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Abstract 

 

Background: Patients with a First-Episode of Psychosis (FEP) exhibit low-grade inflammation 

as demonstrated by elevated levels of C reactive protein (CRP) and pro-inflammatory 

cytokines. 

Aims: The primary goal of this study was to investigate the association between pro-

inflammatory biomarkers and clinical outcomes in unmedicated FEP patients. 

Method: We used clinical data and biological samples from 289 FEP patients participating to 

the Optimization of Treatment and Management of Schizophrenia in Europe (OPTIMISE) 

clinical trial. Patients were assessed at baseline and 4-5 weeks after treatment with 

amisulpride. Baseline serum levels of interleukin (IL)-6, IL-8, Tumor Necrosis Factor (TNF)-α 

and CRP were measured. We first used multivariable regression to investigate the 

association between each of the four tested biomarkers and the following clinical outcomes: 

Positive And Negative Syndrome Scale (PANSS), Calgary Depression Score for 

Schizophreni  (CD  )  remission  ccording to Andre sen’s criteri   nd  erious Adverse 

Events (SAEs). As a complementary approach, we used an unsupervised clustering method 

to str tif  p tients into  n “infl med” or   “non-infl med” biot pe b sed on b seline levels of 

IL-6, IL-8 and TNF-α. We then used line r  nd logistic regressions to investig te the 

association between the patient biotype and clinical outcomes. 

Results: After adjusting for covariates and confounders, we did not find any association 

between IL-6, IL-8, TNF-α  C P or the p tient biot pe  nd clinic l outcomes. 

Implications: Our results do not support the existence of an association between baseline 

levels of CRP and proinflammatory cytokines and early response to amisulpride in 

unmedicated FEP patients. 

 

ClinicalTrials.gov Identifier: NCT01248195 

 

Keywords: Inflammation, pro-inflammatory cytokines, remission, psychosis, longitudinal 

study 
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Introduction 

 

Early treatment response is an excellent predictor of long-term symptomatic and functional 

outcome in psychosis. Unfortunately, and despite extensive research, reliable biomarkers of 

early treatment response and clinical outcome in FEP patients remain to be identified 1. In a 

typical study aimed at identifying biomarkers of treatment response, FEP patients are 

sampled at baseline for blood or neuroimaging biomarkers and assessed at inclusion as well 

as several weeks or months later for clinical outcomes. In most cases, response to treatment 

is defined as a reduction in symptom severity to the levels required by the remission criteria 

of the Schizophrenia Working Group Consensus 2. This consensus established a set of 

criteria that provide an absolute threshold in severity of symptoms that should be reached for 

clinical improvement. Alternatively, some authors have used a continuous measure of 

treatment response which is defined as change in PANSS total scores from baseline to 

follow-up, considering baseline PANSS total score and subtracting a score of 30, as even 

individuals without any mental health problem could score 30 in the PANSS 3. In this latter 

c se  the following formul  w s used: (b seline PAN   tot l score − 30) − (follow-up 

PAN   tot l score − 30)/(b seline PAN   tot l score − 30) × 100. Other clinic l outcomes 

such as changes in the Clinical Global Impression Scale (CGI), the Brief Psychiatric Rating 

Scale (BPRS), the Calgary Depression Scale for Schizophrenia (CDSS), and occurrence of 

Serious Adverse Events (SAEs) may also be assessed. 

While several studies have demonstrated the feasibility of using neuroimaging 

biomarkers for predicting clinical outcome in FEP patients 4, diagnostics tools based on 

biological fluids may be more cost and time efficient. Indeed studies, several authors have 

aimed at identifying soluble biomarkers in blood or saliva which, when measured at baseline 

in FEP patients, were associated with clinical outcomes several weeks, months or years 

later. A wide range of biomarkers have been tested including the acute phase protein CRP 5-

7, many interleukins 5, 6 and chemokines 6, TNF-α 5, 6, interferon-γ (IFN-γ) 5, 6, vascular 

endothelial growth factor (VEGF) 5, 6, complement component 4 (C4) 8, lipids and 

glucometabolic biomarkers (glycated hemoglobin (HbA1c), triglycerides (TG), total 

cholesterol, Low Density Lipoprotein (LDL) cholesterol, fasting glucose) 7, redox biomarkers 

(glutathione (GSH), GSH peroxidase and reductase activities (GPx, GR), thioredoxin (Trx), 

and GSH-related metabolites), amino acids 9 and stress biomarkers (cortisol, sulfated 

dehydroepiandrosterone (DHEA-S)) 10. In a 12 weeks follow-up study on 68 FEP patients, 

salivary levels of cortisol measured shortly after awakening as well as blood levels of IFN-γ 

and IL-6 were lower in responders compared to non-responders in the early phases of 
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psychosis 5. In a longitudinal study on 42 FEP patients, the authors used a principal 

component analysis (PCA) to reduce the dimensionality of the dataset accounting for both 

inflammation and metabolic status 7. Among the three identified PCA factors, factor 1 that 

accounted for hsCRP and Body Mass Index (BMI), was associated with treatment response 

at one year. Lastly, in a naturalistic longitudinal study on 25 FEP patients, serum levels of 

complement component 4 (C4) were associated with treatment response at one year after 

adjustment for baseline severity of symptoms and CRP levels 8.  

While several studies have allowed for the identification of candidate neuroimaging 

and soluble biomarkers that could be used for predicting clinical outcome in FEP patients, 

many of them have suffered from several shortcomings including small sample size and 

treatment heterogeneity. As an attempt to overcome these shortcomings, we used clinical 

data and biological samples from the multinational, multi-center, randomized, double-blind 

OPTiMiSE study in which 481 FEP patients were treated with the second-generation 

antipsychotic amisulpride 11. We assessed serum samples collected at baseline for well-

studied biomarkers of inflammation, i.e. IL-6, IL-8, TNF-α  nd C P. We then used 

multivariable regression to study the association between these biomarkers and PANSS 

score and sub-scores, CDSS, remission and SAEs. 

While inflammation is an intricate process involving dozens of molecules, we have 

chosen to focus on IL-6, IL-8, TNF-α  nd C P for the following re sons. First   ntips chotic-

naive FEP and acute psychotic relapse are associated with increased serum concentrations 

of IL-6 12, TNF-α 12 and CRP 13. Second, population-based longitudinal studies have shown 

an association between higher levels of IL-6 14 and CRP 15 and risk for psychotic experience 

and a diagnosis of schizophrenia subsequently in adulthood. Third, IL-6, IL-8, and TNF-α  re 

three of the main proinflammatory cytokines that are produced by macrophages when 

activated with Pathogen-Associated Molecular Patterns (PAMPs) 16. Four, IL-8 is a potent 

chemotactic factor that cause neutrophils and other granulocytes that promote inflammation 

to migrate toward the site of infection 17. 
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Methods 

 

Study subjects 

The OPTiMiSE study was conducted in 27 academic hospitals and clinics in 14 

Europeancountries and Israel (Clinicaltrials.gov identifier is NCT01248195) 11. FEP patients 

were recruited between May 2011 and April 2016 at the participating centers from nearby 

healthcare facilities. Eligible patients were aged 18-40 years and met the criteria of the 

Diagnostic and Statistical Manual of Mental Disorders (DSM IVth edition) for schizophrenia, 

schizophreniform disorder, or schizoaffective disorder. A total of 481 patients were enrolled 

and signed informed consent. Diagnosis was confirmed by the Mini International 

Neuropsychiatric Interview plus 18. Patients were excluded if : more than 2 years had passed 

since the start of the FEP; any antipsychotic drug had been used for more than 2 weeks in 

the previous year and/or for a total of 6 weeks during lifetime; patients had a known 

intolerance or met any of the contraindications for at least one of the study drugs; patients 

were coercively treated and/or represented by a legal guardian or under legal custody; or 

patients were pregnant or breast feeding. All participants to the study signed a written 

informed consent form. 

 

Clinical assessment 

A screening visit was conducted during which eligibility was assessed. Baseline data were 

obtained regarding sex, age, diagnoses, body mass index (BMI), waist circumference, 

recreational drug use, alcohol consumption, caffeine consumption, smoking and current 

treatments. Patients were clinically assessed at baseline for positive, negative and general 

psychopathology symptoms using the PANSS scale 19, depression using the CDSS20, social 

functioning using the Personal and Social Performance Scale (PSP) 21, wellbeing using the 

Subjective Wellbeing under Neuroleptics (SWN) and overall severity of symptoms with the 

CGI scale 22. Patients were treated with up to 800 mg/day amisulpride in an open-label 

design and clinically assessed 4-5 weeks later for psychopathology using the PANSS scale, 

symptomatic remission according to the criteria of Andreasen et al. 2 (  score ≤3 

simultaneously on 8 PANSS items: P1, P2, P3, N1, N4, N6, G5, and G9), percentage of 

weight gain and the occurrence of SAE.  
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Healthy individuals 

Healthy individuals were recruited as part of a study registered in ClinicalTrials.gov (ID: 

NCT02209142). An extensive clinical and psychological examination, using both Structured 

Clinical Interview for DSM Disorders 23 and a self-rating questionnaire, as well as clinical and 

biological examinations (including body temperature, blood cell count) were used to 

determine the absence of any medical conditions or any psychiatric disorders. None of the 

subjects had received any vaccinations within a month before inclusion. All subjects gave 

informed written consent. The study was conducted in accordance with the latest version of 

the Declaration of Helsinki and was approved by the appropriate French ethical and medical 

authorities.  

 

Blood samples 

Venous blood was obtained from fasting subjects between 7:00 am and 9:00 am. Five 

millimiters of blood were drawn into serum Vacutainer tubes and allowed to clot for 1 h 

before centrifugation (1500 x g, 10 min). Sera were stored in 0.5 ml aliquots at -80°C for 3-4 

years. Samples were thawed once and immediately assessed for cytokine and CRP levels 

by immunoassay. 

 

Immunoassay 

Serum levels of IL-6, IL-8, TNF-α  nd C P  were me sured using the Pro-inflammatory 

Panel 1 and Vascular Injury Panel 2 v-PLEX® kits (MSD) at a single site at the Centre 

National de la Recherche Scientifique (CNRS). All assays were performed according to the 

m nuf cturer’s instructions. D t  were  cquired on the V-PLEX® Sector Imager 2400 plate 

reader and analyzed using the Discovery Workbench 3.0 software (MSD). Standard curves 

for each cytokine were generated using standards provided in the kits. Serial 4-fold dilutions 

of the standards were run to generate a 7-standard concentration set, and the diluent alone 

was used as a blank. Cytokine concentrations were determined from the standard curve 

using a 4-parameter logistic curve fit to transform the mean luminescence intensities into 

concentrations. As the lower limit of detection (LLOD), we used the median LLOD compiled 

over multiple plates and corresponding to the concentration calculated based on the signal 

recorded for the blank plus 2.5 standard deviations. For each cytokine and the CRP, samples 

that fell below the LLOD were given a substituted value equal to half the LLOD. 
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Supplementary Table 1 shows, for each biomarker and each cohort the LLOD, the number 

and percentage of samples that fall below the LLOD, the lower (min), upper (max), median 

and mean values, as well as the standard deviation (SD). 

 

Data Analysis 

 

Data preprocessing. Our dataset did not contain any missing data. For each cytokine and the 

CRP, samples that fell below the LLOD were given a substituted value equal to half the 

LLOD. As cytokines and CRP are believed to be stable when stored at -80°C and since the 

samples were thawed only once, biomarker levels were not adjusted for storage duration.  

 

Unsupervised clustering analysis. We stratified patients based on serum cytokine levels at 

baseline using the k-spectral clustering algorithm 24, with the aim to identify two 

homogeneous clusters within our study sample. We first normalized each feature (serum 

levels of each cytokine) independently so that the norm of each feature becomes equal to 

one. The k-spectral clustering method uses the spectrum (eigenvalues) of the similarity 

matrix of the data to perform dimensionality reduction before clustering in fewer dimensions. 

The similarity matrix is provided as an input and consists of a quantitative assessment of the 

relative similarity of each pair of points in the dataset. Silhouette values were computed as a 

measure of clustering appropriateness. We used the t-Distributed Stochastic Neighbor 

Embedding (t-SNE) method for graphical representation of the clusters. Codes will be 

available under request. 

 

Statistical analyses. Comparison analyses between clusters were performed using the two-

tailed non-parametric Mann & Whitney U-test or the Chi-square test (as indicated). 

Comparison analyses of cytokine and CRP levels between cluster 1 and 2 patients, and 

healthy individuals were performed using the Kruskal-Wallis two-tailed non-parametric test 

followed by post-hoc analysis. To study associations at baseline clusters based on pro-

inflammatory cytokines at baseline and clinical scores, we implemented a multivariable linear 

regression model using the cluster as the dependent variable and baseline PANSS total 

score and sub-scores at baseline, age (years), sex (Female/Male), BMI (kg/m2), waist 

circumference (cm), use of recreational drugs (Yes/No), coffee consumption (number of 

cups/day), alcohol consumption (yes/no), and tobacco smoking (yes/no) as independent 
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variables. To study associations between remission after treatment and cluster at baseline, 

we implemented a multivariable logistic regression model using the outcome (remission/non-

remission) as the dependent variable and cluster, PANSS sub-scores at baseline, age, sex, 

BMI, waist circumference, use of recreational drugs, alcohol consumption and current 

smoking as independent variables. To study associations between PANSS sub-scores after 

treatment and cluster at baseline, we implemented a multivariable linear regression model 

using PANSS sub-scores after treatment as the dependent variables and cluster, PANSS 

sub-scores at baseline, age, sex, BMI, waist circumference, use of recreational drugs and 

alcohol consumption and current smoking as independent variables. Statistical significance 

was set according to a p-value (p) < 0.05. Statistical analyses were performed using R Stats 

package 25 and graphs were generated using GraphPad Prism version 6.00 for iOS 

(GraphPad Software, USA).  
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Results  

 

A total of 481 FEP patients were included in the OPTiMiSE clinical trial 11. Out of the 446 

patients in the intention-to-treat (ITT) sample, 348 had serum samples collected at baseline 

before the study treatment was initiated. From these patients, 289 were included in this study 

and assessed clinically at baseline and after 4-5 weeks of treatment with the antipsychotic 

amisulpride (Table 1). Serum samples at baseline were assessed for the pro-inflammatory 

cytokines IL-6, IL-8 and TNF-α   nd for the  cute ph se protein C P (Supplementary Table 

1). Low to medium positive correlations were observed between IL-6, IL-8 and TNF-α  but not 

CRP, suggestive of coordinated but not similar variations in the levels of these biomarkers in 

FEP patients (Supplementary Figure 1). 

We first investigated the association between IL-6, IL-8, TNF-α  nd C P considered  s 

continuous variables and PANSS total score and subscores, CDSS, remission and SAEs. 

After adjusting for age, gender, BMI, waist circumference, recreative drugs use, consumption 

of coffee and alcohol, and tobacco smoking, no association was found between any of these 

biomarkers and total PANSS score (Table 2), CDSS (Table 3), remission (Table 4), SAEs 

(Table 5), positive PANSS (PPANSS) (Supplementary Table 2), negative PANSS 

(NPANSS) (Supplementary Table 3) or general psychopathology PANSS (GPANSS) 

(Supplementary Table 4) subscores. 

Because inflammatory biomarkers may be associated with a clinical outcome only 

when above a specific threshold, we dichotomized each biomarker at the 15th/85th 

upper/lower percentile before studying its association and clinical outcomes. None of the four 

tested inflammatory biomarkers was associated with total PANSS score (Supplementary 

Table 5), PPANSS (Supplementary Table 6), NPANSS (Supplementary Table 7), 

GPPANSS (Supplementary Table 8) subscores, CDSS (Supplementary Table 9), 

remission (Supplementary Table 10) or SAEs (Supplementary Table 11). 

Bec use  n individu l’s inflammatory status may be better captured by a combination 

of pro-inflammatory cytokines than by any individual one, we used an unsupervised 

cl ssific tion  ppro ch to str tif  p tients into  n “infl med”  nd   “non-infl med” cluster 

based on serum levels of IL-6, IL-8 and TNF-α. These two clusters   ccounted for   %  nd 

34% of the total sample respectively (Table 1). In agreement with the relatively high mean 

silhouette value of the clustering solution, cluster 1 and cluster 2 patients projected in distinct 

regions of t-distributed Stochastic Neighbor Embedding (t-SNE) graphical representation 

reflecting high intra-cluster consistency (Supplementary Figure 2). While cluster 1 patients 
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exhibited a lower BMI compared to those of cluster 2, they were similar with respect to sex 

ratio, age, waist circumference, used of recreative drugs, and consumption of coffee and 

alcohol (Table 1). Cluster 2 patients had higher serum levels of IL-6, IL-8 and TNF-α  t 

baseline when compared to cluster 1 patients or healthy controls (Supplementary Figure 3). 

In contrast, serum levels of IL-8 and TNF-α were simil r in both cluster 1 p tients  nd he lth  

controls, while IL-6 more more abundant in cluster 1 patients. Of note, CRP levels were 

similar in cluster 1 patients, cluster 2 patients and healthy controls. We next studied the 

association between the patient cluster and clinical outcomes. After adjustment for covariates 

and confounders, we did not find any association between patient cluster and total PANSS 

score (Table 2), CDSS (Table 3), remission (Table 4), SAEs (Table 5), PPANSS 

(Supplementary Table 2), NPANSS (Supplementary Table 3) or GPPANSS 

(Supplementary Table 4) subscores. 

 

 

Discussion 

 

Main findings 

Here, we have investigated the association between baseline levels of four 

inflammatory biomarkers and clinical outcomes in 289 FEP patients 4-5 weeks after 

treatment with amisulpride was initiated. We first analyzed each biomarker independently 

and assessed their association with PANSS total score and subscores, CDSS, remission and 

SEAs. We performed two types of analyses: one in which we considered each biomarker as 

a continuous variable, and another in which we dichotomized them at the 15th upper/85th 

lower percentile. After adjustment for age, sex, BMI, waist circumference, use of recreative 

drug, coffee and alcohol consumption and tobacco smoking, neither IL-6 nor IL-8, TNF-α  nd 

CRP was associated with any of the tested clinical outcomes. 

We next used an unsupervised clustering method to stratify FEP patients into two 

clusters based on serum levels of IL-6, IL-8 and TNF-α. While these c tokines were present 

at normal levels in cluster 1 patients, their levels were abnormally elevated in cluster 2 

patients, indicative of an inflamed profile. The patient cluster was neither associated with 

total PANSS score at baseline, nor with PPANSS, NPANSS or GPPANSS subscores, CDSS, 

remission or SAEs. To summarize, we could not identify any association between the 

patient’s infl mm tor  profile  nd  n  of the clinic l outcome th t we h ve  ssessed. 
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Other findings 

An unexpected finding of this study is that cluster 1 and cluster 2 patients had 

comparable blood levels of CRP, and that these levels were comparable to those found in 

healthy controls. This is an important result as previous studies attempting to use CRP to 

identify people at risk of later schizophrenia have been mixed with some, but not others, 

finding that patients with increased levels of CRP were at increased risk for later 

schizophrenia 26.  CRP is produced mainly in the liver in response to inflammation 27 and is 

commonly used to assess the presence and severity of inflammation in a wide range of 

diseases. However, CRP is an ambiguous pro-inflammatory marker 28 as it is also 

constitutively produced in the absence of inflammation in a pentameric form (pCRP) with 

anti-inflammatory properties 29. In contrast, the monomeric CRP (mCRP) is produced locally 

by dissociation of the pCRP, in response to inflammatory cues in inflamed or damaged 

tissues and has potent pro-inflammatory effects 28. Because pro-inflammatory mCRP is 

mostly retained in tissues, the CRP measured in serum by immunoassays exclusively 

corresponds to the anti-inflammatory pCRP form, in particular in the case of low-grade 

inflammation. It is only in the case of acute inflammation that the overload of CRP in tissues 

is reflected in the serum. Based on these data, Del Giudice and Gangestad have pointed out 

that measuring serum CRP levels is insufficient to establish the existence of a low-grade 

inflammatory state, and have proposed that other pro-inflammatory cytokines such as TNF-α 

and IL-1ß could be more reliable as biomarkers of inflammation 28. Our results not only 

support this view but also suggest that combinations of pro-inflammatory cytokines, rather 

than individual ones, should be used to identif  “infl med” p tients. This m   h ve 

implications for the design of prospective placebo-controlled clinical trials aimed at 

comp ring dise se outcome in “infl med”  nd “non-infl med” p tients  or for selecting 

“infl med” p tients for  dd-on anti-inflammatory treatment. 

While the primary objective of this study was to investigate association between 

inflammatory biomarkers and clinical outcome after treatment with amisulpride, our results 

provided insight into the association between clinical variables at baseline and clinical 

outcome. As for PANSS total score and subscores after treatment, they were negatively 

associated with age in all models, and – as expected – positively associated with their 

respective score and subscores at baseline. Remission was negatively and positively 

associated with age and NPANSS at baseline respectively. As for SAEs, it was associated 

with sex, waist circumference and GPPANSS at baseline in models in which IL-6, IL-8 and 
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TNF-⍺ were used as covariates. Also, lower levels of CRP decreased the odds of SAEs but 

the effect size was extremely low. 

 

Discrepancies with other studies 

An association between inflammatory biomarkers at baseline and response treatment was 

first reported by Mondelli et al in a highly cited paper 5. In this study, 68 FEP patients – 

among whom 33 were sampled at baseline – were treated as usual (TAU) and assessed 12 

weeks later to identify those who met remission criteria 5. In these 33 patients among whom 

18 and 21 were responders and non-responders respectively, blood levels of IL-6 and IFN-γ 

were lower in responders compared to non-responders 5. These authors concluded that 

“Infl mm tor  biom rkers predict poor response in FEP”. The discrep nc  between our 

results and this previous finding may be explained by several reasons. First, while Mondelli 

et al. studied response to clinician-led antipsychotic treatment after 12 weeks, we searched 

for biomarkers that were associated with response to a single antipsychotic, i.e. amisulpride, 

4-5 weeks after the treatment was initiated. Second, our study sample consisted of 289 FEP 

p tients comp red to 33 in Mondelli’s p per. Third  our results were adjusted for age, 

gender, BMI, waist circumference, use of recreative drugs, consumption of coffee and 

 lcohol  tob cco smoking  nd clinic l s mptoms’ severit   t b seline while Mondelli et al. 

used univariate statistical methods to analyze their data. In another longitudinal study on 42 

FEP patients, the authors aimed at identifying biomarkers of metabolism and inflammation 

that were associated with clinical outcomes 7. To this aim, they measured high sensitivity C-

reactive protein (hsCRP) as a biomarker of inflammation, and BMI, lipid profile and gluco-

metabolic parameters as metabolic variables. A principal component analysis (PCA) was 

then used to reduce the dimensionality of the dataset accounting for both inflammation and 

metabolic status. Results showed that a PCA factor that accounted for hsCRP, BMI and 

triglycerides (TG) measured at baseline was associated with total PANSS score, PPANSS 

and NPANSS subscores, and treatment response rate at 1-year follow-up. While these latter 

results did show an effect of abnormal metabolic and inflammatory status on the brain, the 

use of PCA did not allow for assessing the relative contribution of metabolic and 

inflammatory biomarkers to the outcome. 
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Strengths  

One important strength of this study is that it takes advantage of clinical and biological 

samples collected within the frame of one of the largest longitudinal clinical studies in FEP 

patients. Patients were not only medication naïve (or almost medication naïve) at baseline, 

but also treated with the same antipsychotic and assessed 4-5 weeks after the treatment was 

initiated, therefore precluding biases due to different medications or assessment at different 

time points. Second, the longitudinal design of the OPTiMiSE clinical trial allowed for 

assessing the association of inflammatory biomarkers collected at baseline and clinical 

outcomes 4-5 weeks later. Third, and with at least two noticeable exceptions 30, 31, we are not 

aware of any other study in which pro-inflammatory cytokines, and more generally 

inflammatory biomarkers, were considered altogether – rather than individually – to 

determine the “infl med” or “non-infl med” st tus of  n individu l.  

 

Limitations 

Our results should be considered and interpreted in light of the following limitations. First, we 

did not study the association between IL-1α  nd IL-1ß because the immunoassay platform 

that we used was not sensitive enough to detect these cytokines in the majority of serum 

samples. Second, our results were adjusted to age, gender, BMI, consumption of alcohol and 

tobacco and use of recreational drugs, but not to other variables that may be associated with 

either cytokine levels or clinical outcome such as socioeconomical status, physical exercise, 

diet. Third, patients with an autoimmune or an allergic disease, with an infectious disease 

and/or who have been treated anti-inflammatory drugs, corticosteroids or antibiotics within 

the prior months were not excluded. Third, we only assessed the association between 

inflammation at baseline and clinical outcome in FEP patients after 4-5 weeks of treatment 

with amisulpride. It remains to be established whether similar results would be obtained 

when patients are treated with another antipsychotic and for a longer period. Fourth, the 

serum samples from healthy individuals that we have used in this study were not collected as 

part as the OPTiMiSE clinical trial but as part of another clinical study. However, because the 

Standard Operating Procedures (SOP) for blood collection and serum preparation were the 

same in the two studies, and all serum samples were assessed in the same laboratory using 

the same procedure, we believe that biomarker levels could readily be compared across 

samples.  
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Implications and Future Directions 

The present study does not support an association between baseline levels of biomarkers of 

inflammation and early clinical outcomes in FEP patients. However, our data do not rule out 

the possibility that inflammatory biomarkers could predict long-term clinical outcomes such 

as relapse in chronic schizophrenia. Testing this hypothesis in a prospective study is 

warranted. While the results presented here could be considered as disappointed, we believe 

that publication of these negative findings is important for the field of immuno-psychiatry to 

move forward. 
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