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Schizophrenia is a complex disorder of varied etiology, manifesting symptoms that can
differ between patients and change throughout an individual’s lifespan. Antipsychotic
drugs have evolved through first (e.g., haloperidol), second (olanzapine and clozapine)
and a possible third (aripiprazole) generation of drugs in an attempt to improve efficacy
and tolerability, with minimal side-effects. Despite robust scientific efforts over the past
70 years, there remains a need to develop drugs with greater efficacy, particularly in
relation to the negative and cognitive symptoms of schizophrenia, addressing treatment
resistance, with a lower side-effects profile compared to existing antipsychotic drugs.
Identifying and investigating novel therapeutic targets remains an important component
of future antipsychotic drug discovery; however, mounting evidence demonstrates
neurobiological, neuroanatomical and functional heterogeneity in cohorts of individuals
with schizophrenia. This presents an opportunity to refresh the approach to drug trials
to a more targeted strategy. By increasing understanding of the basic science and
pharmacological mechanisms underlying the potential antipsychotic efficacy of novel
therapeutics prior to clinical trials, new drugs may be appropriately directed to a target
population of schizophrenia subjects based on the drug mechanisms and correlating
biological sub-groupings of patient characteristics. Improving the lives of sub-populations
of people with schizophrenia that share common biological characteristics and are likely
to be responsive to a particular compound may be more achievable than aiming to treat
the complexities of schizophrenia as a homogenous disorder. This approach to clinical
trials in antipsychotic research is discussed in the present review.

Keywords: schizophrenia, antipsychotic, treatment resistance, drug development, clinical trials, novel
therapeutics, efficacy, side-effects

INTRODUCTION: SCHIZOPHRENIA SYMPTOMS AND
TREATMENT

Schizophrenia is a chronic mental disorder of varied etiology, with diverse symptoms including
retreat from reality, distorted thoughts, cognitive and motor impairment, emotional dysfunction
and a decline in communication skills leading to social isolation, occupational disability and
physical deterioration. It has been described as a conglomeration of syndromes rather than a
single pathological state, due to the range of symptoms that can differ among individuals (1, 2).
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Broadly, schizophrenia consists of three symptom domains:
positive, negative and cognitive. Positive symptoms include
behavioral abnormalities such as speech and thought disorder,
delusions and hallucinations, while the negative symptom
domain encompasses a decline in response such as flattened
emotional expression, alogia (lack of speech), avolition-
apathy (emotional blunting) and anhedonia (inability to feel
pleasure). The third symptom domain includes cognitive
deficits, encompassing reduced executive function, such as
organization, memory, learning and attention deficits, and
altered perception e.g., misinterpretation of behavior and
intent of others (1, 3, 4). Pharmacological intervention through
the use of antipsychotic drugs remains a key component
of schizophrenia treatment; however, existing medications
cannot alleviate all symptoms, which can change throughout a
person’s life. Unfortunately, the search for the “ultimate” novel
antipsychotic appears to be frustrated by the complexity of the
disease and a percentage of patients remain unresponsive to
antipsychotic treatment (5-7). In addition, pharmacological
treatment involves a life-long adherence to drugs that are
associated with an array of side-effects (8-19). Therefore, despite
robust improvements in psychopharmacological therapy since
the serendipitous discovery of the early first generation or
“typical” antipsychotic compound chlorpromazine in 1951,
more research is required to aid discovery of highly efficacious
drugs with low adverse side-effects.

ANTIPSYCHOTIC DRUGS - A HISTORICAL
OVERVIEW

The “psychopharmacological revolution” of the 1950-70’s yielded
the development of a number compounds, such as haloperidol,
fluphenazine, loxapine and thioridazine, that were termed first
generation “typical” antipsychotics. In 1966, a simple two
page document suggested that because chlorpromazine and
haloperidol were antagonists of amphetamine and that the
hyperlocomotor activity effect of amphetamines was “... probably
induced by the activation of dopamine receptors in the
brain,” it was possible that dopamine receptor blockade was
a mechanism of action of antipsychotic drugs (20). This led
to the first biologically-based hypothesis on the etiopathology
of schizophrenia (20); indeed the dopamine hypothesis has
remained a prominent contender to-date (21). Subsequent
research demonstrated a correlation between clinical potency
and antipsychotic drug binding affinity to the dopamine D2
receptor sub-type, with occupancy of between 60 - 80% of
striatal D2 receptors inducing a therapeutic response (22-24). D2
receptor blockade could theoretically dampen the post-synaptic
response to a hyperdopaminergic state in the schizophrenia
brain [see McCutcheon et al., (25)] for a review of dopamine
in schizophrenia), but leads to motor and extrapyramidal side-
effects (EPS) (e.g., Parkinsonism, acute dystonia, akathisia,
tardive dyskinesia) at occupancy levels >78% (26, 27). These
side-effects were considered to be an unavoidable component
of antipsychotic treatment, but the concerning acute and
long-term consequences of EPS in some patients warranted

strict recommendations on the use of “neuroleptics” and
called for further research into drug development (28). In
addition, a significant portion of patients were unresponsive
to first generation antipsychotics (5) even though the central
uptake of a D2 antagonist ([ISF]N-methylspiroperidol) was
the same between resistant and responsive patients following
haloperidol administration (29). This indicated that the absence
of antipsychotic effect in non-responsive schizophrenia was not
due to altered D2 receptor binding or drug uptake alone and
that other factors may differ between patient groups. Thus,
a need was identified for a new line of highly efficacious
pharmacological therapeutics without the extrapyramidal effects
of first generation antipsychotics.

In 1974, a report by Niskanen et al. (30) demonstrated the
efficacy of clozapine (produced by Wander Pharmaceuticals,
Switzerland, 1958) in treating a percentage of antipsychotic-
unresponsive patients compared to chlorpromazine. However,
it was rapidly removed from the market following associated
fatal agranulocytosis (31). Despite the initial set-back, a large-
scale, double-blind study (32) reported the efficacy and safety
of clozapine in treating non-responsive schizophrenia (vs
chlorpromazine), including lower EPS scores, when patients
were closely monitored for blood abnormalities, assisting the
launch of clozapine onto the USA market in 1990. Thus
began the rapid development of a new “second generation” of
antipsychotic drugs, such as olanzapine, clozapine, risperidone
and amisulpride. In 2003, a meta-analyses incorporating
152 studies showed greater effect sizes with these particular
drugs across multiple therapeutic parameters [Positive and
Negative Syndrome Scale (PANSS), Brief Psychiatric Rating
Scale (BPRS) and the Clinical Global Rating (CGI)] compared
to first generation and several other second generation
antipsychotics (33). Clozapine was particularly promising
in the treatment of negative symptoms, with improved
emotional withdrawal, blunted affect and anhedonia reported
in people with non-deficit (negative symptom-dominant)
schizophrenia (34, 35); however, accumulating evidence has
revealed less consistency in efficacy findings across studies over
the years (36). Unlike typical first generation antipsychotics
that were primarily known as D2 receptor antagonists, atypical
second generation antipsychotics affected a range of receptors
(dopamine D1, D2, D3 and D4, adrenergic o; and oy,
histaminergic H;, muscarinic M;, M3 and My, ionotropic
NMDA and metabotropic glutamate, and serotonergic 5-HT}4,
5-HT,a, 5-HTyc, 5-HTg and 5-HT7, with lower propensity to
cause EPS than first generation drugs (16, 37-40). However,
while a broad receptor binding profile could enable drug
effects on multiple targets for broader symptom efficacy, it
is also likely to underlie the numerous adverse side-effects
associated with the use of second generation antipsychotic
drugs, including metabolic side-effects (16, 19, 41-44). Therefore,
while atypical antipsychotics had gained popularity for both
approved and off-label prescription (45-48), the side-effects
profile, persistence in symptoms in some individuals and, more
recently, the question of whether these drugs were actually
better than typical antipsychotics (49), remained important
factors.
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The more recent introduction of aripiprazole seemed to
provide a different approach to schizophrenia treatment; acting
largely on the dopamine D, receptor (similar to first generation
typical antipsychotic drugs) but with a lower risk of inducing
EPS, it could treat broader symptoms of schizophrenia (similar
to some second generation atypical antipsychotics) but had a
lower metabolic liability (50). Several studies suggested that
aripiprazole was a D2 partial agonist that exerts differential
intrinsic activity on the D2 receptor depending on local
dopamine levels (51, 52); i.e., activates D2 receptors in the
absence of dopamine (though to a lesser extent than dopamine),
but inhibits dopamine binding to the D2 receptor in the
presence of dopamine (i.e., competitively binds to D2 receptors
to decrease receptor activity) (51). The functional outcome
of such a mechanism could be a reduction in D2 receptor
activity in hyperdopaminergic regions of the schizophrenia
brain (i.e., the mesolimbic pathway), while having mild effect
on the nigrostrial pathway that would contribute to the
reduced incidence of EPS with aripiprazole treatment (52—
55). Furthermore, the broader 5-HT;, partial agonist and 5-
HT,4 antagonist properties of aripiprazole may contribute to
its ability to treat the negative symptoms of schizophrenia in
some patients (56). Therefore, aripiprazole and similar partial
agonists, such as the more recently developed cariprazine and
brexpiprazole (57, 58), could be considered a new class of
antipsychotic drug - a possible third generation of antipsychotics
(55). Aripiprazole has been considered efficacious with minimal
side-effects (56). For example, Kane et al. (59) reported minimal
efficacy differences between aripiprazole and haloperidol in
individuals treated for acute relapse, e.g., 77:74% responders,
respectively, with significantly higher tolerability and less
discontinuation over a 1-year period (59). While this response
rate is important, these findings showed that symptoms in
23-26% of acutely ill individuals in this study remained
persistent (59).

TREATMENT RESISTANCE DESPITE +70
YEARS OF ANTIPSYCHOTIC DRUG
DISCOVERY

Despite continued developments into understanding the etiology
of schizophrenia and the mechanisms of antipsychotic drug
efficacy, there remains a 20-60% incidence of treatment
resistance (60, 61). A patient is considered treatment resistant
when significant improvements in symptoms are not apparent
after administration of two different antipsychotic drug classes
for at least 2-8 weeks of therapy (60). Clozapine is considered
superior in treating previously resistant patients; however,
significant improvements are only experienced by 30-50% of
treatment-resistant patients and the side-effects of clozapine
(discussed above) are important considerations (60, 62).
Furthermore, existing antipsychotics mostly work on the
positive symptoms of schizophrenia, with less long-term efficacy
in treating the negative symptoms and generally minimal
to no benefit on the cognitive domain of schizophrenia.
Cognitive impairment has been recognized as a core feature of

schizophrenia from which other symptom domains may arise
(63) and affects 80% of patients (64-66). Large-scale studies, such
as the Clinical Antipsychotic Trials of Intervention Effectiveness
(CATIE) and meta-analyses, have highlighted minimal or no
overall effect of antipsychotics on cognition (67, 68), while
other clinical and rodent studies suggest that antipsychotics can
worsen cognitive function, particularly typical 1% generation
drugs (17, 69, 70). Therefore, further development of compounds
that can treat the multiple domains of schizophrenia, devoid
of treatment-resistance and side-effects, is still required. A
number of new neurotransmitter system targets are currently
being investigated with the aim of discovering potential novel
therapeutics [reviewed in (71)]; indeed, evidence including
large-scale genome-wide association studies have identified
hundreds of novel predicted gene targets for the treatment of
schizophrenia, suggesting that multi-target approach may be
required (72).

NARROWING THE APPROACH TO NOVEL
TREATMENTS - IS IT APPROPRIATE TO
SEEK P < 0.05 TREATMENT EFFICACY VS.
CONTROLS?

While the discovery of novel therapeutic targets (or combinations
of) are one part of the puzzle toward improving the treatment of
schizophrenia, another important consideration is heterogeneity
of the target population. The variable response of patients to
first, second and a possible third generation of antipsychotic
drugs, each with different mechanisms of action, inherently
demonstrates a level of heterogeneity between individuals.
Indeed, a number of studies demonstrate the existence of sub-
types or biotypes within schizophrenia populations. For example,
Tamminga et al. (73) proposed moving away from clinical
phenomenology-based approaches in the diagnosis and discovery
of molecular treatments, to a focus on neuroanatomical, and
cellular and molecular characteristics of individuals. They
described phenomenology (i.e., broadly defining and classifying
symptoms based on observable behaviors) as “suboptimal for
capturing neurobiological distinctiveness”. Utilizing the Bipolar
and Schizophrenia Network for Intermediate Phenotypes,
Tamminga et al. (73) proposed 3 biotype clusters of individuals
that considered cognitive scores, electroencephalography (EEG)
power, gray matter volume, incidence of affected relatives and
cannabis use. The biotype with the lowest cognitive scores
also exhibited lower gray matter volume, low EEG power and
lowest cannabis use, while the biotype with nearly normal
cognition and EEG power also had normal gray matter
volume and high cannabis use (73). Along the same lines
of heterogeneity, Dean and Scarr (74) demonstrated a sub-
group of individuals with schizophrenia that exhibit 76% lower
levels of cortical muscarinic M1 receptors ([(3)H]pirenzepine
binding) and lower M1 receptor mRNA levels compared to
controls (74, 75). This group accounted for 26% of the 80
schizophrenia subjects examined and was termed the muscarinic
receptor-deficient schizophrenia (MRDS) subgroup (75). As
another example, evidence suggests the existence of a subgroup
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of patients with an “elevated inflammatory biotype”; that is,
a subgroup of people (~40% of the 43 individuals in the
schizophrenia cohort) that exhibit increased peripheral pro-
inflammatory cytokines and low cognitive performance (76-78).
In addition, according to Potkin et al. (79) treatment resistance,
amounting to approximately 36% of people with schizophrenia,
can be associated with various dopaminergic states, i.e., either
dopamine super-sensitivity involving upregulation of dopamine
receptors following chronic antipsychotic D2 antagonism
or treatment-resistant individuals with normal dopaminergic
activity; the latter of which may present with hyperdopaminergia
stemming from dysregulated upstream excitatory glutamatergic
inputs. Therefore, it is reasonable to suggest the existence of
treatment-resistant subtypes and that dopaminergic state could
contribute to differential antipsychotic response. Overall, this
evidence demonstrates several examples of heterogeneity in the
molecular and cellular characteristics of schizophrenia, with
sub-groups spanning approximately 26-40% of a given cohort.
Unfortunately, consideration of sub-groups are rarely translated
to drug trials. If only 26-40% of a population of people with
schizophrenia responded to a novel drug in a clinical trial, would
it be considered a statistically significant treatment attempt?
Interestingly, recent statistical publications have questioned the
use of the “p” value, revisiting the idea that the P value,
introduced by Ronald Fischer in 1920, was not intended to
be a definitive answer, rather an indicator of whether the
hypothesis was worthy of further examination (80, 81). The
authors suggest that asking the question of how much of an effect
is present, rather than “is there an effect,” is more appropriate
than the yes or no approach of P values, that often cannot be
replicated (80, 81).

Moving forward, in light of the existence of sub-populations
and heterogeneity in schizophrenia, developing a better
understanding of the basic science and pharmacological
mechanisms of potential novel therapeutics prior to initiating
clinical trials may inform a more targeted approach to likely
responders. For example, xanomeline, has shown antipsychotic
properties, with reduced BPRS and PANSS scores, and a
particularly notable response in improving cognition (verbal
and short term memory) (82), which seems to be in line with
the role of cholinergic signaling in cognitive function (83).
However, as a muscarinic M1 receptor agonist, xanomeline
may exert differential response in MRDS individuals that could
comprise 26% of a cohort (74, 75). Cannabidiol (CBD) is a
non-intoxicating compound from the cannabis plant examined
as a potential novel antipsychotic drug, with mixed results in
terms of efficacy. In one study, Boggs et al. (84) reported no
improvement in PANSS or MATRICS Consensus Cognitive
Battery scores following 6 weeks adjunct CBD (600 mg/day)
in individuals with schizophrenia compared to controls (n =
18/group). The cohort comprised individuals stably treated with
first or second (clozapine excluded) generation antipsychotic
drugs or multiple antipsychotics (representing 50: 27.8: 11%
and 55.5: 72.2: 38.9% of people in the CBD treatment and
placebo arms, respectively) and 38.9% of both treatment groups
were treated with anticholinergic medications (84); i.e., sizable
percentages of the cohort were responsive to medications

with different pharmacological mechanisms of action. In
contrast, McGuire et al. (85) reported significantly improved
PANSS positive scores and CGI scale, and improved Global
Assessment of Functioning and Brief Assessment of Cognition in
Schizophrenia scores that fell short of significance (p = 0.08 and
p = 0.068, respectively) following adjunct CBD (1,000 mg/day)
treatment. As mentioned above, the question of whether these
results should be interpreted as ineffective given the original
intent of the p value remains unanswered (80, 81). Interestingly,
the cohort included stable patients predominantly treated with
second generation antipsychotic drugs (64-67% of the CBD
and placebo groups), 25-29% of both groups were stable with
aripiprazole (a potential third generation antipsychotic) and only
a small percentage (6-9%) on first generation antipsychotics
(85), which could suggest a more homogenous population
compared to Boggs et al. (84). Whether cohort heterogeneity
could negate statistical effects is unknown, but may be worthy
of further exploration with a larger or more targeted patient
sample. For example, CBD is a dopamine D2 receptor partial
agonist (86) (similar to aripiprazole) that may not be the most
efficacious option as an adjunct or replacement therapy for
patients who are stably responsive to first generation D2 receptor
antagonists. On the other hand, CBD is neuroprotective, with
pro-cognitive and anti-inflammatory effects (3, 87); therefore,
CBD may be targeted toward individuals with an inflammatory
subtype (76-78), and individuals with a low gray matter
volume and very low cognitive scores of biotype 1 reported
in Tamminga et al. (73). Pre-clinical evidence suggests that
cannabidiol restores muscarinic M1/M4 receptor densities and
choline acetyltransferase (ChAT) protein expression in the
hippocampus and pre-frontal cortex of males in the poly I:C
model of schizophrenia (88); results that could have relevance to
the MRDS sub-type (74, 75).

DISCUSSION / CONCLUSION

Encouragingly, a recent clinical trial of adjunct estradiol
therapy by Thomas et al. (89) reported two subgroups
within their schizophrenia cohort; those who responded
to adjunctive estradiol therapy through decreased PANSS
response (approximately 77% of the cohort), and those who
were considered non-responders (i.e., unchanged PANSS
scores) predicted by serum endocrine markers, estadiol and
follicle stimulating hormone (FSH) levels. Unfortunately, this
approach has not been the norm to-date. Perhaps it is the
case that antipsychotic drug discovery has progressed over
the past 70 years; however, careful consideration of target
populations and changes to the way we look at efficacy could
be beneficial. Given the lifetime of devastating outcomes of
schizophrenia that lasts a person’s lifetime, often resulting
in lowered life expectancy, improving the lives of even 25%
of a cohort through a novel medication approach could
be considered “significant” at face value. Further research
into biotypes and biomarkers in schizophrenia, as well
as basic science experiments to increase understanding
of pharmacological mechanisms of novel compounds
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are needed in order to better facilitate accurately targeted
clinical trials.

AUTHOR CONTRIBUTIONS

KW-G conceptualized, drafted, and edited the manuscript.

REFERENCES

10.

11.

12.

13.

14.

15.

. Lawrie

. Wimberley T, Stevring H,

. Tandon R, Nasrallah HA, Keshavan MS. Schizophrenia, just the facts

4. Clinical features and conceptualization. Schizophr Res. (2009) 110:1-
23. doi: 10.1016/j.schres.2009.03.005

SM, O’Donovan MC, Saks E, Burns
Improving classification of psychoses.
3:367-74. doi: 10.1016/S2215-0366(15)00577-5

T, Lieberman JA.

Lancet  Psychiatry.  (2016)

. Osborne AL, Solowij N, Weston-Green K. A systematic review of the effect

of cannabidiol on cognitive function: relevance to schizophrenia. Neurosci
Biobehav Rev. (2017) 72:310-24. doi: 10.1016/j.neubiorev.2016.11.012

. Peyroux E, Prost Z, Danset-Alexandre C, Brenugat-Herne L, Carteau-

Martin I, Gaudelus B, et al. From under to over social cognition in
schizophrenia: Is there distinct profiles of impairments according to
negative and positive symptoms? Schizophr Res Cogn. (2019) 15:21-
9. doi: 10.1016/j.5c0g.2018.10.001

. Meltzer HY. Treatment of the neuroleptic-nonresponsive schizophrenic

patient. Schizophr Bull. (1992) 18:515-42. doi: 10.1093/schbul/18.3.515

. Suzuki T, Uchida H, Watanabe K, Nakajima S, Nomura K, Takeuchi H,

et al. Effectiveness of antipsychotic polypharmacy for patients with treatment
refractory schizophrenia: an open-label trial of olanzapine plus risperidone
for those who failed to respond to a sequential treatment with olanzapine,
quetiapine and risperidone. Hum Psychopharmacol Clin Exp. (2008) 23:455-
63. doi: 10.1002/hup.959

Seorensen HJ, Horsdal HT, MacCabe
JH, Gasse C. Predictors of treatment resistance in patients with
schizophrenia: a population-based cohort study. Lancet Psychiatry. (2016)
3:358-66. doi: 10.1016/52215-0366(15)00575-1

. Anderman B, Griffith RW. Clozapine-induced agranulocytosis: a situation

report up to August 1976. Eur ] Clin Pharmacol. (1977) 11:199-
201. doi: 10.1007/BF00606410

. Voruganti L, Cortese L, Oyewumi L, Cernovsky Z, Zirul S, Awad

A. Comparative evaluation of conventional and novel antipsychotic
drugs with reference to their subjective tolerability, side-effect
profile and impact on quality of life. Schizophr Res. (2000)
43:135-45. doi: 10.1016/50920-9964(99)00154-1

Wirshing DA, Pierre JM, Marder SR, Saunders CS, Wirshing WC. Sexual
side effects of novel antipsychotic medications. Schizophr Res. (2002) 56:25-
30. doi: 10.1016/S0920-9964(01)00271-7

Bobes J, Rejas J, Garcia-Garcia M, Rico-Villademoros F, Garcia-Portilla MP,
Ferndndez I, et al. Weight gain in patients with schizophrenia treated with
risperidone, olanzapine, quetiapine or haloperidol: results of the EIRE study.
Schizophr Res. (2003) 62:77-88. doi: 10.1016/50920-9964(02)00431-0
Newcomer J. Second-generation atypical antipsychotics and metabolic
effects. A comprehensive literature review. CNS Drugs. (2005) 19:1-
93. doi: 10.2165/00023210-200519001-00001

Poyraz BC, Aksoy C, Balcloglu I Increased incidence of
autoimmune  thyroiditis in  patients with  antipsychotic-induced
hyperprolactinemia. ~ Eur  Neuropsychopharmacol. ~ (2008)  18:667-

72. doi: 10.1016/j.euroneuro.2008.04.014

Deng C, Weston-Green K, Huang XF. The role of histaminergic H1 and
H3 receptors in food intake: A mechanism for atypical antipsychotic-
induced weight gain? Prog Neuro-Psychopharmacol Biol Psychiatry. (2010)
34:1-4. doi: 10.1016/j.pnpbp.2009.11.009

Weston-Green K, Huang XF, Deng C. Olanzapine treatment and metabolic
dysfunction: a dose response study in female Sprague Dawley rats. Behav Brain
Res. (2011) 217:337-46. doi: 10.1016/j.bbr.2010.10.039

ACKNOWLEDGMENTS

We
Foundation

gratefully acknowledge the

Medical Research

Rebecca L Cooper
Foundation for

funding support through a Project Grant awarded to
KW-G (PG2019438).

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

. Weston-Green K, Huang XE Deng C. Second generation antipsychotic-

induced type 2 diabetes: A role for the muscarinic M3 receptor. CNS Drugs.
(2013) 27:1069-80. doi: 10.1007/s40263-013-0115-5

. Babic I, Gorak A, Engel M, Sellers D, Else P, Osborne AL, et al. Liraglutide

prevents metabolic side-effects and improves recognition and working
memory during antipsychotic treatment in rats. J Psychopharmacol. (2018)
32:578-90. doi: 10.1177/0269881118756061

. Huang XE Weston-Green K, Yu Y. Decreased 5-HT2cR and GHSRla

interaction in antipsychotic drug-induced obesity. Obes Rev. (2018) 19:396-
405. doi: 10.1111/0br.12638

. Weston-Green K, Babic I, de Santis M, Pan B, Montgomery MK,

Mitchell T, et al. Disrupted sphingolipid metabolism following
acute clozapine and olanzapine administration. ] Biomed Sci. (2018)
25:40. doi: 10.1186/s12929-018-0437-1

van Rossum JM. The significance of dopamine-receptor blockade for the
mechanism of action of neuroleptic drugs. Arch Int Pharmacodyn Ther.
(1966) 160:492—4.

McCutcheon RA, Reis Marques T, Howes OD. Schizophrenia—an overview.
JAMA Psychiatry. (2020) 77:201-10. doi: 10.1001/jamapsychiatry.2019.3360
Farde L, Wiesel FA, Halldin C, Sedvall G. Central D2-dopamine receptor
occupancy in schizophrenic patients treated with antipsychotic drugs.
Arch Gen Psychiatry. (1988) 45:71-6. doi: 10.1001/archpsyc.1988.01800250
087012

Nordstrom AL, Farde L, Wiesel FA, Forslund K, Pauli S, Halldin C, et al.
Central D2-dopamine receptor occupancy in relation to antipsychotic drug
effects: a double-blind PET study of schizophrenic patients. Biol Psychiatry.
(1993) 33:227-35. doi: 10.1016/0006-3223(93)90288-O

Kapur S. A new framework for investigating antipsychotic action in
humans: lessons from PET imaging. Mol Psychiatry. (1998) 3:135-
40. doi: 10.1038/sj.mp.4000327

McCutcheon RA, Krystal JH, Howes OD. Dopamine and glutamate in
schizophrenia: biology, symptoms and treatment. World Psychiatry. (2020)
19:15-33. doi: 10.1002/wps.20693

Farde L, Nordstrom A, Wiesel E Pauli S, Halldin C, Sedvall G. Positron
emission tomographic analysis of central D1 and D2 dopamine receptor
occupancy in patients treated with classical neuroleptics and clozapine:
relation to extrapryamidal side effects. Arch Gen Psychiatry. (1992) 49:538-
44. doi: 10.1001/archpsyc.1992.01820070032005

Kapur S, Remington G. Atypical antipsychotics: new directions and new
challenges in the treatment of Schizophrenia. Annu Rev Med. (2001) 52:503-
17. doi: 10.1146/annurev.med.52.1.503

Task Force on Late Neurological Effects of Antipsychotic Drugs,
A. P. A. Tardive dyskinesia: summary of a Task Force Report of
the American Psychiatric Association. by the task force on late
neurological effects of antipsychotic drugs. Am ] Psychiatry. (1980)
137:1163-72. doi: 10.1176/ajp.137.10.1163

Wolkin A, Barouche E Wolf A, Rotrosen ], Fowler J, Shiue CY, et al. Dopamine
blockade and clinical response: evidence for two biological subgroups of
schizophrenia. Am ] Psychiatry. (1989) 146:905-8. doi: 10.1176/ajp.146.
7.905

Niskanen P, Achte K, yJaskari M, Karesoja M, Melsted B, Nilsson L,
et al. Results of a comparative double-blind study with clozapine and
chlorpromazine in the treatment of schizophrenic patients. Psychiatria
Fennica. (1974) 1974: 307-13.

Iddnpéin-Heikkild J, Alhava E, Olkinuora M, Palva IP. Agranulocytosis
during treatment with clozapine. Eur ] Clin Pharmacol. (1977) 11:193-
8. doi: 10.1007/BF00606409

Frontiers in Psychiatry | www.frontiersin.org

June 2022 | Volume 13 | Article 903156


https://doi.org/10.1016/j.schres.2009.03.005
https://doi.org/10.1016/S2215-0366(15)00577-5
https://doi.org/10.1016/j.neubiorev.2016.11.012
https://doi.org/10.1016/j.scog.2018.10.001
https://doi.org/10.1093/schbul/18.3.515
https://doi.org/10.1002/hup.959
https://doi.org/10.1016/S2215-0366(15)00575-1
https://doi.org/10.1007/BF00606410
https://doi.org/10.1016/S0920-9964(99)00154-1
https://doi.org/10.1016/S0920-9964(01)00271-7
https://doi.org/10.1016/S0920-9964(02)00431-0
https://doi.org/10.2165/00023210-200519001-00001
https://doi.org/10.1016/j.euroneuro.2008.04.014
https://doi.org/10.1016/j.pnpbp.2009.11.009
https://doi.org/10.1016/j.bbr.2010.10.039
https://doi.org/10.1007/s40263-013-0115-5
https://doi.org/10.1177/0269881118756061
https://doi.org/10.1111/obr.12638
https://doi.org/10.1186/s12929-018-0437-1
https://doi.org/10.1001/jamapsychiatry.2019.3360
https://doi.org/10.1001/archpsyc.1988.01800250087012
https://doi.org/10.1016/0006-3223(93)90288-O
https://doi.org/10.1038/sj.mp.4000327
https://doi.org/10.1002/wps.20693
https://doi.org/10.1001/archpsyc.1992.01820070032005
https://doi.org/10.1146/annurev.med.52.1.503
https://doi.org/10.1176/ajp.137.10.1163
https://doi.org/10.1176/ajp.146.7.905
https://doi.org/10.1007/BF00606409
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Weston-Green

Antipsychotic Drug Development

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Kane J, Honigfeld G, Singer J, Meltzer H. Clozapine for the treatment-resistant
schizophrenic: a double-blind comparison with chlorpromazine. Arch Gen
Psychiatry. (1988) 45:789-96. doi: 10.1001/archpsyc.1988.01800330013001
Davis JM, Chen N, Glick ID. A meta-analysis of the efficacy of
second-generation antipsychotics. Arch Gen Psychiatry. (2003) 60:553—
64. doi: 10.1001/archpsyc.60.6.553

Breier A, Buchanan RW, Kirkpatrick B, Davis OR, Irish D, Summerfelt A, et al.
Effects of clozapine on positive and negative symptoms in outpatients with
schizophrenia. Am J Psychiatry. (1994) 151:20-6. doi: 10.1176/ajp.151.1.20
Brar JS, Roy Chengappa KN, Parepally H, Sandman AR, Kreinbrook SB, Sheth
SA, et al. The Effects of Clozapine on Negative Symptoms in Patients with
Schizophrenia with Minimal Positive Symptoms. Ann Clin Psychiatry. (1997)
9:227-34. doi: 10.3109/10401239709147802

Fusar-Poli P, Papanastasiou E, Stahl D, Rocchetti M, Carpenter W, Shergill
S, et al. Treatments of negative symptoms in schizophrenia: meta-analysis
of 168 randomized placebo-controlled trials. Schizophr Bull. (2015) 41:892—-
9. doi: 10.1093/schbul/sbul70

Reynolds GP. Receptor mechanisms of antipsychotic drug atypicality.
Eur Psychiatry. (1998) 13(Suppl. 1):55—8S. doi: 10.1016/S0924-9338(97)
89487-4

Richelson E, Souder T. Binding of antipsychotic drugs to human brain
receptors: focus on newer generation compounds. Life Sci. (2000) 68:29-
39. doi: 10.1016/S0024-3205(00)00911-5

Roth BL, Sheffler DJ, Kroeze WK. Magic shotguns versus magic bullets:
selectively non-selective drugs for mood disorders and schizophrenia. Nat Rev
Drug Discov. (2004) 3:353-9. doi: 10.1038/nrd1346

Aringhieri S, Carli M, Kolachalam S, Verdesca V, Cini E, Rossi M,
et al. Molecular targets of atypical antipsychotics: From mechanism
of action to clinical differences. Pharmacol Therap. (2018) 192:20-
41. doi: 10.1016/j.pharmthera.2018.06.012

Nasrallah H. Atypical antipsychotic-induced metabolic side effects:
insights  from receptor-binding profiles. Mol Psychiatry. (2008)
13:27-35. doi: 10.1038/sj.mp.4002066

Andrade C. Antipsychotic drugs in schizophrenia: relative effects in patients
with and without treatment resistance. J Clin Psychiatry. (2016) 77:¢1656—-
60. doi: 10.4088/JCP.16f11328

Olten B, Bloch MH. Meta regression: Relationship between antipsychotic
receptor binding profiles and side-effects. Prog Neuropsychopharmacol Biol
Psychiatry. (2018) 84(Pt A):272-81. doi: 10.1016/j.pnpbp.2018.01.023

Ucok A, Yagcioglu EA, Yildiz M, Kaymak SU, Saka MC, Tasdelen
R, et al. Reasons for clozapine discontinuation in patients
with  treatment-resistant  schizophrenia.  Psychiatry ~ Res.  (2019)
275:149-54. doi: 10.1016/j.psychres.2019.01.110

Vitiello B, Correll C, van Zwieten-Boot B, Zuddas A, Parellada M, Arango
C. Antipsychotics in children and adolescents: Increasing use, evidence for
efficacy and safety concerns. Eur Neuropsychopharmacol. (2009) 19:629-
35. doi: 10.1016/j.euroneuro.2009.04.008

Hollingworth SA, Siskind DJ, Nissen LM, Robinson M, Hall WD. Patterns of
antipsychotic medication use in Australia 2002-2007. Aust New Z ] Psychiatry.
(2010) 44:372-7. doi: 10.3109/00048670903489890

Zuddas A, Zanni R, Usala T. Second generation antipsychotics (SGAs)
for non-psychotic disorders in children and adolescents: A review of the
randomized controlled studies. Eur Neuropsychopharmacol. (2011) 21:600-
20. doi: 10.1016/j.euroneuro.2011.04.001

Kovess-Masfety V, Balusson FE Leray E, Husky M, Scailteux LM.
Prescription patterns of first- and second-generation antipsychotic
drugs in the French population. Fundam Clin Pharmacol. (2020)
34:603-11. doi: 10.1111/fcp.12553

Huhn M, Nikolakopoulou A, Schneider-Thoma J, Krause M, Samara M,
Peter N, et al. Comparative efficacy and tolerability of 32 oral antipsychotics
for the acute treatment of adults with multi-episode schizophrenia: a
systematic review and network meta-analysis. Lancet. (2019) 394:939-
51. doi: 10.1016/S0140-6736(19)31135-3

Naber D, Lambert M. Aripiprazole: a new atypical antipsychotic with a
different pharmacological mechanism. Prog Neuro-Psychopharmacol Biol
Psychiatry. (2004) 28:1213-9. doi: 10.1016/j.pnpbp.2004.06.020

Burris KD, Molski TF, Xu C, Ryan E, Tottori K, Kikuchi T, et al.
Aripiprazole, a novel antipsychotic, is a high-affinity partial agonist at

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

human dopamine D2 receptors. ] Pharmacol Exp Ther. (2002) 302:381-
9. doi: 10.1124/jpet.102.033175

Potkin SG, Saha AR, Kujawa M], Carson WH, Ali M, Stock E,
et al. Aripiprazole, an Antipsychotic With a Novel Mechanism of
Action, and Risperidone vs Placebo in Patients With Schizophrenia
and  Schizoaffective  Disorder. ~ Arch  Gen  Psychiatry. ~ (2003)
60:681-90. doi: 10.1001/archpsyc.60.7.681

Urban JD, Vargas GA, von Zastrow M, Mailman RB. Aripiprazole
has functionally selective actions at dopamine D2 receptor-
mediated  signaling  pathways.  Neuropsychopharmacology. — (2006)
32:67-77. doi: 10.1038/sj.npp.1301071

Han M, Huang XE Deng C. Aripiprazole differentially affects mesolimbic
and nigrostriatal dopaminergic transmission: implications for long-term drug
efficacy and low extrapyramidal side-effects. Int ] Neuropsychopharmacol.
(2009) 12:941-52. doi: 10.1017/S1461145709009948

Mailman R, Murthy V. Third generation antipsychotic drugs: partial
agonism or receptor functional selectivity? Curr Pharm Des. (2010) 16:488-
501. doi: 10.2174/138161210790361461

Stip E, Tourjman V. Aripiprazole in
schizoaffective disorder: a review. Clin Ther.
1):S3-20. doi: 10.1016/j.clinthera.2010.01.021

Kane JM, Skuban A, Hobart M, Ouyang ], Weiller E, Weiss C,
et al. Overview of short- and long-term tolerability and safety of
brexpiprazole in patients with schizophrenia. Schizophr Res. (2016) 174:93-
8. doi: 10.1016/j.schres.2016.04.013

Cutler AJ, Durgam S, Wang Y, Migliore R, Lu K, Laszlovszky I, et al.
Evaluation of the long-term safety and tolerability of cariprazine in patients
with schizophrenia: results from a 1-year open-label study. CNS Spectr. (2018)
23:39-50. doi: 10.1017/5S1092852917000220

Kane JM, Crandall DT, Marcus RN, Eudicone ], Pikalov A, Carson
WH, et al. Symptomatic remission in schizophrenia patients treated with
aripiprazole or haloperidol for up to 52 weeks. Schizophr Res. (2007) 95:143-
50. doi: 10.1016/j.schres.2007.05.009

Hasan A, Falkai P, Wobrock T, Lieberman J, Glenthoj B, Gattaz WE et al.
World Federation of Societies of Biological Psychiatry (WFSBP) Guidelines
for Biological Treatment of Schizophrenia, Part 1: Update 2012 on the acute
treatment of schizophrenia and the management of treatment resistance.
World ] Biol Psychiatry. (2012) 13:318-78. doi: 10.3109/15622975.2012.6
96143

Howes OD, McCutcheon R, Agid O, de Bartolomeis A, van Beveren
NJ, Birnbaum ML, et al. Treatment-Resistant Schizophrenia: Treatment
Response and Resistance in Psychosis (TRRIP) working group consensus
guidelines on diagnosis and terminology. Am ] Psychiatry. (2017) 174:216-
29. doi: 10.1176/appi.ajp.2016.16050503

Mcllwain ME, Harrison J, Wheeler AJ, Russell BR. Pharmacotherapy for
treatment-resistant schizophrenia. Neuropsychiatr Dis Treat. (2011) 7:135-
49. doi: 10.2147/NDT.S12769

and
(Suppl

schizophrenia
(2010) 32

Kahn RS, Keefe RS. Schizophrenia is a cognitive illness: time
for a change in focus. JAMA  Psychiatry. (2013) 70:1107-
12. doi: 10.1001/jamapsychiatry.2013.155

Lee ], Park S. Working memory impairments in schizophrenia:
a meta-analysis. ] Abnorm Psychol. (2005) 114:599-

611. doi: 10.1037/0021-843X.114.4.599

Pelletier M, Achim AM, Montoya A, Lal S, Lepage M. Cognitive and
clinical moderators of recognition memory in schizophrenia: a meta-analysis.
Schizophr Res. (2005) 74:233-52. doi: 10.1016/j.schres.2004.08.017
Reichenberg A, Weiser M, Caspi A, Knobler HY, Lubin G,
Harvey PD, et al. Premorbid intellectual functioning and risk of
schizophrenia and spectrum disorders. J Clin Exp Neuropsychol. (2006)
28:193-207. doi: 10.1080/13803390500360372

Keefe RS, Bilder RM, Davis SM, Harvey PD, Palmer BW, Gold JM,
et al. Neurocognitive effects of antipsychotic medications in patients with
chronic schizophrenia in the catie trial. Arch Gen Psychiatry. (2007) 64:633-
47. doi: 10.1001/archpsyc.64.6.633

Nielsen RE, Levander S, Kjaersdam Telleus G, Jensen SO, Ostergaard
Christensen T, Leucht S. Second-generation antipsychotic effect on cognition
in patients with schizophrenia—a meta-analysis of randomized clinical trials.
Acta Psychiatr Scand. (2015) 131:185-96. doi: 10.1111/acps.12374

Frontiers in Psychiatry | www.frontiersin.org

June 2022 | Volume 13 | Article 903156


https://doi.org/10.1001/archpsyc.1988.01800330013001
https://doi.org/10.1001/archpsyc.60.6.553
https://doi.org/10.1176/ajp.151.1.20
https://doi.org/10.3109/10401239709147802
https://doi.org/10.1093/schbul/sbu170
https://doi.org/10.1016/S0924-9338(97)89487-4
https://doi.org/10.1016/S0024-3205(00)00911-5
https://doi.org/10.1038/nrd1346
https://doi.org/10.1016/j.pharmthera.2018.06.012
https://doi.org/10.1038/sj.mp.4002066
https://doi.org/10.4088/JCP.16f11328
https://doi.org/10.1016/j.pnpbp.2018.01.023
https://doi.org/10.1016/j.psychres.2019.01.110
https://doi.org/10.1016/j.euroneuro.2009.04.008
https://doi.org/10.3109/00048670903489890
https://doi.org/10.1016/j.euroneuro.2011.04.001
https://doi.org/10.1111/fcp.12553
https://doi.org/10.1016/S0140-6736(19)31135-3
https://doi.org/10.1016/j.pnpbp.2004.06.020
https://doi.org/10.1124/jpet.102.033175
https://doi.org/10.1001/archpsyc.60.7.681
https://doi.org/10.1038/sj.npp.1301071
https://doi.org/10.1017/S1461145709009948
https://doi.org/10.2174/138161210790361461
https://doi.org/10.1016/j.clinthera.2010.01.021
https://doi.org/10.1016/j.schres.2016.04.013
https://doi.org/10.1017/S1092852917000220
https://doi.org/10.1016/j.schres.2007.05.009
https://doi.org/10.3109/15622975.2012.696143
https://doi.org/10.1176/appi.ajp.2016.16050503
https://doi.org/10.2147/NDT.S12769
https://doi.org/10.1001/jamapsychiatry.2013.155
https://doi.org/10.1037/0021-843X.114.4.599
https://doi.org/10.1016/j.schres.2004.08.017
https://doi.org/10.1080/13803390500360372
https://doi.org/10.1001/archpsyc.64.6.633
https://doi.org/10.1111/acps.12374
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Weston-Green

Antipsychotic Drug Development

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

effects and
(2003) 28

Kasper S, Resinger E. Cognitive
treatment.  Psychoneuroendocrinology.
38. doi: 10.1016/S0306-4530(02)00115-4
Woodward ND, Purdon SE, Meltzer HY, Zald DH. A meta-analysis of
cognitive change with haloperidol in clinical trials of atypical antipsychotics:
Dose effects and comparison to practice effects. Schizophr Res. (2007) 89:211-
24. doi: 10.1016/j.schres.2006.08.021

Correll CU. Current options
agents for schizophrenia. J Clin
81:MS19053BR3C. doi: 10.4088/JCP.MS19053BR3C
Ruderfer DM, Charney AW, Readhead B, Kidd BA, Kiahler AK, Kenny
PJ, et al. Polygenic overlap between schizophrenia risk and antipsychotic
response: a genomic medicine approach. Lancet Psychiatry. (2016) 3:350-
7. doi: 10.1016/52215-0366(15)00553-2

Tamminga CA, Pearlson GD, Stan AD, Gibbons RD, Padmanabhan J,
Keshavan M, et al. Strategies for advancing disease definition using
biomarkers and genetics: the bipolar and schizophrenia network for
intermediate phenotypes. Biol Psychiatry Cogn Neurosci Neuroimaging. (2017)
2:20-7. doi: 10.1016/j.bpsc.2016.07.005
Dean B, Scarr E. Muscarinic Ml
driven drug development for schizophrenia. Psychiatry Res.
288:112989. doi: 10.1016/j.psychres.2020.112989

Scarr E, Cowie TE Kanellakis S, Sundram S, Pantelis C, Dean B.
Decreased cortical muscarinic receptors define a subgroup of subjects with
schizophrenia. Mol Psychiatry. (2009) 14:1017-23. doi: 10.1038/mp.2008.28
Fillman SG, Cloonan N, Catts VS, Miller LC, Wong ], McCrossin T, et al.
Increased inflammatory markers identified in the dorsolateral prefrontal
cortex of individuals with schizophrenia. Mol Psychiatry. (2013) 18:206—
14. doi: 10.1038/mp.2012.110

Fillman SG, Weickert TW, Lenroot RK, Catts SV, Bruggemann JM, Catts
VS, et al. Elevated peripheral cytokines characterize a subgroup of people
with schizophrenia displaying poor verbal fluency and reduced Broca’s area
volume. Mol Psychiatry. (2016) 21:1090-8. doi: 10.1038/mp.2015.90
Boerrigter D, Weickert TW, Lenroot R, O’Donnell M, Galletly C, Liu D,
et al. Using blood cytokine measures to define high inflammatory biotype
of schizophrenia and schizoaffective disorder. J Neuroinflammation. (2017)
14:188. doi: 10.1186/512974-017-0962-y

Potkin SG, Kane JM, Correll CU, Lindenmayer JP, Agid O, Marder SR, et al.
The neurobiology of treatment-resistant schizophrenia: paths to antipsychotic
resistance and a roadmap for future research. npj Schizophrenia. (2020)
6:1. doi: 10.1038/541537-019-0090-z

Nuzzo R. Scientific method: statistical errors. Nature. (2014) 506:150-
2. doi: 10.1038/506150a

Wasserstein RL, Lazar NA. The ASA Statement on p-Values: Context, Process,
and Purpose. Am Stat. (2016) 70:129-33. doi: 10.1080/00031305.2016.1154108
Shekhar A, Potter WZ, Lightfoot J, Lienemann ], Dubé S, Mallinckrodt
C, et al. Selective muscarinic receptor agonist xanomeline as a novel

antipsychotic
Suppl  1:27-

and
Psychiatry.

treatment emerging

(2020)

and M4 receptors: Hypothesis
(2020)

83.

84.

85.

86.

87.

88.

89.

treatment approach for schizophrenia. Am ] Psychiatry. (2008) 165:1033-
9. doi: 10.1176/appi.ajp.2008.06091591

Verma S, Kumar A, Tripathi T, Kumar A. Muscarinic and nicotinic
acetylcholine receptor agonists: current scenario in Alzheimer’s disease
therapy. J Pharm Pharmacol. (2018) 70:985-93. doi: 10.1111/jphp.12919
Boggs DL, Surti T, Gupta A, Gupta S, Niciu M, Pittman B, et al. The effects of
cannabidiol (CBD) on cognition and symptoms in outpatients with chronic
schizophrenia a randomized placebo controlled trial. Psychopharmacology
(Berl). (2018) 235:1923-32. doi: 10.1007/s00213-018-4885-9

McGuire P, Robson P, Cubala W], Vasile D, Morrison PD, Barron R,
et al. Cannabidiol (CBD) as an Adjunctive Therapy in Schizophrenia: A
Multicenter Randomized Controlled Trial. Am ] Psychiatry. (2017) 175:225-
31. doi: 10.1176/appi.ajp.2017.17030325

Seeman P. Cannabidiol is a partial agonist at dopamine D2High receptors,
predicting its antipsychotic clinical dose. Transl Psychiatry. (2016) 6:¢920-
€920. doi: 10.1038/tp.2016.195

Weston-Green K. The united chemicals of Cannabis: Beneficial effects of
cannabis phytochemicals on the brain and cognition. In: Costain W, Laprairie
R, editors. Recent Advances in Cannabinoid Research. London: IntechOpen
(2018). doi: 10.5772/intechopen.79266

Jimenez Naranjo C, Osborne AL, Weston-Green K. Effect of cannabidiol on
muscarinic neurotransmission in the pre-frontal cortex and hippocampus of
the poly I:C rat model of schizophrenia. Prog Neuropsychopharmacol Biol
Psychiatry. (2019) 94:109640. doi: 10.1016/j.pnpbp.2019.109640

Thomas N, Gurvich C, Hudaib AR, Gavrilidis E, de Castella
RA, Thomas EHX, et al. Serum estradiol as a blood-based
biomarker predicting hormonal treatment outcomes in women
with  schizophrenia.  Psychoneuroendocrinology.  (2021)  126:105165.

doi: 10.1016/j.psyneuen.2021.105165

Conflict of Interest: The author declares that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Weston-Green. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and
the copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Psychiatry | www.frontiersin.org

June 2022 | Volume 13 | Article 903156


https://doi.org/10.1016/S0306-4530(02)00115-4
https://doi.org/10.1016/j.schres.2006.08.021
https://doi.org/10.4088/JCP.MS19053BR3C
https://doi.org/10.1016/S2215-0366(15)00553-2
https://doi.org/10.1016/j.bpsc.2016.07.005
https://doi.org/10.1016/j.psychres.2020.112989
https://doi.org/10.1038/mp.2008.28
https://doi.org/10.1038/mp.2012.110
https://doi.org/10.1038/mp.2015.90
https://doi.org/10.1186/s12974-017-0962-y
https://doi.org/10.1038/s41537-019-0090-z
https://doi.org/10.1038/506150a
https://doi.org/10.1080/00031305.2016.1154108
https://doi.org/10.1176/appi.ajp.2008.06091591
https://doi.org/10.1111/jphp.12919
https://doi.org/10.1007/s00213-018-4885-9
https://doi.org/10.1176/appi.ajp.2017.17030325
https://doi.org/10.1038/tp.2016.195
https://doi.org/10.5772/intechopen.79266
https://doi.org/10.1016/j.pnpbp.2019.109640
https://doi.org/10.1016/j.psyneuen.2021.105165
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Antipsychotic Drug Development: From Historical Evidence to Fresh Perspectives
	Introduction: Schizophrenia Symptoms and Treatment
	Antipsychotic Drugs – A Historical Overview
	Treatment Resistance Despite +70 Years of Antipsychotic Drug Discovery
	Narrowing the Approach to Novel Treatments – Is it Appropriate to Seek P < 0.05 Treatment Efficacy vs. Controls?
	Discussion / Conclusion
	Author Contributions
	Acknowledgments
	References


