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ยาคลอซาปีน เป็นยาจติเวชกลุม่ใหม ่(atypical antipsychotic) ทีไ่ดร้บัการรบัรองใหใ้ชส้ าหรบัรกัษาโรคจติเภททีด่ือ้ตอ่การรกัษา หรอื
ผูป่้วยทีม่คีวามคดิหรอืพยายามฆา่ตวัตาย โดยพบวา่มหีลายปัจจยัทีส่ง่ผลต่อการตอบสนองทางคลนิิกต่อการรกัษาดว้ยยาคลอซาปีนซึง่รวมไป
ถึงปัจจยัการแปรผนัทางพนัธุกรรม การศกึษานี้จงึมวีตัถุประสงค์เพื่อประเมนิความสมัพนัธ์ระหว่างปัจจยัทางพนัธุกรรมของคน และการ
ตอบสนองทางคลินิกต่อการรักษา รวมไปถึงการเกิดอาการไม่พึงประสงค์จากยาในผู้ป่วยจิตเภทที่ ได้รับการรักษาด้วยยาคลอซาปีน  
วิธีด าเนินการวิจยั: อาสาสมคัรผูใ้หญ่ที่ใช้ยาคลอซาปีนมานานมากกว่า 1 เดอืน และยนิยอมเขา้ร่วมโครงการจะถูกเจาะเลอืดหลงัจากได้
รบัประทานยาคลอซาปีนไปแลว้ประมาณ 12 ชัว่โมง ขอ้มลูทางคลนิิก และผลตรวจทางหอ้งปฏบิตักิารจะถูกเกบ็จากแฟ้มข้อมลูผูป่้วย ลกัษณะ
ทางพนัธุกรรมของยนี CYP1A2 ABCB1 HTR2A; T102C และ DRD2; Taq IA จะถูกวเิคราะหโ์ดยวธิ ีTaqMan® real-time PCR ระดบัยาคลอ
ซาปีน และเมตาบอไลท์ (N-Desmethyl clozapine) ในกระแสเลอืดถูกวดัโดยวธิ ี liquid chromatography-tandem mass spectrometry (LC-
MS/MS) ส าหรบัการประเมนิการตอบสนองทางคลนิิกต่อการรกัษานัน้จะประเมนิโดยใช ้CGI-S และ คะแนน Thai HoNOS ผลการศึกษา: 
ลกัษณะอาการทางคลนิิกของคนไขส้่วนใหญ่ (รอ้ยละ 88, n=37/42) จะอยู่ในระดบัปกตถิงึเจบ็ป่วยเลก็น้อย (CGI-S = 1-3) โดยมผีูป่้วย 5 คน 
หากประเมนิโดยทัง้ CGI-S และ คะแนน Thai HoNOS แลว้จะพบวา่มอีาการปกต ิหรอืมอีาการทีค่งทีแ่ลว้ (CGI-S = 1 และ Thai HoNOS = 0) 
ขนาดของการใชย้าคลอซาปีนโดยเฉลีย่+คา่เบีย่งเบนมาตรฐาน (ต ่าสุด-สงูสุด) คอื 75.63±68 (6.25-400.00) มลิลกิรมัตอ่วนั สว่นระดบัยาทีป่รบั
ฐานโดยขนาดยาแลว้พบวา่มรีะดบัต ่ากวา่ในกลุ่มสูบบหรีเ่มือ่เทยีบกบัคนทีไ่มสู่บบุหรีอ่ย่างมนีัยส าคญัทางสถติ(ิ1.11±0.87 และ 2.12±1.60 นา
โนกรมัต่อมลิลลิติรของขนาดยาต่อวนั ตามล าดบั) และยงัพบว่ามขีนาดสูงในกลุ่มทีใ่ชย้าฟลูออกซทีนีอย่างมนีัยส าคญัทางสถติ ิเมื่อเทยีบกับ
กลุ่มทีไ่มไ่ดใ้ชย้าฟลูออกซทีนี (2.69±1.68 และ 1.48±1.24นาโนกรมัต่อมลิลลิติรของขนาดยาต่อวนั ตามล าดบั) การแปรผนัทางพนัธุกรรมของ
ยีน ABCB1 (rs1045642) มคีวามสมัพนัธ์อย่างมนีัยส าคญัทางสถิติกับอัตราส่วนของระดบัยาคลอซาปีนต่อเมตาบอไลท์ และยงัพบว่ามี
ความสมัพนัธ์อย่างมนีัยส าคญัทางสถติิกบัการที่มรีะดบั neutrophile ต ่ากว่าร้อยละ 50 ส่วนการตอบสนองทางคลนิิกต่อการรกัษาโดยการ
ประเมนิ CGI-S นัน้พบว่ามคีวามสมัพนัธ์อย่างมนีัยส าคญัทางสถติกิบัการแปรผนัทางพนัธุกรรมของยนี DRD2 Taq IA และการใชย้าฟลูเฟ
นาซีนร่วม สรุปผลการวิจยั: จากการวิจัยพบถึงความสัมพันธ์ของการแปรผันทางพนัธุกรรมของยีน DRD2 (Taq IA) และยีน ABCB1 
(rs1045642) กบัทัง้ประสทิธภิาพของการรกัษา และแนวโน้มการเกดิอาการไมพ่งึประสงคจ์ากยาคลอซาปีน โดยความสมัพนัธน์ี้อาจเกดิจากทัง้
การท างานของยนีหลายๆยนีร่วมกนั และการแปรผนัของระดบัยา ซึง่จากผลการศกึษาสามารถสนบัสนุนแนวคดิเกีย่วกบัการแปรผนัของยนีกบั
ผลการรกัษา ซึง่จะน ามาซึง่ความเขา้ใจในเภสชัพนัธุศาสตรข์องยาคลอซาปีนทีม่ากขึน้ และน าไปปรบัใชใ้นการใชย้าในการรกัษาผูป่้วยจติเภท 
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Abstract 
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Clozapine, an atypical antipsychotic drug, is approved for use in treatment-resistant schizophrenia or accompanied by 
persistent suicidal or self-injurious behavior. Multiple factors could play a role affecting the clinical response of clozapine in 
schizophrenic patients, including genetic variations. Our objectives were to evaluate the associations between host genetic factors 
and clinical response, as well as adverse drug reactions, in schizophrenia patients receiving clozapine. Methods: Consenting 
adults receiving clozapine for at least 1 month had a blood sample collected 12 hours after their last dose of clozapine. Clinical 
data and laboratory data were collected from patient chart. Genotyping candidate genes (CYP1A2, ABCB1, HTR2A; T102C, and 
DRD2; Taq IA) was performed TaqMan® real-time PCR. Plasma clozapine and its active metabolite (N-Desmethyl clozapine) 
concentrations were determined using liquid chromatography-tandem mass spectrometry (LC-MS/MS). Clinical responses were 
evaluated by CGI-S and Thai HoNOS scores. Results: The clinical symptoms of the majority of patients (88%, n=37/42) were 
normal to mildly ill in severity (CGI-S = 1-3); 5 patients were in the categories of normal or stable illness by CGI-S and Thai 
HoNOS (CGI-S = 1 and Thai HoNOS = 0). The average + standard deviation (min-max) dose of clozapine was 75.63±68 (6.25-
400.00) mg/day. Dose-normalized clozapine concentrations were statistically significant lower in smokers than non-smokers 
(1.11+0.87 and 2.12+1.60 ng/mL/mg of dose per day, respectively). Moreover, dose-normalized clozapine concentrations were 
statistically significant higher in fluoxetine users than non-users (2.69±1.68 and 1.48±1.24 ng/mL/mg of dose per day, 
respectively). A genetic polymorphism of ABCB1 (rs1045642) was statistically significant associated with the ratio of clozapine 
to N-Desmethyl clozapine, as well as neutrophil profiles (% neutrophile of less than 50). The non-genetic factors, fluphenazine 
used and a genetic polymorphism of DRD2 Taq IA were statistically significant associated with the clinical response evaluated 
by CGI-S. Conclusion: We found associations between genetic polymorphisms of DRD2 (Taq IA) and ABCB1 gene (rs1045642) 
with clinical efficacy and potential adverse drug reaction of clozapine. These associations are likely complicated by multiple 
genes and their interactions and may also be related to clozapine dose or plasma concentrations. These preliminary findings 
support exploring other potential candidate genes that could provide a better understanding of the pharmacogenomics of 
clozapine and help optimize treatment for schizophrenia patients. 
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Introduction
Schizophrenia is a chronic psychiatric disorder   

that has a prevalence of approximately 1% globally. 
Antipsychotic drugs are the first line treatment for 
schizophrenia but about 30% of patients respond          
poorly to these treatments, termed “treatment-resistant 
schizophrenia; TRS” (Siskind et al., 2018). Clozapine, an 
atypical antipsychotic drug, is approved for use in TRS and 
has favorable efficacy for many symptomatic conditions, 
including aggression, suicide, and self-injury (Chakos, 
Lieberman, Hoffman, Bradford, & Sheitman, 2001; Tiihonen 
et al., 2017). Clozapine is an antagonist to serotonin (5-
HT2A, 5-HT2C, 5-HT6, 5-HT7), dopamine (D4), muscarinic 
1, and alpha 1-adrenergic with high binding affinity (<10 nM 
affinity) (Meltzer, 1994). Clozapine is metabolized to an 
active metabolite, N-desmethylclozapine, and then further 
oxidized to clozapine N-oxide (Pirmohamed, Williams, 
Madden, Templeton, & Park, 1995). The major metabolizing 
enzymes in vivo are CYP1A2 and CYP3A4; while in vitro 
CYP3A4 (70%), CYP1A2 (15%), and CYP2C19/CYP2C8/ 
FMO3 (5%) enzymes has been reported (Wagmann, Meyer, 
& Maurer, 2016). 

The clinical response rate of clozapine treatment in 
schizophrenic patients is between 30 to 60%; leaving a high 
percentage of patients who do not respond to treatment 
(Lewis et al., 2006; McEvoy et al., 2006). Multiple factors 
could play a role affecting the clinical response of clozapine 
in schizophrenic patients, including genetic variations. 
Previous studies have shown that some variations in genes 
relating to pharmacodynamics (DRD1, DRD2, DRD3, DRD4, 
COMT, HTR2C, HTR6, HTR1A, HTR3A, SLC6A3, and 
SLC6A4) and pharmacokinetics (CYP1A2, CYP2C19, and 
ABCB1) were associated with clinical response of clozapine 
(Numata, Umehara, Ohmori, & Hashimoto, 2018), especially 
polymorphism in CYP1A2 *1F which had high enzymes 
inducibility. Genetic variations of CYP1A2 are associated 
with lower plasma clozapine concentrations and 
unsuccessful treatment. (Eap et al., 2004). Conversely, a 
gene-gene interaction study revealed a desirable clinical 
response with variations in HTR2A T102C, HTR2A 
his452tyr, HTR2C−330-GT/-244-CT, HTR2C Cys23Ser, 
SLC6A4 5-HTTLPR, and H2−1018-G/A (Sriretnakumar, 
Huang, & Müller, 2015). 

Clozapine-induced agranulocytosis (CIA) (Absolute 
neutrophil count (ANC) ≤ 500/mm3) is a factor limiting its 
widespread use (Nielsen, Dahm, Lublin, & Taylor, 2010). 
The reported incidence of CIA within the first year of 
clozapine treatment is 0.8 (Alvir, Lieberman, Safferman, 
Schwimmer, & Schaaf, 1993) but frequently occurs within 

the first 6–18 weeks of treatment (Atkin et al., 1996). Even 
though the incidence of CIA is low it can be life-threatening. 
Moreover, clozapine associated with single drop or 
cumulative drop within 3 weeks of white blood cell (WBC)  
< 3500/mm3 (leukopenia) and/or ANC < 2000/mm3 
(granulocytopenia) ("CLOZARIL [package insert]," 2017). 

The mechanism of CIA is not well understood but 
studies have shown associations between genetic variations 
and clozapine adverse drug reactions (ADR). A genome-
wide association study (GWAS) and an exome-sequencing 
study revealed an association between HLA gene variations 
and CIA, specifically HLA-DQB1 (126Q) (P=4.7x1014, odds 
ratio (OR)=0.19, 95% confidence interval (CI)=0.12–0.29) 
(Goldstein et al., 2014). A case-control study has also 
demonstrated that patients who carry HLA-DQB1 had a 
higher risk of experiencing CIA (16.9 times higher) 
(Athanasiou et al., 2011). A study in Japan reported            
an increased risk of having clozapine-induced 
agranulocytosis/granulocytopenia (CIAG) in patients with 
HLA-B*5901 (p=3.81x10-8, OR=10.7) (Saito et al., 2016). 
Other studies have shown an association between ABCB1 
polymorphisms and clozapine ADR (van der Weide et al., 
2017). 

Clozapine is widely used as first line treatment for 
unresponsiveness schizophrenia or accompanied by 
persistent suicidal or self-injurious behavior in Thailand. 
However, the pharmacogenomics of clozapine in Thai 
population is unknown. Our study aimed to evaluate the 
association of genetic variations of genes involved in 
clozapine pharmacokinetics, CYP1A2 and ABCB1, and 
pharmacodynamics, HTR2A; T102C, His452Tyr, DRD2; Taq 
IA, with efficacy and safety of clozapine in schizophrenia 
patients. 
 
Methodology  
 Subjects 

Schizophrenic patients diagnosed by psychiatrist 
as International Statistical Classification of Disease-10 (ICD-
10) F20-29 by DSM-IV and DSM-V who had received 
clozapine treatment for more than 1 month were considered 
eligible for enrollment. Patients who had congenital 
neutropenia or immune mediated-neutropenia or received 
any cancer treatments were excluded. All participants were 
attending out-patient clinics at Suan-Prung hospital, Chiang 
Mai, Thailand and the study was approved by the local 
ethics committee. Eligible participants received a complete 
description of the study before being asked for written 
informed consent. 
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Sample collection 
Blood samples were collected in 2 EDTA tubes 

each 6 mL for genetics and plasma drug concentration 
analyses. Samples were collected in the morning, about 12 
hours after the last dose or prior to receiving their scheduled 
dose of clozapine. Samples were stored at -20ºC until 
analysis. 

Evaluation of Treatment Outcome  
Treatment efficacy was evaluated using The 

Clinical Global Impression – Severity (CGI-S) score and 
Thai Health of the Nation Outcome Scales (Thai HoNOS). 
The CGI-S response was defined as having a score of          
1 and 2 (not at all ill and borderline mentally ill) for CGI-S 
while the full response had only a score 1 (normal).          
The HoNOS stable group was defined as having a score    
of 0 for Thai HoNOS. The CGI-S and HoNOS stable group 
was defined as having a score of 1 for CGI-S and 0 scores 
for Thai HoNOS. Safety was evaluated using white blood 
cell (WBC) and absolute neutrophil counts (ANC) 
(Llanchezhian, Joseph, & Rabinarayan). Patient safety 
profiles were classified as leukopenia: WBC<3,500/mm3; 
granulocytopenia: ANC <2,000/mm3; and agranulocytosis: 
ANC<500/mm3. 

Genetic Analysis 
Sample preparation and DNA extraction: DNA was 

extracted from whole blood samples (EDTA tubes) by 
PureLink® Genomic DNA Kits (Life Technologies, CA, 
USA). DNA concentrations and the purity were measured by 
NanoDrop spectrophotometer at wavelength 260 nm 
(Thermo Fisher Scientific, Wilmington, DE, USA). All DNA 
samples were stored at Suandok Repository Unit, Omics 
Center for Health Sciences: OCHS, Faculty of Medicine, 
Chiang Mai University 

Genotyping: The TaqMan® SNP Genotyping assay 
(Life Technologies, Camarillo, CA, USA) was used to 
genotype DRD2 Taq IA (rs1800497), HTR2A 102C>T 
(rs6313), and ABCB1 (rs7787082), and the TaqMan® Drug 
Metabolism Genotyping assay was used for ABCB1 
3435C>T (rs1045642) and CYP1A2 -163C>A (*1F) 
(rs762551). 

Measurement of plasma clozapine and N-
desmethylclozapine concentrations  

Plasma samples were separated by centrifuging at 
800 x g for 10 minutes and stored at -70ºC until analysis. 
Clozapine and N-desmethylclozapine were quantified using 
a validated liquid chromatography-triple quadrupole mass 

spectrometry (LC-MS/MS) Assay (Couchman et al., 2018; 
Wohlfarth, Toepfner, Hermanns-Clausen, & Auwärter, 
2011). Deuterated analytes (d4-clozapine and N-
desmethylclozapine-d8) were used as internal standards. 
Analytes were extracted from plasma using a liquid-liquid 
extraction under alkaline condition using ethyl acetate as 
organic solvent. Chromatographic separation was performed 
on a Synergi Polar RP column using a gradient elution with 
1.0 mM ammonium formate and methanol. Both analytes 
were quantified over the concentration range of 20 to 1,000 
ng/mL, with a lower limit of quantification (LLOQ) of 20 
ng/mL. Accuracy ranged from 101% to 104% for clozapine 
and 97% to 100% for N-desmethylclozapine, with precision 
<4.0% for both analytes. 

Statistical analysis 
Hardy–Weinberg equilibrium, allele, and genotype 

frequencies of all candidate SNPs were analyzed using the 
Haploview program v4.2 (Broad Institute, Cambridge, MA, 
USA). The distribution of data among groups was analyzed 
using a Chi-square test. After testing for the normality, 
associations were further analyzed by chi-square, ANOVA, 
Mann–Whitney U-test, or Kruskal–Wallis test. The 
multivariate multiple regression analysis was used to 
analyze multiple factors and outcomes. Statistically 
significant were considered as p values <0.05. Statistical 
analyses were performed using SPSS version 23.0 (SPSS 
Inc., Chicago, IL, USA).  

  
Results  

Patient characteristics  
Forty-two participants (male 64%, female 36%) 

were enrolled and the clinical characteristics are shown in 
Table 1. The majority of patients (64.3%) were diagnosed 
with continuous paranoid schizophrenia, and most were 
non-smokers (59.5%) and non-alcohol drinkers (88.1%). Of 
note, 60% of patients were caffeine users. Almost all 
participants had co-medication (41/42, 97.6%). The 
frequently co-medication used were trihexyphenidyl 
(73.81%), fluphenazine decanoate (30.95%), trifluoperazine 
(21.43%), valproate (21.43%), fluoxetine (21.43%), lithium 
(19.05%), risperidone (19.05%), and perphenazine 
(19.05%). The mean+SD (min-max) duration of clozapine 
used from initial dose was 42.27±29.48 months (1.00-82.10) 
and duration of clozapine current dose was 23.44±25.75 
months (1.00-81.80). 
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Table 1 Demographic and clinical characteristics of patients (N = 42) 
 

Characteristics N (%) 
Gender Male 27 (64.29) 

Female 15 (35.71) 
Age, years 
(mean ±SD) (min-max)  

45.05±11.10 (21-64) 

Weight, kg 
(mean ±SD) (min-max)  

70.38±13.07 (51-100.7) 

Height, cm 
(mean ±SD) (min-max)  

162.47±8.85 (146-180) 

Marital status  Single 27 (64.29) 
Widowed 1 (2.38) 
Married 14 (33.33) 

Nationality  Thai 39 (92.86) 
Tai Yai 1 (2.38) 
Burmese 2 (4.76) 

Ethnicity  Thai 39 (92.86) 
Tai Yai 1 (2.38) 
Myanmar 2 (4.76) 

Education level  Illiterate 5 (11.90) 
Primary school 13 (30.95) 
High school 19 (45.24) 
Bachelor's degree or higher 5 (11.90) 

Primary diagnosis  Paranoid schizophrenia, Continuous 27 (64.29) 
Schizoaffective disorder, manic type 4 (9.52) 
Paranoid schizophrenia, Incomplete remission  2 (4.76)  
Schizophrenia, unspecified, Continuous  2 (4.76)  
Paranoid schizophrenia, Episodic with progressive deficit 1 (2.38) 

Paranoid schizophrenia, Complete remission 1 (2.38) 

Undifferentiated schizophrenia, Continuous 1 (2.38) 
Paranoid schizophrenia, Episodic remittent 1 (2.38) 
Undifferentiated schizophrenia, Episodic with progressive deficit 1 (2.38) 
Schizoaffective disorder, depressive type 1 (2.38) 
Residual schizophrenia, Continuous 1 (2.38) 

Clozapine dose ,mg/day 
(mean ±SD) (min-max) 

75.63±68 (6.25-400) 

Clozapine duration from initial dose, month 
(mean ±SD) (min-max) 

42.27±29.48 (1.00-82.10) 

Clozapine duration of current dose, month 
(mean ±SD) (min-max) 

23.44±25.75 (1.00-81.80) 
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Table 1 Demographic and clinical characteristics of patients (N = 42) (Continued) 
 

Characteristics N (%) 
Co-morbidities Hypertension  11 (26.19) 

Diabetes  4 (9.52)  
Dyslipidemia 2 (4.76) 
Asthma  1 (2.38) 
Allergy 1 (2.38) 
Osteoarthritis 1 (2.38) 
None 28 (66.67) 

Smoking  Yes 16 (38.10) 
No 21 (50.00) 
Used to 4 (9.52) 
Not known 1 (2.38) 

Alcohol use Yes 4 (9.52) 
No 30 (71.43) 
Used to 7 (16.67) 
Not known 1 (2.38) 

Caffeine use  Yes 25 (59.52) 
No 16 (38.10) 
Not known 1 (2.38) 

Narcotics history   Yes 4 (9.52) 
No 36 (85.71) 
Not known 2 (4.76) 

Suicidal history  Yes 2 (4.76) 
No 38 (90.48) 
Not known 2 (4.76) 

 

Efficacy 
All patients had good drug compliance. Forty-seven 

percent of patients were categorized as mild illness (CGI-S 
= 3) and the median Thai HoNOS total score was 1 (IQR = 
0 - 20). The highest Thai HoNOS score of 4 was reported 

for some participants with hallucination/ delusion and other 
mental and behavioral problems (Table 2). Forty percent of 
patients were classified as CGI-S response and 55% were 
stable as evaluated by HoNOS. However, only five patients 
were stable in both CGI-S and HoNOS. 

 

Table 2 Clinical evaluation (N = 42) 
 

Clinical data 
Compliance score, Mean ± SD (min-max) 9.36±1.01 (6-10) 
CGI-S, Mean ± SD (min-max) 2.57±0.97 (1-5) 
CGI-S category,  
N (%)  

1 (Normal, not at all ill) 7 (16.67) 
2 (Borderline mentally ill) 10 (23.81) 
3 (Mildly ill) 20 (47.62) 
4 (Moderately ill) 4 (9.52) 
5 (Markedly ill) 1 (2.38) 
6 (Severely ill) 0 
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Table 2 Clinical evaluation (N = 42)  (Continued) 
 

Clinical data 
Thai HoNOS score 
category, 
Median ± IQR  
(min-max) 

1.Overactive, aggressive, disruptive, or agitated  0±0 (0-3) 
2.non-accidental self-injury 0±0 (0-2) 
3.Problem drinking or drug-taking 0±0 (0-3) 
4.Cognitive problems 0±0 (0-3) 
5.Physical illness or disability problems 0±0 (0-2) 
6.Problems with hallucinations and delusions 0±0.5 (0-4) 
7.Problems with depressed mood 0±0 (0-1) 
8.Other mental and behavioral problems 0±0.5 (0-4) 
9.Problems with relationships 0±0 (0-2) 
10.Problems with activities of daily living 0±0 (0-2) 

Thai HoNOS total score (n=111), Median ± IQR (min-max) 1±4 (0-20) 
CGI-S response, N (%) 17 (40.48) 
CGI-S full response, N (%) 7 (16.67)  
HoNOS stable, N (%) 22 (55.00) 
CGI-S and HoNOS stable, N (%) 5 (12.20) 

 
          Plasma Clozapine and Metabolites Concentrations 
        Clozapine plasma and metabolite concentrations are 
shown in Table 3. The mean+ standard deviation, SD (min-
max) clozapine dose was 75.63 ± 68 mg/day (6.25 – 400 
mg/day). The mean concentrations of clozapine and N-
desmethyl clozapine (N-Des) were 114.38±130.99 ng/ml 
and 60.14±72.69 ng/ml, respectively. When dose 
normalized, the clozapine concentrations were significantly 
lower among smokers than the non-smokes (1.11±0.87 and 
2.12±1.6 ng/mL/mg of dose per day, respectively; p<0.05). 

Moreover, dose normalized clozapine concentrations were 
significantly higher among fluoxetine users than non-users 
(2.69±1.68 and 1.48±1.24 ng/mL/mg of dose per day, 
respectively; p<0.05). The multivariate multiple regression 
analysis of dose normalized clozapine concentrations with 
non-genetic factors (compliance, smoking, caffeine use, and 
fluoxetine) and genetic factors (ABCB1; 3435C>T, 
rs7787082, and CYP1A2 -163C>A) found the significantly 
association with only fluoxetine use and smoking (p<0.05) 
(Table 4). 

 

Table 3 Clozapine dosage regimen and concentrations in smokers and non-smokers, Mean ± SD (min-max)  
 

Clozapine data Total 
(N = 42) 

Smoking 
(N = 16) 

Non-smoking 
(N = 25) 

Clozapine dose (mg/day)   75.63±68 
(6.25-400) 

104.69±112.90 
(12.50-400.00) 

57.75±65.93 
(6.25-300.00) 

Dosing Interval (hours)  16.02±4.06 
(12.40-38.30) 

16.85±6.16 
(13.00-38.30) 

15.51±1.91 
(12.40-19.10) 

Clozapine concentration  
(ng/mL)  

114.38±130.99 
(10-573.00) 

86.88±82.81 
(10.00-308.00) 

118.00±139.34 
(10.00-573.00) 

N-Desmethyl Clozapine concentration (ng/mL)  60.14±72.69 
(5-301.00) 

57.38±74.62 
(5.00-301.00) 

56.36±68.73 
(5.00-291.00) 

Clozapine concentration/Dose  
(ng/mL x day/mg) 

1.74±1.42 
(0.13-6.72) 

*1.11±0.87 
(0.13-3.64) 

*2.12±1.60 
(0.20-6.72) 
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Table 3 Clozapine dosage regimen and concentrations in smokers and non-smokers, Mean ± SD (min-max) (Continued) 
 

Clozapine data Total 
(N = 42) 

Smoking 
(N = 16) 

Non-smoking 
(N = 25) 

Clozapine concentration/ 
N-Des concentration 

2.61±1.92 
(0.63-10.80) 

2.54±1.96 
(0.63-8.40) 

2.66±1.97 
(1.02-10.80) 

N-Desmethyl Clozapine concentration/Dose  
(ng/mL x day/mg) 

0.79±0.65 
(0.10-2.91) 

0.58±0.50 
(0.10-1.98) 

0.92±0.73 
(0.10-2.91) 

Clozapine concentration + N-Des 
concentration/Dose  
(ng/mL x day/mg) 

2.53±2.02 
(0.27-9.24) 

1.69±1.32 
(0.27-5.62) 

3.04±2.26 
(0.30-9.24) 

*p<0.05    
 

Table 4 Multivariate Multiple Regression Results for factors associated with dose normalized clozapine concentrations 
 

Variable Beta t p-value 
Fluoxetine -0.307 -2.113 0.041* 
Smoking 0.302 2.076 0.045* 

*p<0.05 
 

Associations between genetic polymorphisms 
and treatment outcome 

The genotypic frequencies and allelic frequencies 
of ABCB1; 3435C>T, rs7787082, CYP1A2 -163C>A, DRD2 

Taq IA, HTR2A T102C are shown in Table 5. For CYP1A2 
only *1F was tested and defined as homo 1F (*1F/*1F) 
(59.52%) and non-homo 1F (other) (40.48%). The DRD2; 
Taq IA was defined as A1 allele (A) and A2 allele (G). 

 

Table 5 Genotypic frequency and allelic frequency of candidate genes 
 

Gene Polymorphism Genotype N Frequency Allele Allele frequency 
ABCB1 rs7787082 GG 13 30.95% G 0.548 

  AG 20 47.62% A 0.452 
  AA 9 21.43%   

ABCB1 rs1045642 CC 13 30.95% C 0.607 
  CT 25 59.52% T 0.393 
  TT 4 9.52%   

CYP1A2 rs762551 CC 1 2.38% C 0.214 
  CA 16 38.10% A 0.786 
  AA 25 59.52%   

CYP1A2 *1F Other 17 40.48%   
  *1F/*1F 25 59.52%   

HTR2A 102C>T CC  5 11.90% C 0.321 
  CT 17 40.48% T 0.679 
  TT  20 47.62%   

DRD2 Taq IA GG 15 35.71% G (A2) 0.548 
  AG 16 38.10% A (A1) 0.452 
  AA 11 26.19%   

 



Pharmacogenomics of clozapine in schizophrenia patients and associations with efficacy and adverse drug reactions 
Nuntamool N. et al. 
_______________________________________________________________________________________________ 
 

  35  

IJPS 
Vol. 19 No. 3  July – September  2023 

The association between genetic polymorphisms 
and clozapine/metabolite concentrations are shown in Table 
6. A statistically significant association was observed 
between ABCB1 rs1045642 and a higher clozapine/N-Des 
concentration ratio in patients carrying CC and CT than the 

ones carrying TT. This result indicates lower metabolic 
activity in adults with CC and CT genotypes, consistent with 
a high clozapine concentration/Dose ratio and low N - 
Des/Dose ratio.

 

Table 6 Association between genetic polymorphisms, clozapine concentration and metabolism 
 

Genes Polymorphisms Genotypes 
Clozapine concentration 
/Dose 

Clozapine concentration 
/N-Des† concentration 

N-Des concentration  
/Dose 

Clozapine concentration 
+ N-Des 
concentration/Dose 

Mean ± SD (min-max) Mean ± SD (min-max) Mean ± SD (min-max) Mean ± SD (min-max) 
ABCB1 rs7787082 GG 2.15 ± 1.50 (0.40 - 5.73) 2.23 ± 1.01 (0.63 - 4.20) 1.07 ± 0.78 (0.20 - 2.91) 3.22 ± 2.25 (0.60 - 8.64)  

GA and AA 1.55 ± 1.37 (0.13 - 6.72) 2.78 ± 2.20 (0.89 - 10.80) 0.67 ± 0.56 (0.10 - 2.52) 2.22 ± 1.87 (0.27 - 9.24) 
ABCB1 rs1045642  CC and CT 1.76 ± 1.43 (0.13 - 6.72) *2.72 ± 1.98 (0.89 - 10.80) 0.78 ± 0.65 (0.10 - 2.91) 2.53 ± 2.03 (0.27 - 9.24)  

TT 1.53 ± 1.51 (0.40 - 3.64) *1.58 ± 0.63 (0.63 - 2.00) 0.95 ± 0.75 (0.20 - 1.98) 2.49 ± 2.23 (0.60 - 5.62) 
CYP1A2 *1F Other 1.54 ± 0.88 (0.40 - 2.98) 2.63 ± 1.68 (1.05 - 8.40) 0.70 ± 0.45 (0.10 - 1.80) 2.25 ± 1.27 (0.60 - 4.78)  

*1F/*1F 1.87 ± 1.70 (0.13 - 6.72) 2.59 ± 2.10 (0.63 - 10.80) 0.85 ± 0.77 (0.10 - 2.91) 2.72 ± 2.40 (0.27 - 9.24) 
HTR2A 102C>T CC 1.13 ± 1.18 (0.20 - 3.20) 3.63 ± 2.82 (1.75 - 8.40) 0.35 ± 0.29 (0.10 - 0.80) 1.48 ± 1.45 (0.30 - 4.00)  

CT and TT 1.82 ± 1.45 (0.13 - 6.72) 2.47 ± 1.77 (0.63 - 10.80) 0.85 ± 0.67 (0.14 - 2.91) 2.67 ± 2.06 (0.27 - 9.24) 
DRD2 Taq IA A1A1 1.08 ± 0.82 (0.40 - 3.04) 2.87 ± 2.15 (1.02 - 8.40) 0.50 ± 0.35 (0.10 - 1.04) 1.58 ± 1.09 (0.60 - 4.08) 

  A1A2/A2A2 1.97 ± 1.52 (0.13 - 6.72) 2.51 ± 1.86 (0.63 - 10.80) 0.90 ± 0.71 (0.10 - 2.91) 2.87 ± 2.17 (0.27 - 9.24) 
* p < 0.05 
†N – Des; N – Desmethyl Clozapine 
 

The association between clinical response and host 
genetics is shown in Table 7. Only DRD2 Taq IA was shown 
to be statistically significantly associated with clinical 
response. Genetic polymorphisms of the DRD2 Taq IA gene 
were associated with the Fully clinical response evaluated 
by CGI-S criteria. The multivariate multiple regression 
analysis showed the statistically significant association of 

CGI-S fully clinical response with fluphenazine decanoate 
used and DRD2 Taq IA (p<0.05) as shown in Table 8. No 
associations between co-morbidities, sex, ethnicity, and 
smoking status and clinical outcomes were found. There 
was also no association between allele and haplotype and 
clinical outcome. 

 

Table 7 Association between genetics polymorphism and clinical response, n (%)  
 

Gene Polymorphism Genotype 
CGI-S response CGI-S fully response HoNOS stable CGI-S and HoNOS stable 

Yes No Yes No Yes No Yes No 
ABCB1 rs7787082 GG 4 (23.53) 9 (36.00) 2 (28.57) 11 (31.43) 8 (36.36) 4 (22.22) 1 (20.00) 11 (30.56) 

 GA and AA 13 (76.47) 16 (64.00) 5 (71.43) 24 (68.57) 14 (63.64) 14 (77.78) 4 (80.00) 25 (69.44) 
ABCB1 rs1045642  CC and CT 15 (88.24) 23 (92.00) 6 (85.71) 32 (91.43) 20 (90.91) 17 (94.44) 5 (100.00) 33 (91.67) 

 TT 2 (11.76) 2 (8.00) 1 (14.29) 3 (8.57) 2 (9.09) 1 (5.56) 0 (0.00) 3 (8.33) 
CYP1A2 *1F Other 7 (41.18) 10 (40.00) 1 (14.29) 16 (45.71) 8 (36.36) 8 (44.44) 0 (0.00) 17 (47.22) 

 *1F/*1F 10 (58.82) 15 (60.00) 6 (85.71) 19 (54.29) 14 (63.64) 10 (55.56) 5 (100.00) 19 (52.78) 
HTR2A 102C>T CC 1 (5.88) 4 (16.00) 0 (0.00) 5 (14.29) 2 (9.09) 2 (11.11) 0 (0.00) 5 (13.89) 

 CT and TT 16 (94.12) 21 (84.00) 7 (100.00) 30 (85.71) 20 (90.91) 16 (88.89) 5 (100.00) 31 (86.11) 
DRD2 Taq IA A1A1 5 (29.41) 6 (24.00) *4 (57.14) *7 (20.00) 5 (22.73) 4 (22.22) 2 (40.00) 8 (22.22) 

  A2A2/A1A2 12 (70.59) 19 (76.00) *3 (42.86) *28 (80.00) 17 (77.27) 14 (77.78) 3 (60.00) 28 (77.78) 
*p<0.05 
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Table 9 Association between genetic polymorphisms and neutrophil profiles 

 

Gene Polymorphism Genotype 
Neutrophil, n (%) 

< 50 % > 50 % 
ABCB1 rs7787082 GG 2 (15.38) 11 (84.62) 

 GA and AA 4 (13.79) 25 (86.21) 
ABCB1 rs1045642  CC and CT 4 (10.53) * 34 (89.47) * 

 TT 2 (50.00) * 2 (50.00) * 
CYP1A2 *1F Other 3 (17.65) 14 (82.35) 

 *1F/*1F 3 (12.00) 22 (88.00) 
HTR2A 102C>T CC 0 (0.00) 5 (100.00) 

 CT and TT 6 (16.22) 31 (83.78) 
DRD2 Taq IA A1A1 1 (9.09) 10 (90.91) 

 A2A2/A1A2 5 (16.13) 26 (83.87) 

   *p<0.05 

 

Table 8 Multivariate Multiple Regression Results for factors associated with CGI-S fully response 

Variable Beta t p-value 
Fluphenazine decanoate 0.538 4.209 <0.001* 

DRD2 Taq IA -0.260 -2.029 0.049* 
*p<0.05 

No adverse reactions were observed in patients 
treated with clozapine in this cross-sectional study. The 
laboratory data showed only abnormal neutrophil levels in 6 
patients which were lower than 50%. The genetic 
association analysis found that ABCB1 rs1045642 TT 
genotype was significantly associated with a lower 
neutrophil level (neutrophil count < 50%) when compared to 
CC and CT genotypes, Table 9 (p<0.05). 
 

Discussion 
 The average maintenance doses of clozapine in 
our study were 75 mg/day (range 6.25 to 400 mg/day), 
which is lower than the recommended dose. The 
recommended target doses of clozapine for schizophrenia 
is 300-450 mg/day ("CLOZARIL [package insert]," 2017) 
with the maximum total daily dose of 900 mg/day.  The 
majority of participants were clinically stable and mildly ill 
using CGI-S category and HoNOS (CGI-S<3 and 
HoNOS=0), except 5 patients (12%) for whom their clinical 

status was moderately to markedly ill (n=4 and 1, 
respectively). The clozapine dose in our study was 
comparable to another study in Thailand in which reported 
an average dose of 100 mg (range 6.25 mg to 800 mg) 
(Sudthanaphan, 2014).  In other Asian populations the 
average clozapine dose was below 300 mg/day, different 
from Caucasian patients (range 300 to 600 mg/day). 
Average clozapine doses per day for non-smoking females 
have been reported to be 150 mg versus 300 mg for 
smoking males (de Leon et al., 2020). In our study, the 
clozapine dose was 57.8 mg/day in non-smokers and 104.7 
mg/day in smokers. We observed an impact of smoking on 
clozapine pharmacokinetics, with the clozapine/metabolite 
ratio almost two-fold higher in non-smokers compared to 
smokers. Dose normalized clozapine concentrations were 
also significantly lower among smokers than non-smokers. 
 The minor allele frequencies of candidate genes in 
our study were similar to those observed in Han Chinese. 
For example, the G allele frequency of ABCB1; rs7787082 
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was 0.548 and the A allele was 0.452 [Han Chinese (G: A 
= 0.5500:0.4499)]. (National Library of Medicine, 2021) The 
minor allele frequency of ABCB1; rs1045642 (T)  previously 
reported in the Thai population was 0.3600 to 0.3902. 
(Chuwongwattana et al., 2020; Nuntamool et al., 2017), 
which was similar to our study (T = 0.3930). A study in Thai 
autistic children and adolescence showed a CYP1A2; 
rs762551 minor allele frequency of 0.239 (Medhasi et al., 
2016), comparable to 0.214 in our study. The allele 
frequency of DRD2; Taq IA observed was also concordant 
with other studies in Thai (A2:A1 = 0.5488:0.4512) 
(Nuntamool et al., 2017) and Han Chinese populations from 
PubMed database (G=0.5936, A=0.4064). 
 The metabolic activity was calculated as    
clozapine concentration/dose ratio. The average clozapine 
concentration/dose was 1.74 ng/mL x day/mg, which was 
lower than the ratio in a study of Chinese patients         
(Ruan et al., 2019). Previously, the average clozapine 
concentration/dose ratio was 1.96 ng/mL x day/mg in male 
smokes and 2.07 ng/mL x day/mg in female smokers but in 
non-smokers was higher, 2.47 ng/mL x day/mg in males  
and 2.95 ng/mL x day/mg in females (Ruan et al., 2019). 
This study showed the association of fluoxetine used with 
clozapine concentration which increased significantly by 
45% of dose-normalized clozapine concentrations and 
increased by 38% of its active metabolite. The result was 
similar to the study of fluoxetine effect on the plasma 
concentrations of clozapine and its major metabolites in 
patients with schizophrenia which increased by 58% and 
36% of clozapine and norclozapine plasma concentrations 
respectively (Spina et al., 1998). The strong CYP2D6 
inhibitor, fluoxetine, appears to inhibit the metabolism of 
clozapine which was metabolized by CYP2D6. In addition, 
the FDA approved clozapine dose reduction in individuals 
who have CYP2D6 poor metabolizers ("CLOZARIL 
[package insert]," 2017). However, the majority participants 
in this study did not use fluoxetine (33/42) leading to low 
average plasma concentrations of clozapine. 
 In addition, the CYP1A2 *1C was not shown to be 
associated with this ratio while the CYP1A2 *1F showed a 

minimal effect, which is consistent with our study. This may 
have been because the majority of patients in our study 
were homo- and hetero-CYP1A2*1F, and only 1 patient had 
the CYP1A2 rs762551 CC genotype. Furthermore, several 
studies indicate that non-genetic factors may also affect 
CYP1A2 activity (Gunes & Dahl, 2008). It is important to 
highlight that although the clozapine concentration/dose 
ratio in our study was low in some patients they still respond 
to this treatment. The effect of co-medication (fluphenazine) 
and long-term used of clozapine resulting to stable disease. 
Thus, clozapine dose was low and showed a low plasma 
clozapine concentration. In contrast, another study showed 
a clozapine concentration/dose ratio of 0.34 ng/mL x 
day/mg, which was associated with a poor response (Eap 
et al., 2004). Thus, it remains important to further evaluate 
other genetic and non-genetic factors and response to 
treatment. 
 Several studies have shown that clozapine is a 
substrate for the efflux transporter p-glycoprotein (P-gp) 
encoded by the ABCB1 gene. (Thorn, Müller, Altman, & 
Klein, 2018). We found a low metabolic ratio of clozapine to 
its metabolite in ABCB1; rs1045642 CC and CT genotypes.  
Previous studies demonstrated greater ABCB1 expression 
levels and P-gp activity in patients with C allele, and lower 
activity in patients with T allele. (Hoffmeyer et al., 2000) 
Thus, individuals with a TT genotype may have higher 
metabolic activity of clozapine compared to other genotypes. 
However, several studies showed low binding affinity of 
clozapine to P-gp. (Boulton, DeVane, Liston, & Markowitz, 
2002; Moons, de Roo, Claes, & Dom, 2011) 
 The current study recruited patients who had 
received clozapine treatment for schizophrenia for more 
than one month. When the clinical symptoms were classified 
as stable and non-stable, the majority of the patients were 
observed to be clinically stable. We observed an association 
between the DRD2 TaqIA A2A2 and A1A2 genotype and 
clinical outcome. Previous studies reported that the DRD2 
TaqIA A1 allele affects dopamine D2 receptor expression by 
decreasing the density of the receptor. (Noble, 2003; 
Pohjalainen et al., 1998) In addition, studies have shown 
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smaller caudate in the elderly who carried the A1 allele as 
compared to those without. (Li, Papenberg, Kalpouzos, 
Bäckman, & Persson, 2018) The decrease in dopamine 
receptors may allow clozapine to completely block the D2 
receptor; thereby exerting a positive clinical response. 
Similarly, several studies have shown the effect of DRD2 
Taq IA on antipsychotics treatment response. A 
pharmacogenomics study in African Americans using 
clozapine showed that the A1 allele of DRD2 Taq IA could 
predict a good clinical response. (Hwang et al., 2005) 
Moreover, studies of aripiprazole also showed a tendency 
to a good response for A1 allele carriers. (Kwon et al., 2008; 
Miura et al., 2012) Thus, decreasing the receptor density 
may lead to higher efficacy and allow lower therapeutic 
doses of clozapine. We observed a statistically significantly 
lower clozapine dose per day in patients with A1A1 
genotype than A1A2 and A2A2 genotypes (25 mg/day vs 
62.5 mg/day, respectively, p<0.05). 
 No adverse reactions were observed in patients 
treated with clozapine in this cross-sectional study, which 
may have been attributed to the low doses used. However, 
we did observe six patients whose neutrophil percentage 
was less than 50%.   The low percentage of neutrophil was 
associated with ABCB1 rs1045642, which is consistent with 
a Dutch study which reported an association between 
ABCB1 rs1045642 TT genotype and agranulocytosis and 
neutropenia. (van der Weide et al., 2017) 
 This cross-sectional, retrospective study lacks 
baseline values of CGI-S, HoNOS score, and co-medication 
used profile for all participants, likely leading to bias. 
Moreover, the one-point blood collection may lead to an 
unclarified association of clozapine level and clinical 
response. The incidence of leukopenia, granulocytopenia, 
and agranulocytosis was very low compared to prior studies 
(Alvir et al., 1993; Sudthanaphan, 2014), which may have 
been driven by our relatively small sample size.  Multiple 
genes play a role in clozapine treatment response; (Numata 
et al., 2018) and it is important to continue to evaluate host 
genetics in large cohorts of patients to help optimize 
treatments for schizophrenia patients. 

Conclusions 
Forty-two schizophrenia patients on clozapine for 

more than one month were recruited. Most of them were 
normal to mild illness. The average clozapine dose per day 
was lower than the usual therapeutic dose. Non-genetic 
factors, smoking and fluoxetine used, were significantly 
associated with dose-normalized clozapine concentrations. 
In addition, using fluphenazine as co-medication was 
significantly associated with the patients’ clinical response. 
A genetic polymorphism of ABCB1 (rs1045642) was 
associated with the ratios of clozapine to its active 
metabolite, as well as neutrophil profiles (% neutrophile of 
less than 50). Furthermore, a genetic polymorphism of 
DRD2 Taq IA was significantly associated with the patients’ 
clinical response evaluated by CGI-S. Genetic factors may 
influence the clinical response and adverse reactions from 
clozapine in schizophrenia patients. 
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