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Abstract

The choice of the most appropriate psychoactive medication for each of our patients is

always a challenge. We can use more than 100 psychoactive drugs in the treatment of

mood disorders, which can be prescribed either alone or in combination. Response and

tolerability problems are common, and much trial and error is often needed before

achieving a satisfactory outcome. Precision medicine is therefore needed for tailoring

treatment to optimize outcome. Pharmacological, clinical, and demographic factors are

important and informative, but biological factors may further inform and refine pre-

diction. Twenty years after the first reports of gene variants modulating antidepressant

response, we are now confronted with the prospect of routine clinical pharmacogenetic

applications in the treatment of depression. The scientific community is divided into two

camps: those who are enthusiastic and those who are skeptical. Although it appears

clear that the benefit of existing tools is still not completely defined, at least in the case

of central nervous system gene variants, this is not the case for metabolic gene variants,

which is generally accepted. Cumulative scores encompassing many variants across the

entire genome will soon predict psychiatric disorder liability and outcome. At present,

precision medicine in mood disorders may be implemented using clinical and pharma-

cokinetic factors. In the near future, a genome‐wide composite genetic score in con-

junction with clinical factors within each patient is the most promising approach for

developing a more effective way to target treatment for patients suffering from mood

disorders.
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WHY WE NEED PRECISION MEDICINE IN
MOOD DISORDERS

Choosing the most appropriate psychoactive medication for each of our

patients is always a challenge. In a very brief period of time during the

patient consultation, we must choose from a large number of

compounds while taking into account a variety of factors such as the

patient's symptomatology profile, previous efficacy, medical comorbid-

ities, subject preferences, family history, and biological findings.

We can use more than 100 psychoactive drugs in the treatment

of mood disorders, which can be prescribed either alone or in com-

bination. Because of biological factors that are still largely unknown,

the few drugs or combinations of drugs that are effective and tol-

erated for each individual patient are identified only after a long

process. The standard clinical practice involves a trial‐and‐error

procedure that may take months or even years to determine the most

effective treatment for each individual patient in a given situation. A

significant economic and societal burden results, which we should
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seek to alleviate wherever possible. Following a thorough collection

of anamnestic and biological features, clinicians may be able to im-

prove the treatment process by selecting the most appropriate

treatments from the very beginning of the interaction with the pa-

tient. This is referred to as precision medicine, and it is this that will

be the focus of this review. The following sections concentrate on

antidepressants, but the approach is the same for mood stabilizers

and antipsychotics as for antidepressants.

CLINICAL PRECISION MEDICINE

Before we get into genetic precision medicine tools, we will take a

quick look at how it is currently possible to optimize our treatments

solely on the basis of clinical information. The first and most im-

portant thing to remember is that psychiatrists should use any and all

of the medications that are available to them. To accomplish this, we

must constantly review and update our knowledge of all of the

compounds that are available in our nation. While it is under-

standable that general practitioners may be familiar with a small

number of drugs and that they use those same few drugs on a

consistent basis, this is not acceptable in the field of specialization. In

fact, it is possible that a psychiatrist is only familiar with a few anti-

depressants, such as sertraline, mirtazapine, and venlafaxine. This

hypothetical psychiatrist may decide to prescribe mirtazapine for

subjects who suffer from insomnia, venlafaxine for subjects who

suffer from depression and anxiety at the same time, and sertraline

for elderly subjects. While this strategy is not inherently wrong, it

does have significant limitations. As a result, many patients may re-

ceive suboptimal treatment because of a lack of coverage for all

possible medications that may be prescribed. For example, venla-

faxine has been shown to be effective in subjects suffering from

depression and anxiety at the same time in the literature, but it is

frequently associated with significant sexual side effects, and esci-

talopram, for example, could be preferred for some subjects.

This example demonstrates how a lack of familiarity with all

available antidepressants can result in suboptimal treatment and an

increase in societal and individual burden.

Clearly, comprehensive knowledge of the over 40 anti-

depressants and over 100 psychoactive medications that may be

used to treat mood disorders necessitates considerable effort. In the

future, it will almost certainly be possible to receive assistance from

automatic decision‐making tools that are currently under develop-

ment.1 A benefit of clinical decision support tools has already been

demonstrated in this direction.2

International guidelines are intended to aid in the process of

decision‐making. Unfortunately, due to the large number of factors

that must be considered and which are not usually addressed by

recommendations, guidelines are often ineffective when it comes to

selecting the most appropriate compound. In reality, guidelines ty-

pically recommend the use of antidepressant classes rather than

specific medications, and differences between specific medications

are rarely noted.3–6

Additionally, the majority of meta‐analyses strongly support the

absence of a clear superiority in terms of efficacy among anti-

depressants.7 They mainly differ regarding their pharmacodynamic

and tolerability profiles.

Due to a lack of specific recommendations and the absence of

clearly more effective compounds, psychiatrists typically prescribe

based on their own subjective prior experiences and personal opi-

nions. This is diametrically opposed to evidence‐based precision

medicine and should be avoided.

Consequently, we should base our decisions on evidence‐based

standards rather than on subjective judgments. To begin with, past

responses must be considered: if an individual has previously ex-

perienced positive results from an individual drug, this is the most

compelling reason to prescribe that drug again. If this information is

not available, we can rely on information from other members of the

same family who have similar characteristics. Given the fact that first‐

degree relatives share 50% of their genetic background, a positive

response to a specific compound in a first‐degree relative of the

patient is also a very strong indication for the use of the same

compound in the patient, unless the use of the same compound is

contraindicated for other reasons (e.g., pregnancy).8

In the case of concomitant treatments, it is critical to consider

the pharmacokinetic and pharmacodynamic interactions that may

occur.9

Previous paragraphs detailed the very first steps in the devel-

opment of clinical personalized medicine in the treatment of mood

disorders. The pharmacodynamic profile may then serve as a further

guide for the development of specific symptomatology profiles.

Drugs for treating depression have a wide range of pharmacodynamic

profiles, which can be very different from one another. Because of

this, it is critical to select the appropriate medication based on the

specific profile of the compound versus the specific symptomatology

of the patient.10

A patient suffering from anhedonia and lethargy may benefit

from compounds that inhibit noradrenaline and dopamine transpor-

ters, for example, because these two neurotransmitters have been

shown to have a more stimulating effect than other neuro-

transmitters. For patients who suffer from severe anxiety as well as

insomnia, compounds with anticholinergic or serotonin 2c inhibiting

properties may be more beneficial than others. However, despite the

fact that this appears reasonable and that many practitioners employ

algorithms similar to this in their practice, specific proof is still lacking,

and research demonstrating the superiority of such algorithms over

standard care would be extremely beneficial.

Having medical comorbidities is another important factor to

consider when looking at how the aging population will affect

treatment modalities. There are a number of substances that may be

contraindicated in the case of certain medical conditions. Several

other sources of detailed information on tailored treatment for pa-

tients with specific medical problems can be found.5 As an example,

we should avoid administering drugs with a long half‐life to patients

with hepatic impairment or compounds that reduce respiratory

function in patients with chronic respiratory disorders.
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The tolerability profile of a given medication, on the other hand,

should be examined not only in patients with concomitant medical

disorders, but also in patients who do not have medical comorbidities,

to promote compliance. As a matter of fact, it has been observed that

compliance in outpatient settings can be as low as 50% due to pa-

tients' inability to tolerate minor but bothersome side effects such as

weight gain, sexual dysfunction, gastrointestinal issues, or sleepiness.

The range of side effects caused by different medications is quite

variable, and it is arguably the most important factor to consider

when determining the most appropriate medication for each in-

dividual patient. For clinically based precision medicine, tolerability is

one of the most important principles to keep in mind when selecting

treatments. Unfortunately, there is no antidepressant that is com-

pletely free of side effects. We have seen that the efficacy criterion

does not provide useful information for the selection of pharma-

ceutical compounds. Due to these considerations, selecting the tol-

erability profile that will work best for each individual patient is

arguably the most important aspect of precision medicine that we can

implement in clinical practice at this time. Though generally well

tolerated, antidepressants are associated with a variety of side ef-

fects, ranging from minor ones that may impair our patients' com-

pliance to more serious ones that can be life‐threatening. A detailed

knowledge of each drug profile is therefore important. Many psy-

chiatric diseases, particularly depression, are associated with sleep

disturbances, as is the case with many other medical conditions.

Antidepressants, on the other hand, have a variety of effects on

sleep, with nearly all of them having some effect. This feature is

extremely beneficial in terms of the individualization of the treat-

ment. Unfortunately, labels and current recommendations are not

very helpful when it comes to selecting a substance based on its sleep

effects, as many compounds have been reported to cause both in-

somnia and somnolence in the same individual. In addition, the

therapeutic experience varies greatly from person to person. In an

unpublished Italian survey, 1000 psychiatrists were polled on a list of

antidepressants, and they were asked whether they thought each

one was primarily sedating or activating. The results were astonish-

ing. The results revealed wide variations in the psychiatrists' opinions,

to the point where some compounds were rated as sedative by half

of the psychiatrists and as stimulant by the other half. This shows

that evidence‐based data are needed otherwise subjective opinions

may lead to suboptimal treatment in many subjects.

A number of meta‐analyses have been conducted to provide

evidence‐based data that could be used to guide appropriate pre-

scriptions. This information is extremely useful, despite the fact that

it is scattered throughout the literature and may be difficult to find

for psychiatrists who spend the majority of their time in clinical

practice. The following section contains a few examples of this type

of information, but a more detailed list of steps for the selection of

the most appropriate treatment has already been published, and the

reader is encouraged to consult it for additional information.11

It is common for people to experience sexual dysfunction while

they are depressed or as a side effect of many treatments for de-

pression, making it particularly bothersome for them and potentially

leading to treatment discontinuation. In fact, sexual dysfunction is so

common during depressive episodes that it has been included in

rating systems as an indicator of the overall severity of the depres-

sion. However, many psychiatric medications, including anti-

depressants, have the side effect of sexual dysfunction as a result of

their administration. The result is that treating patients who suffer

from treatment‐induced sexual dysfunction is particularly difficult:

patients are expected to improve their sexual functioning while also

improving their depression; however, treatment may actually coun-

teract this progress by causing treatment‐induced sexual dysfunction.

As has been documented numerous times in clinical practice, this

time course may result in a lack of compliance or a false impression

that depression is still present. Because of this, patients must be

given a thorough explanation of the phenomenon, but having

evidence‐based knowledge about the degree of sexual dysfunction

caused by each available medication is also beneficial. As a result, we

discovered a wide range of effects in our first meta‐analysis. For

example, some compounds (venlafaxine, fluoxetine, paroxetine, ser-

traline, and citalopram) were associated with treatment‐induced

sexual dysfunction in more than 80% of the subjects, while others

(escitalopram, duloxetine, and fluvoxamine) were associated with

mild sexual dysfunction.12

Sexual dysfunction is not the only possible side effect. Another

relevant one is insomnia or diurnal somnolence. We ranked anti-

depressant drugs based on their ability to induce diurnal somnolence

or insomnia in a recent meta‐analysis;13 this evidence based ranking

is another clear example of possible guidance for clinical practice.

The accumulation of body fat is another important and common

side effect of antidepressants and the vast majority of psychiatric

medications. Patients are frequently concerned about gaining weight,

which is a common source of noncompliance, not to mention the

metabolic consequences. A ranking of available compounds for this

common side effect was also conducted, and we found that there

was significant variability, particularly in the long term, with mirta-

zapine and paroxetine both causing weight gain of approximately

2–3 kg, while others are more neutral, and bupropion caused weight

loss on average, likely due to its dopaminergic profile.14

Following the findings of those studies, and others available in

literature, it is possible to implement a precision medicine strategy

that is based on clinical information. Meanwhile, as we await the

development of more complex algorithms that incorporate biological

or genetic measures, we can improve our current prescription prac-

tices by incorporating all available clinical evidence‐based informa-

tion. Despite the fact that guidelines are useful, in this section we

outlined some of the processes that should be followed to arrive at a

treatment that is tailored to our patient's clinical characteristics, while

taking into consideration everything that is known about the over 40

drugs that can be used to treat depression, including the possible use

of psychotherapies, which are not detailed in the present review but

the reader may find more information on these in the literature.15 In

conclusion of this section, it is clear that there is no such thing as a

“good” or “bad” medication; any side effect may be problematic in

some cases while being advantageous in others. Patients who have
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lost a significant amount of weight as a result of a disease, for ex-

ample, may find it beneficial to gain some weight. Despite the fact

that consultation time is always limited, and the amount of readily

available information about compounds is vast and constantly

changing, we should strive to optimize our prescribing method to

obtain an evidence‐based precision medicine prescription as much as

is reasonably possible in each case.

GENETIC PRECISION MEDICINE

We have seen in the previous section how a detailed clinical and

pharmacological selection process can be of significant assistance.

However, it is possible that this will not be sufficient. We know that

approximately one‐third of depressed subjects do not respond to

first‐line treatments, and it is difficult to predict in advance who will

develop treatment resistance at this point in time.16,17 Precision

medicine in the treatment of mood disorders will, as a result, be

complemented by biological considerations. Aspects of biology in-

clude laboratory and genetic findings, which can provide information

about potential treatment resistance as well as the selection of

specific compounds for each patient. The knowledge of potential

resistance is valuable in itself because it allows us to begin treatment

with greater intensity from the beginning, avoiding the time‐

consuming process of trial and error.18 We recently detailed this19

and also in a step‐by‐step approach.20

The first and most straightforward step is the measurement of

drug plasma levels, which is commonly referred to as therapeutic

drug monitoring (TDM). Plasma level is routinely used for mood

stabilizers and clozapine, but it is not used nearly as much for anti-

depressants, with the exception of the old tricyclic drugs.21 This is

based on the assumption that for new antidepressants the plasma

level is not relevant for response. The contrary is true, as accumu-

lating evidence indicates that not only do low plasma levels reduce

efficacy, but that excessively high plasma levels are also harmful, as

they are associated with a higher incidence of side effects and re-

duced efficacy as well.22–24

TDM should therefore be performed in clinical practice at least in

those cases where there is no response or severe side effects.

However we should also be aware of the genetic metabolizing

background of the patient. Cytochrome P450 superfamily enzymes

(CYP450) variants in fact may inform on the potential metabolizing

status also in the absence of TDM.

The following metabolic phenotypes are distinguished based on

genetic variations: ultra‐rapid metabolizers (UM; increased conver-

sion into metabolites, higher risk of treatment failure), normal (ex-

tensive) metabolizers (NM; average risk of side effects and

therapeutic failure), intermediate metabolizers (IM; slower elimination

and higher risk of side effects), and poor metabolizers (PM; slower

elimination and higher risk of side effects). The polymorphic varia-

tions that are clinically actionable are mainly found in the CYP2C19

and CYP2D6 genes, which encode enzymes that are heavily involved

in the metabolism of antidepressants.

Due to the convincing evidence of their association with anti-

depressant response and side effects, these metabolizing groups

have been included in guidelines as biomarkers useful for guiding

antidepressant prescription, to the point that, according to the Food

and Drug Administration, the number of psychoactive compounds

with a suggestion of performing CYP genetic analysis25 in the label is

second only to oncology.26 The reader may refer to international

guidelines for details for each specific drug.27 Citalopram, escitalo-

pram, paroxetine, sertraline, and fluvoxamine are all recommended

with a moderate or strong level of evidence. Accordingly, the largest

meta‐analysis available confirms that PM subjects report a higher

level of side effects.28 Oral doses should be then adjusted on the

basis of the metabolizing status of the subject.

So far we have listed laboratory and genetic variants that are

indeed supported by guidelines and should be used in routine clinical

practice, at least in those patients who show poor response or a high

level of side effects. However, the largest part of the genetic varia-

tion that modulates drug efficacy and tolerability is the one relative to

brain expressed genes. It has been demonstrated that about 50% of

the variance of the effects of antidepressants is linked to genetic

variations8,29 and that those variations are modulating interindividual

brain function differences.

Early studies focused on single genetic variants expressed in the

brain. The working hypothesis that served as the foundation for this

first study was extremely sound, given that we know that ser-

otonergic antidepressants block the serotonin transporter (HTT) in

the brain within a few hours of ingestion, and that this is the starting

point for the entire antidepressant efficacy. As a result, patients with

different functional serotonin transporters might have a reduced

response to antidepressant medications. That hypothesis could be

tested at the time because it had only been a few years since the

discovery of the possibility of investigating genetic variants within

the HTT and that a gene variant located in the promoter (5‐HTTLPR)

had a functional effect by altering the amount of HTT available in the

brains of patients.30 Initial findings were interesting,31–35 but after

over 20 years, replication has occurred in some samples, while re-

plication has not occurred in other samples, and replication has oc-

curred in a few other samples but in the opposite direction of the

original results.36 Also the investigation of a number of other possible

genes influencing antidepressant outcome, belonging to the ser-

otonin system, glutamatergic system, neurodevelopment, intracellular

signalling, and so on, yielded mixed results.37,38 At present we may

not therefore support variations within the 5‐HTTLPR as a strong and

unequivocal factor modulating antidepressant response and toler-

ability, probably due to the fact that a number of complementary and

alternative pathways interact together with environmental factors,

with 5‐HTTLPR obscuring possible effects.39,40

Despite these unstable results coming from single candidate

gene analyses, at present a number of commercially available genetic

testing kits are routinely used. The spread of such kits reached the

general press and a few years ago the international press reported a

case who apparently benefited from pharmacogenetic analysis.41

This was the case of a woman suffering from treatment‐resistant
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depression who did not respond to a large number of anti-

depressants. Genetic testing was performed, amitriptyline was sug-

gested, and the woman improved. This news sparked general interest

and a number of pharmaceutical companies developed pharmaco-

genetic kits, each one differing from the other. Later in this review

these kits will be critically evaluated, and the reader may also find

detailed information in specific papers.42

The failure to provide relevant information from the analysis of

single gene variants prompted researchers to investigate the whole

genome.

The introduction of chip‐based microarray technology, which is

capable of interrogating thousands of polymorphisms throughout the

genome, has given new life to genetic association studies and her-

alded the arrival of new design studies, such as genome‐wide asso-

ciation studies (GWAS). Because of these advancements, a new term,

pharmacogenomics, has emerged to reflect the shift from single

genes to virtually the entire genome, accurately genotyping 500,000

to more than 7,000,000 SNPs in a cost‐effective manner, and iden-

tifying novel therapeutic targets. GWAS do not necessitate the de-

velopment of an a priori hypothesis to overcome the problem that

the mechanisms of psychotropic drug action are not fully understood.

Furthermore, noncoding sequence polymorphisms outside exons

were found to be the most significantly associated polymorphisms in

behavioral GWAS,43 and the disruption in a gene or pathway function

is caused by the cumulative effect of multiple variants. We will see in

the following sections how this concept has the potential for a much

more informative support in clinical routine practice. The effect size

for each single polymorphism is expected to be very small in com-

parison to that found for rare disorders because common disorders

are influenced by genetic variations that are also common in the

general population. Because of this assumption and the heritability of

common disorders, it is reasonable to assume that multiple common

alleles influence disease susceptibility at the same time.

During the last decade, many GWAS have been performed tar-

geting antidepressant response and tolerability,44,45 including the

most recent and large meta‐analysis.46 Results, however, have so far

failed to yield strong findings, and at present results from GWAS are

not used in clinical routine activity and need further clarification. In

fact the variance explained is in the range of 1%, much less than the

50% that we know is due to genetic factors from heritability studies.

The remaining information may then be found in variants not in-

cluded in GWAS studies. GWAS include only less than 0.1% of the

genome, approximately one base in every 1000. Therefore studies

are now including all the variants in the genome, both common and

rare variants. These studies are exome sequencing, which sequence

the whole exomes, and whole‐genome sequencing, which sequence

the complete genome. Whole‐genome sequencing analyses are at

present quite expensive and also difficult to manage in terms of

analysis considering that for each subject seven billion variants are

available.47

Thus, the first exome sequencing studies on antidepressant re-

sponse were performed.48 The results were highly encouraging.

When compared to responders, TRD patients associated genetic

variants were located within genes and pathways that modulated cell

survival and proliferation, neurodegeneration, and immune response,

to name a few examples, pathways that are known to be part of

antidepressant action.49 There was also a significant prediction of

TRD versus response using genetic models, and these models were

improved by the addition of clinical predictors. Many variations

across the genome may be summarized in the so‐called polygenic risk

scores (PRS for GWAS).

The combination of clinical and cumulative genetic predictors

such as PRS is therefore a clear pathway for future routine applica-

tions. We have already shown the importance of clinical predictors,

but an in‐depth analysis of depressed patients showed the details

needed are more than few clinical variables, they include personality

dimensions, temperament, psychological defense mechanisms, self‐

esteem, intelligence, and social adjustment to mention just some of

them.50 Indeed, for other medical disorders it has been suggested

that the variability due to biological and environmental factors is

strong to the point that in the future clinical trials may be performed

at an individual basis.51

We may therefore hypothesize that in the near future all patients

will be described by a composite score summarizing all clinical and

genetic factors which may contribute, in a nonlinear way, to treat-

ment response and tolerability. We detailed this method in a recent

paper52 and it has the potential to be included in individual health

records to produce a support tool for prescribing clinicians.

A very recent example suggests the possibility that PRS may

even inform about the specific compound to use in a given patient.

Indeed depressed subjects with high PRS of schizophrenia (but not

affected by schizophrenia) show a better response when treated with

second‐generation antipsychotics combined with antidepressants,

while depressed patients with low schizophrenia PRS show little or

no benefit from the combination.53 Others similarly reported that

high PRS for schizophrenia may also predict poor lithium response in

bipolar patients.54 It has therefore been hypothesized that a com-

posite score for all the major psychoses may be informative for

profiling a precision treatment for every patient.55

PRECISION MEDICINE IN CLINICAL
PRACTICE

At the moment, there is a vigorous and ongoing debate within the

scientific community about the advantages of the commercial tools

that are currently available that include 5‐HTTLPR gene variants.

According to the International Society of Psychiatric Genetics, only a

careful use of pharmacokinetic CYP variants should be used in clinical

routine, but not other brain expressed variants such as 5‐HTTLPR.56

Concerns have also been raised by other scientists.57 On the other

hand, a number of researchers in the field are confident that existing

tools, including pharmacodynamic genes, will be beneficial for routine

clinical activity.58

In any case, the use of available tools is uncommon in current

routine clinical practice due to their high cost, clinicians' lack of
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knowledge, and lack of stakeholder support. Within this still‐

uncertain landscape, the Food and Drug Administration recently

approved the use of pharmacogenetic tests directly available to

consumers, a move that sparked considerable debate.59,60 Warnings

for an inappropriate use of direct to consumer genetic tests.61 In-

deed, it is a common occurrence for us and clinicians working in this

field to receive patients presenting with results obtained in-

dependently and requesting endorsement and targeted prescription.

Clinicians should be aware, however, that extreme caution should be

exercised when interpreting current findings, except for the CYP

pharmacokinetic ones, which may also result in incorrect conclusions

for specific patients.62

We recently evaluated commercially available pharmacogenetic

kits and concluded that they may be useful in some cases, particularly

for pharmacokinetic variants, but that concerns about pharmacody-

namic variants remain, as does the fact that the algorithm underlying

each tool is not available for independent testing in academic trials.42

Candidates' gene studies have yielded over 50 commercial tests

so far, but the lack of experimental validation, insufficient evidence of

effectiveness, and the high cost/utility of these tests have been the

primary obstacles to their routine application in clinical settings.42

Only a few of the commercial tests have been subjected to rigorous

clinical testing.

From a scientific standpoint, this picture reflects the uncertainty

surrounding which genetic variants are the most important to con-

sider and which combination of genetic variants is the most effective

in terms of predicting clinical outcomes, and this is still unknown. The

tests that are currently available use various combinations of variants,

but the model that was used to predict the outcome is never dis-

closed by the companies that produce them. Moreover, different

models may produce results that are difficult to compare. When

looking at the relevant literature, there is no definitive answer to

these questions at this time. Following recommendations in clinical

guidelines and drug labels, the only conclusively demonstrated ef-

fects are those of CYP2D6 and CYP2C19 on the pharmacokinetics of

antidepressants and on the clinical outcomes of at least some of

these medications. Those gene variants are almost always included in

the tests, but their interpretation is not always disclosed. However,

some meta‐analyses are presenting positive outcomes.63 Real‐time,

more extensive analyses covering the whole genome are in principle

possible using portable devices, but they are still under

development.64

Researchers, clinicians, stakeholders, and, most significantly, pa-

tients with depression are disoriented in this uncertain landscape. As

such, we are presenting a possible viewpoint. Decades of genetic

research in psychiatry have demonstrated unequivocally that each

individual variant effect is small, variable across patients, and not

present in all patients.65

Perhaps it is necessary to return to the beginning: we are dealing

with a highly complicated phenomenon, antidepressant treatment

outcome. This means that a patient develops a complex

disease whose cause and pathophysiology are unknown, a patient

who is surrounded by a plethora of socio‐demographic factors,

comorbidities, and a history of previous episodes, among other

things. Within this complexity, it is highly improbable that a single

gene variant would provide enough information for a straightforward

clinical application, unless the effect is extremely relevant, as is the

case with liver CYP enzyme variants. Additionally, clinical factors on

their own have some potential for outcome prediction, but only in the

context of a complex interaction.11 For instance, a patient may pre-

sent with a severe clinical picture of depression, but other favorable

clinical and demographic factors may compensate for this negative

predictor, resulting in a better outcome, as opposed to another pa-

tient who presents with a milder clinical picture of depression but is

burdened by negative factors resulting in a final worse outcome, as

we previously clearly demonstrated.50

Thus, this is the context in which we should view the modulatory

effect of genetic variants: as a complex interaction, a complex in-

teraction that is exceedingly difficult to understand using a linear

model. While we know that antidepressants inhibit the serotonin

transporter within a few hours of administration, the antidepressant

effect does not manifest clinically until days or weeks after admin-

istration. During this lag, a highly complex cascade of events occurs,

of which we only have a partial understanding. As a result, it is likely

that at any point in this cascade of events following antidepressant

intake there will be factors that facilitate or impair the final anti-

depressant action. As a simple example, consider a patient whose

serotonergic system is less plastic than that of other patients, but this

impairment in flexibility can be compensated for by the plasticity of

collateral pathways. The range of possible alternatives is nearly im-

possible to model. Thus, only a flexible statistical genetic liability

model is capable of reliably accounting for all the factors that influ-

ence antidepressant outcome; additionally, the complex interaction

of genetic factors must be combined with the modulating effects of

clinical variables.48,66

Recent advances in the field of psychiatric genetics may hold the

key. The Psychiatric Genetic Consortium is a massive global effort

aimed at collecting genome‐wide data on patients. In recent years, all

major psychiatric diseases have been investigated, with samples ap-

proaching one million patients. In this way, and for the first time in

psychiatric genetic research, genetic liability factors for psychiatric

disorders have been identified.67–70 Two very interesting aspects of

this unprecedented effort are as follows. First, for the first time, the

genetic liability identified within the Psychiatric Genetic Consortium

has been confirmed and replicated in all newly added samples, which

has never occurred previously when replications failed to confirm

original findings. This strengthens and validates the finding. However,

and perhaps more importantly for the purposes of this discussion, the

second point is that the liability factor is not due to a single variant or

gene, but to a combination of signals from a large number of genes,

hundreds of genes. For each patient, the score we previously men-

tioned, PRS, is calculated. This score represents the average genetic

loading that a single patient has regardless of where or which single

variants are located, in a similar way to the example reported above

from our studies. This very clearly explains the hypothesized het-

erogeneity that we previously described, and it makes a lot of sense
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in light of current knowledge about how our brain functions in normal

and abnormal conditions. A system malfunction may be compensated

for by other compensatory pathways that maintain the system's

stability. It is also consistent with the heterogeneity observed at the

clinical level, where impairments to proper recovery may result from

a variety of clinical or environmental factors.

This revolution is currently taking place across the board of

medicine. For instance, PRS are clinically relevant in stroke, and some

institutions are beginning to incorporate them into clinical practice.71

PRS have the potential for clinical application in psychiatry,72,73

and recent studies suggest that, at least for extreme scores, the effect

size may be clinically relevant and equivalent to the risk conferred by

monogenic mutations.74 With the use of larger biobanks our

knowledge of genetic effects will be more and more clear/We have

already investigated the large UK Biobank75 and soon the even larger

US Biobank will be available.76

Research on biologic factors which may guide precision medicine

includes a range of potential biomarkers that are still under devel-

opment at present and do not have direct clinical application. They

include multi‐omic biological potential biomarkers, such as pro-

teomics, metabolomics, and epigenetics, but also brain imaging and

the potentially very large information coming from the increased use

of wearable devices.77–79

The final impediment to implementing routine care is the ease

with which this combined biologic and clinical score information is

available. With the increasing use of electronic health records, this

information may become readily available in the patient record profile

following a single genome‐wide analysis or sequencing, providing a

real‐time indication to the treating physician or psychiatrist for the

time ahead. Additional interpretation of the genetic background

gleaned from research can be added to the algorithm within the

electronic health record on a periodic basis, resulting in an ever‐

increasing degree of precision in the clinical indication for a targeted

prescription. Several consortia are currently working in this direction,

concentrating on the definition of a digital tool capable of in-

corporating all genetic and clinical data for routine clinical use.1,80

In conclusion, precision medicine in mood disorders is needed. At

present we may make use of clinical predictors and the pharmacologic

profile of the available drugs in a much more detailed way compared to

what is currently done in the clinical routine by a large part of psy-

chiatrists. Biological factors such as TDM and genetic metabolizing

profile should be used at least for those patients not responding to a

carefully selected first‐line treatment. In the near future more complex

genetic scores will further improve precision medicine (Table 1).
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