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Abstract
Background: Schizophrenia is a serious mental illness affecting 0.3% - 0.7% of people in the whole world.
It is a classic quantitative genetic disease and is affected by a variety of common and rare genetic
variants.

Methods: To facilitate personalized and precise medicine for schizophrenia treatment, we designed a
program by genotyping a panel of related genes, including cytochrome P450 genes CYP1A2, CYP2D6,
CYP3A4, dopamine 2 receptor gene (DRD2), 5-Hydroxytryptamine Receptor 1A and 2C genes (HTR1A and
HTR2C) as well as melanocortin4 receptor (MC4R) gene, for the schizophrenia patients using MassArray
time-of-�ight mass spectrometry.

Results: The program is tested in an observational clinical study conducted at the Hulunbuir Mental
Health Center of China. In the study, a total of 254 patients diagnosed with schizophrenia were recruited
and genotyped. The genotyping results were used to generate reports listing where the 16 included
antipsychotics should be placed: 'Use as directed', 'Use with caution' or 'Use with caution and with
frequent blood concentration monitoring' columns. However, the medication would not change
regardless. 72 of the patients completed the 24-week follow-up observation, during which their PANSS
scores were assessed at eight time points. For all of them, the PANSS scores dropped signi�cantly,
showing the effectiveness of the treatments. The treatments for those cohorts initially in the 'Use with
caution' or 'Use with caution and with frequent blood concentration monitoring' categories were more
effective than those in the 'Use as directed' category in a shorter term sense, up to three months. However,
in the longer term, it was still those who were initially in the 'Use as directed' column fared better, whose
PANSS scores dropped more signi�cantly.

Conclusions: This research indicated that our pharmacogenomic-based program could be a suitable and
effective tool to facilitate precise medicine in schizophrenia treatment.

Background
Schizophrenia is a serious chronic persistent mental illness with a global incidence of about 0.3%-0.7%
[1]. The disease mostly occurs in late adolescence or early adulthood and shows varying degrees of
social or occupational functional impairment. Researches demonstrated that the causes of schizophrenia
included genetic factors, psychological factors and environmental factors[2]. There were evidences
implying that 70%-80% of the individual differences in risk to schizophrenia are associated with
genetics[3]. However, the current treatment of schizophrenia has not yet taken the genetic variation
su�ciently into account.

The essence of clinical drug treatment is basically a process of effective drug use. Both human body
conditions (age, gender, physiology, pathology, genetics of the patients) and drugs (dose, dosage form,
administration time, dosing interval, combination medication) could be the master factors affecting the
�nal therapeutic effect of drugs[4]. More and more studies demonstrate that genetic factors maybe play
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the most important role in affecting the differential response of drugs. Pharmacogenomics studies the
role of genome in drug response and analyzes how the genetic makeup of an individual affects his/her
response to drugs by correlating genetic variation and gene expression level with pharmacokinetics (drug
absorption, distribution, metabolism, and elimination) and pharmacodynamics (effects mediated through
a drug's biological targets). The application of pharmacogenomics and big data analysis in psychiatric
research will provide the patients with mental disorders an important drug therapy for individualized
medication and reduce the incidence of adverse reactions, thus promote the advancement of precision
medicine [5-7].

 Major depressive disorder (MDD) is another complex psychiatric diseases that bother millions of people
around the world. In the past decades, several algorithms have been developed to guide the medication
based on patients' genetic test results, for example, Genesight[8-15] and IMPACT (Individualized
Medicine: Pharmacogenetics Assessment and Clinical Treatment)[16]. GeneSight tests the genetic
polymorphisms of several selected genes, mostly are related to MDD drug metabolism, e�cacy or
adverse drug reactions (ADRs). In the large scale clinical trial published in 2019[14], 1167 MDD patients
were randomly assigned into two groups, the treatment of one group was conducted under the guidance
of GeneSight recommendations based on genetic test results, the other followed the traditional non-
guided treatment protocol. Each patient were evaluated regularly using 17-item Hamilton Depression
Scale (HAMD-17) to assess how serious his/her depression was during the trial period. After 8-week
observation, the response rate (de�ned as HAMD-17 score dropped more than 50%) in the guided group
was 30% higher than that of the non-guided group, while the remission rate (de�ned as HAMD-17 score
dropped below 7) was 50% higher in the guided group over the non-guided group. The results
demonstrated that pharmacogenomics had the potential to guide rational drug therapy to facilitate
personalized and precise medicine. 

To our best knowledge, there is no clinical study published in which GeneSight-like program was used for
guiding schizophrenia drug prescription based on genetic test. In this paper, we describe a program we
developed and the results of an observational clinical study we carried out in Hulunbuir Mental Health
Center, China. Although this is not a randomized perspective study exactly like the ones performed by
GeneSight, it does offer valuable information and its usefulness may be further proved by larger-scale,
double-blinded, multi-centered trials in the near future.

Methods

1. Program design
This program is designed to assist physicians to better prescribe antipsychotics and ensure maximum
e�ciency with minimal adverse effects based on patients' genotypes. A total of 16 drugs are included in
the package: amisulpride, aripiprazole, clozapine, olanzapine, paliperidone, quetiapine, risperidone,
ziprasidone, haloperidol, perphenazine, thioridazine, zuclopenthixol, sulpiride, loxapine, chlorpromazine
and perospirone. Some of them are typical antipsychotics (perphenazine, thioridazine, et al). Some are
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second-generation antipsychotics (SGA), also called atypical antipsychotics, including risperidone,
quetiapine, olanzapine, ziprasidone, and aripiprazole et al. Genes were selected based on FDA
speci�cations, CPIC (the Clinical Pharmacogenetics Implementation Consortium) o�cial guidelines,
clinical study data, authoritative literature, and relevant genome databases. The candidate gene loci are
all based on the characteristics and distribution frequency of Asians especially Chinese people. The
nucleotide polymorphisms of antipsychotics-related genes including CYP2D6, CYP1A2, CYP3A4, DRD2,
HTR1A, HTR2C and MC4R, which affects the metabolism, e�cacy and side effects of most
antipsychotics, have been detected (supplementary table).

After genotyping, each genotype for each genetic loci is assigned a weight according to an in-house
algorithm, based on how much this loci may impact the metabolism, e�cacy or ADR for a particular
medicine. Then a �tness score is calculated for each drug. If the score for a drug is above 80, it will be
placed in the 'Use as directed' column in our interpretive report; if the score is between 60 to 80, it is put in
the 'Use with caution' column; if the score is below 60, it will be in the 'Use with caution and with frequent
blood concentration monitoring' column. Therefore, the physician and the tested patient may get a report
like this: (Figure 1) . If the drug currently used was in the 'Use with caution' or 'Use with caution and with
frequent blood concentration monitoring' columns, the physician in charge may have the option to
choose another antipsychotics.

2. Genotyping
Epithelial cells was gathered by buccal swab at baseline, and the samples were then transported from the
hospital to the laboratory in the Shanghai Conlight Medical Institute on the same day. Genomic DNA was
extracted according to the standard phenol-chloroform procedure and analyzed using TaqMan probe–
PCR and MassArray iPlex platform (Agena Bioscience Inc., San Diego, CA, USA). Polymerase chain
reaction (PCR) was applied to amplify the relevant genomic regions. The primers of PCR were designed
using Primer Premier5 (Premier Biosoft International, Palo Alto, CA, USA) and synthesized by Sangon
Biotech. (Shanghai, China). Genotyping of single nucleotide polymorphisms was conducted by ABI 7500
real-time �uorescence quantitative PCR combined with TaqMan probe and arms-PCR. MassARRAY DNA
based on Matrix Assisted Laser Desorption/Ionization-Time of Flight Mass Spectrometry was employed
to accurately identify mutation types. The CYP2D6 alleles identi�ed were: ∗1, ∗2, ∗2A, ∗3, ∗4, ∗5, ∗6,
∗7, ∗8, ∗9, ∗10, ∗11, ∗12, ∗14A, ∗14B, ∗15, ∗17, ∗36, ∗41 and CNV. The identi�ed CYP1A2 alleles
were: ∗1, ∗1C, ∗1E, ∗1F, ∗1K, ∗3, ∗4, ∗6, ∗7, ∗8, ∗11, ∗15, and ∗16. The identi�ed CYP3A4 alleles
were: ∗1, *20. The metabolizer status for CYP2D6, CYP1A2 and CYP3A4 are determined according to the
same methods reported in previous researches: subjects with more than two active alleles were classi�ed
as ultra-rapid metabolizers, while those with at least one active allele were classi�ed as extensive
metabolizers. Subjects carrying two alleles of decreased activity or compound heterozygotes for one
decreased activity allele in combination with a non-functional allele were termed as intermediate
metabolizers. A combination of two non-functional alleles in a homozygous variant or compound
heterozygous manner was classi�ed as a poor metabolizers phenotype[17-20]. The identi�ed DRD2
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alleles were single nucleotide polymorphisms rs1079597, rs1799732 and rs1799978. Rs1414334 and
rs6318 of HTR2C, rs10042486 of HTR1A, as well as the SNP rs489693 on the gene MC4R were also
genotyped. Within 72h of sample collection, the pharmacogenomic-based report was offered to the
treating psychiatrist.

3. Clinical study
To test our program, we conducted a clinical study in Hulunbuir Mental Health Center. Patients met these
criteria were enrolled: (1) Chinese citizen aged 18–70 years; (2) patients whom are diagnosed of
schizophrenia based on the Structured Clinical Interview of DSM-IV; (3) ≥60 on the Positive and Negative
Syndrome Scale (PANSS) (and ≥4 on at least three positive items); (4) physically healthy with all
laboratory parameters within normal limits. Patients were excluded if they met any of the following
exclusion criteria: (1) diagnosis of other psychiatric disorders (such as schizoaffective disorder and
delusional disorder) or cognitive disorders (such as dementia and amnesia); (2) severe, unstable physical
diseases (such as diabetes, thyroid diseases, hypertension, and cardiac diseases); (3) history of drug-
induced neuroleptic malignant syndrome; (4) requiring long-acting injectable medication to maintain
treatment adherence; (5) treated with electroconvulsive therapy during the last month; (6) previous
attempted suicide, previous symptoms of severe excitement and agitation; (7) pregnant or breastfeeding;
(8) contraindication to any of the drugs included in this study. The pharmacogenomic testing was offered
free of charge to the study participants and any of them can opt out at any given time.

254 patients are initially enrolled. Written informed consents to participate were obtained from both the
patients and their legal guardians. We genotyped a panel of related genomic polymorphisms using
MassArray time-of-�ight mass spectrometry and test reports are generated as described in the 'Program
Design' section. While in general cases, the treating physicians may decide to change medication based
on the test report, in this observational study the medication would not change unless there were serious
adverse reactions. If medication was changed, the patient would be removed from further observation.
The patients were observed at 8 time points: baseline (week 0, before treatment and genetic test), week2
(two weeks after genetic test, same below), week4, week8, week12, week16, week20 and week24. At each
time point, their PANSS scores were assessed. Among the 254 cohorts initially enrolled, 71 were removed
due to lack of essential information (whether they have other physical diseases, et al). 31 patients
dropped out (or were removed) during various stages and 152 completed the 24-week observation. Two
more are later removed because their ages are below 18. For the remaining 150 enrolled patients, we
focused on those who were prescribed with single second-generation antipsychotics including
olanzapine, quetiapine, aripiprazole and clozapine, and 58 patients whom were either prescribed with
other drugs or combinatorial medication were removed. Another 20 patients are removed because they
are ethnic minority (see 'Discussions' section) and 72 ethnic Han Chinese remained in the �nal study.
Among them, 48 (66.7%) were 'Use as directed' and the others (24, 33.3%) were either 'Use with caution' or
'Use with caution and with frequent blood concentration monitoring'. (Figure 2) 
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4. Measurements and Statistics
Demographic characteristics (such as age and gender) and disease-related characteristics (such as
severity of illness assessed by PANSS, DOI (duration of illness, months), and medication history) were
recorded.  

Descriptive statistics were used to summarize the demographic and clinical characteristics. Nominal
variables were shown as counts (percentage), continuous variables were shown as mean (standard
error). Independence between genotypes and treatment groups was analyzed with Fisher’s exact test or
Chi-square test. Total PANSS scores between groups were compared with independent t-test for each
visit. We also divided participants into two groups based on PANSS improvement with a cutoff value of
25, 50 or 75. Fisher’s exact test or Chiq-square test was used to determine the association between
PANSS improvement groups and treatment groups. All analyses were performed using R package
(version 3.5.1). P < 0.05 was considered statistically signi�cant.

Results

1. Demographic and clinical variables
For the 72 cohorts who completed the �nal study, 48 of them got genetic test reports consistent with their
treatment, while another 24 were inconsistent. The 'consistent' group has 43 males (89.6%) and 5
females (10.4%), while the 'inconsistent' group has 18 males (75.0%) and 6 females (25.0%). The average
ages for the 72 cohorts are 43.7, 41.4 for the 'consistent' group and 48.3 for the 'inconsistent' group.
Other baseline information are listed in the Table 1. 
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Table 1
Demographic and clinical characteristics

 Total Clozapine Olanzapine Quetiapine Aripiprazole

N  72 47 7 13 5

Age (Mean ± SD) 43.7±11.6 42.7±10.2 49.4±16.3 47.7±11.8 34.4±12.5

Gender          

  Male (%) 61 (84.7%) 42 (68.9%) 6 (9.8%) 11 (18.0%) 2 (3.3%)

  Female (%) 11 (15.3%) 5 (45.5%) 1 (9.1%) 2 (18.2%) 3 (27.3%)

PANSS baseline 83.2±11.8 83.2±11.9 79.0±11.4 85.8±13.3 82.2±8.2

Group          

  Consistent (%) 48 (66.7%) 37 (77.1%) 3 (6.2%) 6 (12.5%) 2 (4.2%)

  Inconsistent (%) 24 (33.3%) 10 (41.7%) 4 (16.7%) 7 (29.2%) 3 (12.5%)

Abbreviations: N, numbers of samples; PANSS, Positive and Negative Syndrome Scale;

Continuous variables are expressed as mean±sd. categorical variables are expressed as N (%).

2. The Drug Metabolizing Enzyme Genotypes
The genotypes of CYP2D6, CYP1A2 and CYP3A4 were obtained. We also identi�ed the metabolic
capacity (ultra-rapid, extensive, intermediate or poor metabolizers) for each cohort based on the activities
of enzymes encoded by the above 3 genes (Table 2).

For the cohorts in the 'consistent' group, their CYP2D6 metabolic capacity phenotypes were 62.5%
extensive metabolizers, 35.4% intermediate metabolizers, 2.1% poor metabolizers. Their CYP1A2
metabolic capacity phenotypes were 62.5% extensive metabolizers and 37.5% ultra-rapid metabolizers.
Their CYP3A4 metabolic capacity phenotypes were 100% extensive metabolizers.

For the cohorts in the 'inconsistent' group, their CYP2D6 metabolic capacity phenotypes were 50.0%
extensive metabolizers, 45.8% intermediate metabolizers, 4.2% poor metabolizers. Their CYP1A2
metabolic capacity phenotypes were 50.0% ultra-rapid metabolizers, 45.8% extensive metabolizers, 4.2%
intermediate metabolizers. Their CYP3A4 metabolic capacity phenotypes were 91.7% extensive
metabolizers and 8.3% intermediate metabolizers.

The percentage distributions for the genotypes of these metabolic enzymes are generally within the
expected normal ranges for Chinese population. There are no statistically signi�cant difference between
these frequencies in the two groups. 
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Table 2
Metabolic Capacity Phenotype frequency by Treatment Group

Gene Consistent(N=48) Inconsistent(N=24) P-value

CYP1A2    

UM 18 12 0.152

EM 30 11

IM 0 1

PM 0 0

CYP2D6      

UM 0 0 0.44

EM 30 12

IM 17 11

PM 1 1

CYP3A4      

UM 0 0 0.108

EM 48 22

IM 0 2

PM 0 0

Abbreviations: CYP1A2, cytochrome P450 1A2 gene; CYP2D6, cytochrome P450 2D6 gene; CYP3A4,
cytochrome P450 3A4 gene; UM, Ultra-rapid Metabolizer; EM, Extensive Metabolizer; IM, Intermediate
Metabolizer; PM, Poor Metabolizer.

P-values were obtained by Fisher’s exact test.

3. Target Genotypes
We genotyped the polymorphisms of rs1079597, rs1799978 and rs1799732 on the gene DRD2,
rs10042486 on the gene HTR1A, rs1414334 and rs6318 on the gene HTR2C, as well as rs489693 on the
gene MC4R.

For the cohorts in the 'consistent' group, their rs1079597 genotype distribution frequency is 33.3% C/C,
41.7% C/T and 25% T/T. Their rs1799978 genotype frequency is 4.2% C/C, 33.3% C/T and 62.5% T/T.
Their rs1799732 genotype frequency is 4.2% G/-, 95.8% G/G. Their rs10042486 genotype frequency is
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2.1% C/C, 27.1% C/T and 70.8% T/T. Their rs1414334 genotype frequency is 100% G/G. Their rs6318
genotype frequency is also 100% G/G. Their rs489693 genotype frequency is 29.2% A/C, 70.8% C/C.

For the cohorts in the 'inconsistent' group, their rs1079597 genotype distribution frequency is 33.3% C/C,
58.3% C/T and 8.4% T/T. Their rs1799978 genotype frequency is 4.2% C/C, 20.8% C/T and 75% T/T.
Their rs1799732 genotype frequency is 4.2% -/-, 50% G/-, 45.8% G/G. Their rs10042486 genotype
frequency is 8.4% C/C, 45.8% C/T and 45.8% T/T. Their rs1414334 genotype frequency is 95.8% G/G and
4.2% C/G. Their rs6318 genotype frequency is also 95.8% G/G and 4.2% C/G. Their rs489693 genotype
frequency is 4.2% A/A, 20.8% A/C, 75% C/C. Among these sites, only the distribution frequency of
rs1799732 on the gene DRD2 is statistically signi�cantly different between the two groups. 
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Table 3
Drug E�cacy and ADR related loci frequency by Treatment Group

Gene / SNP Consistent(N=48) Inconsistent(N=24) P-value

DRD2 / rs1079597    

C/C 16 8 0.211

C/T 20 14

T/T 12 2

DRD2 / rs1799978      

C/C 2 1 0.61

C/T 16 5

T/T 30 18

DRD2 / rs1799732      

-/- 0 1 <0.001

G/- 2 12

G/G 46 11

HTR1A / rs10042486      

C/C 1 2 0.073

C/T 13 11

T/T 34 11

HTR2C / rs1414334      

C/C 0 0 0.333

C/G 0 1

G/G 48 23

HTR2C / rs6318      

C/C 0 0 0.333

C/G 0 1

G/G 48 23

MC4R / rs489693      

A/A 0 1 0.365

A/C 14 5
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C/C 34 18

Abbreviations: ADR, adverse drug reaction; DRD2, dopamine 2 receptor gene; HTR1A, 5-
Hydroxytryptamine Receptor 1A gene; HTR2C, 5-Hydroxytryptamine Receptor 2C gene; MC4R,
melanocortin4 receptor gene. SNP, single nucleotide polymorphism site.

P-values were obtained by Fisher’s exact test.

 4. Treatment Effectiveness
As indicated in Figure 3, for the cohorts in either the 'consistent' or the 'inconsistent' groups at the
baseline, the PANSS scores have no statistically signi�cant difference. For both groups, the PANSS
scores dropped signi�cantly after 24-week treatment, more than 30% (Table4, Table5, and Figure 3, Figure
4).

Suprisingly, the PANSS scores for the cohorts in the 'inconsistent' group dropped faster than for those in
the 'consistent' group (Table4, Table5, and Figure 3, Figure 4). This phenomenon is statistically signi�cant
at the time point 2 (two weeks after the baseline check), notable but not statistically signi�cant at the
time points 3 (four weeks after), 4 (eight weeks after) and 5 (twelve weeks after). The trend starts to
reverse after that. 

Table 4
PANSS scores at seven examining points (after baseline)

Time Point Consistent Inconsistent F-test t-test

Mean std Mean std F-value P-value t-value P-value

2 81.85 1.88 74.96 2.43 1.191 0.663 2.178 0.033

3 78.31 1.78 72.46 2.68 0.885 0.704 1.855 0.068

4 73.71 1.69 68.04 2.38 1.002 0.972 1.94 0.056

5 69.25 1.63 66.21 2.01 1.307 0.494 1.123 0.265

6 66.19 1.63 67.08 1.56 2.181 0.046 -0.397 0.693

7 59.31 2.07 65.33 1.79 2.689 0.012 -2.2 0.031

8 58.83 2.21 63.83 2.06 2.319 0.032 -1.654 0.103

Abbreviations: PANSS, Positive and Negative Syndrome Scale.

Baseline was de�ned as Time Point 1.

F-test was used for Homogeneity of variance test; t-test was used to compare the means between
groups at each time point.
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Table 5
PANSS change rate

Time Point Consistent Inconsistent F-test t-test

Mean std Mean std F-value P-value t-value P-value

2 0.033 0.307 0.156 0.158 3.797 0.001 -2.237 0.028

3 0.117 0.287 0.225 0.222 1.662 0.189 -1.607 0.113

4 0.214 0.257 0.319 0.242 1.127 0.776 -1.664 0.101

5 0.331 0.26 0.365 0.203 1.636 0.203 -0.565 0.574

6 0.401 0.275 0.304 0.272 1.024 0.981 1.419 0.16

7 0.555 0.35 0.341 0.3 1.355 0.435 2.569 0.012

8 0.561 0.377 0.376 0.331 1.299 0.504 2.042 0.045

Baseline was de�ned as Time Point 1.

F-test was used for Homogeneity of variance test; t-test was used to compare the means between
groups at each time point.

 

Table 6
Chi-square test for PANSS drop percentages

PANSS drop (%) Consistent (N=48) Inconsistent (N-24) chi-square P-value

>= 25 37 16 0.438 0.508

< 25 11 8

>= 50 24 8 1.188 0.276

< 50 24 16

>= 75 15 1 5.314 0.021

< 75 33 23

Abbreviations: PANSS, Positive and Negative Syndrome Scale.

PANSS drop percentages was de�ned as (PANSS_1 - PANSS_7) / (PANSS_1 - 40).

P-values were obtained by Pearson’s chi-square test.

 After the time point 6 (16 weeks after the baseline level), the PANSS scores for the cohorts in the
'consistent' group start to get lower than for those in the 'inconsistent' group, although it is statistically
insigni�cant at that point. However, the trend becomes more obvious after that. The PANSS differences
for the two groups are statistically signi�cant at the time point 7 (20 weeks after), and both the PANSS
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differences and the PANSS dropping rate are statistically signi�cant at the time point 8 (24 weeks after).
Overall, the PANSS scores for the cohorts in the 'consistent' group changed larger than for those in the
'inconsistent' group (Table 6).

In our algorithm design, most drugs are put in the 'Use with caution' or 'Use with caution and with frequent
blood concentration monitoring' categories because their potential adverse reactions or because the
patient was either ultra-rapid or poor metabolizer for those drugs. So while it may sound surprising, it is
still understandable that antipsychotics in these categories were also effective since the PANSS score
was the only index we considered in this study. However, our results indicated that in the longer term, it is
still those who were initially in the 'Use as directed' column had better treatment e�cacy. The reasons
may lie in the fact that the genetic pro�les of those cohorts' in the 'Use as directed' column are matched
better with their drug use, or because in the actual practice, cohorts who were in the 'Use with caution' or
'Use with caution and with frequent blood concentration monitoring' did not get adequate monitoring we
recommended.

Discussions
A variety of antipsychotics are metabolized mainly through CYP2D6[19, 21–23]. CYP2D6*10 is a high
frequency mutation in the Chinese population that leads to a decrease in enzyme activity, which may
increase the blood concentration and peak value of drugs metabolized by CYP2D6 and affect the
therapeutic effectiveness and toxic side effects. Copy number variation (CNV) of CYP2D6 is another
factor which may greatly change someone's drug metabolizing ability[24]. The polyploidy frequency of
CYP2D6 gene reaches up to 45% in Asian[25] and creates a higher occurrence frequency of ultra-rapid
metabolizers than Caucasians (around 7%)[24]. This is not re�ected in our data because the design of our
program heavily penalize those ultra-rapid metabolizers, which means they would almost certain be
placed in the 'Use with caution' or 'Use with caution and with frequent blood concentration monitoring'
categories. As a matter of fact, among the four SGAs remained in the �nal study, the CYP2D6 genotypes
were only considered in the placement of aripiprazole, based on the recommendations of FDA. The
metabolic process of quetiapine is mainly regulated by the CYP3A4/5 activity[26, 27]. And for clozapine
and olanzapine, the gene-drug interaction may exist in spite of the current literature reports regarding this
issue are inconclusive[20] and no CYP2D6 testing are recommended.

CYP1A2 also regulate the metabolizing of some antipsychotics including olanzapine[28–31]. CYP1A2*1F
and CYP1A2*1C are important mutation types in East Asian populations. CYP1A2*1F mutation will
increase the metabolic activity of CYP1A2 enzyme, while CYP1A2*1C will decrease the metabolic activity
of CYP1A2[32]. The occurrence frequency of CYP1A2*1F mutation can reach up to 40% or above,
therefore it is not surprising that so many cohorts in this study were CYP1A2 ultra-rapid metabolizers.

DRD2 is a dopamine receptor targeted by many antipsychotics [33–36]. The polymorphisms of
rs1079597, rs1799732 and rs1799978 can affect the e�cacy of various antipsychotics. MC4R is a
melanocyte stimulating hormone receptor, which plays an important role in controlling weight gain.
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Weight gain is a common side effect of second-generation antipsychotics, and the single nucleotide
polymorphism site rs489693 of MC4R is associated with the weight gain side effects of multiple
antipsychotics [37–39]. HTR1A is the serotonin receptor and the target of some antipsychotics drugs,
such as quetiapine[40, 41]. Therefore, the accurate genotyping results for these gene loci will provide an
important basis for doctors' clinical individualized medication.

This clinical study was taken place in Hulunbuir, a perfecture of Inner Mongolia Autonomous Region,
China. Ethnical difference was one of the research goals we had in mind when the study was initially
designed. However, we ultimately decided to leave out all ethnical minority groups, including Mongol,
Manchu, Oroqen, Ewenki, Daur et al, because the number of the cohorts in these groups were not large
enough to get statistically meaningful results.

The results obtained in this study demonstrate that genetic test is useful in guiding the treatment of
schizophrenia, although this trial should just be considered a beginning. The number of cohorts who
�nished the entire study is low, and we only used PANSS as the evaluation criteria. As a matter of fact,
there are quite a few other indexes, such as RSESE (A Rating Scale for Extrapyramidal Side Effects) and
UKU Side Effect Rating Scale, can be used to evaluate the side effects of the prescribed drugs. Also, we
may also include pharmacoeconomics measures to indicate how much medical costs the guided
medication may save versus unguided ones. In the near future, we plan to carry out larger-scale,
randomized, multi-centered, double-blinded study to further validate the hypothesis that schizophrenia
treatment guided by this program will be more effective than the unguided ones.

Conclusion
Precision medicine is the trend for future medical practices. While there were already quite a few
successful reports about the pharmacogenomic-based genetic test guiding the treatment for psychiatric
diseases in North American and European clinical services[8–16], there were still voices in China arguing
against it[42]. One major practical conclusion we can get from this study, is that patients whose genetic
pro�les match their medication treatment tend to have better e�cacy in the long term. This is in addition
to other bene�ts which are not re�ected in this study, such as lower ADR risks and highlighted alarm for
blood concentration monitoring. Therefore, genetic test is highly recommended for those receiving
antipsychotic medications for treating schizophrenia.
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Figures

Figure 1

A sample report. Based on the genetic test results for a certain patient, the 16 included antipsychotics
were assigned into one of the three columns: 'Use as directed' (green bin), 'Use with caution' (yellow bin),
or 'Use with caution and with frequent blood concentration monitoring' (red bin). The numbers in the
brackets following drug names explained the reasons why the drug was assigned this way. Numbers 1-4
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indicated the metabolizer types of the major metabolizing enzyme for that drug. If more than one
enzymes were tested, for instance, thioridazine, for which both CYP1A2 and CYP2D6 were tested, a
forward slash was used to separate the metabolizer types for the two enzymes. Numbers 5-6 indicated
whether or not the patient might respond well to the drug. Numbers 7-8 indicated whether the patient
might have high or low risks for adverse drug reactions. Due to limited research reports, some drugs may
not be able to �nd related genetic loci to cover all three factors listed above (metabolism, e�cacy and
ADR).

Figure 2
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Chart of Study Pro�le

Figure 3

PANSS scores at each time points for the two groups. Points represent mean scores for each group at
each time point. Bars represent SD. PANSS, Positive and Negative Syndrome Scale.
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Figure 4

PANSS drop rates at each time points for the two groups. Points represent mean scores for each group at
each time point. Bars represent SD. PANSS, Positive and Negative Syndrome Scale.
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