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Purpose: Major depressive disorder (MDD) is a chronic mental disorder with a substantial
clinical and economic burden. Despite the efficacy of adjunctive atypical antipsychotics
(AAP) for augmentation in patients with major depressive disorder (MDD) who failed first-
line antidepressant therapy (ADT), little is known of the impact of AAP choices on
healthcare resource use and costs in real-world practice. Therefore, this study compared real-
world healthcare utilization and costs in patients with MDD treated with brexpiprazole or
extended-release (XR) quetiapine as adjunctive treatment to ADT.

Patients and methods: Adults with MDD starting adjunctive treatment with brexpiprazole
(n=844) or extended-release (XR) quetiapine (n=688) were identified in the adjudicated
health plan claims data (07/2014 — 09/2016). Resource use and healthcare costs in the 6
months following treatment initiation were compared between non-matched populations, and
between propensity score-matched groups, and by multivariable regression analyses.
Results: During follow-up, unadjusted all-cause hospitalization (6.6% vs 12.5%) and ED
visits (17.0% vs 27.5%) were lower with brexpiprazole compared to quetiapine XR (both
p<0.001). Brexpiprazole-treated patients had significantly lower mean medical costs (US
$6,421 vs US$8,545, p=0.0123) but higher mean pharmacy costs (US$7,401 vs US$4,691,
p<0.0001) than quetiapine XR-treated patients did. Total healthcare costs were not signifi-
cantly different between the two cohorts. Propensity score-matched comparisons of 397
patients in each cohort showed no statistically significant difference in all-cause hospitaliza-
tion, ED visits, and total healthcare costs; and significantly lower medical costs (US$5,719 vs
US$8,602, p=0.0092) but higher pharmacy costs (US$7,091 vs US$5,091, p=0.0007) in
brexpiprazole compared to quetiapine XR. In multivariable regressions, brexpiprazole was
associated with 16.1% lower medical costs (p=0.0186) and 9.4% higher total healthcare costs
(p=0.0463) as compared to quetiapine XR.

Conclusion: Significantly lower medical costs were observed in patients with MDD treated
with brexpiprazole vs quetiapine XR.

Keywords: atypical antipsychotic agents, comparative effectiveness research, health care
utilization, healthcare costs, propensity score matching

Introduction

Major depressive disorder (MDD) is a chronic mood disorder that affects over
300 million people or 4.4% of the world’s population." In the United States (US),
16 million adults or 6.9% of the adult population had at least one major depressive
episode in 2012. The condition disproportionately affects female adults 35 years or
older.” MDD is a leading cause of the global disease burden in terms of disability,
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measured in terms of years lived with disability and dis-
ability-adjusted life years.* In the US, MDD resulted in
significant economic burden and almost 400 million dis-
ability days per year.”® In 2010, the incremental economic
burden of individuals with MDD was estimated at US
$210.5 billion, with 45%-47% attributable to direct costs,
and 48%-50% to workplace costs.’

Pharmacotherapy plays an important role in MDD. The
American Psychiatric Association recommends the use of
an antidepressant medication, such as a selective serotonin
reuptake inhibitor (SSRI), serotonin-norepinephrine reup-
take inhibitor (SNRI), tricyclic or tetracyclic antidepressant,
or atypical antidepressant, as an initial treatment choice for
patients with mild-to-moderate MDD.” For patients with
severe MDD, the combination of psychotherapy and anti-
depressant medication is recommended as an initial treat-
ment of choice. For patients with minimal improvement
after initial treatment, switching to an antidepressant from
the same pharmacological class to one from a different class
or augmenting the antidepressant with other agents such as
lithium, thyroid hormone or an atypical antipsychotic med-
ication (AAP) has shown to be effective in improving
depressive symptoms.’ Results from STAR*D, a large clin-
ical trial of 2,876 evaluable patients with at least moderate
depression, show that only one-third of patients experience
their first
citalopram.*'® Among patients who did not achieve suffi-

remission  with antidepressant treatment,
cient response and switched to a different antidepressant,
810 The

increased economic burden associated with inadequate

approximately 25% became symptom-free.

treatment response and an increasing number of unsuccess-

=13 4n addition to the limited

ful antidepressant trials,
responses and low remission rates, highlight the unmet
need for effective treatment in patients with inadequate
response to initial antidepressant therapy.

Abundant evidence from prospective, controlled clinical
trials supports the use of adjunctive treatment of antidepres-
sants with AAPs, including olanzapine, risperidone, aripipra-
zole, extended-release quetiapine, ziprasidone, lurasidone,14
and the recently approved drug, brexpiprazole,'® for patients
with MDD.'®!” Multiple meta-analysis studies from published
clinical trials (up until 2010) also show that the use of adjunc-
tive AAPs was significantly more effective than placebo or
antidepressant therapy alone in terms of achieving remission
or clinical response.'® 2! Use of adjunctive AAP in patients
with MDD also shows significant reductions in all-cause, and
MDD-related hospitalizations and ED visits despite increases
in pharmacy fills and physician office visits,”> and early

treatment — within the first year of first antidepressant therapy
or within six months of evidence of inadequate therapy — is
associated with significantly lower all-cause cost™ and greater
reduction in hospitalization and overall medical costs** com-
Three AAPs,
aripiprazole (2007), extended-release quetiapine (2009), and

pared to delayed treatment. including
brexpiprazole (2015), are approved by the FDA as an adjunc-
tive treatment for MDD.>*2® Despite their efficacy, little is
known of the impact of AAP choices for the treatment of
MDD on healthcare resource use and costs in real-world
practice.

Brexpiprazole (Rexulti®) is a serotonin-dopamine activity
modulator that is a partial agonist at 5-HT; 4 and dopamine
D, receptor, and an antagonist at 5-HT,, and adrenergic
alpha,p»c receptors, all at similar potency.>’** The drug was
recently approved in the US as adjunctive therapy to antide-
pressant therapy (ADT) for the treatment of MDD and the
treatment of schizophrenia in 2015.%° Extended-release que-
tiapine (Seroquel XR®™) and its active metabolite, N-desalkyl
quetiapine (norquetiapine) are partial agonists at 5-HT », and
antagonists at 5-HT,, 5-HT,., dopamine D,, histamine Hj,
and adrenergic alphay, receptors.’ The drug was approved in
2009 as adjunctive therapy to an antidepressant for the treat-
ment of MDD and previously, for the treatment of schizophre-
nia, manic or mixed episode bipolar I disorder, and depressive
episode bipolar disorder.®® In this study, we described real-
world healthcare resource use and cost associated with adjunc-
tive use of brexpiprazole in comparison to quetiapine XR in
patients with MDD. Brexpiprazole was selected because of its
recent approval for this indication while quetiapine XR was
selected as a comparator as it is a branded product that is FDA

approved for indications similar to brexpiprazole.

Materials and Methods
Database

This retrospective study utilized patient-level data from
IQVIA Real-World Data — US Adjudicated Claims (for-
merly known as PharMetrics Plus) between July 2014 and
September 2016. The database contains adjudicated medi-
cal, and pharmacy claims for more than 150 million unique
enrollees from approximately 60 health plans across the US
and are representative of the US commercially insured
population based on age and sex. Data are de-identified
and comply with the Health Insurance Portability and
Accountability Act (HIPAA). No Institutional Review
Board approval was required for this study.
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Patient Selection

Figure 1 depicts the patient selection process. This study
included adult patients with an MDD diagnosis who were
newly initiated on brexpiprazole or quetiapine XR adjunc-
tive therapy. Patients were included in the study if they had
a pharmacy claim for brexpiprazole or quetiapine XR
between July 10, 2015, and March 31, 2016 (selection
window). The start of the selection window coincides with
the approval date of brexpiprazole in the US. Patients were
also required to have at least 14 days of medication supply
for their index therapy, and at least six months of continuous
health plan enrollment (both medical and pharmacy cover-
age) before and after the first claim for brexpiprazole or
quetiapine XR (the index date). All patients were 18 years
of age or older on the index date, and had at least one
medical claim (outpatient or inpatient) for MDD (ICD-9:
296.2x, 296.3%, 311.x; ICD-10: F32.0-F32.5, F32.9, F33.x)
on or before index date, and at least one additional medical
claim for MDD on a different date at any time during the
study period. Medication supply of index brexpiprazole or
quetiapine XR had to overlap for at least 30 continuous days
with an antidepressant to ensure adjunctive use to ADT.
Patients with a diagnosis of schizophrenia, bipolar disorder,
or dementia-related psychosis, or with a pharmacy claim for
index therapy during the 6-month pre-index period were
excluded from the study (to ensure they were newly treated

with index therapy). Patients with both brexpiprazole and
quetiapine XR pharmacy claims on index date were also
excluded from the study.

Selected patients were categorized into two mutually
exclusive cohorts, based on their index treatment. The hier-
archical selection was applied to identify patients treated
with brexpiprazole first and then quetiapine XR to maximize
the number of patients in the brexpiprazole cohort. Patients
were required to have six months of continuous medical and
pharmacy coverage before their index date (pre-index per-
iod), and six months of continuous medical and pharmacy
coverage following their index date (follow-up period).

Study Measures

Baseline Characteristics

All baseline variables were collected from the index claim
or claims during the 6-month pre-index period. These
included patient demographic and clinical characteristics
(age, sex, geographic region, payer type, plan type, index
treatment prescriber specialty, Charlson comorbidity
index, and comorbid conditions), treatment history (num-
ber of different antidepressant therapies [ADTs] and
classes of ADT used prior to index therapy), and health-
care resource use and costs (MDD-related hospitalizations
and ED visits, and total all-cause healthcare costs). MDD-
related services and costs were identified from claims with
an MDD diagnosis in any position.

Index:
New initiation of brexpiprazole or quetiapine XR

—
T,

6 months of continuous medical and pharmacy
coverage (baseline period)

Measures:

» Patient demographic and clinical
charactenstics

«  Treatment history

* Healthcare resource utilization

+ Total healthcare costs

Figure | Study design.
Abbreviation: Quetiapine XR, Extended-Release Quetiapine.

>

6 months of continuous medical and pharmacy
coverage (post-index penod)

Measures

+ Healthcare resource utilization

+ Healthcare cosls: total, medical,
pharmacy
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Index AAP Treatments

Index daily dosing, number of fills, and days’ supply per
fill during follow-up were reported. Index daily dosing
was calculated from the index prescription (first AAP
prescription) by multiplying the tablet strength determined
from the NDC code for each medication with the quantity
dispensed, then dividing it by the number of days’ supply.

Healthcare Resource Use and Costs

Healthcare resource use and costs were determined from
the medical and pharmacy claims during follow-up.
Medical
a medical benefit) were reported separately from pharmacy

costs (for services/products covered under
costs (drug products covered under a pharmacy benefit).
Medical services and costs were reported for all-cause
hospitalizations, ED visits, physician office visits, infusion
and injectable drugs administered in an outpatient setting,
and other outpatient services.

Statistical Analysis

Unadjusted all-cause healthcare resource use and costs of
patients with MDD who initiated brexpiprazole and those
who initiated quetiapine XR during the 6-month follow-up
were compared using the Chi-square test for proportions
and t-test ANOVA for mean costs. To adjust for baseline
differences between cohorts, we utilized two approaches.
A propensity score matching approach was used to create
two cohorts of similar values of propensity scores con-
structed from the following variables: age, sex, region,
payer type, plan type, prescriber specialty, comorbidity
index, baseline all-cause healthcare cost, and MDD-related
ED visits and hospitalizations, comorbid anxiety and hyper-
lipidemia, and number of ADTs used during pre-index.
Based on the propensity scores, brexpiprazole-treated
patients were matched at 1:1 ratio to quetiapine XR-
treated patients using a greedy nearest neighbor matching
algorithm without replacement.’*>! Standardized differ-
ences (SDD) were calculated to measure the differences in
covariates for unmatched and matched cohorts. Healthcare
resource use and costs were then compared between the
matched cohorts in a similar manner as the unadjusted
analysis. Secondly, generalized linear models with a log
link and gamma distribution were used to confirm the
between non-

differences in all-cause medical costs

matched brexpiprazole and quetiapine XR cohorts.
Demographic characteristics, baseline clinical characteris-
tics, ADT treatment history, and baseline HRU and costs

were included in the multivariable regression models. All

costs were adjusted to the 2016 US dollar using the medical
care component of the Consumer Price Index. A p value of
<0.05 was considered statistically significant for all ana-
lyses. All analyses were conducted using SAS version 9.4
(SAS Institute Inc., Cary, NC).

Results
Non-Matched Cohorts

Baseline Characteristics
A flow diagram depicting sample attrition is shown in
Figure 2. From an initial pool of 3,433 patients with
a pharmacy claim for brexpiprazole and 13,645 patients with
a pharmacy claim for quetiapine XR, the final study popula-
tion comprised of 844 patients newly treated with brexpipra-
zole and 688 patients newly treated with quetiapine XR.
Baseline characteristics of the final study population are
described in Table 1. Brexpiprazole-treated patients were
slightly older than quetiapine XR-treated patients (mean
(SD) age: 47.2 (12.7) years vs 44.7 (14.4) years. The
majority of patients in both cohorts had commercial
(57.5% vs 47.7%) or self-insured employer-sponsored
(38.9% vs 29.4%) health insurance; however, the propor-
tions of brexpiprazole-treated patients with Medicaid or
Medicare health insurance were lower than that of quetia-
pine XR-treated patients (Medicaid: 3.0% vs 19.2%;
Medicare: 0.6% vs 3.8% for brexpiprazole and quetiapine
XR, respectively). Although most patients in both cohorts
were enrolled in a PPO plan (87.0% vs 70.1%), there was
a larger proportion of quetiapine XR-treated patients
(27.3%) in an HMO plan, compared to brexpiprazole
(7.7%). A larger proportion of brexpiprazole-treated
patients was seen by a psychiatrist when starting the index
treatment compared to those starting quetiapine XR (46.8%
vs 30.4%, p<0.0001). Before starting the AAP treatment,
patients treated with brexpiprazole appeared to have fewer
comorbidities (comorbidity index: 0.48 vs 0.70), fewer
MDD-related ED visits (0.07 vs 0.12) and MDD-related
hospitalizations (0.09 vs 0.20) but incurred similar all-
cause healthcare costs during the pre-index period (US
$12,082 vs US$12,462) compared to quetiapine XR.
Patients in both cohorts used, on average, 1.8 ADTs during
the pre-index period. The most commonly used ADTs prior
to brexpiprazole were atypical antidepressants (eg, bupro-
pion, trazodone, nefazodone; 54.4%), followed by SNRIs
(46.2%) and SSRIs (45.3%), while the most commonly
used ADTs prior to quetiapine XR were SSRIs (57.9%),
followed by atypical antidepressants (44.0%) and SNRIs
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Figure 2 Sample attrition.
Abbreviations: AAP, Adjunctive Atypical anti-Psychotic; MDD, Major Depressive
Disorder; Quetiapine XR, Extended-Release Quetiapine.

(37.1%). Common comorbid conditions, including anxiety
disorders, hypertension, hyperlipidemia, and diabetes, were
similar in the two cohorts.

Brexpiprazole and Quetiapine XR Use

Patients in the brexpiprazole cohort were initiated on either
1 mg (45.5%), 2 mg (39.1%), or 0.50 mg (11.8%) per day. Over
one-third of patients (34.6%) in the quetiapine XR cohort was
initiated on low-dose 50 mg quetiapine XR per day; 30.4%
were initiated on 150 mg quetiapine XR per day. Other starting
daily doses of quetiapine XR were 300 mg (11.0%), 200 mg
(9.7%), and 100 mg (7.7%). During follow-up, patients filled
3.9 (SD 2.4) prescriptions for brexpiprazole, with a mean (SD)
of 31.4 (7.6) days per brexpiprazole fill, and 3.7 (SD 2.6)
prescriptions for quetiapine XR, with a mean (SD) of 33.1
(13.2) days per quetiapine XR fill (Table 2). Based on the
number of pharmacy fills, patients were treated with brexpi-
prazole or quetiapine XR for approximately 4 months.

Healthcare Resource Use

Healthcare resource use after starting AAP treatment is
summarized in Table 3. There was a lower proportion of
patients with an all-cause hospital stay and ED visit for
any reason during the 6-month post-index period in the
brexpiprazole cohort (hospitalization: 6.6% vs 12.5%,
p<0.0001; ED visit: 16.9% vs 27.5%, p<0.0001, for brex-
piprazole and quetiapine XR, respectively). The mean
numbers of all-cause hospitalizations (0.10 vs 0.21,
p=0.0002) and ED visits (0.30 vs 0.55, p<0.0001) per
patient during follow-up were also lower with brexpipra-
zole. Almost all patients (>97%) in both cohorts had at
least one physician office visit during follow-up. The
higher mean number of all-cause physician office visits
(14.89 vs 12.57, p=0.0008) was observed with brexpipra-
zole compared to quetiapine XR. Pharmacy fills (35.61 vs
35.03, p=0.6146) were similar between the two cohorts.

Healthcare Cost

Medical and pharmacy costs, stratified by treatment, during
follow-up in the non-matched cohorts are summarized in
Figure 3A. Little difference existed in the mean total health-
care costs (medical and pharmacy costs) per patient between
brexpiprazole and quetiapine XR. The mean (SD) total
healthcare costs were US$13,821 (US$15,543) for brexpi-
prazole and US$13,235 (US$22,293) for quetiapine XR. The
mean (SD) medical costs were US$6,421 (US$13,055) for
brexpiprazole and US$8,545 (US$19,939) for quetiapine
XR, revealing $2,214 (95% CI. US$2,124, US$3,785)
lower medical costs in patients treated with brexpiprazole
compared to quetiapine XR. The mean (SD) pharmacy costs
were US$7,401 (US$7,564) for brexpiprazole and US$4,691
(US$8,314) for quetiapine XR, or US$2,710 (95% CI: 1,914,
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Table | Baseline Characteristics Before and After Matching
Baseline Non-Matched Matched
Characteristics
Brexpiprazole | Quetiapine | P value | SDD Brexpiprazole | Quetiapine | P value | SDD
(N=844) XR (N=397) XR
(N=688) (N=397)
Demographic Characteristics
Age in years, mean (SD) 47.2 (12.7) 44.7 (14.4) 0.0002 0.1714 | 46.3 (12.9) 46.1 (13.8) 0.8406 0.0063
Sex, n (%)
Female 586 (69.4) 464 (67.4) 0.4042 0.0428 265 (66.8) 265 (66.8) 1.0000 0.0000
Geographic region, n (%) 0.0038 0.1879 04111 0.0410
Northeast 140 (16.6) 95 (13.8) 56 (14.1) 54 (13.6)
Midwest 246 (29.1) 231 (33.6) 123 (31.0) 118 (29.7)
South 405 (48.0) 293 (42.6) 190 (47.9) 194 (48.9)
West 53 (6.3) 69 (10.0) 28 (7.1) 31 (7.8)
Primary payer®, n (%) <0.0001 | 0.6009 0.8431 0.0645
Commercial 485 (57.5) 328 (47.7) 231 (58.2) 230 (57.9)
Self-insured 328 (38.9) 202 (29.4) 140 (35.3) 135 (34.0)
Medicaid 25 (3.0 132 (19.2) 22 (5.5) 26 (6.5)
Medicare 5 (0.6) 26 (3.8) 4 (1.0 6 (1.5)
Other I (0.12) 0 (0.0) 0 (0.0) 0 (0.0)
Plan type, n (%) <0.0001 | 0.5433 0.1877 0.1022
HMO 65 (7.7) 188 (27.3) 40 (10.1) 51 (12.8)
PPO 374 (87.0) 482 (70.1) 343 (86.4) 336 (84.6)
Other 45 (5.3) 18 (2.6) 14 (3.5) 10 (2.5)
Clinical Characteristics
Index treatment prescriber 0.3637 0.0418
specialty, n (%)
Psychiatrist 395 (46.8) 209 (30.4) <0.0001 156 (39.3) 160 (40.3) 0.7456
Primary care 76 (9.0) 11 (l6.1) <0.0001 45 (11.3) 40 (10.1) 0.4751
Other 373 (44.2) 368 (53.5) 0.0003 196 (49.4) 197 (49.6) 0.9379
CCl, mean (SD) 0.48 (0.98) 0.70 (1.34) 0.0002 —0.1649 | 0.51 (1.06) 0.52 (1.08) 08101 —0.0496
Selected comorbidities,
n (%)
Anxiety 472 (55.9) 414 (60.2) 0.0938 —0.0862 | 229 (57.7) 230 (57.9) 0.9443 —0.0051
Asthma 59 (7.0) 71 (10.3) 0.0200 —0.1186 | 27 (6.8) 36 (9.1) 0.2249 —0.0840
Diabetes 98 (11.6) 94 (13.7) 0.2277 —0.0618 | 45 (11.3) 46 (11.6) 0.9081 —0.0079
Epilepsy 14 (1.7) 29 (4.2) 0.0026 —0.1518 | 6 (1.5) 12 (3.0) 0.1573 —0.1017
Hepatitis/liver disease 4 (0.5) 17 (2.5) 0.0008 —0.0750 | 2 (0.5) 4 (1.0 0.3173 0.0294
Hyperlipidemia 229 (27.1) 170 (24.7) 0.2824 0.0553 104 (26.2) 106 (26.7) 0.8703 —0.0114
Hypertension 254 (30.1) 205 (29.8) 0.8991 0.0065 124 (31.2) 110 (27.7) 0.2593 0.0774
Insomnia 81 (9.6) 117 (17.0) <0.0001 | —0.2195 | 38 (9.6) 66 (16.6) 0.0032 —0.2102
Peripheral vascular 4 (0.5) 10 (1.5) 0.0451 —0.1004 | 1 (0.3) 6 (1.5) 0.0588 —0.1350
disease
Treatment History
No. ADTs used before 1.8 (0.9) 1.8 (0.9) 0.0873 0.0803 1.8 (0.9) 1.8 (0.9) 0.6660 —0.0371
index, mean (SD)
(Continued)
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Table | (Continued).

Baseline Non-Matched Matched
Characteristics
Brexpiprazole | Quetiapine | P value | SDD Brexpiprazole | Quetiapine | P value | SDD
(N=844) XR (N=397) XR
(N=688) (N=397)
Classes of prior ADTs
used (n, %)
Tricyclic/tetracyclic 117 (13.9) 131 (19.0) 0.0062 —0.1400 | 52 (13.1) 79 (19.9) 0.0072 —0.1840
MAOQI 9 (1.1 2 (0.3) 0.0737 0.0946 I (0.3) 1 (0.3) 1.0000 0.0000
SSRI 382 (45.3) 398 (57.8) <0.0001 | —0.2539 | 190 (47.9) 224 (56.4) 0.0146 —0.1721
SNRI 390 (46.2) 255 (37.1) 0.0003 0.1863 172 (43.3) 157 (39.5) 0.2948 0.0768
Atypical antidepressant | 459 (54.4) 303 (44.0) <0.0001 | 0.2080 212 (53.4) 180 (45.3) 0.0280 0.1617
Other antidepressant” 5 (0.6) 0 (0.0 0.0432 0.1092 3 (0.8) 0 (0.0) - 0.1234
Baseline HRU and costs
No. MDD-related ED 0.07 (0.31) 0.12 (0.41) 0.0037 —0.1447 | 0.09 (0.37) 0.07 (0.30) 0.3594 0.0599
visits, mean (SD)
No. MDD-related 0.09 (0.40) 0.20 (0.55) <0.0001 | —0.2897 | 0.12 (0.49) 0.10 (0.36) 0.6101 —0.0423
hospitalizations, mean (SD)
All-cause healthcare cost | $12,082 $12,462 0.7408 0.2793 $11,756 $12,797 0.5773 0.2223
(US$), mean (SD) ($19,788) ($25,234) ($22,418) ($29,699)

Notes: *Due to the small number, patients with Medicare, Medicaid, or Other payer types were grouped in the same category for the purpose of propensity score matching.
®Other antidepressant includes antidepressant fixed dose combination and antidepressant-antipsychotic fixed dose combination.

Abbreviations: ADT, Antidepressant Therapy; HMO, Health Maintenance Organization; PPO, Preferred Provider Organization; POS, Point of Service; CCl, Charlson
Comorbidity Index; MAOI, Monoamine Oxidase Inhibitor; MDD, Major Depressive Disorder; SD, Standard Deviation; SDD: Standardized Difference; SSRI, Selective

Serotonin Reuptake Inhibitor; SNRI, Serotonin-Norepinephrine Reuptake Inhibitor.

US$3,506) higher in patients treated with brexpiprazole.
Medical costs were further assessed for inpatient and out-
patient care (Figure 3B). Hospitalization cost was $1,299
(95% CI. US$135, US$2,464) lower with brexpiprazole.
The costs associated with ED visits and other outpatient
services were also lower with brexpiprazole compared to
quetiapine XR; the cost associated with ED visits was US
$182 (95% CI: US$52, US$311) lower, and that associated
with other outpatient services was US$907 (95% CI: US$71,
US$1,744) lower. The cost of physician office visits was
higher in patients treated with brexpiprazole (US$336 [95%
CIL: US$101, US$507)).

The lower medical cost in the brexpiprazole cohort was
confirmed in the regression model controlling for baseline
characteristics and healthcare resource use. Medical cost of
a brexpiprazole-treated patient was 16.1% lower than that of
a quetiapine XR-treated patient (exponentiated coefficient =
0.839; 95% CI: 0.725, 0.971; p=0.0186). The total healthcare
cost of a brexpiprazole-treated patient was 9.4% higher than
that of a quetiapine XR-treated patient (exponentiated coeffi-
cient = 1.094; 95% CI: 1.001, 1.196; p=0.0463). Other factors
significantly associated with lower medical and total costs

included “other” payer type (reference: commercial payer),
‘other plan type (reference: HMO), epilepsy and liver disease
comorbid conditions, and higher MDD-related office visits
prior to treatment initiation. Older age, high comorbidity
index, and a higher number of all-cause office visits were
associated with higher costs (Table 4).

Matched Cohorts

Baseline Characteristics

A total of 397 patients in each treatment group were
matched. Following the match, the two cohorts were well-
balanced on all baseline characteristics (Table 1). The
mean age of patients in the matched cohorts was 46
years; the majority were female (67%), with similar health
insurance payers and plan types. The largest proportion of
patients had commercial health insurance (58%) and were
enrolled in a PPO plan (86.4% of brexpiprazole cohort and
84.6% of quetiapine XR cohort). Matched cohorts had
a mean comorbidity index of 0.5, a mean of 0.09 (brexpi-
prazole) and 0.07 (quetiapine XR) MDD-related ED visits
per patient, and a mean of 1.2 MDD-related hospital stay
per patient before starting the index treatment.
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Table 2 Index Dosing and Use of Index Therapy During Follow-Up

Index Treatment Non-Matched Matched
Brexpiprazole Quetiapine XR Brexpiprazole Quetiapine XR
(N=844) (N=688) (N=397) (N=397)
o Index daily dosing (n, %)
g, Quetiapine 50 mg 238 (34.6) 140 (35.3)
)
)
Q L
“QI’ Quetiapine 100 mg 53(7.7) 32 (8.1)
S Quetiapine 150 mg 209 (30.4) 120 (30.2)
N
<
b Quetiapine 200 mg 67 (9.7) 40 (10.1)
N
g Quetiapine 300 mg 76 (11.0) 47 (11.8)
S
E, Quetiapine 400 mg 25 (3.6) 10 (2.5)
g
S Quetiapine 600 mg 10 (1.5) 4 (1.0
7]
tg Other doses® 10 (1.5) 4 (1.0
9
§ Brexpiprazole 0.125 mg I (0.1) 0 (0.0)
£
§ S Brexpiprazole 0.25 mg 9 (I.1) 5(1.3)
28
:90,.3 Brexpiprazole 0.50 mg 100 (11.8) 48 (12.1)
Ea
IS
g g Brexpiprazole | mg 384 (45.5) 173 (43.6)
K
T
%E Brexpiprazole 2 mg 330 (39.1) 161 (40.6)
@
L2
§ Brexpiprazole 3 mg I (1.3) 7 (1.8)
9]
k]
5 Brexpiprazole 4 mg 9 (I.1) 3 (0.8)
o
I
§ No. fills (including index fill), mean (SD) 39 (24) 3.7 (2.6) 39 (2.3) 3.7 (2.6)
x
é Days of medication supply per fill, mean (SD) | 31.4 (7.9) 33.1 (13.2) 31.7 (7.6) 34.0 (14.5)
§ Note: *Less than one percent of patients in the quetiapine XR cohort started the treatment with 25 mg, 75 mg, 450 mg, 800 mg, or 1,200 mg quetiapine XR per day.
3 Abbreviation: SD, Standard Deviation.
)
s
8 Table 3 Healthcare Resource Utilization Over 6-Month Follow-Up
g
% Resource Utilization Non-Matched Matched
)
Ugl Brexpiprazole | Quetiapine P value | Brexpiprazole | Quetiapine P value
:§ (N=844) XR (N=688) (N=397) XR (N=397)
Hospitalization
Patients with 21| all-cause hospitalization, n (%) 56 (6.6) 86 (12.5) <0.0001 | 26 (6.5) 39 (9.8) 0.0924
No. hospital stays, mean (SD) 0.10 (0.43) 0.21 (0.73) 0.0002 0.10 (0.41) 0.14 (0.49) 0.1562
ED visits
Patients with 21 all-cause ED visit, n (%) 143 (16.9) 189 (27.5) <0.0001 | 74 (18.6) 87 (21.9) 0.2512
No.ED visits, mean (SD) 0.30 (0.96) 0.55 (1.39) <0.0001 | 0.33 (1.00) 0.38 (1.16) 0.4920
Physician office visits
Patients with 21| all-cause physician office visits, n (%) | 827 (98.0) 669 (97.2) 0.3368 388 (97.7) 389 (98.0) 0.8063
No.physician office visits, mean (SD) 14.89 (13.85) 1257 (13.13) | 0.0008 | 13.47 (11.30) 13.28 (13.65) | 0.834]
Pharmacy fills
Patients with 21 pharmacy fill, n (%) 844 (100.0) 688 (100.0) 1.0000 397 (100.0) 397 (100.0) 1.0000
No. pharmacy fills, mean (SD) 35.61 (20.56) 35.03 (24.92) 0.6146 34.20 (20.33) 34.06 (24.78) 0.9277

Abbreviations: ED, Emergency Department; SD, Standard Deviation.
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Figure 3 Mean healthcare costs over 6-month follow-up (non-matched). (A) Total, medical, and pharmacy costs. (B) Components of medical costs.

Brexpiprazole and Quetiapine XR Use

Patients in the brexpiprazole matched cohort were initiated
on either 1 mg (43.6%), 2 mg (40.6%), or 0.5 mg (12.1%)
per day. Low dose quetiapine XR (50 mg per day) was
used as the starting dose in 35.3% of matched quetiapine
XR-treated patients. Other starting daily doses of quetia-
pine XR in the matched cohort were 150 mg (30.2%),
300 mg (11.8%), 200 mg (10.1%), and 100 mg (8.1%).
During follow-up, patients had 3.7-3.9 pharmacy fills for
the respective AAP, with a mean medication supply of
32-34 days for each fill (Table 2). Based on the number
of pharmacy fills, patients were treated with brexpiprazole
or quetiapine XR for approximately 4 months.

Healthcare Resource Use

No significant differences in hospitalization, ED visits, or
physician office visits were found between the two treat-
ment cohorts. The proportion of patients with at least one

hospital stay was 6.5% for brexpiprazole and 9.8% for
quetiapine XR. The mean number of hospitalizations per
patient was 0.10 and 0.14 for brexpiprazole and quetiapine
XR, respectively. ED visits were numerically, but not
significantly lower in the brexpiprazole cohort (18.6% vs
21.9% of patients with at least one ED visit and 0.33 vs
0.38 ED visits per patient for brexpiprazole and quetiapine
XR, respectively). The mean number of office visits per
patient were numerically higher in brexpiprazole-treated
patients (13.47 vs 13.28) (Table 3).

Healthcare Cost

Consistent with the non-matched analysis, there was no statis-
tical difference in the mean total healthcare cost per patient
over follow-up between the two matched cohorts. The mean
(SD) total costs were estimated at US$12,810 (US$12,760) for
brexpiprazole and US$13,693 (US$22,845) for quetiapine
XR. The mean (SD) medical costs were US$5,719 (US
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Table 4 Regression Analysis Evaluating the Impact of Brexpiprazole vs Quetiapine XR Adjunctive Treatment on Medical Cost and

Total Healthcare Cost in The Non-Matched Cohorts

Medical Cost Total Healthcare Cost
Variable Exponentiated P value | Exponentiated P value
Parameter Estimate Parameter Estimate
(95% CI) (95% CI)
Augmented AAP Treatment
Brexpiprazole (ref: quetiapine XR) 0.839 (0.725, 0.971) 0.0186 1.094 (1.001, 1.196) 0.0463
Demographic characteristics
Age 1.006 (1.001, 1.012) 0.0180 1.005 (1.002, 1.008) 0.0018
Female (ref: male) 1.077 (0.933, 1.244) 0.3094 1.077 (0.988, 1.175) 0.0915
Geographic region (ref: South)
Northeast 1.078 (0.881, 1.319) 0.4681 1.045 (0.923, 1.175) 0.4867
Midwest 0.952 (0.812, 1.116) 0.5456 0.898 (0.815, 0.989) 0.0292
West 1451 (1.113, 1.892) 0.0059 1.211 (1.031, 1.422) 0.0196
Payer type (ref: Commercial)
Employer-sponsored self-insurance 1.032 (0.892, 1.194) 0.6737 1.021 (0.934, 1.115) 0.6512
Other 0.449 (0.321, 0.627) <0.001 0.680 (0.549, 0.841) 0.0004
Plan type (ref: PPO)
HMO 0.974 (0.727, 1.304) 0.8589 0.928 (0.772, 1.116) 0.4271
Other 0.604 (0.431, 0.847) 0.0034 0.743 (0.605, 0.913) 0.0047
Clinical Characteristics
Index treatment prescriber specialty (ref = Primary care)
Psychiatrist 0.960 (0.773, 1.192) 0.7114 1.018 (0.893, I.16l) 0.7862
Other 1.182 (0.952, 1.467) 0.1304 1.186 (1.040, 1.352) 0.0107
Charlson Comorbidity Index 1.186 (1.108, 1.270) <0.0001 | 1.124 (1.077, 1.172) <0.0001
Comorbid epilepsy (ref: no disease) 0.460 (0.309, 0.683) 0.0001 0.725 (0.569, 0.922) 0.0089
Comorbid asthma (ref: no disease) 0.940 (0.738, 1.198) 0.6187 0.983 (0.847, 1.141) 0.8224
Comorbid hepatitis/liver disease (ref: no disease) 0.657 (0.463, 0.933) 0.0190 0.723 (0.584, 0.895) 0.0029
Comorbid peripheral vascular disease (ref: no disease) 0.896 (0.442, 1.818) 0.7615 0.916 (0.594, 1.413) 0.6911
Treatment History
Prior use of tricyclic/tetracyclic ADT (ref: no prior use) | 1.239 (1.033, 1.487) 0.0212 I.111 (0.995, 1.241) 0.0625
Prior use of SSRI ADT (ref: no prior use) 0.993 (0.855, 1.155) 0.9317 0.970 (0.884, 1.064) 0.5152
Prior use of SNRI ADT (ref: no prior use) 1.022 (0.877, 1.192) 0.7766 1.039 (0.945, 1.142) 0.4294
Prior use of atypical ADT (ref: no prior use) 0.973 (0.850, 1.113) 0.6892 0.999 (0.920, 1.085) 0.9876
Baseline HRU and Cost
No. all-cause office visits 1.039 (1.030, 1.048) <0.0001 | 1.019 (1.014, 1.024) <0.0001
No. all-cause ED visits 1.120 (1.036, 1.210) 0.0044 1.036 (0.990, 1.085) 0.1278
No. all-cause hospitalizations 1.545 (1.253, 1.906) <0.0001 | I.110 (0.981, 1.257) 0.0967
No. MDD-related office visits 0.975 (0.964, 0.986) <0.0001 | 0.987 (0.980, 0.994) 0.0001
No. MDD-related ED visits 0.883 (0.711, 1.096) 0.2592 0.977 (0.856, 1.116) 0.7352
No. MDD-related hospitalizations 0.957 (0.734, 1.247) 0.7437 1.050 (0.905, 1.219) 05178
Pharmacy costs 1.000 (1.000, 1.000) <0.0001
Medical costs 1.000 (1.000, 1.000) <0.0001

Abbreviations: ADT, Antidepressant Therapy; AAP, Adjunctive Atypical anti-Psychotics; 95% Cl, 95% Confidence Interval; ED, Emergency Department; HMO, Health
Maintenance Organization; HRU, Healthcare Resources Utilization; MDD, Major Depressive Disorder; PPO, Preferred Provider Organization; Quetiapine XR, Extended-
Release Quetiapine; SSRI, Selective Serotonin Reuptake Inhibitor; SNRI, Serotonin-Norepinephrine Reuptake Inhibitor.

$10,440) for brexpiprazole and US$8,602 (US$19,378) for
quetiapine XR, or US$2,884 (95% CI: US$721, US$5,046)
lower for brexpiprazole compared to quetiapine XR. The
mean (SD) pharmacy costs were US$7,901 (US$6,278) for

brexpiprazole and US$5,091 (US$9,944) for quetiapine XR,
equating to US$2,001 (95% CI: US$845, US$3,156) higher
for brexpiprazole compared to quetiapine XR. Medical and
pharmacy costs by treatment are summarized in Figure 4A.
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Figure 4 Mean healthcare costs over 6-month follow-up (matched). (A) Total, medical, and pharmacy costs. (B) Components of medical costs.

Costs associated with inpatient and outpatient care among
matched patients are reported in Figure 4B. Compared to
quetiapine XR, brexpiprazole-treated patients had lower
costs associated with hospitalization (US$1,182 lower, 95%
CI: -US$56, US$2,420) and outpatient care (US$1,701 lower,
95% CI. US$159, US$3,244); however, only cost associated
with other outpatient services was statistically different.

Discussion

This study characterized patients with MDD treated with
brexpiprazole shortly after FDA approval in 2015 and
assessed the impact of early adoption of brexpiprazole on
healthcare resource use and costs compared to quetiapine
XR. Our study includes analyses of both non-matched and
PS-matched patient cohorts. The purpose of the analysis of
the non-matched cohorts was to describe how both medi-
cations are utilized in the real-world setting as adjunctive
treatment as intended by healthcare providers without

restricting the populations; therefore, no adjustments
were made for baseline differences in cohorts. Two
adjusted analyses were performed: regression analysis of
the non-matched cohorts and propensity-score matched
comparisons. To the best of our knowledge, this is the
first study comparing healthcare resource use and costs
among patients with MDD newly treated with adjunctive
atypical brexpiprazole compared to quetiapine in the real-
world setting.

In the non-matched analysis, we observed that early
users of brexpiprazole are different from patients treated
with quetiapine XR. We found patients treated with brexpi-
prazole to be slightly younger than patients treated with
quetiapine XR. Relative to quetiapine XR-treated patients,
fewer brexpiprazole-treated patients had Medicare or
Medicaid as a primary payer; and fewer were enrolled in
an HMO insurance plan (most patients in both treatment

groups were enrolled in a PPO plan). Moreover, early
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brexpiprazole prescribing, compared to quetiapine XR, was
more commonly seen among psychiatrists. In general,
before index treatment initiation, patients who started brex-
piprazole had a lower comorbidity index score, fewer
MDD-related ED visits, fewer MDD-related hospitaliza-
tions, but similar healthcare costs, compared to patients
who initiated quetiapine XR. Such differences in demo-
graphic and baseline clinical characteristics between brex-
piprazole- and quetiapine XR-treated patients may be due to
channeling bias, in which newer drugs were preferentially
prescribed to patients with different prognoses.

Despite differences in baseline characteristics among
the non-matched brexpiprazole and quetiapine XR cohorts,
we found that patients in both treatment cohorts were
treated for a similar amount of time before discontinuing
their adjunctive therapy (approximately 4 months) during
the 6-month follow-up period. During this period after
treatment initiation, we found all-cause hospitalization
and ED visits among brexpiprazole-treated patients to be
significantly lower than that of quetiapine XR-treated
patients. Notably, we observed a significantly higher num-
ber of physician office visits and associated costs among
patients treated with brexpiprazole, which could be due to
increased monitoring by physicians when prescribing
a newly available medication. Additionally, it is possible
that higher physician office visits may have contributed to
reductions in hospitalizations or ED utilization by provid-
ing early detection of major depressive episodes and may
be one reason why the lower total medical cost is observed
with brexpiprazole relative to quetiapine XR (US$6,421 vs
US$8,545).

In contrast to the medical cost, we found pharmacy cost
to be 57.8% higher with brexpiprazole (US$7,401 vs US
$4,691). This was likely due to the higher acquisition cost
of brexpiprazole (US$25 per day) compared to quetiapine
XR (US$1.15 per day) at the time of the study (based on
Wholesale Acquisition Cost (WAC) reported by Wolters
Kluwer Medi-Span Price Rx®).**> Despite the higher phar-
macy cost, our findings report similar total healthcare costs
among patients treated with brexpiprazole or quetiapine XR
(US$13,821 vs US$13,235). Additional studies are needed
to confirm this hypothesis. However, these findings in our
real-world populations without matching can be informative
by providing an understanding of how healthcare providers
are utilizing these medications, describes the treated popu-
lation, and services and costs to payers and healthcare
providers. Given the wide range of available augmentation
pharmacotherapies for the treatment of MDD, real-world

evidence such as data from this study can help inform
evidence-based decisions when providers and payers are
selecting augmentation strategies for patients with MDD.

In the adjusted analysis using regression models, we
were able to confirm the significantly lower medical cost
(16.1% lower) in patients treated with brexpiprazole dur-
ing the 6-month follow-up period compared to those trea-
ted with quetiapine XR. However, our regression results
revealed significantly higher total healthcare costs with
brexpiprazole (9.4% higher).

In the analysis of matched patients, we compared health-
care resource use and costs between brexpiprazole- and que-
tiapine XR-treated patients who had similar demographic and
clinical characteristics, MDD severity measured by number of
MDD-related hospitalizations and MDD-related ED visits,
and healthcare resource use and costs prior to treatment initia-
tion, all of which could potentially influence our outcomes
measures during the follow-up period.>**' Results from the
matched analysis were consistent with those from the non-
matched analysis. With well-balanced cohorts, we observed
lower trends in hospitalizations, and ED visits, significantly
lower mean total medical costs, and significantly higher mean
pharmacy costs with brexpiprazole, relative to quetiapine XR.
It is worth noting that despite the large magnitude of difference
in the mean hospitalization costs between brexpiprazole-
treated patients and their matched quetiapine XR-treated
patients (US$1,166 vs US$2,346; 50.3% lower), the difference
did not reach statistical significance. Such observed differ-
ences that did not reach a statistically significant level could
be due to the small sample size (N=397 in each cohort), which
reduces the power of our analysis. An ad hoc power analysis
determined that 514 patients would be needed, assuming an
alpha of 0.05, beta of 0.2, and power of 0.8. Future research
can be conducted to help expand our understanding of brexpi-
prazole and quetiapine XR treatment effects on healthcare
resource use and costs when larger samples of treated patients
become available.

The costs per patient over a 6-month period estimated in
our study are slightly higher than that reported in another
study.®* Wu et al, 2011 estimated the 6-month total medical
costs of a patient with MDD starting escitalopram and
citalopram to be US$4,410 and US$5,752, respectively.
The higher estimated costs in our study may be related to
differences in the patient populations; individuals requiring
augmentation with atypical antipsychotics in our study may
represent a more severe population with higher healthcare
resource utilization, compared to patients initiating escita-
lopram and citalopram in the Wu study.>*
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The results of this study should be interpreted with appro-
priate consideration to limitations inherent to administrative
claims database studies. First, data included in the analysis do
not contain information related to treatment choice for the
atypical antipsychotic and cannot ascertain if patients took
the atypical antipsychotics as prescribed. Second, adminis-
trative claims data are collected for reimbursement purposes
and can be subject to potential misclassification, coding error,
and data entry error. Furthermore, the database consists of
only commercially insured patients; therefore, the study
results may not be generalizable to other insured populations
such as Medicare or Medicaid. Given the substantial preva-
lence of depressive symptoms in older adults,*® particularly
those living in nursing homes,*® and Medicaid-covered
adults and youth,>’® further research in the Medicare and
Medicaid population and long-term care residents may be
warranted. Moreover, only direct medical and pharmacy
costs are available in the database; indirect costs associated
with productivity loss, which can account for as much as
67% of the total cost of care, are not available in the
database.’ Finally, findings from this study provide informa-
tion on treatment patterns and resource use; however, the
treatment paradigm and clinical practice may change over
time as prescribers become more familiar with brexpiprazole.
Nonetheless, the longitudinal claims records do allow for
a more complete view of resource utilization and costs of
healthcare services in patients with MDD.

It is worth noting that in the exploratory matched analysis,
we constructed propensity scores from a selected, but limited
set of baseline variables (matching factors). The purpose of
matching is to ensure similar baseline distribution of matching
factors between the two treatment cohorts and to reduce selec-
tion bias,”® mimicking that of a randomized clinical trial.*’
However, over- or under-adjustment bias could result from the
selection of matching factors. As previously discussed, the
significance level is related to sample size and overmatching
diminishes sample size, leading to reduced statistical power to
detect true differences between the two matched cohorts.*
Over-adjustment and unnecessary adjustment can also mask
true differences and bias results toward the null.*'~** On the
other hand, differences in unadjusted or other unobserved
variables (ie, residual confounding bias) may continue to
exist in the matched cohorts and confound study results.***¢
For example, despite factoring out the differences in patient
baseline clinical characteristics with CCI and proxies for
MDD severity, the more severely ill patients (other conditions
not considered in the CCI calculation or not MDD-related)
might develop on a different trajectory of severity from the

healthier individuals. Similarly, differences regarding health
insurance may be related to a different social background —
unmeasurable in our data — which might have influenced
healthcare resource use and costs.

Conclusions

These findings provide evidence that treatment with
adjunctive brexpiprazole was associated with significantly
lower medical costs, particularly hospitalization-associated
costs, but higher pharmacy costs compared to patients
treated with quetiapine XR. These results were consistent
after adjusting for differences in baseline characteristics.
As newer atypical antipsychotics become available for the
treatment of MDD, the use of these drugs may help reduce
the clinical burden to patients, and the economic burden to
payers. Future research with larger populations should be
performed to confirm the benefits of long-term use of
adjunctive atypical antipsychotics on healthcare resource
use and costs in patients with MDD.
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