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Background: Validated clinical prediction models of
short-term remission in psychosis are lacking. Our
aim was to develop a clinical prediction model aimed
at predicting 4—6-week remission following a first epi-
sode of psychosis.Method: Baseline clinical data from
the Athens First Episode Research Study was used to de-
velop a Support Vector Machine prediction model of
4-week symptom remission in first-episode psychosis pa-
tients using repeated nested cross-validation. This model
was further tested to predict 6-week remission in a sample
of two independent, consecutive Danish first-episode
cohorts.Results: Of the 179 participants in Athens, 120
were male with an average age of 25.8 years and average
duration of untreated psychosis of 32.8 weeks. 62.9% were
antipsychotic-naive. Fifty-seven percent attained remission
after 4 weeks. In the Danish cohort, 31% attained remis-
sion. Eleven clinical scale items were selected in the Athens
4-week remission cohort. These included the Duration of
Untreated Psychosis, Personal and Social Performance
Scale, Global Assessment of Functioning and eight items
from the Positive and Negative Syndrome Scale. This
model significantly predicted 4-week remission status
(area under the receiver operator characteristic curve

(ROC-AUC) =71.45, P <.0001). It also predicted 6-week
remission status in the Danish cohort (ROC-AUC = 67.74,
P < .0001), demonstrating reliability. Conclusions: Using
items from common and validated clinical scales, our model
significantly predicted early remission in patients with first-
episode psychosis. Although replicated in an independent
cohort, forward testing between machine learning models
and clinicians’ assessment should be undertaken to evaluate
the possible utility as a routine clinical tool.
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Introduction

Recovery, remission and relapse prevention in psychotic
disorders have become important areas of interest in psy-
chiatric research.! Despite observed symptom reduction,
pharmacological treatments appear to have little impact
on these broader outcomes, leading to high costs and in-
creased mortality for patients.>* Early intervention may
lead to better patient outcomes and a greater chance of
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Fig. 1. First episode psychosis machine learning model pipeline. Athens first-episode psychosis patients were passed into the machine
learning pipeline and used for model training and selection. The best hyperparameters and predictors were chosen using five repeats of
10-fold cross-validation (CV). This optimized pipeline was then refitted to the Athens first-episode psychosis cohort and used to make
predictions on the Copenhagen cohort.
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long-term recovery.”® Currently, a longer duration of un-
treated psychosis (DUP), male gender, an earlier age of
illness onset, an insidious onset, a longer duration of the
prodromal phase, a higher degree of negative symptoms
at baseline, comorbid substance use disorders, treatment
delay, shorter time in treatment, and lack of insight in
First Episode Psychosis (FEP) patients have all been rec-
ognized as risk factors for relapse in schizophrenia and
predictors of poor outcome at 3 and 10-year follow-up
intervals.”'® Some constitute modifiable risk factors and
efforts to address them have been developed through
Early Intervention (EI) services."!*2 However, EI serv-
ices are faced with the challenge of providing individual
detection for patients who transition to first-onset psy-
chosis, which is hampered by the small fraction of pa-
tients in contact with them before making the transition
to a psychotic prevention.’

Evidence suggests that multivariate prediction models
may be useful and even outperform clinician prognosti-
cation.”* Recently, Koutsouleris et al** developed predic-
tion models of functional outcomes in young individuals
at risk of developing psychosis and depression. These
models outperformed clinicians in predicting functional
outcomes, highlighting their potential in clinical practice
and early intervention. The breadth of application ex-
tends beyond early intervention and into optimizing allo-
cation of health resources. To this end, machine learning
(ML) based decision support systems that predict the
likelihood of remission upon first presentation may assist
in the allocation of these resources, leading to better pa-
tient outcomes at scale.

As previous studies focusing on remission at the one-
year time point and improvement in functioning at both
the I month and 1-year timepoints have yielded promising
results, %’ our intention is to focus on the initial month
of treatment in order to develop a prediction model of
4-week FEP remission. The first years following a FEP
can provide a unique insight into a period characterized
by a high degree of illness variability.?* In addition, at
this time clinicians commonly aim for patients to be re-
integrated back into their social framework. Therefore,
our aim is to create a clinically useful and applicable tool
that can be used to identify patients’ remission status
in one month following a FEP. To achieve this, we have
used clinical scales that are used in the first assessment of
FEP, to predict remission at 4 weeks following initial pa-
tient presentation. Scales used in model training included
the Positive and Negative Syndrome Scale (PANSS),
the Hamilton Rating Scale for Depression (HAM-D 17
item), and the Young Mania Rating Scale.***> Applying
the PANSS assumes specific training and is not part of
routine clinical assessment. However, due to its granu-
larity, it can help identify clinical aspects that relate to
remission in FEP. In order to create a robust outcome,
we used the validated definition of remission as defined
by Andreasen et al.** Finally, we trained, validated, and
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tested a linear Support Vector Machine classifier (SVM)
on the Greek “Athens First Episode Psychosis Research
Study” dataset using repeated nested cross-validation and
then further validated our model in an independent first-
episode dataset from Copenhagen, Denmark.

Methods

Athens Cohort

Our prediction model was developed, validated, and
tested using patients from the ongoing Athens First
Episode Psychosis Research Study. Methods detailing
participants, recruitment, measures and overall construc-
tion of the Athens cohort have been described.** The
study was approved by the Research Ethics committee
of the Eginition hospital (protocol 644Y46WEN2-'KX).
Patients gave written informed consent. At time of anal-
ysis, 181 FEP patients were recruited over a 40-month
period (study commencement: March 2015). Recruitment
is ongoing and will end when 220 cases have been col-
lected. See table 1A for final sample characteristics, sup-
plementary methods 1.1 and supplementary figure S1.

Copenhagen Cohort

To further assess the generalizability of our model, we
tested our model on the merged patient sample derived
from two independent, consecutive, longitudinal, multi-
modal first-episode cohorts, PECANS I (Pan European
Collaboration on Antipsychotic Naive Schizophrenia)
(initiated December 2008) and PECANS II (initiated
January 2014), for initial descriptions of the cohorts,
see.¥¥* See table 1B for final sample characteristics
and supplementary methods 1.2 for more information.
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Fig. 2. Area under the receiver operator characteristic curve
(ROC-AUQ) for the First Episode Psychosis (FEP) classifier.
As we change the decision threshold for the models underlying
probabilities, trade-offs between true and false positives can be
observed.
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Table 1. Baseline Patient Characteristics for the Athens (Section A) and Copenhagen (Section B) Cohorts Stratified by Remission

Remission vs

Remission Nonremission Nonremission
A) Athens Baseline Characteristic Descriptive Statistic N =102 N=77 P-value*
Age (n=176) Mean (SD) 25.9(7.5) 25.7(7.7) .92
Gender, male (n = 179) N (%) 64 (63%) 56 (73%) .60
Education (years) (n = 176) Mean (SD) 13.6 (2.6) 13.6 (2.3) 92
GAF baseline (n = 151) Mean (SD) 45.1 (16.6) 37.8 (13.9) .01
PSP baseline total score (n = 137) Mean (SD) 40.535.7 (16.5) 35.7(15.4) 12
Cohabitants (n = 175) Mean (SD) 2.5(2.22) 2.6(2) .76
HAM total (n = 140) Mean (SD) 15.2 (8.1) 19.1(11.1) .05
YMRS total (n = 139) Mean (SD) 13.1(11) 16.4 (11.3) 13
DUP (n=169) Mean (SD) 19.1 (32.9) 52.6 (81.1) <.01
DUI (n = 150) Mean (SD) 37.8 (50.4) 82.5(134.9) .03
PANSS total (n = 179) Mean (SD) 93.9 (21.2) 106.6 (25.2) <.01
PANSS positive total (n = 179) Mean (SD) 27.8(7) 29.2 (6.6) 21
PANSS negative total (n = 179) Mean (SD) 18.1(8.3) 25.1(9.9) <.01
PANSS general total (n = 179) Mean (SD) 48.1 (12.5) 52.3(14.7) .08
Antipsychotic use prior to entry, yes (n = 178) N (%) 36 (36%) 30 (39%) .70
Currently living alone, yes (n = 161) N (%) 16 (17%) 15 (22%) .70
Currently unemployed, yes (7 = 179) N (%) 25 (25%) 30 (39%) 25
Lifetime cannabis use, yes (n = 177) N (%) 51 (50%) 42 (55%) .70
Cannabis use in the past month, yes (n = 168) N (%) 25 (27%) 17 (23%) .70
Affective/nonaffective (n = 165) N (%) 69 (73%) 64 (91%) .03
Stimulant use last 12 months, yes (n = 178) N (%) 11 (11%) 9 (12%) .87
Opioid use last 12-months, yes (n = 168) N (%) 0 (0%) 1 (1%) .60
Hallucinogen use last 12-months, yes (n = 170) N (%) 8 (8%) 3 (4%) .60
Tobacco use last 12-months, yes (n = 179) N (%) 57 (56%) 40 (52%) .70
Alcohol use >14 units per week, yes (n = 179) N (%) 2 (2%) 3 (4%) .70
CGI Severity of illness: 3/4/5/6/7 (n = 172) Median (IQR) 6 (5-7) 6 (5-7) .60

Remission vs

Remission Nonremission Nonremission
B) Copenhagen Baseline Characteristic Descriptive Statistic N =31 N =70 P-value*
Age (n=101) Mean (SD) 22.8(3.7) 24.3(5.9) .19
Gender, male (n = 101) N (%) 16 (52%) 37 (53%) 1
Education (years) (n = 58) Mean (SD) 12.9 (2.7) 11.7 (2.1) 18
GAF baseline (n = 98) Mean (SD) 41 (8) 36 (6.9) .02
PSP baseline total score (n = 52) Mean (SD) 50.4 (11.8) 47.7(13.8) .55
DUP (n=51) Mean (SD) 102.7 (165.4) 123.84 (248) 72
PANSS total (n = 101) Mean (SD) 70 (15.9) 78.8 (14) .02
PANSS negative total (n = 101) Mean (SD) 17 (5.6) 20.4 (6.3) .02
Lifetime cannabis ICD10 Dx, yes (n = 101) N (%) 1 (3%) 0 (0%) 1
Lifetime opioids ICD10 Dx, yes (n = 101) N (%) 0 (0%) 3 (4%) 1
Lifetime tobacco ICD10 Dx, yes (n = 101) N (%) 4 (13%) 0 (0%) 1
Lifetime stimulants ICD10 Dx, yes (n = 101) N (%) 0 (0%) 9 (13%) 1
Lifetime hallucinogens ICD10 Dx, yes N (%) 0 (0%) 0 (0%) 1
(n=101)
Lifetime other recreational drugs ICD10 Dx, N (%) 0 (0%) 0 (0%) 1
yes (n = 101)
Lifetime benzodiazepines ICD10 Dx, yes N (%) 0 (0%) 0 (0%) 1

(n=101)

*Calculated using Welches ¢-test for continuous variables and chi-square tests for categorical variables. All P-values were FDR corrected
using the Benjamini and Hochberg method. Section A) For substance use, any use in the last 12 months regardless of frequency. Remis-
sion based on 4-weeks assessment. Section B) Lifetime substance use was assessed on a 5-point Likert scale (0 = never tried, 1 = tried a

few times, 2 = use regularly, 3 = harmful use, 4 = dependency), with levels 3 and 4 corresponding to an ICD10 diagnoses of harmful use

or dependence. Therefore, we scored lifetime use as >3. Remission based on 6 weeks assessment.

GAF: Global Assessment of Functioning, PSP: Personal and Social Performance Scale, PANSS: Positive And Negative Syndrome Scale,
HAM: Hamilton Depression Rating Scale, YMRS: Young Mania Rating Scale, DUP: Duration of Untreated Psychosis, DUI: Duration

of Untreated Illness.
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Exclusion criteria differences between the Athens and
Copenhagen cohorts can be found in table 4.

Sample Predictors and Outcome

To train our model we used a subset of sociodemographic
and psychopathological predictors from the Athens co-
hort. The initial set of measures included clinical scales,
environmental factors, demographic characteristics, cog-
nitive tests and biological tests including routine blood
tests, biochemical and immunological assays. The subset
used to develop our model contains clinical and demo-
graphic variables that have been identified in the past to
be associated with clinical remission.”!'® The final vari-
ables included all items and total scores from the PANSS,
the 17-item HAM-D, the Young Mania Rating Scale
(YMRS), the Clinical Global Impression (CGI) scale, the
Global Assessment of Functioning (GAF) scale and the
Personal and Social Performance scale (PSP). All scales
were completed upon first contact and at the 4-week/6-
week follow-up assessments in both samples. In total,
43 clinical and demographic predictors were included in
the analysis. See supplementary table S1 for all included
predictors. Remission was defined according to the
Andreasen PANSS remission criteria which has shown
good validity across different studies.*¥”*! However, as
our outcomes were assessed at 4- and 6-week time points,
we waived the 6-month criterion.

Training, Model Selection, and Testing — Athens Cohort

For model selection, training, and initial testing we con-
ducted repeated nested cross-validation on the Athens
Cohort. To derive the most predictive model of remis-
sion, we used an ML pipeline composed of the following
transformations (see figure 1). First, we imputed missing
values using multivariate imputation by chained equa-
tions (MICE).* Second, we standardized all predictors to
have a mean of 0 and standard deviation of 1. Third, we
fitted an Elastic Net model, a form of penalized logistic
regression that removes highly correlated predictors from
the model whilst retaining the most predictive groups of
correlated predictors for model fitting. We fit two pipe-
lines in this process, one with a set of hyperparameters
that covered the full range of the mixing parameter (11
ratio) and the regularization strength parameter (alpha),
and another set of hyperparameters where the 11 ratio
was closer to Ridge (eg, biased towards the inclusion of
more predictors) and implemented less regularization
(lower values of alpha). This was done to avoid selecting
a model with too few predictors that may not generalize
to an independent validation cohort as has been shown in
previous studies.* Finally, we fit a linear Support Vector
Machine (SVM) to the predictors selected by the Elastic
Net to classify patients who were in remission at their
4-week follow-up compared to those who were not. All
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steps were completed within a pipeline to avoid the leakage
of statistics across transformations. Hyperparameters for
the Elastic Net and SVM were tuned using five repeats of
10-fold cross-validation in an inner cross-validation loop
to maximize the area under the receiver operator char-
acteristic curve (AUC). Details of the two sets of tuned
hyperparameters and software used can be found in sup-
plementary Appendix 1.5. Out of sample performance
was then assessed in a 10-fold outer cross-validation loop.
As clinicians’ predictions for patients’ remission status
were not taken at baseline assessment, we used the base-
line clinical global impression severity (CGI-S) scale to
assess whether clinicians rated patients as significantly
different in their illness severity upon first presentation.
See supplementary Methods 1.3 for more information.

Further Independent Testing — Copenhagen Cohort

To further test our model independently of the Athens
cohort, the best combination of hyperparameters from
the inner training loop were refitted without modifica-
tion to the entire Athens cohort and used to make predic-
tions on the Copenhagen cohort. As the remission rates
were different between these datasets (Athens = 57%,
Copenhagen = 30.7%) we used Bayes’ adjusted posi-
tive predictive value (PPV) and negative predictive value
(NPV) to correct for these differences in prevalence.*
This method standardizes the prevalence rates between
the two cohorts allowing for the proper interpretation of
model performance (see supplementary Methods 1.4). We
standardized the Copenhagen prevalence to the Athens
cohort prevalence as this value closely represents the
event rate seen on similar cohorts in the literature.!4134-4
In addition, we re-calculated Bayes’ adjusted PPV and
NPV for all prevalence rates of FEP remission observed
in the literature (30—60%)'> allowing for estimates of
how our model might perform across this prevalence dis-
tribution on different cohorts (see supplementary table
S2). Finally, we derived the null distribution and statis-
tical significance of this classifier using a permutation test
of 10 000 permutations. See supplementary Methods 1.5
for the tuned and selected hyperparameters, for more in-
formation on this pipeline configuration see.’!

Secondary Analysis — Diagnostic Status and Sample
Size Effects

As the Athens sample was composed of patients with af-
fective, nonaffective, and drug-induced psychosis compo-
nents in their diagnoses, whereas the Copenhagen cohort
was only composed of patients with a nonaffective di-
agnosis, we conducted further analysis to test the gen-
eralizability of our model across these three diagnostic
categories. See supplementary Methods 1.6. In addition,
we conducted a subsampling analysis to quantify the re-
lationship between balanced accuracy and sample size.’?
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Table 2. Section A: Patient Characteristics Stratified by Cohort (Athens vs Copenhagen) and Section B: Athens Affective/Nonaffective

Status
Athens Copenhagen Athens vs Copenhagen

A) Athens vs Copenhagen Descriptive Statistic N=179 N =101 P-value*
Age (n=277) Mean (SD) 25.8(7.5) 23.8(5.4) .01
Gender (n = 280) N (%) 120 (67%) 53(52% .02
Education (years) (n = 234) Mean (SD) 13.6 (2.5) 12.1 (2.3) <.01
GAF baseline (n = 249) Mean (SD) 41.9 (15.8) 37.5(7.5) .01
PSP baseline total score (n = 189) Mean (SD) 38.3(16.1) 48.5(13.1) <.01
DUP (n = 220) Mean (SD) 32.8(59.8) 116 (219.3) .01
PANSS total (n = 280) Mean (SD) 99.4 (23.8) 76.1 (15.1) <.01
PANSS negative total (n = 280) Mean (SD) 21.1.(9.7) 19.4 (6.3) .07
Remission (rn = 280) N (%) 102 (57%) 31 (31%) <.01
Cannabis (n = 278) N (%) 93 (53%) 4 (4%) <.01
Stimulant (n = 279) N (%) 20 (11%) 0 (0%) <.01
Opioid (n = 269) N (%) 1 (1%) 0 (0%) 44
Hallucinogens (n = 271) N (%) 11 (6%) 0 (0%) .01
Tobacco (n = 280) N (%) 97 (54%) 13 (13%) <.01

Affective Nonaffective Affective vs Nonaffective
B) Affective vs Nonaffective Descriptive Statistic N =32 N =133 P-value*
Age (n=162) Mean (SD) 25.2(7.2) 25.9(7.6) .83
Gender, male (n = 165) N (%) 14 (44%) 94 (71%) .03
Education (years) (n = 162) Mean (SD) 13.9 (2.5) 13.5(2.5) 75
GAF baseline (n = 138) Mean (SD) 40.4 (15.8) 41.4 (15.6) .90
PSP baseline total score (n = 124) Mean (SD) 33.6 (13.6) 38.2 (15.6) .35
DUP (n = 157) Mean (SD) 19.7 (48.8) 37.1 (63.6) .26
DUI (n=137) Mean (SD) 63.9 (181.4) 59.2 (80.6) .90
PANSS total (n = 165) Mean (SD) 89 (18.9) 101.4 (24.3) .02
PANSS positive total (n = 165) Mean (SD) 28.7 (7.6) 28.4 (6.8) 090
PANSS negative total (n = 165) Mean (SD) 14.8 (6.5) 22.5(09.7) <.01
PANSS general total (n = 165) Mean (SD) 45.5(10.8) 50.6 (14.1) .09
Remission (rn = 165) N (%) 26 (81%) 69 (52%) .03
Cohabitants (n = 161) Mean (SD) 2.2(2) 2.5(2) .81
HAM total (n = 127) Mean (SD) 16 (10.5) 17.2(9.4) .83
YMRS total (n = 126) Mean (SD) 21.2 (14.7) 13.2(9.6) .08
Antipsychotic use prior to entry, yes (n = 165) N (%) 10 (31%) 53 (40%) .53
Currently living alone, yes (n = 147) N (%) 7 (23%) 22 (19%) 71
Currently unemployed, yes (7 = 165) N (%) 7 (22%) 43 (32%) 46
Lifetime cannabis use, yes (n = 16) N (%) 19 (61%) 63 (48%) .38
Cannabis use in the past month, yes (n = 154) N (%) 10 (36%) 28 (22%) .35
Stimulant use last 12 months, yes (n = 164) N (%) 5 (16%) 13 (10%) .53
Opioid use last 12 months, yes (n = 154) N (%) 0 (0%) 1 (1%) 1
Hallucinogen use last 12 months, yes (n = 156) N (%) 5 (16%) 6 (5%) 12
Tobacco use last 12 months, yes (7 = 165) N (%) 18 (56%) 71 (53%) 7
Alcohol use >14 units per week, yes (n = 165) N (%) 2 (6%) 2 (2%) .35
CGI severity of illness: 3/4/5/6/7 (n = 158) Median (IQR) 6 (5-7) 6 (5-7) Al

*Calculated using Welches #-test for continuous variables and chi-square tests for categorical variables. All P-values were FDR corrected
using the Benjamini and Hochberg method. For substance use, any use in the last 12 months regardless of frequency.

This was necessary to discern whether any changes in
model accuracy were attributable to diagnostic status
alone or were confounded by training sample size (as these
stratified analyses drastically reduced model training and
testing sample sizes).

Results

Sample Characteristics

The Athens Cohort comprised 179 participants, 120 (67%)
were male with an average age of 25.8 years (SD = 7.54)

and an average DUP of 32.8 weeks (median = 10,
SD = 59.8). Of these subjects, 102 (57%) attained remis-
sion according to the Andreasen criteria, whilst 77 did
not. See tables 1 and 2 for details. Of these patients, 112
(62.9%) were antipsychotic-naive at their baseline clinical
assessment. For the remaining 66 patients, the average
length of antipsychotic treatment was 3.7 days prior to
assessment (SD = 2.96).

The Copenhagen cohort consisted of 101 participants,
52% were male, the average age was 23.8 (SD = 5.36)
years and the average DUP was 116 weeks (median = 26,
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Table 3. Performance Metrics for the FEP Classifier Trained on Athens and Tested on Copenhagen

Model Aelection (Inner Loop Train and Validate) — Athens: 5 Repeats of 10-fold CV

Athens AUC BAC Acc Sens Spec PPV NPV PLR NLR DOR
78.52 59.33 58.1 41.95 76.7 75.64 53.76 1.80 0.76 2.38
Testing — outer loop 10-Fold CV
Athens AUC BAC Acc Sens Spec PPV NPV PLR NLR DOR
71.45 60.39 60.05 55.09 65.00 62.86 50.26 -0.86 -0.83 1.03
Independent test —-Copenhagen (full sample)
Copenhagen AUC BAC Acc Sens Spec BPPV BNPV PLR NLR DOR
67.74 63.53 59.41 74.19 52.86 67.60 60.71 1.57 0.49 3.22

Metric abbreviations: AUC: area-under-the-curve, BAC: balanced accuracy, Acc: accuracy, Sens: sensitivity, Spec: specificity, PPV: posi-
tive predictive value, NPV: negative predictive value, BPPV: Bayes positive predictive value, NPPV: Bayes negative predictive value, PLR:
positive likelihood ratio, NLR: negative likelihood ratio, DOR: diagnostic odds ratio.

SD = 219.3). Remission criteria were fulfilled by 31
subjects in this group when the Andreasen criteria were
applied, six weeks following initial assessment.

Remission Prediction

For predicting remission 4 weeks after a FEP in the
Athens cohort using repeated nested cross-validation we
attained an average inner loop training AUC = 78.52,
BAC = 59.33, PPV = 75.64, and NPV = 53.76 and an
average outer loop test set AUC = 71.45 (SD = 11.23,
P =.0001), BAC =60.39, PPV = 62.86, and NPV = 50.26.
Refitting this model to the entire Athens cohort and
testing on the Copenhagen cohort we attained a test
AUC = 67.74 (P = .0001), BAC = 63.53, BPPV = 67.6,
and BNPV = 60.71, further demonstrating the clinical
generalizability of the model (see figure 2 and table 3
for all performance metrics). For the null distribution
of the classifier, see supplementary figure S2. In this ex-
ternally validated model, the final selected predictors
listed in order of regularized coefficients from the Elastic
Net were: PANSS-g12 (lack of judgement and insight),
PANSS-n6 (lack of spontaneity and flow of conver-
sation), DUP, PANSS-n1 (blunted affect), PANSS-n2
(emotional withdrawal), PANSS-n3 (poor rapport),
PANSS-pl1 (delusions), PANSS-gl16 (active social avoid-
ance), PANSS-n4 (passive/apathetic social withdrawal),
PSP total score, and the GAF score. For the variability
of these features under selection with the Elastic Net,
see supplementary figure S3. No significant differences
were found between baseline CGI scores for remission/
nonremission groups (P = .60). For confusion matrices
of model performance by age range and gender, see sup-
plementary figures S4-S7. For the sample size and sub-
sample analysis results, see supplementary Methods 1.7.
For the results using the second set of hyperparameters,
see supplementary Appendix 1.8.
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Discussion

The aim of this project was to develop a prediction model
of 4-week FEP clinical remission according to the modified
criterion defined by Andreasen et al.** Independent sample
validation showed that the model developed was general-
izable to patients in the Copenhagen cohort assessed for
remission at 6 weeks. As in previous studies that developed
cross-site predictive models, a drop in performance was
observed between training and test sites.* Possible explan-
ations for this variance include patient cohort variability
arising from moderators such as different inclusion and
exclusion criteria, geographic variability, rater variability
across clinical scales, varying remission rates across the
two studies, and finally, the temporal difference in the as-
sessment of remission across studies (4 vs 6-weeks).

From a clinical perspective, the set of variables identi-
fied by the model may have utility in delineating a clinical
signature that predicts remission. In previous studies, bi-
lateral associations have been found linking remission to
a shorter DUP, better social integration and less severe
psychotic symptoms.™*** Remission has also been asso-
ciated with treatment delay, symptom intensity at base-
line, comorbid substance use, and time in treatment."
Conversely, relapse has been linked to poorer premorbid
functioning, more severe negative symptoms> and a
longer DUP.!%3#¢1 A shorter DUP has been associated
with a greater response to antipsychotic treatment, 664
Higher negative symptoms, in turn, have been linked to
negative short-term treatment response. Regarding in-
sight, higher scores of cognitive insight on the self-reflec-
tive scale have been found to correlate with less severe
psychopathological symptoms four years after the FEP.
This suggests a prospective relationship between self-re-
flection and patient symptom experience.!” Therefore,
given that remission, relapse, response to treatment,
DUP, negative symptoms, social functioning and insight
are associated, a multivariate model could be used to
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Table 4. Summary of Exclusion Criteria of Athens and Copenhagen Cohorts

Criteria Athens Copenhagen

Age (years) <16 or >45 <18 or >45

Period of antipsychotic treatment >2 weeks Not antipsychotic naive
Physical illness, neurological illness, Identified Identified

head trauma

Intelligence quotient <65 <70

Current diagnosis of drug dependence Not examined Presence
Antidepressant, mood stabilizer use, Not examined Presence

current or in the past 1 month

Methylphenidate exposure Not examined Presence

Not used as an ex-
clusion criterion

Diagnosis

PECANS 1: Any diagnosis other than schizophrenia
or schizoaffective disorder

PECANS II: Any diagnosis other than schizophrenia,
schizoaffective or nonorganic psychotic disorder

further the understanding of the inter-relationships be-
tween these factors.

An important consideration is the selected multivariate
pattern of clinical variables that were prognostic of indi-
vidual patient remission/nonremission in our model. We
identified that greater severity on the following measures,
namely, lack of insight (PANSS item G12), lack of spon-
taneity and flow of conversation (PANSS item N6), and
blunted affect (PANSS item N1), together with a longer
DUP significantly predicted patient nonremission. This
relates to these features being considered in unison, rather
than being assessed individually, where weak correlations
have already been found. As mentioned above, previous
studies have shown weak to moderate associations with
remission,+!31725:3561.6566 byt have not previously been
studied in a multivariate classification context. Exploring
the entire set of selected features, we observed that of the
eight items used to operationalize remission by Andreasen
et al, only four were included by our baseline feature se-
lection. Interestingly, these items (PANSS-p1, PANSS-n1,
PANSS-n4, and PANSS-n6) mainly pertain to negative
symptoms, supporting previous findings.?® The remaining
features included social avoidance (PANSS-g16), social
withdrawal (PANSS-n4) and two features pertaining to
function (PSP, GAF). When viewed as a whole, these fea-
tures indicate that negative symptoms and functioning af-
fect remission. In addition, on statistical comparison of
the remission and the nonremission groups in the Athens
cohort we find that they differ with significance in the fol-
lowing variables. Functioning as measured by the GAF
scale is higher in the remission group. The PANSS total
score is higher in the nonremission group, as is the total
PANSS negative score. Moreover, both the DUP and the
Duration of Untreated Illness (DUI) are longer in the
nonremission group. Finally, diagnosis, indicates that
the remission group is more likely to receive an affective
psychosis diagnosis. Considering these features for the
construction of remission status in future works may be

worthwhile, as they could provide a clinical symptom sig-
nature of remission in FEP.

While this multivariate model is clinically useful as a
tool within its own right, considering the broader clinical
profile may be of use for personalized interventions fol-
lowing patient stratification. Since the Athens study was
not framed around the development of a predictive re-
mission tool, clinician prognostication was not measured
a priori. However, as has been demonstrated in previous
studies,®”*® we used the CGI scale as a proxy indicator
of remission. When stratified by remission/nonremission
status in the Athens cohort, there were no statistically sig-
nificant differences between the two groups. This indicates
that clinicians did not distinguish between the two groups
upon first presentation regarding differences in illness se-
verity. It could therefore be argued that in accordance
with previous tests of clinician’s prognostic abilities,*
that they may be no better than chance at prognosticating
patient outcomes. However, future comparator trials are
necessary before this conclusion can be safely reached.

Regarding the clinical usefulness of our classification
model, classifying one-month remission status of FEP
patients on their baseline symptomatic presentation
could provide clinicians with a valuable tool to guide sup-
port and treatment interventions and assist patients to
work towards social reintegration and recovery following
their first psychotic episode. A negative prognostic evalu-
ation would aid the clinician towards more focused clin-
ical follow-ups and more assertive treatment plans. After
correcting for the difference in prevalence rates between
the Athens and Copenhagen cohorts, we observed that
our predictive model trained on the Athens cohort gen-
eralized successfully to the Copenhagen cohort (Athens
PPV = 62.86, NPV = 50.26, Copenhagen PPV = 67.6,
NPV = 60.71). Considering these, we conclude that re-
mission is more reliably predicted than nonremission.
However, given the moderate PPV of the model, it is
likely that the model would be best suited to support
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clinical decision making in cases of fluctuating or un-
stable clinical presentation rather than in routine clinical
assessment. However, forward tested clinical trials will
first be required to support this use case.

There were a number of factors affecting the perfor-
mance of our model. Firstly, the temporal shifts in the first
available assessments of remission (Athens = 4-weeks,
Copenhagen = 6-weeks) and the mixed diagnostic status
of the Athens cohort compared to the Copenhagen co-
hort. Whilst these factors likely also played a role, they
reflect natural heterogeneity, providing a robust valida-
tion of the model’s ability to generalize beyond the scope
of the patient characteristics observed in the Athens
cohort. However, to understand the effect of these di-
agnostic categories on overall model performance, we
conducted analyses consisting of sub-samples that were
made up of all possible train/test combinations of diag-
noses. However, no model performed better than chance
and only learnt the dominant class proportion (the
no-information rate). Given that when these diagnostic
categories were combined our model performed signifi-
cantly better than chance, it was possible that we were sta-
tistically underpowered for these sub-analyses. Therefore,
we conducted a second sub-analysis exploring the effects
of training sample size on balanced accuracy. Here, we
found that our model had still not ceiled in balanced ac-
curacy even when using the full Athens sample, and was
no better than chance when using samples equivalent in
size to those in each diagnostic category (see supplemen-
tary figure S4). Therefore, analyses stratified by these di-
agnostic groups lacked the statistical power to delineate
these effects and should instead be investigated in future
works on larger samples. Finally, it is important to add
that treatment effects were not controlled for in the de-
velopment of the prediction model. This was not possible
due to the TAU conditions and the wide variety of treat-
ments used in the Athens cohort. It is worth mentioning
that despite this limitation, the derived model performed
well in a cohort with differing treatment conditions.

Regarding study strengths, the predictive model was
developed on data from a naturalistic study in treatment
as usual (TAU) conditions. Remission was operation-
alized according to standardized criteria.*® Finally, the
generalizability of the derived model was investigated
through external validation on an independent sample,
showing good generalizability. Whilst promising, several
limitations still exist in our study. Increasing sample size
will plausibly improve the generalizability of the model
by identifying a wider range of clinical presentations
given the established clinical and biological heterogeneity
of psychosis. Moreover, this will afford the opportunity
to test higher complexity nonlinear models that have
demonstrated their efficacy and superiority in previous
works.?*# In addition, benchmarking clinician prognos-
tication against this model will be required before we
can consider incremental utility and clinical deployment.
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Finally, selection effects may be prevalent in our sample
as FEP patients may differ in their psychopathological
characteristics compared to those who did not consent to
participation.?

Regarding future considerations, the use of similarly
developed algorithms could inform clinical guidelines
by offering a unique insight into symptom progression
on an individual basis. Further, other clinical targets
could be pursued, facilitating multilevel predictors and
models that could help personalize both patient prog-
nosis and subsequent treatment. Finally, a multimodal
model containing biomarker predictors could be con-
sidered in order to enhance the predictive power of clin-
ical models.>"-®72

Supplementary Material

Supplementary material is available at Schizophrenia
Bulletin online.
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