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Abstract

Antipsychotics such as phenothiazines, pimozide, flupentixol and brexpiprazole have been shown to have good antitumor effects.

Brexpiprazole, the successor to aripiprazole, has a better safety profile. Brexpiprazole promotes the death of tumor cells by inhibiting the prolif-

eration of tumor stem cells, resolving the resistance of tumor cells to EGFR-TKIs, and promoting the sensitivity of tumor cells to chemothera-

peutic agents, thus inhibiting the development of colorectal, lung, glioblastoma, pancreatic, and gastric cancers. This review focuses on the

antitumor effects of antipsychotic drugs, especially the inhibitory effect of brexpiprazole on tumor cells, aiming to provide a theoretical basis for

antipsychotic drugs in antitumor field.
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1 Introduction

In recent years, drug reuse has emerged as a promising strategy for
identifying novel anticancer drugs, as it has the potential to rapid-
ly develop drugs with established safety and known pharmacokinet-

', In addition, drug reuse can save a great deal of

ic properties
cost, and studies have shown that it costs about 8.97 million USD
to develop a new drug and apply it to the clinic to bring it to the
market. Therefore, drug reuse has become a new research direc-
tion and has been proven to be feasible. For example, aspirin, as
an anti-inflammatory drug, is now widely used for secondary pre-
vention of cerebrovascular ischaemic stroke and cardiovascular dis-
ease. Raloxifene is commonly used in the treatment of breast canc-
er and is now used in the prevention of osteoporotic fractures '
Cancer is a complex and dynamic disease that poses a major
challenge to human health worldwide. The development of drug re-
sistance and side effects limit the effectiveness of existing treat-
ments, reinforcing the need for new and effective therapies. Some
studies have shown that people with schizophrenia appear to have a
lower incidence of cancer than the rest of the general popula-
“!. The Development Risk Assessment Cohort Study found

that people with schizophrenia had a lower risk of cancer than non-

tion

schizophrenics in a population-based study in Israel*’. It has also
been shown that patients with schizophrenia have a significantly
lower standardized incidence of cancer at all loci than non-schizo-

“!. An explanation for this phenomenon is that

phrenic patients
antipsychotic drugs taken by people with psychiatric disorders have
an anti-tumor effect, thus reducing the risk of cancer'®’. This pa-
per provides a review of the national and international literature on
antipsychotic drugs currently used in therapy, with a view to pro-
viding a theoretical basis for the application of antipsychotics in

the antitumor field.

2 Antipsychotic drugs

Antipsychotic drugs have been the cornerstone of the treatment of
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schizophrenia since the 1950s, and since then they have evolved
rapidly and are now widely used, with indications expanding from
schizophrenia to other disorders such as depression, obsessive-
compulsive disorder, autism spectrum disorders and sleep disor-
ders'”. Antipsychotics are subdivided into first generation antip-
sychotics (FGA) and second generation antipsychotics (SGA).
FGA mainly comprise phenothiazines ( chlorpromazine, prochlor-
perazine ) , thioxanthenes ( chlorprothixene, flupentixol ), butyro-
benzene (haloperidol, penfluridol) and benzamides ( sulpiride ).
The SAG mainly contains clozapine, risperidone, olanzapine,
quetiapine, and aripiprazole et al. FGA acts mainly by blocking
the dopamine D2 receptor, which can easily lead to extrapyramidal
reactions and adverse effects such as hyperprolactinemia. SAG
acts by blocking 5-hydroxytryptamine 2 receptors, has lower ad-
verse effects compared to FAG, and has a therapeutic effect on
negative symptoms such as social withdrawal, which is why SAG is
recommended clinically as a first-line therapeutic agent.

Delirium is the most common neuropsychiatric syndrome in
cancer patients and is strongly associated with cancer complica-
tions and mortality. Delirium occurs in approximately 10% —30%
of cancer patients and in up to 85% of patients when the cancer is

in terminal stage'.

More importantly, the use of chemotherapy,
immunotherapy drugs, and medications used in supportive care
(such as opioids, antiemetics, and benzodiazepines) can acceler-
ate delirium in patients during cancer treatment'” . The presence
of delirium can adversely affect cancer patients both physically and
psychologically, compromising cancer treatment. The use of antip-
At the same

time, a large number of studies have shown that antipsychotics can

. .. o]
sychotics can control delirium to some extent .

promote tumor cell death by enhancing the efficacy of antitumor
drugs, directly killing tumor cells or reversing the resistance to tar-
geted antitumor drugs. Therefore, the use of antipsychotics in the

treatment of various types of cancer is scientific and promising.

3 Antitumor effects of antipsychotic anxiety (depres-
sive) drugs

Antipsychotics such as phenothiazines, pimozide, flupentixol and



82 Medicinal Plant 2024

epirubicin have good therapeutic effects on a variety of malignant
tumors such as lung cancer, breast cancer, colorectal cancer,
hepatocellular carcinoma and pancreatic cancer. And the mecha-
nism of their occurrence is mainly related to the activation or inhi-
bition of signaling pathways such as EGFR, PI3K/AKT/mTOR,
RAF/ERK, and Wnt/B-catenin.

3.1 Phenothiazines

antipsychotic drugs commonly used in the treatment of schizophre-

Phenothiazines are an important class of
nia and bipolar disorder""’. In addition to their use in the treat-
ment of psychiatric disorders, studies have shown that phenothia-
zines may also act as potential anti-cancer agents, targeting

12 For exam-

processes involved in tumor growth and metastasis
ple, trichlormethiazide disrupts plasma membrane repair mediated
by a member of the membrane-associated protein family

(ANXA)™ | and inhibits tumor cell growthinduces G,/G, cell

cycle arrest and inhibits tumor cell proliferation and apopto-

sis"™ ™"’ Prochlorperazine exhibits synergistic effects on lung

. . [16-17
cancer cell death in vivor and in vitro* !

. Isoprinosine, on the
other hand, promotes apoptosis in tumor cells through AMPK acti-
vation and the PI3K/AKT/mTOR signaling pathway ™| or im-
pede proliferation and induce autophagy by increasing LC3II and
p62 levels in cancer cell lines'’.

3.2 Pimozide Pimozide, a D2-type dopamine receptor inhibi-
tor, is a typical antipsychotic drug commonly used in the treatment
of mental disorders. Recent studies have shown that pimozide can
inhibit the growth of a variety of cancer cells, such as breast canc-
er, colorectal cancer, human osteosarcoma, and hepatocellular
carcinoma. Pimozide promotes apoptosis and enhances autophagy
in breast cancer cells by activating the RAF/ERK pathway ™. Tt
also inhibited the proliferation and migration of colon cancer cells
HCT116 and SW480 by suppressing the Wnt/B-catenin signaling
pathway , as well as suppressing the growth of suppressor tumors in
nude mice'™". Inhibition of Wnt/ B-catenin signaling by pimozide
also significantly reduced EpCAM expression, thereby effectively
inhibiting growth of hepatocellular carcinoma cells™.
3.3 Flupentixol Flupentixol is widely used as a first class psy-
chotropic drug in the treatment of psychiatric disorders such as
schizophrenia, affective apathy, and delusions. In addition to
treating psychiatric disorders, flupentixol has shown favorable re-
sults in reducing the risk of lung cancer. Studies have shown that
patients who use flupentixol for more than one year to treat their
illnesses have a reduced risk of developing cancer, and it is im-

). In non-small cell lung

portant to study the link to lung cancer
cancer (NSCLC) , flupentixol can inhibit angiogenesis as well as
tumor cell invasion and proliferation and migration by interfering
with the PI3K/AKT pathway . In addition, flupentixol induced
apoptosis in T790M mutant lung cancer cells and synergized with
gefitinib to reverse epidermal growth factor (EGFR) inhibitor re-
sistance ™.

3.4 Brexpiprazole

Brexpiprazole is a new drug for the treat-

[26]

ment of depression and schizophrenia ®’. Bripiprazole was devel-

oped as a successor to aripiprazole, which is a modulator of dopa-

mine-serotonin activity with anticancer activity[m.

Bpiriprazole
and aripiprazole are chemically and pharmacologically similar and
both have anticancer effects, but its lower intrinsic activity at D2
and D3 dopaminergic receptors results in lower cytotoxicity and is

731 Therefore, the use

more suitable for use in clinical settings'
of epirubicin to treat tumors may be an effective and low adverse
effect treatment strategy. The types of cancers that can be treated
with epirubicin and the mechanisms by which such effects occur
are listed below.

3.4.1 Lung cancer. The main means of treating lung cancer in
clinic include chemotherapy, radiotherapy, immunotherapy, sur-
gical resection treatment and combined treatment. However, the
emergence of drug resistance makes the treatment effect of lung
cancer poorer and the overall survival rate lower. Previous studies
have shown that EGFR plays an important role in the development
of various types of cancers, so it is also an important target for
cancer treatment > . The use of EGFR tyrosine kinase inhibitors
(EGFR-TKIs) to inhibit EGFR expression and thereby treat canc-
er is very promising. However, in non-small cell lung cancer, ac-
tivation and mutation of the EGFR gene is detected in about 15%

t0 20% of cases, and wild-type EGFR genes are detected” ~

)
accordingly leading to resistance to EGFR-TKIs in non-small cell
lung cancer. Osimertinib, an oral third-generation irreversible
EGFR-TKIs, is currently considered to be recommended as a first-
line agent for the treatment of non-small cell lung cancer ™

However, long-term use of ositinib may lead to secondary resist-

"
ance through a number of mechanisms ™’

Experimental studies
have shown that the use of epirubicin reduces Survivin expression
and reverses resistance to EGFR-TKIs in lung cancer and promotes
its antitumor effects™’. In addition to this, epirubicin also en-
hances the sensitivity of non-small cell lung cancer cells to
5-fluorouracil and gemcitabine*® .

3.4.2  Colorectal cancer. Colorectal cancer is one of the three
most common cancers in the world, with the highest incidence and
mortality rates. Currently, the main treatment for colorectal cancer
is chemotherapy and radiotherapy, but the survival rate of colorec-
tal cancer patients is still low, and the relative survival rate of

stage TV colorectal cancer is only 12% """,

Bpiripizole was found
to inhibit proliferation, adipogenesis, and induce cell cycle arrest
in colorectal cancer cells CRC via the AMPK/SREBP1 path-

way™ . Meanwhile, epirubicin likewise inhibited cholesterol syn-

thesis within colon cancer cells HCT116 and SW620, and the
mechanism of its occurrence was related to the inhibition of the
PI3K/Akt-SREBP2 pathway ™.
epirubicin and cetuximab can increase the sensitivity of colon
cancer to cetuximab by inhibiting the PI3K-AKT and MAPK-ERK
signaling pathways downstream of EGFR, thereby inhibiting the

In addition, the combination of

proliferation of colon cancer cells, as well as the growth of trans-
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. . . . 40
planted tumors in nude mice in vivor*’

3.4.3 Glioblastoma. Glioblastoma is a primary brain tumor that

4421 Due to its

accounts for 60% to 70% of glial brain tumors
highly infiltrative growth, the prognosis is poor. Moreover, glio-
blastoma is highly resistant to chemotherapeutic agents, which is a
serious threat to human life and health. Cancer stem cells ( CSCs)
have a high tumor initiating capacity and are resistant to chemo-
therapeutic agents, and play a role in chemotherapy resist-
ance'® ™. In vitro studies show that application of epirubicin in-
creases the sensitivity of glioma stem cells (GSCs) to third-gener-
ation EGFR-TKIs ositinib by inhibiting Survivin expression.

3.4.4 Pancreatic cancer. Pancreatic cancer is one of the com-
mon malignant tumors of the digestive tract™’. Pancreatic cancer
is often detected at an advanced stage and misses the best treat-
ment period; only 15% to 20% can be surgically removed at the
time of diagnosis, but the treatment outcome is poor, with a S-year

46 . L .
11 In vitro cellular and in vivor animal ex-

survival rate of 10%
periments demonstrated that epirubicin could significantly promote
cell death of pancreatic cancer cells PANC-1 and PSN-1 and in-
hibit the growth of transplanted tumors in nude mice in vivor by
decreasing the expression of Sox2 and Survivin™'. In addition,
Bpirubicin promotes the in vitro antitumor activity of ositinib and
the death of pancreatic cancer cells PANC-17.

3.4.5 Gastric cancer. The incidence and mortality rates of stom-
ach cancer are among the highest in the world, and the latest data
from GLOBOCAN show that there are as many as 1. 03 million new
cases of lung cancer and 782 000 deaths worldwide’. Lysine-
specific histone demethylase 4A (KDM4A) is an important epige-
netic enzyme. Studies have shown that KDM4A is highly ex-
pressed in clinical gastric cancer tissues and positively correlates
with poor prognosis of gastric cancer, and that high expression of
KDM4A also promotes the growth of gastric cancer in vitro. Bpi-
prazole inhibits the activity of KDM4A by targeting its binding,
thereby down-regulating the transcript and protein levels of ¢c-Mye,
and ultimately inhibiting the growth of gastric cancer in vivor and

S (48]
n viro. .

4 Conclusions

Antipsychotic drugs may promote tumor cell death by enhancing
the efficacy of antineoplastic drugs, reversing resistance to an-
tineoplastic drugs, or directly killing tumor cells. Currently, an-
tipsychotics that have been studied for cancer treatment include
phenothiazines ( trichlormethiazide, prochlorperazine, chlor-
promazine ) , pimozide, flupentixol, aripiprazole, and bpiri-
prazole. Among them, bpiripizole is very promising for cancer
treatment due to its low adverse effect profile. In the future, re-
searchers can focus on ipipiprazole to study the antitumor effects
of antipsychotics and the mechanism of antitumor effects, which
will provide more hope and possibilities for drug reuse of antip-

sychotics.
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