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gated the utility of PG tests for antidepressants in MDD with interesting but contrasting results.

Major depressive
disorder;

Randomized controlled
trial;

Remission

To date most of them are observational studies with no comparator group, and few are ran-
domized controlled trials (RCTs). The aim of this review is to provide an evaluation of the state
of art on clinical methodologic features of RCTs with PG tests for antidepressant drugs in MDD,
offering suggestions and favoring new insights that could be useful in the implementation of
future trials. Several limitations concerning study design, generalization of results, duration of

trials, patients group studied, and cost-effectiveness ratio were found, and a number of barri-
ers have been noted in the adoption of PG tests into clinical practice. Despite some preliminary
positive results, there is the need for larger and longer-term RCT studies, with the goal to cap-
ture the real impact of PG tests, also with stratified analysis concerning MDD features in terms
of severity and antidepressant treatment failures in different ethnicity cohorts.

© 2022 Elsevier B.V. and ECNP. All rights reserved.

1. Introduction

Major depressive disorder (MDD) is the most common psychi-
atric disease worldwide and represents a leading cause of
years lived with disability, leading to an enormous socioeco-
nomic impact (Hasin et al., 2018). The most common thera-
peutic strategy for moderate to severe MDD is pharmacolog-
ical treatment. In spite of the advances in antidepressant
options, many patients fail to benefit from pharmacother-
apy with low response and remission rates (Rush et al.,
2006; Thase et al., 2010) as well as low adherence due to
side effects (Cipriani et al., 2018; Sharma et al., 2019). This
leads to a long unremitted disease, worse long-term prog-
nosis, and significant medical, social and economic burden
(Mrazek et al., 2014). The reasons are multiple and de-
pend on environmental and biological factors intrinsic to
the disease and drug treatments (Fabbri and Serretti, 2020;
Gratten et al., 2014).

In this context, pharmacogenetic (PG) tests may be a
valuable decision support tool for the management of phar-
macological treatment in MDD, because they could have
the potential to increase efficacy predicting treatment out-
come, along with the reduction of antidepressant discontin-
uation decreasing side effects (Tanner et al., 2018).

Along with the growing availability of commercial PG
tests for antidepressant drugs, there has been an equally
growing concern about their utility. Several studies have
been performed to investigate the impact of PG testing
on antidepressant outcome in MDD (Bousman et al., 2019;
Fabbri et al., 2018; Rosenblat et al., 2018) contributing to
a general evaluation of their effectiveness and applicabil-
ity, with interesting but contrasting results. To date most of
them are observational studies with no comparator group,
and few are randomized controlled trials (RCTs).

2. Aim of the review

Previous reviews on PG tests for antidepressants have
mainly taken into consideration the limitations concerning
the PG test mechanisms in terms of choices of genetic vari-
ants in accordance with drug labels and international guide-
lines (Bousman et al., 2019; Fabbri et al., 2018; Fabbri and
Serretti, 2020; Zanardi et al., 2021a). None has been fo-
cused on clinical and assessment methodological character-
ization as possible sources of errors.
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On this basis, the goal of this narrative and critical review
is to provide an evaluation on the state of art concerning
clinical methodologic features of RCTs with PG tests for an-
tidepressant drugs in MDD. This structured analysis aims to
provide insights and suggestions that could be useful for the
clinical implementation of future trials.

3. Methods

In order to achieve the aims of the present review we focused on
RCTs on PG tests for antidepressant drugs performed in MDD pa-
tients.

Electronic searches were performed using MEDLINE/PubMed and
Scopus databases combining the following keywords/search terms:
“Pharmacogenetics”, “Pharmacogenomics”, “test”, “genes”, “an-
tidepressant(s)”, “response”, “remission”, “side effects”, “ran-
domized controlled trial”, “depression”, “major depressive disor-
der”, “MDD”. Two of the authors (SB, AM) independently reviewed
the database to avoid mistakes in the selection of articles. The ref-
erence list of the studies, meta-analyses and reviews on this is-
sue were also reviewed in order to detect further publications. All
RCT studies, meta-analyses, and review articles on PG tests in MDD,
published until March 2022 were included. Studies were selected if
they met the following criteria: (a) being an RCT on a PG test for
antidepressant drugs performed in MDD, (b) being in English lan-
guage, and (c) being an original paper published in a peer-reviewed
journal.

4. Findings

Seven studies were identified (Bradley et al., 2018;
Greden et al., 2019; Han et al., 2018; Pérez et al.,
2017; Perlis et al., 2020; Shan et al., 2019; Tiwari et al.,
2022). Three studies (Singh, 2015; Thase et al., 2019;
Winner et al., 2013) were not included for the follow-
ing reasons: the Winner et al. (2013) study represents
a small pilot study with the same study design of the
Greden et al. (2019), the Thase et al. (2019) reported fur-
ther data of Greden “GUIDE trial” RCT (Greden et al., 2019),
the Singh (2015) utilized PG test only for antidepressant dos-
ing suggestion and not as an antidepressant choice decision
tool.

In the next paragraphs we will present a detailed de-
scription of the characteristics of the included studies con-
cerning experimental design, inclusion and exclusion crite-
ria used, sample size, demographic features of the patients
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recruited, assessment, outcomes and main findings. These
features are synthetized and displayed in Table 1.

(a) Experimental design

The RCTs included in this review are prospective multicen-
tre studies lasting 8 (Greden et al., 2019; Han et al., 2018;
Perlis et al., 2020; Shan et al., 2019), 12 (Bradley et al.,
2018; Pérez et al., 2017) or 36 weeks (Tiwari et al.,
2022). The Greden et al. (2019) was followed by 4-week
of unblended follow-up and of a further 12-week open-
label extension period during which clinicians had ac-
cess to the PG test report to support treatment deci-
sions for all patients, including those assigned to the TAU
group. The Tiwari et al. (2022) study was followed by a
16-week open-label extension period. In five studies the
trial was registered at www.clinicaltrials.gov under the fol-
lowing identifier numbers (Bradley NCT02878928; Greden
NCT02109939; Perez NCT02529462; Perlis NCT02634177; Ti-
wari NCT02466477) (Bradley et al., 2018; Greden et al.,
2019; Pérez et al., 2017; Perlis et al., 2020; Tiwari et al.,
2022) whereas for the other two studies no registration
on official trial registers has been done (Han et al., 2018;
Shan et al., 2019).

Five studies are partially double-blinded since the pre-
scriber was not blind, while the rater and the patient
were blind to the study group the patient was assigned
(Bradley et al., 2018; Greden et al., 2019; Perlis et al.,
2020; Shan et al., 2019; Tiwari et al., 2022). One is a
single-blind study because the rater has never been blinded
(Han et al., 2018), whereas in another study both the rater
and the prescriber were not blinded, except for the assess-
ment of the Patient Global Impression of Improvement (PGI-
1) performed by phone (Pérez et al., 2017).

In all studies, patients in the TAU (treatment as usual)
group were treated following the standard of care, thus,
they received antidepressant treatment according to the
psychiatrist’s clinical discretion without the aid of PG test-
ing.

(b) Inclusion and exclusion criteria

All the studies had as main inclusion criteria a primary diag-
nosis of MDD according to DSM-IV-TR or DSM-5, with the ex-
ception of Greden et al. (2019) study for which the diagnosis
of depression was made using the 16-item Quick Inventory of
Depressive Symptomatology, both Clinician-Rated and Self-
report (QIDS-C16 and QIDS-SR16), where it was required
to have a score higher or equal to eleven points in both
symptom scales. Moreover, in Bradley et al. (2018) study,
also patients with anxiety disorders according to DSM-5 as
main diagnosis were included. Consequently, the patients
were categorized into three different diagnosis categories:
MDD, anxiety disorders, and both MDD and anxiety disor-
ders in comorbidity. Finally, five studies (Greden et al.,
2019; Han et al., 2018; Perlis et al., 2020; Shan et al.,
2019; Tiwari et al., 2022) specified the inclusion of MDD
patients only with absence of psychotic symptomatol-
ogy at least in the current depressive episode. More-
over, three studies (Bradley et al., 2018; Greden et al.,
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2019; Perlis et al., 2020) excluded subjects with signifi-
cant risk for suicide. All the studies, with the exception of
Pérez et al. (2017), reported to excluded patients with con-
current main psychiatric disorders diagnosis such as bipo-
lar disorder, schizophrenia, personality disorder, obsessive-
compulsive disorder, eating disorder.

All the RCTs included patients who failed at least one
prior adequate trial with antidepressants for the current
depressive episode due to inefficacy or intolerable ad-
verse effects, whereas three studies (Bradley et al., 2018;
Pérez et al., 2017; Shan et al., 2019) included also patients
who required medication de novo and who had never re-
ceived psychiatric treatment in their lives.

(c) Sample size

The sample size of the RCT studies is extremely wide-
ranging, going from a very small dimension of the initial to-
tal group, corresponding to 71 and 100 enrolled patients in
the Han et al. (2018), Shan et al. (2019) studies, respec-
tively, to a really large sample size of 1398 subjects re-
cruited in the Greden et al. (2019). There is the same wide
variability for the drop-out rate, ranging from high percent-
ages in three studies at 8-week primary outcome endpoint
with the loss of about 30% of the initial sample (Han et al.,
2018; Shan et al., 2019; Tiwari et al., 2022), to a very low
reduction in the Perlis et al. (2020) at the same primary out-
come endpoint, with a drop-out rate of about 7%. The two
RCTs lasting over 12 weeks had similar drop-out rates, 11.4%
and 15.5% in (Bradley et al. (2018), Pérez et al. (2017) study,
respectively .

Finally, four studies (Han et al., 2018; Pérez et al., 2017;
Perlis et al., 2020; Tiwari et al., 2022) reported a sample
size estimation and power according to the study design and
analysis, but only in Perlis and colleagues’ RCT the number
of completers was congruent with the initial sample size
planned.

(d) Demographics

The RCT studies included mainly women with a total group
mean percentage of 68.7% (range 63.1%—74.9%), with simi-
lar percentages both in PG-guided and in TAU groups. The
mean age of the total group of patients considering all
studies is 43.8 (range 27.7-51.2) and no differences are
reported between the two groups. With the exception of
Shan et al. (2019) study, none reported the years of edu-
cation. Concerning the ethnicity, two studies involved only
Asian cohorts (Han et al., 2018; Shan et al., 2019), the oth-
ers instead had a large heterogeneity although they mainly
included Caucasian populations (mean percentage of Cau-
casians: 81.6%).

(e) Assessment

All the studies performed the assessment of depressive
symptomatology with one of the most common clinical rat-
ing scales that is the Hamilton one (Hamilton Rating Scale
for Depression 17 items - HAM-D17 or Structured Interview
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Table 1

Characteristics of the randomized controlled trial studies (RCTs) included in the review.

Experimental

Refs. Design Inclusion/Exclusion Criteria Sample size Demographics Assessment Outcomes Main findings

Pérez - 12-week, - Age: > 18 years 316 (PG-guided - Sex (% females): - Clinician-rated: - Primary - No difference in

et al. (2017) multicenter, - Diagnosis of MDD (DSM-IV-TR) n = 155, TAU 63.6 (PG-guided: CGI-S, HAM-D17 outcome: sustained response
prospective, single - CGI-S > 4 n=161) 63.9, TAU: 63.4) assessed at Proportion of within the study
blinded (patient - Dysthymic disorder, other - Completers at 12 - Age (years), baseline, 6 and 12  patients achieving period as measured
blinded, double non-specified depressive weeks: 280 mean (SD): 51.2 weeks. Assessors a sustained by PGI-I (primary
blinded only for disorder as main diagnosis and patients (12.6), PG-guided: not blinded. response outcome)
the PGI-I scale, secondary comorbidity of (PG-guided 51.7 (12.0), TAU: - Self-report: SDI (PGI-I < 2) within - Higher responder
RCT psychiatric and medical illness n =136, TAU 50.7 (13.1) and SATMED-Q the 12 weeks. A rate at 12 weeks in
- Hospitals and could be included n = 144) - Ethnicity (%): assessed at sustained response PG-guided as

associated mental
health centers,
Spain

- Two arms:
PG-guided vs. TAU
- 5 Timepoints:
Baseline, 4, 6, 8
and 12 weeks

- Subjects who required
medication de novo or were
receiving treatment and
required substitution or addition
of drug treatment with an AD
- Exclusion: Other primary
psychiatric diagnoses as main
diagnosis, pregnancy and
breastfeeding, requiring
treatment with quinidine,
cinacalcet and/or terbinafine
(CYP2D6 inhibitors)

- Drop-out rate at
12 weeks: 11.4%
(PG-guided:

12.3%, TAU: 10.6%)

Caucasian (91.3),
Latin American
(6.2), other (2.5)

baseline 6 and 12
weeks. PGI-I
assessed by phone
callina
double-blinded
manner at 4, 8 and
12 weeks.

- Adverse effects:
FIBSER assessed at
6 and 12 weeks.
Assessors not
blinded.

was defined when
a patient was a
responder on at
least two
consecutive
evaluations,
maintaining that
status until the
final visit of the
study.

- Secondary
outcomes:
Response at the
end of the 12
weeks (based on a
PGI-1 score of 2 or
less), clinical
progression as
measured by
HDRS-17, severity
as measured by
CGlI-S, tolerability
of treatment as
measured by
FIBSER, patient
satisfaction with
treatment as
measured by
SATMED-Q, patient
disability as
measured by SDI

measured by PGI-I

- Better tolerability
at 6 and 12 weeks
in PG-guided as
measured by
FIBSER

(continued on next page)
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Table 1 (continued)
Refs. Experimental Inclusion/Exclusion Criteria Sample size Demographics Assessment Outcomes Main findings
Design
Bradley - 12-week, - Age: range 19-87 years 685 (PG-guided - Sex (% females): - Clinician-rated: - Outcomes: - In MDD patients,
et al. (2018) multicenter, - Diagnosis of MDD and/or n = 352, TAU 72.5 (PG-guided: HAM-D17, HAM-A Symptom response rate and
prospective, anxiety (DSM-5) n = 333) 73, TAU: 72) (only for patients  improvement, remission rate
patient and rater - Subjects who required - Completers at 12 - Age (years), diagnosed with response and were higher in
blinded RCT medication de novo or were weeks: 579 mean (SD): 47.5, anxiety disorders), remission rate at PG-guided group
- Clinical sites, receiving treatment and patients PG-guided: 47.8 assessed at 4, 8 and 12 weeks - In patients
psychiatric and required substitution due to (PG-guided (14.5), TAU: 47.3 baseline 4, 8 and as measured by diagnosed with
other lack of efficacy or treatment n =297, TAU (15.2) 12 weeks HAM-D17 and anxiety disorder,
specialization discontinuation due to adverse  n = 282) - Ethnicity (%): - Self-report: None HAM-A higher
sites, USA events or intolerability - Drop-out rate at  Caucasian (63), - Adverse effects: improvement in
- Two arms: - Exclusion: Concurrent 12 weeks: 15.5% African-American  ADE assessed at HAM-A scores at
PG-guided vs. TAU diagnosis of BD, SZ, personality  (PG-guided: (18), Hispanic baseline 4, 8 and both 8 and 12
- 4 Timepoints: disorder, traumatic brain injury, 15.6%, TAU: 15.3%) (16), Other (2), 12 weeks weeks along with
Baseline, 4, 8 and  significant risk for suicide and Asian (1) in PG-guided group
12 weeks hospitalization, history of - No difference
chronic kidney dysfunction, between groups in
abnormal hepatic function, terms of adverse
pregnancy drug events
Han - 8-week, - Age: > 20 years 100 (PG-guided - Sex (% females): - Clinician-rated: - Primary - Differences of
et al. (2018) prospective, single - Diagnosis of MDD (DSM-5) n =52, TAU 74.9 (PG-guided: HAM-D17, CGI-S outcome: mean response rates and
blinded (patient -CGl-1 >3 n = 48) 76.9, TAU: 72.9) assessed at change of total symptoms
blinded) RCT - Subjects who required - Completers at 8 - Age (years), baseline 4 and 8 score of HAM-D17  improvement

- Two university
based teaching
hospitals, Korea

- Two arms:
PG-guided vs. TAU
- 3 Timepoints:
Baseline, 4 and 8
weeks

treatment substitution due to
lack of efficacy or adverse
events or intolerability

- Exclusion: patients not
currently on AD treatment;
pregnancy or nursing; substance
abuse or dependence within the
past 12 months; unstable
medical disorders; a current
Axis | diagnosis of delirium,
dementia, amnestic or other
cognitive disorder, SZ or other
psychotic disorder, BD | or Il,
ED, OCD, PD, or PTSD; a
clinically significant current Axis
Il diagnosis; psychotic
symptomatology in the current
depressive episode; who
received psychotherapy;
hospitalization or having ECT
within 8 weeks of the first visit

weeks: 69 patients

(PG-guided
n =52, TAU
n = 48)

- Drop-out rate at
8 weeks: 31.0%
(PG-guided:

25.0%, TAU: 37.5%)

mean (SD): 44.0,
PG-guided: 44.2
(16.1), TAU: 43.9
(13.8)

- Etnicity (%):
Korean (100)

weeks

- Self-report:
PHQ-9/15, GAD-7,
SDS assessed at
baseline 4 and 8
weeks

- Adverse effects:
FIBSER, SAFTEE
assessed at
baseline 4 and 8
weeks.

from baseline to 8
weeks.

- Co-primary
outcome: change
of total score of
FIBSER from
baseline to 8
weeks.

- Secondary
outcomes:
response and
remission rates at
8 weeks as
measured by

HAM-D17. Changes

of total scores of
PHQ-9/15, GAD-7,
SDS, CGI-S from
baseline to 8
weeks.

between PG-guided
and TAU at week 8
- Differences of
mean change in the
FIBSER score
favoring PG-guided
group

(continued on next page)
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Table 1 (continued)
Refs. Experimental Inclusion/Exclusion Criteria Sample size Demographics Assessment Outcomes Main findings
Design
Greden - 8-week, - Age: > 18 years 1398 (PG-guided - Sex (% females): - Clinician-rated: - Primary - No differences in
et al. (2019) multicenter, - Diagnosis of MDD (>11 on the  n = 681, TAU 70.6 (PG-guided: HAM-D17, outcome: symptoms
prospective, QIDS-C16 and self-rated n=717) 71.8, TAU: 69.5) QIDS-C16 assessed  Symptom improvement at 8
patient-and QIDS-SR16) - Completers at 8 - Age (years), (via improvement at 8  weeks as measured
rater-blinded, RCT - An inadequate response (lack  weeks: 1167 mean (SD): 47.5 teleconference) at weeks as by HAM-D17
- 60 academic and  of clinical improvement or patients (14.5), PG-guided: baseline, 4, 8, 12  measured by - Higher response
community sites intolerable side-effects (PG-guided 46.9 (14.5), TAU: and 24 weeks HAM-D17 and remission rates
including reported by the patient or n =560, TAU 48.0 (14.5) - Self-report: - Secondary at 8 weeks
psychiatric and treating clinician) to at least n = 607) - Ethnicity (%): PHQ-9 assessed at outcomes: according with
primary care one documented psychotropic - Drop-out rate at  Hispanic or Latino  baseline, 4, 8, 12  Response and HAM-D17 in
providers, USA treatment for the current 8 weeks: 16.5% (7.9), not Hispanic and 24 weeks remission rates at ~ PG-guided group.
- Two arms: episode (PG-guided: or Latino (92.1) - Adverse effects: 8 weeks according - Higher in
PG-guided vs. TAU - Exclusion: A current Axis | 17.8%, TAU: 15.3%) Patient-reported with HAM-D17. symptom
- 5 Timepoints: diagnosis of delirium, dementia, side effects Symptom improvement and
Baseline, 4, 8, 12  amnestic or other cognitive assessed at 8 week improvement, response rate in
and 24 weeks disorder, SZ or other psychotic response and PG-guided group at
< disorder, BD | or Il, psychotic remission rates at 8 weeks as
w symptomatology within the 8 weeks as measured by PHQ-9
current or prior depressive measured - Higher remission
episodes; suicidal risk; QIDS-C16 and rate in PG-guided
significant substance use PHQ-9 group at 8 weeks as
disorder; significant unstable measured by
medical condition or other QIDS-C16
significant medical conditions
Shan - 8-week, - Age: Range 18-51 years 71 (PG-guided - Sex (% females): - Clinician-rated: - Outcomes: Mean - No significant
et al. (2019) prospective, - Diagnosis of MDD (DSM-5) n =31, TAU 63.1 (PG-guided: HAM-D17, HAM-A change of total difference in
patient-and - HAMD-17 > 17 and the first n = 40) 61.2, TAU: 65) assessed at score of HAM-D17  HAMD- 17 total

rater-blinded, RCT
- Department of
Psychiatry of the
Second Xiangya
Hospital, China

- Two arms:
PG-guided vs. TAU
- 4 Timepoints:
Baseline, 2, 4 and
8 weeks

item of the HAMD-17
(depressive mood) > 2; who
have never received psychiatric
treatment or have interrupted
AD medication for more than 2
weeks; no psychotic symptoms
- Exclusion: Any other
psychiatric diagnoses; any
significant physical illness;
pregnancy

- Completers at 8
weeks: 48 patients
(PG-guided n = 21
TAU n = 27)

- Drop-out rate at
8 weeks: 32.4%
(PG-guided:

32.3%, TAU: 32.5%)

- Age (years),
mean (SD): 27.7,
PG-guided: 26.5
(7.9), TAU: 28.8
(8.9)

- Etnicity (%):
Asian (Han
population) (100)

baseline and 8
weeks

- Self-report: None
- Adverse effects:
TESS assessed at 8
weeks

from baseline to 8
weeks. Response
and remission
rates at 8 weeks
as measured by
HAM-D17.

scores, response
and remission rates
- No significant
difference in the
HAM-A total scores
at each timepoint

(continued on next page)
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Table 1  (continued)
Refs. Experimental Inclusion/Exclusion Criteria Sample size Demographics Assessment Outcomes Main findings
Design
Perlis - 8-week, - Age: between 18 and 75 years 304 (PG-guided - Sex (% females): - Clinician-rated: - Primary - No significant
et al. (2020) multicenter, - Diagnosis of nonpsychotic MDD n = 151, TAU 71.7 (PG-guided: SIGH-p-17, CGl-I, outcome: Change  differences
prospective, based on DSM-5 and MINI 7.0 n=153) 70.9, TAU: 72.5) C-SSRS assessed at  from baseline in between PG-guided
patient-and - SIGH-D-17 >18 - Completersat 8 - Age (years), baseline, 2, 4, 6, SIGH-D-17 at 8 and TAU at week 8
rater-blinded, RCT - Fail of at least one prior weeks: 281 mean (SD): 47.7 and 8 weeks weeks
- Sites of adequate trial of AD for the patients (12.2), PG-guided: - Self-report: - Secondary
recruitment not current episode due to (PG-guided 47.8 (12.3), TAU: QIDS-SR16 outcomes:
specified, USA inefficacy or intolerable adverse n = 140 TAU 47.6 (12.0) assessed at Response and
- Two arms: effects n = 141) - Ethnicity (%): baseline, 2, 4, 6, remission rates at
PG-guided vs. TAU - Exclusion: A current DSM-5 - Drop-out rate at  White (72.7), and 8 weeks 8 weeks as
- 5 Timepoints: diagnosis of neurocognitive 8 weeks: 7.6% black/African - Adverse effect: measured by
Baseline, 2, 4, 6, disorders, SZ spectrum (lifetime (PG-guided: 7.3%, American (23.4), FIBSER assessed at  SIGH-D-17.
and 8 weeks diagnosis) and other psychotic TAU: 7.8%) America Indian or  baseline, 2, 4, 6, Changes of total
disorders, bipolar and related Alaskan Native (1), and 8 weeks scores of
disorders (lifetime diagnosis), Native QIDS-SR16, CGlI-I,
trauma and stress-related Hawaiian/Pacific FIBSER from
disorders, OCD and related Islander (1), Asian baseline

disorders, personality disorders,
PD; substance related and
addictive disorders diagnosed in
the last 12 months; history of
suicidal behavior within 12
months; four or more failed AD
in the current episode, ECT or
rTMS or psychotherapy initiated
within 90 days; unstable or
active medical condition(s);
pregnancy (or planning) or
nursing

(0.3), other (1.6)

(continued on next page)
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Table 1 (continued)

Refs. Experimental Inclusion/Exclusion Criteria Sample size Demographics Assessment Outcomes Main findings
Design

Tiwari - 36-week, - Age: > 18 years 276 (PG-guided - Sex (% females): - Clinician-rated: - Primary - No differences in

et al. (2022) multicenter, - Diagnosis of nonpsychotic MDD n =90, PG-EGEN-  64.5 (PG-guided: HAM-D17 assessed  outcome: symptoms
prospective, based on DSM-IV-TR and >11 on  guided*=93; TAU  65.6, (via telephone) at  Symptom improvement at 8
patient-and the QIDS-C16 and self-rated n=93) PG-EGEN-guided*: baseline, 4, 8, 12, improvement at 8 weeks as measured
rater-blinded, RCT QIDS-SR16 - Completersat 8  64.5, TAU: 63.4) 24, 36, and 52 weeks as by HAM-D17
- 8 academic and - An inadequate response (lack  weeks: 202 - Age (years), weeks. measured by - No differences in
community sites of clinical improvement or patients mean (SD): 41.1 - Self-report: HAM-D17 response and
including intolerable side-effects (PG-guided (14.1), PG-guided: PHQ-9, QIDS-SR16 - Secondary remission rates at 8
psychiatric and reported by the patient or n =68, PG-EGEN-  40.3 (15.3), assessed at outcomes: weeks according

primary care
providers,
Ontario, Canada
- Three arms:
PG-guided and
PG-EGEN-guided*
vs. TAU

- 7 Timepoints:
Baseline, 4, 8, 12,
24, 36, and 52
weeks

treating clinician) to at least
one documented psychotropic
treatment for the current
episode

- Exclusion: A current Axis |
diagnosis of delirium, dementia,
amnestic or other cognitive
disorder, SZ or other psychotic
disorder, BD | or Il, psychotic
symptomatology within the
current or prior depressive
episodes; suicidal risk;
significant substance use
disorder; significant unstable
medical condition or other
significant medical conditions,
currently receiving or scheduled
to receive ECT, DBS, or TMS
during course of study; pregnant
or lactating.

guided*= 63; TAU
n=71)

- Drop-out rate at
8 weeks: 26.8%
(PG-guided:
24.4%, PG-EGEN-
guided*=32.3%,
TAU: 23.7%)

PG-EGEN-guided*:

40.7 (12.9), TAU:
42.3 (14.2)

- Ethnicity (%):
Caucasian (89.2),
Asian (7.5), Black
(1.1), Latin
American (2.2)

baseline, 4, 8, 12,
24, 36, and 52
weeks.

Response and
remission rates at
8 weeks according
with HAM-D17.
Symptom
improvement,
response and
remission rates at
24 weeks as
measured by
HAM-D17

with HAM-D17.

- No differences in
symptoms
improvement,
response and
remission rates at
24 weeks according
with HAM-D17.

Acronym table

AD: Antidepressant Drugs; ADE: Adverse Drug Events; BD: Bipolar Disorder; CGl-I: Clinical Global Impression-Improvement CGI-S: Clinical Global Impression-Severity; C-SSRS: Columbia-
Suicide Severity Rating Scale; DSM: Diagnostic and Statistical manual of Mental disorders; ECT: Electroconvulsive Therapy; ED: Eating Disorder; FIBSER: Frequency, Intensity, and Burden
of Side Effects Ratings; GAD-7: General Anxiety Disorder-7 items; HAM-A: Hamilton Rating Scale for Anxiety; HAM-D17: Hamilton Rating Scale for Depression (17 items); MDD: Major
Depressive Disorder; MINI: Mini-International Neuropsychiatric Interview; OCD: Obsessive-Compulsive Disorder; PD: Panic Disorder; PG: Pharmacogenetic; PGI-I: Patient Global Impression
of Improvement: PHQ-9/15: Patient Health Questionnaire-9/15; PTSD: Post Traumatic Stress Disorder; QIDS-C16: Quick Inventory of Depressive Symptomatology Clinician-rated (16 items);
QIDS-SR16: Quick Inventory of Depressive Symptomatology Self-rated (16 items); RCT: Randomized Controlled Trial; rTMS: repetitive Transcranial Magnetic Stimulation; SAFTEE: Systematic
Assessment for Treatment Emergent Events-Systematic Inquiry; SATMED-Q: Treatment Satisfaction with Medicines Questionnaire; SD: Standard Deviation; SDI: Sheehan Disability Inventory;
SDS: Sheehan Disability Scale; SIGH-D: Structured Interview Guide for the Hamilton Depression Rating Scale; SZ: Schizophrenia; TAU: Treatment As Usual; TESS: Treatment Emergent Symptom

Scale.

Note: PG-EGEN-guided*: PG-EGEN report included 6 additional genes shown to have genetic variation associated with antipsychotic-induced weight gain.

18-89 (z70?7) 65 AS0j0dewaeydoydAsdoinaN ueadoiny
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Guide for the Hamilton Depression Rating Scale -SIGH-D-17
version). In addition, each study used other clinician-rated
scales for the assessment of depression-related symptoms
(for details see Table 1).

Five studies (Greden et al., 2019; Han et al., 2018;
Pérez et al., 2017; Perlis et al., 2020; Tiwari et al., 2022)
used also self-report scales for the evaluation of a wide
range of constructs, ranging from the well-being of pa-
tients, anxiety symptoms, the disability caused by the dis-
ease, treatment satisfaction or patients’ general impres-
sion of improvement. However, only in the two studies
(Perlis et al., 2020; Tiwari et al., 2022) a validated self-
report scale for the assessment of depressive symptomatol-
ogy has been used, in order to also understand patients’
perspectives.

Regarding the evaluation of side effects, five studies
(Bradley et al., 2018; Han et al., 2018; Pérez et al., 2017;
Perlis et al., 2020; Shan et al., 2019) assessed adverse
events and tolerability using different scales and forms with
the exception of the Greden et al. (2019) study in which
patients’ medical records were used to evaluate the mean
number of side effects and the proportion of patients re-
porting side effects.

(f) Outcomes

Most of the RCT studies specified as primary outcome
the symptom improvement at 8 weeks as measured by
the mean change of the main clinician-rated scale score
(Greden et al., 2019; Han et al., 2018; Pérez et al., 2017;
Perlis et al., 2020; Tiwari et al., 2022), whereas all the other
evaluations were indicated as secondary or tertiary out-
comes. These can include (1) response and remission rates
at different timepoints, as well as symptom improvement
as measured at different timepoints (excluding 8-weeks as
primary outcome) according to main clinician-rated scale
used; (2) changes in scores of depressive symptoms, as well
as response and remission rates at different timepoints as-
sessed with a self-rating scale, (3) changes in scores of
depressive-related symptoms, such as anxiety, at different
timepoints; (4) side effects at different time-points. The re-
sponse is defined as a > 50% decrease of points on a clinical
scale of interest at one specific timepoint compared with
the baseline. Remission is defined as a score lower of a spe-
cific cut-off, defined accordingly by the scoring parameters
of the assessment scale used.

(g) Main findings

Concerning the results obtained in relation to the declared
primary outcomes, only in Han et al. (2018) study the
patients allocated to the PG-guided group showed higher
symptom improvement at 8 weeks from the beginning of
the treatment, whereas no differences were obtained in
the other studies (Greden et al., 2019; Pérez et al., 2017;
Perlis et al., 2020; Tiwari et al., 2022). Regarding the other
outcomes, several significant results favouring PG-guided
groups were found in several RCTs (Bradley et al., 2018;
Greden et al., 2019; Han et al., 2018; Pérez et al., 2017). In
particular, in three RCTs the response and/or the remission
rates assessed with the clinical-rated scale used at 8 weeks,
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were higher in PG-guided groups (Bradley et al., 2018;
Greden et al., 2019; Han et al., 2018). In the Perez’s study
a higher response rate at 12 weeks in the PG-guided group
as measured by PGI-I was reported (Pérez et al., 2017).
In addition, the Greden et al. (2019) study reported higher
symptom amelioration and response and remission rates at 8
weeks as measured by PHQ-9 and by QIDS-C16, respectively,
in favor of PG-guided patients. Two studies (Greden et al.,
2019; Tiwari et al., 2022) reported a similar increase in
clinicians prescribing congruent medications for patients
in the PG-guided arm, but not in the TAU arm. Moreover,
Han et al. (2018), Pérez et al. (2017) studies reported better
tolerability and lower side effects as measured by the Fre-
quency, Intensity, and Burden of Side Effects Ratings (FIB-
SER) scale in PG-guided patients. Finally, in Greden et al.
(2019), in which patients were evaluated over the full 24-
week study period, the outcomes of the PG-guided patient
group continued to improve through 24 weeks, showing that
the rate of remission nearly doubled from week 8 to week
24 (data reported and extended also in Thase et al. 2019).
The authors conclude that this observation supports that PG
testing may provide durability in antidepressant treatment
effects. However, this result presents with relevant limi-
tations since only PG-guided patients were observed for a
longer time interval and no comparison was shown with the
TAU group given the unblinded study design between 8 and
24 weeks was applied.

Some post-hoc analyses were carried out. In Pérez et al.
(2017) study, post-hoc stratified analyses were performed
on the basis of severity of depression episode as well as
for the number of previous antidepressant medication fail-
ure. The results showed that at 12-week visit, the response
rate was higher in the PG-guided group compared to the TAU
group for patients diagnosed with severe depression. More-
over, patients having received 1 to 3 previous failed psy-
chiatric treatments in the current episode showed a small
clinical benefit compared to TAU as seen by Cohen’s d calcu-
lated from the change in HDRS-17, whereas drug naive sub-
jects and those having received 4 or more medication trials
did not. Furthermore, among subjects with 1 to 3 treatment
failures, statistically significant differences were identified
at 12 weeks in the response rate based on the PGI-I score,
and on the HDRS-17 score both at 6 weeks and 12 weeks, in
favor of the PG-guided patient group.

In Bradley et al. (2018) study, post-hoc analyses were per-
formed stratified for the severity of the current depressive
episode. Both at 8 and 12-week follow-up, the response and
remission rates were higher in the PG-guided group com-
pared to the TAU patients diagnosed with severe depression.
Similarly, when both moderate and severe patients were in-
cluded in the analysis at 8 and 12-week response rates re-
mained significantly higher for the PG-guided group of pa-
tients. No significant improvements were found in patients
with mild depression.

In Perlis et al. (2020) study, a post-hoc exploratory
analysis showed that at 8 weeks, significantly more pa-
tients had failed to improve or worsen (by at least
one point on the SIGH-D-17) in the TAU group com-
pared to the PG-guided one. Unfortunately, only one study
(Pérez et al., 2017) applied multiple-testing correction in
their analysis.
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5. Discussion

The RCTs on PG testing for antidepressants included in this
review showed several biases that should be overcome with
well-designed future trial studies on this issue. Although all
the selected studies described above are RCTs with inter-
esting data, a series of methodological limitations reduce,
at least in part, the relevance and the generalization of the
results achieved.

First, all RCTs except two studies (Han et al., 2018;
Shan et al., 2019) have been conducted by PG test manufac-
turers, leading to a significant industry bias. Consequently,
the Korean (Han et al., 2018) and the Chinese (Shan et al.,
2019) studies can be considered the first two non-industry
sponsored trials.

Second, concerning the study methodology, the seven
RCTs have, overall, low risks of bias regarding the random
sequence generation (selection bias), the allocation con-
cealment (selection bias) and incomplete outcome data (at-
trition bias), while they present high risk of bias regarding:
(i) blinding of participants, participating personnel (perfor-
mance bias), where patients were blind to the study group,
but treating clinician were not blinded (Bradley et al., 2018;
Greden et al., 2019; Han et al., 2018; Pérez et al., 2017;
Shan et al., 2019; Tiwari et al., 2022); (ii) blinding of out-
come assessors (detection bias), where the clinical assess-
ment was performed by an unblinded rater (Pérez et al.,
2017) or by the treating clinician (Han et al., 2018); (iii)
selective outcome reporting (reporting bias), where results
for remission were reported only in a subset of the sam-
ple, rather than for the entire sample (Bradley et al., 2018);
and (iv) recruitment bias, where patients were recruited by
the treating clinicians (Bradley et al., 2018; Greden et al.,
2019; Han et al., 2018; Pérez et al., 2017; Perlis et al., 2020;
Shan et al., 2019; Tiwari et al., 2022), rather than by site-
independent investigators.

Concerning the study design, almost all of the studies de-
clared a double-blinded design, but often they were only
partially double-blinded, where for example the prescriber
was not blind, while the rater and the patient were blind to
the study group (Bradley et al., 2018; Greden et al., 2019;
Han et al., 2018; Pérez et al., 2017; Perlis et al., 2020;
Shan et al., 2019; Tiwari et al., 2022). In another study both
the prescriber and the rater were not blinded for the as-
sessment (Pérez et al., 2017). The lack of prescriber and /
or rater blindness does not allow the exclusion of a possible
influence on the outcome assessment (performance and /
or detection bias), therefore strategies to enable complete
blinding of patients, raters, and prescribers deserve further
investigation in order to minimize observer-expectancy ef-
fects.

Another relevant point to be taken into account is the
clinical evaluation time point, since the studies are not al-
ways homogeneous regarding time assessment. It is relevant
to consider clinical outcomes after 8 weeks, the typical du-
ration of acute phase depression treatment, and to extend
the evaluation for 12 or 24 weeks whenever possible, since
clinical contexts may change considerably over time and re-
sponse duration and sustained remission are important is-
sues to be evaluated (Frieden, 2017). To date, only one RCT
(Tiwari et al., 2022) showed a longer blinded observation
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until 36 weeks, however, data published from this study are
concerning a time period of 24 weeks without any significant
main results.

Regarding the inclusion and exclusion criteria, RCTs
should be more homogeneous and they should take into
account some relevant aspects in the decision-making pro-
cess of sampling subjects with MDD. In particular, the pres-
ence or absence of the following aspects should be inves-
tigated and verified: the depressive symptom profile, the
clinical subtypes (with melancholic, atypical or mixed fea-
tures, or with anxious distress, or with psychotic features),
the seasonality, the episode severity (mild, moderate or
severe), the suicidality, the clinical staging of depression
(first episode, residual phase, recurrent and chronic MDD),
the presence of personality traits or a full-blow diagnosis
of a personality disorder, an antecedent and / or concomi-
tant psychiatric comorbidity, including alcohol and / or sub-
stance abuse, physical comorbidities, early and / or recent
adverse life events, a family history of a homotypic and /
or heterotypic psychiatric condition (Maj et al., 2020). De-
spite all but one (Greden et al., 2019) of the selected RCTs
used the DSM-IV-TR or DSM-5 criteria for diagnosing MDD,
most of them have utilized different inclusion and exclusion
criteria, leading to an increased population heterogeneity
and to a decrease of results generalization. In particular,
no studies have considered the depressive symptom profile,
the depression subtype, the clinical staging of depression,
the seasonality, the psychiatric family history (taken into ac-
count only by Han et al. 2018), early and / or recent adverse
life events, while other parameters, such as clinical sever-
ity, the psychiatric and physical comorbidity, and suicidality
were taken into account differently among studies. For ex-
ample, Pérez et al. (2017) reported not to have excluded
comorbidities including anxiety disorders (also included in
Bradley et al. 2018), post-traumatic stress disorders, sub-
stance abuse disorders, but did not consider comorbidities
in relation to the findings in the different treatments group.

It is also interesting to consider the differences among
the studies regarding the subjects who could be included,
with respect to whether or not they were on antidepres-
sant treatment and with respect to the number of previ-
ous antidepressant therapy failures. More in detail, some
studies allowed the participation of subjects who required
medication de novo (Bradley et al., 2018; Pérez et al.,
2017; Shan et al., 2019), while others included only sub-
jects who were under treatment and required substitution
due to lack of efficacy or treatment discontinuation due
to adverse events or intolerability (Greden et al., 2019;
Han et al., 2018; Perlis et al., 2020; Tiwari et al., 2022). In
this perspective, a number of studies (Greden et al., 2019;
Han et al., 2018; Pérez et al., 2017; Perlis et al., 2020;
Tiwari et al., 2022) had at least two or three previous failed
antidepressant treatments for the current MDD episode in
their enrolled patients, therefore a percentage of the de-
pressed population could be regarded as having treatment
resistant depression (TRD) (Fava, 2003). This recruitment
modality does not lead to solving the doubt, in terms of
finding a good compromise for cost-benefit, whether genetic
testing should be reserved for patients with treatment re-
sistance/sensitivity or if could be better to perform the PG
test prior to the beginning of the first antidepressant trial
(Zeier et al., 2018).
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Concerning the sample size, one study had a small sam-
ple size and could have been underpowered (Shan et al.,
2019), while in four others the sample power was
calculated (Han et al., 2018; Pérez et al., 2017
Perlis et al., 2020; Tiwari et al., 2022), although only in
Perlis et al. (2020) study the completers and the attrition
rate were taken into account. It should also be noted that,
although some studies show a high drop-out rate (Han et al.,
2018; Shan et al., 2019; Tiwari et al., 2022), it amounted
to a similar level both in the PG-guided and in the TAU
groups.

Regarding the demographic characteristics, the major-
ity of studies included individuals of Caucasian origin, with
African, American, Hispanic/Latin American and Asian in-
dividuals representing less than 20% of the population
analysed, one study was based on a Korean population
(Han et al., 2018), another was based on a Chinese popu-
lation (Shan et al., 2019), which limits the generalizability
of the findings. On the other hand, an additional evalua-
tion of more diverse populations would be beneficial and
replication studies with patients of diverse ancestral origins
can further increase confidence in the broader utility of the
findings (Rosenblat et al., 2018).

About the assessment and outcomes, they are not stan-
dardized and homogeneous among the different RCTs and
relevant real-world clinical outcomes, such as cognitive
symptoms or psychosocial impairment (Maj et al., 2020;
Mcintyre et al., 2015), were not considered at all. More-
over, the side effects were not evaluated in all studies with
validated and structured tools. Finally, not in all RCTs, self-
report scales for depressive symptoms were used, losing the
patients’ perspective that is extremely important in order
to achieve a real functional remission of depressive symp-
tomatology.

6. Conclusions and future directions

Personalization of psychiatric treatments using pharmaco-
genetic information is emerging as a valuable tool to iden-
tify in advance which medications will be more effective,
which ones will require dose adjustments or which ones
may cause meaningful adverse reactions (Serretti and Fab-
bri, 2020; Shalimova et al., 2021). The growing number of
arrays of PG tests poses clinical implementation challenges.
Indeed, besides a clinically demonstrated effect on efficacy
and tolerability, PG tests need to represent a real benefit
for MDD patients. To achieve that goal and in order to en-
sure a real-world utility and applicability, PG tests needs to
be evaluated in high quality RCT studies with adequate con-
trol groups and blinded ratings that have the potential to
support generalizability of the results and to evaluate the
economic cost-benefit ratio in healthcare systems.
Concerning the above discussed points, some critical
notes need to be added. In all the reviewed RCT studies
the treating clinician was not blinded to the study arm. This
was necessitated by the ethical issues of mandating pre-
scribed medications in order to blind clinicians. To mitigate
this limitation, it is extremely important that all the RCTs
should be rigorous concerning the blindness of patients and
raters for all the evaluation scales used. In this regard, a
multi-centric, double-blinded RCT design, in terms of pa-

78

tient and rater blinded design, should represent the gold
standard for evidence generation, while observational stud-
ies, even though having the advantage of being carried out
in a naturalistic scenario, present several limitations typical
of this kind of design.

The majority of the larger cohorts studied in RCTs was
Caucasian and this ethnic bias represents a strong limit to
generalize the results to all populations, since there is a
large variability in the variants frequencies of the genes
generally included in PG tests. Consequently, larger RCT
studies on different ethnicities are needed.

Although sustained clinical remission is the ideal objec-
tive of treatment for patients with MDD, most RCTs on
PG tests have ended after 8 weeks, the typical duration
of acute phase treatment. In the RCTs lasting 12 weeks
(Bradley et al., 2018; Pérez et al., 2017) significant effects
in favor of the PG-guided patients in terms of amelioration
of symptoms were found at this timepoint. Moreover, in the
Greden et al. (2019) study, the remission rate doubled from
week 8 to week 24 among patients in the PG-guided arm,
but this study period was unblinded. These data suggest that
improved patient outcomes achieved with PG testing could
be durable in the maintenance of therapy settings. Larger
and longer-term RCT studies need to be performed to cap-
ture the impact of PG tests, and also to aid in combining
results of randomized trials with those of longer-term cost-
effectiveness investigations.

Another key point to be commented concerns the data
sampling used in the analysed RCTs. Indeed, the results ob-
tained cannot be generalized to the entire population of
MDD patients that need to be treated. Most patients in the
TAU arm were prescribed medications that were congruent
with the PG test report. Moreover, in most RCTs the PG
tests did not improve the outcomes investigated. So, the
prescription of psychiatrists on the basis of their clinical
knowledge was sufficient. However, in RCTs that stratified
the analysis for patients with a large number of unsuccess-
ful medication attempts, most of them could probably be
classified as having treatment resistant depression, a mod-
est but higher rates of response and remission for the PG-
guided group were reported, and the largest effect sizes
emerged from a post-hoc analysis of the subset of patients
with severe depression (Pérez et al., 2017; Bradley et al.,
2018; Perlis et al., 2020). Instead, no effects were shown
for drug-naive patients. This highlights the significant clini-
cal challenges in this difficult-to-treat population. It can be
proposed that PG testing could be predominantly useful for
those patients who carry functional variants (“pharmaco-
genes”) related to a greater vulnerability to develop treat-
ment resistance and/or drugs adverse effects compared to
those without. Therefore, PG tests may be a useful and vi-
able treatment tool option for such difficult-to-treat MDD
patients since they pursue a precision medicine strategy
that maximizes the benefits but minimizes the cost of the
use of complex pharmacogenomic analyses that would be
justified if the traditional first lines of treatment fail. This
is extremely important to understand because these indi-
viduals are usually more likely to consume health care re-
sources. Future studies should attempt to assess this hy-
pothesis.

A further point is related to the tolerability and safety
of antidepressants, which is a global challenge for psy-
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chiatry, since it has been linked to poorer adherence and
symptom improvement and other disease-related outcomes
(Cipriani et al., 2018; Sharma et al., 2019). To date, most
genetic variants included in all types of PG tests have been
selected mainly due to significant associations with reduc-
tion of side effects rather than an increase in efficacy
of antidepressant treatments (Fabbri and Serretti, 2020;
Zeier et al., 2018). For this reason, a correct interpreta-
tion of PG testing may result in reducing the risk of adverse
events and consequently may improve adherence. However,
the RCTs performed show a lack of generalizable results con-
cerning this issue and a gold standard in terms of objective
assessment of side effects through validated scales should
be addressed. Indeed, there is still a strong debate about
the clinical utility of PG testing, in large part due to the
lack of evidence in reducing side effects.

In addition, negative clinical predictors of response such
as severity, suicide ideation, anxiety symptoms, previous
drugs failure attempts, presence of cognitive symptoms or
functional impairment, should be investigated and analysed
in all RCTs focusing on the PG test for antidepressants in
MDD.

Finally, it is necessary to pay attention to the education
of mental healthcare professionals for being able to help
educate patients about PG testing. Indeed, many mental
healthcare members may not be fully aware of what phar-
macogenetics could offer in their healthcare setting, or how
to use the results if they are available. Both healthcare pro-
fessionals and patients should be well informed about the
PG testing process and its limitations, especially with re-
spect to evaluating the evidence supporting the genes, indi-
cation of specific tests, how to interpret the test, and how
to integrate its results into practice in conjunction with clin-
ical expertise. Despite the potential of being able to tai-
lor medication to a patient’s genetic profile is a widespread
notion both among clinicians and patients, the acceptance
of PG data varies among physicians themselves, mainly be-
cause many of them still express lower levels of confidence
and knowledge of the process behind a PG test (Vest et al.,
2020; Zanardi et al., 2021b). The knowledge gained by the
physicians can help reassure patients by addressing their
concerns regarding PG testing.

In summary, a number of barriers have been noted for the
widespread adoption of PG tests for antidepressants into
clinical care for the treatment of MDD patients. Indeed,
only seven RCTs have investigated a possible relationship
between PG testing and outcomes in terms of antidepres-
sants efficacy and reduction of adverse effects. The qual-
ity of the study designs in these RCTs is poor, resulting in
weak methodology and limited scope that do not allow us
to establish strong and conclusive evidence at this stage.
Moreover, although the results of some RCTs indicate a rela-
tionship between the use of the PG testing and a reduction
of side effects, the findings are preliminary and further ex-
ploration is required. However, some positive results coming
from analyses in subgroups of patients, such as more bene-
fits using PG testing for patients with severe MDD episode
and a greater amelioration in longer period of observation,
indicate new perspectives to develop further RCTs. Further-
more, it would be important to have the opportunity to
carry out an individual meta-analysis on existing data. In
this way, studies that contain the same or overlapping sets
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of participants can be identified and cluster analyses can be
performed at different timepoints. In addition, algorithms
that integrate different assessment scales through the se-
lection of specific items are available and might be used to
increase the statistical power for some depression-related
symptoms outcomes. Finally, to date no studies focus on the
subgroups of patients who carry some functional variants of
genes of poor or extensive metabolisers.

Efforts to better understand the subset of individuals who
may derive benefit from the tests, the time course over
which such benefits may be identified, and for which kind
of real-world outcomes the tests may be applied, represent
important next steps for MDD PG test RCT studies for an-
tidepressants, in term of efficacy, increase of adherence,
cost-effective and cost-saving strategy.
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