Current Therapeutic Research 94 (2021) 100629

Contents lists available at ScienceDirect

Current Therapeutic Research

journal homepage: www.elsevier.com/locate/curtheres

Hospitalization Risk for Adults with Bipolar I Disorder Treated with n
Oral Atypical Antipsychotics as Adjunctive Therapy with Mood
Stabilizers: A Retrospective Analysis of Medicaid Claims Data

Xiaoli Niu, PhD** Syvart Dennen, MPhil®, Carole Dembek, MS?,
Kimberly Laubmeier, PhD?, Yanmei Liu, MSP, Phani Veeranki, MD, DrPH®,
Michael Tocco, PhD?, G. Rhys Williams, ScD*

aSunovion Pharmaceuticals Inc, Marlborough, Massachusetts
b PRECISIONheor, Los Angeles, California

ARTICLE INFO ABSTRACT
Articl_e history: Background: Atypical antipsychotics (AAPs) with mood stabilizers are recommended as a first-line treat-
Received 1 February 2021 ment for patients with bipolar disorder. No studies have compared the inpatient health care resource

Accepted 18 March 2021 utilization for patients with bipolar disorder treated with lurasidone as adjunctive therapy with mood

stabilizers compared with other oral AAPs.

Key words: Objective: To compare the risk of hospitalization for adult Medicaid beneficiaries with bipolar I disorder
Atypical antipsychotics when treated with lurasidone compared with other oral AAPs as adjunctive therapy with mood stabiliz-
Bipolar I disorder ers.

:'IOSP_i;alization Methods: This retrospective cohort study used the MarketScan Research Databases Multi-State Medicaid
urasidone

Database (IBM, Armonk, NY) claims data to assess patients with bipolar I disorder between January 1,
2014, and June 30, 2019. Adult patients who initiated oral AAP treatment with mood stabilizers (index
date) and who were continuously enrolled 12 months before (pre-index) and 24 months after (post-
index) the index date were included. Treatment categories assigned by patient-month included lurasi-
done, aripiprazole, olanzapine, quetiapine, risperidone, or ziprasidone with mood stabilizers; no/minimal
treatment; AAP monotherapy; and other. Marginal structural models were performed to estimate the all-
cause and psychiatric hospitalization rates and hospital length of stay associated with each adjunctive
AAP therapy by controlling for both time-invariant and time-varying confounders.
Results: Adults with bipolar I disorder (N =11,426; mean age =39.4 years; female=73%) treated with an
adjunctive oral AAP with mood stabilizers during the index month were categorized into lurasidone (12%),
aripiprazole (17%), olanzapine (7%), quetiapine (32%), risperidone (11%), ziprasidone (7%), or other (15%)
treatment groups. The adjusted odds of all-cause and psychiatric hospitalization were significantly higher
for olanzapine (all causes: adjusted odds ratio [aOR] = 1.59; 95% CI, 1.13-2.25; psychiatric: aOR=1.61, 95%
Cl, 1.12-2.32), quetiapine (all-causes: aOR=1.27, 95% CI, 1.01-1.58; psychiatric: aOR=1.28, 95% CI, 1.02-
1.59), and ziprasidone (all-causes: aOR=1.68, 95% CI, 1.05-2.66; psychiatric: aOR=1.55, 95% CI, 1.02-
2.35) compared with lurasidone with mood stabilizers. The adjusted odds of all-cause and psychiatric
hospitalizations were numerically lower for lurasidone compared with aripiprazole. The all-cause hospital
length of stay per 100 patient-months was significantly higher for olanzapine (20.3 days) and quetiapine
(16.0 days) compared with lurasidone (12.2 days, both P values < 0.05).
Conclusions: In a Medicaid population, adults with bipolar I disorder treated with lurasidone as adjunc-
tive therapy with mood stabilizers had significantly lower all-cause and psychiatric hospitalization rates
compared with olanzapine, quetiapine, and ziprasidone. Fewer hospitalizations may reduce the economic
burden associated with bipolar disorder. (Curr Ther Res Clin Exp. 2021; 82:XXX-XXX)
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Introduction

Bipolar disorder is a chronic psychiatric mood disorder with an
annual US prevalence of 2.8% among adults.! Patients with bipo-
lar disorder experience periods without symptoms (euthymia) in-
terspersed with mania (bipolar I disorder) or hypomania (bipo-
lar 11 disorder) and depression.”? Symptomatic time is more often
spent in depressive episodes, which on average last 50% longer
than manic or mixed episodes.>* Patients with bipolar disorder
in depressive episodes (bipolar depression) have an increased risk
of attempting suicide,? treatment noncompliance,” and hospitaliza-
tion.>”

Annual direct health care costs for bipolar disorder are esti-
mated to be $40 to $50 billion in the United States.® A large pro-
portion (almost 30%) of direct health care costs for patients with
bipolar disorder are attributed to inpatient hospitalizations.”10
High rates of cardiometabolic comorbidities (eg, metabolic disor-
ders, obesity, and diabetes) and psychiatric comorbidities (eg, anx-
iety and substance abuse) among patients with bipolar disorder
contribute to increased all-cause and psychiatric hospitalizations
and longer hospital length of stay.!!-13

Atypical antipsychotics (AAPs) and mood stabilizers are first-
line treatments for patients with bipolar disorder. Although
patients with bipolar disorder often initiate treatment with
monotherapy (eg, single AAP or mood stabilizer), up to 70% of
patients with bipolar disorder receive adjunctive therapy such as
an AAP and a mood stabilizer after 1 year."* International bipo-
lar disorder treatment guidelines recommend AAPs (eg, quetiap-
ine, aripiprazole, risperidone, and asenapine) with mood stabiliz-
ers (eg, lithium and divalproex) for first-line combination treat-
ment of bipolar mania."” For bipolar depression, lurasidone with
mood stabilizers (lithium or divalproex) is the only AAP that is rec-
ommended as a first-line adjunctive treatment.’®> AAPs may also
be prescribed with other mood stabilizers such as lamotrigine and
carbamazepine, which are also approved by the Food and Drug Ad-
ministration for the treatment of bipolar disorder.!!-16.17

State Medicaid programs cover a disproportionate share of the
adult population with mental illness (21% vs 14% of general pop-
ulation), including bipolar disorder.’® Among adult Medicaid pa-
tients with bipolar disorder, approximately 35% of average annual
costs (average annual costs=$16,038 [2015 dollars]) are due to
inpatient care.'®20 Adult Medicaid patients with bipolar disorder
have a similar rate of treatment with adjunctive AAPs as the over-
all population.’ The 2019-2020 Florida Best Practice Psychother-
apeutic Medication Guidelines for Adults recommend lurasidone
with lithium or divalproex as a first-line combination treatment for
bipolar depression in patients previously prescribed and optimized
on mood stabilizers.?!

Previous studies have compared the inpatient health care re-
source utilization for patients with bipolar disorder treated with
lurasidone monotherapy compared with other oral AAPs.2%-23 How-
ever, no studies have compared the inpatient health care resource
utilization for patients with bipolar disorder treated with lurasi-
done as adjunctive therapy with mood stabilizers compared with
other oral AAPs. This retrospective cohort study compared the in-
patient health care resource utilization for adult Medicaid patients
diagnosed with bipolar I disorder treated with lurasidone com-
pared with other oral AAPs as adjunctive therapy.

* Address correspondence to: Xiaoli Niu, Sunovion Pharmaceuticals Inc, 84 Wa-
terford Dr, Marlborough, MA 01752
E-mail address: xiaoli.niu@sunovion.com (X. Niu).
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Methods
Data source

This retrospective analysis used US Medicaid claims data from
the MarketScan Research Databases Multi-State Medicaid Database
(IBM, Armonk, NY) from January 1, 2014, to June 30, 2019. The
MarketScan data include medical claims, outpatient pharmacy
claims, and enrollment data for more than 44 million Medicaid
enrollees from geographically dispersed states. The data were de-
identified and extracted in compliance with the Health Insurance
Portability and Accountability Act of 1996.24 Therefore, institu-
tional review board approval was not required for this study.

Patient selection

Patients were eligible for inclusion in the analysis if they
initiated an oral AAP (ie, asenapine, aripiprazole, brexpiprazole,
cariprazine, clozapine, iloperidone, lurasidone, quetiapine, olanza-
pine, paliperidone, risperidone, or ziprasidone) with >24 days of
overlap with a mood stabilizer (ie, carbamazepine, lamotrigine,
lithium, oxcabazepine, or valproate) during the study period. Ad-
junctive treatment was defined as having at least 24 days (ie, 80%
of days during a 30-day month) of overlap between the oral AAP
and a mood stabilizer. No limits on dose ranges for oral AAPs or
mood stabilizers were required. The date of the first evidence of an
adjunctive oral AAP and mood stabilizer was defined as the index
date. Patients were followed for 12 months before the index date
(pre-index period) to 24 months after the index date (post-index
period).

Patients were included in the analysis in the case that they
had a diagnosis of bipolar I disorder (International Classifica-
tion of Diseases, Ninth Revision, Clinical Modifications [ICD-9-CM]
codes: 296.0X, 296.1X, 296.4X, 296.5X, 296.6X, 296.7X, 296.80, and
296.81; 10th revision [ICD-10-CM] codes: F30.XX, F31.0, F31.1X,
F31.2, F31.3X, F314, F31.5, F31.6X, F31.7X, F31.89, and F31.9) dur-
ing the pre-index period or on the index date; were adults (age
at index date >18 years); and were continuously enrolled during
the pre-index and post-index periods. Patients were excluded from
the analysis in the case that they had a diagnosis of schizophre-
nia (ICD-9-CM code: 295.X; ICD-10-CM code: F20.X) during the
study period; used long-acting injectable AAPs such as the long-
acting injectable formulations of aripiprazole Healthcare Common
Procedure Coding System (HCPCS: J1942, C9470, J0400, ]J0401),
olanzapine (HCPCS: ]J2358), paliperidone (HCPCS: ]2426), risperi-
done (HCPCS: J2794, S0163, C9125, C9037), or ziprasidone (HCPCS:
]3486, €9204) during the study period; or were pregnant (ICD-9-
CM code: 630.xx-679.xx; ICD-10-CM code: 000.xx-09x.xx) during
the study period. The patient inclusion/exclusion criteria are simi-
lar to a previous retrospective comparison of oral AAPs and inpa-
tient health care resource utilization.??

Adjunctive oral AAP treatment categories

The primary treatments of interest were oral AAPs with mood
stabilizers. Treatment was assigned in 30-day intervals (ie, months)
during the post-index period, and the patient treatment-month
was the primary unit of analysis. Individual categories of adjunc-
tive therapy were defined as months in which patients received
oral lurasidone, aripiprazole, olanzapine, quetiapine, risperidone,
or ziprasidone with mood stabilizers (>24 days’ supply and over-
lap between oral AAP and mood stabilizer). In addition, an other
treatment category included oral AAPs with >24 days of mood
stabilizers with a small sample size (ie, asenapine, brexpiprazole,
cariprazine, iloperidone, paliperidone, clozapine); treatment with
multiple oral AAPs; 8 to 23 days’ supply of 1 or more oral AAPs;
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any oral AAP with 8 to 23 days’ supply of mood stabilizers; or
monotherapy with mood stabilizers. Additional classifications after
the index month included oral AAP monotherapy and no/minimal
AAP treatment. AAP monotherapy was defined as >24 days of oral
AAP treatment during the month without concurrent treatment
(<7 days’ supply) with other oral AAPs or mood stabilizers. The
oral AAP monotherapy group was a combination of all oral AAPs
in this study (ie, asenapine, aripiprazole, brexpiprazole, cariprazine,
clozapine, iloperidone, lurasidone, quetiapine, olanzapine, paliperi-
done, risperidone, and ziprasidone). No or minimal AAP treatment
was defined as no treatment with oral AAPs or <7 days of any oral
AAP therapy.

Inpatient health care resource utilization

The primary outcomes of interest were all-cause and psychi-
atric hospitalization rates per 100 patient months and days hos-
pitalized (hospital length of stay [LOS]) per 100 patient-months.
Psychiatric hospitalizations were identified by a mental health dis-
order diagnosis (see Supplemental Table 1 in the online version
at doi.10.1016/j.curtheres.2021.100629) in any diagnosis code field.
Hospital LOS included the emergency department visit for patients
directly admitted to an inpatient facility.

Demographic characteristics, comorbidities, and other variables

Demographic variables, including age, sex, race/ethnicity
(White, Black, Hispanic, other, or missing), and plan type were
recorded at the index date. Clinical variables were calculated
using claims from the pre-index period. These included the
Charlson comorbidity index?>; diagnoses of diabetes (ICD-9-CM
code: 250.0-250.7; ICD-10-CM code: E10-E14), hyperlipidemia
(ICD-9-CM code: 272.0x-272.4x; ICD-10-CM codes: E78.0x -
E78.4x, E78.5), hypertension (ICD-9-CM codes: 401.xx - 405.xX,
4372, 362.11; ICD-10-CM codes: H35.03x, 110.xx -I115.xx, 167.4,
N26.2), and obesity (ICD-9-CM codes: 278.0x, V85.3x, V85.4x;
ICD-10-CM codes: E66.xx, Z68.3x, Z68.4x); diagnoses of bipo-
lar II disorder, anxiety, major depressive disorder (MDD), and
substance abuse (alcohol, opioids, cannabis, cocaine, and other
stimulants) (see Supplemental Table 1 in the online version at
doi.10.1016/j.curtheres.2021.100629); the pre-index hospitalization
rate; the pre-index hospital LOS; and pre-index psychotropic
medication use including antidepressants, mood stabilizers, oral
AAPs, and anxiolytics. Additional clinical variables were calculated
monthly for the post-index period, including the substance abuse
indicators and office visits.

Statistical analysis

Descriptive statistics were reported for categorical variables
(frequency and percent) and continuous variables (mean and stan-
dard deviation) during the pre-index period by the index month
treatment category. Statistical significance was tested with t tests
for continuous variables and pairwise tests of proportions for cate-
gorical variables using lurasidone with mood stabilizers as the ref-
erence category.

Marginal structural models (MSMs) were used to estimate the
association of each treatment category with the hospitalization
rate and hospital LOS. MSMs account for time-varying confound-
ing such as treatment switching by weighting the data by the
probability of receiving each treatment in each time period.?® For
each month in the post-index period, stabilized inverse probabil-
ity of treatment weights were calculated to predict assignment
to each of the 9 treatment categories using multinomial logistic
regressions. Time-invariant covariates included age (restricted cu-
bic spline), sex, race/ethnicity, plan type, pre-index period Charl-
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son comorbidity index indicators, pre-index period comorbidities
(diabetes, hypertension, obesity, bipolar II disorder, and substance
abuse indictors), the pre-index period dependent variable, pre-
index period office visits, index month number of psychiatric ED
visits, and index year. Time-varying covariates included the prior-
month dependent variable, the prior-month alcohol abuse indica-
tor, the prior-month substance abuse indicator, an indicator for a
new diagnosis of anxiety or MDD during either the pre-index pe-
riod or the prior month that was permanently set to 1 in the fol-
lowing months, the prior-month treatment history indicators (no
or minimal treatment, other treatment, or AAP monotherapy), and
a restricted cubic spline for time. Separate generalized linear mod-
els with logit link and clustering by patient were used to model
all-cause and psychiatric hospitalization rates. Zero-inflated Pois-
son regression models were used to model all-cause and psychi-
atric hospital LOS. All models were weighted using the inverse
probability of treatment weights. Covariates included the treat-
ment category for the current month and all the previously men-
tioned time-invariant variables.

The statistical analysis was conducted using SAS version 9.4
(SAS Institute Inc, Cary, North Carolina) and Stata version 16 (Stat-
aCorp, College Station, Texas). Statistical significance was indicated
for P < 0.01 and P < 0.05.

Results
Patient characteristics

The analysis included 11,426 adult patients with bipolar I dis-
order at the index month. Figure 1 shows details of the patient
selection process.

Patient characteristics during the pre-index period and at the
index month are reported in Table 1. Patients were assigned to
lurasidone (11.6%), aripiprazole (17.0%), olanzapine (6.9%), quetiap-
ine (32.0%), risperidone (10.9%), ziprasidone (6.5%), or other treat-
ment (15.0%) during the index month. The most common mood
stabilizer used with the AAPs at the index month was lamot-
rigine (47.8%) followed by lithium (22.3%), oxcarbazepine (14.5%),
carbamazepine (8.8%), multiple mood stabilizers (6.1%), and val-
proate (0.4%) (see Supplemental Table 2 in the online version at
doi.10.1016/j.curtheres.2021.100629).

The average age for patients initiating an adjunctive oral AAP
with mood stabilizers was 39.4 years (lurasidone mean age =39.0
years vs aripiprazole =38.8 years [P > 0.05] vs olanzapine =39.1
years [P > 0.05] vs quetiapine=40.7 years [P < 0.01] vs risperi-
done =38.7 years [P > 0.05] vs ziprasidone =39.2 years [P > 0.05]).
Compared with patients who were treated with other oral AAPs, a
significantly higher proportion of patients who were treated with
lurasidone were female (lurasidone =83.5% vs aripiprazole =74.5%
[P < 0.01] vs olanzapine=61.1% [P < 0.01] vs quetiapine =74.2%
[P < 0.01] vs risperidone=67.1% [P < 0.01]) and White (lurasi-
done =81.5% vs olanzapine = 74.6% [P < 0.01] vs quetiapine = 74.5%
[P < 0.01] vs risperidone =70.0% [P < 0.01] vs ziprasidone =77.3%
[P < 0.05]).

During the pre-index period, patients who were treated with
lurasidone compared with other AAPs were significantly more
likely to have a history of anxiety diagnoses (lurasidone =60.7%
vs aripiprazole =55.3% [P < 0.01] vs olanzapine=51.1% [P < 0.01]
vs quetiapine =56.9% [P < 0.05] vs risperidone =48.2% [P < 0.01]
vs ziprasidone =52.4% [P < 0.01]). The proportion of patients with
substance abuse was significantly higher for patients treated with
lurasidone (27.7%) compared with aripiprazole (24.2% [P < 0.05]),
risperidone (23.6% [P < 0.05]), and ziprasidone (23.2% [P < 0.05])
but lower compared with olanzapine (31.9% [P < 0.05]) and queti-
apine (30.7% [P < 0.05]). A significantly higher percentage of pa-
tients treated with lurasidone had been diagnosed with obesity
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Table 1
Pre-index patient demographic characteristics, comorbidities, and health care utilization by treatment group at index.”
Lurasidone’ Aripiprazole Olanzapine Quetiapine Risperidone Ziprasidone Other treatment

Sample size at index* 1330 (11.6) 1947 (17.0) 792 (6.9) 3652 (32.0) 1248 (10.9) 746 (6.5) 1711 (15.0)
Age (y)* 39.0 (10.5) 38.8 (12.0) 39.1 (12.4) 40.7 (11.8)!! 38.7 (12.5) 39.2 (12.1) 383 (11.8)
Female! 1110 (83.5) 1450 (74.5)!! 484 (61.1)!! 2710 (74.2)!! 837 (67.1)!! 597 (80.0) 1163 (68.0)!!
Race*

White 1084 (81.5) 1572 (80.7) 591 (74.6)!! 2722 (74.5)!! 874 (70.0)!! 577 (77.3)3 1337 (78.1)¢

Black 127 (9.5) 172 (8.8) 105 (13.3)¢ 472 (12.9)!l 193 (15.5)!! 53 (7.1)¢ 179 (10.5)

Hispanic nr 16 (0.8) nr 59 (1.6)!! 15 (1.2)¢ nr 14 (0.8)

Other nr 45 (2.3) nr 39 (1.1) 19 (1.5) nr 29 (1.7)

Missing 91 (6.8) 142 (7.3) 72 (9.1) 360 (9.9)!! 147 (11.8)!! 94 (12.6)!! 152 (8.9)¢
Index year?

2015 815 (61.3) 1344 (69.0)!! 484 (61.1) 2497 (68.4)!! 908 (72.8)!! 542 (72.7)! 1098 (64.2)

2016 419 (31.5) 491 (25.2)!! 240 (30.3) 955 (26.2)!! 278 (22.3)!! 165 (22.1)!! 496 (29.0)

2017 96 (7.2) 112 (5.8) 68 (8.6) 200 (5.5)¢ 62 (5.0)7 39 (5.2) 117 (6.8)
Plan type’

HMO 825 (62.0) 1262 (64.8) 440 (55.6)!! 2301 (63.0) 722 (57.9)9 445 (59.7) 984 (57.5)9

Comprehensive 505 (38.0) 685 (35.2) 352 (44.4)! 1351 (37.0) 526 (42.1)9 301 (40.3) 727 (42.5)%
CCré 0.8 (1.2) 0.8 (1.3) 0.8 (1.4) 0.9 (1.3) 0.8 (1.2) 0.8 (1.2) 09 (1.4)
Psychiatric comorbidities*

Anxiety 807 (60.7) 1077 (55.3)!! 405 (51.1)!! 2077 (56.9)9 602 (48.2)!! 391 (52.4)! 910 (53.2)!!

Major depressive disorder 744 (55.9) 1032 (53.0) 397 (50.1)!! 1961 (53.7) 580 (46.5)!! 350 (46.9)!! 844 (49.3)!!

Substance abuse” 368 (27.7) 471 (24.2)% 253 (31.9)9 1121 (30.7)9 294 (23.6)9 173 (23.2)% 476 (27.8)
Physical comorbidities?

Hypertension 499 (37.5) 699 (35.9) 303 (38.3) 1477 (40.4) 448 (35.9) 283 (37.9) 645 (37.7)

Hyperlipidemia 393 (29.5) 567 (29.1) 217 (27.4) 1127 (30.9) 377 (30.2) 242 (32.4) 546 (31.9)

Obesity 446 (33.5) 607 (31.2) 150 (18.9)!! 930 (25.5)!! 315 (25.2)!! 264 (35.4) 506 (29.6)¢

Diabetes 289 (21.7) 367 (18.8)¢ 121 (15.3)!l 638 (17.5)!! 226 (18.1)¢ 157 (21.0) 307 (17.9)!!
Psychotropic medication use*

Antidepressants 1047 (78.7) 1583 (81.3) 568 (71.7)!! 2816 (77.1) 921 (73.8)!! 581 (77.9) 1309 (76.5)

Mood stabilizers 1057 (79.5) 1571 (80.7) 590 (74.5)!! 2637 (72.2)!l 982 (78.7) 597 (80.0) 1239 (72.4)!!

Oral AAPs 1001 (75.3) 1571 (80.7)!! 583 (73.6) 2907 (79.6)!! 978 (78.4) 618 (82.8)!! 1470 (85.9)!!

Anxiolytics 646 (48.6) 851 (43.7)!! 323 (40.8)!! 1578 (43.2)!l 453 (36.3)!! 349 (46.8) 767 (44.8)¢
Hospitalization rate per 100 patient-months

All causes 2.54 2.52 3.20! 2.69 234 2.40 2.78

Psychiatric 2.35 2.34 2,991 2.52 2.14 2.25 2.55
Hospital LOS days per 100 patient-months

All causes 20.76 20.54 35.51l 24.86 23.45 19.48 29.00'!

Psychiatric 17.64 18.57 32.22!l 2243l 18.97 16.89 26.36!!

AAP = atypical antipsychotics; CCI= Charlson comorbidity index; HMO = health maintenance organization; nr=not reported.

* Boldface type indicates significant differences between lurasidone and other oral atypical antipsychotics or other treatment at P < 0.05. Cells with <11 patients are
not reported in accordance with Centers for Medicare and Medicaid Services cell size suppression policy.

T Reference category.

 Values are presented as n (%).

§ Values are presented as mean (standard deviation).

Il Indicates significance versus lurasidone at P < 0.01.

9 Indicates significance versus lurasidone at P < 0.05.

# Substance abuse includes alcohol, opioids, cannabis, cocaine, hallucinogens, sedatives, inhalants, and other stimulants (eg, amphetamine and psychostimulant)
abuse.

(lurasidone =33.5% vs olanzapine=18.9% [P < 0.01] vs quetiap-
ine=25.5% [P < 0.01] vs risperidone =25.2% [P < 0.01]) and dia-
betes (lurasidone =21.7% vs aripiprazole = 18.8% [P < 0.05] vs olan-
zapine =15.3% [P < 0.01] vs quetiapine = 17.5% [P <0.01] vs risperi-
done =18.1% [P < 0.05]).

A significantly higher proportion of patients treated with lurasi-
done had at least 1 prescription for anxiolytics (lurasidone =48.6%
vs aripiprazole=43.7% [P < 0.01] vs olanzapine =40.8% [P < 0.01]
vs quetiapine =43.2% [P < 0.01] vs risperidone =36.3% [P < 0.01])
during the pre-index period. The proportion of patients with at
least 1 prescription for antidepressant agents during the pre-index
period was significantly higher for patients treated with lurasidone
(78.7%) compared with olanzapine (71.7% [P < 0.01]) and risperi-
done (73.8% [P < 0.01]).

Unadjusted hospitalization rate and hospital LOS during the
24-month post-index period

The unadjusted hospitalization rate and hospital LOS by treat-
ment group during the post-index period are reported in Table 2.
During the 24-month post-index period, the unadjusted all-
cause and psychiatric hospitalization rates per 100 patient-months
were significantly lower for lurasidone (all-cause hospitalization

rate=2.12 and psychiatric hospitalization rate=1.78) compared
with olanzapine (all-cause hospitalization rate=2.96 [P < 0.05]
and psychiatric hospitalization rate=2.40 [P < 0.05]), quetiapine
(all-cause hospitalization rate =2.66 [P <0.05] and psychiatric hos-
pitalization rate =2.24 [P < 0.05]), and AAP monotherapy (all cause
hospitalization rate=3.26 [P < 0.01] and psychiatric hospitaliza-
tion rate=2.77 [P < 0.01]). The hospitalization rates were signifi-
cantly higher for lurasidone compared with risperidone (all-cause
hospitalization rate =1.60 [P < 0.05] and psychiatric hospitalization
rate=130 [P < 0.05]).

The unadjusted all-cause hospital LOS per 100 patient-months
was significantly shorter for lurasidone (10.2 days) compared with
olanzapine (16.7 days [P < 0.01]), quetiapine (13.6 days [P < 0.05]),
and AAP monotherapy (18.6 days [P < 0.01]). Similarly, the unad-
justed psychiatric hospital LOS was significantly shorter for lurasi-
done (8.8 days) compared with olanzapine (12.7 days [P < 0.05])
and AAP monotherapy (14.9 days [P < 0.01]).

MSMs

The MSM adjusted odds of hospitalization and risk of hospital
LOS are presented in Figure 2 and Figure 3, respectively. Table 3
shows the adjusted hospitalization rate and hospital LOS control-
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Table 2
Unadjusted all-cause and psychiatric hospitalizations and hospital length of stay (LOS) during the 24-month follow-up period.*
Lurasidone’ Aripiprazole  Olanzapine Quetiapine Risperidone Ziprasidone No/Minimal Other AAP
treatment Treatment Monotherapy
Treatment months 10,863 17,554 7028 32,813 11,355 7600 59,370 87,402 28,813
Hospitalizations rate, per 100 patient months
All-cause 2.12 2.21 2.96¢ 2.66* 1.60¢ 2.21 235 3.29% 3.26%
Psychiatric 1.78 1.85 2.40¢ 2.24¢ 1.30¢ 1.91 2.08 2918 2.77%
Hospital LOS, per 100 patient months
All-cause 10.15 11.50 16.70¢ 13.64¢ 8.80 10.88 15.18¢ 18.62¢ 18.54¢
Psychiatric 8.75 8.73 12.66* 10.93 6.75 9.03 12.78¢ 16.09% 14.93%

AAP = atypical antipsychotics.

* Boldface type indicates significance of outcomes in comparison to lurasidone at P < 0.05.

T Reference category.
 Indicates significance versus lurasidone at P < 0.05.
§ Indicates significance versus lurasidone at P < 0.01.

ling for time-invariant and time-varying covariates during the 24-
month post-index period.

After adjusting for time-invariant and time-varying covariates,
the all-cause hospitalization rates per 100 patient-months re-
mained significantly lower for lurasidone (2.36) compared with
olanzapine (3.67) (adjusted odds ratio [aOR]=1.59; 95% CI, 1.13-
2.25; P < 0.01), quetiapine (2.96) (aOR=1.27; 95% CI, 1.01-1.58;
P < 0.05), and AAP monotherapy (3.03) (aOR=130; 95% (I,
1.02-1.65; P < 0.05). The all-cause hospitalization rate for lurasi-
done (2.36) became statistically significantly lower compared with
ziprasidone (3.85) (aOR=1.68; 95% CI, 1.05-2.66; P < 0.05).

The psychiatric hospitalization rate remained significantly lower
for lurasidone (1.97) compared with olanzapine (3.11) (aOR=1.61;
95% CI, 112-2.32; P < 0.05), quetiapine (2.49) (aOR=1.28; 95%
Cl, 1.02-1.59; P < 0.05), and AAP monotherapy (2.55) (aOR=1.31;
95% (I, 1.03-1.66; P < 0.05) after controlling for time-invariant
and time varying covariates. The psychiatric hospitalization rate
for lurasidone (1.97) became statistically significantly lower com-
pared with ziprasidone (2.99) (aOR=1.55; 95% CI, 1.02-2.35; P <
0.05). The results for lurasidone compared with risperidone were
no longer significantly different after controlling for time-invariant
and time-varying covariates.

The all-cause hospital LOS remained significantly shorter for
lurasidone (12.2 days) compared with olanzapine (20.3 days) (ad-
justed incidence rate ratio [alRR]=1.66; 95% CI, 1.10-2.23; P <
0.05), quetiapine (16.0 days) (alRR=1.31, 95% CI, 1.01-1.61; P <
0.05), and AAP monotherapy (17.7 days) (alRR =145, 95% CI, 1.13-
1.77; P < 0.01). The psychiatric hospital LOS remained significantly
shorter for lurasidone (10.5 days) compared with AAP monother-
apy (14.0 days) (alRR=1.33; 95% CI, 1.01-1.65; P < 0.05).

Discussion

This retrospective claims database analysis is the first study to
compare hospitalization risk among adult Medicaid patients with
bipolar I disorder treated with lurasidone as adjunctive therapy
with mood stabilizers versus other adjunctive oral AAPs. During
24-months of follow-up, adult Medicaid patients with bipolar I dis-
order treated with lurasidone had statistically significantly lower
all-cause and psychiatric hospitalization rates compared with those
who were treated with olanzapine, quetiapine, or ziprasidone. In
addition, treatment with lurasidone was also associated with sig-
nificantly shorter all-cause hospital LOS compared with olanzapine
or quetiapine.

Hospitalization Rate

Treatment favors lurasidone Adjusted OR (95%Cl)
Aripiprazole —— 1.15 (0.88, 1.49)
o Olanzapine . 1.59 (1.13, 2.25)
2 Quetiapine ——— 1.27 (1.01, 1.58)
$ Risperidone e 0.97 (0.70, 1.35)
e Ziprasidone ' . 1.68 (1.05, 2.66)
No/minimal treatment —— 0.92 (0.73, 1.17)
Other treatment ————i 1.52 (1.24, 1.87)
AAP monotherapy —— 1.30 (1.02, 1.65)
Aripiprazole —— 1.14 (0.88, 1.49)
o Olanzapine ' . 1.61 (1.12, 2.32)
€ Quetiapine ————— 1.28 (1.02, 1.59)
5 Risperidone =~ ——e———— 0.99 (0.71, 1.38)
g Ziprasidone ' . 1.55 (1.02, 2.35)
No/minimal treatment —— 0.93 (0.73, 1.18)
Other treatment i 1.62 (1.32, 1.99)
AAP monotherapy ———————i 1.31 (1.03, 1.66)
0.5 1 1.5 2 25
Adjusted OR

Figure 2. Marginal structural model-adjusted risk of all-cause and psychiatric hospitalizations during 24-month follow-up period. Adjusted rates control for patient demo-
graphic characteristics, clinical characteristics, and health care utilization as well as time-varying indicators of key clinical characteristics, health care utilization, and time

trends. Bold text indicates statistical significance based on 95% CI. OR = odds ratio.



X. Niu, S. Dennen, C. Dembek et al.

Table 3

Current Therapeutic Research 94 (2021) 100629

Adjusted risk of all-cause and psychiatric hospitalizations and hospital length of stay (LOS) during the 24-month follow-up period.

Lurasidone’ Aripiprazole  Olanzapine Quetiapine Risperidone Ziprasidone No/minimal Other AAP
treatment treatment monotherapy

Treatment months 10,863 17,554 7028 32,813 11,355 7600 59,370 87,402 28,813
Hospitalizations rate, per 100-patient mo

All causes 2.36 2.70 3.67¢ 2.96% 2.30 3.85% 2.19 3.52¢ 3.03%

Psychiatric 1.97 2.24 3.118 2.49% 1.96 2.99% 1.84 3.13¢ 2.558%
Hospital LOS, per 100-patient mo

All causes 1221 15.14 20.298 16.028 13.86 18.70 14.19 20.25¢ 17.72}

Psychiatric 10.51 11.32 16.35 12.48 10.86 14.11 11.48 17.54* 13.96°

AAP = atypical antipsychotics.

* Boldface type indicates significance of outcomes in comparison to lurasidone at P < 0.05. Adjusted rates control for patient demographic characteristics, clinical
characteristics, and health care utilization as well as time-varying indicators of key clinical characteristics, health care utilization, and time trends. Adjusted hospitalization
rates will not precisely match adjusted odds ratios. Adjusted rates are calculated at the patient-level from each patient’s predicted log odds, then averaged across the
sample. The nonlinear conversion from log odds to predicted rates leads to minor differences if adjusted odds ratios are then back-calculated from the predicted rates.

T Reference category.
¥ Indicates significance versus lurasidone at P < 0.01.
§ Indicates significance versus lurasidone at P < 0.05.

The results from this study are consistent with 2 earlier stud-
ies of patients with bipolar I disorder treated with lurasidone
monotherapy compared with other oral AAPs.2223 In a Medi-
caid population, the odds of all-cause hospitalizations per 100
patient-months were significantly higher for olanzapine and que-
tiapine compared with lurasidone monotherapy.?? In a commer-
cially insured population, the odds of psychiatric hospitalizations
per 100 patient-months were significantly higher for olanzapine,
quetiapine, risperidone, and ziprasidone compared with lurasidone
monotherapy.?? The odds of hospitalization for aripiprazole, olan-
zapine, quetiapine, and ziprasidone with mood stabilizers com-
pared with lurasidone were directionally the same (favoring lurasi-
done) in this study.

Treatment switching is frequent in patients receiving antipsy-
chotic agents and complicates the estimation of the association
of treatments with outcomes when using an intent-to-treat ap-
proach. The MSM methods used in this study reduced potential
confounding from treatment switching by not only adjusting for
the time-invariant variables, including patient demographic char-
acteristics, clinical characteristics, and health care resource uti-

lization before treatment initiation, but also accounting for time-
varying variables, including clinical characteristics and health care
utilization that may have an influence on treatment selection over
time.?5 In addition, by requiring a medication possession ratio
>80% (ie, 24 days out of 30 days in the patient treatment-month),
the potential confounding from treatment noncompliance, which
has been associated with increased hospitalizations,?’-*® was also
reduced.

The safety and efficacy of lurasidone with lithium or dival-
proex for the treatment of bipolar depression has been established
in short- and long-term trials.>~3! However, the comparative ef-
ficacy of lurasidone with mood stabilizers compared with other
AAPs with mood stabilizers has not been directly studied in pa-
tients with bipolar disorder. Indirect comparisons, such as net-
work meta-analyses, have focused on monotherapy treatment and
found that patients treated with lurasidone monotherapy (with-
out mood stabilizers) have greater odds of response and remission
compared with aripiprazole, olanzapine, and quetiapine monother-
apy>233 and significantly less weight gain compared with olanza-
pine and quetiapine,?> which may help explain the lower hospi-

Hospital Length of Stay

Treatment favors lurasidone Adjusted IRR (95%Cl)
Aripiprazole . ! 1.24 (0.86, 1.62)
o Olanzapine . 1.66 (1.10, 2.23)
o Quetiapine — 1.31 (1.01, 1.61)
8 Risperidone ad 1.14 (0.69, 1.58)
=z Ziprasidone - ' 1.53 (0.83, 2.23)
No/minimal treatment —_— 1.16 (0.85, 1.48)
Other treatment —— 1.66 (1.40, 1.92)
AAP monotherapy —_ 1.45 (1.13,1.77)
Aripiprazole —_—t— 1.08 (0.71, 1.44)
© Olanzapine * ! 1.56 (0.97, 2.14)
= Quetiapine — 1.19 (0.90, 1.48)
5 Risperidone . 1.03 (0.60, 1.47)
g Ziprasidone . 1.34 (0.78, 1.90)
No/minimal treatment —_— 1.09 (0.78, 1.40)
Other treatment —— 1.67 (1.40, 1.94)
AAP monotherapy — 1.33 (1.01, 1.65)
0.5 1 1.5 2 25
Adjusted IRR

Figure 3. Marginal structural model-adjusted risk of all-cause and psychiatric hospital length of stay during 24-month follow-up period. Adjusted rates control for patient
demographic characteristics, clinical characteristics, and health care utilization as well as time-varying indicators of key clinical characteristics, health care utilization, and
time trends. Bold text indicates statistical significance based on 95% CI. IRR =incidence rate ratio.
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Claims for an atypical antipsychotic (AAP) and mood
stabilizers with at least 24 days overlap between
January 1, 2015 and June 30, 2017
(N=113,105)

v

Diagnosis code for bipolar I disorder (=1 inpatient
claim or >2 outpatient claims) in pre-index period
(N=51,679)

'

Continuous enrollment with medical and pharmacy
benefits for 1 year pre-index date
(N=34,998)

'

Continuous enrollment with medical and pharmacy
benefits for 2 years post-index date
(N=22,893)

.

Age >18 at index date
(N=18,192)

¢

No evidence of pregnancy during baseline or post-
index period or schizophrenia during study period
(N=11,524)

.

No evidence of long acting injectable AAP (LAI) use
during study period and plan type not missing
(N=11,426)

Figure 1. Patient inclusion flow chart. AAP=atypical antipsychotic; LAI=long-
acting injectable.

talization rates for patients treated with lurasidone compared with
aripiprazole, olanzapine, and quetiapine. Lurasidone has also been
found to be associated with a relatively low risk for developing
metabolic syndrome,>* which may help explain the shorter hos-
pital LOS for patients treated with lurasidone compared with olan-
zapine or quetiapine.'?

In this study, the adjusted psychiatric hospitalization rate ac-
counted for approximately 80% of the all-cause hospitalization rate
across treatment cohorts. Inpatient hospitalizations are a high-cost
component of bipolar disorder care.3 In addition to cost, greater
recurrence of mood episodes has been associated with higher odds
of psychiatric hospitalizations for patients with bipolar I disorder
in a community sample and prospectively associated with greater
risk of disability, unemployment, and poor functioning in the same
sample.” Reductions in psychiatric hospitalizations among patients
with bipolar disorder could reduce health care resource utiliza-
tion and costs and be associated with improvements in health out-
comes for patients with bipolar disorder.

There are several limitations to this study. First, this study
used administrative health care claims data. The primary purpose
of claims data is for billing, and it does not capture information
about symptoms, severity of illness, chronicity, and functional sta-
tus and may include coding errors and misclassifications. Second,
the study results may not be generalizable to populations other
than adult US Medicaid beneficiaries with bipolar I disorder such
as patients outside the United States, with commercial insurance,
with Medicare coverage, or without health insurance. Third, un-

Current Therapeutic Research 94 (2021) 100629

observed confounders such as socioeconomic status and severity
of disease could still be different between the treatment cohorts
and have an influence on the outcomes. To minimize this possibil-
ity, a large number of observable time-invariant and time-varying
variables known to be associated with inpatient health care re-
source utilization and severity of disease, including psychiatric-
related emergency department use, pre-index office visits, and the
prior month-dependent variable among patients with bipolar dis-
order were controlled for using marginal structural models. Fourth,
although a new diagnosis of anxiety or MDD during each month
was used as a proxy for other medication use and was controlled
for in the outcome models, concomitant anxiolytic or antidepres-
sant use may confound the association of oral AAPs with hospital-
izations in the study population. Fifth, the focus of this study was
on all-cause and psychiatric hospitalizations. Further studies could
look at phase-specific hospitalizations for bipolar disorder. Finally,
all pharmacotherapy combinations used by patients with bipolar I
disorder could not be analyzed in this study due to sample size
considerations. However, the use of AAPs with mood stabilizers is
a large proportion of bipolar I disorder treatment strategies.

Conclusions

In a Medicaid population, adults with bipolar I disorder treated
with lurasidone with mood stabilizers had significantly lower all-
cause and psychiatric hospitalization rates compared with those
treated with olanzapine, quetiapine, and ziprasidone with mood
stabilizers. Reducing the hospitalization rates could help reduce
economic burden for payers and patients with bipolar disorder.
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