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ajor depressive disorder (MDD) is associated
with significant clinical and economic burden
worldwide, with the United States1 experiencing
a 16.6% lifetime prevalence rate.2 Although guidelines recommend antidepressants as well-validated treatment options,
not all individuals will respond and/or achieve remission
with an initial treatment and little evidence exists to guide
next-step treatment, resulting in a trial and error approach
to drug selection.3 In the Sequenced Treatment Alternatives
Managedtrial,
Carethe&rate of response
to Relieve Depression©(STAR*D)
Healthcare
Communications,
LLC which
to an initial antidepressant treatment was only 49.6%,
declined with an increasing number of treatment trials.4 A
systematic review of published studies found that patients
nonresponsive to 1 or more treatments have a 15% likelihood of suicide ideation, an approximately 17% likelihood
of a suicide attempt, and a 10% incidence of severe adverse
events; the net effect being a 0.26 absolute reduction in
health utility compared with treatment-responsive patients.5
Moreover, the annual medical costs for managing a patient
nonresponsive to treatments were nearly $10,000 more than
those for a treatment-responsive patient, in 2012 US$.5
Studies have indicated significant association of pharmacogenomic (PGx) stratification with patients’ response to treatment, quality of life (QoL), work productivity, and the related
costs.6-12 Perlis et al found that a hypothetical PGx test for a
newly diagnosed MDD patient was associated with a relative
risk of recovery of 1.28, and the cost/quality-adjusted life-year
(QALY) gained varied from $1000 to more than $50,000, depending on input parameters.11 Because some studies indicated
a weak association between certain single-nucleotide polymorphisms and antidepressant response,9,13 an integrated analysis
of multiple polymorphisms has been proposed as a solution to
the pharmacotherapy “treatment odyssey,” because this may
allow the assessment of genetic variations that influence the
activity of multiple enzymes in drug metabolism. Clinical data
and adjunctive analyses are needed to estimate efficacy and to
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Objectives: To describe the lifetime outcomes and economic
implications of combinatorial pharmacogenomic (CPGx) testing
versus treatment as usual (TAU) psychopharmacologic medication selection for a representative major depressive disorder
patient who has not responded to previous treatment(s).
Study Design: Markov state-transition analysis based on clinical
studies.
Methods: Clinical validity and utility were based on published
findings in prospective clinical studies of a commercially available CPGx test. Data for quality of life, direct costs, and indirect
costs were extracted from meta-analyses of published literature on clinical studies and claims databases. Outcomes were
assessed from a societal perspective, and included differences
between the CPGx and the TAU strategies in quality-adjusted lifeyears (QALYs), cumulative direct and indirect costs, and cost per
QALY gained.
Results: CPGx improved the treatment response rate by 70% (1.7
times as high as that with TAU), increasing QALYs by 0.316 years.
With these health benefits, CPGx is expected to save $3711 in
direct medical costs per patient and $2553 in work productivity
costs per patient over the lifetime. The cost-effectiveness of CPGx
testing was robust over a wide range of variation in the input
parameters, including the scenario when testing efficacy was set
to its lower limit.
Conclusions: CPGx testing has been shown by prospective
studies to modify treatment decisions for patients nonresponsive to previous treatment(s), with increased rates of treatment
response. These effects are projected to increase quality-adjusted
survival, and to save both direct and indirect costs to individual
patients and society generally.
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enable pharmacoeconomic analysis of comTake-Away Points
binatorial tests.11,14-16
Combinatorial pharmacogenomic (CPGx) testing dominates the treatment-as-usual
Prospective studies have recently proapproach in managing major depressive disorder patients who did not respond to
vided evidence of improved antidepressant
previous treatments.
n   Prospective clinical studies across multiple settings have shown that CPGx testresponse rates associated with the use of a
ing helps to guide treatment decision-making, matching patients with the treatments
multi-gene combinatorial pharmacogenomthat are most likely to be safe and effective.
ic (CPGxTM) test in real-world settings.17-19 A
n   Further analysis indicates that CPGx testing is related to improved quality of life
and cost savings.
retrospective analysis indicated a decrease
in the use of healthcare and employer resources in patients treated with medications reported as likely to be effective.20 The panel test sponse (Figure 1), assessed quarterly in the first year and
assesses 6 genes (CYP2D6, CYP2C19, CYP2C9, CYP1A2, annually in subsequent years. Health outcomes assessed
SLC6A4, and HTR2A) frequently shown to be important included QALYs and probability of death from suicide
for neuropsychiatric disorders, from which an integrated over the patient’s lifetime. The patient’s total QALYs
report is generated to guide selection of 38 FDA-approved were calculated as the sum of the QoL in the health states
antidepressant and antipsychotic medications.21 Given in each cycle within the time horizon.
Economic implications were evaluated by differences
this new clinical data supporting CPGx testing, the aim
of this study was to estimate the lifetime QoL effects and in direct medical costs and indirect costs, which included
economic implications of CPGx testing compared with labor participation and employee productivity costs. Both
the treatment as usual (TAU) approach for medication benefits and costs were discounted at an annual fixed rate
selection. We focused on patients who were shown to be of 3%, correcting for accrued value at future dates. The
nonresponsive to at least 1 prior treatment, and primary ICER was calculated as the ratio of the difference in costs
outcome measures included QALYs, direct and indirect to the difference in QALYs.
costs, and incremental cost-effectiveness ratio (ICER).
Input Parameters and Data Sources
Published peer-reviewed literature on MDD epideMETHODS
miology and cost-effectiveness analyses was reviewed to
The research methods and analytic framework followed identify data sources with relevant estimates. Gaps in
the International Society for Pharmacoeconomics and this literature were augmented by additional searches in
Outcomes Research (ISPOR) Good Practices for Outcomes PubMed (National Center for Biotechnology InformaResearch22 and the Consolidated Health Economic Evalu- tion, US National Library of Medicine). The quality of
ation Reporting Standards (CHEERS).23 The data were data was evaluated for inclusion using a hierarchy of evidrawn from published clinical evidence and were validated dence sources, ranging from literature review to populaby experts’ opinions where published evidence was limited. tion surveys and authors’ assumptions (Table 1).
The authors had independence in the design of the anaResponse Rates
lytic framework, data sources, and interpretation.
To estimate treatment response rates, we conducted a
meta-analysis of 3 prospective clinical studies of the CPGx
Target Population
The analysis targeted patients nonresponsive to 1 or test carried out at different psychiatric outpatient clinics
more treatments. The base-case scenario was a representa- (eAppendix A, available at www.ajmc.com). STATA vertive patient tested at age 44 years, the average age of par- sion 9.2 (Stata Corp, College Station, Texas) was used for
all analyses. In the first quarter, the response rate was 24.7%
ticipants in the 3 clinical studies.17-19
for TAU and 42.2% for CPGx. Both rates increased during
the next 2 quarters until reaching the plateau as the treatAnalytic Framework
CPGx testing-guided treatment was compared with TAU ing physicians tried different medications, based on the
from a societal perspective. TAU represents clinical decision STAR*D response rates at different treatment levels.24-26
making after evaluation of treatment history, physical exam- We assumed TAU would catch up with CPGx after year
ination, and interpretation of appropriate laboratory results. 3, based on a published systematic review of randomized
A generalized, state-transition probability analysis was trials in which pharmacologic impacts have been shown
conducted of 4 states based on survival and treatment re- to persist up to 36 months.27
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n Figure 1. Decision Diagram and State-Transition
Patients responsive
to treatment(s)

MDD patients
Initial treatment(s)

CPGx

CPGx-guided treatment (CPGx)

No CPGx

Treatment as usual

Patients nonresponsive
to treatment(s)

Alive and
responsive

Died from
suicide

Alive and nonresponsive

Died from
other causes

Chance node for treatment response
Decision node for test utilization
Decision node for treatment when the patient is tested with CPGx
Decision node for treatment when the patient is managed as usual
CPGx indicates combinatorial pharmacogenomics; MDD, major depressive disorder.

Mortality Rates
Death from suicide was examined separately because suicide ideation and attempt are prevalent among treatmentresistant patients.28,29 Probability of death from suicide was
based on a US study that followed treatment-resistant
patients treated with or without vagus nerve stimulation
(VNS) for 5 years.29 The annual suicide rate in the TAU
group from this study was used to estimate the probability
of suicide death for nonresponders in our analysis (0.16%),
and the rate in the TAU+VNS group was used for responders (0.09%). The assumption that the TAU+VNS group is
similar to responsive patients was substantiated by a study
showing similar medical costs between VNS-treated patients and patients with managed depression.28
Non–suicide-related mortality was derived by subtracting suicide death from all-cause death. The literature
review showed a lack of consistent evidence for an association between treatment resistance and increased all-cause
mortality,5,28,29 so all-cause mortality rate for responders and
nonresponders was conservatively assumed to be the same
as that in the general population (relative risk, 1.0).
Costs
Both direct and indirect costs were included in this
analysis. The annual costs for management of depression
per patient were based on a comprehensive meta-analysis
of published claims databases.5,28,30-32 Total costs were calculated by summing the costs from each simulation cycle,
which equal the product of costs of the health state and
the probability of being in this state in the corresponding cycle. Direct medical costs were composed of the
costs of depression and non-depression drugs, inpatient
and outpatient physician treatment, psychotherapy, and

VOL. 21, NO. 6

n

other costs. Indirect costs included productivity and absenteeism costs. Direct medical costs accumulated over
the patient’s lifetime, while indirect costs stopped accruing beyond the youngest full retirement age (65 years old)
from the Social Security Administration Retirement Planner, reporting conservative results for the test benefit.33
The list price of the test was included for the CPGx arm
(provided by AssureRx Health, Inc, of Mason, OH). All
costs were inflated to 2013 US$ using the medical care
Consumer Price Index from the United States Bureau of
Labor Statistics in 2013.34
Utilities
Utility values were assigned to each health state, ranging from 0 for death to 1 for perfect health. Utility data
applied in this analysis were time trade-off utilities from
a meta-analysis of published literature, with 0.67 for patients who had a response to treatment but not remission
and 0.42 for patients nonresponsive to treatment.5,35-37
The QALYs over the time horizon were calculated as the
utility score-weighted sum of the probabilities of being responsive or nonresponsive to treatment.
Sensitivity Analyses
One-way (univariate) sensitivity analysis was conducted to assess the influence of uncertainty in input parameters on the outcomes. The range for parameters was based
on 95% CIs, when available. If CIs were unavailable,
ranges that had been commonly applied in similar depression-related analyses in the literature, or ranges equal to
± 25% of the mean, were used. Selective 2-way sensitivity
analysis examined the effect of time-related variables—
time horizon and catch-up year—and their interaction on
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n Table 1. Input Parameters and Base-Case Values
Analysis Parameters

Value

Test characteristics

17-19

Response rate – TAU

24.7%

Relative benefit ratio for response – CPGx

1.71

Clinical parameters
Starting age of patient17-19

44

Mortality rates

29

Suicide rate – responders

0.09%

Suicide rate – nonresponders

0.16%

Relative risk of all-cause mortality – responders

1.0

Relative risk of all-cause mortality – nonresponders

1.0

Costs
$2500

CPGx testing21
Direct medical costs, annual5,28,30-32
Responders

$8542

Nonresponders

$14,571

Indirect employer costs, annual5,30,31
Responders

$2932

Nonresponders

$7058

Utilities
Response to therapy5,35,36

0.67

Nonresponse to therapy

0.42

5,35-37

Policy parameters
Time horizon

38

Discount rate

3%

Catch-up year27

3

CPGx indicates combinatorial pharmacogenomics; TAU, treatment as usual.

the total costs. Probabilistic sensitivity analysis (PSA) ran
10,000 simulations, in which the parameters took on values stochastically generated from their distributions.

RESULTS
In the base-case scenario, the higher response rate reported with CPGx testing compared with TAU was expected to
increase QALYs by 0.316 years, or 3.8 months. A small but
notable contribution to the difference in QALYs was due
to the reduced probability of suicide mortality (Table 2). In
the United States, this equates to 1460 fewer suicide-related
deaths annually, if all eligible patients were tested.
Including the list price of testing ($2500), total cost savings versus TAU were $3764. The CPGx testing dominated
the TAU strategy (ie, beneficial and cost-saving) with basecase inputs (Table 2). Direct medical costs were $211,971 with
TAU strategy and declined to $208,260 with CPGx testing,
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for an average savings of $3711 over a patient’s lifetime. Indirect costs declined from $64,544 for TAU to $61,991 with
CPGx testing, with per patient savings of $2553.
Outcomes From Sensitivity Analyses
The 1-way sensitivity analysis ranked the 17 input
parameters by their influence on difference in total costs
(Figure 2 and eAppendix B). The incremental costs were
most sensitive to the test effect on response rate, followed
by the TAU catch-up year. The ranges for the test effect
were based on the 95% CIs from our meta-analysis. The
catch-up year(s) varied from 1 to 5.
The 1-way sensitivity analysis for ICER in total costs
per QALY gained showed that CPGx testing dominated
the TAU strategy when varying most of the parameters.
The only 2 cost-increasing scenarios were when the test efficacy took the lower limit (CPGx $815 higher) or when the
TAU catch-up year was 1 (CPGx $491 higher). However,
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n Table 2. Base-Case Results
TAU

CPGx

Difference

Probability of death from suicide at 5 years

0.625%

0.567%

–0.058%

QALYs

13.308

13.624

0.316

$0

$2500

$2500

Direct medical costs

$211,971

$208,260

–$3711

Indirect employer costs

$64,544

$61,991

–$2553

Total

$276,515

$272,751

–$3764

Patient outcome – efficacy

Costs
CPGx testing

Incremental cost/QALYs gained
Direct medical costs only

Cost-saving

Total costs (direct + indirect)

Cost-saving

CPGx indicates combinatorial pharmacogenomics; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year; TAU, treatment as usual.

the ICER values remained well below the commonly used
willingness-to-pay (WTP) threshold of $50,000/QALY
gained as cited in the literature of cost-utility analysis.38,39
Selective 2-way sensitivity analysis showed that the
cost savings increased with a longer time horizon and a
later catch-up year. These 2 time-related parameters work
together to influence the difference in costs, and the calculation followed whichever had a shorter time period.
The joint distribution of incremental costs and incremental QALYs from the PSA is displayed with a scatter
plot, in which the 4 planes represent different cost-effectiveness scenarios (Figure 3). The majority of the incremental cost-effectiveness pairs (74.7%) fell in the southeast
quadrant, where CPGx testing dominated the TAU strategy, improving QALYs and saving costs. A proportion
of the points (approximately 19.8%) lay under the WTP
threshold ($50,000/QALY gained) in the northeast quadrant, indicating that CPGx improved QoL with acceptable costs. In summary, the probability of CPGx testing
being cost-effective at the WTP of $50,000 is 94.5%.

DISCUSSION
Difficult-to-treat patients with neuropsychiatric disease may undergo a long odyssey in the empirical search
for optimal medications. Our analysis of the long-term
clinical and economic implications projects that CPGx
testing for MDD patients increases quality-adjusted survival while reducing costs associated with treatment nonresponse. The health effect measured in QALY is greater
than that of adjuvant chemotherapies for women with
node-positive breast cancer, or that of elective surgery as
compared with expectant management for a 50-year-old
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with symptomatic gallstones.40 Costs were estimated by
combining the impact on response rates from 3 published
clinical studies of CPGx testing with prior published costs
for responders and nonresponders with MDD.
The results we obtained (cost difference of $6029) closely parallel findings from a retrospective claims analysis
comparing patients’ post hoc CPGx testing results to their
actual clinical prescription history and healthcare utilization, which showed that the difference in annual direct
medical costs between patients likely to respond without
adverse drug reactions (ADRs) versus those unlikely to respond or likely to have an ADR was $5650 in 2013 US$.20
This provides initial external validation of our analytic
approach and study findings.
The association between genetic variants and treatment efficacy in depression has been supported by a number of studies. A comprehensive, systematic review of 268
candidate-gene studies revealed that analysis of nucleotide
polymorphisms in some human cytochrome P450 (CYP)
and pharmacodynamic genes predict metabolism, safety,
or therapeutic efficacy of psychotropic medications commonly used to treat depression, schizophrenia, and bipolar disease.12 For example, 93% of studies (37 of 41 studies)
of CYP2C19 showed a significant association between
genetically determined phenotypic variations and pharmacokinetic end points.12 Other reviews of candidategene studies have also shown associations among some
candidate genes and drug response.9,15 The limitations of
candidate-gene studies include the failure to detect relevant associations among many genomic loci, uncertain
biological function of many potential genes, and absence
of information on regulatory and epigenomic processes
that could affect target gene expression.
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n Figure 2. Tornado Diagram for Total Costs

Relative benefit ratio for response rate — CPGx
Catch-up year
Age, start year
Direct medical costs — Nonresponders
Indirect employer costs — Nonresponders
Direct medical costs — Responders
Indirect employer costs — Responders
Costs — CPGx
Response rate — TAU
Discount rate
Relative risk of all-cause mortality — Nonresponders
Relative risk of all-cause mortality — Responders
Time horizon, years
Suicide rates — Nonresponders
Suicide rates — Responders

Base case

Quality of life — Responsive to therapy
Quality of life — Nonresponsive to therapy

−$10,000

−$8000

−$6000

−$4000

−$2000

$0

$2000

$4000

CPGx indicates combinatorial pharmacogenomics; TAU, treatment as usual.

Overall, the results of candidate-gene studies typically
skew toward not finding potentially meaningful associations that may exist. In contrast to research on a priori
targets, genome-wide association studies allow for genotyping of hundreds of thousands of polymorphisms, thus
creating high-throughput screening of potential gene targets without relying on a priori information. The most
notable of these studies in depression is the meta-analysis
by the Genome-based Therapeutic Drugs for Depression
(GENDEP), Munich Antidepressant Response Signature
(MARS), and STAR*D investigators, who found “modest
evidence” that common gene variations may contribute to
individual differences seen in antidepressant response.16
One limitation of genome-wide association studies involves large sample sizes needed to detect clinically meaningful associations14,41,42; “mega” studies may be required to
detect significant associations, especially when the phenotype is complex as it is in MDD. In contrast to the body of
literature based on candidate-gene studies that collectively
enrolled more than 47,000 patients, the genome-wide association studies for depression collectively enrolled 2256
patients. In summary, expert reviewers expressed cautious
optimism that clinically meaningful genotypic-phenotypic
associations exist in major depression, and are open-minded about which genes are more relevant.14,41
A major limitation of studies conducted in the past
is that they applied a single-gene analytic approach, in
which individual genes were assessed for their associa-
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tion with clinical end points. For example, a genome-wide
meta-analysis found no significant association of clinical
outcomes with the single-gene analysis, but reported that
the polygenic scores constructed based on GENDEP and
MARS studies significantly predicted the clinical outcome
in STAR*D.16 Notwithstanding the limitations of singlegene studies in biological psychiatry, 2 studies have examined the cost-effectiveness of single-gene PGx testing for
depression, one for 5-HTTLPR in SLC6A4 and the other
using HTR2A as the base case to estimate the lower bound
for PGx cost-effectiveness.10,11 Both showed increased QoL
with such tests, but costs were expected to increase.
A combinatorial multi-gene, multi-variant analysis has
the potential to improve the predictive ability of psychiatric pharmacogenomics. Altar et al recently compared the
outcome predictions of the combinatorial use of multiple
allelic variations in genes included in a CPGx test with the
outcome predictions for the very same subjects using traditional, single-gene analysis. The combinatorial approach
achieved better discrimination and prediction of outcomes
than did single genes. This greater clinical validity appeared to derive from the aggregation of effect sizes for all
relevant alleles and relating the composite phenotype to
the responses anticipated for each psychiatric medication.43
For this cost-effectiveness analysis, we focused on a
CPGx test that has the most published evidence,41 based
on 3 studies, on its ability to influence treatment response.
There are several possibilities for the cost savings pro-
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n Figure 3. Scatter Plot of Estimated Joint Distribution of Incremental Costs and Incremental Effectsa
$25,000

CPGx more effective than TAU

$20,000
$15,000

Incremental Costs

$10,000
$5000
−0.600

−0.400

−0.200

0
0.000
−$5000

0.200

0.400

0.600

0.800

1.200
PSA simulations

−$10,000

Base-case estimate

−$15,000
CPGx more
cost-saving
than TAU

1.000

WTP $50,000/QALY

−$20,000

Base case
dQALYs = 0.316
dCosts = −$3764

−$25,000
−$30,000

Incremental QALYs

CPGx indicates combinatorial pharmacogenomics; d, difference; PSA, probabilistic sensitivity analysis; QALY, quality-adjusted life-year; TAU, treatment
as usual; WTP, willingness to pay.
a
Based on 10,000 simulations.

jected in this study but not reported previously. First, the
CPGx test assessed here examined the interaction of multiple variants of multiple PGx genes that have been shown
to be linked to pharmacokinetics/pharmacodynamics of
up to 36 different medications. The greater range of potential gene variants and their effects on medication response and risk of ADRs may provide more accurate and
precise targeting of effective therapies, thus leading to the
greater impact on clinical response rates. Second, the test
provides findings from the panel of gene variants in an
integrated report, which stratifies potential medications
into 3 classes: 1) likely to respond and low risk of ADRs;
2) unlikely to respond or high risk of ADRs; and 3) intermediate likelihood of response or risk of ADRs. This reporting approach may provide physicians with sufficient
details to permit decision making (ie, actionable information), but not so much as to create information overload
and potential confusion.
Medical geneticists have expressed concerns about
the complexity in interpreting gene-panel tests with large
numbers of genes and gene variants. They have suggested
solutions to limit information conveyed by laboratories
and physicians to patients, and thus have come under
scrutiny by other professional societies.44 Finding an appropriate balance between reporting necessary details
of complex genetic analyses and making those analyses
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interpretable to busy practitioners and their patients remains an important challenge. The experiences highlighted in clinical validity and clinical utility studies of CPGx
testing,45 and in this comprehensive outcomes/economic
analysis, may prove instructive for genetic testing.
Limitations
A key limitation of this study is the lack of a precise
estimate of test efficacy related to availability of directly
observed, long-term data on outcomes and costs, which
is typically associated with any novel medical intervention. All-cause mortality rate for responders and nonresponders were conservatively assumed to be the same
as that in the general population, because evidence supporting increased mortality associated with treatment
resistance has not been consistent.5,29 However, since depression is a condition that causes great burden of illness
and a high prevalence of suicide ideation and attempt, it
is expected that increased all-cause mortality would be observed in longer-term studies, which would be informative
for the ICER measured with life expectancy change.
Another limitation is related to the potential
heterogeneity across ethnic groups. The base-case test effect
was derived from clinical studies in which the majority of
participants were Caucasian, while other ethnicities, such
as Asians, may present a different pattern.9,46,47 Although
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these publications were conducted on different genes
from those we assessed, studies that include minorities or
a more balanced mix of ethnic groups will provide more
comprehensive information on the effect of CPGx testing
across different ethnic and practice settings.
The present analysis is conservative in that it assumed the TAU group would catch up with CPGx testing
within a few years. However, genetic information in the
test report could provide guidance for subsequent drug
selection and thus continue to impact clinical decision
making further downstream. In the sensitivity analysis,
delaying the TAU catch-up to year 5 would increase total
cost savings to $7750. A conservative approach was also
followed in estimating the test effect with the available
case analysis (eAppendix A).
It is important to note that depression is a lifetime illness, composed of a complex mix of health states. Partial
responders were not included due to lack of clinical data.
The analysis did not distinguish response rates after different numbers of treatment trials, because data are limited on
the dynamics of response rates for patients in subsequent
years, and on the transition between response and nonresponse. Research is needed on subjects at various loci of
the response spectrum to provide insights into the effects
of CPGx testing for different patients. In addition, evidence-based psychotherapy, such as cognitive behavioral
therapy, has been proven to bring long-term benefits to
MDD patients,48,49 which may be more effective when used
adjunctively with CPGx approaches. Although beyond
the scope of this analysis, future research may consider
psychotherapy as an adjunct to TAU or CPGx testing,
and assess the cost-effectiveness of these combined
strategies to manage MDD patients.

CONCLUSIONS
In summary, a meta-analysis of 3 prospective clinical
studies across different geographic locations has shown that
CPGx testing compared with TAU modifies treatment decisions made for patients with MDD who did not respond to
previous treatments, and led to higher rates of treatment
response. By combining these data with published evidence
on the effects of response on suicide rates and QoL, we established a representative scenario to estimate and compare
the patient’s health outcomes over lifetime between CPGx
and TAU arms. We projected fewer depression-related suicides and increased quality-adjusted survival that is comparable to many effective medical treatments. Moreover, costs
should be reduced because of the increased proportion of
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less-costly-to-manage responders; the effect influences both
direct medical costs and indirect costs related to labor-force
participation and employee productivity.
The conclusion that the test is cost-effective for a representative MDD patient nonresponsive to treatments over
lifetime from the societal perspective is considered generalizable with the robust results from sensitivity analyses. As
is recommended for any new approach to clinical management, more evidence, especially long-term follow-up data
with larger sample sizes, will be useful to further validate
these effects externally in other real-world settings.
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eAppendix. Supplementary Data
eAppendix A. Meta-Analysis
The meta-analysis of the effect of combinatorial pharmacogenomic (CPGx) testing was
conducted with STATA version 9.2 (Stata Corp, College Station, Texas), which combined
results from multiple studies. The fixed-effect model was used and response rates from
individual studies were weighted using the inverse-variance methodology. The available case
analysis (ACA) method was used to derive the base case relative risk (RR), showing that use of
CPGx testing increased the response rate by 70% (eAppendix A Figure). The response rate with
the treatment-as-usual strategy (24.7%) was calculated using rates from individual studies and
weights calculated with the software. However, the drop-out rate of the largest study (La Crosse)
was higher than that of the other studies, which should ideally be accounted for using the
imputed case analysis by reasons for drop-out.1 This was done through the expectation
maximization algorithm and the last observation carried forward method in the La Crosse paper,
confirming stronger improvement in response rate with CPGx testing when drop-out was
considered.2 This demonstrated that drop-out was not due to lack of test efficacy or safety. By
using the ACA-derived RR, the analysis took a conservative approach.

eAppendix A Figure. Meta-Analysis of CPGx Effect on Response Rates

CPGx indicates combinatorial pharmacogenomics; RR, relative risk; TAU, treatment as usual;
%Resp, % of subjects responsive to treatment.
The diamond represents the pooled result.
Area of squares corresponds to the weight of each study.
Horizontal bars indicate confidence intervals.

eAppendix B. 1-Way Sensitivity Analysis

Parameter Name

∆Costs (Direct + Indirect + Test)

Range
Base case

Lower

Upper

Distribution

Left

Right

Difference

1.71

1.17

2.49

Lognormal

$815

–$8543

$9358

Catch-up year

3

1

5

Uniform

$491

–$7750

$8241

Age, start year

44

18

82

Gamma

–$3835

$2500

$6335

$14,571

$11,497

$17,645

Gamma

–$1872

–$5656

$3785

Indirect employer costs – Nonresponders

$7058

$4514

$9603

Gamma

–$2190

–$5338

$3148

Direct medical costs – Responders

$8542

$6257

$10,828

Gamma

–$5171

–$2357

$2814

Indirect employer costs – Responders

$2932

$1078

$4785

Gamma

–$4911

–$2617

$2293

Costs – CPGx

$2500

$1875

$3125

Gamma

–$4389

–$3139

$1250

Response rate – TAU

24.7%

17.5%

31.9%

Beta

–$3248

–$4280

$1032

Discount rate

3.0%

0%

5%

NA

–$4076

–$3561

$515

Relative risk of all-cause mortality – Nonresponders

1.00

0.75

1.25

Lognormal

–$3904

–$3627

$277

Relative risk of all-cause mortality – Responders

1.00

0.75

1.25

Lognormal

–$3650

–$3872

$222

38

5

68

NA

–$3843

–$3760

$83

Suicide rates – Nonresponders

0.16%

0.00%

0.56%

Beta

–$3764

–$3764

$0

Suicide rates – Responders

0.09%

0.00%

0.31%

Beta

–$3764

–$3764

$0

Quality of life – Responsive to therapy

0.67

0.51

0.83

Beta

–$3764

–$3764

$0

Quality of life – Nonresponsive to therapy

0.42

0.32

0.53

Beta

–$3764

–$3764

$0

Relative benefit ratio for response rate – CPGx

Direct medical costs – Nonresponders

Time horizon, years

CPGx indicates combinatorial pharmacogenomics; NA, not applicable; TAU, treatment as usual.
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