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Double-Blind Study of Clozapine Dose Response
in Chronic Schizophrenia

George M. Simpson, M.D., Richard C. Josiassen, Ph.D., Joseph K. Stanilla, M.D., 
Jose de Leon, M.D., Chand Nair, M.D., George Abraham, M.D., 

Aruby Odom-White, M.D., and Ralph M. Turner, Ph.D.

Objective: This study explored the relative efficacy of three different doses of clozapine.
Method: Fifty patients who met Kane et al.’s criteria for treatment-refractory schizophrenia
or schizoaffective disorder were studied. All subjects were randomly assigned to 100, 300,
or 600 mg/day of clozapine for 16 weeks of double-blind treatment. Forty-eight patients
completed this first 16 weeks. Of the 50 patients, 36 went on to second and third 16-week
trials of double-blind treatment at the remaining doses. Results: Four subjects (8%) re-
sponded to the first 16-week condition, and one subject (2%) responded to the next 16-
week crossover condition. A chi-square comparison of the response rates from the three
dose groups failed to show a significant effect. An analysis of variance (ANOVA) com-
parison of Brief Psychiatric Rating Scale—Anchored (BPRS-A) total change scores
from baseline to last observation carried forward showed a significant dose effect
(600>300>100 mg/day) at 16 weeks of treatment. A crossover ANOVA of the BPRS-A total
scores from the 48-week study also showed that the main effect for dose was highly sig-
nificant; the 100-mg/day dose gave the higher (poorer) values, and the 300- and 600-mg/
day doses gave equal (better) values. Gender played a role in clinical response to treat-
ment at 100 mg/day. Conclusions: Clozapine treatment at 100 mg/day was less effective
than at 300 or 600 mg/day. At 100 mg/day, women responded better than did men. The 600
mg/day group had the best results, but an occasional patient required up to 900 mg/day.
Overall response rates were lower than expected. 

(Am J Psychiatry 1999; 156:1744–1750)

The introduction of chlorpromazine by Delay and
Deniker (1) represented a major advancement in the
treatment of schizophrenia and other psychoses. In
the following 20 years, other, similar neuroleptic
agents with different chemical structures became
available. Some were more potent than others, but all

shared a common mechanism of action that centered
on dopamine 2 receptor antagonism. None appeared
to be superior to the others in terms of clinical effi-
cacy, and all of the neuroleptics produced an array of
distressing extrapyramidal symptoms that varied in
form and severity. These early antipsychotic drugs
were introduced without systematic multiple-dose
studies, and, unfortunately, it took many years to un-
derstand that high equivalent doses were associated
with more side effects and, in some cases, a poorer
treatment response (2).

Clozapine was initially tested in the 1970s (3) and
represented the beginning of a new generation of anti-
psychotic agents. Early U.S. studies suggested that cloz-
apine had an atypical side effect profile; it appeared not
to produce extrapyramidal side effects such as tardive
dyskinesia and akathisia. It was associated with a
higher risk for agranulocytosis. The drug was also asso-
ciated with a higher risk of seizures; this risk seemed to
be related to dose or plasma level . The paradoxical ef-
fect of hypersalivation was also observed. While cloza-
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pine was not marketed in the United States because of
the risk for agranulocytosis, it continued to be used in
some European countries with success.

In a landmark study, Kane et al. (5) showed that
30% of the patients with schizophrenia with treat-
ment-refractory psychotic symptoms responded to
clozapine, whereas only 4% of comparable patients re-
sponded to chlorpromazine. The Kane et al. study was
important for several reasons. 1) It was the first study
to show that one neuroleptic drug was significantly
more effective than another in treating positive psy-
chotic symptoms. 2) The study suggested that cloza-
pine treatment may be associated with improvement of
the negative symptoms of psychosis. 3) Finally, and
perhaps most important, the Kane et al. study showed
that a significant proportion of the patients with the
treatment-refractory symptoms of schizophrenia re-
sponded to clozapine, although all of the patients had
been resistant to prior treatment with at least three
neuroleptic agents.

The Kane et al. study led to worldwide interest in
clozapine, treatment-refractory schizophrenia, and the
development of other atypical neuroleptic agents.
When clozapine was reintroduced into the United
States, little was known about either the optimal dose
or optimal length of treatment. However, it soon be-
came clear that, as with earlier neuroleptic agents, U.S.
psychiatrists tended to use higher clozapine doses than
did European psychiatrists (6). The Kane et al. 6-week
study used flexible dosing up to 900 mg/day of cloza-
pine, with mean peak doses exceeding 600 mg/day.
Longer treatment trials were suggested by Meltzer (7),
who found in an open study that 6 months of cloza-
pine treatment yielded a 50% response rate. A recent
double-blind study by Rosenheck et al. (8) suggested a
lower response rate for clozapine than that reported by
either Kane et al. or Meltzer and a higher response rate
for the typical neuroleptic haloperidol. The respective
response rates at 6 weeks for clozapine and haloperi-
dol were 24% and 13%, and 37% and 32% after 1
year, respectively.

Our study was designed to provide information
about the appropriate dose of clozapine. In a double-
blind manner, we examined patients with treatment-re-
fractory schizophrenic symptoms in an initial trial of at
least 4 months, using three different clozapine doses:
100, 300, and 600 mg/day. Patients who completed the
4-month study but did not respond to clozapine were
further studied with the two other double-blind cloza-
pine doses, each for a 4-month period.

METHOD

Subjects

Fifty individuals with chronic psychosis were either recruited or
referred for clozapine treatment from a large population of state
hospital patients. The Kane et al. (5) criteria were followed for se-
lecting patients with treatment-refractory symptoms of schizophre-
nia. All subjects 1) met the DSM-III-R criteria (verified by the Struc-

tural Clinical Interview for DSM-III-R) for either schizophrenia or
schizoaffective disorder; 2) had not shown satisfactory clinical re-
sponse to treatment with at least three neuroleptic drugs (each given
for at least 6 weeks in doses equivalent to 1000 mg/day of chlor-
promazine); 3) had Clinical Global Impression (CGI) (9) scale rat-
ings of moderately ill; and 4) had Brief Psychiatric Rating Scale—
Anchored (BPRS-A) (10) total scores of at least 45, with ratings of
moderately ill on at least two of the four BPRS-A positive symptoms
(i.e., hallucinatory behavior, conceptual disorganization, unusual
thought content, and suspiciousness). Table 1 shows the demo-
graphic and clinical characteristics for the entire study group. The
current hospital stay ranged from 1 to 38 years; the group had an es-
timated median of five psychiatric hospitalizations (range=1–25).
The duration of the current hospitalization was inversely related to
the number of hospitalizations (e.g., two patients had single docu-
mented hospitalizations of 35 and 38 years). In short, the selected
experimental group had severe treatment-refractory symptoms that
had affected their individual lives for a quarter of a century or more
and precipitated numerous psychiatric hospitalizations.

Design

Overview of the 16-week cross-sectional trial. All patients signed
informed consent forms and were transferred to the 32-bed research
unit of the Norristown State Hospital Clinical Research Center,
where they adapted to their new environment for at least 4 weeks
without any modifications in their medication regimens. During this
adaptation period (the naturalistic baseline), weekly systematic eval-
uations of psychopathology were initiated; these continued through-
out the remainder of the 16 weeks of study. The evaluations included
the BPRS-A, the CGI scale, and the Scale for the Assessment of Neg-
ative Symptoms (SANS) (11) for psychopathology.

After this naturalistic baseline period, an attempt was made to
place all patients on a regimen of 10 mg/day of haloperidol treat-
ment (haloperidol phase) for an additional 4 weeks as both a direct
test for treatment response and as a standardized preparation for
clozapine treatment. Of the 50 subjects, 44 entered the haloperidol
phase, and none showed clinical improvement; in fact, on average,
the group showed a worsening of symptoms. The other six patients
did not enter the haloperidol phase, either because of prior sensitiv-
ity to haloperidol or because there were problems managing them on
the ward. These six continued their naturalistic baseline treatment
(fluphenazine: N=3, chlorpromazine: N=2, thioridazine: N=1). At
the conclusion of the haloperidol phase, all subjects were randomly
assigned to one of the three dose groups for 16 weeks of double-
blind treatment. Briefly, this was a cross-sectional trial wherein each
patient was randomly assigned to one dose of clozapine. Table 2
provides details for each of the three dose groups. There was no pla-
cebo control group in this investigation.

TABLE 1. Demographic and Clinical Characteristics of 50 Pa-
tients With Treatment-Refractory Schizophrenia or Schizoaf-
fective Disorder

Characteristic Mean SD N %

Age (years) 44.8 9.6
Age at illness onset (years) 19.7 4.8
Duration of illness (years) 25.1 8.3
Current stay at hospital (years) 8.6 10.5
Gender

Male 22 44
Female 28 56

Race
Caucasian 43 86
African American 7 14

Diagnosis
Schizoaffective disorder 11 22
Schizophrenia 39 78

Disorganized 4 8
Paranoid 4 8
Undifferentiated 31 62
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Overview of the 48-week longitudinal design. Throughout the ini-
tial 16-week study, all patients were evaluated for treatment re-
sponse. Following the procedures of Kane et al., treatment respond-
ers were defined as those who had either CGI scores of less than 3 or
BPRS-A total scores of less than 35 and who showed 20% reduc-
tions in their BPRS-A total scores between their naturalistic baseline
ratings and their ratings from the 16th week of the trial. Responders
were either discharged from the hospital or transferred to another
unit where their treatment was switched to open use of clozapine
without disclosure of doses. Those judged to be nonresponders were
offered the opportunity to continue in another 16-week, double-
blind clozapine trial in a balanced crossover trial with one of the two
other study doses. If treatment failure again occurred during these
16 weeks, a third 16-week treatment period was offered to the sub-
jects, using the final study dose. Therefore, in this 48-week study, a
patient could participate in a series of three 16-week trials, receiving
double-blind clozapine treatment with all three study doses. For ad-
ministrative reasons, the first 10 subjects were not eligible to con-
tinue after the original 16-week trial. Of the remaining 40 patients,
36 patients began and completed the entire 48-week, double-blind
study. Table 3 provides details for each of the three dose groups.

Double-blind titration schedule. All subjects received the same
number of identical capsules each morning and each afternoon. An
initial dose of 25 mg was administered on the first day, 50 mg on
each of the second and third days (divided equally between morning
and evening doses), 75 mg on each of the fourth and fifth days (di-
vided into a 25-mg dose in the morning and a 50-mg dose in the
evening), and 100 mg on each of the sixth and seventh days (divided
into a 25-mg dose in the morning and a 75-mg dose in the evening).
The dose was then titrated upward by 100 mg per week for the first
3 weeks and thereafter at a rate of 200 mg per week until the as-
signed double-blind dose was achieved. Thus, those patients who
were randomly assigned to 100 mg/day of clozapine achieved the as-
signed dose by the end of the first week, whereas those randomly as-
signed to 300 mg/day or 600 mg/day of clozapine achieved the as-

signed dose by the end of the third and fifth weeks, respectively. To
decrease a dose when necessary for a subsequent 16-week trial, the
dose was titrated downward at a rate and in increments identical to
the rate and increments of the dose increases.

Definitions of dropouts and completers. Any patient who with-
drew from the study because of adverse effects or medical complica-
tions before 2 weeks of active clozapine treatment was classified as a
dropout and was not considered in any analysis. Patients who expe-
rienced a worsening of symptoms during any 16-week treatment
phase were monitored closely. A decision could have been made to
discontinue the current dose and move on to the next 16-week treat-
ment phase. Any patient who received his or her randomly assigned
dose of clozapine for 2 weeks was considered a completer, and his or
her last observation was carried forward for end-point analysis. The
only noncompleters in the first 16-week trial were two patients who
withdrew from the study for medical reasons (ruptured appendix
and intestinal resection).

Evaluations

The BPRS-A, CGI, and SANS scale scores were assessed by four
research psychiatrists or senior fellows who were blind to clozapine
doses (J.K.S., J.d.L., C.N., and A.O.-W.). During the baseline, halo-
peridol, and first clozapine phases, ratings were assessed weekly.
During subsequent 16-week treatment phases, ratings were assessed
monthly. Each rater followed his or her assigned patients through all
of the 16-week phases. The reliability of the ratings was monitored
in two ways. 1) Weekly patient rating sessions were conducted by us-
ing either hospital patients or training tapes (including recom-
mended anchor points), followed by a detailed discussion by all rat-
ers. Informal interrater reliability was computed each week, and any
drift or discrepancies in ratings were discussed. 2) After 6 months
and then at 1-year intervals, formal intraclass correlation coeffi-
cients (ICC) (12) were computed for the BPRS-A total scores. ICCs
were 0.85, 0.89, and 0.92 for the raters.

Statistical Analysis

Patients were included in the statistical analyses even if they did
not complete a full 16-week treatment period. If a patient had re-
ceived his or her randomly assigned treatment dose for 2 weeks but
could not continue because of severity of symptoms, his or her last
available observation was carried forward for analysis. Table 2 and
table 3 indicate the duration of clozapine treatment for both the 16-
and 48-week treatment phases. Table 4 combines the treatment re-
sponses across all 48 weeks. SPSS 7.5 for Windows was used to per-
form all statistical analyses, with the exception of the crossover anal-
ysis of variance (ANOVA) of the 48-week data set. All significance
tests were performed by using two-tailed probabilities with an alpha
level of 0.05.

Data were grouped in two ways for statistical analysis. The first
group consisted of all patients who completed the initial 16 weeks
of clozapine treatment. Of the original 50 patients recruited, 48

TABLE 2. Duration of Individual Treatment for 48 Patients With
Treatment-Refractory Schizophrenia or Schizoaffective Dis-
order During 16-Week Clozapine Triala

Dose (mg/day)

Number of Subjects Duration of Clozapine 
Treatment (weeks)

Total
Completed

16-Week Trial Median Range

100 14 12 16 9–16
300 17 17 16 5–16
600 17 15 16 7–16
a Not every patient completed the entire 16 weeks of the dosing

trial. As a rule, if a patient had attained the maximum assigned
dose for 2 weeks, his or her data were carried forward for end-
point analysis. Two subjects in both the 100-mg/day and 600-mg/
day groups had their last observations carried forward.

TABLE 3. Duration of Individual Treatment for 36 Patients With
Treatment-Refractory Schizophrenia or Schizoaffective Dis-
order During 48-Week Crossover Clozapine Triala

Dose (mg/day)

Number of Subjects Duration of Clozapine 
Treatment (weeks)

Total
Completed

16-Week Trial Median Range

100 36 18 16 9–16
300 36 28 16 5–16
600 36 28 16 7–16
a Not every patient completed the entire 16 weeks of each dosing

trial. If a patient had attained the maximum assigned dose for 2
weeks, his or her data were carried forward for end-point analy-
sis. All 36 patients included were treated with 100, 300, and 600
mg/day, with the order of doses randomly assigned. As shown,
18 of 36 taking 100 mg/day, eight of 36 taking 300 mg/day, and
eight of 36 taking 600 mg/day had their last observations carried
forward.

TABLE 4. Response of Patients With Treatment-Resistant
Schizophrenia or Schizoaffective Disorder to 100, 300, or 600
mg/day of Clozapine

Response or 
Nonresponse Category

Patients Receiving Clozapine

100
mg/day
(N=36)

300
mg/day 
(N=42)

600
mg/day 
(N=41)

Response according to Kane criteria 0 2 3
Nonresponse

Completed trial without response 20 32 27
Terminated early 0 1 5

Concurrent medical problems 0 1 1
Worsening of psychosis 0 0 4

Terminated after reaching dose 16 7 6
Clozapine side effects 0 3 3
Worsening of psychosis 16 4 2
Administrative 0 0 1
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were deemed to have completed the initial 16-week, double-blind
treatment phase and were included in the analysis. Of these, 44 sub-
jects (92%) had actually completed the entire 16-week treatment
period; four had data carried forward. The second group consisted
of all patients who completed the first 16 weeks of clozapine treat-
ment plus the two additional 16-week treatment periods. Of the
original 50 patients, 36 completed the entire 48-week study and
were included in the analysis. These groups are referred to as the
16- and 48-week data sets.

The 16-week data set was analyzed in several ways. Initially, a chi-
square analysis of response rates was performed with patients cate-
gorized as responders or nonresponders following the criteria of
Kane et al. Next, mean BPRS-A total score change from the natural-
istic baseline to the last observation carried forward was evaluated.
Total scores were computed by using all individual BPRS-A items.
The univariate ANOVA model included one between-subject fac-
tor—group (three levels: 100 mg/day, 300 mg/day, and 600 mg/day).
Post hoc pairwise comparisons were performed by using Tukey’s
honestly significant difference test. Finally, an exploratory ANOVA
model included two between-subject factors—group (three levels:
100 mg/day, 300 mg/day, and 600 mg/day) and gender (two levels)—
including the group-by-gender interaction.

The 48-week analytic approach was modified. Here, a crossover
analysis of variance design (four by three) as described by Kirk (13)
was used because all 36 subjects appeared in each of the three dose
groups. Each patient was randomly assigned to the first dose and
then received second and third treatment doses. In the crossover
ANOVA design, four dependent variables were entered into the
model (clozapine week 4, 8, 12, and 16 BPRS-A total scores from
each dosing period) as a within-subject factor (time), along with an-
other within-subject factor—group (three levels: 100 mg/day, 300
mg/day, and 600 mg/day). The crossover model assumed that there
were no interactions.

RESULTS

None of the patients responded to treatment with
haloperidol, confirming the selection of patients with
treatment-refractory symptoms for this study. It is in-
teresting that, as shown in table 5, many of them
showed a worsening of symptoms during the stan-
dardized lead-in period with haloperidol treatment.
When we used the criteria of Kane et al., four patients
(8%) responded to the first clozapine dose and one
subject (2%) to the next clozapine dose. None of the
patients responded to the third clozapine dose. Of the
five responders, two subjects responded to a dose of
300 mg/day, three to 600 mg/day, and none to 100
mg/day. A chi-square test comparing rates of respond-
ers and nonresponders during the first 16-week period

across the three dose groups was nonsignificant (χ2=
3.5, df=2, n.s.).

Results of the 16-week study (N=48). Mean BPRS-A
total scores across the first full 16-week study are dis-
played in figure 1. Table 5 summarizes mean scores.
No significant naturalistic baseline differences were
observed between the treatment groups. Levene’s test
of equality of error variance showed that the error
variance for the change scores from the naturalistic
baseline to the last observation carried forward was
equivalent across groups (F=0.05, df=2, 45, p>0.93).
An ANOVA of between-group differences in BPRS-A
total change scores from baseline to the last observa-
tion carried forward revealed a statistically signifi-
cant dose effect (F=3.35, df=2, 45, p<0.04). Two-
way comparisons by means of Tukey’s honestly sig-
nificant difference test (p<0.05 criterion) revealed
that the 600-mg/day group had a better clinical re-
sponse than the 300-mg/day and 100-mg/day groups.
The comparison between the 300-mg/day and 100-
mg/day groups failed to reach statistical significance
(p=0.13).

We wondered whether gender contributed to the
overall variance in a systematic fashion. Therefore,
another ANOVA was performed with both group
(three levels: 100 mg/day, 300 mg/day, and 600 mg/
day) and gender (two levels) as main effects, as well
as the group-by-gender interaction. First, Levene’s
test of equality of error variance showed that the er-
ror variance with gender included was equivalent
across groups (F=0.74, df=5, 41, p>0.64). In an
ANOVA of between-group differences from baseline
to the last observation carried forward, a significant
group effect was again obtained (F=5.08, df=2, 41, p<
0.01). Gender was not statistically significant (F=
1.54, df=1, 41, p>0.22), and the group-by-gender in-
teraction failed to reach statistical significance (F=
0.56, df=2, 41, p>0.57). Two-way comparisons by
means of Tukey’s honestly significant difference test

TABLE 5. Brief Psychiatric Rating Scale—Anchored (BPRS-A)
Total Scores for Patients With Treatment-Refractory Schizo-
phrenia or Schizoaffective Disorder Who Received 100, 300, or
600 mg/day of Clozapine

Dose 
(mg/day)

Naturalistic
Baseline 

Score

Haloperidol
Baseline 

Score

Last
Observation

Carried 
Forward 
Score 

(week 16)

Change 
From

Naturalistic 
Baseline 

Score

Mean SD Mean SD Mean SD Mean SD

100 (N=14) 46.07 2.14 51.93 3.68 49.43 3.38 –3.4 11.08
300 (N=17) 46.94 2.26 49.53 2.28 45.88 2.33 1.1 10.82
600 (N=17) 49.76 1.84 49.71 2.57 42.76 2.92 7.0 11.67

FIGURE 1. BPRS-A Total Scores During 16 Weeks of Clozapine
Treatment for Patients With Schizophrenia or Schizoaffective
Disorder
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again revealed that the 600-mg/day group had a bet-
ter clinical response than both the 300-mg/day (p<
0.14) and 100-mg/day (p<0.01) groups. The differ-
ence between the 300-mg/day and 100-mg/day
groups failed to reach statistical significance (p=
0.51). Figure 2 plots the mean BPRS-A total change
scores across dose groups with scores separated by
gender. It is interesting that for the 100-mg/day dose,
a difference in clinical response was observed be-
tween men and women (women responded more than
men), which was not seen for the other two doses.

Results of the 48-week study (N=36). Mean BPRS-A
total scores across the entire 48-week study are shown
in figure 3. Each of the three dosing phases across the
48 weeks were 16 weeks in length, with data from each
dosing period represented as week 4, 8, 12, or 16. This
analysis included a total of 36 subjects. In the cross-
over analysis, the main effect for group was highly sig-
nificant (F=9.91, df=2, 34, p<0.0001), with the 100-
mg/day dose showing the highest (poorest) values and
the values of the 300-mg/day and 600-mg/day doses
being approximately equal. The main effect for time
was also significant (F=6.47, df=3, 34, p<0.01). There
was no group-by-time interaction term in this cross-
over model.

Because of the limited range of response, no attempt
was made to study the relationships of plasma levels of
clozapine. At a descriptive level, however, all respond-
ers had levels that were greater than 350 ng/ml of cloz-
apine (not including norclozapine). Extrapyramidal
symptom results from this group have been reported
elsewhere and essentially showed that clozapine did
not cause rigidity or akathisia (14, 15).

DISCUSSION

A group of state hospital patients was treated with
three different doses of clozapine in a 48-week, dou-
ble-blind study. The study initially began as a 16-week
cross-sectional investigation (N=48) that was extended
into a 48-week longitudinal study (N=36), with indi-
vidual patients receiving a trial with each of the three
doses (16 weeks each). The number of patients who
improved to the point that they were judged to be re-
sponders by using the Kane et al. criteria was small
compared to other studies of the efficacy of clozapine.
If we consider all the patients treated across the entire
48-week, double-blind study, approximately 10% (five
of 48) demonstrated sufficient clinical improvement to
be considered treatment responders. Four additional
patients responded to clozapine when they received
open medication at higher doses (800–900 mg/day),
but even adding these additional patients brought
the number of responders to only 19% (nine of 48).
Clearly, these results, based on the Kane et al. response
criteria, are at variance with the bulk of the findings on
clozapine efficacy.

The reasons for this lower response rate are not
clear, but several factors need to be considered. 1) The
patients enrolled in this study were chronically ill, per-
haps more chronically ill than other groups reported in
the literature. 2) The Kane et al. criteria for treatment
response are categorical and, perhaps, insensitive to
modest clinical gains. 3) The demonstration of clinical
response was strongly influenced by the choice of base-
line measure. 4) The raters may have been highly con-
servative in their assessment of symptoms across time.
Each of these possibilities will be considered in turn.

The first relates to the general problem of patient se-
lection and subject variance across hospital sites. As
shown in table 1, for our group, mean age was 44.8
years; mean duration of illness was 25.1 years. The

FIGURE 2. BPRS-A Total Change Scores for 36 Patients With
Schizophrenia or Schizoaffective Disorder From Naturalistic
Baseline to Last Observation Carried Forward With Three Dif-
ferent Clozapine Dosesa

a Although the interaction did not reach statistical significance, it is
interesting that the curves for men and women are equivalent at
the 300-mg/day and 600-mg/day doses. While taking the 100-mg/
day dose, the women, on average, showed no change, whereas
the men, on average, worsened.
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mean duration of the current hospitalization was 8.6
years (range=1–38); the group had an estimated me-
dian of five hospitalizations (range=1–25). The pivotal
Kane et al. sample of 319 patients (5) was nearly a de-
cade younger; the mean age was 35.7 years. The Lin-
denmayer et al. sample (16) had a mean age of 34 years
and a duration of illness of 15 years, and the Lieber-
man et al. (17) study group had a mean age of 28 years
and a duration of illness of 9 years. Clearly, the pa-
tients enrolled in this study were older and extremely
chronically ill, indeed, to our knowledge, more chron-
ically ill than other subject groups reported to date.
Lieberman et al. (17) found poorer clozapine response
was associated with age at onset (19 years or less) and,
to a lesser extent, duration of illness (9 or more years).
In addition, at the time of our study, treatment with
clozapine had commenced in the state hospital. More
than 100 state hospital patients had already begun
treatment with clozapine and, therefore, were not eligi-
ble for our study. This biases our study group in the
sense that the majority of the remaining patients were
much more difficult to manage clinically and many
had additional comorbid medical problems. Perhaps
these opaque subject factors combined to result in a
lowering of the rate of clinical response.

The second possibility relates to the issue of defining
treatment response. According to Kane et al., the a pri-
ori definition of treatment response to clozapine is cat-
egorical: patients with either a CGI of less than 3 or a
BPRS-A total score of less than 35 who showed a 20%
reduction in their BPRS-A total score. It is possible that
some of our chronically ill patients responded to cloz-
apine at a level that was clinically meaningful but was
below the threshold of improvement sufficient to meet
these a priori criteria. This would be consistent with
general clinical observations that the majority of pa-
tients treated with clozapine, who are not terminated
because of side effects, tend to improve according to
ward staff and relatives, although these impressions
are often found to be made on the basis of an improved
level of social function, a reduction in level of aggres-
sion, and fewer periods of isolation and restraint. Our
group showed a significant decline in BPRS-A total
scores across both the 16-week and the 48-week eval-
uations, although the level of improvement was below
the Kane et al. threshold. It is not surprising that a pre-
liminary analysis of part of these data with less strin-
gent response criteria showed much more of a response
rate than reported here (18).

A third possible reason for the low response rate
may relate to the issue of baseline selection. With treat-
ment response partly defined as a 20% reduction in the
BPRS-A total score, the initial baseline calibration of
symptom severity is critical. This baseline selection
strongly influences the determination of treatment effi-
cacy. In our design, two legitimate baselines were avail-
able. The first option was the naturalistic baseline, and
the second option was the haloperidol baseline; the 1-
week washout was not considered a valid baseline. Ex-
amination of figure 1 and table 5 shows that symptom

severity at these two potential baselines was different.
Group BPRS-A total scores worsened when patients
were placed on 4 weeks of haloperidol treatment as
compared to the naturalistic baseline. When an explor-
atory ANOVA was performed by using BPRS-A total
change from haloperidol baseline to last observation
carried forward, it was interesting that the basic results
did not change although the magnitude of BPRS-A
changes scores was greater. On close inspection, the
absence of greater statistical significance resulted from
a twofold increase in the level of variance between the
naturalistic baseline and the haloperidol baseline. The
switch to haloperidol as a standardized lead-in to the
clozapine treatment significantly increased the level of
“noise” in the data. We compared the efficacy of cloz-
apine against the real-life level of clinical care within
this state hospital. It may be the case that research de-
signs requiring patients to be switched to some stan-
dardized neuroleptic (such as haloperidol) may artifi-
cially worsen the clinical condition of the study group
at baseline and thus inflate the actual effects of the
treatment. Akathisia was present in fewer than 20% of
the subjects during the natural baseline but in over
40% of the subjects after 4 weeks of haloperidol treat-
ment, 10 mg/day.

A fourth possible reason for the low response rate
may relate to our raters being highly conservative in
their ratings of symptoms across time. Admittedly, the
study was done within the context of a large state hos-
pital, where the expectations for clinical improvement
are often modest. While acknowledging that our raters
may have adopted modest expectations for clinical im-
provement, it is worth noting that all ratings were on
the basis of defined anchor points. Moreover, weekly
group ratings were performed and scores were dis-
cussed by all raters by using a heterogeneous selection
of inpatients, outpatients, and training tapes in an ef-
fort to guard against various kinds of rater drift.

On the basis of the negative findings of treatment
response by using the Kane et al. criteria, it is tempting
to assume that the results shed little light on the ques-
tion of clozapine dose response. However, this was
not the case. When we used the Kane et al. criteria, no
patient responded to 100 mg/day of clozapine. Indeed,
almost 50% of the patients at this dose had a worsen-
ing of their psychosis and had to be terminated from
this phase of the study. In contrast, only 9% of the pa-
tients were terminated from the 300-mg/day dose,
whereas 4% were terminated from the 600 mg/day
dose for a worsening of their psychosis. On the basis
of the ANOVA results of both the 16- and 48-week
data sets, we were able to conclude that there was a
statistically significant dose response. In the case of
the 16-week data, there was a significant difference
between 600-mg/day response and response from the
other two doses; however, in the 48-week data set, the
300-mg/day and 600-mg/day responses were equiva-
lent; both were better than the 100-mg/day response.
The small group size precluded the establishment of
any relationships between clozapine blood levels and
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clozapine response. However, all patients who did re-
spond had blood levels in the range of 350 ng/ml of
clozapine. Notably, one subject required 900 mg/day
to reach this value.

It is interesting that the cross-sectional 16-week
analysis yielded more statistically powerful findings of
a dose effect than was found in the 48-week crossover
analysis. In general, when patients are used as their
own control subjects in a repeated-measures design,
the dose response effect is stronger. However, with this
data set, the crossover design introduced uncontrolled
sources of variance, such as carryover effects from the
previous dose and time, and these could not be system-
atically partitioned in our analysis. Nonetheless, we
are not aware of any other multiple-dose, double-blind
studies. A recent 12-week, double-blind clozapine
study investigated patients with low (50–150 ng/ml),
medium (200–300 ng/ml), or high (350–450 ng/ml)
blood levels of clozapine that were achieved with mean
doses of 165, 373, and 511 mg/day, respectively (19).
This study suggests that therapeutic blood levels are
higher than 250 ng/ml (mean dose=373 mg/day) when
using equally divided doses and blood drawn approxi-
mately 12 hours after the last dose. Prior studies using
an evening dose or blood drawn in less than 12 hours
after clozapine administration recommended higher
blood levels. Hasegawa et al. (20) recommended 370
ng/ml (mean dose=385 ng/ml), Perry et al. (21) recom-
mended 350 ng/ml (mean dose=384 mg/day), Potkin et
al. (22) recommended 420 mg/ml (mean dose=400 mg/
day), and Kronig et al. (23) recommended 350 ng/ml
(mean dose=484 mg/day). Therefore, it appears that
the average patient needs to be treated with at least
300–600 mg/day of clozapine to achieve a therapeutic
response. It is also clear that some patients need higher
doses to obtain this response.
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