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Abstract

Background Continuous antipsychotic therapy is recommended as part of long-term maintenance treatment of schizophrenia,
and gaps in antipsychotic treatment have been associated with increased risks of relapse and rehospitalization. Because the
use of long-acting injectable (LAI) antipsychotics may reduce the likelihood of undetected medication gaps, initiating an
LAI medication may affect resource utilization and costs. The LAI aripiprazole lauroxil (AL) was approved in the United
States (US) in 2015 for the treatment of schizophrenia in adults.

Objective The objective of this retrospective observational cohort study was to examine treatment patterns, resource utiliza-
tion, and costs following initiation of AL for the treatment of schizophrenia in adults.

Methods A retrospective analysis of Medicaid claims data identified a cohort of patients (N = 485) starting AL shortly after
Food and Drug Administration approval in October 2015. Treatment patterns, resource utilization, and costs were compared
6 months before and after treatment initiation. Subgroup analyses were conducted based on the type of antipsychotic (LAI,
oral, or none) received before initiation of AL.

Results Over 6 months of follow-up, patients received an average of 4.6 injections out of a maximum of six (77%). After
initiating AL, all-cause inpatient admissions decreased by 22.4%; other significant reductions were observed in mental
health-related admissions and emergency room (ER) visits. All-cause inpatient costs decreased by an average of US$2836
per patient (p < 0.05) in the 6-month post-AL period, whereas outpatient pharmacy costs increased by US$4121 (p < 0.05),
resulting in no significant difference in overall costs between the pre- and post-AL periods. The subgroup of patients who had
been prescribed an oral antipsychotic before starting AL had significant reductions in proportion of patients with inpatient
and ER visits and costs, but also reported a significant increase in pharmacy costs.

Conclusions AL was associated with a significant reduction in inpatient costs and an increase in outpatient pharmacy costs,
resulting in no changes in total healthcare costs over 6 months. The adherence rate and reductions in inpatient use may
indicate the potential for greater clinical stability among patients initiated on AL compared with their previous treatment.

1 Introduction

A leading cause of disability worldwide, schizophrenia was
Peter J. Weiden, Carole D. Gleeson and Ankit Shah: Employed by identified in 2017 as one of the top 20 contributors to years
Alkermes, Inc., at the time this research was conducted. lived with disability among both females and males [1]. At
that time, the prevalence of schizophrenia was estimated at
approximately 20 million and was projected to increase in
a growing and aging global population [2, 3]. Annual total
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Aripiprazole lauroxil (AL) is an atypical long-acting
injectable antipsychotic that was approved in the United
States for the treatment of schizophrenia in adults in
October 2015.

We examined treatment patterns, healthcare resource
utilization and costs before and after initiation of AL for
the treatment of schizophrenia in a cohort started on AL
shortly after US Food and Drug Administration approval.

Results of the study suggest that patients have good per-
sistence with AL and that inpatient costs may be reduced
while outpatient pharmacy costs increase.

The greatest reduction in subsequent inpatient and emer-
gency room use was observed in the subgroup that had
been prescribed an oral antipsychotic before starting AL.

large disease burden including shortened life expectancy,
high rates of lifetime disability, and growing economic costs
[6]. The total excess annual direct medical cost per patient
with schizophrenia insured by Medicaid has been estimated
at US$23,455 (US$ 2013) [6].

Continuous antipsychotic therapy is widely recommended
to be part of long-term maintenance treatment of schizo-
phrenia, where delaying or preventing relapse is an essential
treatment goal. Conversely, discontinuation and disruptions
in antipsychotic therapy are major risk factors for symptom
exacerbation and relapse [7-10]. Unfortunately, both inten-
tional and inadvertent medication discontinuation are fre-
quent events over the course of long-term treatment. Further,
these medication interruptions during oral therapy often go
undetected in clinical practice [11, 12]. Given the potentially
dire consequences of relapse, encouraging patients to remain
on antipsychotic therapy represents an important long-term
goal in schizophrenia management [10, 13, 14]. This is a
significant challenge, given that as many as 75% of patients
discontinue their antipsychotic at some point within 2 years
of hospital discharge [15—17]. While there is no single solu-
tion to this problem, long-acting injectable (LAI) antipsy-
chotics, relative to their oral counterparts, may reduce the
likelihood of unintentional medication gaps. LAI medica-
tions also provide reliable information to the physician as to
the actual adherence status from one visit to the next. That
is, failure to appear or accept the LAI antipsychotic alerts
the clinician that nonadherence is occurring as an issue in
real time [18-20]. While improved adherence is a goal of
treatment with LAI antipsychotics, it is also important to
understand the impact on resource utilization and costs.

Aripiprazole lauroxil (AL) is an atypical LAI antipsy-
chotic that was approved in the US for the treatment of
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schizophrenia in adults in October 2015 [21]. The objective
of this study was to examine early experience (i.e., less than
2 years after approval) with AL in schizophrenia, including
treatment patterns of AL use and healthcare resource utili-
zation and costs in the 6 months before and after initiation
of AL therapy.

2 Methods
2.1 Data Source

This retrospective, observational cohort study utilized
administrative claims data from the MarketScan® Multi-
State Medicaid Database spanning the period between April
1, 2015, and December 31, 2017. This database contains the
pooled healthcare experience of approximately 47.3 million
Medicaid enrollees, living in multiple geographically dis-
persed states between 1999 and 2017, including 13.5 mil-
lion lives in 2017. Each patient record contains longitudinal
data including inpatient services, outpatient services, and
prescription drug claims, as well as information on long-
term care and other medical care. All database records are
statistically de-identified and certified to be fully compli-
ant with US patient confidentiality requirements set forth
in the Health Insurance Portability and Accountability Act
(HIPAA) of 1996. Because this study used only de-identified
patient records and did not involve the collection, use, or
transmittal of individually identifiable data, it was exempted
from institutional review board approval. All study data were
obtained using International Classification of Diseases, 9th
and 10th Revision, Clinical Modification (ICD-9-CM and
ICD-10-CM) codes, Healthcare Common Procedure Coding
System (HCPCS) codes, and National Drug Codes (NDCs).

2.2 Patient Selection

Patients included in the study met the following inclusion
criteria:

e Aged 18 years and over

e At least one claim for one of the AL dose strengths avail-
able between October 1, 2015, and June 30, 2017 (i.e.,
441 mg, 662 mg, or 882 mg)

e At least one claim with a diagnosis code for schizophre-
nia (ICD-9-CM: 295.xx, 298.9; ICD-10-CM: F20.x,
F25.x, or F29) on or during the 12 months before the
first claim for AL

e Continuous enrollment with medical, pharmacy, and
mental health and substance abuse coverage for at least
6 months before (baseline period) and 6 months after
(follow-up period) the date of the first pharmacy or medi-
cal claim for AL (hereafter termed the “index date”)
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Patients with dual Medicaid/Medicare enrollment cover-
age during their baseline or follow-up period were excluded
to ensure that all healthcare claims could be tracked through
Medicaid data.

2.3 Demographic and Clinical Characteristics

Baseline demographic characteristics were assessed on the
index date. Clinical characteristics were assessed during the
6-month baseline period, including mental health conditions
and physical comorbidities using the Deyo-Charlson Comor-
bidity Index (DCI) [22] and non-antipsychotic psychiatric
medication use. The DCI, an administrative claims-based
modification of the Charlson Comorbidity Index, is an
aggregate measure of comorbidity expressed as a numeric
score that serves as a proxy for overall patient health status;
larger scores are associated with a higher comorbidity bur-
den [22].

2.4 Treatment Patterns

Treatment patterns for AL were measured during the
6-month follow-up period and included total number of
AL injections received over the 6-month follow-up period,
duration of AL exposure, proportion of days covered (PDC),
proportion of patients who discontinued, and time to discon-
tinuation. For the 6-month follow-up period, we assumed a
monthly prescribing cadence and therefore used six injec-
tions as representative of the maximum number of injections
that could have been received.

At the time the data for this study were collected, there
were four approved dosage regimen options for AL: 441
mg, 662 mg, or 882 mg administered monthly or an 882-
mg dose every 6 weeks. Initiation of AL at the time the
study was conducted required 21 consecutive days of oral
aripiprazole to be given in conjunction with the first AL
injection. Once AL is started, missed dose guidance per the
labeling for Aristada injection intervals notes if and when
patients are late for their next AL injection, the 441-mg
injection can extend up to 6 weeks after the last injection
(e.g., an additional 2 weeks on a monthly schedule) and the
662-mg and 882-mg injections can extend up to a total of
8 weeks (e.g., an additional 4 weeks for patients on a
monthly schedule and 2 weeks for patients on an every
6-week schedule). These intervals were used in determin-
ing time until discontinuation.

The duration of drug exposure was calculated as the sum
of the days with medication on board, including the maxi-
mum length of time permitted before re-starting with oral
supplementation is required (i.e., 45 days for 441 mg admin-
istered monthly, 60 days for 662 mg administered monthly,
and 882 mg administered monthly or every 6 weeks). PDC
was defined as the duration of drug exposure divided by

the length of the follow-up (180 days). Discontinuation was
defined as the absence of a subsequent AL claim after the
maximum permissible interval for the previous AL dose.
Time to discontinuation was defined as the number of days
from the index date to the end of the last treatment interval;
patients who did not discontinue treatment over follow-up
were censored at 6 months (180 days).

2.5 Healthcare Resource Utilization and Costs

All-cause and mental health—related healthcare resource uti-
lization, including inpatient services (inpatient admissions
and length of stay), outpatient services (emergency room
[ER] visits, physician office visits, laboratory tests, radiol-
ogy tests, and miscellaneous healthcare services performed
in an outpatient setting), and outpatient pharmacy claims,
were measured over the 6-month baseline and follow-up
periods. Utilization or costs were classified as mental health
related if they corresponded to (1) medical claims with a
diagnosis code for mental health and related conditions (pri-
mary position); (2) medical claims with HCPCS codes for
antipsychotics, antidepressants, anxiolytics/hypnotics/seda-
tives, central nervous system (CNS) stimulants, anticholin-
ergic agents, or antimanic drugs; or (3) outpatient pharmacy
claims (NDCs) for antipsychotics, antidepressants, anxio-
lytics/hypnotics/sedatives, CNS stimulants, anticholinergic
agents, or antimanic drugs. Medical services were defined
as mental health related based on HCPCS codes for drug
therapies. Associated costs were calculated in US dollars.
All dollar estimates were inflated to 2017 dollars using the
Medical Care Component of the Consumer Price Index [23].

2.6 Subgroup Analyses

Subgroup analyses were conducted according to type of
antipsychotic medication patients were on during the 60 days
prior to the first AL injection. Specifically, patients were
assigned subgroups as follows: (1) at least one LAI antipsy-
chotic claim (with or without an oral antipsychotic claim) in
the 60 days preceding the index AL date (“recent LAI antip-
sychotic™); (2) at least one oral antipsychotic claim without
any LAI antipsychotic claim in the 60 days preceding index
(“recent oral antipsychotic”); and (3) claims for neither an
LAI nor oral antipsychotic in the 60 days preceding index
(“no recent antipsychotic”). LAI antipsychotic claims were
based on injection given, whereas oral claims represent pre-
scription fills. All outcome measures were assessed for the
total cohort as well as by subgroup.

2.7 Statistical Analysis

Categorical variables were presented as the count and per-
centage in each category, and continuous variables were
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summarized by mean and standard deviation (SD). Differ-
ences between baseline and follow-up utilization and cost
measures were analyzed using two-sided paired ¢ tests or
Mann-Whitney tests, as appropriate. Because the study
used a within-patient (pre-versus-post) design, each patient
served as their own control with no adjustment for covari-
ates. Differences in baseline characteristics between sub-
groups defined by prior antipsychotic use were tested using
chi-squared tests for categorical variables and Student’s 7 test
or analysis of variance for continuous variables. An alpha
level of 0.05 was used to determine statistical significance
for all tests.

3 Results
3.1 Baseline Characteristics

A total of 485 patients met the inclusion criteria for the
analysis (Fig. 1). Among all patients, the mean (SD) age
was 35.3 (12.1) years, and 58.1% were male (Table 1). Both
mental and physical comorbidities were common.

In the 60 days prior to initiating AL, 217 patients (44.7%)
had filled a prescription for an LAI antipsychotic other than
AL, 195 patients (40.2%) had filled a prescription for an oral
antipsychotic only, and 73 patients (15.1%) had not filled
any antipsychotic prescription (Table 1). During baseline,
the proportions of patients with prescriptions for antide-
pressants or for anxiolytics, hypnotics, or sedatives differed
significantly between subgroups (p = 0.011 and p < 0.001,
respectively). For both categories, proportions were low-
est among patients with no recent antipsychotic use. No
other significant differences in baseline characteristics were
observed between subgroups (Table 1).

3.2 Treatment Patterns After AL Initiation

The most common initial dose of AL was 882 mg (48.0%)
followed by 662 mg (35.9%) and 441 mg (16.1%) (Table 2).

Among all patients, the mean number of doses (injec-
tions) received during the 6-month follow-up period was
4.6 (77% of a maximum six injections possible during the
follow-up period, assuming a monthly cadence as per the
prescribing information). Over 40% (43.5%) received six or
more AL injections. Patients had an average of 136.0 days
of drug exposure out of a possible 180 days, which resulted
in a mean (SD) PDC of 0.76 (0.31) (Table 2). By the end
of the follow-up period, 34% of all patients had either dis-
continued or missed an AL injection visit. The mean (SD)
time to discontinuation among all patients was 133.4 (59.6)
days (Table 2).

Treatment patterns varied by prior antipsychotic expo-
sure. Significant differences between groups were observed
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Patients with 21 claim for aripiprazole lauroxil between October 1, 2015, and
June 30, 2017; first claim was assigned as the index date

N=1,228
|\ * J
4 1\
AND 218 years old as of the index date
N=1,191
(. J
4 * 1\

AND 21 claim with a diagnosis of schizophrenia on or in the 12 months
prior to the index date

N =853

v

AND continuous Medicaid enrollment with mental health and substance
abuse coverage for 26 months before (baseline period)
and after (follow-up period) the index date

N =485

v

AND without any claims for aripiprazole lauroxil prior to October 1, 2015, or
Medicare/Medicaid dual enroliment during the baseline or follow-up periods

All Patients: N = 485

[ Antipsychotic usage in the 60 days preceding the index date. J

A 4

LAI Oral None
N =217 (44.7%) N =195 (40.25%) N =73 (15.1%)

Fig. 1 Patient selection. LA/ long-acting injectable antipsychotic

in number of doses during follow-up (p = 0.001), proportion
of patients receiving at least six doses of AL (p < 0.001),
PDC (p = 0.039), and duration of AL exposure (p = 0.039).
Patients who had been prescribed an LAI antipsychotic in
the 60 days before starting AL went on to receive a larger
mean number of AL doses, with a greater proportion receiv-
ing six or more, compared with patients in the recent oral
antipsychotic or no recent antipsychotic subgroups (Table 2).
Patients with recent LAI antipsychotic exposure also had
a relatively longer mean duration of exposure and higher
PDC with AL than patients in other subgroups (Table 2).
Proportions of patients with prescriptions for antidepres-
sants and for anxiolytics, hypnotics, or sedatives differed
significantly between subgroups in the follow-up period (p
= 0.004 and p < 0.001, respectively). For both medication
categories, proportions were lowest among patients with no
recent antipsychotic use.

3.3 Healthcare Resource Utilization

Table 3 summarizes patterns of all-cause and mental
health—related healthcare resource utilization in the 6-month
period before versus after initiation with AL, for the total
cohort and by subgroup. Supplemental Figure S1 displays
the net change in utilization from baseline to follow-up,
overall and by subgroup (see the electronic supplemen-
tary material). Below, we summarize trends for all-cause
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Table 1 Patient characteristics at baseline
Recent antipsychotic use? All patients
N =485
Recent LAI Recent oral None P value
N=217 N=195 N=73
Age, mean (SD) 354 (11.6) 34.7 (12.5) 36.3 (12.6) 0.594 35.3 (12.1)
Male, n (%) 134 (61.8) 105 (53.8) 43 (58.9) 0.265 282 (58.1)
Race, n (%) 0.732
White 98 (45.2) 88 (45.1) 30 (41.1) 216 (44.5)
Black 94 (43.3) 79 (40.5) 33 (45.2) 206 (42.5)
Hispanic 5(2.3) 4(2.1) 0(0.0) 9(1.9)
Other/unknown 20(9.2) 24 (12.3) 10 (13.7) 54 (11.1)
DCI, mean (SD) 0.6 (1.0) 0.6 (1.0) 0.5 (1.3) 0.759 0.6 (1.1)
Mental health-related comorbidities, n (%)
Major depressive disorder 68 (31.3) 76 (39.0) 19 (26.0) 0.086 163 (33.6)
Anxiety or panic disorder 59 (27.2) 65 (33.3) 17 (23.3) 0.194 141 (29.1)
Drug dependence 34 (15.7) 29 (14.9) 11 (15.1) 0.974 74 (15.3)
Alcohol dependence 13 (6.0) 16 (8.2) 2(2.7) 0.252 31(6.4)
Psychiatric medication use, n (%)
Antidepressants 138 (63.6) 141 (72.3) 39 (53.4) 0.011 318 (65.6)
Anxiolytics/hypnotics/sedatives 112 (51.6) 120 (61.5) 18 (24.7) < 0.001 250 (51.5)
Anticholinergic agents 84 (38.7) 66 (33.8) 19 (26.0) 0.134 169 (34.8)
Mood stabilizers 72 (33.2) 73 (37.4) 21 (28.8) 0.375 166 (34.2)
CNS stimulants 22 (10.1) 16 (8.2) 34.1) 0.274 41 (8.5)

Statistically significant values are in bold

AL aripiprazole lauroxil, CNS central nervous system, DCI Deyo-Charlson Comorbidity Index, LAI long-acting injectable, SD standard deviation

“Recent antipsychotic use was in the 60-day period prior to initiation of AL

Table 2 Treatment patterns after initiation of aripiprazole lauroxil (AL)

Recent antipsychotic use

All patients

N =485
Recent LAI Recent oral None P value
N=217 N=195 N=173
Initial AL dosage strength given?, n (%) < 0.001
441 mg 19 (8.8) 51(26.2) 8 (11.0) 78 (16.1)
662 mg 93 (42.9) 57 (29.2) 24 (32.9) 174 (35.9)
882 mg"” 105 (48.4) 87 (44.6) 41 (56.2) 233 (48.0)
PDC, mean (SD) 0.79 (0.29) 0.72 (0.32) 0.74 (0.33) 0.039 0.76 (0.31)
Number of doses during follow-up, mean (SD) 5.0 (2.1) 4.3 (2.1) 4.3 (2.2) 0.001 4.6 (2.1)
Proportion of patients receiving > 6 doses of AL 116 (53.5) 72 (36.9) 23 (31.5) < 0.001 211 (43.5)
Duration of AL exposure in days, mean (SD) 143.0 (53.0) 129.0 (58.4) 133.6 (60.2) 0.039 136.0 (56.6)
Proportion of patients who discontinued, n (%) 63 (29.0) 78 (40.0) 24 (32.9) 0.062 165 (34.0)
Time to first discontinuation in days, mean (SD)° 58.1 (30.0) 579 (33.2) 449 (25.9) 0.164 56.1 (31.2)

Statistically significant values are in bold

LAI long-acting injectable, PDC proportion of days covered, SD standard deviation

“No patients initiated at a dose of 1064 mg as it was not yet approved during the years in which the analysis was conducted

"The 882-mg dose was assumed to be the 4-week dose for all patients

¢Among patients who discontinued AL (n = 134)
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inpatient, outpatient, and prescription drug utilization. Men-
tal health—related healthcare utilization is described only if
markedly different from all-cause utilization.

3.3.1 Inpatient Utilization

Among all patients, the mean number of all-cause inpatient
admissions per patient decreased significantly from 0.6 to
0.5 (22.4%) between the baseline and follow-up periods (p =
0.017) (Table 3; Supplemental Figure S1, see the electronic
supplementary material). This decrease seems to have been
driven by the recent oral antipsychotic subgroup, as the dif-
ferences in the other two subgroups were not statistically
significant. Among patients with recent oral antipsychotic
use, there was a statistically significant reduction in the pro-
portion of patients with an all-cause inpatient admission
(from 36.9% to 26.2%; p = 0.007) and the mean number
of admissions (from 0.7 to 0.5; p = 0.027), as well as a
38.5% reduction in average length of stay (from 3.7 to 2.3
days; p = 0.004). The proportion of patients with a men-
tal health—related inpatient admission (p = 0.037) and the
number of admissions per patient (p = 0.011) were also sig-
nificantly lower in the 6-month period after compared with
before AL initiation, again likely driven by changes observed
in patients with recent oral antipsychotic use (Table 3). This
patient subgroup also had statistically significant reduc-
tions in proportion of patients with a mental health-related
inpatient admission (p = 0.002), mean number of mental
health—related admissions per patient (p = 0.046), and aver-
age length of mental health-related stay (p = 0.010).

3.3.2 Outpatient Utilization

Although there were no statistically significant differences
in the utilization of all-cause outpatient services before and
after AL initiation overall (Supplemental Figure S1, see the
electronic supplementary material), the recent oral antipsy-
chotics subgroup experienced a significant decrease in the
proportion of patients with at least one all-cause ER visit
after AL initiation (from 53.8 to 44.6%; p = 0.029). The
proportion of patients with at least one mental health—related
ER visit decreased significantly in the overall population,
from 40.0 to 34.6% (p = 0.025, Table 3). This decrease was
likely driven by the subgroup with recent oral antipsychotic
use, as this subgroup had a statistically significant reduction
in this measure from 47.7 to 37.4% (p = 0.014).

3.3.3 Outpatient Prescription Drug Utilization
The mean number of all-cause prescription fills increased

significantly from 32.3 to 36.0 between baseline and follow-
up (p < 0.001).
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3.4 Healthcare Costs

Supplemental Table S1 summarizes patterns of all-cause and
mental health—related healthcare costs in the 6-month period
before versus after initiation with AL (see the electronic sup-
plementary material). Figure 2 displays the net change in
costs from baseline to follow-up, overall and by subgroup.
Below, we summarize trends for all-cause inpatient, out-
patient, and prescription drug costs. Mental health-related
healthcare costs are described only if markedly different
from all-cause costs.

3.4.1 Inpatient Costs

Across the full cohort, mean all-cause inpatient costs
decreased from US$6121 to US$3284 (p = 0.036; Fig. 2)
and mean mental health—related inpatient costs decreased
from US$4333 to US$2803 (p = 0.005) in the 6-month
period after AL initiation compared with the 6 months
before. All three prior antipsychotic subgroups had lower
mean all-cause and mental health-related inpatient costs
after AL initiation. The cohort with recent oral antipsychotic
use showed the greatest cost savings and was the only sub-
group with a statistically significant reduction in mental
health—related inpatient costs (US$5831 to US$3322, p =
0.007; Supplemental Table S1 and Figure S1.

3.4.2 Outpatient Services Costs

Mean all-cause outpatient services costs did not change
significantly between the baseline and follow-up periods
overall or within any prior treatment subgroup (Fig. 2).
However, mental health—-related outpatient services costs
increased from US$5739 to US$6358 for the full cohort
over the 6-month follow-up period (p = 0.008; Supplemen-
tal Table S1, see the electronic supplementary material).
Among patients with recent oral antipsychotic use, all-cause
ER visit costs decreased significantly from baseline to fol-
low-up, from US$508 to US$358 (p = 0.022).

3.4.3 Outpatient Prescription Drug Costs

Mean all-cause outpatient prescription costs increased from
US$5443 to US$9565 for the full cohort between the base-
line and follow-up periods (p < 0.001). Increases in outpa-
tient prescription costs were observed in all subgroups (all
p < 0.001) and were highest among patients with no recent
antipsychotic use and lowest among patients with recent LAI
antipsychotic use.
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3.4.4 Total Healthcare Costs

When examined overall, there was no significant change in
all-cause total costs between the baseline and follow-up peri-
ods (Supplemental Table S1, see the electronic supplemen-
tary material). Mental health—related total costs increased
from US$14,695 to US$17,720 from baseline to follow-up
(p < 0.001), driven by increases in outpatient services and
prescription drugs. Increases in these categories were driven
by the recent oral antipsychotic subgroup and the no recent
antipsychotic use subgroup. No subgroup demonstrated a
statistically significant difference in all-cause total costs. In
sum, costs were observed to shift from inpatient services in
the baseline period to outpatient prescriptions in the follow-
up period with no change in total costs.

4 Discussion

This real-world, claims-based study compared treatment
patterns, healthcare utilization, and costs among Medicaid-
insured patients with schizophrenia 6 months before and
6 months after initiating AL. Over the 6-month follow-up
period, patients received on average 4.6 injections of AL
and were persistent for 133.4 days, which translates to drug
exposure over 77% of the follow-up period. Results indicated
that patients initiating AL experience significant reductions
in all-cause and mental health—related inpatient admis-
sions and proportion of patients with mental health-related
ER visits. Overall, there was no significant change in total

All-cause costs

$5,192
B 51,767

| $236

I 54,121
I $1,990

I 5,262
$6,414*

I 2,307

| $155
il 3576
— 1 $1,204
1 3482

OP services OP prescription Total net costs

healthcare costs between the baseline and follow-up peri-
ods. Though pharmacy costs increased after initiating AL,
this was offset by a reduction in inpatient costs. While the
initiation of AL was neutral in terms of overall healthcare
costs and resource utilization, the reduction in inpatient
admissions suggests that the change to AL may have had
additional benefits outside the scope of this study, consider-
ing that patients with schizophrenia who are stable on LAI
antipsychotic medication may also experience improvements
in quality of life and social, occupational, and psychological
functioning [26] and may have a reduced risk of relapse [27].

The stability in total healthcare costs in the overall study
sample was also observed in the individual subgroups
defined by type of antipsychotic received in the 60 days
prior to AL initiation (recent LAI antipsychotic, recent oral
antipsychotic, or no recent antipsychotic). All three sub-
groups had a significant increase in mental health-related
outpatient prescription costs after initiating AL, while total
all-cause expenditures were unchanged. For each subgroup,
mental health—-related inpatient costs were numerically lower
in the follow-up period compared with baseline, although
the change reached significance only for those patients in
the recent oral antipsychotic subgroup. The patients in that
subgroup had significantly reduced resource-intensive acute
care (inpatient and ER), while outpatient pharmacy services
were increased. Several factors may have contributed to the
observed differences in reductions in inpatient costs between
subgroups. Patients with recent oral antipsychotic use may
have been initiating an LAI antipsychotic because they were
not stable on their current medication, and for these patients,
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a reduction in undetected medication gaps can result in
greater stability and decreased need for hospitalization [8].
Indeed, that subgroup experienced significantly reduced
all-cause and mental health-related inpatient admissions
in the follow-up period. These findings are supported by
results of other real-world studies that assessed healthcare
costs associated with initiating once-monthly paliperidone
palmitate. It was reported that post paliperidone palmitate
switch, a decrease in inpatient costs was offset by an increase
in pharmacy costs, resulting in similar total costs compared
to pre-switch [24, 25]. A study examining costs 6 months
before versus after a switch from an oral medication to
once-monthly aripiprazole monohydrate similarly reported
increased pharmacy costs and reduced hospital costs [28].
In contrast with the recent oral antipsychotic subgroup,
patients using LAI antipsychotics prior to initiating AL were
already benefiting from uninterrupted antipsychotic treat-
ment during the baseline period, which may have accounted
for the lack of a significant reduction in inpatient costs in the
follow-up period. A similar result was reported in one of two
studies that used a 6-month pre/post design to assess costs
associated with a switch from paliperidone palmitate once
monthly to every 3 months [29]; inpatient costs and total
overall costs were significantly reduced in the second study
[30]. Various factors may account for the lack of significant
reduction in inpatient healthcare utilization for the no recent
antipsychotic subgroup. The patients in the no recent antip-
sychotic subgroup may have been less severely ill, requiring
fewer services before or after initiating AL, or they may have
been as ill as patients in the other subgroups but not seek-
ing the services they needed. Taken together, the subgroup
analysis results suggest that greater reductions in healthcare
resource utilization after initiating AL could potentially be
expected in less clinically stable or more severely ill patients.
Adherence to therapy with AL in the current study was
similar to or exceeded adherence reported after a switch
from oral antipsychotics to once-monthly paliperidone
palmitate in two published studies that used the 6-month
pre/post design [24, 25]. Other studies on adherence with
LAI antipsychotics for the treatment of schizophrenia have
assessed longer follow-up periods. One previous analysis
found that 50% of Medicaid-insured schizophrenia patients
initiating an LAI antipsychotic had discontinued treatment
by 6.5 months and 63.2% had discontinued by 1 year [31].
Another study compared patients initiating typical and atypi-
cal LAI antipsychotics and reported that patients initiating
an atypical LAI antipsychotic had a mean (SD) PDC of
0.521 (0.297) over 1 year [32]. In our study of AL initia-
tors, immediate discontinuation was low—only 13.8% of the
cohort received a single administration over follow-up—and
estimated adherence was 0.76 (a mean of 136 days) over
the 6-month follow-up period. Comparisons should be inter-
preted with caution, however, due to potential differences

A\ Adis

in data sources, dosing intervals, and period of follow-up.
Patients with the best adherence with AL—based on number
of doses in 6 months, PDC, and rate of discontinuation—
were those in the recent LAI antipsychotic use subgroup.
The higher adherence rates observed among those patients
with recent LAI antipsychotic use in our study suggests that
adherence and persistence may improve once patients are
comfortable and committed to the injections and the deci-
sion to change LAI antipsychotic could be based on toler-
ability or efficacy [33-35]. Patients with recent LAI antipsy-
chotic use also tended to maintain their existing healthcare
resource utilization patterns after initiating AL. This sug-
gests that these patients have committed and/or accepted
an LAI antipsychotic as a mode of administration for their
antipsychotic therapy.

Together with the previous literature, these results show a
reproducible trend in healthcare utilization and cost burden
moving away from inpatient care with the introduction of an
LAI antipsychotic. Moreover, our findings suggest that this
trend is maintained among patients with prior LAT antip-
sychotic exposure. These results from patients initiated on
AL immediately following Food and Drug Administration
(FDA) approval indicate that patients stay on the drug, and
that AL—with its availability of multiple dosage strengths
and administration timing—may reduce reliance on inpatient
utilization for management of schizophrenia, particularly
among patients transitioning from an oral antipsychotic.

4.1 Limitations

The primary limitation of this study was that the
MarketScan® Multi-State Medicaid Database does not cap-
ture inpatient medication use, and, consequently, inpatient
AL use was not included in this analysis. It is therefore pos-
sible that we underestimated the number of total AL admin-
istrations and overestimated discontinuation if patients con-
tinued to receive AL during a hospital stay. In particular,
there were 67 patients with a recorded discontinuation who
also experienced an inpatient hospitalization over the follow-
up period. Depending on timing, these patients may have
received an AL injection during their inpatient admission,
which would not have been detected given the limitations of
the study database, resulting in an underestimation of time
on therapy.

Another limitation of the study was that the coding sys-
tem used to identify diagnoses changed in the middle of
our patient identification period. Specifically, AL was first
approved for use by the FDA on October 5, 2015. Our selec-
tion criteria required that patients had an appropriate diagno-
sis within 12 months prior to the initial AL prescription, and
therefore the identification period for a schizophrenia diag-
nosis spanned the period from October 1, 2014, to June 30,
2017. The US Department of Health and Human Services



Real-World Outcomes and Costs with Aripiprazole Lauroxil for Schizophrenia

1133

mandated that all entities covered by the HIPAA transition
from using ICD-9 diagnosis codes to ICD-10 codes as of
October 1, 2015. ICD-9 diagnosis codes were used for all
claims of service until September 30, 2015, and after that
date, ICD-10 codes were used. Therefore, we had to map
ICD-9 codes to the closest ICD-10 codes available to ensure
the patients were comparable between the two periods.

This study used data from Medicaid-insured patients, and
the findings may not be generalizable to patients without
insurance or with other types of insurance. This being said,
the database was selected because more than half of patients
with schizophrenia report being insured through Medicaid
[36]. In addition, variables such as disease severity, over-the-
counter medication use, and patient health behavior are not
captured and therefore could not be measured or included
in our analyses. Further, although the within-patient com-
parisons facilitated by the pre/post study design avoid the
need to adjust for patient-related factors, the design does not
take into account patients’ health-related changes over time
and, in particular, that patients may start a new medication
for schizophrenia during an exacerbation of symptoms or a
relapse, a time when resource use and costs are likely to be
high [37].

At the time this study was conducted, AL was new to the
market. The time frame of this study captured experience
with AL within 20 months of FDA approval. As clinicians
gain more experience with any treatment, one might expect
changes in how the treatment is used. Also, clinicians using
AL shortly after approval might have different characteris-
tics than those who wait to prescribe a new therapy. Like-
wise, patient characteristics or dosing decisions may change
with greater cumulative experience. Therefore, the results of
this study may not apply in the future, as more experience
with AL accrues. Furthermore, there are now two additional
formulations of AL available: a dose of 1064 mg, introduced
for use as a 2-month dose interval option, and Aristada Ini-
tio, given as a one-time injection and used in combination
with oral aripiprazole to start AL treatment. Future studies
should examine treatment patterns, resource use, and costs
once these formulations are assimilated into practice.

A final note is that overall direct cost estimates such as
this one do not acknowledge the “real-world” challenges
when budgets are organized in silos. For example, this analy-
sis found that inpatient costs decreased and pharmacy costs
increased. The neutrality in total costs may be of little com-
fort or interest to those responsible for managing (outpatient)
pharmacy budgets. While not a limitation of the methods per
se, the fragmentation of US payers and cost-shifting chal-
lenges are well known and may limit the usefulness of this
information to payers organized in silos. On the other hand,
in the absence of a fragmented system, the use of LAI antip-
sychotics has the potential to improve outcomes for patients
(i.e., through fewer hospitalizations) without added costs.

5 Conclusions

This cohort of patients who initiated AL shortly after its
approval were able to remain on it over the majority of the
6-month time window assessed in this analysis, with patients
receiving 77% of the theoretical maximum six injections
for a monthly LAI antipsychotic schedule. Patients experi-
enced a reduction in inpatient utilization and costs, mental
health-related ER utilization, and an increase in pharmacy
costs in the 6-month period after AL initiation compared
to the 6-month period before initiation. These differences
offset each other, resulting in no significant change in total
healthcare costs. Patients who used oral antipsychotics
before starting AL (versus another LAI antipsychotic) had
the greatest reduction in inpatient use and costs and there-
fore may represent opportunity for improved clinical ben-
efits (reductions in hospitalizations) without additional costs.
Taken together, the adherence rate and reduction in inpatient
admissions and costs may indicate greater clinical stability
for patients. Further epidemiologic and economic studies
with longer follow-up periods are required to explore how
more experience with AL may impact its use or the types of
patients who are selected for therapy.
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