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1 SCHIZOPHRENIA
Schizophrenia is one of the most severe mental illnesses, and is a highly feared 
and complex psychiatric disorder, which affects ~1% of the world’s population.[1] 
Schizophrenia prevalence is equal in men and women[2] and the incidence of the 
first episode appears usually during the adolescence.[3] There are mainly three 
major types of symptoms. Positive or psychotic symptoms: where patients become 
split from reality, these include hallucinations (perceptions in the absence of 
stimuli), delusions (false beliefs), disorganized thought, and behaviour resulting 
from delusions and hallucinations. Negative symptoms: include flattened affect, 
social and emotional flatness and lack of expression. Negative symptoms do 
not refer to a person’s attitude, but to a lack of characteristics that should exist. 
The negative symptoms can resemble those of depression. Cognitive symptoms: 
involve impairment of cognitive functions and learning capabilities. In addition, 
affective and aggressive symptoms are associated with schizophrenia and these 
domains often overlap with and can be difficult to distinguish from the other 
symptoms (Figure 1).

Fig. 1. Schizophrenia encompasses positive, negative, aggressive, affective, and cognitive 
symptom domains; adapted with permission from.[4]
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GENERAL INTRODUCTION

1ETIOLOGICAL HyPOTHESES IN SCHIZOPHRENIA
The etiology of schizophrenia remains unclear to date. Several hypotheses 
were proposed to describe the pathophysiology of schizophrenia.[5,6] It has been 
hypothesized that an excessive level of striatal dopamine,[7] which can be caused 
by several risk factors, is responsible for the development of psychotic symptoms. 
This dopamine dys-regulation appears to be one of the final steps in a complex 
developmental cascade towards schizophrenia.[6] Additionally, physiological 
function of dopamine through different dopaminergic pathways with unique 
activities in each of them makes the etiology of this disease complicated. 

Dopamine Hypothesis
The hypothesis is mainly based on the clinical antipsychotic potencies of antagonists 
of D2-like receptors.[8] Brain imaging studies showed that amphetamine-induced 
dopamine release is elevated in patients with schizophrenia compared to healthy 
subjects, which supports the dys-regulation of dopamine transmission hypothesis.[7] 
However, Laruelle et al.[7] also stated that elevated dopamine activity is not detected 

Fig. 2: Dopaminergic Pathways in the brain and their role in schizophrenia symptomatology: 
(a) the dopamine hypothesis of schizophrenia proposes that hyperdopaminergia in the limbic 
system underlies the positive symptoms of schizophrenia. (b) negative and cognitive symptoms 
in schizophrenia are believed to be due to hypodopaminergia in the dorsolateral prefrontal 
cortex whereas hypodopaminergia in the ventromedial prefrontal cortex may contribute to 
the negative and affective symptoms of schizophrenia; adapted with permission from. [4]
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1 in chronic patients (i.e. long-term illness). Furthermore, D2 antagonists occupy 
an adequate percentage of receptors after their first dose, but the associated 
improvement in patient symptoms is usually delayed for many days, suggesting 
that dopamine may be indirectly responsible for the illness. Additionally, newer 
generation antipsychotic drugs have affinity for multiple receptors and shows 
antipsychotic efficacy with lesser affinity towards D2 receptors.[9] Several studies 
have reported the involvement of the glutamatergic system[10-12] in schizophrenia 
pathogenesis and further suggest that schizophrenia cannot be fully explained 
in terms of dopamine function, but may also involve other neurotransmitters. 
Dopaminergic pathways in the brain that play a role in the pathophysiology of 
schizophrenia as well as the therapeutic effects and side effects of antipsychotics 
are shown in Table 1 and Figure 2.

Dopamine-Serotonin Hypothesis
The serotonin-dopamine hypothesis of the pathogenesis of schizophrenia 
postulates a developmentally specific dysfunction of the dopaminergic 
innervations of the prefrontal cortex. Several studies reported that depletion 
of dopamine in the rat prefrontal cortex enhanced dopamine utilization in 
subcortical sites such as the striatum. Thus, a functional deficit in dopamine 
neurotransmission in the prefrontal cortex would increase subcortical dopamine 
turnover.[13] Endogenous neurotransmitter serotonin (5-hydroxytryptamine; 
5-HT) inhibits the dopamine release in the nigrostriatal pathway, and 5-HT2A 
receptor blockade in the nigrostriatal pathway will increase dopamine levels. 
5-HT2A antagonism will increase levels of dopamine in the mesocortical pathway 

table 1: Dopamine pathways and their functions

Dopamine Pathways Function treatment effects

Mesolimbic 

Controls emotion and sensations 
of pleasure
Hyperactivity in this pathway 
seems to be responsible for 
psychosis 

Dopamine antagonism leads to 
reduction of positive symptoms

Mesocortical 

Controls cognitive function 
Hypoactivity in this pathway may 
be responsible for the negative 
and cognitive symptoms of 
schizophrenia

Drugs should elevate dopamine 
levels and activity in the 
mesocortical pathway in order to 
treat the negative and cognitive 
symptoms via involvement of 
other receptor types e.g. 5-HT2A

Tubero-infundibular Controls prolactin release
Dopamine antagonism leads to 
hyperprolactinemia and sexual 
dysfunction

Nigrostriatal Controls motor movements Dopamine antagonism causes 
drug induced extrapyramidal side 
effects (EPS)
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1which is innervated in frontal and prefrontal cortex lobe. This alleviates the 
dopamine hypofunction in this pathway and controls the negative and cognitive 
symptoms of schizophrenia (Figure 3). Since there are few 5-HT2A receptors in 
the mesolimbic pathway, the antipsychotic actions of 5-HT2A antagonists are 
preserved.[14] Thus, this hypothesis incorporates an explanation for the negative 
symptoms, which are thought to reflect cortical dysfunction and the efficacy of 
antipsychotic drugs in the treatment of positive symptoms. 

Glutamate Hypothesis
Glutamate appears to play an important role in the regulation of dopamine release. 
The interactions between glutamatergic and dopaminergic systems may be highly 
significant in the etiology and pathophysiology of schizophrenia.[12] The glutamate 
hypothesis of schizophrenia proposes that neurodevelopmental abnormalities in 
glutamate synapse formation result in the hypofunction of N-Methyl-D-aspartate 
(NMDA) receptors and thereby an abnormal dopamine activity which is associated 
with the symptoms of schizophrenia. Noncompetitive NMDA antagonists like 
phencyclidine and ketamine were reported to (re)produce psychotic conditions 
that are very similar to the positive and negative symptoms of schizophrenia, 
including hallucinations and delusions. This observation directed towards the 
hypo-functionality of the NMDA receptor in schizophrenia patients. Several 
studies have shown that NMDA hypofunction can lead to dopamine alterations 
similar to those observed in schizophrenia, namely, subcortical dopamine excess 
and cortical D1 receptor upregulation.[12,15,16] Several new drugs that target to 
NMDA receptors are being tested as novel therapeutic agents for the treatment 
of schizophrenia. 

ANTIPSyCHOTIC DRuGS
Mechanism of Action
Antipsychotic drugs have been used for more than half a century in the treatment 
of psychotic disorders such as schizophrenia. In the mid-60s it was hypothesized 
that the antipsychotic action of these drugs was attributed to the blockade of 
dopamine receptors.[17] Indeed, the introduction of positron emission tomography 
(PET) receptor imaging into the clinic demonstrated high D2 dopamine receptor 
occupancy in patients treated with antipsychotic drugs.[18,19] In 1988 Farde 
and colleagues demonstrated that treatment of schizophrenic patients with 
antipsychotics resulted in 65–85% occupancy of D2 dopamine receptors.[20] 
Few years later it was suggested that D2 dopamine receptor occupancy above 
80% was associated with an increased risk of extrapyramidal symptoms (EPS), 
whereas occupancy above 70% was sufficient to observe an antipsychotic effect 
and thus an optimal therapeutic window corresponding to 70–80% receptor 
occupancy was proposed.[21] More recently developed antipsychotics showed a 
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1 wider threshold for antipsychotic effect corresponding to 65–80% D2 dopamine 
receptor occupancy,[22] which was in accordance with the occupancy level 
suggested by others.[23,24]

typical (conventional) Antipsychotics
By the 1970s, it was widely recognized that the common pharmacological 
property of all neuroleptics with antipsychotic properties was their ability to 
block dopamine D2 receptors, specifically in the mesolimbic dopamine pathway. 
The hyperactivity of dopamine in this pathway was postulated to cause the 
positive symptoms. These typical antipsychotics also block D2 receptors at 
different dopaminergic pathways, for instance the nigrostriatal pathway, which 
causes the extrapyramidal side effects.

Atypical Antipsychotics (AtAPs)
ATAPs exert their pharmacological action by binding not only to D2 receptors but also 
to different receptors, but not all atypical antipsychotics share the same mechanism 
of action. ATAPs are characterized by relatively weak affinities for D2-dopamine 
receptors and relatively high affinities for 5-HT2A receptors, when compared with 
typical antipsychotic drugs. Many, but not all, ATAPs have been found to improve 
both positive and negative symptoms, which determine them as front-runners in the 
clinical therapy. “According to Grunder and colleagues[25] an atypical antipsychotic in 
its original sense is one that lacks extrapyramidal side effects”.

CHARACtERIStICS oF AtyPICAlIty
Reduction of excessive dopaminergic neurotransmission in mesolimbic 
brain regions while leaving transmission in mesocortical and nigrostriatal 
pathways intact is the defining characteristic of atypical antipsychotic drugs.[25]

table 2: Represents the classification of antipsychotics based on their pharmacodynamic 
properties, which reflect their affinity for specific receptors.

Classification Mechanism of action Antipsychotics

Conventional Dopamine D2 antagonism haloperidol, 
chlorpromazine

Serotonin-dopamine 
antagonists

Antagonize serotonin 5-HT2A receptors 
and dopamine D2 receptors 

risperidone, paliperidone, 
ziprasidone, iloperidone

Multi-receptor-targeted 
antipsychotics

In addition to dopamine D2 and 5-HT2A, 
cholinergic, histaminergic, 5-HT1A, 5-HT2C 

and others

clozapine, olanzapine, 
quetiapine

D2/D3 antagonist Block D2 and D3 subtypes amisulpride, sulpiride
Partial dopamine 
receptor agonists

Partial agonist aripiprazole
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1All antipsychotics have actions at D2 receptors in the brain. However, unlike 
conventional antipsychotics, newer (atypical) antipsychotics possess additional 
features such as a) serotonin antagonism: high affinity to serotonergic (5-HT2A) 
receptors, b) fast koff rates c) lower striatal D2RO than at the extrastriatal regions 
and high extra-synaptic binding e) mild and partial D2 antagonism

Serotonin Antagonism
The presence of endogenous serotonin neurotransmitters in the mesocortical and 
nigrostriatal pathway inhibits the release of dopamine whereas in the mesolimbic 
dopamine pathway, serotonin has little or no effect. As many of ATAPs are serotonin-
dopamine antagonists, blockade of 5-HT2A receptors in the mesocortical and 
nigrostriatal pathways increases the dopamine levels and thereby reverses some of the 
D2 blockade by atypical antipsychotics. With less D2 blockade by ATAPs in mesocortical 
and nigrostriatal pathways, improvement in negative and cognitive functions and 
reduction in motor side effects could be achieved (Figure 3).

The Role of “koff” in the Determinant for Antipsychotic Efficacy
All antipsychotics (typical or atypical) bind to the D2 receptor with a similar rate 
(kon) but they differ in how fast they come off the receptor (koff). Affinity for a 
receptor by definition is the ratio of koff/kon. By measurement of the kon and koff 
rates for a series of typical and atypical antipsychotics, it was found that 99% of 
the difference in affinity of the antipsychotics was driven by differences in their koff 

rates (Figure 4).[14] It had been demonstrated that low koff of antipsychotic agents 
(e.g. haloperidol) have been associated with EPS and prolactin elevation, whereas 
the high koff antipsychotic agents (e.g., clozapine, quetiapine) are known to be free 
of EPS and prolactin elevation. It was proposed by Kapur et al.[26] that it is koff, at 
the D2 receptor that makes antipsychotic agents more responsive to endogenous 
dopamine release and hence less likely to give rise to side effects such as EPS 
and prolactin elevation. Therefore, ATAPs have hit-and-run actions also called 
rapid dissociation. ATAPs dissociate from D2 receptors after antipsychotic actions 
are established but before motor side effect are induced. Thus, a high koff, at the 
D2 receptor may be a mechanism for “atypical” antipsychotic effect.[26] 

Extrastriatal and Extra Synaptic Binding
The preferential extrastriatal binding of ATAPs, was initially observed by 
Pilowsky and colleagues.[27] The possible reason for this preferential extrastriatal 
binding has been recently conceptualized.[28] The difference in occupancy of 
dopamine D2 receptors with clozapine between striatal and extrastriatal regions 
has been reported as “limbic selectivity”.[27] Moreover, dopamine transmission 
in the cerebral cortex is known to be predominantly extrasynaptic.[29]This is in 
contrast to the striatum, where especially the D2 receptor mediated transmission 
is more synaptic. Thus, the regional difference in receptor occupancy between 
conventional antipsychoptics and ATAPs could be due to a relatively high 
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1

occupancy of extrasynaptic dopamine receptors by ATAPs. This occupancy could 
be responsible for the antipsychotic activity and the lower occupancy of synaptic 
receptors by the ATAPs could lead to sparing of EPS. 

Mild and Partial D2 Antagonism 
Drugs like aripiprazole exhibits mild D2 antagonism via its D2 partial agonism, 
which could lead to a favourable profile in terms of sparing physiologically 
important synaptic transmission while still allowing for an antipsychotic action 
through the blockade of extra synaptic dopamine transmission.[9] 

Fig. 3. Serotonin antagonism: (a) Unlike conventional APs, which bind primarily to dopamine 
D2 receptors, many of ATAPS also bind to serotonin 5-HT2A receptors. (b) In the mesocortical 
and nigrostriatal pathway, the binding of serotonin to 5-HT2A receptors causes a state of 
hypodopaminergia. (c) Conventional APs exacerbate hypodopaminergia in the mesocortical 
and nigrostriatal pathway and EPS side effects. (d) Additional antagonism of serotonin 5-HT2A 
receptors by ATAPs may help ameliorate some of the symptoms caused by hypodopaminergia 
in the mesocortical and nigrostriatal pathway; adapted with permission from[4].

16



GENERAL INTRODUCTION

1

Fig.4. koff values of different antipsychotics

THE POSITIvE AND NEGATIvE SyNDROME SCALE 
(PANSS) 
Most neuropsychiatric disorders have it in common that they lack objective 
measures (laboratory tests or biomarkers) to evaluate the outcome of treatment 
effects.[30] As a result, the evaluations of the severity of illness and the treatment 
effects are based on rating scales as assessed by a physician or by a trained rater. 

The PANSS scale was developed in order to address a number of methodological 
and psychometric issues seen with other scales.[31] Items included were based on 
a number of criteria, such as consistency with the theoretical construct (positive 
and negative psychopathology); measurement of primary and not secondary 
symptoms; representation of different aspects of functioning; being crucial to the 
definition of positive and negative syndromes as well as the ability of assessing 
general psychopathology. 

PANSS consists of 30 items (Table 3) divided into three subscales: positive 
(7 seven items), negative (7 items) and general psychopathology (16 items). 
Each item is rated on a scale between 1 (absence of symptoms) and 7 (extreme 
symptoms). In general, the PANSS scale has been extensively validated and it has 
shown good reliability and stability.
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1

ExtRAPyRAMIDAl SIDE EFFECtS (EPS)
EPS are movement disorders, which are one of the major issues associated with the 
administration of antipsychotics. Different types of EPS have been surveyed and 
described since antipsychotics were first used.[32-34] Extrapyramidal side effects of 
antipsychotic drugs include acute movement disorders (developing within a few 
hours, days or even weeks of treatment) such as Parkinsonism, akathisia, dystonia 
and chronic movement disorders (developing after months or years of exposure 
to the treatment) such as tardive dyskinesia and tardive dystonia. In addition to 
being uncomfortable to patients, these side effects could behave as confounding 
factors and may lead to an underestimation of efficacy of the APs.[35] In addition to 
the limited function associated with the motor side effects and the distress caused 
by EPS, they can also result in other adverse consequences. EPS can worsen the 
negative withdrawal symptoms that characterize the schizophrenia itself. It can 
also indirectly worsen the cognitive dysfunction domain of schizophrenia if anti-
cholinergics are used for the treatment of EPS. Thus, the EPS are not only associated 
with motor disorders but also with worsening of the schizophrenic symptoms 
which can eventually lead to a decreased compliance with the medication.[36]

Based on the conclusions of some randomized clinical trials and meta-analyses, 
atypical antipsychotics were considered less likely to cause EPS compared to 
typical antipsychotics [37-40]. However, some doubt was cast on to this conclusion 
lately,[41,42] and it should be considered that the occurrence of EPS varies between 
atypical agents depending on each drug’s unique pharmacology.[43,44]

Patients may exhibit EPS when the striatal D2 occupancy rate exceeds 80%.
[21,45] This relationship was further substantiated by the finding that clozapine 
and quetiapine, which have relatively low D2 occupancy at therapeutic doses, are 

table 3: Items of PANSS total score

Positive Items Negative Items General Items

P1 - Delusions
P2 - Conceptual 
disorganization
P3 - Hallucinatory 
behaviour
P4 - Excitement
P5 - Grandiosity
P6 - Suspiciousness/ 
Persecution
P7 - Hostility

N1- Blunted effect
N2 - Emotional withdrawal
N3 - Poor report
N4 - Passive apathetic social 
withdrawal
N5 - Difficulty in abstract thinking
N6 - Lack of spontaneity and flow 
of conversation
N7 - Stereotypical thinking

G1 - Somatic concern
G2 - Anxiety
G3 - Guilt feelings
G4 - Tension
G5 - Mannerism and posturing
G6 - Depression
G7 - Motor retardation
G8 - Uncooperativeness
G9 - Unusual though content
G10 - Disorientation
G11 - Poor attention
G12 - Lack of judgment and insight
G13 - Disturbance of volition
G14 - Poor impulse control
G15 - Preoccupation
G16 - Active social avoidance

18



GENERAL INTRODUCTION

1associated with fewer EPS, whereas risperidone and olanzapine that have high 
striatal D2 occupancy rates are associated with more EPS. 

Prevention and treatment of EPS 
Obviously, to prevent EPS from taking place, avoiding the administration of 
neuroleptics would be the most reliable measure; however, this is not possible 
in many cases. The use of low-potency typical or atypical agents can decrease the 
risks of developing EPS.[32] 

Mild dystonic reactions can be left untreated since they resolve within 1-2 
days after the last antipsychotic dose. More severe reactions may require the 
administration of a parenteral anticholinergic agent which can be followed by oral 
anticholinergics for a few days in order to prevent relapse.[46] Benzodiazepines 
can also be an option for treating dystonia,[47] however less literature is available 
to support this. Propranolol, a beta-blocker, is considered to be the treatment 
of choice for antipsychotic-induced akathisia.[48] Parkinsonism-type of EPS 
side effect can be treated with anticholinergics yet special attention should be 
given to the patients who could suffer from worsening of cognitive functions or 
become dependent on these medications. Management of tardive dyskinesia is 
still disappointing and tapering off the dose of the offending antipsychotic while 
switching to another antipsychotic remains the best available option.

MoDEl-BASED DRuG DEVEloPMENt (MBDD)
Higher failure rates in schizophrenia trials are hampering the success of bringing 
the new antipsychotic drugs (APs) into the clinic.[49] The following factors explain 
these high failure rates of clinical trials, 

i)   Disease related factors: heterogeneity of the patient population, subjective 
nature of the clinical symptomatology, lack of relevant biomarkers;

 ii)   Treatment related factors: placebo effect, lack of efficacy, toxic nature of 
the drug and dropouts; 

iii)   Trial related factors: clinical endpoint assessment tools, trial site 
characteristics, inclusion criteria; 

iv)   Methodology used for the endpoint analysis: last observation carried forward 
(LOCF) or mixed model for repeated measures (MMRM) approach.[50] 

Besides the above factors, a traditionally used approach in clinical settings, i.e. 
dose-response analysis to quantify the drug effect faces a number of limitations, 
such as a limited number of doses. Moreover, dose-response analysis does not 
account for the interaction between the drug and underlying pathophysiological 
disease processes. This suggests that the exposure/biomarker-efficacy/safety 
relationship of the drug was not characterized completely and patients may have 
received subtherapeutic doses.
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1 Pharmacometrics is an emerging science that quantifies drug effects using 
pharmacokinetic-pharmacodynamic (PKPD) models, taking into account disease 
progression models and trial information (e.g., baseline, covariates, dropout 
rate) with the goal to accelerate drug development and to give scientific support 
to regulatory and therapeutic decisions (Figure 5). PKPD models represent 
the mathematical and statistical relationships between dose, plasma drug 
concentration, disease biomarker levels, and drug effect. Model-based drug 
development (MBDD) helps to provide evidence of efficacy, thereby saving time 
and costs by fewer or smaller clinical trials and fewer regulatory review cycles, 
and improving the benefit of the drug at a lower risk.

The key concepts for the quantitative analysis of PKPD data and their 
application to “what if scenarios” situations, were built upon the “learn and apply” 
paradigm by Lewis B. Sheiner.[52] In addition, the FDA Guidance for Industry[53] 
that advanced the interpretation and use of concentration-response (vs. dose-
response) relationships to account for highly variable drug PK. 

Fig. 5. Steps of model-based drug development under clinical settings (adapted from[51]).
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1TRANSLATIONAL PKPD MODELLING  
IN SCHIzoPHRENIA:
The benefits of translational PKPD are,

Improved drug efficacy: Mechanistic PKPD modelling in translational drug 
research will lead to a better understanding of drug efficacy and safety, thereby 
reducing attrition in drug discovery and improving the efficiency of the drug 
development process. PKPD modelling allows researchers to examine all of the 
data collected for a given drug (pooled analysis), thus increasing the ability to 
understand the drug’s efficacy, its therapeutic window, and its side effects. 
There is a constant struggle to determine what the proper dosage is for a drug 
such that it provides therapeutic relief while simultaneously preventing side 
effects. Frequently, in an attempt to decrease the side effects, a lower dosage is 
administered, leading to a less-than-desired efficacy. With help of exposure or 
biomarker-response analyses one could optimize the exposure to the required 
level in order to achieve balanced clinical effects.

Enhanced decision-making: Translational PKPD modelling and simulation 
approach helps to make data-driven decisions. Since the flow of information is 
bidirectional (modelling  simulations) in this approach, one can use the adapt, 
learn and apply paradigm

Enabling earlier decision-making: By using features like clinical utility index, 
interim analysis via PKPD modelling allows to make go/no-go decisions earlier in 
the drug development cycle and thereby helps in reducing the R&D costs.

Increase R&D productivity and reduce R&D expenditure: By improving 
drug efficacy, enhancing decision-making, and enabling earlier decision-
making, translational science increases R&D effectiveness and productivity, and 
consequently reducing the overall cost and time for bringing a drug to the market.

AIM oF tHE PRojECt: tRANSlAtIoNAl PKPD 
MoDEllING IN SCHIzoPHRENIA:
The overall objective of the translational PKPD modelling project in schizophrenia 
was to develop a general PKPD model framework that integrates receptor-
binding data across species and clinical data (both efficacy and safety) across 
compounds, and that can be used to optimize drug development strategies for 
future compounds in schizophrenia. This project comprises of three parts. 

1. Predicting receptor occupancy in human
2. Linking receptor occupancy of antipsychotics to efficacy and safety 
3. Extrapolation of translation concepts to other receptor subtypes
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1

This thesis mostly concerns with part 2 of the overall project (Figure 6), but 
also utilizes the modelling concepts from parts 1 and 3 of the project that were 
developed using preclinical data.

The aim of this thesis was to develop a translational model for understanding 
the relationship between the D2RO of antipsychotics and efficacy and safety in 
schizophrenia. In order to quantify this relationship we used pharmacometric 
tools to quantify the clinical effects by integrating various determinants such as 
dose, exposure, placebo effect, dropouts, D2RO levels, and trial design factors. 

This thesis addresses the following research questions
1.  What is a good longitudinal model to describe the effects in placebo-treated 

subjects realizing that placebo data on the longitudinal time course of 
untreated patients are not easily available? 

2.  Is it possible to identify covariates that are predictive of the placebo effect? 
If so, can a (semi-)mechanistic approach be applied?

3. How does drop-out affect treatment effect and vice versa?
4. What are determinants for the time course of dropout?
5.  What is a good longitudinal model to describe the treatment effects in 

subjects with schizophrenia, taking into account their D2RO characteristics?
6.  Is it possible to identify covariates that are predictive of the treatment 

response? e.g., patient history, co-medication, biomarker information
7.  To what extent do the developed relationships apply to different sets of sub 

items of the PANSS total scale (e.g. positive, negative, and general)?

Fig. 6. Translational PKPD modelling in schizophrenia. 
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18.  Can we establish a common quantitative link between D2RO and EPS across 
compounds by exploring (semi-)mechanistic models? 

9. What are determinants for the time course of side effects (e.g. EPS)?
10.  What are the important predictors of the clinical response (PANSS and 

EPS AEs) and what is the relative contribution of receptor interaction 
information?
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