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Abstract: In spite of tremendous development in central nervous system research, current 

treatment is suboptimal, especially in severe mental disorders. In medicine, there are two 

main methods of improving the health care provided: seeking new treatment procedures 

and perfecting (optimizing) the existing ones. Optimization of treatment includes not only 

practical tools such as therapeutic drug monitoring but also implementation of general trends 

in the clinical practice. New pharmacological options include new more sophisticated forms 

of monoaminergic drugs, old drugs rediscovered on the base of a better understanding of 

pathophysiology of mental illnesses, and drugs aimed at new treatment targets. In depression, 

treatment resistance to antidepressive pharmacotherapy represents one of the most important 

clinical challenges. Switching to monotherapy with new multimodal/multifunctional anti-

depressants and augmentation with new atypical antipsychotics (aripiprazole and brexpip-

razole) may be promising options. Further, current evidence supports utility and safety of 

adjunctive treatment of nutraceuticals. Novel approaches being studied include ketamine and 

opioids. Recent advances in technology and emerging knowledge about dysfunctional brain 

circuits and neuroplasticity have led to the development of different new neuromodulation 

techniques usually used as add-on therapy. Antipsychotics are still the cornerstone of the 

current treatment of schizophrenia. Two new partial dopamine agonists, brexpiprazole and 

cariprazine, are now available in addition to aripiprazole. Although the mechanisms of action 

are similar, the two agents differ in terms of their pharmacodynamic profiles. Further, two 

new formulations of long-acting injections of second-generation antipsychotics (aripiprazole 

lauroxil and 3-month paliperidone palmitate) were introduced into clinical practice. New 

treatment options not yet available include cannabidiol, glutamate modulators, and nicotine 

receptors agonists.

Keywords: optimization of treatment, multimodal/multifunctional antidepressants, partial 

dopamine agonists, glutamate modulators, nicotine receptors agonists

Introduction (burden of mental disease)
Mental disorders are a major public health concern. The global lifetime prevalence 

of mental disorders in adults is estimated to be between 12.2% and 48.6%.1 Mental 

disorders are also a leading contributor to the global disease burden: in 2013, 5.4% 

of global disability-adjusted life years and 17.4% of global years lived with disability 

were due to mental disorders.2

However, current treatment is suboptimal, especially in severe mental disorders 

such as depressive disorder and schizophrenia. There are two main methods of 

improving the health care provided: seeking new treatment procedures and perfecting 

(optimizing) the existing ones.
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Optimizing the treatment 
in psychiatry
In all of medicine there is a general consensus, encoded in 

treatment guidelines, that treatment should be evidence-

based, measurement-based, complex, and individualized 

(personalized).

However, the introduction of these principles in clinical 

practice is not at all satisfactory. This fact calls for better 

education of medical students, physicians in primary care, 

specialists, and all prescribers, and for improvement of the 

current treatment.

Measurement-based care, increasingly recognized as a 

treatment enhancement, has become more common with 

availability of paper or computerized questionnaires and 

structured interviews. It provides opportunities to increase 

precision, consistency, and appropriateness of care. However, 

clinicians are still reluctant to incorporate measurement of 

outcomes into their practices. The reasons for this resistance 

are manifold.

Despite the clear and positive evidence for the use of 

antipsychotics and antidepressants (ADs) that have informed 

corresponding treatment guidelines, there are substantial 

reasons to search for ways to improve treatment effective-

ness. Emerging evidence indicates that treatment context 

profoundly affects psychopharmacological interventions. 

This supports the idea of complex treatment, which includes 

not only pharmacotherapy but also psychosocial approaches. 

Pharmacological approaches should always be combined 

with nonpharmacological approaches, optimizing environ-

mental influences. The influence of psychotropic drugs on 

brain functions is in continuous interaction with brain plas-

ticity stimulated by environmental influences. The positive 

contextual factors such as support of positive social interac-

tions and regular physical activities should be introduced 

into clinical practice.3

Clinicians tailor (personalize) treatment depending on 

particular clinical features, the individual psychopathology, 

individual risk profile, and patient’s experience and prefer-

ence, even in the absence of strong evidence that such features 

are truly predictive. Further, patients differ in their ability 

to absorb, distribute, metabolize, and excrete drugs due to 

concurrent disease, age, concomitant medication, or genetic 

peculiarities. The importance of sex-related pharmacologic 

differences in drug pharmacokinetics and pharmacodynamics 

is now indisputable.4 To overcome problems of nonresponse 

or adverse reactions due to pharmacokinetic abnormalities, 

it is helpful to monitor the pharmacokinetic characteristics 

of individual patients and optimize the drug concentration. 

The analysis and interpretation of plasma levels (therapeutic 

drug monitoring, TDM) is available; however, this method 

has not yet been used routinely and it seems unlikely that 

TDM will become a standard of care for all agents and all 

patients. Published guidelines for TDM indicate for which 

patients and what circumstances TDM is cost-effective. 

Further, TDM presents an adherence-improving strategy 

that has a tremendous potential for reducing health care 

costs, personal suffering, and the burden on families.5 Low 

adherence is a major problem of long-term psychotropic 

treatment. Insufficient adherence in psychiatry, especially 

in psychotic patients (~50%), has severe consequences. Its 

prevalence has not changed significantly with the introduc-

tion of new medications.6

Aiming for more precise treatment, individualization may 

help to ensure optimal outcomes.7 To achieve true precision 

in pharmacotherapy, it may be necessary to identify and 

deploy treatment-specific predictors of response. Combinato-

rial pharmacogenomic testing encompassing more complete 

genomic information by combining moderate-risk alleles has 

become commercially available.8

Patient-centered medicine seeks to focus attention first on 

the need and concerns of the patient and to consider social 

and economic factors.9 Knowledge of the pharmacology of 

psychiatric medications is necessary but not sufficient for the 

delivery of appropriate, safe, and effective care. The clinician 

needs to devote adequate time for communicating treatment 

needs to patients and develop a strong treatment alliance that 

persists even during symptomatic exacerbations.10

Depression
Major depressive disorder (MDD) is a widespread disease, 

with a lifetime prevalence of 15% and an annual incidence 

of ~7%. It is associated with significant costs in qual-

ity of life, loss of work productivity, and a high risk of 

mortality.11

About two-thirds of patients do not achieve full remis-

sion, which is key to restoring full functioning and preventing 

relapse. After excluding pseudoresistance, several treatment 

strategies are available for these patients, such as changing, 

augmenting, and combining ADs.

New treatment options currently 
available
Multimodal ADs
Multimodal ADs have more than one mode of action, ie, 

reuptake inhibition and activity on membrane-bound recep-

tors, pooling two distinct modes of neural signaling. Through 
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these multimodal mechanisms, they produce a downstream 

effect on interconnected neurotransmitter systems. The dif-

ferences among available multimodal/multifunctional ADs 

are based on their action at receptor subtypes. Against this 

background, we feature the new (the last registered) ADs 

vortioxetine (Trintellix) and vilazodone (Viibryd) with 

regard to their serotonin receptor targets 5-HT
1A

, 5-HT
3
, 

and 5-HT
7
, which may account for their specific effects on 

certain symptoms of depression (eg, cognition and anxiety) 

as well as a characteristic side effect profile. The efficacy of 

new multimodal ADs has not yet been tested in treatment-

resistant depression.12,13

Drugs targeting the glutamatergic system might open up 

a promising new territory for the development of drugs to 

meet the needs of patients with major depression.

Ketamine
Ketamine is an anesthetic drug with N-methyl-d-aspartate 

(NMDA) glutamate receptor antagonist activity, which 

may provide a novel AD mechanism. Ketamine has several 

brand names for the drugs in which it is the sole medica-

tion. According to a recently published systematic search 

for relevant randomized trials, ketamine does indeed have a 

rapid but transient AD effect. However, there is substantial 

heterogeneity in clinical response, and ketamine’s underlying 

mechanisms of action are not entirely understood.14,15

The observation that a single intravenous dose of gluta-

matergic modulator ketamine produces a robust and rapid 

AD effect was a turning point that opened the way for other, 

more selective glutamatergic modulators (intranasal esket-

amine, rapastinel).16

New drugs
Opioids
The AD potential of opioids has been known for centuries, 

but their dependence-producing properties led to the rapid 

adoption of monoamine-based ADs once they become 

available in the 1950s. Nowadays, a growing body of pre-

clinical and clinical evidence supporting the hypothesis that 

mood disorders involve deregulation of the endogenous 

opioid system is emerging. The contemporary clinical 

use of opioid agonists as ADs in clinical practice remains 

highly limited because of unresolved issues of abuse and 

dependence.17 To overcome the limitations of opioid agonists, 

a combination of a µ and κ opioid partial agonist, buprenor-

phine, and a mu opioid antagonist samidorphan were devel-

oped. The results of a multicenter, randomized, double-blind, 

placebo-controlled study have shown that the modulation 

of the opiate system may be a novel treatment approach for 

treatment-resistant depression.18

Psychedelics
The psychedelic drugs, including lysergic acid diethylamide 

and psilocybin, were used extensively in the treatment of 

mood disorders and other psychiatric conditions, before their 

prohibition in the late 1960s.19 A recently published system-

atic review of clinical treatment studies using psychedelics 

in patients with broadly defined depression included 423 

individuals in 19 studies, and 335 (79.2%) showed clinician-

judged improvement after treatment with psychedelics.20  

A recently completed pilot study in the UK favors the use of 

psilocybin with psychological support in treatment-resistant 

depressive disorder. Psychedelics may exert therapeutic 

effects for psychiatric disorders by acutely destabilizing 

local brain network hubs and global network connectivity, 

providing the occasion for brain network “resetting” after 

the acute effects have resolved.21

New augmentation strategy
The most evidence-based augmentation of specific serotonin 

reuptake inhibitors is an augmentation with atypical antip-

sychotics. Recently, the spectrum of atypical antipsychotics 

used in this indication has been enlarged by brexpiprazole 

(Rexulti, approved by the US Food and Drug Administration 

in 2015), a new partial dopamine agonist.22

Recently, several reviews showed evidence of efficacy 

of a safe augmentation strategy – nutraceuticals. The coad-

ministration of standardized pharmaceutical-grade nutrients, 

referred to as nutraceuticals, may provide an effective and 

safe approach to enhancing AD effects, by either synergisti-

cally augmenting a particular activity of an AD or providing a 

range of additional biological effects.23 All nutraceuticals are 

generally well tolerated, with gastrointestinal adverse events 

most commonly reported across all nutraceutical groups. 

Current evidence supports adjunctive use of S-adenosylme-

thionine, methylfolate, omega-3, and vitamin D with ADs 

to reduce depressive symptoms.23

However, depression is not simply the result of neu-

rotransmitter abnormalities. A large body of evidence points 

to a deregulated endocrine and inflammatory response system 

and reduced neurogenesis, in the pathogenesis of depression. 

MDD is associated with a deregulation of immune response 

and with chronic inflammatory activity as reflected by 

abnormal profiles of circulating pro- and anti-inflammatory 

cytokines. Several studies indicate that the adjunctive use of 

anti-inflammatory agents in patients with MDD improves 
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depressive symptoms, in particular in treatment-resistant 

depression with an inflammatory profile as defined by a 

C-reactive protein.24 Several anti-Il-1 β-targeted compounds 

have been recently developed, including antibodies and Il-1β 

receptor antagonist. Targeting interleukin-1β may be useful 

for subgroups of patients with inflammatory depression that 

is defined by clinical features of trauma, resistance to AD, 

and raised interleukin-1 levels.25

Further, advances in technology and emerging knowledge 

about the dysfunctional brain circuits underlying depression 

and neuroplasticity have led to the development of different 

new neuromodulation techniques (transcranial magnetic 

stimulation, vagus nerve stimulation, and deep brain stimula-

tion) usually used as add-on therapy.26

Schizophrenia
Schizophrenia, a chronic brain disorder that affects ~1% 

of the adult population and ~26 million people worldwide, 

is considered among the most disabling and economically 

catastrophic medical disorders as ranked by the World 

Health Organization.27 Only ~10%–15% of people who 

suffer from schizophrenia maintain full-time employment 

of any type.28

Because the etiology of schizophrenia is unknown, the 

goals of treatment are to eliminate disease-related symptoms 

and to enhance functioning. The cornerstone of the current 

treatment is antipsychotic medication. Antipsychotics vary 

in terms of tolerability and safety concerns, and patients 

themselves differ in terms of preexisting risk factors and 

comorbidities that make drug selection often challenging.

New treatment options currently 
available
Antipsychotics
In addition to aripiprazole, two new dopamine receptor partial 

agonists, brexpiprazole and cariprazine (Vraylar), are now 

available. Although the mechanisms of action are similar, 

the three agents differ in terms of their pharmacodynamic 

profiles.29 Compared with aripiprazole, brexpiprazole has 

low intrinsic activity at the dopamine D
2
 receptor and has an 

approximately tenfold higher affinity for serotonin 5-HT
1A

 

and 5-HT
2A

 receptors, potentially enhancing tolerability. 

When cariprazine was compared with aripiprazole, similar 

D
2
 and three- to tenfold greater D

3
 versus D

2
 selectivity 

was observed for cariprazine. It remains unknown whether 

targeting the dopamine D
3
 receptor over the dopamine D

2
 

receptor is clinically advantageous, but theoretically dop-

amine D
3
 preferring agents may exert procognitive effects. 

Although all three medications are approved for the treat-

ment of schizophrenia, both aripiprazole and brexpiprazole 

are also approved for adjunctive treatment of MDD, and 

both aripiprazole and cariprazine are also approved for 

acute treatment of manic or mixed episodes associated with 

bipolar I disorder.

In Phase III of clinical development is a novel antip-

sychotic lumateperone with a unique pharmacological 

profile. Lumateperone, combining potent 5-HT
2A

 receptor 

antagonism with cell-type-specific dopamine and glutamate 

receptor modulation plus serotonin reuptake inhibition, is 

a novel modulator of serotonin, dopamine, and glutamate 

neurotransmission.30

New formulations of antipsychotics
Long-acting injections (LAIs) of the second-generation 

antipsychotics provide continuous therapy facilitating patient 

participation in treatment and enhancing their recovery. 

Although LAIs may improve treatment adherence, only a 

minority of medication-nonadherent patients receive them. 

Significant reductions in health care utilization or costs asso-

ciated with schizophrenia have been demonstrated in some 

studies of LAI antipsychotics, although other studies have 

not demonstrated these effects and showed cost-neutrality or 

even greater cost usually in context with the type of study (eg, 

observations of naturalistic studies contrary to randomized 

controlled studies).31,32

Recently, two new LAI formulations of second-gener-

ation antipsychotics have become available, aripiprazole 

lauroxil (Aristada) and 3-month paliperidone palmitate 

(Invega Sustenna and Invega Trinza). In October, 2015, the 

US Food and Drug Administration approved aripiprazole 

lauroxil, a prodrug of aripiprazole, for the treatment of adults 

with schizophrenia. Enzyme-mediated hydrolysis likely con-

verts the injected aripiprazole lauroxil to N-hydroxymethyl 

aripiprazole, which is then hydrolyzed to aripiprazole. 

Aripiprazole lauroxil works primarily as a result of the 

activity and affinities for the D
2
 receptors of the parent drug, 

aripiprazole, and, to a lesser extent, of its major metabolite, 

dehydroaripiprazole, which also represents 30%–40% of 

the aripiprazole exposure in plasma. Aripiprazole lauroxil 

is metabolized extensively in the liver via cytochrome P450 

CYP isoenzymes 3A4 and 2D6. Its pharmacokinetic profile 

led to approval of dosing intervals of every 6 weeks for the 

882 mg dose. The overall tolerability is consistent with what 

is known about oral aripiprazole.33

A new formulation of paliperidone palmitate, paliperidone 

palmitate 3-month formulation that was recently approved in 
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the US for the maintenance treatment of schizophrenia, offers 

a substantially longer dosing interval of once every 3 months 

than is available for typical or new-generation atypical LAI 

formulations (1 monthly). No clinically relevant differ-

ences were observed in pharmacokinetic exposures between 

3-month and 1-month formulations. Both have similar toler-

ability profiles and no new safety issues were detected. The 

new paliperidone LAI with its 3-month dosing interval is a 

unique option for relapse prevention in schizophrenia.34

LAI antipsychotics eliminate the need for daily dosing, 

typically ensure sustained plasma levels for several weeks, 

and help to reliably monitor adherence. The new LAI options 

provide additional flexibility in terms of increasing the time 

between injections.

New treatment options not yet 
available in clinical practice
Cannabidiol (CBD)
The endocannabinoid system is a highly promising new 

pharmacological target in the context of schizophrenia. 

Modulation of this system by the main psychoactive com-

ponent in cannabis, Δ9-tetrahydrocannabinol, induces acute 

psychotic effects and cognitive impairment. However, the 

nonpsychotropic, plant-derived cannabinoid agent CBD may 

have antipsychotic properties and thus may be a promising 

new agent in the treatment of schizophrenia. The first small-

scale clinical studies with CBD for the treatment of patients 

with psychotic symptoms further confirmed the potential of 

CBD as an effective, safe, and well-tolerated antipsychotic 

compound, although large randomized clinical trials will 

be needed before this novel therapy can be introduced into 

clinical practice.35

Treatment options for negative 
symptoms and cognitive dysfunction
Glutamate modulators
The glutamatergic system has been implicated in the 

pathophysiology of schizophrenia and affective disorders.  

A key component is the dysfunction of the glutamatergic 

receptor, N-methyl-d-aspartate receptor (NMDAR). Sub-

stances regulating activation/inhibition of the NMDAR are 

promising in therapeutic approaches to negative symptoms, 

cognition, and mood.36 Schizophrenia is related to cognitive 

and negative symptoms, which often are resistant to current 

treatment approaches.

The NMDAR hypofunction theory of schizophrenia pro-

poses that enhancement of the receptor function may lead to 

efficacy against schizophrenia. Consistent with this theory, 

recent clinical trials have demonstrated that the enhancement 

of NMDAR function by potentiating the glycine site of the 

receptor is efficacious in the treatment of negative and pos-

sibly cognitive symptoms of schizophrenia.37 Metabotropic 

glutamate receptors (mGluRs) have attracted significant 

attention as potential drug targets. This is due to the belief 

that metabotropic receptor targeting provides a way for 

modulating glutamate tone and phasic release in a subtler 

manner than that which can be achieved through glutamate 

ionotropic receptors. Specifically, emerging preclinical and 

clinical data suggest that activation of Group II mGluRs is a 

promising approach for the treatment of schizophrenia. Fur-

ther, metabotropic glutamate receptor subtype 5 (mGluR5), 

encoded by the GRM5 gene, represents a compelling novel 

drug target for the treatment of schizophrenia. Accordingly, 

mGluR5 positive allosteric modulators show encouraging 

therapeutic potential in preclinical schizophrenia models, 

particularly for the treatment of cognitive dysfunctions.36,38

Nicotine receptors agonists
The excessive cigarette smoking exhibited by schizophrenic 

patients suggests that they might be self-medicating to ame-

liorate certain aspects of the characteristic positive, negative, 

and cognitive symptoms associated with the disease. Morpho-

logical examinations found alterations in nicotinic receptors 

in postmortem tissue from schizophrenic individuals com-

pared to controls, especially in the α7 nicotinic acetylcholine 

receptors (α7 nAChRs) subtypes. These data were consistent 

with molecular biology studies which demonstrated asso-

ciations between polymorphisms in gene coding for these 

receptors and schizophrenia. The available data show that 

α7 nAChR activation did not improve positive symptoms, 

whereas a beneficial effect against negative symptoms was 

observed repeatedly. The clinical evidence that α7 nAChR 

activation leads to improvement of cognitive dysfunction in 

schizophrenia still remains somewhat equivocal, although the 

data for encenicline are encouraging. Currently, some other 

α7 nAChR agonists remain in clinical development.39,40

Conclusion
Before developing new psychoactive drugs, it is our duty to 

optimize the usage of those currently available. Many psy-

chotropic medications are available, but achieving optimal 

therapeutic response can be challenging. Schizophrenia and 

MDD are heterogeneous disorders and medication responses 

(and tolerability) vary across patients. As always, having 

additional choices can offer greater opportunities for suc-

cess. With better understanding of pathophysiology, there 
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is a revival of new old drugs. In depression, we can see the 

arrival of the first robust and rapid-acting AD drug in the near 

future. In schizophrenia, given the challenges with patient 

adherence to oral regimens and since relapse leads to serious 

medical and psychosocial consequences, the future of phar-

macotherapy is likely to include improved long-term delivery 

systems. In both depressive and schizophrenic disorders, 

glutamatergic modulators likely represent a very promising 

alternative to monoaminergic AD monotherapy.

Advances in genomics and cell biology have increased 

the opportunity for rational design of targeted drugs. Targeted 

therapies may offer enhanced efficacy and improved selec-

tivity and therefore less toxicity. As immediate challenge 

facing the field is to make progress in the development and 

identification of personalized treatments, perhaps through 

the application of biomarkers.
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