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Pharmacogenomic (PGx) testing has emerged as a compelling strategy that clinicians can use to inform antidepressant
medication selection and dosing, but the clinical efficacy of this strategy has been questioned. We systematically
reviewed and meta-analyzed clinical trials for an association between the use of PGx-guided antidepressant therapy
and depressive symptom remission in patients with major depressive disorder (MDD). We included prospective,
controlled clinical trials published in English up to July 12, 2022. Data extraction and synthesis adhered to the 2020
Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. Each trial was assessed for risk of
bias and a random-effects model was used to estimate pooled risk ratios. Thirteen trials comprising 4,767 patients
were analyzed, including 10 randomized controlled trials, and three open label trials. Across all included trials, those
that received PGx-guided antidepressant therapy (n = 2,395) were 1.41 (95% confidence interval (Cl) = 1.15-1.74,

P = 0.001) more likely to achieve remission compared with those that received unguided antidepressant therapy

(n = 2,372). Pooled risk ratios for randomized controlled trials and open label trials were 1.46 (95% Cl: 1.13-1.88) and
1.26 (95% Cl = 0.84-1.88), respectively. These results suggest that PGx-guided antidepressant therapy is associated
with a modest but significant increase in depressive symptom remission in adults with MDD. Efforts to address the
heterogeneity in PGx test composition (i.e., genes and alleles tested) and accompanying prescribing recommendations
across trials will likely reduce the uncertainty about the efficacy of PGx-guided antidepressant therapy in the literature.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE
TOPIC?

Clinical trials have reported mixed findings regarding the ef
ficacy of pharmacogenomic (PGx) guided antidepressant therapy
amongadults with major depressive disorder (MDD), resulting in
uncertainty about the use of PGx testing in practice.

WHAT QUESTION DID THIS STUDY ADDRESS?
Does the whole of the clinical trial evidence support the
efficacy of PGx-guided antidepressant therapy in MDD?
WHAT DOES THIS STUDY ADD TO OUR
KNOWLEDGE?

This is the most comprehensive systematic review and
meta-analysis of the clinical trial evidence on PGx-guided

antidepressant therapy in MDD. The results suggest a modest
but significantly favorable effect of PGx-guided antidepressant
therapy on depressive symptom remission.

HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY ORTRANSLATIONAL SCIENCE?

PGx testing merits consideration by healthcare providers
when treating adults with MDD, particularly patients with
moderate to severe depression and a history of inadequate re-
sponse or intolerability to atleast one antidepressant medication.
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Pharmacological treatment of major depressive disorder (MDD) is
largely a trial-and-error process, with <50% of individuals respond-
ing to their first medication and even fewer achieving remission.
This process can lead to treatment-resistant depression which re-
sults in significantly greater healthcare resource utilization.” It is
therefore critical to develop and implement clinical tools to aid in
personalizing medication selection and dosing for patients with
MDD.

Pharmacogenomic (PGx) testing is onc objective tool that
has been trialed for decades, but the paucity of prospective, clin-
ical efficacy data has led to controversy surrounding whether
this tool is ready for everyday use in the clinic. PGx testing
utilizes associations between genetic variation and pharmaco-
kinetic (e.g., drug levels in the blood) and clinical (i.e., efficacy
and tolerability) outcomes to inform medication selection and
dosing based on an individual’s genome. Expert groups, such as
the Clinical Pharmacogenetics Implementation Consortium
(CPIC) and Dutch Pharmacogenomics Working Group, as
well as drug regulators (e.g., US Food and Drug Administration
(FDA)) have provided PGx-based dosing guidelines intended
for use by clinicians during decision making with regard to spe-
cific medications.”” In the context of MDD, the bulk of current
evidence and guidelines focus on variation in two drug metabo-
lizing genes (CYP2C19 and CYP2D6) to inform selection and
dosing of antidepressant therapy.4'7 Notably, other genes (e.g.,
SLC6A4 and HTR2A) have been implicated as biomarkers in
antidepressant medication response and are included on many
commercial PGx test panels, despite limited clinical validity and
cfficacy.g'13

Clinical trials have evaluated the use of PGx testing to inform
antidepressant treatment and two meta-analyses have been com-
pleted for a portion of these trials.'*'® The first meta-analysis, by
Rosenblat and colleagues, included one open label trial and 4 ran-
domized controlled trials (RCTs) and estimated a pooled risk ratio
for depressive symptom remission of 1.74 in favor of PGx-guided
treatment. Similarly, Bousman ez 4/. estimated a pooled risk ratio
of 1.71 among five RCTs." Since the publication of these seminal
meta-analyses, several new trials have been published justifying a
need to perform an updated meta-analysis. Herein, we systemat-
ically reviewed the literature for prospective, controlled clinical
trials that evaluated the efficacy of PGx testing as a strategy to in-
form antidepressant treatment and conducted a meta-analysis to
determine if this strategy is associated with depressive symptom
remission.

METHODS

Search strategy

The systematic review followed the 2020 Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) reporting rec-
ommendations.'® The following search string was used in PubMed to
identify clinical trials published up to July 12,2022, that assessed the ef-
ficacy of PGx-guided antidepressant therapy: ((major depressive disorder
OR mood disorder) AND (antidepressant) AND (pharmacogenetic OR
pharmacogenomic) AND (prospective OR randomized OR random-
ized OR open label OR open-label) AND (trial)). Bibliographies of all
research articles were hand-searched for additional references not identi-
fied in our primary search.
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Selection criteria and data extraction

Two reviewers (authors L.C.B. and J.S.) independently assessed all arti-
cles identified by the search strategy for cligibility using the following
criteria: (i) prospective, controlled trial examining the efficacy of PGx-
guided antidepressant therapy, (ii) only adult participants were included
(aged 218), (iii) remission data was reported or available by request from
the corresponding author of the trial, and (iv) the trial was published in
English and full text was available. Articles for which a consensus on eli-
gibility between the two reviewers was not obtained were evaluated by a
third reviewer (author C.B.).

A custom data extraction template was used by the two primary review-
ers (authors L.C.B. and J.S.) to summarize the selected articles. Extracted
information included authors, year, study design, sample size, trial eligi-
bility criteria, trial duration, sample characteristics (i.c., age, sex, and an-
cestry), remission measure used, and the gene composition of the PGx
test used in the trial. When information was missing or incomplete for an
cligible study, a request for additional information was made to the corre-
sponding author of the trial.

Study risk of bias assessment

The Cochrane Risk of Bias Tools were utilized to assess bias in the RCTs

(RoB2) and open label, controlled studies (ROBINS I) included in the
17

analysis.

Statistical analysis

Data were analyzed using Review Manager version 5.4 (Revman) and the
Major package in Jamovi version 2.2.5 (Jamovi)."®" The risk ratio (RR)
was used as the effect size estimator and was calculated by contrasting the
counts of remission, defined as a Hamilton Depression Rating Scale-17
(HDRS-17) score <7, the Clinical Global Impression scale <2, or the
Patient Health Questionnaire <5 within pharmacogenomic-guided and
unguided treatment groups. Remission was selected as the outcome of
interest because it is the goal of antidepressant therapy, all included tri-
als assessed remission, and it is associated with a lower risk of depressive
episode relapse and recurrence. The pooled RR was calculated using a
random effects model using the inverse variance method. To determine
the influence of any given study each of the eligible studies were omit-
ted and the meta-analyses were then re-run to determine their influence
on the pooled effect size following the recommendations of Viechtbauer
and Chcung.20 Because six of the included trials evaluated the GeneSight
test, we also omitted these trials and re-ran the meta-analysis to deter-
mine whether these trials biased the overall results. Random-effect meta-
regressions were conducted to assess the potential moderating effect of
mean age of trial participants, sex (percentage of female subjects in the
trial), ancestry (percentage of individuals of European background in the
trial), weeks to primary end point measurement, average number of prior
antidepressant treatments, and average severity of depression at study in-
clusion. Heterogeneity in effect sizes among trials was tested using the
chi-square statistic (with 2 <0.10 indicating significant heterogencity),
and its magnitude was quantified using the I-squared statistic, which is
an index that describes the proportion of the total variation in the study
effect size estimates that is due to heterogeneity and is independent of
the number of studies included in the meta-analysis and the metric of the
effect size. Publication bias was evaluated using a funnel plot and Egger’s
regression test for funnel plot alsymmetry.21

RESULTS

The systematic review and selection process is summarized in
Figure 1. Five RCTs from our previous meta-analysis were in-
cluded in this study.14 Newly found articles through July 15,2022,
included 145 from our Boolean search and 10 from hand searches
of bibliographies. After removal of duplicates, the abstracts of 150
articles were screened and 132 were excluded for not meeting our
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Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram. Of 150 records screened, and five previous
studies analyzed, our search resulted in a total of 13 new studies for inclusion in the analysis.

cligibility criteria, resulting in 24 articles for retrieval and full text
review. Among these 24 articles, 16 did not meet eligibility crite-
ria, leaving a total of 8 new trials in addition to the five previously
analyzed RCTs.2*3?

Characteristics of the 13 meta-analyzed trials are summarized in
Table 1. For the meta-analysis, a total of 4,767 (range 44-1944)
adults participated across the included trials. Eligibility crite-
ria across the trials varied. All but two trials exclusively enrolled
participants with a primary diagnosis of MDD.?”** Ten of the 13
trials used a single (participant) or double (participant and rater)
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blinded RCT design and the remaining three trials used a con-
trolled open label design. The majority (9/13, 69%) of the trials
measured their primary end point at 8-weeks post-baseline (range
8-24weeks) and all but the McCarthy ez 4.°* and Oslin e 2l
trials utilized the HDRS-17 as their measure of remission. The
genes tested varied across the trials but all included CYP2C19 and
CYP2D6. Genetic testing was performed by commercial laborato-
ries for all except the Shan ez al. trial.*® Ten of the 13 trials were
preregistered at clinicaltrials.gov or similar registry and appeared
to adhere to the initial protocol >~272%31-3¢
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Guided Unguided

Study or Subgroup Events Total Events Total

Risk Ratio
Weight IV, Random, 95% CI

Risk Ratio

Year IV, Random, 95% CI

1.1.1 Open Label Trials
Hall-Flavin 2012 7 22 2 22 1.8% 3.50[0.82, 15.01] 2012
Hall-Flavin 2013 22 72 20 93 7.7% 1.42 [0.84, 2.39] 2013 T
Oslin 2022 130 966 126 978 12.6% 1.04 [0.83, 1.31] 2022 e
Subtotal (95% CI) 1060 1093 22.2% 1.26 [0.84, 1.88] ‘
Total events 159 148
Heterogeneity: Tau? = 0.06; Chi’ = 3.51, df = 2 (P = 0.17); I’ = 43%
Test for overall effect: Z = 1.12 (P = 0.26)
1.1.2 Randomized Controlled Trials
Winner 2013 5 25 2 24 1.6% 2.40[0.51, 11.21) 2013
Singh 2015 53 74 21 74 9.8% 2.52 (1.71, 3.73] 2015 —_—e
Perez 2017 48 141 46 139 10.9% 1.03 [0.74, 1.43] 2017 b
Han 2018 24 52 12 48 7.1% 1.85 [1.04, 3.27] 2018 —
Bradley 2018 14 40 7 53 4.6% 2.65[1.18, 5.95] 2018 —_—
Greden 2019 115 560 88 607 12.2% 1.42 [1.10, 1.82] 2019 -
Shan 2019 19 31 18 40 9.0% 1.36 [0.88, 2.12] 2019 T
Perlis 2020 35 146 46 150 10.1% 0.78 [0.54, 1.14] 2020 —
McCarthy 2021 16 55 10 47 5.7% 1.37 [0.69, 2.72] 2021 L
Tiwari 2022 41 211 12 97 6.7% 1.57 [0.86, 2.85] 2022 T
Subtotal (95% CI) 1335 1279 77.8% 1.46 [1.13, 1.88] 3
Total events 370 262
Heterogeneity: Tau? = 0.09; Chi’ = 25.28, df = 9 (P = 0.003); I’ = 64%
Test for overall effect: Z = 2.93 (P = 0.003)
Total (95% CI) 2395 2372 100.0% 1.41 [1.15, 1.74] @
Total events 529 410
- 2 _ . 2 o _ _ - . , ; '
Heterogeneity: Tau’ = 0.08; Chi’ = 31.46, df = 12 (P = 0.002); I’ = 62% O.bS 02 < 20

Test for overall effect: Z = 3.24 (P = 0.001)
Test for subgroup differences: Chi? = 0.39, df = 1 (P = 0.53), I’ = 0%

Favours [Unguided] Favours [Guided]

Figure 2 Meta-analysis of PGx RCTs, open label, and combined. Pooled risk ratios were calculated using random-effects models. Cl,
confidence interval; PGx, Pharmacogenomic; RCTs, randomized controlled trials.

Risk of bias

Table 2 summarizes the risk of bias assessments for the 10 RCTs
and three open label trials. Among the RCTs, selection and attri-
tion biases were judged to be low. However, performance bias was
judged as high for all RCTs. Although participants in all RCTs
were blinded to the results, the physicians were not. In addition,
two RCTs did not blind raters of the primary outcome, resulting
in a high risk of detection bias. 2632 High risk of reporting bias was
also noted for the Bradley ez al? trial, given that remission status
was only reported for a subset (z = 93) of participants with mod-
erate to severe depressive symptoms (HDRS 225). Last, with the
exception of the Shan ez 412% and Oslin ez al.* trials, all studies
were industry sponsored, a study attribute that has been linked to
more favorable outcomes in drugand device studies. For the three
open label trials, pre-intervention selection, at-intervention infor-
mation, and post-intervention confounding biases were judged to
be low. However, post-intervention information and industry bi-
ases were judged as high for two out of three trials. Moderate risk
of post-intervention reporting bias was noted for the Hall-Flavin
etal.2012 trial,>> whereas pre-intervention confounding and post-
intervention selection biases were judged as moderate for the Hall-
Flavin et 4l. 2013 trial. >

Meta-analysis

Random-effects pooled RRs and forest plots for the 10 RCTs and
three open label trials are shown in Figure 2. The pooled RR was
1.26 (95% CI = 0.84-1.88, P = 0.26) for open label trials and

1314

1.46 (95% CI = 1.13-1.88, P = 0.003) for the RCTs. The pooled
RR for all trials (RCTs+ open label) was 1.41 (95% CI = 1.15—
1.74, P = 0.001). None of the trials were identified as potential
influential studies. Regardless of which trial was omitted from
the meta-analysis, the pooled RR remained statistically signifi-
cant and overlapped with the 95% CI of the pooled RR from the
meta-analysis of all 10 RCTs (Table 3). Likewise, removal of the
six trials that evaluated the GeneSight test did not significantly
alter the pooled RR (RR = 1.46, 95% CI = 1.02-2.09, P = 0.04).
Meta-regression analyses of the 13 trials did not show a moderat-
ing effect for age (Beta = —0.012, P = 0.485), sex (Beta = —0.004,
P = 0.517), ancestry (Beta = —0.001, P = 0.928), nor weeks to
primary end point measurement (Beta = —0.019, P = 0.394;
Table S1). However, moderating effects were detected for the av-
erage number of prior antidepressant treatments (Beta = 0.229,
P = 0.026) among seven trials with available data and depressive
symptom severity at study inclusion (Beta = 0.115, P = 0.036)
among 12 trials with available data (Table S1). As the average
number of prior antidepressant treatments and the average base-
line depressive symptom severity increased so did the risk ratio in
favor of PGx-guided antidepressant treatment. Examination of
funnel plot asymmetry and Egger’s regression analysis showed no
indication of publication bias (Z = 1.26, P = 0.205; Figure S1).

DISCUSSION

We identified and systematically reviewed 13 prospective,
controlled trials that examined the effect of PGx-guided

VOLUME 112 NUMBER 6 | December 2022 | www.cpt-journal.com
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Table 3 Random-effects meta-analyses after omission of
each of the 13 prospective, controlled clinical trials

Omitted study Pooled risk ratio 95% CI

Singh 2015 1.32 1.06-1.65
Bradley 2018 1.40 1.08-1.81
Han 2018 1.43 1.09-1.88
Winner 2013 1.45 1.11-1.88
Tiwari 2022 1.46 1.10-1.92
Shan 2019 1.48 1.11-1.98
McCarthy 2021 1.48 1.12-1.94
Greden 2019 1.49 1.09-2.03
Perez 2017 1.55 1.17-2.04
Perlis 2020 1.58 1.26-1.98
Hall-Flavin 2012 1.39 1.13-1.71
Hall-Flavin 2013 1.42 1.13-1.78
Oslin 2022 1.48 1.18-1.86
Total 1.41 1.15-1.74

Cl, confidence interval.

antidepressant treatment on depressive symptom remission among
individuals with MDD. Pooled RRs from these trials suggest a
modest but significantly favorable effect of PGx testing on depres-
sive symptom remission. Individuals that received PGx-guided an-
tidepressant treatment were 41% (95% CI = 15-74%) more likely
to achieve depressive symptom remission relative to their counter-
parts who received treatment as usual. Notably, this effect is lower
than that reported in the two previous and smaller meta-analyses
that showed PGx-guided antidepressant treatment increased the
likelihood of achieving depressive symptom remission by 71% and
7 4% .14,15

Despite this attenuation of the initially reported impact of PGx-
guided antidepressant treatment on depressive symptom remis-
sion, the results continue to support the notion that PGx testing
merits consideration by healthcare providers when treating adults
with MDD. This may be particularly relevant to individuals with
moderate to severe depression and a history of inadequate response
or intolerability to psychotropic medications, characteristics that
significantly enhanced the efficacy of PGx-guided antidepressant
treatment.

Limitations

Several caveats should be considered when interpreting the re-
sults of this study. First, the clinical generalizability of the find-
ings is limited. Although two of the included trials exclusively
enrolled individuals of Chinese ancestry and two trials were
predominantly male subjects, most of the individuals included
across the 13 trials were female adults aged 40-50years with a
European background. As such, uncertainty remains about the
efficacy of PGx-guided antidepressant treatment in diverse set-
tings and emphasizes the critical need for trial evidence that is
more representative of real-world clinical populations. Second,
prescribing physicians in all the included trials were not blinded
to intervention allocation, which may have introduced a high risk
of performance bias as well as attention and ancillary treatment

CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 112 NUMBER 6 | December 2022

biases. Innovative trial designs are needed to address these biases.
One example is being employed in an ongoing Australian PGx
trial (ACTRNI12621000181808), in which prescribing recom-
mendations are provided to all healthcare providers in an identi-
cal format, without reference to the participant’s genetic results.
Recommendations for participants allocated to the PGx-guided
group are tailored to their CYP2CI9 and CYP2D6 genotypes,
whereas the treatment as usual group receives recommendations
based on current Australian antidepressant prescribingguidelines.
Third, we are unable to determine which gene or combination of
genes are driving the observed effect. Although all the included
trials tested for genetic variants in CYP2CI9 and CYP2D6, they
also tested for variants in several other genes (e.g., SLC6A4 and
HTR2A) that are often used by commercial laboratories to de-
rive antidepressant prescribing recommendations, despite the
absence of dosing guidelines for these genes. Complicating this
matter further is that many of the PGx tests used in the included
trials utilize proprietary combinatorial or “black box” algorithms
that can lead to discordant recommendations among tests and
with current PGx-based dosing guidelines.% As a result, one
could argue that the true impact of PGx-guided antidepressant
treatment on depressive symptom remission is likely being atten-
uated by such heterogeneity. As standardization efforts, such as
the Standardizing Laboratory Practices in Pharmacogenomics
initiative, develop and regulations related to PGx testing tighten,
we expect this heterogeneity to lessen.””38 Finally, not all studies
reported side effects in an evaluable way, precluding us from as-
sessing the pooled effect of PGx-guided antidepressant treatment
on side effects in this population.

CONCLUSION

The gap between the availability of PGx testing and its clinical
use is beginning to narrow but uncertainty about its efficacy for
improving antidepressant treatment and depressive symptom re-
mission continues to be a considerable constraint on widespread
adoption in psychiatry. The findings of this systematic review and
meta-analysis, address this constraint and suggest that healthcare
providers that use PGx-guided antidepressant prescribing should
expect modest but significant increases in depressive symptom re-
mission in adults with MDD.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical
Pharmacology & Therapeutics website (www.cpt-journal.com).
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