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Abstract

Objective: To investigate subgroup responses to long-acting injectable (LAI) haloperidol 

decanoate (HD) and paliperidone palmitate (PP) in a randomized controlled trial that found no 

difference between the treatments on the primary outcome of efficacy failure.

Method: A Comparison of Long-Acting Injectable Medications for Schizophrenia (ACLAIMS) 

enrolled 311 participants from March 2011 to July 2013 meeting DSM-VI-TR criteria for 

diagnoses of schizophrenia or schizoaffective disorder at risk of relapse due to medication non-

adherence or substance abuse. Participants were randomly assigned to double-blinded treatment 

with HD or PP and followed for up to 2 years. A committee blinded to treatment assignment 

adjudicated efficacy failure based on meeting at least one of these criteria: psychiatric 

hospitalization, crisis stabilization, increased outpatient visits, could not discontinue oral 

antipsychotic, discontinued assigned LAI due to inadequate therapeutic benefit, or prolonged need 

for adjunctive oral antipsychotic medication. Survival analyses examined modification of 

treatment effects on efficacy failure by age, gender, race, substance abuse, baseline symptom 

severity, and baseline adherence. Mixed effect linear models and analysis of covariance examined 

this modification on safety outcomes.

Results: An interaction between age and treatment (p=0.009) revealed younger participants 

assigned HD had longer time to efficacy failure than those assigned PP. Interactions were not 

significant between treatment group and gender, race, substance use disorder, baseline symptom 

severity, or baseline adherence. An interaction of treatment and age on akathisia (p=0.047) found 
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an advantage for PP that was larger among younger persons. An advantage for HD on serum 

prolactin levels was larger among younger women (p=0.033).

Conclusion: Among younger persons, HD was associated with lower rates of efficacy failure 

than PP. Age effects on adverse effects were mixed. Age-related heterogeneity of antipsychotic 

treatment effects warrants further investigation and consideration in clinical practice.

Clinical Trials Registration: A Comparison of Long-acting Injectable Medications for 

Schizophrenia (ACLAIMS) https://clinicaltrials.gov/ct2/show/NCT01136772?

term=ACLAIMS&rank=1, NCT01136772

Introduction

Long-acting injectable (LAI) antipsychotic medications are an important treatment option 

for individuals diagnosed with schizophrenia because they ensure medication delivery and 

allow for accurate assessment of medication adherence. This mode of medication delivery is 

widely believed to improve outcomes by improving medication adherence and thereby 

reducing symptoms and rates of relapse and rehospitalization.1 Treatment guidelines 

recommend LAI antipsychotics for patients who are at risk of nonadherence and for those 

who prefer bi-weekly or monthly injections to daily pills.2 There are increasingly frequent 

expert recommendations to use LAI antipsychotics among young people who are 

experiencing a first episode of schizophrenia because of high rates of non-adherence in this 

population and some evidence of improved outcomes with LAIs over oral antipsychotics.3–5

A Comparison of Long-acting Injectable Medications for Schizophrenia (ACLAIMS), a 

National Institute of Mental Health-sponsored randomized controlled trial that compared the 

effectiveness of paliperidone palmitate, a newer LAI, to haloperidol decanoate, which has 

been available for several decades.6 The study found no difference in rates of efficacy failure 

among study participants, all of whom had a history of relapse due to medication non-

adherence or substance abuse.

In this investigation we explored whether different subgroups previously found to have 

differential responses to antipsychotics, defined by age, gender, race, the presence of a 

substance use disorder, Positive And Negative Syndrome Scale (PANSS)7 score at baseline, 

and baseline adherence responded differently to haloperidol decanoate and paliperidone 

palmitate. We investigated heterogeneity of effects in the primary outcome of efficacy 

failure, which was not different between the two medications in ACLAIMS, as well as 

secondary safety outcomes that were different in the overall analyses.

Methods

Participants

Analyses were conducted using data from ACLAIMS which took place from March 2011 to 

July 2013. Participants were eligible to join the study if they were between 18 and 65 years 

of age, met criteria from the Diagnostic and Statistical Manual of Mental Disorders (Fourth 

Edition, Text Revision; DSM-IV-TR) of diagnoses of schizophrenia or schizoaffective 

disorder,8 and had the capacity to provide informed consent.9 Of the 353 individuals 
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assessed for eligibility, 311 were randomized to either the LAI paliperidone palmitate (PP) 

or LAI haloperidol decanoate (HD). The final intent-to-treat sample consisted of 294 

participants (147 participants in the PP group and 147 participants in the HD group) who 

received at least one injection. The modified intent-to-treat sample consisted of 290 

participants (145 in each group) with four participants removed who had no visit after their 

first injection. The study was conducted at 22 US clinical sites and each site obtained 

institutional review board approval to conduct the study. Further details on the design of 

ACLAIMS can be found in McEvoy et al.6

Outcome Measures

Primary outcome—The primary outcome of interest in this analysis was efficacy failure. 

This was defined as meeting at least one of the following criteria: a psychiatric 

hospitalization, a need for crisis stabilization, a clinically meaningful increase in the 

frequency of outpatient visits, clinicians’ decisions that oral antipsychotic medication could 

not be discontinued within eight weeks after starting the LAI, clinicians’ decisions to 

discontinue assigned LAI treatment due to inadequate therapeutic benefit, and ongoing or 

repeated need for adjunctive oral antipsychotic medication.6 A committee blinded to 

treatment assignment adjudicated efficacy failure based on these pre-determined criteria.

Secondary outcomes—Tolerability failure was based on clinicians’ decisions and 

classified according to common antipsychotic adverse effects including weight gain, lipid 

changes, glucose changes, extrapyramidal symptoms (EPS), tardive dyskinesia (TD), 

akathisia, sexual dysfunction, gynecomastia/galactorrhea, and menstrual irregularities, as 

well as hypersensitivity during the oral antipsychotic trial.6

Other secondary outcomes were those examined by McEvoy et al,6 which are common 

adverse effects variably associated with different antipsychotics.10–14 These included weight 

change over the course of the study and incidence of gaining 15 pounds or more. Worst 

change from baseline of six laboratory measures were also examined. Worst change from 

baseline over the course of the study and incidence of clinically significant scores of three 

neurological effect measures were determined. These included the Abnormal Involuntary 

Movement Scale (AIMS)15 global severity score and incidence of scores ≥2, the Barnes 

Akathisia Rating Scale (BAS)16 global score and incidence of scores ≥3, and the Simpson-

Angus Scale Abbreviated Form (SAS)17 mean score and incidence or scores ≥1. In addition, 

highest levels of prolactin and worst Arizona Sexual Side Effects (ASEX)18 score and 

incidence of scores ≥ 19 were determined grouped by gender.

Statistical Analyses

Primary Analysis—The primary analysis included the modified intent to treat population 

(N=290). Specific groups previously found to have heterogeneous responses to antipsychotic 

treatments were tested for modification of the effects of participants’ assigned treatments on 

efficacy failure.19–27 The Kaplan-Meier method28 was used for the survivor analysis to 

estimate survival probabilities of the population that did not experience efficacy failure in 

days from first injection. Modification of this association was then tested by age (continuous 

in years), gender (female or male), race (White or African American), substance use 
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disorder (meeting criteria of at least 3 out of 5 on the Drug Use and/or Alcohol Use 

Scales)29, baseline PANSS score (median split), and baseline adherence (Brief Adherence 

Rating Scale (BARS)30 percentage taken in the last month (median split). Following the 

methods in McEvoy et al,6 participants were censored 90 days after their last injection. 

Analyses were adjusted for baseline PANSS score and study site.

Secondary Analyses—Exploratory analyses were conducted to determine whether there 

was significant modification by our groups of interest on the relationship between the 

assigned treatment and our outcome measures. Modification of the association between 

assigned treatment and tolerability failure was tested for each of the groups using a Wald χ2 

test that adjusted for treatment site.

For the analysis of weight change over time, mixed-effect linear models with spatial power 

covariance structure were used to determine weight change (kg) in least squares means 

(LSMean) from baseline at four timepoints: six months from baseline, 12 months from 

baseline, 18 months from baseline and 24 months from baseline. Type III tests of fixed 

effects were used to determine the significance of the modification of the assigned treatment 

by our groups of interest, adjusting for treatment site and baseline weight.

A modified sample limited to those who had at least one laboratory assessment after their 

first injection (N=126 for HD, N=129 for PP) was used to determine the worst change from 

baseline of laboratory measures including HBA1C, blood glucose, total cholesterol, LDL 

cholesterol, triglycerides and HDL cholesterol. An Analysis of Covariance (ANCOVA) 

tested the significance of the interaction between our groups of interest and assigned 

treatment on the worst LSMean of these six laboratory assessments, using a Type III Sum of 

Squares (Type III SS) F-Test with a significance of α=0.05, adjusting for treatment site and 

baseline levels.

The same ANCOVA method was also used to determine the worst change from baseline in 

LSMean as the outcome for the AIMS, BAS, and SAS, and adjusted for treatment site and 

baseline scores. Modification of the relationship between these outcomes and assigned 

treatment by our groups of interest were tested for significance using the Type III SS F-Test 

with a significance of α=0.05. Finally, using the same ANCOVA method, we determined the 

highest levels of prolactin after baseline (LSMean), worst ASEX (LSMean) after baseline 

and incidence of an ASEX score >=19 grouped by gender. The interaction between the 

assigned treatment and our groups of interest were tested for significance using the Type III 

SS F-Test with a significance of α=0.05.

For all secondary analyses, data collected more than six weeks after each participant’s last 

injection were excluded. Individuals with baseline values equal to or greater than the 

clinically significant scores for the AIMS, BAS, SAS and ASEX were excluded from the 

individual analyses that examined incidence of the clinically significant score. SAS 9.431 

was used to conduct these statistical analyses.
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Results

The analytic sample was the modified intent-to-treat population, which included 290 

participants who received at least one injection and returned for at least one follow-up visit. 

Table 1 shows the distribution of the subgroups among the treatments and the baseline 

characteristics of the study population. The survival analysis revealed a significant 

interaction between age and treatment assignment in the primary outcome of efficacy failure 

(p=0.009). There was no significant interaction between treatment assignment and gender, 

race, presence of a substance use disorder, baseline PANSS score, or baseline BARS score 

on efficacy failure. (Table 2)

To further investigate the modification of assigned treatment efficacy failure by age we split 

the population at the median age as seen in Figure 1. We found that among the younger 

group (age 18–45), HD was associated with a significantly longer time to efficacy failure 

(p=0.029) than PP. Among the older group (age 46–65), there was a trend for longer time to 

efficacy failure among the PP group (p=0.196). In addition, among the criteria for efficacy 

failure (Table 3), the need for psychiatric hospitalization and the need for crisis stabilization 

were significantly different between the assigned treatments in the younger age group (i.e., 

p=0.016 and p=0.025 respectively). All the other, rarer criteria defining efficacy failure 

trended in the same direction, with participants assigned to PP having more events than 

those assigned HD. No differences between assigned treatment and efficacy failure criteria 

were seen in the older age group.

Other assigned treatment outcomes modified by age included akathisia measured by the 

BAS and increases in serum prolactin levels.(Table 4) The greater mean increase in the BAS 

score associated with HD was larger in the 18–45 age group (p=0.047). All prolactin 

analyses were conducted by gender; the greater increase associated with PP was of larger 

magnitude among younger women (p=0.033).

PP was associated with more weight gain than HD; there was no modification by age 

(weight change by assigned treatment modified by age group, at 6 months p=0.82; at 12 

months p=0.28; at 18 months p=0.34; at 24 months p=0.95; ever gained 15 pounds or more 

by assigned treatment modified by age group, p=0.44). No effects on laboratory measures 

were modified by age (HBA1C p=0.39; blood glucose p=0.90; total cholesterol p=0.12; LDL 

p=0.29; triglycerides p=0.76; HDL p=0.69). Thirty people in each treatment group 

discontinued the study medication because of poor tolerability; we found no significant 

interaction between age (p=0.29), gender (p=0.41), race (p=0.41), presence of a substance 

use disorder (p=0.81), baseline PANSS score (p=0.60), or baseline BARS score (p=0.66) and 

treatment assignment on this outcome.

We conducted several post-hoc analyses to further investigate the modification of assigned 

treatment on efficacy failure by age. To examine the possibility that differential adherence 

between the two medications might explain the significant findings, we determined whether 

there was an association between non-adherence to assigned LAI among those assigned to 

that LAI and whether that association was modified by age. The association was not 

significant (χ2=0.45, p=0.50). There was no difference between the assigned treatments and 
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duration and dose equivalents 32 of the oral supplementation phase, with the oral 

supplementation discontinued by week 8 for the vast majority of participants. Because 

antipsychotics may not be as effective at treating affective symptoms as psychosis, we tested 

whether there was an interaction between assigned treatment and age on the likelihood that 

ending treatment was due to affective symptomatology. Age did not modify this association 

(χ2=1.79, p=0.18). The effect of anticholinergic load on memory and cognition was tested 

by first identifying participants who started anticholinergic medications after entering the 

study to determine if the initiation of anticholinergics by assigned treatment was modified by 

age. Second, we calculated whether the association between mean change from baseline of 

the Verbal Memory Response (measured from the Brief Assessment of Cognition, BAC 33) 

and assigned LAI was modified by age. Age did not modify either of these associations (i.e., 

χ2=0.49, p=0.48 for anticholinergic naïve participants, and χ2=1.4, p=0.24 for the BAC).

Discussion

This randomized trial compared HD to PP in participants considered likely to benefit from 

LAI medications and did not find an advantage for PP on the main outcome of efficacy 

failure. This is consistent with a long history of research that finds that standard 

antipsychotics (i.e., other than clozapine) are generally similarly effective and are most 

distinct in their side effect profiles.34,35

The desire to personalize treatments has led to numerous calls to investigate heterogeneity of 

treatment effects in patient subgroups. A prior investigation of antipsychotics found ethnic 

differences in metabolic complications from antipsychotic therapy.22 Sernyak et al11 found 

an increased risk of diabetes in younger adults (<40 years of age) taking atypical 

antipsychotics. A reduction in the risk of hospitalization was associated with older age in 

individuals with schizophrenia who were compliant with their medication regimens.36 Sex 

differences have been found in the incidence and progression of schizophrenia.37 Another 

investigation found that clusters of individuals with differing levels of cognitive impairment 

had differential responses to treatments.38 Those with schizophrenia who are less adherent 

taking their medications as prescribed are more likely to experience relapse than those who 

are highly adherent.39

The analyses presented here evaluated whether some subgroups of clinical interest 

responded differently to HD and PP. The effect of age was strongly significant, but there was 

no modification by gender, race, presence of a substance use disorder, baseline symptoms 

(PANSS score), or baseline adherence (BARS score). Age also modified the effects of the 

treatments on akathisia and serum prolactin levels. In both cases, younger participants had 

an exaggerated adverse effect compared to older participants. To illustrate the possible 

clinical significance of our preliminary findings we found that the NNT for those aged 18–

45 taking HD versus PP was 5.26, while the NNT for PP versus HD for those aged 46–65 

was 10. An NNT of 5 or lower is considered effective, while higher values indicate less 

effectiveness. 40
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Limitations

Limitations of our study are that our analyses do not explain why HD is associated with 

lower rates of efficacy failure than PP in younger participants. The expectation that PP might 

be better tolerated among young persons who are more sensitive to side effects was not 

confirmed.41 One possible explanation is use of different dosages of medications in younger 

or older patients.42 However, analysis of the maximum dosage prescribed after baseline of 

assigned treatments found no difference by age (p=0.56 for the HD group and p=0.69 for the 

PP group).

In addition, subgroup analyses may affect the balance achieved through the initial 

randomization. We tested for differences between assigned LAIs for each of our subgroups 

and none were significant (see Table 5). However, unmeasured differences between assigned 

LAIs for our subgroups may still exist, which could affect our results.

We investigated six possible treatment modifiers, which increases the chance that the 

significant finding is due to chance. If we were to control for multiple comparisons using a 

Bonferroni correction (0.05/6=.008), then the interaction of age with assigned treatment 

would still closely approximate the usual standard for statistical significance.43

Our post hoc analyses of treatment heterogeneity must be considered preliminary. Further 

efforts to examine heterogeneity of treatment response of antipsychotic medications by age 

are needed. If differential effects of medications by age are confirmed, this may lead to 

improved selection of treatments, shorter time to treatment response, and better outcomes.
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CLINICAL POINTS

• Identification of heterogeneous treatment response in clinical subgroups may 

lead to improved medication selection.

• Long-acting injectable (LAI) antipsychotic medications are important options 

ensuring medication delivery in schizophrenia.

• Although a large NIMH-sponsored study found no difference in effectiveness 

between paliperidone palmitate and haloperidol decanoate (HD), this analysis 

found HD more effective among younger patients, warranting further research 

into age effects.
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Figure 1. 
Primary outcome. Survival analysis of Paliperidone Palmitate (PP) versus Haloperidol 

Decanoate (HD) stratified by age groups.

Age 18–45 years Log-rank P=.03; Age 46–65 years Log-rank P=.21
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Table 2.

Modification of assigned treatment by groups of interest on efficacy failure. Modified Intent-To-Treat sample 

(N=290).

Predicting Efficacy Failure

χ2
p-value

a

Age (Continuous Years) 7.2597 0.009

Gender 0.1287 0.7198

Substance Use Disorder 0.1387 0.7096

Race 2.2666 0.1322

PANSS (Median split) 0.8281 0.3628

BARS (Median split) 0.5102 0.4750

a
=Adjusted for Baseline PANSS Score and Site

BARS: Brief Adherence Rating Scale; PANSS: Positive and Negative Syndrome Scale
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Table 5.

Sensitivity analysis of differences between assigned treatments within each subgroup.

Subgroup Haloperidol Paliperidone p-value*

Age (M, SD) 45.01 (12.34) 42.61 (12.57) 0.21

Female (N, %) 35 (24.14) 39 (26.90) 0.85

Race (N, %) 0.93

 African American 85 (62.04) 88 (61.54)

 White 52 (37.96) 55 (38.46)

Substance Use Disorder (N, %) 36 (24.83) 36 (24.83) 1

PANSS Median Split (N, %) 0.73

 Lower 78 (53.79) 65 (44.83)

 Upper 67 (46.21) 80 (55.17)

BARS Median Split (N, %) 0.87

 Lower 92 (63.45) 95 (65.52)

 Upper 53 (36.55) 50 (34.48)

*
Differences between prevalence of assigned LAI for each subgroup.
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