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Abstract: Treatment-resistant depression (TRD) reduces affected patients” quality of life and leads to
important social health care costs. Pharmacogenomics-guided treatment (PGT) may be effective in
the cure of TRD. The main aim of this study was to evaluate the clinical changes after PGT in patients
with TRD (two or more recent failed psychopharmacological trials) affected by bipolar disorder (BD)
or major depressive disorder (MDD) compared to a control group with treatment as usual (TAU). We
based the PGT on assessing different gene polymorphisms involved in the pharmacodynamics and
pharmacokinetics of drugs. We analyzed, with a repeated-measure ANOVA, the changes between
the baseline and a 6 month follow-up of the efficacy index assessed through the Clinical Global
Impression (CGI) scale, and depressive symptoms through the Hamilton Depression Rating Scale
(HDRS). The PGT sample included 53 patients (26 BD and 27 MDD), and the TAU group included
52 patients (31 BD and 21 MDD). We found a significant within-subject effect of treatment time on
symptoms and efficacy index for the whole sample, with significant improvements in the efficacy
index (F = 8.544; partial n? = 0.077, p < 0.004) and clinical global impression of severity of illness
(F = 6.818; partial n? = 0.062, p < 0.01) in the PGT vs. the TAU group. We also found a significantly
better follow-up response (x? = 5.479; p = 0.019) and remission (x? = 10.351; p = 0.001) rates in the
PGT vs. the TAU group. PGT may be an important option for the long-term treatment of patients
with TRD affected by mood disorders, providing information that can better define drug treatment
strategies and increase therapeutic improvement.

Keywords: pharmacogenomics; treatment-resistant depression; mood disorders; major depressive
disorder; bipolar disorder

J. Pers. Med. 2022, 12, 316. https:/ /doi.org/10.3390/jpm12020316

https:/ /www.mdpi.com/journal /jpm


https://doi.org/10.3390/jpm12020316
https://doi.org/10.3390/jpm12020316
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jpm
https://www.mdpi.com
https://orcid.org/0000-0003-2427-6944
https://orcid.org/0000-0002-5101-3253
https://orcid.org/0000-0002-7839-9125
https://orcid.org/0000-0001-8667-3094
https://orcid.org/0000-0003-1886-4977
https://doi.org/10.3390/jpm12020316
https://www.mdpi.com/journal/jpm
https://www.mdpi.com/article/10.3390/jpm12020316?type=check_update&version=2

J. Pers. Med. 2022, 12, 316

20f13

1. Introduction

The incidence of major depression is growing each year. A long illness course occurs
in approximately 20-30% of patients with major depressive disorder (MDD), leading to a
worsening quality of life and a significant increase in health care utilization and treatment
costs [1-3]. Despite drug therapy being the main type of intervention, the response to first-
line antidepressants is moderate (40-60%) and only a limited number of patients achieve
remission (30—45%) [4-6]. Furthermore, 10-20% of patients have persistent symptoms for
two or more years, even with appropriate antidepressant trials, and some disability can
persist after symptom remission [7-9]. Treating patients with selective serotonin reuptake
inhibitors (SSRIs), the most used first-line pharmacological agents, can ensure response
rates of up to about two-thirds of patients, with reported remission rates not exceeding
one-quarter of patients [10-13].

There is no universally accepted definition of treatment-resistant depression (TRD)
to date. More than 10 different definitions can be found in the literature, with different
clinical pictures specifically defined. The most accepted definition of TRD is a depressive
episode with a lack of treatment response after administration of two or more trials with
antidepressant drugs belonging to different pharmacological classes and administered at
appropriate dosages and periods [14-18].

The Sequenced Treatment Alternatives to Relieve Depression (STAR*D) study showed
reduced possibilities for improvement after the second treatment failure [5,19]. There is
no general agreement to define a minimum number of treatments indicative of resistance,
but it is widely accepted that the dose and duration of treatments must be appropriate,
and patients must be completely compliant [14,20]. For bipolar disorder (BD), the most
common TRD definition requires one prior treatment failure without consensus about the
adequacy of either dose or duration [14].

In recent years, research in the medical field has increasingly focused on personalized
medicine, trying to identify the most suitable therapy in a certain sense tailored for the
patient based on the study of the patient’s genomics. Identifying the genes involved in
the response to psychotropic drugs may be useful in improving therapeutic efficacy and
therefore clinical outcome [21]. Gene-drug interactions may influence the safety of drugs
associated with harmful side effects [22]. Pharmacogenomics might help identify the most
suitable and tolerated drugs at the most appropriate dosages. In brief, the main objectives
of pharmacogenomics are to individualize the selection of drugs to improve efficacy and
safety and reduce costs.

Genome-wide association studies and candidate gene studies have quantified how
some genetic factors can influence the response to psychopharmacological therapy. In
particular, the response variability of the individual is influenced by genetic factors in 42%
of candidates, with the environment and environment-genotype interaction being crucially
important [23].

Regarding mood disorders, numerous genes have been studied, such as those encoding
proteins involved in the monoamine system (e.g., SLC6A4, HTR1A, HTR2A, MAO, and
COMT), glutamatergic system, neuroplasticity (BDNF), inflammation (IL-1{A) and the
hypothalamic—pituitary—adrenal axis (FKBP5 and NR3C1). The most important genes are
involved in the function of the serotonergic system; the HTR2A serotonin receptor gene
is one of the most investigated [24,25]. Other genes (GNB3, HTR1B, TPH2, and NET) are
involved in the pharmacogenomics of mood disorders [21,26,27].

Genes encoding for cytochrome P450 enzymes (CYP2B6, CYP2D6, CYP2C9, and
CYP2C19) and ATP-binding cassette subfamily B member 1 (ABCB1) are involved in
the pharmacokinetics of drugs and drug resistance. CYP2C19 and CYP2D6 encode two
Phase I metabolism enzymes that are critically important in the metabolism of most SSRIs
and all tricyclic antidepressants. Variations of these genes differentiate an individual’s
metabolizer status (i.e., poor, intermediate, normal, rapid, and ultra-rapid) according to
published protocols [28-30]. These alternative forms can affect the response to antidepres-
sant therapy [31-34]. Drug efflux pump ABCBL1 plays a crucial role in the absorption and
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distribution of several antidepressant medications; the genetic variants are designated
as rs1045642 (C3435T) and rs2032582 (G2677T), for which the TT genotype is associated
with lower substrate efflux and higher tissue concentrations compared to alternative geno-
types [35], although more information is needed [36,37]. The Genomics Used to Improve
DEpression Decisions (GUIDED) study showed that the clinical response and remission
rates for patients with MDD treated with combined multi-gene pharmacogenomics-guided
therapy (PGT) were significantly higher compared to those with the standard treatment,
especially when the drugs used were congruent with the patients’ genetic profile [38].

On this basis, we hypothesized that PGT, compared to treatment as usual (TAU),
would be followed by a better symptom improvement in TRD, both in MDD and BD. The
main objectives of our study were to assess whether patients with MDD and BD who
have undergone PGT for TRD achieve clinical improvement and show better tolerability
of drugs.

2. Materials and Methods

An observational, retrospective study was conducted during the years 2018-2021 at
the Centre of Personalized Medicine and Service of Personalized Mental Health and Phar-
macogenomics, Unit of Psychiatry, Sant’Andrea University Hospital, Sapienza University,
Rome. We obtained written consent from all participants after fully informing them about
the type and aims of the treatment. This study was approved by the local ethical committee
(prot. N. 6279/2021) and was carried out following the Principles of Human Rights adopted
by the World Medical Association (WMA) at the 18th WMA General Assembly, Helsinki,
Finland, in June 1964, and subsequently amended by the 64th WMA General Assembly,
Fortaleza, Brazil, in October 2013.

Exclusion criteria included minors (<18 years) or those of advanced age (>75 years),
incongruent psychotropic drugs at baseline or during the study period, substantial changes
in pharmacotherapy during the study, concurrent substance use disorders (except nicotine
dependence), neurological conditions (epilepsy, major neurocognitive disorders, Parkin-
son’s disease, and Huntington’s chorea), and severe acute organic illnesses (major car-
diovascular pathologies, uncontrolled diabetes, serious toxic, infectious and metabolic
diseases, malignancy, liver failure, and renal failure).

A group of patients underwent a pharmacogenomics assessment for severe treatment-
resistant depression with manifestation of side effects, and another group of patients
followed a standard treatment. We subdivided those patients into two groups (PGT and
TAU). At the baseline assessment, all the patients had been on medications for at least
12 months, with two or more subsequent different standard antidepressant treatments to
which they were poorly responsive or unresponsive (less than a 50% drop on the Hamilton
Depression Rating Scale (HDRS)). We subsequently assessed the clinical characteristics of
the sample after six months from baseline.

2.1. Assessment of Pharmacogenes with Drug-PIN Software

All patients were genotyped for 108 polymorphisms in 48 pharmacogenes, including
Phase I and Phase II drug-metabolizing enzymes, drug transporters, and targets (see
Supplementary Table S1), using a custom panel designed for targeted DNA re-sequencing
via Ion AmpliSeq™ Library Kit 2.0 chemistry and next-generation sequencing platform
Ion Chef/Ion S5 system (Thermo Fisher Scientific, Waltham, MA, USA) according to
the manufacturer’s instructions. DNA samples were obtained from 5 mL of peripheral
blood using a QIAsymphony automatic system for nucleic acid extraction (QIAGEN,
Hilden, Germany).

Drug-PIN software (https://www.drug-pin.com/, last accessed on 15 December 2021)
is an integrated bioinformatics solution that allows automatic interpretation of patient data
to be correlated to an individual response to drugs, including age, habits (alcohol, caffeine,
and cigarette consumption), hepatic/renal function and genomic profile. Included data are
combined to give a drug—drug and drug—gene interaction profile for one or more proposed
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medications. Drug-PIN software associates a numerical score to a proposed therapeutic
scheme that reflects the theoretical therapeutic index (tolerability /efficacy): the greater the
associated number, the worse the proposed scheme.

According to the case under examination, the Drug-PIN score has different compo-
nents: a percentage inherent to the drug—drug interactions known in the literature; a
portion related to the patient’s age, which considers the PRISCUS list that assesses the
adequacy of a large panel of medicaments in the elderly; a percentage inherent to the renal
function, which is calculated by following the indications of appropriateness dictated by
the Beers list; and a portion related to pharmacokinetic problems and calculated based on
the genotype of the inserted polymorphisms (drug-gene interactions).

The terms under which each of these rates forms the final score are clarified in a
report and alerts related to the detection of inappropriate or unfavorable drug interactions.
Drug-PIN software allows the user to choose between the best theoretical therapeutic
options by supporting the construction of new drug combinations: it automatically assesses
(each time recalculating the score) the impact of a new drug inserted in polypharmacy,
providing a view of the best hypothetical alternatives (greater safety and efficacy) for each
class of drugs (e.g., antidepressants, benzodiazepines, antipsychotics, and mood stabilizers).
Recommendations were based on a drop in the Drug-PIN score related to the prescribed
benzodiazepines, antidepressants, antiepileptics, and antipsychotics.

2.2. Medication Congruence with Pharmacogenomics Testing

Consistent with previous studies, we considered the prescribed drugs congruent with
the pharmacogenomics test if they belonged to the use-as-directed or use-with-caution
categories according to the Drug-PIN score reduction [39,40]. Conversely, we considered
prescribed medications to be incongruent if they were not recommended according to the
Drug-PIN based assessment for drug—drug and/or drug—gene interactions. In this case,
the patients were excluded from the study, being considered as dropout subjects.

2.3. Psychiatric Assessments

We analyzed the patients” medical records included at baseline and the 6 month
follow-up. We diagnosed patients based on DSM-5 criteria [41].

The clinical status of the patients was assessed with the Clinical Global Impression
(CGI) scale [42]. The CGI severity of illness is rated on a seven-point scale, with a range of
responses from 1 (normal) through 7 (the most severely ill patients). The CGI change scores
range from 1 (very much improved) through 7 (very much worse). The CGI efficacy index
(CGI-EI) ratings take into account both therapeutic efficacy and treatment-related adverse
events and range from 0 (marked improvement and no side effects) to 16 (unchanged or
worse, with side effects outweighing therapeutic effects). We used the CGI-EI as a measure
of the patients’ tolerability of the drugs, assessing the therapeutic effect of treatment with
psychiatric medication and associated side effects.

The 17-item HDRS [43] was used to assess depressive symptoms. The HDRS is a
clinician-rated scale designed to assess the severity of depressive symptoms: single items
are rated on a Likert scale of 0—4 (8 items) or 0-2 (9 items). The total score is calculated on
the first 17 items: 0-7, normal; 8-16, mild depression; 17-23, moderate depression; 24 or
more, severe depression [44]. A score of 7 or less indicates remission of symptoms. We
assessed adverse events at follow-up, in which we investigated the presence of adverse
events and eventual correlations with the drug treatment. We summarized the overall
study design in Table 1.

2.4. Statistical Analysis

We compared the baseline sociodemographic and clinical characteristics of the two
groups of patients (PGT and TAU) using one-way ANOVA for continuous variables (e.g.,
age, CGI, and HDRS values) and the Pearson chi-squared test for categorical variables (e.g.,
sex, response, and remission). We measured HDRS score changes between the baseline and
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the 6 month follow-up. We considered the standard for follow-up response a 50% drop
in HDRS, and the standard for remission an HDRS score of 7 or less. We performed the
Kolmogorov-Smirnov test, which showed a normal value distribution at each time point.
Changes were then analyzed by repeated-measures ANOVA, with the treatment group
as the between-subject factor and treatment time (baseline—6 months) as the repeated-
measures factor. Sphericity assumption was tested with Mauchly’s test, which did not show
any significance. The cutoff for statistical significance was set at p < 0.05 and all p-values
were two-tailed. We used IBM SPSS Statistics 25.0 (IBM Corporation, 2019, Armonk, New
York, NY, USA) software for all analyses.

Table 1. Overall study design.

Patients with TRD
PGT TAU

Baseline:
Psychiatric and psychometric assessment
Assessment of pharmacogenomics interaction
Clinical guidelines-based treatment

Baseline:
Psychiatric and psychometric assessment
Clinical guidelines-based treatment

6 month follow-up: 6 month follow-up:
Psychiatric and psychometric assessment Psychiatric and psychometric assessment

3. Results
3.1. Sample Description

We recruited a sample of 111 admitted outpatients with TRD. A total of six patients
dropped out of the study because of refusal of the new proposed treatment (three), choice
of another type of therapy (one), and non-attendance at follow-up visits (two).

Hence, our final sample included 105 patients (50 men and 55 women) with severe
TRD between January 2018 and October 2021. The PGT sample included 53 patients (26
BD and 27 MDD; mean age = 45.21, SD = 16.26), and the TAU group included 52 patients
(31 BD and 21 MDD; mean age = 50.79, SD = 14.12).

All patients tolerated the drug treatments without severe complications or hospital-
ization. No patient manifested clinical hypomanic or manic episodes during the 6 month
study period. The study’s baseline sociodemographic characteristics and mean total HDRS
and CGI scores are summarized in Table 1. The PGT vs. TAU group did not differ signif-
icantly in age (F = 3.520; p = 0.063) or sex composition (x> = 1.6020; p = 0.206) and mean
baseline values of the HDRS (F = 0.437; p = 0.510), but significantly differed in CGI-EI scores
(F=24.917; p < 0.001) (Table 2).

Table 2. Sociodemographic and clinical characteristics of the sample.

Variable PGT Group (n=53)  TAU Group (1 = 52) ey AN p
earson X’

Mean age, years (SD) 45.21 (16.26) 50.79 (14.12) F=3.52 0.063
Sex, women/men ratio 31/22 24/28 XZ =1.602 0.206
Diagnosis (BD/MDD) 26/27 31/21 X2 =1.179 0.278

Mean baseline HDRS score (SD) 25.36 (5.2) 25.98 (5.34) F=0.437 0.51
Mean baseline CGI-S score (SD) 4.96 (0.78) 5.08 (0.74) F=0.59 0.442

Mean baseline CGI-I score (SD) 3.64 (0.79) 3.46 (0.67) F=1.589 0.21
Mean baseline CGI-EI score (SD) 11.89 (2.57) 8.92 (3.46) F=24917 <0.001

BL: baseline; BD: bipolar disorder; CGI-EI: Clinical Global Impression—Efficacy Index; CGI-I: Clinical Global
Impression—Improvement scale; CGI-S: Clinical Global Impression—Severity scale; MDD: major depressive
disorder; PGT: pharmacogenomics-guided treatment; SD: standard deviation; HDRS: Hamilton Depression Rating
Scale; Bold italics: significant for p < 0.05.

We summarize the changes in drug treatment at the study baseline in Table 3.
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Table 3. Changes in drug treatment for each study sample.

Previous Drug Treatment TAU PGT
Benzodiazepines 75% 50.9%
Antidepressants 86.5% 67.9%

Atypical antipsychotics 73.1% 56.6%
Typical antipsychotics 21.2% 17%

Antiepileptics 69.2% 39.6%

Lithium 63.5% 41.5%

Baseline Drug Treatment TAU PGT
Benzodiazepines 53.8% 45.3%
Antidepressants 75% 60.4%

Atypical antipsychotics 53.8% 60.4%
Typical antipsychotics 9.6% 6.4%
Antiepileptics 44.2% 35.8%
Lithium 59.6% 47.2%

3.2. Treatment Effects

At a 24 week follow-up, the mean drop in the HDRS values in TAU was 35.2%, and
42.87% in PGT. Repeated-measures ANOVA showed a significant within-subject effect of
treatment time in the whole sample for the HDRS scores (F = 400.789; partial n? = 0.796;
p <0.001) and CGI-EI (F = 135.280; partial n? = 0.568; p < 0.001), with a significant within-
subject time x group (PGT vs. TAU) interaction for the CGI-EI (F = 8.544; partial n? = 0.077,
p = 0.004) and CGI-S (F = 6.818; partial n> = 0.062, p < 0.01) scores, and no significant
time x group interaction for the HDRS values (F = 1.929; partial n?> = 0.018, p = 0.168).
The univariate tests showed no significant within-subject time x organic comorbidity and
time x diagnosis interactions on the HDRS and CGI-EI scores (Table 4). The mean changes
in total HDRS and CGI scores over time are shown in Figures 1 and 2.

Table 4. Repeated-measures ANOVA.

Descriptive Statistics Group Mean SD n
TAU 25.9808 4.40361 52
HDRS mean score, baseline PGT 25.3585 5.20390 53
Total 25.6667 4.81118 105
TAU 16.7692 4.25932 52
HDRS mean score, 6 month FU PGT 14.7736 7.05375 53
Total 15.7619 5.89740 105
TAU 5.0769 0.73688 52
CGI-S, baseline PGT 49623 0.78354 53
Total 5.0190 0.75931 105
TAU 3.5577 0.95821 52
CGI-S, 6 month FU PGT 2.8868 1.47623 53
Total 3.2190 1.28588 105
TAU 3.4615 0.67043 52
CGI-, baseline PGT 3.6415 0.78677 53
Total 3.5524 0.73355 105
TAU 2.2115 0.97692 52
CGI-I, 6 month FU PGT 2.3585 1.09359 53

Total 2.2857 1.03510 105
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Table 4. Cont.

Descriptive Statistics Group Mean SD n
TAU 8.9231 3.45756 52

CGI efficacy index, baseline PGT 11.8868 2.56950 53
Total 10.4190 3.37349 105

TAU 5.6154 421554 52

CGI efficacy index, 6 month FU PGT 6.3585 3.92279 53
Total 5.9905 4.06792 105

Tests of Within-Subjects Contrasts

Partial Eta Observed

Source Mean Square F p Squared Power
HDRS 5143.210 400.789 <0.001 0.796 1.000
CGI-S 169.584 284.763 <0.001 0.734 1.000

Time
CGII 84.205 121.724 <0.001 0.542 1.000
CGI-EI 1024.639 135.280 <0.001 0.568 1.000
HDRS 24.753 1.929 0.168 0.018 0.280
CGI-S 4.061 6.818 0.01 0.062 0.735
Time x Group (PGT vs. TAU)
CGII 0.014 0.021 0.886 0.000 0.052
CGI-EI 64.715 8.544 0.004 0.077 0.825
HDRS 9.960 0.768 0.383 0.007 0.768
CGI-S 0.988 1.580 0.212 0.015 0.238
Time x Organic comorbidities
CGI-I 2.931 4.418 0.038 0.041 0.549
CGI-EI 30.719 3.886 0.051 0.036 3.886
HDRS 22.745 1.770 0.186 0.017 1.770
CGI-S 0.003 0.005 0.945 0.000 0.051
Time x Diagnosis

CGI-I 0.062 0.09 0.765 0.001 0.06
CGI-EI 14.436 1.791 0.184 0.017 1.791

CGI-EI Clinical Global Impression—Efficacy Index; CGI-I: Clinical Global Impression—Improvement scale;
CGI-S: Clinical Global Impression—Severity scale; FU: follow-up; HDRS: Hamilton Depression Rating Scale;
PGT: pharmacogenomic-guided treatment; SD: standard deviation; TAU: treatment as usual; Bold italics indicates
significant results (p < 0.05).

3.3. Response/Remission Rates at Follow-Up Points

In the TAU group, the follow-up response was 17.3% and the remission rate was
3.8%, whereas the PGT group showed a follow-up response of 37.7% and a remission
rate of 26.4%. We found a significant between-group difference in the follow-up response
rate (x% = 5.479, p = 0.019) and remission rate (x? =10.351, p = 0.001). The response and
remission rates according to sex and diagnosis are shown in Table 5.

Table 5. Response and remission rates in the study sample at 24 week follow-up.

Response at Follow-Up Remission at Follow-Up
All patients (rate) 27.6% 15.2%
TAU 17.3% 3.8%
PGT 37.7% 26.4%
Pearson chi-squared 5.479 10.351
p 0.019 0.001

PGT: pharmacogenomic-guided treatment; TAU: treatment as usual; Bold italics: significant for p < 0.05.
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Figure 1. Mean changes in CGI-EI scores during the study.

M Baseline
M 24-week follow-up
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Figure 2. Mean changes in HDRS scores during the study.

4. Discussion

Our study findings showed that PGT of TRD in patients with MDD or BD was followed
by good long-term response and remission rates. They also highlighted significantly better
tolerability of drugs in patients who underwent PGT.

We found a response rate of 17.3% after 6 months of TAU. The TRD response rate that
we found is comparable to the rates for standard drug treatment, although there are no such
long-term follow-up studies. Previous studies on standard-treated patients with TRD have
reported response rates of approximately 16-28% and remission rates of approximately
10-13% after 4-8 weeks [5,38]. The lack of remission in our TAU sample may be due to the
long-term follow-up assessment.



J. Pers. Med. 2022, 12, 316

90f13

Our results are consistent with those of the GUIDED study, which demonstrated the
clinical utility of pharmacogenomics in 1167 patients with MDD suffering a moderate to
very severe depressive episode [38].

We found a response rate of 37.7% and a remission rate of 26.4% after 6 months of
PGT. Furthermore, our PGT sample showed a 42.87% drop in the HDRS mean score from
baseline to the 6 month follow-up, which is consistent with the 40.5% decrease in the HDRS
score after 2 months of PGT in patients with TRD reported in the study by Altar et al. [39].

In our sample, the response and remission rates appear to be promising, despite
the difficulties in treating this challenging patient population, who exhibited depressive
episodes resistant to various previous pharmacological treatments, different schemes, and
therapeutic approaches. Our results reinforce the evidence that the treatment approach
guided by pharmacogenomics might have greater efficacy in the long term in patients with
TRD [44].

We found that PGT was followed by both symptom improvement and better tolera-
bility of drugs compared to standard treatments. This is in line with previous evidence
for the impact of genomics on antidepressant response. Although there is inconsistent evi-
dence [45,46], PGT may help to predict and avoid well-known possible gene-drug adverse
interactions. For example, the S allele of 5-HTTLPR has been generally related to greater
adverse drug reaction burden during SSRI treatment, particularly regarding antidepressant-
induced mania, gastrointestinal adverse events [47], and headache [48]. The same S allele
was related to greater early side effects and poorer early response of psychosis symptoms
to citalopram and risperidone in dementia [49]. Among paroxetine-treated elderly patients
with MDD, S allele carriers showed more severe adverse events, tolerated lower daily doses,
and had more treatment discontinuations [50]. Other important associations include MC4R
genetic variants with atypical antipsychotic-induced weight gain [51] and variants of genes
encoding for cytochrome P450 enzymes (mainly CYP2D6 and CYP2C19) with a side effect
burden of drugs [52]. The results of better tolerability of our PGT sample could be ascribed
to having considered the genomics of the serotonin transporter and other proteins involved
in the pharmacokinetics and pharmacodynamics of psychotropic medications.

Drug-PIN software analysis, based on the functional biochemical profile of each pa-
tient, assesses multiple gene—drug interactions that can affect the safety and efficacy of
psychoactive drugs. The same analysis also considers drug—drug interactions in patients
treated with combinations of drugs. Multiple interaction analysis is crucial, considering
that scientific evidence concerning single-gene tests is often ineffective in achieving a thera-
peutic response [53]. Some randomized studies have shown that selecting antidepressants
guided by multi-gene pharmacogenomics tests is useful in obtaining a pharmacological
response [54-56]. In addition, a significant improvement in depressive symptoms with
PGT has been reported by two open-label, non-randomized studies of MDD without
TRD [57,58].

Compared to existing studies, the innovative evidence of our study is the long-term
(24 week) maintenance of the overall response to antidepressant treatment and the good
response to PGT in both MDD and BD patients with TRD.

Attention should be focused on the response and remission outcomes that we found
for TRD in patients with BD who followed PGT, which showed similar rates for TRD in
patients with MDD and BD. This finding is in line with evidence of reduced admission to
emergency rooms for patients with BD after the introduction of PGT, with the consequent
significant savings in healthcare costs [59]. Our data also demonstrated similar responses
in patients with and without organic comorbidities.

Our results need to be replicated as no other long-term follow-up studies have focused
on PGT of bipolar TRD. New information and PGT implementation may derive from the
study of sociodemographic, ethnic, biological, and psychological characteristics of patients
with BD and may be related to the manifestation of mood disorders, suicidality, and clinical
responses to antipsychotics, antiepileptics, and lithium [60-62].
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5. Limitations

The main limitation of this study is the small sample size and its retrospective nature,
for which the results should be interpreted with caution and need to be replicated in larger,
prospective, and multicenter studies.

6. Conclusions

Our study findings showed that PGT of TRD in patients with MDD or BD was followed
by good long-term response and remission rates compared to standard treatments. We
highlighted better tolerability of drugs and better improvement of symptoms based on the
physician impression of patients who underwent a guided treatment. The response and
remission outcomes and tolerability variables showed similar rates for patients with MDD
and BD. PGT may be an essential option for the long-term treatment of patients with TRD
affected by mood disorders and can give information for better drug treatment strategies
and therapeutic improvement.

In recent years, the evidence for applying PGT in MDD and BD has been grow-
ing, although more studies on drug safety, side effect burden, and treatment adherence
are needed.

The use of bioinformatics tools, allowing rapid and reliable evaluation of many phar-
macogenomics variables and drug—drug interactions, can help to systematically apply
the possibilities of choosing personalized drug treatments based on pharmacogenomics
screening with better theoretical efficacy and tolerability in a real-world clinical setting.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jpm12020316/s1. Table S1: Considered pharmacogenes and
polymorphisms.

Author Contributions: Conceptualization, M.S. and A.D.C.; methodology, M.S., A.D.C., M.B. and
G.G.; formal analysis, A.D.C., LM.P,, M.B. and G.G; investigation, A.D.C., M.S., LM.P., M.B. and
G.G,; LB, EF,C.Z,AP;OD.L, G.A, RB,, PG. and R.P,; data curation, A.D.C., LM.P.,, M.B. and
G.G.; writing—original draft preparation, A.D.C., LM.P,, M.B. and G.G.; writing—review and editing,
all authors; supervision, M.P. and M.S. All authors have read and agreed to the published version of
the manuscript.

Funding: The Structural Bioinformatics Group, Institute for Physiology, Charité—University Medicine
Berlin, 10115 Berlin, German, received the following funding: TRR295/Deutsche Forschungsgemein-
schaft; KFO339 /Deutsche Forschungsgemeinschaft.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of Sapienza University (protocol code
257 SA_2021 RIF. CE 6279_2021, date of approval 15 September 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data supporting reported results can be requested from the corre-
sponding author.

Conflicts of Interest: A.D.C. in the last two years has provided lectures or received advisory board
honoraria or engaged in clinical trial activities with Fidia, which did not influence the content of
this article. R.P. is a member of the advisory board of Drug-PIN AG; this role had no influence
on the content of this study. M.P. in the last two years has provided lectures or received advisory
board honoraria or engaged in clinical trial activities with Angelini, Lundbeck, Janssen, Otsuka, and
Allergan, which did not influence the content of this article. All other authors have no conflicts in
relation to the subject matter of this study.

1. Ruggeri, M.; Drago, C.; Mandolini, D.; Francesa Morel, P.; Mencacci, C.; Starace, F. The costs of treatment resistant depression:
Evidence from a survey among Italian patients. Expert Rev. Pharm. Outcomes Res. 2021, 26, 1-8. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/jpm12020316/s1
https://www.mdpi.com/article/10.3390/jpm12020316/s1
http://doi.org/10.1080/14737167.2021.1954507
http://www.ncbi.nlm.nih.gov/pubmed/34240678

J. Pers. Med. 2022, 12, 316 11 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Gilmer, W.S; Trivedi, M.H.; Rush, A J.; Wisniewski, S.R.; Luther, J.; Howland, R.H.; Yohanna, D.; Khan, A.; Alpert, J. Factors
associated with chronic depressive episodes: A preliminary report from the STAR-D project. Acta Psychiatr. Scand. 2005, 112,
425-433. [CrossRef] [PubMed]

Murphy, J.A.; Byrne, G.J. Prevalence and correlates of the proposed DSM-5 diagnosis of Chronic Depressive Disorder. J. Affect.
Disord. 2012, 139, 172-180. [CrossRef]

Papadimitropoulou, K.; Vossen, C.; Karabis, A.; Donatti, C.; Kubitz, N. Comparative efficacy and tolerability of pharmacological
and somatic interventions in adult patients with treatment-resistant depression: A systematic review and network meta-analysis.
Curr. Med. Res. Opin. 2017, 33, 701-711. [CrossRef] [PubMed]

Rush, A].; Trivedi, M.H.; Wisniewski, S.R.; Nierenberg, A.A.; Stewart, ].W.; Warden, D.; Niederehe, G.; Thase, M.E.; Lavori, PW.,;
Lebowitz, B.D.; et al. Acute and longer-term outcomes in depressed outpatients requiring one or several treatment steps: A
STAR*D report. Am. J. Psychiatry 2006, 163, 1905-1917. [CrossRef]

Trivedi, M.H.; Rush, A ]J.; Wisniewski, S.R.; Nierenberg, A.A.; Warden, D.; Ritz, L.; Norquist, G.; Howland, R.H.; Lebowitz, B.; Mc-
Grath, PJ.; et al. Evaluation of outcomes with citalopram for depression using measurement-based care in STAR*D: Implications
for clinical practice. Am. J. Psychiatry 2006, 163, 28—40. [CrossRef] [PubMed]

Iancu, S.C.; Wong, Y.M.; Rhebergen, D.; van Balkom, A.J].L.M.; Batelaan, N.M. Long-term disability in major depressive disorder:
A 6-year follow-up study. Psychol. Med. 2020, 50, 1644-1652. [CrossRef]

Keitner, G.I.; Ryan, C.E.; Solomon, D.A. Realistic expectations and a disease management model for depressed patients with
persistent symptoms. J. Clin. Psychiatry 2006, 67, 1412-1421. [CrossRef]

Keller, M.B.; Shapiro, RW.; Lavori, PW.; Wolfe, N. Recovery in major depressive disorder: Analysis with the life table and
regression models. Arch. Gen. Psychiatry 1982, 39, 905-910. [CrossRef]

Hieronymus, F; Emilsson, J.F,; Nilsson, S.; Eriksson, E. Consistent superiority of selective serotonin reuptake inhibitors over
placebo in reducing depressed mood in patients with major depression. Mol. Psychiatry 2016, 21, 523-530. [CrossRef]
Biernacka, J.M.; Sangkuhl, K.; Jenkins, G.; Whaley, R.M.; Barman, P; Batzler, A.; Altman, R.B.; Arolt, V.; Brockmoller, J.;
Chen, C.H,; et al. The International SSRI Pharmacogenomics Consortium (ISPC): A genome-wide association study of antidepres-
sant treatment response. Transl. Psychiatry 2015, 5, e553. [CrossRef] [PubMed]

Hirschfeld, R.M. Efficacy of SSRIs and newer antidepressants in severe depression: Comparison with TCAs. |. Clin. Psychiatry
1999, 60, 326-335. [CrossRef] [PubMed]

Papakostas, G.I.; Fava, M.; Thase, M.E. Treatment of SSRI-resistant depression: A meta-analysis comparing within- versus
across-class switches. Biol. Psychiatry 2008, 63, 699-704. [CrossRef] [PubMed]

Gaynes, B.N.; Lux, L.; Gartlehner, G.; Asher, G.; Forman-Hoffman, V.; Green, ].; Boland, E.; Weber, R.P.; Randolph, C,;
Bann, C.; et al. Defining treatment-resistant depression. Depress. Anxiety 2020, 37, 134-145. [CrossRef]

Berlim, M.T.; Turecki, G. Definition, assessment, and staging of treatment-resistant refractory major depression: A review of
current concepts and methods. Can. J. Psychiatry 2007, 52, 46-54. [CrossRef]

Fava, M. Diagnosis and definition of treatment-resistant depression. Biol. Psychiatry 2003, 53, 649-659. [CrossRef]

Sackeim, H.A.; Prudic, J.; Devanand, D.P;; Decina, P,; Kerr, B.; Malitz, S. The impact of medication resistance and continuation
pharmacotherapy on relapse following response to electroconvulsive therapy in major depression. J. Clin. Psychopharmacol. 1990,
10, 96-104. [CrossRef]

Thase, M.E.; Rush, A.J. When at first you don’t succeed: Sequential strategies for antidepressant nonresponders. J. Clin. Psychiatry
1997, 58 (Suppl. 13), 23-29.

Ruhé, H.G.; Huyser, J.; Swinkels, J.A.; Schene, A.H. Switching antidepressants after a first selective serotonin reuptake inhibitor
in major depressive disorder: A systematic review. J. Clin. Psychiatry 2006, 67, 1836-1855. [CrossRef]

Vergouwen, A.C.; Bakker, A.; Katon, W.]J.; Verheij, T.].; Koerselman, F. Improving adherence to antidepressants: A systematic
review of interventions. J. Clin. Psychiatry 2003, 64, 1415-1420. [CrossRef]

Amare, A.T.; Schubert, K.O.; Baune, B.T. Pharmacogenomics in the treatment of mood disorders: Strategies and Opportunities for
personalized psychiatry. EPMA ]. 2017, 8, 211-227. [CrossRef] [PubMed]

Zhou, Z.W.; Chen, X.W.,; Sneed, K.B.; Yang, Y.X.; Zhang, X.; He, Z.X.; Chow, K,; Yang, T.; Duan, W.; Zhou, S.F. Clinical association
between pharmacogenomics and adverse drug reactions. Drugs 2015, 75, 589-631. [CrossRef] [PubMed]

Tansey, K.E.; Guipponi, M.; Hu, X.; Domenici, E.; Lewis, G.; Malafosse, A.; Wendland, J.R.; Lewis, C.M.; McGuffin, P.; Uher, R.
Contribution of common genetic variants to antidepressant response. Biol. Psychiatry 2013, 73, 679-682. [CrossRef] [PubMed]
Basu, A.; Chadda, R.K.; Sood, M.; Kaur, H.; Kukreti, R. A preliminary association study between serotonin transporter (5-HTTLPR),
receptor polymorphisms (5-HTR1A, 5-HTR2A) and depression symptom-clusters in a north Indian population suffering from
Major Depressive Disorder (MDD). Asian . Psychiatr. 2019, 43, 184-188. [CrossRef]

Illi, A.; Setdla-Soikkeli, E.; Viikki, M.; Poutanen, O.; Huhtala, H.; Mononen, N.; Lehtiméki, T.; Leinonen, E.; Kampman, O.
5-HTR1A, 5-HTR2A, 5-HTR6, TPH1 and TPH2 polymorphisms and major depression. Neuroreport 2009, 20, 1125-1128. [CrossRef]
Marshe, V.S.; Maciukiewicz, M.; Rej, S.; Tiwari, A.K,; Sibille, E.; Blumberger, D.M.; Karp, ].E; Lenze, E.J.; Reynolds, C.E, 3rd;
Kennedy, J.L.; et al. Norepinephrine Transporter Gene Variants and Remission from Depression with Venlafaxine Treatment in
Older Adults. Am. J. Psychiatry 2017, 174, 468-475. [CrossRef]

Xu, Z.; Zhang, Z.; Shi, Y.; Pu, M,; Yuan, Y.; Zhang, X,; Li, L.; Reynolds, G.P. Influence and interaction of genetic polymorphisms in
the serotonin system and life stress on antidepressant drug response. J. Psychopharmacol. 2012, 26, 349-359. [CrossRef]


http://doi.org/10.1111/j.1600-0447.2005.00633.x
http://www.ncbi.nlm.nih.gov/pubmed/16279871
http://doi.org/10.1016/j.jad.2012.01.033
http://doi.org/10.1080/03007995.2016.1277201
http://www.ncbi.nlm.nih.gov/pubmed/28035869
http://doi.org/10.1176/ajp.2006.163.11.1905
http://doi.org/10.1176/appi.ajp.163.1.28
http://www.ncbi.nlm.nih.gov/pubmed/16390886
http://doi.org/10.1017/S0033291719001612
http://doi.org/10.4088/JCP.v67n0912
http://doi.org/10.1001/archpsyc.1982.04290080025004
http://doi.org/10.1038/mp.2015.53
http://doi.org/10.1038/tp.2015.47
http://www.ncbi.nlm.nih.gov/pubmed/25897834
http://doi.org/10.4088/JCP.v60n0511
http://www.ncbi.nlm.nih.gov/pubmed/10362442
http://doi.org/10.1016/j.biopsych.2007.08.010
http://www.ncbi.nlm.nih.gov/pubmed/17919460
http://doi.org/10.1002/da.22968
http://doi.org/10.1177/070674370705200108
http://doi.org/10.1016/S0006-3223(03)00231-2
http://doi.org/10.1097/00004714-199004000-00004
http://doi.org/10.4088/JCP.v67n1203
http://doi.org/10.4088/JCP.v64n1203
http://doi.org/10.1007/s13167-017-0112-8
http://www.ncbi.nlm.nih.gov/pubmed/29021832
http://doi.org/10.1007/s40265-015-0375-0
http://www.ncbi.nlm.nih.gov/pubmed/25895462
http://doi.org/10.1016/j.biopsych.2012.10.030
http://www.ncbi.nlm.nih.gov/pubmed/23237317
http://doi.org/10.1016/j.ajp.2019.05.028
http://doi.org/10.1097/WNR.0b013e32832eb708
http://doi.org/10.1176/appi.ajp.2016.16050617
http://doi.org/10.1177/0269881111414452

J. Pers. Med. 2022, 12, 316 12 0f13

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.
52.

Gaedigk, A.; Simon, S.D.; Pearce, R.E.; Bradford, L.D.; Kennedy, M.].; Leeder, J.S. The CYP2D6 activity score: Translating genotype
information into a qualitative measure of phenotype. Clin. Pharmacol. Ther. 2008, 83, 234-242. [CrossRef]

Hicks, J.K.; Swen, ].J.; Gaedigk, A. Challenges in CYP2D6 phenotype assignment from genotype data: A critical assessment and
call for standardization. Curr. Drug Metab. 2014, 15, 218-232. [CrossRef]

Mrazek, D.A.; Biernacka, ].M.; O’Kane, D.J.; Black, J.L.; Cunningham, ].M.; Drews, M.S.; Snyder, K.A_; Stevens, S.R.; Rush, A.J;
Weinshilboum, R-M. CYP2C19 variation and citalopram response. Pharm. Genom. 2011, 21, 1-9. [CrossRef]

Kraus, C.; Kadriu, B.; Lanzenberger, R.; Zarate, C.A., Jr.; Kasper, S. Prognosis and improved outcomes in major depression: A
review. Transl. Psychiatry 2019, 9, 127. [CrossRef] [PubMed]

Bertilsson, L. Metabolism of antidepressant and neuroleptic drugs by cytochrome p450s: Clinical and interethnic aspects. Clin.
Pharmacol. Ther. 2007, 82, 606—609. [CrossRef] [PubMed]

Kirchheiner, J.; Nickchen, K.; Bauer, M.; Wong, M.L.; Licinio, ].; Roots, I.; Brockmoéller, J. Pharmacogenetics of antidepressants
and antipsychotics: The contribution of allelic variations to the phenotype of drug response. Mol. Psychiatry 2004, 9, 442—-473.
[CrossRef] [PubMed]

Tomalik-Scharte, D.; Lazar, A.; Fuhr, U.; Kirchheiner, J. The clinical role of genetic polymorphisms in drug-metabolizing enzymes.
Pharm. J. 2008, 8, 4-15. [CrossRef]

Lin, ].H.; Yamazaki, M. Role of P-glycoprotein in pharmacokinetics: Clinical implications. Clin. Pharm. 2003, 42, 59-98. [CrossRef]
Singh, A.B.; Bousman, C.A.; Ng, C.H.; Byron, K.; Berk, M. ABCB1 polymorphism predicts escitalopram dose needed for remission
in major depression. Transl. Psychiatry 2012, 2, €198. [CrossRef]

Blazquez, A.; Gasso, P.; Mas, S.; Plana, M.T.; Lafuente, A.; Lazaro, L. One-Year Follow-up of Children and Adolescents with Major
Depressive Disorder: Relationship between Clinical Variables and Abcb1 Gene Polymorphisms. Pharmacopsychiatry 2016, 49,
248-253. [CrossRef]

Greden, J.F,; Parikh, 5.V.; Rothschild, A.J.; Thase, M.E.; Dunlop, B.W.; DeBattista, C.; Conway, C.R.; Forester, B.P.; Mondimore, EM.;
Shelton, R.C.; et al. Impact of pharmacogenomics on clinical outcomes in major depressive disorder in the GUIDED trial: A large,
patient- and rater-blinded, randomized, controlled study. J. Psychiatr. Res. 2019, 111, 59-67. [CrossRef]

Altar, C.A; Carhart, J.; Allen, J.D.; Hall-Flavin, D.; Winner, J.; Dechairo, B. Clinical Utility of Combinatorial Pharmacogenomics-
Guided Antidepressant Therapy: Evidence from Three Clinical Studies. Mol. Neuropsychiatry 2015, 1, 145-155. [CrossRef]
Winner, J.G.; Carhart, ].M.; Altar, C.A.; Goldfarb, S.; Allen, ].D.; Lavezzari, G.; Parsons, K.K.; Marshak, A.G.; Garavaglia, S.;
Dechairo, B.M. Combinatorial pharmacogenomic guidance for psychiatric medications reduces overall pharmacy costs in a 1 year
prospective evaluation. Curr. Med. Res. Opin. 2015, 31, 1633-1643. [CrossRef]

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; (DSM-5); American Psychiatric
Association: Arlington, VA, USA, 2013.

Guy, W. ECDEU Assessment Manual for Psychopharmacology; Department of Health, Education, and Welfare: Rockville, MD,
USA, 1976.

Hamilton, M. A rating scale for depression. J. Neurol. Neurosurg. Psychiatry 1960, 23, 56—62. [CrossRef] [PubMed]

Thase, M.E,; Parikh, S.V.; Rothschild, A.J.; Dunlop, B.W.; DeBattista, C.; Conway, C.R.; Forester, B.P.; Mondimore, F.M.; Shelton,
R.C.; Macaluso, M.; et al. Impact of Pharmacogenomics on Clinical Outcomes for Patients Taking Medications with Gene-Drug
Interactions in a Randomized Controlled Trial. J. Clin. Psychiatry 2019, 80, 22039. [CrossRef] [PubMed]

Peterson, K.; Dieperink, E.; Anderson, J.; Boundy, E.; Ferguson, L.; Helfand, M. Rapid evidence review of the comparative
effectiveness, harms, and cost-effectiveness of pharmacogenomics-guided antidepressant treatment versus usual care for major
depressive disorder. Psychopharmacology 2017, 234, 1649-1661. [CrossRef]

Berlim, M.T.; Turecki, G. What is the meaning of treatment resistant/refractory major depression (TRD)? A systematic review of
current randomized trials. Eur. Neuropsychopharmacol. 2007, 17, 696-707. [CrossRef] [PubMed]

Zhu, ].; Klein-Fedyshin, M.; Stevenson, ].M. Serotonin Transporter Gene Polymorphisms and Selective Serotonin Reuptake
Inhibitor Tolerability: Review of Pharmacogenetic Evidence. Pharmacotherapy 2017, 37, 1089-1104. [CrossRef]

Maron, E.; Tammiste, A.; Kallassalu, K.; Eller, T.; Vasar, V.; Nutt, D.J.; Metspalu, A. Serotonin transporter promoter region
polymorphisms do not influence treatment response to escitalopram in patients with major depression. Eur. Neuropsychopharmacol.
2009, 19, 451-456. [CrossRef] [PubMed]

Dombrovski, A.Y.; Mulsant, B.H.; Ferrell, R.E.; Lotrich, EE.; Rosen, J.I.; Wallace, M.; Houck, P.R.; Mazumdar, S.; Pollock, B.G.
Serotonin transporter triallelic genotype and response to citalopram and risperidone in dementia with behavioral symptoms. Int.
Clin. Psychopharmacol. 2010, 25, 37-45. [CrossRef]

Murphy, G.M,, Jr.; Hollander, S.B.; Rodrigues, H.E.; Kremer, C.; Schatzberg, A.F. Effects of the serotonin transporter gene promoter
polymorphism on mirtazapine and paroxetine efficacy and adverse events in geriatric major depression. Arch. Gen. Psychiatry
2004, 61, 1163-1169. [CrossRef]

Hamilton, S.P. The promise of psychiatric pharmacogenomics. Biol. Psychiatry 2015, 77, 29-35. [CrossRef]

Veldic, M.; Ahmed, A.T.; Blacker, C.J.; Geske, ].R; Biernacka, ].M.; Borreggine, K.L.; Moore, K.M.; Prieto, M.L.; Vande Voort, J.L.;
Croarkin, P.E.; et al. Cytochrome P450 2C19 Poor Metabolizer Phenotype in Treatment Resistant Depression: Treatment and
Diagnostic Implications. Front. Pharm. 2019, 10, 83. [CrossRef]


http://doi.org/10.1038/sj.clpt.6100406
http://doi.org/10.2174/1389200215666140202215316
http://doi.org/10.1097/FPC.0b013e328340bc5a
http://doi.org/10.1038/s41398-019-0460-3
http://www.ncbi.nlm.nih.gov/pubmed/30944309
http://doi.org/10.1038/sj.clpt.6100358
http://www.ncbi.nlm.nih.gov/pubmed/17898711
http://doi.org/10.1038/sj.mp.4001494
http://www.ncbi.nlm.nih.gov/pubmed/15037866
http://doi.org/10.1038/sj.tpj.6500462
http://doi.org/10.2165/00003088-200342010-00003
http://doi.org/10.1038/tp.2012.115
http://doi.org/10.1055/s-0042-108202
http://doi.org/10.1016/j.jpsychires.2019.01.003
http://doi.org/10.1159/000430915
http://doi.org/10.1185/03007995.2015.1063483
http://doi.org/10.1136/jnnp.23.1.56
http://www.ncbi.nlm.nih.gov/pubmed/14399272
http://doi.org/10.4088/JCP.19m12910
http://www.ncbi.nlm.nih.gov/pubmed/31721487
http://doi.org/10.1007/s00213-017-4622-9
http://doi.org/10.1016/j.euroneuro.2007.03.009
http://www.ncbi.nlm.nih.gov/pubmed/17521891
http://doi.org/10.1002/phar.1978
http://doi.org/10.1016/j.euroneuro.2009.01.010
http://www.ncbi.nlm.nih.gov/pubmed/19272758
http://doi.org/10.1097/YIC.0b013e328333ee10
http://doi.org/10.1001/archpsyc.61.11.1163
http://doi.org/10.1016/j.biopsych.2014.09.009
http://doi.org/10.3389/fphar.2019.00083

J. Pers. Med. 2022, 12, 316 13 0f 13

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Evaluation of Genomic Applications in Practice and Prevention (EGAPP) Working Group. Recommendations from the EGAPP
Working Group: Testing for cytochrome P450 polymorphisms in adults with nonpsychotic depression treated with selective
serotonin reuptake inhibitors. Genet. Med. 2007, 9, 819-825. [CrossRef] [PubMed]

Bradley, P.; Shiekh, M.; Mehra, V.; Vrbicky, K.; Layle, S.; Olson, M.C.; Maciel, A.; Cullors, A.; Garces, J.A.; Lukowiak, A.A.
Improved efficacy with targeted pharmacogenetic-guided treatment of patients with depression and anxiety: A randomized
clinical trial demonstrating clinical utility. J. Psychiatr. Res. 2018, 96, 100-107. [CrossRef] [PubMed]

Pérez, V.; Salavert, A.; Espadaler, J.; Tuson, M.; Saiz-Ruiz, ].; Sdez-Navarro, C.; Bobes, ].; Baca-Garcia, E.; Vieta, E.; Olivares, ].M.; et al.
Efficacy of prospective pharmacogenetic testing in the treatment of major depressive disorder: Results of a randomized, double-blind
clinical trial. BMIC Psychiatry 2017, 17, 250. [CrossRef] [PubMed]

Singh, A.B. Improved Antidepressant Remission in Major Depression via a Pharmacokinetic Pathway Polygene Pharmacogenetic
Report. Clin. Psychopharmacol. Neurosci. 2015, 13, 150-156. [CrossRef] [PubMed]

Hall-Flavin, D.K.; Winner, ].G.; Allen, J.D.; Jordan, J.J.; Nesheim, R.S.; Snyder, K.A.; Drews, M.S.; Eisterhold, L.L.; Biernacka, ].M.;
Mrazek, D.A. Using a pharmacogenomic algorithm to guide the treatment of depression. Transl. Psychiatry 2012, 2, el72.
[CrossRef]

Hall-Flavin, D.K.; Winner, J.G.; Allen, ].D.; Carhart, ].M.; Proctor, B.; Snyder, K.A.; Drews, M.S.; Eisterhold, L.L.; Geske,
J.; Mrazek, D.A. Utility of integrated pharmacogenomic testing to support the treatment of major depressive disorder in a
psychiatric outpatient setting. Pharm. Genom. 2013, 23, 535-548. [CrossRef]

Callegari, C.; Isella, C.; Caselli, I.; Poloni, N.; Ielmini, M. Pharmacogenetic Tests in Reducing Accesses to Emergency Services and
Days of Hospitalization in Bipolar Disorder: A 2-Year Mirror Analysis. J. Pers. Med. 2019, 9, 22. [CrossRef]

Niculescu, A.B.; Le-Niculescu, H.; Levey, D.E; Phalen, P.L.; Dainton, H.L.; Roseberry, K.; Niculescu, E.M.; Niezer, ].O.; Williams, A.;
Graham, D.L,; et al. Precision medicine for suicidality: From universality to subtypes and personalization. Mol. Psychiatry 2017,
22,1250-1273. [CrossRef]

Oedegaard, K.J.; Alda, M.; Anand, A.; Andreassen, O.A.; Balaraman, Y.; Berrettini, W.H.; Bhattacharjee, A.; Brennand, K.J.;
Burdick, K.E.; Calabrese, J.R.; et al. The Pharmacogenomics of Bipolar Disorder study (PGBD): Identification of genes for lithium
response in a prospective sample. BMC Psychiatry 2016, 16, 129. [CrossRef]

Routhieaux, M.; Keels, J.; Tillery, E.E. The use of pharmacogenetic testing in patients with schizophrenia or bipolar disorder: A
systematic review. Ment. Health Clin. 2018, 8, 294-302. [CrossRef]


http://doi.org/10.1097/GIM.0b013e31815bf9a3
http://www.ncbi.nlm.nih.gov/pubmed/18091431
http://doi.org/10.1016/j.jpsychires.2017.09.024
http://www.ncbi.nlm.nih.gov/pubmed/28992526
http://doi.org/10.1186/s12888-017-1412-1
http://www.ncbi.nlm.nih.gov/pubmed/28705252
http://doi.org/10.9758/cpn.2015.13.2.150
http://www.ncbi.nlm.nih.gov/pubmed/26243841
http://doi.org/10.1038/tp.2012.99
http://doi.org/10.1097/FPC.0b013e3283649b9a
http://doi.org/10.3390/jpm9020022
http://doi.org/10.1038/mp.2017.128
http://doi.org/10.1186/s12888-016-0732-x
http://doi.org/10.9740/mhc.2018.11.294

	Introduction 
	Materials and Methods 
	Assessment of Pharmacogenes with Drug-PIN Software 
	Medication Congruence with Pharmacogenomics Testing 
	Psychiatric Assessments 
	Statistical Analysis 

	Results 
	Sample Description 
	Treatment Effects 
	Response/Remission Rates at Follow-Up Points 

	Discussion 
	Limitations 
	Conclusions 
	References

