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Clinical Approach to Depression
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Personalized Medicine
in Major Depressive Disorder

21.1

Personalized medicine is a valuable approach to
disease prevention and treatment. It proposes tai-
loring health care by integrating genetics and epi-
genelic factors, brain imaging findings, clinical
aspects, and environmental factors (Perna and
Nemeroff 2017). The aim of personalized medi-
cine in major depressive disorder (MDD) is to
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predict more accurately disease susceptibility and
to tailor the most effective treatment for each indi-
vidual (Prendes-Alvarez and Nemeroff 2016).

This strategy is important in the treatment of
patients with MDD, one of the most prevalent
and severe of the major psychiatric disorders.
Indeed, MDD affects more than one hundred mil-
lion people worldwide and increases the risk of
suicide by 20 times (Korte et al. 2015). 1t is
among the leading causes of disability, lost work-
days, and income.

Although some patients with MDD only suf-
fer from a single depressive episode, many, if not
most, experience multiple episodes and, for oth-
ers, a progressive and chronic illness. As initially
observed by Kraepelin (Jablensky 1999), clinical
features suggestive of progression include
reduced inter-episode duration as a function of
increasing number and length of episodes over
time. Clinical, neurochemical, and structural and
functional neuroimaging studies support the idea
that the progressive course of MDD is related to
a pathological reorganization of the central ner-
vous system (CNS) during the course of the ill-
ness, defined as “neuroprogression” (Moylan
et al. 2013). This reorganization is characterized
by structural and functional brain abnormalities
posited to be due to neural apoptosis, neurode-
generation, and decreased neuroplasticity. Such
neuroprogression may arise from several sources
including the activation of immuno-inflammatory
and oxidative and nitrosative stress pathways as
well as hypercortisolism.
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A myriad of studies have revealed that sub-
stantially fewer than 50% of patients with MDD
achieve remission following treatment with anti-
depressants and/or psychotherapy. This may be
explained by, in part, the heterogeneity of depres-
sion. Indeed, depression is now conceptualized as
a systemic disease influencing several biological
processes, such as inflammation, neuroendocrine
function, platelet activity, autonomic nervous sys-
tem activity, and cardiovascular and bone metabo-
lism (Sotelo and Nemeroff 2017). As an example,
remission of clinical depression has been reported
to be accompanied by a normalization of inflam-
matory markers; in contrast lack of response is
associated with persistently elevated levels of pro-
inflammatory cytokines (Eller et al. 2008), a fac-
tor that may contribute to neuroprogression and to
a negative clinical outcome. Similarly, child mal-
treatment, a documented vulnerability factor for
adult MDD, is associated with increased levels of
C-reactive protein (CRP), an inflammatory bio-
marker that is indicative of systemic inflammation
(Coelho et al. 2014). The personalized medicine
approach, which is able to integrate biological and
environmental factors, can likely contribute not
only to improved remission rates but also to ame-
liorate the longitudinal course of the illness.

The present chapter summarizes different fac-
tors that may serve as possible indicators of sus-
ceptibility to MDD and predictors of treatment
response.

21.2 Major Depressive Disorder
and Symptom-Based
Subtypes

The fifth edition of the Diagnostic and Statistical
Manual of Mental Disorders (DSM-5) (American
Psychiatric Association 2013) describes MDD as
a condition characterized by at least 2 weeks of
depressed mood (i.e., hopeless, feeling sad or
empty) and/or loss of interest and pleasure (anhe-
donia) accompanied by at least four additional
depressive symptoms, present almost every day
and for most of the day. Additional symptoms
include increased or decreased appetite and/or
significant changes in body weight, insomnia or
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hypersomnia, psychomotor agitation or retardg.
tion, loss of energy (fatigue), feelings of guil( ¢,
worthlessness, impaired concentration or indeg;.
siveness, recurrent thoughts of death, and suicidg
ideation or any attempt. Different specifiers are
given to diagnose symptom-based subcategorieg
of MDD, in particular MDD with melancholje
features, MDD with atypical features, and, newly
introduced by DSM-5, MDD with anxious djs.
tress, characterized by additional anxiety symp.
toms (American Psychiatric Association 2013),
Some of the symptoms listed in the DSM-5
description, in particular those relating to appetite/
body weight, sleep, and psychomotor activation,
differ in the various subtypes of MDD (Lamers
et al. 2010; Korte et al. 2015). Patients with melan-
cholic features experience loss of appetite and
weight loss, insomnia, and psychomotor agitation
whereas atypical depression is associated with
increased appetite/weight gain, fatigue, hypersom-
nia, and psychomotor retardation (Baldwin and
Papakostas 2006). Contrasts emerge from neuro-
immuno-neuroendocrinological findings. In mel-
ancholic depression, there is a hyperactivity of the
corticotropin-releasing hormone (CRH) system
and the hypothalamic-pituitary-adrenal (HPA)
axis (Stewart et al. 2005; Wong et al. 2000),
whereas in atypical depression a CRH deficiency
and a reduction of HPA axis activity have been
reported (Lamers et al. 2010). Although MDD
with melancholic features and with atypical fea-
tures are different in several clinical and biological
aspects, the International Study to Predict
Optimized Treatment in Depression (iISPOT-D)
showed that remission rates and symptom reduc-
tion did not differ among the melancholic, atypi-
cal, and anxiety subtypes at least not in the first
1000 subjects (Arnow et al. 2015). The three
depression subtypes did not differ in response to
three frequently used antidepressants: escitalo-
pram, sertraline, and venlafaxine extended release.
More than one third of the participants with MDD
met the criteria for two or more subtypes, with no
evidence that the mixed sublypes selectively pre-
dicted outcome (Uher et al. 2011). These results
are consistent with data from the Sequenced
Treatment Alternatives to Relieve Depression
(STAR*D) (Trivedi et al. 2006), the largest trial
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enrolling patients with MDD seeking routine med-
jcal or psychiatric care. Overall, these findings do
not currently support the clinical utility of symp-
tom-based subtypes of MDD in selecting the best
antidepressant treatment for each patient. One
clear exception is MDD with psychotic features,
which absolutely requires treatment with combi-
pation antidepressant-antipsychotic medications
or electroconvulsive therapy (American
Psychiatric Association (APA) 2010).

In order to improve the management of
patients with MDD, clinical symptoms will
likely need to be integrated with other factors
contributing to each patient’s profile, such as
genetic, epigenetic, endophenotypes/biomark-
ers, and environmental influences.

21.3 Endophenotypes/
Biomarkers

Because psychiatric disorders are currently pri-
marily defined on the basis of sign and symp-
toms, often shared by several disorders, one
major goal of psychiatric research is to identify
more defined and quantifiable endophenotypes
with associated biomarkers.

Criteria defining endophenotypes include
being heritable and more prevalent in affected
families than in unaffected ones, segregating with
the illness in the population and co-segregating
with the illness within families, not depending on
whether the illness is clinically manifested, being
specific to the illness, and being reliably measur-
able (Gottesman and Gould 2003). Biomarkers
are measurable characteristics reflecting biologi-
cal function or dysfunction, response to therapeu-
tic interventions, and natural progression of the
illness (Biomarker Definition Working Group
2001; Ozomaro et al. 2013). The distinctions
between endophenotypes and biomarkers are sub-
tle with a partial overlap between these two con-
cepts. Endophenotypes are trait markers, whereas
biomarkers may be either state or trait markers.

The identification of endophenotypes/bio-
markers would help to identify individuals at risk
of developing a disease, and more likely to pre-
dict the response (o lreatments in a less heteroge-

neous disease population (Alhajji and Nemeroff
2015). To date, available data do not allow the
identification of clear endophenotypes/biomark-
ers able to predict the development of subsequent
MDD in at-risk populations and the prediction of
antidepressant (realment outcomes. However,
there are several promising candidates that need
to be tested in longitudinal studies.

21.3.1 Prediction of Disease
Vulnerability

21.3.1.1 Clinical Features
Negative mood and anhedonia have been pro-
posed as endophenotypes.

The relationship between daily life negative
mood bias and the lifetime diagnosis of MDD
was investigated in a population of 259 female
twin pairs. Probands with co-twins meeting a
diagnosis for lifetime depression exhibited
greater negative affect responsiveness to daily
life stressors, after controlling for past or current
depression in probands (Wichers et al. 2007).

Anhedonia often precedes the onset of MDD
and is associated with a family history of depression
in unaffected relatives (Hecht et al. 1998). It pre-
dicts depression 2 years later (Wardenaar et al,
2012), poor outcomes (McMakin et al. 2012), and
chronic course of depression over a [0-year period.

Functional magnetic resonance imaging
(fMRI) was used to evaluate whether deficits in
brain reward systems, which are posited to be the
neural basis of anhedonia, are present in those at
risk for developing MDD. Compared with healthy
controls, recovered MDD patients showed a
decreased neural response in the ventral striatum
to pleasant stimuli and an increased response in
the caudate nucleus to aversive stimuli, suggesting
that even MDD remitted patients may have deficits
in the neural basis of reward (McCabe et al. 2009).

21.3.1.2 Blood-Based
and Cerebrospinal Fluid
Biomarkers
Studies of monoaminergic biomarkers such as
peripheral and cerebrospinal fluid (CSF) concen-
trations of serotonin, dopamine, and noradrenaline
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and their metabolites reported inconsistent results
(Kunugi et al. 2015), though there is general agree-
ment that reduced CSF 5-hydroxyindoleacetic
acid (5-HIAA) concentrations are associated with
increased suicidality.

A meta-analysis of longitudinal studies (Valka-
nova et al. 2013) revealed that an increase in the
inflammatory markers C-reactive protein (CRP)
and interleukin (IL)-6 has a small but significant
association with the subsequent development of
depressive symptoms, supporting the hypothesis
of a causal pathway from inflammation to depres-
sion. Different inflammatory markers in MDD
patients appear to be linked to different depression
subtypes. Two studies (Lamers et al. 2013; Rudolf
et al. 2014) found that increased inflammatory
marker levels, in particular IL-6, were associated
with atypical depression as compared to typical or
melancholic depression.

Lipids, which have a central role in neuronal
function, have been proposed as a potential fam-
ily of peripheral biomarkers (Van Heesch et al.
2014). The main finding, when comparing MDD
patients with controls, is an altered lipid profile.
In particular an increase of low-density lipopro-
teins (LDL) and omega-6 levels and a decrease of
high-density lipoproteins (HDL) and omega-3
levels have been reported (Parekh et al. 2017).

Brain-derived neurotrophic factor (BDNF) is
the most common neurotrophin in the human brain
and shows promising features as a MDD bio-
marker. In line with the neurotrophin hypothesis of
depression, which posits that a scarcity of BDNF
contributes to the pathophysiology of depression
by decreasing neuronal plasticity, low BDNF blood
levels have been consistently reported in patients
with MDD (Neto et al. 2011). The relationship of
blood to CNS levels of BDNF remains obscure.

21.3.1.3 Neuroimaging

Both structural and functional neuroimaging are
potentially useful methods to identify phenotypes
indicative of vulnerability to MDD. Patients with
MDD showed significantly smaller hippocampal
volumes, though it remains unclear whether this
is a consequence of the disorder, a consequence
of early life trauma (Rao et al. 2010), or if it pre-
cedes the onset of the disease (Rao et al. 2010;
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Schmaal et al. 2016). Decades of task-baseq
fMRI have identified brain circuits with altereq
functional activity, e.g., the increased amygdaly
reactivity in patients with MDD while processing
negative stimuli (Siegle et al. 2002). More
recently, resting-state fMRI, which allows the
identification of spontaneous activity of brajp
networks, i.e., brain areas that increase o
decrease their activity synchronically, has been
investigated in MDD. The hyperactivity of the
default mode network (DMN), which is active
during internally directed mental states, such as
introspective states, has been reported in MDD
patients (Sheline et al. 2010).

21.3.2 Prediction of Antidepressant
Treatment Outcome

21.3.2.1 Blood or Other Peripheral

Measures

Efforts in the identification of predictors of dif-

ferential antidepressants treatment response

based on blood or other peripheral measures date

back several decades.

Evidence of HPA axis hyperactivity, including
but not limited to increased blood/CSF/urinary
cortisol levels and CSF concentrations of CRH
(Nemeroff et al. 1984), non-suppression of corti-
sol in the dexamethasone suppression test (DST),
and the dexamethasone-CRH (DEX/CRH) test,
have been observed in up to than 70% of palients
with MDD (Vreeburg et al. 2009) especially in
severe/melancholic MDD. Several studies have
reported that SSRIs decrease HPA axis hyperac-
tivity (Nikisch et al. 2005), though contradictory
findings exist (Deuschle et al. 2003). Because
effects of antidepressants on the HPA axis seem
to occur mainly in MDD patients responsive to
treatment (Deuschle et al. 2003; Nikisch et al.
2005), it has been suggested that resolving HPA
axis abnormalities during MDD treatment is
indicative of SSRI response.

Changes in response to the DST in MDD
patients receiving antidepressants might repre-
sent a laboratory marker of treatment outcome.
Most non-suppressors had progressive normal-
ization of DST responses in conjunction with
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clinical improvement, and failure to normalize
was often associated with poorer clinical out-
come (Greden et al. 1983),

After CRH became available for clinical stud-
ies, the DST was combined with CRH adminis-
tration and the resulting combined DEX/CRH
test proved to be more sensitive in detecting
HPA system changes than the original DST.
Elevated cortisol release after the DEX/CRH test
has been consistently observed in patients in an
acute major depressive episode, and normaliza-
tion of the DEX/CRH test was shown to precede
or parallel response to antidepressant treatment.
Sustained non-suppression of the HPA axis in
MDD patients undergoing the DEX/CRH test
predicts a poorer outcome of treatment response
(Binder et al. 2009) and may be associated with
depressive relapse (Aubry et al. 2007).

There is evidence of an interaction between
inflammatory processes and antidepressant
response (Miller and Raison 2016). MDD is
characterized by low-grade inflammation,
revealed by higher concentrations of inflamma-
tory biomarkers such as C-reactive protein
(CRP), tumor necrosis factor (TNFa), and inter-
leukin 6 (IL.-6) (Howren et al. 2009). A meta-
analysis (Strawbridge et al. 2015) supports the
view that heightened levels of inflammation may
contribute to treatment refractoriness. Non-
steroidal anti-inflammatory drugs might be ben-
eficial as adjunctive treatments in unipolar
(Akhondzadeh et al. 2009) and bipolar (Nery
et al. 2008) depressed patients. Although the lev-
els of IL.-6 decreased with antidepressant treat-
ment regardless of outcome, persistently elevated
levels of TNFa were associated with prospec-
tively  determined  ftreatment  resistance
(Strawbridge et al. 2015). This last result is
strengthened by the findings that a TNFa antago-
nist, infliximab, can improve depréssion in
treatment-resistant patients with higher basal lev-
els of inflammation as defined by elevations in
CRP (Raison et al. 2013).

The putative role of 1L.-6 plasma concentra-
tions as a reliable marker of antidepressant
response is still highly debated. Higher serum
levels of IL-6 predicted response to ketamine, an
N-methyl-p-aspartate receptor antagonist that

produces a rapid antidepressant effect in patients
with treatment-resistant MDD (Yang et al. 2015).

CRP levels have been used to differentially
evaluate treatment efficacy in response to antide-
pressants and the results are discordant. A recent
meta-analysis (Strawbridge et al. 2015) and a
study by Schmidt et al. (2016) did not find an
association between baseline CRP levels and
response to antidepressants; in contrast others
reported a positive association (Uher et al. 2014;
Jha et al. 2017; Mocling et al. 2017).

The role of peripheral BDNF concentrations
in the prediction of antidepressant efficacy is also
unclear. Higher baseline serum BDNF levels
were reported to predict antidepressant treatment
response (Mikoteit et al. 2014), but low baseline
levels were as well (Nase et al. 2016). Clinical
response has also been reported in the absence of
a BDNF increase (Basterzi et al. 2009). A recent
meta-analysis (Polyakova et al. 2015) concluded
that antidepressant treatment increases serum
BDNEF levels in MDD in responders and remit-
ters significantly more than in non-responders.

21.3.2.2 Electroencephalogram

A number of different electroencephalography
(EEG)-derived biomarkers, mainly change in fre-
quency band (alpha and theta) measures, antide-
pressant treatment response index (ATR), and
event-related potentials (ERPs), have been the
focus of investigations as potential biomarkers of *
antidepressant response in MDD.

Early studies reported that pretreatment
changes in the alpha band differentiate responders
from non-responders to the tricyclic antidepres-
sant imipramine and the SSRIs (Knott et al. 1996;
Knott et al. 2000; Bruder et al. 2008). However,
data derived from iSPOT-D, a multicenter, ran-
domized, prospective trial, in which 1008 MDD
participants were randomized to escitalopram, ser-
traline, or venlafaxine-XR, concluded that alpha in
the occipital and frontal cortex was not associated
with treatment outcome (Arns et al. 2016).

Early studies investigating pretreatment
changes in the theta band reported conflicting
results. When a more sensitive method to localize
cerebral sources from where EEG signals gener-
ate, the low-resolution electromagnetic tomo-
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graphic analysis (LORETA), was applied, studies
found more consistently an association between
elevated pretreatment theta current density in ros-
tral anterior cingulate cortex (rACC) and response
to a variety of antidepressants in MDD (Pizzagalli
2011; Koo et al. 2017). More recently, however,
iSPOT-D data was unable to replicate the high
frontal and rACC theta association with treat-
ment response (Arns et al. 2015).

In quantitative EEG (QEEG), electrical sig-
nals from the brain are converted to digital form,
which allows patterns undetectable by the naked
eye to be revealed. The antidepressant treatment
response index (ATR) is a QEEG measure that
integrates frontal alpha and theta power extracled
at pretreatment baseline and at 1-week posttreat-
ment. In the biomarkers for rapid identification of
treatment effectiveness in major depression study
(BRITE-MD) (Leuchter et al. 2009), patients
with ATR values above the threshold value were
2.4 times more likely to respond to escitalopram
than those with ATR values below threshold.

ERPs are a measure of change in voltage,
which represent brain activity elicited in
response (o visual or auditory stimulation.
Among them, loudness dependence of auditory
evoked potential (LDAEP), a measure -of the
ERP component N1/P2, taken 100-200 ms
after presentation of an auditory stimulus, is a
promising biomarker of response to antide-
pressants. A larger slope of the P2 amplitude in
response to stimulus intensity (strong LDAEP)
at baseline was associated with response to
SSRIs, such as fluoxetine, paroxetine, and cita-
lopram, while weak LDAEP (lower slope) was
found to be associated with response to the
norepinephrine reuptake inhibitor (NRI) rebox-
etine (Juckel et al. 2007; Lee et al. 2015).

Some recent methodological advances in
analysis of EEG data seem to be promising.
Analysis of a list of discriminating EEG features
with a machine learning methodology has
allowed an overall prediction accuracy of 87.9%
of response to treatment with selective serotonin
reuptake inhibitor (SSRI) antidepressants in sub-
jects with MDD (Khodayari-Rostamabad et al.
2013). Moreover, significant wavelet coefficients
extracted from frontal and temporal pretreatment
EEG data were able to predict antidepressant
treatment outcomes (Mumtaz et al. 2017).
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Overall, the possibility to predict treatmep
response using EEG markers need further studjeg
because the extant data are not yet consistent anq
their clinical relevance still questionable.

21.3.2.3 Neuroimaging

Resting state fMRI studies suggest an associatiop
between response to antidepressant medicationg
and increased connectivity between frontal and
limbic brain regions, possibly resulting in greater
inhibitory control over neural circuits that procesg
emotions (Dichter et al. 2014). The subcallosa]
cingulate cortex (SCC) connectivity appeared to
predict the response to antidepressants and, more
consistently, to repetitive transcranial magnetic
stimulation (rTMS) in patients with MDD, The
resting-state functional connectivity of three
regions with the SCC (the left anterior ventrolat-
eral prefrontal cortex/insula, the dorsal midbrain,
and the left ventromedial prefrontal cortex) was
differentially associated with outcomes of remis-
sion and treatment failure to CBT and antidepres-
sant treatment in never treated MDD patients
(Dunlop et al. 2017).

Measures of cerebral glucose metabolism by
brain PET scan at baseline and after treatment found
that hypometabolism in the insula is correlated with
a good response to CBT and poor response (o esci-
talopram, while hypermetabolism is associated with
a better therapeutic response to escitalopram com-
pared to CBT (McGrath et al. 2013).

21.4 Genetics

The pathophysiology of MDD and the mecha-
nism of action of the antidepressant treatments
remain largely obscure. Family, (win and, to a
lesser extent, adoption studies provide evidence
that genetic factors are involved both in suscepti-
bility to MDD and in response to ADs.

21.4.1 Prediction of Disease
Vulnerability

Studies estimate that the genetic risk for develop-
ing MDD is approximately 40% (Prendes-
Alvarez and Nemeroff 2016). In the past few
decades, genetic research on the susceptibility t0
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MDD has uncovered several so-called candidate
genes, primarily chosen on the basis of their role
in presumed pathophysiologic mechanisms.

The serotonin transporter (SERT or SLC6A4),
through removal of serotonin at the synapse,
plays an important role in determining the extent
and duration of serotonergic signaling. A poly-
morphism in the SERT gene promoter region
(5-HTTLPR) produces a variation in SERT gene
transcription rates such that the short (S) allele,
both the homozygote and heterozygote, is less
transcriptionally efficient than the homozygotes
long (LL) genotype.

In a pioneering study, Caspi and coworkers
(2003) reported S-allele-carriers were more
likely to develop depression in relation to stress-
ful early life events than the LL-homozygotes.
Recently, a meta-analysis confirmed a link
between the short (S) form of 5-HTTLPR and
stressful life events, resulting in depression
(Sharpley et al. 2014). However, approximately
35% of the studies included in the meta-analysis
failed to show any significant association or
found contrasting results.

Tryptophan hydroxylase (TPH), the rate-
limiting step in serotonin synthesis, has been
impiicated in susceptibility for MDD in a number
of reports, with mixed results (Gao et al. 2012).
Although TPH1 is primarily found in peripheral
tissues, a study identified an association between
six haplotypes of this gene and MDD (Gizatullin
et al. 2006). In contrast, TPH2 is expressed in CNS
and is considered to exert effects on sleep, aggres-
sion, food intake, and mood. The identification of
single nucleotide polymorphisms (SNPs) (Zill
et al. 2004) and loss of function mutations for this
gene (Zhang et al. 2005) have been reported to be
more common in patients with MDD than con-
trols, suggesting that defects in brain serotonin
synthesis can be an important contributor to MDD
susceplibility (Zhang et al. 2005).

As noted above, hyperactivity of the HPA axis
has been frequently reported in individuals with
MDD (Ozomaro et al. 2013). Several gene cod-
ings for components of this system have been
scrutinized, in particular the FK506 binding pro-
tein 5 (FKBPS5) and the corticotropin-releasing
hormone receptor 1 (CRHR1) genes (Myers and
Nemeroff 2010). FKBP5 codes for a co-
chaperone protein that modulates the glucocorti-
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coid receptor. Individuals homozygous for the
minor alleles of the FKBPS SNPs were more
likely to express depression after trauma expo-
sure (Zimmermann et al. 2011). FKBP5 poly-
morphisms were associated with an increased
recurrence of MDD episodes, poor antidepres-
sant response (Binder et al. 2004), and with sui-
cidal events (Brent et al. 2010). The CRH type 1
receptor mediates the majority of the CNS effects
of CRH. Findings of increased concentrations of
CRH both in specific brain areas and in cerebro-
spinal fluid have been consistently replicated in
MDD, as well as in suicide victims (Aratd et al.
1989; Nemeroff et al. 1984), and a corresponding
downregulation of CRHR1 mRNA expression
and binding. Genetic variations in the CRHR1
gene have been associated with increased suscep-
tibility to MDD in a Chinese population (Liu
et al. 2006) and moderate the effect of child abuse
on the risk for adult MDD (Bradley et al. 2008)
as well as suicide risk (Roy et al. 2012).

Genome-wide association studies (GWAS), a
powerful tool to probe a molecular phenotype of
a disease without requiring an a priori hypothe-
sis, have had only limited success in identifying
genetic variants that predispose or protect from
MDD, even with relatively large samples (Garcia-
Gonzélez et al. 2017).

21.4.2 Prediction of Antidepressant
Treatment Outcome

Approximately 60% of patients with MDD
exhibit only a partial response to antidepressants
and up to 30% do not respond at all. It is likely
that genetic factors and polymorphism contribute
to the variability in antidepressant response (Kato
and Serretti 2010). In this regard, the definition of
biological predictors of treatment response, i.e.,
“treatment biomarkers,” would contribute to the
personalized approach driving the selection of
the most suitable medication for each individual
patient with MDD. One relatively new approach
is the microarray analysis of peripheral gene
expression in blood cells. The gene expression
level in blood has been reported to be comparable
to prefrontal cortex (Sullivan et al. 2006) and has
been associated with antidepressant response
(Labermaier et al. 2013).
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A set of candidate genes has been widely
investigated as predictors of antidepressant
response. The most studied genetic variant is
the serotonin transporter (SERT) gene in its
promoter region (5-HTTLPR). There is evi-
dence (Porcelli et al. 2012) pointing to a better
SSRI response in Caucasian patients carrying
the S-HTTLPR L-allele, though negative find-
ings have been reported as well. Investigations
of the relationship between norepinephrine and
dopamine transporter genetic polymorphisms
and response to antidepressant treatments in
MDD have not yiclded unequivocal results,

It has been suggested that the HPA axis plays
some role in the mechanism of action of antide-
pressant drugs, because a normalization of HPA
axis activity has been reported after successful
antidepressant treatment. Polymorphisms of the
CRH type 1 receptor (CRHR1) gene, which plays
a key role in mediating the CRH effects in depres-
sion and anxiety, were found to be associated with
response to both fluoxetine (Liu et al. 2006) and
citalopram (Lekman et al. 2008). Allele G carriers
of rs2270007 of the CRHR2 gene showed a
poorer response to citalopram with a threefold
increased risk for non-responding after 4 weeks of
treatment (Papiol et al. 2007). One single nucleo-
tide polymorphism (SNP) (rs10473984) within
the CRHBP gene encoding the CRH-binding pro-
tein, which binds CRH with subnanomolar affin-
ity to modulate CRH receptor activity, affects
response to citalopram in African American and
Hispanic patients (Binder et al. 2010). As noted
above, polymorphisms in FKBPS5 are associated
with rapid response to AD treatment (Binder et al.
2004) and also with remission over 14 weeks of
citalopram treatment (Lekman et al. 2008).

Studies on the influence of BDNF polymor-
phisms in antidepressant response resulted in
mixed results with some studies reporting the
Met allele polymorphism associated with better
response (Licinio et al. 2009) and others showing
the Val/Val genotype to have a better outcome
(Zou et al. 2010).

Genome-wide association studies (GWAS),
performed to identify SNPs associated with anti-
depressant response, have reported several find-
ings, but most of them have been inconclusive
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and remain not replicated. In a recent study, 37
differentially expressed probe sets were assocj.
ated with response to citalopram treatment ip
MDD (Mamdani et al. 2011). Another study
revealed the association of four mRNAs and twg
microRNAs (miRNAs) with antidepressant treat.
ment response in MDD (Belzeaux et al. 2012),
Another microarray study aiming to identify
peripheral gene expression profiles reported how
responders and treatment-resistant patients with
MDD to the SSRI escitalopram could be pre-
dicted at the beginning of treatment by expres-
sion levels of NLGN2 gene (Pettai et al. 2016).

One possible explanation is that antidepres-
sant response is polygenic and each individual
SNP is only responsible for a small fraction of
heritability hardly detectable in statistical analy-
ses. However, a polygenic approach (differently
from GWAS analysis where a single SNP can
reach significance level) that captured the addi-
tive effect of multiple SNP alleles across the
genome failed to predict antidepressant response
analyzing results of two large pharmacogenetic
trials (GENDEP, MARS, STAR*D) (Garcia-
Gonzdlez et al. 2017; GENDEP Investigators,
MARS Investigators, STAR*D Investigators
2013; Lekman et al. 2008).

21.4.3 Pharmacogenetic-Based
Decision Support Tools

Genetic variants explain about 50% of individ-
ual differences in antidepressant response and
adverse effects (Crisafulli et al. 2011). To opti-
mize the individual patient’s responses to a pre-
scribed antidepressant, one emerging strategy is
to consider the patient’s pharmacokinetic and
pharmacodynamic genetic profile. Currently,
several second-generation tools that ofter com-
binatorial polygenic testing are commercially
available. They analyze polymorphisms in
genes for cytochrome P450 (CYP) liver enzymes
that metabolize antidepressant drugs in addition
to genes which encode brain response proteins
that purportedly contribute to their efficacy and/
or side effects., Moreover, combinatorial phar-
macogenomics is able to identify synergies
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between genes and provide drug-drug interac-
tion information.

Less than 20% of current available pharmaco-
genetic tools have been empirically evaluated,
and it is not clear if these tools can, indeed,
shorten the time to remission, sustain the dura-
tion of remission, and improve adherence to anti-
depressant treatment (Bousman and Hopwood
2016). In treatment-resistant depressed patients,
three prospective studies have evaluated the clini-
cal validity and utility of a combinatorial phar-
macogenomic test (GeneSight test) compared to
a treatment as usval (TAU). The analysis of data
from these combined studies demonstrates that
GeneSight-guided treatment is associated with a
greater reduction in overall depression symptoms
and increases in response rates compared to TAU
(Altar et al. 2015). However, there are serious
methodological concerns in these studies includ-
ing lack of blindness and very small sample sizes.
Pharmacogenetic testing is potentially useful in
particular clinical situations but the widespread
adoption of these tools in practice is premature
relative to the extant data. In the next several
years, data derived from ongoing randomized
clinical trials in the USA and Canada will allow a
better understanding of the role of antidepressant
pharmacogenetic tools in real-world practice.

21.5 Epigeneticsin MDD

Epigenetics may play an important role in the eti-
ology of complex diseases such as MDD. The
term “epigenetics” refers to potentially heritable
and functionally relevant changes in gene expres-
sion obtained without modification of nucleotide
sequence. DNA methylation is one of the major
forms of epigenetic modifications. It consists of
the addition of a methyl group to cytosine at
cytosine-phosphate-guanine dinucleotides (CpG)
sites which results in a reduced access of tran-
scription factors into regulatory elements, with
consequent reduction in transcription. A second
epigenetic mechanism involves histone modifica-
tion with change of the DNA-histone interaction.
Enzymes known as histone deacetylases
(HDACs) remove the acetyl group from the his-
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tone tail, cause chromatin condensation, and pre-
vent transcription factors access to DNA resulting
in a decreased gene expression. Epigenetic modi-
fications in response to early life traumatic expe-
riences have provided new insight into
pathophysiology of MDD and may yield novel
biomarkers for diagnosis and treatment response.

21.5.1 Prediction of Disease
Vulnerability

The role of epigenetic modifications in personal-
ized medicine of MDD has been hypothesized to
impact illness vulnerability.

In the first genome-wide DNA methylation
scan in MDD, the comparison of 39 postmortem
frontal cortex samples of patients with 26 con-
trols identified 224 candidate regions having
DNA methylation differences >10% (Sabunciyan
et al. 2012). Several other studies have explored
these findings and overall support the idea that
SLC6A4 methylation and demethylation of CpGs
in the functional glucocorticoid response ele-
ments in intron 7 of the FKBP5 gene may be
related to childhood maltreatment and thus might
be a useful marker of MDD susceptibility. Higher
methylation status of the BDNF promoter, repeat-
edly associated with MDD, might also represent
another epigenetic marker of disease vulnerabil-
ity (Fabbri et al. 2017).

Although brain tissue is an ideal sample for
DNA methylation analyses, it is restricted to
postmortem tissue sampling. Fortunately, periph-
eral blood samples have provided a noninvasive
model for DNA methylation status, and the
results are correlated in some studies to those
observed in postmortem brain tissue, as, for
example, the Stenz et al. (2015) study, in which
the promoter methylation of the BDNF gene was
measured both in blood and postmortem brain
tissue from depressed patients. Januar et al.
(2015) proposed the detection of BDNF hyper-
methylation in oral tissue as a potential biomarker
of depression. Finally, two studies (Hobara et al.
2010; Iga et al. 2007) evaluated gene expression
of the histone deacetylases (HDACs) in periph-
eral blood cells of depressed patients as potential



254

biomarkers and found that HDAC?2 and HDACS5
expression were significantly increased in MDD
patients compared to healthy controls.

21.5.2 Prediction of Antidepressant
Treatment Outcome

The most studied epigenetic modification, DNA
methylation, has been evaluated in the context of
AD treatment response.

Investigations focused on baseline levels of DNA
methylation of specific genes, in particular SERT
(SLC6A4), BDNE and interleukin-11 (IL-11) genes
in the prediction of antidepressant response with
some promising results (Lisoway et al. 2017).

Domschke et al. (2014) reported that DNA
hypomethylation of the SERT region was associ-
ated with impaired antidepressant (reatment
response (o escitalopram in a Caucasian popula-
tion. Okada et al. (2014) reported that higher pre-
treatment methylation rate of SLC6A4 is
associated with better therapeutic responses o
antidepressants in a Japanese population sample.
Kang et al. (2013), however, did not confirm this
finding using a series of different antidepressants.
Lower baseline methylation status of the BDNF
promoter region predicted non-response to anti-
depressant medication (Tadié et al. 2014). Higher
levels of DNA methylation at IL-11CpG unit 4
were associated with better response in individu-
als treated with escitalopram, but with worse
response in those treated with nortriptyline
(Powell et al. 2013).

21.6 Childhood Adversity

21.6.1 Prediction of Disease
Vulnerability

A large body of evidence has confirmed and
extended the finding that childhood adversities,
such as sexual, physical or emotional abuse,
emotional or physical neglect, or parental loss,
are significant contributors to the subsequent
development of MDD and predict a more severe
course of illness and greater chronicity (Nemeroff
2016). Physically abused (odds ratio, OR = 1.54),

G.Pernaet 3|,

emotionally abused (OR = 3.06), and neglecteqd
(OR = 2.11) individuals were found to have 4
higher risk of developing depressive disorders
than non-abused individuals (Norman et g
2012). A meta-analysis of 16 epidemiological
studies (more than 20,000 participants) suggested
that childhood maltreatment was associated with
an clevated risk of developing recurrent and per-
sistent depressive episodes (OR = 2.27) (Nannj
et al. 2012).

21.6.2 Prediction of Antidepressant
Treatment Outcome

Several studies suggest that a history of early life
childhood trauma predicts poorer response to
antidepressant and psychotherapy. A meta-
analysis of ten clinical trials (more than 3000 par-
ticipants) concluded that childhood maltreatment
was associated with lack of response/remission
to treatments for depression (OR = 1.43) (Nanni
et al. 2012).

Patients with chronic depression without a
history of childhood trauma had an equivalent
response to nefazodone, when compared with a
form of CBT designed for chronic depression,
Cognitive Behavioral Analysis System of
Psychotherapy (CBASP), and a better response
to the combination of treatments (Keller et al.
2000). Among patients with a history of early
childhood trauma, CBASP alone was superior to
antidepressant monotherapy, and the combina-
tion of psychotherapy and pharmacotherapy was
only slightly superior to CBASP alone (Nemeroff
et al. 2003).

Lewis et al. (2010) compared the efficacy of a
12-week treatment with fluoxetine, CBT, their
combination, and placebo in 427 adolescents with
MDD. The no-trauma group responded to fluox-
etine, while CBT was not superior to placebo. In
individuals with a history of trauma or physical
abuse, no treatment was more effective than pla-
cebo. In sexually abused patients, placebo was
more effective than CBT (Lewis et al. 2010).

In patients with MDD in the iSPOT trial, the
incidence of childhood abuse was fourfold higher
than in their healthy peers. Abuse occurring
before the age of 7 years predicted poorel
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response and remission following treatment with
escitalopram, sertraline, or venlafaxine extended
release (XR) (Williams et al. 2016). Finally,
childhood abuse was associated with poorer
treatment response to “low serotonin affinity”
medications than to *“high serotonin affinity”
ones (Quilty et al. 2017),

Conclusions
The personalized or precision medicine
approach to MDD is a very active avenue of
investigation. This approach is relatively novel
yel there are several promising findings that
need to be explored further with studies of
large samples before being considered for
translation in clinical practice.

Genetic and epigenetic factors clearly play
a role both in the prediction of disease vulner-
ability and treatment outcome. However, in
studies that evaluated the association of candi-
date genes with MDD and responses to treat-
ment, candidate genes were selected on the
basis of existing knowledge on MDD and the
supposed mechanisms of action of antidepres-
sants. Because the gene selection is done a
priori, this approach rarely opens new fields of
investigation. Until now, candidate gene stud-
ies have failed to find a strong genetic impact
on MDD, but rather they have confirmed or
denied the influence of the selected genes. It
was expected that a GWAS strategy, which
evaluates all known genes without any a priori
hypotheses, could identify genetic variants
associated with MDD and treatment response.
Despite this great technical advancement,
genes or biomarkers predictive of susceptibil-
ity to MDD or of response to antidepressant
have not yet been reliably identified. Because
studies have revealed that common genetic
variants and biomarkers are unlikely to have
widespread predictive value as single predic-
tors, a strategy that integrates several types of
genetic clinical and neurobiological markers
should be considered. Polygenic risk factor
scores represent one promising new direction.
In the near future, multi-omics including tran-
scriptomics, metabolomics, and proteomics
will also surely be scrutinized as potential
markers as well. The development of biosig-

natures profiling clinical phenotypes, neuro-
imaging and EEG data, a diverse array of
peripheral/serum growth factors, cytokines,
hormones and metabolic markers, genetic
makeup, and environmental factors (e.g.,
childhood early experiences) is clearly an
alternative to the single-biomarker approach.
Personality features in patients with depres-
sion might disentangle depression heterogene-
ity and help to tailor treatments (Berg et al.
2017). Moreover, there is some evidence that
pretreatment information on  sex, height,
weight, and BMI may help medication selec-
tion in depressed patients. Venlafaxine XR
was more effective than escitalopram in
patients with comorbid obesity and MDD, and
the association between adiposity and remis-
sion was greater in females than in males
(Green et al. 2017). Finally, it has been
observed that socioeconomic measures,
including education, income, and employment
status, were better predictors of treatment
response than clinical factors, such as past
medication response, severity of MDD, and
comorbid psychiatric diagnoses (Jakubovski
and Bloch 2014). More studies are needed to
foster the development of new methodological
and statistical means o better capture the
complex world of depression and to allow a
concrete move from the hope of a personal-
ized approach toward the reality of widespread
clinical practice.
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