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Key Messages

- An update to a 2020 CADTH Rapid Review was conducted to capture new literature
published since 2019 examining the effectiveness of drug treatment informed by genetic
testing compared to usual care for adults with depression.

- Eleven studies were identified: 1 systematic review, 1 health technology assessment, 4
randomized controlled trials reported in 5 publications, 1 non-randomized study, 1 cohort
study with historical control, and 2 uncontrolled before-and-after studies.

Similar to the conclusions of the 2020 CADTH report, the effectiveness of gene testing for
treating depression was unclear. In patients with depression, some studies showed that
there were improvements in the clinical effectiveness outcomes in those who received
gene testing and other studies showed that there was no difference in outcomes between
those who received gene testing and those who did not. No studies showed that gene
testing resulted in worse outcomes compared to those who did not receive gene testing.

+ In the current report, the were several limitations across studies such as poor design,
inclusion of subjectively measured outcomes, small sample sizes, and a focus on hospital
settings — all of which may not be generalizable to other populations.

Context and Policy Issues

Depression, a major cause of functional disability, affects 5% of adults worldwide and is
seen in more women than men."? Depression can refer to a heterogeneous group of disease
processes such as a syndrome with varied symptoms and signs (e.g., major depression,
minor depression); a mood state characterized by feelings of despair, sadness, anxiety,
emptiness, hopelessness, or no feelings; or a mental disorder presenting as a clinical
condition (e.g., bipolar disorder, major depressive disorder [MDD], substance/medication-
induced depressive disorder, schizophrenia, depressive disorder).'? Factors that may
contribute to the development of depression include brain chemistry, stress, and genetics.®
Treatments for depression include psychotherapy, psychoeducation, pharmacotherapy
(e.g., antidepressants [ADs]), or brain stimulation — all of which can be used alone or in
combination with each other.® Many patients are prescribed medication for depression;
however, this may result in patients experiencing adverse drug reactions before the correct
treatment regimen for a particular patient is determined.*

Pharmacogenomic (PGx) testing (also referred to as pharmacogenetics) describes how the
genome responds to drug treatment; PGx testing can offer patients with depression a way
to individualize AD treatment based on their genome and how their physiology may react

to different drugs.® Testing can help select a more suitable medication type and dose for
patients.* However, PGx testing is not common and there are several challenges to its use
including inconclusive results from trials, limited results from cost-effectiveness studies,
ethical issues, availability of tests, lack of guidelines, lack of education for clinicians and
patients, and delays between testing and treatment.® In January 2020, CADTH published a
rapid review® on the clinical effectiveness, cost-effectiveness, and guidelines for PGx testing
in depression. With growing interest in this topic, it is unclear whether any new evidence has
been published since this report was produced.

The current report is an update to the 2020 CADTH report,® with the goal of summarizing the
findings from any new studies that were published since the 2020 CADTH report. The 2020

CADTH Health Technology Review Pharmacogenomic Testing in Depression: A 2021 Update 7



CADTH

CADTH report found 1 health technology assessment (HTA), 2 systematic reviews (SRs) with
meta-analyses (MAs), 1 randomized controlled trial (RCT), and 3 economic evaluations that
compared PGx testing to standard care in adults with depression.® The 2020 CADTH report
found that there were mixed results for the clinical effectiveness of PGx testing.® The objective
of the current report is to summarize the evidence regarding the clinical effectiveness and
safety of PGx testing guided care in adults with depression compared to standard care.

Research Question

What is the clinical effectiveness of pharmacogenomic testing for treating all severities of
diagnosed depression?

Methods

Literature Search Methods

A limited literature search was conducted by an information specialist on key resources
including MEDLINE, PsyclInfo, the Cochrane Database of Systematic Reviews, the
International HTA Database, the websites of Canadian and major international health
technology agencies, as well as a focused internet search. The search strategy consisted of
both controlled vocabulary, such as the National Library of Medicine’s MeSH (Medical Subject
Headings), and keywords. The main search concepts were pharmacogenomic testing and
depression, as well as specific pharmacogenomic tests. No filters were applied to limit the
retrieval by study type. Comments, newspaper articles, editorials, and letters were excluded.
Where possible, retrieval was limited to the human population. The search was also limited to
English-language documents published between January 1, 2019 and November 2, 2021.

Selection Criteria and Methods

One reviewer screened citations and selected studies. In the first level of screening, titles
and abstracts were reviewed and potentially relevant articles were retrieved and assessed
forinclusion. The final selection of full-text articles was based on the inclusion criteria
presented in Table 1.

Exclusion Criteria

Articles were excluded if they did not meet the selection criteria outlined in Table 1, they were
duplicate publications, or they were published before 2019. SRs in which all relevant studies
were captured in other more recent or more comprehensive SRs were excluded. Primary
studies retrieved by the search were excluded if they were captured in 1 or more included SRs.
Studies captured in the 2020 CADTH report® were also excluded.
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Table 1: Selection Criteria

Criteria Description

Population Adults (aged 18 to 60 years) with diagnosed depression of all severities (e.g., major depressive disorder,
refractory depression)

Intervention Guided care (e.g., guiding the drug selection or dose) with pharmacogenomic testing, either before or after
treatment is initiated

Comparator Treatment as usual (e.g., no testing)

Outcomes Clinical effectiveness (e.g., response rate, remission rate, optimized dosing regimen, number of changes in

treatment choice) and harms (e.g., adverse events, morbidity, mortality)

Study designs Health technology assessments, systematic reviews, randomized controlled trials, and non-randomized studies

Note: Studies that included people with an unspecified age range or where the mean age was 18 to 60 years or where the majority of the population were aged 18 to 60
years were included.

Critical Appraisal of Individual Studies

The included publications were critically appraised by 1 reviewer using the following tools as a
guide: A MeaSurement Tool to Assess systematic Reviews 2 (AMSTAR 2)” for the SR and the
HTA, and the Downs and Black checklist® for RCTs and the non-randomized studies (NRSs).
Summary scores were not calculated for the included studies; rather, the strengths and
limitations of each included publication were described narratively.

Summary of Evidence

Quantity of Research Available

A total of 341 citations were identified in the literature search. Following screening of titles
and abstracts, 276 citations were excluded and 65 potentially relevant reports from the
electronic search were retrieved for full-text review. Two potentially relevant publications were
retrieved from the grey literature search for full-text review. Of the potentially relevant articles,
55 publications were excluded for various reasons and 11 publications met the inclusion
criteria and were included in this report. These comprised 1 SR,° T HTA,'® 4 RCTs,"™"5 1 NRS,"®
1 cohort study with historical control,”” and 2 uncontrolled before-and-after studies.'®® Of the
RCTs, 2 publications by Ruafio et al. reported results from the same trial:"*'* 1 study described
the main results'™ and the other summarized findings based on subgroup analyses.'* The
publication by Huilei et al.’® described an intervention study; however, since randomization
was not mentioned, it is assumed that the study was non-randomized for the purpose of this
report. Appendix 1 presents the PRISMA?Z flow chart of the study selection.

Additional references of potential interest are provided in Appendix 6.

Summary of Study Characteristics
Study Design
One SR? published in 2021 was found and included literature published up to June 30, 2020.

The studies included in this review were 6 other SRs (4 with MAs) published from 2017 to
2020 and 3 RCTs published from 2018 to 2019 that were not already included in the 6 SRs.

CADTH Health Technology Review Pharmacogenomic Testing in Depression: A 2021 Update 9
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Across the 6 SRs, population sizes ranged from 1,556 to 13,377 patients. Across the 3 RCTs,
population sizes ranged from 100 to 1,541 patients.®

One HTA™ published in 2021 was found and included literature published up to January
24,2020. This HTA was conducted to examine clinical effectiveness, cost-effectiveness,
incremental cost per quality-adjusted life-year, and a 5-year budget impact of PGx testing
compared to unguided care. The HTA included 10 primary studies with 4 post-hoc analyses
published from 2012 to 2020.The mean age in the included studies ranged from 41 to 52
years for all studies (except 1 that limited age range to 51 years). The authors of the HTA'™®
reported that the majority of populations across included studies were female. For the current
report, only the clinical effectiveness findings of this HTA™ were considered relevant. The
overlap in primary studies between the SR® and HTA™ in the current report is presented in
Appendix 5, Table 9; there was an overlap of 3 RCTs between the 2 publications. Three RCTs
overlapped between the HTA and SR; however, there was no duplication in how findings are
presented in this report, as the SR reported results by individual study and the HTA reported
results by specific PGx test.

Across the 4 RCTs and 4 NRSs in the current report, publication dates ranged from 2019 to
2021. Of the RCTs, 2 studies reported being single-blinded, 1 study was double-blinded, and
1 did not report blinding; 2 studies were single-centre and 2 studies were multi-centre. For
the NRSs, none reported blinding and all were at single centres; 2 studies were prospective,
with 1 using a historical control, and 2 were uncontrolled before-and-after studies measuring
outcomes within the same study population before-and-after PGx testing was conducted.

Country of Origin

The authors of the included SR were from Qatar® and those who authored the HTA™® were
from Canada. Of the remaining 8 studies (where 1 was reported in 2 publications), 4 were
conducted in the US,13141819 7 in Canada,’? 1 in Russia,'® 1 in China,’® and 1 in Germany'’ (the
primary author’s affiliations were both Switzerland and Germany).

Patient Population

The included SR?® found studies that focused on adults who were reported to have depression,
uncontrolled depression, MDD, generalized anxiety disorder, or psychiatric conditions. The
included HTA™ searched for studies with adults who had a primary diagnosis of major
depression. Inthe HTA,® all but 1 study had a mean age ranging from 41 to 52 years and
studies comprised mostly female participants.

Populations in the included primary studies were adults who had a variety of conditions
such as MDD, bipolar disorder, posttraumatic stress disorder (PTSD), and generalized
anxiety disorder.”™° One study® included patients who had comorbid affective disorder and
alcohol addiction. The studies included in the current report varied in their descriptions of
whether patients had already tried previous AD therapy that had been unsuccessful. Five
studies reported in 6 publications took place in single hospital/health care centre setting,'*®
1 study was in a veteran centre,"" 1 study was in an urban community pharmacy,'? and 1
study took place in an outpatient centre.’ Total study population sizes ranged from 15 to
1,459 participants. For the studies that provided age data, ages ranged from 18 to 85 years
and the mean age in specific study populations ranged from 36.6 to 52.5 years. Studies

did not clarify whether gender or sex was recorded or whether nonbinary identification was
reported, so the results are summarized as reported by the authors of the included studies.
One study included a male-only population.™ Male and female participants each represented

CADTH Health Technology Review Pharmacogenomic Testing in Depression: A 2021 Update 10



CADTH

approximately half of study populations in 4 articles;'®'471° female participants were a greater
proportion in 2 studies (ranging from 72% to 75.93%)'%'® and male participants were the
greater proportion in the other 2 studies.’®

Interventions and Comparators

PGx-guided treatment was compared to unguided care (i.e., standard care or treatment

as usual) in all included studies. Some studies referred to testing as “pharmacogenomic”
and others referred to it as “pharmacogenetic.” For the purpose of this report, the term
“pharmacogenomic” is used. In 2 studies,"'> unguided care involved placebo, whereby
clinicians were given a sham report to use information as directed, or were given a report
indicating that the patient’'s genotype was normal. In the uncontrolled before-and-after
studies, outcomes were compared before and after PGx testing at the same site;'8"? in the
cohort study, patients who had undergone PGx testing were compared to a historical control
of patients who were admitted 1 year earlier and did not receive testing."”

Outcomes

Outcomes included effectiveness, safety, and medication, with follow-up ranging from 1

day to 24 weeks across studies.®™ Effectiveness was reported and referred to in several
ways such as length of stay (LOS) in hospital, response to treatment,®'7'° or remission from
depression.®" Response and remission outcomes that were measured based on depression,
anxiety, functioning, or illness severity symptoms were measured using self-reported
questionnaires (3 sections: Sheehan Disability Scale;?" 5 items: Penn Alcohol Craving Scale;”?
7 items: General Anxiety Disorder-7 items;? 9 items: Patient Health Questionnaire [PHQ-9]*
14 items: Hospital Anxiety and Depression Scale,? 16-item questionnaires: Quick Inventory
of Depressive Symptomatology [QIDS-SR/QIDS-C16]%; 17 items: Treatment Satisfaction with
Medicines Questionnaire;?” 21 items: Hamilton Depression Rating Scales and Structured
Interview Guide for the Hamilton rating scale [HAM-D/HAMD-17/HAM-D6/SIGH-D17]%; 21
items: Beck Depression Inventory [BDI/BDI-I]%), or clinician-measured questionnaires using
the Clinical Global Impression [CGI] scales® (7-point scales: CGl-I [improvement], CGI-S
[severity]; 16-cell matrix: CGI-E [Efficacy index]), or the Global Assessment of Functioning
scale®! (0-to-100 scale).

Safety or harms were measured by side effects®'"151618 or adverse events (AEs).%'° Side
effects were measured in some studies’'® using self-reported 21-item questionnaires
(Antidepressant Side-Effect Checklist; ®* UKU Side-Effect Rating Scale®). AEs such as
emergency room visits and rehospitalization were reported in the included SR® and 1 RCT that
was reported in 2 articles.’' The included HTA'® found that no studies reported on suicide.

Medication-related outcomes were reported as medication switches,'”'® adding or removing
medication,'>"° dose adjustments, whether there was adherence to medication,’ whether
there was a delay in the patient receiving therapy,’” the number of medications the patient
was taking,’®'#1® compatibility with the medication,’ and how prescribers used PGx testing to
influence their recommendations.’1?

Additional details regarding the characteristics of included publications are provided in
Appendix 2, Table 2 and Table 3.

CADTH Health Technology Review Pharmacogenomic Testing in Depression: A 2021 Update 11
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Summary of Critical Appraisal

Systematic Review

The SR by Aboelbaha et al.? had several strengths and some limitations. Strengths included
clearly identifying the research question and eligibility criteria, following a protocol registered
beforehand, using a comprehensive search strategy, conducting study selection and data
extraction in duplicate, appraising the quality of studies, and providing details of included
studies such as which were industry-funded. The SR® only included primary studies not
already included in the SRs that were part of their evidence synthesis and results for SRs
and RCTs were reported separately to allow for summaries to be made by study design.

In addition, since there was no funding for the SR, the authors had no financial conflicts

of interest. Limitations of this review included not providing an explanation for excluding
observational studies or a list of excluded studies. The authors conducted quality assessment
using the Crowe Critical Appraisal Tool** for both SRs and RCTs, which may not have been
appropriate enough to capture unique aspects of each study design. This assessment by the
authors suggested that overall, included studies were poor- to moderate-quality because of
issues in study design, inappropriate blinding, small sample sizes, and poor accounting for
confounders.

Health Technology Assessment

The HTA by Ontario Health'® had several strengths and limitations. Strengths included
clearly identifying the research question and eligibility criteria, following a protocol registered
beforehand, using a comprehensive search strategy, appraising the quality of studies,

and providing details of included studies such as which were industry-funded. In addition,
authors discussed heterogeneity and the quality of the body of evidence when interpreting
results (e.g., from the MAs they conducted with random effects models). Limitations of this
HTA™ included having study screening and extraction performed by a single reviewer, not
providing an explanation for excluding certain study designs and publications, not providing
a list of all of the excluded studies (a smaller sample of 7 studies was provided out of the
104 studies that were excluded), and lacking additional details about any potential conflicts
of interest or funding source. The authors’ quality assessment using the Cochrane Risk of
Bias Tool, Risk of Bias Assessment Tool for Nonrandomized studies (RoBANS), and Grading
of Recommendations Assessment, Development and Evaluation (GRADE) Working Group
criteria suggested that, overall, included studies were of low or very low quality.

Randomized Controlled Trials

Among the 6 RCTs, there were several strengths and limitations, and these varied across
studies. The 2 articles by Ruafio et al.’®'* about the CYP-GUIDES trial reported details about
the trials differently. As strengths, both studies described the objectives, main outcomes,
patient characteristics, intervention, confounders, and main findings clearly. Both also
reported randomization into study groups, random variability for main outcomes, and P values
with exact values. One publication™ did not mention the blinding of participants or study
personnel and the other™ indicated that both patients and physicians were blinded. Blinding
would be a strength of the trial, as it would have potentially reduced biases in how physicians
treated patients and how outcomes were measured and reported on. A strength of the trial
mentioned in 1 of the publications™ is that all patients received their allocated intervention
and there was no loss to follow-up. The main outcome, LOS, may also have been valid and
reliable, as it could be objectively measured, and the readmission rate outcome may not have
been valid because only the electronic medical record at the study site was consulted to see
if patients were readmitted; if patients had been readmitted at another site, this would not be
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captured in the results. Further, patients were recruited from the same site, which may have
increased internal validity since potential confounders may have been balanced, but may
have reduced external validity, as findings may not be generalizable to other populations.

In 1 publication,' the trial was described to have a randomization process that resulted in
adequate sample sizes for the study groups; however, a statistical analysis plan was not
described in detail and it was unclear how any covariates may have biased the results.
Although 1 of the publications™ conducted statistical analyses appropriately to account for
confounders not adjusted for in the previous publication for the same trial,® it is unclear if the
sub-analyses in the more recent publication had sufficient power. Limitations in both Ruafio
publications™™ include no data describing AEs and unknown compliance by physicians to
use the PGx guidance.

In the remaining 3 RCTs,"'21% strengths were clear descriptions of objectives, patient
characteristics, interventions, and main findings; randomization to study group; sufficient
reporting of P values; appropriate statistical analyses with consideration for confounders;
blinding; patients being recruited from similar sites suggesting high internal validity; and
sufficient power to detect main effects. Specifically in 1 study,' there was sufficient power to
detect effects after 6 months. However, there was not enough power to include all important
variables in the analysis or to compare treatment recommendations across groups. Although
these 3 RCTs had high internal validity, there may have been low external validity, as results
may not be generalizable to other populations. In all 3 studies, reliability of the outcomes

was unclear, as they may have been biased by patient or clinician judgment. Two studies''®
reported main outcomes sufficiently, but 1 only described tolerability in sufficient detail™ and
main findings for other outcomes were not clearly described with exact values. In this study,
misclassification was likely low, as physicians were provided with a sham report of PGx test
results. In the Zastrozhin et al. study,’® physicians were blinded to the study assignment;
however, there was no explicit mention of patients being blinded. Further, side effects were
measured in the Zastrozhin et al. study.’® However, in the other 2 RCTs,""2 it is unclear if AEs
were measured. The Papastergiou et al. study' had similar loss to follow-up in both study
groups (15%); however, the McCarthy et al. study' had a large amount of loss to follow-up
that was higher in the comparator group. In the Zastrozhin et al. study,™ loss to follow-up was
not adequately described and the study may have been too short to detect outcome changes.
In the McCarthy et al. study," the authors listed several conflicts of interest and it is unclear
how these affected study results.

Non-randomized Study

The study by Huilei et al.’® had strength and limitations. Strengths included clearly identifying
the objective, main outcomes, patient characteristics, intervention, confounders, and main
findings; measuring side effects throughout the study; providing exact P values; having
patients and outcome assessors blind to the study assignment; conducting appropriate
statistical tests; recruiting participants from the same site; and considering confounding in
the study groups. Because patients and outcomes assessors were blinded, this may have
reduced bias in how patients reported outcomes and how clinicians may have provided care
or measured outcomes. Recruiting patients from the same site may have increased the
internal validity, as potential confounders introduced from a more variable sample may have
been controlled better. However, this may also have reduced the external validity, as results
may not be applicable to other populations.
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Cohort Study With Historical Control

The cohort study with historical control'” had some strengths and several limitations.
Strengths included clearly describing the objectives, main outcomes, patient characteristics,
interventions, and main findings, and providing exact P values for the main outcomes.
Patients were recruited from the same site, which may have increased internal validity as
potential confounders introduced from a more variable sample may have been controlled
better. The study also provided random variability for main outcomes to indicate the
distribution of the data, considered confounders to compare the study populations before and
after the intervention, and reported on AEs. In addition, the study also measured outcomes
such as medication changes and hospitalization stay, which may have been less influenced
by bias as these would have been objectively recorded, and it indicated that the authors had
no conflicts of interest.

Regarding limitations, because patients were not randomized to groups, several variables
and confounders may not have been controlled and that could have biased the results. In
addition, the blinding of patients or clinicians was not mentioned and was assumed not to
have occurred, meaning that the knowledge of receiving the intervention may have influenced
how outcomes were reported and measured. The population size of the PGx group was

49 in the intervention group and 94 in the control group, which reduced the power of the
study to detect effects of the intervention. The study also did not describe how statistical
analyses accounted for small sample sizes and it included outcomes measures with unclear
validity and reliability, as they involved the patient or physician’s subjective judgment about
depression symptoms and side effects. Further, the results may not have had external validity
because the study took place at a single site and may not be applicable to other populations.
The funding sources were not reported and it is unclear if there were missing patients or
data, or controlling for confounders. Therefore, selection bias may have occurred to include
patients in the study with longer disease history, which may have biased the results.

Uncontrolled Before-and-After Studies

The 2 uncontrolled before-after studies™'® had some strengths and several limitations.
Strengths of both studies included clearly describing the objectives, main outcomes, patient
characteristics, interventions, and main findings, and providing exact P values for the main
outcomes. Both studies recruited patients from the same site, which may have increased
internal validity, as potential confounders introduced from a more variable sample may have
been controlled better. The Collins et al. study® also provided random variability for main
outcomes to indicate the distribution of the data, considered confounders to compare the
study populations before and after the intervention, and reported on AEs. The Kierce et al.
study'® also indicated that the authors had no conflicts of interest.

Regarding limitations, both studies were uncontrolled before-and-after designs, meaning that
patients were not randomized to groups and several variables and confounders may not have
been controlled for and could have biased the results. In addition, the blinding of patients or
clinicians was not mentioned and assumed not to have occurred in these studies, meaning
that the knowledge of receiving the intervention may have influenced how outcomes were
reported and measured. The sample sizes of both studies were also small (ranging from 15 to
80 patients enrolled in intervention groups), which reduced the power of the studies to detect
the effects of the intervention. The 2 studies also did not describe how statistical analyses
accounted for small sample sizes and included outcomes measures that may not have been
valid or reliable because they involved the patient’s or physician's subjective judgment about
depression symptoms and side effects. Further, the results from these studies may not

CADTH Health Technology Review Pharmacogenomic Testing in Depression: A 2021 Update 14



CADTH

have had external validity because they took place at single sites and may not be applicable
to other populations. The funding source from 1 study' was not reported and for the other
study’® there may have been conflicts of interest relating to the funding of the study. In the
Collins et al. study,® loss to follow-up was greater than 30%, which may have biased the
results if the reasons for dropout were related to the intervention. It is also unclear if the
intervention was applied in the intervention group and if the patients were recruited over the
same period of time. In the Kierce et al. study,' it is unclear if AEs were recorded beyond the
main outcome or if there were missing patients or data. Additionally, follow-up time varied
and it was unclear if this was adjusted for; the short time period of the study overall may have
also prevented key outcomes that occurred later from being included in the results. Finally,
although the Kierce et al. study' measured demographic characteristics, the results may
have been biased by potential placebo effects and other factors such as depressive episodes
and psychosocial circumstances.

Additional details regarding the strengths and limitations of included publications are
provided in Appendix 3, Table 4 and Table 5.

Summary of Findings

Appendix 4 presents the main study findings by outcome in Table 6, Table 7, and Table 8.
Although there was an overlap of 3 RCTs between the included HTA™ and included SR,° there
was no duplication in how their findings were reported, as the SR reported results by study
and the HTA reported results by specific PGx test. The SR included 6 SRs and 3 RCTs; 3 of
the SRs were already described in the 2020 CADTH report® and are not reported in the current
report. The HTA included 8 RCTs covered in 12 publications and 2 NRSs. The results from 5
of the RCT publications and both NRSs were already included in the 2020 CADTH report and
are not included in the current report.

Clinical Effectiveness of Pharmacogenomic Testing — Effectiveness
Length of Stay in Hospital

Two studies looked at LOS in a hospital and had mixed results.’™™” In the cohort study with
historical control,'” there was a difference in LOS between the intervention and comparator
groups and there was an association between those who underwent genotyping and a
shorter LOS. The statistically significant difference remained when results were conducted
within a treatment-naive subgroup and within a subgroup of patients who had previously
taken ADs. For the RCT reported in 2 publications,’®'* both publications showed no difference
between the intervention and comparator groups with respect to LOS in the hospital.

Response to Treatment

Several studies reported on response to treatment using different terminology such as
response, response rate, or using specific definitions based on questionnaire scores. For the
current report, results are presented using the wording of the original authors and definitions
are provided where available.

In the Aboelbaha et al. SR,° response was considered in multiple ways such as proportion of
response, improved symptoms, or a change in depression scores. One RCT included in this
SR? showed significant differences in response rates and depression scores (measured using
HAMD-17) after 8 weeks and mixed results in another RCT. Three SRs showed improvements
in response for the intervention group (PGx testing) compared to the control group.
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In the included HTA,'® authors reported that response to depression treatment was defined
as 50% or greater improvement in depression score from baseline in 8 studies and 4 post-
hoc analyses, and that studies measured this using various tools such as the HAM-D17/
SIGH-D17, QIDS-C16, HAM-D6, PHQ-9, or CGI-S, all of which measure depressive symptoms.
In this HTA,'? low to very low-quality evidence showed that NeurolDgenetix and GeneSight
resulted in improvements in the response to treatment compared to treatment as usual,

for Neuropharmagen the results were mixed, and there was no evidence for CNSDose.
Depression results were mixed across different PGx tests compared to treatment as usual,
with little to no improvement in the intervention group for GeneSight and Genecept tests,
inconsistent results for Neuropharmagen, and no evidence for CNSDose or NeurolDgenetix.™
The authors conducted an MA of 2 RCTs (1 of which was previously summarized in the

2020 CADTH report) and reported findings in 2 places in the report, with different values. The
results reported in the text indicate that there was a 34% improvement in response (measured
by HAMD-D17) in those who received a GeneSight PGx test compared to those who received
usual care and that this was considered low-quality evidence. The results from the MA figure
showed a relative risk of 1.50 (95% confidence interval, 1.14 to 1.96). It is unclear which of
these are the results for the response outcomes in this study.™

The 1 included NRS'® that used the CGI-El found that the intervention group had significantly
better clinical outcomes than the comparator group. The intervention group showed better
effectiveness than the comparator group at the 4-, 8-, and 12-week follow-ups but not the
2-week follow-up.’®

In 1 cohort study with historical control,’” the calculated improvement rates for functioning
(using the Global Assessment of Functioning) and depression (using BDI-Il) were greater in
the intervention group even though absolute numbers were not different between the groups.

In 1 RCT,"? depression outcomes measured by the PHQ-9 showed improvements compared
to the standard care group and in 1 uncontrolled before-and-after study,’® the PHQ-9 showed
no difference in baseline and follow-up scores following guided care using PGx testing.

In 1 RCT,"" within-group differences measured using CGIl showed improvements over time;
however, there was no difference in depressive symptoms between the intervention and the
standard care groups. When these results were reexamined, results showed that when bipolar
disorder patients were removed from the analysis, the intervention group had improved CGI
outcomes compared to the standard care group, which was driven by PTSD patients. There
were no differences in MDD patient improvement within study groups over time in either study
group. When separating the study population into risk categories, moderate-risk patients

in the intervention group improved better than the standard care group, while there was no
difference between groups for high-risk patients. In this same RCT,"" similar results were

seen when depression was reported with QIDS-SR scores, which showed study population
improvements over time but no difference between the intervention and standard care group.
In another RCT that measured CGl,'® scores were better in the guided group compared to the
unguided group at day 9 and day 16 follow-ups.

In the Papastergiou et al. RCT,12 functional disability and impairment (measured with the
Sheehan Disability Scale) and anxiety (using GAD-7 questionnaire scores) assessments
showed more improvements in the intervention group compared to the standard care
group. However, treatment satisfaction (using the Treatment Satisfaction with Medicines
Questionnaire) did not change differently across groups during the study.
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In the Zastrozhin et al. RCT,15 alcohol craving (reported using the Penn Alcohol Craving
Scale), depression (measured using BDI), anxiety and depression (using Hospital Anxiety
and Depression Scale), and depression scores (using HAMD) were all significantly lower in
the intervention group compared to the unguided group. In this same RCT, HAMD scores for
depression showed reductions within study groups at multiple follow-ups and between study
groups at each follow-up.'

Remission From Depression

Remission outcomes were reported in 3 studies.®"" In the included HTA,'° authors
reported that remission from depression was defined as 5 or lower on PHQ-9, 5 or lower
on QIDS-C16, 7 or lower on HAMD-D17, or 4 or lower on HAM-D6 at follow-up. Low- to
very low-quality evidence showed that the NeurolDgenetix, GeneSight, and CNSDose PGx
tests resulted in improvements in remission compared to treatment with no PGx testing,
while the Neuropharmagen results were mixed across studies.’® The authors conducted
an MA of 2 RCTs (1 of which was previously summarized in the 2020 CADTH report) that
showed an improvement in remission (measured by HAMD-D17) in those who received a
GeneSight PGx test compared to those who receive usual care and this was considered
low-quality evidence.™®

In the SR by Aboelbaha et al.,° evidence showed higher remission in the guided group
compared to the standard care group in 1 RCT and 2 MAs but no significant differences in 1
primary study and no improvement in 1 MA.

In T RCT,"" remission was defined as ending the study with a score of 1 or 2 on the CGI and,
although remission was higher in the intervention group compared to the standard care
group, this was not statistically significant.

Clinical Effectiveness of Pharmacogenomic Testing — Safety and Harms
Side Effects

The included HTA™ showed inconclusive results for side effect outcomes in the included
studies. The Aboelbaha et al.study® found minimal evidence on safety outcomes and
inconsistency in results: T RCT showed no differences in the mean number of side effects
between study groups and another RCT showed that side effects measured using FIBSER
scale (for the frequency, intensity, and burden of side effects) were significantly different
between groups, showing greater improvements in the PGx group. Further, 1 SR included in
the Aboelbaha et al.study® showed that the intervention group had a lower risk of medication
tolerability issues.

The 1 included NRS™ used the CGI-El index and found that the intervention group had
significantly fewer side effects than the comparator group at the 4-, 8-, and 12-week follow-
ups but not the 2-week follow-up.

One RCT" showed that side effects were prevalent in the total study population but did not
change over the course of study and there were no significant differences between those
who were tested and those receiving standard care. When conducting subgroup analyses,
this RCT' showed that, in the moderate-risk subgroup, side effect burden improved in

the intervention group compared to standard care and the high-risk group showed higher
side effect burden compared to the standard care group, which was explained by patient
dropout. In another RCT,'® side effects measured using the UKU Side-Effect Rating Scale
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showed increases within study groups at multiple follow-ups and between study groups at
each follow-up.

In 1 uncontrolled before-and-after study,'® side effects measured using the Antidepressant
Side-Effect Checklist showed improvements after PGx testing and adjusted analyses showed
that improvements were not correlated with medication change.

Adverse Events

In the Aboelbaha et al. study,® 1 included SR showed the intervention group had lower
rehospitalizations after 2 months, as well as fewer emergency room visits after 2 months.
However, this was not statistically significant. The HTA'® reported that there was no evidence
found for suicide.

For the RCT reported in 2 publications,’™ both publications showed no difference between
the intervention and comparator groups with respect to the readmission rate 30 days
after discharge.

Clinical Effectiveness of Pharmacogenomic Testing — Medication

Of the included primary studies, the 2 uncontrolled before-and-after studies,'®® the cohort
study with historical control,”” and 3 of the RCTs"""* reported medication-related outcomes.
The included HTA™ found no studies examining medication adherence. In the cohort study
with historical control,’” the number of medication switches was not different between the
intervention and control groups and the subgroup analyses in treatment-naive patients
showed more changes in the control group compared to the intervention group. In addition,
the intervention group was given medication at a significantly delayed time point compared
to the control group.” In the Collins et al. study,' the majority of patents had medication
changes and were compatible with their treatment; the adjusted analysis showed that

the medication change was not correlated to the CGI-I score. In the Papastergiou et al.
study, there were more medication switches in the intervention group compared to the
control group.™

In terms of how treatment was implemented, the Kierce et al. uncontrolled before-and-after
study’ showed that, of the 15 patients who underwent PGx testing, 6 were given medication
that had gene-drug interactions. In the T RCT conducted by Ruafio et al.,'*™ most patients in
the overall study population were given at least 2 psychotropic drug treatments: less than 100
patients were given no treatment and less than 200 patients were given T medication.” The
McCarthy et al. study' showed that the majority of clinicians did not change dosing based

on the PGx test results but did use the test to reduce side effects. In the Papastergiou et al.
study,’> more dose adjustments and more new medication additions occurred in the PGx

test group, while continuation of the medication regimen occurred more in the control group
compared to the PGx test group.

Limitations

There are several limitations to the body of evidence found. Studies varied in comparability
of populations across the evidence and findings may have had low external validity. Some
studies were focused on patients with a specific primary diagnosis of MDD and other studies
were inclusive of various forms of depression. Some study population sizes were small
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(e.g., 15 participants), which may have made it difficult to draw conclusions. The majority of
studies were conducted at single hospital sites in different countries. These findings may not
be representative of the types of patients with depression in a more generalizable population
(i.e., non-hospital contexts) or to people with depression specifically in Canada. The 1 study
that was conducted in Canada'? took place at 3 urban pharmacies in Ontario that may not
be generalizable to other health care settings (e.g., primary care) or geographic settings (e.g.,
rural communities in Canada).

Regarding outcomes, several ways of measuring the effectiveness or response to the
intervention were measured, with the majority of studies using questionnaires that relied

on patients’ self-reporting or clinicians’ judgment; this may not have been reliable because
the questionnaires are based on subjective responses. Different questionnaires were used
across studies to measure symptoms and some studies used multiple questionnaires for the
same trial, which showed conflicting findings. There were also few studies that reported on
other outcomes such as side effects, AEs, or medication-related outcomes; these outcomes
may be important in determining the effectiveness of PGx testing. Further, follow-up time for
these outcomes ranged widely from 1 day to 24 weeks and differences between study groups
were seen at some time points but not others. In the included HTA,® no results were found
for quality of life, recovery, relapse, or recurrence of depressive symptoms long term; and, of
the studies found, most did not have outcomes reported after 12 weeks. In some studies,
subgroup analyses were performed based on the specific PGx test, patient risk categories,

or whether patients were treatment-naive or not. This variability may make it difficult to
compare studies to each other as the study findings are based on different outcomes using
different measures, different follow-up times, different sample sizes, and different subgroups
of patients.

Conclusions and Implications for Decision- or
Policy-Making

A CADTH rapid review was conducted to update a 2020 CADTH report® and provide new
evidence on the clinical effectiveness of guided care with PGx testing compared to standard
care for adults with depression. Although trials are currently underway and new protocols
have been published since the 2020 CADTH report's® literature search (see Appendix 6), the
results of these studies have not been published yet. Of the literature that was found for the
current report, 11 new studies were identified that included 1 SR,° 1 HTA,' 4 RCTs reported
in 5 publications,” ™ 1 NRS,'® 1 cohort study with historical control,’”” and 2 uncontrolled
before-and-after studies.’™'® One additional abstract for an RCT*® was found in the literature
search and is listed in Appendix 6. Most studies were conducted in the US and 1 RCT was
conducted in Canada.™ The populations in these studies included people aged 18 to 85 years,
with various forms of depression such as MDD, BD, generalized anxiety disorder, and PTSD
in study samples that ranged from 15 to 1,459 participants. Outcomes reported were LOS,
response to treatment, remission from depression, side effects, AEs, and medication-related
outcomes. All outcomes showed mixed results across the body of evidence.

Because PGx testing is a growing field, the current CADTH report adds to the body of
evidence to ascertain what has been published since the previous report. Compared to the
2020 CADTH report,S the current report only focused on updating the clinical effectiveness
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literature (the 2020 CADTH report included cost-effectiveness studies and guidelines). The
previous report® found 1T HTA, 2 SRs with MAs, and 1 RCT that showed inconclusive evidence
on the clinical effectiveness of PGx testing. Specifically, the HTA included in the 2020 CADTH
report found mixed results of low to very low quality for all outcomes, T SR with MA that
showed minimal evidence of low quality, another SR with an MA that showed remission for
depression for patients with moderate to severe depression who had intolerability to previous
medication, and 1 RCT that showed no effect of PGx-guided care on safety or depressive
symptoms.® This current report found a greater number of publications; however, it also
showed inconclusive evidence. In particular, LOS in hospital, response to treatment, remission
from depression, side effects, and adverse event outcomes showed mixed results across
study designs, with some studies reporting improvements in those patients who received
PGx-guided treatment and some studies showed no difference between the PGx testing and
usual care. No included studies found worse outcomes for those undergoing PGx treatment
compared to standard care. There were several limitations in the included studies such

as poor study design, small sample sizes, variability in measuring outcomes, subjective
reporting of outcomes, and low generalizability. For the primary studies specifically, half were
randomized and half were not, which may have explained why the conclusions for various
outcomes differed across studies. Further, 4 of the publications included some form of
blinding, with 2 trials blinding someone other than the patient.

Because of the high variability in the findings, future studies may consider the following:
consensus on which tools best measure the clinical effectiveness of guided care with PGx
testing, with a balance of reporting subjective and objective outcomes; the appropriate length
of follow-up to allow medication changes to take place and long-term effects to be captured;
all important variables that may affect results (e.g., patient risk type, patient’s medication
history) and performing statistical analyses to determine whether potential effects are due to
medication changes or other variables; other outcomes that are not adequately captured in
current literature (e.g., long-term effects, suicide); and study conduct in settings that are more
generalizable.

Further research could also help shed light on how this new tool can be implemented in a way
that provides clear guidelines for clinicians, helps determine the best way to manage care by
setting and provider type (e.g., physicians in primary care, pharmacist in pharmacies), helps
assess ethical issues regarding how patients’ biological samples and data are used, helps
understand what barriers exist to accessing PGx-guided care, and helps establish best care
practices during the delays between testing and medication implementation.*s

Guided care with PGx testing is not commonly used as part of treatment for people with
depression® and further research in this area could help provide more conclusive results on its
clinical effectiveness.
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341 citations identified from electronic
literature search and screened

v

v
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276 citations excluded

65 potentially relevant articles retrieved
for scrutiny (full text, if available)

2 potentially relevant reports
retrieved from grey literature

v

v

67 potentially relevant reports

v

56 reports excluded:
« irrelevant population (7)
« irrelevant intervention (5)
« irrelevant comparator (7)
- already included in at least 1 of the
selected systematic reviews (6)
«included in 2020 CADTH report (2)
+ duplicate (1)
- other (review articles, editorials) (28)

11 reports included in review
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Appendix 2: Characteristics of Included Publications

Note that this appendix has not been copy-edited.
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Table 2: Characteristics of Included Systematic Review and Health Technology Assessment

Study citation,
country,

funding source

Study designs, no. of primary
studies included

Population
characteristics

Systematic review

Intervention and
comparator(s)

Clinical outcomes,
length of follow-up

Aboelbaha et
al. (2021)°

Qatar

Funding
source: No
funding
received

Literature published up to June
30, 2020

6 SRs

* Bousman 20192
* Brown 2020

+ Fabbri 2018

+ Health Quality Ontario 20172
+ Rosenblat 20172
+ Rosenblat 2018
3 RCTs

+ Greden 2019

+ Han 2018

* Thase 2019

Adults with depression,
GAD, uncontrolled
depression, psychiatric
conditions, MDD or
MDD with treatment
failure

Across SRs: 1,556 to
13,377 patients

Across RCTs: 100 to
1,541 patients

Intervention: PGx-guided
treatment

PGx tests covered:

« Amplichip CYP450 Test
* CNSDose

* Genecept Assay

* GenelLex

+ GeneSight Psychotropic
* HILOmet

* NeurolDgenetix

+ Neuropharmagen

« Pillcheck

Comparator: TAU

Outcomes: remission,
response (symptom
improvement,
depression

scores), safety,
rehospitalizations,
emergency room visits,
treatment tolerability,
side effects, cost-
effectiveness, quality
of life, prevention of
suicide, clinician and
patient satisfaction,
impact on therapeutic
decisions

Follow-up: 4 to 24
weeks

Health technology assessment

Ontario Health
(2021)°

Canada

Funding
source: NR

SRs, MAs, NRS, and RCTs
searched up to Jan. 24, 2020

8 RCTs (12 articles)
+ Bradley 20182

+ Dunlop 2019

* Forester 2020

+ Greden 2019

+ Han 2018

* Menchon 2019

* Perez 20172

+ Perlis 2020

+ Shan 20192

+ Singh 20152

+ Thase 2019

* Winner 20132

2 NRSs

+ Hall-Flavin 20122
+ Hall-Flavin 20132

Adults = 18 years with
a primary diagnosis
of major depression
needing drug therapy
including those with
inadequate response
to medication or
medication-naive
people;

Mean age: 41 to 52
years for all studies
(except 1 which limited
age range to 51 years)

“Most participants
were female in all
studies (p. 24)"

Intervention: multi-gene
pharmacogenomic test
with a clinical decision-
support tool to guide
treatment selection

PGx tests covered:

* CNSDose

* Genecept

+ GeneSight Psychotropic
* NeurolDgenetix

+ Neuropharmagen
Comparator: TAU

Outcomes: change in
depression (depression
score, response,
remission, relapse,
recurrence, recovery),
medical adherence,
AEs, suicide, quality

of life, impact on
therapeutic decisions

Follow-up: 2to 12
weeks
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AE = adverse event; BD = bipolar depression; GAD = generalized anxiety disorder; MA = meta-analysis; MDD = major depressive disorder; NR = not reported; NRS = non-
randomized study; PGx = pharmacogenomic; RCT = randomized controlled trial; SR = systematic review; TAU = treatment as usual.

2Assessed in a 2020 CADTH report.®
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Table 3: Characteristics of Included Primary Clinical Studies

( O
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O dy desidg Populatio O d comp O g of Tollo D
Randomized controlled trials
MccCarthy et al. RCT, single-blinded | Veterans (N = 182) with TRD diagnosed with PTSD, MDD, BD Intervention (n = 75): PGx- Outcomes:
(2021)" (patient), multi- Intervention group: mean age 52.5 (SEM 1.5), range 24 to 82 guided treatment (clinician improvement,
usS centre given PGx test report to inform | remission, depressive
Fundi Setting: veteran Comparator group: mean age 50.3 (SEM 1.6), range 23 to 81 decision-making for patient symptomes, tolerability
unding source. ' Intervention group male: 79% care side effects
grant from centres grotip ) ( )

NIH, corporate
sponsorship, and
research support
from Pathway
Genomics

Comparator group male: 74%

Comparator (n = 74): TAU
(clinician given sham report
to inform decision-making for
patient care; use as directed)

Follow-up: 4, 8 weeks

Papastergiou et al.
(2021)2

Canada

Funding source:
Green Shield Canada

RCT, single-blinded
(patient), multi-
centre

Setting: urban
community
pharmacies

Inclusion criteria: adults prescribed = AD and diagnosed with GAD
and/or MDD who were on newly initiated or had recently changed
AD therapy; had suboptimal response, adverse drug reactions, or
dissatisfaction with AD therapy; and their SATMEDQ results showed
dissatisfaction

Exclusion criteria: people who had had a liver transplant, people with
BD, dementia, or schizophrenia; people who were nonadherent to
prescribed medication because of failure or refusal

Mean age: 42.69 (SD 14.90), range 18 to 77 years
Female: 74.65%

Intervention (n = 105):

PGx-guided treatment using
the Pillcheck test (pharmacist
given PGx test report and
made recommendations

to prescriber to inform AD
therapy)

Comparator (n = 108): TAU

Outcomes: depression,
anxiety, functional
disability and
impairment, treatment
satisfaction

Follow-up: 1, 3,6
months
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Study citation,
country, funding
source

Ruano et al. (2020)"
us

Funding source:
Agency for
Healthcare Research
and Quality

Study design

RCT (2:1), single-
centre

Trial name: CYP-
GUIDES

Setting: hospital

Population characteristics
Inclusion criteria: adults with MDD

Exclusion criteria: pregnant or nursing; people with chronic kidney
disease, Alzheimer disease, dementia, subarachnoid hemorrhage, or
hemorrhagic stroke; people in hospital in previous 30 days

Intervention group: female 51.3%, male 48.7%
Comparator group: female 50.3%, male 49.7%

Intervention group: female > 60 years old 8.7%, male > 60 years old
8.6%

Comparator group female > 60 years old 8.8%, male > 60 years old
8.9%

Intervention and comparator(s)

Intervention (n = 982):

genetically-guided therapy
(CYP2D6 genotype and
functionality determined
and used for prescribing
recommendations to
physician)

Comparator (n = 477):
standard care (CYP2D6
genotype and functionality
determined and not used for
prescribing recommendations
to physician)

CADTH

Clinical outcomes,

length of follow-up

Outcomes: LOS, RAR

Follow-up: RAR 30
days after discharge

Ruano et al. (2021)"
us

Funding source:
Agency for
Healthcare Research
and Quality

RCT (2:1), single-
centre, patients
and physicians
blinded

Trial name: CYP-
GUIDES (subgroup
analysis)

Setting: hospital

Inclusion criteria: adults with MDD

Exclusion criteria: pregnant or nursing; people with chronic kidney
disease, Alzheimer disease, dementia, subarachnoid hemorrhage, or
hemorrhagic stroke; people in hospital in previous 30 days; people
who had surgery or ischemic stroke within 6 weeks; people enrolled in
another clinical trial

Intervention group: female 52.5%, male 47.5%
Comparator group: female 51.6%, male 48.4%

Intervention group: female > 60 years old 6.9%, male > 60 years old
8.4%

Comparator group female > 60 years old 9.1%, male > 60 years old
8.2%

Intervention (n = 549):

genetically-guided therapy
(CYP2D6 functional status
used for prescribing
psychotropics)

Comparator (n = 277): TAU

Outcomes: LOS, RAR

Follow-up: RAR 30
days after discharge
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Study citation,

country, funding
source

Zastrozhin et al.
(2020)°

Russia

Funding source:
grant from the
President of the
Russian Federation,
the Russian Science
Foundation

Study design

RCT, single-centre,
double-blinded
(including
physician)
Setting: health
care centre

Population characteristics

Inclusion criteria: Patients with MDD single episodes or cyclothymic
disorder with comorbid alcohol dependence in remission; mirtazapine,
fluvoxamine, or carbamazepine treatment = 16 days

Exclusion criteria: severe somatic disorders except alcohol hepatitis
and toxic encephalopathy; other mental disorders; creatinine
concentration = 1.5 mg/dL, creatinine clearance

values < 50 mL/min, body weight < 60 kg or > 100 kg, reactions to
fluvoxamine, age = 75 years; other psychotropic medications
Intervention group: mean age 36.7 (SD 9.5)

Comparator group: mean age 38.2 (SD 8.6)

Male: 100%

Intervention and comparator(s)
Intervention (n = 48):

mirtazapine, fluvoxamine, or
carbamazepine treatment
informed by PGx testing

Comparator (n = 70):
physicians given report

that patients had normal
genotype (regardless of actual

genotype)

CADTH

Clinical outcomes,
length of follow-up

Outcomes: safety,
efficacy

Follow-up: 1,9, 16 days

Non-randomized study

Huilei et al. (2020)"¢
China
Funding source: NR

Prospective,
single-centre

Setting: hospital

Inclusion criteria: patients 16 to 65 years old with BD, baseline HAM-D
score = 20 points, BRMS score = 6 points; only 2 previously failed
treatments or first-time unmedicated patient

Exclusion criteria: chronic disease or serious illness needing
medication that could interfere with study, > 2 past treatment failures

Intervention group: 32 females, 68 males
Comparator group: 30 females, 70 males

Intervention group: ages 16 to < 25 = 10 people, ages 25 to 50 = 48
people, ages 50 to 65 = 42 people

Comparator group: ages 16 to < 25 = 18 people, ages 25 to 50 = 50
people, ages 50 to 65 = 32 people

Intervention (n = 100):

genetic test results used to
guide treatment

Comparator (n = 100):
standard practice/ traditional
methods

Outcomes: efficacy,
side effects
Follow-up: 2, 4, 8,12
weeks
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Cohort study with historical control
Bittig et al. (2020)"” | Cohort study with | Inclusion (intervention): people with MDD (recurrent severe without Intervention (n = 49): patients | Outcomes:

Switzerland,
Germany

Funding source: NR

historical control,
single-centre

Setting: hospital

psychotic features or single episode, severe without psychotic
features) prescribed = 1 AD (not for sleep); AD taken for first time or
previous therapy replaced, stayed = 14 days

Exclusion (intervention): part of modular psychotherapeutic treatments
requiring hospitalization; discharge against recommendation or for an

emergency (non-psychiatric) treatment at another hospital; BD, current
episode depressed, severe, without psychotic features; schizophrenia/
schizotypal/ delusional/other non-mood psychotic disorders

Exclusion (comparator): admitted multiple times during control
investigation period, or in both periods of investigation

Intervention group: mean age 41.27 (SD 14.15)
Comparator group: mean age 44.12 (SD 16.65)
Intervention: female 46.9%, male 53.1%
Comparator: female 53.2%, male 46.8%

provided PGx test before AD
therapy

Comparator (n = 94): patients
admitted 1 year before who did
not receive PGx testing

medication changes,
hospitalization,
depression

Follow-up: outcomes
measured up to 6
months

Uncontrolled before-and-after studies

Collins et al. (2020)'®
us

Funding source:
grant from the
National Center
for Advancing
Translational
Sciences, Mayo
Clinic Center for
Individualized
Medicine

Uncontrolled
before-after study,
single-centre

Setting: hospital

Inclusion criteria: adults with polypharmacy with unipolar bipolar
depressive disorders, depressive, substance use and/or psychotic
disorders, and psychiatric but also comorbid neurocognitive or
medical illnesses

Exclusion criteria: PGx testing in previous 5 years

N = 80 enrolled, 92.5% diagnosed MDD, BD, PDD or mood disorder
Mean age: 48.4 (SD NR)

Female: 72%

Intervention: after PGx testing
using OneOme

RightMed

Comparator: before PGx
testing

Outcomes: side
effects, medication
changes, medication
compatibility, ECT part
of therapy

Follow-up: 30 days
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Study citation,
country, funding
source

Kierce et al. (2019)"°
us
Funding source: NR

Study design

Uncontrolled
before-after study,
single-centre

Setting: outpatient
psychiatric
practice

Population characteristics

Inclusion criteria: 19 to 85 years with primary depression, selected by
provider

Exclusion criteria: patients with BD | or Il, psychotic or related disorder
diagnosis, or < 19 years

N = 15 completed testing (8 female, 7 male)
Mean age: 44 (SD NR), range 19 to 76

Intervention and comparator(s)

Intervention: completed PGx
testing

Comparator: before PGx
testing

CADTH

Clinical outcomes,
length of follow-up

Outcomes: depressive
symptoms, medication
regimen

Follow-up: within 6
weeks

AD = antidepressant; ADR = adverse drug reaction; AE = adverse event; BD = bipolar disorder; GAD = generalized anxiety disorder; ECT = electroconvulsive therapy; HAM-D = Hamilton Depression Rating Scale; LOS = length of
stay; MDD = major depressive disorder; NIH = National Institutes of Health; PGx = pharmacogenomic; PTSD = posttraumatic stress disorder; RAR = readmission rate; RCT = randomized controlled trial; SATMEDQ = Treatment
Satisfaction with Medicines Questionnaire; SD = standard deviation; SEM = standard error of the mean; TAU = treatment as usual; TRD = treatment-resistant depression; NR = not reported.
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Appendix 3: Critical Appraisal of Included Publications

Note that this appendix has not been copy-edited.

Table 4: Strengths and Limitations of Systematic Review and Meta-Analysis, and Health
Technology Assessment, Using AMSTAR 27

Aboelbaha et al. (2021)°

The research questions and inclusion criteria for the review included relevant An explanation for excluding observational
populations, interventions, comparators, and outcomes. studies was not provided.

The protocol was established beforehand and was followed to conduct the It is unclear whether context experts were
review. consulted for additional studies.

For the search strategy, at least 2 databases were searched, key words were A list of all excluded studies with justification
provided, reference lists were screened, study registries were consulted, grey was not provided.

literature was searched, and the search was conducted within 24 months of
completion of the review.

Study selection and data extraction were conducted in duplicate with conflicts
resolved between reviewers through discussion or consensus.

Adequate detail was provided for included studies.
A satisfactory technique for assessing risk of bias was used.

The references for studies where authors of included studies had financial
relationships with manufacturing organizations or were industry-funded, were
provided.

The discussion of the results included consideration of the risk of bias of
individual studies.

Heterogeneity of the included studies was discussed.

There was no funding for the review and the review authors had no financial
conflicts of interest.
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Strengths Limitations

Ontario Health (2021)°
The research questions and inclusion criteria for the review included relevant Explanations for study design selection and
populations, interventions, comparators, and outcomes. publication restrictions were not provided.
The protocol was established beforehand and was followed to conduct the Study selection and data extraction were
review. conducted by a single reviewer.
For the search strategy, at least 2 databases were searched, key words and A list of all excluded studies with justification
search terms were provided, reference lists were screened, study registries was not provided, however a sample was
and experts were consulted, grey literature was searched, and the search was included in the appendices.

conducted within 24 months of completion of the review. It is unclear whether there were any potential

Adequate detail was provided for included studies. conflicts of interest, or what the funding
A satisfactory technique for assessing risk of bias was used. source of the review was.
The impact of risk of bias on MA findings was discussed.

Studies where authors had financial relationships or funding from manufacturers
were indicated.

The authors addressed the heterogeneity of studies and used random effects
models for MA.

The authors discussed the risk of bias of studies, the quality of the body of
evidence, and publication bias.

MA = meta-analysis.
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Table 5: Strengths and Limitations of Clinical Studies Using the Downs and Black Checklist®

Strengths Limitations

Randomized controlled trials

McCarthy et al. (2021)""

The objective, main outcomes, patient characteristics, intervention, and confounders
were clearly described.

The main findings for tolerability were clearly described.

Exact probability values were reported for the primary outcome.

The patients were blinded to the intervention they received.

The statistical tests used to assess the main outcomes were appropriate.

Since all patients were swabbed for PGx testing and clinicians for both groups were
given reports (PGx test results for the intervention group and sham report in the
comparator group), misclassification was likely low.

Participants were recruited from similar populations (veteran centres) over the same
period of time and analyses were adjusted for site.

Patients were randomly assigned to intervention or comparator group.

Confounding was considered in order to compare the intervention and comparator
groups — analyses were adjusted for some covariates and demographic factors, and
were compared between the 2 groups.

The study had sufficient power to detect a moderate effect.

The main findings for CGI, remission, and depression were not clearly described with
exact values.

It is unclear what the quantity of adverse events were in each study group.

Patients were lost to follow-up throughout the study and when results were stratified
by risk category, loss to follow-up was higher in the comparator group than the
intervention group suggesting potential selection bias.

It is unclear whether the patients recruited, patients prepared to participate, or the
staff, places, and facilities where patients were treated were representative as they
were veterans receiving care in specific veteran centres in the US. It is unclear whether
there was bias in recruitment as patients were referred by their clinician and were
provided with free testing if they chose to participate.

Those measuring the main outcomes of the intervention were not blinded.

It is unclear whether the outcomes measured were valid or reliable as they relied on
patient/clinician judgment. Since clinicians were not blind to study assignment, this
may have biased results.

Phenoconversion was a variable that may have affected the results and was not
measured or accounted for.

It is unclear how the authors’ conflicts of interest and study funding source may have
affected the study.
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Strengths Limitations

Papastergiou et al. (2021)2

The objective, main outcomes, patient characteristics, intervention, confounders, and
main findings were clearly described.

Loss to follow-up was described in detail and the quantity was similar in both study
groups (15%).

Exact probability values were reported for study outcomes.
The patients were blinded to the intervention they received.

The statistical tests used to assess the main outcomes were appropriate and
justification was provided.

Confounding was considered to compare the intervention and comparator groups
- analyses were adjusted for some covariates and demographic factors, and were
compared between the 2 groups. Intent-to-treat and sensitivity analyses were
conducted.

Participants were recruited from similar populations (urban pharmacies) and analyses
were adjusted for site. The patients were all recruited over the same period of time.

Patients were randomly assigned to intervention or comparator group.
The study had sufficient power to detect effects after 6 months.

It is unclear what the quantity of adverse events were in each study group.

Since the study setting was in urban pharmacies in Ontario, Canada, findings may not
be generalizable to pharmacies in other settings; the patients, staff, places, facilities,
and 6-month follow-up of care may not be representative to care that majority of
patients receive.

There may have been potential bias due to prescribers and assessors not being
blinded, and thus patients potentially knowing their assignment. For inclusion in
the study, pharmacists decided which patients may not have been satisfied with
their current medications and may be interested in participating. After receiving
test results, pharmacists made recommendations to prescribers, who may or may
not have implemented recommendations. This may have introduced bias due

to noncompliance, misclassification bias, performance bias, or made outcome
measurements not reliable.

There was not enough power to include sex as a predictor in analyses, and not all
possible covariates or effect modifiers were measured and accounted for.

Patient medication history was not collected and could not be assessed as a potential
moderator of the effect of PGx testing.

The study did not have sufficient power to compare treatment recommendations
across groups and how blinding may have affected results.
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Strengths Limitations

Ruaiio et al. (2020)"

The objective, main outcomes, patient characteristics, intervention, confounders, and
main findings were clearly described.

The random variability in data for the main outcomes is provided and distribution of
the data was accounted for.

There was no loss to follow-up.
Where probability values were provided, they were reported sufficiently.
All patients received their allocated intervention and were measured at follow-up.

The LOS outcome maybe have been valid and reliable as it can be objectively
measured.

Participants were recruited from the same site.
Patients were randomly assigned to intervention or comparator group.

The randomization process resulted in adequate sample sizes for the study groups.

Adverse events were not described in detail.

It is unclear whether the patients recruited, patients prepared to participate, or the
staff, places, and facilities where patients were treated were representative of the
population from which they were recruited as they are all from a single site.

Blinding of patients or study personnel was not mentioned.
The plan for statistical analyses was not clearly described in detail.

It is unclear if the intervention was applied in the intervention group (i.e., whether the
physician used the PGx results). The guidance for patients on standard and low doses
was similar and may have influenced the results if physicians ignored the PGx results
when using low treatment dose.

It is unclear whether patients were recruited over the same time period.
Blinding of patients or study personnel was not described.

Although covariates were measured, it is unclear if they were adjusted for and
how they impacted the results. Unknown variables, comorbidities, or inadequate
community placement may have affected the results.

The RAR outcome may not have been valid and since it was measured by looking in
the EMR for readmission to the study site only, and patients who were readmitted at
other sites would have been counted as not have RAR data.

CADTH Health Technology Review Pharmacogenomic Testing in Depression: A 2021 Update

35



CADTH

Ruaiio et al. (2021)™

The objective, main outcomes, patient characteristics, intervention, confounders, and
main findings were clearly described.

The random variability in data for the main outcomes is provided and distribution of
the data was accounted for.

Probability values were provided with exact values.
Patients and physicians were blinded to study assignment.

The statistical tests used to assess the main outcomes were appropriate and
described data distribution. The subanalysis accounted for confounders that were not
previously adjusted for.

The LOS outcome maybe have been valid and reliable as it can be objectively
measured.

Participants were recruited from the same site and over the same period of time.

Patients were randomly assigned to intervention or comparator group.

Adverse events were not described in detail.

It is unclear whether the patients recruited, patients prepared to participate, or the
staff, places, and facilities where patients were treated were representative of the
population from which they were recruited as they are all from a single site.

It is unclear if the intervention was applied in the intervention group (i.e., whether the
physician used the PGx results).

The RAR outcome may not have been valid and since it was measured by looking in
the EMR for readmission to the study site only, and patients who were readmitted at
other sites would have been counted as not have RAR data.

It is unclear if the subanalysis had sufficient power.

Zastrozhin e

t al. (2020)'5

The objective, main outcomes, patient characteristics, intervention, confounders, and
main findings were clearly described.

The random variability in data for the main outcomes is provided.

Side effects were measured throughout the study.

Where probability values were provided, they were reported sufficiently.
The physicians were blinded to study assignment.

The statistical tests used to assess the main outcomes were appropriate. Analysis
type was informed by the normality of the data. Covariates across the 2 groups were
described.

Participants were recruited from the same site and over the same period of time.
Patients were randomly assigned to intervention or comparator group.

The study had sufficient power to detect effects.

Details about loss to follow-up, if any, or missing data were not described.

It is unclear whether the patients recruited, patients prepared to participate, or the
staff, places, and facilities where patients were treated were representative of the
population from which they were recruited as they are all males from a single site in
Moscow, Russia.

It is unclear if patients were blinded.
It is unclear whether there was any noncompliance or misclassification bias.

It is unclear whether the main outcomes measured by psychometric scales were valid
or reliable as they relied on patient/clinician judgment.

Since the study took place over a short time period, there may not have been enough
time to capture outcome changes which may have occurred after the study.
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Strengths Limitations
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Non-randomized study

Huilei et al. (2020)'¢

The objective, main outcomes, patient characteristics, intervention, confounders, and
main findings were clearly described.

Side effects were measured throughout the study.

Exact probability values were reported for study outcomes.

Patients and outcome assessors were blind to study treatment.

The statistical tests used to assess the main outcomes were appropriate.
Participants were recruited from the same site.

Confounding was considered in order to compare the intervention and comparator
groups, and demographic factors were similar between the 2 groups.

Random variability in the data for the main outcome were not clearly described.

It is unclear whether patients recruited into the study had been lost to follow-up over
the course of the study or had missing data.

It is unclear whether the patients recruited, patients prepared to participate, or the
staff, places, and facilities where patients were treated were representative as they
were patients from 1 hospital in Nanchong, China.

It is unclear whether the main outcomes measured by CGI-El were valid or reliable as
they relied on clinician judgment.

It is unclear whether patients were recruited over the same time period.

It is unclear how patients were allocated into study groups; randomization or
allocation methods were not described.

The study’s sample size was not large enough to draw conclusions from the results.
The funding source was not reported.
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Strengths Limitations

Cohort study with historical control

Battig et al. (2020)"”

The objective, main outcomes, patient characteristics, intervention, confounders, and
main findings were clearly described.

The random variability in data for the main outcomes is provided.
Medication changes because of adverse drug reactions were measured.
Exact probability values were reported for study outcomes.

Outcomes such as AD switches and LOS maybe have been more valid and reliable as
they can be objectively measured.

Participants were recruited from the same site.

Authors indicated that they had no conflicts of interest.

It is unclear whether there were missing patients or missing data at any point in the
study.

It is unclear whether the patients recruited, patients prepared to participate, or the
staff, places, and facilities where patients were treated were representative as they
were patients from 1 hospital in Eltville, Germany.

Blinding of patients or study personnel was not described. Results may be explained
by placebo effects.

There is the potential of selection bias since patients with a longer disease history
may have been the ones offered genotyping.

It is unclear whether the outcomes measured by BDI-Il or GAF were valid or reliable as
they relied on patient/clinician judgment.

Patients were not randomized to study assignment.

Confounding was considered to compare the intervention and comparator groups
however it is unclear whether adjustments were made for variables that were different
between the 2 groups.

The study’s sample size was not large enough and may have biased the results. It is
unclear if the statistical tests used to assess the main outcomes were appropriate and
if they accounted for small sample size.

The funding source was not reported.
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Strengths Limitations

Uncontrolled before-and-after studies

Collins et al. (2020)'®

The objective, main outcomes, patient characteristics, intervention, confounders, and
main findings were clearly described.

Random variability was reported for main outcomes.
Adverse events were measured.

Exact probability values were reported for study outcomes.
Participants were recruited from the same site.
Confounders were considered in analyses.

Loss to follow-up reasons were described and analyzed, however they were many
patients lost to follow-up (> 30%).

It is unclear whether the patients recruited, patients prepared to participate, or the
staff, places, and facilities where patients were treated were representative as they
were patients from inpatient units in 1 centre in the US.

Blinding of patients or study personnel was not described. There may have been a
placebo effect due to knowing that PGx testing or medication changes had occurred.

It is unclear if the intervention was applied in the intervention group (i.e., whether the
clinical team used the PGx results).

It is unclear whether the outcomes measured by ASEC were valid or reliable as they
relied on patient/clinician judgment.

It is unclear whether all patients were recruited over the same time period.
Patients were not randomized to study assignment.

The study’s sample size was not large enough and may have biased the results. It is
unclear if the statistical tests used to assess the main outcomes were appropriate and
if they accounted for small sample size.

The short study duration (30-day follow-up) may not have been enough time to see
results.

It is unclear how the authors’ conflicts of interest and study funding source may have
affected the study.
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Strengths Limitations

Kierce et al. (2019)"°

The objective, main outcomes, patient characteristics, intervention, and main findings
were clearly described.

The exact probability value for the main outcome was reported.
Participants were recruited from the same site.

Authors indicated that they had no conflicts of interest.

Random variability was not reported for main outcomes.

It is unclear if adverse events were recorded beyond the main outcome.

It is unclear whether there were missing patients or missing data at any point in the
study.

It is unclear whether the patients recruited, patients prepared to participate, or the

staff, places, and facilities where patients were treated were representative as they
were patients from 1 outpatient psychiatric practice in Nashville, US.

Blinding of patients or study personnel was not described.

Patient follow-up time varied and it is unclear how this was adjusted for. Since the
study took place over a short time period, there may not have been enough time to
capture outcome changes which may have occurred after the study.

Although some demographic variables were measured, the results may have been
biased by the study’s small sample size, psychosocial circumstances, duration of
depressive episodes, or potential placebo effects.

It is unclear whether the outcomes measured by PHQ-9 were valid or reliable as they
relied on patient/clinician judgment.

Patients were not randomized to study assignment, and it is unclear if there was any
bias due to physician recommendation that their patient receive testing.

It is unclear if the statistical tests used to assess the main outcomes were appropriate
and if they accounted for small sample size.

The funding source was not reported.

AD = antidepressant; ASEC = Antidepressant Side-Effect Checklist; BDI-Il = Beck Depression Inventory-Second Edition; CGI = Clinical Global Impression; CGI-El = Clinical Global Impression - Efficacy Index; EMR = electronic medical
record; GAF = Global Assessment of Functioning; LOS = length of stay; PHQ-9 = Patient Health Questionnaire-9; RAR = readmission rate.

CADTH Health Technology Review Pharmacogenomic Testing in Depression: A 2021 Update

40



CADTH

Appendix 4: Main Study Findings

Table 6: Summary of Findings by Outcome — Effectiveness

Length of stay in hospital

Battig et al. (2020)"”

Cohort study with
historical control

- Significant differences between intervention (received genotyping) and control groups.

« Shorter length of stay in intervention group vs. control group (Pearson’s r? = 0.486; P < 0.001; n = 49). “The difference between the 2 groups after
correcting for the time to genotyping results was significant(p.189).""”

+ “The time spent in the hospital (corrected) was analyzed in each subgroup of patients with a differing history of AD therapy. For treatment-naive
patients, as well as patients who had taken anti- depressants in the past, the difference in length of stay was statistically significant (p. 189-190).""”

Ruafio et al. (2020)"
RCT

+ Mean LOS = 176.5 hour (+ 174.3 SD).

+ Patients with LOS = 72 hour = 284 (18.9%)

« Patients with LOS (> 720 hour) = 20 (1.3%)

- After log(10) transformation, mean LOS in log hours = 2.14 (+ 0.30 SD).

+ In covariate analysis, ethnicity and age had a significant effect on results. “Older patients stayed longer (p <.0001). Latino patients had a significantly
shorter stay (p <.0001) (p. 4)"

* No significant difference between PGx group vs. control group.
« Mean LOS 178.5 hours + 186.9 SD (log = 2.14 £ 0.29 SD) in PGx vs. 172.6 hours + 149.5 SD (log = 2.13 + 0.30 SD) in control group.

Ruario et al. (2021)™

(subanalysis of Ruafio
et al., 2020")

RCT

+ Mean LOS PGx group: 159.6 hour (+ 7.1 SE)
+ Mean LOS control group: 163.4 hour ( 9.9 SE)
« After log(10) transformation,
oMean LOS in PGx group = 2.10 (+ 0.01 SE)
o Mean LOS in control group 2.09 (+ 0.02 SE)
« No significant difference between PGx group vs. control group (P = 0.5187).

“Functional stratification and Group X Function interaction was examined controlling for age and ethnicity. Covariate analysis for demographics
revealed a significant effect of age and race on LOS. Older patients stayed longer (p < 0.0001). Latino patients had a significantly shorter stay (p <
0.0001). Adjusted for age, gender, and ethnicity, the Group X Function interaction (2-way ANOVA) of log10(LOS) for 601 patients was statistically
significant (P = 0.0456) (p. 5).""
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Response to treatment
Aboelbaha et al. SR/MA results
(2021)° Fabbri et al. (2018)
SR

« Patients in the intervention group had an improved response rate (reported by the authors as “borderline statistically significant,” but no other details
provided) compared to the usual care group - mostly observed in moderate—severe depression patients in RCT studies.

Rosenblat et al. (2018)

* RR for response favoured PGx group: 1.36 (95% CI, 1.14 to 1.62, P = 0.0006; n = 799), NNT = 7

Brown et al. (2020)

+ Symptom improvement (HAMD-17 scores): A = 10.08%, 95% Cl, 1.67 to 18.50, P = 0.019 favouring the GeneSight-tested group vs. standard care

group.

+ Response outcomes: RR = 1.40,95% Cl, 1.17 to 1.67, P < 0.001. PGx-guided group had 40% higher response vs. standard care group.
RCT results
Han et al. (2018)

+ "HAMD-17 scores: mean change at 8-week follow-up significantly different, favoring PGx group (Neuropharmagen®) compared to usual care group
(-4.1 point difference, P = 0.010)

« Response rate: significant difference favouring PGx group vs. standard care 28.1% (P = 0.014).
Greden et al. (2019)
« Response rate: No significant difference between PGx group (GeneSight) and usual care group (P = 0.107).
- Response rate at 8-week follow-up (PGx vs. standard care): 26.0% vs. 19.9% (P = 0.013)
Thase et al. (2019)
« Reports on same trial as Greden et al. (2019) in subgroup of patients resistant to treatment who had GDI at baseline.
« HAMD results at 8-week follow-up (PGx vs. standard care): 27.1% vs. 22.1% decrease in scores compared to baseline (A = 5.0%, P = 0.029)
« Response rate at 8-week follow-up (PGx vs. standard care): 27.0% vs. 19.0% (A = 8.0%, P = 0.008)

CADTH Health Technology Review Pharmacogenomic Testing in Depression: A 2021 Update 42



Study citation and
study design

Ontario Health
(2021)"°

HTA

CADTH

Detailed findings

“Overall, we found inconsistent outcome reporting and inconsistent findings across the six multi-gene pharmacogenomic tests with decision-support
tools identified (p. 51)."°

Depression

+ “Across all studies general improvements in depression scores were seen in both the pharmacogenomic-guided treatment groups and treatment as

usual groups. Overall, results were either inconsistent within a specific test or found no statistically significant difference between groups (GRADE:
Low to Very Low) (p. 29)."°

+ “No improvement or little improvement across all depression outcomes was observed with Genecept-guided medication selection as well as with an
unspecified pharmacogenomic test evaluated by Shan et al. The evidence found little to no difference on the impact of GeneSight-guided medication

selection on depression scores, with inconsistent and uncertain results observed for Neuropharmagen. We found no evidence evaluating how
NeurolDgenetix or CNSDose effected change in depression scores (p. 51)."°

Response
* MA results
o Results presented in text
= GeneSight test, 2 RCTs (1 of which was previously summarized in the 2020 CADTH report), low quality, 34% response improvement in PGx

group; absolute rate of improvement using HAMD-D17: 7% (95% Cl, 2 to 11%), NNT = 15
o Results presented in figure: RR = 1.50 (95% CI, 1.14 to 1.96)

oIt is unclear which of these are the results for response outcomes

“We found GeneSight and NeurolDgenetix led to statistically significant improvements in both response and remission while CNSDose did not have
evidence on response, but showed a statistically significant improvement in remission. The effect of Neuropharmagen on response and remission
was inconsistent across studies evaluated. However, the evidence remains uncertain for all outcomes across all tests with a GRADE rating of low to
very low for these outcomes, and therefore our confidence that these estimated effects reflect the true effect is low to very low (p. 51-52)."°
“Response to treatment for depression, defined as an improvement of 50% or more in depression score from baseline, was reported by eight studies
in addition to three post-hoc analyses of the GUIDED trial by Greden et al [..]. Response to treatment was most often measured using the HAM-D17
or SIGH-D17 scales. Several studies also reported response using the QIDS-C16, PHQ-9, HAM-D6, and CGI-S (p. 35)."°

“[...] No comparative outcomes were assessed beyond 12 weeks of follow-up (p. 52)."°

+ No results found for recovery, relapse, or recurrence of depression symptoms long-term.
* No studies reported on quality of life.
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Study citation and

study design

Detailed findings

Huilei et al. (2020)'¢ Total E-Index from all follow-ups combined (398 data points) was significantly different in the PGx test compared to the standard care group (400 data
NRS points) (x2 = 13.137; P = 0.000).

« Rank efficiency: 370.61 (PGXx) vs. 428.25 (standard care)

- “This result indicates that the patients in the test group had significantly better clinical outcomes than the patients in the reference group (p. 765)."'®
Treatment efficacy (PGx vs. standard care)

- 2-week follow-up: mean rank difference = 97.83-103.17 = -5.23; no difference (P = 0.453)

- 4-week follow-up: mean rank difference = 92.14-108.86 = -16.72, significant difference (P = 0.023)

+ 8-week follow-up: mean rank difference = 93.03-107.04 = -14.01, significant difference (P = 0.033)

+ 12-week follow-up: mean rank difference = 94.59-105.46 = -10.87, significant difference (P = 0.020)

+ “In all cases, the number of people with an efficacy score of 4 in the test group was larger than in the reference group. This result confirmed that the
genetic test-result-guided drug prescription could help improve the efficacy of drug treatment (p. 766).”®

Battig et al. (2020)"” Depression and functioning
Cohort study with « Absolute values for mean difference in BDI-Il (points) were not different between groups.
historical control oPGx vs. control: -17.1 p (SD 11.9 p) vs. -15.1 p (SD 9.8 p) (95% Cl, 1.66 to —=5.63, P = 0.283)
« Absolute values for mean difference in GAF (points) were not different between groups.
oPGx vs. control: 17.3 p (SD 11.9 p) vs. 16.2 p (SD 12.6 p) (95% Cl, 6.31 to -4.16, P = 0.684)
+ Calculated mean improvement rates for BDI-II higher for intervention group [points/d__ .
o Evaluations returned for all patients.

* PGx vs. control: - 0.626 p/d__ (SD 0.762 p/d_, ) vs. —0.38 p/d (SD 0.33 p/d) (95% Cl, -0.015 to -0.472, P = 0.038) Calculated mean improvement
rates for GAF higher for intervention group(points/d_ .

o Evaluations returned for 37 patients in intervention group and 54 patients in control group.

o PGx vs. control: 0.685 p/d_ (SD 0.946 p/d_ ) vs. 0.39 p/d (SD 0.37 p/d) (95% Cl, 0.623 to -0.036, P = 0.079)
Kierce et al. (2019)"° Depression (PHQ-9)

Uncontrolled before- + Baseline scores: range 7 to 27, mean score = 17.66

and-after study + Follow-up scores: range 9 to 26, mean score = 16.26

“Compared with baseline PHQ-9 scores, follow-up scores ranged from a 5-point reduction to a 2-point increase in depressive symptoms. [...] The
differences in baseline and follow-up PHQ-9 scores were not statistically significant at P =.21 (p. 499).""°
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Study citation and

study design Detailed findings
McCarthy et al. Clinical impression of mental illness (CGl)

(2021)" + Both PGx and TAU improved significantly improved over the trial

RCT o Mean improvement: 1 point in both groups (effect of time P < 0.001).

o No significant different in improvement between groups (P = 0.08).
o Post-hoc analysis: Week 4 difference had trend level significance (P = 0.06).
“After excluding BD patients from the analysis, a significant group difference in CGI over time emerged, favoring the PGX group over TAU (P = 0.02).

Further analysis of these data revealed that the group difference was largely driven by patients with PTSD, P = 0.001, remains significant after
the Bonferroni correction of a = 0.016 for three comparisons of diagnosis). Patients with MDD recovered similarly over time regardless of group

assignment (uncorrected P = 0.55). (p.996-997)""

+ “We compared performance PGX versus TAU in the moderate- and high-risk groups separately. For patients in the moderate-risk subgroup,
outcomes in the PGX group improved significantly better than TAU (P = 0.008, remains significant after the Bonferroni correction of a = 0.0125 for
four comparisons of CGI x risk category). However, for patients in the high-risk subgroup, there was no significant difference between the PGX and

TAU" (p. 997).""
Depression (QIDS-SR)
« Depression measured using QIDS-SR highly correlated to CGI (r = 0.62, P < 0.001).
+ Improved significantly improved over the trial, but no significant different in improvement between groups.
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Study citation and

study design Detailed findings
Papastergiou et al. Depression (PHQ-9)
(2021)™ « Significant time by group interactions.
RCT + Improvements for PGx group compared to standard care group.
« Time by group F-statistic: 2.74 (P = 0.04)
Anxiety (GAD-7)
+ Significant time by group interactions.
* Improvements for PGx group compared to standard care group.
« Time by group F-statistic: 4.17 (P = 0.01)
Functional impairment (SDS)
« Significant time by group interactions.
+ Improvements for PGx group compared to standard care group.
« Time by group F-statistic: 6.25 (P < 0.001)
Treatment satisfaction (SATMEDQ)
* No significant time by group interactions — treatment satisfaction improved in the same way for both groups during the study.
« Time by group F-statistic: 0.11 (P = 0.95)
“Only age demonstrated significant effects across all outcomes, such that younger age was associated with better outcomes (p. 1363-1364).""?
Zastrozhin et al. Anxiety/depression (HAM-D scores presented as median [IQR1:1QR3])
(2020)® Between-group differences
RCT - At day 1, groups were similar: PGx 14.0 [12.0; 15.0] vs. control 14.0 [12.5; 15.0], P > 0.05
« At day 9, scores were significantly different: PGx 9.0 [8.0; 10.0] vs. control 11.0 [10.0; 12.0], P < 0.001
« At day 16, scores remained different between groups: PGx 4.0 [2.0; 6.0] vs. control 14.0 [13.0; 14.0], P < 0.001
« PACS, CGI, HADS, and BDI scores were also significantly different between the groups on day 9 and day 16 of therapy (all differences P < 0.001) and
all values were lower in the guided group compared to the unguided group.
Within-group differences
- Decrease from day 1 to day 9 was significantly different: PGx 6.0 [4.0; 7.2] vs. control 3.5 [2.0; 5.0] (P < 0.001)
- Decrease from day 9 to day 16 was significantly different: PGx 5.0 [3.0; 6.2] vs. control 3.0 [1.0; 4.0] (P < 0.001)
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d 0 d
dv desia Detailed finding
Remission from depression
Aboelbaha et al. SR/MA results
(2021)° Fabbri et al. (2018)
SR

+ No improvement in remission rates.(Specific values were not provided in the SR®)

Rosenblat et al. (2018)

« Pooled RR for remission rates 1.74 (95% Cl, 1.09 to 2.77, P = 0.02, n = 735) favouring PGx group.
Brown et al. (2020)

« Pooled RR for remission rates 1.49 (95% CI, 1.17 to 1.89, P = 0.001) favouring PGx group (PGx group had 49% increase in remission compared to
unguided group).

RCT results
Han et al. (2018)
+ Remission defined as HAMD-17 score < 7
+ PGx group had higher rate; not significantly different between groups (P = 0.071)
Greden et al. (2019)
+ PGx group had higher rate (15.3%) vs. usual care group (10.1%); significantly different between groups (P = 0.007)
Thase et al. (2019)

« In patients who previously had failures with AD therapy, PGx group had higher rate (18.2%) vs. usual care group (10.7%); significantly different
between groups (A = 7.5%, P = 0.003)
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study design

CADTH

Detailed findings

Ontario Health
(2021)"°

HTA

* MA results

o GeneSight test, 2 RCTs (1 of which was previously summarized in the 2020 CADTH report), low quality, improvement in remission using
HAMD-D17: RR = 1.50 (95% Cl, 1.14 to 1.96) showing 50% improvement in remission in PGx group; absolute increase in remission 6% (95% Cl, 2 to
9%) favouring PGx group, NNT =17

“The impact of pharmacogenomic-guided treatment on remission from depression was reported by nine primary studies (eight RCTs and one

non-randomized study) and three post-hoc publications of RCTs. Various depression scales were used to assess remission within individual studies.

Remission was defined as a depression score at follow-up of 7 or less on the HAM-D17 scale, 5 or less on QIDS-C16, less than 5 on PHQ-9, and 4 or

less on HAM-D6 (p. 40)"°

“We found GeneSight and NeurolDgenetix led to statistically significant improvements in both response and remission while CNSDose did not have

evidence on response, but showed a statistically significant improvement in remission. The effect of Neuropharmagen on response and remission

was inconsistent across studies evaluated. However, the evidence remains uncertain for all outcomes across all tests with a GRADE rating of low to

very low for these outcomes, and therefore our confidence that these estimated effects reflect the true effect is low to very low (p. 51-52)."1°

McCarthy et al.
(2021)"

RCT

No significant differences in remission between groups at 8-week follow-up.
« PGx had higher remission rate 29% vs. usual care group 21% (OR 1.54, 95% Cl, 0.26 to 1.63)

A = change; AD = antidepressant; ANOVA = Analysis of variance; BD = bipolar disorder; BDI/BDI-Il = Beck Depression Inventory; CGI/CGI-S = Clinical Global Impression; Cl = confidence interval; GAD-7 = General Anxiety Disorder-7;
GAF = Global Assessment of Functioning; GRADE = Grading of Recommendations Assessment, Development and Evaluation; HADS = Hospital Anxiety and Depression Scale; HAM-D/HAMD/HAM-D16/HAM-D17 = Hamilton
Depression Rating Scale; HTA = health technology assessment; IQR1/IQR3 = interquartile range; LOS = length of stay; MDD = major depressive disorder; NNT = number needed to treat; NRS = non-randomized study; OR = odds
ratio; PACS = Penn Alcohol Craving Scale; PGx/PGX = pharmacogenomic; PHQ-9 = Patient Health Questionnaire; PTSD = posttraumatic stress disorder; QIDS-SR/QIDS-C16 = Quick Inventory of Depressive Symptomatology; RAR
= readmission rate; RCT = randomized controlled trial; RR = relative risk; SATMEDQ = Treatment Satisfaction with Medicines Questionnaire; SD = standard deviation; SDS = Sheehan Disability Scale; SE = standard error; SIGH-D17
= Structured Interview Guide for the Hamilton Depression Rating Scale; SR = systematic review; TAU = treatment as usual; vs. = versus.
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Table 7: Summary of Findings by Outcome — Safety

Side effects

Aboelbaha et al. Overall minimal evidence on safety outcomes and inconsistency in results.
(2021)° SR/MA results
SR Fabbri et al. (2018)

+ “The systematic review by Fabbri et al showed that patients in the PGX group had a weak lower risk of medication tolerability problems [...] within
2-month follow-up based on RCT results (p. 2413).”

RCT results
Han et al. (2018)

- 8-week follow-up based on FIBSER significantly different between PGx and control groups: intensity (P = 0.0001), frequency (P = 0.0346), burden
(P = 0.0007).

Greden et al. (2019)

- “Based on patient-reported side effects where “only side effects with a probability of being linked to medications administered (eg categorized as
likely, probably, possibly, or definitely relating to medication) were included (p. 2414).”

« No significant differences between groups at 8-week follow-up for mean number of side effects (0.243 vs. 0.237, P = 0.855) or proportion of patients
who had side effects (15.6% [88/560] vs. 15.3% [93/607], P = 0.881).

Ontario Health “[..] the impact of testing on adverse side effects from medication selection was inconsistent and uncertain, with little to no difference observed for
(2021) some tests (i.e., GeneSight, Genecept, and an unspecified test), while the remaining tests reported some improvement (p. 52)."°

HTA

Huilei et al. (2020)'¢ PGx group had fewer side effects than control group.

NRS + Mean rank difference

o 2-week follow-up: 13.86 (P = 0.047), significantly different

o 4-week follow-up: 13.38 (P = 0.057), not significantly different
o 8-week follow-up: 15.42 (P = 0.027), significantly different

o 12-week follow-up: 17.39 (P = 0.005), significantly different
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Study citation and
study design

Collins et al. (2020)'®

Uncontrolled before-
after study

CADTH

Detailed findings

« "Of the 52 patients who completed the study, 36 (69.2%) had their medications changed by the 30 days follow-up, and 43 (82.7%) were “compatible”
with their follow-up medications. Of the 14 patients considered “high risk” of DGl on admission, 6 were lost to follow-up. The 8 who completed
remained incompatible with their medications at follow-up. Five of the 8 underwent a medication change. In this high risk group, oneway analysis of
change in ASEC score by whether medications were changed showed a non-significant result (P = 0.29) (p. 108).”"®

Baseline ASEC score for full 80 patients: mean 11.5 (SD + 7.5)

« “When limiting the dataset to only the completers (n = 52), the baseline ASEC score remained 11.5 (+8.1) compared to the follow-up of 7.2 (+6.0), P
=0.0009 (p. 108)."®

+ ASEC scores

o “Oneway analysis of change in ASEC score by whether patients were compatible with their enrollment medications and follow-up medications
revealed no significant relationships (P = 0.63 and P = 0.83, respectively) (p. 108)”

o For those that completed the study (n = 52), improvement in ASEC scores from baseline to follow-up was not correlated with treatment changes
(P = 0.85). The result remained the same after covariates such as age, gender, and ECT treatment were adjusted for (P = 0.97).

o “If we restrict analysis to the 21 patients who demonstrated poor, poor to intermediate, or ultrarapid activity at CYP2D6 and CYP2C19, eight were
lost to follow-up. Of the 13 remaining, medication changes were still not significantly correlated with the change in ASEC score (P = 0.41) (p.
108-109)."8

+ CGl scores

oMean score: 2.7 (SD * 1.4), considered to be between “minimally” (score = 3) to “much improved” (score = 2)

o “Oneway analysis of CGI-l score by whether patients were compatible with their enrollment medications and follow-up medications revealed no
significant relationships (P = 0.89 and P = 0.87, respectively) (p. 109)"8

o The CGI-I score in those that completed the study (n = 52) was not correlated with treatment changes (P = 0.73). Similar results were found when
covariates such as age, gender, and ECT treatment were adjusted for (P = 0.64)

McCarthy et al.
(2021)"

RCT

Side effects were common in PGx and usual care groups, not significant changes during trial. No significant difference in side effect burden.

“The PGX patients in the moderate-risk subgroup again had a significant improvement in side effect burden compared to TAU (for group x risk
interaction P = 0.00001, remains significant after the Bonferroni correction of a = 0.0125 for four comparisons of side effect x risk category). In
contrast, high-risk patients had the opposite pattern: PGX subjects in the high-risk group had the highest side effect burden of any group (i.e., more
than high-risk TAU subjects and both moderate-risk groups) and did not improve over time to the same extent as TAU. The explanation of these
discrepant findings is differential rates of dropout from the study (p. 997).""
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Zastrozhin et al.
(2020)'°

RCT

Detailed findings

Side effects (UKU scores presented as median [IQR1:IQR3])
Between-group differences
« At day 1, groups were similar: PGx 1.0 [1.0; 1.0] vs. control 1.0 [1.0; 1.0], P > 0.05
- At day 9, scores were significantly different: PGx 4.0 [4.0; 5.0] vs. control 5.0 [5.0; 6.0], P < 0.001
- At day 16, scores remained different between groups: PGx 3.0 [0.0; 4.2] vs. control 9.0 [7.0; 11.0], P < 0.001
Within-group differences
- Increase from day 1 to day 9 was significantly different: PGx 3.0 [3.0; 4.0] vs. control 4.0 [3.0; 4.0] (P < 0.001)
« Increase from day 9 to day 16 was significantly different: PGx 2.0 [1.0; 4.0] vs. control 4.0 [2.0; 6.0] (P < 0.001)

Adverse events

Aboelbaha et al.
(2021)°

SR

SR/MA results
Fabbri et al. (2018)

« “The systematic review by Fabbri et al showed that patients in the PGX group had [..] lower mean number of rehospitalizations, and borderline
significant lower number of emergency room visits within 2-month follow-up based on RCT results (p. 2413).”

Ontario Health
(2021)°

HTA

No results found for suicide.

Ruario et al. (2020)"
RCT

Readmission rate within 30 days after discharge

+ 142 patients (9.5%) readmitted

* No significant difference between PGx group vs. control group.
* RAR 10.1% in PGx vs. 9.0% in control group.

Ruafio et al. (2021)™

(subanalysis of Ruafio
et al., 2020%)

RCT

Readmission rate within 30 days after discharge

- 10.3% readmitted (85/826 total cohort)

* No significant difference between PGx group vs. control group.

* RAR 9.8% in PGx vs. 11.2% in control group.

+ No significant difference between PGx group vs. control group (P = 0.5450).

AD = antidepressant; AE = adverse event; ASEC = Antidepressant Side-Effect Checklist; BD = bipolar disorder; BDI/BDI-Il = Beck Depression Inventory; CGI/CGI-S = Clinical Global Impression; Cl = confidence interval; ECT
= electroconvulsive therapy; FIBSER = Frequency, Intensity, Burden of Side Effects Rating; GAD-7 = General Anxiety Disorder-7; GAF = Global Assessment of Functioning; GDI = gene-drug interaction; h = hours; HADS = Hospital
Anxiety and Depression Scale; HAM-D/HAMD/HAM-D16/HAM-D17 = Hamilton Depression Rating Scale; HTA = health technology assessment; LOS = length of stay; NNT = number needed to treat; NRS = non-randomized study;
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PACS = Penn Alcohol Craving Scale; PGx/PGX = pharmacogenomic; PHQ-9 = Patient Health Questionnaire; PTSD = posttraumatic stress disorder; QIDS-SR/QIDS-C16 = Quick Inventory of Depressive Symptomatology; RAR
= readmission rate; RCT = randomized controlled trial; RR = relative risk; SATMEDQ = Treatment Satisfaction with Medicines Questionnaire; SD = standard deviation; SDS = Sheehan Disability Scale; SE = standard error; SIGH-D17
= Structured Interview Guide for the Hamilton Depression Rating Scale; SR = systematic review; TAU = treatment as usual; UKU = UKU Side-Effect Rating Scale; vs. = versus.
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Table 8: Summary of Findings by Outcome — Medication

Study citation and
study design

Detailed findings

historical control

Ontario Health No results found for treatment adherence.
(2021)™

HTA

Battig et al. (2020)"” AD switches

Cohort study with + No difference between PGx and control groups.

« “A difference between the control and the intervention group was found only in a subgroup analysis: with 27.3%, switches were seen in the
treatment-naive PGx-tested patients versus 36% in the control group (p. 190).""7

AD therapy delay

+ PGx group received treatment significantly delayed time point compared to control group.

+ No signification differences in number of days spent increasing AD dose overall or number of changes.
+ Mean correction time for genotyping results was 17.8 days or 33.4% of total stay.

Collins et al. (2020)'®

Uncontrolled before-
after study

“Of the 52 patients who completed the study, 36 (69.2%) had their medications changed by the 30 days follow-up, and 43 (82.7%) were “compatible”
with their follow-up medications. Of the 14 patients considered “high risk” of DGI on admission, 6 were lost to follow-up. The 8 who completed
remained incompatible with their medications at follow-up. Five of the 8 underwent a medication change. In this high risk group, oneway analysis of
change in ASEC score by whether medications were changed showed a non-significant result (P = 0.29) (p. 108)."'®

Kierce et al. (2019)™

Uncontrolled before-
after study

6/15 participants prescribed single drug with significant drug—gene interactions.
No participants prescribed > 1 drug with significant drug—gene interactions.

“After provider review, medications with significant drug—gene interactions were eliminated from the medication regimen for three of the six
participants. Providers deemed it to be in the best interest of the remaining three participants to continue medications with significant drug—gene
interactions. One interaction was noted to be “reduced efficacy,” though the patient responded well to the medication and preferred not to change
antidepressants despite test results. The other 2 patients had red bin medications with dose adjustment recommendations that did not necessitate
discontinuing medication. Provider use of pharmacogenetic test data resulted in a 20% decrease in prescribed red bin medications (p. 499).”"
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Study citation and

study design Detailed findings
MccCarthy et al. Prescribers asked how PGx test was used

(2021)"
RCT

« To reduce side effects (36%)

« To reduce side effects and improve efficacy (30%)
* Neither/other reason (21%)

+ Only to improve efficacy (8%)
Dosing decisions

« “Very few clinicians used the test to adjust dosing either higher (2%) or lower (6%), whereas a large majority reported the test did not affect the
dosing decision (85%)" (p. 998)."

Papastergiou et al. Accepted recommendations

(2021) « “dose adjustments (e.g., pharmacist recommended increased dosage due to ultrarapid metabolism, resulting in suboptimal response; n = 72 in
RCT pharmacogenomics guided group vs. n = 50 in control group) (p. 1364)."2

+ “medication switches (e.g., pharmacist recommended switching to a different medication to manage adverse reactions as a result of poor
metabolism of original medication; n = 26 in pharmacogenomics guided group vs. n = 16 in control group) (p. 1364)."2

- “addition of a new medication (e.g., pharmacist recommended an adjunctive therapy; n = 10 in pharmacogenomics guided group vs. n = 2 in control
group) (p. 1364)."2

« "medication adherence (e.g., pharmacist recommended that patient continue with medication regimen; n = 5 in pharmacogenomics guided group
vs. n = 6 in control group) (p. 1364).""2

“Recommendations were made for the majority of participants (n = 204); although the number of recommendations per participant ranged from one to
five, most received one (n = 124) or two (n = 60) (p. 1364-1365).""2

“Pharmacist recommendations did not differ across study groups: there was no difference in the number of participants who received pharmacist
recommendations (x2 = 0.37, P = 0.54) or the number of pharmacist recommendations made (x2 = 1.57, P = 0.81) across study groups (p. 1365).”1?

“Pharmacist recommendations were also more commonly accepted when medication costs were covered by third parties or provincial drug coverage
(x2=9.54, P = 0.02 (p. 1365)."12

“Prescriber acceptance of pharmacist recommendations did not differ across the pharmacy sites (x2 = 0.29, P = 0.59) or by prescriber (x2 = 1.53,P =
0.68) (p. 1365)."2

Ruafio et al. (2020)" + Most patients prescribed = 2 psychotropic drugs (less than 100 patients were given no treatment and less than 200 patients were given 1
RCT medication)

« Of the drugs prescribed, 17 drugs received by > 6% of patients
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Study citation and

study design

Detailed findings

Ruario et al. (2021)™ Drug prescribing overlapped between the PGx and standard care groups (number of recipients exceeded number of patients because a patient could
(subanalysis of Ruafio count as recipient > 1 time if they were prescribed > 1 drug)

et al., 2020) “A greater number of drug administrations, 21.8 per patient, were given to subfunctional patients in Group S (over 1922 administrations) than to any
RCT of the other 3 subgroups. The other drug administrations were 14.8 per patient in Group S—functional (over 1766 administrations), 16.5 in Group
G-functional (over 3540 administrations), and 16.2 in Group G—subfunctional (over 2911 administrations). Patients in these other 3 subgroups were
given an average of 16.0 drug administrations per patient (over 8217 total administrations). [..] for the subfunctional patients in Group G the mean
number of administrations of CYP2D6 major substrate drugs per patient (7.9 administrations) was significantly lower than for the subfunctional

patients in Group S (11.3) at the P = 0.05 level, but not significantly different from the functional patients in either Group G (9.3 administrations) or
Group S (8.2) (p. 6)."*

AD = antidepressant; ASEC = Antidepressant Side-Effect Checklist; CGI/CGI-S = Clinical Global Impression; DGI = drug-genotype interaction; ECT = electroconvulsive therapy; HTA = health technology assessment; PGx/PGX
= pharmacogenomic; RCT = randomized controlled trial.
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Appendix 5: Overlap Between Included Systematic Reviews

Note that this appendix has not been copy-edited.

Table 9: Overlap in Relevant Primary Studies Between the Included Systematic Review and the
Health Technology Assessment

Primary study citation Aboelbaha et al. (2021)° Ontario Health (2021)°
Dunlop BW, et al. BMC Psychiatry. 2019;19(1):420. No Yes
Forester BP, et al. Am J Geriatr Psychiatry. 2020;28(9):933-945. No Yes
Greden JF, et al. Psychiatr Res. 2019;111:59-67. Yes Yes
Han C, et al. Clin Psychopharmacol Neurosci. 2018;16(4):469-480. Yes Yes
Menchon JM, et al. J Neural Transm (Vienna). 2019;126(1):95-99. No Yes
Perlis RH, et al. Depress Anxiety. 2020;37(9):834-841. No Yes
Thase ME, et al. J Clin Psychiatry. 2019;80(6):19m12910. Yes Yes

CADTH Health Technology Review Pharmacogenomic Testing in Depression: A 2021 Update 56



CADTH
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