
 

 

 University of Groningen

Translational PKPD modeling in schizophrenia
Pilla Reddy, Venkatesh

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2012

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Pilla Reddy, V. (2012). Translational PKPD modeling in schizophrenia: linking receptor occupancy of
antipsychotics to efficacy and safety. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/f44fdb3a-00dc-4482-b2f7-8d566d02faa3


CH
AP

TE
R

12
Summary

Venkatesh Pilla Reddy 

Division of Pharmacokinetics, Toxicology and Targeting, 
University of Groningen, Groningen, the Netherlands



SuMMARy 
Schizophrenia is one of the most severe mental illnesses, which affects 
approximately 1% of the world’s population. Schizophrenia prevalence is equal in 
men and women and the incidence of the first episode appears usually at or above 
the age of 18. Schizophrenic patients may suffer from a wide range of symptoms 
including hallucinations, delusions, disorganized thinking, and social withdrawal 
to the point that it can severely affect their social, educational, and occupational 
functioning. It has been hypothesized that an excessive level of striatal dopamine 
is responsible for the development of psychotic symptoms. Consequently, the 
dopamine D2 receptor is strongly associated with the modulation of schizophrenic 
symptoms by antipsychotic drugs as measured with rating scales such as the 
Positive and Negative Syndrome Scale (PANSS). Hence, the dopamine D2 receptor 
occupancy (D2RO) of antipsychotic drugs forms the basis for compound selection 
and choice of the optimal dose regimen for schizophrenic patients. D2RO levels 
ranging from 65% to 80% are required for optimal antipsychotic effects, and D2RO 
exceeding 80% results in high incidence of side effects such as extrapyramidal 
symptoms (EPS). 

The history of antipsychotic drug discovery is burdened with failures in phase 
II and III clinical trials. Consequently, patients in clinical trials are still being 
treated with and thus exposed to inactive drugs with partially unknown safety 
profiles. In addition, an appreciable placebo effect is observed in clinical studies, 
which complicates the interpretation of clinical study outcome. The efficiency in 
drug development can be increased by using a model-based approach, which can 
accommodate diverse drug-related features (e.g. physico-chemical properties, 
in vitro efficacy and safety profiles) and system-related features (e.g., receptor 
density, target occupancy, disease progression). In addition, implementation 
of the so-called “learn and confirm” paradigm, using retrospective clinical trial 
data to develop pharmacokinetic-pharmacodynamic models (PKPD), can be 
instrumental in improving the trial designs of new antipsychotic drugs. 

The aim of the translational project on schizophrenia was to create a 
comprehensive model for the prediction of safe and efficacious doses of typical and 
atypical antipsychotics in humans. To achieve this aim, we used pharmacometric 
tools to predict the human brain D2RO (based on PK and PKPD models) of a 
number of well-known antipsychotic drugs (haloperidol, risperidone, olanzapine, 
ziprasidone, paliperidone, and JNJ-37822681). Subsequently, the predicted D2RO 
was integrated with the clinical endpoints to understand the relationship between 
the D2RO and the clinical effects of antipsychotic drugs. This thesis describes 
the pharmacometric analysis of continuous data (pharmacokinetics and PANSS 
scores), categorical ordered data (extrapyramidal side effects), and time to event 
data (dropout events) by accounting for the placebo effects and factors that are 
predictive for treatment response. 
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SUMMARY

Chapter 1: An overview of the current scientific literature on the pathophysiology 
of schizophrenia and the different hypotheses regarding the “atypicality” 
of atypical antipsychotic drugs (ATAPs) are presented. In addition, a brief 
introduction on PKPD modelling concepts and the research questions of the 
thesis are also presented.

Chapter 2: An outline and scope of the thesis is described in this chapter.

Chapter 3: Various empirical to semi-mechanistic models that have been used 
in the past to quantify the placebo effect in neuropsychiatric disorders like 
depression, Alzheimer’s disease, Parkinson’s disease and schizophrenia are 
discussed in this chapter. In addition, pros and cons of each placebo model are 
discussed with the objective of finding those placebo models that could be used 
in schizophrenia drug trials. Better understanding of the patterns of dropout and 
the factors leading to dropouts are crucial in identifying the true placebo effect. 
We therefore also reviewed dropout models used in the development of treatment 
effects models and those used during the optimization of clinical trials.

Chapter 4: In this chapter, we demonstrated the applicability of several placebo 
models, and dropout models, to describe the time course of placebo effect in 
schizophrenia trials using the subject-level PANSS data from 16 clinical trials. 
Among the different tested placebo models, the Weibull model and the indirect 
response model appeared to adequately describe the PANSS data. Covariate 
analysis showed that the disease condition, study duration, study year, geographic 
region where the trial was conducted, and route of administration were important 
predictors for the placebo effect and its variability.

All three parametric time-to-event dropout models, namely the exponential, 
the Weibull and the Gompertz models, described the probability of patients 
dropping out from a clinical trial equally well. The study duration and trial phase 
were found to be predictors for high dropout rates. Results of joint modelling of 
the placebo effect and dropouts indicated that the probability of patients dropping 
out is associated with an observed high PANSS score. These developed placebo 
models, accounting for dropouts and predictors of the placebo effect could be 
useful in the evaluation of new trial designs and for a better quantification of 
antipsychotic drug effects. 

Chapter 5: Haloperidol is still widely used as the prototypical comparator 
antipsychotic drug in randomized controlled trials. However, the effective dose of 
haloperidol is still not known. Moreover, to our knowledge, there is no literature 
available on population-based PKPD modelling of haloperidol using the PANSS 
score that would help in determining the optimum haloperidol dose. Therefore, in 
this chapter, we developed a PKPD model, using subject-level PK and PANSS data 
pooled from several clinical trials to quantify the efficacy of haloperidol accounting 
for inter-individual variability in the PKPD, the placebo effect and the dropouts. 
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Subsequently, the developed PKPD model was successfully utilized to characterize 
an improved dosing strategy for using haloperidol as a comparator drug in future 
antipsychotic drug trial. The recommended oral dose of haloperidol to achieve a 
30% reduction in PANSS score from baseline is 5.6 mg/day and the corresponding 
steady-state effective plasma haloperidol concentration is 2.7 ng/ml. 

Chapter 6: A better understanding of the link between drug exposure and clinical 
effect may contribute to an improved efficiency of developing new antipsychotics. 
Therefore, in this chapter we developed a PKPD model for different APs, to describe 
the time course of total PANSS score, using the drug exposure as a predictor for 
efficacy. In addition, a clinical utility index criterion that describes the usefulness 
of a drug therapy was calculated using the efficacy of the drug and dropout rates. 
The maximum effect size of the ATAPs was in the same range as that for the 
typical antipsychotic drug haloperidol. The maximal drug effect was highest for 
olanzapine whilst it was lowest for ziprasidone. Differences between the clinical 
utility scores of the APs were small, with risperidone showing the highest value. 
The calculated clinical utility index score based on the PANSS scores and dropout 
rates allow a formal comparison of APs at their clinically relevant doses. 

Chapter 7: The PKPD model using PANSS total score was extended to an analysis 
of the effects of APs across the different symptom domains of schizophrenia. 
Positive symptoms of schizophrenia responded well to all antipsychotics. Results 
revealed that olanzapine reduces the negative symptoms of psychosis to a greater 
degree than other ATAPs. This improvement with olanzapine was speculated to 
be due to its higher 5-HT2A to D2 affinity ratio. Dropout modelling results showed 
that the probability of a patient dropping out from a trial was associated with 
scores of all PANSS subscales, but was more strongly correlated with the scores 
of the positive subscale than of those for the negative or the general subscales. 

Chapter 8: The aim of this study was to analyze the sensitivity of the individual 
items of the PANSS score to distinguish between placebo and drug effect 
using data from a number of schizophrenia clinical trials. “Mini-PANSS” scales 
consisting of the most sensitive items were then created and analyzed using 
statistical and PKPD modelling approaches. The power of these scales to show a 
statistically significant difference between the placebo and drug treatment was 
then compared with the total PANSS and its subscales for the three symptom-
domains. Additionally, PKPD analysis was performed in order to determine 
which scale shows the highest maximum drug effect on top of placebo effect. The 
results revealed that none of the investigated mini-PANSS scales is consistently 
better than total PANSS in all comparisons. Hence, the PANSS total score remains 
the gold standard rating scale for the primary endpoint analysis. Nevertheless, 
analyzing different subscales may add more knowledge on specific drug effects, 
especially if total PANSS does not show a significant effect.
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SUMMARY

Chapter 9: A major problem in the treatment of schizophrenic patients with 
the current antipsychotic drugs, that are mainly acting as dopamine-2 receptor 
antagonists, is the occurrence of extrapyramidal side effects (EPS). In this chapter 
individual level EPS data was analyzed using a compartment-based probability 
model with Markov elements. The developed model with Markov property 
quantifies the relationship between occurrence of EPS and transition to to 
higher EPS states and the different predictors such as dose, steady state plasma 
concentration, as well as receptor occupancy of the different APs. Pooled-analyses 
of individual level data of EPS occurrence and receptor occupancies inferred from 
mean plasma concentrations have confirmed the incidence of EPS to rise when D2 
receptor occupancy is above approximately 80%. 

Chapter 10: In this chapter, we predicted the dopamine D2 receptor occupancy of 
antipsychotics and linked the predicted D2RO with clinical endpoints to understand 
the relationship between the D2RO and the clinical effects of antipsychotic drugs. 
The relationship between D2RO, PANSS, and EPS scores were elucidated by 
including semi-mechanistic components (e.g., endogenous dopamine release, 
receptor association and dissociation rates) in the PKPD models. The interaction 
between D2 and 5-HT2A receptor binding seems to be a requisite for an optimal 
balance between efficacy and safety of APs. Binding of ATAPs to the 5-HT2A 

receptors may lead to a beneficial increase in endogenous dopamine release at 
meso-cortical and striatal dopaminergic neurons that could eventually lead to the 
improvement in negative symptoms and a lower incidence of EPS side effects. 
The use of the D2RO-PANSS/EPS relationship rather than plasma drug exposure-
PANSS/EPS relationship allows introducing a drug-independent variable, which 
later may be used to extrapolate the D2RO-PANSS/EPS relationship to new drugs 
with the same mechanism of action. Finally, the D2 receptor occupancy window 
was redefined with subtraction of 30 PANSS points (since 30, and not 0, is the 
lowest possible value of PANSS) when calculating the percentage change from 
baseline. The required effective D2RO levels were calculated to be in the range 
of 50-70%. This analysis suggested that the D2RO required for achieving a good 
clinical effect (30% reduction) with rescaled PANSS score would be at the lower 
range i.e. 50-70% than the well-established range of 65-80% D2RO derived 
from data without correction of 30 points. The D2RO-EPS model results confirm 
80% occupancy as a level of increased EPS incidence rates. A pharmacologically 
oriented approach as shown in this chapter could be utilized for improving the 
success rate of clinical trials. 

Chapter 11: In this chapter, we have discussed some of the challenges that 
are observed in psychiatric trials. Based on our modelling experience, we 
provided some recommendations that may help to increase the success rates in 
schizophrenia trials. 
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Final Conclusions
In conclusion, this modelling framework provides a valuable tool to characterize 
the relationship between exposure, D2RO and clinical effects of antipsychotic 
drugs and to predict the optimal human dose for new antipsychotic drugs. Future 
efforts should focus on elucidating the mechanisms (e.g. transduction processes) 
underlying drug response and establishing a more mechanistic relationship 
between drug dose, exposure, receptor occupancy and the clinical effect.
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