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ABSTRACT

BACKGROUND: Brexanolone injection (BRX) was approved by the FDA in
2019 for the treatment of adult patients with postpartum depression (PPD),
but its cost-effectiveness has not yet been evaluated.

OBJECTIVE: To estimate the cost-effectiveness of BRX compared with
treatment with selective serotonin reuptake inhibitors (SSRIs) for PPD.

METHODS: We projected costs (2018 U.S. dollars) and health (quality-
adjusted life-years [QALYs]) for mothers treated with BRX or SSRIs and
their children. A health state transition model projected clinical and eco-
nomic outcomes for mothers based on the Edinburgh Postnatal Depression
Scale, from a U.S. payer perspective. The modeled population consisted
of adult patients with moderate to severe PPD, similar to BRX clinical trial
patients. Short-term efficacy for BRX and SSRIs came from an indirect
treatment comparison. Long-term efficacy outcomes over 4 weeks, 11
years (base case), and 18 years were based on results from an 18-year
longitudinal study. Maternal health utility values came from analysis of
trial-based short-form 6D responses. Other inputs were derived from the
literature.

RESULTS: The incremental cost-effectiveness ratio for BRX versus SSRIs
was $106,662 per QALY gained over an 11-year time horizon. Drug and
administration costs for BRX averaged $38,501, compared with $25 for
SSRIs over the studied time horizon. Maternal total direct medical costs

averaged $65,908 in the BRX arm, compared with $73,653 in the SSRI arm.

BRX-treated women averaged 6.230 QALYs compared with 5.979 QALYs
for the SSRI arm. Adding partner costs and utilities in a sensitivity analysis
further favored BRX. Results were sensitive to the severity of PPD at base-
line and the model time horizon. Probabilistic sensitivity analyses indicated
that BRX was cost-effective at the $150,000-per-QALY threshold with 58%
probability.

CONCLUSIONS: Analysis using a state transition model showed BRX to be

a cost-effective therapy compared with SSRIs for treating women with PPD.
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What is already known about this subject

* Postpartum depression (PPD) affectsanestimated 11.5% of mothers
in the United States and can have significant and long-lasting
detrimental effects on mothers, children, and families.

PPD has historically been treated with antidepressants, such as
selective serotonin reuptake inhibitors (SSRIs) alone or in conjunc-
tion with low-intensity interventions; however, these pharmaco-
logical treatments are not specifically indicated for PPD and have
not been evaluated in robust clinical trials for this indication.

In 2019, brexanolone injection (BRX) became the first treatment
approved by the FDA for adult patients with PPD, based on the
positive efficacy, safety, and tolerability profile demonstrated in
2 phase 3 clinical trials.

What this study adds

¢ This study models comparative clinical and economic outcomes
for BRX compared with SSRIs in mothers with PPD and their
children and represents the first economic model of pharmaco-
therapy for the treatment of PPD.

¢ The relative cost-effectiveness of BRX depends on the assumed
efficacy of SSRIs, depressive severity at baseline, and duration of
model time horizon.

¢ Treatment of PPD with BRX is likely to be cost-effective relative
to SSRIs from a U.S. payer perspective.

mon medical complications during and after pregnancy,

affecting an estimated 11.5% of mothers in the United
States."” Symptoms of PPD include depressed mood, dimin-
ished ability to concentrate and perform usual tasks, and
decreased maternal-infant interaction.®*? PPD can also lead to
suicidality, with suicide being a leading cause of pregnancy-
related mortality; some studies estimate that nearly 1% of
women with PPD commit suicide.'®"” Up to 30% of affected
women still have depressive symptoms 1 year postpartum, and
for some, symptoms persist for up to 11 years.!®!° Because PPD
is frequently undiagnosed or unrecognized, comprehension of
its potentially long-lasting detrimental effects on families and
children can be obscured among policy and decision makers.*

Postpartum depression (PPD) is one of the most com-
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MUl nput Parameters

Varied in PSA
Standard and Distribution
Parameter Mean Error/N Low High Assumed Reference
Baseline EPDS distribution, %
Depressive symptom range 1 0.0 N=0
Depressive symptom range 2 0.0 N=0
Depressive symptom range 3 0.0 N=0 45
Depressive symptom range 4 304 N=28.32
Depressive symptom range 5 69.6 N=64.82
Baseline characteristics
Age, years 28 18 40 Uniform 43
Weeks since birth 16 2 30 Uniform
Efficacy (change from baseline EPDS)
BRX
Hour 60 (week 0.36) -8.34 0.93 -6.52 -10.17 Normal
Day 30 (week 4) -9.75 112 -7.55 -11.95 Normal
Week 18P -9.75 1.12 -7.55 -11.95 Normal 45
SSRIs
Hour 60 (week 0.36°) -0.36 1.36 2.29 -3.02 Normal
Day 30 (week 4) -3.40 1.64 -0.18 -6.62 Normal
Week 18 -5.70 1.66 -2.44 -8.96 Normal
Suicide rate, %
Depressive symptom ranges 1-3 0.00 0.00 0.00 Uniform
Depressive symptom range 4 0.50 0.00 0.90 Uniform 15,47,49,50
Depressive symptom range 5 0.50 0.00 0.90 Uniform
Health utilities
For mothers
Depressive symptom range 1 0.904 0.0102 0.884 0.924 Beta
Depressive symptom range 2 0.785 0.0082 0.769 0.801 Log-normal SF-6D wtilities estimated
Depressive symptom range 3 0.671 0.0057 0.660 0.682 Log-normal from SF_3,6 TeSponses
- collected in pivotal
Depressive symptom range 4 0.601 0.0067 0.588 0.614 Log-normal brexanolone trials
Depressive symptom range 5 0.529 0.0106 0.508 0.550 Log-normal
For children (aged 0-4 years)
Depressive symptom range 1 0.880 0.0236 0.834 0.926 Beta 57
Depressive symptom ranges 2-5 0.880 0.0236 0.834 0.926 Log-normal
For children (aged 5-12 years)
Depressive symptom range 1 0.875 0.0232 0.829 0.920 Beta
Depressive symptom ranges 2-3 0.875 0.0232 0.829 0.920 Log-normal 52,57
Depressive symptom ranges 4-5 0.872 0.0230 0.827 0.917 Log-normal
For children (aged 13+ years)
Depressive symptom range 1 0.819 0.0513 0.719 0.920 Beta
Depressive symptom ranges 2-3 0.819 0.0513 0.719 0.920 Log-normal 53,58
Depressive symptom ranges 4-5 0.812 0.0510 0.712 0.912 Log-normal
For partners (1 year from birth)
Depressive symptom range 1 0.837 0.0521 0.735 0.939 Beta
Depressive symptom ranges 2-3 0.837 0.0521 0.735 0.939 Log-normal 54,58,59
Depressive symptom ranges 4-5 0.826 0.0516 0.725 0.928 Log-normal

Children exposed to maternal depression early in life may
experience long-term disruptions in neural activity and height-
ened stress responses.’’ Weak maternal bonding in infancy
can critically impair child development.?* A recently published
18-year longitudinal cohort study (N=9,848) demonstrated
that the children of mothers with persistent and severe PPD
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continued on next page

were at a higher risk of having behavioral problems at age 3.5
(odds ratio [OR]=4.84; 95% confidence interval [CI]=2.94-
7.98), lower mathematical grades at age 16 (OR=2.65; 95%
CI=1.26-5.57), and depression at age 18 (OR=744; 95%
Cl1=2.89-19.11). Other smaller cohort studies reported
similar results.*>*® Early intervention to resolve maternal
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LUl nput Parameters (continued)

Varied in PSA
Standard and Distribution
Parameter Mean Error/N Low High Assumed Reference
Direct medical costs, $
Cost of BRX (4.58 vials assumed) 34,000.00 WAC of 7450 per vial
Cost of BRX administration 4,495.00 4,495.00 3,596.00 5,394.00 Gamma MS-DRG 881. CMS, FY
2018 Hospital Inpatient PPS
Final Rule, based on Tables
1A, 1D, and 5. Upper and
lower bounds selected to
simulate possible adminis-
tration costs if population
were composed of entirely
Medicaid or privately
insured patients8!
Cost of SSRIs (per week) in SSRI 0.97 0.87 0.18 3.59 Gamma Average mg cost of sertra-
and BRX arms line (REDBOOK) x Zoloft
daily dose for MDD (50 mg)
Weeks of SSRIs in SSRI and BRX arms 26 8 52 Uniform Assumption
BRX patients who receive SSRIs, % 21.60 5.84 11.26 31.94 Beta 43
For mothers <1 year postpartum
Depressive symptom ranges 1-2 56.93 8.47 40.33 73.53 Gamma
Depressive symptom range 3 69.76 16.29 45.07 108.92 Gamma 60
Depressive symptom ranges 4-5 146.77 63.20 73.53 321.27 Gamma
For mothers >1 year postpartum
Depressive symptom ranges 1-3 98.69 1.24 96.26 101.11 Gamma 61
Depressive symptom ranges 4-5 233.26 2.19 228.98 237.55 Gamma
For children (aged 0-4 years)
Depressive symptom ranges 1-3 15.14 0.00 15.14 15.14 Gamma 5162
Depressive symptom ranges 4-5 18.17 1.93 15.14 22.72 Gamma ’
For children (aged 5-12 years)
Depressive symptom ranges 1-3 6.46 2.96 1.94 13.53 Gamma 52 63
Depressive symptom ranges 4-5 10.32 4.27 3.09 21.59 Gamma ’
For children (aged 13+ years)
Depressive symptom ranges 1-3 15.21 0.11 15.00 15.42 Gamma 53.61
Depressive symptom ranges 4-5 19.16 0.13 18.90 19.43 Gamma ’
For partners (1 year from birth)
Depressive symptom ranges 1-3 6.46 0.05 6.37 6.55 Gamma 545061
Depressive symptom ranges 4-5 11.74 0.08 11.58 11.90 Gamma T
Model parameters
Time horizon 11 years 4 weeks 18 years 19
Discount rate, % 3.0 0.0 6.0 79

Note: Outcomes were discounted at 3% annually and varied 0% to 6% in sensitivity analysis.””

aReweighted sample size based on match-adjusted indirect comparison.
PBRX day 30 data carried forward to week 18.
Hour 60 linearly interpolated from baseline and week 4 data.

BRX =brexanolone; CMS = Centers for Medicare & Medicaid Services; EPDS = Edinburgh Postnatal Depression Scale; FY = fiscal year; MDD =major depressive disorder;
MS-DRG =Medicare Severity-Diagnosis Related Group; PPS = prospective payment system; PSA = probabilistic sensitivity analysis; SF=short form; SSRI=selective

serotonin reuptake inhibitor; WAC =wholesale acquisition cost.

depression can improve mother-baby bonding and limit cogni-
tive and behavioral developmental deficiencies.?!

The Edinburgh Postnatal Depression Scale (EPDS) is the
most frequently used screening questionnaire for PPD; while
not specifically designed for diagnosis, it is often used for
this purpose.?”*® Once diagnosed, management of patients
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typically follows a stepped-care approach: women with mild
symptoms are generally offered low-intensity interventions,
whereas women who do not respond to these treatments or
have more severe symptoms or acute presentation are often
offered pharmacologic treatment, alone or adjunctive to low-

intensity interventions.’"?
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Model Structure and Transitions

FIGURE 1
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Note: The EPDS depressive symptom ranges were defined by score ranges reported in McCabe-Beane et al. (2016)30: Range 1 (none; EPDS =0); Range 2 (minimal;
EPDS =1-6); Range 3 (mild; EPDS=7-13); Range 4 (moderate; EPDS = 14-18); and Range 5 (severe; EPDS=19-30). McCabe-Beane et al. consider EPDS of 0 to be part of

the none-to-mild group, whereas we break these into 2 separate states.
EPDS = Edinburgh Postnatal Depression Scale.

Pharmacologic treatment options include selective serotonin
reuptake inhibitors (SSRIs) and other antidepressants, how-
ever, the effectiveness of these therapies for PPD has never been
evaluated in robust clinical trials.*>* A review in the Cochrane
Database of Systematic Reviews of antidepressant treatment
in PPD reported that relevant evidence is limited; studies had
small sample sizes and a substantial risk of bias because of high
dropout rates and selective reporting.>* Even when effective for
PPD, SSRIs can take 6-12 weeks to achieve maximal symptom
improvement, and their use may be limited by subtherapeu-
tic dosing, poor patient adherence, and inadequate clinician
follow-up.?6-#

Despite the substantial unmet need in PPD, there has been no
treatment approved by the U.S. Food and Drug Administration
(FDA) specifically indicated for this condition until recently. In
2019, the FDA approved brexanolone injection (BRX), a neu-
roactive steroid chemically identical to allopregnanolone, for
the treatment of PPD, under the brand name Zulresso. BRX is
administered via 60-hour intravenous infusion in a single dose
provided in a monitored health care setting.* An integrated
analysis of randomized placebo-controlled trials of BRX dem-
onstrated significantly greater least-squares mean reduction in
the Hamilton Depression Rating Scale total score at 60 hours
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compared with placebo, a reduction that was sustained for the
duration of the study period (30 days).*

The objective of this study was to inform the pharmacologi-
cal decision in the PPD clinical treatment cascade by evaluat-
ing the cost-effectiveness of BRX compared with conventional
therapies (SSRIs) from a U.S. payer perspective. The model
developed for this analysis characterizes depression in terms
of the EPDS, a measure collected as a secondary endpoint in
BRX trials and previously used to link maternal PPD symptoms
with long-term child outcomes."

I Methods

Overview of Analysis

We used a closed-cohort state transition model to assess
the cost-effectiveness of BRX compared with SSRI treatment
strategies. In the base case analyses, we simulated the clini-
cal and economic effects of these 2 strategies on women and
their children over an 1l-year time horizon. The base case
horizon corresponded to the last observation time point for
maternal EPDS scores available in Netsi et al. (2018), the most
extensive study of the natural history of PPD.' Based on these
simulations, we calculated total and incremental costs from a
U.S. payer perspective, total and incremental quality-adjusted
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Efficacy Outcomes for BRX and SSRIs

Treatment Decision Trial-Based Data

Simulated Distributions Based on Netsi et al. (2018)"°

Persistent PPD at Week 18

BRX BRX EPDS (EPDS=17)
change from baseline
(BRX clinical trials) Nonpersistent PPD at Week 18
(EPDS<17)
BRX vs.
SSRI
Persistent PPD at Week 18
SSRI SSRI EPDS (EPDS=217)
change from baseline
(Sharp et al., 2010) Nonpersistent PPD at Week 18
(EPDS<17)
. Treatment Hour Day Week Month Month Year
Time on treatment Initiation 60 30 182 18° 30° 11

(Modeled time)

“Week 18 (month 4.5) modeled time equivalent to month 8 since birth, since the average BRX patient enrolled in the trial about 16 weeks after birth.
bObservation time points correspond to months 21 and 33, respectively, from Netsi et al.1?
BRX=brexanolone; EPDS = Edinburgh Postnatal Depression Scale; LOCF =last observation carried forward; PPD = postpartum depression; SSRI=selective serotonin reup-

take inhibitor.

life-years (QALYs), and the incremental cost-effectiveness ratio
(ICER). Whenever possible, inputs to the model were based
on analyses of individual patient data from PPD-specific stud-
ies. Model development and reporting followed best practices
outlined in the Consolidated Health Economic Evaluation
Reporting Standards.**

Model Structure and Patient Population
Model inputs appear in Table 1. A closed-cohort state transi-
tion model was developed in Excel 2016 (Microsoft, Redmond,
WA) with 2 states for mothers: alive and deceased (Figure 1).
Within the alive state, mothers were distributed by EPDS
scores into 5 depressive symptom ranges, each with its own
associated costs and health utilities. The EPDS depressive
symptom ranges were defined by severity thresholds reported
in McCabe-Beane et al. (2016)°°: Range 1 (none; 0); Range
2 (minimal; 1-6); Range 3 (mild; 7-13); Range 4 (moderate;
14-18); and Range 5 (severe; 19-30). Maternal EPDS-based
health states were used to model child and partner outcomes.
The model began at the point of a PPD pharmacological
treatment decision (treat with BRX or with SSRI). Cycle dura-
tion was 1 week and outcomes were assessed from 4 weeks to
18 years (when a child is assumed to be independent), with a
base case time horizon of 11 years (the follow-up time for the

www.jmep.org  Vol. 26, No. 5

longest EPDS-based cohort of mothers with PPD, as reported
in Netsi et al.).””

The modeled patient population represented the sample
followed in the BRX trials, specifically mothers who were on
average 16 weeks postpartum and aged 28 years.

Efficacy: EPDS State Distribution from 0 to 18 Weeks After
Beginning of Treatment
Figure 2 summarizes projection of EPDS scores. For BRX,
we estimated the proportion of women within each of the 5
symptom ranges from EPDS distributions reported in the BRX
clinical trials at baseline, hour 60, and day 30, and used lin-
ear interpolation to estimate these proportions at time points
between hour 60 and day 30.* The model carried the day 30
proportions forward through week 18. Before using the BRX
results, we conducted a match-adjusted indirect comparison
(MAIC) to weight BRX trials patients so that their baseline
characteristics matched those of patients in a randomized con-
trolled trial of antidepressant therapy for PPD conducted by
Sharp et al. (2010).7+

For women receiving SSRI therapy, we estimated EPDS
score trajectories in an analogous manner from the Sharp et al.
trial, using results reported at baseline, hour 60, day 30, and at
final observation (week 18).%°

May 2020 JMcP Journal of Managed Care & Specialty Pharmacy 631



Cost-Effectiveness of Brexanolone Versus Selective Serotonin Reuptake
Inhibitors for the Treatment of Postpartum Depression in the United States

The sensitivity analysis for short-term efficacy varied EPDS
distributions based on the standard errors estimated in the MAIC.

Efficacy: EPDS State Distribution 18 Weeks After Beginning
of Treatment

We used results from Netsi et al. to characterize maternal
EPDS trajectories 18 weeks after beginning treatment. Netsi
et al. designated women with severe PPD (EPDS score of 17 or
higher at 2 months postpartum) as “persistent” if their EPDS
score remained 17 or higher at 8 months postpartum, or “not
persistent” if their EPDS score at 8 months postpartum fell
below 17. Based on our short-term simulation results that
have already been described, we calculated the proportion of
women in the BRX and SSRI treatment arms in each of these 2
categories at 18 weeks after beginning treatment (a time point
corresponding to approximately 8 months postpartum and
hence consistent with the Netsi et al. approach).

For the simulated cohort with EPDS scores at or exceed-
ing 17 at 18 weeks after beginning treatment, we assumed
subsequent EPDS scores had mean values equal to the means
observed in the Netsi et al. “severe, persistent” subgroup at 18
months, 30 months, and 11 years after beginning treatment.
For the cohort with EPDS scores below 17 at 18 weeks after
beginning treatment, we assumed subsequent EPDS scores
had means at these time points as observed in the Netsi et al.
“severe, not persistent” subgroup.

To characterize the distribution of EPDS scores around
these means, we assumed beta distributions bounded at 0 and
30 with standard deviation assumed to equal those reported
by Netsi et al.

In the sensitivity analysis, we examined outcomes using the
last observation carried forward (LOCF) from the MAIC after
model week 18 rather than the outcome trajectory approach
using Netsi et al. categorizations.

Mother's Mortality

We assumed mortality equaled the sum of the age-based back-
ground rate based on U.S. life tables and an excess suicide
rate, which we assumed was higher among mothers with EPDS
scores of 14 or higher.!>#°

Children’s Outcomes

Children aged 0-4 years of mothers with moderate to severe
PPD were assumed to be at increased likelihood of hospital-
ization.”! Children aged 5-12 years of mothers with moderate
to severe PPD were assumed to be at increased likelihood of
experiencing behavioral issues.”? Children aged 13-18 years of
mothers with moderate to severe PPD were assumed to be at
increased likelihood of depression.”

Partners’ Qutcomes
Sensitivity analysis investigated the additional effect of PPD on
partners. In the first simulation year, partners of mothers with
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moderate to severe PPD were assumed to have an elevated risk
of major depressive disorder (MDD).”*

Health Utility

We estimated utility for mothers from short-form 6D (SF-6D)
data based on BRX clinical trial SF-36 data.”> We assumed
children aged 0-4 years experience no utility loss, regardless
of the maternal EPDS score. For older children, the utility loss
of having a mother with moderate or severe depression has
2 components: (a) the direct effect of the mother’s depression and
her associated behavior, and (b) the child’s elevated likelihood
of experiencing depression or behavioral difficulties. Netsi et
al. report data from the ALSPAC dataset using the Rutter Total
Problems Scale to measure children’s hyperactivity and emo-
tional and conduct problems. The Rutter score was reported for
mothers with persistent and nonpersistent severe PPD episodes.
However, the Rutter scale has not been related to health utility
in any publication.

Attention deficit hyperactivity disorder (ADHD) often pres-
ents with hyperactivity, as well as emotional and conduct prob-
lems, and has been related to health utility.®*” Accordingly,
ADHD was used as a proxy for behavioral difficulties. Children
aged 5-12 years were assumed to have health utilities equivalent
to those of children with ADHD if their mothers had moder-
ate to severe PPD and equivalent to non-ADHD siblings if their
mothers had mild, minimal, or no PPD.”” For children aged 5-12
years, the likelihood of increased behavioral problems from a
study of behavioral difficulties in children of depressed mothers
was used to calculate a weighted average utility for children of
mothers with moderate to severe PPD compared to those with
mild, minimal, or no PPD.>* Children aged 13 years and older
were assumed to have health utilities equivalent to MDD “non-
responders” if their mothers had moderate to severe PPD, while
children with mothers mild, minimal, or no PPD were assumed
to have utility values of MDD patients who were classified as
“responder remitters.””® For teenagers of mothers with PPD, the
likelihood of being depressed was derived from a study of off-
spring depression in depressed mothers.”

In sensitivity analyses, partners who experience MDD also
experience a health decrement.”**®°° The partners of mothers
with moderate to severe PPD were assumed to experience a
utility weight decrement of 0.011, compared with the partners
of mothers with mild, minimal, or no PPD; this was assumed
to end after the first year of the simulation.

Treatment Costs

BRX treatment was assumed to cost $34,000 (assuming an
average of 4.58 vials and a wholesale acquisition cost of $7,450
per vial), with this cost incurred during the first model cycle.
We assumed BRX to be administered in a hospital setting, add-
ing a cost of $4,495. This estimate is based on diagnosis-related
group code 881 for depressive neuroses. In clinical trials, BRX
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patients receiving antidepressants at baseline could continue
treatment; reflecting the observed rate of continued antide-
pressant use, we assumed that 21.6% of BRX patients incurred
the cost of SSRI treatment ($25.12 over 26 weeks, or $0.97 per
week, reflecting the cost of generic sertraline).

Other Direct Medical Costs

Direct medical costs for mothers during the first year postpar-
tum were based on a study of excess costs for privately insured,
employed mothers with PPD (EPDS score >13) in 3 U.S. hospi-
tals over 11 weeks postpartum.®® Direct medical costs for moth-
ers thereafter were based on published estimates for MDD.®!

Children’s direct medical costs for those aged 0-4 years were
based on costs of hospitalization among infants in the United
States.® For children aged 5-12 years, costs were based on a
study of the economic effect of ADHD in children and adoles-
cents.”” For children aged 13 years and older, direct medical
costs were based on published costs for MDD.®!

Partners’ costs were based on the economic burden of MDD
and used in the sensitivity analysis.®® In the first simulation
year, partners of mothers with moderate to severe PPD were
assumed to have an elevated risk of depression.”* The incre-
mental direct medical cost burden for patients with MDD was
applied to a larger share of partners of mothers with MDD than
those without, who were assumed to have a prevalence rate of
MDD equal to that of the general adult male population in the
United States.”

Costs were inflation-adjusted to 2018 U.S. dollars based on
the medical care component of the Consumer Price Index.®*

Deterministic and Probabilistic Sensitivity Analysis
Deterministic sensitivity analysis (DSA) varied each parameter
individually and assessed the effect on the results. Probabilistic
sensitivity analysis (PSA) simultaneously varied all model
parameters in a Monte Carlo simulation of 1,000 iterations.
Distributions for each assumption appear in Table 1. Results
are presented as cost-effectiveness acceptability curves.®

Scenario Analysis
Our base case analysis includes only benefits (QALYs accrued)
by mothers and their children under the assumption that from
the perspective of the payer, outcomes for only these individuals
matter. Our first scenario analysis broadens this perspective to
include health benefits accruing to the partners of the mothers.
Limiting inclusion of partner health benefits to the scenario
analysis also reflects the fact that data for these health impacts
are limited compared with the data for mothers and children.
Our base case analysis includes mothers represented by
patients in the BRX clinical trials (i.e., patients with mod-
erate or severe PPD [EPDS>14] at baseline). Because BRX
administration takes place in a monitored health care setting,
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however, it is reasonable to assume that in the real world, ini-
tial cohorts (i.e., early adopters) will be limited to individuals
with the most severe symptoms. Our second scenario analysis
explored the implications of treating this cohort by limiting
inclusion to mothers with severe PPD (EPDS>19) at baseline.

I Results

At 4 weeks, 84.5% of BRX-treated mothers were in remission
(defined as having EPDS scores within ranges 1-3; i.e., EPDS
scores<14) compared with 16.2% of SSRI-treated mothers.
Corresponding proportions at 1 year and 11 years were 77.4%
and 72.5% for BRX-treated mothers and 51.2% and 63.1%
SSRI-treated mothers, respectively.

Table 2 presents base case costs and QALYs. Treatment
costs associated with BRX averaged $38,501, compared with
$25 for SSRIs. Direct medical costs for mothers, excluding
treatment, were $65,908 with BRX, and $73,653 with SSRIs.
BRX-treated mothers had more QALYs on average (6.230) than
did SSRI-treated mothers (5.979). On average, the children of
BRX-treated mothers incurred $5,602 of direct medical costs
and had 8.142 QALYs. The children of SSRI-treated mothers
incurred direct medical costs of $5,800 and had 8.106 QALYs.

Compared with SSRIs, BRX treatment costs were higher,
mother and child health care costs were lower, and incremental
QALY gains were 0.250 for mothers and 0.036 for children. The
ICER for BRX compared with SSRIs was $106,662.

Table 2 presents scenario analyses results. In the first alter-
native scenario analysis, which included partner health care
costs and QALYs (i.e., impacts during the first year following
the child’s birth), the ICER for BRX versus SSRIs was $105,109.
The second alternative scenario analysis included only women
with severe PPD (EPDS>19) at baseline. Largely because the
maternal health benefit increases to 0.348 QALYs from its base
case value of 0.250 QALYs, the ICER drops to $68,619.

The DSA assessed the influence of each parameter on the
model-projected ICER by holding all assumptions equal to their
respective base case values, and then varying each assumption,
one at a time over its plausible range. The Appendix (available
in online article) illustrates the influence of the 20 most influ-
ential assumptions. We note that this figure does not display
the full range of ICER values corresponding to alternative
time horizon assumptions because (a) use of the shortest time
horizon we considered (4 weeks) yields an ICER of $5,433,115
per QALY gained and (b) extension of the horizontal axis to
that value would have rendered the DSA ICER results for other
assumptions difficult to discern because they span a much
smaller range. Other influential assumptions include SSRI
efficacy at week 18 and use of projecting long-term outcomes
using LOCF after the end of the trial in place of using the
Netsi et al. values (used in the base case) to project long-term
outcomes. Our analysis found that use of the Netsi et al. values
produced a less favorable ICER than use of LOCF.
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Incremental Costs, QALYs, and
Cost-Effectiveness Ratio for
Base Case and 2 Scenarios

BRX vs.
BRX SSRIs SSRIs
Base case: mother (moderate and severe) and child
Treatment costs, $ 38,501 25 38,476
Mother’s health care costs, $ 65,908 73,653 -7,745
Child’s health care costs, $ 5,602 5,800 -198
Mother’s QALYs 6.230 5.979 0.250
Child’s QALYs 8.142 8.106 0.036
Incremental costs, $ 30,532
Incremental QALYs 0.286
ICER, $ 106,662
Scenario 1: mother (moderate and severe), child, and partner
Treatment costs, $ 38,501 25 38,476
Mother’s health care costs, $ 65,908 73,653 -7,745
Child’s health care costs, $ 5,602 5,800 -198
Partner’s health care costs, $ 271 350 -78
Mother’s QALYs 6.230 5.979 0.250
Child’s QALYs 8.142 8.106 0.036
Partner’s QALYs 0.572 0.568 0.003
Incremental costs, $ 30,454
Incremental QALYs 0.290
ICER, $ 105,109
Scenario 2: mother (severe) and child
Treatment costs, $ 38,501 25 38,476
Mother’s health care costs, $ 66,804 76,949 -10,901
Child’s health care costs, $ 5,606 5,884 =279
Mother’s QALYs 6.222 5.874 0.348
Child’s QALYs 8.141 8.091 0.050
Incremental costs, $ 27,296
Incremental QALYs 0.398
ICER, $ 68,619

BRX=brexanolone; ICER =incremental cost-effectiveness ratio; QALY = quality-
adjusted life-year; SSRI=selective serotonin reuptake inhibitor.

The PSA reflects results from 1,000 simulations, each of
which used model assumption values drawn from indepen-
dent probability distributions characterizing each assumption’s
set of plausible alternatives. The PSA results indicate that the
cost-effectiveness of BRX is more favorable than $150,000 per
QALY with 58% probability, and that it is more favorable than
$100,000 per QALY with 44% probability (Figure 3).

I Discussion
The effect of PPD symptoms on women and their families
has prompted an increased emphasis on postpartum depres-
sion screening.®®® However, the value of screening depends
on treatment value. We found BRX to have an ICER below
$150,000 per QALY compared with SSRIs, suggesting that BRX
achieves favorable cost-effectiveness in a U.S. context.®
Results were highly sensitive to the assumed efficacy of
SSRIs and to the depression severity at baseline. Notably,
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scenario analysis indicated that the ICER was $68,619 for
women with severe PPD (EPDS>19), which is estimated to
be approximately 20%-30% of PPD cases.**’® Because BRX
is available only through a restricted program under a Risk
Evaluation and Mitigation Strategy, requiring patient enroll-
ment, a restricted distribution program, and administration in
a certified health care facility with monitoring by a health care
provider, real-world BRX use will likely be primarily among
more severe PPD patients.*

The factor that most influenced results was the assumed
duration of the treatment effect, with longer durations allowing
accrual of health benefits for the mother to offset the upfront
costs of BRX. A 4-week model time horizon yielded an ICER
of about $5 million per QALY, while extending the time hori-
zon to 18 years reduced the ICER to about $60,000 per QALY.
Similarly, Ride (2018) found that extending the time horizon
could substantially influence the estimated cost-effectiveness
of a hypothetical PPD treatment.”

Because this model assumes a U.S. third-party payer per-
spective, it does not fully capture PPD’s societal burden. In
particular, we have no information regarding the effect of
maternal PPD (as a function of EPDS—our model’s health state
indicator) on maternal labor market participation, maternal
home production, maternal and social care, child education,
and child involvement with the criminal justice system.

Related literature and general information on the effect of
PPD suggests the societal costs of this condition are substantial.
According to a research brief published by Mathematica, the
societal cost related to perinatal mood and anxiety disorders
(PMAD) was $14.2 billion for 2017 births, or $32,000 per case
for untreated PMAD over a 6-year period.”” The authors note
that if PPD is left untreated, it can become a multigenerational
issue, negatively affecting the mother and child’s long-term
physical, emotional, and developmental health. A UK. analysis
of the societal costs of perinatal mental health problems found
that approximately 72% of the £74,000 in costs were related
to adverse impacts to children, which likewise have societal
spillovers.” Additionally, Netsi et al. report lower educational
attainment in PPD-affected children, an outcome that may
affect productivity.”

The initial PPD episode can likewise increase involvement
in crime and risky behaviors, and depress prosocial behavior.
While quantification of these societal impacts is beyond the
scope of the present paper, it appears that broadening this
assessment to a societal perspective would make the estimated
cost-effectiveness of BRX therapy more favorable. Our analysis
also excluded sibling and extended family member outcomes,
the broader consequences of maternal suicide for the family
unit, and assumed a single birth, likely further underestimat-
ing the costs of persistent PPD for the whole family.
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Probabilistic Sensitivity Analysis Comparing Cost-Effectiveness of BRX and SSRIs
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Note: This figure illustrates whether brexanolone or SSRI is more likely to be better value for money when treating PPD. The y-axis represents the proportion of simula-
tions in which brexanolone (blue line) or SSRI (orange line) was most cost-effective. The x-axis represents the assumed value of QALY. At relatively low QALY values, SSRI
treatment is more likely than brexanolone treatment to be cost-effective. Because brexanolone treatment accrues more QALYs than SSRI treatment, brexanolone is more
likely to be cost-effective than SSRIs when the QALY’s value is assumed to be greater (i.e., as we move to the right on the horizontal axis). In particular, brexanolone is
more likely to be cost-effective than SSRIs if the QALY is assumed to have a value exceeding $120,000.

BRX =brexanolone; QALY = quality-adjusted life-year; SSRI =selective serotonin reuptake inhibitor.

Limitations

This analysis has some limitations to consider. A key limitation
was data availability. Efficacy data were available for 4 weeks for
BRX and up to 18 weeks for SSRIs. Because no model compara-
tors had efficacy data beyond 18 weeks, we used data from Netsi
et al. to project long-term outcomes over an 11-year time hori-
zon." The rationale for the base case 11-year model time horizon
is research suggesting that long-term maternal and child out-
comes depend on the severity and duration of the PPD episode
during the weeks and months following birth.'*™" In addition
to Netsi et al’s 18-year longitudinal research linking persis-
tence of maternal PPD to worse maternal and child outcomes,
Campbell et al. (1995) found that the children of mothers with
persistent PPD had worse outcomes than the children of mothers
with shorter PPD duration.” Petterson and Albers (2001) found
that children exposed to persistent maternal depression had
lower cognitive scores than children in a control group, which
controlled for maternal characteristics.”” This research suggests
that shorter PPD episodes during the period after birth improve
long-term outcomes. The earlier the intervention to halt depriva-
tion and improve bonding, the greater the likelihood of restoring
the child’s developmental trajectory.”® However, the relationship

www.jmcp.org  Vol. 26, No. 5

between a PPD episode and future outcomes for the affected
children is not necessarily causal.

Although the Second Panel on Cost-Effectiveness in Health
and Medicine recommends including family member costs and
health impacts, information on these outcomes were largely
unavailable for PPD populations.” Unlike Ride, we found that
effects on family members (measured in terms of their effect on
the ICER) to be limited, perhaps because of imprecise measure-
ment and a lack of PPD data, in addition to differences in model
perspective.”t Limited published literature exists regarding the
economic and resource burden of PPD in the United States, so
we used data from the most relevant studies to fill evidence gaps.

Our analysis did not explicitly consider SSRI adherence, a
factor that has shown to be a particular problem among low-
income, insured, pregnant women.*® This problem may persist
into the postpartum period.

Finally, we note a series of limitations related to design of
the trials we relied on for data. Because patients in both arms
of the BRX clinical trials program were closely monitored in
a clinical study setting with 24-hour care for 3 days, the pla-
cebo arm does not represent plausible real-world treatment
for PPD in the United States, as all current care is outpatient
except in the most severe cases. Our model relied on an MAIC
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that simulated a comparison between BRX and SSRIs. The
randomized controlled trials for SSRIs to treat PPD generally
had small sample sizes, with the exception of the Sharp et al.
study. Moreover, a recent Cochrane review concluded that all
of these studies have uncertain or likely bias because of a lack
of representative sampling, high attrition, and selective report-
ing, among other factors.#

Given these limitations, the cost-effectiveness of pharma-
cological PPD treatment should be reevaluated as more data
accumulate on real-world treatment effectiveness and long-
term outcomes.

I Conclusions

Our results suggest BRX is a cost-effective therapy compared
with SSRIs for treating women with PPD in the United States
with a modeled 11-year time horizon. The use of BRX to treat
women with PPD for whom pharmacologic therapy is war-
ranted could improve short- and long-term outcomes for both
women and children.
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Cost-Effectiveness of Brexanolone Versus Selective Serotonin Reuptake
Inhibitors for the Treatment of Postpartum Depression in the United States

Deterministic Sensitivity Analysis, BRX Versus SSRIs?

SSRIs change from baseline - week 18 A from BL

Long-term outcomes (0 = LOCF, 1 = Netsi Severe Grps)

BRX change from baseline - day 30 A from BL

Discount rate (annual)

Suicide Rate - health State 5 (19-30)

Health utility (child, 0-4 years) - health State 5 (19-30)

Health utility (child, 0-4 years) - health State 3 (7-13)

Stakeholder scenario (mother only vs. mother + child)

Health utility (mother) - health State 5 (19-30)

Health utility (child, 5-12 years) - health State 5 (19-30)

Health utility (child, 5-12 years) - health State 2 (1-6)

Health utility (child, 0-4 years) - health State 2 (1-6)

Suicide Rate - health State 4 (14-18)

Health care costs excluding drug/CBT (mother, < 1 year pp) - all states
SSRIs change from baseline - day 30 A from BL

Health utility (child, 0-4 years) - health state 4 (14-18)

Health care costs excluding drug/CBT (mother, < 1 year pp) - health State 5 (19-30)
Health utility (mother) - health State 2 (1-6)

Weeks since birth at BL
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ICER, $

aThe time horizon, with values ranging from 4 weeks to 18 years (base case value of 11 years) is the most influential model parameter. Over this range of assumed dura-
tions, the ICER ranged from $5,433,115 per QALY (time horizon of 4 weeks) to $63,853 per QALY (time horizon of 18 years). The figure does not display the full range of
cost-effectiveness ratios so as to avoid obscuring the ranges for other uncertain assumptions. Varied assumptions for 2 parameters—the duration of the time horizon and
SSRI change from baseline to week 18—crossed the $150,000 ICER threshold.

BL=baseline; BRX =brexanolone; CBT =cognitive behavioral therapy; ICER =incremental cost-effectiveness ratio; LOCF =last observation carried forward;
pp=postpartum; QALY = quality-adjusted life-year; SSRI=selective serotonin reuptake inhibitor.
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