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Chapter 21
A Clinical Study Protocol to Identify Serum 
Biomarkers Predictive of Response 
to Antipsychotics in Schizophrenia Patients

Johann Steiner and Paul C. Guest

21.1  Introduction

Approximately half of schizophrenia patients fail to respond favourably to an ini-
tial treatment with antipsychotic medications [1, 2]. Also, traditional treatment for 
schizophrenia sometimes involves the administration and switching of drugs mul-
tiple times until an adequate response is achieved [3]. Moreover, a high rate of 
non- compliance and relapse is a common occurrence [4, 5]. These issues are likely 
to be due to the fact that there is still insufficient understanding of the molecular 
pathways affected in this disease to guide treatment. Thus, the availability of 
objective biomarker tests to inform treatment selection is urgently needed, and a 
small number of studies have now been carried out in this area [6–9]. This is in line 
with the objectives of the Food and Drug Administration and other regulatory 
agencies to set out personalized medicine approaches for improved disease man-
agement [10]. However, studies to identify such biomarkers should be set up using 
a standardized design to minimize the effects of potential confounding factors on 
study outcome.

Here, we describe a clinical protocol involving 77 newly diagnosed schizo-
phrenia patients to identify a baseline biomarker signature that could be used to 
predict response over a 6-week treatment period with the antipsychotics olanzap-
ine, quetiapine, risperidone or others [6]. The main outcome measure was the 
Positive and Negative Syndrome Scale (PANSS) [11], and serum proteins were 
measured by using a multiplex immunoassay at Myriad RBM (Austin, TX, USA) 
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as described previously [6, 7, 9]. Emphasis was placed on minimizing statistical 
effects of  gender, age, body mass index (BMI), smoking and cannabis use on 
experimental outcomes.

21.2  Materials

 1. Approval obtained from the institutional ethical committee for the study proto-
cols (see Note 1)

 2. Written consent obtained for all participants
 3. A study plan developed according to the Declaration of Helsinki [12]
 4. Patients diagnosed with paranoid schizophrenia according to the Diagnostic 

and Statistical Manual (DSM)-IV (Table 21.1) (see Note 2), with exclusion of 
psychosis resulting from other medical conditions or substance-induced psy-
chosis by physical examination, routine blood analysis, screening for illegal 
drugs and magnetic resonance imaging of the brain

 5. S-Monovette 7.5 mL serum tubes (Sarstedt; Numbrecht, Germany)
 6. Low protein-binding Eppendorf tubes (Hamburg, Germany)
 7. Human DiscoveryMAP(R) multiplex immunoassay platform service (Myriad 

RBM; Austin, TX, USA) (see Note 3)
 8. Microsoft Office Excel software (Redmond, WA, USA) or equivalent
 9. Principal component analysis (SIMCA-P+ vs12.0, Umetrics, Umea, Sweden)
 10. Statistical software package R (http://www.r-project.org)

Table 21.1 Demographics of schizophrenia patients at baseline and after treatment for 6 weeks 
with antipsychotics [6]

Baseline 6 weeks’ treatment

Number 77 77
Sex (male/female) 50/27 50/27
Age (years) 35.6 ± 11.1 –
BMI (kg/m2) 25.4 ± 4.6 26.1 ± 4.5
PANSS positive scores 23.0 ± 7.2 12.7 ± 5.3
PANSS negative scores 19.3 ± 8.7 14.4 ± 6.8
PANSS general scores 43.0 ± 10.3 28.7 ± 9.1
Smoking (cigarettes/day) 9.5 ± 9.1 9.6 ± 9.5
Marijuana (yes/no) 16 / 61 3 / 74
Drug (olanz/quet/ris/others) – 18 / 14 / 24 / 21
Cumulative chlorpromazine units (mg) – 17,123 ± 12,657

Abbreviations: olanz olanzapine, PANSS positive and negative syndrome scale, quet quetiapine, ris 
risperidone. Values are shown as mean ± sd
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21.3  Methods

 1. Record all indicated parameters (and others as necessary) using those given in 
Table 21.1 as a guide.

 2. Carry out tests to determine whether or not statistical differences exist across 
the groups as appropriate, and exclude patients lying outside two standard devi-
ations (see Note 4).

 3. From the selected patient group, exclude those individuals with other medical 
conditions (see Note 5).

 4. Treat participants as inpatients over the 6-week study period (see Note 6).
 5. Collect blood from all subjects by venipuncture into serum tubes at the start of 

the study (T0) and after the 6-week treatment period (T6) (see Note 7).
 6. Prepare serum by placing samples at room temperature for 90 min to allow 

blood coagulation, followed by centrifugation at 4,000 × g for 5 min to recover 
the supernatants.

 7. Store serum at 80  °C in low protein-binding Eppendorf tubes prior to 
analysis.

 8. Randomize and blind samples to analysts using code numbers until all bio-
chemical assays are complete.

 9. Analyse samples by multiplex immunoassay (see note 8).
 10. Record all values such as molecular levels of each analyte on an Excel spread 

sheet.
 11. Carry out data analyses using the statistical software package R (http://www.r- -

project.org).
 12. Preprocess the data by filtering out analytes which contain measurement 

values outside the linear assay range in more than 30% of samples (see  
Note 9).

 13. Assess data quality using principal component analysis (see Note 10).
 14. Determine significant associations using non-parametric Spearman’s correla-

tion tests and adjust for false discovery rate [13] (see Note 11).
 15. To identify a molecular fingerprint for prediction patient responses, apply a 

Random Forests analysis [14] (Table 21.2) (see Note 12).

Table 21.2 Significant associations between molecular levels at T0 and improved symptom 
scores [6] (see Note 13)

Change in PANSS negative scores at week 6

Protein P-value Correlation coefficient

Insulin 0.005 −0.037
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21.4  Notes

 1. In this study, approval was obtained from the University of Magdeburg.
 2. The focus on paranoid schizophrenia, which comprises the most prevalent sub-

type of the illness, was intended to minimize variability. In this study, 36 
patients were in the first stage of illness and had not taken antipsychotics at the 
start of the study, and 41 patients had not taken antipsychotics for at least 
6 weeks before the start of the study.

 3. This consists of approximately 200 immunoassays in multiplexed formats 
based on the Luminex technology (https://rbm.myriad.com).

 4. In this study, we also attempted to control for smoking and cannabis use, con-
sidering the increased consumption of these drugs by schizophrenia patients 
and known links to psychiatric illnesses.

 5. Clinicians had access to detailed clinical files of all patients including medical 
histories and referral letters from the general practitioners. Any patients with 
other conditions such as type 2 diabetes, hypertension, cardiovascular or auto-
immune diseases were excluded to minimize potential confounding factors dur-
ing data analysis.

 6. Participants were treated as inpatients as they were acutely ill. This also had the 
added benefit of monitoring patients more closely to better control the study.

 7. In addition to providing the material for biomarker analysis, a serum was used 
for therapeutic drug monitoring to assess compliance.

 8. In this study, all samples were shipped to Myriad RBM (Austin, TX, USA) for 
multiplex immunoassay using the HumanMAP® panel comprised of approxi-
mately 200 analytes. The screening was carried out in a Clinical Laboratory 
Improvement Amendments (CLIA)-certified laboratory as described previ-
ously [6, 7]. Assays were calibrated using standards, raw intensity measure-
ments converted to absolute protein concentrations by comparison to the 
standards and performance verified using quality controls.

 9. Out of 191 analytes, 168 remained in the data set after this procedure, and only 
6.8% of the values were missing.

 10. This was used to detect any strong effects on the overall data variance. In this 
case no effects were identified across the first ten principal components. Outliers 
in each analyte as well as response variables were excluded from analysis if 
these differed by more than two standard deviations from the mean. This 
resulted in removal of less than three subjects per analyte.

 11. Comparisons between the groups are based on non-parametric Wilcoxon rank- 
sum tests or paired Wilcoxon rank-sum tests for within-subject comparisons. 
Analysis of covariance (ANCOVA) was used to account for ‘regression to the 
mean’ effects between baseline and follow-up measurements [15]. This is a 
statistical phenomenon that can make natural variation in repeated data look 
like real change and can occur when large or small measurements tend to be 
followed by measurements that are closer to the mean. In addition, ANCOVA 
was used to estimate effects of BMI on analyte differences between the groups.
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 12. This method builds multiple decision trees and uses a majority decision of 
classification outputs across trees to assign patients to one out of two groups 
based on the levels of the serum molecules. Random Forests was also used to 
select the most important molecules for prediction by permuting the mea-
sured values of each molecule sequentially and determining the importance 
based on the impact of this randomization on the output (results not pre-
sented here).

 13. No proteins were identified at baseline (T0) associated with improvements in 
PANSS positive or general scores. However, one protein (insulin) was associ-
ated with improvements in PANSS negative symptom scores. The negative cor-
relation means that lower levels of insulin at T0 were associated with greater 
improvements [6].
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