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Objective: The authors compared the ef-
ficacy and safety of three atypical antipsy-
chotics (clozapine, olanzapine, and ris-
peridone) with one another and with
haloperidol in the treatment of patients
with chronic schizophrenia or schizoaffec-
tive disorder.

Method: In a double-blind trial, 157 in-
patients with a history of suboptimal
treatment response were randomly as-
signed to treatment with clozapine, olan-
zapine, risperidone, or haloperidol for 14
weeks (an 8-week escalation and fixed-
dose period followed by a 6-week vari-
able-dose period).

Results: Clozapine, risperidone, and
olanzapine (but not haloperidol) resulted
in statistically significant improvements in

total score on the Positive and Negative
Syndrome Scale. Improvements seen in
total and negative symptom scores with
clozapine and olanzapine were superior
to haloperidol. The atypical drugs, partic-
ularly olanzapine and clozapine, were as-
sociated with weight gain.

Conclusions: The effects of atypical anti-
psychotics in this population were statisti-
cally significant but clinically modest. The
overall pattern of results suggests that clo-
zapine and olanzapine have similar gen-
eral antipsychotic efficacy and that ris-
peridone may be somewhat less effective.
Clozapine was the most effective treat-
ment for negative symptoms. However,
the differences among treatments were
small.

(Am J Psychiatry 2002; 159:255–262)

Clozapine is the established treatment for patients
with schizophrenia who do not respond adequately to
other antipsychotic medications (1). The role of other
atypical antipsychotics in this indication is less clear.
Olanzapine was not more effective than chlorpromazine
in an 8-week trial of very ill, chronically institutionalized
patients with schizophrenia (2). However, another 6-week
study that compared olanzapine to haloperidol in a large
sample of less severely ill inpatients and outpatients with
treatment-resistant schizophrenia found that olanzapine
was superior to haloperidol (3).

Several studies have reported results of risperidone
treatment in patients with refractory schizophrenia or in
those who had achieved partial response. Risperidone and
clozapine appeared to have similar efficacy in one 8-week
trial (4). In another study, however, clozapine was used at
higher doses, and it was superior to risperidone in its ef-
fects on positive symptoms (5). Clozapine appeared to
have higher efficacy than risperidone in two open studies
of patients with treatment-resistant schizophrenia (6, 7).
In patients with refractory schizophrenia, risperidone was
more effective than haloperidol after 4 weeks of treatment,
but that superiority was no longer present after an addi-
tional 4 weeks (8).

Because of methodological differences, it is difficult to
interpret the results of these studies and draw conclusions

across them in terms of the comparative efficacy and
safety of the atypical drugs with respect to conventional
agents and each other. The inclusion criteria and defini-
tion of treatment resistance varied. Some patients had a
history of treatment intolerance rather than treatment re-
sistance (4, 8). The number and the definitions of treat-
ment failures varied. Some studies employed prospective
determination of failure (1, 2), whereas other studies relied
on retrospective data. Thus, these studies are difficult to
compare. The contrast between the results of two olanza-
pine studies (2, 3) may be explained by differences in the
severity of illness in subjects selected (9). Our objective
was to compare four antipsychotics in a single trial.

Method

Patient Group

Subjects were 18- to 60-year-old inpatients at four psychiatric
state hospitals (two in New York and two in North Carolina). For
inclusion in the study, patients were required to have a diagnosis
of DSM-IV chronic schizophrenia or schizoaffective disorder and
suboptimal response to previous treatment, which was defined
by two criteria that needed to be present. The first criterion of
suboptimal response was persistent positive symptoms (halluci-
nations, delusions, or marked thought disorder) after at least 6
contiguous weeks of treatment, presently or documented in the
past, with one or more typical antipsychotics at doses ≥600 mg/
day in chlorpromazine equivalents. The second criterion was a
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poor level of functioning over the past 2 years, defined by the lack
of competitive employment or enrollment in an academic or vo-
cational program and not having age-expected interpersonal re-
lations with someone outside the biological family of origin with
whom ongoing regular contacts were maintained. We are using
the term “suboptimal response to treatment” instead of “treat-
ment resistance” to highlight that our criteria are different from
those used in the multicenter clozapine trial (1). In addition, pa-
tients were required to have a baseline total score ≥60 on the Pos-
itive and Negative Syndrome Scale (10).

Patients were excluded from the study if they had a history of
nonresponse to clozapine, risperidone, or olanzapine, defined as
an unambiguous lack of improvement despite a contiguous ade-
quate trial of risperidone or olanzapine for at least 6 weeks, or clo-
zapine for at least 14 weeks. The longer clozapine trial duration
was required because Meltzer et al. (11) observed that less than
50% of patients who improve with clozapine reach that improve-
ment within the first 6 weeks of treatment. Patients with a history
of clozapine, olanzapine, risperidone, or haloperidol intolerance
as well as those who received a depot antipsychotic within 30
days before randomization were also excluded.

Treatments

During a baseline screening period of 1 to 2 weeks, patients’
prestudy antipsychotic medications were adjusted as needed so
that the daily dose at the end of the screening period did not ex-
ceed 750 mg/day in chlorpromazine equivalents. Other concom-
itant medications such as mood stabilizers and antidepressants
were gradually tapered and discontinued before the patients re-
ceived study medication. After completing baseline assessments,
patients were randomly assigned to one of the four treatment
arms: clozapine, olanzapine, risperidone, or haloperidol. Trial an-
tipsychotics were administered double-blind; all patients had
weekly blood tests. Throughout the trial, each patient received
five tablets twice daily; all tablets looked alike. Psychiatrists blind
to treatment group assignment could change the doses by pre-
scribing various “levels” of medication (detailed explanation of
the procedures available on request). The 14-week trial consisted
of an 8-week escalation and fixed-dose period and a 6-week vari-
able-dose period.

The project was originally designed to compare clozapine, ris-
peridone, and haloperidol and was initiated as a three-arm study
funded by the National Institute of Mental Health (NIMH) in June
1996. Olanzapine became commercially available in October
1996 and became widely used. We therefore decided to add an
olanzapine arm to our study. NIMH agreed, but supplemental
funding was not immediately available. Therefore, with the ap-
proval of NIMH we requested supplemental funding from Eli Lilly
and Company to support this expansion of the project.

The olanzapine arm was added in November 1997 and re-
quired a modified randomization procedure. Because of its late
introduction, subjects were more frequently randomly assigned
to olanzapine than to other treatments in order to ultimately ac-
quire similar numbers of subjects for each of the four treatment
arms. Although this is a frequently used procedure in clinical tri-
als, it entails the potential for a bias that could be manifested as a
cohort effect. However, blind conditions were never compro-
mised, since all tablets looked the same and subjects continued
to be assigned to the original three treatments at rates that were
unknown to the study personnel and the subjects.

During the first 8 weeks of the study, the prestudy antipsychotic
was gradually discontinued while the doses of olanzapine, ris-
peridone, and haloperidol were escalated to their target levels (20,
8, and 20 mg/day, respectively) at which they remained fixed until
the end of the first study period. We endeavored to reach the tar-
get level of clozapine, 500 mg/day, on day 24; then the dose re-

mained fixed until the end of the first study period. These dosing
schedules were adjusted depending on the patient’s clinical sta-
tus, including side effects. Mean dose levels (mg/day) achieved
during this first period of the study (last observation carried
forward) were 401.6 (SD=160.4) for clozapine, 19.6 (SD=2.1) for
olanzapine, 7.9 (SD=2.1) for risperidone, and 18.9 (SD=3.1) for
haloperidol.

During the last 6 weeks of the study, antipsychotic dose was al-
lowed to vary within the following ranges: clozapine, 200–800 mg/
day; olanzapine, 10–40 mg/day; risperidone, 4–16 mg/day; and
haloperidol, 10–30 mg/day. In general, doses were gradually in-
creased if adequate improvement was not achieved. Side effects
could preclude dose escalation and could lead to dose reductions.
Psychiatrists blind to treatment group assignment prescribed all
dose changes. Mean dose levels (mg/day) achieved during this
second period (last observation carried forward) were 526.6 (SD=
140.3) for clozapine, 30.4 (SD=6.6) for olanzapine, 11.6 (SD=3.2)
for risperidone, and 25.7 (SD=5.7) for haloperidol.

Throughout the study, all patients were receiving (double-
blind) either benztropine or benztropine placebo or a combina-
tion of both. Benztropine (4 mg/day) was administered prophy-
lactically to all patients receiving haloperidol. Patients assigned to
atypical antipsychotics were initially receiving only benztropine
placebo, but if the patient’s psychiatrist (who was unaware of the
patient’s antipsychotic assignment) determined clinically that
the patient should be treated for extrapyramidal side effects, a
prescription could be written for “benztropine supplements” that
would result in real benztropine gradually replacing benztropine
placebo (up to 6 mg/day). An analogous arrangement for “sup-
plements” was available to raise the dose of benztropine from 4 to
6 mg/day for emerging extrapyramidal symptoms in patients as-
signed to haloperidol. Propranolol was allowed for the treatment
of akathisia.

Lorazepam, diphenhydramine hydrochloride, or chloral hy-
drate were prescribed open-label (by psychiatrists who were
blind to antipsychotic treatment assignment) as needed for the
treatment of agitation and insomnia in the dose ranges recom-
mended by the manufacturers. No other adjunctive psychotropic
medications (e.g., mood stabilizers and antidepressants) were
allowed.

Assessments

Raters blind to treatment group performed all clinical research
assessments. The Positive and Negative Syndrome Scale (10) was
the principal measure of efficacy. It was administered at baseline
and then weekly during the first month of the study and every
other week thereafter. Every effort was made to ensure that the
same raters provided all ratings in each patient. Two independent
raters performed assessments at baseline, week 8, and week 14 (or
endpoint); the average of these two ratings was included for the
analyses of efficacy, together with the single-rater ratings from the
other time points. (These paired ratings were also used for the as-
sessment of interrater reliability.) One of the paired raters did the
other ratings. One of the Positive and Negative Syndrome Scale’s
original contributors (J.-P.L.) trained the raters (12). The interrater
reliability, estimated by intraclass correlation coefficient (ICC), of
the paired ratings for the Positive and Negative Syndrome Scale
total score at the four sites was high (ICC=0.93–0.98).

Extrapyramidal side effects were assessed by trained raters us-
ing the Extrapyramidal Symptom Rating Scale (13). The time
schedule for the paired and single-rater Extrapyramidal Symptom
Rating Scale assessments was the same as for the Positive and
Negative Syndrome Scale. Interrater reliability for the Extrapyra-
midal Symptom Rating Scale total score for raters at the four sites
was high (ICC=0.86–0.91).
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Statistical Analyses

The total score on the Positive and Negative Syndrome Scale
was adopted as the primary measure of efficacy. We planned two
approaches to analyze all available data from the entire cohort: 1)
the traditional analysis of covariance (ANCOVA) for determining
change over time, with baseline severity as a covariate; and 2) ran-
dom regression hierarchical linear modeling (14–16).

Preliminary data analyses revealed that subjects in our four
treatment groups displayed a statistically significant difference in
symptom severity at baseline. Since hierarchical linear model-
ing—in contrast to the traditional ANCOVA approach—allows for
heterogeneity among treatment groups, the hierarchical linear
modeling analysis was adopted as the primary statistical ap-
proach for our study.

The principal goal of the hierarchical linear modeling analysis
is to estimate and test trajectories that describe individual pat-
terns of change of some characteristics (e.g., symptoms) over
time. The variation in change of a characteristic over time is de-
scribed at each of two levels in the hierarchical linear modeling
model. At level 1, the characteristic is described as varying within
a subject over time as a person-specific change trajectory (plus an
error). At level 2, the person-level change trajectories are viewed
as systematically varying across subjects. The random-effect
component of the hierarchical linear modeling analysis provides
information about the systematic individual differences in
change trajectories over time. The fixed-effect component of the
hierarchical linear modeling analysis provides information about
the mean change trajectory for a group of subjects.

In our hierarchical linear modeling analysis, all repeated as-
sessments of symptom severity over time (i.e., total score on the
Positive and Negative Syndrome Scale for all time points in all
subjects) served as the dependent variable. The symptom change
trajectory in each person was represented by two parameters: the
trajectory’s initial value (intercept) and its slope. The two inde-
pendent factors were treatment group and time. Treatment group
served as the between-subject factor. Time (in weeks) from base-
line was used as the within-subject factor. Interaction between
treatment group and time was included in the model. In order to
account for a site-to-site variation in terms of baseline severity
and change over time, an unstructured covariance matrix with
heterogeneity among participating centers was specified in the
hierarchical linear modeling analysis. The purpose of this provi-
sion was to assure that changes of clinical variables over time
were not confounded by intersite variability.

The analysis had two principal objectives. First, we assessed
whether a significant change over time occurred in any of the four
treatment groups (i.e., the slope of the symptom trajectory signif-
icantly differed from zero; this analysis is analogous to the tradi-
tional test of pre-post difference). Second, we tested whether
there was a slope difference among the four groups in symptom
change trajectories over time. This analysis is analogous to the
traditional test of interaction between time and treatment effects.
The time effect and the slope difference (interaction) effect were
tested by the F statistic.

Measures of Efficacy

Similar to others (2), we adopted the 0.05 alpha level for the
tests involving the Positive and Negative Syndrome Scale total
score, identified a priori as the primary measure of efficacy. If a
significant effect was detected, post hoc analyses were performed
to examine the direction of changes (time effect) or the differ-
ences in change over time among the treatment groups (interac-
tion effect). Post hoc analyses were based on linear functions
(contrast variables) of parameter estimates obtained from the
overall hierarchical linear modeling analysis. The four antipsy-
chotics were compared with each other in six pairwise tests.

Hierarchical linear modeling analyses analogous to those de-
scribed for the primary measure were performed for our second-
ary measures (the Positive and Negative Syndrome Scale sub-
scales and the Extrapyramidal Symptom Rating Scale). The
analyses for the secondary measures were considered explor-
atory. Our objective was to investigate, for each measure, the time
effect of each of the four medications and to determine the differ-
ence in time effects for all six pairs of medications. The alpha lev-
els were corrected for test multiplicity. For the Positive and Nega-
tive Syndrome Scale subscales, there were 12 tests of the time
effect (three subscales, four drugs). This resulted in a corrected al-
pha of 0.0042 (0.05/12). The comparisons of medication effects
that used secondary measures (the three Positive and Negative
Syndrome Scale subscales) were also corrected for test multiplic-
ity. There were 18 tests (three subscales and six pairwise compar-
isons of the four medications for each subscale). Thus the cor-
rected alpha level is 0.0028 (0.05/18).

An analogous correction for test multiplicity was implemented
for extrapyramidal symptom ratings. There were four tests of time
effects (one for each drug; corrected alpha=0.0125 [0.05/4] and six
pairwise comparisons (corrected alpha=0.0083 [0.05/6]).

A nonparametric survival analysis with Kaplan-Meier esti-
mates was used to test whether the four treatment groups differed
in terms of time to attrition (survival) in the study. Adjunctive
medication use was investigated by chi-square analyses (categor-
ical variables) and by analyses of variance (continuous variables).

Results

A total of 167 subjects were randomly assigned to a
treatment group, but 10 of them terminated before receiv-
ing study medication. Thus, the study is based on data
from 157 subjects randomly assigned to treatment with
clozapine (N=40), olanzapine (N=39), risperidone (N=41),
or haloperidol (N=37). Their diagnosis was schizophrenia
(86.0%, N=135) or schizoaffective disorder (14.0%, N=22).
There were 133 male subjects (84.7%). The mean age was
40.8 years (SD=9.2), mean duration of illness was 19.5
years (SD=8.4), and the mean number of hospitalizations
was 10.5 (SD=8.3). There were no statistically significant
differences among treatment arms on any demographic
variable. After complete description of the study to the
subjects, written informed consent was obtained.

The 14-week study was completed by 91 (58.0%) of the
157 subjects. The Kaplan-Meier estimates of the probabil-
ity of completing the study are displayed in Figure 1. The
differences in the attrition rates among treatments were
not statistically significant (log rank test: χ2=1.52, df=3, p=
0.68). The most frequent reason for premature discontinu-
ation (N=22) was consent withdrawal (five patients receiv-
ing clozapine, four receiving olanzapine, eight receiving
risperidone, and five receiving haloperidol). Clinical dete-
rioration caused premature termination in 14 patients
(two receiving clozapine, four receiving olanzapine, two
receiving risperidone, and six receiving haloperidol). Six
patients were discharged and could not be followed up
(three receiving risperidone, and one each from the other
three treatment arms). Hematological problems led to dis-
continuation in three patients receiving clozapine; sei-
zures caused premature termination in four patients (two
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receiving clozapine, two receiving risperidone). The re-
maining 17 premature discontinuations occurred for ad-
ministrative reasons (one receiving clozapine, two receiv-
ing olanzapine, four receiving risperidone, and three
receiving haloperidol), intercurrent illnesses (three receiv-
ing clozapine, one receiving olanzapine, and one receiving
haloperidol), or protocol violations (one receiving cloza-
pine, one receiving olanzapine).

Antipsychotic Efficacy

The Positive and Negative Syndrome Scale mean scores
and standard deviations of the last observations carried
forward are in Table 1 (data for each time point are avail-
able on request).

Analyses of variance showed statistically significant dif-
ferences among the treatment groups at baseline for the
total scores and for negative symptoms. The total scores at
baseline were higher in the clozapine group than in the
other groups, but post hoc pairwise comparisons (six sep-
arate Tukey studentized range tests comparing treatment
groups with each other) indicated no statistically signifi-
cant differences between treatment groups for the total
score. However, post hoc pairwise comparisons showed
that baseline negative symptom scores in the clozapine
group were significantly higher than in the olanzapine
group (Table 1).

The hierarchical linear modeling analysis of the data for
the 14-week trial indicated a statistically significant
change over time for each of the Positive and Negative
Syndrome Scale measures (total score: F=23.9, df=1, 153,
p<0.0001; positive symptoms: F=21.6, df=1, 153, p<0.0001;
negative symptoms: F=6.3, df=1, 153, p<0.02; general psy-
chopathology: F=23.7, df=1, 153, p<0.0001). The time ef-

fects were similar after the first 8 weeks of the trial (avail-
able on request).

Hierarchical linear modeling tests for fixed effects were
used as the first step in the direct comparison of treat-
ments. For the primary measure of efficacy (total score on
the Positive and Negative Syndrome Scale for the entire 14-
week trial [or endpoint]), there was a statistically signifi-
cant interaction between medication and time. This inter-
action indicated a general difference in the efficacy among
the four medications. To interpret this general difference,
we did six pairwise post hoc tests of specific differences be-
tween treatments. Analogous analysis was performed for
the 8-week period (results available on request).

Positive and Negative Syndrome Scale data at 14 weeks
indicated statistically significant improvements in total
score for the three atypical antipsychotics, improvements
in negative symptoms and general psychopathology for
clozapine, and improvements in positive symptoms and
general psychopathology for olanzapine.

Clozapine and olanzapine were superior to haloperidol
in terms of improvement on total score and negative symp-
toms. Haloperidol had no statistically significant effects on
any Positive and Negative Syndrome Scale measure.

The data at 8 weeks (Table 1) exhibit the last observa-
tions carried forward from the period of week 1 to week 8;
observations beyond week 8 were censored. These 8-week
data, which show trends similar to the entire 14-week trial,
are displayed because that time point marks the end of the
fixed-dose part of the study. Furthermore, this display fa-
cilitates comparisons with studies ending at 8 weeks (8) or
earlier. These ancillary results were corrected for test mul-
tiplicity in a way analogous to the results for the entire 14-
week study. Symptom improvements were clinically mod-
est. A standard measure for effect size (Cohen’s d [17]) was
adopted to describe improvement produced by each of
the four drugs in statistical terms. The effect size index for
each group was expressed as the ratio of the mean abso-
lute improvement to the standard deviation within group.
The effect sizes of the improvement in total score on the
Positive and Negative Syndrome Scale at 14 weeks for clo-
zapine, olanzapine, risperidone, and haloperidol were
0.33, 0.51, 0.18, and 0.11, respectively. As expected in a
study group selected for suboptimal response to treat-
ment with typical antipsychotics, haloperidol had no ben-
eficial effects.

Since the olanzapine arm was added after the study had
run for approximately 15 months, we considered the possi-
bility of a cohort effect confounding our data. To explore
this, we classified the patients in the clozapine, risperidone,
and haloperidol arms (N=118) into two cohorts: those
started before (N=68) and after (N=50) the introduction of
the olanzapine treatment arm. The difference in Positive
and Negative Syndrome Scale total score between baseline
and endpoint was tested. An ANOVA showed no cohort ef-
fect (F=0.22, df=1, 117, p=0.64) or a cohort-by-medication
interaction (F=0.51, df=1, 116, p=0.60). For subjects who

FIGURE 1. Attrition Among 157 Inpatients With Chronic
Schizophrenia or Schizoaffective Disorder Randomly As-
signed to Treatment With Clozapine (N=40), Olanzapine
(N=39), Risperidone (N=41), or Haloperidol (N=37)

a Determined by a nonparametric survival analysis with Kaplan-
Meier estimates.
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began the study before and after the introduction of the
olanzapine arm, the mean baseline severity (Positive and
Negative Syndrome Scale total score) was 91.4 (SD=13.8)
and 94.1 (SD=15.9), respectively. The mean overall im-
provement over the entire 14-week trial was 2.7 (SD=19.6)
for those who started the study before olanzapine was
added and 5.5 (SD=15.6) for those who started after. To
explore this difference, we computed the improvements
separately for each drug. A cohort effect would be expected
to affect equally all three medication groups. Mean im-
provements for those who started the study before and af-
ter the introduction of the olanzapine arm, respectively,
were 6.48 (SD=22.00) and 7.05 (SD=18.69) for those given
clozapine, –0.03 (SD=20.07) and 7.92 (SD=12.48) for those
given risperidone, and 1.68 (SD=15.78) and 1.62 (SD=15.51)
for those given haloperidol. Thus, although the cohort-by-
medication interaction was not significant, we see that the
slightly better overall effect for those who started the study
after olanzapine was introduced was largely attributable to
patients in one medication group (risperidone). Similar re-
sults were obtained for the positive symptoms, negative
symptoms, and general psychopathology subscales. Thus,

although we cannot prove that there was no overall cohort
effect, these and other computations (available on request)
failed to detect it.

Since negative symptoms may be in part secondary to
extrapyramidal side effects (18), we repeated the hierar-
chical linear modeling analyses of negative symptoms
with the Extrapyramidal Symptom Rating Scale total score
as a covariate. The results of the analyses were not sub-
stantially affected by this covariate. Thus, the differences
in treatment effects on negative symptoms were not medi-
ated by those extrapyramidal side effects that are mea-
sured by the Extrapyramidal Symptom Rating Scale.

For clinical reasons, clozapine dose was escalated more
slowly than the doses of the other medications. It was
therefore possible that the aforementioned analyses did
not adequately assess the effect of clozapine; some of the
last observations in the clozapine group were perhaps ob-
tained while the patients had not yet reached their full
therapeutic doses. To explore this issue, we repeated the
efficacy analyses for the subset of patients who completed
the first 4 weeks of the study. (Thus, this was not a set of
last observations carried forward). There were 33 patients

TABLE 1. Positive and Negative Syndrome Scale Scores of Inpatients With Chronic Schizophrenia or Schizoaffective Disorder
Randomly Assigned to Treatment With Clozapine (N=40), Olanzapine (N=39), Risperidone (N=41), or Haloperidol (N=37)

Positive and Negative 
Syndrome Scale 
Measure and Drug

Score Analyses

Baselinea

After 8
Weeks of 

Treatmentb 

After 14 
Weeks of 

Treatmentb 
8-Week Change 
From Baselinec

14-Week Change 
From Baselinec

Superiority Over 
Haloperidol
at 14 Weeksd

Mean SD Mean SD Mean SD t (df=661) p t (df=982) p t (df=982) p
Total 

Clozapine 97.6 17.1 90.0 13.2 90.9 15.8 –4.1 <0.0001 –4.1 <0.0001 –2.7 <0.007
Olanzapine 91.0 13.5 85.3 17.1 81.9 21.8 –2.9 <0.004 –4.0 <0.0001 –2.6 <0.02
Risperidone 89.5 13.8 86.0 18.1 86.4 20.1 –2.2 <0.03 –2.0 <0.04
Haloperidol 90.4 11.6 88.5 14.6 88.7 16.6

Positive symptoms
Clozapine 25.7 7.1 23.2 6.5 23.4 7.1 –3.7 <0.0003 –2.6 <0.009
Olanzapine 24.9 6.2 22.9 6.8 21.6 8.0 –2.7 <0.008 –3.5 <0.0006
Risperidone 23.1 5.3 21.5 6.5 21.2 6.8 –2.2 <0.03
Haloperidol 24.3 5.0 23.2 6.2 22.8 6.5

Negative symptoms
Clozapinee 25.1 5.9 23.1 4.9 23.5 4.9 –3.9 <0.0001 –3.9 <0.0001 –4.2 <0.0001
Olanzapine 21.7 4.2 20.6 5.9 20.1 6.3 –2.4 <0.02 –3.1 <0.002
Risperidone 23.1 6.4 22.9 6.3 22.9 6.9 –2.2 <0.03
Haloperidol 21.9 5.3 22.4 5.2 22.6 5.6 2.0 <0.05

General psychopathology
Clozapine 46.8 8.6 43.7 6.5 43.9 7.4 –3.3 <0.001 –4.3 <0.0001 –2.6 <0.009
Olanzapine 44.3 7.7 41.8 8.0 40.2 10.3 –2.6 <0.01 –4.0 <0.0001 –2.4 <0.02
Risperidone 43.3 6.6 41.6 8.4 42.3 9.4 –2.2 <0.03
Haloperidol 44.3 5.9 42.9 7.4 43.4 8.1

a Significant pretreatment differences were found for total score (F=2.7, df=3, 156, p<0.05) and negative symptoms (F=3.2, df=3, 156, p<0.05);
post hoc pairwise comparisons showed that negative symptom scores were significantly higher in patients assigned to clozapine than in
those assigned to olanzapine (p<0.05, Tukey’s studentized range test).

b Last observation carried forward.
c Determined by using hierarchical linear modeling time slope of fixed effects; for tests of the primary outcome measure (Positive and Nega-

tive Syndrome Scale total score), significance was set at p≤0.05. For the secondary outcome measures (Positive and Negative Syndrome Scale
subscales), corrections were applied for test multiplicity, with significance set at p≤0.0042. All tests reaching the nominal value of p≤0.05 are
displayed.

d Determined by using hierarchical linear modeling estimate of slope differences; for tests of the primary outcome measure (Positive and Neg-
ative Syndrome Scale total score), significance was set at p≤0.05. For the secondary outcome measures (Positive and Negative Syndrome
Scale subscales), corrections were applied for test multiplicity, with significance set at p≤0.0028. All tests reaching the nominal value of
p≤0.05 are displayed.

e Hierarchical linear modeling estimate of slope differences also revealed superiority (at the nominal value of p≤0.05) over haloperidol at 8
weeks (t=–2.9, df=661, p<0.004) and over risperidone at 8 weeks (t=–2.2, df=661, p<0.03) and 14 weeks (t=–2.0, df=982, p<0.05).
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receiving clozapine, 33 receiving olanzapine, 35 receiving
risperidone, and 32 receiving haloperidol. At 4 weeks, the
average daily dose of clozapine in these 33 patients was
453 mg (SD=66.6). The results of the hierarchical linear
modeling analysis of these data indicated a statistically
significant change over time for the main efficacy measure
(overall time effect for Positive and Negative Syndrome
Scale total score: F=26.2, df=1, 129, p<0.0001). The interac-
tion between medication and time reached statistical sig-
nificance (F=3.32, df=3, 963, p<0.02). The tests of fixed ef-
fects of time for each group were significant for clozapine
(t=–4.3, df=963, p<0.0001), olanzapine (t=–4.2, df=963,
p<0.0001), and risperidone (t=–2.0, df=963, p<0.04). Post
hoc pairwise comparisons revealed superiority of cloza-
pine over haloperidol (t=–2.8, df=963, p<0.006) and of
olanzapine over haloperidol (t=–2.6, df=963, p<0.01).
Thus, the results in this subset of patients who completed
at least 4 weeks were essentially the same as those re-
ported for the entire set at 14 weeks. Analogous analyses
were performed for the positive, negative, and general
psychopathology subscales of the Positive and Negative
Syndrome Scale; these analyses essentially again repli-
cated the results obtained in the complete set at 14 weeks.
Thus, these analyses provided no support for the notion
that the slower escalation rate of clozapine confounded
the principal results.

Extrapyramidal Symptoms

The hierarchical linear modeling analysis of fixed effects
for extrapyramidal symptoms showed a significant time
effect for both the 8-week (F=22.8, df=1, 152, p=0.0001)
and 14-week data (F=24.1, df=1, 152, p=0.0001) but no sig-
nificant interaction between time and medication. De-
creases in scores on the Extrapyramidal Symptom Rating
Scale occurred with each of the atypical antipsychotics
(Table 2). No significant results were detected for the total
Extrapyramidal Symptom Rating Scale score, dyskinesia,
or akathisia. Similar to the data in Table 1, the tests are cor-
rected for multiplicity.

Benztropine was administered prophylactically to all pa-
tients assigned to haloperidol, but for patients receiving
the three atypical antipsychotics it was prescribed only if
needed. The prescribers were blind as to the antipsychotic
treatment assignment; benztropine usage could thus be

employed as a variable reflecting the prescribers’ percep-
tion of the severity of the extrapyramidal side effects. We
determined the number of patients assigned to atypical
antipsychotics receiving benztropine after the first 2 weeks
of the study. (The first 2 weeks were excluded in order to
minimize carryover effects from prestudy treatments.)

The 8-week data indicate that benztropine was pre-
scribed for 7.5% (N=3 of 40) of the patients receiving cloza-
pine, 5.1% (N=2 of 39) of those receiving olanzapine, and
29.3% (N=12 of 41) of those receiving risperidone (χ2=11.8,
df=2, p=0.003). The data for the entire 14 weeks were simi-
lar: benztropine was prescribed for 12.5% (N=5) of the pa-
tients receiving clozapine, 12.8% (N=5) of those receiving
olanzapine, and 31.7% (N=13) of those receiving risperi-
done (χ2=6.32, df=2, p=0.04). Thus, benztropine prescrip-
tions were significantly more frequent among patients
assigned to risperidone, reflecting higher perceived fre-
quency or severity of extrapyramidal side effects in the ris-
peridone group.

Other Adverse Events

Agranulocytosis occurred in one patient receiving clo-
zapine; there was full recovery. Two additional clozapine
patients, two risperidone patients, and one haloperidol
patient developed neutropenia. Four patients receiving
clozapine developed seizures. Hypertensive episodes oc-
curred in two clozapine patients.

The average weight gains (in kg) were as follows: cloza-
pine=4.2, olanzapine=5.4, risperidone=2.3, and haloperi-
dol=0.2. Details are reported elsewhere (19).

Agitation and insomnia were treated as needed with
lorazepam, chloral hydrate, or diphenhydramine. The us-
age differences between treatment arms were not statisti-
cally significant.

Discussion

Clozapine and olanzapine were therapeutically superior
to haloperidol on our principal measure of efficacy (Posi-
tive and Negative Syndrome Scale total score). This supe-
riority was not mediated by the extrapyramidal symptoms
assessed with the Extrapyramidal Symptom Rating Scale.
Clozapine, olanzapine, and risperidone (but not haloperi-

TABLE 2. Extrapyramidal Symptoms in 157 Inpatients With Chronic Schizophrenia or Schizoaffective Disorder Randomly
Assigned to Treatment With Clozapine, Olanzapine, Risperidone, or Haloperidol

Extrapyramidal Symptom Rating Scale Score Analyses

Baseline
After 8 Weeks 
of Treatmenta

After 14 Weeks 
of Treatmenta

8-Week Change 
From Baselineb

14-Week Change 
From Baselineb

Drug Mean SD Mean SD Mean SD t (df=662) p t (df=962) p
Clozapine (N=40) 6.3 4.4 5.3 3.9 5.1 3.8 –2.2 <0.03 –2.8 <0.005
Olanzapine (N=39) 5.1 4.1 3.7 3.5 3.8 3.1 –3.4 <0.0008 –4.0 <0.0001
Risperidone (N=41) 5.7 3.8 4.7 3.4 4.8 3.6 –3.2 <0.002 –2.8 <0.005
Haloperidol (N=37) 4.7 3.3 4.7 3.7 4.4 3.6
a Last observation carried forward.
b Determined by using hierarchical linear modeling time slope of fixed effects; corrections were applied for test multiplicity, with significance

set at p≤0.0125.
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dol) showed significant reductions in total score on the
Positive and Negative Syndrome Scale.

The relative lack of efficacy of haloperidol was expected
in view of the subject selection criteria. Patients who failed
to respond to any typical antipsychotic were eligible.
Thus, we included patients who had failed to respond to
haloperidol. However, those who showed a clear failure to
respond to clozapine, olanzapine, or risperidone were ex-
cluded. This selection bias, shared with many other stud-
ies, would be expected to result in data that tend to show
superior efficacy of atypical antipsychotics.

The pattern of weight gains we observed with atypical
antipsychotics is in agreement with other published data
(20). The observation of neutropenia in patients receiving
risperidone and haloperidol highlights the fact that clo-
zapine is not the only antipsychotic that causes this side
effect (21).

We used high doses of all medications because we did
not want to risk the possibility of undertreatment in this
severely ill population selected for suboptimal previous
treatment response. During the first 8 weeks of the study,
our target dose of risperidone was 8 mg/day; this was the
modal daily dose for adult inpatients in New York State
hospitals at the time when our study was designed. The
modal dose of 7.5 mg/day of risperidone is used clinically
for long-term hospitalized adult psychiatric patients (22)
and for patients with treatment-resistant schizophrenia
(7). In a study that assigned patients to 1, 4, 8, 12, or 16 mg/
day of risperidone, the optimal doses were 4 and 8 mg/
day; 8 mg/day was slightly more effective than 4 mg/day
(23). Another randomized double-blind study of chronic
schizophrenia that compared two dose regimens of ris-
peridone—4 and 8 mg/day—with placebo demonstrated
optimal effects with the 8 mg/day dose (24). The average
dose of risperidone was 8.95 mg/day in a study of patients
with treatment-resistant schizophrenia (6). Thus, our tar-
get fixed dose of risperidone in period 1 was close to the
doses used by many clinicians and investigators in similar
patient populations.

However, other authors have used the dose of 6 mg/day
for patients with refractory schizophrenia (8), and this dose
is considered clinically optimal in many populations. We
are not aware of any efficacy study comparing the risperi-
done doses of 6 and 8 mg/day. Plasma levels with these two
dosage schedules overlap almost completely (25).

During the variable-dose period of the study (weeks 9–
14), the dose increases of risperidone, clozapine, and halo-
peridol did not result in any beneficial effects. The Positive
and Negative Syndrome Scale scores at the end of 8 and 14
weeks were almost identical for these medications. How-
ever, there seemed to be some additional improvement
with the elevation of olanzapine dose, and this dose in-
crease could explain the difference between our results
and those of a prior study (2), which had failed to find a
difference and had used a lower dose of olanzapine. The
dose of risperidone during the second period of the study

was probably too high; this represents a limitation of the
study.

On the basis of these results, we conclude that atypical
antipsychotics are more effective than haloperidol in
chronic patients with a history of suboptimal response to
treatment. However, the effects were modest and their
clinical significance limited. Regarding general antipsy-
chotic efficacy, the results (including effect sizes) suggest
that clozapine and olanzapine are similar while risperi-
done appeared somewhat less effective. Similarity of clo-
zapine and olanzapine effects in patients with treatment-
resistant schizophrenia was recently demonstrated in a
large study (26).

Clozapine was the most effective treatment for negative
symptoms. However, the differences among treatments
were small. This study cannot answer the question of
whether patients who do not respond to risperidone or
olanzapine would eventually respond to clozapine; there
is evidence suggesting that this is a possibility (27). Our re-
sults indicate the benefits of atypical antipsychotic drugs
and also their limitations, particularly when the drugs are
used as monotherapeutic agents in patients with chronic
and refractory illness.
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