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Abstract
Background  Individuals with schizophrenia and comorbid substance use disorder (SUD) often experience poor treatment 
adherence, leading to worse clinical outcomes. However, high-quality evidence from randomized trials on the preferred 
mode of antipsychotic treatment in this population remains limited.
Aims  The aim was to examine whether long-acting injectable (LAI) antipsychotic treatment reduces the risk of all-cause 
discontinuation (ACD) compared with oral antipsychotics in individuals with early phase schizophrenia and comorbid SUD.
Methods  This study was a secondary analysis of the European Long-Acting Antipsychotics in Schizophrenia Trial 
(EULAST), a multisite, randomized, open-label trial conducted across multiple European healthcare settings. A total of 
471 individuals with early phase schizophrenia were included in this secondary analysis, stratified by presence (n = 143) 
or absence (n = 328) of comorbid SUD. The observation period lasted 18 months. Participants were randomly assigned 
to second-generation LAI or oral second-generation antipsychotic treatment. The primary outcome was ACD, an indirect 
measure of treatment efficacy, defined as discontinuation of the initially assigned treatment for any reason. Hazard ratios 
(HRs) were estimated using Cox proportional hazards regression models, adjusted for relevant covariates.
Results  Among 143 individuals with schizophrenia and SUD, LAI treatment was associated with a 36% lower risk of ACD 
compared with oral antipsychotics (adjusted HR = 0.641; 95% CI, 0.438–0.938; P = 0.022). Kaplan–Meier curves showed 
longer median time to ACD for LAI treatment (158 days) versus oral antipsychotics (97 days). By contrast, among the 328 
individuals without SUD, LAI treatment did not significantly reduce ACD risk (P = 0.282). Crude HRs were also assessed, 
replicating the adjusted hazard findings.
Conclusions  LAI antipsychotics significantly delayed treatment discontinuation compared with oral antipsychotics in par-
ticipants with early phase schizophrenia and comorbid SUD but not in those without SUD. While these findings provide 
robust evidence supporting the use of LAIs in people with schizophrenia and comorbid SUD, future studies are needed to 
more precisely quantify the potential clinical benefits and tolerability of LAIs in this high-risk population. EULAST was 
registered at ClinicalTrials.gov (NCT02146547).
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1  Introduction

Schizophrenia is a serious mental disorder with a lifetime 
prevalence of about 0.5–1% and accounts for a substantial 
healthcare burden [1]. There is a large body of evidence on 
the association between schizophrenia and unhealthy life-
style, including sedentary behavior, unhealthy diet, smoking, 
and substance abuse, which contribute to increased risk of 
cardiovascular disease, and related death [2]. Schizophrenia 
is often associated with comorbid substance use disorders 
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Key Points 

In participants with early phase schizophrenia and 
comorbid substance use disorder, long-acting injectable 
(LAI) antipsychotics significantly reduced the risk of 
treatment discontinuation by 36% compared with oral 
antipsychotic medication.

This therapeutic advantage was not observed in partici-
pants with early phase schizophrenia who did not have 
a comorbid substance use disorder, highlighting the 
specificity of the finding.

Our findings represent the first evidence from a prag-
matic randomized controlled trial demonstrating the 
superior effectiveness of LAI antipsychotics in this 
high-risk dual disorder population. Results may help 
guide clinical decision-making and inform treatment 
guidelines.

treatment-resistant [12]. The improved real-world out-
comes for individuals with schizophrenia and comorbid 
SUD during LAI treatment suggests that this high-risk 
group represents a difficult-to-treat or nonadherent popu-
lation that benefits from the additional adherence associ-
ated with LAI treatment. Nevertheless, this population, 
despite its high prevalence in real-world settings, remains 
underinvestigated in randomized controlled trials (RCTs) 
among people with schizophrenia. This was highlighted 
when eligibility criteria typically used in RCTs, i.e., seri-
ous somatic comorbidities, concomitant use of mood stabi-
lizers or antidepressants, and history of substance use and 
risk of suicide, were applied in two national cohorts [13].

To date, the European First Episode Schizophrenia Trial 
(EUFEST) [14], the Clinical Antipsychotic Trials of Inter-
vention Effectiveness (CATIE) [15] and the Optimization 
of Treatment and Management of Schizophrenia in Europe 
(OPTiMiSE) Trial [16] have examined differences in treat-
ment response among individuals with schizophrenia and 
comorbid SUD. Overall, findings have been inconsist-
ent, with EUFEST reporting no significant association 
between SUD and treatment outcomes and CATIE finding 
that individuals with moderate substance use exhibited a 
poorer antipsychotic response. In OPTiMiSE, no signifi-
cant differences regarding symptomatic remission emerged 
between individuals with comorbid suicidality and/or SUD 
and noncomorbid individuals [16].

A recent meta-analysis of the efficacy of antipsychotics 
in subjects with schizophrenia and comorbid substance 
use highlighted the paucity of robust evidence from high-
quality RCTs to inform clinical guidelines [17]. There-
fore, we investigated an indirect effectiveness measure, 
all-cause discontinuation, in the large-scale multicenter 
European Long-Acting Antipsychotics in Schizophrenia 
Trial (EULAST) trial, among people with early phase 
schizophrenia with or without SUD receiving second-
generation oral or LAI antipsychotic treatment.

2 � Methods

2.1 � Subjects

The present investigation is a secondary analysis of the 
data from the European Long-Acting Antipsychotics in 
Schizophrenia Trial (EULAST). EULAST is a randomized 
open-label trial carried out across 50 general hospitals and 
psychiatric clinics in 15 European countries and Israel. 
The relevant regulatory bodies and ethics committees 
in each participating country approved the study and its 
adherence to local regulations and the Declaration of Hel-
sinki. The trial was overseen by the University Medical 
Center Utrecht in the Netherlands, following the guidelines 

(SUD) with a prevalence of dual disorders ranging from 26 
to 31% [3]. This disease-comorbidity association is bidirec-
tional, since both disorders are presumed to share common 
genetic and socioeconomic factors [4–7]. Notably, cannabis 
use, particularly of high-potency formulations, is recognized 
as a significant etiological risk factor that could trigger or 
exacerbate psychosis, thereby contributing to the high rates 
of comorbidity in this population [8].

Evidence from Scandinavian registries notes that multiple 
drug use and alcohol use disorders are the most prevalent 
SUD, followed by cannabis [3]. The presence of any SUD 
comorbidity, notably multiple drug use and alcohol use, was 
associated with a 50–100% increase in hospitalization and 
mortality compared with individuals without SUD [3]. The 
drivers of elevated mortality risk were suicides and other 
external causes [3].

Treatment of individuals with schizophrenia and comor-
bid SUD can be challenging, with reduced compliance and 
medication adherence [3]. Available real-world evidence 
shows a significant association with unfavorable disease 
course in individuals with dual disorder [3, 9, 10]. Two 
independent national cohorts consistently showed that 
risk of relapse (psychiatric hospital admission and SUD-
related hospital admission) were lowest for clozapine, 
antipsychotic polytherapy and long-acting injectables 
(LAI) [3]. The Treatment Response and Resistance in 
Psychosis (TRRIP) working group noted that the optimal 
definition of treatment resistance would include at least 
one failed trial with a long-acting injectable antipsychotic 
(LAI) [11]. This inclusion of a trial of an LAI is notable, 
since adherence is challenging in difficult-to-treat-schiz-
ophrenia with or without SUD, where about a third of 
individuals are presumed to be nonadherent rather than 
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of Good Clinical Practice and the International Conference 
on Harmonization. An independent Data Safety Monitor-
ing Board conducted annual safety assessments for the 
study [18].

Details regarding the recruitment procedures, inclusion/
exclusion criteria, and demographic and clinical screen-
ings performed in EULAST can be found in the publica-
tion of the primary endpoint [18]. In short, participants in 
the EULAST were inpatients and outpatients, recruited at 
the collaborating healthcare institutions and fulfilling the 
following criteria: age (18 years or older), diagnosis of 
schizophrenia according to the Diagnostic and Statistical 
Manual of Mental Disorders, Fourth Edition (DSM-IV) 
as verified by the Mini International Neuropsychiatric 
Interview 5 Plus (MINI). Additionally, participants were 
required to have experienced their illness for a minimum 
of 6 months and a maximum of 7 years, defining a rather 
early disease course. A randomization table including 
allocation sequence was generated by Data Management 
Department of Julius Center (University Medical Center 
Utrecht) using SAS syntax. The participants were ran-
domly assigned using block randomization (1:1:1:1) to one 
of four groups: long acting injectable (LAI) paliperidone 
or aripiprazole or the respective oral formulations of these 
antipsychotics. Participants were then followed up for up 
to 18 months. The randomization process was stratified by 
country and duration of illness. All participants followed 
a standardized, fixed-flexible dosing schedule as prespec-
ified in the parent trial protocol (for details see section 
L, appendix of the primary endpoint publication [18]). 
Schizophrenia symptom severity was evaluated using the 
Positive and Negative Syndrome Scale (PANSS). Written 
informed consent was provided by all subjects prior to 
study inclusion.

The subjects employed in our analysis represent a sub-
set of the EULAST cohort. From the original intention-to-
treat (ITT) population utilized in the initial investigation 
(n = 511), subjects without consent forms for secondary 
data analysis were excluded (N = 16). To pursue the aim 
of this study, information regarding current and lifetime 
substance abuse and dependence (including alcohol) was 
retrieved using a seven-item scale according to the relevant 
diagnostic modules of the MINI; those individuals lack-
ing such details were excluded (N = 3). The seven-item 
scale characterized current/lifetime substance dependence 
or abuse (see Supplementary Material) and was employed 
to categorize the remaining 492 subjects into two distinct 
groups: “any substance use disorder (SUD)” and “no sub-
stance use disorder (no SUD).” A subject was classified 
as SUD if they fulfilled the following diagnostic criteria 
in the MINI: substance dependence or abuse current and/
or lifetime (alcohol or nonalcohol); if a subject had miss-
ing information in one or more of the items but fulfilled 

criteria for any of the remaining, they were subsequently 
classified as SUD. The “no SUD” category consisted of 
subjects who did not fulfill any of the aforementioned 
items. In instances where a subject had responded “no” to 
several items and had no responses to the remaining items, 
meaning a lack of a “yes” response to any of the items, 
their substance use status was classified as unknown, and 
they were excluded from the pool of subjects (N = 21). 
The final sample consisted of 471 participants, including 
143 SUD individuals (LAI antipsychotic groups combined 
N = 74; oral antipsychotics groups combined N = 69) and 
328 no SUD individuals (LAI antipsychotic groups com-
bined N = 174; oral antipsychotic groups combined N = 
154). Figure 1 presents an inclusion/exclusion profile for 
our study.

2.2 � Data Analysis

The main outcome in this study was, in accordance with 
the primary endpoint publication [18], time to all-cause 
discontinuation (days), compared using survival analysis 
between oral antipsychotic treatment (oral aripiprazole and 
paliperidone) and the combined LAI treatment group (LAI 
aripiprazole and LAI paliperidone) during 19 months of 
treatment. This was performed separately in the “SUD” and 
“no SUD” groups, and then their results were compared. 
The criteria and types of all-cause discontinuation are thor-
oughly outlined in the original manuscript [18]. To sum-
marize, discontinuation was classified as being due to either 
lack of treatment efficacy, concerns regarding safety (includ-
ing side effects), or other reasons (e.g., study participant 
missed visits, stopped the treatment, or withdrew consent 
from the study). The time to all-cause discontinuation was 
calculated by counting the days from the date of randomiza-
tion (visit 2 of 21 possible visits) to the date on which the 
study participant met all-cause discontinuation criteria. For 
participants who completed all 21 visits without meeting 
the all-cause discontinuation criteria, a truncated survival 
time of 540 days, representing the entire possible follow-up 
period of 18 months, was considered as the time to all-cause 
discontinuation.

R 4.3.2 [19] and R-Studio [20] were used to perform sta-
tistical analysis. The survival analyses were executed using 
R-packages Survival (version 3.6-4). Cox proportional 
regression models were calculated with time to all-cause 
discontinuation (in days) as the outcome (continuous vari-
able) and the mode of antipsychotic treatment as the predic-
tor (LAI versus oral, dichotomous categorical variable). Age 
(continuous variable) and sex (categorical variable) were 
added to the model as covariates. This model was run sepa-
rately for SUD (N events = 109) and no SUD (N events = 
208). Additionally, a complementary analysis was performed 
examining a crude hazard ratio of all-cause discontinuation 
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only in those individuals of the SUD sample who had a cur-
rent drug/alcohol use/dependence (N = 99). The analysis 
was stratified by SUD status and conducted separately for 
each subgroup (SUD and no-SUD). This approach was cho-
sen to provide a clear and direct estimation of the treatment 
effect within each clinically distinct population, which was 
the primary goal of this secondary analysis. The status of 
subjects without all-cause discontinuation was set as cen-
sored. The impact of each factor in the model on the haz-
ard of all-cause discontinuation was estimated using hazard 
ratios (HRs) and 95% confidence intervals (CIs). These 

models calculated the adjusted HRs, while crude HRs were 
assessed using similar regression models without controlling 
for the covariates sex and age. The fit of the models and the 
statistical significance were assessed using both the likeli-
hood ratio test and the Wald test. The mean concordance of 
the model was reported along with its standard error. Sur-
vival curves were plotted using the Kaplan–Meier method as 
implemented in the Survminer (version 0.5.0) package in R.

The proportional hazards assumption for the Cox regres-
sion models was tested by examining the scaled Schoenfeld 
residuals in our dataset. A formal test revealed no evidence 
of a time-dependent effect for the variables (P > 0.05), con-
firming that the assumption was met. Comparisons between 
groups regarding clinical and demographic variables were 
performed using t-tests, Mann–Whitney U tests, or chi-
squared tests, depending on the outcome variable and test 
assumptions. Descriptive statistics are shown as mean ± 
standard deviation of the mean. For all analyses, the thresh-
old for statistical significance was set at a P value < 0.05. 
This secondary analysis is reported in accordance with the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) statement where applicable.

3 � Results

3.1 � Demographics and Clinical Characteristics 
of the Whole Cohort (with and without SUD)

The combined with SUD and without SUD sample consisted 
of 471 participants, including 143 people with SUD (83.2% 
males, 28.86 ± 9.13 years old; illness duration 2.87 ± 1.74 
years; PANSS total score at baseline = 72.20 ± 19.44; com-
bined LAI antipsychotic arm N = 74, combined oral antip-
sychotics arm N = 69) and 328 without SUD (59.5% males, 
31.42 ± 9.86 years old; illness duration 3.09 ± 1.91 years; 
PANSS total at baseline = 75.69 ± 18.17; combined LAI 
antipsychotic arm N = 174, combined oral antipsychotics 
arm N = 154). Table 1 provides additional details on the 
clinical and demographic characteristics of the whole cohort.

Independent t-tests showed no difference between the 
two groups regarding PANSS total at baseline (t = 1.78, 
degrees of freedom (df) = 454, P = 0.08, 95% confidence 
intervals CI −0.37 to 7.34) and illness duration (t = 1.19, 
df = 469, P = 0.23, 95% CI − 0.14 to 0.57). Moreover, the 
SUD sample was to be marginally younger than the without 
SUD sample (28.86 ± 9.13 years old versus 31.42 ± 9.86 
years old, respectively; t = 2.73, df = 469, P = 0.007, 95% 
CI 0.72–4.41). The chi-squared test of independence showed 
a significantly higher male/female proportion in substance 
users than in not substance users (χ2 = 24.25, df = 1, P < 
0.001).

Fig. 1   Inclusion/exclusion profile of this secondary analysis of 
the European Long-Acting Antipsychotics in Schizophrenia Trial 
(EULAST). Note: the numbers for specific SUD categories are not 
mutually exclusive, as an individual could meet criteria for multi-
ple categories. The total “any SUD” group (n = 143) represents the 
unique count of individuals meeting criteria for at least one SUD cat-
egory. The “lifetime nonalcohol substance abuse” category was not 
available in the provided dataset, likely to maintain focus on the most 
clinically significant diagnoses of dependence and current abuse. ITT, 
intention-to-treat; SUD, substance use disorder; ACD, all-cause dis-
continuation; LAI, long-acting injectable
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3.2 � Demographics and Clinical Characteristics 
of SUD (oral versus LAI)

The mean age of the SUD population was 28.86 ± 9.13 
years, and 16.8% were female. The mean duration of ill-
ness was 2.87 ± 1.74 years. Among the participants with 
SUD, N = 73/143 (51%) received aripiprazole and 70/143 
(49%) received paliperidone. In the oral versus LAI groups 
there were no significant differences regarding any clini-
cal parameter including age (Z = − 1.081, P = 0.280), 
duration of illness (Z = − 0.503, P = 0.615), sex (χ2 = 
0.404, P = 0.525), aripiprazole versus paliperidone (χ2 = 
0.168, P =0.682), and PANSS total scores at baseline (Z 
= − 0.882, P = 0.378). Table 2 provides additional details 
on the clinical and demographical characteristics of the 
SUD cohort.

3.3 � Demographics and Clinical Characteristics 
of without SUD (oral versus LAI)

The mean age of the without SUD population was 31.42 
± 9.86 years, and 40.5% were female. The mean duration 
of illness was 3.09 ± 1.91 years. N = 158/328 (48.2%) 

received aripiprazole, and 170/328 (51.8%) received pali-
peridone. In the oral versus LAI groups, there were no 
significant differences regarding any clinical parameter 
including age (Z = − 0.388, P = 0.698), duration of ill-
ness (Z = − 0.915, P =0.360), sex (χ2 = 2.815, P = 0.093), 
aripiprazole versus paliperidone (χ2 = 0.389, P = 0.533), 
and PANSS total scores at baseline (Z = − 0.88, P = 0.38). 
Supplementary Table 1 provides additional details on the 
clinical and demographical characteristics of the without 
SUD cohort.

3.4 � Lower Hazard Ratios for LAIs than Oral 
Antipsychotics in SUD

The Cox proportional hazard regression model in SUD dem-
onstrated moderate concordance of 0.595 (standard error, 
SE = 0.028), with a statistically significant fit as supported 
by the likelihood ratio test (χ2 (3) = 11.88, P = 0.008) and 
Wald test (χ2 (3) = 11.43, P = 0.01).

The model indicated a significant effect for mode of 
antipsychotic treatment (LAI versus oral) on adjusted 
hazard ratios (HRs) of all-cause discontinuation in SUD 
(adjusted HR = 0.641, 95% CI 0.438–0.938, P = 0.022). 
Kaplan–Meier curves (Fig.  2a) demonstrated favorable 

Table 1   Demographics and clinical characteristics of individuals included in this secondary analysis of the European Long-Acting Antipsychot-
ics in Schizophrenia Trial (EULAST)

PANSS Positive and Negative Syndrome Scale for Schizophrenia, CGI Clinical Global Impression, SD standard deviation of the mean, SUD sub-
stance use disorder
*Participants with SUD are significantly different (P-value < 0.05) when compared with participants without SUD using t-test/chi-squared test 
of independence

Variable With SUD (N = 143) Without SUD (N = 328)

Age (years), mean (SD) 28.86 (9.13) 31.42 (9.86)*
Duration of illness (months), mean (SD) 44.55 (116.91) 45.94 (109.66)
Gender, N (%) Female 24 (16.8%) 133 (40.5%)*

Male 119 (83.2%) 195 (59.5%)*
Treatment, N (%) (medications) Aripiprazole 73 (51.0%) 158 (48.2%)

Paliperidone 70 (49.0%) 170 (51.8%)
Race, N (%) Asian 9 (6.2%) 7 (2.1%)

Black 17 (12.0%) 17 (5.2%)
White 103 (72.0%) 279 (85.1%)
Other 14 (9.8%) 25 (7.6%)

Years of education, Mean (SD) 11.58 (2.55) 12.01 (2.91)
Living independently, N (%) 47 (32.9%) 59 (18.3%)
Major depressive disorder (current), N (%) 5 (3.5%) 6 (1.8%)
Suicidality (current), N (%) 56 (39.2%) 54 (16.5%)
PANSS positive, mean (SD) 17.48 (6.24) 17.37 (5.91)
PANSS negative, mean (SD) 18.27 (6.75) 20.69 (6.34)
PANSS general, mean (SD) 36.45 (10.35) 37.63 (9.45)
PANSS total, mean (SD) 72.20 (19.44) 75.69 (18.17)
CGI severity, mean (SD) 4.35 (1.0) 4.38 (0.99)
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survival trajectories for LAI antipsychotics (median time 
to all-cause discontinuation = 158 days, events = 50, cen-
sored = 24) than oral antipsychotics (median time to all-
cause discontinuation days = 97, events = 59, censored = 
10). Moreover, older age in participants was significantly 
associated with lower hazard ratios of all-cause discontinua-
tion (adjusted HR = 0.973, 95% CI 0.952–0.995, P = 0.015). 
An interaction factor between age and mode of antipsychotic 
treatment was incorporated in the model to examine the 
modulatory impact of these two significant factors on each 
other. The interaction term did not yield a significant effect 
on the hazard ratio (P > 0.1), yet the likelihood ratio and 
Wald test continued to demonstrate statistical significance 
for the model following the introduction of the interaction 
term. This suggests a similar modulation of hazard ratios 
by age in LAI and oral antipsychotic treatments. The model 
revealed no significant impact for sex on the hazard ratios 
(HR = 0.755, 95% CI 0.463–1.231, P = 0.260).

The model examining the crude hazard ratio of all-cause 
discontinuation in SUD sample revealed similar findings, 
showing a significant effect for mode of antipsychotic 
treatment (LAI versus oral; crude HR = 0.659, 95% CI 

0.451–0.962, P = 0.031) with favorable survival rates for 
LAI antipsychotics, with a statistical significance for the 
overall model according to likelihood ratio (χ2 (1) = 4.7, P 
= 0.03) and Wald test (χ2 (1) = 4.74, P = 0.03).

3.5 � Lower Hazard Ratios for LAIs than Oral 
Antipsychotics in Current SUD

The Cox proportional hazard regression model including 
subjects with current SUD had an overall model fit similar 
to that of the extended SUD sample, with a moderate con-
cordance of 0.54 (SE = 0.031) and a chi-squared coefficient 
of 3.51 (df = 3) and 3.48 (df = 3) in the likelihood ratio 
and Wald test, respectively. Both tests showed, however, a 
marginally significant fit (P = 0.06), most probably due to a 
low statistical power of the subsample and a resulting higher 
type II error. The model showed lower crude-hazard ratios of 
all-cause discontinuation for LAI compared with oral antip-
sychotics for current substance users (crude HR = 0.65, 95% 
CI 0.42–1.02 P = 0.062), which were statistically marginally 
significant. These results replicate the statistically significant 
lower crude and adjusted HRs of all-cause discontinuation 
observed in the extended SUD sample.

Table 2.   Demographics and clinical characteristics of individuals with substance use disorder (SUD)

PANSS Positive and Negative Syndrome Scale for Schizophrenia, CGI Clinical Global Impression, SD standard deviation of the mean

Variable Oral antipsychotics medication (N 
= 69)

LAl antipsychotics 
medication (N = 74)

Age (years), mean (SD) 29.48 (9.25) 28.28 (9.04)
Duration of illness (month), mean (SD) 53.35 (166.84, n = 69) 36.35 (22.77, n = 74)
Gender, N (%) Female 13 (18.8%) 11 (14.9%)

Male 56 (81.2%) 63 (85.1%)
Treatment, N (%) (medications) Aripiprazole 34 (49.3%) 39 (52.7%)

Paliperidone 35 (50.7%) 35 (47.3%)
Race, N (%) Asian 4 (5.8%) 5 (6.8%)

Black 8 (11.6%) 9 (12.2%)
White 48 (69.6%) 55 (74.3%)
Other 9 (13.0%) 5 (6.8%)

Years of education, mean (SD) 11.53 (2.69) 11.62 (2.43)
Living independently, N (%) 25 (36.2%) 22 (29.7%)
Major depressive disorder (current), N (%) 1 (1.45%) 4 (5.4%)
Suicidality (current), N (%) 24 (34.8%) 32 (43.2%)
Alcohol abuse, N (%) 35 (54.7%) 42 (60.9%)
Substance abuse, N (%) 57 (83.8%) 60 (81.1%)
PANSS positive, mean (SD) 17.79 (6.68) 17.21 (5.86)
PANSS negative, mean (SD) 18.25 (7.29) 18.28 (6.29)
PANSS general, mean (SD) 36.06 (10.75) 36.79 (10.05)
PANSS total, mean (SD) 72.11 (20.73) 72.28 (18.38)
CGI severity, mean (SD) 4.3 (1.1, n = 63) 4.39 (0.91, n = 72)
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3.6 � Comparable Hazard Ratios for LAIs and Oral 
Antipsychotics in Non‑SUD

The Cox proportional hazard regression model in non-SUD 
demonstrated a poor discriminative performance with a con-
cordance index comparable to chance (0.52, SE = 0.021). 
The likelihood test (χ2 (3) = 2.38, P = 0.5) and Wald test 
(χ2 (3) = 2.37, P = 0.5) revealed that the model is not a sta-
tistically significant predictor of hazard ratios of all-cause 
discontinuation. Consequently, none of the factors within the 
model were found to be significantly associated with hazard 
ratios of all-cause discontinuation. This included mode of 
antipsychotic treatment (LAI versus oral; P = 0.282), age (P 
= 0.69), and sex (P = 0.4). Kaplan–Meier curves (Fig. 2b) 
demonstrated comparable survival trajectories for LAI antip-
sychotics and oral antipsychotics in non-SUD.

Similar findings were found by the model examining 
the crude hazard ratio for all-cause discontinuation in the 
non-SUD sample. The overall model was not statistically 
significant as per likelihood ratio test (χ2 (1) = 1.27, P = 
0.3) and Wald test (χ2 (1) = 1.28, P = 0.3), with a nonsignifi-
cant effect for mode of antipsychotic treatment (LAI versus 
oral; crude hazard ratio = 0.855, 95% CI 0.651–1.122, P = 
0.259).

4 � Discussion

To our knowledge, this is the first analysis of an effectiveness 
measure, such as all-cause discontinuation, in a pragmatic 
clinical trial among people with early course schizophrenia 
and comorbid SUD. The risk for all-cause discontinuation 
during the observation period of 19 months was 36% lower 
for LAI antipsychotic treatment compared with oral antip-
sychotic treatment in the population with SUD (P = 0.022), 
whereas there was no significant association between mode 
of treatment (LAI versus oral) in the population without 
SUD (P = 0.282). This finding was robust, holding true even 
when the analysis was restricted to the subgroup of individu-
als with a current SUD.

Our analysis complements existing evidence from other 
secondary analyses of large-scale schizophrenia trials such 
as EUFEST, OPTiMiSE, and CATIE, where symptom 
severity in people with comorbid SUD was investigated. In 
the secondary analyses of the EUFEST trial, people with 
first-episode schizophrenia with SUD versus without SUD 
showed similar psychopathology and neuropsychological 
performances at baseline and during the first 6 months of 
antipsychotic treatment, but here, only oral antipsychot-
ics were investigated [14]. In CATIE, significantly poorer 
outcomes were observed in the domains of psychosis, 
symptoms of depression, and quality of life for moderate 

Fig. 2   Treatment discontinuation of LAI and oral antipsychotic treat-
ments because of any cause in participants (A) with comorbid SUD 
and in (B) without comorbid SUD. Dashed lines indicate median time 
without treatment discontinuation under treatment. P values for the 

effect of mode of antipsychotic treatment (oral versus LAI) on the 
adjusted HR of all-cause discontinuation are shown in each plot. LAI 
long-acting injectable
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and severe drug users; however, here, only oral agents were 
under investigation. In OptiMiSe, suicidality and comorbid 
SUD were mixed without showing significant associations 
to worse symptomatic remission outcomes [16].

To the best of our knowledge, randomized controlled tri-
als examining the use of LAI antipsychotics in people with 
dual disorder remain scarce [21–23]. In the open-label ran-
domized controlled study from Rubio et al., people rand-
omized to LAI risperidone (n = 57) showed less symptom 
severity than people with LAI zuclopenthixol (n = 58) after 
6 months [21]. In the randomized trial from Green et al., n 
= 95 participants with DSM-IV-text revision (TR) diagnoses 
of schizophrenia and alcohol use disorder were randomized 
to 6 months of oral or LAI risperidone [22]. Here, the LAI 
group showed lower average drinking days per week [22]. In 
another randomized trial in people with psychosis (includ-
ing bipolar disorder) and comorbid SUD, LAI (namely 
aripiprazole and paliperidone) treatment was beneficial 
in terms of symptom severity and quality of life during a 
1-year follow-up period [23]. Overall, the most convincing 
evidence regarding the association of LAI versus oral in dual 
disorders is derived from representative within-individual 
analyses from Finnish and Swedish registers, where the 
superiority of LAI was shown in terms of hospitalization 
risk [10]. Thus, we provide here the first large-scale ran-
domized controlled trial addressing the clinically relevant 
question of whether people with schizophrenia and SUD 
may profit from LAI-treatment. Our work can help to answer 
the clinically relevant question of whether LAI treatment 
has advantages over oral antipsychotic treatment—so far, 
guidelines are not conclusive regarding this question and do 
not recommend LAIs as a specific treatment for psychosis 
and coexisting substance misuse [11, 24–26]. The reason is 
that meta-analyses comparing oral versus LAI treatment in 
schizophrenia did not show a clear advantage for LAIs based 
on methodological issues that may overestimate the efficacy 
of oral antipsychotics in those designs [27, 28]. This stands 
in contrast not only to real-world registry data [10] but also 
to several key randomized trials in early phase schizophre-
nia that have demonstrated a clear advantage for LAIs in 
preventing relapse, a more definitive clinical endpoint than 
all-cause discontinuation [29, 30]. However, most guidelines 
use only meta-analyses of RCTs or large-scale RCTs as main 
source of evidence, and thus, our studies will give further 
support to recommend LAIs, especially in those individu-
als with schizophrenia and comorbid SUD. This assertion 
is further substantiated by recent systematic reviews that 
have begun to emphasize the potential for LAIs as a first-
line treatment strategy in people with dual disorder, thereby 
underscoring the growing recognition of their importance in 
clinical practice [31].

Our approach has several strengths. First, it has to be 
mentioned that EULAST was a negative study regarding 
ACD as primary outcome [18], and the superiority of LAI 
versus oral was only shown in our secondary analysis among 
people with comorbid SUD, underlying the need to define 
subgroups when analyzing clinical trials. Second, the assess-
ment of treatment adherence or patient preferences regard-
ing LAI versus oral did not play a role in randomization 
processes, and thus, participants preferring oral medication 
might have been randomized to the LAI group, which fur-
ther strengthens the clinical relevance of our findings. Third, 
given that the study’s design encompassed diverse Euro-
pean healthcare systems and settings, it can be reasonably 
assumed that the findings are indeed applicable to a broader 
population. Finally, the most frequently used second-gener-
ation LAIs were used in our trial, making the setting com-
parable to clinical reality.

As limitations, it should be mentioned that we did not 
control for active drug use during the trial, since this infor-
mation at every quarterly visit was incomplete, which may 
hamper meaningful interpretation in the EULAST dataset. 
Furthermore, we were not able to dissect our findings by 
specific SUDs (e.g., alcohol versus cannabis versus opioids) 
or by polysubstance use, as this level of detail was not avail-
able for analysis from the original trial. This is an important 
limitation, as the type of substance can have differential 
effects on treatment adherence and clinical outcomes. The 
large Scandinavian registry studies in similar populations 
have identified alcohol use disorders, cannabis use disorders, 
and polysubstance use as single comorbidity or together as 
the most prevalent comorbidities in schizophrenia [3], but 
we cannot confirm if this distribution applies to our spe-
cific EULAST subsample. Methodologically, our analysis 
was stratified by SUD status rather than employing a single 
model with a formal interaction term. While our approach 
directly addresses the clinical question of treatment effec-
tiveness within each subgroup, we acknowledge that future 
prospective studies designed specifically to compare these 
effects could benefit from a design that supports a formal 
interaction analysis with adequately powered and matched 
groups. In addition, future studies should include a larger 
population of people diagnosed with a current or lifetime 
SUD, to attain adequate statistical power to differentiate 
between the advantages of LAI across these two distinct 
subgroups. Finally, our preliminary evidence suggests that 
LAIs may offer a benefit in terms of delaying treatment dis-
continuation in individuals with psychosis and comorbid 
SUD. Further research is necessary to accurately quantify 
the potential clinical benefits and tolerability of LAIs in this 
specific population.



107Long-Acting Injectable Versus Oral Antipsychotics in Schizophrenia and Comorbid SUD

5 � Conclusions

This secondary analysis of the multisite randomized open-
label EULAST trial provides high-quality evidence for the 
significant superiority of second-generation LAI versus 
oral second-generation treatment strategies in people with 
early phase schizophrenia and comorbid SUD. We wish to 
conclude that LAI treatment in people with schizophrenia 
and SUD has the potential to enhance the likelihood for a 
relapse free disease course with less hospitalizations. How-
ever, whether this finding translates to higher quality of life 
remains elusive. Our findings will inform clinicians and 
clinical guidelines for schizophrenia and comorbid SUD.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s40263-​025-​01225-0.
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