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Aim: There is limited real-world evidence for patients with treatment-resistant depression (TRD) receiving
esketamine nasal spray. Methods: This retrospective cohort study used data collected from a psychiatric
clinic’s EHR system. Results: A total of 171 TRD patients received esketamine July 2019-June 2021. This
predominantly female, white population had several mental health comorbidities and high exposure
to psychiatric medications. We observed significant reductions (p < 0.001) in average PHQ-9 and GAD-
7 scores from baseline (PHQ-9: mean: 16.7; SD: 5.8; GAD-7: mean: 12.0; SD: 5.8) to last available treatment
(PHQ-9: mean: 12.0; SD: 6.4; GAD-7: mean: 8.7; SD: 5.6). There were no reports of serious adverse events.
Conclusion: This study found a significant disease burden for patients with TRD. Esketamine appears to
be well tolerated and effective in improving depression and anxiety.

Tweetable abstract: Retrospective cohort study evaluated patients with treatment-resistant depression
receiving esketamine nasal spray at a private outpatient psychiatric clinic. Results find that esketamine
appears to be well tolerated and effective in improving depression and anxiety.
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Background: treatment-resistant depression

Major depressive disorder (MDD) is one of the most common mental health disorders in the US and is a major
cause of disability [1]. In 2017, an estimated 17.3 million adults in the US had at least one major depressive episode,
representing over 7% of all US adults [2]. Treatment-resistant depression (TRD) is broadly defined as failure to
achieve response or remission to at least two antidepressant medications with adequate dosing and duration [1,3].
TRD patients account for approximately one third of MDD patients and this population disproportionally accounts
for the burden of disease caused by depression [1,3-5].

Current pharmacotherapy strategies for TRD include switching antidepressants, combining antidepressants,
using second-generation antipsychotics and augmentation with lithium [2,6]. However, most antidepressants take
several weeks for patients to note symptom improvement, which is when TRD patients may be at imminent risk of
suicidal ideation or suicide attempt [7-9]. Non-pharmacological treatments for TRD include somatic therapies such
as transcranial magnetic stimulation (TMS), electroconvulsive therapy (ECT), vagal nerve stimulation (VNS) and
deep brain stimulation (DBS) [10]. The clinical efficacy of ECT is well established, but this treatment is costly and
is associated with acute cognitive impairment and amnesia. TMS is not fully supported by clinical trials for TRD,
with small sample sizes, variable treatment schedules and high drop-out rates [10]. TMS is also time consuming, (5‘ \ Becans
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as TMS sessions, usually 30—60 min each, are given five-times a week for a period of 4 to 5 weeks for a total of
20 to 30 sessions [10]. Furthermore, TMS is costly and insurance companies are reluctant to reimburse for this
treatment [10]. In 2005, VNS was approved by the FDA as an adjunctive treatment for TRD in patients who had
failed four or more antidepressant medications [11,12]. However, there are perioperative risks involved with device
implantation and response is not seen until 3 to 12 months after implantation, thus VNS is not recommended for
acute treatment of TRD [12,13]. Furthermore, there is a lack of reimbursement by US insurance providers for VNS,
namely Medicare/Medicaid [10]. DBS is an experimental surgical treatment for TRD with high cost and substantial
risk associated with the surgical procedure [10]. Moreover, the effects of the stimulation can take weeks to months
to begin working [10]. Thus, there is a significant unmet need for rapid acting treatment for patients with TRD.

Ketamine & esketamine for the treatment of depression

Ketamine was approved by the US FDA in 1970 as an anesthetic, but also has been observed to improve symptoms
of depression and other mood disorders [9,14]. Hypothesized mechanism of actions of ketamine for depression
include direct synaptic or extra-synaptic N-methyl-D-aspartate receptor (NMDAR) inhibition, selective inhibition
of NMDARs localized on GABAergic interneurons and a-amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid
receptor (AMPAR) activation [15]. Downstream mechanisms regulating synaptic plasticity have also been hypoth-
esized to affect the antidepressant response to ketamine, which include an increase in brain-derived neurotrophic
factor (BDNF) protein levels, a decrease in eukaryotic elongation factor 2 kinase (eEF2k) activation, activation
of mechanistic target of rapamycin (mTOR) and inhibition of glycogen synthase kinase-3 (GSK-3) (15,16]. These
hypothesized mechanisms of action of ketamine are not mutually exclusive and may act harmoniously to produce
an antidepressant response [15].

Ketamine is a racemic mixture of two stereoisomers, the S- and R-enantiomer [14,17]. Compared with the R-
enantiomer, the S-enantiomer binds to the NMDA receptor with greater affinity and has stronger anesthetic and
analgesic action, producing less lethargy and cognitive impairment [17). Racemic ketamine can be administered
via intravenous (IV), intranasal (IN), oral, sublingual (SL), anal, subcutaneous (SQ) and IM routes; however,
the majority of research to date has been on IV administration with dose ranges of 0.5-0.75 mg/kg [18-20]. A
meta-analysis of IV ketamine infusion for TRD found that patients experienced rapid reduction in depressive
symptoms during the first 24 h after one infusion, and the effects decreased at 7 days post-infusion, showing how
ketamine is promising for short-term treatment of TRD [19]. Sustained benefit from ketamine typically requires
multiple infusions at a high-frequency during an induction period, typically six sessions over 2—3 weeks, followed
by lower-frequency treatment during maintenance treatment [18,21]. While racemic ketamine is only prescribed for
psychiatric disorders as an off-label indication, the S-enantiomer, esketamine (Spravato™), was approved by the
FDA in March of 2019 as a rapid-acting treatment for TRD [9,17]. With its novel mechanism of action and rapid
reduction of depressive symptoms as early as 24 h post-administration, esketamine has garnered interest for the
treatment of TRD [1,9,17,22].

The FDA’s approval of esketamine was based on the efficacy and safety results of four phase I1I clinical trials [23,24].
Three trials were short-term parallel-group designs (TRANSFORM-1 and TRANSFORM-2 with patients ages 18
to 64 years; TRANSFORM-3 with patients ages 654 years) and one trial was a longer-term randomized withdrawal
maintenance-of-effect design (SUSTAIN-1) [23]. The Montgomery-Asberg Depression Rating Scale (MADRS) was
used as the primary outcome measure to assess change in depressive symptoms in all trials. Patients enrolled were
diagnosed with MDD and had failed two or more prior treatment lines. To assess esketamine efficacy, patients were
randomly assigned to receive esketamine nasal spray (56 or 84 mg for TRANFORM-1 and TRANSFORM-2; 28,
56, or 84 mg for TRANSFORM-3) versus placebo. Additionally, all patients received a new oral antidepressant.
Of the 421 patients randomly assigned to receive esketamine in the three short-term trials, 142 (34%) achieved
remission and 199 (47%) responded. Of the 289 patients randomly assigned to receive placebo in the three
short-term trials, 68 (24%) achieved remission and 102 (35%) responded. In the long-term SUSTAIN-1 trial,
patients who had initially achieved remission or response while receiving esketamine in the short-term trials were
randomly assigned to continue esketamine or replace with a placebo [23]. Two of the studies (TRANSFORM-2 and
SUSTAIN-1) showed a statistically superior effect of esketamine versus placebo on the study’s primary efficacy end
point (i.e., MADRS total score change from baseline at day 28) [23]. In TRANSFORM-2, the treatment effect was
apparent at day 2, which is an unusually rapid onset of effect for antidepressant medication [23]. In SUSTAIN-1,
time to depressive relapse was significantly longer in patients who continued esketamine treatment than patients
who switched to placebo, demonstrating evidence that esketamine is effective beyond one month for patients who
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initially responded [9,23]. Additionally, based on the safety data of these trials, the FDA approved esketamine with
a Risk Evaluation and Mitigation Strategies (REMS) program to mitigate the risk associated with serious adverse
outcomes and the potential for abuse and misuse [9,25,26]. The REMS program specifies that esketamine only
be dispensed and administered to patients under direct observation of a healthcare provider where they can be
monitored for at least 2 h post-administration [26].

Having a new treatment for TRD is important given the substantial burden of the disease coupled with the
unmet clinical need. However, the efficacy, safety, patient profile and use of esketamine in the real world may differ
from that reported in the clinical trial data for esketamine. For instance, patients treated in real-world settings may
have more severe depressive symptoms, a less rigorous or regular treatment schedule than observed dose-frequency
data in the RCTs, or other co-occurring psychiatric conditions that were excluded from the RCTs; therefore, the
efficacy and safety of treating these populations with esketamine is unknown [17).

The current study

Given the limited real-world and long-term data for patients with TRD receiving esketamine treatment, the
aim of our study is to better understand the demographic and clinical characteristics, treatment patterns, clinical
outcomes and adverse events of patients with TRD receiving esketamine therapy in a private outpatient psychiatric
clinic setting.

Methods

This retrospective analysis was conducted in accordance with International Society for Pharmacoepidemiology
(ISPE) Guidelines for Good Pharmacoepidemiology Practices (GPP) and received approval from the University of
Utah human subject protection review board.

We evaluated patients receiving esketamine treatment at a private integrative psychiatric clinic that provides
outpatient mental health treatment, specializing in ketamine and esketamine treatment. The services provided
include diagnostic evaluations, medication management, psychotherapy, TMS, and esketamine and ketamine
treatment. This clinic is a certified esketamine treatment center and has been administering esketamine since 2019
when the FDA approved the medication for treatment of TRD.

Study design & population

This retrospective observational cohort study was conducted using data from an electronic health record (EHR)
system that contains clinical and administrative data. All adults 18 years or older with a diagnosis of major depressive
disorder, recurrent without psychotic features (ICD-10 code F33.2) and who received esketamine nasal spray from
July 2019 to June 2021 were included. Individuals who received other forms of ketamine, including intravenous,
oral, sublingual, or intramuscular, were excluded.

Data collection

Data were collected through customized reports from the EHR and by medical chart review. Variables extracted
electronically included demographics, history questionnaires (physical and mental medical history, social history
and family history of mental illness), diagnoses, concomitant medications, treatment dates and clinical outcomes.
History questionnaires were provided to patients to complete before their first visit; however, not all patients
completed these questionnaires. Some variables were not available as structured data, so reviews of medical charts
were conducted to extract information pertinent to this study. These data include data elements required by the
REMS program (i.c., adverse events, blood pressure, time following administration for monitoring) and vital signs
consisting of blood pressure, pulse, respiration rate and temperature.

Outcomes

The primary outcomes of interest were the Patient Health Questionnaire (PHQ-9) depression score, the Generalized
Anxiety Disorder (GAD-7) score and the suicidal ideation (SI) score (PHQ-9 item 9). The PHQ-9 and GAD-
7 are valid and reliable tools to screen for depression and generalized anxiety disorder in clinical practice and
research [27,28]. The PHQ-9 scores for each of the 9 DSM-5 criteria for depression as ‘0" (not at all) to ‘3’ (nearly
every day) over the last 2 weeks 27]. The PHQ-9 total score ranges from 0 to 27 and scores represent minimal
depression (0—4), mild depression (5-9), moderate depression (10—14), moderately severe depression (15-19), and
severe depression (20-27). Previous research has defined a clinically meaningful improvement in PHQ-9 score as
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a 3-point reduction, while a clinically substantial improvement has been defined as a 6-point reduction [29]. The
GAD-7 scores the 7 criteria for anxiety based on the DSM-5 criteria as ‘0’ (not at all) to ‘3’ (nearly every day) over
the last 2 weeks [28]. The GAD-7 total score ranges from 0 to 21 and scores represent mild anxiety (0-5), moderate
anxiety (6—10), moderately severe anxiety (11-15), and severe anxiety (15-21) [28].

Statistical analyses

Descriptive statistics were used to describe the study sample characteristics, treatment patterns, clinical outcomes and
adverse events. To compare outcome measures from baseline to the last dosing session, the cohort was stratified by
number of treatments received and two-sample paired t-tests were conducted. Correlation analyses were performed
to determine the association between the number of treatment sessions and outcome measures.

Multiple linear regression analyses were performed to determine the relationship between number of treatments
and change in depression and anxiety measures from baseline to the last treatment session available. Covariates with
missing data were not included in the multivariable analysis. We utilized forward selection with an entry significance
level at 0.15 to determine the final models for predicting change in PHQ-9 score and change in GAD-7 score. The
models were each evaluated for outliers with standardized residuals and influential values were assessed with Cook’s
distance. Collinearity was assessed using the variance inflation factor (VIF) and the condition index (CI). Residual
plots were used to assess linearity and heteroskedasticity assumptions. Normality was assessed graphically with a
histogram and Q-Q plot of the residuals. The R? value was assessed to evaluate how much variability in the change
in PHQ-9 score or change in GAD-7 score is accounted for by the regression models. Analyses were performed
using STATA 16.1. Levels of significance in this study were defined as p < 0.05.

Results

A total of 171 patients were treated with esketamine therapy from July 2019-June 2021 and met all
inclusion/exclusion criteria. The patient population had an average age of 36 (£12) years, included a higher
proportion of females (60%) and were predominantly white (92%) (Table 1).

Several common psychiatric diagnoses were generalized anxiety disorder (GAD) (39%; n = 67), attention-deficit
hyperactivity disorder (ADHD) (25%; n = 43), insomnia (25%; n = 43) and post-traumatic stress disorder (PTSD)
(12%; n = 20) (Table 1). There were 168 (98%) patients with recorded use of other psychiatric medications besides
esketamine, with an average of 5.8 (SD: 4.0) psychiatric medications per patient. There were 160 (94%) patients
with a recorded prescription for an oral antidepressant and each of these patients were taking on average 2.3 (SD:
1.4) oral antidepressants (Table 1). For all other psychiatric medication classes listed, patients were taking one to
two medications each.

The patient self-reported medical, social and family history questionnaires are summarized in Tables 2 & 3.
The number for each question changes based on whether the patient completed the questionnaire and/or the
individual question. The number of respondents is shown for each question and percentages are based on available
data. The majority of patients reported a history of acute or chronic pain (55% [38/69]) and high blood pressure
(32% [17/53]). Regarding mental health history, 45% of respondents reported one or more prior psychiatric
hospitalizations (35/78), 48% of respondents reported self-harm behavior (31/64) and 46% of respondents
reported one or more prior suicide attempts (28/61). Most patients with available data did not have a history of
heavy alcohol use (5% [5/107]), daily tobacco use (6% [9/146]), recreational cocaine/amphetamine use (18%
[24/134]), or psychedelic/entheogenic drug use (19% [25/134]). Several patients had a history of opiate use
(including prescription opiates and/or heroin) but denied current use (78% [105/137]). Of the 135 respondents
with data on family history of mental illness, 70% (n = 120) reported a family history of mental illness. The majority
of patients reported having one or more family members with a history of depressive disorder (71% [96/135]) or

anxiety disorder (57% [77/135]).

Depression & anxiety outcome measurements — PHQ-9 & GAD-7 survey scores

Figure 1 presents the mean PHQ-9 (depression) and GAD-7 (anxiety) scores for treatment sessions 1-28. For
treatment sessions 1-8, the average PHQ-9 and GAD-7 scores steadily decrease, reflecting improvements in
depression severity. The average survey scores increase at treatment session 9, decrease from treatment sessions
9-12 and increase at treatment session 14. After treatment session 14, the survey score trends become variable but
do not increase to scores above those seen at treatment session 14 — PHQ-9 mean: 12.8 (SD: 5.7), GAD-7 mean:

9.6 (SD: 5.7).
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Table 1. Demographic and clinical characteristics of patients receiving esketamine therapy.
Total (n = 171)

SD or (%)

12

Demographic characteristics

Age (years)
Sex, female
Race
White
Black or African-American
Asian
American-Indian
Other race
Patient declined
Utah residence
Psychiatric diagnoses
Major depressive disorder (MDD)
Generalized anxiety disorder (GAD)
Attention-deficit hyperactivity disorder (ADHD)
Insomnia
Other mental disorderf
Post-traumatic stress disorder (PTSD)
Panic disorder (PD)
Bipolar disorder (BD)
Psychiatric medications
All psychiatric medications
Prescriptions per patient
Antidepressant
Prescriptions per patient
Tricyclic antidepressant
Antipsychotic
Stimulant
Benzodiazepine
Anticonvulsant
Sedative/hypnotic
Anticonvulsant/mood stabilizer
Mood stabilizer
Opiate antagonist

Other

Mean or n
36
103

157

168

171
67
43
43
33
20
12

168
5.8
160
2.3
10
79
71
74
59
40
39
12
1
19

60%

92%
1.2%
0.58%
0.58%
2%
4%
98%

100%
39%
25%
25%
19%
12%
7%
6%

98%
4.0
94%
1.4
6%
46%
42%
43%
35%
23%
23%
7%
6%
1%

T Other mental disorder includes the following: Anxiety disorder, unspecified (n = 9); Sleep disorder, unspecified (n = 6); Obsessive-compulsive
disorder (n = 4); Eating disorder (n = 4); Suicidal ideations (n = 3); Unspecified mood disorder (n = 2); Alcohol use disorder (n = 1); Attention

and concentration deficit (n = 1); Opioid use disorder (n = 1); Personality disorder (n = 1); Social phobia (n = 1).

TOther psychiatric medications include the following: Dopamine agonist (n = 7); Triptan (n = 4); Alcohol antagonist (n = 3); CNS depressant

(n = 2); MAOI (n = 2); NMDA receptor antagonist (n = 2); Sedative (n = 2); Marijuana (n = 1).

Figure 2 displays the mean SI score for treatment sessions 1-28. Similar to the PHQ-9 total score, the average SI

score steadily decreased from treatment sessions 1-9, increased at treatment session 10, decreased sharply at session
11 and was variable thereafter. After treatment session 13, the average SI score for the cohort becomes variable but

does not increase to scores above those seen at session 13 (SI mean: 0.81; SD: 0.95).

The cohort of patients had a median of 11 treatments (IQR 10.5). The median days between treatments ranges

from 3-6 days for treatment sessions 1-9, increases to 7 days at treatment session 10 and remains at a median of

7 days for treatment sessions 10-28.

Table 4 provides the summary of PHQ-9 and GAD-7 scores taken at baseline versus the patients’ last available
esketamine treatment. The summaries are stratified by number of treatments the patients received. There were
148 patients of the 171 patients that had a baseline PHQ-9 score and a PHQ-9 score at a follow-up esketamine
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Table 2. Patient self-reported medical and social history at baseline of patients receiving esketamine

therapy.
Medical history — physical

Patients with available data (n)

Acute or chronic pain 69
High blood pressure 53
Thyroid disease 52
Cancer 45
Traumatic brain injury 47
Cardiovascular issues 45
Stroke TIA 41
Diabetes 43
Seizures/epilepsy 45
Medical history - mental
Any prior psychiatric hospitalizations 78
Any self-harm behavior 64
Prior suicide attempts 61
Prior ketamine use 48
Social history
Alcohol use 107
Denies history of use
Heavy
Moderate
Occasional (2-3-times monthly or less)
Blackouts/delirium tremens/seizures related to alcohol 135
No
Yes
Ever attended any alcohol or drug treatment centers 138
No
Yes
Do you or have you ever smoked tobacco 146
Never
Formerly
Currently some days
Currently every day
Current status unknown
Cannabis use 134
Denies history of use
Previous use — denies current use
Recreational use
Currently prescribed medicinal cannabis
Cocaine/amphetamines use 139
Denies history of use
Previous use — denies current use
Currently uses
Opiate (pain pills/heroin) use 137
Denies history of use
Previous use — denies current use
Currently uses
Psychedelic/entheogenic drug use (e.g. LSD, DMT, Psilocybin, MDMA) 134

Denies history of use

Admits history of use

n (%)

38 (55.1%)
17 (32.0%)
15 (28.9%)
7 (15.6%)
6 (12.8%)
5(11.1%)
3(7.3%)
3(7.0%)
3(6.7%)

35 (44.9%)
31 (48.4%)
28 (45.9%)
8(16.7%)

53 (49.5%)
5(4.7%)

14 (13.1%)
35 (32.7%)

123 (91.1%)
12 (8.9%)

128 (92.8%)
10 (7.3%)

101 (69.2%)
26 (17.8%)
9 (6.2%)

9 (6.2%)
1(0.7%)

63 (47.0%)
37 (27.6%)
24 (17.9%)
10 (7.5%)

126 (90.7%)
9 (6.5%)
4 (2.9%)

9 (6.6%)
105 (76.6%)
23 (16.8%)

109 (81.3%)
25 (18.7%)
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Table 3. Family history of mental illness taken at baseline of patients receiving esketamine therapy.

Family history of mental illness (n = 171) n %
Yes 120 70.2
No current problems or disability 2 1.2
Unknown 13 7.6
No data 36 21.1
Mental illness /substance use condition of patient family members (n = 135) nf %
Depressive disorder 96 71
Anxiety disorder 77 57
Alcohol abuse 53 39
Attention deficit hyperactivity disorder 44 33
Substance abuse 34 25
Panic disorder 25 19
History of attempted suicide 28 21
Posttraumatic stress disorder 23 17
Bipolar disorder 24 18
Obsessive-compulsive disorder 18 13
Personality disorder 14 10
Schizophrenia 3 2
Schizoaffective disorder 2 1
Alcohol dependence 1 1
Cocaine abuse 1 1

TN represents count of patients with 1+ family members with the specified mental health/substance use condition history.

Figure 1. Outcome measures for
patients receiving esketamine therapy,
treatment sessions 1-28. PHQ-9 survey
instrument scores may range from
0-27; GAD-7 survey instrument scores
may range from 0-21. Higher scores
indicate more severe depression or
anxiety symptoms.

Figure 2. Sl scores for patients
receiving esketamine therapy, treatment
sessions 1-28. S| scores (PHQ-9 item 9)
range from 0 to 3. Higher score indicates
more severe suicidal ideation.
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Table 4. PHQ-9, suicidal ideation and GAD-7 scores by number of esketamine treatments received.

Depression - PHQ-9 n Score at baseline Last available treatment p-valuef
Mean (SD) Mean (SD)

All patients with baseline and >2 survey scores and/or >2 weeks of 148 16.7 (5.82) 12 (6.38) <0.001

treatment

Patients with 1 treatment 7 13 (6.72) N/A

Patients with 2-5 treatments 31 15.8 (6.85) 14.6 (6.67) 0.202

Patients with 6-10 treatments 36 15.1 (5.77) 11 (6.46) <0.001

Patients with 11-15 treatments 39 16.7 (5.60) 11.2 (6.42) <0.001

Patients with 16-30 treatments 33 18.5 (5.00) 11.6 (5.73) <0.001

Patients with 31-71 treatments 13 17.5 (5.87) 11.9 (5.50) 0.001

Suicidal ideation - PHQ-9 item 9

All patients with baseline and >2 survey scores and/or >2 weeks of 140 1.09 (1.06) 0.79 (0.94) <0.001

treatment

Patients with 1 treatment 5 0.80 (1.17) N/A

Patients with 2-5 treatments 25 1.12 (1.11) 1.04 (1.11) 0.603

Patients with 6-10 treatments 30 0.97 (0.98) 0.67 (0.83) 0.071

Patients with 11-15 treatments 22 1.17 (1.09) 0.77 (0.99) 0.043

Patients with 16-30 treatments 27 0.96 (1.07) 0.74 (0.84) 0.227

Patients with 31-71 treatments 11 1.36 (1.07) 0.64 (0.98) 0.012

Anxiety - GAD-7

All patients with baseline and >2 survey scores and/or >2 weeks of 120 12.0 (5.80) 8.7 (5.62) <0.001

treatment

Patients with 1 treatment 7 11.3 (6.97) N/A

Patients with 2-5 treatments 28 11.6 (6.29) 10.1 (6.14) 0.023

Patients with 6-10 treatments 29 11.3 (5.93) 8.38 (5.20) 0.004

Patients with 11-15 treatments 34 12.0 (6.01) 8.5 (6.04) 0.001

Patients with 16-30 treatments 31 13.80 (5.15) 9.58 (5.81) <0.001

Patients with 31-71 treatments 9 10.67 (5.81) 7.11 (3.48) 0.049

2-sample paired t-tests were conducted.

treatment greater than 2 weeks after the first treatment. These patients had an average baseline PHQ-9 score of 16.7
(SD: 5.8) and an average last treatment PHQ-9 score of 12 (SD: 6.4) and these scores were significantly different
(p < 0.001). For the subgroup analysis of PHQ-9 scores stratified by number of treatments, baseline scores were
significantly higher than last available treatment scores for all comparisons except for patients that received 2-5
treatments. We observed that the baseline PHQ-9 score is higher for patients that had more treatments.

There were 140 patients with an SI score that also had a baseline PHQ-9 score sheet in their records and a
PHQ-9 at a follow-up esketamine treatment greater than 2 weeks after the first treatment. These patients had
an average baseline SI score of 1.09 (SD: 1.06) and an average last treatment SI score of 0.79 (SD: 0.94) and
these scores were significantly different (p < 0.001). For the subgroup analysis of SI scores stratified by number of
treatments, baseline scores were significantly higher than last treatment scores for patients with 6-10, 11-15 and
31-71 treatments.

There were 120 patients that had a baseline GAD-7 score and a GAD-7 score at a follow-up esketamine treatment
greater than 2 weeks after the first treatment. These patients had an average baseline GAD-7 score of 12.0 (SD:
5.8) and an average last treatment GAD-7 score of 8.7 (5.6), a reduction that was significant (p < 0.001). For
the subgroup analysis of GAD-7 scores, there was a significant reduction in GAD-7 values from baseline to last
treatment for all subgroups of number of esketamine treatments received.

The change in PHQ-9 scores from baseline to last available treatment was negatively correlated with number
of treatments patients received, so additional treatments was correlated with a decrease in depressive symptoms
(Spearman’s rho = -0.2645; p = 0.001). The change in GAD-7 scores from baseline to last available treatment
was also negatively correlated with number of treatments received, thus additional treatments is correlated with a
decrease in anxiety severity (Spearman’s rho = -0.1871; p = 0.04).

Results from the multiple linear regression analyses are summarized in Table 5. The predictors in the final model
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Table 5. Multivariate models for assessing the association of demographic/clinical characteristics, treatment

patterns and change in PHQ-9 score/GAD-7 score from baseline to last treatment date in the esketamine
cohort.
Variable Coefficient (B) 95% ClI p-value

Predicting change in PHQ-9 score (n = 137)
Constant 4.74 (0.721, 0.876) 0.021
Demographic characteristics
Age (year) -0.0988 (-0.169, -0.0285) 0.006
Female sex 2.19 (0.339, 4.03) 0.021

Clinical characteristics

Baseline PHQ-9 score -0.451 (-0.609, -0.293) <0.001
Diagnosis of generalized anxiety disorder 1.59 (-0.306, 3.48) 0.100
Diagnosis of insomnia 1.10 (-0.385, 0.398) 0.106

Treatment patterns

Treatment duration (days) -0.00890 (-0.0171, -0.000671) 0.034
Predicting change in GAD-7 score (n = 120)
Constant 0.246 (-1.82, 2.31) 0.814
Demographic characteristics

Female sex 1.34 (-0.240, 2.928) 0.096
Clinical characteristics

Baseline GAD-7 score -0.376 (-0.507, -0.244) <0.001

Diagnosis of Generalized Anxiety Disorder 1.80 (0.224, 3.38) 0.026
Treatment patterns

Treatment duration (days) -0.00733 (-0.0156, 0.000911) 0.081

predicting change in PHQ-9 score were as follows: patient age, patient sex, baseline PHQ-9 score, diagnosis of
generalized anxiety disorder (GAD), diagnosis of insomnia and treatment duration. Four variables were statistically
significant in the multivariate model predicting change in PHQ-9 score from baseline to last available treatment.
Increase in age (p = 0.021), increase in baseline PHQ-9 score (p < 0.001) and increase in treatment duration
(p = 0.034) were associated with a decrease in PHQ-9 score from baseline to last available treatment. In contrast,
being female (p = 0.021) was associated with an increase in PHQ-9 score from baseline to last treatment date.
The average change in PHQ-9 score within this cohort (n = 137) included significant variability (mean: -4.7;
SD: 6.2) and the R? value was 29%. The predictors in the final model predicting change in GAD-7 score were
as follows: patient sex, baseline GAD-7 score, diagnosis of GAD and treatment duration. Two variables were
statistically significant in the multivariate model predicting change in GAD-7 score from baseline to last available
treatment. An increase in baseline GAD-7 (p < 0.001) was associated with a decrease in GAD-7 score whereas a
diagnosis of GAD (p = 0.026) was associated with an increase in GAD-7 score from baseline to last treatment date
available. Similar to the model predicting change in PHQ-9 score, the model predicting change in GAD-7 score in
this cohort (n = 120) included significant variability (mean: -3.32; SD: 4.68) and the R* value was 27%.

Safety

Table 6 summarizes REMS information, stratified by dose of esketamine administered (56 or 84 mg). Adverse
events of esketamine include transient increases in blood pressure and possible dissociation and sedation lasting
1-2 h (301. On average, sedation was experienced less frequently than dissociation during treatments for the entire
cohort, 8% (SD: 22%) of treatments versus 48% (SD: 41%) of treatments, respectively. Of the patients who
experienced sedation (22%; n = 38), 74% experienced sedation onset within the first 30 min or the first hour
(63% of treatments) after esketamine administration and most had symptoms resolve within 2 h (97%). Of
the patients who experienced dissociation (73%; n = 125), the majority experienced dissociation onset within
the first 30 min (94% of treatments), but most patients had dissociation symptoms resolve within 2 h (99%).
There was one reported serious adverse event where the patient experienced prolonged dissociation/sedation with
nausea/vomiting 2 h post-administration of esketamine 84 mg; however, this AE had unknown cause or risk and
the patient had previously tolerated the 84 mg dose well. The case was fully resolved the same day before the patient
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Table 6. Adverse events, blood pressure and min ready to leave by reported in the REMS documents for

patients receiving esketamine therapy; Incidence (n, %) for sedation, dissociation and serious AE is based on
the number of patients experiencing the AE, not the number of events.

Total (n = 171) Esketamine 56 mg (n = 146) Esketamine 84 mg (n = 154)
Treatment summary Mean (SD) Mean (SD) Mean (SD)
Treatments per patient 13.6(11.2) 2.28 (2.01) 12.9(11.0)
Percentage of treatments each patient experienced sedation 8.2% (21.5%) 14.9% (33%) 6.6% (19.5%)
Percentage of treatments each patient experienced dissociation 47.7% (41.4%) 44.7% (45.4%) 47.9% (41.9%)
Sedation n (%) n (%) n (%)
Patient experienced sedation (n = 171) 38 (22%) 28 (19%) 29 (19%)
Symptoms resolved within 2 h (n = 38) 37 (97%) 25 (89%) 28 (97%)
Dissociation n (%) n (%) n (%)
Patient experienced dissociation (n = 171) 125 (73%) 79 (54%) 110 (64%)
Symptoms resolved within 2 h (n = 125) 124 (99%) 77 (97%) 109 (99%)
Serious AET n (%) n (%) n (%)
Patient experienced prolonged dissociation/sedation with nausea 1(1%) 0 1(1%)
and vomiting (n = 171)
Event resolved (n = 1) 1(100%) N/A 1(100%)
Blood Pressure Mean (SD) Mean (SD) Mean (SD)
Prior to administration
Systolic (mm Hg) 124 (14) 124 (14) 124 (14)
Diastolic (mm Hg) 83(9) 82 (10) 83 (9)
40 min after administration
Systolic (mm Hg) 122 (14) 123 (14) 122 (14)
Diastolic (mm Hg) 81(9) 81 (10) 81(9)
Prior to session completion
Systolic (mm Hg) 119 (15) 120 (15) 119 (15)
Diastolic (mm Hg) 80 (10) 79 (10) 80 (10)
Min patient was ready to leave Mean (SD) Mean (SD) Mean (SD)
min 90 (15) 90 (16) 90 (15)

fSpravato given at 1:33 pm, nausea/vomiting at 3:30 pm, prolonged sedation/dissociation until 4:30-5 pm; Unknown cause/risk, previously tolerated 84 mg dosing
well.
SD: Standard deviation.

left the clinic, with no ongoing related symptoms thereafter. Blood pressure decreased throughout each session
from baseline (mean systolic (nmHg) 124; SD: 14; mean diastolic (mmHg) 83; SD: 9) to 40 min after esketamine
administration (mean systolic (mmHg) 122; SD: 14; mean diastolic (mmHg) 81; SD: 9) and prior to session
completion (mean systolic (mmHg) 119; SD: 15; mean diastolic (mmHg) 80; SD: 10). Patients were reported as
ready to leave by approximately 90 min post administration of esketamine for both the 56 mg and 84 mg dosages.

Discussion
Using data from a real-world setting, this study demonstrates esketamine therapy was efficacious in relieving
depressive and anxious symptoms without major safety concerns. We observed clinically meaningful improvements
in depressive symptoms in this population. In this study, patients receiving between 6-10 treatments had an average
reduction of 4.1 points in PHQ-9 score from baseline to last treatment session. For patients with 11-15, 16-30 and
31-71 treatments, reduction in PHQ-9 score ranged from 5.5 to 6.9 points from baseline to last treatment session.
These clinically meaningful improvements in PHQ-9 scores suggest a reduction in the risk of relapse and recurrence
of depressive symptoms [29,51]. Furthermore, the change in PHQ-9 scores observed in this population are larger
than what was observed in the esketamine short-term RCTs, which ranged from -2.2 to -2.8 per study [23]. Thus,
the results of this study support esketamine’s consistent benefit and clinically meaningful efficacy in real-world
practice [23,32].

In terms of potential relapse risk, decreasing dose frequency to once weekly does not seem to be problematic
because average depression, anxiety and SI scores did not increase to levels above those measured at session 14.
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This finding aligns with data from the long-term SUSTAIN-1 trial (23). The results of SUSTAIN-1 showed
that continuation of esketamine significantly reduced the risk of relapse by 51% for patients who achieved stable
remission and 70% for patients who achieved stable response compared with patients that switched to a placebo [23].
However, these relapse prevention results should be considered in the context of relapse rates for oral antidepressants,
because these results do not indicate that patients who respond to esketamine had lower relapse risk than patients
who respond to oral antidepressants. The Sequenced Treatment Alternatives to Relieve Depression (STAR*D) trial
was a randomized trial where outpatients with MDD were followed across 4 treatment steps (4. The STAR*D
trial reported relapse rates of 65% for patients at treatment step 3 and 71% for step 4 [4]. These relapse rates were
much higher than rates in the esketamine continuation group in the SUSTAIN-1 trial — 27% of remitters relapsed
and 26% of responders relapsed [4,23]. Thus, our study and the SUSTAIN-1 trial provide important evidence that
esketamine is effective beyond the first month of treatment for patients who initially experience improvement in
depressive symptoms [9,23].

The population received esketamine treatment in accordance with the manufacturer’s recommended dosing —
twice per week for weeks 1-4 (i.e., the induction phase), weekly for weeks 5-8 (i.e., maintenance phase) and weekly
or every other week for weeks 9+ [33]. At session 9 we observed a transient increase and variability thereafter in
PHQ-9 and GAD-7 scores. This is the instance where the time between sessions began to increase substantially —
a median of 4 days since the last treatment at session 8, a median of 6 days at session 9 and a median of 7 days
thereafter. The increase in days between treatment is one possible explanation for the plateau in depression score
improvement since esketamine is a rapid acting medication with transient effects. The rapid reduction of depression
and anxiety symptoms is a key benefit of esketamine and continued administration may be necessary to relieve
depressive symptoms. Additionally, it is important to note that clinical contact is frequent for esketamine therapy
compared with oral antidepressant treatment because of the delivery model of esketamine, which likely aids in
patients’ improvement in depression/anxiety symptoms [34].

Population

We found that in this relatively young, predominantly female and white population with TRD, patients had
several physical and mental health comorbidities. Our study had higher rates of chronic pain, GAD, ADHD and
insomnia compared with previous analyses of TRD populations [5,35]. For example, an insurance claims analysis
of 6,411 patients with TRD reported that 17.8% of patients were diagnosed with GAD, compared with 39% in
this population [5]. This population also had higher rates of comorbidities compared with a TRD population in an
insurance claims analysis conducted by Cepeda ez 4/. (35]. However, a sub-group analysis of an esketamine-treated
TRD group in the Cepeda ¢t al. study had higher rates of comorbidities and exposure to psychiatric medications
than the esketamine-treated TRD cohort in our analysis. This may be explained by the study’s larger sample size
(n = 418 esketamine-treated patients) or including a Medicaid patient database, as Medicaid patients have been
shown to be older, sicker and more disabled than privately-insured patients [36,37). Hence, this population was
representative of a TRD population with a high disease burden of mental illness.

We observed a high exposure to psychiatric medications in this population (98%), with an average of 5.8
psychiatric prescriptions per patient and 2.3 antidepressant prescriptions per patient. This demonstrates that future
studies evaluating medication management of patients receiving esketamine therapy is warranted. Prospective
research tracking medication management could help determine if TRD patients may benefit from changing or
reducing their psychiatric medications, particularly oral antidepressants, as their depressive symptoms improve with
esketamine therapy. Oral antidepressants have unpleasant side effects and the potential for drug—drug interactions,
leading to poor adherence [38].

Safety

For the patients included in these analyses, we did not observe documentation of significant tolerability issues with
esketamine treatment. Only one patient (0.58%) experienced a serious AE of prolonged dissociation/sedation;
however, the AE was reported to have been resolved during the clinic visit. Dissociation occurred during the
majority of patient treatments. However, most patients (99%) had their dissociative symptoms resolve within
two h, suggesting that the two-hour monitoring requirement of the REMS program is sufficient and ensures safe
utilization of this medication. Most patients were ready to leave the clinic within 90 min post administration. This
data can help determine the time commitment necessary for administering esketamine, a noted concern and barrier
to access to the treatment [17].
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Limitations

The results of this study must be interpreted in the context of its limitations. First, this is a descriptive, real-world
observational cohort study. Thus, the findings from this study represent routine clinical practice and support other
studies that have examined the use of these agents for TRD. Second, data in medical charts is subject to missing
data and coding errors. Third, the outcome measures utilized have limitations that must be considered. We did not
have data on outcome measurements (PHQ-9, GAD-7 and SI score) between treatments. Thus, our conclusions
on the trends in outcome measurements should be interpreted in the context of not knowing fluctuations between
esketamine treatment sessions. Additionally, the PHQ-9 and GAD-7 survey instruments asked respondent about
the preceding two weeks to assess depression and anxiety symptom criteria. Thus, these tools are limited in
measuring rapid reduction of depression and anxiety symptomatology as well as measuring changes in symptoms
when treatment visits are frequent. Also, clinical trials of esketamine used the MADRS as the primary outcome for
measuring severity of depression [23]. Thus, comparisons between clinical trial data and the results presented in this
study need to consider the differences and limitations of these two instruments for measuring depression severity.
Fourth, patients were encouraged to seek psychotherapy in addition to esketamine treatment. However, it was not
feasible to report the number of patients receiving psychotherapy since some patients sought psychotherapy from
other clinics, and patients that did receive psychotherapy from the same clinic they received esketamine treatment
received varying number of visits and modalities of psychotherapy dependent upon their provider. Finally, because
the study was conducted in an outpatient psychiatric clinic setting, the population studied may not be representative
of TRD patients in other healthcare settings or other areas of the US.

Conclusion

Using novel data, this study demonstrates the significant disease burden of TRD and the effectiveness esketamine
therapy has in relieving depressive and anxious symptoms without major safety concerns. Esketamine and ketamine
are fundamentally changing how researchers and clinicians study and treat depression, and this study provides new
evidence for esketamine use in clinical practice. Further research is warranted to continue studying the long-term
and real-world benefits of esketamine therapy for TRD.

Summary points

e There is currently limited real-world and long-term data for patients with treatment-resistant depression (TRD)
receiving esketamine treatment.

e This retrospective cohort study utilized data collected from a private outpatient psychiatric clinic’s electronic
health record system.

e A total of 171 patient with TRD received esketamine therapy from July 2019-June 2021.

e We found that in this relatively young, predominantly female and white population with TRD, patients had
several physical and mental health comorbidities.

e We observed a high exposure to psychiatric medications in this population.

e We observed significant reductions (p < 0.001) in average PHQ-9 and GAD-7 scores from baseline to last available
treatment.

e We did not observe documentation of significant tolerability issues with esketamine treatment.

e Using novel real-world data, this study demonstrates the significant disease burden of TRD and the effectiveness
esketamine therapy has in relieving depressive and anxious symptoms without major safety concerns.
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