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Abstract 
Background Patients with schizophrenia have increased dopamine levels in the ventral 
striatum, which are associated with impaired reward processing and psychotic symptoms. 
Antipsychotics differ in their affinity to dopamine D2 receptors and may therefore 
differentially impact on sensitivity for reward and clinical symptoms. In the current study 
we compared the effects of two very different antipsychotics, clozapine and risperidone on 
reward processing and symptom severity.  
Methods We included 31 schizophrenia patients and 19 healthy comparison subjects. 
Patients were randomised to treatment with clozapine or risperidone. At baseline and after 4 
weeks of treatment, brain responses to monetary reward anticipation and outcome, without 
an active performance component, were measured using functional MRI, and symptom 
severity was assessed using the Positive and Negative Symptoms Scale (PANSS). 
Results Unexpectedly, patients showed greater brain activation in response to anticipation 
and outcome of monetary reward compared to healthy controls at baseline. Compared to 
clozapine treated patients, risperidone treated patients showed a decrease in activation in 
the right ventral striatum during reward outcome between the first and second scan 
(p=0.027). Brain activation in response to reward outcome was positively associated with 
positive symptom scores and negatively with negative symptoms. Patients treated with 
clozapine showed a larger reduction in negative symptoms compared to risperidone treated 
patients. 
Conclusions These findings underline the variation in treatment effects of clozapine and 
risperidone and may be used as the basis for personalized treatment where specific 
medications are employed for patients with specific symptom profiles. 
 
Key words: schizophrenia; cannabis; clozapine; risperidone; fMRI; non-drug reward 
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Introduction 
Schizophrenia is associated with changes of dopaminergic transmission in the 
mesocorticolimbic pathways of the brain (Green 2005, Heinz and Schlagenhauf 2010). 
Dopamine encodes prediction of reward, imprinting the incentive value of reinforcers and 
learning reward associations (Volkow et al 2012). In patients with schizophrenia, increased 
presynaptic dopamine synthesis has been found to result in increased tonic release of 
dopamine and increased salience attribution (Howes et al 2012). This increased dopamine 
release may disrupt differential processing of relevant versus less relevant or irrelevant 
stimuli. Furthermore, studies in unmedicated patients with schizophrenia have found an 
attenuated neural response in the ventral striatum during reward anticipation and outcome 
(Esslinger et al 2012, Juckel et al 2006, Nielsen et al 2012, Schlagenhauf et al 2009). 
Finally, negative associations between brain responses to reward processing and severity of 
positive and negative symptoms have been reported (Dowd and Barch 2012, Esslinger et al 
2012, Simon et al 2010). Abnormal reward processing in patients with schizophrenia may 
result from increased baseline dopamine release, which decreases the sensitivity of the 
system for phasic increases in dopamine (Maia and Frank 2011).  

Comorbidity with cannabis use disorders is very common among patients in the 
early course of a psychotic disorder (Bersani et al 2002) and is associated with an 
unfavorable outcome (Caspari 1999, Linszen et al 1994, Moore et al 2007). Patients with a 
substance use disorder also show a decreased sensitivity for non-drug rewards, which is 
associated with decreased availability of dopamine D2 receptors in the ventral striatum 
(Maia and Frank 2011, Volkow et al 2007). It is unknown whether the co-occurrence of 
schizophrenia and substance use disorders is associated with increased reward processing 
abnormalities. 

All antipsychotic drugs decrease dopaminergic transmission by blocking dopamine 
D2 receptors, although the extent to which antipsychotics block the dopamine D2 receptors 
varies (Kuroki et al 2008, Seeman 2002, Tauscher et al 2004). Nielsen et al. (2012) 
suggested that moderate blockade of dopamine D2 receptors (as with lower doses or with 
antipsychotics with a lower D2 receptor affinity) would increase sensitivity for rewards, 
whereas extensive blockade of the D2 receptor (as with higher doses or with antipsychotics 
with a higher D2 receptor affinity) would decrease sensitivity for rewards. This may explain 
why some atypical antipsychotics have been found to increase responsiveness to reward 
(Nielsen et al 2012, Simon et al 2010, Walter et al 2009, Waltz et al 2010) whereas typical 
antipsychotics did not (Juckel et al 2006, Schlagenhauf et al 2008). In addition, increases in 
dopamine D2 receptor occupancy were found to be correlated with subjective wellbeing (de 
Haan et al 2000, de Haan et al 2003, Mizrahi et al 2007, Nielsen et al 2012) and nicotine 
abuse (de Haan et al 2006) in patients with schizophrenia.   

Clozapine and risperidone show a large difference in dopamine D2 receptor 
occupancy, dissociation rate and dopamine D1/D2 ratio (Kuroki et al 2008, Seeman 2002, 
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Tauscher et al 2004). These differences between clozapine and risperidone may affect 
responsiveness to non-drug rewards.  

In the present study, we compared the effects of clozapine and risperidone and 
hypothesized that compared to risperidone treated patients, clozapine treated patients would 
show increased responsiveness to monetary rewards due to its lower dopamine D2 receptor 
occupancy, higher dissociation rate and higher dopamine D1/D2 ratio. To test this 
hypothesis, we used an fMRI paradigm that allowed us to investigate the effect of clozapine 
and risperidone on regional brain responses to reward anticipation and reward outcome in 
patients with schizophrenia with and without a comorbid cannabis use disorder. 
Importantly, we used a task measuring reward anticipation and outcome not requiring 
active performance. To assess clinical relevance, we also studied the association between 
symptoms and reward related brain responsiveness. The ventral striatum was a priori 
defined as the main region of interest because of its involvement in dopaminergic 
neurotransmission. 

Methods and Materials 
The medical ethics committee of the Academic Medical Centre of the University of 
Amsterdam approved the study and all participants signed informed consent prior to 
participation.  
 
Participants 
A total of 46 patients were recruited from inpatient and outpatient treatment settings of the 
Early Psychosis Department of the Academic Medical centre between April 2009 and June 
2012, of which 35 had a comorbid diagnosis of cannabis use disorder (cannabis abuse or 
dependence) and 11 did not use cannabis and had a negative history for substance use 
disorders except for smoking.   

Inclusion criteria were male gender, age 18-30, having a DSM-IV diagnosis of 
schizophrenia, schizophreniform or schizoaffective disorder (this will be referred to as 
schizophrenia). Exclusion criteria were previous unsuccessful treatment with or 
contraindication for the use of risperidone or clozapine, using depot antipsychotic 
medication three months prior to inclusion, treatment with psychotropic medication other 
than biperiden or benzodiazepines, and the presence of non-removable metal objects as a 
contraindication for fMRI scanning.  

Twenty-one healthy controls were recruited through advertisements on schools and 
sport facilities. All healthy controls had a negative history of neurologic or psychiatric 
diseases, including (lifetime) substance use disorders. Controls were carefully matched for 
gender, age and level of education. Participants in the control group did not use cannabis 
for at least 1 year prior to inclusion.  
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Study design 
Patients were randomly allocated to receive either clozapine or risperidone by a 
computerised randomisation program (ALEA Randomisation Service) (TENALEA). 
Randomisation was stratified by presence of cannabis use disorder using random block 
sizes of a maximum of eight per block. Patients started with a standard dose titration 
scheme directed at a dose of 3.5mg risperidone or 350mg clozapine. In patients who 
already used antipsychotic medication, that medication was tapered in the week before the 
first assessment. Concomitant psychotropic medication was restricted to benzodiazepines 
and biperiden. In case of lack of antipsychotic efficacy or dose-related side effects, the dose 
was adjusted as clinically applicable. During the study,  patients received supportive 
treatment as usual.  

Assessments (functional MRI and questionnaires) took place twice: at baseline 
before the first dose of the study medication and at the end of four weeks of treatment. 
Healthy controls were assessed only once.  

All participants were asked to refrain from alcohol and drugs 24 hours before 
testing, and patients did not smoke cigarettes at least 2 hours before testing. In order to 
minimize (sub)acute pharmacological effects of cannabis, patients were instructed to refrain 
from cannabis at least 3 days before testing. Urine samples were taken 3 days prior to the 
scan and at the day of the scan. Using metabolite quantifications, abstinence from cannabis 
could be confirmed for all patients. In addition, urine screens for amphetamines, 
benzodiazepines, opioids and cocaine were performed prior to all assessments. During the 
second assessment blood samples were taken to test compliance to the study medication.  

 
Questionnaires 
The CIDI (Robins et al 1988) was used to assess current and lifetime presence of substance 
use disorders. The Positive and Negative Symptoms Scale (PANSS) was used to assess 
symptom severity (Kay et al 1987). 
 
Reward paradigm 
We used a guessing task developed by Yacubian et al. (Yacubian et al 2006) and modified 
by van Holst et al. (van Holst et al 2012). Each trial consisted of two phases: 1) the 
anticipation phase (70% or 30% chance of winning) and 2) the outcome phase (feedback of 
win or loss). Specifically, each trial began with a 2-sec presentation of a circle with the 
backside of 10 playing cards and €2 depicted in the middle. Either 30% or 70% of the 
playing cards were highlighted, indicating the probability of winning the €2. Participants 
were informed that one of the cards would always be a red ace, that all the other cards were 
black cards, and that a win would occur when the red ace appeared within the highlighted 
area and a loss when the red ace appeared outside the highlighted area. Subjects indicated 
whether they expected to win or lose by a left or right button press. Expectations were 
assessed to make sure that participants were paying attention to the task and to investigate 
whether differences in reaction times and expectation were present. After indicating their 
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expectation, the display was kept constant during an additional 4-sec anticipation period. 
After this period, all cards were flipped, and feedback regarding the win or loss was 
displayed in the middle of the circle. In addition, the accumulated amount of money earned 
was displayed in the top right-hand corner of the screen. Two seconds later, the 3- to 10-sec 
inter-trial interval started. Trial order was pseudo-randomized and predetermined (i.e., the 
participant had no influence on the probability of each individual trial and outcome). 
Altogether, subjects played 62 trials. In summary, the task consisted of a 2×2 factorial 
design with factors probability (70%/30%) and outcome (win/loss), resulting in two 
anticipation conditions and four outcome conditions. 

Before entering the scanner, subjects received a standardized verbal description of 
the task and completed a practice session. It was clearly explained to the subjects that they 
could not influence the outcome of the trials by their performance and that wins and losses 
would be random, but that the highlighted area indicated their chance of winning. Therefore, 
contrary to other commonly used task-paradigms this task measures reward anticipation 
and outcome without an active performance component. In addition, participants were told 
that they would receive the amount of money they won at the end of the task as part of their 
participant remuneration. 
 
Imaging parameters and data pre-processing 
A 3T MRI scanner (Intera, Philips Healthcare, Best, The Netherlands) with a phased array 
SENSE RF eight-channel receiver head coil was used for image acquisition. In the first 
scanning session, a T1 structural image was acquired (TR 9.6seconds, TE 4.6ms, voxel size 
1x1x1.2mm, 182 slices, flip angle 8°). Blood oxygen level dependent signal was measured 
with a T2* gradient-echo echo-planar imaging (EPI) sequence (TR 2.3seconds, TE 28ms, 
voxel size 2.3x2.3x3mm, 35 slices, flip angle 80°). Data pre-processing and analysis was 
conducted with SPM8 (Statistical Parametric Mapping; Wellcome Trust Centre for 
Neuroimaging, London, UK). Images were manually reoriented to MNI space, slice-time 
corrected, realigned and unwarped, coregistered with the structural MRI scan, segmented 
and normalized to MNI space and spatially smoothed with an 8-mm full-with-half-
maximum Gaussian kernel.  
 
Statistical analysis 
Demographic data were analyzed using univariate analysis of variance (ANOVA) and chi 
square tests in SPSS 16.0 (SPSS, Chicago, Illinois). Differences between first and second 
measurements of the PANSS were compared between medication groups using repeated-
measures ANOVAs.  

Repeated-measures ANOVAs and t-tests were used to analyze anticipation 
reaction times (RTs) and percentage of indications of expecting to win, with group 
(patients/controls) and treatment condition (clozapine/risperidone) as a between-subject 
factor and probability (70% or 30%) as a within-subject factor. All analyses were 
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performed using two-tailed significance testing at p<0.05. Cohen’s d was calculated to 
assess magnitudes of effects. 

FMRI data were analyzed in the context of the general linear model, in which 
anticipation was modelled according to probability (70%/30%) and outcome events to 
outcome (win/loss). Anticipation related responses were modelled as a small box-car with a 
duration of 6 sec (beginning of a trial until 6000 msec after trial onset), and outcome related 
responses were modelled using delta functions, convolved with a canonical hemodynamic 
response function. Next, contrast images containing parameter estimates were computed for 
each subject and entered into second-level between group comparisons. Group interactions 
on reward anticipation and outcome were tested using a two-way ANOVA. 

Because the ventral striatum (VS) is known to be related to reward processing and 
is a target region for antipsychotic treatment (Nielsen et al 2012), we focus in this report on 
the ventral striatum. Similar to the method used by Nielsen et al. (2012) we defined the 
ventral striatum as a 10 mm sphere centered on the MNI coordinates: 10,8,-4 and -10,8,-4 
(conversion from Talairach to MNI was performed using the ‘Nonlinear Yale MNI to 
Talairach Conversion Algorithm’ (Lacadie et al 2008)). For all analyses, the threshold was 
set to family wise error corrected p<.05. 

To assess whether differences in brain response were correlated to differences in 
PANSS positive and negative scores, a regression analysis between PANSS positive and 
negative scores and brain response to anticipation in the 70% trials or to feedback of win 
trials vs. baseline was performed for all patients. 

Results 
Baseline characteristics 
A total of 67 participants (46 patients and 21 healthy controls) signed informed consent. Of 
these, 2 patients withdrew their informed consents, 4 patients were too anxious to be 
scanned and follow-up data could not be obtained from 1 patient. Due to scanner errors and 
software problems data of 2 healthy controls and 8 patients (2 both sessions, 5 first session, 
1 second session) were of poor quality and had to be excluded from analysis. Therefore, in 
the analysis we included a total of 31 patients (25 with cannabis use disorder and 6 without 
cannabis use disorder) and 19 healthy controls. Fifteen patients were randomized to 
risperidone and 16 to clozapine. For demographics see table 1. 
 
Treatment compliance and study completion   
Mean dosage of study medication on the day of the second assessment was 4.03 mg (SD 
0.88) for risperidone and 296.9 mg (SD 81.1) for clozapine. Two patients using risperidone 
stopped taking medication 2 days prior to the second assessment. For all other patients 
compliance and treatment completion could be confirmed. Seven patients (4 risperidone, 3 
clozapine) were scanned earlier than originally planned (after 2 to 3 instead of 4 weeks 
treatment with study medication) because their clinicians decided to stop study medication 
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due to side effects or lack of effect. In case of side effects, dose titration schemes were 
adjusted so that those patients were scanned later. As a consequence, mean treatment 
duration with study medication was 27.5 days. No significant difference in duration was 
found between risperidone (mean 25.7 days) and clozapine (mean 29.2 days t=-1.49, df=29, 
p=0.15). Oxazepam was used by 11 patients (5 risperidone, 6 clozapine) and biperiden was 
used by only 1 patient during the study. 15 of 25 patients continued their cannabis use 
during the study (7 risperidone, 8 clozapine).  
 
Table 1. Sociodemographic- and clinical characteristics of patients and healthy controls  

Characteristics 
 

CUD 
risperidone 

(n=12) 

CUD  
clozapine 

(n=13) 

NCUD using 
risperidone 

(n=3) 

NCUD using 
clozapine 

(n=3) 

HC 
(n=19) 

 Mean SD Mean SD Mean SD Mean SD Mean SD 
Sociodemographics           
Age a 22.9 3.73 22.2 2.68 21.7 1.16 22.0 3.46 22.8 3.39 

 N % N % N % N % N % 
Education: highest 
achieved level a b            

1   6 50.0 8 61.5 2 66.7 2 66.7 11 57.9 
2  2 16.7 4 30.8 1 33.3 0  4 21.1 
3  4 33.3 1 7.7 0  1 33.3 4 21.1 

Diagnosis a          
Schizophrenia, 
paranoid  4 33.3 7 53.8 1 33.3 2 66.7  

Schizophrenia, 
undifferentiated 4 33.3 3 23.1 1 33.3 1 33.3  

Schizophrenia, 
disorganised 0  1 7.7 0  0   

Schizoaffective 
disorder 3 25.0 1 7.7 1 33.3 0   

Schizophreniform 
Disorder 1 8.3 1 7.7 0  0   

Smoking 9 75.0 12 92.3 2 66.7 1 33.3 3 15.8 

Alcohol use 
disorder 4 66.7 1 7.7       

Cocaine use 
disorder 1 8.3 1 7.7       

XTC use disorder 1 8.3 2 15.3       

Abbreviations: CUD, Cannabis use disorder, NCUD, non cannabis use disorder, HC, healthy control 
a: no significant differences between groups 
b: 1, Lower secondary professional education/intermediate vocational education; 2, higher general secondary 
education/higher vocational education; 3, pre-university education/university. 
 
Clinical changes during treatment 
After 4 weeks of treatment, scores on all PANSS symptom scales were lower compared to 
baseline for both medication groups (table 2). A significant difference between medication 
groups was found for PANSS negative symptoms [F(1, 29)= 5.81, p=0.02, partial eta 
squared=0.17] with a larger decrease in the clozapine compared to the risperidone treated 
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patients. No difference between medication groups was found for PANSS positive 
symptoms [F(1, 29)=0.05, p=0 .82, partial eta squared=0.02] and PANSS general 
symptoms [F(1, 29)=0.58 p=0.45, partial eta squared=0.02].   

When only patients with a cannabis use disorder were included, findings were 
similar for PANSS negative symptoms [F(1, 23)= 5.80, p=0.02, partial eta squared=0.20], 
PANSS positive symptoms [F(1, 23)=0.00, p=0.96, partial eta squared=0 .00] and PANSS 
general symptoms [F(1, 23)=1.35 p=0.26, partial eta squared=0.06]. 
 
Table 2. Severity of psychopathology of patients using clozapine or risperidone  

Characteristics 
 

Clozapine (n=16) Risperidone (n=15) 

1st assessment 2nd assessment 1st assessment 2nd assessment 

Mean SD Mean SD Mean SD Mean SD 

PANSS  
Positive subscale 16.8  5.3 11.6  3.9 15.4  4.9 12.3  4.9 

PANSS  
Negative subscale 14.1  6.2 9.2  3.8 17.8 4.8 15.7  5.7 

PANSS  
General subscale 29.6  8.0 22.9  6.4 30.5 6.1 25.3  7.3 

 
Behavioural Performance Reward task 
Behavioral data was complete for only 26 patients and 16 healthy controls. As expected, the 
main effect of probability to win was significant [F(1,40)=37.8, p<0.001], showing higher 
expectations of winning in the 70% trials compared to the 30% trials for patients and 
controls.  However, the difference between 70% and 30% trials in expectations of winning 
was significantly larger for controls (Cohen’s d = 2.58) than for patients (Cohen’s d = 0.87). 
At baseline, controls indicated significantly more often that they expected to win in 70% 
trials [t=2.50, p=0.02, d=0.79] and a trend was found in 30% trials [t=-1.98, p=0.06, 
Cohen’s d=0.63] for higher expectations to win in patients compared to healthy controls. 
No significant difference was found between groups in anticipation reaction times 
[F(1,40)=2.79, p=0.10, Cohen’s d=0.52]. 

During the second session, patients responded faster [t=2.13, p=0.04, Cohen’s 
d=0.30] and during the 70% trials they indicated more often that they expected to win 
[t=2.61, p=0.02, Cohen’s d=0.51] compared to the first session. Between sessions, no 
differences between medication groups in changes in expectations to win [F(1,24)=0.18, 
p=0.68] and anticipation reaction times [F(1,24)=0.229, p=0.64] were found. For details, 
see Table 3 and 4. 

Table 3. Behavioural data on expectations of winning or losing and reaction times during the first assessment for 
patients with and without cannabis use disorder and healthy controls a 

 Condition patients n=26 Healthy controls n=16 

Indication to win, 
percentages (SD) 

70% 64.1 (27.6) 83.9 (20.2) 

30% 41.1 (25.3) 25.3 (24.9) 
Reaction Times, 

seconds (SD) Both 1.87 (.67) 1.56 (.43) 
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Table 4. Behavioural data on expectations of winning or losing and reaction times for patients using clozapine or 
risperidone and healthy controls a 

 Condition 
Clozapine n=14 Risperidone n=12 

1st assessment 2nd assessment 1st assessment 2nd assessment 

Indication to win, 
percentages (SD) 

70% 64.2 (28.4) 78.5 (20.0) 63.9 (27.8) 75.7 (27.7) 

30% 40.1 (23.7) 39.7 (26.6) 42.2 (28.1) 34.8 (27.2) 

Reaction Times, 
seconds (SD) Both 1.71 (0.59) 1.37 (0.45) 2.07 (.73) 1.90 (1.02) 

 
fMRI analysis 
Main effects  
Because no significant differences in brain activation were found between anticipation for 
the 70% vs. 30% trials and outcome win vs. loss, anticipation of 70% vs. baseline (fixation 
cross) and outcome win vs. baseline was used to assess differences in brain activation 
between groups.  

During anticipation of 70% trials vs. baseline, patients (n=31) showed significantly 
more activation compared to healthy controls (n=19) in the right ventral striatum (peak 
voxel: x,y,z=12,8,-4 T=4.47 pFWE=0.001) and in the left ventral striatum (peak voxel: 
x,y,z=-10,10,-2 T=3.71 pFWE=0.004). When only patients with a cannabis use disorder 
(n=25) were compared to healthy controls (n=19) for this contrast, comparable differences 
were found in right ventral striatum (peak voxel: x,y,z=12,8,-4 T=3.85 pFWE=0.004) and 
in the left ventral striatum (peak voxel: x,y,z=-14,10,-2 T=3.30 pFWE=0.015). 

During feedback of win trials vs. baseline, the patient group (n=31) also showed 
more activation compared to controls in the right ventral striatum (peak voxel: 
x,y,z=10,10,-4 T=4.70 pFWE<0.001) and the left ventral striatum (peak voxel: x,y,z=-
12,12,-2 T=4.57 pFWE=0.001). When only patients with a cannabis use disorder (n=25) 
were compared to healthy controls, comparable group differences were found in the right 
ventral striatum (peak voxel: x,y,z=10,10,-4 T=3.71 pFWE=0.006) and in the left ventral 
striatum (peak voxel: x,y,z=-10,8,0 T=4.05 pFWE=0.003). 
 
Differences between medication groups 
A 2x2 ANOVA comparison with session and medication as factors revealed a significant 
difference between patients treated with risperidone compared to patients treated with 
clozapine during reward outcome in the right ventral striatum (peak voxel: x,y,z=8,12,-2 
T=3.03 pFWE=0.027) between first and second scan (figure 1). This was also found when 
only patients with a cannabis use disorder (clozapine n=13, risperidone n=12) were 
included in the analysis (peak voxel: x,y,z=8,12,-2 T=3.05 pFWE=0.029). Follow-up T-
tests revealed that patients treated with risperidone (n=15) showed a trend for decreased 
activation of the ventral striatum during the second session (peak voxel: x,y,z=10,12,-2 
T=2.48 pFWE=0.083), whereas patients treated with clozapine (n=16) showed a non-
significant increase in activation during the reward outcome phase in the right ventral 
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striatum. No significant differences in brain activation between medication groups were 
found during anticipation of reward at baseline or at follow-up.  
 
Figure 1. 

  
a Differences between medication groups (n=31)  for feedback win vs. baseline. The risperidone group 
showed a decreased activation in the right ventral striatum, whereas the clozapine group did not. Colour bar 
represents corresponding T values.  
b. Contrast estimates   
 
Correlations between regional brain activation and clinical measures 
No significant associations between improvement of positive or negative symptoms and 
change in brain activation during reward anticipation or reward outcome were found.  
When first and second measurement were combined, a significant positive correlation 
between scores on the PANSS positive items and brain response to reward outcome was 
found in the right ventral striatum (peak voxel: x,y,z=14,6,-2 T=3.09 pFWE=0.02). At 
baseline a trend for a positive correlation between scores on the PANSS positive items and 
brain response to reward outcome was found in the right ventral striatum (peak voxel: 
x,y,z=12,4,-2 T=2.49 pFWE=0.09). Post-hoc analysis showed that this correlation was 
driven by the risperidone group. 

When first and second measurement were combined and a regression analysis was 
performed between scores on the PANSS negative items and brain response to reward 
outcome a trend for a negative correlation was found in the right ventral striatum (peak 
voxel: x,y,z=10,8,0 T=2.47 pFWE=0.08) and a significant negative correlation was found 
in the left ventral striatum (peak voxel: x,y,z=-8,8,0 T=3.00 pFWE=0.03). During the 
follow-up assessment a trend for a negative correlation between scores on the PANSS 
negative items and brain response to reward outcome was found in the right ventral 
striatum (peak voxel: x,y,z=12,10,0 T=2.48 pFWE=0.09) and the left ventral striatum (peak 
voxel: x,y,z=-8,8,-2 T=2.47 pFWE=0.09). Post-hoc analysis showed that this correlation 
was driven by the clozapine group. 
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Discussion  
To the best of our knowledge this is the first randomised controlled trial examining the 
differences in effect between clozapine and risperidone on regional brain responses 
associated with reward processing in patients with schizophrenia (with and without a 
comorbid cannabis use disorder). 
 
Behavioral performance 
Our behavioural results indicated that our task manipulation worked. All groups showed 
higher expectations to win in 70% compared to 30% chance trials. However controls had 
larger expectations to win in 70% trials and to lose in 30% trials than patients. These 
findings are in concordance with the hypothesis that patients with psychotic disorders are 
less capable to differentiate between various levels of anticipated reward (Murray et al 
2008).  Overall patients responded faster in the second compared to the first session, 
indicating that sedation effects due to study medication are unlikely. 
 
Clinical measures  
During the second assessment, patients in both medication groups showed decreased 
symptom severity. Patients treated with clozapine showed a larger decrease in PANSS 
negative symptoms. A similar superior effect of clozapine on negative symptoms has 
previously been described (Khantzian 1997). However, not all studies have confirmed this 
observation (Brunette et al 2011, Green et al 2003). Because negative symptoms have been 
found to be associated with dopaminergic neurotransmission (Dowd and Barch 2012), 
clozapine’s lower dopamine D2 occupancy rate (Kuroki et al 2008) and its faster 
dissociation from the D2 receptor (Seeman 2002) may be related to this finding.  
 
Regional brain activity  
We found an increased rather than a decreased brain activation during to anticipation and 
outcome of reward in patients compared to healthy controls. In previous studies, no 
difference (Walter et al 2009) or a decreased (Heinz and Schlagenhauf 2010, Juckel et al 
2006, Nielsen et al 2012, Schlagenhauf et al 2009) striatal response to reward was found in 
patients with schizophrenia. This discrepancy may be associated with differences in task 
design. We used a task without an active performance component whereas earlier findings 
were gathered during tasks implying performance of subjects. Because we also observed a 
positive association between response to reward outcome at baseline and severity of 
PANSS positive symptoms, it could be that increased striatal dopamine levels in patients 
result in overall increased salience attribution, which may be associated with an increased 
brain response to reward anticipation and outcome. An increased activation of the ventral 
striatum, associated with positive symptoms was also found during resting state in patients 
with schizophrenia (Sorg et al 2013).  
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Key finding of the current study is that in patients, risperidone attenuates brain 
response to reward outcome in the right ventral striatum, whereas clozapine does not. This 
is probably a result of risperidone’s high affinity to the dopamine D2 receptors. However, 
while we observed a positive correlation between PANSS positive symptoms and response 
to reward outcome, a negative correlation with PANSS negative symptoms was found. 
Both medications seem to have favourable but different effects: risperidone may have a 
stronger attenuating effect on reward processing, whereas clozapine may have a stronger 
beneficial effect on negative symptoms. Because risperidone and clozapine had a 
comparable influence on positive symptoms, the effect of risperidone on positive symptoms 
may involve a dampening of the brain activity associated with reward outcome, whereas 
clozapine diminishes positive symptoms without dampening of brain activity associated 
with reward outcome.   

While in the literature a negative association between positive symptoms and brain 
response to reward processing has been described (Esslinger et al 2012, Nielsen et al 2012), 
we found the opposite. However, we were able to confirm the previously reported 
correlation between negative symptoms and reward sensitivity (Dowd and Barch 2012, 
Simon et al 2010).  The studies in which a negative correlation with positive symptoms and 
reward processing was found (Esslinger et al 2012, Nielsen et al 2012), used a monetary 
incentive delay task which is a reaction time task in which participants are instructed to 
respond as quick as possible to cues predicting monetary gain, loss or no consequences. 
The participants’ monetary gain depends on their performance. As previously suggested by 
Dowd et al. anticipation related brain activation could be influenced by other processes 
such as action selection and response execution in this task, which also may be impaired in 
schizophrenia (Dowd and Barch 2012). Because in our design response would not influence 
outcome of the trials, confounding by abovementioned processes is less likely.  
 
Strengths and limitations 
Some potential limitations must be taken into account. First, the low number of patients 
without comorbid cannabis use disorder precluded comparisons between patients with and 
without cannabis use. We expected, however, that clozapine would have a superior effect 
on both patients with and without comorbid cannabis use disorders (Esslinger et al 2012, 
Juckel et al 2006, Nielsen et al 2012, Schlagenhauf et al 2008). In our analyses comparable 
effects were found in the overall patient group and in patients with a cannabis use disorder 
only.  

Second, due to feasibility and ethical considerations this was an open label study 
over a relatively short period of time in which medication dosage could be adjusted in case 
of side effects or lack of efficacy, which may have influenced our results. However, the 
presence of a significant difference between clozapine and risperidone on reward 
processing and PANSS scores even after a short treatment period with relatively low doses 
of study medication underlines the important differential effects of clozapine and 
risperidone on these outcomes.  
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Third, some of the patients included in the current study also used other substances 
of abuse or used benzodiazepines and patients were instructed not to use any substance of 
abuse, nor cigarettes before scanning. This may have influenced our results, but 
randomisation is likely to have minimized systematic differences between medication 
groups. 
 
Conclusion 
Our study has important clinical and research implications. We found a larger decrease in 
negative symptoms in patients treated with clozapine compared to patients treated with 
risperidone. We further found attenuation of a hyperactive brain response to reward 
processing in risperidone treated patients in comparison to clozapine treated patients. 
Moreover, we found a positive correlation between positive symptoms and the brain 
response to reward processing while a negative correlation with negative symptoms was 
found. This highlights the complexity of the brain reward system and underlines the 
variation between treatment effects of different antipsychotic medications. These findings 
may be used as the basis for personalized treatment where specific medications are used for 
patients with specific symptom profiles. 
 


