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ABSTRACT 

Schizophrenia and related disorders are severe mental illnesses characterized by profound disruptions 

in emotional processes, speech, behaviour, thinking, and sense of self. It, moreover, has specific 

antisuicidal and anti-aggressive properties. Clozapine is the most efficacious antipsychotic drug in 

treatment-resistant schizophrenia, mainly when other antipsychotic medications do not work. It 

improves negative symptoms (e.g., poverty of speech and withdrawal) and positive symptoms (e.g., 

hallucinations and delusions). However, it is unclear the most effective dose/response of clozapine 

with the most negligible side effects. Pharmacogenomics has been recommended to predict clozapine 

response. However, this might be insufficient to predict the response. Pharmacometabonomics 

analysis using proton nuclear magnetic resonance (1H-NMR) spectroscopy can help to identify novel 

biomarkers of clozapine. Many factors could influence the metabolism of clozapine, changing 

clozapine response, drug dosage standard, and clinical characteristics such as drug-drug interactions, 

dietary interactions, and age explanation for the critical part of the variability in clozapine 

dosing/response. Integrating pharmacogenetics and pharmacometabonomics has the advantage of 

getting more extensive and comprehensive information on variations in drug response. 

 

Keywords: Schizophrenia, Clozapine, Pharmacogenomics, Pharmacometabonomics, Nuclear 
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                    BACKGROUND  

A severe mental illness is characterized by a 

diagnosis of nonorganic psychosis, prolonged 

disability, and illness (Schinnar, Rothbard, 

Kanter, & Jung, 1990).  

Schizophrenia considered one of the most 

common severe mental illnesses, is a significant 

contributor to the global burden of disease (Saha, 

Chant, Welham, & McGrath, 2005; Whiteford et 

al., 2013).
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Schizophrenia is a psychiatric disorder with 

complex cognitive and behavioural symptoms. It 

occurs worldwide and is currently estimated to 

have a lifetime morbid risk of 0.7% (McGrath, 

Saha, Chant, & Welham, 2008) and a 

considerable heritability (Sullivan, Kendler, & 

Neale, 2003) and is associated with high suicide 

risk (Hor & Taylor, 2010). Schizophrenia and 

other severe mental illnesses are well known to 

be associated with elevated suicide rates, with 

five per cent dying of suicide (B. A. Palmer, 

Pankratz, & Bostwick, 2005). Less widely 

appreciated is that schizophrenia is associated 

with an increased risk of premature death by 

many other somatic conditions (Brown, 1997; 

Talaslahti et al., 2012). Antipsychotic 

medications have a main character in treating 

schizophrenia (Alanen, 2018). Between 20% to 

30% of the patients have an inadequate response 

to the treatments (Kennedy, Altar, Taylor, 

Degtiar, & Hornberger, 2014). Clozapine is the 

drug of choice for treatment-resistant 

schizophrenia (TRS) (Kane, Honigfeld, Singer, 

& Meltzer, 1988; Leucht et al., 2009; Siskind, 

McCartney, Goldschlager, & Kisely, 2016), 

where approximately 60% of patients respond to 

clozapine treatment (Laursen, Mortensen, 

MacCabe, Cohen, & Gasse, 2014). However, 

clozapine has several adverse effects that may 

inhibit the use of the medication and sometimes 

lead to discontinuation of the clozapine treatment 

(Legge et al., 2016; Miller, 2000). The leading 

causes of clozapine discontinuation are sedation, 

neutropenia, agranulocytosis, tachycardia, 

dizziness, nausea, vomiting, weight gain, fever, 

and hypersalivation (sialorrhea) (Legge et al., 

2016). Some adverse effects, such as 

agranulocytosis and gastrointestinal 

hypomotility, are potentially life-threatening 

(Idanpaan-Heikkila, Alhava, Olkinuora, & Palva, 

1975; S. E. Palmer, McLean, Ellis, & Harrison-

Woolrych, 2008). There is individual variation in 

the adverse effects (N. Seppälä et al., 2015). 

Monitoring the adverse effects in clinical practice 

is essential, and proper cautions, such as 

haematological monitoring, are needed to 

prevent agranulocytosis. Some of the adverse 

effects can be managed with symptomatic 

medications. There is variation between patients 

in the plasma clozapine levels at a constant dose 

and notably within patients (Diaz, de Leon, 

Josiassen, Cooper, & Simpson, 2005; Schaber et 

al., 2001). Age, sex, body mass index (BMI), 

caffeine use, and especially smoking contribute 

towards the variation of concentration/dose ratio 

(C/D-ratio) of Clozapine (Bowskill, Couchman, 

MacCabe, & Flanagan, 2012; Carrillo, Herraiz, 

Ramos, & Benitez, 1998; N. H. Seppälä, 

Leinonen, Lehtonen, & Kivistö, 1999). 

Guidelines for therapeutic drug monitoring 

indicate that clozapine plasma concentrations in 

the range 0.35–0.60 mg/L are optimal for 

response (Hiemke et al., 2018), and 

concentrations higher than 0.60 mg/L have been 

linked to severe adverse drug reactions. Dose-

response relationships between clozapine 

concentration and weight gain (Simon & De, 

2009) or sedation (Perdigués et al., 2016) have 

been suggested, although this has not been seen 

for all adverse drug reactions (Nair & MacCabe, 

2014). The accurate prediction of clozapine 

plasma levels, therefore, has important clinical 

implications. Sophisticated models incorporating 

lifestyle habits and metabolic indicators can 

explain up to 48% of the variance in clozapine 

levels in large patient samples (Couchman, 

Bowskill, Handley, Patel, & Flanagan, 2013; 

Rostami-Hodjegan et al., 2004), but no individual 

factors other than age, smoking habits, and sex 

have been found to be of clinical value (Flanagan, 

2010). Due to the complex nature of clozapine 

treatment, the decision-making process must be 

robust and thorough.  

 

Pharmacogenomics and Pharmacogenetics 

Pharmacogenetics and pharmacogenomics have 

been a topic of broad interest recently. 

Genotyping methods are becoming more cost-

effective, and in the future extensive genetic 

information about patients may be accessible to 

clinical aid decisions (Dickmann & Ware, 2016; 

Relling & Evans, 2015). Pharmacogenetics is a 

field that focuses on the study of genetic variation 

that interferes with drug response or adverse drug 

reaction (ADR) (Motulsky & Qi, 2006). 

Pharmacogenetics involves identifying genes and 

variations in deoxyribonucleic acid (DNA) 

sequences related to human drug response 

(Kelsoe, 2012). Pharmacogenetics aims to 
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investigate and develop identification tools and 

tests that help predict unexpected drug responses 

using genetic assessment techniques 

(Mroziewicz & Tyndale, 2010; Ventola, 2013). 

This unexpected response to the drug might be 

the non-responsiveness to the drug or an ADR, 

which is idiosyncratic and not due to dose 

variation (Meyer, 2004). In other words, 

pharmacogenetics targets the understanding of 

possible genetic causes of unusual drug 

responses to discriminate different response 

groups to individualize drug therapy (Kelsoe, 

2012; McLeod & Evans, 2001; Motulsky & Qi, 

2006; Ventola, 2013). 

Pharmacogenomics appeared latest as an 

alternative to the classical term 

pharmacogenetics. Concerning the term 

“pharmacogenomics”, the suffix “Omics” 

signifies a broad term (CARE, 2013). 

Pharmacogenomics focuses on the 

comprehensive study of the interaction between 

all human genes, their expression and function, 

disease, drug disposition, and drug response to 

personalize therapy and develop new drugs 

(Kelsoe, 2012; McLeod & Evans, 2001; Meyer, 

2004; Motulsky & Qi, 2006). Indeed, integrating 

extensive genetic information gained from 

individuals’ pharmacogenomics data with other 

clinical information could help develop 

prescribing models that achieve optimum 

individualized therapy (Ventola, 2013). 

Cytochrome P450 enzymes CYP2C19, CYP3A4, 

and CYP1A2 are the most functional in the N-

demethylation of Clozapine, whereas the role of 

CYP2C9 and CYP2D6 is less present (Olesen & 

Linnet, 2001). Uridine diphosphateglycuronosyl 

transferase (UGT) contributes to the 

glucuronidation of clozapine metabolites, and 

flavin-containing monooxygenase 3 (FMO3) 

participates in the N-oxidation of Clozapine 

(Erickson-Ridout, Sun, & Lazarus, 2012; Sachse 

et al., 1999). ATP-binding cassette (ABC) 

transporters are transmembrane proteins 

transporting clozapine and other drugs across 

intra- and extracellular membranes. Genetic 

variation, such as ATP binding cassette 

subfamily G member 2 (ABCG2) gene 

polymorphisms, may also affect the C/D ratio of 

Clozapine (Akamine, Sugawara-Kikuchi, Uno, 

Shimizu, & Miura, 2017; Naveen et al., 2020). 

CYP enzymes, UGT, FMO3, and ABC-

transporter genes have been studied regarding 

clozapine concentrations, but the results are 

inconsistent (Krivoy, Gaughran, Weizman, 

Breen, & MacCabe, 2016).  

Pharmacogenetic studies on the effectiveness of 

clozapine and the treatment of clozapine 

response have also been accomplished. Most of 

the genes investigated are within the serotonergic 

and dopaminergic systems. Still, the relations 

between treatment response and G protein 

subunit beta 3 (GNB3) and tumour necrosis 

factor-alpha (TNFA) genes have also been 

studied. In a meta-analysis, two SNPs in HTR2A 

(rs6313 and rs6314) and one SNP in HTR3A 

(rs1062613) were associated with treatment 

response (Gressier, Porcelli, Calati, & Serretti, 

2016). Nevertheless, variants in the TNIK gene 

were associated previously with a clozapine 

response among schizophrenia patients in a large 

candidate gene study of 995 Han Chinese patients 

(Xu et al., 2016). Studies so far have had 

moderate sample sizes; the heterogeneous 

definition of treatment response, clozapine 

dosage, and compliance were not considered 

(Gressier et al., 2016). Hitherto, no specific genes 

could provide insight into the stratification of 

CLZ efficacy, pharmacokinetics, or 

agranulocytosis (Li, Solomon, & DeLisi, 2018). 

Recently, Pardiñas et al. (2019) investigated 

genome-wide association studies (GWAS) 

among patients with Schizophrenia on 

Clozapine. However, this was the first GWAS of 

clozapine metabolite plasma concentrations. 

Their identifications indicate the way for the next 

stage of clinical studies assessing the utility of 

pharmacogenomics as a sequel to clozapine 

monitoring procedures, with the potential to 

influence clinical care through improved 

titration, dosing, and minimizing of adverse drug 

reactions (Pardiñas et al., 2019). 

Furthermore, Lacaze et al. (2020) used GWAS 

with clozapine-induced myocarditis among 

schizophrenia patients to provide the first 

evidence of SNPs associated with clozapine. 

Additionally, they provide a novel set of 

candidate genetic loci for this severe adverse 

drug reaction and may be of potential clinical 
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helpfulness by using GWAS. However, GWAS 

did not reach the conventional statistical 

threshold used in human genetics and required 

replication in more extensive studies (Lacaze et 

al., 2020). Consequently, even with the updated 

studies of clozapine, there are still no pure 

findings of using pharmacogenomics to identify 

clozapine response/dose, especially in Malaysia 

(Albitar, Harun, Zainal, Ibrahim, & Sheikh 

Ghadzi, 2020; Leon et al., 2020).  

 

Pharmacometabonomics 

In many drug therapies, it is challenging to 

measure drug response. It may take time for the 

response to be noticeable, halting achieving 

effective treatment by choosing the optimum 

therapy early. Therefore, 

pharmacometabonomics was proposed (Clayton 

et al., 2006). Pharmacometabonomics or 

pharmacometabolomics in some literature is a 

metabonomic analysis that aims to discover 

novel biomarkers in the metabolome which 

associated with a drug’s response or toxicity 

(Corona, Rizzolio, Giordano, & Toffoli, 2012; 

Nicholson, Wilson, & Lindon, 2011). These 

novel biomarkers can be used as a classifying 

tool to classify patients as responsive and 

nonresponsive to drugs or develop and may not 

build drug toxicity (Yang & Marotta, 2012). 

Drug response metabotype can predict a patient’s 

response; besides that, it could explain pathways 

and monitor the patient’s outcome during disease 

management, which will improve the 

personalization of therapy (Clayton, Baker, 

Lindon, Everett, & Nicholson, 2009; Holmes et 

al., 2006; Yang & Marotta, 2012). 

Like metabolomics, pharmacometabonomics 

reflects the variation in genes, gene expression, 

and protein expression and their environmental 

interaction (Guţiu et al., 2010). It is an 

economical and less invasive approach to 

predicting drug response (Yang & Marotta, 

2012). 

Pharmacometabonomics is an emerging field that 

could predict the effectiveness and drug-induced 

of clozapine more accurately. 

Pharmacometabonomics includes both genetic 

and environmental (lifestyle). The term 

pharmacometabonomics started to appear in 

2006 as a new knowledge within medical 

sciences. The principle of 

pharmacometabonomics was defined as 

identifying a mixture of predose metabolite 

profiling and chemo-metrics to model and 

forecast the response of drugs (Clayton et al., 

2006). Pharmacometabonomics shows a clear 

connection between an individual’s metabolic 

phenotype in the form of a predose urinary 

metabolite profile and the metabolic destiny of a 

standard dose (Clayton et al., 2009). A few 

studies describe pharmacometabonomics, one of 

which concerns the antipyretic drug 

acetaminophen (Paracetamol) conducted by the 

pioneers of pharmacometabonomics (Clayton et 

al., 2009). Pharmacometabonomics profile 

reveals new drug targets and explores new 

treatment strategies. The alterations of cellular 

metabolic stages describe the combination of 

genome, transcriptome, and proteome changes. 

Therefore, pharmacometabonomics is a 

complementary tool for drug target identification 

and validation. Several studies have 

demonstrated pharmacometabonomics to guide 

the selection the right drug for the right 

metabotype (Abdulkader A Bawadikji, Teh, 

Kader, Sulaiman, & Ibrahim, 2017).  

The primary metabolite of Clozapine is N-

Desmethylclozapine (norclozapine), but its 

effects on metabolic function remain unknown 

(Yuen et al., 2019). However, the most reliable 

predictors of a good clozapine response are 

higher activity, prefrontal cortical structural 

integrity, and a lower ratio of serotonin and 

dopamine metabolites, homovanillic acid 

(HVA): 5-hydroxyindoleacetic acid (5-HIAA) in 

CSF. Therefore, Samanaite and her colleagues 

recommended that future studies ensure adequate 

clozapine plasma concentrations and clozapine 

trial length, including multivariate models, to 

raise predictive accuracy (Samanaite et al., 

2018). However, drug metabolites might be 

different or the same as the metabolites of 

pharmacometabonomics. The central concept of 

pharmacometabonomics is to know the response 

of the drug before taking the treatment. For 

instance, the primary metabolite of warfarin is 3’-

hydroxywarfarin. Gemmati et al. (2016) 
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suggested that the monitoring of 3’-

hydroxywarfarin could be of significant 

advantage in monitoring INR. 

Consequently, additional active metabolites 

should be recognized and investigated as novel, 

valuable indicators (Gemmati et al., 2016). 

Meanwhile, A. A. Bawadikji et al. (2019) 

indicated that alpha and beta glucose could be 

used as biomarkers of unstable INR in plasma. 

Thus, there is no study on clozapine using the 

pharmacometabonomics technique; therefore, 

this technique might allow identifying the 

metabolites that can be used as biomarkers of 

clozapine response.  

 

The integration of pharmacogenetics and 

pharmacometabonomics 

The “Pharmacometabonomics inform 

pharmacogenomics/pharmacogenetics” 

approach reveals that pharmacometabonomics 

can be used to identify genetic variation 

associated with the variation of drug 

toxicity/response (Kaddurah‐Daouk, 

Weinshilboum, & Network, 2014). Merely this 

concept is based on the fact that gene expression 

or variation in genes may lead to protein 

variations and, eventually, metabolite levels 

associated with these pathways that will change 

(Raamsdonk et al., 2001). Consequently, a 

metabotype associated with drug response may 

have some metabolites related to the gene 

expression or gene variations implicated in the 

variable response.  

Several studies have recently used the integration 

of genetics and metabolomics (Hartiala et al., 

2016; Shah et al., 2011; Shahin et al., 2015). The 

approach’s primary purpose was to better 

understand particular traits on different systems’ 

biology levels. However, none has evaluated the 

diagnostic accuracy of integrating 

pharmacogenetics and pharmacometabonomics 

biomarkers. Integrating pharmacogenetics and 

pharmacometabonomics has the advantage of 

getting more extensive and comprehensive 

information on variations in drug response. For 

instance, combining these two methods has 

revealed more knowledge on aspirin response 

variation, which is also antiplatelet (Lewis et al., 

2013). 

Biomarkers 

The NIH Biomarkers Definitions Working Group 

has defined a biomarker as “a characteristic that 

is objectively measured and evaluated as an 

indicator of normal biological processes, 

pathogenic processes, or pharmacologic 

responses to a therapeutic intervention” 

(Freeman & Vrana, 2010; Group et al., 2001). 

The biomarker is a biological indicator of the 

disease, physiological state, clinical status, 

response to drug therapy, or pathogenic process, 

which can be estimated and appraised for its 

indicative accuracy (Group et al., 2001). 

Accordingly, genetic variability associated with 

a biological status can be an indicative 

biomarker. The value of pharmacogenetics and 

pharmacogenomics biomarkers stems from their 

role in personalized medicine using identified 

genetic variabilities to predict drug response and 

avoid ADR prior to drug use. This value 

increases when the drug of concern has a narrow 

therapeutic index or if the therapeutic failure of 

the drug is associated with significant events 

(Ventola, 2013). In 2008, the FDA issued a table 

of valid pharmacogenetics biomarkers, which 

contains a list of drugs with FDA warnings 

warning of pharmacogenetic testing prior to drug 

use, and this list is frequently updated 

(Genomics, 2015).  

Pharmacometabonomics has been used to 

identify novel biomarkers of drugs such as 

paracetamol, simvastatin, cisplatin, and warfarin 

(Abdulkader A Bawadikji et al., 2017; A. A. 

Bawadikji et al., 2019). Pharmacometabonomics 

is a scientific field that measures and evaluates 

metabolites found in body fluids and tissues. The 

main objectives of pharmacometabonomics are 

to examine and understand the mechanisms of 

changes in metabolite levels in cells and tissues 

and the relation between these changes with 

diseases and medications (George G. Harrigan, 

Maguire, & Boros, 2008). Many studies have 

used metabolomic analysis to identify 

biomarkers of diseases such as asthma, COPD, 

cancer, and metabolic disorders (Hocquette, 

2005; Hunt, 2007; Montuschi, Paris, & Melck, 

2009; Robroeks et al., 2010).  

The primary aim of using pharmacometabonomic 

analysis is to produce biochemically based 



e447 

The Potential of Pharmacometabonomics and Pharmacogenomics Approach to Determine Clozapine Response 
among Schizophrenia Patients  

                  J Popul Ther Clin Pharmacol Vol 30(11):e442–e451; 16 May 2023. 

This article is distributed under the terms of the Creative Commons Attribution-Non  

                         Commercial 4.0 International License. ©2021 Muslim OT et al. 

 

 

fingerprints of diagnostic or other classification 

values. A second stage, crucial in such studies, is 

identifying the substances causing the diagnosis 

or classification, and these will become the 

combination of biomarkers that define the 

biological or clinical context (Lindon, Nicholson, 

& Holmes, 2007 ). According to Ekström, 

Godoy, and Riva (2010), in rats, N-

desmethylclozapine was the major active 

metabolite of clozapine, which displayed a more 

significant excitatory effect on the 

submandibular and parotid glands than 

clozapine, mediated by the M1-muscarinic 

receptor. 

 

Authorship 

Abdulkader Ahmad Bawadikji, were involved in 

the study design and had input into and approved 

the final manuscript. 

 

Funding Information 

No funding  

 

Conflict of interest 

The authors report no financial relationships with 

commercial interests and declare no conflict of 

interest. 

 

REFERENCES 
1. Akamine, Y., Sugawara-Kikuchi, Y., Uno, T., 

Shimizu, T., & Miura, M. (2017). Quantification 

of the steady-state plasma concentrations of 

clozapine and N-desmethylclozapine in Japanese 

patients with schizophrenia using a novel HPLC 

method and the effects of CYPs and ABC 

transporters polymorphisms. Annals of clinical 

biochemistry, 54(6), 677-685.  

2. Alanen, Y. O. (2018). Schizophrenia: Its origins 

and need-adapted treatment: Routledge. 

3. Albitar, O., Harun, S. N., Zainal, H., Ibrahim, B., 

& Sheikh Ghadzi, S. M. (2020). Population 

Pharmacokinetics of Clozapine: A Systematic 

Review. BioMed research international, 2020.  

4. Bawadikji, A. A., Teh, C.-H., Kader, M. A., 

Sulaiman, S. A., & Ibrahim, B. (2017). 

Pharmacometabonomics technique to identify 

warfarin response using nuclear magnetic 

resonance spectroscopy. Current pharmaceutical 

biotechnology, 18(9), 740-747.  

5. Bawadikji, A. A., Teh, C. H., Kader, M. A. B. S. 

A., Wahab, M. J. B. A., Sulaiman, S. A. S., & 

Ibrahim, B. (2019). Plasma Metabolites as 

Predictors of Warfarin Outcome in Atrial 

Fibrillation. American Journal of Cardiovascular 

Drugs, 1-9.  

6. Bowskill, S., Couchman, L., MacCabe, J. H., & 

Flanagan, R. J. (2012). Plasma clozapine and 

norclozapine in relation to prescribed dose and 

other factors in patients aged 65 years and over: 

data from a therapeutic drug monitoring service, 

1996–2010. Human Psychopharmacology: 

Clinical and Experimental, 27(3), 277-283.  

7. Brown, S. (1997). Excess mortality of 

schizophrenia: a meta-analysis. The British 

Journal of Psychiatry, 171(6), 502-508.  

8. CARE, P. P. (2013). Clinical applications of 

pharmacogenetics: present and near future. 

Cleveland Clinic journal of medicine, 80(8), 477.  

9. Carrillo, J. A., Herraiz, A. G., Ramos, S. I., & 

Benitez, J. (1998). Effects of caffeine withdrawal 

from the diet on the metabolism of clozapine in 

schizophrenic patients. Journal of Clinical 

Psychopharmacology, 18(4), 311-316.  

10. Clayton, T. A., Baker, D., Lindon, J. C., Everett, 

J. R., & Nicholson, J. K. (2009). 

Pharmacometabonomic identification of a 

significant host-microbiome metabolic 

interaction affecting human drug metabolism. 

Proceedings of the National Academy of 

Sciences, 106(34), 14728-14733.  

11. Clayton, T. A., Lindon, J. C., Cloarec, O., Antti, 

H., Charuel, C., Hanton, G., . . . Walley, R. J. 

(2006). Pharmaco-metabonomic phenotyping and 

personalized drug treatment. Nature, 440(7087), 

1073-1077.  

12. Corona, G., Rizzolio, F., Giordano, A., & Toffoli, 

G. (2012). Pharmaco‐metabolomics: an emerging 

“omics” tool for the personalization of anticancer 

treatments and identification of new valuable 

therapeutic targets. Journal of cellular 

physiology, 227(7), 2827-2831.  

13. Couchman, L., Bowskill, S. V., Handley, S., 

Patel, M. X., & Flanagan, R. J. (2013). Plasma 

clozapine and norclozapine in relation to 

prescribed dose and other factors in patients 

aged< 18 years: data from a therapeutic drug 

monitoring service, 1994–2010. Early 

intervention in psychiatry, 7(2), 122-130.  

14. Diaz, F. J., de Leon, J., Josiassen, R. C., Cooper, 

T. B., & Simpson, G. M. (2005). Plasma 

clozapine concentration coefficients of variation 



e448 

The Potential of Pharmacometabonomics and Pharmacogenomics Approach to Determine Clozapine Response 
among Schizophrenia Patients  

                  J Popul Ther Clin Pharmacol Vol 30(11):e442–e451; 16 May 2023. 

This article is distributed under the terms of the Creative Commons Attribution-Non  

                         Commercial 4.0 International License. ©2021 Muslim OT et al. 

 

 

in a long-term study. Schizophrenia research, 

72(2-3), 131-135.  

15. Dickmann, L. J., & Ware, J. A. (2016). 

Pharmacogenomics in the age of personalized 

medicine. Drug Discovery Today: Technologies, 

21, 11-16.  

16. Ekström, J., Godoy, T., & Riva, A. (2010). N‐

Desmethylclozapine exerts dual and opposite 

effects on salivary secretion in the rat. European 

journal of oral sciences, 118(1), 1-8.  

17. Erickson-Ridout, K. K., Sun, D., & Lazarus, P. 

(2012). Glucuronidation of the second-generation 

antipsychotic clozapine and its active metabolite 

N-desmethylclozapine. Potential importance of 

the UGT1A1 A (TA) 7TAA and UGT1A4 L48V 

polymorphisms. Pharmacogenetics and 

genomics, 22(8), 561.  

18. Flanagan, R. (2010). A practical approach to 

clozapine therapeutic drug monitoring. CMHP 

Bulletin, 2, 4-5.  

19. Freeman, W. M., & Vrana, K. E. (2010). Future 

prospects for biomarkers of alcohol consumption 

and alcohol-induced disorders. Alcohol Clin Exp 

Res, 34(6), 946-954. doi:10.1111/j.1530-

0277.2010.01169.x 

20. Gemmati, D., Burini, F., Talarico, A., Fabbri, M., 

Bertocco, C., Vigliano, M., . . . Avato, F. M. 

(2016). The active metabolite of warfarin (3'-

hydroxywarfarin) and correlation with INR, 

warfarin and drug weekly dosage in patients 

under oral anticoagulant therapy: a 

pharmacogenetics study. PLoS ONE, 11(9), 

e0162084.  

21. Genomics, F. (2015). Table of pharmacogenomic 

biomarkers in drug labeling [Internet]. Center for 

Drug Evaluation and Research. Food and Drug 

Administration [cited 2015 Jun 16]. Available 

from: http://www. fda. 

gov/drugs/scienceresearch/researchareas/pharma

cogenetics/ucm083378. htm.  

22. George G. Harrigan, Maguire, G., & Boros, L. 

(2008). Metabolomics in Alcohol Research and 

Drug Development. Alcohol Research & Health, 

Vol. 31 (No. 1).  

23. Gressier, F., Porcelli, S., Calati, R., & Serretti, A. 

(2016). Pharmacogenetics of clozapine response 

and induced weight gain: a comprehensive review 

and meta-analysis. European 

Neuropsychopharmacology, 26(2), 163-185.  

24. Group, B. D. W., Atkinson Jr, A. J., Colburn, W. 

A., DeGruttola, V. G., DeMets, D. L., Downing, 

G. J., . . . Schooley, R. T. (2001). Biomarkers and 

surrogate endpoints: preferred definitions and 

conceptual framework. Clinical Pharmacology & 

Therapeutics, 69(3), 89-95.  

25. Guţiu, I., Andrieş, A., Mircioiu, C., Rădulescu, F., 

Georgescu, A.-M., & Cioacă, D. (2010). 

Pharmacometabonomics, pharmacogenomics and 

personalized medicine. Romanian Journal of 

Internal Medicine, 48(2), 187-191.  

26. Hartiala, J. A., Tang, W. W., Wang, Z., Crow, A. 

L., Stewart, A. F., Roberts, R., . . . Hazen, S. L. 

(2016). Genome-wide association study and 

targeted metabolomics identifies sex-specific 

association of CPS1 with coronary artery disease. 

Nature communications, 7(1), 1-10.  

27. Hiemke, C., Bergemann, N., Clement, H., Conca, 

A., Deckert, J., Domschke, K., . . . Greiner, C. 

(2018). Consensus guidelines for therapeutic drug 

monitoring in neuropsychopharmacology: update 

2017. Pharmacopsychiatry, 51(01/02), 9-62.  

28. Hocquette, J. F. (2005). Where are we in 

genomics. Journal of Physiology and 

Pharmacology, 56(supp 3), 37-70.  

29. Holmes, E., Tsang, T. M., Huang, J. T.-J., 

Leweke, F. M., Koethe, D., Gerth, C. W., . . . 

Nicholson, J. K. (2006). Metabolic profiling of 

CSF: evidence that early intervention may impact 

on disease progression and outcome in 

schizophrenia. PLoS medicine, 3(8), e327.  

30. Hor, K., & Taylor, M. (2010). Suicide and 

schizophrenia: a systematic review of rates and 

risk factors. Journal of psychopharmacology, 

24(4_suppl), 81-90.  

31. Hunt, J. (2007). If It Smells Like a Duck, It Might 

Be an Asthma Subphenotype. Am. J. Respir. Crit. 

Care Med., 175(10), 975-976. 

doi:10.1164/rccm.200703-302ED 

32. Idanpaan-Heikkila, J., Alhava, E., Olkinuora, M., 

& Palva, I. (1975). Clozapine and agranulocytosis 

Letter to the editor. Lancet, 1, 611.  

33. Kaddurah‐Daouk, R., Weinshilboum, R. M., & 

Network, P. R. (2014). Pharmacometabolomics: 

implications for clinical pharmacology and 

systems pharmacology. Clinical Pharmacology & 

Therapeutics, 95(2), 154-167.  

34. Kane, J., Honigfeld, G., Singer, J., & Meltzer, H. 

(1988). Clozapine for the treatment-resistant 

schizophrenic: a double-blind comparison with 

chlorpromazine. Archives of general psychiatry, 

45(9), 789-796.  

35. Kelsoe, J. (2012). Principles of Pharmacogenetics 

and Pharmacogenomics. Clinical Pharmacology 

& Therapeutics, 92(1), 14-15.  

36. Kennedy, J. L., Altar, C. A., Taylor, D. L., 

Degtiar, I., & Hornberger, J. C. (2014). The social 

and economic burden of treatment-resistant 

schizophrenia: a systematic literature review. 

International clinical psychopharmacology, 

29(2), 63-76.  

http://www/


e449 

The Potential of Pharmacometabonomics and Pharmacogenomics Approach to Determine Clozapine Response 
among Schizophrenia Patients  

                  J Popul Ther Clin Pharmacol Vol 30(11):e442–e451; 16 May 2023. 

This article is distributed under the terms of the Creative Commons Attribution-Non  

                         Commercial 4.0 International License. ©2021 Muslim OT et al. 

 

 

37. Krivoy, A., Gaughran, F., Weizman, A., Breen, 

G., & MacCabe, J. H. (2016). Gene 

polymorphisms potentially related to the 

pharmacokinetics of clozapine: a systematic 

review. International clinical 

psychopharmacology, 31(4), 179-184.  

38. Lacaze, P., Ronaldson, K. J., Zhang, E. J., 

Alfirevic, A., Shah, H., Newman, L., . . . Francis, 

B. (2020). Genetic associations with clozapine-

induced myocarditis in patients with 

schizophrenia. Translational psychiatry, 10(1), 1-

10.  

39. Laursen, T., Mortensen, P., MacCabe, J., Cohen, 

D., & Gasse, C. (2014). Cardiovascular drug use 

and mortality in patients with schizophrenia or 

bipolar disorder: a Danish population-based 

study. Psychological medicine, 44(8), 1625-1637.  

40. Legge, S. E., Hamshere, M., Hayes, R. D., 

Downs, J., O’Donovan, M. C., Owen, M. J., . . . 

MacCabe, J. H. (2016). Reasons for discontinuing 

clozapine: a cohort study of patients commencing 

treatment. Schizophrenia research, 174(1-3), 113-

119.  

41. Leon, J. d., Rajkumar, A. P., Kaithi, A. R., 

Schoretsanitis, G., Kane, J. M., Wang, C.-Y., . . . 

Farooq, S. (2020). Do Asian patients require only 

half of the clozapine dose prescribed for 

Caucasians? A critical overview. Indian Journal 

of Psychological Medicine, 42(1), 4-10.  

42. Leucht, S., Corves, C., Arbter, D., Engel, R. R., 

Li, C., & Davis, J. M. (2009). Second-generation 

versus first-generation antipsychotic drugs for 

schizophrenia: a meta-analysis. The Lancet, 

373(9657), 31-41.  

43. Lewis, J., Yerges‐Armstrong, L., Ellero‐Simatos, 

S., Georgiades, A., Kaddurah‐Daouk, R., & 

Hankemeier, T. (2013). Integration of 

pharmacometabolomic and pharmacogenomic 

approaches reveals novel insights into antiplatelet 

therapy. Clinical Pharmacology & Therapeutics, 

94(5), 570-573.  

44. Li, K. J., Solomon, H. V., & DeLisi, L. E. (2018). 

Clozapine pharmacogenomics: a review of 

efficacy, pharmacokinetics, and agranulocytosis. 

Current opinion in psychiatry, 31(5), 403-408.  

45. Lindon, J. C., Nicholson, J. K., & Holmes, E. ( 

2007 ). The Handbook of Metabonomics and 

Metabolomics Elsevier B.V. All rights reserved  

46. McGrath, J., Saha, S., Chant, D., & Welham, J. 

(2008). Schizophrenia: a concise overview of 

incidence, prevalence, and mortality. 

Epidemiologic reviews, 30(1), 67-76.  

47. McLeod, H. L., & Evans, W. E. (2001). 

Pharmacogenomics: unlocking the human 

genome for better drug therapy. Annual review of 

pharmacology and toxicology, 41(1), 101-121.  

48. Meyer, U. A. (2004). Pharmacogenetics–five 

decades of therapeutic lessons from genetic 

diversity. Nature Reviews Genetics, 5(9), 669.  

49. Miller, D. D. (2000). Review and management of 

clozapine side effects. The Journal of clinical 

psychiatry.  

50. Montuschi, P., Paris, D., & Melck, D. (2009). 

Metabolomic analysis by nuclear magnetic 

resonance spectroscopy of exhaled breath 

condensate in patient with cystic fibrosis. 

European Respiratory Journal, 34 Suppl 53:63s.  

51. Motulsky, A. G., & Qi, M. (2006). 

Pharmacogenetics, pharmacogenomics and 

ecogenetics. Journal of Zhejiang University 

SCIENCE B, 7(2), 169-170.  

52. Mroziewicz, M., & Tyndale, R. F. (2010). 

Pharmacogenetics: a tool for identifying genetic 

factors in drug dependence and response to 

treatment. Addiction science & clinical practice, 

5(2), 17.  

53. Nair, B., & MacCabe, J. H. (2014). Making 

clozapine safer: current perspectives on 

improving its tolerability. Future Neurology, 

9(3), 313-322.  

54. Naveen, M., Patil, A. N., Pattanaik, S., Kaur, A., 

Banerjee, D., & Grover, S. (2020). ABCB1 and 

DRD3 polymorphism as a response predicting 

biomarker and tool for pharmacogenetically 

guided clozapine dosing in Asian Indian 

treatment resistant schizophrenia patients. Asian 

Journal of Psychiatry, 48, 101918.  

55. Nicholson, J. K., Wilson, I. D., & Lindon, J. C. 

(2011). Pharmacometabonomics as an effector 

for personalized medicine. Pharmacogenomics, 

12(1), 103-111.  

56. Olesen, O. V., & Linnet, K. (2001). Contributions 

of five human cytochrome P450 isoforms to the 

N‐demethylation of clozapine in vitro at low and 

high concentrations. The Journal of Clinical 

Pharmacology, 41(8), 823-832.  

57. Palmer, B. A., Pankratz, V. S., & Bostwick, J. M. 

(2005). The lifetime risk of suicide in 

schizophrenia: a reexamination. Archives of 

general psychiatry, 62(3), 247-253.  

58. Palmer, S. E., McLean, R. M., Ellis, P. M., & 

Harrison-Woolrych, M. (2008). Life-threatening 

clozapine-induced gastrointestinal hypomotility: 

an analysis of 102 cases. The Journal of clinical 

psychiatry, 69(5), 759-768.  

59. Pardiñas, A. F., Nalmpanti, M., Pocklington, A. 

J., Legge, S. E., Medway, C., King, A., . . . 

MacCabe, J. (2019). Pharmacogenomic variants 

and drug interactions identified through the 



e450 

The Potential of Pharmacometabonomics and Pharmacogenomics Approach to Determine Clozapine Response 
among Schizophrenia Patients  

                  J Popul Ther Clin Pharmacol Vol 30(11):e442–e451; 16 May 2023. 

This article is distributed under the terms of the Creative Commons Attribution-Non  

                         Commercial 4.0 International License. ©2021 Muslim OT et al. 

 

 

genetic analysis of clozapine metabolism. 

American Journal of Psychiatry, 176(6), 477-486.  

60. Perdigués, S. R., Quecuti, R. S., Mané, A., Mann, 

L., Mundell, C., & Fernandez-Egea, E. (2016). 

An observational study of clozapine induced 

sedation and its pharmacological management. 

European Neuropsychopharmacology, 26(1), 

156-161.  

61. Raamsdonk, L. M., Teusink, B., Broadhurst, D., 

Zhang, N., Hayes, A., Walsh, M. C., . . . Rowland, 

J. J. (2001). A functional genomics strategy that 

uses metabolome data to reveal the phenotype of 

silent mutations. Nature biotechnology, 19(1), 

45-50.  

62. Relling, M. V., & Evans, W. E. (2015). 

Pharmacogenomics in the clinic. Nature, 

526(7573), 343.  

63. Robroeks, C. M., Van Berkel, J. J., Dallinga, J. 

W., Jobsis, Q., Zimmermann, L. J., Hendriks, H. 

J., . . . Dompeling, E. (2010). Metabolomics of 

Volatile Organic Compounds in Cystic Fibrosis 

Patients and Controls. Pediatric Research, 68(1), 

75-80.  

64. Rostami-Hodjegan, A., Amin, A. M., Spencer, E. 

P., Lennard, M. S., Tucker, G. T., & Flanagan, R. 

J. (2004). Influence of dose, cigarette smoking, 

age, sex, and metabolic activity on plasma 

clozapine concentrations: a predictive model and 

nomograms to aid clozapine dose adjustment and 

to assess compliance in individual patients. 

Journal of Clinical Psychopharmacology, 24(1), 

70-78.  

65. Sachse, C., Ruschen, S., Dettling, M., Schley, J., 

Bauer, S., Möller‐Oerlinghausen, B., . . . 

Brockmöller, J. (1999). Flavin monooxygenase 3 

(FMO3) polymorphism in a white population: 

allele frequencies, mutation linkage, and 

functional effects on clozapine and caffeine 

metabolism. Clinical Pharmacology & 

Therapeutics, 66(4), 431-438.  

66. Saha, S., Chant, D., Welham, J., & McGrath, J. 

(2005). A systematic review of the prevalence of 

schizophrenia. PLoS medicine, 2(5), e141.  

67. Samanaite, R., Gillespie, A., Sendt, K.-V., 

McQueen, G., MacCabe, J. H., & Egerton, A. 

(2018). Biological predictors of clozapine 

response: a systematic review. Frontiers in 

Psychiatry, 9, 327.  

68. Schaber, G., Wiatr, G., Wachsmuth, H., Dachtler, 

M., Albert, K., Gaertner, I., & Breyer-Pfaff, U. 

(2001). Isolation and identification of clozapine 

metabolites in patient urine. Drug Metabolism 

and Disposition, 29(6), 923-931.  

69. Schinnar, A. P., Rothbard, A. B., Kanter, R., & 

Jung, Y. S. (1990). An empirical literature review 

of definitions of severe and persistent mental 

illness. The American journal of psychiatry.  

70. Seppälä, N., Leinonen, E., Viikki, M., Solismaa, 

A., Nuolivirta, T., & Kampman, O. (2015). 

Factors associated with subjective side-effects 

during clozapine treatment. Nordic journal of 

psychiatry, 69(3), 161-166.  

71. Seppälä, N. H., Leinonen, E. V., Lehtonen, M. L., 

& Kivistö, K. T. (1999). Clozapine serum 

concentrations are lower in smoking than in non‐

smoking schizophrenic patients. Pharmacology & 

toxicology, 85, 244-246.  

72. Shah, A. A., Craig, D. M., Haynes, C., Bain, J., 

Stevens, R., Hughes, G., . . . Newgard, C. B. 

(2011). Integration of Genetics with 

Metabolomics Identifies a Novel Gene 

Associated with Risk of Incident Cardiovascular 

Events: TRAF3IP2: Am Heart Assoc. 

73. Shahin, M. H., Rotroff, D. M., Webb, A., Gong, 

Y., Langaee, T., McDonough, C. W., . . . 

Motsinger-Reif, A. (2015). Integrating 

Metabolomics and Genomics Uncovers Novel 

Pathways and Genetic Signatures Influencing 

Hydrochlorothiazide Blood Pressure Response: A 

Genetic Response Score for Hydrochlorothiazide 

Use. Circulation, 132(suppl_3), A13621-

A13621.  

74. Simon, V., & De, M. H. (2009). Are weight gain 

and metabolic side effects of atypical 

antipsychotics dose dependent? a literature 

review. The Journal of clinical psychiatry, 70(7), 

1041-1050.  

75. Siskind, D., McCartney, L., Goldschlager, R., & 

Kisely, S. (2016). Clozapine v. first-and second-

generation antipsychotics in treatment-refractory 

schizophrenia: systematic review and meta-

analysis. The British Journal of Psychiatry, 

209(5), 385-392.  

76. Sullivan, P. F., Kendler, K. S., & Neale, M. C. 

(2003). Schizophrenia as a complex trait: 

evidence from a meta-analysis of twin studies. 

Archives of general psychiatry, 60(12), 1187-

1192.  

77. Talaslahti, T., Alanen, H. M., Hakko, H., 

Isohanni, M., Häkkinen, U., & Leinonen, E. 

(2012). Mortality and causes of death in older 

patients with schizophrenia. International journal 

of geriatric psychiatry, 27(11), 1131-1137.  

78. Ventola, C. L. (2013). Role of pharmacogenomic 

biomarkers in predicting and improving drug 

response: part 1: the clinical significance of 

pharmacogenetic variants. Pharmacy and 

Therapeutics, 38(9), 545.  

79. Whiteford, H. A., Degenhardt, L., Rehm, J., 

Baxter, A. J., Ferrari, A. J., Erskine, H. E., . . . 



e451 

The Potential of Pharmacometabonomics and Pharmacogenomics Approach to Determine Clozapine Response 
among Schizophrenia Patients  

                  J Popul Ther Clin Pharmacol Vol 30(11):e442–e451; 16 May 2023. 

This article is distributed under the terms of the Creative Commons Attribution-Non  

                         Commercial 4.0 International License. ©2021 Muslim OT et al. 

 

 

Johns, N. (2013). Global burden of disease 

attributable to mental and substance use 

disorders: findings from the Global Burden of 

Disease Study 2010. The Lancet, 382(9904), 

1575-1586.  

80. Xu, Q., Wu, X., Li, M., Huang, H., Minica, C., 

Yi, Z., . . . Shi, Y. (2016). Association studies of 

genomic variants with treatment response to 

risperidone, clozapine, quetiapine and 

chlorpromazine in the Chinese Han population. 

The Pharmacogenomics Journal, 16(4), 357-365.  

81. Yang, Z., & Marotta, F. (2012). 

Pharmacometabolomics in drug discovery & 

development: applications and challenges. 

Metabolomics, 2(5), e122.  

82. Yuen, J., Wu, C., Wang, C., Kim, D., Procyshyn, 

R., Honer, W., & Barr, A. (2019). A comparison 

of the effects of clozapine and its metabolite 

norclozapine on metabolic dysregulation in 

rodent models. Neuropharmacology, 107717.  

 


