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INTRODUCTION

Psychiatry has been an evolving field in medicine, but
current diagnostic and prognostic criteria, as well as
available treatments are still in need of scientific im-
provement and optimized approaches. There is a ris-
ing interest and global curiosity regarding future out-
comes and developments in psychiatry, but overall,
the goal in psychiatry seems to, just like any other field
in medicine, achieve precision psychiatry with more
advanced diagnostic tools and personalized treatment
interventions.

Current psychiatric research needs to address two big
challenges: a shift in traditional diagnostic systems on
the one hand, and on the other, the yet insufficient
comprehension and insight regarding the biology and
pathophysiology of psychiatric disorders. Although

modern neuroimaging techniques have allowed for
many new insights on brain pathways, brain areas and
circuit dysfunction which may underlie psychiatric dis-
orders, these insights have not been systematically
linked to the prediction of clinical outcomes and have
also not been delivered into the hands of clinicians to
an actionable system for improving patients’ lives.!

Psychiatric syndromes are generally referred to as
“‘disorders” (illnesses that disrupt normal function) and
only a few are considered “diseases” (disorders with
known pathophysiology or structural pathology). An
obvious goal of psychiatric research is to convert id-
jopathic disorders into pathophysiological-defined
diseases.? It has been argued that identical changes
in neural dynamics may produce different behavioral
outputs depending on the environment. This may ex-
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plain why only a subgroup of patients respond to a
drug or psychotherapeutic treatment approved for any
given disorder. Therefore, to create more personalized
and more targeted forms of therapy, a different char-
acterization of the pathophysiological mechanisms is
required, one which may supplement categorical con-
ventional diagnoses.®

THE SHIFT IN DIAGNOSTIC
SYSTEMS

Traditional diagnostic systems, such as the Diagnostic
and Statistical Manual of Mental Disorders (DSM, cur-
rently in its 5th edition) and the International Classifi-
cation of Diseases (ICD, currently in its 11th Edition)
do not explain the underlying biopsychosocial pro-
cesses of mental illness, nor do they drive clinical de-
velopments.* The core issue potentially responsible for
the limitations of traditional taxonomies is that its con-
struction had gone beyond the evidence available on
the structure of psychopathology, and it was shaped
by several other considerations. It appears that this ra-
tional approach to psychiatric nosology, not grounded
in structural research nor in the etiologic architecture
of mental disorders, has failed to represent psychopa-
thology accurately.®

To date, most studies focusing on the neural bases of
psychiatric disorders use categorical diagnostic sys-
tems, but neurobiological changes are now increasing-
ly recognized as being more strongly related to com-
binations of different dimensions of psychopathology,
than to general clinical labels.® The sluggish pace of
discovery in psychiatry has been, in part, attributed,
to the limited validity and certain arbitrariness of tra-
ditional diagnoses. A solution to the shortcomings of
traditional taxonomies is emerging as a quantitative
nosology - an empirically based organization of psy-
chopathology.®

A NEW TAXONOMY

Research to date has focused on case control com-
parisons of diagnostic groups of psychiatric disorders
defined by traditional symptom criteria. Findings from
case control studies tend to be inconsistent, and this
inconsistency is not surprising, given the heterogenei-
ty of most psychiatric disorders.”

The understanding of the role that brain circuits and
their activation play in clinical psychiatric dysfunction
and its manifestations is still limited, and advances
in exploring human neuroimaging circuits involved in
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psychiatric disorders may provide the foundations for
formulating a new taxonomy.

Despite the current, narrow clinical impact of many
neuroimaging methods, there is hope that imaging along
with new machine learning applications may come to
accelerate the recognition of subtle but informative
brain patterns in functional imaging data, which may
contribute to more optimized diagnoses, prognoses,
and treatment monitoring and response, in psychiatric
and neurodevelopmental disorders in the future.®

THE ROLE OF BIOMARKERS

Although still in their infancy, biomarkers hold the
promise of bringing even greater precision and even
better outcomes in mental health, some of the prom-
ising systems that are being assessed as sources of
biomarkers include genomic, proteomic, metabolom-
ic, and immunologic processes.? As our understanding
of basic cellular biology, function, and communication
in the normal and disordered central nervous system
grows, so will the number of potential biomarkers.”

Currently, it is not clear what role genomics and bio-
markers will have in the diagnosis of mental illnesses,
or in the diagnosis of people at-risk for mental iliness-
es. The application of new tests for clinical diagnoses
of mental illnesses is proving problematic because
diagnoses in mental health are based on categorical
systems.°

However, some interesting studies have been pub-
lished, namely, a prospective study of 2600 war
zone-deployed Marines, published in 2014, found that
a marker of peripheral inflammation, plasma C-reac-
tive protein, may be prospectively associated with
PTSD symptom emergence, suggesting that inflam-
mation may predispose to post-traumatic stress disor-
der.!! Studies in the past decades have noted complex
interactions between the immune system, systemic
inflammation, and the brain, which can lead to chang-
es in mood, cognition, and behavior, with more robust
epidemiological and genetic studies establishing a pos-
sible association between schizophrenia and the im-
mune system.*?

In a study published in 2012, the authors measured
gene and protein expression levels of proinflammatory
cytokines interleukin (IL)-1B, I1L-6, and tissue necrosis
factor (TNF)-a, in the prefrontal cortex (PFC) of both
24 teenage suicide victims and 24 matched normal
control subjects (whose death was not by suicide). Re-
sults showed that mRNA and protein expression levels
of IL-1B, IL-6, and TNF-a were significantly increased



in the Brodmann area 10 of the prefrontal cortex of
suicide victims, compared to normal control subjects.
These findings suggest an important role for IL-1B, IL-
6, and TNF-a in the pathophysiology of suicidal be-
havior and that proinflammatory cytokines may be an
appropriate target for developing therapeutic agents.!®

In a study published in 2018, antidepressant treatment
resistance was found to be associated with increased
inflammatory markers in patients with major depres-
sive disorder, suggesting that measuring these markers
and targeting inflammation or its downstream media-
tors may be relevant when considering treatment op-
tions for depressed patients with multiple failed anti-
depressant treatment trials in their current depressive
episode.™

THE ROLE OF GENOMICS

Even though there is no comprehensive portrait of
genetic architecture, psychiatric disorders are known
to be polygenic, encompassing both common and rare
variants. How these variants combine to influence dis-
ease pathogenesis and phenotypic heterogeneity is
not yet known.?

Acquiring more knowledge on the identification of a
genetic variation as well as its frequency, and the sug-
gested impact at each locus - would be of exceptional
importance. This information could catalyze an array of
specific scientific studies, which may allow for: the eluci-
dation of biological mechanisms between the genotype
and the psychiatric phenotype; the assessment of gene
action over development; help in addressing the critical
roles of gene-gene and gene-environment interactions
and better understanding the role played by epigenetic
modifications. The genomic search space is extensive
but finite, and so, with the right tools there is potential
to discover the above-mentioned mechanisms.*®

In a recent meta-analysis of the whole exome of almost
25 000 schizophrenia cases, ultra-rare coding variants
in 10 genes were identified as conferring substantial
risk for schizophrenia. This study also provided sup-
port for dysfunction of the glutamatergic system as a
hypothesis in the pathogenesis of schizophrenia (add-
ing to the dopaminergic hypothesis already known).*¢

The availability of polygenic risk scores, providing risk
assessment for psychiatric disorders, has pushed this
type of testing to the forefront-leaving to the con-
sideration of clinicians if, when and how to apply or
manage them in clinical settings. Psychiatric genetic
counseling will not represent a fundamental paradigm
shift; these tests cannot diagnose a psychiatric dis-

order, nor can they determine whether someone will
develop one. Any testing applied in a psychiatric ge-
netic counseling context will be, at best, probabilistic
information on risk and must still be applied in the con-
text of a decision that addresses patient’'s emotional
issues-guilt, blame, shame, fear, and stigma-that are so
often attached to people’s explanations for cause of
illness.'” The possibility of fatalistic thinking and fear
of the future, alongside the subsequent potential so-
cial implications such as stigmatization, needs careful
consideration in communicating such results.’® Even if
better and more accurate polygenic risk scores are de-
veloped in the future, a holistic discussion of how both
genetic and environmental factors may contribute to
the condition will always be desired.’”

NEW TECHNOLOGIES

Imaging technologies that can expand imaging into
more ecological environments, particularly for longer
duration imaging, would be of great utility since con-
ventional neuroimaging only collects data for a short
amount of time and psychiatric disorders and its
changes imply a longer timeframe. A sort of “Holter
monitor” for the brain that could be sent home with
a patient and collect data for many hours or days may
have the potential for radical new insights into brain
function.®

Measuring daily behavior using personal smart devices,
often referred to as “digital phenotyping” could also be
a way of recognizing natural behavioral patterns, which
could potentially assist clinicians in revealing subtle ear-
ly signs for interpersonal difficulties, before symptoms
develop into a fully-fledged psychiatric disorder.®

Insights combining behavioral and neuroimaging mark-
ers of psychopathology may be key for detecting clin-
ically applicable biomarkers for psychiatric disorders
that can feedback into clinical practice and enable
novel insights into the brain mechanisms underlying
individual psychopathology.®

CURRENT TREATMENT
IS NOT ENOUGH

Current treatments, which consist mostly of psychop-
harmacology and psychotherapy, still offer suboptimal
responses.’® Studies show that people suffering from
severe mental health conditions die 10 to 20 years ear-
lier than the general population, with globally mental
disorders account for 1 to 6 years lived with disability.?

Psychopharmacology has only developed as a disci-
pline in the mid-20th century. Before that, psychiatric
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drugs were accidentally discovered in clinical obser-
vations of patients, who were often being treated for
other conditions.?® Even though current treatment
guidelines may benefit some patients, treatment re-
sistant patients and their prescribers are left to ponder,
“What do we do when there is no further scientific
evidence regarding treatment options?” in the current
classical model of psychiatric practice.’® And to answer
that question there is an emerging approach towards
precision medicine consisting of pharmacogenomics
tailoring drug selection and dosing to the patient’s ge-
netic features.?

It is highly unlikely that any single test will ever dictate
what drug is best to prescribe or not, in most cases.
Pharmacogenomic test results orients the advanced
prescriber’s rationale along a neurobiological perspec-
tive in selecting treatments that are biologically plau-
sible, rather than just using intuition, habit, or trial and
error.

Pharmacogenomic “precision” testing can potentially
guide the clinician in drug selection, especially in treat-
ment-resistant patients, and currently includes state-
of-the-art pharmacokinetic and pharmacodynamic
genomic markers, with epigenetic and other biomarkers
being made available to enter clinical practice as well 1

CONCLUSION

Current treatment options in psychiatry are not
enough. There are still many unanswered questions
regarding the pathophysiological mechanisms un-
derlying psychiatric disorders. This knowledge may
unveil the path to a clinical practice of precision psy-
chiatry with more effective and more tailored treat-
ments. There are a lot of potential new investigations
and studies regarding neuroimaging, biomarkers, and
genomics, especially considering the power of new
technology coming up.

To move forward into a more optimized, precision psy-
chiatry, it will be necessary to undertake larger, mul-
ti-site investigations resorting to standardized proto-
cols, integrative analytic models, and databases.”
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