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Abstract
Schizophrenia presents a substantial clinical and economic
burden to the health-care system. In QUAlity of LIfe with
AbiliFY Maintena (QUALIFY), a randomized head-to-head study
of aripiprazole once-monthly 400 mg (AOM 400) compared
with paliperidone palmitate (PP; 78–234 mg/mo), AOM 400
demonstrated greater improvement in health-related quality
of life and functioning in patients with stable schizophrenia.
The present analysis used health economics assessment
data collected during the QUALIFY study to determine the
direct medical and pharmacy costs and the cost-effectiveness
associated with each treatment over 6 months. Compared
with those receiving PP, patients receiving AOM 400 incurred
significantly lower direct total costs ($8908±186 vs $9675±190,
p=0.005) and treatment costs ($7967±113 vs $8706±116,
p<0.001). Effectiveness results in the subset of patients included
in the cost analyses were similar to the overall population:
mean (95% CI) improvement in Heinrichs-Carpenter Quality
of Life Scale total score was greater with AOM 400 (5.97 [3.87;
8.08]) compared with PP (2.85 [0.56; 5.08]). Likewise, Clinical
Global Impression–Severity improved more in the AOM 400
group (–0.59 [–0.71; –0.47]) compared with PP group (–0.37
[–0.46; –0.27]). Therefore, the analysis of data from stabilized
patients with schizophrenia in the QUALIFY study indicated

Introduction
Schizophrenia is a chronic disease with severe symptoms, often
with onset in early adulthood. If unremitted, the disease has a
negative impact on social functioning and occupational status.
People with schizophrenia are likely to experience depression,
treatment side effects, medical comorbidities, and, for some,
homelessness, all of which are associated with a poor quality
of life [1]. Symptoms of poor emotional control as well as
disorganized thoughts and behavior contribute to the social
stigmatization and impaired cognition that limit employment.
Schizophrenia is also associated with increased risk of violent
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that AOM 400 is associated with lower health-care costs and
greater effectiveness compared with PP and thus represents the
economically dominant strategy.
Keywords: aripiprazole once-monthly, paliperidone palmitate,
schizophrenia, cost-effectiveness, long-acting injectable agents,
second-generation antipsychotic, health economics, patient
functioning.
Abbreviations: AOM 400, aripiprazole once-monthly 400 mg;
BMI, body mass index; CGI-S, Clinical Global Impression–
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and nonviolent crimes, substance use, and early mortality
including suicide. Consequently, the economic and social costs
of schizophrenia are high. In 2013, excess direct health-care
costs accounted for 24% of the $37.7 billion US dollars (USD)
overall cost of schizophrenia in the United States [2]. The rest
of the overall costs consisted of direct non-health-care costs
(law enforcement, research and training, and homeless shelters;
12%) and indirect costs due to unemployment, decreased work
productivity, premature mortality, and caregiving (52%).
The treatment goals for patients with schizophrenia are to
prevent relapse, maximize functioning and quality of life,
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and assist patients in achieving their life goals [3]. Relapse of
schizophrenia symptoms or failure to achieve remission may
result in worse mental and physical function and drive higher
health-care resource utilization as well as direct medical
costs [4–6].
Medication nonadherence is a persistent issue in schizophrenia
and has been associated with greater risk of relapse and
hospitalization, lower quality of life, and higher healthcare costs [4,7]. Nonadherence has also been associated
with increased use of health-care resources, poorer mental
functioning, and less satisfaction with basic needs, social
life, and life in general [8,9]. In a recent large retrospective
claims database analysis, adherence to second-generation
antipsychotics (vs nonadherence) significantly decreased total
costs by almost $20,000 USD per year and reduced the risk of
hospitalization by 27% [10].
Adherence to antispychotic therapy may be improved by
using a long-acting injectable (LAI) formulation. Use of LAI
antipsychotic agents relieves the patient from the responsibility
of a daily medication schedule [11,12] and also requires regular
contact between the patient and health-care professionals,
allowing better monitoring of adherence. A review of mirrorimage studies suggested that LAI antipsychotics were superior
to oral antipsychotics in preventing hospitalization [13].
Similarly, a recent mirror-image study demonstrated that the
use of LAI aripiprazole (prospective data) compared with prior
oral antipsychotics (retrospective data) was associated with
lower 3-month rates of inpatient psychiatric hospitalizations
(2.7 vs 27.1%, respectively; p<0.0001) in a community setting
[14]. In an analysis of a large Medicaid database, initiation of
LAI therapy resulted in significant reductions in all-cause and
mental health–related hospitalizations and significantly lower
direct inpatient costs [15].
In randomized, double-blind, controlled trials, the LAI
aripiprazole once-monthly 400 mg (AOM 400) was shown
to improve symptoms and delay time to relapse compared
with placebo [16]. It also reduced relapse rates compared
with a subtherapeutic dose of AOM 50 mg [17] in patients
participating in randomized, double-blind, controlled trials. The
cost-effectiveness of AOM 400 compared with LAI paliperidone
palmitate (PP) has previously been estimated using a 1-year
decision-analytic model based on dosing and the relapse
rates reported in clinical studies [18]. Compared with PP doses
used in a real-world setting, AOM 400 was associated with
fewer relapses, lower overall treatment cost, and greater
cost-effectiveness.
More recently, in the randomized QUAlity of LIfe with AbiliFY
Maintena (QUALIFY) study, AOM 400 provided significantly
greater improvements in health-related quality of life and
functioning compared with PP [19]. In addition, QUALIFY
also assessed parameters that are important in evaluating
the direct costs associated with treatment and health-care
resource utilization (e.g., dosing frequency, outpatient and
inpatient visits). The objective of the present analysis was to
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conduct a cost-effectiveness comparison of AOM 400 and PP in
patients with schizophrenia from the QUALIFY study using US
cost data.

Methods
Study design
A pharmacoeconomic evaluation was performed alongside a
28-week, randomized, open-label, rater-blinded, multinational,
head-to-head comparative study of AOM 400 and PP in
patients with schizophrenia (NCT01795547). The study
procedures have been presented in detail elsewhere [19].
Briefly, eligible patients were men and women 18 to 60 years
old with stable schizophrenia (diagnosed using Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition, Text
Revision [DSM-IV-TR] criteria [20]) who needed to change
existing oral antipsychotic therapy because of inadequate
efficacy, poor tolerability, or lack of adherence, and who,
based on the investigator’s judgment, may benefit from LAI
treatment. The patients were required to have ≥3 months of
oral antipsychotic treatment and mild to marked illness as
assessed by Clinical Global Impression–Severity (CGI-S) score of
3–5. Exclusion criteria included diagnosis of other psychiatric
or Axis I disorder; intolerance or lack of efficacy with oral
aripiprazole, risperidone, or paliperidone; or use of an LAI
in the 6 months before screening [19]. Randomized patients
underwent a conversion period in which they received either
oral aripiprazole or oral paliperidone, followed by a transition
to intramuscular (IM) formulations according to the prescribing
information for 5 weeks. Thereafter, IM injections of AOM 400
(dose reduction to 300 mg was permitted based on individual
patient tolerability) or PP (flexible dosing per label, 78–234 mg/
mo) once every 4 weeks were continued for 20 weeks.
Health-related quality of life and functioning, the primary
end point of the study, was assessed using HeinrichsCarpenter Quality of Life Scale (QLS), a 21-item scale that
covers the following domains: Intrapsychic Foundations,
Interpersonal Relations, Instrumental Role, and Common
Objects and Activities [21]. Effectiveness outcomes used in this
pharmacoeconomic evaluation included mean change from
baseline to week 28 in QLS total score (primary end point) and
in CGI-S. Health-care resource use from the QUALIFY study
was monetized in terms of the US payer perspective, including
direct medical and nonmedical costs and drug acquisition costs.

Assessments and statistical analyses
A study-specific form, the health economic assessment (HEA)
questionnaire, was used to collect health-care resource
utilization data across the 28-week study, including oral
conversion and LAI initiation periods; the questionnaire was
administered at the final study visit. This standardized form
captured consultation visits with primary care physicians
and psychiatrists as well as contact with other health-care
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providers, such as psychologists and nurses. Data from other
outpatient services, such as those provided by day-care
centers or group therapy, and inpatient services associated
with hospitalizations were also collected. Contacts with
health-care providers mandated by the study protocol were
not included. The data sources and unit costs used for this
pharmacoeconomic analysis are presented in Table 1 [22–24].
Total cost outcomes (least squares mean per treatment group)
were then estimated from an analysis of covariance model,
including geographic region (Europe vs North America) and
treatment as fixed effects as well as cost incurred during the
6 months before study entry and study drug exposure time
as covariates.
Incremental cost-effectiveness ratios were used to estimate
the additional cost of 1 unit of health outcome (point on the
QLS or CGI-S scale) gained by a treatment compared with
the alternative [25]. To evaluate the uncertainty, incremental
effectiveness and incremental cost estimates were displayed on
the cost-effectiveness plane [26]; 95% confidence intervals (CIs)
for incremental effectiveness and cost were calculated using

Table 1.

Unit costs (USD) for health-care
resource use.

Resource type

Unit cost
(USD)

Physician (per visit) [22]
General practitioner

62.0

Psychiatrist

50.2

Cardiologist

68.2

Ear-nose-throat

65.5

Gastroenterologist

72.2

Dermatologist

51.4

Other health-care professionals (per contact) [22]
Psychologist

81.9

Nurse

49.4

Physiotherapist

69.5

Occupational therapist

82.1

Social worker

148.7

a bootstrapped, bias-corrected, accelerated nonparametric
procedure with 10,000 iterations [27].
The prespecified pharmacoeconomic analyses were conducted
using data from patients who, besides QLS, had at least one
valid postbaseline assessment of the HEA questionnaire.
Baseline patient characteristics were presented as frequencies
and percentages for categorical variables and as means and
standard deviations for continuous parameters. As was done
for the primary analysis of the QUALIFY study, effectiveness
outcomes (mean QLS and CGI-S score change from baseline)
were analyzed using a mixed model for repeated measures
with an unstructured covariance matrix including baseline
score-by-visit interaction, geographic region (Europe vs North
America), visit, and treatment-by-visit interactions as fixed
effects. All statistical analyses were performed using SAS
version 9.4 (SAS Institute, Cary, NC, USA).

Results
Data from HEA were available for 125 patients treated with
AOM 400 and 122 patients receiving PP, representing 92% of
the overall QUALIFY efficacy population (Figure 1). Baseline
characteristics for this subset of the QUALIFY population are
presented in Table 2.
Most patients in the AOM 400 group were treated with the
400-mg dose (mean ± SE, 388.1±2.5 mg in the sample included
in HEA analysis). The mean ± SE dose of PP in the HEA analysis
sample was 177.8±2.9 mg, with most patients receiving 156- or
234-mg doses.
Total costs were significantly lower for AOM 400 than PP
(p=0.005; Table 3). The cost of AOM 400 treatment during the
QUALIFY study was approximately 9% lower (p<0.001) than
the cost of PP treatment, whereas the costs associated with
services delivered by health-care professionals and inpatient
or outpatient providers did not differ significantly between
treatment groups (Table 3).

Figure 1. Patient disposition in the QUALIFY study.
Screened: N=381

Community-based day services (per contact/
session) [22]
Day-care center

79.0

Group therapy

45.9

Sheltered workshop

14.6

Inpatient services (per stay)
Acute psychiatric ward [24]

6160.0

Psychiatric rehabilitation ward [24]

4988.0

Long-stay ward [23]

12,815.9

Emergency/crisis center (per day) [22]

88.9

USD, US dollars.
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Randomized: N=295

Aripiprazole once-monthly 400 mg:
n=148

Paliperidone palmitate:
n=147

FAS: n=136

FAS: n=132

≥1 postbaseline HEA assessment:
n=125

≥1 postbaseline HEA assessment:
n=122

Full-analysis set included patients who had at least one
valid postbaseline assessment of the Heinrichs-Carpenter
Quality of Life Scale.
FAS, full-analysis set; HEA, health economics assessment.
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Table 2. Characteristics of patients included in the
cost analysis.
Characteristic

Mean ± SD age, y
Male, n (%)
Race, n (%)
White
Black/African
American
Asian
Other
Unknown
Mean ± SD baseline
BMI, kg/m²
Marital status, n (%)
Single
Married/living as
a couple
Separated/
divorced
Widowed
Employment status,
n (%)
Paid employment
or self-employed
Unemployed
Student
Retired
Other
Mean ± SD baseline
severity scores
QLS total score
CGI-S score

Aripiprazole
once-monthly
400 mg (n=125)
42.8±11.1
74 (59.2)

Paliperidone
palmitate
(n=122)
41.7±10.7
68 (55.7)

87 (69.6)
37 (29.6)

83 (68.6)
33 (27.3)

1 (0.8)
0 (0.0)
0 (0.0)
30.0±6.3

3 (2.5)
2 (1.6)
1 (0.8)
29.0±6.3

88 (70.4)
18 (14.4)

83 (68.0)
19 (15.6)

18 (14.4)

15 (12.3)

1 (0.8)

5 (4.1)

19 (15.2)

10 (8.2)

56 (44.8)
3 (2.4)
26 (20.8)
21 (16.8)

60 (49.2)
4 (3.3)
20 (16.4)
28 (22.9)

66.4±21.8
4.0±0.7

63.3±21.4
3.9±0.6

Among patients included in the cost analysis, mean QLS total
score improved by more than twice as much with AOM 400
than with PP (Table 4). The mean (95% CI) change in QLS total
score for patients treated with AOM 400 was 5.97 (3.87; 8.08)
compared with 2.85 (0.56; 5.08) with PP. For effectiveness based
on CGI-S, results also favored AOM over PP (Table 4), with mean
(95% CI) change in CGI-S scores of –0.59 (–0.71; –0.47) with AOM
400 compared with –0.37 (–0.46; –0.27) with PP.
Cost-effectiveness analysis using change in QLS and CGI-S
scores from baseline as effectiveness measures indicated that
AOM 400 dominated PP; AOM 400 demonstrated greater
effectiveness at lower costs compared with PP over the 28week study period.
Figure 2 depicts the distribution of incremental costs and
incremental effects on the cost-effectiveness plane. A
majority of the points fell in the southeast quadrant of the
cost-effectiveness plane, which represents negative costs and
positive effects, thus indicating dominant cost-effectiveness.
The cost-effectiveness acceptability curves for both QLS and
CGI-S indicated that AOM 400 was the treatment of choice
over PP.

Discussion
The head-to-head design of the QUALIFY study allows the
robust analysis of relative costs and effectiveness for AOM 400
compared with PP in stable patients with schizophrenia. In
the present analysis of data collected from QUALIFY, the total
medical costs related to AOM 400 were lower than those with
PP, resulting mainly from significantly lower treatment costs.
AOM 400 also demonstrated effectiveness benefit over PP, with
greater improvement in QLS and CGI-S outcome measures.
Cost-effectiveness analysis predicted that, whatever the
willingness-to-pay threshold, AOM 400 was the economically
dominant strategy compared with PP.

BMI, body mass index; CGI-S, Clinical Global Impression–
Severity; QLS, Heinrichs-Carpenter Quality of Life Scale;
SD, standard deviation.

Table 3.
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Second-generation LAIs, including AOM 400 and PP, have
previously been shown to reduce resource utilization and
associated costs, particularly inpatient hospitalization,

Total and disaggregated costs over 6 months.*

Cost in US
dollars, LSM ± SE

Aripiprazole once-monthly
(n=125)

Paliperidone palmitate
(n=122)

Cost difference

p Value

Total

8908±186

9675±190

–767

0.005

Treatment

7967±113

8706±116

–739

<0.001

Outpatient

275±71

395±72

–120

0.238

Inpatient

230±81

93±82

+137

0.237

LSM, least squares mean; SE, standard error.
*Total cost outcomes were estimated from an analysis of covariance model, including geographic region (Europe vs North
America) and treatment as fixed effects as well as cost incurred during the 6 months before study entry and study drug
exposure time as covariates. Patients in QUALIFY had stable disease at study entry.
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Table 4.

drugsincontext.com

Cost and effectiveness outcomes.

Mean
(bootstrapped 95% CI)

Total cost, USD

Effectiveness (change in QLS
total score)

Effectiveness (change in
CGI-S)

Aripiprazole once-monthly

8909

5.97

–0.59

(n=125)

(8444; 9369)

(3.87; 8.08)

(–0.71; –0.47)

Paliperidone palmitate

9675

2.85

–0.37

(n=122)

(9129; 10,235)

(0.56; 5.08)

(–0.46; –0.27)

Difference

–766

3.12

–0.22

(–1230; –304)

(0.12; 6.18)

(–0.37; –0.07)

CGI-S, Clinical Global Impression–Severity; CI, confidence interval; QLS, Heinrichs-Carpenter Quality of Life Scale;
USD, US dollars.

Figure 2.

A

Cost-effectiveness planes for aripiprazole
once-monthly 400 mg compared with
paliperidone palmitate for (A) QLS and
(B) CGI-S.

Cost-effectiveness plane - Total costs ($) & QLS change from baseline
4000
3000
2000
1000

–12

–8

–4

0

0

4

8

12

–1000
–2000
–3000
–4000
B

Cost-effectiveness plane - Total costs ($) & CGI-S change from baseline
4000
3000
2000
1000

0.6

0.4

0.2

0
0.0
–1000

–0.2

–0.4

–0.6

–2000
–3000
–4000

Scatter plots of bootstrapped incremental costs
and effect pairs presented on the incremental costeffectiveness plane. The southeast quadrant of the
cost-effectiveness plane indicates negative costs and
positive effects, thus representing the dominant strategy.
CGI-S, Clinical Global Impression–Severity;
QLS, Heinrichs-Carpenter Quality of Life Scale.

compared with oral antipsychotics [14,15,28–30]. Increased
cost of treatment with LAIs compared with oral antipsychotics
partially or completely offsets savings in resource utilization.
In the current study comparing two second-generation LAIs,

the difference in treatment costs between AOM 400 and PP
drove the difference in total direct costs. Treatment costs were
estimated based on actual dosing during the study. QUALIFY
was designed to reflect real-world conditions, and dosing
of both LAIs could be adjusted based on tolerability and
effectiveness during the study. Most patients in the AOM
400 group were treated with the 400-mg dose, and those
in the PP group were treated with 156- or 234-mg doses.
These dosing scenarios align closely with published dosing
scenarios seen in clinical trials and real-world treatment
[16,31,32].
Effectiveness per QLS and CGI-S measures in the current analysis
was consistent with data reported for the full QUALIFY study
patient population [19]. In the QUALIFY primary analysis, the
least squares mean treatment difference in QLS total score was
4.67 (95% CI: 0.32, 9.02; p=0.036), demonstrating noninferiority
per prespecified criteria and meeting the superiority criteria for
AOM 400 compared with PP. Likewise, in the full sample, the
least squares mean difference between treatment groups for
CGI-S was −0.28 (−0.48; −0.09, p=0.004) [19].
Although not included in the current analysis, it is important
to note that greater effectiveness of AOM 400 compared with
PP as assessed by both QLS and CGI-S is further supported by
work readiness assessment in QUALIFY using the validated
Work Readiness Questionnaire (WoRQ) [33,34]. WoRQ measures
a patient’s functional capacity to work based on the clinician’s
assessment of seven statements related to the patient’s ability
to adhere to a treatment plan; conduct daily activities; keep
schedules; interact with others; and maintain acceptable
appearance, behavior, and impulse control. At the conclusion
of QUALIFY, the change from baseline in the total WoRQ
score was significantly greater for patients receiving AOM 400
compared with PP. Among patients considered not ready to
work at baseline, a greater percentage of patients treated with
AOM 400 (26.4%) compared with PP (12.2%) were considered
ready to work at week 28 [34]. Although readiness to work
does not directly translate into compensated employment, the
possibility of obtaining employment has potential economic
and quality-of-life implications.
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In many cost-effectiveness analyses, data for different
treatment strategies have been collected from separate
sources, with efforts made to reduce disparities between
data sources [35]. The analysis presented here used data
from a randomized, head-to-head trial that controlled for
variables such as patient characteristics and the measurement
of effectiveness, thus allowing for direct comparison of
therapeutic interventions. Although it would be ideal to
conduct economic analysis in parallel with a clinical trial, clinical
trials often do not provide all of the required economic data.
For example, clinical trials are conducted for relatively short
periods of time, whereas cost-effectiveness decisions typically
require long-term data. In such situations, computer-based
modeling approaches are helpful to predict cost-effectiveness.
Using a decision-analytic model, AOM 400 was demonstrated
to be more cost effective than PP [18]. The present study
complements the simulation method, providing a more
complete picture of cost-effectiveness of AOM 400.
Limitations of this analysis include the use of data from
a randomized controlled clinical trial. Because patients
were enrolled based on select eligibility criteria, the study
population may differ in some aspects from the general
population of patients with schizophrenia. For example,
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patients in the QUALIFY study had stable disease and were
on a stable dose of medication. In addition, patients were
required by protocol to visit the investigator on a regular
basis; therefore, costs may differ from the setting of usual care.
Likewise, the efficacy of a drug observed in a clinical trial under
supervised conditions may not reflect the effectiveness of the
drug in a real-world clinical setting. It should be noted that
the raters of CGI-S (but not QLS) were aware of the patient’s
assigned treatment group. The sample size in this clinical trial
was relatively small compared with a large database analysis.
Furthermore, costs of treatment differ between countries based
on the heterogeneity in treatment patterns, and US-based
costs might not be representative for other countries.

Conclusion
Based on head-to-head results from QUALIFY, AOM 400
treatment provided greater improvement in functional
outcomes at a lower cost compared with PP therapy.
Considering the economic burden of schizophrenia for
individuals and society, cost-effectiveness is a key component
of the treatment decision process. AOM 400 is an economically
dominant strategy over PP for the treatment of patients with
stable schizophrenia in the United States.
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