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Drug repurposing is the idea of using an already approved drug
for another disease or disorder away from its initial use. This new
approach ensures the reduction in high cost required for developing a new drug in addition to the time consumed, especially in the
tumor disorders that show an unceasing rising rate with an unmet
success rate of new anticancer drugs. In our review, we will
review the anti-cancer effect of some CNS drugs, including both
therapeutic and preventive, by searching the literature for preclinical or clinical evidence for anticancer potential of central nervous
system drugs over the last 8 years period (2010-2018) and including only evidence from Q1 journals as indicated by Scimago website (www.scimagojr.com). We concluded that Some Central
Nervous system drugs show a great potential as anti-cancer in
vitro, in vivo and clinical trials through different mechanisms and
pathways in different types of cancer that reveal a promising evidence for the repurposing of CNS drugs for new indications.

probability to enter Phase I clinical trials.2 Moreover, most of the
new chemotherapeutics have a negative impact on the quality of
life due to their toxicity issues.3
Drug repurposing (also called Drug repositioning) is the idea
of using a previously approved FDA (Food and Drug
Administration) drug in a different disorder or disease away from
its initial use. These repurposed drugs have been extensively
studied for their efficacy, toxicity, and safety. This consequently
leads to saving time and money and accelerate their entry to
experimental clinical trials.4 Thalidomide is a clear example that
has been initially used for the treatment of motion sickness and
then was withdrawn for its teratogenic effect.5 Following further
experimental studies, Thalidomide has been repositioned and
approved by the FDA for the treatment of leprosy and multiple
myeloma.5 This emphasizes the importance and practicality of
applying the idea of drug repurposing. The Repurposing Drugs in
Oncology (ReDO) project is one of the schemes that has been
initiated in 2014 to highlight promising drug candidates with good
toxicity profile and experimental evidence, to be subjected to
clinical trials to validate their off-label usage.4 The project has
provided a list of candidate drugs, including Losartan,
Omeprazole,
Statins,
Nitroglycerin,
Chloroquine/
Hydroxychloroquine, Propranolol, Mebendazole, Cimetidine,
Clarithromycin, Diclofenac, Itraconazole, in addition to other
drugs that have already been introduced into clinical trials, as
Ketorolac and Fluvabrex.4,6-14 To catch up with the growing interests and efforts in drug repositioning, the Drug Repurposing Hub
has emerged as a platform that integrates close collaboration
between the Broad Institute Cancer Program, Center for the
Development of Therapeutics, and the Connectivity Map group
(https://clue.io/repurposing). The hub collected detailed data for
more than 8000 compounds, and their relevant mechanism of
action, protein targets, and approved indications.
In the current review article, we are focusing on Central
Nervous system (CNS) drugs repurposing for cancer. Studies
emphasizing the emerging role of CNS therapies for usage against
cancer is a verdict for our decision.15-19 This review provides a
foundation upon which further research can be implemented on
the use of CNS drugs in cancer.
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World Health Organization (WHO) reported that an estimated
number of 10 million people will die of cancer in 2018, with the
availability of treatment services for more than 90% of highincome countries compared to less than 30% of low-income
countries.1 To keep pace with this rapidly increasing rate, the
development of combating strategies against cancer is of an
utmost importance. The discovery of a new drug against cancer is
a tedious process in terms of cost and duration, with a low
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The History of CNS drugs

CNS drugs mainly include Antipsychotic drugs (e.g.,
Chlorpromazine, Phenothiazine), Antidepressants (e.g., Tricyclic
antidepressant, Selective Serotonin Reuptake Inhibitor), and
Anticonvulsant (e.g., Potassium bromide, Valproate). We will
focus on the next paragraphs on the history of the main CNS
classes and their original usage (Figure 1).
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Imipramine

Has shown efficacy against cancer as shown in several studies.

Glioma

Breast Cancer
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A study was conducted both in vitro and in vivo to show the
efficacy of Imipramine on glioma. The drug inhibited NADPH
oxidase-mediated ROS in vitro. In vivo, a combination of
Imipramine and Doxorubicin showed enhanced anti-invasive
effect.29 Whereas a combination of Imipramine and Ticlopidine
exhibited a suppressing effect on the ATG7, a member of the
autophagy survival signaling, resulting in cell death.30
Another reported use for Imipramine is in breast cancer where
it demonstrated demonstrated an inhibitory effect on the protooncogene FoxM1 and its associated DNA repair signals.31
Head and Neck squamous cell carcinoma (HNSCC)

The mechanism of HNSCC invasion depends on epithelialmesenchymal transition (EMT) induction with Twist1 to initiate a
sequenced cascade that ends up with the induction of
mesenchymal-mode movement, which plays a great role in local
invasion of HNSCC. Imipramine showed potential to inhibit the
invasion through suppressing Twist1- and NF-κB-mediated
pathways.32
Burkett’s lymphoma

Imipramine decreased cancer cells viability in Burkett’s
lymphoma without affecting disseminated cells or angiogenesis
both in vivo and in vitro.33
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The history of anticonvulsants goes back to 1857 when
Edward Sieveking discovered the potential of using Potassium
Bromide in treating Catamenial epilepsy.23 On the other hand, the
antiepileptic efficacy of Barbiturates was discovered accidentally
in 1912 by Albert Hauptmann, who observed its effect on reducing
the frequency of seizures in epileptic patients.24 The discovery of
the anticonvulsant properties of Phenytoin in 1938 was a great leap
forward in the treatment of epilepsy due to the fact that Phenytoin
has shown efficacy in patients who did not respond to barbiturates
and bromides. Moreover, usage of Phenytoin was not associated
with the common sedative side effect of the other agents.25,26 In
1953, Carbamazepine, which was developed concurrently with the
anti-depressant drug Imipramine, represented a new advance in the
development of anticonvulsants.27 Lastly, Valproate, which is
prescribed nearly for all types of seizures nowadays, was first
synthesized in 1881, but its anticonvulsant properties were
identified in 1962 by Pierre Emyard.28

In the current part, we will introduce a list of drugs that are being
used for CNS disorders, and showing a pre-clinical and clinical
evidence for use in different types of cancer, as documented by research
publications over the last 8 years (i.e., 2010-2018). To maximize the
reliability of those proposed drugs, we included only data extracted from
Q1 journals as indicated by Scimago (www.scimagojr.com). The list of
potential drugs includes Imipramine, Phenothiazines, Trifluoperazine,
Pimozide, and Valproate.

e

Anticonvulsants and anti-epileptics

List of drugs with potential repurposing capabilities

us

Usage of antidepressants started in the late 1930s after many
failed attempts to develop an effective treatment for depression. In
the 1950s, structure-activity relationship studies on antihistamines
emphasized their potential efficacy as anti-depressants, and lead to
the discovery of nearly all antidepressant and antipsychotics.17-19
In 1952, Chlorpromazine’s antipsychotic properties were
discovered and marked a new era for the treatment of psychiatric
disorders. Chlorpromazine was the spike from which other
antidepressants developed.20 There are six main classes of
antidepressants including Tricyclic Antidepressants (TCA),
Monoamine Oxidase Inhibitors (MAOI), Selective Serotonin
Reuptake Inhibitors (SSRI), Serotonin and Norepinephrine
Reuptake Inhibitors (SNRI), Norepinephrine and Dopamine
Reuptake Inhibitors (NDRI), and atypical antidepressants.
Imipramine, a TCA, was the first reported drug for the treatment of
depression in 1957.21 It is also used in Attention Deficit
Hyperactive Disorder (ADHD) in children, by inhibiting
Norepinephrine and Serotonin reuptake.22
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Antipsychotics and antidepressants

Figure 1. The History of CNS drugs.
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Breast cancer

Phenothiazines caused a drastic elevation in the level of the
pro-apoptotic Bax, and decreased the level of the pro-survival
Bcl2, thus inducing apoptosis.36
Small cell lung carcinoma (SCLC)

Phenothiazines reduced cancer cell viability, and induced
apoptosis via lysosomal dysfunction.37
Oral cancer

Phenothiazine elicited its effect on caspase-3, caspase-9 and
procaspase-8 activity in oral cancer. Moreover, it inhibited Akt and
mTOR phosphorylation leading to cancer cell apoptosis and
elevated levels of ROS and associated DNA damage (38).38

Trifluoperazine (TFP)

Hepatocellular carcinoma (HCC)

In HCC, Pimozide reduced cancer cell proliferation by cell
cycle arrest at the G0/G1 phase and decreased STAT3 levels which
lead to decreasing cancer cells maintenance.47
Acute/chronic myeloid leukemia

Pimozide was combined with Sunitinib, a tyrosine kinase
inhibitor, in acute myeloid leukemia leading to enhanced efficacy
via the inhibition of STAT5 phosphorylation and in vivo apoptosis
induction.48 Likewise, in chronic myeloid leukemia, Pimozide
showed the same effect when combined with tyrosine kinase
inhibitors.

Valproate (Valproic acid)

Is an anti-epileptic drug acting by blocking Na+ channels,
GABA transaminase, and Ca+2 channels. It is widely used in
different kinds of epilepsy, migraine seizures and acute manic
episodes.49 Many studies were introduced for the beneficial role of
Valproate in fighting cancer.
Lymphoma

A study elicited the depletion of Ca+2 into mitochondria in
lymphoma via cellular inositol 1,4,5 trisphosphate (IP3) reduction and
PRKAA1/2-mTOR cascade activation. This results in cancer cell
retardation.50 The safety, effectiveness, and good overall response rate
of the Valproate and Hydralazine combination in cutaneous T-cell
lymphoma has been evaluated in phase II clinical trial.52
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Is an FDA-approved phenothiazine. Its mechanism of action,
similarly, involves D2 receptor antagonism. It is mainly used for
the treatment of Schizophrenia and other psychotic disorders.39
TFP was repurposed in many studies for cancer.

In 2018, new studies demonstrated the effect of Pimozide on
breast cancer cells through the reduction of the level of STAT5
phosphorylation.46

ly

Are conventional antipsychotic drug family that work mainly
as D2 antagonists. Several studies revealed its possible use in
cancer.

Breast cancer

on

Phenothiazines

cells including the apoptotic effects in cancer cells and the
decreased expression of Bcl-2.45
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The efficacy of Imipramine against acute myeloid leukemia
cells is demonstrated through its pro-apoptotic ability by the reactivation of the tumor suppressor protein phosphatase 2A (PP2A)
and blocking the NF-κB pathway.34 The same mechanism of action
was demonstrated when combined with the tyrosine kinase
inhibitor, Nilotinib, in chronic myeloid leukemia. Imipramine
decreased the levels of ROS which in combination with Nilotinib
caused a decrease in cancer cells’ viability and proliferation.35
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Glioblastoma

Lung cancer
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TFP was proved to inhibit the growth of cancer cells in
glioblastoma by releasing a massive irreversible amount of Ca+2
from IP3R channels through its binding to calmodulin subtype 2
(CaM2). Additionally, it showed an anti-proliferative effect both in
vitro and in vivo xenograft models.40 Conversely, a recent study
has highlighted the effect of low-dose TFP on the attenuation of
cellular apoptosis and enhancement of proliferation in glioma
cells.41
The ability of TFP to suppress Wnt/β-catenin signaling in
gefitinib-resistant lung cancer led to overcome the cancer
resistance to gefitinib.42

Prostate cancer

Valproate limited prostatic tumor growth through enhancing
androgen sensitivity and elevating cellular prostatic acid
phosphatase via its histone acetylation action, hence
dephosphorylating ErbB-2.52 Furthermore, studies showed that
Valproate causes the re-expression of cyclin D2, a crucial cell
cycle-regulatory gene, that is frequently absent in prostate
cancer.53 Studies involving Valproate combined with Metformin
demonstrated the synergistic anti-cancer effect, with no effect on
the prostatic normal epithelium. This effective action can be due to
p53 signaling pathway which surges cancer cell apoptosis.54
Head and neck squamous cell carcinoma

The anti-cancer effect of TFP extended to cancer metastatic
cells where the migration of these cells was inhibited by impeding
the angiogenesis via decreasing VEGF. This anti-angiogenic
activity was due to the suppression of AKT phosphorylation and βcatenin pathway.43

Valproate has been also tested in HNSCC where it proved to
up-regulate p21, thus affecting cancer cell viability, differentiation
markers and proliferation cessation.55 Caponigro F. et al.
developed phase II clinical trials on the use of Valproate in the
recurrent and metastatic forms of the HNSCC. Its efficacy was
enhanced when combined with both Cisplatin and Cetuximab.56 A
recent clinical trial is studying the chemo-preventive effect of
using Valproate in HNSCC, however, the results are not dispatched
yet.57

Is another old D2 blocking agent used for Tourette’s
Disorder.44 Reviews from 2002 found a synergistic effect for both
Pimozide and Mibefradil on T-type Ca+2 channels inhibition in
which proliferation is reduced in breast cancer. They also
suggested other mechanisms by which Pimozide can fight cancer

Another controversial evidence showed Valproate-induced
autophagy through the ERK1/2 pathway leading to the death of
glioma cells. Autophagy was also enhanced when Valproate was
combined with Rapamycin or Temozolomide both in vivo and in
vitro.58 Additionally, cell cycle arrest at G2/M, ROS production,

Metastasis

Pimozide

Glioblastoma
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down-regulation of paraoxonase 2, cyclin B1, cdc2 with Bcl-xL
and up-regulating p27, p21 with Bim were also elicited as anticancer effects of Valproate in glioblastoma.59 Valproate is currently
being tested in a phase IV trial against glioma.60

DNA damage and apoptosis through ROS production. This effect
was demonstrated in vivo when Parvovirus H-1PV synergistically
added to Valproate.72

It was found that patients suffering from AML, specially
AML1/ETO-positive patients, would greatly benefit from the
apoptotic induction in cancer cells using Valproate.61 A new
synergetic combination of both Valproate and Ellipticine, a
topoisomerase II inhibitor, exhibited an apoptotic activity in vitro,
due to improving histones H3 and H4 acetylation caused by this
combination.62 A phase I trial is studying the side effects and the
best dose of Decitabine and Valproate in treating patients with
refractory or relapsed AML or previously treated chronic
lymphocytic leukemia or small lymphocytic leukemia. Decitabine
works against cancer cells by stopping its division, whereas
Valproate may stop the growth of cancer cells by hampering
enzymes essential for cellular growth. Combining Decitabine with
Valproate may kill more cancer cells.63 It is reported that treatment
of AML with continuous Valproate and low-dose Cytarabine plus
intermittent Tretinoin, a well-known anticancer drug also known as
all-trans retinoic acid, has a complete hematological remission
with low-frequency side effects.64

Conclusions

Neuroendocrine carcinoma
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Valproate increased Notch signaling pathway signaling, known
for its tumor suppression effect on the neuroendocrine tumors
(NETs). This indicates the possibility for an anti-cancer effect in
such carcinoma.66
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cancer and HCC. In the case of bladder cancer, it was combined
with Melatonin, which showed a synergetic effect through
activating apoptotic, necrotic and autophagy genes. The
combination increased E-cadherin, a tumor suppressor gene, and
suppressed N-cadherin, which potentiate cancer formation.
Moreover, it initiated Wnt and Raf/MEK/ERK pathway.67 In the
event of HCC, the activation of caspase-3, ROS, and autophagy
were introduced by Valproate/Doxorubicin combination.68
Breast cancer

A study has shown that Valproate can increase thymidine
phosphorylase levels in breast cancer cells leading to synergizing
the effect of Capecitabine through the histone deacetylase
HDAC3.69 A phase I trials is carried out to confirm if the
hypothesis of giving Valproate before surgery for newly diagnosed
breast cancer will increase breast tumor histone acetylation,
leading to the inhibition of tumor growth.70
Pancreatic and cervical cancers

Pancreatic cancer and colon cancer responded to the histone
deacetylase inhibitory effect of Valproate by decreasing the
Amyloid Precursor Protein (APP). Lowering the levels of APP was
associated with activating the endoplasmic reticulum chaperone,
GRP78 in cancer cells.71 Another mechanism of Valproate in
pancreatic cancer and cervical cancer as an anti-cancer drug is
[page 40]

[Oncology Reviews 2019; 13:411]

Review

22.
23.
24.
25.
26.
27.
28.

29.
30.
31.

32.

ly

on

e

us

21.

al

20.

Twist1 degradation. Oncogene. 2016;35(18):2287–98.
33. Klingenberg M, Becker J, Eberth S, Kube D, Wilting J. The
NADPH Oxidase Inhibitor Imipramine-Blue in the Treatment
of Burkitt Lymphoma. Mol Cancer Ther [Internet].
2014;13(4):833–41.
34. Metts J, Bradley HL, Wang Z, Shah NP, Kapur R, Arbiser JL,
et al. Imipramine blue sensitively and selectively targets FLT3ITD positive acute myeloid leukemia cells. Sci Rep.
2017;7(1):4447.
35. Laidlaw KME, Berhan S, Liu S, Silvestri G, Holyoake TL,
Frank DA, et al. Cooperation of imipramine blue and tyrosine
kinase blockade demonstrates activity against chronic myeloid
leukemia. Oncotarget [Internet]. 2016;7(32):51651–64.
36. Ghorab MM, Alsaid MS, Samir N, Abdel-Latif GA, Soliman
AM, Ragab FA, et al. Aromatase inhibitors and apoptotic
inducers: Design, synthesis, anticancer activity and molecular
modeling studies of novel phenothiazine derivatives carrying
sulfonamide moiety as hybrid molecules. Eur J Med Chem.
2017;134:304–15.
37. Zong D, Zielinska-Chomej K, Juntti T, Mörk B, Lewensohn R,
Hååg P, et al. Harnessing the lysosome-dependent antitumor
activity of phenothiazines in human small cell lung cancer.
Cell Death Dis. 2014;5(3):e1111–e1111.
38. Wu CH, Bai LY, Tsai MH, Chu PC, Chiu CF, Chen MY, et al.
Pharmacological exploitation of the phenothiazine antipsychotics to develop novel antitumor agents-A drug repurposing
strategy. Sci Rep. 2016;6:27540.
39. Torres-Piedra M, Figueroa M, Hernández-Abreu O, IbarraBarajas M, Navarrete-Vázquez G, Estrada-Soto S.
Vasorelaxant effect of flavonoids through calmodulin inhibition: Ex vivo, in vitro, and in silico approaches. Bioorganic
Med Chem. 2011;19(1):542–6.
40. Kang S, Hong J, Lee JM, Moon HE, Jeon B, Choi J, et al.
Trifluoperazine, a Well-Known Antipsychotic, Inhibits
Glioblastoma Invasion by Binding to Calmodulin and
Disinhibiting Calcium Release Channel IP 3 R. Mol Cancer
Ther [Internet]. 2017;16(1):217–27.
41. Wen Y, Zhang Y, Li J, Luo F, Huang Z, Liu K. Low concentration trifluoperazine promotes proliferation and reduces calcium-dependent apoptosis in glioma cells. Sci Rep.
2018;8(1):1147.
42. Yeh CT, Wu ATH, Chang PMH, Chen KY, Yang CN, Yang SC,
et al. Trifluoperazine, an antipsychotic agent, inhibits cancer
stem cell growth and overcomes drug resistance of lung cancer. Am J Respir Crit Care Med. 2012;186(11):1180–8.
43. Pulkoski-Gross A, Li J, Zheng C, Li Y, Ouyang N, Rigas B, et
al. Repurposing the Antipsychotic Trifluoperazine as an
Antimetastasis Agent. Mol Pharmacol 2015;87(3):501–12.
44. Preissner S, Kroll K, Dunkel M, Senger C, Goldsobel G,
Kuzman D, et al. SuperCYP: A comprehensive database on
Cytochrome P450 enzymes including a tool for analysis of
CYP-drug interactions. Nucleic Acids Res. 2009;38:D237–43.
45. Bertolesi GE. The Ca2+ Channel Antagonists Mibefradil and
Pimozide Inhibit Cell Growth via Different Cytotoxic
Mechanisms. Mol Pharmacol 2002;62(2):210–9.
46. Mapes J, Anandan L, Li Q, Neff A, Clevenger C V., Bagchi IC,
et al. Aberrantly high expression of the CUB and zona pellucida-like domain-containing protein 1 (CUZD1) in mammary
epithelium leads to breast tumorigenesis. J Biol Chem.
2018;293(8):2850–64.
47. Chen J-J, Cai N, Chen G-Z, Jia C-C, Qiu D-B, Du C, et al. The
neuroleptic drug pimozide inhibits stem-like cell maintenance
and tumorigenicity in hepatocellular carcinoma. Oncotarget
2017;8(11):17593–609.

ci

19.

m
er

18.

om

17.

-c

16.

on

15.

N

14.

Coulie PG, et al. Perioperative ketorolac in high risk breast
cancer patients. Rationale, feasibility and methodology of a
prospective randomized placebo-controlled trial. Med
Hypotheses. 2013;81(4):707–12.
Safety of Fluvastatin-Celebrex Association in Low-grade and
High Grade Optico-chiasmatic Gliomas - Full Text View ClinicalTrials.gov [Internet]. 2014. Available from:
https://clinicaltrials.gov/ct2/show/NCT02115074
Barak Y, Achiron A, Mandel M, Mirecki I, Aizenberg D.
Reduced cancer incidence among patients with schizophrenia.
Cancer [Internet]. 2005 Dec 15 [cited 2018 Apr
25];104(12):2817–21. Available from: http://doi.wiley.com/
10.1002/cncr.21574
Fond G, Macgregor A, Attal J, Larue A, Brittner M, Ducasse
D, et al. Antipsychotic drugs: Pro-cancer or anti-cancer? A systematic review. Med Hypotheses 2012;79(1):38–42.
Pereira VS, Hiroaki-Sato VA. A brief history of antidepressant
drug development: from tricyclics to beyond ketamine. Acta
Neuropsychiatr 2018;1–16.
Elmaci I, Altinoz MA. Targeting the cellular schizophrenia.
Likely employment of the antipsychotic agent pimozide in
treatment of refractory cancers and glioblastoma. Crit Rev
Oncol Hematol 2018;128:96–109.
Roney MSI, Park SK. Antipsychotic dopamine receptor antagonists, cancer, and cancer stem cells. Arch Pharm Res
2018;41(4):384–408.
Ban TA. Fifty years chlorpromazine: A historical perspective.
Neuropsychiatr Dis Treat. 2007;3(4):495–500.
Brown WA, Rosdolsky M. The clinical discovery of
imipramine. Am J Psychiatry. 2015;172(5):426–9.
Drug CategoriesBrowse DrugBank Categories - DrugBank
[Internet]. Available from: https://www.drugbank.ca/categories
Pearce JMS. Bromide, the first effective antiepileptic agent. J
Neurol Neurosurg Psychiatry. 2002;72(3):412.
López-Muñoz F, Ucha-Udabe R, Alamo C. The history of barbiturates a century after their clinical introduction.
Neuropsychiatr Dis Treat 2005 Dec;1(4):329–43.
Smith M, Wilcox KS, White HS. Discovery of Antiepileptic
Drugs. Neurotherapeutics. 2007;4(1):12–7.
Arzimanoglou A, Ben-Menachem E, Cramer J, Glauser T,
Seeruthun R, Harrison M. The evolution of antiepileptic drug
development and regulation. Epileptic Disord 2010;12(1):3–
15.
Gerlach AC, Krajewski JL. Antiepileptic drug discovery and
development: What have we learned and where are we going?
Pharmaceuticals. 2010 Sep;3(9):2884–99.
Henry TR. The history of valproate in clinical neuroscience.
Psychopharmacol Bull 2003;37 Suppl 2:5–16.
Munson JM, Fried L, Rowson SA, Bonner MY, Karumbaiah L,
Diaz B, et al. Anti-invasive adjuvant therapy with imipramine
blue enhances chemotherapeutic efficacy against glioma. Sci
Transl Med. 2012 Mar;4(127):127ra36-127ra36.
Shchors K, Massaras A, Hanahan D. Dual Targeting of the
Autophagic Regulatory Circuitry in Gliomas with Repurposed
Drugs Elicits Cell-Lethal Autophagy and Therapeutic Benefit.
Cancer Cell. 2015;28(4):456–71.
Rajamanickam S, Panneerdoss S, Gorthi A, Timilsina S,
Onyeagucha B, Kovalskyy D, et al. Inhibition of FoxM1Mediated DNA repair by imipramine blue suppresses breast
cancer growth and metastasis. Clin Cancer Res.
2016;22(14):3524–36.
Yang WH, Su YH, Hsu WH, Wang CC, Arbiser JL, Yang MH.
Imipramine blue halts head and neck cancer invasion through
promoting F-box and leucine-rich repeat protein 14-mediated

[Oncology Reviews 2019; 13:411]

[page 41]

Review

62.

63.

64.

e

al

67.

us

66.

on

ly

65.

Starkova J. Valproic acid triggers differentiation and apoptosis
in AML1/ETO-positive leukemic cells specifically. Cancer
Lett. 2012;319(2):144–53.
Cerna T, Hrabeta J, Eckschlager T, Frei E, Schmeiser HH, Arlt
VM, et al. The histone deacetylase inhibitor valproic acid
exerts a synergistic cytotoxicity with the DNA-damaging drug
ellipticine in neuroblastoma cells. Int J Mol Sci. 2018;19(1):
164.
Decitabine and Valproic Acid in Treating Patients With
Refractory or Relapsed Acute Myeloid Leukemia or
Previously Treated Chronic Lymphocytic Leukemia or Small
Lymphocytic Lymphoma [Internet]. Clinicaltrials.Gov. 2004.
p. 3/1/2004. Available from: http://clinicaltrials.gov/
show/NCT00079378
Fredly H, Ersvær E, Kittang AO, Tsykunova G, Gjertsen BT,
Bruserud Ø. The combination of valproic acid, all-trans
retinoic acid and low-dose cytarabine as disease-stabilizing
treatment in acute myeloid leukemia. Clin Epigenetics.
2013;5(1):13.
Pretreatment With Valproate Prior to Immunotherapy
Targeting Cluster of Differentiation Antigen 20 in Chronic
Lymphocytic Leukemia [Internet]. Clinicaltrials.Gov. 2015. p.
2015–null. Available from: https://clinicaltrials.gov/show/
NCT02144623
Mohammed TA, Holen KD, Jaskula-Sztul R, Mulkerin D,
Lubner SJ, Schelman WR, et al. A Pilot Phase II Study of
Valproic Acid for Treatment of Low-Grade Neuroendocrine
Carcinoma. Oncologist 2011;16(6):835–43.
Liu S, Liang B, Jia H, Jiao Y, Pang Z, Huang Y. Evaluation of
cell death pathways initiated by antitumor drugs melatonin and
valproic acid in bladder cancer cells. FEBS Open Bio.
2017;7(6):798–810.
Saha SK, Yin Y, Kim K, Yang GM, Dayemv AA, Choi HY, et
al. Valproic acid induces endocytosis-mediated doxorubicin
internalization and shows synergistic cytotoxic effects in hepatocellular carcinoma cells. Int J Mol Sci. 2017;18(5):1048.
Terranova-Barberio M, Roca MS, Zotti AI, Leone A, Bruzzese
F, Vitagliano C, et al. Valproic acid potentiates the anticancer
activity of capecitabine &lt;i&gt;in vitro&lt;/i&gt; and
&lt;i&gt;in vivo&lt;/i&gt; in breast cancer models via induction of thymidine phosphorylase expression. Oncotarget
2016;7(7):7715–31.
Molecular Signature of Valproic Acid in Breast Cancer With
Functional Imaging Assessment - a Pilot [Internet].
Clinicaltrials.Gov. 2010. p. 5/1/2010-1/1/2013. Available
from: http://clinicaltrials.gov/show/NCT01007695
Venkataramani V, Rossner C, Iffland L, Schweyer S, Tamboli
IY, Walter J, et al. Histone deacetylase inhibitor valproic acid
inhibits cancer cell proliferation via down-regulation of the
alzheimer amyloid precursor protein. J Biol Chem.
2010;285(14):10678–89.
Li J, Bonifati S, Hristov G, Marttila T, Valmary-Degano S,
Stanzel S, et al. Synergistic combination of valproic acid and
oncolytic parvovirus H-1PV as a potential therapy against cervical and pancreatic carcinomas. EMBO Mol Med.
2013;5(10):1537–55.

68.

N

on

-c

om

m
er

ci

48. Nelson EA, Walker SR, Xiang M, Weisberg E, Bar-Natan M,
Barrett R, et al. The STAT5 Inhibitor Pimozide Displays
Efficacy in Models of Acute Myelogenous Leukemia Driven
by FLT3 Mutations. Genes and Cancer. 2012;3:503–11.
49. Szalowska E, Van Der Burg B, Man HY, Hendriksen PJM,
Peijnenburg AACM. Model steatogenic compounds (amiodarone, valproic acid, and tetracycline) alter lipid metabolism
by different mechanisms in mouse liver slices. Lobaccaro JMA, editor. PLoS One. 2014;9(1):e86795.
50. Ji MM, Wang L, Zhan Q, Xue W, Zhao Y, Zhao X, et al.
Induction of autophagy by valproic acid enhanced lymphoma
cell chemosensitivity through HDAC-independent and IP3mediated PRKAA activation. Autophagy. 2015;11(12):160–
2171.
51. Espinoza-Zamora JR, Labardini-Méndez J, Sosa-Espinoza A,
López-González C, Vieyra-García M, Candelaria M, et al.
Efficacy of hydralazine and valproate in cutaneous T-cell lymphoma, a phase II study. Expert Opin Investig Drugs.
2017;26(4):481–7.
52. Chou YW, Chaturvedi NK, Ouyang S, Lin FF, Kaushik D,
Wang J, et al. Histone deacetylase inhibitor valproic acid suppresses the growth and increases the androgen responsiveness
of prostate cancer cells. Cancer Lett. 2011;311(2):177–86.
53. Witt D, Burfeind P, von Hardenberg S, Opitz L, Salinas-Riester
G, Bremmer F, et al. Valproic acid inhibits the proliferation of
cancer cells by re-expressing cyclin D2. Carcinogenesis.
2013;34(5):1115–24.
54. Tran LNK, Kichenadasse G, Butler LM, Centenera MM,
Morel KL, Ormsby RJ, et al. The combination of metformin
and valproic acid induces synergistic apoptosis in the presence
of p53 and androgen signaling in prostate cancer. Mol Cancer
Ther 2017;16(12):molcanther.0074.2017.
55. Gan CP, Hamid S, Hor SY, Zain RB, Ismail SM, Wan Mustafa
WM, et al. Valproic acid: Growth inhibition of head and neck
cancer by induction of terminal differentiation and senescence.
Head Neck [Internet]. 2012;34(3):344–53.
56. Caponigro F, Di Gennaro E, Ionna F, Longo F, Aversa C,
Pavone E, et al. Phase II clinical study of valproic acid plus
cisplatin and cetuximab in recurrent and/or metastatic squamous cell carcinoma of Head and Neck-V-CHANCE trial.
BMC Cancer. 2016;16(1):918.
57. Chemoprevention of Head and Neck Squamous Cell
Carcinoma (HNSCC) With Valproic Acid. ClinicaltrialsGov
[Internet]. 2015;2015–6. Available from: https://clinicaltrials.
gov/show/NCT02608736
58. Fu J, Shao CJ, Chen FR, Ng HK, Chen ZP. Autophagy induced
by valproic acid is associated with oxidative stress in glioma
cell lines. Neuro Oncol. 2010;12(4):328–40.
59. Tseng J-H, Chen C-Y, Chen P-C, Hsiao S-H, Fan C-C, Liang
Y-C, et al. Valproic acid inhibits glioblastoma multiforme cell
growth via paraoxonase 2 expression. Oncotarget [Internet].
2017;8(9):14666–79.
60. Seizure Treatment in Glioma - Full Text View ClinicalTrials.gov [Internet]. Available from: https://clinicaltrials.gov/ct2/show/NCT03048084
61. Zapotocky M, Mejstrikova E, Smetana K, Stary J, Trka J,

[page 42]

69.

70.
71.

72.

[Oncology Reviews 2019; 13:411]

