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Abstract

Background The response to therapeutics varies widely in
patients with depression and anxiety, making selection of
an optimal treatment choice challenging. IDgenetix®, a
novel pharmacogenomic test, has been shown to improve
outcomes by predicting the likelihood of response to dif-
ferent psychotherapeutic medications.

Objective The objective of this study was to estimate the
cost effectiveness of implementing a novel pharmacoge-
nomic test (IDgenetix®) to guide treatment choices in
patients with depression and/or anxiety compared with
treatment as usual from the US societal perspective.
Methods We developed a discrete event simulation to
compare clinical events, quality-adjusted life-years, and
costs of the two treatment strategies. Target patients had a
Hamilton Rating Scale for Depression Score > 20 and/or a
Hamilton Rating Scale for Anxiety score > 18 at baseline.
Remission, response, and no response were simulated
based on the observed rates in the IDgenetix® randomized
controlled trial. Quality-adjusted life-years and direct and
indirect costs attributable to depression and anxiety were
estimated and compared over a 3-year time horizon. We
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conducted extensive deterministic and probabilistic sensi-
tivity analyses to assess the robustness of the results.
Results The model predicted cumulative remission rates of
78 and 66% in IDgenetix® and treatment as usual groups,
respectively. Estimated discounted quality-adjusted life-
years were 2.09 and 1.94 per patient for IDgenetix® and
treatment as usual, respectively, which resulted in 0.15
incremental quality-adjusted life-years (95% credible
interval 0.04-0.28). The total costs after accounting for a
US$2000 test cost were US$14,124 for IDgenetix® com-
pared with US$14,659 for treatment as usual, suggesting a
US$535 (95% credible interval — 2902 to 1692) cost
saving per patient in the IDgenetix® group. Incremental
quality-adjusted life-year gain (0.49) and cost savings
(US$6800) were substantially larger in patients with severe
depression (Hamilton Rating Scale for Depression score
> 25).

Conclusion Using the IDgenetix® test to guide the treat-
ment of patients with depression and anxiety may be a
dominant strategy, as it improves quality-adjusted life-
years and decreases overall costs over a 3-year time
horizon.
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Key Points

The response to therapeutics varies widely in
patients with depression and anxiety and there is a
great need for personalized approaches to guide the
choice of treatments.

In a randomized trial, IDgenetix ®-guided treatment
resulted in higher rates of response and remission
compared with treatment as usual in patients with
moderate and severe depression and/or anxiety, but
the economic value of the test is unknown.

Our cost-effectiveness analysis suggested that using
the IDgenetix® test to guide the treatment of patients
with moderate-to-severe depression and/or anxiety
may improve quality-adjusted life-years and
decrease overall costs over a 3-year time horizon.

1 Background

Pharmacotherapy is the cornerstone of treatment of patients
with moderate-to-severe depression and anxiety [1-3].
Efficacy and toxicity of pharmacotherapy, however, vary
widely across patients. The results of the Sequenced
Treatment Alternatives to Relieve Depression (STAR*D)
study demonstrated that only one third of patients achieved
remission after receiving the initial treatment level [4, 5].
Patients often need to undergo an odyssey of treatments
that may last months or years to find the medication that
results in adequate response or remission. This trial-and-
error approach is associated with continued debilitating
symptoms for patients, increased health resource utiliza-
tion, and reduced functionality and work productivity. The
likelihood of remission also decreases when patients do not
respond and are required to receive higher treatment levels
for extended periods [5]. As such, there is a great need for
precision approaches that can be used to guide the choice
of initial treatment options for individual patients.

Recent genome-wide association studies have suggested
that a substantial proportion of heterogeneity in treatment
outcomes can be explained by genetic variations across
patients [6]. Several pharmacogenomic tests have been
recently developed to guide the choice of pharmacotherapy
medications [7, 8]. Until now, evidence on the efficacy of
these pharmacogenomic-guided treatments was generally
limited to the data from a few small randomized controlled
trials (RCTs) [9, 10] or observational studies [11]. A recent
double-blinded (patients, raters) RCT was the first large
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RCT to compare the efficacy of pharmacogenomic-guided
treatment (IDgenetiX® test) with treatment as usual (TAU)
in patients with depression and/or anxiety. The RCT
enrolled a total of 685 subjects with mild, moderate, or
severe depression and/or anxiety. As per the trial protocol,
the efficacy analysis was conducted on subjects with a
disease severity of moderate or severe (n = 485) [12]. The
IDgenetix® test uses a genetic variant panel of ten genes to
provide information about gene—drug and drug—drug
interactions for over 40 medications typically used in the
treatment of depression and anxiety. The IDgenetix® RCT
was conducted in 20 clinical sites across USA specializing
in psychiatry, internal medicine, family medicine, neurol-
ogy, and obstetrics and gynecology. The trial found sta-
tistically significant improvements in response rates and
large increases in remission rates in patients with a baseline
Hamilton Rating Scale for Depression (HAM-D) score
> 20 and/or a baseline Hamilton Rating Scale for Anxiety
(HAM-A) score > 18 who received IDgenetix®-guided
treatment.

In this study, we aimed to assess the cost effectiveness
of using IDgenetix®-guided treatment compared with TAU
in patients with moderate or severe depression and/or
anxiety, based on the results of the published RCT and
other published observational studies. The secondary aim
of this study was to evaluate the cost-effectiveness results
in different patient subgroups and under different
assumptions about model parameters.

2 Methods
2.1 Simulation Model

We developed a discrete-event simulation model using
Arena Version 15.00 (2016 Rockwell Automation Tech-
nologies, Inc., Milwaukee, WI, USA) to simulate clinical
outcomes, resource utilization, and the cost of two alter-
native strategies for the treatment of patients with depres-
sion and/or anxiety (Fig. 1). For this purpose, we created a
hypothetical cohort of 10,000 individuals with baseline
characteristics (age, sex, baseline HAM score, diagnosis of
depression with/without anxiety or anxiety only) that
mimicked the actual distribution of patients included in the
final evaluation of outcomes in the IDgenetix® RCT
(Table 1). Individual patients were treated for their
depression and/or anxiety and were then tracked every
3 months over the model time horizon. Health trajectories
in the model were defined based on the possible treatment
outcomes, including likelihood of remission, response, and
no response. We assumed that patients who responded to
treatment or achieved remission could relapse, requiring a
new round of treatment. We also modeled suicide attempts
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Fig. 1 Model structure of one of the treatment arms (IDgenetix®-
guided treatment). The treatment as usual (TAU) arm has the identical
structure but with different values for model parameters. The model
assigns baseline characteristics (age, sex, Hamilton Rating Scale for
Depression score, Hamilton Rating Scale for Anxiety score, initial
diagnosis, treatment level) to a hypothetical cohort of patients with
depression and/or anxiety. Patients are assigned to a treatment
strategy and follow different health trajectories depending on their
treatment outcome (remission, response, non-response), incidence of

among patients who did not achieve remission and the
proportion of successful suicides. All patients were
assumed to be exposed to the risk of adverse drug events
(ADEs) when on treatment. Patients exited the simulation
if the end of the model time horizon was reached or if they
died because of suicide or background mortality. As
patients experienced different health states in the model,
their quality-adjusted life years (QALYs) and costs were
calculated and recorded. Incremental effectiveness and
incremental cost were estimated by calculating the differ-
ence in QALYs gained and total costs accrued between the
two treatment strategies. The analysis was performed from
the US societal perspective.

2.2 Patient Characteristics

Most model parameters including remission, response,
relapse, ADEs, suicide, and background mortality were a
function of individual patient characteristics such as base-
line HAM score, diagnosis (depression and/or anxiety),
treatment level, age, and sex. Therefore, patient charac-
teristics directly influenced the individual and overall
clinical and cost outcomes in our simulation. The target
population in our analysis was similar to the RCT popu-
lation and consisted of patients with moderate or severe

Pathways
Similar to ADx
Strategy

suicide, adverse drug event (ADE), background mortality, and
relapse. These probabilities are a function of patient characteristics
and/or treatment at a given time. If a patient survives in each
treatment period, the quality-adjusted life-year and total cost accrued
in that year will be recorded and patient age, Hamilton Rating Scale
score, history of remission or response, and other characteristics will
be updated for the next simulation cycle. All patients are followed
over 3 years in the base-case analysis. ADx IDgenetix® pharmacoge-
nomic test

depression (HAM-D > 20) and/or anxiety (HAM-
A > 18). Patients with HAM-D > 25 and/or HAM-
A > 25 scores were considered severe cases. The mean age
of the cohort was 48 years (standard deviation = 14.5) and
27% were male. Baseline characteristics of the simulated
cohorts in both treatment strategies were assumed to be
identical to control for variability in outcomes caused by
differences in patient populations (Table 1). We assumed
that all patients received treatment level 1, as defined in the
STAR*D study, at model entry. In the STAR*D study,
treatment level 1 was defined as patients receiving citalo-
pram or an equivalent medication. Treatment escalated to
higher levels (levels 2—4) for non-responders and included
options such as bupropion, cognitive therapy, sertraline,
extended-release venlafaxine, tranylcypromine, or exten-
ded-release venlafaxine plus mirtazapine [5].

2.3 Analytical Perspective and Time Horizon

We assumed a 3-year time horizon for the base-case
analysis. The results assuming shorter and longer time
horizons (12 weeks, 1, 2, 10 years, and lifetime) were also
provided to supplement the findings of the base-case
analysis. The analysis was done from the US societal
perspective, accounting for direct and indirect costs as a

A\ Adis



1300 M. Najafzadeh et al.

Table 1 Model input parameters and assumptions

IDgenetix®- TAU Distribution used to Data source
guided model uncertainty
treatment
Cohort characteristics
Age, years, mean (SD) 48 (14.5) 48 (14.5) Normal (48, 14.5) Bradley et al. [32]
Male sex (%) 27 27 Binomial (0.27) Bradley et al. [32]
Patients with depression with or without anxiety (%) 65 65 Binomial (0.65) Bradley et al. [32]
Proportion with 20 < HAM-D < 25 64 64 Binomial (0.64) Bradley et al. [32]
Proportion with HAM-D > 25 36 36 Binomial (0.36) Bradley et al. [32]
Patients with anxiety only (%) 45 45 Binomial (0.45) Bradley et al. [32]
Proportion with 18 < HAM-A < 25 55 55 Binomial (0.55) Bradley et al. [32]
Proportion with HAM-A > 25 45 45 Binomial (0.45) Bradley et al. [32]
Efficacy
Remission rate in patients with depression with or Bradley et al. [32]
without anxiety at week 12 (mean %, 95% CI%)
20 < HAM-D < 25 41 (33-49) 43 (34-53) Beta (62, 89); Beta (46, 61)
HAM-D > 25 35 (21-52) 13 (5-25) Beta (13, 24); Beta (6, 38)
Remission rate in patients with anxiety only Bradley et al. [32]
(at week 12)
18 < HAM-A <25 44 (33-55) 36 (26-47) Beta (35, 45); Beta (30, 53)
HAM-A > 25 27 (17-40) 25 (14-37) Beta (16, 43); Beta (14, 42)
Response rate in patients with depression with or Bradley et al. [32]
without anxiety (at week 12)*
20 < HAM-D < 25 57 (48-65) 57 (47-66) Beta (77, 58); Beta (61, 46)
HAM-D > 25 73 (56-85) 36 (23-50) Beta (27, 10); Beta (18, 32)
Response rate in patients with anxiety only (at week 12) Bradley et al. [32]
18 < HAM-A < 25 63 (51-73) 52 (41-62) Beta (37, 22); Beta (47, 43)
HAM-A > 25 63 (50-75) 51 (38-64) Beta (48, 28); Beta (30, 28)
Decline in remission rate (relative risk) by treatment Rush et al. [5]
level®
Level 1 1
Level 2 0.83
Level 3 0.37
Level 4 0.35
Decline in response rate (relative risk) by treatment
level
Level 1 1
Level 2 0.59
Level 3 0.34
Level 4 0.34
ADEs Rush et al. [5]
ADE rate in patients with depression with or 599 out of 3671 (16.3%) Beta (599. 3072)

without anxiety (at week 12)
ADE rate in patients with anxiety only (at week 12) 599 out of 3671 (16.3%) Beta (599, 3072)
Increase in ADE rate (relative risk) by treatment level

Level 1 1

Level 2 1.20
Level 3 1.57
Level 4 1.84
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Table 1 continued

IDgenetix®- TAU Distribution used to Data source
guided model uncertainty
treatment

Suicide rates in patients with depression and anxiety Simon et al. [18]

Suicide attempt rate among patients with depression (%, within 6 months)®

<18 years of age 0.314
18-30 years of age 0.145
31-50 years of age 0.780
>50 years of age 0.045
Proportion of suicides that are successful (%) 43 Beta (40, 53)
Relative risk of suicide attempt among those who 0.49 Beta (67, 70) Olin et al. [19]

respond to treatment
Relapse rates

Relapse rates among patients with remission depending on latest treatment level (%, within 3 months) Rush et al. [5]
Level 1 33.5
Level 2 47.4
Level 3 429
Level 4 50.0
Relapse rates among patients with response depending on latest treatment level (%, within 3 months) Rush et al. [5]
Level 1 58.6
Level 2 68.0
Level 3 76.0
Level 4 83.3
Decline in relapse rates by duration of remission 1/Exp(7 x time on Assumption (calibration
remission) parameter)
Utilities and costs (mean, SD)
Baseline QOL weights (EQ—SD)d Age dependent Sullivan et al. [21]
QOL weights for remission 0.826 (0.065) Normal (0.826, 0.065) Mrazek et al. [22]
QOL weight for response 0.673 (0.031) Normal (0.673, 0.031) Mrazek et al. [22]
QOL weight for no response 0.417 (0.126) Normal (0.417, 0.126) Mrazek et al. [22]
ADE impact on QOL — 0.055 (0.028) Normal (— 0.055, 0.028) Mrazek et al. [22]
IDgenetix® test cost (US$) 2000 Assumption
Direct costs attributable to depression and anxiety, per 6407 (1600) Normal (6407, 1600) Greenberg et al. [23]
patient per year® (US$)
Indirect costs attributable to depression and anxiety, per 2922 (730) Normal (2922, 730) Greenberg et al. [23]
patient per year' (US$)
Discount rate (%) 3 (0-5) Assumption

ADEs adverse drug events, CI confidence interval, HAM-A Hamilton Rating Scale for Anxiety, HAM-D 17-item Hamilton Rating Scale for
Depression, IDgenetix® AltheaDx IDgenetix® test, SD standard deviation, QOL quality of life, STAR*D Sequenced Treatment Alternatives to
Relieve Depression, TAU treatment as usual

“Response defined as a > 50% reduction in HAM scores. Remission defined as HAM scores < 7

"Four treatment levels were defined per STAR*D trial

93 serious suicide attempts per 100,000 patients, of which 40 were successful

9Estimated using the age-specific EQ-5D values reported by Sullivan et al. [21]

“Unit costs were inflated to 2017 US$ using the changes in the consumer price index between 2012 and 2017

fndirect costs only include costs of disability and absenteeism. Cost of presenteeism has been excluded
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result of disability and absenteeism. Both costs and QALY's
were discounted at a 3% per year rate in accordance with
US Public Health Service guidelines for cost-effectiveness
analyses [12] and sensitivity analyses were conducted with
0% and 5% discount rates. Incremental cost-effectiveness
ratios (ICERs) were estimated by dividing incremental
costs by incremental QALYs. We also calculated the net
monetary benefit (NMB) assuming a US$50,000 per
QALY threshold for willingness to pay (WTP) [12, 13].
The NMB (NMB = 50,000 x AQALY — ACost) estimates
the monetary value of additional benefit of a treatment after
subtracting additional costs [14]; therefore, resulting in a
positive value if the strategy is cost effective at a given
WTP threshold.

2.4 Treatment Strategies

We considered two alternative strategies for the treatment
of patients with depression and/or anxiety: (1) using
IDgenetix® test results to individualize pharmacotherapy
based on information about drug-drug and drug—gene
interactions; and (2) TAU, where physicians use their best
judgment to select treatment by considering patient char-
acteristics and clinical history using a trial-and-error pro-
cess. The IDgenetix® test is a one-time test that can be
performed prior to or at the initial visit. The IDgenetix®
report provides the likelihood of response to approximately
40 medications given a patient’s genomic profile, potential
interactions with concurrent medications that a patient may
use, and environmental/lifestyle factors that may contribute
to patient response (i.e., smoking). The test results provide
charts indicating which medications should be used as
directed and which medications should be used with cau-
tion or increased monitoring. Physicians can then use this
information to choose medications that are more likely to
be a safe and effective option for the patient. We assumed
that the information provided by the initial IDgenetix® test
could be used to inform subsequent treatment decisions at
no additional cost over a patient’s lifetime.

2.5 Data on Clinical Utility of the Test and Disease
Progression

We used the overall clinical utility of IDgenetix®-guided
treatment compared with TAU as reported in the
IDgenetix® RCT (12) to model clinical outcomes and costs
under two strategies. We assumed that the overall clinical
utility measured in terms of remission and response rates
has captured the impact of all test-related factors including
analytical validity, clinical validity, and test turnaround
time. Remission was defined as a HAM-D or HAM-A score
of 7 or less and response was defined as a 50% decline in
HAM-D or HAM-A scores. We used the remission and
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response rates for each diagnosis and disease severity to
inform our model inputs. We assumed that remission and
response rates are functions of individual-level covariates
(Table 1) including baseline disease severity (defined
based on HAM-D and HAM-A scores), primary diagnosis
(depression and/or anxiety), and latest antidepressant
treatment level per STAR*D definitions [5]. Patients were
assumed to stop receiving treatment if they achieved
remission and remained in that state for two consecutive
periods (i.e., 6 months) [15, 16]; otherwise, treatment
escalated to the next level and continued over the next
period. We also assumed that the likelihood of remission
and response declined and the likelihood of ADEs
increased at higher treatment levels, as observed in the
STAR*D study (Table 1).

We used the observed rates in the STAR*D study to
model the rate of relapse in patients who responded to
treatment or achieved remission in either treatment strategy
(Table 1). In line with the STAR*D study [5], we assumed
that the relapse rates were higher in patients who only
responded to treatment (i.e., did not achieve remission) and
in those who required higher treatment levels (Table 1).
Furthermore, we assumed that relapse rates declined
exponentially the longer a patient stayed in remission. This
was a calibration parameter in the model to ensure that the
cumulative number of depression and/or anxiety episodes
over a patient’s lifetime in our simulation matched the
observed frequencies based on empirical studies [17].

We used age-dependent rates of suicide attempts and
suicide success rates as reported by Simon et al. [18] to
model rates of suicide among patients who did not respond
to treatment. We assumed that the relative risk of suicide
attempts decreased by 0.49 if the patient responded to
treatment [19] and assigned a rate of zero for those who
achieved remission (Table 1).

Background mortality rates stratified by sex were
derived from the US life tables published as part of the
National Vital Statistics Reports [20]. Exponential func-
tions were fitted to each population stratum and the
resulting values were incorporated into our model to pre-
dict the probability of background mortality for each
patient at different time points of the simulation. We used a
test cost of US$2000 for the base-case analysis and varied
this value in the sensitivity analyses to assess the impact of
the test cost on the cost-effectiveness results.

2.6 Quality-of-Life Weights

We assumed that the quality of life (QOL) for a patient in
the remission state was identical to that of the general
population for that specific age category [21]. Quality of
life for other health states, including response and no
response, were obtained from Mrazek et al. [22]. As
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patients moved through different health states in the sim-
ulation, QALY's were calculated by multiplying the health-
related QOL weight of each health state with the time spent
in that health state. We assumed that the occurrence of an
ADE negatively affected a patient’s QOL [22] and we
therefore penalized the QOL over that treatment period.
The QOL in patients with attempted suicides dropped to
zero for one treatment period (3 months) and then bounced
back to its value prior to the suicide event. We assigned a
zero QOL to patients who died because of suicide or
background mortality.

2.7 Costs

We used the total per-patient economic burden of major
depressive disorder (MDD) published by Greenberg et al.
in 2015 [23], as it provides a comprehensive overall cost of
depression and details the breakdown of factors included in
each cost category. The total economic burden of an
individual with MDD according to Greenberg et al. is the
sum of the direct healthcare costs associated with MDD
(such as costs of medical services and prescriptions), the
costs associated with depression other than MDD (costs of
non-depression mental health), the costs of non-mental
health medical services and prescription, and the costs of
missed productivity (absenteeism and disability). Data
were collected from a private insurance database with 16
million beneficiaries from 69 large self-insured US com-
panies. Patients with a minimum of two International
Classification of Diseases, Ninth Revision claims for MDD
and with continuous healthcare eligibility, and propensity-
matched controls without MDD were compared in the
analysis.

We estimated direct and indirect costs attributable to
depression and anxiety as simulated patients moved
throughout the model’s different pathways. We assumed
that patients taking treatment for depression and/or anxiety
accrued costs. Patients that maintained remission for two
consecutive periods (i.e., 6 months) were not assigned
additional costs. Direct and indirect costs attributable to
depression and anxiety were based on the differences
between estimated values for patients with MDD and the
control group as reported by Greenberg et al. [23]. Patients
aged 65 years or younger accrued indirect costs related to
disability and absenteeism; for older patients, the absen-
teeism component was dropped and they only accrued
indirect costs owing to disability. We also excluded indi-
rect costs as a result of presenteeism and suicide to ensure
conservative estimates for the benefits of IDgenetix®. All
2015 unit cost estimates from Greenberg et al. were con-
verted to 2017 values using changes in the consumer price
index [24]. A one-time test cost was applied to the patients
who were assigned to the IDgenetix® strategy.

2.8 Deterministic and Probabilistic Sensitivity
Analysis

To examine the impact of each input parameter on the
results, we changed each parameter one at a time across
their possible ranges and examined the impact on the ICER
and NMB. To assess the uncertainty in the estimated base-
case results caused by uncertainty in the input parameters,
we conducted probabilistic sensitivity analyses [25]. For
this purpose, we sampled 1000 independent sets of input
parameters from their probability distributions (Table 1)
and modeled a cohort of 1000 hypothetical patients per
treatment strategy using a Monte Carlo simulation [26, 27].
The results of these probabilistic sensitivity analyses are
reported using incremental cost-effectiveness planes and
incremental cost-effectiveness acceptability curves.

2.9 Model Validation

We first ran the model for one treatment period (3 months)
and compared the remission rates and response rates with
the observed rates in the IDgenetix® RCT. As expected,
remission and response rates in the simulation were almost
identical to those in the RCT. Next, we compared the
simulated cumulative remission rate in the TAU arm at
year 3 (66%) with empirical rates reported in the STAR*D
prospective study (67% after trying all treatment levels)
[5]. Finally, we ran the model over a patient’s lifetime and
compared the simulated distribution of the number of
depressive episodes in the TAU group with corresponding
empirical rates reported by Marcotte et al. [17] [Table 1 of
the Electronic Supplementary Material (ESM)]. The dis-
tributions of simulated episodes were comparable to cor-
responding observed distributions in our final model. This
validated the disease progression and relapse rates over a
patient’s lifetime in our model.

3 Results
3.1 Base-Case Analysis

The mean baseline age in the simulated cohorts was
48 years and 27% were male. Approximately 65% of
patients had depression with/without anxiety and 35% had
anxiety only. At the end of the simulation, the mean
treatment level was 2.3 [95% credible interval (Crl) 1-4]
for the IDgenetix® group and 2.7 (95% Crl 1- 4) for the
TAU group. By the end of year 3, the mean HAM-D score
was 7.9 (0.7-28.4) for the IDgenetix® group and 9.8
(0.7-31.2) for the TAU group. Similarly, the HAM-A score
was 8.4 (0.8-33.1) for the IDgenetix® group and 10.6
(0.8-34.9) for the TAU group. Remission was achieved in
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Table 2 Base-case results, 3-year time horizon

IDgenetix®-guided TAU
treatment
Clinical outcomes (mean, 95% CrI)*
Last treatment level 2.3 (1-4) 2.7 (1-4)
Number of relapses per patient 0.97 (0-4) 0.82 (0-4)
HAM-D score at the end of simulation 7.9 (0.7-28.4) 9.8 (0.7-31.2)
HAM-A score at the end of simulation 8.4 (0.8-33.1) 10.6 (0.8-34.9)
Patients achieved remission (%) 78 (73-82) 66 (60-72)

Suicides (%)
Suicide death (%)
QALYs and costs (mean, 95% Crl)
QALYs gained per patient
Direct costs (US$)

0.13 (0.00-0.40)
0.06 (0.00-0.20)

0.18 (0.00-0.50)
0.08 (0.00-0.30)

2.09 (1.88-2.28)
10,530 (7487-13,600)

1.94 (1.66-2.21)
10,323 (6568-14,433)

Total cost per patient (US$) 14,124 (10,703-17,630) 14,659
(10,384-19,275)

Incremental QALY's 0.15 (0.04-0.28) Reference
Incremental direct costs (US$) 207 (— 1671 to 2022) Reference
Incremental total costs (US$) — 535 (— 2902 to 1692) Reference
Incremental cost-effectiveness ratio (US$ per QALY) based on incremental direct 1394 Reference
costs

Incremental cost-effectiveness ratio (US$ per QALY) based on incremental total costs Dominant (cost saving) Reference

Net monetary benefit (US$, assuming a WTP threshold of US$50,000 per QALY) 7955 (793-16,098) Reference

Crl credible interval, HAM-A Hamilton Rating Scale for Anxiety, HAM-D Hamilton Rating Scale for Depression, QALY quality-adjusted life-

years, TAU treatment as usual, WTP willingness to pay

295% Crl reflects the results of a probabilistic sensitivity analysis using a Monte Carlo simulation

78% (73-82) of patients in the IDgenetix® group compared
with 66% (60-72) of patients in the TAU group. Suicide
attempts (0.13 vs. 0.18%) and suicide death (0.06 vs.
0.08%) were also lower in the IDgenetix® group compared
with the TAU group.

Estimated discounted QALYs were 2.09 (95% Cirl
1.88-2.28) and 1.94 (95% Crl 1.66-2.21) in the IDgenetix®
and TAU groups, respectively, resulting in an incremental
QALY of 0.15 (0.04-0.28) (Table 2). The total cost per
IDgenetix®  patient was US$14,124  (95%  Crl
10,703-17,630) compared with US$14,659 (95% Crl
10,384-19,275) per TAU patient, leading to an incremental
cost of — US$535 (95% CrlI — 2902 to — 1692) per patient
(Table 2). These estimates suggest that IDgenetix® is a
dominant treatment strategy as it results in a positive
QALY gained and more than US$530 cost savings per
patient over a 3-year time horizon, after accounting for the
test cost.

Our subgroup analysis showed that patients with
depression with or without comorbid anxiety had a slightly
larger QALY gain (0.17 vs. 0.12) and cost savings
(— US$972 vs. US$4) compared with patients with anxiety
only (Table 3). Furthermore, the subgroup analysis sug-
gested that QALY gain (0.49) and cost savings
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(— US$6871) were substantially larger in patients with
severe depression with or without comorbid anxiety
(HAM-D > 25). This relationship was not seen with
patients with severe anxiety only (Table 4).

3.2 Deterministic Sensitivity Analyses

Estimated ICERs and NMBs were sensitive to our
assumptions about the efficacy of IDgenetix®-guided
treatment (Figs. 3 and 4 of the ESM). We assumed 25%
higher response rates would result in US$2300 cost savings
while 25% lower response rates would result in a cost-
effectiveness ratio of approximately US$17,000 per
QALY. Additionally, a 25% increase or decrease in
remission rates varied the cost-effectiveness estimates from
US$2100 cost savings to US$12,000 per QALY. Direct and
indirect costs of depression and anxiety and QOL weight
for non-responders also had a moderate impact on the
estimated outcomes. Our base-case results did not mean-
ingfully change when we varied other input parameters of
the model such as suicide rates or discount rate.
Extending the model time horizon had a substantial
impact on the estimated outcomes. The estimated results
suggested that the ICER dropped below US$50,000 per
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Table 3 Results for all patients diagnosed with depression with/without anxiety [Hamilton Rating Scale for Depression (HAM-D) score > 20]
and for all patients diagnosed with anxiety only [Hamilton Rating Scale for Anxiety (HAM-A) score > 18], assuming a 3-year time horizon

IDgenetix®-guided TAU
treatment
Patients with depression with/without anxiety (anxiety only excluded) and HAM-D score > 20
Patients achieved remission (%) 79 (77-82) 65 (62-68)
QALYs gained per patient 2.10 (2.07-2.13) 1.93 (1.90-1.96)
Total cost per patient ($US) 14,005 (13,387-14,570) 14,977
(14,347-15,636)
Incremental QALY's 0.17 Reference
Incremental total costs (US$) — 972 Reference
Incremental cost-effectiveness ratio (US$ per QALY) based on incremental total costs Dominant (cost saving) Reference
Patients with anxiety only and HAM-A score > 18
Patients achieved remission (%) 77 (74-80) 68 (65-71)
QALYs gained per patient 2.08 (2.05-2.11) 1.96 (1.93-1.99)
Total cost per patient (US$) 14,602 (13,978-15,210) 14,579
(13,976-15,237)
Incremental QALY's 0.12 Reference
Incremental total costs (US$) 4 Reference
Incremental cost-effectiveness ratio (US$ per QALY) based on incremental total costs 35 Reference

QALYs quality-adjusted life-years, TAU treatment as usual

QALY for any time horizon that was longer than 1 year,
indicating that the IDgenetix® strategy is cost effective by
most measures. IDgenetix® becomes a cost-saving strategy
when the model time horizon was set to 3 years or longer.
Our model shows that using IDgenetix® would result in
more than US$6000 cost savings over 10 years and more
than US$10,000 cost savings over the lifetime of patients
(Fig. 2).

In a one-way sensitivity analysis, we assessed the impact
of the test cost on the estimated ICERs (Fig. 1 of the ESM).
The IDgenetix® became a cost-saving strategy when the
test cost was US$2500 or less. The ICER remained below
the commonly acceptable WTP threshold of US$50,000
per QALY when we varied the IDgenetix® test cost
between US$2500 and US$3500. That is, even at a price of
US$3500, the test would remain cost effective.

The value of the IDgenetix® test slightly varied based on
patient age (Fig. 2 of the ESM). Everything else equal,
younger patients were estimated to have a larger QALY
gain and cost savings from using the IDgenetix® test,
resulting in larger NMBs. Using IDgenetix® in patients
aged 65 years or younger resulted in a 0.147 QALY gain
and US$668 cost savings. In contrast, incremental QALY
and incremental costs of using the IDgenetix® test in
patients aged older than 65 years were 0.112 and US$113,
respectively, resulting in an ICER of US$1003 per QALY
gained. This suggests that IDgenetix® is still a cost-effec-
tive strategy in patients aged older than 65 years. The
NMB remained positive for all age groups (Fig. 2 of the

ESM). The impact of baseline age on NMB was larger
when we used a lifetime model as compared with a 3-year
model in the base-case analysis.

3.3 Probabilistic Sensitivity Analyses

The results of probabilistic analysis are presented in Fig. 3
using cost-effectiveness acceptability curves. Cost-effec-
tiveness acceptability curves present the probability of
IDgenetix® being the cost-effective strategy at different
WTP thresholds. For example, cost-effectiveness accept-
ability curves suggest that the probability of IDgenetix®
being the cost-effective strategy is approximately 90% at
US$10,000 per QALY WTP threshold. This probability
was more than 98% at the commonly used WTP threshold
of US$50,000 per QALY. Figure 5 of the ESM also pre-
sents the results of the Monte Carlo simulation using the
incremental cost-effectiveness plane. The distribution of
results suggests that IDgenetix”® is a cost-effective strategy
in more than 98% of the simulations, and is a dominant
strategy (positive QALY gain with cost savings) in more
than 67% of the simulations.

4 Discussion
Our findings suggest that using the IDgenetix® test to guide

treatment of patients with moderate or severe depression
(HAM-D > 20) and/or anxiety (HAM-A > 18) is a

A\ Adis



1306

M. Najafzadeh et al.

Table 4 Results for the subgroup of patients with severe depression and/or severe anxiety [Hamilton Rating Scale for Depression (HAM-D)

score > 25 and/or Hamilton Rating Scale for Anxiety (HAM-A) score > 25], assuming a 3-year time horizon

IDgenetix®-guided TAU
treatment
Patients with severe depression with/without anxiety (anxiety only excluded, HAM-D score > 25)
Patients achieved remission (%) 82 (79-84) 40 (37-43)
QALYs gained per patient 2.15 (2.13-2.18) 1.66 (1.63-1.69)
Total cost per patient (US$) 13,591 (13,047-14,129) 20,463
(19,913-21,019)
Incremental QALY's 0.49 Reference
Incremental total costs (US$) — 6871 Reference
Incremental cost-effectiveness ratio (US$ per QALY) based on incremental total costs Dominant (cost saving) Reference
Patients with severe anxiety only (HAM-A score > 25)
Patients achieved remission (%) 71 (69-74) 63 (60-66)
QALYs gained per patient 2.02 (1.99-2.05) 1.91 (1.88-1.94)
Total cost per patient (US$) 16,264 (15,599-16,874) 15,875
(15,233-16,482)
Incremental QALY's 0.11 Reference
Incremental total costs (US$) 389 Reference
Incremental cost-effectiveness ratio (US$ per QALY) based on incremental total costs 3396 Reference
Patients with severe depression and/or anxiety (HAM-D score > 25 and/or HAM-A score > 25)
Patients achieved remission (%) 78 (76-81) 48 (45-51)
QALYs gained per patient 2.11 (2.08-2.14) 1.75 (1.71-1.78)
Total cost per patient (US$) 14,522 (13,491-15,085) 18,896
(18,282-19,516)
Incremental QALY's 0.36 Reference
Incremental total costs (US$) — 4373 Reference
Incremental cost-effectiveness ratio (US$ per QALY) based on incremental total costs Dominant (cost saving) Reference

QALYs quality-adjusted life-years, TAU treatment as usual

dominant strategy. Compared with TAU, IDgenetix®-gui-
ded treatment is expected to result in additional QALYs
gained and reduced total costs over a 3-year time horizon
after accounting for a one-time test cost of US$2000. The
benefits of the IDgenetix® test accumulate over time and
are estimated to be considerably larger over a 10-year or
longer time horizon.

The economic value of the IDgenetix® test is particu-
larly substantial in patients with severe depression (HAM-
D > 25). These patients are often hard to treat and require
longer trial-and-error periods, causing high clinical and
economic burden. The significant improvements in remis-
sion and response rates in this patient subgroup, as has been
demonstrated in the IDgenetix® RCT, directly translated to
a high economic value in our evaluation. We found that
cost savings from implementing IDgenetix® could be as
large as US$6800 over 3 years in patients with severe
depression. In patients with anxiety, however, the benefits
of the IDgenetix® test did not vary based on disease
severity. Nevertheless, we found that using IDgenetix® in
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patients with anxiety is still cost effective because of sig-
nificant improvements in response rates.

The sensitivity analysis showed that our results were
generally robust to the changes in model input parameters.
As expected, estimated cost-effectiveness results were
most sensitive to our assumptions about remission and
response rates of alternative treatment strategies. Although
the test cost had direct impact on the results, the
IDgenetix® strategy remained cost saving for test costs less
than US$2500 and stayed cost effective at even higher test
costs. This was because a one-time test cost could be
quickly recovered by improving remission and response
rates and the subsequent reduction in the direct and indirect
costs of depression and anxiety. Our probabilistic sensi-
tivity analyses, furthermore, showed that using IDgenetix®
is cost effective, even at very low WTP thresholds. These
results intuitively make sense because the impact of the
IDgenetix® test on the efficacy of guided treatment exceeds
that of many expensive medications or other interventions
that need to be used for extended periods [2].
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Fig. 2 Incremental cost-
effectiveness results by model
time horizon. QALYs quality-
adjusted life-years
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Fig. 3 Cost-effectiveness acceptability curve, probabilistic sensitiv-
ity analysis comparing IDgenetix®-guided treatment with treatment as
usual. ADx IDgenetix® pharmacogenomic test

An important advantage of our analysis is that the effi-
cacy parameters in our model were directly informed based
on the estimates obtained from a double-blinded RCT
comparing IDgenetix® guided treatment with TAU [12].
This was the first large-scale RCT directly assessing the
efficacy of using a pharmacogenomic test compared with
TAU. Randomization and blinding of patients and raters
ensured unbiased estimates of efficacy, an advantage often
hard to achieve in open-label observational studies because
of unmeasured confounding.

The RCT included patients enrolled in psychiatric and
non-psychiatric clinics, suggesting that IDgenetix®-guided
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treatment can be successfully implemented in psychiatry,
internal medicine, family medicine, neurology, and
obstetrics and gynecology. This is of particular importance
because 70-80% of prescriptions for psychiatric medica-
tions are now written by family medicine practitioners,
primary care physicians, internal medicine practitioners,
and obstetrician/gynecologists [28]. Additionally, the RCT
included patients with concurrent depression and anxiety,
adding to the generalizability of the results to real-world
patient populations.

The patient population included in the final analysis of
the IDgenetix® RCT was similar to the patient population
in the STAR*D trial in terms of depression severity: the
mean HAM-D score was 20 in the IDgenetix® trial and
19.9 at study entry for the STAR*D trial. However,
STAR*D patients were younger on average (mean age was
48 years and 40 years in the IDgenetix® trial and STAR*D
study, respectively). In the absence of large randomized
trials, previous cost-effectiveness studies of pharmacoge-
nomic tests for depression mainly relied on the results of
published observational cohort studies or small randomized
trials to inform their model assumptions. A study con-
ducted by Hornberger et al. compared the cost effective-
ness of the GeneSight® test compared with TAU using a
simulation analysis [29]. They combined the evidence from
a published RCT (n = 51) [10] and two open-label non-
randomized studies [30] to estimate the efficacy rates of the
GeneSight® test-guided treatment. Their results suggested
that pharmacogenomics-guided treatment was a dominant
strategy, as it increased QALY gains and reduced the costs
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[29]. Because data on remission rates were not available,
efficacy was modeled only based on treatment response
rates. Several randomized trials are currently underway to
assess the efficacy of the GeneSight® test-guided treatment
[7] and might provide additional evidence of its efficacy
and value. Other notable differences between the current
analysis and Hornberger et al.’s model were the choice of
model time horizon (3 years vs lifetime), and the
assumptions about direct and indirect cost of depression.

In our model, we focused on disease-specific costs using
the observed difference between patients with and without
depression as reported by Greenberg et al. [23]. The unit
costs in Hornberger et al., however, were obtained from a
different study [22] and reflected the costs in treatment-
responsive and treatment-resistant patients with depression.
The cost-effectiveness study conducted by Perlis and col-
leagues [31] evaluated a pharmacogenetic test and found
that using the test to identify and treat those at a higher risk
of non-response with bupropion rather than initially treat-
ing all patients with selective serotonin reuptake inhibitors
resulted in US$95,000 per QALY. However, the pharma-
cogenomic test was specifically focused on a single
nucleotide polymorphism associated with response to
citalopram. Therefore, their results were not comparable to
ours because IDgenetix® is a combinatorial test that pro-
vides treatment guidance on a comprehensive panel of 40
medications and related gene—gene and drug—gene inter-
actions and appears to provide a higher improvement in
response and remission rates.

Our results mainly apply to the specific patient popula-
tions described in this analysis. The target population in our
study was identical to participants in the IDgenetix® RCT;
patients with moderate or severe depression (HAM-D > 20)
and/or anxiety (HAM-A > 18). Therefore, the results do not
apply to patients with mild depression and/or anxiety. The
results of the National Comorbidity Survey Replication
suggested that the 12-month prevalence of MDD was 6.6%
(more than 13 million adults in USA) where approximately
90% of those were considered moderate-to-severe cases.
Considering the heterogeneity of clinical benefits and costs
in different patient subgroups, the estimated outcomes can
vary by patient characteristic and cohort composition. It
should also be noted that several comorbidities were con-
sidered exclusionary criteria in the IDgenetix® RCT,
including concurrent diagnosis of bipolar disorder,
schizophrenia, personality disorder, traumatic physical
injury, significant risk for suicide, and hospitalization.
Therefore, our economic evaluation may not directly apply
to patients excluded from the trial. In addition, data on the
long-term progression of depression and anxiety and the
pattern and frequency of relapse are limited.

Our model extrapolated relapse events based on the rates
observed in the STAR*D study. However, the data reported
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by Marcotte et al. [17] was the only data source that could be
used to validate accuracy of our extrapolation over longer
time periods. Overestimation or underestimation of relapse
rates may influence the estimated cost and clinical benefits.
However, we expect a minimal impact on the base-case
results that only reported the outcomes within a 3-year time
frame. Using the results from the STAR*D study to inform
some of our model inputs was justified considering the
overall similarities between patient populations in the
STAR*D study and the IDgenetix® trial. The patient pop-
ulation in the STAR*D study was similar to IDgenetix® trial
participants in terms of severity of depression, a higher
proportion of female patients, and racial distribution. How-
ever, patients enrolled in the IDgenetix® trial on average
were older (mean age was 48 years in the IDgenetix® trial
and 40 years in the STAR*D study, respectively).

We assumed that the remission and response rates
observed at the end of the RCT (3 months) apply to future
episodes, albeit after adjusting for a reduction in efficacy
for higher treatment levels. We believe that this is a real-
istic assumption in the absence of long-term trial data. We
used QOL weights from Mrazek et al. to inform model
inputs for our base-case analysis. Mrazek et al. combined
QOL weights from four different studies measured using
Standard Gamble and EQ-5D to provide average estimates
for patients with different treatment outcomes (i.e.,
remission, response, no response). Despite important lim-
itations of their approach for combining QOL weights
measured using different methods, we used those values in
our base-case analysis because they resulted in conserva-
tive estimates for cost benefits of the IDgenetix® test.

The annual costs attributable to depression and anxiety in
our model are based on the study by Greenberg et al. This
study included patients with MDD with 27% having anxiety
disorder. Therefore, generalizability of those unit costs to
our study population is unclear, considering that 45% of the
patient population in our study had anxiety only. Further-
more, in the absence of cost data for different severity levels,
we used the same unit costs for all severity levels, which is a
limitation our analysis. Finally, we did not include the costs
associated with presenteeism and wage loss related to sui-
cide in the calculation of indirect costs. Considering that the
cost of presenteeism is estimated to be greater than three-
fold larger than the cost of absenteeism [23], the inclusion of
presenteeism would have resulted in a substantial change in
the results in favor of IDgenetix®.

5 Conclusion
In summary, we found that implementing IDgenetix®-

guided treatment of patients with moderate-to-severe
depression and/or anxiety is likely to result in cost savings
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and improved QOL, compared with TAU. Our model was
informed by the results of a relatively large randomized
clinical trial and the cost-effectiveness results were robust
to the changes in model parameters. The impact of the
IDgenetix® test on treatment efficacy is larger or, at min-
imum, comparable to what one might expect from a novel
and effective therapeutic option. Overall, several features
of the IDgenetix® test, such as the efficacy of a guided
treatment strategy, one-time test cost, and the prospect of
using test results for guiding future episodes of depression
or anxiety, make it a potentially dominant strategy com-
pared with usual care.
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