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ABSTRACT

Introduction: Pre-existing conditions relevant
for adverse events (AE) and the potential for
drug-drug interactions (DDIs) may limit safe
pharmacotherapeutic augmentation options for
patients with major depressive disorder (MDD).
This concern may be heightened among
patients with treatment-resistant depression
(TRD), who often have comorbid medical
disorders.

Methods: Adults with MDD and > 1 antide-
pressant claim within the first observed major
depressive episode were identified in the Mar-
ketScan® Databases. Those initiating a new
regimen after two regimens at adequate dose
and duration were considered to have TRD. The
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index date was defined at TRD onset or on a
random antidepressant claim among patients
with non-TRD MDD. Pre-existing conditions
12 months pre-index and potential DDIs
3 months pre/post-index associated with speci-
fic non-antidepressant augmentation therapies,
including atypical antipsychotics (APs), bus-
pirone, psychostimulants, anticonvulsants,
thyroid hormone, and lithium were compared
between 1:1 matched TRD and non-TRD MDD
cohorts.

Results: Overall, 3414 patients with TRD and
non-TRD MDD (mean age 39.7 years, 69%
female) were matched. Relative to non-TRD
MDD, patients with TRD had 33% higher like-
lihood of > 1 pre-existing condition relevant for
AEs listed in product labels of non-antidepres-
sant augmentation therapies (p < 0.001).
Patients with TRD vs. non-TRD MDD had 12.9
and 6.4 times higher likelihood of > 2 and > 3
DDIs, respectively, based on their medication
regimen (all p < 0.001).

Conclusion: Pre-existing conditions relevant
for listed AEs and potential DDIs limit safe
augmentation options in MDD, particularly
among patients with TRD. Payer prior autho-
rization policies requiring several augmentation
therapy trials to access novel treatments may
complicate clinical management of this
population.
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Key Summary Points

Among patients with treatment-resistant
depression (TRD), 82% had at least one
pre-existing condition relevant for an
adverse event (AE) listed in the product
labels of non-antidepressant
augmentation medications; 98% had a
dispensed medication with potential for at
least two moderate or severe drug-drug
interactions (DDIs).

In patients with TRD, the likelihood of at
least one pre-existing condition relevant
for a listed AE related to non-
antidepressant augmentation medications
was 33% higher, and the likelihood of at
least two dispensed medications with
potential for DDIs was 12.9 times greater
compared to patients with non-TRD
major depressive disorder (MDD).

Pre-existing conditions relevant for listed
AEs of non-antidepressant augmentation
medications, as well as dispensed
medications with potential for DDIs, limit
the number of available safe
augmentation options for MDD,
particularly among patients with TRD.

INTRODUCTION

Major depressive disorder (MDD) is a prevalent
chronic condition associated with persistently
depressed mood, loss of interest, and reduced
social and occupational functioning [1]. An
estimated 19.4 million adults experienced at
least one major depressive episode (MDE) in
2019 in the USA, representing 7.8% of the adult
US population [2].

Antidepressants are the standard of phar-
macological care for patients with MDD, with
approximately 50% of all patients experiencing
an MDE reporting receiving pharmacological

therapy [3]. Among patients with MDD who
receive pharmacological therapy, between 10%
and 33% fail to respond to at least two different
antidepressant treatment courses of adequate
dose and duration in the current MDE [4-7].
Failure to respond to at least two antidepressant
treatment courses of adequate dose and dura-
tion is the most common definition of treat-
ment-resistant depression (TRD) in the medical
literature, and cited by both the US Food and
Drug Administration (FDA) and European
Medical Association (EMA); however, clinical
guidelines have yet to endorse an operational
definition of TRD [8, 9]. As such, on the basis of
this definition, patients discontinuing treat-
ment prematurely (prior to what is considered
adequate duration) as a result of tolerability
would not be considered to have experienced
treatment failure for that medication. Reasons
for treatment failure can vary and, in addition
to the lack of efficacy, may include patient non-
compliance, intolerable adverse events (AEs), or
negative effects on treatment response caused
by comorbid conditions and associated con-
comitant medications [10, 11]. Moreover, given
the heterogeneity of MDD, patients may not be
receiving treatments that are matched to their
individual clinical profiles [12]. Irrespective of
the definition employed, patients with TRD
experience significantly higher healthcare
resource utilization, direct and indirect health-
care costs, lower work productivity, and
decreased health-related quality of life com-
pared to patients with non-TRD MDD [13-15].

Patients with TRD typically require a com-
bination of different pharmacological and non-
pharmacological therapies. The former may
include dose optimizations, antidepressant
treatment switches, combining multiple
antidepressants, and augmentation with non-
antidepressant  augmentation medications
[16, 17]. Clinical management of TRD can be
challenging. Specifically, patients with TRD
often present with comorbid physical (e.g.,
diabetes, hypertension) [18] and psychiatric
(e.g., anxiety, substance use disorder) [19] con-
ditions, which may complicate clinicians’
efforts to manage TRD and limit the array of
safe pharmacological options for individual
patients [20, 21]. As a result of comorbid
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conditions, patients with TRD may be using
multiple medications concomitantly, increas-
ing the risk of AEs and potential drug-drug
interactions (DDIs). Payer pre-authorization
requirements or formulary restrictions may
limit access to safe treatment options and this
may negatively impact clinical outcomes [22].

A prior retrospective claims-based study
quantified the prevalence of relevant pre-exist-
ing conditions (movement disorders, metabolic
disorders, cardiac abnormalities, comorbid psy-
chiatric disorders) and severity of potential
DDIs among patients with MDD who were
treated with atypical antipsychotics (APs) [21].
Among patients with MDD initiated on an
atypical AP, at least 30% had a relevant pre-ex-
isting condition or a potential DDI, which may
have made the use of certain atypical AP medi-
cations inappropriate in these patients [21].
However, to the best of our knowledge, no
study to date has evaluated pre-existing condi-
tions relevant for listed AEs and potential DDIs
associated with augmentation therapies,
including APs, among patients with TRD.

The purpose of this study was to bridge this
gap in knowledge and compare the prevalence
of pre-existing conditions related to AEs listed
in the product labels, as well as dispensed
medications with potential for DDIs related to
commonly used atypical APs and other non-
antidepressant augmentation medications
among adult commercially and Medicaid
insured US patients with TRD vs. those with
non-TRD MDD.

METHODS

Data Source

The IBM® MarketScan® Commercial and
Medicare Supplemental Databases (October 1,
2015-March 4, 2019) as well as Multi-State
Medicaid Database (October 1, 2015-Decem-
ber 31, 2018) were used. The Commercial and
Medicare Supplemental databases contain
information on privately insured individuals
covering all US census regions, with a concen-
tration in the South and North Central (Mid-
west) regions. The Multi-State Medicaid

database contains information on beneficiaries
from 11 states, but specific states included are
unknown and cannot be differentiated. The
information in the databases includes claimant
demographics, insurance eligibility, and medi-
cal and prescription drug claims. Data that
support the findings of this study were used
under license from IBM® Watson Health™. All
data are de-identified and fully comply with the
patient confidentiality requirements of the
Health Insurance Portability and Accountability
Act (HIPAA). Per Title 45 of Code of Federal
Regulations, Part 46.101(b)(4) [23], the analysis
of our study is exempt from institutional review
for the following reasons: (a) it is a retrospective
analysis of existing data with no patient inter-
vention or interaction, and (b) no patient
identifiable information is included in the
claims dataset.

Study Design

A retrospective matched cohort design was
used. Adults with TRD (the TRD cohort) were
matched and compared to adults with MDD but
without TRD (the non-TRD MDD cohort). The
study period spanned from October 1, 2015 to
March 4, 2019.

For patients in the TRD cohort, the index
date was the date of TRD onset identified using
a claims-based algorithm (see Sect. “Cohort
Definitions”). For patients in the non-TRD MDD
cohort, the index date was randomly selected
among all dates with an antidepressant claim.
Patient characteristics and the prevalence of
pre-existing conditions related to AEs listed in
the product labels were evaluated in the
12-month period before the index date, which
was defined as the baseline period. The preva-
lence of potential DDIs was based on medica-
tions dispensed in the 90 days before and after
the index date; prescriptions filled outside of
this window but with days of supply that over-
lap the index date were also considered for this
analysis.
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Cohort Definitions

This section summarizes the definitions of study
cohorts, while specific inclusion and exclusion
criteria and patient attrition are presented in
Fig. 1. The TRD and non-TRD MDD cohorts
were identified within the first observed and
treated MDE. The first observed MDE was
defined as a period which started on the date of
the first observed MDD diagnosis (no MDD
diagnoses or antidepressant claims were per-
mitted in > 6 months before the MDE start).
The end of the MDE (if observed in the data)
was defined as the later of the two dates: either
the last MDD diagnosis or the end of antide-
pressant medication supply before > 6 months
without MDD diagnoses or antidepressant
claims.

The definition of TRD onset relied on several
recent claims-based studies
[14, 15, 18, 19, 24, 25]. Specifically, TRD onset
was defined as the initiation of a new antide-
pressant treatment course (i.e., either a claim for
a new antidepressant of adequate dose or a
claim for a new non-antidepressant augmenta-
tion medication overlapping with a claim for an
antidepressant of adequate dose) after the
absence of a response to two antidepressant
treatment courses of adequate dose and dura-
tion. The absence of response was defined as a
change of a treatment course including a switch
of an antidepressant or an initiation of aug-
mentation therapy (i.e., an addition of a new
antidepressant, or an addition of a new non-
antidepressant augmentation medication).
Adequate duration was defined as at least
6 weeks of continuous therapy with no gaps
longer than 14 days. Adequate dose was defined
as a minimum starting dose recommended by
the Antidepressant Treatment Response Ques-
tionnaire (ATRQ) for non-geriatric and geriatric
patients (Supplementary Table 1). Selection of
non-antidepressant augmentation medications
was based on the American Psychiatric Associ-
ation (APA) guidelines for the treatment of
patients with MDD [26], the FDA-approved
product labels denoting the indication, and
other options commonly used for MDD (Sup-
plementary Table 2).

Patients with > 1 claim for an antidepressant
at adequate dose and duration during the first
observed MDE and without observed evidence
of TRD onset were considered to have non-TRD
MDD.

Patients in both cohorts were required to
have > 12 months of continuous insurance eli-
gibility prior to the index date, > 3 months of
continuous insurance eligibility after the index
date, and be > 18 years old at the index date.
Patients were excluded from the study if they
had diagnoses for specific exclusionary psychi-
atric conditions (i.e., attention deficit hyperac-
tivity disorder, bipolar disorder, cyclothymic
disorder, dementia, epilepsy, or psychosis/
schizophrenia) during the study period.

Study Outcomes

Study outcomes included pre-existing condi-
tions relevant for AEs listed in the product labels
and potential DDIs with non-antidepressant
augmentation medications. In the main analy-
sis, outcomes in both cohorts were evaluated
regardless of the receipt of medications analysed
in two ways: (1) based on all medications
including FDA-approved and other common
options and (2) by medication class. For each
class, the most commonly used non-antide-
pressant augmentation medications at TRD
onset were considered (Table 2).

A subgroup analysis evaluated outcomes
among patients with TRD newly initiated on
non-antidepressant augmentation medications
at TRD onset. New initiation was defined as the
absence of a claim for the medication in the
12-month baseline period.

Pre-existing conditions relevant for AEs lis-
ted in the product labels of non-antidepressant
augmentation medications were identified on
the basis of the history of a given condition
evaluated in the 12-month baseline period. The
“Warnings and Precautions” and “Adverse
Reactions” sections of the FDA Prescribing
Information for each specific non-antidepres-
sant augmentation medication of interest were
used to identify qualifying relevant pre-existing
conditions, with the rationale being that
patients already having these conditions would
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>1 claim with a diagnosis for MDD during the study period (10/01/2015 - 03/04/2019)!
N=4,858,214

Continuous insurance eligibility >6 months prior to the first MDD diagnosis'
N= 2,572,005 (52.9%)

>1 claim for an antidepressant available at an adequate dose and duration during the first MDE??

N=274,910 (10.7%)

v

v

Patients with TRD (index date is date of TRD onset)
N=9,740 (3.5%)

Patients with non-TRD MDD (index date is randomly generated)®
N= 265,170 (96.5%)

v

+

Continuous insurance eligibility >12 months before and >3 months after
index date

N=17,778 (79.9%)

Continuous insurance eligibility >12 months before and >3 months after
index date

N=167,130 (63.0%)

>18 years old at index date
N= 6,064 (78.0%)

>18 years old at index date
N= 140,116 (83.8%)

v

v

Exclusion Criteria®:
>1 claim with any diagnosis of the following:
attention deficit hyperactivity disorder N= 1,252 (20.6%)
N=1,177 (19.4%)

N= 35 (0.6%)
N=197 (3.2%)
N= 329 (5.4%)

bipolar disorder

cyclothymic disorder

dementia

epilepsy

psychosis, schizophrenia, schizo-affective

disorder and other non-mood psychotic N=548 (9.0%)

Exclusion Criteria®:
>1 claim with any diagnosis of the following:
attention deficit hyperactivity disorder N= 12,265 (8.8%)
N= 10,342 (7.4%)

N=223 (0.2%)
N= 3,845 (2.7%)
N= 4,059 (2.9%)

bipolar disorder

cyclothymic disorder

dementia

epilepsy

psychosis, schizophrenia, schizo-affective

disorder and other non-mood psychotic N= 6,352 (4.5%)

disorders

disorders

Eligible patients with TRD
N= 3,414 (56.3%)

Eligible patients with non-TRD MDD
N=110,354 (78.8%)

Fig. 1 Study participant flowchart. ICD-10-CM Interna-
tional Classification of Disease, Tenth Revision, Clinical
Modification, MDD major depressive disorder, MDE
major depressive episode, TRD treatment resistant depres-
sion.' Diagnosis codes used for the identification of MDD
are ICD-10-CM F32.X [excluding F32.8] and F33X
[excluding F33.8]. *An MDE refers to a period with
diagnoses and therapies received for MDD. The episode
start date is the date of the first observed MDD diagnosis
preceded by a period of > 6 months (180 days) without
MDD diagnoses or antidepressants (clean period). The
episode end date is the later of the two followed by
a > 6 months clean period: date of the last MDD
diagnosis or last day with antidepressant supply (last fill
date + days’ supply). *Adequate dose was defined on the
basis of the recommended daily dose for > 6 weeks as
indicated in the Massachusetts General Hospital Antide-
pressant Treatment Response Questionnaire, as included

likely be at a higher risk of developing AEs if
treated with that medication [21, 27].

Potential DDIs with non-antidepressant
augmentation medications, including both

in Supplementary Table 1. Adequate duration was defined
as > 6weeks of therapy with no
gaps > 14 days. “TRD onset was defined as the initiation
of a new antidepressant treatment course after absence of a

continuous

response to two antidepressant treatment courses of
adequate dose and duration. >The index date for patients
with non-TRD MDD was randomly selected among all
dates with an antidepressant medication claim. ®Patients
were excluded if they had > 1 claim with a diagnosis for
attention deficit hyperactivity disorder (ICD-10-CM:
F90.x), bipolar disorder (ICD-10-CM: F31.xx), cyclothy-
mic disorder (ICD-10-CM: F34.0x), dementia (ICD-10-
CM: F0lxx, FO2xx, FO3.xx, G30.xx, G31.0x, G31.1x),
epilepsy (ICD-10-CM: G40.xxx), or psychosis, schizophre-
nia, schizo-affective disorder, and other non-mood psy-
chotic disorders (ICD-10-CM: F06.0x, F06.2x, F20.xx,
F21.xx, F22.xx, F23.xx, F24.xx, F25.xx, F28.xx, F29.xx)

moderate and severe, were identified on the
basis of pharmacy claims for other medications
dispensed in the 90 days before and after the
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index date using the IBM Micromedex® Drug
Interaction Checking tool.

Statistical Analysis

Patients with TRD were matched 1:1 to patients
with non-TRD MDD on the basis of exact
matching factors (i.e., year of the index date
and insurance plan type) and propensity scores
computed on the basis of age, sex, and time
between the first antidepressant claim and the
index date. The balance of baseline character-
istics between cohorts after matching was
assessed with standardized differences (< 10%
indicated balanced) [28].

The likelihoods of presence of a relevant pre-
existing condition for listed AEs and potential
DDIs were compared between matched cohorts
using univariate logistic regressions that
accounted for the correlation between matched
pairs. Results were reported as odds ratios (ORs)
with 95% confidence intervals (Cls) and
p values.

RESULTS

Among 274,910 patients with an MDD diagno-
sis and an antidepressant claim at adequate dose
and duration during the first observed MDE,
9740 (4%) were identified as having TRD
(Fig. 1). Among patients with TRD, 3414 (35%)
met all study selection criteria. In the non-TRD
MDD cohort, a total of 110,354 patients were
identified and matched to patients in the TRD
cohort. Following matching, each of the
cohorts included 3414 patients.

Baseline Characteristics

After matching, the TRD and non-TRD MDD
cohorts were well balanced in terms of demo-
graphic characteristics (Table1). In both
cohorts, the mean age was 39.7 years, 69% of
patients were female, 4% had access to Medicare
Supplemental, and 27% were covered by Medi-
caid. Race was available only in those with
Medicaid coverage, and the majority of patients
with data regarding race available were white in

both cohorts. During the baseline period,
patients with TRD compared to patients with
non-TRD MDD received, on average, one addi-
tional unique antidepressant (a mean of 2.5 vs.
1.4). In the TRD cohort, 48% received a non-
antidepressant augmentation agent during the
baseline period, compared to 19% in the non-
TRD MDD cohort.

In the TRD cohort, 1824 patients (53%) ini-
tiated non-antidepressant augmentation medi-
cations at TRD onset (Table?2). The most
common medications received were adjunctive
atypical APs (35%), buspirone (31%), and thy-
roid hormones (27%); lithium was the least
commonly used medication (1%). Among
patients who initiated non-antidepressant aug-
mentation medications at TRD onset, 986 (54%)
had not received the medication being initiated
during the baseline period (i.e., were new ini-
tiators). Atypical APs was the most common
class of newly initiated non-antidepressant
augmentation medications (36%).

Pre-Existing Conditions

Among patients with TRD, the prevalence of
> 1 pre-existing condition relevant for listed
AEs (based upon the “Warnings and Precau-
tions” and “Adverse Reactions” sections in the
prescribing information) related to any non-
antidepressant augmentation medication was
82%. The likelihood of presence of > 1 pre-ex-
isting condition relevant for a listed AE related
to any non-antidepressant augmentation med-
ication was 33% higher in patients with TRD
relative to patients with non-TRD MDD
(p <0.001).

The proportion of patients with TRD with
> 1 pre-existing condition relevant for listed
AEs related to the most commonly used medi-
cations in each specific non-antidepressant
augmentation class (Table 2) ranged between
28% (anticonvulsants) and 65% (atypical APs;
Fig. 2). Patients with TRD compared to patients
with non-TRD MDD had 46%, 45%, and 40%
higher likelihood of having > 1 pre-existing
condition relevant for a listed AE specific to
atypical APs, amphetamine-related
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Table 1 Baseline characteristics in matched cohorts®

Mean % SD [median] or 7 (%) TRD cohort Non-TRD MDD Std. diff.
cohort %
N = 3414 N = 3414
Age (years) 39.7 £ 15.6 [37.8] 40.0 £ 15.5 [37.9] 1.8
Female 2341 (68.6) 2353 (68.9) 0.8
Year of index date
2016 73 (2.1) 73 (2.1) 0.0
2017 1236 (36.2) 1236 (36.2) 0.0
2018 2105 (61.7) 2105 (61.7) 0.0
Race®
White 707 (20.7) 622 (18.2) 6.3
Black 118 (3.5) 171 (5.0) 7.7
Hispanic 13 (0.4) 17 (0.5) 1.8
Other 13 (0.4) 19 (0.6) 2.6
Unknown 79 (2.3) 101 (3.0) 4.0
Unavailable 2484 (72.8) 2484 (72.8) 0.0
Geographical region’
South 1032 (30.2) 1020 (29.9) 0.8
North central 644 (18.9) 637 (187) 0.5
Northeast 406 (11.9) 386 (11.3) 1.8
West 394 (11.5) 436 (12.8) 3.8
Unknown 8 (0.2) 5 (0.1) 4.0
Unavailable 930 (27.2) 930 (27.2) 0.0
Insurance plan
Commercial only 2337 (68.5) 2337 (68.5) 0.0
Medicaid 930 (27.2) 930 (27.2) 0.0
Medicare Supplemental 147 (4.3) 147 (4.3) 0.0
Quan-CCI* 0.7 + 1.5 [0.0] 0.7 + 1.5 [0.0] 0.4
Key behavioral comorbidities
Anxicty 2326 (68.1) 1732 (50.7) 36.0
Reaction to severe stress, and adjustment disorders 823 (24.1) 542 (15.9) 20.7
Substance use disorder 821 (24.0) 622 (18.2) 143

Key physical comorbidities
Diabetes 351 (10.3) 330 (9.7) 2.1
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Table 1 continued
Mean * SD [median] or 7z (%) TRD cohort Non-TRD MDD Std. diff.
cohort %
N = 3414 N = 3414
Asthma 325 (9.5) 300 (8.8) 25
Cancer 131 (3.8) 138 (4.0) 1.1
Number of unique antidepressant medications received 2.5 + 1.1 [2.0] 1.4 £ 0.7 [1.0] 121.7
Number of unique non-antidepressant augmentation 0.6 & 0.7 [0.0] 0.2 £ 0.5 [0.0] 62.4
medications received
> 1 non-antidepressant augmentation medication received 1,637 (47.9) 634 (18.6) 65.6
Days from first antidepressant therapy to index date 401.3 £ 180.4 400.8 £ 191.1 0.3
[371.0] [379.0]

MDD major depressive disorder, Quan-CCI Quan-Charlson comorbidity index, SD standard deviation, TRD treatment-

resistant depression

! Patients were matched on exacting matching factors (ie., year of index date and insurance plan type) and propensity score
(the probability of being in the TRD cohort vs. the non-TRD MDD cohort), modelled using a logistic regression model
adjusted for age, sex, and time between the first antidepressant claim and the index date

2 . . . . . .
Race information was only available among patients from the Medicaid database

3 Geographic region was only available among patients from the Commercial Claims and Encounters and Medicare

supplement databases

* Quan H, Sundararajan V, Halfon P et al. Coding Algorithms for Defining Comorbidities in ICD-9-CM and ICD-10

Administrative Data. Medical Care 2005;43:1130-1139

psychostimulants, and thyroid hormones,
respectively (all p < 0.001; Fig. 2).

The most prevalent pre-existing conditions
relevant for listed AEs among patients with TRD
were respiratory conditions (51%; relevant to
use of lithium), cardiovascular conditions (29%;
relevant to use of atypical APs, non-benzodi-
azepine GABA-receptor modulators, modafinil-
and amphetamine-related psychostimulants,
thyroid hormones, and lithium), and hyper-
tension (27%; relevant to use of non-benzodi-
azepine GABA-receptor modulators, modafinil-
and amphetamine-related psychostimulants,
and thyroid hormones). Common pre-existing
conditions relevant for listed AEs specific to
atypical APs, which were significantly more
likely to be observed among patients with TRD
relative to patients with non-TRD MDD, were
cardiovascular (13% higher likelihood in the
TRD cohort), obesity/weight gain (17% higher
likelihood), and hyperlipidemia/dyslipidemia

(15% higher likelihood; Fig. 3). These condi-
tions were also similarly associated with the use
of other classes of non-antidepressant augmen-
tation medications.

In the sensitivity analysis (i.e., in the sub-
group of new initiators of non-antidepressant
augmentation medications at TRD onset), 66%
of patients who initiated an atypical AP had > 1
pre-existing condition for a listed AE relevant to
use of an atypical AP (Supplementary Fig. 1).
The likelihood of presence of > 1 pre-existing
condition for listed AEs relevant to use of an
atypical AP was 66% higher in patients with
TRD initiating atypical APs compared to
patients with non-TRD MDD (p < 0.001). With
respect to specific conditions relevant to use of
atypical APs, the likelihoods for cardiovascular
conditions, obesity/weight gain, and hyperlipi-
demia/dyslipidemia were similar in patients
with TRD initiating atypical APs and patients
with non-TRD MDD; patients with TRD
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Table 2 Common antidepressant and non-antidepressant augmentation medications (FDA approved, and other options
considered for MDD) used at TRD onset and analyzed for pre-existing conditions relevant for AEs and potential DDIs"*

n (%) TRD cohort
N = 3414
Antidepressant monotherapy 631 (18.5)
Augmentation with antidepressant 959 (28.1)
Bupropion 447 (46.6)
Augmentation with non-antidepressant medications* All initiators New initiators>
Any agent 1824 (53.4) 986 (28.9)
Atypical APs® 635 (34.8) 355 (36.0)
Aripiprazole 354 (19.4) 202 (20.5)
Quetiapine 256 (14.0) 123 (12.5)
Brexpiprazole® 62 (3.4) 37 (3.8)
Non-benzodiazepine GABA-receptor modulators® 561 (30.8) 268 (27.2)
Buspirone 561 (30.8) 268 (27.2)
Thyroid hormone 497 (27.2) 95 (9.6)
Levothyroxine 492 (27.0) 72 (7.3)
Liothyronine 50 (2.7) 24 (2.4)
Anticonvulsants’ 245 (13.4) 138 (14.0)
Lamotrigine 192 (10.5) 106 (10.8)
Divalproex® 41 (22) 25 (2.5)
Carbamazepine® 15 (0.8) 7 (0.7)
Psychostimulants 236 (12.9) 143 (14.5)
Amphetamine-related psychostimulants 200 (11.0) 122 (12.4)
Amphetamine mixtures—(with dextromethorphan) 106 (5.8) 58 (5.9)
Lisdexamfetamine 63 (3.5) 40 (4.1)
Methylphenidate’ 46 (2.5) 25 (2.5)
Dexmethylphenidate 2 (0.1) 2 (0.2)
Amphetamine’ 2 (0.1) 2 (0.2)
Dextroamphetamine’ 2 (0.1) 1(0.1)
Modafinil-related psychostimulants 43 (2.4) 21 (2.1)
Modafinil® 29 (1.6) 16 (1.6)
Armodafinil 15 (0.8) 5 (0.5)
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Table 2 continued

. . . .4 L. L.
Augmentation with non-antidepressant medications All initiators New initiators®

Lithium>*® 20 (1.1) 10 (1.0)

AE adverse event, AP antipsychotic, APA American Psychiatric Association, FDA US Food and Drug Administration,
MDD major depressive disorder, 7RD treatment-resistant depression

' TRD onset during the first major depressive episode was the index date. TRD onset was defined as the initiation of a new
antidepressant treatment course (either a claim for a new antidepressant of adequate dose or a claim for a new non-
antidepressant augmentation medication with > 1 day of overlap with an antidepressant of adequate dose) after absence of a
response to two antidepressant treatment courses of adequate dose and duration

2 Defined on the basis of all claims with > 1 day of overlap with cither the new antidepressant or new non-antidepressant
augmentation medication that defines TRD onset

? Newly initiated medications were identified on the basis of the absence of a claim for the medication in the > 12 months
prior to TRD onset

* Non-antidepressant augmentation medications are not mutually exclusive, as patients may have had claims for multiple
agents

> Included in either the APA guidelines for the treatment of patients with MDD, or the FDA label denoting the indication
© Pre-existing conditions and potential drug-drug interactions were not considered for these medications at the class level
analysis because of the low prevalence among the TRD cohort

initiating atypical APs had 138% higher likeli-
hood of insomnia and 50% higher likelihood of
hypothyroidism relative to patients with non-
TRD MDD (all p < 0.05; Supplementary Fig. 2).

Potential DDIs

All patients with TRD and non-TRD MDD had
> 1 potential moderate or severe DDI related to
any non-antidepressant augmentation medica-
tion (Fig.4). Moreover, virtually all patients
with TRD (98% and 91%) had > 2 and > 3
potential moderate or severe DDIs related to
any non-antidepressant augmentation medica-
tion, respectively. The likelihood of > 2 and > 3
potential DDIs was 12.9 and 6.4 times higher
among patients with TRD relative to patients
with non-TRD MDD, respectively (all
p <0.001).

The prevalence of > 1 potential moderate or
severe DDI specific to each class of medications
(Table 2) among patients with TRD ranged from
59% for thyroid hormones to 100% for
amphetamine-related psychostimulants and
was 98% for atypical APs (Fig. 4). The likelihood
of > 1 potential DDI related to atypical APs and
amphetamine-related psychostimulants was
similar among patients with TRD and non-TRD

MDD, but patients with TRD had higher likeli-
hood of > 1 potential DDI for all other classes of
medications. The prevalence of > 2 potential
DDIs among patients with TRD ranged from
18% for anticonvulsants to 91% for ampheta-
mine-related psychostimulants and was 85% for
atypical APs. Patients with TRD compared to
patients with non-TRD MDD had 4.5 and 3.4
times higher likelihood of > 2 and > 3 potential
DDIs related to atypical APs (all p < 0.001), and,
similarly, higher likelihood of > 2 and > 3
potential DDIs for all other classes of
medications.

In the sensitivity analysis, 100%, 98%, and
81% of patients who newly initiated an atypical
AP at TRD onset had > 1, > 2, and > 3 potential
DDIs relevant to use of atypical APs, respectively
(Supplementary Fig. 3). Patients with TRD
newly initiating atypical APs had 36.2 and 9.8
times higher likelihood of > 2 and > 3 potential
DDIs related to atypical APs compared to
patients with non-TRD MDD (p < 0.001). A
statistically significant higher likelihood of > 2
and > 3 potential DDIs was largely observed
among patients with TRD initiating all other
classes of medications, with the exception of
modafinil-related psychostimulants (in this
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Prevalence (%)

OR=1

OR (95% CI)? P-value?

== 1.46 (132, 1.61)  <0.001*
—— 140 (127, 1.54)  <0.001*
—_ 145(1.32,1.59)  <0.001*
—— 1.15(1.04,1.26)  0.004*
—=— 133 (121,1.45)  <0.001*
—=— 1.82(1.63,2.05)  <0.001*

>1 pre-existing condition Non-TRD
for AEs with: TRD MDD
Atypical antipsychotics 65.3 56.3
Thyroid hormones 48.6 40.3
Amphetamine-related
) 48.4 393

psychostimulants
Non-benzodiazepine GABA-

46.4 43.0
receptor modulators
Modafinil-related

42.6 359
psychostimulants
Anticonvulsants 27.7 17.3

0.5

Fig. 2 Likelihood of having any pre-existing condition
relevant for AEs associated with specific non-antidepres-
sant augmentation medications in patients with TRD vs.
non-TRD MDD (N = 3414 per cohort)'. AE adverse
event, CI confidence interval, FDA US Food and Drug
Administration, MDD major depressive disorder, OR odds
ratio, TRD treatment-resistant depression.*Significant at
the 5% level. 1Prf:—f:xisting conditions were identified based

case, the likelihood of > 3 potential DDIs was
similar between cohorts).

DISCUSSION

In this real-world observational study, the
prevalence of pre-existing conditions relevant
for AEs listed in the product labels of specific
non-antidepressant augmentation therapies
and potential DDIs were assessed between
patients with TRD and non-TRD MDD. Our
findings demonstrate that most patients with
TRD had > 1 pre-existing condition relevant for
a listed AE and > 3 potential moderate or severe
DDIs associated with non-antidepressant aug-
mentation therapy. The likelihoods of having
relevant pre-existing conditions as well as the
potential for multiple DDIs were significantly
higher in patients with TRD compared to those

2.0 4.0

Higher likelihood in TRD vs. non-
TRD MDD cohort

on the “Warnings and Precautions” and “Adverse Reac-
tions” sections of the FDA Prescribing Information for
each medication included in each class of non-antidepres-
sant augmentation medications. 20Rs, 95% Cls, and
p values were calculated with univariate generalized esti-
mating equations using logistic regression to account for
the matched pairs

with non-TRD MDD. Overall, these findings
emphasize the challenges of pharmacological
management of patients with TRD and the need
for careful clinical decision-making to select
therapies that minimize the risk of AEs and
potential DDIs.

Atypical APs were the most commonly used
class of non-antidepressant augmentation
medications at the time of TRD onset while
lithium was the least commonly used; this was
consistent with recent claims-based analyses of
patients with TRD [14, 29, 30]. A third of
patients with TRD who used non-antidepressant
augmentation medications at TRD onset were
treated with an atypical AP (aripiprazole, que-
tiapine, or brexpiprazole). A previous claims-
based study of patients with MDD and other
psychiatric conditions initiated on atypical APs
reported that the prevalence of > 1 pre-existing
condition relevant for a listed AE was 32% for
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Prevalence (%)

Non-TRD o ) g 2 Other medications with same pre-existing
TRD MDD OR(95% CI)"  P-value conditions
Non-benzodiazepine GABA-receptor modulators,
Cardiovascular 29.0 26.5 - 1.13 (1.02, 1.25) 0.019* modafinil- and amphetamine-related
psychostimulants, thyroid hormones
Obesity/weight gain 242 21.4 = 1.17 (1.05, 1.31) 0.006* Non-benzodiazepine GABA-receptor modulators
Hyperlipidemia/dyslipidemia  22.2 20.0 == 1.15(1.02, 1.28) 0.019* None
Hypothyroidism 13.7 9.3 [E—— 1.54(1.32,1.79)  <0.001* Thyroid hormones
Modafinil- and amphetamine-related
Insomnia 13.7 8.1 —=— 1.81(1.55,2.12)  <0.001* psychostimulants, anticonvulsants, thyroid
hormones
. P ——t Amphetamine-related psychostimulants,
Suicidal behavior/ideation 7.5 33 2.38(1.89,2.99) <0.001* .
anticonvulsants
Sedation/somnolence 34 1.7 —=—t  205(1.50,2.81) <0.001* Modafinil- and amphetamine-related
psychostimulants, anticonvulsants
Extrapyramidal symptoms 33 1.6 —_— 2.02(1.46,2.78)  <0.001%* None
Amphetamine-related psychostimulants
* 3
Tremor 14 0.8 ! = ! 170 (1.08,2.67) 0.021 anticonvulsants, thyroid hormones
0.5 1.0 2.0 4.0

v

Higher likelihood in TRD
vs. non-TRD MDD cohort

Fig. 3 Likelihood of having specific pre-existing condition
relevant for AEs associated with atypical APs in patients
with TRD vs. non-TRD MDD (N = 3414 per cohort)'.
AE adverse event, AP antipsychotic, CI confidence
interva, FDA US Food and Drug Administration,
MDD major depressive disorder, OR odds ratio, TRD
treatment-resistant depression.*Significant at the 5% level.
IPre-cxisting conditions were identified based on the

aripiprazole and 77% for quetiapine [21]. In our
study, we found that 65% of all patients with
TRD regardless of the initiation of APs and 66%
of those who initiated a new atypical AP at TRD
onset had > 1 relevant pre-existing condition
potentially impacting them from safely using
aripiprazole or quetiapine.

Physical comorbid conditions, including
cardiovascular, metabolic, and respiratory dis-
ease, are prevalent among patients with TRD
[18]. In this study, we found a significantly
higher likelihood of cardiovascular disease,
obesity/weight gain, and hyperlipidemia/dys-
lipidemia in patients with TRD vs. those with
non-TRD MDD. These conditions may preclude
the use of atypical APs because of an increased
risk for clinically relevant AEs. The interplay of
physical comorbidities and TRD is complex and
has not been well elucidated. It is possible that
these physical conditions impact the success of
antidepressants and non-antidepressant

and “Adverse Reactions’
sections of the FDA Prescribing Information for each

“Warnings and Precautions”
medication included in each class of non-antidepressant
augmentation medications. 20Rs, 95% Cls, and p values
were calculated with univariate generalized estimating
equations using logistic regression to account for the
matched pairs

augmentation medications among patients
with MDD, resulting in a higher prevalence of
comorbidities among patients with TRD, or
alternatively individuals with comorbid condi-
tions may experience poorer mental health
outcomes.

The risk of potential moderate and severe
DDIs due to being on multiple medications,
which have an undesirable reaction with non-
antidepressant augmentation medications, is
high among patients with TRD. Almost all
patients with TRD had > 2 and > 3 potential
moderate or severe DDIs associated with any
non-antidepressant augmentation therapy;
moreover, 85% had > 2 potential DDIs associ-
ated with an atypical AP, the most commonly
used class of non-antidepressant augmentation
medications. Careful assessment of potential
DDIs is important in this population because of
the concurrent treatment of other comorbidi-
ties, in addition to TRD.
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The main analysis of this study focused on
patients regardless of their actual initiation of
non-antidepressant augmentation medications,
but the sensitivity analysis assessed the out-
comes in patients who newly initiated the
medications at TRD onset. The prevalence of
> 1 pre-existing condition for a listed AE rele-
vant for use of an atypical AP was similar,
regardless of the initiation status, but the
prevalence of cardiovascular conditions and
hyperlipidemia was somewhat lower in new
initiators of non-antidepressant augmentation
medications relative to all patients with TRD.
With respect to potential DDIs, their prevalence
was higher in new initiators of non-antidepres-
sant augmentation medications relative to all
patients with TRD. Overall, it is recognized that
the pharmacological management of patients
with TRD with pre-existing conditions for
which they are taking other medications is
challenging for clinicians. In addition to these
challenges, clinicians managing patients with
TRD additionally face the difficulty of finding a
treatment option that would help alleviate the
symptoms of MDD, as few augmentation
options are proven to be effective. While the
scope of this study was to assess the prevalence
of pre-existing conditions relevant for AEs listed
in the product labels of non-antidepressant
augmentation agents, future studies should
consider evaluating the impact of antidepres-
sant therapies on outcomes among patients
with pre-existing conditions.

The current study found that 4% of patients
with MDD treated with antidepressants met the
criteria for TRD. Of note, the proportion of
patients with MDD that appear to meet the
definition of TRD in claims-based studies varies
on the basis of several factors including the
duration of follow-up, constraints imposed by
patient exclusion criteria, the extent of non-
antidepressant augmentation agents being
considered, and the thresholds for definitions of
adequate dose and duration for antidepressant
treatment.

New therapeutic options are available to
treat TRD and are generally covered by payers in
the USA. However, payers may require pre-au-
thorization, where patients must demonstrate
failure to alternative augmentation therapy

with non-antidepressant augmentation medi-
cations before they can receive access to these
options. Requiring patients with TRD to fail
adjunctive AP therapy prior to allowing treat-
ment with newer therapeutic options restricts
the clinician’s flexibility in this complex patient
population, which has higher rates of comorbid
medical conditions compared to patients with
non-TRD MDD. Consequently, it may prolong
the course of the patient’s illness, increase the
risk of AEs and DDIs, and delay access to alter-
native treatments. While new therapeutic
options similarly carry the risk of AEs, there is a
clinical benefit to broadening the array of
available options, rather than limiting choices
on the basis of payer restrictions, to further aid
in the creation of individualized treatment
plans.

Limitations

The current study is subject to some limitations.
First, the definition of TRD was based uniquely
on pharmacy claims for antidepressant and
non-antidepressant augmentation medications,
and clinical information related to the response
to these medications, as well as evaluation of
tolerability or actual AEs, was not available.
Second, although the most common definition
of TRD was used [8], there remains no estab-
lished or consistent definition in clinical prac-
tice guidelines routinely used in the care of
patients. Third, as with all claims database
studies, pharmacy claims do not guarantee that
the medication dispensed was taken as pre-
scribed. It is possible that patients may have
been instructed to stop taking a given medica-
tion before starting non-antidepressant aug-
mentation medications, thus leading to the
overestimation of the prevalence of potential
DDIs. The present study assessed the prevalence
of pre-existing conditions relevant for AEs listed
in the product labels, not the prevalence of
actual AEs, and there is no assumption that
actual AEs occurred. Furthermore, patients may
have been managing symptoms by using other
medications, and certain pharmacodynamic
interactions may have mitigated the actual
likelihood of some AEs or DDIs. Diagnoses that
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Number of
dispensed Prevalence (%)

medications
TRD Non-TRD

MDD

with potential OR (95% CI)*>  P-value?

for DDIs

Any non-antidepressant augmentation medication

>1 100.0 100.0 - -

>2 98.4 823 : —=—  1292(9.77,17.08)  <0.001%*

>3 90.7 60.7 k= 6.35 (5.56, 7.25) <0.001*
Amphetamine-related psychostimulants

>1 100.0 100.0 - -

>2 91.1 58.7 = 7.16 (6.26, 8.20) <0.001*

>3 66.5 30.2 K= 4.58 (4.15, 5.06) <0.001*
Atypical antipsychotics

>1 98.1 98.1  —i— 1.00 (0.71, 1.42) 1.000

>2 85.4 56.8 = 4.45(3.97,5.00) <0.001*

>3 61.1 31.8 K= 3.36 (3.05,3.71) <0.001*
Non-benzodiazepine GABA-receptor modulatdys

>1 95.0 90.9 —=— 1.92 (1.59, 2.34) <0.001*

>2 68.7 38.5 =i 3.51(3.18,3.87) <0.001*

>3 36.3 16.2 H W= 2.95 (2.64,3.30) <0.001*
Modafinil-related psychostimulants

>1 68.1 63.9 = 1.21 (1.09, 1.34) <0.001*

>2 31.4 23.6 K= 1.49 (1.34, 1.65) <0.001*

>3 11.3 6.6 =— 1.82 (1.54,2.16) <0.001*
Anticonvulsants

>1 61.3 57.6 p—u 1.17 (1.06, 1.28) 0.002*

>2 17.7 9.4 = 2.07 (1.79, 2.40) <0.001*

>3 3.4 0.7 L 4.97 (3.19,7.73) <0.001*
Thyroid hormones :

>1 58.6 44.1 K= 1.80 (1.63, 1.98) <0.001*

>2 24.2 12.9 = 2.15(1.90, 2.44) <0.001*

>3 83 3.4 : ——— 2.58 (2.08, 3.20) <0.001*

075 2?0 8?0 32l.0

v

Higher likelihood in TRD vs. non-
TRD MDD cohort
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«Fig. 4 Likelihood of potential severe or moderate DDIs in
patients with TRD vs. non-TRD MDD (NN = 3414 per
cohort)l. CI confidence interval, DDI drug-drug interac-
tion, MDD major depressive disorder, OR odds ratio,
TRD treatment-resistant depression. *Significant at the 5%
level. "The number of dispensed medications with poten-
tial for DDIs for each class of non-antidepressant
augmentation medications was identified during a 90-day
window before and after index date or among prescriptions
with days of supply that overlap the index date. >ORs, 95%
ClIs, and p values were calculated with univariate general-
ized estimating equations using logistic regression  to
account for the matched pairs

are reported in claims databases are for admin-
istrative purposes and may be inaccurately
reported. Reasons for potential underreporting
may include social stigma associated with MDD,
patient concerns regarding loss of insurance
coverage, and preferred reporting of comorbid
conditions when present with concurrent MDD
[31]. Although matching techniques were used
to minimize potential confounding, compar-
isons may be subject to residual confounding
due to unmeasured confounders, e.g., level of
education or marital status. Finally, results of
this study may not be generalizable to patients
without health insurance, or to patients covered
by healthcare plans other than commercial
insurance or Medicaid.

CONCLUSIONS

Effective and safe treatment options for patients
with TRD may be limited given the high
prevalence of pre-existing comorbid medical
and psychiatric conditions relevant for AEs lis-
ted in the product labels of non-antidepressant
augmentation therapies. Furthermore, patients
with TRD receive medications that may result in
DDIs with non-antidepressant augmentation
therapies. Pre-existing conditions and the
potential for DDIs associated with commonly
used non-antidepressant augmentation thera-
pies, such as atypical APs, further complicate
the clinical management of patients with TRD.
Pre-authorization conditions for novel thera-
peutic options in depression may pose an
additional barrier to patient care in TRD.
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