Research Article

For reprint orders, please contact: info@becaris.com

Impact analysis of expanded access to

ketamine for treatment-resistant
depression Journal of Comparative

Effectiveness Research
Thanh Lu*'"*, Sophia D’'Angelo’¥, Zohra Tayebali'"¥, Matthew Dempsey'"~, Kristen
Giombi""¥ & Olga Khavjou'
'RTI International, Research Triangle Park, NC 27709, USA
*Author for correspondence: tlu@rti.org

Aim: This study aimed to estimate the economic impacts of expanded access to ketamine relative to
electroconvulsive therapy (ECT) by offering intravenous ketamine to US patients with nonpsychotic
treatment-resistant depression (TRD) and moderate-to-severe depression. Materials & methods: A
population-level Markov simulation model with key parameters from a randomized trial was used
to simulate the economic impacts of managing TRD with intravenous ketamine versus ECT over a
5-year horizon. Health states included response of depression in the acute treatment phase and
continued treatment and relapse in the maintenance phase. The model estimated costs associated with
healthcare utilization (direct costs) and time loss (indirect costs) from patient, caregiver, payer and
societal perspectives. Model uncertainty was assessed with one-way sensitivity, probabilistic sensitivity
and scenario analyses. Results: In year 1, our model included 350,000 eligible patients. In years 2 through
5, our model added 11,296 eligible patients annually. Expanded access to ketamine to manage TRD was
projected to increase the number of patients receiving treatment by 75,000 patients in year 1 and 4292
patients annually in subsequent years. Over 5 years, expanded access to ketamine would result in a net
positive societal savings of $828.2 million annually ($95.3 million to patients and $743.7 million to payers).
However, expanded ketamine access would impose an additional $10.8 million burden on caregiver time
annually. Conclusion: For US patients with TRD and moderate-to-severe depression, ketamine may be a
noninferior treatment relative to ECT to improve depression symptoms. Expanded access to ketamine
treatment would result in net savings to the patients, payers and society.

Plain language summary

What was the aim of this research? To estimate the economic impacts of expanded access to intravenous
ketamine relative to electroconvulsive therapy by offering ketamine to US patients with treatment-
resistant depression and moderate-to-severe depression without psychotic features from the patient,
caregiver, payer and societal perspectives.

How was the research carried out? A population level Markov simulation model and annual Markov cycles
was performed out to 5 years. Model parameters were identified from the literature, publicly available
data sources and input from a clinical consultant. Sensitivity analyses were used to explore variations in
some inputs and assumptions.

What were the results? Results suggest that expanded access to intravenous ketamine has the potential
to increase the number of patients in treatment for treatment-resistant depression and lead to annual
savings to society of US$828.2 million in total or US$19,940 per patient-in-treatment. Patients and payers
incurred a total saving of $95.3 million and $743.7 million, respectively, annually. However, caregivers
incurred an additional cost of $10.8 million annually.

What do the results of the study mean? Expanded access to ketamine would result in net annual savings
to society, patients and payers but would impose burdens on caregivers annually due to the additional
time spent transporting patients to and from treatment.
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Major depressive disorder (MDD) is a common but serious mental health condition characterized by at least
2 weeks of persistent feelings of sadness or loss of interest that affects daily activities (1]. In 2021, an estimated 21.0
million US adults had at least one major depressive episode, and approximately half of these individuals received
medications for their condition [2]. Failure of at least two antidepressants to improve an individual’s MDD symptoms
is referred to as treatment-resistant depression (TRD), which affects about a third of individuals with MDD. TRD
can have wide-ranging clinical, economic and social impacts. For example, TRD is associated with substantially
higher incidence of intentional self-harm, healthcare utilization and clinical and functional disability (3-5]. The
economic burden of MDD among US adults was estimated at $326 billion (2020 US dollars) annually in direct
medical costs and indirect costs, with TRD accounting for 27-42% of this burden [6].

For decades, electroconvulsive therapy (ECT) has been one of the most effective strategies for management of
TRD [71. ECT occurs in an inpatient or outpatient setting and involves brief electrical stimulation of the brain
while the patient is under anesthesia [8]. The initial course of treatment with ECT consists of 6-12 treatments
over 3—5 weeks [7,8]. After a patient has had sufficient clinical improvement, they typically continue treatment with
maintenance ECT, which means a reduced frequency of treatment sessions, and/or antidepressant medications to
help prevent relapse [9].

Ketamine was approved by the US FDA as a sedative, analgesic and general anesthetic in 1970, and researchers
later found that ketamine has a rapid antidepressant effect in patients with MDD [10]. Ketamine is typically
administered intravenously in an outpatient setting with an initial course of treatment consisting of two treatments
per week for 3 weeks (7.

Anand et al. (7] conducted a randomized controlled trial to compare the effectiveness of ECT and intravenous
ketamine for management of nonpsychotic TRD. At five urban sites between March 2017 and September 2022,
403 patients with TRD aged from 21 to 75 years received either ECT or intravenous ketamine following clinical
practice guidelines. The primary outcome was response to treatment with secondary outcomes including scores on
memory tests and patient-reported quality of life. After the initial course of treatment, patients who had a response
were followed for 6 months. A total of 55.4% of patients treated with intravenous ketamine and 41.2% of patients
treated with ECT had a response. Anand ez 4l. 7] concluded that ketamine was noninferior to ECT for management
of nonpsychotic TRD.

The purpose of the current study was to estimate the economic impacts of expanded access to ketamine by
offering intravenous ketamine to previously offered ECT patients for management of nonpsychotic TRD per
Anand et al. 177 We identified resource requirements for both treatments and evaluated changes in direct costs
associated with healthcare utilization and indirect costs associated with time loss from the patient, caregiver, payer
and societal perspectives over a 5-year horizon.

Materials & methods

We developed a population-level Markov simulation model to estimate the outcomes over a 5-year horizon under
two outpatient treatment regimens for management of nonpsychotic TRD. Throughout this paper, we refer to the
adult population with nonpsychotic TRD and moderate-to-severe depression that are offered ECT or ketamine
for TRD as the ‘eligible patient population’. Under presumed standard of care (SC), we assume that some eligible
patients are offered ECT and others are offered ketamine in an outpatient setting. Under the expanded access,
we assume that 100% of the eligible patients are offered ketamine. The model estimates the costs associated with
healthcare utilization (direct costs) and time loss (indirect costs) across two treatments (ECT or ketamine) under
two treatment regimens (SC or expanded access) from the patient, caregiver, payer and societal perspectives.

Model
The economic model in this study has two distinct components: a 1-month decision tree that simulates the outcome
of an acute treatment phase (i.e., response) and a Markov model that captures the outcome of a maintenance phase
(i.e., treatment continuation and relapse) over the remainder of the time horizon (Figure 1). The Markov component
of the model has a 1 year (12 month) cycle, except for the first year of the cohort, which is an 11-month cycle. The
model simulates the outcomes over 5 years for consistency with past studies [11-14].

In the first year of this population simulation model, all eligible patients enter the model as the first cohort. In
each subsequent year, a new cohort of eligible incident patients is added. Patients with nonpsychotic TRD enter the
acute treatment phase of the model upon being offered treatment choices between ECT and intravenous ketamine.
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No complications
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Model structure of expanded access to ketamine for the management of treatment-resistant depression.
This is the Markov model used for the simulation analysis. In the acute treatment phase, the standard of care pathway

indicates that the eligible patient population will be offered ECT or ketamine to manage TRD and will continue

through the end of a 5-year model analysis. The ‘expanded access’ pathway represents an alternative scenario in
which all eligible patient population are offered ketamine. The stars on the far right of this exhibit indicate that
patients who respond to treatment in the acute phase may continue into the maintenance phase, with the same

possible outcomes for each cycle of the Markov model shown in the lower portion of the figure. The probabilities of

transitioning to each of the post-acute states differ depending on the treatment used.

ECT: Electroconvulsive therapy; Pr: Probability;

TRD: Treatment-resistant depression.
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Once patients accept the treatment offer, we assume that every patient has a psychiatric diagnostic evaluation
session prior to their initiation of 3 weeks of acute care.

After acute treatment, patients enter the health states of response to or no response to treatment. Patients in the
cohort who are in a state of response to treatment are then included in the model’s Markov component, which
captures the maintenance treatment phase. At every cycle, patients face the probability of stopping treatment and
relapse. Patients who experience no complications while continuing maintenance treatment enter the next cycle of
the Markov component. Patients who relapse while continuing treatment stay in ‘relapse’ state, and patients who
stop treatment stay in either ‘relapse’ or ‘no complications’ states for the remainder of the time horizon.

In our model, patients enter an absorbing state if they enter ‘refuse treatment, ‘no response’, ‘relapse’, or ‘no
complications’ states while stopping treatment. Patients exit the model due to death. Mortality rates are assumed
to be independent of treatment arms due to lack of long-term comparative clinical data.

Under the expanded access, we assume that 100% of the eligible patients are offered intravenous ketamine. The
probabilities of transitioning to each of the states are different depending on the treatment used but are the same
across SC and expanded access treatment regimes.

Model parameters

Supplementary Table Al includes a full list of model parameters, values and sources. Where possible, we obtained
model parameters from published estimates using Anand ez al. (4. Of note, we did not have access to or conduct
analyses on the original data of Anand ez al. (4. Otherwise, we obtained model parameters from various sources,
including literature, or estimated parameters using publicly available datasets. A 3% annual discount rate was
applied to future costs, and we report all costs in 2024 US dollars.

Population & clinical parameters

We obtained a range for the number of adults in the USA with TRD and moderate-to-severe depression being
offered ECT or intravenous ketamine for treatment of TRD in the base year from the clinical expert [15]. We used
a lower bound of the range to include patients with nonpsychotic TRD per Anand et a/. (4. We then converted
this number to the proportion of patients being offered each of the studied treatments, using the estimated
number of adults in the USA and disease prevalence [16], and combined the proportion with the incidence rate
of patients with TRD to estimate the number of new adult cases expected in the out-years of the model. Under
SC, we assumed that 85.7% of the eligible patient population are offered ECT and 14.3% are offered intravenous
ketamine [15).

We obtained parameter values for the model impacts by treatment (i.e., ECT or ketamine) from the results
in Anand er al. (Supplementary Table Al). We assumed that 25% of patients who are offered ECT accept the
treatment and that 50% of patients who are offered ketamine accept the treatment [15]. We also assumed a mortality
rate of 0.48%, which considers the age and sex distribution of the population with depression [17].

Direct cost parameters

Direct cost parameters included direct patient copayments and medical costs for intravenous ketamine and ECT
treatments and the continuing healthcare cost of TRD. Using the 2016-2019 Medical Expenditure Panel Survey
data [18], we estimated that patients with depression paid 10% of the total healthcare costs. We used this estimate
to calculate the direct healthcare costs borne by patients and assumed that the remaining 90% was borne by payers.
We used the 2024 Medicare Physician Fee Schedule and Outpatient Prospective Payment System to estimate the
average per-session costs of psychiatric evaluation, ECT and intravenous ketamine. We calculated average annual
treatment costs by multiplying the average number of sessions by the per-session cost. We obtained the average
number of acute-care sessions from Anand ¢z al. and assumed that maintenance treatment was given once per
month for the remainder of the time horizon.

Our estimate of per-session ECT cost included cost of medications and cost of ECT (CPT 90870), which
included the cost of performing ECT, anesthesia services and recovery room service in a hospital outpatient setting.
For medications, we included the cost of anesthesia and muscle relaxant using the Department of Veterans Affairs
Federal Supply Schedule.

Our estimate for per-session intravenous ketamine cost included cost of the medication, cost of the physician
visit and the cost of a 50 min observation after each dosing visit. For the cost of ketamine medication, we utilized
the Veterans Affairs Federal Supply Schedule. We assumed patients would have a physician visit at each session. We
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used the reimbursement rates for a 30-39 min office visit, routine follow-up (CPT 99214) for the physician cost,
and for a 50 min observation (CPT 99415).

Patients in both treatment arms also received a psychiatric diagnostic evaluation prior to initiating their treatment,
which we costed out using a reimbursement rate for a 90 min office visit (CPT 99205). Patients who enter ‘refuse
treatment’, ‘no-response’, or ‘relapse’ states incur the healthcare costs of TRD for the remainder of the time horizon
obtained from Pilon et al. [19). Patients who enter ‘no complications’ while stopping treatment incur no costs for the
remainder of the time horizon. In practice, patients who stop treatment and experience no complications are likely
to continue taking antidepressant medications. However, following clinical expert guidance, we did not incorporate
these medication costs in our model as the costs are minimal at the per-person level (approximately $100 per year)
and are incurred regardless of the treatment arm [17).

[ndz'rect costs pﬂmmet@rs

Indirect costs included the value of patient time and unpaid time provided by caregivers who accompanied the
patient to appointments. To value patient and caregiver time, we used hourly wages based on the 2021 national
annual earnings estimates by age/sex from Current Population Survey 2022 data adjusted to 2024 dollars and
assuming a 45.3% fringe benefits rate [20]. We valued patient time using an hourly wage of $42.73 that was adjusted
for the age distribution of the TRD population [16]. We valued unpaid time provided by caregivers using an hourly
wage of $54.37 that was adjusted for the age distribution of caregivers [21]. We assumed that each ECT and ketamine
session takes 2 and 2.5 h, respectively, including the time obtaining treatment and in observations after treatment
and 1 h for traveling to and from treatment [15]. For patients receiving ECT, we further assumed that patients take
the whole day off work (i.e., 8 h) for recovery and caregivers take off 2 h (the length of time of each ECT session
plus travel time) [15]. We also assumed that 100% of patients, regardless of treatment arm, are accompanied to
treatment by their caregivers [15]. Furthermore, we assumed that 55 and 65% of patients and caregivers, respectively,
are in the labor force 20,22.

Societal cost estimation

To estimate the total societal costs, we summed the costs of patient time and out-of-pocket healthcare costs,
caregiving time and payers. These calculations avoid double-counting costs to patients and payers.

Sensitivity & scenario analyses

We assessed the sensitivity of our model results using probability and one-way sensitivity analyses. Probability
sensitivity analysis (PSA) produces a CI for each outcome based on 1000 iterations of the model in which all inputs
could vary across a distribution of values. We identified Cls for model results using the 2.5 and 97.5 percentiles
of the distribution generated by PSAs of each outcome. One-way sensitivity analyses identify parameters to which
model outcomes were most sensitive by allowing the value of one input parameter to vary across a distribution, while
holding all other input parameters constant. Parameter values were obtained from the literature, where the 95% CI
was assumed to be the upper and lower bounds of published parameter values or varied by £20%. Supplementary
Table A2 shows the ranges and distributions of parameters used in sensitivity analyses.

Additionally, we conducted six scenario analyses. In the first scenario analysis, we changed the offer rate in the
expanded access to 50% instead of 100% used in the base case scenario. In the second and third scenario analysis,
we assumed that ECT patients take the day of and the day after treatment (i.e., 16 h instead of 8 h) and ketamine
patients take an entire day off work (i.e., 8 h instead of 2.5 h). In the fourth scenario, we used relapse rates from
alternative sources. Anand ez al. (7] reported relapse rates among patients who responded to treatment in the acute
phase rather than relapse rates among patients who continued maintenance treatment. Thus, our model implicitly
assumed independence between relapse rates and maintenance treatment. Using relapse rates from Nordenskjold
et al. 23] and Daly ez al. 24] we relaxed this independence assumption as these studies reported relapse rates among
those who entered maintenance treatment. For the fifth and sixth scenario analyses, we used private insurance
reimbursement rates, as opposed to Medicare reimbursement rates, for direct healthcare costs. In the fifth scenario
analysis, we assumed that payers and patients incur 90% and 10% of the ketamine therapy costs, respectively. This
is the same assumption used in the base case scenario. In the sixth scenario analysis, we assumed that patients bear
the full direct costs of ketamine therapy.
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Table 1. Population results for the impacts of expanded access to ketamine for the management of

treatment-resistant depression.

Eligible patient population A. SC B. Expanded access to  Difference (B-A)
ketamine

Average annual patients in year 1 (n)

Offered ECT or ketamine 350,000 350,000 -
Receiving acute or maintenance treatment 100,000 175,000 75,000
Receiving acute treatment 100,000 175,000 75,000
Treatment response 44,711 96,884 52,174
Continuing treatment as maintenance 7235 18,559 11,324
Refused, no response, relapsed and no complications if stopping treatment 336,672 305,127 (31,545)

Average annual patients in years 2-5 (n)

Offered ECT or ketamine 11,296 11,296 -
Receiving acute or maintenance treatment 3869 8161 4292
Receiving acute treatment 3227 5648 2420
Treatment response 1443 3127 1684
Continuing treatment as maintenance 233 599 365
Receiving maintenance treatment 642 2514 1872
Receiving maintenance treatment in total 875 3113 2237
Refused, no response, relapsed and no complications if stopping treatment 361,314 331,323 (29,991)

Values in parentheses indicate negative values.
ECT: Electroconvulsive therapy; SC: Standard of care.

Results

Population

Population results for the impacts of an expanded access to intravenous ketamine to all eligible patients for
management of nonpsychotic TRD are reported in Table 1. Our model included an estimated 350,000 eligible
patients in year 1 and added 11,296 eligible incident patients annually in each subsequent year (i.e., years 2 to 5).
Findings from our model indicate that expanded access to ketamine would result in 75,000 additional patients in
year 1 and 4292 additional patients annually in subsequent years receiving ketamine. This finding is a result of
patients being more likely to accept ketamine if the treatment is offered relative to ECT.

In year 1 of the model, of the 75,000 additional patients who start acute treatment, 52,174 additional patients
respond to acute treatment, and 11,324 of these patients continue treatment into the maintenance phase in
the same year. In subsequent model years, of the 2,420 additional patients who start acute treatment each year,
1,684 additional patients respond to acute treatment annually, and 365 of these patients continue treatment
into the maintenance phase. Furthermore, another 1,872 patients continue treatment as maintenance for over 1
year annually. As a result, a total of 2,237 additional patients receive treatment as maintenance annually under
the expanded access. The expanded access to intravenous ketamine reduces the number of patients who refuse
treatment, do not respond, relapse, or have no complications if stopping treatment by 31,545 patients in year 1
and 29,991 patients annually in subsequent years. Overall, 95% to 98% of the patients reach an absorbing state
within 1 year of entering the model.

Total costs

Table 2 reports the average cost impacts across all model years. From the patient perspective, we estimated total
costs savings of $95.3 million annually, including direct healthcare cost savings of $1.2 million in treatment costs
and $81.4 million in continuing healthcare costs for TRD. Additionally, we estimated that patients would reduce
time spent in treatment by 544,486 hours resulting in indirect cost savings of $12.7 million annually. This is a
result of shorter recovery times with ketamine versus ECT (we assumed patients who receive ECT take off the
entire workday).

We estimated that caregivers would incur additional costs under the expanded access scenario due to more
patients receiving treatment who would require a caregiver to take them to and from appointments. We estimated
that caregivers would spend an additional 331,031 h transporting patients to and from treatment which translated
to indirect costs of $10.8 million.

10.57264/cer-2024-0233 J. Comp. Eff. Res. (2025) e240233  EEEERGL
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Table 2. Annual cost results for the impacts of expanded access to ketamine for the management of

treatment-resistant depression over a 5-year horizon.

Outcome A. SC B. Expanded access Difference (B-A) Annual savings per
to ketamine patient in treatment

Patient perspective

Time (h) 1,386,430 841,944 (544,486) 13
Indirect costs of time $32,292,416 $19,582,547 ($12,709,869) $310
Treatment costs $8,215,180 $6,971,404 ($1,243,776) 30
Continuing healthcare costs of TRD $988,630,799 $907,241,937 ($81,388,862) $1,960
Total patient healthcare costs $996,845,979 $914,213,341 ($82,632,638) $1,990
Total patient costs $1,029,138,395  $933,795,888 ($95,342,507) $2,300
Cl ($137,811,364) - ($58,361,467)

Caregiver perspective
Time (h) 412,117 743,148 331,031 (8)
Total caregiver costs $13,546,010 $24,394,049 $10,848,039 ($260)
cl $4,885,583 - $17,941,661

Payer perspective

Treatment costs $73,936,621 $62,742,637 ($11,193,984) $270
Continuing healthcare costs of TRD $8,897,677,188 $8,165,177,429 ($732,499,759) $17,640
Total payer costs $8,971,613,809  $8,227,920,066 ($743,693,743) $17,910
@ ($1,122,572,981) - ($440,192,587)

Societal costs
Total societal costs $10,017,095,720  $9,186,110,003 ($828,188,211) $19,940
cl ($1,236,038,429) - ($503,821,715)

Negative values are in parenthesis and indicate impacts avoided or costs saved associated with the expanded practice.
ECT: Electroconvulsive therapy; SC: Standard of care; TRD: Treatment-resistant depression.

The total costs savings for payers were estimated to be $743.7 million under the expanded access scenario
compared with the SC scenario, including $11.2 million in direct treatment costs and $732.5 million in continuing
healthcare costs for TRD. As a result, the expanded access to intravenous ketamine for the management of
nonpsychotic TRD would result in potential societal cost savings of $828.2 million.

Per-patient costs

We estimated per patient savings of $2300 from the patient perspective in the expanded access scenario, including
$1990 in out-of-pocket healthcare costs and $310 from less time spent in treatment. However, the caregiver costs
would increase by $260 per patient for the additional time spent transporting patients to and from treatment. We
also estimated savings of $17,910 per patient in treatment from the payer perspective, and total savings of $19,940
per patient in treatment from the societal perspective under the expanded access scenario.

Sensitivity & scenario analyses
Sensitivity analyses

PSA results of Cls for the total cost outcomes for patients, caregivers, payers and society are also shown in Table 2.
Ranges that include 0 indicate uncertainty about whether the expanded access to ketamine compared with SC
would result in net savings. None of the Cls for the cost outcomes include 0, suggesting that the eligible patient
population’s expanded access to ketamine can result in downstream cost positive savings to patients, payers and
society.

Figure 2 displays the results from our one-way sensitivity analyses showing parameters to which the total societal
cost savings were most sensitive. The total societal cost savings were most sensitive to the relapse rate if patients
continued the use of ketamine into the maintenance phase (range: 0.28-0.41); followed by the proportion of patients
being offered ECT (range: 0.63-1.00). Total societal cost savings were also sensitive to the proportion of patients
with moderate-to-severe depression (range: 0.68-1.00), the prevalence of patients with a major depressive episode
who received treatment (range: 0.01-0.02) and the response rate to ketamine (range: 0.51-0.67). Supplementary
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Figure 2. Tornado diagram of the difference in annual societal costs between expanded and standard of care
practice over a 5-year horizon. The vertical line represents the baseline saving estimate obtained from the main
results.

ECT: Electroconvulsive therapy; TRD: Treatment-resistant depression.

Table 3. Scenario analysis results: differences in annual costs between expanded access to ketamine and

standard of care.

Outcome Total patient costs Total caregiver costs Total payer costs Total societal costs
Base case $95,342,507 $(10,848,039) $743,693,743 $828,188,211
Scenario analysis 1: 50% expansion $39,726,045 $(4,520,016) $309,872,393 $345,078,421
Scenario analysis 2: patients receiving ECT take $123,850,636 ($10,848,039) $743,693,743 $856,696,339

the 2 days off work

Scenario analysis 3: patients receiving ketamine $62,757,256 ($10,848,039) $743,693,743 $795,602,960

take the whole day off work

Scenario analysis 4: varying relapse rates $130,085,563 $(11,654,173) $1,053,556,145 $1,171,987,535
Scenario analysis 5: private reimbursement rates $84,778,655 $(10,848,039) $648,619,074 $722,549,690
Scenario analysis 6: private reimbursement rates $(57,244,608) $(10,848,039) $790,642,337 $722,549,690

and patients paid 100% of ketamine costs

Negative values are in parenthesis and indicate increased costs associated with the expanded access.
ECT: Electroconvulsive therapy.

Figure A1 displays the full list of parameters from the most to the least sensitive and shows that savings are positive
for all one-way sensitivity analyses.

Scenario analyses

Table 3 reports scenario analysis results for the total cost outcomes for patients, caregivers, payers and society.
Results from our main scenario suggested that the annual total societal cost savings were $828.2 million. In the
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first scenario analysis, we assumed that 50% of the eligible patient population is offered intravenous ketamine and
the other 50% is offered ECT. This scenario suggests a total societal cost savings of $345.1 million.

In the second scenario analysis, we assumed that ECT patients take the day of and the day after treatment off
work (i.e., 16 h instead of 8 h). In the third scenario analysis, we assumed that patients receiving ketamine take an
entire day off work (i.e,. 8 h instead of 2.5 h). Our initial assumptions about the time missed from work due to
ECT /ketamine treatment may be an underestimate as some patients undergoing treatment may not work during
the treatment days. These scenarios suggest a total societal cost savings of $856.7 million and $795.6 million
annually under the second and third analyses, respectively. Results of these scenario analyses indicate that our main
findings on the cost savings associated with expanded ketamine treatment are robust.

In the fourth scenario analysis, we used alternative input values [23,24] for the probability of relapse if continuing
treatment after the acute phase. Nordenskjéld ez a/. 23] reported an annual relapse rate of 32% if continuing ECT,
and Daly et al. reported an annual rate of 26% if continuing ketamine. This scenario suggests a total societal cost
savings of $1172.0 million annually due to the expanded access to ketamine.

The fifth and sixth scenario analyses used private insurance reimbursement rates such that the treatment cost per
session was $2500 for ECT and $600 for ketamine; the healthcare costs of TRD were $21,767. These scenarios
suggest a total societal cost savings of $722.5 million annually due to the expanded access to ketamine. The sixth-
scenario analysis further assumes that payers do not cover ketamine reflecting the current reimbursement practice
of ketamine for TRD. Patients will pay the full cost of $600 out-of-pocket for ketamine treatment per session
during both the acute and maintenance phases. While the total societal cost savings of $722.5 million annually due
to the expanded access to ketamine remained unchanged, this assumption shifted the cost savings from patients to
payers and increased the costs for patients. Under this sixth-scenario analysis, expanded access to ketamine would
result in an additional $57.2 million in total patient costs as opposed to a cost savings of $84.8 million under the
fourth scenario analysis. For simplicity, both of these scenarios assume that the probability of continued treatment
for ECT (40.7% if response to treatment) and ketamine (35.4% if response to treatment) does not change from
the base scenario even if the payer is different.

Discussion

In this analysis of expanded access to intravenous ketamine versus ECT to manage TRD among patients with
nonpsychotic TRD and moderate-to-severe depression, we found that the expanded access would reduce societal
costs by $828.2 million annually compared with the SC with almost 90% of the savings accrued to payers. In the
sensitivity analyses, we found that while the total societal cost savings from the expansion is most sensitive to the
relapse rate of patients continuing the use of ketamine into the maintenance phase, expanded access to ketamine to
the eligible patient population can result in cost savings to the patients, payers and society under all one-way and
probabilistic sensitivity analyses.

We also found that the downstream cost savings to the patients, payers and society from the expanded access
to intravenous ketamine hold when using alternative values for relapse rates and reimbursement costs from private
insurance. However, if patients pay the full treatment costs for ketamine, patients will incur increased costs, rather
than cost savings, under the expanded access scenario. This finding highlights the importance of healthcare coverage
in improving access to intravenous ketamine treatment.

It is worth noting that caregivers would incur increased costs from transporting patients to and from treatment
under the expanded access to ketamine scenario. The finding of increased burdens on caregivers holds under
various sensitivity and scenario analyses. This finding highlights the vital role of caregivers in helping patients
with (nonpsychotic) TRD to receive treatments. Along with improving patient access to ketamine, payers and
policymakers should also consider improving transportation services that help patients get to medical appointments.
This would ensure that patients can receive the treatment they need.

To our knowledge, no other published studies compared the economic outcomes of ECT and intravenous
ketamine treatments. However, a few studies have examined the economic value of ECT or ketamine treatment for
patients with (nonpsychotic) TRD relative to other treatment options. Ross et /. found that offering ECT after
two failed trials of pharmacotherapy or psychotherapy, which is in alignment with the current clinical practice,
is most likely to maximize the treatment’s value relative to pharmacotherapy or psychotherapy for the healthcare
sector [17]. Brendle ez a/. found that intravenous ketamine dominates esketamine nasal spray in terms of maximizing
the treatment value for patients and healthcare sector [25. In combination with prior studies, our analysis provides
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additional evidence suggesting that ketamine can be an attractive treatment option for patients, payers and the
society.

Limitations

Our analysis has several limitations. Our model may overstate the potential benefits of expanded access to ketamine.
Our model used findings in Anand ez al. 7] that reported lower response of ECT compared with other studies.
Mathew ez al. attributed the lower ECT response rate in Anand ez a/. [7] to the possibility that elderly patients and
patients in inpatient settings were insufficiently enrolled, and that the trial also excluded patients with psychotic
features, who are more likely to respond to ECT treatment [26]. However, results from the one-way sensitivity
analysis suggested that the response rate of ECT was not one of the inputs to which the potential benefits of
expanded access to ketamine on total societal cost savings are most sensitive.

Odur cost inputs for intravenous ketamine treatment assumed that payers provide coverage for ketamine infusion,
and the reimbursement amount is based on a billing guideline for ketamine infusion [27]. Thus, our estimate
of per-session ketamine cost would be a lower bound of the reimbursement amount if ketamine were covered
by insurance. Indeed, when using alternative values for reimbursement rates from private insurance, our model
suggests higher societal cost savings than those under the Medicare reimbursement rates.

Our model includes some simplifying assumptions to reduce the complexity of real-world clinical practice.
For example, we assumed indefinite maintenance use, excluded treatment effects on mortality, and assumed that
patients who enter ‘refuse treatment, ‘no-response’, or ‘relapse’ states would remain in these health states until
the end of time horizon. However, we applied these assumptions across both treatments (ECT and ketamine) and
treatment regimens (SC and expanded access). In clinical practice, these patients may try the other therapy (ECT
or ketamine, depending on which they started with) or another type of therapy that is not captured in the model.
A more complex model may be needed to compare a range of alternative therapies (such as repetitive transcranial
magnetic stimulation or other ketamine administration modalities [28] such as intranasal ketamine, non parenteral
ketamine for home use, or ketamine assisted psychotherapy) for TRD or and to fully capture the impacts of the
disorder and alternative treatment strategies.

Conclusion

By modeling the expanded access to intravenous ketamine to manage nonpsychotic TRD among the eligible patient
population per Anand ez al. 7], we found that expanded access to ketamine has the potential to increase the number
of patients in treatment by 75,000 in the first year and 4292 patients annually in subsequent years. Across all 5
years of the model, the expanded access to ketamine to manage nonpsychotic TRD would decrease the annual
costs to payers by $743.7 million and patients by $95.3 million but would impose an additional burden of $10.8
million on caregivers in time cost annually. The expanded access to intravenous ketamine to all eligible patients
would result in a net positive savings to the society of $828.2 million annually.

Summary points

e Major depressive disorder is a common but serious mental health condition that affected an estimated 21.0
million US adults in 2021 with an economic burden of $326 billion annually in direct medical and indirect costs.

e Failure of at least two antidepressants to improve an individual’s depressive symptoms is referred to as
treatment-resistant depression (TRD), which affects about a third of individuals with major depressive disorder.
Management of TRD may include electroconvulsive therapy (ECT) or ketamine.

e Previous research supports that intravenous ketamine is noninferior to ECT for managing TRD.

e This paper presents a population-level Markov simulation model to estimate the economic impacts of expanded
access to intravenous ketamine relative to ECT by offering ketamine to US patients with TRD and
moderate-to-severe depression over 5 years.

e Model parameters were identified from the literature, publicly available data sources and input from a clinical
consultant.

e Results suggest that expanded access to ketamine has the potential to increase the number of patients in
treatment for TRD and lead to annual savings to society of US$828.2 million in total or US$19,940 per
patient-in-treatment.

e Expanded access to ketamine would result in net annual savings to patients and payers but would impose
burdens on caregivers annually due to the additional time spent transporting patients to and from treatment.
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