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ABSTRACT

BACKGROUND: Recent clinical trials indicate that pharmacogenetic-guided
treatment of major depressive disorder (MDD) results in higher treatment
response rates by genetically matching patients to medications and avoid-
ing a trial-and-error process.

OBJECTIVE: To evaluate the cost-effectiveness of a pharmacogenetic
test (IDGx) that has demonstrated effectiveness compared with standard
of care (SOC) medication management among patients with varied MDD
severity.

METHODS: Data from a large prospective, randomized controlled trial of
treatment-naive patients or patients with inadequately controlled MDD in
general practice and psychiatric treatment settings were used to build a
Markov state-transition probability model. Analyses were conducted from
the societal perspective. Treatment response rates, mortality rates, direct
and indirect medical costs, and utility inputs were derived from the refer-
ence study and published scientific literature. The cost of the pharmacoge-
netic test was $2,000. A 3% discount rate was used to discount costs and
effects. Univariate one-way sensitivity analyses were performed to deter-
mine the effect of input parameters on net monetary benefit.

RESULTS: For moderate to severe MDD, the model estimated a cumulative
effect over 3 years of 2.07 quality-adjusted life-years (QALYs) for the phar-
macogenetic-guided treatment group and 1.97 QALYs for the SOC group,
including a lower probability of death from suicide (0.328% and 0.351%,
respectively). Total costs over 3 years were $44,697 (IDGx) and $47,295
(SOC). This difference includes a savings of $2,918 in direct medical costs
and $1,680 in indirect costs. Results were more pronounced when only
severely depressed patients were evaluated.

CONCLUSIONS: Pharmacogenetic testing among moderate to severe MDD
patients improved QALYs and resulted in cost savings. Sensitivity analyses
supported the robust nature of the current findings of the dominant IDGx
test to guide treatment.
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What is already known about this subject

* The results of recent clinical trials suggest that pharmacogenetic-
guided treatment of major depressive disorder (MDD) can
improve patient outcomes compared with the standard of care,
which relies on trial and error.

* Prospective studies on the cost-effectiveness of pharmacogenetic-
guided treatment for MDD are limited to treatment-resistant
patients.

What this study adds

¢ This study evaluates the cost-effectiveness of pharmacogenetic-
guided treatment for newly diagnosed MDD or patients with
inadequately controlled MDD using data from a large, randomized
controlled trial.

* Pharmacogenetic-guided therapeutic management of MDD
appears to be a dominant treatment strategy over the standard
of care, producing gains in quality-adjusted life-years and cost
savings.

ajor depressive disorder (MDD), one of the most
‘ \ / | prominent mental health disorders,' can be difficult
to treat, prolonging the effects of the illness and
often resulting in disabling symptoms, suicide, functional
impairment, lost productivity, and increased health care costs.
Depressive disorders have remained a leading cause of disease
burden for decades,” with global prevalence rates estimated to
be nearly 5%.’ In the United States, the 12-month prevalence
of at least 1 major depressive episode is 6.7%, representing
more than 16 million U.S. adults.'* Symptoms and functional
impairment result in reduced quality of life (QOL) and lost
quality-adjusted life-years (QALYs). Untreated or unsuccess-
ful treatment of MDD can lead to attempted and completed
suicide, 1 of the top 10 leading causes of death in the United
States.” In addition to diminished QOL and increased risk of
suicide, there is significant economic burden associated with
MDD, including increased medical costs, workplace costs, and
greater expenditures for non-MDD comorbidities.®’
Pharmacotherapy is generally recommended as a frontline
treatment for MDD.® However, predictors of treatment success
have low sensitivity and specificity.” Nearly half of patients
new to antidepressants fail to remit or experience intolerable
side effects, requiring an alternative medication using a trial-
and-error approach.®® Unsuccessful pharmacological treat-
ment increases the risk of suicide and the associated costs of
MDD. In a 2012 study, Olin et al. found that the suicide rate
for patients with treatment-resistant depression was 0.16% for
those who received treatment as usual but 0.09% for respond-
ers.!’ Additionally, the financial burden for treatment-resistant
depression was found to be nearly double that of treatment-
responsive depression.'?
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In recent years, research on individualized medicine has
been able to link patient pharmacogenetic profiles to therapeu-
tic response in terms of diagnostic criteria, as well as improved
outcomes (QOL, productivity, and costs) using existing data-
sets.!>1% Ongoing work continues to provide support for these
findings.'™"® Pharmacogenetic-guided treatment of MDD was
studied in prospective clinical trials. These tests enable pre-
scribers to assess how a panel of medications will interact
with an individual’s unique genetic variants and make recom-
mendations for treatment based on this information. Findings
suggest that pharmacogenetic-guided treatment is a promising
alternative to current prescribing practices.'***

In terms of the effect of testing on the costs of MDD care,
Perlis et al. (2009) constructed a cost-effectiveness model
using data from the multicenter STAR*D trial.”> Their model
was conservative and concluded that pharmacogenetic-guided
treatment would be cost-effective (<$50,000 per QALY) under
some circumstances. In addition, a prospective study tracked
pharmacy costs for patients who either received or did not
receive combinatorial pharmacogenetic testing (CPGx), and
found a cost savings of more than $1,000 per patient after
1 year.** Finally, using prospective data from the 3 trials of
CPGx,"? Hornberger et al. (2015) conducted a cost-effective-
ness analysis for directing the treatment of treatment-resistant
depression.?” The study concluded that CPGx produced both
improved health outcomes and cost savings.

In the past year, the largest clinical trial of pharmacogenetic
testing to date was conducted by Bradley et al. (2018).2° The
study found improved outcomes for a generalizable sample of
adults with MDD across multiple clinical settings using the
IDgenetix (IDGx) pharmacogenetic test. The purpose of this
study was to evaluate the cost-effectiveness of the IDGx test for
a wider range of MDD severity among treatment-naive patients
and patients with inadequately controlled MDD. Outcomes
evaluated were total costs (direct and indirect), QALYs, and
suicide rates over a 3-year time horizon.

Il Methods

All research methods and analyses follow the recommenda-
tions of the Second Panel on Cost-Effectiveness in Health and
Medicine and the Consolidated Health Economic Evaluation
Reporting Standards (CHEERS) statement.””** Only de-iden-
tified data were used in the analyses, which followed protocol
approved by an institutional review board.

Population and Perspective

This analysis targeted treatment-naive patients with MDD or
patients with inadequately controlled MDD and a score of 20
or greater on the 17-item Hamilton Rating Scale for Depression
(HAM-D17). Patients scoring in this range are described as
having moderate or severe depression. The response rates and
assumed age (48 years) were drawn from a large, multicenter

Markov Model

SOC
Response > Survive [« Remission
MDD
1211 —>» Death [<«— Relapse —
response
IDGx

IDGx =IDgenetix; MDD =major depressive disorder; SOC=standard of care.

clinical study conducted in a real-world setting (outpatient
clinics).?® Analyses were calculated and presented from the
societal perspective.

Analytic Framework

Input parameters for the analytic framework are presented
in Table 1. The Markov state-transition probability analysis
model was developed using TreeAge Pro software (TreeAge
Pro Healthcare, Williamstown, MA). The model consisted of
3 health states for both the IDGx and standard of care (SOC)
treatment groups (Figure 1). QALYs and mortality probabilities
(both suicide and all other causes) for each state were entered
into the model. Patients in each group could either respond
to treatment or not respond to treatment, and each of those
groups could then either survive or die of suicide or other-cause
mortality. The probability of spontaneous transition between
response and nonresponse was assumed to be equivalent in
both arms and was thus left at zero. However, to simulate the
typical SOC process, in which most nonresponders try differ-
ent medications until finding one that is effective, a proportion
of initial nonresponders transitioned to the responder state in
subsequent iterations of the analysis.

The primary advantage of pharmacogenetic testing to
direct depression pharmacotherapy is the ability to find
an effective treatment faster, thus avoiding side effects and
potential suicides, increasing QOL, and reducing medical
costs. Therefore, it is important that the analysis models the
future course of responders and nonresponders, and for the
latter group, their trajectory toward eventual response regard-
less of their group assignment (i.e., IDGx or SOC). In order
to accomplish this, the model assumes that the SOC group
would catch up to the response rates of genetic testing after
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MUY nput Parameters

Parameters ‘ Base-Case Values References
Test inputs
Response rate—SOC 46% (SD 36%) Bradley (2018)26
Relative benefit ratio for 1.39 (SD 2.02) N/A
response—IDGx
Clinical inputs
Age of patient at baseline ‘ 48 ‘ Bradley (2018)26
Mortality rates
Suicide rate (responders) 0.09% Olin 2012)!1
Suicide rate (nonresponders) 0.16% Olin (2012)11
Relative risk of all-cause 1.0 Arias (2017)35
mortality (responders)
Relative risk of all-cause 1.0 Arias (2017)35
mortality (nonresponders)
Cost inputs, $
Test 2,000 AltheaDx
Direct medical costs, annual 8,675 Mrazek (2014)12
(responders)
Direct medical costs, annual 14,837 Mrazek (2014)12
(nonresponders)
Indirect medical costs, annual 3,234 Mrazek (2014)12
(responders)
Indirect medical costs, annual 7,785 Mrazek (2014)12
(nonresponders)
Utility inputs
Responders 0.81 Sobocki (2006)33
Nonresponders 0.57 Sobocki (2006)>3
Policy inputs
Time horizon (years) 3 N/A
Discount rate 3% Neumann (2016)27
Catch-up year 3 Geddes (2003)30

IDGx =IDgenetix; N/A=not applicable; SD = standard deviation; SOC =standard
of care.

3 years based on data from STAR*D trials. This projection fol-
lows the same method used by Hornberger et al. and is based
on a systematic review by Geddes et al. (2003), who reported
that continued antidepressant therapy consistently reduced
the risk of relapse, and that after 36 months treatment, effects
were found to be persistent.”*" Once the SOC group caught
up, there were minimal differences in future years consisting
mainly of small changes in accrual of costs and QALYs from the
slightly higher suicide rates in the first 3 years. Following this
assumption, and in accordance with Good Research Practices
recommendations,’ a 3-year time horizon was chosen because
minimal differences exist between the groups after 3 years,
and shorter time horizons (2-3 years) are commonly used in
cost-effectiveness analyses for depression medications.**** The
shorter time frame may provide a more accurate and tangible
expression of the relative costs and benefits provided. Finally,
a standard discount rate of 3% per year was used to discount
costs and effects. This rate is the most commonly used discount
rate in medical cost-effectiveness analysis.?” Following recom-
mendations, a half-cycle correction was applied in the model.**
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Response Rates

Response rates were taken from Bradley et al.?® The prospec-
tive, randomized, double-blind study included 20 independent
clinical sites in psychiatry, internal medicine, obstetrics and
gynecology, and family medicine. Patients in the depression
arm with moderate to severe depression (n=261)—diagnosed
using the Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-V) or other SOC procedures—were ran-
domly assigned to the experimental group or a control group.
Patients in the study were either new to treatment or had inad-
equately controlled MDD. The severity of MDD was graded
using the HAM-D17 interview.

All patients provided buccal cell swabs for the IDGx
pharmacogenetic test to detect and interpret the effect of an
individual patient’s genetic variants associated with phar-
macokinetic and pharmacodynamic response, as well as
metabolic interactions related to concurrent medications, over-
the-counter drugs, herbal supplements, and diet. According
to Bradley et al., the IDGx test “uses a genetic variant panel of
10 genes, along with concomitant medications, to make medi-
cation management recommendations based on gene-drug
and drug-drug interactions for over 40 medications used in
the treatment of depression and anxiety.” Turnaround time for
test results was 48 to 72 hours after receipt of the sample by
AltheaDx. Patients in the experimental group had their results
released to participating clinics to help guide medication selec-
tion. For the control group, results of the IDGx test were not
made available, and clinicians were asked to manage the case
using the existing standard of care.

Patients were monitored and assessed for depression symp-
toms using HAM-D17 interviews by trained, blinded raters
at study initiation (baseline) and at the 4-, 8-, and 12-week
follow-up visits. The efficacy analysis was conducted for
patients with a disease severity of moderate or severe. The
endpoints included HAM-D17 changes from baseline at the
4-, 8-, and 12-week follow-up visits measurement points, with
response to treatment defined as >50% reduction in HAM-
D17 scores. Patients with HAM-D17 scores of 20 or greater at
baseline were included in the efficacy analysis (moderate to
severe depression). For patients with HAM-D17 scores of 20 or
greater, response rates after 12 weeks were 64% for the experi-
mental group and 46% for the control group. For patients with
severe depression, defined as HAM-D17 scores greater than 24,
response rates after 12 weeks were 73% for the experimental
group and 36% for the control group. No differences in adverse
events were observed between groups.

Mortality Rates

Mortality rates for individuals with MDD were divided into
rates for those who experienced death from suicide and for
all other-cause mortality. Estimates of suicide rates for indi-
viduals with MDD were drawn from a study by Olin et al.
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Moderate to Severe MDD Compared with Severe-Only MDD over a 3-Year Time Horizon

Moderately to Severely Depressed Severely Depressed
SOC ‘ IDGx Difference SOC IDGx Difference

Outcome

Probability of death from suicide, % 0.351 0.328 -0.023 0.356 0.311 -0.045

QALYs 1.97 2.07 0.10 1.98 2.15 0.17
Costs, $

Test 0 2,000 2,000 0 2,000 2,000

Direct medical costs 32,908 29,990 -2,918 33,345 27,258 -6,087

Indirect medical costs 14,387 12,707 -1,680 13,680 11,957 -1,723

Total costs (including test) 47,295 44,697 -2,598 47,025 41,215 -5,810

IDGx =IDgenetix; MDD =major depressive disorder; QALYs = quality-adjusted life-years; SOC = standard of care.

with treatment-resistant MDD patients."" The experimen-

tal group received vagus nerve stimulation while a control
group received usual care over a 5-year period. As these were
treatment-resistant patients, the suicide rate over 5 years of
0.16% was used as the rate for nonresponders. As vagus nerve
stimulation in addition to usual care has been shown to be
an effective treatment for MDD patients,** the experimental
group’s suicide rate of 0.09% was used for responders. These
rates were used previously in a similar published analysis.?
Age-adjusted nonsuicide mortality rates were derived from the
National Center for Health Statistics database.” With a lack
of generalizable data on differences in nonsuicide mortality in
people with MDD, we assumed an equal nonsuicide mortality
rate in both treatment groups.

Utility of Major Depressive Disorder

Utility scores for patients with MDD were taken from a previ-
ous study in which patients at 56 primary care centers were
tracked over 6 months while being treated for depression.*
Patients completed the EuroQol 5D (EQ-5D) instrument dur-
ing general practitioner outpatient visits. Health-state utilities
for treatment responders and nonresponders were 0.81 and
0.57, respectively. These rates were used in a similar previously
published analysis examining the cost-effectiveness of new
treatments for depression.

Costs

Costs included in the analyses consisted of the cost of the
IDGx testing, direct medical costs, and indirect costs related
to MDD, such as lost productivity.*® The $2,000 cost of the
test was provided by the test developer and owner, AltheaDx.
The direct medical costs and indirect costs of having MDD
were derived from Mrazek et al. (2014)'? and adjusted to 2016
U.S. dollars, based on the Bureau of Labor Statistics medical
care component of the Consumer Price Index (CPI),'**" and
following methods used by Hornberger et al.?> The total costs
of MDD over the 3-year time window were $22,622 for nonre-
sponders and $11,909 for responders. Direct medical costs were
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composed of medications for depression and all other condi-
tions, hospitalizations, physician visits, and psychotherapy.'?

Sensitivity Analyses

Univariate, one-way sensitivity analyses were performed using
TreeAge software. When available, parameter ranges were
based on 95% confidence intervals (CI) from the scientific liter-
ature; 95% Cls were available for response rates, suicide rates,
and utility values for health states. In the absence of published
95% Cls, ranges were based on values equal to +25% of the
estimated value, as used in similar high-quality cost-effective-
ness analyses.??® The discount rate varied between 2.5% and
3.5% based on commonly used values in scientific literature
and recommendations.”” Sensitivity analyses expressed the
model’s output in terms of net monetary benefit (NMB), which
integrates QALYs, and through the willingness-to-pay func-
tion, which is expressed in terms of cost per QALY.?"* A will-
ingness-to-pay threshold of $50,000 was used, as it is the most
commonly used threshold in cost-effectiveness analysis.?**°
This threshold is widely cited and is conservative because it
has not been adjusted for inflation since being proposed more
than 30 years ago.***

I Results

Results of the Markov modeling over the 3-year time horizon
for patients with moderate to severe MDD are shown in Table 2.
After 3 years, the Markov model estimated a cumulative effect
of 2.07 QALYs for the IDGx group compared with 1.97 QALYs
for SOC, a difference of 0.10 QALYs. Part of this difference
in QALYs includes a lower probability of death from suicide
for the IDGx group compared with MDD patients receiving
SOC (0.328% vs. 0.351%). For a suicide death to be prevented,
approximately 4,300 patients would need to be tested. With
6.7% of the U.S. population experiencing MDD in a given year,
full implementation of the test could potentially prevent 5,000
deaths (per year for U.S. population), a 12% reduction based on
42,826 deaths by suicide per year.*
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One-Way Sensitivity Analysis of Model Inputs

Annual health care costs for responders
(8,931.75 to 14,886.25)

Annual health care costs for nonresponders

(16,966.5 to 28,277.5)

Probability of clinical response with IDGx

(0.55 to 0.72)
QALYs for responders

7 (0.78 t0 0.84)

QALYs for nonresponders

"~ (0.52 to 0.61)

__Annual discount rate of future costs and health

effects (0.025 to 0.035)
__ Cost of IDGx

(1,500 to 2,500)

__ Probability of suicide for responders
(0.0001 to 0.0031)

__ Probability of suicide for nonresponders

Exp. Value: $59,029
|

(0.0002 to 0.0056)

Probability of nonsuicide death
(0.003 to 0.005)

""""""""""""""" Cost of SOC (0 to 1)

............................ Probability of clinical response to SOC
(0.37 to 0.56)
|

1
60,000
Net Monetary Benefit, $

[
50,000

1
70,000

IDGx =IDgenetix; QALYs = quality-adjusted life-years; SOC =standard of care.

The model found that the total cost over 3 years was less for
moderate to severe MDD patients whose clinicians had been
guided by the IDGx test compared with patients in the SOC
group ($44,697 vs. $47,295 respectively) despite the $2,000
initial cost of testing. As shown in Table 2, after 3 years, the
IDGx group projected $2,918 less in direct medical costs,
$1,680 less in indirect medical costs, and $2,598 less in total
costs. Thus, with the IDGx-guided treatment producing both
QALYs gained and cost savings, the treatment “dominates” the
SOC treatment.

When modeling response rates for those with severe
depression only (HAM-D17 >24), the results were even more
pronounced. Total costs at 3 years were $41,215 for the IDGx
group compared with $47,025 for those receiving SOC. This
represents a total difference of $5,810 including the cost of the
test ($2,000), easily offsetting this cost after 3 years. QALYs for
the IDGx group were 2.15 compared with 1.98 for SOC, result-
ing in a 3-year difference of 0.17 QALYs.

With dominant treatments, the calculation of an incremen-
tal cost-effectiveness ratio is not meaningful. Thus, a series of

one-way sensitivity analyses were conducted to determine the
effect of the input parameters on the NMB of IDGx-guided treat-
ment for moderate to severe MDD patients. As shown in Figure
2, the response rate with IDGx had the highest effect on NMB,
followed by the cost associated with treatment response and
cost of nonresponse. However, none of the parameter values
tested produced an NMB less than $50,000, reflecting the robust
nature of the current findings of the dominant IDGx test.

I Discussion

MDD is a condition associated with substantial economic bur-
den as well as increased risk of suicide.”” Many patients with
MDD do not respond initially to standard treatments, leading
to a trial-and-error process where multiple medications must
be tried sequentially, causing significant delays in response
for many people with MDD. These delays result in suffering,
higher direct and indirect medical costs, and a greater risk of
suicide. Growing evidence supports the use of pharmacoge-
netic-guided treatment to shorten the length of time required
to identify an effective treatment regimen.?*?*% In this study,
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a cost-effectiveness analysis using recent data from a large pro-
spective trial of pharmacogenetic-guided MDD treatment was
conducted. The analysis found that pharmacogenetic-guided
treatment both reduced health care costs and was more effec-
tive after 3 years compared with the current standard of care.

Our results are consistent with those of other recently
published analyses on pharmacogenetic-guided treatment. In
a systematic review of economic evaluations of pharmacoge-
netic and pharmacogenomic screening tests across all medical
conditions, Berm et al. (2016) reported that the majority of the
80 studies reviewed reported favorable economic outcomes.”
However, the general nature of this review does not facilitate
depression-specific comparisons with our results. Also, the
costs for many of the screening tests included in the Berm et al.
analysis were considerably lower ($72 to $575) than the IDGx
test that is $2,000, making it more likely that the tests would
be found to be cost-effective.

In a more relevant study examining the effect of pharma-
cogenomic testing on costs, Winner et al. (2013) retrospectively
compared claims data for MDD patients whose treatment
included a medication identified as potentially problematic
by pharmacogenomic testing (i.e., use with increased caution
and frequent monitoring) versus medication suitable to use as
directed versus medication suitable to use with caution.?' They
found that the mean health care utilization costs associated
with those patients using the nonrecommended medication
were significantly higher over 1 year compared with either of
the comparison groups. Although the 1-year time window of
the study makes direct comparisons with the current study
difficult, the largest cost differences are attributable to the first
year of treatment. Therefore, the health care utilization cost
difference of more than $5,000 per year may be seen as similar
to the 3-year direct medical cost difference of $6,087 for the
severe depression group in the current study. The Winner et al.
study was limited by retrospective data.

A recent study of prospective trial data similarly modeled
the cost-effectiveness of a pharmacogenetic test to guide treat-
ment management for treatment-resistant depression. The
study conducted by Hornberger et al. found that improved
response rates as a result of pharmacogenetic-guided treatment
resulted in reduced costs and increased QALYs over the average
patient lifetime.>> However, that study and the current study
differ in some ways. The current study uses results from a sin-
gle large, randomized controlled trial, while Hornberger et al.
used response rates from a meta-analysis they conducted of
3 smaller studies (sample sizes of 49, 44, and 165). In addition,
we analyzed data from a broader range of depression, including
treatment-naive patients, while the prior study focused only
on depression that was treatment resistant. Although the exact
effect of studying treatment-naive as opposed to treatment-
resistant patients on the cost-effectiveness results is unclear,
there is solid evidence that treatment-resistant patients become
less likely to achieve remission with every failure.!” This
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suggests that the cost savings and health benefits may be a little
higher in the treatment-resistant group. However, depend-
ing on the definition, treatment-resistant patients comprise a
much smaller subset of all people with depression.'>*** Thus,
although the per-person benefit of pharmacogenetic-guided
treatment may be smaller, this approach to treatment can
benefit virtually all people with moderate or severe depression,
and likely have a greater overall effect on the health of our
society and cost of care. Thus, using pharmacogenetic treat-
ment with treatment-naive patients reduces the number that
could become treatment resistant by matching them with an
appropriate medication from the beginning.

Also, the current study uses a 3-year time horizon in order
to focus on differences between groups in the catch-up period,
during which the standard of care might have comparable
response rates to care guided by pharmacogenetics testing.
The Hornberger et al. study addressed the cumulative cost-
effectiveness over the lifetime of a patient (38 years).

When considering these differences, and the much shorter
time horizon, the results of the current study provide addi-
tional evidence that pharmacogenetic-guided treatment both
improves the health and QOL of MDD patients and reduces
health care expenditures, because of the lower medical and
indirect costs associated with greater response. In the model,
we found it took only 2 years for the $2,000 cost of the test to
be offset by reduced direct medical costs of -$2,189.

Limitations

This study has some limitations to consider. One limitation is
that the effects of medical treatments for depression are esti-
mated in QALYs. Although most effectiveness measures have
their own inherent limitations, it is important to note that
QALYs are measured in different ways across studies, and thus
are not always comparable.*® In addition, utility scores may be
based on data from samples that are different from the popula-
tions that they are applied to. The Pettitt et al. (2016) literature
review provides additional detail on limitations of the QALY
methodology, including ethical concerns about how QALYs are
applied in decision making.*

Like many clinical trials of medication for MDD,?-2047%
the trial on which the current analysis is based is limited to
12-week follow-up data. This results in uncertainty regard-
ing the true trajectory of patient response over the first year
and beyond. However, the 12-week follow-up period provided
additional benefit beyond the initial 8-week follow-up, indi-
cating an increasing effect over 12 weeks. At some point, this
effect may decline slightly because of relapse to depression in
responders, but relapse could be expected to occur at the same
rate in both groups. To minimize the effect of changes after
12 weeks through the first year, we applied a half-cycle cor-
rection to avoid overestimating the treatment effect. Between
12 and 36 months, we have applied a catch-up calculation to
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account for an expected reduction in the response difference as
the trial-and-error process progresses in the SOC group. In a
systematic review of 31 randomized trials, Geddes et al. found
similar relapse rates during the first 12 months of treatment
compared with 12-36 months, providing evidence that most of
the effectiveness is accounted for within at least the first year
of treatment.*®

A possible minor limitation was the choice of a 3-year time
window. This makes comparisons to a recent similar study
more challenging, but there are advantages to shorter time
horizons, which are frequently used in economic evaluations
of depression medication studies.>*!

Additionally, our model assumes a 3-year catch-up in
which the SOC group response becomes equal to the IDGx
group. Thus, once response rates match, outcomes for both
groups from that point forward are quite similar, although
they would be added onto any differences realized in the first
3 years. Finally, the shorter window provides results that are
less affected by discount rates and may be easier to understand
from a health policy or payer perspective.

As is often the case with decision modeling and cost-effec-
tiveness analyses, data that are specific to the exact disease
population being studied may be insufficient, requiring the
use of the best available estimates. For example, suicide rates
for both responders and nonresponders were derived from a
study focusing on treatment-resistant MDD." This may lead to
a slight overestimation of mortality for a broader and less severe
range of depression in the current study. However, because
rates for both responders and nonresponders come from the
same study, any overestimation occurring in both groups is
unlikely to have a significant effect on our results. This conclu-
sion is supported by the robustness of results when these rates
were varied in sensitivity analyses. When estimating costs,
we considered using estimates of incremental costs of broader
MDD provided in Greenberg et al. (2015).° However, in that
publication, the estimates of direct medical costs of people
with MDD were $10,000 (2010 U.S. dollars) more than people
without MDD. Thus, we used a more conservative estimate,
in which costs were $6,162 more in the nonresponse group
despite being converted to 2016 U.S. dollars. The Greenberg
et al. data also had less detail on indirect costs. In summary,
we sought to identify and use the most accurate estimates for
model inputs when available while also keeping estimates con-
servative to avoid overestimation.

I Conclusions

A much-cited barrier for the implementation of personalized
medicine is the lack of cost-effectiveness studies to assess
the economic benefit of pharmacogenetic-guided medication
management. This study combines response rates from the
largest randomized clinical trial of pharmacogenetic-guided
medication management for depression to date and previously

published data to model the cost-effectiveness of implementing
pharmacogenetics as a standard tool to improve response rates
in depression. The Markov model found that, at 3 years, IDGx
pharmacogenetic-guided treatment was both cost saving and
more effective compared with the current SOC. The cost of the
IDGx test was more than offset by the savings in direct medical
costs after 3 years. This result coincides well with the results
from a prior study, and is particularly impressive because the test
has the potential to reduce health care costs while still providing
a clinically important improvement in QALYs over time.”

Furthermore, the clinical outcomes data from Bradley et al.
and the cost-effectiveness model presented here indicate that
wider use of pharmacogenetic testing with a broader range
of depression severity is warranted. Given the increased need
for a variety of health care providers to prescribe and manage
antidepressants, pharmacogenetic tests are a valuable tool that
demonstrate improved patient outcomes in real-world settings
and are strongly positioned to help reduce the economic burden
of depression.
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