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Abstract
Objective This study aims to conduct an evidence review of
the effectiveness, harms, and cost-effectiveness of
pharmacogenomics-guided antidepressant treatment for major
depressive disorder.
Methods We searched MEDLINE®, the Cochrane Central
Registry of Controlled Trials, and PsycINFO through
February 2017. We used prespecified criteria to select studies,
abstract data, and rate internal validity and strength of the
evidence (PROSPERO number CRD42016036358).
Results We included two randomized trials (RCT), five con-
trolled cohort studies, and six modeling studies of mostly
women in their mid-40s with few comorbidities. CNSDose
(ABCB1, ABCC1, CYP2C19, CYP2D6, UGT1A1) is the on-
ly pharmacogenomics test that significantly improved remis-
sion (one additional remitting patient in 12 weeks per three
genotyped, 95% CI 1.7 to 3.5) and reduced intolerability in an
RCT. ABCB1 genotyping leads to one additional remitting
patient in 5 weeks per three genotyped (95% CI 3 to 20), but
tolerability was not reported. In an RCT, GeneSight
(CYP2D6, CYPC19, CYP1A2, SLC6A4, HTR2A) did not
statistically significantly improve remission, and evidence is
inconclusive about its tolerability. Evidence is generally low
strength because RCTs were few and underpowered. Cost-

effectiveness is unclear due to lack of directly observed cost-
effectiveness outcomes. We found no studies that evaluated
whether pharmacogenomics shortens time to optimal treat-
ment, whether improvements were due to switches to geneti-
cally congruent medication, or whether effectiveness varies
based on test and patient characteristics.
Conclusions Certain pharmacogenomics tools show promise
of improving short-term remission rates in women in their
mid-40s with few comorbidities. But, important evidence lim-
itations preclude recommending their widespread use and in-
dicate a need for further research.
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Introduction

Clinicians have an intense need to identify additional factors
to help them optimize the effectiveness of available antide-
pressants, a mainstay of treatment for major depressive disor-
der (MDD). To guide the choice of antidepressants, clinicians
have typically taken a Btrial and error^ approach, informed by
a number of clinical factors thought to be associated with
treatment response. However, rates of remission are low and
variable, with approximately 11–30% of patients remitting,
even after 1 year of antidepressant treatment (Trivedi et al.
2006; Rost et al. 2002; Rush et al. 2004; Tansey et al. 2013).
This is concerning, as treatment that falls short of remission is
associated with continued disabling symptoms, higher rates of
depression relapse and recurrence, poorer work productivity,
more impaired psychosocial functioning, higher levels of
health care use, and potentially higher risk for suicide
(Trivedi et al. 2006).
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Genetic variation has long been explored as a potential contrib-
utor to individual differences in antidepressant treatment outcome.
Whether using genetic information can help predict how an indi-
vidual might respond to a particular antidepressant—referred to as
Bpharmacogenomics^—is of great interest for further advancing
precision medicine efforts. The clinical rationale behind using
pharmacogenomics data to inform antidepressant therapy is that
it may shorten the time to identifying optimal treatment by using a
patient’s unique genetic profile to help predict level of tolerability
or response to a drug, or help tailor the dose thatmay have the best
potential effectiveness and tolerability.

Many pharmacogenomics tests are now available for clin-
ical use (Drozda et al. 2014; Bousman and Hopwood 2016).
These tests vary widely in the number and type of genes in-
cluded, whichmedications they target, how they are regulated,
their cost, and their results’ delivery methods (e.g., whether
they are drug-focused or gene-focused; how much detail is
provided about therapeutic implications, categorization of in-
teraction, and clinical impact; and whether consultation with a
professional genetic counselor and/or pharmacist is available
to help the treating clinician interpret the results) (Bousman
and Hopwood 2016). Although depression treatment guide-
lines either do not reference pharmacogenomics testing at all
(Bauer et al. 2015; National Institute for Health and Care
Excellence 2009) or mention it only briefly as an area for
future research (American Psychiatric Association 2010;
Department of Veterans Affairs: The Management of MDD
Working Group 2016; Bauer et al. 2013), these tests are being
marketed directly to patients and clinicians (de Leon 2016;
Howland 2014b). This is of concern, because as noted by
Bousman and Hopwood in their recent Personal View article
in Lancet Psychiatry, Bthe majority of psychiatrists are unfa-
miliar with these tools or have limited time to critically assess
each of them for usefulness in their psychiatry practice^
(Bousman and Hopwood 2016).

The purpose of our review is to critically appraise and syn-
thesize the literature on the clinical utility of pharmacogenomics
testing-guided antidepressant treatment of MDD. While some
recent review articles partially overlapwith ours (ECRI Institute
2015b; ECRI Institute 2015a; Singh et al. 2014; Howland
2014a; Bousman and Hopwood 2016; Rosenblat et al. 2017;
Berm et al. 2016), none have evaluated the complete range of
pharmacogenomics tools for MDD or formally graded the
strength of available evidence.

Methods

We conducted this review according to a prospectively regis-
tered protocol that we developed based on established method-
ological standards (Agency for Healthcare Research and
Quality 2014) and input from clinical content experts
(PROSPERO database, CRD42016036358). The Department

of Veterans Affairs (VA) Evidence-based Synthesis Program
(ESP) originally conducted this review for the VA Office of
Research and Development (ORD). The full evidence report
(Peterson et al. 2016), published on our website, provides com-
plete details of our methods and more comprehensive data ab-
straction and risk of bias and strength of evidence ratings.

Topic development

Areas of particular relevance for evaluating evidence for use
of genetic tests include Analytic validity, Clinical validity,
Clinical utility, and Ethical, legal, and social implications
(ACCE Model, National Office of Public Health Genomics)
(Centers for Disease Control and Prevention and National
Office of Public Health Genomics 2007; Jonas et al. 2012).
From the ACCE evaluation framework, this evidence brief
focused on clinical utility and postpharmacogenomics testing
analytic factors. The ESP Coordinating Center investigators
worked with the VA ORD to clarify the key questions and
identify the population, comparator, outcome, timing, setting,
and study design characteristics of interest (Table 1). We eval-
uated the clinical utility of pharmacogenomics testing for
predicting effectiveness and harms of antidepressant treatment
for certain adults with depressive disorders, such as prior to
initiation of antidepressants or after failure of one or more
courses (Jonas et al. 2012).

Search strategy

To identify relevant literature, we searched MEDLINE®,
Cochrane Central Registry of Controlled Trials, and
PsycINFO on February 1, 2017, using terms for
pharmacogenomics, pharmacogenetics, and depression from
1996 forward. We limited the search to articles involving hu-
man subjects available in the English language. Additional ci-
tations were identified from hand-searching, reference lists, and
consultation with content experts. To identify additional unpub-
lished or ongoing studies as well as guidelines on
pharmacogenomics for MDD, we searched the following non-
bibliographic database sources: government websites, confer-
ence proceedings, relevant genetic and psychiatric professional
organizations, clinicaltrials.gov, test manufacturer websites, the
VA Health Services Research & Development (HSR&D)
Research Studies and Implementation Projects database, and
Google.

Study selection

Study selection was based on the prespecified eligibility
criteria described in Table 1. Titles and abstracts were
reviewed by one investigator. Full-text articles were reviewed
by one investigator and checked by another. All disagree-
ments were resolved by consensus.
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Data abstraction and quality assessment

We abstracted data from all included studies on setting,
pharmacogenomics tests, patient demographics, depression char-
acteristics, medical and psychiatric comorbidities, antidepressant
treatments, and all eligible outcome data. We used predefined
criteria to rate the internal validity of all randomized controlled
trials (RCTs) and controlled cohort studies. We assigned ratings
of good, fair, or poor quality to reflect the extent to which the
methods protected against bias. For RCTs, ratings were based on
assessing the adequacy of methods for randomization, allocation
concealment, blinding, and outcome measurement and analysis
and acceptability of levels of adherence and attrition using criteria
established by the Drug Effectiveness Review Project
(McDonagh et al. 2012). For controlled cohort studies, ratings
were based on assessing selection, performance, detection, con-
founding, attrition, and reporting biases using methods
established by the AHRQ Methods Guide for Comparative
Effectiveness Reviews (Viswanathan et al. 2012). All data

abstraction and internal validity ratings were first completed by
one reviewer and then checked by another. All disagreements
were resolved by consensus.

Data synthesis

Using a best-evidence approach (McDonagh et al. 2014), we
prioritized RCTs when available and used controlled cohort
and modeling studies to address gaps in RCTevidence (Norris
et al. 2010). We used the AHRQ Methods Guide for
Comparative Effectiveness Reviews to grade the strength of
the body of evidence (SOE) as high, moderate, low, or insuf-
ficient. These ratings reflect our confidence that the evidence
reflects the true effect (Berkman et al. 2013) based on the
number and level of deficiencies (few or no, some, major or
numerous, unacceptable) across five key domains: risk of bias
(includes study design and aggregate quality), consistency,
directness, precision, and reporting bias. Strength of evidence

Table 1 Key questions and
eligibility criteria Key questions

KQ 1 What is the impact of using pharmacogenomics-guided antidepressant treatment on remission,
response, quality of life, and functional capacity in patients with MDD?

KQ 2 What is the impact of using pharmacogenomics-guided antidepressant treatment on reducing
time to remission, response, improved functional capacity, or reducing treatment switches in
patients with MDD?

KQ 3 Are improved outcomes from pharmacogenomics-guided treatment explained by
implementation of pharmacogenomically informed intervention changes (e.g., switching
medication, adjusting dose)?

KQ 4 How does the use of pharmacogenomics-guided treatment impact the risk of harms of
antidepressant medications?

KQ 5 Does the impact of using pharmacogenomics-guided treatment on the effectiveness and harms of
antidepressants differ according to patient characteristics such as demographics, psychiatric
and medical comorbidities, depression symptomatology (e.g., melancholic, atypical,
psychotic, catatonic, postpartum, anxiety features), depression severity and duration, history of
antidepressant treatment resistance, concomitant medication, polypharmacy, medication side
effects, nonadherence, or other health or lifestyle behaviors?

KQ 6 What is the cost-effectiveness of using pharmacogenomics to guide treatment of patients with
MDD?

Eligibility criteria

Population Adults with major depressive disorder

Intervention Any pharmacogenomics testing platform, used alone or in combination with other clinical risk
prediction tools

Comparator Unguided, other types of risk prediction tools

Outcomes Antidepressant effectiveness: remission, response, quality of life, functional capacity

Precision of antidepressant effectiveness: reducing time to remission, response, improved
functional capacity, reducing treatment switches

Harms of antidepressant medication: serious adverse events and general tolerability

Timing No restrictions

Setting No restrictions

Study
design

No restrictions

Psychopharmacology (2017) 234:1649–1661 1651



ratings were first completed by one reviewer and then checked
by another, and we resolved disagreements using consensus.

We used StatsDirect software (StatsDirect Ltd., Version
2.8.0. (2013), England) to pool data from clinically and meth-
odologically similar studies using random-effects models (Fu
et al. 2010), to explore their statistical heterogeneity using
Cochran’s Q test and to generate the forest plot to visualize
the relative risks of remission rates across multiple
pharmacogenomics testing tools. We used Microsoft Excel
(Microsoft Corp, Redmond, WA) to calculate descriptive sta-
tistics. To summarize outcome data, we primarily used ranges
but also used relative risks and their 95% confidence intervals
when possible. We also synthesized the evidence qualitatively
by grouping studies by pharmacogenomics test.

Results

Literature flow

The literature flow diagram (Fig. 1) summarizes the results of
the search and study selection processes. The searches result-
ed in 433 potentially relevant articles. Of these, we included
two RCTs (Singh 2015; Winner et al. 2013), five controlled
cohort studies (Breitenstein et al. 2014; Hall-Flavin et al.
2013; Hall-Flavin et al. 2012; Fagerness et al. 2014; Winner

et al. 2015), and six modeling studies (Serretti et al. 2011;
Perlis et al. 2009; Matchar et al. 2007; Pyne 2009;
Hornberger et al. 2015; Olgiati et al. 2012). The majority of
studies excluded at the full-text level were noncomparative.

Overview of study characteristics

Table 2 displays the characteristics of the RCTs and controlled
cohort studies. For effects on remission, response, and harms,
one fair-quality cohort study evaluated ABCB1 genotype test-
ing (Breitenstein et al. 2014), one good-quality RCTevaluated
CNSDose (Singh 2015), and one fair-quality RCT and two
fair-quality cohort studies evaluated GeneSight (Hall-Flavin
et al. 2013; Hall-Flavin et al. 2012;Winner et al. 2013;Winner
et al. 2015). For cost, one fair-quality cohort study each eval-
uated Genecept (Fagerness et al. 2014) and GeneSight
(Winner et al. 2015). The majority of the studies were short
in duration, 4 to 16 weeks, and had an average sample size of
154 participants (range 44 to 333). The exception was a single
prospective controlled cohort study that assessed total medi-
cation costs over 1 year in a GeneSight-tested group
(N = 2168) compared to a 5-to-1 propensity-matched large
control group (N = 10,880) (Winner et al. 2015). The majority
of patients were women in their mid-40s. When reported, the
mean Hamilton Depression Rating Scale (HAM-D) score at
baseline ranged from 20 to 26.5 points. The mean number of

8 records identified through hand 

searching 

407 titles and abstracts excluded 

26 full-text articles assessed for eligibility

13 full-text articles excluded 

      1 non major depressive disorder 

      12 non-comparative 

13 articles included in synthesis 

 2 RCTs 

 5 Controlled Cohort studies 

 6 Modeling studies 

477 records identified through database 

searching 

321 records from MEDLINE on 02-

2017  

45 from the Cochrane Central 

Register of Controlled Trials on 02-

2017 

111 records from PsycINFO on 02-

2017  

433 records screened for eligibility after removal of duplicates 

Fig. 1 Results from literature
searching and screening
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previous antidepressant trials was only reported in the
GeneSight studies and ranged from 3.4 to 4.4. Themainweak-
ness of the fair-quality RCT was the lack of sufficient infor-
mation to determine adequacy of randomization and alloca-
tion concealment or whether groups were clinically similar at
baseline. Main limitations of the fair-quality cohort studies
included insufficient information to determine presence and
balance of comorbidities, or critical co-interventions (such as
psychotherapy) that may have influenced outcomes.

Effects on remission, response, and tolerability

ABCB1 genotyping versus usual care Compared to usual
treatment, 5 weeks of ABCB1 genotyping-guided antidepressant
treatment improved remission (HAM-D < 10; Fig. 2)
(Breitenstein et al. 2014). Response (50% reduction in HAM-
D), quality of life, functional status, and side effects and tolera-
bility were not reported. Supporting evidence comes from one
controlled cohort study of 116 adults with MDD and bipolar
disorder conducted in Germany (Breitenstein et al. 2014). The
mean age in the sample was 47.6 years. The study population
was predominantly female, with an average number of

depressive episodes of 4.24, duration of current episode of
25 weeks, and 1.3 antidepressant trials during recent admission
in the experimental group, compared to 2.43 depressive episodes,
39.2 weeks for the current episode of depression, and 0.98 anti-
depressant trials during the recent admission for the comparison
group. These differences were not statistically significant. The
study has several weaknesses. First, theHAM-D remission cutoff
(<10) is not considered complete remission according to typical
HAM-D scoring methods (Hamilton 1960) and may have led to
an overestimation of remission in this study. Also, all treatment
occurred while patients were hospitalized, and clinicians were
able to review weekly antidepressant plasma levels in addition
to the ABCB1 genotyping. As plasma antidepressant concentra-
tion has been found to significantly interact with genotype
(Breitenstein et al. 2016), the plasma monitoring may have en-
hanced the benefit of genotype-guided therapy. Finally, some
patients had bipolar disorder, which is a relative contraindication
to treatment with antidepressants.

CNSDose versus usual care Compared to usual care,
12 weeks of CNSDose-guided antidepressant treatment sig-
nificantly improved remission (HAM-D ≤ 7; Fig. 2).

Abbreviations: RCT: randomized controlled trial; RR: Relative Risk; NNG: number needed to genotype; PGx: 

care guided by pharmacogenomic test
a “ ” indicates moderate strength of evidence (SOE) and “ ” indicates low strength of evidence. 
b GeneSight and CNSDose measured remission rates using the HAM-D≤7scale; ABCB1 measured remission using 

HAM-D<10.

0.5 1 2 5 12

2.40 
(0.51, 11.21)

CNSDose{Si
ngh, 2015} 

2.52 
(1.71, 3.73)

1.33 
(1.06, 1.72)

RB 
(95% CI) Test Best Evidencea 

1 fair-quality 
Cohort, N=116 

NNG 
(95% CI)

ABCB1{B
reitenstei
n, 2014}

5 
(3, 20)

1 good-quality 
RCT, N=148 

GeneSight
{Winner, 
2013} 

1 fair-quality RCT, 
N=51 

3 
(2, 4)

N/A

 Favors PGx test Favors usual care 

Summary of Findings: Remission
Rate of 

Remissionb 

84% v 62%

72% v 28%

20% v 8%

Fig. 2 Forest plot of remission findings from included studies.
Abbreviations: RCT randomized controlled trial, RB relative benefit, NNG
number needed to genotype, PGx care guided by pharmacogenomics test.
a Three stars indicate moderate strength of evidence (SOE) and two stars

indicate low strength of evidence. b GeneSight and CNSDose measured
remission rates using the HAM-D ≤ 7 scale; ABCB1 measured remission
using HAM-D < 10
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CNSDose-guided care also reduced the proportion of patients
taking sick leave (usual care = 15% vs guided = 4%;
P = 0.0272; low SOE) and intolerability (having an event
where patients needed to reduce the dose or stop their antide-
pressant: usual care = 15% vs guided = 4%; RR 1.13, 95% CI
1.01 to 1.25; low SOE) (Singh 2015). Supporting evidence
comes from one randomized trial conducted in Australia in
148 adults with a baseline HAM-D score of 25 taking various
second-generation antidepressants (Singh 2015). The main
strength of this study is its high internal validity due to its
use of robust methodology. However, a potential weakness
is that the applicability of its data to more general populations
is likely poor, because it had a narrowly selected population of
mostly employed females in their early 40s who lacked co-
morbid psychiatric disorders. The average number of MDD
episodes was 2, with an average duration of 8.55 months;
however, the number of previously failed antidepressant trials
was not reported, nor was the current number of antidepres-
sant medications or other types of concomitant treatments.

GeneSight versus unguided care Compared to usual care,
GeneSight-guided care did not significantly improve remission
(HAM-D ≤ 7; Fig. 2) or response (≥50% HAM-D improvement
36 vs 21%; RR 2.14, 95% CI 0.56 to 7.69) in an RCT (Winner
et al. 2013; ECRI Institute 2015b; Altar et al. 2015). The only
completed, double-blind RCT was conducted in the outpatient
clinics of Pine Rest Christian Mental Health Services in Grand
Rapids, MI, and involved 51 patients with major depressive dis-
order, with a mean baseline HAM-D of 21, who had failed a
mean of 4.4 previous psychiatric medication trials (Winner et al.
2013). Follow-up was 10 weeks. Types of antidepressant medi-
cations used and adverse effects were not reported.

Results from two open-label nonrandomized studies (Hall-
Flavin et al. 2013; Hall-Flavin et al. 2012) were less informa-
tive than the findings of the RCT (Winner et al. 2013). Ideally,
nonrandomized trials can address gaps in RCTs such as eval-
uating a broader spectrum of patients, providing longer-term
follow-up, and contributing data on missing outcomes (Norris
et al. 2010). However, these studies were short-term (8weeks),
did not evaluate adverse effects, and included mostly females
in their mid-40s with unknown comorbidities. These open-
label nonrandomized studies found that GeneSight-guided
care significantly improved response (ESP-pooled, 40 vs
23%; RR 1.73, 95% CI 1.09 to 2.73; Cochran Q = 1.04,
P = 0.31) but not remission (ESP-pooled, 28 vs 19%; RR
1.47, 95% CI 0.89 to 2.41, Cochran Q = 0.16, P = 0.69).
However, because the patients knewwhether or not their med-
ication selection was being guided by GeneSight, this raises
the likelihood that the increased response could have been
biased by their expectations. Also, in the case of the Hall-
Flavin 2013 study, the patients in the GeneSight group may
have had a more positive prognosis at baseline due to fewer
previously failed psychiatric medication trials (4.7 vs 3.6;

P = 0.021) (Hall-Flavin et al. 2013). Also, because groups
were not matched on psychiatric and medical comorbidities,
concomitant medications, medication adherence, and health
and lifestyle characteristics, significant differences in these
characteristics could have confounded the effects of the
GeneSight guiding. When data from the double-blind RCT
(Winner et al. 2013) and these two open-label nonrandomized
studies (Hall-Flavin et al. 2013; Hall-Flavin et al. 2012) were
combined in a meta-analysis (Altar et al. 2015), the improved
response with GeneSight-guided care reached statistical sig-
nificance (RR 1.71, 95% CI 1.17 to 2.49). However, the lim-
itations of the open-label, nonrandomized studies weaken the
validity of this meta-analysis.

We identified three ongoing clinical trials assessing the
efficacy of GeneSight-guided management of depressive dis-
orders (NCT02189057, NCT02466477, NCT02109939). All
studies are double-blind RCTs that are expected to address
some gaps in the existing evidence by increasing precision
with larger sample sizes and providing longer follow-up
(ECRI Institute 2015a). The studies are expected to be com-
pleted between 2015 and 2018.

Improving time to antidepressant effectiveness

We found no studies that evaluated the impact of
pharmacogenomics-guided treatment on time to antidepres-
sant effectiveness in patients with MDD or number of failed
antidepressant trials.

Association of improvements in remission and response
with switches to genetically congruent medication

In establishing the clinical utility of pharmacogenomics-guided
treatment, a first step is to demonstrate an overall improvement in
the key outcomes of remission, response, and tolerability for
guided versus unguided care. An essential second step is to dem-
onstrate that the improvement on those key outcomes is due to a
greater incidence in the guided group of actually implementing
recommended medication changes to more genetically suitable
regimens. At the time of this report, no pharmacogenomics-
guided treatment strategy has met both of these criteria.

Guided care with GeneSight is the only strategy with any
evidence for the second step of showing that symptom reduc-
tion was associated with switches to more genetically suitable
regimens. In the randomized trial (Winner et al. 2013), com-
pared to usual care, twice as many patients in the GeneSight
group were switched to genetically congruent medication
(100 vs 50%; P = 0.02) and, among those patients, there
was a greater mean HAM-D score improvement (33.1 vs
0.8%; P = 0.06). However, the clinical meaningfulness of
the evidence is unclear because it was measured based on
mean change in depression symptoms, rather than remission
and/or response (Winner et al. 2013).
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Optimal clinical scenarios for using
pharmacogenomics-guided treatment

We found no studies that evaluated whether the impact of
using pharmacogenomics-guided treatment on the effective-
ness and harms of antidepressants differs according to the
following key patient characteristics: demographics, psychiat-
ric and medical comorbidities, depression symptomatology,
depression severity and duration, history of antidepressant
treatment resistance, concomitant medication, polypharmacy,
medication side effects, nonadherence, or other health or life-
style behaviors.

Cost-effectiveness

We found little evidence of the cost-effectiveness of
pharmacogenomics-guided care for MDD. No study has pro-
spectively or retrospectively compared directly observed cost-
effectiveness outcomes of pharmacogenomics-guided care
versus usual care specifically in patients with depressive dis-
orders. For evaluation of directly observed cost-effectiveness,
we identified an RCT of YouScript® that evaluated cost-
effectiveness in polypharmacy home health patients, but it
did not provide information specifically about antidepressant
use in patients with depressive disorders (Elliott et al. 2017).
Available controlled cohort studies of GeneSight (Winner
et al. 2015) and Genecept (Fagerness et al. 2014) also did
not provide information about cost-effectiveness of
pharmacogenomics-guided care for MDD because they only
measured cost savings, were comprised of populations using
antidepressant medication primarily for diagnoses other than
depressive disorders (i.e., anxiety, ADHD, other mood disor-
der, dementia, personality disorder, Ball other psych^), and did
not evaluate the subgroups of patients with depressive disor-
ders (14–39%).

We also identified modeling studies that evaluated potential
cost-effectiveness outcomes of GeneSight (Hornberger et al.
2015), 5-HTTLPR (Olgiati et al. 2012; Serretti et al. 2011),
HTR2A (Perlis et al. 2009), and CYP450 polymorphisms
(Matchar et al. 2007; Pyne 2009) for guiding antidepressant
treatment (Table 3). Although a recent systematic review by
Berm et al. evaluated the majority of these studies, its conclu-
sions are not generalizable to depression because they were
based on the combined findings from these plus 74 additional
studies, the majori ty of which were about other
pharmacogenomics tests used in a variety of clinical areas
(e.g., oncology, cardiology, neurology, etc.) (Berm et al.
2016). Among modeling studies focused on antidepressant
treatment, GeneSight was found to have the strongest evi-
dence of estimated cost-effectiveness. Compared to treatment
as usual, Genesight-guided care was more effective and more
cost-saving than treatment as usual, with a 94.5% probability
of being cost-effective at the willingness-to-pay (WTP)

threshold of $50,000/quality-adjusted life-years (QALYs), a
finding that persisted in 75.7% of 10,000 simulations that
varied input parameters (Hornberger et al. 2015). These find-
ings should be considered preliminary, however, as they rely
on inferences of potential outcomes rather than provide pre-
cise estimates of directly observed outcomes and do not in-
clude assessments of commonly used higher WTP thresholds
of $100,000 to $150,000/QALY (Alagoz et al. 2016; Ubel
et al. 2003; Marseille et al. 2015).

Discussion

This evidence review formally critically appraised and rated
the strength of the complete body of available evidence that
compares use of single- and multi-gene testing-guided antide-
pressant treatment selection for depressive disorders to treat-
ment as usual. While there is a plausible clinical rationale for
expecting benefits from pharmacogenomics-guided treatment,
the actual impact has not been well-established. We identified
three pharmacogenomics-guided treatment strategies that
have been evaluated in published studies that compare
pharmacogenomics-guided care to usual care. Of the three
pharmacogenomics-guided treatment strategies, CNSDose
has the most favorable preliminary findings because it is the
only one with evidence of both a significant improvement in
remission (one additional patient had a remission by 12 weeks
for every three genotyped; 95% CI 1.7 to 3.5) and improved
antidepressant tolerability. ABCB1 genotyping also improved
the chance of remission, with one additional remission at
5 weeks for every 3 to 20 patients genotyped, but data on
tolerability was lacking. In the best study available for
GeneSight, an RCT, its effects on remission and response
were not statistically significant and left unclear whether the
chance of remission was substantially better or worse than
usual care. There is some doubt about the stability of all these
findings, however, because there is only a single, small, short-
term study of each strategy, and the majority has numerous
minor methodological limitations. Cost-effectiveness of
pharmacogenomics is unclear because of the uncertain effec-
tiveness and the lack of studies evaluating directly observed
cost-effectiveness outcomes. We found no studies that evalu-
ated whether pharmacogenomics shortens time to optimal
treatment, whether improvements were due to switches to ge-
netically congruent medication, or to what extent variation in
test and results’ delivery methods, patient comorbidities and/
or health or lifestyle behaviors, may modify effectiveness of
pharmacogenomics.

Additional single-arm studies of the clinical utility of
pharmacogenomics tools are available but were excluded
from this review due to their inability to distinguish the spe-
cific effects of the pharmacogenomics guiding as distinct from
what may have naturally occurred over time regardless of the
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intervention (Effective Practice and Organization of Care
2013). For example, the clinical utility of CYP2D6- and
CYP2C19-guided (Müller et al. 2013) and Genecept-guided
antidepressant treatment (Brennan et al. 2015) has been eval-
uated in single-group before-after studies. Additionally, one
ongoing double-blind randomized controlled trial of 8 weeks
comparing Genecept-guided versus usual care in adults with
MDD is expected to assess response, remission, and safety
outcomes (NCT02634177). This study was expected to be
completed in October of 2016 and will hopefully provide
more relevant and higher-quality evidence with which to eval-
uate the clinical utility of Genecept.

Our findings are consistent with previous reviews in sug-
gesting that evidence on clinical utility is still in its early de-
velopmental stages and is currently inadequate to precisely
determine the overall balance of comparative benefits and
harms across the full range of key outcomes (ECRI Institute
2015a, b; Singh et al. 2014; Howland 2014a; Bousman and
Hopwood 2016; Rosenblat et al. 2017). However, our review
adds significant depth by updating searches, evaluating
single- and multi-gene testing panels, evaluating adverse con-
sequences, adding formal critical appraisal of internal validity
and strength of evidence of the complete body of available
evidence, and providing specific suggestions for future
research.

There are numerous gaps in the evidence. New research
would be more meaningful if it (1) included a broader popu-
lation; (2) recorded what medication changes were recom-
mended and how often following the recommendations result-
ed in improvement on key outcomes; (3) evaluated multiple
key outcomes of remission, response, quality of life, function-
al capacity, and tolerability and by how much the
pharmacogenomics testing-guided care reduced time to these
outcomes; (4) obtained longer-term follow-up of at least
6 months to a year; and (5) evaluated to what extent the com-
plexity of interacting factors may impact the utility of phar-
macogenetics in MDD treatment, including patients’ prior ex-
perience with antidepressants, plasma level, demographics,
psychiatric and medical comorbidities, depression character-
istics, concomitant medication, or other health or lifestyle
behaviors.

We suggest future studies also consider level of clinician ed-
ucation about pharmacogenomics testing. Studies have shown
that despite patients’ expectations of clinicians’ competency in
explaining, interpreting, and applying pharmacogenomics test
results in clinical decision-making (Squassina et al. 2010), a ma-
jority of previously surveyed clinicians acknowledged that they
may be inadequately informed to do so (Prainsack andWolinsky
2010). Therefore, we recommend future studies explore whether
competency and clinical expertise (e.g., primary care, psychiatry)
may affect skill in utilizing pharmacogenomics data and poten-
tially antidepressant treatment outcomes. Also, there may be a
need to identify available, and ideally validated, educationalT
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materials on the utilization and potential harms of
pharmacogenomics data in clinical decision-making and com-
pare the effects of different educational approaches on patient
outcomes.

Another consideration for facilitating accurate translation
of pharmacogenomics into clinical practice is the format and
complexity of results delivery (Drozda et al. 2014). The com-
plexity in interpreting results of gene-panel tests may increase
as the numbers of genes and gene variants increase, and there
may be challenges in finding the appropriate balance between
the level of detail in results delivery and information overload
for busy practitioners and patients (Hornberger et al. 2015).
We noted that available pharmacogenomics testing results var-
ied in (1) howmuch detail was provided about the gene result,
categorization of gene-drug interaction, therapeutic implica-
tions, and clinical impact; (2) the format of the interpretive
information (e.g., length of report, computer-based or paper-
based components); (3) turnaround time (e.g., at point of care,
days, weeks); and (4) whether or not a consultation with a
professional genetic counselor and/or a pharmacist was avail-
able. To assist with interpretation and replication, more details
are needed about methods used to predict phenotype (e.g.,
poor metabolizer) from genotype, algorithms used to combine
phenotype information across multiple variants to make drug
selection and dosing recommendations, and which guidelines
are used to inform dosing recommendations. However, this
may not be realistic given the commercial context of these
tests. To assess if and how such differences in format of
pharmacogenomics testing results delivery may affect the ac-
curacy of their interpretation and use, we suggest direct com-
parison of a few different approaches.

Potential limitations of our review methods include lan-
guage bias and use of sequential rather than independent dual
review of investigator judgments. Although we would expect
the potential impact of excluding non-English studies to be
minimal, there is a chance this exclusion may have biased our
findings (Higgins and Green 2011). Although compared to
dual independent review sequential dual review may conceiv-
ably increase risk of reviewer bias and error, this has not been
empirically evaluated. Considering that the body of available
evidence is sparse in general, there is limited potential for
sequential dual review to have dramatically altered our overall
low confidence in the stability of the evidence.

Conclusions

In conclusion, limited evidence suggests that certain
pharmacogenomics tools show promise for improving short-
term remission rates in women in their mid-40s with few co-
morbidities, but provided little to no information about if and
how they impact quality of life, functional capacity, and tol-
erability, or whether they reduced time to these outcomes.

New research would be more meaningful if it included a
broader population; recorded what medication changes were
recommended and how often following the recommendations
resulted in remission, and by how much the time to remission
was reduced; identified optimal clinical scenarios for use; and
obtained longer follow-up.
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