgroup analyses were planned in order to compare treatments
separately for those who had previously discontinued due to lack
of efficacy and intolerability.

A sensitivity analysis of the Cox model for treatment discontin-
uation evaluated the effects of potentially important baseline co-
variates and their interaction with treatment group. Covariates
evaluated included demographic and baseline characteristics as
well as treatment received in phase 1 and reasons for discontinu-
ation from phase 1.

Treatment groups were compared in terms of PANSS scores
and CGI severity ratings over time with a mixed model that ad-
justed for the same fixed covariates as for time until discontinua-
tion, plus baseline value, time, and baseline-by-time interactions.
Treatment-by-time interactions were not significant, so treat-
ment groups were compared across the average of all timepoints.
Time was classified into quarterly intervals, represented by
months 3, 6,9, and 12. End-of-phase assessments were assigned
to the next interval. Months 15 and 18 were excluded from analy-
ses because of small sample sizes. The correlation of the repeated
measures was modeled via a random subject intercept and an un-
structured covariance matrix.

Treatment groups were compared for baseline characteristics
on the basis of analysis of variance (ANOVA) or chi-square tests
with 3 df. Overall treatment comparisons for safety outcomes are
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Table 3. Antipsychotic Dose Information for All Patients Randomly Assigned to a Double-Blind Treatment Condition in

CATIE Phase 2

Variable Olanzapine (N=106) Quetiapine (N=95)
Subject Mean Modal Modal Number Subject Mean Modal Modal Number
N Dose (mg) of Capsules N Dose (mg) of Capsules

All patients 101 20.5 2.7 89 565.2 2.8
Patients discontinuing treatment

Lack of efficacy 24 23.0 3.1 35 669 33

Intolerability 20 15.0 2.0 17 453 2.3

Patient decision 22 18.1 2.4 20 510 2.6
Patients completing treatment 30 24.0 32 10 540 2.7

% %

Modal number of capsules

1 11 6

2 33 33

3 18 24

4 33 31

Unknown (early dropouts) 5 6
Reached maximum dose at any time? 48 46

a Percentages for patients taking maximum dose are based on the number of patients with nonmissing dose data (olanzapine: N=63; quetia-
pine: N=61; risperidone: N=63; ziprasidone: N=123). Dose information is not available for some early dropouts.

presented for descriptive purposes. The p values were based on
Poisson regression or an analysis of covariance (ANCOVA), both
of which adjusted for differential duration of phase 2 study drug
in addition to the covariates used in the primary analysis. Fisher’s
exact test was used in cases of small group sizes. For laboratory
parameters, exposure-adjusted ANCOVA least squares means are
presented, but because of skewed distributions, p values are from
arank ANCOVA.

The study was funded by NIMH. The pharmaceutical compa-
nies whose drugs were included donated the drugs and provided
input on the dosage range only for their own drug; they had no
other input in study design, analyses, or interpretation of results.
The manuscript was written solely by the listed authors.

Results

Patient Characteristics and Disposition

Figure 1 depicts the enrollment, allocation, and follow-
up of study patients; 1,493 patients were enrolled in the
study and randomly assigned to a phase 1 treatment. Of
the 1,052 patients who were eligible for phase 2, 99 pa-
tients (9%) entered the efficacy pathway (phase 2E), 444
patients (42%) entered the tolerability pathway (phase 2T)
described in this article, and 509 patients (48%) did not
enter phase 2.

The demographic and clinical characteristics of the
sample at the beginning of phase 2 are shown in Table 1.
The characteristics of patients in each of the groups were
similar with the following exception: because the phase 1
discontinuation reasons and rates differed among the
treatments, and the study design did not allow individuals
to be reassigned to the drug they received in phase 1, the
reasons for phase 1 discontinuation were variably repre-
sented across treatments in phase 2. Patients who were as-
signed to olanzapine during phase 2 had the lowest rates
of phase 1 discontinuation because of intolerable side ef-
fects and the lowest rates of discontinuation due to weight
gain or metabolic side effects.

616

ajp.psychiatryonline.org

The demographic and clinical characteristics of patients
who entered phase 2 were generally representative of the
original phase 1 sample, except that a low proportion of
patients who discontinued the previous phase because of
“patient decision” continued to phase 2T (18%, N=81 of
448). In contrast, higher proportions of patients who dis-
continued the previous phase because of inefficacy or in-
tolerability entered phase 2T (intolerability: 87% [N=168 of
193]; inefficacy: 58% [N=184 of 318]).

There were no substantial differences in concomitant
medications added during the phase between the study
drugs.

Treatment Discontinuation

In phase 2, 74% of the 333 patients in the intent-to-treat
cohort (i.e., excluding the 106 patients assigned before the
availability of ziprasidone) discontinued treatment before
completion of the study. Median treatment duration was 4
months.

Discontinuation outcomes are presented in Table 2 and
Figure 2. There was an overall treatment group difference
in time until discontinuation for any reason (p=0.004). The
time was longer for olanzapine and risperidone (median
6.3 and 7.0 months, respectively) relative to quetiapine
and ziprasidone (4.0 and 2.8 months). Pairwise compari-
sons showed significant differences between olanzapine
and quetiapine, olanzapine and ziprasidone, risperidone
and quetiapine, and risperidone and ziprasidone.

There was an overall treatment group difference in time
until discontinuation because of lack of efficacy (p<0.05),
but no comparisons were statistically significant after ad-
justment for multiple comparisons. There were no overall
treatment group differences for time until discontinuation
because of intolerable side effects.

Discontinuation by reason for phase 1 discontinua-
tion. Discontinuation rates for the patients who discon-
tinued their previous treatment because of intolerability

Am | Psychiatry 163:4, April 2006



STROUP, LIEBERMAN, McEVOY, ET AL.

Risperidone (N=102) Ziprasidone (N=135) Total (N=438)
Subject Mean Modal Modal Number Subject Mean Modal Modal Number Subject Modal Number
N Dose (mg) of Capsules N Dose (mg) of Capsules N of Capsules

95 4.1 2.7 123 115.9 2.9 408 2.8
27 4.4 2.9 42 133.3 3.3 128 3.2
12 3.2 2.1 18 108.9 2.7 67 2.3
16 3.7 2.4 29 93.1 2.3 87 2.4
34 4.4 2.9 31 120.0 3.0 105 3.0

% % %

9 7 8

38 28 33

16 21 20

30 35 32

7 9 7

49 52 49

or lack of efficacy are presented in Table 2 and Figure 3.
There was an overall treatment group difference among
the 184 patients who discontinued their previous treat-
ment because of inefficacy (p=0.004). The olanzapine
group had a significantly longer median time until treat-
ment discontinuation for any reason compared with que-
tiapine and ziprasidone but not risperidone. Risperidone
had a significantly longer time until treatment discontinu-
ation for any reason compared with quetiapine but not
ziprasidone. Quetiapine did not significantly differ from
ziprasidone.

Among the 168 patients who discontinued their previous
treatment because of intolerability, the median time until
phase 2 treatment discontinuation was longest for risperi-
done relative to olanzapine, quetiapine, and ziprasidone,
but the differences among groups were not significant.

Adjustment for covariates and interactions. An ex-
ploratory analysis of time until phase 2 treatment discon-
tinuation for any reason found that patients who discon-
tinued their previous treatment because of weight gain or
metabolic effects stayed in phase 2 longer than other pa-
tients (hazard ratio=0.59, 95% CI=0.40-0.85 [p=0.005]). Re-
sults of the primary treatment comparisons were un-
changed after adjusting for this covariate, both overall and
for the subgroup of patients who previously discontinued
for intolerability. Exploratory analyses also identified a sig-
nificant interaction between olanzapine and whether the
patient had discontinued the previous phase for lack of ef-
ficacy. As reported in the subgroup analyses, patients re-
ceiving olanzapine stayed in phase 2 longer if they had dis-
continued phase 1 due to lack of efficacy versus other
reasons (hazard ratio=0.44, 95% CI=0.24-0.81 [p=0.008]).

Efficacy Measures

Figure 4 shows the mixed model estimated mean
change in PANSS scores over time by treatment group. The
olanzapine group improved more than the quetiapine (es-
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timated mean difference=—6.8, SE=2.4 [p=0.005]) and
ziprasidone (difference=-5.9, SE=2.1 [p=0.005]) groups
but not the risperidone group.

Results for the PANSS positive symptom subscale were
similar to the total score. Significant pairwise differences
were found for olanzapine versus ziprasidone (estimated
mean difference=-3.4, SE=0.7 [p<0.001]), quetiapine (dif-
ference=-3.3, SE=0.8 [p<0.001]), and risperidone (differ-
ence=-1.9, SE=0.7 [p<0.02]). The risperidone group im-
proved more than the ziprasidone group (difference=-1.5,
SE=0.6 [p<0.03]). No treatment differences were found for
PANSS negative symptoms, and results for the PANSS gen-
eral psychopathology subscale mirrored the total score.
No treatment group differences were identified for change
in CGI severity ratings.

Dose and Discontinuation Rates

Table 3 shows the proportion of patients assigned to
each drug whose modal dose was 1, 2, 3, and 4 capsules
during phase 2. The table also shows the modal doses of
subjects according to the reasons for leaving the phase.
For each drug, the highest mean modal doses among pa-
tients who discontinued early were for those who stopped
because of inefficacy.

Adverse Events and Safety Outcomes

Adverse events and side effects rates are listed in Table 4.
Accounting for multiple hospitalizations and for the dif-
ferential time in treatment, the number of hospitalizations
for exacerbation of schizophrenia per person-years of ex-
posure was lower in the olanzapine group (0.28) than in
those receiving risperidone (0.40), ziprasidone (0.48), or
quetiapine (0.70).

Significantly lower rates of insomnia were seen in pa-
tients receiving olanzapine (13%) and quetiapine (16%)
relative to patients receiving risperidone (23%) or ziprasi-
done (31%). Patients receiving risperidone experienced
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FIGURE 3. Time Until Discontinuation Among Schizophrenia Patients Randomly Assigned to Double-Blind Treatment With
Olanzapine, Quetiapine, Risperidone, or Ziprasidone, by Reason for Previous Treatment Discontinuation
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higher rates of adverse effects involving sexual function-
ing (29%) relative to the other groups (11%—-17%). Risperi-
done was also associated with higher rates of gynecomas-
tia or galactorrhea (5%) relative to the other groups (<1%).
More patients receiving quetiapine experienced orthos-
tatic faintness (13%) relative to the other groups (4%-7%).
Patients receiving quetiapine also spontaneously reported
other adverse events more often than did those in the
other treatment groups (34% versus 25%—28%).

Neurologic side effects. There were no differences in
the incidence of extrapyramidal side effects, akathisia, or
abnormal movements between the drugs as reflected by
rating scale measures of severity or reasons for discon-
tinuing treatment.

Weight gain and metabolic changes. Patients receiv-
ing olanzapine gained more weight than did patients re-
ceiving any of the other drugs, with a mean of 1.3 pounds
per month. Patients receiving ziprasidone had a mean loss
of 1.7 pounds per month. Those receiving risperidone and
quetiapine had negligible mean changes in weight over
the course of phase 2. A larger proportion of patients re-
ceiving olanzapine gained over 7% of their baseline body
weight compared with risperidone, quetiapine, and
ziprasidone. No patients receiving ziprasidone discontin-
ued treatment because of weight gain or metabolic side ef-
fects as opposed to patients receiving risperidone (5%),
olanzapine (8%), or quetiapine (10%).

Among the 61 patients who gained over 7% of their body
weight in the previous phase, 42% of those assigned to
ziprasidone lost over 7% of their body weight as compared
to 20% for risperidone, 7% for quetiapine, and none for
olanzapine. Mean weight change in pounds among this
group who gained substantial weight in the previous
phase was —11.3 (SE=4.6) for ziprasidone, —1.4 (SE=3.5) for
618
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risperidone, 0.0 (SE=3.1) for quetiapine, and 2.1 (SE=2.9)
for olanzapine.

Olanzapine was associated with substantial increases in
total cholesterol and triglycerides, whereas risperidone
and ziprasidone were associated with decreases in these
parameters, even after we adjusted for drug exposure (Ta-
ble 4). Only risperidone was associated with a substantial
increase in prolactin levels.

Other adverse events. The medications exhibited no
substantially different effects on the electrocardiographic
QTc interval or incidence of new cataracts. Ziprasidone
was associated with more serious adverse events other
than hospitalizations for schizophrenia than the other
treatments (15% versus 6-11%). Although no clear pat-
tern of serious adverse events was noted, there were two
completed suicides among patients receiving ziprasi-
done. The only other completed suicide was in a patient
taking risperidone.

Discussion

In this group of patients with chronic schizophrenia
who were randomly assigned to a new antipsychotic after
discontinuing a previous antipsychotic drug within the
context of a multiphase randomized clinical trial, olanza-
pine and risperidone were more effective than quetiapine
and ziprasidone as reflected by longer time until discon-
tinuation for any reason.

Our hypothesis that ziprasidone would be most effec-
tive in this “tolerability pathway” was not confirmed, al-
though ziprasidone was associated with weight loss and
favorable changes in lipid parameters. Risperidone was
also associated with modest improvements in weight and
lipid parameters.

This study had broad inclusion and minimal exclusion
criteria and allowed comorbid conditions and concomi-
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FIGURE 4. Change in PANSS Scale Scores Among Schizophrenia Patients Randomly Assigned to Double-Blind Treatment

With Olanzapine, Quetiapine, Risperidone, or Ziprasidone?
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a Estimates of change from baseline are least squares means from a mixed model which assumed that data were missing at random.

tant medications. Study participants had chronic schizo-
phrenia, with an average duration since first treatment
with an antipsychotic drug of almost 14 years. The study
was designed to mimic usual practice. It was conducted at
an array of clinical settings in which people with schizo-
phrenia are treated, and when one antipsychotic drug was
discontinued a subsequent antipsychotic drug trial fol-
lowed. However, because treatment was double-blind, pa-
tient and clinician discomfort with not knowing what
treatment was given may have led to a higher rate of dis-
continuations in this study than would be expected in typ-
ical practice settings. It is important to note that in the
study, as in usual treatment, discontinuation of a drug
does not mean that treatment has failed. Doctors and pa-
tients often work together in multiple drug trials before
one is found that is adequately efficacious, safe, and ac-
ceptable for an individual.

This study did not include aripiprazole, which was ap-
proved by the FDA in November 2002, or any first-genera-
tion antipsychotics. First-generation drugs were omitted
because we had hypothesized that they were less effective
than the second-generation drugs and less well tolerated.
We tested this hypothesis in phase 1 and found that the rep-
resentative first-generation drug, perphenazine, was simi-
lar in effectiveness to quetiapine, risperidone, and ziprasi-
done, and only modestly less effective than olanzapine (1).

The main outcome measure, treatment discontinuation
for any reason, was selected as a global measure of a drug’s
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acceptability and effectiveness. The different characteris-
tics of drugs, patients, and clinicians may lead to variation
in how decisions to discontinue treatment are made. For
example, if unpleasant side effects like sedation or akathi-
sia occur they might lead to early discontinuation, while
weight gain or changes in laboratory chemistries might be
less noticeable initially and could lead to later discontinu-
ations. Similarly, poor control of positive symptoms may
lead to relatively early discontinuation, whereas negative
symptoms may be better tolerated early in treatment.

The results of this study are highly consistent with the
results of phase 1 of the CATIE investigation (1) except for
the fact that risperidone was somewhat more effective in
this phase. We compared the characteristics of patients
entering this phase to those in phase 1 to understand the
reasons for this difference. The most striking difference
was that most individuals who discontinued phase 1 due
to “patient decision,” indicating a lack of agreement be-
tween doctor and patient to continue the medication, did
not enter phase 2. Further, 99 patients who discontinued
the previous phase due to inefficacy entered the phase 2
efficacy pathway, which included clozapine rather than
ziprasidone. Thus, the group of patients enrolled in the
currently reported study had an enhanced proportion of
individuals who poorly tolerated their previous treatment
and who were adherent with their doctor’s recommenda-
tions relative to those in phase 1.
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TABLE 4. Adverse Events Among All Patients in CATIE Phase 2

Assessment

Olanzapine (N=108) Risperidone (N=104)

Hospitalization required
Adverse events
Any serious adverse event
Insomnia
Hypersomnia/sleepiness
Urinary hesitancy/dry mouth/constipation
Sex drive/sexual arousal/sexual orgasm
Gynecomastia/galactorrheaP
Incontinence/nocturia
Orthostatic faintness
Skin rash
Any spontaneous report of moderate/severe adverse event
Neurologic outcomes®
AIMS Severity Index >2
Barnes: Global Clinical Assessment >3
Simpson Angus: mean extrapyramidal symptom scale score >1
Discontinued because of intolerable side effects
Weight/metabolic
Extrapyramidal
Sedation
Other
Weight gain >7% from phase 2 baseline to last observationd

Weight change over course of treatment (Ib/month)

Average weight change over course of treatment (Ib/month)
Blood chemistry changes'
Blood glucose, mg/dl (mean/median)
Adjusted for exposure
Hemoglobin Al1c, % (mean/median)
Adjusted for exposure
Cholesterol, mg/dl (mean/median)
Adjusted for exposure
Triglycerides, mg/dl (mean/median)
Adjusted for exposure
Prolactin, ng/ml (mean/median)
Adjusted for exposure
ECG: change in QTc (msec) to last observation

%

11 15
6 11
13 23
28 22
21 21
17 29
1 5
1 3
7 6
2 6
27 25
9 8
6 3
4 12
19 13
8 5
3 0
0 1
8 8
27 13
Median Range¢ Median Range¢
11 -2.610 8.0 0.1 -5.61t03.5
Mean SE Mean SE
1.3 0.6 -0.2 0.4
14.8/8.5 4.0 8.4/5.0 43
13.8 5.9 6.9 5.8
0.52/0 0.30 0.10/0.10 0.16
0.97 0.3 0.49 0.3
17.9/15.0 3.3 -2.6/2.0 39
17.5 5.2 -3.1 5.2
69.6/29.0 19.7 -27.7/-6.0 13.8
941 21.8 5.2 21.6
5.1/1.1 3.6 22.0/15.6 29
3.0 4.0 24.0 4.0
5.1 3.5 —4.4 33

a Presented for descriptive purposes, p values are from tests (df=3) comparing all treatment groups (percentages: Poisson regression; labora-
tory parameters: ranked analysis of covariance [ANCOVA]; gynecomastia/galactorrhea and discontinuation due to intolerable weight/meta-

bolic effects: Fisher’s exact test).

b percentages are based on the number of female patients (olanzapine:

N=30; quetiapine: N=21; risperidone: N=28; ziprasidone: N=29).

¢ Percentages for AIMS Severity Index are based on the number of patients without tardive dyskinesia and a score <2 at baseline and at least
one post-baseline measure (olanzapine: N=77; quetiapine: N=72; risperidone: N=63; ziprasidone: N=93). Percentages for Barnes assess-
ment are based on the number of patients with a score <3 at baseline and at least one post-baseline measure (olanzapine: N=88; quetiapine:
N=83; risperidone: N=86; ziprasidone: N=107). Percentages for Simpson-Angus scale are based on the number of patients with a score <1
at baseline and at least one post-baseline measure (olanzapine: N=90; quetiapine: N=83; risperidone: N=89; ziprasidone: N=110).

The doses used in the study may have affected the re-
sults because the dose ranges for quetiapine, risperidone,
and ziprasidone may not have been optimal (17, 18). How-
ever, dose ranges in this study were based on input from
the manufacturer of each drug and knowledge of clinical
practice patterns. Moreover, the average prescribed doses
of these drugs in the U.S. for patients with schizophrenia
during the period in which the study was conducted
(olanzapine, 14 mg/day; risperidone, 3.8 mg/day; que-
tiapine, 388 mg/day; ziprasidone, 125 mg/day) (19) were
generally comparable to those in the present study. The
dosing data, which showed that doses associated with dis-
continuations due to lack of efficacy were higher in the
available range than were doses associated with discon-
tinuations due to intolerability or patient decision, sug-
620
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gests that doses were raised in response to inadequate
therapeutic response.

Patients with chronic schizophrenia discontinued an-
tipsychotic study medications at a high rate in both the
first and second phases of the CATIE study, indicating sub-
stantial limitations of the drugs studied. Among the indi-
viduals who discontinued olanzapine, quetiapine, risperi-
done, or ziprasidone immediately before entering the
second phase reported here, olanzapine and risperidone
appeared more effective than quetiapine and ziprasidone
as reflected by longer time until treatment discontinua-
tion for any reason. Olanzapine was the most effective
medication for those who stopped their previous treat-
ment because of inefficacy but not for patients who
stopped their previous treatment because of intolerability
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Quetiapine (N=95) Ziprasidone (N=137) p?
% %
20 16 0.02
8 15 0.01
16 31 <0.001
23 13
27 17
11 15 <0.05
0 1 <0.04
4 4
13 4 <0.05
8 4 <0.05
34 28 <0.02
17 10
6 5
7 4
19 14
10 0 0.004
3 3
1 1
5 10
13 6 0.009
Median Range® Median Range®
0 -8.3106.1 -1.5 -9.1t0 5.7
Mean SE Mean SE
0.1 0.6 -1.7 0.5 <0.001
-0.2/-1.0 4.3 -1.1/0.0 39
1.2 6.0 5.6
0.23/0.10 0.28 0.09/0.10 0.06
0.61 0.3 0.3
4.8/4.0 3.8 -12.5/-9.0 3.5
6.5 53 -10.7 5.1 <0.001
15.5/-2.0 16.8 -29.1/-19.3 10.3
39.3 221 -3.5 20.9 <0.001
-8.3/-3.6 1.9 -3.6/-1.2 2.3
-5.2 4.1 -0.4 3.4 <0.001
1.9 3.7 2.5

d percentages are based on the number of patients with a baseline body weight value and at least one post-baseline measure (olanzapine: N=

94; quetiapine: N=89; risperidone: N=91; ziprasidone: N=111).

€ Range for weight change is the 5th percentile to 95th percentile, which excludes extreme outliers.

f Changes measured from phase 2 baseline to average of two largest values. Patients were instructed to fast; non-fasting results were not ex-
cluded. The exposure-adjusted means are the ANCOVA least squares mean adjusting for whether the patient had an exacerbation in the pre-
ceding 3 months and duration of exposure to phase 1 study drug (olanzapine: N=89; quetiapine: N=81; risperidone: N=85; ziprasidone: N=
106). Since Hemoglobin A1c was added to the protocol as part of a protocol amendment, the number of patients with a baseline and post-
baseline assessment are smaller for this test (olanzapine: N=25; quetiapine: N=19; risperidone: N=31; ziprasidone: N=29).

or other reasons. Risperidone was similarly effective
among patients who discontinued their previous treat-
ment because of intolerability and those who discontin-
ued because of inefficacy.
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