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TRRIP consensus

Background

The true incidence of treatment-resistant schizophrenia (TRS)
remains uncertain, largely because earlier studies relied on
heterogeneous definitions and retrospective assessments.
The Treatment Response and Resistance in Psychosis (TRRIP)
consensus established standardised diagnostic criteria, but
these have rarely been applied prospectively.

Aims

To estimate the incidence of TRS prospectively by using
operationalised TRRIP criteria within a large community-based
trial, and to examine whether baseline demographic or clinical
variables predict its emergence.

Method

We applied TRRIP criteria to 1334 participants with chronic
schizophrenia enrolled in the Clinical Antipsychotic Trials of
Intervention Effectiveness (CATIE) study. TRS was defined as
persistent symptoms and functional impairment following two
adequate antipsychotic trials, each meeting TRRIP thresholds for
duration, dose and adherence. Incidence was estimated with
bootstrap resampling, and logistic regression examined
associations between baseline variables and TRS onset.

Results

Of 1334 participants, 782 (58.6%) met TRRIP absolute
symptom thresholds at baseline; 77 (9.8%) fulfilled full criteria
for TRS during follow-up. The incidence rate was 5.68 per
100 person-years (95% Cl 4.51-7.02) overall and 9.20 per

100 person-years (95% Cl 7.43-11.39) among above-threshold
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participants. Higher baseline Positive and Negative Syndrome
Scale positive and negative subscale scores and greater global
illness severity were associated with TRS, although predictive
performance was poor.

Conclusions

This first prospective application of TRRIP criteria to a
randomised trial data-set provides robust estimates of TRS
incidence. Routine clinical and demographic variables have
limited predictive value, supporting the need for

longitudinal, biologically informed studies that use TRRIP-aligned
frameworks.
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Empirical data on the precise incidence of treatment-resistant
schizophrenia (TRS) remain sparse, with prevalence rates histori-
cally ranging from 20 to 50%, depending on cohort and criteria.'
Earlier estimates often relied on retrospective chart reviews or
heterogeneous definitions of resistance, limiting comparability
across studies. According to clinical practice guidelines, between 10
and 15% of patients with first-episode psychosis (FEP) and 20-50%
of chronically unwell patients develop treatment resistance.*
A widely cited USA study reported that 7-20% of patients with FEP
failed to show sustained treatment response after a year.” A recent
modelling study estimated that around 22% of people with
schizophrenia in the USA would be considered treatment-resis-
tant.® Similarly, long-term UK cohort data demonstrated that
around 23% of patients developed TRS within 10 years, whereas
another study reported 33% over 5 years.”® These estimates are
supported by a recent meta-analysis, which found that approxi-
mately 23% of FEP cohorts become treatment-resistant during the
early course of illness.” However, many of these studies recon-
structed treatment histories retrospectively from medical records,
raising concerns about reliability.

In 2017, the Treatment Response and Resistance in Psychosis
(TRRIP) consensus established a unified framework for defining
TRS, emphasising prospective evaluation of treatment response
and standardised thresholds across symptom, treatment and

functional domains.!® The operational criteria used to define
treatment resistance according to TRRIP are summarised in
Table 1. Since its publication, several international guidelines have
reinforced the importance of early and accurate identification of
TRS. The National Institute for Health and Care Excellence
guideline on psychosis and schizophrenia (2019 update) recom-
mends clozapine initiation after two unsuccessful antipsychotic
trials.!! The World Federation of Societies of Biological Psychiatry
2019 guidelines highlight structured assessment and monitoring
of treatment resistance as critical to optimising outcomes.!?
Similarly, the Canadian Network for Mood and Anxiety Treat-
ments 2020 guidelines stress the need for timely TRS recognition
to reduce delays in clozapine initiation.”> Most recently, the
European Psychiatric Association has recommended staging
models and conceptualising TRS as a continuum of ‘treatment
refractoriness’ rather than a binary state.* The absence of con-
sensus on the prevalence and onset of TRS complicates efforts to
identify predictive variables. Evidence to date points to a range of
potential factors, such as the duration of untreated psychosis, the
presence of prominent negative or cognitive symptoms, baseline
symptom severity, younger age at onset and poorer premorbid
functioning. However, findings across studies remain inconsis-
tent, reflecting differences in study design, populations and def-
initions of TRS.”®
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Table 1

Criteria for treatment resistance according to the Treatment Response and Resistance in Psychosis consensus

2

Domain Definition

Absolute symptom thresholds

Adequate treatment

sources
Symptom response

Onset
Symptom domain

At the time of assessment, at least moderate severity on standardised instruments (e.g. Positive and Negative Symptom
Scale) and duration of at least 12 weeks. Social and occupational functioning should be measured using a validated
scale and show at least moderate impairment

For those individuals meeting the absolute symptom thresholds, at least two different treatments, each with minimum
duration of 6 weeks, at a therapeutic dose with adherence to at least 80% of doses recorded from at least two

After two adequate trials, absolute symptoms thresholds must still be met, and in addition, there must be <20%
response in positive or negative domain symptoms

Specify early (within 1 year), medium-term (1-5 years) or late (greater than 5 years) after starting treatment

Specify whether the resistant domain is positive or negative

Despite this growing international consensus, no large-scale
studies have prospectively applied TRRIP criteria to longitudinal
clinical trial data to provide robust estimates of TRS incidence.
Thus, despite increasing guideline alignment since 2019,''"'* and
work to assess TRS in early psychosis cohorts, a critical evidence
gap remains: the true incidence of TRS in large, community-based
schizophrenia cohorts is still unknown.

We therefore applied the TRRIP consensus criteria to the large
Clinical Antipsychotic Trials of Intervention Effectiveness (CATIE)
data-set, to (a) generate the first prospective estimates of TRS
incidence in a large, community-based cohort of individuals with
chronic schizophrenia; and (b) evaluate whether routinely collected
clinical and demographic variables at baseline could prospectively
predict the emergence of TRS.

Method

Analysis software

All analyses were conducted in R (version 3.4.1; R Foundation for
Statistical Computing, Vienna, Austria). Bespoke algorithms were
developed to operationalise the minimum TRRIP consensus criteria
for TRS. Data preprocessing, imputation and statistical modelling
were implemented with established R packages (details provided in
the Supplementary Material available at https://doi.org/10.1192/
bj0.2026.12041). Analysis scripts and additional methodological
details are provided in the Supplementary Material (available via
the Open Science Framework (https://doi.org/10.17605/OSF.
10/5Y27D)).

Data sources

We used publicly available data from the CATIE study (study
identifier: NO1 MH090001-06), a large multi-site, randomised trial
conducted between 2001 and 2004 across 57 community clinics in
the USA.!> The CATIE study compared the effectiveness of seven
antipsychotic medications in patients with chronic schizophrenia
by using a sequential multi-phase design, allowing prospective
assessment of treatment response across multiple adequate trials.

(a) Phase 1 (double-blind randomisation): participants were
assigned to olanzapine, quetiapine, risperidone, ziprasidone
or perphenazine.

Phase 2 (switch after discontinuation): non-responders or
intolerant participants could enter one of two random-
isation arms - (i) clozapine (open label), olanzapine, que-
tiapine or risperidone; or (ii) ziprasidone, olanzapine,
quetiapine or risperidone.

Phase 3 (open-label): participants could choose mono-
therapy with any trial drug (including perphenazine or
flupentixol decanoate), or a combination of two agents.

(b)

(0

The trial incorporated detailed longitudinal data on psycho-
pathology, functional outcomes and treatment adherence over up
to 18 months of follow-up. This structure enabled robust, pro-
spective operationalisation of the TRRIP criteria for treatment
resistance.

Participants

The CATIE study recruited 1444 individuals aged 18-65 years with
a DSM-IV diagnosis of schizophrenia, confirmed using the
Structured Clinical Interview for DSM-IV.16

Exclusion criteria included prior evidence of treatment resis-
tance, previous clozapine exposure, diagnoses other than schizo-
phrenia (e.g. schizoaffective disorder, single psychotic episode),
serious active medical illness, known intolerance to study medi-
cations and pregnancy or breastfeeding.

For the present analyses, participants were included if sufficient
longitudinal data were available to assess TRRIP domains: absolute
symptom thresholds, functional impairment and at least two
documented antipsychotic treatment trials. After exclusions for
incomplete data, 1334 participants were eligible for analysis.
Baseline demographic and clinical characteristics of included and
excluded participants are presented in Table 2.

Measures
Social and occupational functioning

The TRRIP consensus requires evidence of functional impairment
from a standardised tool. The CATIE study did not employ a single
validated scale (e.g. personal and social performance (PSP) scale),
but multiple measures of social and occupational functioning (SOF)
were available. We mapped CATIE items onto the PSP domains
and defined a threshold corresponding to moderate impairment,
consistent with TRRIP recommendations. The algorithm is
described in the Supplementary Material.

Symptom severity

In the CATIE study, psychopathology was assessed with the Pos-
itive and Negative Syndrome Scale (PANSS).!” It was administered
up to nine times per participant, including at baseline and at each
treatment phase change. If at any time point, a participant’s
symptoms reach the TRRIP absolute threshold, they are designated
above threshold, and their PANSS and SOF scores at that time are
recorded and used as their baseline for assessing treatment
response. After two contiguous adequate trials, symptom change is
calculated (as specified in TRRIP) as the percentage reduction from
baseline PANSS.'®! If an above-threshold participant has not
improved by at least 20% in total PANSS and the domain they were
resistant in (positive or negative), and continue to meet the absolute
thresholds, including SOF, they are designated as a TRS case. If they
have improved in total and/or positive/negative domains or SOF,
then they are designated treatment-responsive. Participants can be
above threshold, but then have zero or only one adequate trial; these
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Table 2 Baseline demographic and clinical characteristics of participants included (n = 1334) and excluded (n = 110) because of availability of follow-up

data
Included (n = 1334)

Characteristic Median IQR
Age (years) 42 17
PANSS scores
Positive 18 8
Negative 20 8
General 37 13
Symptom severity (CGl) 4 1
n %
Gender (male) 982 736
Ethnicity
Black 451 338
White 819 61.4
Other 64 4.8
Education (years) 12 1.5
Marital status
Married 153 11.5
Never married 797 59.7
Previously married 384 28.8
Full-time employment 9 6.8
Exacerbation (past 3 months) 357 26.8
Years since first treatment
For behaviour/emotional problem 15 18
With antipsychotic medication 12 18
Comorbid diagnoses (past 5 years)
Depression 367 275
Alcohol dependency 180 13.5
Alcohol misuse 232 17.4
Drug dependency 214 16
Drug misuse 265 19.9
Obsessive—compulsive disorder 69 52
Other anxiety disorder 178 133
Baseline antipsychotic medication
Olanzapine 360 27
Quetiapine 132 9.9
Risperidone 302 22.6
Ziprasidone 68 5.1
Haloperidol 77 58
Decanoate 21 1.6
Perphenazine 29 22
Other 119 8.9
Baseline medical diagnoses
Diabetes 143 10.7
Hyperlipidaemia 191 14.3
Hypertension 263 19.7
Hepatitis (ABC) 77 5.8

Global Impression Scale.

Missing data: PANSS positive scale (n=1); PANSS negative scale (n=2); PANSS general scale (n=1); CGI symptom severity (n=5); education (1= 8); years since first treated for
emotional/behaviour problems (n = 38); years since first treated with antipsychotic medication (1 = 33). IQR, interquartile range; PANSS, Positive and Negative Symptom Scale; CGl, Clinical

a. Statistical test: Kolmogorov-Smirnov test for continuous variables; chi-squared test for categorical data. Bold indicates statistical significance (P < 0.05).

Excluded (n=110) Statistical comparison
Median IQR P-value?
395 16 0.225
19 7.75 0.344
20 10 0.964
36.5 13 0.877
4 1 0.998

n %
87 79.1 0.252
0.004
52 515
50 495
8 79
12 1 0.804
0.872
13 11.8
63 57.3
34 30.9
6 55 0.729
40 36.4 0.040
15 13 0.033
13 15 0.104
32 29.1 0.806
25 227 0.012
28 255 0.047
28 255 0.016
30 27.3 0.084
3 2.7 0.366
19 17.3 0.313
25 227 0.390
10 9.1 0.916
24 21.8 0.937
2 1.8 0.191
7 6.4 0.966
1 0.9 0.887
1 0.9 0.585
1 0.9 0.006
1M 10 0.941
13 11.8 0.561
26 23.6 0.388
1 10 0.115

participants are not designated TRS but treated as right-censored
when exiting the trial.

In short, in accordance with TRRIP, participants met the
absolute symptom threshold if they scored at least moderate
severity on two items, or severe on one item, either in the positive or
negative domains.

Antipsychotic treatment adequacy

Adequate treatment trials were defined as:

(a) a minimum of 6 weeks duration;

(b) at either a minimum 600 mg chlorpromazine-equivalent or
at or above the mid-point of the licenced dose range (based
on each drug’s Summary of Product Characteristics); and

(c) >80% adherence, assessed using pill counts, clinical records
and collateral reports.

The mid-point of the dose range better reflects clinical pre-
scribing whereas chlorpromazine equivalents with established
conversion methods yields unrealistic minimum doses.?’
The algorithm and Summary of Product Characteristics mid-
point thresholds for doses are provided in the Supplementary
Material.

For participants in CATIE phase 3, if two medications were
prescribed in combination, either was eligible to count as an
adequate trial, provided it differed from prior treatments.

Treatment response

Following two adequate trials, participants were classified as TRS
cases if they continued to meet absolute symptom thresholds and
demonstrated <20% reduction in PANSS total scores and the
resistant domain (positive or negative). Participants who improved
beyond these thresholds were designated treatment-responsive.
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repository
(n = 1444)

Identified in CATIE data

Excluded because of insufficient
data to assess TRS status

(n=110)
Total sample for current
study
(n =1334)
Never above Above-threshold
threshold symptoms
(n=552) (n=782)
Do not meet TRS Developed TRS
criteria during study
(n=705) (n=77)

Responded to
treatment
(n = 300)

Symptomatic but
only one adequate
antipsychotic

treatment (n = 225)

Symptomatic but
no adequate
antipsychotic treatment
(n =180)

Fig. 1 Participant flow. CATIE, Clinical Antipsychotic Trials of Intervention Effectiveness; TRS, treatment-resistant schizophrenia.

4

Those with only one or no adequate trials were treated as right-
censored.

Statistical analysis
Primary outcome

The primary outcome was the presence or absence of TRS, defined
prospectively with operationalised TRRIP criteria. TRS classifica-
tion required participants to meet criteria across three domains:
(a) persistent symptoms above threshold, (b) at least two adequate
treatment trials and (c) insufficient symptom response. Participants
not meeting all domains, particularly those lacking adequate
treatment trials, were not classified as TRS. Time-to-event analyses
considered the time from baseline to the first designation of TRS. In
summary, TRS status is a function of meeting thresholds in all three
of (a) social and occupational function; (b) adequate treatment
duration, dose and adherence; and (c) symptom response. Partic-
ipants who did not meet TRRIP thresholds, or who completed
fewer than two adequate treatment trials, were treated as right-
censored at their last follow-up. Participant flow through the study
is illustrated in Fig. 1.

Predictor variables

For predicting TRS from data collected when a participant enters
the CATIE trial, we used clinical/demographic variables from:!®

(a) demographics: age, gender, race/ethnicity, years of educa-
tion, marital status and employment;

(b) psychiatric history (exacerbations requiring hospital admis-
sion in the 3 months before entering the trial, years since first
receiving psychiatric care and years since first treated with
antipsychotic medication) and comorbid iagnoses within

the past 5 years (drug and alcohol dependence/misuse,
depression, anxiety disorder and obsessive—compulsive dis-
order, determined using the Structured Clinical Interview for
DSM-IV);!6

(c) baseline treatment: type and number of antipsychotics;

(d) psychopathology data: PANSS positive, negative and gen-
eral subscale scores,!” and Clinical Global Impression Scale
(CGI) clinician-rated symptom severity score.?!

Sample size

Participants were extracted from the publicly available CATIE trial
data and included if there was sufficient data for measuring
absolute symptoms, SOF and records of medication treatments for
two or more time points (the minimum data necessary to use
TRRIP criteria). From the 1444 participants originally enrolled in
the CATIE trial, 1334 met the inclusion criteria with sufficient
longitudinal data to assess TRRIP domains.

Missing data

Participants without sufficient longitudinal data for TRRIP were
excluded. In the CATIE trial, SOF was assessed less frequently than
PANSS; thus, the last SOF observation was carried forward when
not synchronised with the PANSS.

For inferential analyses of baseline data, we used the VIM v4.7.0
package to visualise patterns of missing values, finding a total
0.183% of values were missing, and on inspection, they were
missing at random. Multivariate imputation by chained equations
(mice v3.1.0 package??) was used to impute the small proportions of
data missing at random for eight variables (see Table 2 footnote):
(a) years since first psychiatric treatment; (b) years since first
antipsychotic treatment (integer); (c) full-time employment
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(binary); (d) symptom severity as measured by the CGI (integer);
(e) years of education (integer) and (f) total positive, (g) negative
and (h) general PANSS symptoms (integer).

Plausible imputation methods for each variable were deter-
mined by inspecting distributions of imputed against non-missing
data. We concluded that predictive mean matching was superior for
integer variables, except for years since first psychiatric and anti-
psychotic treatment, where random resampling most plausibly
matched distributions in non-missing data. For binary variables,
logistic regression performed well. Sensitivity analyses (for the
univariate results shown in Table 2) showed the pattern of sig-
nificant differences between excluded and included participants
did not differ over the 20 imputed sets of baseline data for all
1444 participants.

Incidence estimation

Incidence rates of TRS were estimated with non-parametric
bootstrap resampling (with replacement) to calculate person-time
incidence and 95% confidence intervals. Rates were reported for the
entire cohort and for the subgroup meeting absolute TRRIP
thresholds at baseline. We did not perform formal time-to-event
(survival) analyses.

Statistical methods

For participants included and excluded (because of insufficient
data), differences in baseline variables were established with mul-
tiple univariate Kolmogorov-Smirnoff (continuous variables; none
were normally distributed) and chi-squared tests (binary variables).
We used non-parametric bootstrap resampling with replace-
ment to compute incidence rates and 95% confidence intervals.
We estimated incidence in the total CATIE sample (i.e. every
included participant is deemed at risk of developing TRS) and
separately, in the subgroup that met absolute TRRIP thresholds.

Regression analyses

To model associations of binary TRS outcome, logistic regression
models were estimated over the 20 imputed baseline data and
results pooled.?>?> These analyses were performed on the whole
sample and separately for the above-threshold subgroup (in case of
differences between above-threshold participants and the whole
sample).

Models were structured in blocks: model 1, demographics;
model 2, psychiatric history and comorbidity; model 3, baseline
antipsychotic treatment and model 4, psychopathology.

For models 2, 3 and 4, if any estimated coefficients were sig-
nificantly different from zero (significance level of 0.05), we
repeated the analysis adjusting for demographic variables.

Predictive modelling and validation

To assess whether baseline associations could serve as robust
individual-level predictors of TRS, we constructed a multivariable
logistic regression model by using candidate predictors identified
from models 1-4. Given the rarity of TRS events and the absence of
an external validation set, we applied internal validation using
resampling methods rather than sample-splitting, in line with
recommended type 1b study designs.>* After fitting the predictive
model on the original data-set (separately for the above-threshold
subgroup and the whole sample), model performance was evaluated
across 500 bootstrapped resamples, using the rms package
(v5.1.2).% Discriminative ability was quantified with Somers’ D,
index, where values range from +1 (perfect agreement between
predicted and observed cases) to -1 (complete disagreement).
Model calibration was further examined using smoothed

The prospective incidence of treatment resistant schizophrenia

calibration curves generated from an additional 500 bootstrap
iterations.?>?

Results

Participant flow

From the 1444 participants originally enrolled in the CATIE trial,
1334 met the inclusion criteria with sufficient longitudinal data to
assess TRRIP domains. Excluded participants (n = 110) differed in
demographic and clinical characteristics, but the majority were
excluded because of insufficient symptom and treatment data
(i.e. fewer than two time points for either); in total 107, 96 and one
participant were lacking symptom, treatment and SOF data,
respectively. Multiple univariate tests (Table 2) showed that
excluded participants were more likely to be Black or other eth-
nicity; to have experienced an exacerbation of illness in the past
3 months; to have been treated for a median of 15 years for an
emotional or behavioural problem; to have alcohol misuse,
dependency or other drug dependency; at baseline, not to be on
one of the CATIE medications; and to have a sexually transmitted
infection at baseline, relative to those included in the study
(P < 0.05 for all).

TRRIP outcomes

Of the 1334 participants included in analyses, applying our TRRIP
algorithm (Fig. 1), a total of 782 (58.6%) participants met absolute
symptom threshold (above-threshold group) and 552 (41.4%)
participants did not meet absolute symptom threshold (not-above-
threshold group). The distribution of participants meeting TRRIP
criteria at different stages is shown in Fig. 2.

Within the above-threshold group, 77 participants (9.8%)
fulfilled the full TRRIP criteria for TRS. Of these 77 TRS cases, nine
had resistance in negative symptoms, 15 had resistance in positive
symptoms and 53 had resistance in both domains.

Among the remaining 705 above-threshold participants, 300
were treatment-responsive, whereas 225 and 180 participants were
right-censored, because of receiving either one or zero adequate
treatment trials, respectively. Thus, definitive response could not be
assessed for these participants and they continue to be at risk of
developing TRS.

Social and
occupational
function
1290
145
145 144 1245
Adequate 144
treatments
1281 Absolute
symptoms
threshold

Fig. 2 Participants meeting TRRIP criteria (excluding treatment

response) at any time point in the trial. TRRIP, Treatment Response
and Resistance in Psychosis.
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Table 3 Unadjusted logistic regression analyses examining demographic and clinical factors associated with treatment resistance in the total sample

(N = 1334) and subgroup of participants with above-threshold symptoms (n =782)

Total sample Above threshold
(N =1334) (n=782)
Demographic, clinical and treatment variables QOdds ratio 95% Cl P-value 0dds ratio 95% Cl P-value
Model 1: demographic factors
Intercept 0.1 0.03-0.46 0.002 0.26 0.06-1.14 0.074
Age 0.98 0.96-1.01 0.142 0.98 0.95-1.00 0.044
Gender 1.03 0.59-1.78 0.928 0.92 0.53-1.61 0.772
Education (years) 1.00 0.94-1.07 0.940 1.02 0.95-1.09 0.633
Ethnicity
Black Reference - -
White 1.28 0.77-2.13 0.339 123 0.73-2.07 0.441
Other 0.28 0.04-2.11 0.216 0.24 0.03-1.88 0.175
Marital status
Married Reference - -
Never married 0.90 0.42-1.94 0.785 0.84 0.38-1.84 0.656
Previously married 0.98 0.44-2.21 0.965 0.98 0.43-2.26 0.964
Employed 0.94 0.37-2.39 0.893 1.18 0.45-3.13 0.733
Model 2: clinical factors
Intercept 0.08 0.05-0.13 <0.001 0.16 0.09-0.26 <0.001
Exacerbation (past 3 months) 0.98 0.58-1.68 0.953 1.06 0.61-1.83 0.845
Years since first treatment
For behaviour/emotional problem 1.01 0.97-1.05 0.654 1.01 0.97-1.05 0.797
With antipsychotic medication 0.98 0.95-1.02 0.370 0.98 0.94-1.02 0.322
Comorbid diagnoses (past 5 years)
Depression 0.67 0.37-1.22 0.190 0.72 0.40-1.31 0.282
Alcohol dependency 1.06 0.46-2.44 0.886 1.03 0.43-2.44 0.952
Alcohol abuse 0.72 0.31-1.63 0.423 0.69 0.31-1.56 0.373
Drug dependency 1.03 0.48-2.18 0.944 1.07 0.49-2.35 0.859
Drug abuse 0.74 0.36-1.56 0.432 0.76 0.36-1.60 0.469
0oCD 0.98 0.33-2.95 0.971 0.88 0.29-2.71 0.820
Other anxiety disorder 1.08 0.52-2.28 0.831 1.00 0.47-2.13 0.996
Model 3: antipsychotic medication
Intercept 0.04 0.03-0.07 <0.001 0.09 0.06-0.14 <0.001
Olanzapine 1.37 0.77-2.43 0.280 1.13 0.63-2.03 0.676
Quetiapine 1.41 0.67-2.98 0.363 1.21 0.57-2.59 0.616
Risperidone 1.52 0.84-2.74 0.168 1.45 0.79-2.66 0.230
Ziprasidone 1.98 0.80-4.91 0.141 1.66 0.65-4.23 0.285
Haloperidol 1.67 0.68-4.07 0.262 1.40 0.56-3.47 0.471
Perphenazine 1.45 0.33-6.31 0.620 1.47 0.32-6.72 0.618
Other 1.21 0.53-2.75 0.651 0.95 0.41-2.20 0.904
Model 4: psychopathology
Intercept 0.10 0.00-0.07 <0.001 0.07 0.01-0.54 0.011
PANSS positive scale 1.07 1.02-1.13 0.012 1.06 1.00-1.12 0.054
PANSS negative scale 1.07 1.03-1.12 0.002 1.06 1.02-1.11 0.009
PANSS general scale 0.96 0.92-0.99 0.021 0.95 0.92-0.99 0.008
CGl 1.34 0.99-1.83 0.060 1.26 0.92-1.74 0.152
OCD, obsessive-compulsive disorder; PANSS, Positive and Negative Symptom Scale; CGl, Clinical Global Impression Scale; —, not applicable (values are not reported for the reference
category). Bold indicates P < 0.05.

Examination of participant flow through TRRIP domains
highlights potential bottlenecks in classification. Although a large
proportion met absolute symptom thresholds, fewer progressed to
having two adequate trials, and a substantial number were right-
censored because of insufficient treatment exposure. This suggests
that limitations in treatment adequacy and follow-up duration may
contribute to underidentification of TRS cases.

indicating that above-threshold patients were not simply followed up
for longer.

Associations with baseline data

In unadjusted analyses performed over the 20 imputed data-sets for
the whole sample, higher baseline PANSS positive, negative and
general scores, as well as greater symptom severity, were associated

6

Incidence rates

The median trial duration was 16.6 months (interquartile range
(IQR) 10.5 months) with follow-up extending up to 22 months. The
estimated incidence rate estimate was 5.68 per 100 person-years
(95% CI 4.51-7.02) in the overall sample (N =1334).

Restricting the incidence rate analyses for the above-threshold
subgroup (n=782) yielded an incidence rate of 9.20 per 100
person-years (95% CI 7.43-11.39). Median follow-up time was
similar in above-threshold and not-above-threshold participants
(16.7 months (IQR = 8.2) v. 15.7 months (IQR = 12.6), respectively),

with subsequent TRS (P < 0.05; see Table 3). After adjustment for
demographic variables, TRS remained significantly associated with
higher PANSS positive (odds ratio 1.074, 95% CI 1.015-1.134) and
negative scores (odds ratio 1.071, 95% CI 1.025-1.12), but lower
PANSS general scores (odds ratio 0.957, 95% CI 0.922-0.993).
It was noted that the effect sizes were small.

Results for the above-threshold subgroup were consistent,
although the PANSS positive association was no longer significant.
No demographic, treatment or comorbidity variables were signif-
icantly associated with TRS status (see Table 3 for full results).
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A crude univariate model of polypharmacy at baseline (total
antipsychotics) showed no association with TRS.

Predicting TRS from baseline data

The multivariate logistic regression model included five candidate
predictors (age, PANSS positive scores, PANSS negative scores,
PANSS general scores and symptom severity). Internal bootstrap
validation showed poor discriminative performance, with optimism-
corrected Somers’ score D,,;, = 0.328 for the whole cohort and 0.212
for the above-threshold subgroup. Calibration curves indicated
systematic under- and overestimation of TRS probability, con-
firming that baseline clinical and demographic variables had lim-
ited predictive value. Model calibration is illustrated in Fig. 3.

Discussion

This study represents the first prospective application of the TRRIP
consensus criteria to a randomised clinical trial data-set, yielding
robust estimates of the incidence of TRS in a community-based
cohort.

The CATIE study sample excluded participants with retro-
spective evidence of TRS; nevertheless, our analyses showed that
prospective evaluation revealed new cases emerging over time, at a
rate of 5.68 per 100 person-years, increasing to 9.20 per 100 person-
years among participants meeting TRRIP absolute symptom
thresholds. This finding suggests that heuristic, retrospective
judgements cannot adequately rule out treatment resistance.

The existing literature provides widely varying prevalence
estimates of TRS across different populations, with inconsistent
reporting of incidence and prevalence, making direct comparisons
with our results difficult. The crude prevalence of TRS in the
CATIE trial was approximately 5%, notably lower than many
previous reports. This discrepancy likely reflects the stringency of
the TRRIP criteria and the right-censoring of participants who
received only one or no adequate treatment trials. In this context,
incidence rates are a more meaningful descriptive measure. Our
estimates are broadly consistent with previous reports based on
retrospective data, despite differences in methodology and pop-
ulations studied.

In adjusted analyses, we found that older age, higher negative
symptom burden and lower general PANSS scores at baseline were

associated with an increased likelihood of TRS, although effect sizes
were small. Most TRS cases in our study met absolute symptom
criteria at trial entry, reinforcing the importance of symptom
severity as a potential risk marker. Previous studies in FEP cohorts
have reported somewhat different predictors, including duration of
untreated psychosis, younger age at service contact, male gender
and Black ethnicity.”® These differences may reflect variations in
diagnostic stage, illness chronicity and study design.

Although certain baseline factors were associated with TRS at
the group level, they did not translate into accurate individual-level
prediction as their effect sizes were small. Internal validation of our
predictive model showed poor discrimination and calibration,
indicating that routine clinical and demographic variables are
insufficient for forecasting TRS. Overall predictive performance of
the model was modest, limiting its usefulness for individual-level
prediction. This aligns with the view that TRS is unlikely to be
explained by clinical features alone and may require integration of
biological, cognitive and environmental data for meaningful
prediction.

Several limitations should be noted. First, our operationalisation
of TRRIP functional criteria relied on mapping CATIE measures
onto PSP domains, which may underestimate impairment. Second,
we excluded 110 participants because of incomplete longitudinal
data; these individuals were more likely to be of Black heritage, have
substance use comorbidity and recent hospital admission, which
may have led to underestimation of incidence in these subgroups.
This may introduce a degree of selection bias, as individuals with
incomplete data or more complex clinical presentations may have
been excluded, potentially leading to an underestimation of the true
incidence of TRS in this cohort.

Medication adherence estimates within the CATIE trial relied
partly on pill count and collateral measures, which may not fully
reflect true medication concordance. However, the TRRIP con-
sensus itself recommends plasma level monitoring where feasible
and recognises indirect adherence measures, including pill counts,
as pragmatic alternatives in large clinical or research settings.

In addition, right-censoring of participants who did not
complete two adequate trials means that our reported incidence is
likely a conservative estimate. The CATIE data-set reflects data
collected between 2001 and 2004. Although the CATIE data-set is
archival and treatment pathways and service structures may have
evolved since then, it remains one of the few large, publicly available
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longitudinal schizophrenia data-sets with sufficiently detailed
prospective clinical, treatment and adherence data to operationalise
the TRRIP consensus criteria at this level of granularity. To our
knowledge, there are no newer publicly available data-sets that
permit prospective application of TRRIP criteria with equivalent
temporal and clinical detail. Therefore, although our findings
remain methodologically robust, the incidence estimates may not
fully reflect contemporary clinical populations.

Although adherence was operationalised using available CATIE
measures (>75%), this may not fully capture real-world variability
in treatment adherence. Suboptimal adherence remains an important
confounder in distinguishing true treatment resistance from pseudo-
resistance, and future studies should incorporate more precise and
longitudinal adherence measures.

Our experience also highlights the practical challenges of
applying the TRRIP standards outside highly structured research
data-sets. The requirement for detailed prospective symptom rat-
ings, adherence monitoring and sequential treatment documenta-
tion may limit implementation in routine clinical settings, and
partly explain why TRRIP criteria are not consistently oper-
ationalised in everyday psychiatric practice.

Recent developments

Since the publication of TRRIP, progress in applying its criteria
prospectively has been limited. A 2024 bibliometric review con-
firmed the growing research focus on TRS but highlighted con-
tinuing deficits in early prediction and trial-based incidence
studies.”’ Novel agents such as xanomeline-trospium (Cobenfy),
approved in 2024, illustrate renewed interest in non-dopaminergic
targets, with significant PANNS score improvement in trials.?®
Evenamide, a glutaminergic modulator, has shown promising add-
on efficacy in long-term TRS pilot trials and is currently being
evaluated in large phase 3 Enhancing Neuro Imaging Genetics
through  Meta-Analysis-Treatment Resistant ~ Schizophrenia
Working Group trials incorporating TRRIP-based eligibility cri-
teria. Other compounds under development, such as emraclidine
and ulotaront, have thus far failed to meet primary end-points in
recent trials.”® Collectively, these developments reflect a growing
therapeutic pipeline, yet also highlight the urgent need to test new
treatments within the structured TRRIP framework.

Explaining the data gap

The scarcity of prospective TRRIP applications is likely attributable
to several factors: (a) methodological complexity, as TRRIP requires
harmonisation of symptom, functional, treatment and adherence
domains; (b) trial design limitations, with most randomised con-
trolled trials not constructed to evaluate treatment resistance sys-
tematically; and (c) temporal constraints, as the evolution of TRS
often unfolds gradually and requires longer follow-up than many
trials permit.

Future directions

To address these gaps, future research should (a) incorporate
TRRIP-aligned definitions prospectively into clinical trial protocols;
(b) utilise large cohort and registry studies to validate TRRIP
algorithms in real-world populations; (c) use survival modelling
approaches to provide more granular insights into the temporal
dynamic and onset of treatment resistance; (d) integrate biomarkers
and digital health measures into predictive models of treatment
refractoriness and (e) evaluate the effectiveness of novel agents in
TRS cohorts, using prospective TRRIP criteria to enhance com-
parability across studies.

Currently, all definitions focus on the notion of treatment
resistance invoking two unsuccessful treatment trials. There is no
biological reason why two treatments should dichotomise people
with schizophrenia into illness response or resistance, especially as
individuals’ disposition to respond to different medication is poorly
understood. Additionally, TRRIP positively defines thresholds for
treatment resistance, but some studies define resistance as the
negation of remission. Future work should examine a continuum
between treatment resistance and response, defining a scale of
‘treatment refractoriness’ rather than a dichotomised state.

Emerging evidence also suggests that TRS may not be a uniform
entity and there could be potential neurobiological differences
between early onset (primary) and later (secondary) treatment
resistance.’® For example, dopaminergic dysfunction may be less
prominent in primary TRS and there might be greater involvement
of glutaminergic pathways.*® Although our data-set does not allow
direct exploration of these mechanisms, this distinction may have
important implications for treatment stratification and warrants
further investigation.

In conclusion, by operationalising TRRIP within the CATIE
data-set, we provide the first prospective incidence estimates of TRS
in a large, community-based cohort. This approach demonstrates
both the feasibility and the value of applying standardised, con-
sensus definitions. The paucity of comparable data highlights the
urgent need for purpose-designed trials and longitudinal cohorts
that embed TRRIP from the outset. Such efforts will be essential to
improve prediction, accelerate access to effective treatments and
ultimately reduce the enduring burden of treatment resistance in
schizophrenia.
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