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The large numbers of partial clozapine responders represent a major therapeutic challenge. Unfortunately, there are no clear data to

support how best to treat these patients. This study examines the efficacy and safety of adjunctive risperidone in a well-defined

treatment-resistant population optimally treated with clozapine. A total of 69 inpatients and outpatients with DSM-IV schizophrenia or

schizoaffective disorder entered a 16-week double-blind, placebo-controlled, randomized clinical trial. Of them, 33 participants were

randomized to risperidone and 36 were randomized to placebo. There was no significant group difference in the predefined response

criteria. There were modest group differences for Brief Psychiatric Rating Scale (BPRS) positive symptoms, which were significant in the

completer analysis (F¼ 5.70; df¼ 1, 70.3; p¼ 0.02; ES¼ 0.27) but not the intent-to-treat (ITT) analyses (F¼ 3.01; df¼ 1, 77.5; p¼ 0.09;

ES¼ 0.19). A similar pattern was found for the BPRS total score, with the completer analysis showing a significant improvement in the

risperidone group (F¼ 5.21; df¼ 1, 64.9; p¼ 0.03; ES¼ 0.27), whereas the ITT analysis was not significant (F¼ 3.52; df¼ 1, 71.3;

p¼ 0.06; ES¼ 0.22). In addition, there was a small, but significant, group difference for negative symptoms, as measured by the SANS

total score, which favored the risperidone group (F¼ 5.67; df¼ 1, 78.7; p¼ 0.02; ES¼ 0.24). There were no significant group differences

on safety measures, including neuropsychological test and extrapyramidal symptom scores. A significant elevation of prolactin in the

risperidone group was observed. The study results suggest that adjunctive risperidone may have a modest benefit for treatment-resistant

clozapine patients. The study results are discussed in the context of previous double-blind studies of adjunctive risperidone.

(clinicaltrials.gov, trial number: NCT00056498).
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INTRODUCTION

Clozapine is the only antipsychotic that has been found to
show superior efficacy for treatment-resistant schizophre-
nia (Kane et al, 1988; Buchanan et al, 1998; Lewis et al, 2006;
McEvoy et al, 2006). Unfortunately, o50% of people
prescribed clozapine will adequately respond, which leaves
a substantial proportion with ongoing, often debilitating,
positive symptoms (Buchanan et al, 1998; Rosenheck et al,
1998; Kane et al, 2001; McEvoy et al, 2006). These partial or
poor clozapine responders represent a major therapeutic
challenge and raise the question of how best to treat them.
The major emerging treatment trend is to add a second

antipsychotic medication, with risperidone commonly used
for this purpose, although there is little empirical evidence
to support the efficacy of this approach.
The rationale for the use of adjunctive risperidone is

based, in part, on the differential actions of risperidone
and clozapine on the dopamine D2 receptor. Risperidone is
a potent dopamine D2 receptor antagonist, with a compar-
able level of striatal D2 receptor binding as haloperidol
(Kapur et al, 1996; Kapur et al, 1999). In contrast, clozapine
has relatively low affinity for striatal D2 receptors and
even at high doses occupies o65% of these receptors
(Kapur et al, 1999). In addition, D2 receptors regulate two
intracellular signaling cascades, the Gi/o and b-arrestin 2
pathways, with the Gi/o pathway hypothesized to be
critical for the efficacy of antipsychotics (Beaulieu et al,
2007; Masri et al, 2008). Risperidone shows potent
antagonistic activity for both the Gi/o and b-arrestin 2
pathways, whereas the antagonistic activity of clozapine is
limited to the b-arrestin 2 pathway (Beaulieu et al, 2007;
Masri et al, 2008).Received 5 January 2010; revised 10 June 2010; accepted 16 June 2010
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There is also indirect evidence to support the utility of
adjunctive risperidone. A series of studies have compared
the differential effect of clozapine and haloperidol on
immediate early gene induction, in which clozapine
uniquely induces c-fos, fos B, and fra2 gene expression in
the prelimbic/prefrontal cortex, whereas haloperidol un-
iquely induces c-fos expression in the substantia nigra
(Nguyen et al, 1992; MacGibbon et al, 1994; Cochran et al,
2002). Both drugs induce early genes in the caudate/
putamen and nucleus accumbens, but the specific genes
vary across drug and anatomical site (Nguyen et al, 1992;
MacGibbon et al, 1994; Cochran et al, 2002). The two drugs
also produce a differential pattern of regional cerebral blood
flow (rCBF) activation, with clozapine producing a greater
rCBF increase in the anterior cingulate and dorsolateral
prefrontal cortex, and haloperidol producing a greater rCBF
increase in the dorsal and ventral striatum (Lahti et al,
2003). In combination, these studies suggest that clozapine
and haloperidol may exert their therapeutic actions through
different brain regions or neural circuits. If risperidone
shares some of these actions with haloperidol, through the
shared mechanism of potent D2 receptor antagonism, then
risperidone could exert differential and possibly comple-
mentary effects to clozapine on the various brain regions
implicated in antipsychotic efficacy (Holcomb et al, 1996;
Lahti et al, 2003).
Four previous studies have examined the use of

adjunctive risperidone in partial or poor clozapine respon-
ders (Josiassen et al, 2005; Anil Yağcioğlu et al, 2005; Honer
et al, 2006; Freudenreich et al, 2007). Two studies found
significant benefits of adjunctive risperidone for either total
psychopathology or positive symptoms (Josiassen et al,
2005; Freudenreich et al, 2007), whereas the other studies
failed to find any significant differences (Anil Yağcioğlu
et al, 2005; Honer et al, 2006). Adjunctive risperidone has
also been shown to worsen some measures of cognition
(Honer et al, 2006; Kivircik Akdede et al, 2006) and to cause
significant elevations in prolactin (Anil Yağcioğlu et al,
2005; Freudenreich et al, 2007) and blood glucose (Honer
et al, 2006). In light of the contrasting efficacy results and
potential adverse effects, it remains unclear whether this
augmentation strategy is of sufficient clinical benefit to
warrant the risk of increased adverse events. The current
randomized clinical trial was designed to examine the
efficacy and safety of adjunctive risperidone for the
treatment of positive symptoms, with the secondary aim
to examine the effect of this combination on cognition,
metabolic and motor side effects, and negative symptoms.

PARTICIPANTS AND METHODS

Inpatients or outpatients, between 18 and 65 years, who met
DSM-IV criteria for schizophrenia or schizoaffective
disorder were selected for study entry. Participants were
diagnosed using a best estimate diagnostic approach that
used information from the Structured Clinical Interview for
DSM-IV (First et al, 1997), direct assessment, family
informants, and past medical records. Participants were
judged by their primary treating clinician to be clinically
stable, in the nonacute phase of their illness. They met the
following treatment-resistance criteria: (1) Brief Psychiatric

Rating Scale (BPRS; Overall and Gorham, 1962) total score
of X45 or Clinical Global Impression (CGI) severity of
illness item score of X4; and (2) BPRS positive symptom
item total score of X8, with one or more item rated X4.
They were required to have had an adequate clozapine trial,
defined as clozapine treatment for X6 months on a dose
that produced a clozapine plasma level of X350 ng/ml or a
clozapine + norclozapine plasma level of X450 ng/ml (Perry
et al, 1991; Kronig et al, 1995). Participants who met DSM-
IV diagnosis of alcohol or substance abuse (other than
nicotine) within the past month, alcohol or substance
dependence (other than nicotine) within the past 6 months,
or mental retardation, or had an unstable medical condi-
tion, were excluded. Participants treated previously with
adjunctive risperidone at X8mg/day for at least 6 weeks
were excluded.
The IRB of the University of Maryland School of Medicine

approved the study protocol and informed consent
procedures. Written informed consent was obtained from
all participants after study procedures had been fully
explained and before study participation. The ability of
the participants to provide valid informed consent was
documented using study-specific procedures.

Clinical Assessments

The BPRS positive symptom item total score was used to
assess positive symptom change. The four BPRS positive
symptom items are: conceptual disorganization, hallucina-
tory behavior, unusual thought content, and suspiciousness.
The BPRS anxiety/depression factor was used to assess
affective symptom change. The modified Scale for the
Assessment of Negative Symptoms (SANS; Buchanan et al,
2007) total score was used to assess negative symptom
change. The CGI severity of illness item was used to assess
global changes. The Level of Functioning scale (LOF; Hawk
et al, 1975) was used to assess social and occupational
functioning.
The BPRS, SANS, and CGI were obtained at the evaluation

phase weeks 0 and 4 and biweekly during the 16-week
double-blind treatment phase. The LOF was obtained at
evaluation phase week 4 and double-blind treatment phase
week 16. Intraclass correlation coefficients for these
instruments ranged from 0.76 to 0.90. All raters were blind
to treatment assignment.
The Drug Attitude Inventory (DAI; Awad, 1993) is a self-

report scale designed to assess subjective response to
antipsychotic treatment. Each item is scored true/false.
The DAI was obtained at double-blind treatment phase
week 16.

Neuropsychological Assessments

Participants were administered a neuropsychological test
battery at evaluation phase week 4 and at double-blind
treatment phase week 16. The battery included the following
tests: attention: 2,3,4 Continuous Performance Test (Corn-
blatt and Keilp, 1994); executive function: Trails Making
Test A and B (Reitan, 1958) and Wisconsin Card Sorting
Test (Heaton et al, 1993); motor speed: Grooved Pegboard
(Matthews and Klove, 1964); processing speed: WAIS-III
Digit Symbol Test; response generation: Category Fluency
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Test (Lezak, 2004) and Controlled Oral Word Association
(Benton and Hamsher, 1989); verbal memory: Hopkins
Verbal Learning Test (HVLT; Brandt, 1991); visual memory:
Brief Visuospatial Memory Test-Revised (BVMT; Benedict,
1997); working memory: Hershey Visuospatial Working
Memory (Hershey et al, 1998) and WAIS-III Letter-Number
Sequencing (LNS; Gold et al, 1997). Alternate forms of the
HVLT and BVMT were used for the two test occasions.

Safety Assessments

The Simpson Angus Scale (SAS; Simpson and Angus, 1970),
the Abnormal Involuntary Movement Scale (AIMS; Guy,
1976), and the Barnes Akathisia Scale (BAS; Barnes, 1989)
were used to assess extrapyramidal symptoms (EPS),
dyskinetic movements, and akathisia, respectively. The
SAS, AIMS, and BAS were administered at evaluation phase
week 4 and biweekly during the 16-week double-blind
treatment phase.
A standard chemistry panel, complete blood count,

urinalysis, and EKG were obtained at evaluation phase
week 0 and at double-blind treatment phase week 16. The
Side-Effect Checklist (SEC) was used to assess side effects
and monitor vital signs. Height was measured using a wall-
mounted stadiometer. Weight was measured on a digital
scale after participants had removed shoes, outerwear, and
pocket contents. The SEC comprises 22 common side
effects, which are rated on a 1 (none) to 4 (severe) scale. The
SEC ratings were conducted at evaluation phase week 4 and
biweekly during the 16-week double-blind treatment phase
by a nonblind pharmacist. Clozapine blood levels and
prolactin levels were obtained at evaluation phase week 4
and at double-blind treatment phase week 16.

Study Design

Participants who met inclusion criteria entered the 4-week
evaluation phase during which they underwent medical
screening and baseline symptom, safety, and cognitive
assessments. Participants who continued to meet inclusion
criteria entered the 16-week double-blind treatment phase
and were randomized to risperidone 4mg (two 2mg
capsules) or placebo (two capsules). The risperidone 4mg
dose was chosen to balance the need for increased
dopamine blockade while minimizing EPS associated with
excessive dopamine blockade. Randomization was stratified
by in-patient status. If a participant could not tolerate their
study medication, they were instructed to skip a dose and
were then re-challenged with the prescribed dose. If the
participant was still unable to tolerate their study medica-
tion, then the dose could be lowered by 1mg increments to
alleviate side effects. All participants were maintained on
their baseline clozapine dose. Clozapine dosage adjustments
were not allowed during the course of the study.
Medication compliance was assessed by weekly pill count.

All participants who received X75% of their assigned study
medication were considered compliant.

Statistical Analyses

Positive symptom improvement was examined through a
responder analysis and change in BPRS positive symptom

item total score. In the preplanned primary analysis,
repeated measures logistic regression was to be used to
compare the probability of being in a state of response in
the two groups (Liang and Zeger, 1986). Treatment response
was defined a priori as a X20% reduction in the BPRS
positive symptom total score and a BPRS positive symptom
item total score o8 on one or more of the last four biweekly
ratings.
Intent-to-treat (ITT) and completer analyses were used to

examine change in BPRS positive symptom item total score.
The ITT analysis approximates treatment effectiveness in
actual clinical care situations, but is vulnerable to early
terminations, and may underestimate treatment efficacy
(Feinman, 2009). The completer analysis approximates
treatment efficacy, but may be vulnerable to optimistic bias
because of dropout of participants with clinical worsening.
The use of both approaches provides an estimate of
treatment effectiveness, including adherence with the
experimental treatment, and optimal efficacy of the experi-
mental treatment (Feinman, 2009). The ITT analysis
included all participants who received at least one dose of
study medication. The completer analysis included all
participants who completed the double-blind phase.
The ITT and completer analyses used a mixed model for

unbalanced repeated measures analysis of covariance
(ANCOVA), in which follow-up symptom score¼ baseline
symptom score + treatment +week+ treatment�week, and
week is treated as a categorical rather than a continuous
measure. The treatment term estimates the average across
weeks of the week-specific group differences, and is used as
the main test for treatment effects on symptom change; the
treatment�week interaction term is used to explore
whether treatment differences vary significantly across
week, without pre-supposing a particular pattern (eg,
linear) for trends in treatment effect. This choice of analysis
was based on the observation that models assuming linear
time trends misfit the data and can have dramatically
reduced power compared with mixed model estimates of the
average of the week-specific differences (McMahon et al,
2008). Mixed models were fitted using SAS PROC MIXED.
Effect sizes for treatment difference were estimated by
d¼ (mixed model estimate of treatment main effect)/
(pooled SD of follow-up scores), where the pooled SD was
estimated from the square root of the sum of the within-
and between-subject variance components of the score. The
same analytic approach was used for BPRS total and
anxiety/depression scores and the SANS total score.
The Wilcoxon rank-sum test was used to assess treatment

differences in neuropsychological test performance. The
individual test raw scores were converted to z-scores and an
overall composite z-score was computed from the average
of the individual test z-scores. An adaptation of the Pepe,
Whitaker, and Seidel method was used to test for
heterogeneity of effect across neuropsychological tests
(Pepe et al, 1999). Exploratory analyses of individual
neuropsychological test treatment differences were per-
formed. The Benjamini and Hochberg procedure was used
to control the false discovery rate (Benjamini and
Hochberg, 1995). The LOF items were examined using the
Mantel–Haenszel (Mantel, 1963) w2 test. Longitudinal trends
in repeated CGI, SAS, AIMS, and BAS assessments were
compared using the Conover–Salsburg rank test (Conover
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and Salsburg, 1988; McMahon et al, 2005). For each SEC
item, Fisher’s exact test was used to compare treatments on
the number of participants who, at any point during follow-
up, had new or worsened (compared with baseline) side-
effect severity. ANCOVA was used to examine mean
changes in laboratory measures and vital signs. The
Wilcoxon rank-sum test was used to compare DAI total
scores.

RESULTS

The participant flow is presented in Figure 1. In all, 69
subjects were randomized: 33 were randomized to risper-
idone (25 outpatients and 8 inpatients) and 36 were
randomized to placebo (26 outpatients and 10 inpatients).

Four participants withdrew before receiving study medica-
tion: 3 risperidone participants and one placebo participant.
A total of 65 participants entered the double-blind phase of
the study: 30 were randomized to risperidone (23 out-
patients and 7 inpatients) and 35 to placebo (24 outpatients
and 10 inpatients). In all, 53 participants completed the
study. The demographic and baseline clinical characteristics
of the 64 participants included in analyses are presented in
Table 1. Age was the only demographic or clinical
characteristic to significantly differ between the groups,
with the risperidone group being older than the placebo
group.
The baseline clozapine and clozapine + norclozapine

levels are presented in Table 1. The end of study (EOS)
clozapine levels were: risperidone (n¼ 25) 564.9±364.7ng/ml;
placebo (n¼ 32) 641.1±373.6 ng/ml; (w2¼ 4.87; df¼ 1;

Signed Consent:  86

Ineligible /Excluded: 15
6: withdrew consent due to changing their minds 
1: withdrew consent by declining medical workup
2: withdrew consent by declining medication
changes associated with the study
5: had BPRS positive symptoms below the
inclusion criterion
1: did not meet inclusion criteria (not further 
specified)

Entered Evaluation Phase: 71
Withdrew prior to

randomization: 2
1: decided to withdraw due to
a language barrier
1: was hospitalized and
withdrawn by the PI

Underwent Randomization: 69

Assigned to Risperidone: 33 Assigned to placebo: 36

Discontinued treatment: 8 (1 did

not receive study medication)
1: wk 0 clinical worsening
1: wk 1 chose to discontinue
1: wk 4 clinical worsening
1: wk 8 med noncompliance
1: wk 9 clinical worsening
1: wk 12 moved from area
1: wk 12 clinical worsening
1: wk 12 abnormal labs

Discontinued treatment: 8 (3 did

not receive study medication)
1: wk 0 chose to discontinue
2: wk 0 administrative reasons
2: wk 2 side effects
2: wk 8 clinical worsening
1: wk 11 chose to discontinue

Completed treatment

phase on Risperidone: 25

Completed treatment 

phase on placebo: 28

Figure 1 Participant flow through study.
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p¼ 0.03) and the EOS clozapine + norclozapine levels were:
risperidone (n¼ 25) 810.3±464.2 ng/ml; placebo (n¼ 32)
950.2±499.3 ng/ml. There were no significant group
differences in change in clozapine (w2¼ 0.67; df¼ 1;
p¼ 0.41) or clozapine + norclozapine levels (w2¼ 0.70;
df¼ 1; p¼ 0.40). The EOS risperidone dose was
3.96±0.20mg/day.

Symptom Measures

Four participants from each treatment group met the
predefined positive symptom response criteria: two risper-

idone participants met response criteria twice during the
final four visits, and one placebo participant met the criteria
three times during the final four visits. The number of
responders was too few to perform further analysis.

BPRS positive symptom item total score. The ITT and
completer analyses produced similar results. In the ITT
analysis, there was a numerical, but not statistically
significant, group difference (F¼ 3.01; df¼ 1, 77.5;
p¼ 0.09), with risperidone participants showing a greater
decrease in BPRS positive symptom items (see Table 2). In
the completer analysis, the risperidone group had a
significantly greater positive symptom decrease than the
placebo group (F¼ 5.70; df¼ 1, 70.3; p¼ 0.02). The effect
size for the ITT analysis was 0.19 and for the completer
analysis was 0.27.
In light of the trend for significant group differences in

both baseline clozapine and clozapine + norclozapine levels,
the correlations between baseline clozapine and clozapine +
norclozapine levels and change in BPRS positive symptom
item total score and between change in clozapine and
clozapine + norclozapine levels and change in BPRS positive
symptom item total score were examined. There were no
significant correlations with the clozapine measures (Spear-
man’s R¼ 0.19, p¼ 0.21; and Spearman’s R¼�0.13,
p¼ 0.41, respectively) or the clozapine + norclozapine
measures (Spearman’s R¼ 0.19, p¼ 0.20; and Spearman’s
R¼�0.12, p¼ 0.42, respectively).
The treatment group by week interaction was not

significant for either the ITT (F¼ 0.73; df¼ 7, 376.5;
p¼ 0.65) or completer (F¼ 1.54; df¼ 7, 345.3; p¼ 0.15)
analyses, which suggests that there was no significant
difference in the temporal pattern of symptom change
between the two groups.

BPRS total score. The same result pattern was observed for
the BPRS total score (see Table 2). In the ITT analysis, there
was a numerical, but not statistically significant, group
difference (F¼ 3.52; df¼ 1, 71.3; p¼ 0.06), with risperidone

Table 1 Demographic and Baseline Clinical Characteristics

Risperidone
mean (±SD)

Placebo
mean (±SD) p-value

N 30 34

Age (years) 48.3 (7.2) 44.1 (9.3) 0.04

Gender (N; % male) 19; 63.3% 25; 73.5% 0.38

Race (N; white) 23; 76.7% 22; 64.7% 0.30

Diagnosis (N; % schizophrenia) 27; 90% 30; 88.2% 0.82

Age of onset (years) 20.5 (7.5) 18.2 (5.5) 0.16

Body mass index (BMI, in kg/m2) 30.3 (6.4) 32.4 (6.1) 0.19

BMI o25 (N; %) 7 (24.1) 2 (6.1)

BMI X25 but o30 (N; %) 3 (10.3) 4 (12.1)

BMI X30 (N; %) 19 (65.5) 27 (81.1)

BPRS total score 43.0 (8.7) 44.4 (9.2) 0.53

BPRS positive symptom item score 15.5 (3.8) 15.5 (3.8) 0.96

BPRS anxiety/depression 9.6 (3.5) 10.0 (4.2) 0.71

SANS total score 30.4 (11.0) 31.2 (12.5) 0.79

CGI severity of illness 4.7 (0.7) 4.9 (0.7) 0.16

Clozapine level (ng/ml) 680.1±446.6 491.2±264.0 0.06

Clozapine+norclozapine level (ng/ml) 742.3±398.7 1031.8±645.0 0.03

Table 2 BPRS Scores by Week and Treatment Group

Week
Risperidone mean (±SD) Placebo mean (±SD)

N
Total
score

Positive symptom
item score

Anx./depr.
factor N

Total
score

Positive symptom
item score

Anx./depr.
factor

0 30 43.0±8.7 15.5±3.8 9.6±3.5 34 44.4±9.2 15.5±4.2 10.0±4.2

2 30 40.1±8.9 14.6±3.7 8.9±3.7 34 42.8±9.6 15.1±4.0 9.4±4.0

4 28 37.1±8.9 13.3±4.0 7.6±2.9 34 41.8±10.4 14.4±3.5 9.2±3.5

6 28 38.4±9.3 13.9±3.9 8.4±3.2 33 41.4±9.8 14.7±3.8 9.2±3.8

8 28 38.6±10.0 13.5±4.2 8.8±3.8 33 41.9±10.2 14.9±3.9 8.9±3.9

10 26 37.5±9.3 13.9±4.2 7.4±3.1 31 42.3±10.4 14.9±4.2 8.8±4.2

12 25 37.8±8.7 13.8±3.7 7.7±3.1 31 42.7±10.4 15.3±4.6 9.3±4.6

14 24 37.0±8.7 13.4±3.5 7.3±3.3 28 41.1±10.6 14.2±3.8 8.4±3.8

16 25 36.4±9.3 13.2±3.5 7.6±3.1 28 41.0±10.3 14.1±3.6 8.6±3.6

Change score �6.5±7.5 �2.6±3.1 �1.6±3.1 �3.4±7.7 �1.5±3.4 �1.2 ± 2.7

Intention-to-treat estimates for risperidone–placebo differences±SE (averaged across all follow-up weeks) adjusted for baseline score using mixed model ANCOVA
were: BPRS total score, �2.2±1.1 (F¼ 3.61; df¼ 1, 71.9; p¼ 0.061); BPRS positive symptom item score, �0.8±0.5 (F¼ 3.01; df¼ 1, 77.5; p¼ 0.087); BPRS anxiety
depression score, �0.4±0.4 (F¼ 0.73; df¼ 1, 76.8; p¼ 0.40).
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participants showing a greater decrease in global psycho-
pathology. In the completer analysis, the comparison was
significant with the risperidone group showing a greater
decrease than the placebo group (F¼ 5.21; df¼ 1, 64.9;
p¼ 0.03). The effect size for the ITT analysis was 0.22 and
for the completer analysis was 0.27.
The treatment group by week interaction was not

significant for either the ITT (F¼ 0.39; df¼ 7, 375.3;
p¼ 0.91) or completer (F¼ 0.41; df¼ 7, 345.3; p¼ 0.90)
analyses.

Other symptom measures. There was a significant group
difference in SANS total scores (F¼ 5.67; df¼ 1, 78.7;
p¼ 0.02; effect size¼ 0.24); this difference reflected a small
decrease in the risperidone group and a small increase
among placebo participants (see Table 3). The treatment
group by week interaction was not significant (F¼ 0.81;
df¼ 7, 382; p¼ 0.58). The individual SANS subscale scores
showed the same pattern of group differences, that is, slight
improvement with risperidone and modest worsening with
placebo, with only the group difference for the SANS
anhedonia subscale statistically significant (F¼ 4.27;
df¼ 1, 88.6; p¼ 0.04).
There were no significant group differences on the BPRS

Anxiety/Depression factor score (F¼ 0.73; df¼ 1, 76.8;
p¼ 0.40; see Table 2) or the CGI score (week 0: risperidone
(n¼ 30) 4.7±0.7; placebo (n¼ 34) 4.9±0.7; week 16:
risperidone (n¼ 25) 4.5±0.8; placebo (n¼ 28) 4.9±0.8;
F¼ 0.17, df¼ 1.62, p¼ 0.68). There were no significant
group differences in the LOF overall level of function item
(w2¼ 0.09; df¼ 1; p¼ 0.77) or other LOF items (data
available upon request from the authors).
There were no group differences in the subjective responses

to treatment: DAI total score: risperidone group 16.8±10.7;
placebo group 12.9±15.1; w2¼ 0.62, df¼ 1, p¼ 0.43.

Neuropsychological Measures

There were no significant group differences in the overall
composite z-score (w2¼ 0.86; df¼ 1; p¼ 0.36); nor was there

significant evidence of heterogeneity of treatment effects
among tests (w2¼ 11.0; df¼ 12; p¼ 0.53; see Table 4). None
of the individual test score comparisons were statistically
significant.

Safety Measures

The two groups did not significantly differ on the AIMS
(risperidone: week 0 (n¼ 30) 3.5±5.5 and week 16 (n¼ 25)
3.5±5.5, change 0.1±2.3; placebo: week 0 (n¼ 34) 2.0±2.7
and placebo week 16 (n¼ 28) 2.2±2.8, change 0.0±2.4;
F¼ 0.05; df¼ 1, 62; p¼ 0.83), the SAS (risperidone: week 0
(n¼ 30) 1.9±2.7 and week 16 (n¼ 25) 1.8±3.4, change
0.3±1.9; placebo week 0 (n¼ 34) 1.4±1.9 and week 16
(n¼ 28) 1.8±2.5, change 0.4±2.1; F¼ 0.04; df¼ 1, 62;
p¼ 0.84), or the BAS (risperidone: week 0 (n¼ 30)
1.4±2.5 and week 16 (n¼ 25) 0.7±1.6, change �0.7±2.2;
placebo: week 0 (n¼ 34) 1.0±2.5 and week 16 (n¼ 28)
0.9±2.1; F¼ 1.02, change 0.0±2.4, change �0.4±2.0;
df¼ 1, 62; p¼ 0.32) total scores.
On the SEC, the only significant group difference was

worsening of hypersalivation in the placebo group
(p¼ 0.02). There was no significant group difference in
fasting glucose (risperidone: week 0 (n¼ 20) 99.8±14.0mg/dl
and week 16 (n¼ 21) 96.6±23.5mg/dl, change �1.7±26.7;
placebo group: week 0 (n¼ 24) 94.4±12.4mg/dl and week
16 (n¼ 19) 101.2±16.5mg/dl, change 5.5±15.2; w2¼ 2.11,
df¼ 1, p¼ 0.15). There was a significant group difference in
prolactin level (risperidone: week 0 (n¼ 20) 9.2±9.6ng/ml
and week 16 (n¼ 20) 41.7±37.4ng/ml, change 32.5±30.5 ng/
ml; placebo: week 0 (n¼ 24) 7.0±3.4 ng/ml and week 16
(n¼ 24) 7.6±3.9 ng/ml, change 0.5±2.7 ng/ml; w2¼ 31.20,
df¼ 1, po0.001). The most pronounced change was
observed in the female participants (risperidone: week 0
(n¼ 7) 15.9±14.1 ng/ml and week 16, 70.7±49.2 ng/ml;
placebo: week 0 (n¼ 5) 8.1±4.7 ng/ml and week 16,
11.0±5.4 ng/ml; w2¼ 8.08, df¼ 1, p¼ 0.004), although there
was also a significant group effect in the male participants
(risperidone: week 0 (n¼ 13) 5.6±2.4ng/ml and week 16,
26.1±15.9 ng/ml; placebo: week 0 (n¼ 19): 6.7±3.0 ng/ml
and week 16, 6.6±2.9 ng/ml; w2¼ 22.45, df¼ 1, po0.001).
There was no significant difference in weight gain
(risperidone: week 0 (n¼ 30) 87.9±14.5 kg and week 16
(n¼ 24) 88.8±15.0 kg, change 0.1±2.9 kg; placebo: week 0
(n¼ 34) 99.1±17.2 kg and week 16 (n¼ 26) 97.3±15.5 kg,
change 1.1±4.4 kg; F¼ 2.25, df¼ 1, 97, p¼ 0.14). Among
the participants who completed the study, none of the
risperidone participants (0/24) gained X7% of their base-
line weight and only 2 of 24 placebo participants (8%)
gained X7% of their baseline weight. There were no
significant differences in vital signs (data available upon
request from the authors).

DISCUSSION

The study results suggest that adjunctive risperidone has a
modest benefit for people with treatment-resistant schizo-
phrenia who have failed to adequately respond to clozapine.
There were no significant group differences in the small
number of responders, but participants randomized to
risperidone had a greater reduction in BPRS positive

Table 3 SANS Total Score by Week and Treatment Group

Week
Risperidone Placebo

N Mean±SD N Mean±SD

0 30 32.3±11.6 34 33.0±13.3

2 30 30.8±11.5 34 34.0±12.1

4 28 29.8±11.6 34 32.9±13.3

6 28 31.2±10.3 33 33.0±12.7

8 27 30.4±11.3 33 34.0±14.1

10 25 30.6±10.9 31 33.1±13.3

12 25 31.6±10.7 31 32.4±12.5

14 24 31.7±11.0 28 34.4±14.1

16 25 31.3±11.9 28 34.4±14.8

Change score �2.6±5.6 1.1±10.8

Intention-to-treat estimates for risperidone–placebo SANS total score
differences±SE (averaged across all follow-up weeks) adjusted for baseline
score using mixed model ANCOVA were �2.9±1.2 (F¼ 5.67; df¼ 1, 78.7;
p¼ 0.029).
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symptoms and BPRS total score. The effect sizes for group
differences on these measures were modest and similar in
both the ITT (ES¼ 0.18 and 0.22, respectively) and the
completer analyses (ES¼ 0.27 for both scores), although
group differences were statistically significant in the
completer analyses (p¼ 0.03 and p¼ 0.02, respectively).
The minor differences between the ITT and completer
analyses may reflect the additional benefit accrued from
extended exposure to risperidone. In the only other study
that lasted 48 weeks, Josiassen et al (2005) also found a
significant benefit for BPRS positive symptoms and BPRS
total score.
There was a significant group difference for SANS total

score: participants randomized to risperidone had a small
decrease in negative symptoms, whereas the placebo group
had a small increase of similar magnitude. Although the
group difference is probably not of clinical significance, as
the effect size was small, it is reassuring that the increased
dopamine blockade of risperidone did not worsen negative
symptoms. Josiassen et al (2005) and Freudenreich et al
(2007) also observed the same pattern of negative symptom

change, that is, negative symptom improvement in the
risperidone group and a worsening of negative symptoms in
the placebo group. The group difference was significant in
the former study, but not in the latter study.
The lack of adverse effects associated with increased

dopamine blockade was also reflected in the absence of any
group differences in objective or self-report measures of
EPS. Along the same lines, it is reassuring to note that
risperidone was not associated with worsening of neurop-
sychological test performance, including those measures
that assess fluency and possessing speed, in which, again,
one might have expected a worsening because of the
increase in dopamine blockade. Parenthetically, the lack of
adverse effects of adjunctive risperidone on neuropsycho-
logical test performance is in contradistinction to previous
studies in which negative effects were observed (Honer et al,
2006; Kivircik Akdede et al, 2006).
In general, adjunctive risperidone was well tolerated. Only

two participants randomized to risperidone discontinued
early from the study because of side effects. Moreover, as
reflected in the mean EOS dose, the vast majority of

Table 4 Neuropsychological Test Results by Treatment and Visit

Measure
Risperidone Placebo Wilcoxon test

Week N Mean SD N Mean SD X2(df¼ 1) p-value

Overall composite z-scorea 0 24 0.02 0.66 27 �0.03 0.46

16 24 0.12 0.66 27 0.07 0.47 0.86 0.36

2,3,4 Continuous Performance Test, average d’ 0 18 1.82 0.61 19 1.72 0.75

16 18 1.87 0.68 19 1.65 0.74 0.72 0.40

Trails Making Test A (s) 0 24 47.1 28.1 28 46.5 14.9

16 24 41.5 18.0 28 42.2 13.1 1.40 0.24

Trails Making Test B (s) 0 22 130.0 92.6 26 160.0 95.0

16 22 117.1 82.1 26 146.2 71.0 0.01 0.91

Wisconsin Card Sorting Test, categories completed 0 24 1.29 1.40 27 1.33 1.33

16 24 1.67 1.69 27 1.59 1.47 0.02 0.88

Wisconsin Card Sorting Test, % perseverative errors 0 24 16.5 10.8 27 16.5 9.4

16 24 14.4 10.9 27 16.1 9.5 1.04 0.31

Grooved Pegboard score (mean of both hands) 0 23 117.6 39.3 28 119.8 42.8

16 23 123.6 49.0 28 115.9 35.6 1.88 0.17

WAIS-III Digit Symbol score 0 24 49.3 14.06 28 48.0 14.1

16 24 52.6 16.4 28 5.0 13.8 0.03 0.87

Category Fluency Test score 0 24 35.3 9.8 28 34.7 9.4

16 24 34.7 8.6 28 35.4 11.0 1.14 0.29

Controlled Oral Word Association score 0 24 34.1 12.6 28 31.9 12.5

16 24 34.6 12.4 28 29.5 12.6 1.87 0.17

Hopkins Verbal Learning Test score 0 24 23.5 7.9 28 20.2 5.7

16 24 23.0 8.0 28 21.3 6.0 1.08 0.30

Brief Visuospatial Memory Test score 0 24 3.99 2.14 28 3.94 1.85

16 24 4.32 2.17 28 4.64 2.11 0.86 0.35

Hershey Visuospatial Working Memory score 0 23 28.2 20.2 26 38.8 23.9

16 23 24.5 13.6 26 33.3 25.0 1.37 0.24

WAIS-III Letter number sequencing score 0 24 8.13 2.80 28 7.25 2.58

16 24 8.17 2.84 28 7.39 2.39 0.38 0.54

aTwo participants completed p9 of the 13 individual tests in the neurocognitive battery, and were omitted from calculation of the overall composite score, although
their test results were used in secondary analysis of individual scores.
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participants were able to tolerate the 4mg target dose.
Adjunctive risperidone was associated with increased
prolactin levels, although there were no group differences
in spontaneous reports of amenorrhea, galactorrhea, or
sexual side effects. There were no group differences in
fasting glucose or weight gain. Participants randomized to
placebo were more likely to report a worsening of
hypersalivation. Otherwise, there were no other significant
group differences on the side-effect checklist.
The current study results must be considered in the

context of previous double-blind studies of adjunctive
risperidone. In a 12-week study, in which the mean
risperidone dose was approximately 4mg/day, Josiassen
et al (2005) found that risperidone had a significant
beneficial effect for BPRS total and positive symptom scores
and SANS total score. In addition, 35% of risperidone-
treated participants met treatment response criteria (ie,
X20% reduction in BPRS total score) compared with 10%
of those treated with placebo. Interestingly, all participants
completed the study. The three other adjunctive risperidone
studies were of shorter duration and failed to show a
beneficial risperidone effect for the primary positive
symptom measure or global psychopathology (Anil
Yağcioğlu et al, 2005; Honer et al, 2006; Freudenreich
et al, 2007). The studies of Anil Yağcioğlu et al (2005) and
Freudenreich et al (2007) were both for 6 weeks and the
Honer et al (2006) study was 8 weeks in duration. In two
different meta-analyses analyses of combination antipsy-
chotics vs monotherapy, study duration significantly pre-
dicted treatment outcome (Paton et al, 2007; Correll et al,
2009). In the first study, duration actually accounted for the
heterogeneity of the effect more so than the drug itself
(Paton et al, 2007). Both meta-analyses concluded that
duration of at least 10 weeks may be necessary to observe an
effect. Interestingly, in a 10-week study of adjunctive
sulpiride in partial clozapine responders, there was also a
significant benefit for positive and negative symptoms
(Shiloh et al, 1997).
In addition to study duration, the observed differences in

study outcome may also be because of differences in
risperidone dose. Of the three negative studies, only the
study by Freudenreich et al (2007) also used a risperidone
target dose of 4mg/day and they found a trend for
risperidone to differentially improve PANSS total score
and to significantly improve the PANSS disorganization
factor score. In the other two studies, the mean dose was
3mg/day (Honer et al, 2006) and 6mg/day (Anil Yağcioğlu
et al, 2005). Although the dose differences are small, an
inverted U-shaped dose-response curve is a possible
explanation for the observed differences across the five
studies.
Neither the current study nor any of the previous studies

address the question of how the observed effects with
risperidone would compare with simply increasing the dose
of clozapine.
In summary, the approach of augmenting clozapine

treatment response through the use of adjunctive agents
with greater dopamine antagonism received partial support.
In combination with previous studies of adjunctive
risperidone and sulpiride (Shiloh et al, 1997; Josiassen
et al, 2005; Anil Yağcioğlu et al, 2005; Honer et al, 2006;
Freudenreich et al, 2007), the current results suggest that

this approach may lead to differential and complementary
clinical effects, but that benefits may be limited. The
clinician confronted with the person who has failed to
adequately respond to clozapine may consider the use of
adjunctive risperidone. Future studies should evaluate the
potential utility of using multiple dopamine-modulating
agents with different mechanisms of action, and not just
different affinities for the dopamine D2 receptor, in a
manner analogous to the use of multiple antiepileptics for
treatment-resistant seizure disorders, for people with
treatment-resistant schizophrenia who fail to respond to
clozapine.
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