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Aim: Estimate the cost-per-remitter with esketamine nasal spray plus an oral antidepressant (ESK + oral
AD) versus oral AD plus nasal placebo (oral AD + PBO) among patients with treatment-resistant depres-
sion. Patients & methods: An Excel-based model was developed to estimate the cost-per-remitter for
ESK + oral AD versus oral AD + PBO over 52 weeks from multiple US payer perspectives. Clinical end points
and cost inputs were derived from clinical trials and the literature, respectively. Results: Under the base-
case scenario, the cost-per-remitter for ESK + oral AD and oral AD + PBO were as follows: Commercial:
US$85,808 versus US$100,198; Medicaid: US$76,236 versus US$96,067; Veteran’s Affairs: US$77,765 versus
US$104,519; and Integrated Delivery Network: US$103,924 versus US$142,766. Conclusion: The findings
suggest that ESK + oral AD is a cost-efficient alternative treatment for treatment-resistant depression
compared with oral AD + PBO.

Lay abstract: The US FDA recently approved esketamine nasal spray plus an oral antidepressant (AD) as
a new treatment for adults with treatment-resistant depression. We developed an Excel-based model to
understand whether esketamine + oral AD treatment offers better value for the money spent, compared
with treatment with oral AD alone. We find that the higher annual costs of esketamine + oral AD treat-
ment are more than offset by the better clinical outcomes achieved with this treatment. Specifically, in a
given year, more people treated with esketamine + oral AD versus oral AD alone achieved and remained
in remission, and as a result, they incurred fewer other medical costs.
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The World Health Organization ranks major depressive disorder (MDD) as the second leading cause of disability
in the USA (based on the severity and prevalence of the disease) [1]. MDD results in substantial clinical, economic
and societal burden. For example, recent studies reported that presence of depression negatively affects patients’
quality of life and the impact increases with an increase in disease severity [2,3]. In another study of commercially
insured patients in the USA, Amos et al. found that the annual per-patient costs for individuals with MDD were
US$6700 higher than the costs of similar people without depression [4].

According to the American Psychiatry Association (APA) Guidelines for MDD, the primary goal of treatment
for MDD is to achieve remission from the symptoms [5]. This, in turn, results in better outcomes for patients
both in the short- and long-term. For example, in the pragmatic STAR*D trial, patients with MDD who achieved
remission following treatment functioned better socially and at work, had a better chance of staying well and had
significant improvements in quality of life compared with nonremitters [6,7]. Unfortunately, however, under the
current standard of care, many patients with MDD do not achieve adequate response with multiple lines of therapy.
Researchers typically define depression that does not respond to at least two courses of antidepressant treatment of
adequate dose and duration as treatment-resistant depression (TRD) [8–10]. Effective treatment options for patients
experiencing TRD are limited. In fact, studies have reported that even after failed responses to at least two adequate
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lines of antidepressant treatments, oral antidepressants (ADs) remain the most common treatment for patients with
TRD and nonpharmacologic treatments such as electroconvulsive therapy (ECT), repeated transcranial magnetic
stimulation (rTMS) are particularly limited [11]. As a result, TRD is associated with considerable economic and
societal burden; above and beyond that imposed by MDD. For example, in the aforementioned study by Amos
et al., the researchers found that the annual per-patient healthcare costs of TRD exceeded the costs of non-TRD
MDD and healthy cohorts by US$3200 and US$9900, respectively [4]. Similar results have also been reported for
a variety of different populations [11–15]. Indirect costs due to disability as well as medically related absenteeism and
productivity loss are also higher among patients with MDD and TRD compared with non-depressed individuals
and non-TRD patients, respectively [4,14,16,17].

The US FDA recently approved esketamine (ESK) nasal spray in conjunction with an oral AD (ESK + oral AD)
as a new therapeutic alternative for adults with TRD [18]. Unlike standard of care for TRD, this novel therapy is self-
administered under direct clinical supervision. In a flexibly dosed Phase III trial evaluating efficacy and tolerability
of ESK + oral AD in the short-term (4 weeks), the proportions of patients achieving clinical response (defined as
improvement from baseline in Montgomery-Åsberg Depression Rating Scale [MADRS] score ≥50%) or remission
(defined as MADRS score ≤12) were statistically significantly higher among those treated with ESK + oral AD
compared with oral AD + placebo (PBO) [19]. Additionally, fewer patients treated with ESK + oral AD experienced
a relapse in the long-term as compared with those treated with oral AD + PBO [18,20].

Payers with constrained budgets need to understand the value of ESK compared with the standard of care
for TRD. The cost–effectiveness and budget implications of ESK + oral AD relative to the standard of care
have been estimated previously [21–23]. However, these approaches are either complex and sensitive to differences
in modeling assumptions, or focus disproportionately on the budget impact. In addition, the long-term (often,
lifetime) perspective considered in the published cost–effectiveness studies necessitates extrapolation of trial data,
which compounds uncertainty and makes the interpretation of findings challenging for US decision-makers who
do not rely on health technology assessment-type modeling frameworks. In this context, estimates of short-term
costs associated with attaining clinically relevant outcomes with the different treatment options within the same
therapeutic condition could provide additional valuable information to the payers.

Therefore, in this study, we complement existing modeling studies by implementing a simple and transparent eco-
nomic evaluation approach consistent with the cost-per-episode framework proposed by the Agency of Healthcare
Research and Quality (AHRQ), which allows healthcare plans to ‘identify variations in the amount of money spent
on patients with similar health problems with the objective of reducing costs’ [24]. Specifically, we compare the an-
nual per-patient direct costs associated with achieving clinically relevant outcome of remission between ESK + oral
AD and oral AD + PBO in the treatment of patients with TRD. The goal of our analysis is to complement other
modeling approaches such as the cost–effectiveness analysis and the budget impact analysis by facilitating benefit-
per-dollar-spent comparisons across treatment options accounting for differential efficacy. These calculations offer
an additional important perspective, over a time horizon that is highly relevant to the US payers. Similar approaches
have been employed by studies in several therapeutic areas including TRD [25–31]. For example, using a similar
modeling framework, Sussman et al. estimated the cost-per-remitter of brexpiprazole + antidepressant therapy to
be US$27,196–US$71,839 higher compared with antidepressants alone [25].

Methods
Modeling framework & key modeling assumptions
Patient population

The target population included TRD patients meeting the eligibility criteria for two key Phase III clinical trials
comparing outcomes with ESK + oral AD versus PBO + oral AD in the short-term (Study 1) and long-term
(Study 2) [18–20].

Model perspective

Four separate US payer perspectives were considered, reflecting the different cost implications for various insurance
providers: Commercial (i.e., employer-sponsored private health insurance); Medicaid; Veteran’s Affairs (VA); and
full-risk Integrated Delivery Networks (IDNs; network of providers that provide both healthcare services and
health insurance) or payers managing members who receive care at an IDN. Each payer perspective was modeled
independently using payer-specific cost inputs (where available). Note that efficacy rates were assumed to be the
same across all payers.
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Table 1. Key efficacy inputs (independent of the payer perspective).
Parameter ESK + Oral AD Oral AD + PBO

Base-case estimates

– Response rate
(1st 4 weeks)

69% 52%

– Remission rate
(1st 4 weeks)

52% 31%

– Cumulative relapse rate – responder
(over subsequent 48 weeks)

26% 58%

– Cumulative relapse rate – remitter
(over subsequent 48 weeks)

27% 45%

STAR*D sensitivity

– Response rate
(1st 4 weeks)

69% 17%

– Remission rate
(1st 4 weeks)

52% 14%

AD: Antidepressant; ESK: Esketamine; PBO: Placebo.

Key comparators & outcomes

The model considered two treatment arms consistent with the Phase III clinical trials for esketamine: ESK + oral
AD and oral AD + PBO. The per-patient direct costs associated with achieving remission were assessed over a
52-week period and compared between the treatment arms. As a sensitivity analysis, total costs including treatment,
healthcare and productivity costs were also considered.

Efficacy end points & health states

Table 1 describes the efficacy inputs for the model. Under the base-case scenario, the efficacy inputs were derived
from the short- and long-term clinical trials comparing ESK + oral AD to oral AD + PBO (Study 1 and Study 2,
respectively) [19,20].

It should be noted that the response and remission rates for oral AD + PBO in the ESK clinical trials are
higher than the efficacy rates observed in other studies for TRD [32–37]. This may be attributed to the systematic
assessments of the treatment protocols, including prior and concomitant therapies, as well as the frequent and
intensive clinical contact that was necessary to maintain blinding in the Phase III trials comparing ESK + oral AD
versus oral AD + PBO [38]. Because of the delivery model of ESK, clinical contact will remain frequent among
patients receiving ESK in the real world. However, unlike in the ESK clinical trials, in a real-world setting, oral
AD treatment is not implemented with the additional level of clinical supervision. Therefore, for a deterministic
sensitivity analysis, efficacy rates for the oral AD + PBO arm were derived from the STAR*D study, a real-world
effectiveness trial for depression, which may provide a better approximation for real-world outcomes associated
with oral AD treatment at different lines of therapy [6]. The efficacy rates observed in the STAR*D study were
comparable to other studies evaluating the effectiveness of various treatments for TRD (Supplementary Material 1).

In order to account for changes in the efficacy measures over time as observed in the clinical trials [18–20], remission
rates, response rates and relapse rates were assessed in 4-week intervals and patients were categorized as remitters,
responders or nonresponders at each interval (Figure 1). Consistent with the clinical trials, remission was defined
as MADRS score ≤12 and response was defined as improvement from baseline in MADRS score ≥50% [19].
Patients not achieving either response or remission during the acute phase (i.e., first 4 weeks) were considered
nonresponders. In addition, among patients achieving response or remission during the acute phase, rates of relapse
during the maintenance phase (i.e., weeks 5–52) were also considered. Relapse was defined as a MADRS total score
≥22 for two consecutive weeks or hospitalization for worsening depression or any other clinically relevant event
indicative of relapse [18,20]. Note that patients experiencing a relapse during the maintenance phase were considered
as nonresponders during the remainder of the assessment period.

Cost inputs

Table 2 describes the base-case payer-specific cost inputs for the different health states.
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Acute phase
(weeks 1–4)

Treatment
(ESK + oral AD or oral AD + PBO)

Remission

Remission

Response,
no remission

Response,
no remission

No response

Relapse End of
follow-up

Maintenance phase
(weeks 5–52;
health states

assessed in 4-week
intervals)

Figure 1. Model framework.
AD: Antidepressants; ESK: Esketamine; PBO: Placebo.

Table 2. Key cost inputs (payer specific).
Parameter Commercial Medicaid† VA† IDN

ESK + Oral AD Oral AD + PBO ESK + Oral AD Oral AD + PBO ESK + Oral AD Oral AD + PBO ESK + Oral AD Oral AD + PBO

Treatment costs ($US)‡

– Cost per ESK device 295 n/a 226.86 n/a 226.86 n/a 295 n/a

– Cost per ESK administration
(weeks 1–4)§

240.59 n/a 229.14 n/a 229.14 n/a 240.59 n/a

– Cost per ESK administration
(weeks 5–52)§

226.62 n/a 214.63 n/a 214.63 n/a 226.62 n/a

– Avg. weekly costs – all
patients (weeks 1–4)

1961.73 5.56 1597.39 4.83 1597.39 4.83 1961.73 5.56

– Avg. weekly costs – before
relapse (weeks 5–52)

969.67 5.56 786.61 4.83 786.61 4.83 969.67 5.56

– Avg. weekly costs – after
relapse (weeks 5–52)

21.13 19.38 19.38 18.22

Healthcare costs (weekly; US$)

– Nonresponder 368.01 342.11 386.11 517.14

– Responder 224.97 252.09 267.76 327.19

– Remitter 156.58 171.73 148.19 288.04

†The prices for esketamine and oral AD were adjusted to reflect the most recent statutory mandate provisions.
‡During the first 4 weeks, patients on ESK + oral AD received ESK twice weekly. During weeks 5–52, 23.3% of remitters and 54.8% of responder-nonremitters received ESK once a
week; the remaining received ESK once every other week. The cost inputs for weeks 5–52 reflect the cost of a single weekly administration of ESK for patients receiving the treatment.
Throughout the assessment period, patients were assumed to receive 2.5 devices per administration (to account for the flexible dosing schedule [i.e., 56 or 84 mg; i.e., 2 or 3 devices]).
Average weekly costs for ESK also include costs for oral AD.
§Administration cost includes medical costs due to the administration of the treatment and monitoring post-treatment (e.g., presence of adverse event). For the first administration, all
patients were assigned costs for prolonged – monitoring by a physician (CPT codes 99204 and 99354) – US$338 for Commercial and IDNs and US$331 for Medicaid and VA. For all
subsequent visits, patients were assumed to receive prolonged monitoring by nonphysician providers (e.g., nurse practitioner) as indicated by CPT codes 99213 and 99354. The resulting
administration costs for subsequent visits were US$227 for Commercial and IDNs, and US$215 for Medicaid and VA.
AD: Antidepressant; ESK: Esketamine; IDN: Integrated delivery network; n/a: Not applicable; PBO: Placebo; VA: Veteran’s Affairs.

Treatment costs
Treatment costs for the ESK + oral AD arm include the price of the device used for the administration
(US$295/device for Commercial plans and IDNs; US$226.86 for Medicaid and VA to reflect the 23.1% statutory
rebates [39,40]) as well as the administration and monitoring costs associated with the esketamine Risk Evaluation
and Mitigation Strategy program. Administration costs were derived from the IBM MarketScan Commercial and
Medicaid databases [41] using the appropriate CPT codes to indicate whether the patient was monitored by the
physician or non-MD provider such as a nurse practitioner (Supplementary Material 2). Throughout the assess-
ment period, patients were assumed to receive 2.5 devices per administration (to account for the flexible dosing
schedule [i.e., 56 or 84 mg; i.e., 2 or 3 devices]) [18]. During the acute phase (i.e., first 4 weeks), all patients
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received ESK twice weekly. Consistent with Study 2, during the maintenance phase (i.e., weeks 5–52), 54.8% of
responders and 23.3% of remitters received ESK once a week, whereas the remaining patients received ESK once
every 2 weeks [20]. Under the base case, patients were assumed to receive ESK treatment until the first occurrence of
relapse, attainment of remission for 7 months to approximate the real-world treatment persistence patterns (only
for patients achieving remission during the acute phase) [5,42], or the end of 52 weeks.

All patients in both comparator arms were assumed to receive one of the four oral AD used in the trial
(duloxetine, escitalopram, sertraline or extended-release venlafaxine) [18] until the first occurrence of relapse or the
end of 52 weeks. The average price of oral AD treatment was estimated to be US$5.56 per week for Commercial
and IDN channels [39] and US$4.83 per week for Medicaid and VA channels (to reflect the statutory rebates [40]).

Furthermore, patients who experienced a relapse following an initial response or remission were assumed to
cease treatment altogether (in either arm) and were assigned a new treatment initiation cost. The treatment costs
of new initiation were assumed to be the average cost of treatment in the population of TRD patients weighted
by frequency of various non-ESK treatments as observed in the real world. The treatments considered include oral
AD, oral AD-augmented therapies (e.g., with atypical antipsychotics), ECT and rTMS (Table 2) [11,43,44].

Direct healthcare costs
Direct healthcare costs include all costs associated with medical services, such as inpatient and outpatient visits,
as well as pharmacy costs. Healthcare costs were assigned to each health state (i.e., remitter, responder and
nonresponder) based on the published literature evaluating the average overall healthcare costs associated with
treating TRD [4,11–13]: nonresponding/relapsing patients in the model were assumed equivalent to TRD patients
in the literature, responding patients were assumed equivalent to ‘Non-treatment resistant MDD’ patients, and
patients in remission were assumed equivalent to ‘Non MDD’ patients. The decreases in cost among responders
and remitters were based on the adjusted cost differences from patients with TRD after matching on baseline
demographics and adjusting for differences in baseline costs and co-morbidities. All costs were converted from
annual to weekly figures and inflated to 2019 dollars [45].

Estimating cost-per-remitter
For each comparator arm, the total cost for each category (i.e., treatment and healthcare, and lost productivity [for
the sensitivity analysis]) was calculated for a given 4-week interval as the average of the costs for a given health
state weighted by the share of patients in that health state. To estimate cost-per-remission, the model accounted for
the fact that while all remitters also achieve response, a fraction of responders do not achieve remission. Therefore,
the average cost for each comparator arm was calculated as the weighted average of costs for patients achieving
remission, those achieving response but not remission, and those not achieving a response, where the weights were
the fractions of remitters, responders but not remitters, and non-responders in the population, respectively.

Following this, the cost-per-remitter for each arm was calculated by dividing the average cost for the cohort by
the estimated cumulative relapse-free remission rate (at the end of 52 weeks) for that arm.

Sensitivity analyses
Several sensitivity analyses were conducted to test the robustness of the base case results to various modeling
assumptions. As with the base case, separate sensitivity analyses were conducted for each payer perspective.

Deterministic sensitivity analysis

Three separate one-way sensitivity analyses were conducted.
First, as already discussed previously, in order to consider alternative efficacy rates associated with oral AD in a

real-world setting, sensitivity analyses estimated the cost-per-remitter using the efficacy rates found in the STAR*D
study [6]. For this sensitivity analysis, we assumed the response and remission rates observed at line 3 (16.8 and
13.7%, respectively) to represent the outcomes with oral AD + PBO during the acute phase (Table 1). All other
parameters were held constant at the base-case values.

Second, the costs-per-remitter were estimated allowing for up to 52 weeks of ESK treatment among patients
who attain remission throughout that period to represent a more conservative ceiling cost if, in the real world,
the remitters continue and maintain the treatment for more than the base case assumption of 7 months to receive
clinical benefits.
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Table 3. STAR*D sensitivity analyses.
Parameter Commercial Medicaid VA IDN

ESK + Oral AD Oral AD + PBO ESK + Oral AD Oral AD + PBO ESK + Oral AD Oral AD + PBO ESK + Oral AD Oral AD + PBO

Clinical end points

– Cumulative relapse-free
remission rate [A]

38% 7% 38% 7% 38% 7% 38% 7%

Total annual per-patient costs (US$)

– Treatment costs† 19,584 963 15,964 881 15,964 881 19,521 837

– Healthcare costs 13,437 18,053 13,373 16,937 13,962 18,893 20,470 25,688

– Total treatment and
healthcare costs [B]

33,021 19,016 29,337 17,818 29,925 19,774 39,992 26,526

Cost-per-remitter [B]/[A]
(US$)

85,808 253,978 76,236 237,980 77,766 264,106 103,925 354,279

Difference (Oral AD + PBO −
ESK + Oral AD)

168,169 161,744 186,340 250,354

† Includes average weekly costs for new line of treatment after relapse – estimated to be US$21.13 for Commercial, US$18.22 for IDN, and US$19.38 for Medicaid and VA. During the
first 4 weeks, patients received ESK twice weekly. During weeks 5–52, 23.3% of remitters and 54.8% of responder-nonremitters received ESK once a week; the remaining received ESK
once every other week. The duration of ESK treatment was the minimum of time to relapse, nonresponse, end of 7 months (for remitters only) or end of 52 weeks. All patients in both
arms received oral AD until they relapsed or reached end of the 52-week period, whichever occurred first.
AD: Antidepressant; ESK: Esketamine; IDN: Integrated delivery network; PBO: Placebo; VA: Veteran’s Affairs.

Third, the costs-per-remitter were estimated using total costs including direct treatment and healthcare costs as
well as indirect costs. Costs due to lost productivity associated with different levels of depression were derived from
the literature [14]. Both costs due to absenteeism (i.e., percentage of time missed from work due to health in the past
7 days) and presenteeism (i.e., percentage of impairment while at work in the past 7 days) were considered. Given
that lost productivity costs are only applicable for employed people, an employment assumption was included to
reflect the employment rate typical for the populations covered by the respective payers. Specifically, for all payers
other than Medicaid, the employment rate was assumed 100%. For Medicaid, the employment rate was assumed
to be 76% [46].

Probabilistic sensitivity analysis

A Monte Carlo simulation technique was used for this analysis, allowing simultaneous variation of multiple efficacy
(remission, response and relapse rates for the two comparators) and medical cost inputs. For each payer perspective,
the model was run 5000-times using sets of input parameters that were drawn at random from prespecified
distributions representing the expected uncertainty surrounding the mean estimate for a given parameter. The
efficacy inputs were assumed to have a binomial distribution and the costs inputs were assumed to have a gamma
distribution, all defined with a mean equal to the base case value and a standard deviation of 0.2 [11]. For cost
categories, only the nonresponder/relapse cost was drawn for the underlying distribution, and the responder and
remitter costs were adjusted proportionally to ensure a logical and consistent ordering of costs among the cohorts.

See Supplementary Exhibits 3–7 for distributions of efficacy and cost inputs considered in these analyses.

Results
Base case
Under the base-case scenario, the cumulative relapse-free remission rates at the end of 52 weeks were 38% for
ESK + oral AD and 17% for oral AD + PBO. Correspondingly, the annual cost-per-remitter was lower for
ESK + oral AD relative to oral AD + PBO, with differences ranging from US$14,391 for Commercial insurers to
US$38,842 for IDNs (Figure 2A–D).

Deterministic sensitivity analyses
Under the STAR*D scenario, the cumulative relapse-free remission rates at the end of 52 weeks were 38% for
ESK + oral AD and 7% for oral AD + PBO (Table 3). This scenario resulted in higher cost-per-remitter for the oral
AD + PBO arm, which in turn increased the cost-per-remitter advantage for ESK + oral AD (e.g., US$161,744
for Medicaid to US$250,354 for IDNs).

Under the 12-month ESK treatment scenario, the cumulative relapse-free remission rates at the end of 52 weeks
was same as the base case scenario (i.e., 38% for ESK + oral AD and 17% for oral AD + PBO) (Table 4).
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Figure 2. Base case results - cost per remitter with esk+oral AD and oral AD+PBO. (A) Commercial Insurance. (B) Medicaid. (C) VA. (D)
IDN.
AD: Antidepressant; ESK: Esketamine; IDN: Integrated delivery network; PBO: Placebo; VA: Veteran’s Affairs.
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Table 4. 12-month esketamine treatment sensitivity analyses.
Parameter Commercial Medicaid VA IDN

ESK + Oral AD Oral AD + PBO ESK + Oral AD Oral AD + PBO ESK + Oral AD Oral AD + PBO ESK + Oral AD Oral AD + PBO

Clinical end points

– Cumulative relapse-free
remission rate [A]

38% 17% 38% 17% 38% 17% 38% 17%

Total annual per-patient costs (US$)

– Treatment costs† 25,189 821 20,460 748 20,460 748 25,066 722

– Healthcare costs 13,437 16,154 13,373 15,527 13,962 16,959 20,471 23,465

– Total treatment and
Healthcare costs [B] (US$)

38,565 16,975 33,833 16,276 34,422 17,707 45,537 24,187

Cost-per-remitter [B]/[A] 100,217 100,198 87,920 96,067 89,449 104,519 118,333 142,766

Difference (Oral
AD + PBO − ESK + Oral AD)

(19) 8148 15,070 24,433

† Includes average weekly costs for new line of treatment after relapse – estimated to be US$21.13 for Commercial, US$18.22 for IDN, and US$19.38 for Medicaid and VA. During the
first 4 weeks, patients received ESK twice weekly. During weeks 5–52, 23.3% of remitters and 54.8% of responder-nonremitters received ESK once a week; the remaining received ESK
once every other week. The duration of ESK treatment was the minimum of time to relapse, nonresponse, end of 7 months (for remitters only) or end of 52 weeks. All patients in both
arms received oral AD until they relapsed or reached end of the 52-week period, whichever occurred first.
AD: Antidepressant; ESK: Esketamine; IDN: Integrated delivery network; PBO: Placebo; VA: Veteran’s Affairs.

Table 5. Total costs including lost productivity sensitivity analyses.
Parameter Commercial Medicaid VA IDN

ESK + Oral AD Oral AD + PBO ESK + Oral AD Oral AD + PBO ESK + Oral AD Oral AD + PBO ESK + Oral AD Oral AD + PBO

Clinical end points

– Cumulative relapse-free
remission rate [A]

38% 17% 38% 17% 38% 17% 38% 17%

Total annual per-patient costs (US$)

– Treatment costs† 19,584 821 15,964 748 15,964 748 19,521 722

– Healthcare costs 13,437 16,154 13,373 15,527 13,962 16,959 20,471 23,465

– Productivity costs‡ 18,020 21,266 13,695 16,162 18,020 21,266 18,020 21,266

– Total treatment,
healthcare, productivity costs
[B] (US$)

51,041 38,242 43,032 32,438 47,946 38,974 58,012 45,454

Cost-per-remitter [B]/[A] 132,636 225,724 111,825 191,467 124,593 230,045 150,752 268,292

Difference (Oral AD + PBO −
ESK + Oral AD)

93,088 79,642 105,452 117,540

† Includes average weekly costs for new line of treatment after relapse – estimated to be US$21.13 for Commercial, US$18.22 for IDN, and $19.38 for Medicaid and VA. During the
first 4 weeks, patients received ESK twice weekly. During weeks 5–52, 23.3% of remitters and 54.8% of responder-nonremitters received ESK once a week; the remaining received ESK
once every other week. The duration of ESK treatment was the minimum of time to relapse, nonresponse, end of 7 months (for remitters only) or end of 52 weeks. All patients in both
arms received oral AD until they relapsed or reached end of the 52-week period, whichever occurred first.
‡For productivity cost estimates, for all payers other than Medicaid, the employment rate was assumed to be 100%. For Medicaid, the employment rate was assumed to be 76%. The
weekly costs for nonresponders, responders and remitters were US$478.29, US$297.62 and US$226.91.
AD: Antidepressant; ESK: Esketamine; IDN: Integrated delivery network; PBO: Placebo; VA: Veteran’s Affairs.

However, the remitters in ESK + oral AD treatment arm incurred higher costs for continuing ESK treatment
beyond 7 months of remission, resulting in higher cost-per-remitter compared with the base-case scenario. Despite
this, ESK + oral AD treatment was associated with lower cost-per-remitter than the oral AD + PBO treatment
for all non-Commercial payers, with direct cost-per-remitter advantages ranging from US$8148 for Medicaid to
US$24,433 for IDNs.

For the scenario including costs due to lost productivity, the cumulative relapse-free remission rates at the end
of 52 weeks were also the same as the base-case scenario. However, compared with the base case scenario, the cost-
per-remitter advantages with ESK + oral AD treatment in this scenario were greater by up to 300%, depending
on the plan type (Table 5).

Probabilistic sensitivity analyses
Probabilistic sensitivity analysis found a cost-per-remitter advantage for ESK + oral AD across 54–68% of input
specifications, depending on the plan type (Figure 3A–D). Among the scenarios resulting in lower cost-per-remitter
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Figure 3. Probability Sensitivity Analysis Results (Cost per remission using direct costs).(A) Commercial Insurance. (B)
Medicaid. (C) VA. (D) IDN.
IDN: Integrated delivery network; VA: Veteran’s Affairs.
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Figure 3. Probability Sensitivity Analysis Results (Cost per remission using direct costs).(A) Commercial Insurance. (B)
Medicaid. (C) VA. (D) IDN (cont.).
IDN: Integrated delivery network; VA: Veteran’s Affairs.
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for ESK + oral AD relative to oral AD + PBO, the magnitudes of these advantages ranged from approximately
US$40 to over US$500,000, depending on the input specifications and plan type. Among the scenarios resulting
in higher cost-per-remitter for ESK + oral AD relative to oral AD + PBO, the magnitudes of cost-per-remitter
disadvantages ranged from approximately US$20 up to US$70,000.

Discussion
In Phase III clinical trials, treatment with ESK in conjunction with oral antidepressants resulted in significantly
higher response and remission rates as well as significantly lower relapse rates compared with oral antidepressants
alone among patients with TRD [18,19]. In our study, we find that these improved efficacy outcomes are associated
with a lower cost-per-remitter for ESK + oral AD treatment compared with oral antidepressants alone. For example,
the costs-per-remitter from the Commercial insurer’s perspective were US$85,808 for ESK + oral AD compared
with US$100,198 for oral AD + PBO. The results were robust to the underlying modeling assumptions. For
example, 54–68% of the input specifications for the probabilistic sensitivity analysis resulted in a cost-per-remitter
advantage for ESK + oral AD. Similarly, ESK + oral AD treatment was associated with smaller, yet meaningful
cost-per-remitter advantages under a scenario that allowed for up to 12 months of the more expensive ESK + oral
AD treatment for patients who continue to be in remission after initial treatment (as opposed to 7 months under
the base-case scenario) for all but Commercial payers. The cost-per-remitter advantages with ESK increased when
accounting for productivity changes or the potential overestimation of oral AD efficacy in the context of the more
frequent clinical contact during the ESK trial.

Taken together, these findings suggest that treatment with ESK, inclusive of administration and monitoring
costs, could result in improved cost efficiency – a dollar spent on ESK nasal spray yields more clinical benefits on
average than a dollar spent on oral AD. This finding stems from better short- and long-term treatment efficacy and
lower medical costs compared with oral AD alone.

Our study provides important additional evidence to payers as they contemplate the appropriate coverage of
ESK nasal spray for TRD. Specifically, we used a simple but effective approach consistent with the cost per episode
framework proposed by AHRQ to assess economic value associated with the higher clinical efficacy observed with
ESK nasal spray relative to oral AD from a variety of payer perspectives, in order to complement the information
generated from other economic evaluations related to ESK nasal spray. While this framework does not estimate an
incremental cost–effectiveness ratio or facilitate comparisons against established thresholds of cost–effectiveness, it
does provide payers and physicians information about the value of using ESK + oral AD relative to oral AD alone
for treating patients with TRD in an intuitive manner. Specifically, unlike the typical cost–effectiveness or cost-
utility analyses that rely on projected quality-adjusted life years gained over a patient’s lifetime, the dichotomous
outcomes considered in this study represent the most relevant end points from a physician and payer’s perspective:
whether or not a patient attained remission from TRD treatment during a year. Relatedly, the more traditional
economic evaluations often involve a complex set of underlying modeling assumptions and calculations making
the interpretation of findings difficult. For example, the differences in time horizons and other methodological
assumptions employed in the cost–effectiveness analyses by Hernandez et al. and Agboola et al. resulted in a wide
range of incremental cost–effectiveness ratio estimates [21,23]. Consequently, it is difficult to understand the true
value of ESK + oral AD treatment. In contrast, this cost-per-remitter analysis uses inputs gathered directly from
the clinical trials for ESK and published literature and can be easily replicated and updated in case of emerging
clinical or economic evidence.

Our study findings take on added relevance to US payers as the estimates of direct healthcare costs used in this
study were based on robust and recent analyses of real-world databases that represent populations typically served
by that payer. Relatedly, the indirect costs considered as part of the sensitivity analyses are particularly relevant for
large self-insured employers, or entities who serve employers, whose businesses may be adversely affected because
of reduced productivity among employees with TRD. Additionally, the study employed rigorous techniques to
account for uncertainty around the inputs and found robust results.

There are a number of limitations to this model that may affect the real-world applicability of its results. First,
the analysis is based on the population included in the Phase III clinical trials of ESK nasal spray and may not be
representative of the overall TRD population. Relatedly, consistent with the Phase III clinical trials for ESK, the
study only compared the outcomes relative to oral AD. However, in the real-world, some patients with TRD may
receive other treatments such as antipsychotic augmentation, ECT and rTMS. Future studies should compare the
clinical and cost outcomes associated with ESK + oral AD treatment relative to these other therapeutic alternatives.
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Second, given the double-blind randomization approach in the clinical trials for ESK, all patients in the oral
AD + PBO arm were also required to take their medication under medical supervision, which does not reflect the
real-world practice. Indeed, the observed remission/response rates in the oral AD + PBO arm are substantially
higher than other reported estimates for oral ADs, including the STAR*D study [6,32]. Using the efficacy rates
from the STAR*D study, which may provide a more realistic estimate of the efficacy of oral ADs as used in
clinical practice, the cost-per-remitter advantages of ESK + oral AD were even greater. Therefore, our estimates
under the base-case assumptions may understate the true cost-per-remitter advantage with ESK nasal spray. Third,
direct and indirect cost assumptions for this study were derived from the published literature and may not fully
represent the real-world costs. In addition, while the model used payer-specific costs where possible, the treatment
costs do not reflect actual commercial arrangements with payers. Fourth, with the exception of Medicaid, the
indirect cost estimates assume 100% employment for patients and do not reflect potential differences in the rate
of re-engagement in the labor force due to the improved clinical outcomes among patients with ESK + oral AD
versus oral AD + PBO. Relatedly, the model does not consider productivity gains among the informal labor force
(e.g., unpaid caregivers) that may be achieved with improved clinical outcomes among patients with ESK + oral
AD. Finally, all patients were assumed to follow a similar, and consistent, pattern of initiating a new line of therapy
following a relapse, which may not represent the actual treatment among these patients. For example, patients may
be more likely to initiate an adjunctive atypical antipsychotic following ESK + oral AD failure than with oral
AD + PBO failure. Similarly, patients experiencing a relapse/nonresponse could initiate a new line of treatment
at any point during the assessment period, not necessarily immediately after relapse/nonresponse to treatment.
Relatedly, the model does not account for potential differences in adherence and persistence to treatment between
the clinical trials and the real world.

Conclusion
In conclusion, the estimates from this study show that esketamine nasal spray in conjunction with an oral
antidepressant is a cost-efficient alternative for patients with TRD, as higher treatment costs are more than offset
by improved clinical outcomes. The cost-per-remitter advantages for esketamine are particularly pronounced when
considering the costs associated with lost productivity or the potential over-estimation of oral AD efficacy due to
the more frequent clinical contact during esketamine trials relative to the real-world medical practice. These results
provide important information to decision-makers as they contemplate the value of esketamine nasal spray as a
treatment for TRD patients.

Summary points

• Many patients with major depressive disorder do not achieve adequate response with multiple lines of therapy.
• People who do not respond to at least two courses of antidepressant treatment of adequate dose and duration

are considered to have treatment-resistant depression (TRD).
• Under the current standard of care, effective treatment options for people with TRD are limited, resulting in

considerable economic and societal burden; above and beyond that imposed by major depressive disorder.
• The US FDA recently approved esketamine (ESK) nasal spray in conjunction with an oral antidepressant (AD) as a

new therapeutic alternative for adults with TRD.
• In this study, we use a simple and intuitive modeling approach to quantify the benefit-per-dollar-spent for

treating patients with TRD with ESK plus oral AD versus oral AD alone.
• The clinical inputs were derived directly from the pivotal trials for ESK nasal spray, whereas the cost inputs were

derived from the published literature.
• We find that the higher annual costs associated with ESK treatment are more than offset by the better clinical

outcomes achieved with this treatment.
• These findings complement other existing economic evaluations for ESK nasal spray and provide additional

evidence to payers and physicians as they contemplate the value of ESK as a treatment for TRD patients.

Supplementary data

To view the supplementary data that accompany this paper please visit the journal website at:

www.futuremedicine.com/doi/suppl/10.2217/cer-2020-0276
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