
Abstract. Certain diseases and age groups are associated
with a higher incidence of cancer. Cancer prevention can be
achieved using repositioned drugs that have anticancer
ability, thereby reducing the incidence of cancer in
susceptible individuals. This implies that the selection of
repositioned drugs can have dual benefits: controlling pre-
existing diseases and facilitating cancer prevention. This
report outlines the rationale underlying drug repositioning
for medications with an anticancer effect and discusses its
advantages. We discuss repositioned drugs with anticancer
effects that may contribute to cancer prevention in susceptible
individuals and the general population with temporary,
treatable conditions. The discussion of drug repositioning in
this review should facilitate the initiation of clinical trials and
lead to therapeutic application of such drugs to reduce the
incidence of cancer in susceptible individuals. 

Repositioned drugs with anticancer effects may reduce cancer
incidence in at-risk populations. For example, the incidence of
cancer is higher in patients with diabetes than in individuals
who do not have diabetes (1). Metformin, a well-known anti-
diabetic drug, has been associated with anticancer effects and
can be considered as a repositioned drug (2). Several studies
have shown that metformin has benefits over other drugs in
reducing the incidence of cancer in patients with diabetes (3, 4),

implying that apart from its usage as an anti-diabetic drug, it
can be used for new indications, in this case, as a drug for the
prevention of cancer. Therefore, among the various medications
used for diabetes, selective administration of metformin can
maximize cancer prophylaxis in high-risk patients with diabetes.

Certain diseases and age groups are associated with a
higher incidence of cancer. As seen with metformin, drug
selection can reduce the incidence of cancer in susceptible
patients, especially in those who take repositioned drugs that
have cancer preventative effects. The use of repositioned
drugs in these cancer-susceptible patients provides the dual
benefits of treating disease and preventing cancer. Therefore,
it is important, not only for patients, but also for pharmacists
or doctors to enhance their knowledge about such
repositioned drugs. It may also contribute to cancer
prophylaxis in the general population treated temporarily
with drugs for certain diseases, such as malaria and bacterial
infections. Below is a summary of the various patient groups
that could benefit from the repositioning of drugs with
anticancer effects (Figure 1).

Patients with blood-related diseases. Owing to the increased
occurrence of cancer in patients with blood-related diseases,
greater attention is needed on cancer prevention. Aspirin is
used to reduce pain, fever, or inflammation. It is also used
for hypertension and as a long-term medication to help
prevent further heart attacks and blood clots in high-risk
individuals. Similar to metformin, population studies have
shown that aspirin can reduce the incidence of cancer (5, 6).
Statins (HMG-CoA reductase inhibitors) are used as lipid-
lowering medications or to control high cholesterol levels
and have shown cancer-reducing effects (7, 8). Hence, the
selection of drugs such as metformin, aspirin, or statins,
which possess cancer-reducing abilities in addition to their
original intended treatment effect, would allow the dual
control of blood-related diseases and cancer. 

Patients with human immunodeficiency virus (HIV). It has been
observed that patients with HIV have a higher incidence of
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cancer during their lifetime (9). Protease inhibitor-based drugs
for HIV-infected cells have been developed, and these drugs
(notably nelfinavir and lopinavir) have been shown to be
effective in cancer treatment (10). Clinical trials with nelfinavir
and lopinavir have been conducted in patients with cancer (11)
and can be considered for drug repositioning. Other HIV drugs,
such as atazanavir or ritonavir, have demonstrated sensitization
of cancer cells; however, further investigation should facilitate
the selection of a personalized drug treatment strategy for the
regulation of HIV and the prevention of cancer. 

Patients with allergies. The presence of allergies has also
been correlated with a higher incidence of cancer, especially
in older patients (12). Histamine receptor antagonists are
generally used to control various forms of allergies (13). As
many histamine receptor antagonists have been developed,
patients with allergies may be treated with a wide variety of
drugs. Some allergy drugs, such as loratadine or azelastine,
have demonstrated anticancer effects and may be used as
repositioned drugs (14). Selective and continuous medication
with these anti-allergy drugs may contribute to a reduction
in the incidence of cancer in patients with allergies,
especially in elderly patients. Further studies on various
histamine receptor antagonists with anticancer effects may
facilitate the prescription of effective personalized
medication for cancer prevention in patients with allergies. 

Patients with alcoholism. Alcohol consumption is an
important risk factor associated with cancer; as such, it is
important to reduce or avoid alcohol consumption,
particularly in patients with hepatitis virus or those with a
family history of liver cancer. Although this is common
knowledge, some individuals find it difficult to avoid
alcohol consumption. The administration of drugs for
alcohol abuse can help these individuals. One such drug is
disulfiram, which has demonstrated both cancer-sensitizing
and cancer-reducing abilities in patients with alcohol
addiction (15, 16). Given that the prescription of disulfiram
can aid cancer prevention in patients with alcoholism,
earlier and continuous treatment with disulfiram may lower
their risk of cancer. 

Patients with rheumatoid arthritis. Rheumatoid arthritis is an
auto-immune disease associated with increased inflammation
(17). Inflammation-related diseases, such as rheumatoid
arthritis, are also known to result in an increased incidence
of cancer. Many drugs have been investigated and developed
for regulating the immune system or inflammation.
Celecoxib has been used as a drug for the treatment of
rheumatoid arthritis. Many studies have demonstrated the
usefulness of celecoxib as a repositioned drug for patients
with cancer, owing to its anticancer effect (18). Hence, the
use of this drug in patients with rheumatoid arthritis can help
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Figure 1. Summary of the various patient groups that could benefit from the repositioning of drugs with anticancer effects. These repositioned drugs
can contribute to cancer prevention in cancer-susceptible individuals or in the general population. This implies that the selection of repositioned
drugs can have dual benefits in controlling pre-existing diseases and facilitating cancer prevention.



treat this disease, as well as reduce the incidence of cancer.
Further population-based studies may facilitate the
prescription of this medication for cancer prevention in
patients with rheumatoid arthritis. 

Elderly patients with various diseases. The incidence of
cancer has been found to increase with age owing to the
accumulation of DNA mutations over time and the increased
formation of cancerous cells. Therefore, aging can be
considered as an important risk factor for the development
of cancer. The functionality of various organs and tissues is
reduced as people age and medications are required to
overcome these impairments. Examples of drugs used for the
treatment of dysfunctional tissues or organs that also have
anticancer effects are described below. This information can
be advantageous in elderly patients, as apart from the
treatment of diseases related to abnormal tissues or drugs,
these drugs can also assist in cancer prevention. (A) Patients
with osteoporosis have an increased risk of fractures. For
post-menopausal women, the incidence of osteoporosis is
very high. The most common medication used for the
treatment of osteoporosis is zoledronic acid, which also has
anticancer effects (19). (B) Elderly male patients with
erectile dysfunction generally change their lifestyle
(exercising or sleeping) or modify their diet to overcome the
disorder. However, if these natural methods are not effective,
they are treated with sildenafil. Studies have shown sildenafil
to have anticancer effects in various cancer models (20, 21).
(C) Elderly individuals have a higher risk of Alzheimer’s
disease. As the average human lifespan increases,
Alzheimer’s disease is emerging as a major health issue in
the elderly population and effective medication is required
for its treatment and prevention. Donepezil, a well-known
drug used for the treatment of Alzheimer’s disease, has
demonstrated anticancer effects (20, 22), suggesting that the
treatment of Alzheimer’s disease with donepezil may also
reduce the incidence of cancer in elderly patients. 

Patients with schizophrenic disorders. Many anti-psychotic
drugs used for the treatment of bipolar disorder or
schizophrenia have been found to have anticancer effects and
have been tested as repositioned drugs in patients with
cancer. Most of these drugs target the dopamine or histamine
receptors on the cell membrane to block the extracellular
signals that are responsible for abnormal responses in the
brain cells. Considering that mutations in the membrane-
related receptors or kinases are correlated with cancer
growth, it is assumed that drugs that target these cellular
membrane receptors may also possess anticancer effects.
Drugs used for the treatment of bipolar disorders that can be
repositioned include fluphenazine, thioridazine, pimozide,
aripiprazole, and valproic acid (23-27). As these drugs have
anticancer effects, several clinical trials have been conducted

to test their efficacy in various types of solid tumors, as well
as in combination with other chemotherapeutic drug
therapies. Further population-based studies are needed for
enhanced cancer prevention in patients with bipolar disease.

Patients treated for short term with medications for various
diseases. Many drugs used for the short-term treatment of
various diseases have anticancer effects and may contribute
to a lower incidence of cancer. (A) Anti-malarial drugs are
often taken before traveling to countries that have a higher
incidence of malarial infection. Patients who are already
infected with malaria are administered anti-malarial drugs.
Because of resistance to anti-malarial drugs, investigators are
continuously developing novel drugs. Among these,
mefloquine, primaquine, and chloroquine have shown
anticancer effects (28, 29). These drugs have been tested in
patients with cancer in various clinical trials. Chloroquine has
been investigated widely owing to its specific mechanism of
action in various cancer models. Chloroquine can sensitize
cancer cells through the inhibition of autophagy and anti-
angiogenic activity (30, 31). (B) Various anti-bacterial drugs
have demonstrated anticancer effects. For example,
nitroxoline is used for the treatment of bacterial infections in
the urinary tract and has shown anti-angiogenesis effects (32).
(C) The anti-fungal drug, itraconazole, has also shown
anticancer effects (33). (D) Medications have been developed
for the treatment of acne in young individuals. Minocycline,
an anti-acne drug, has been shown to exert anticancer effects
via reduction in the levels of matrix metalloproteinases (34).
Therefore, the administration of minocycline in individuals
with acne may be beneficial in lowering cancer incidence. (E)
Digoxin, a drug used for the treatment of arrhythmia or heart
failure, has also shown anticancer effects (35). (F)
Immunosuppressant drugs, such as mycophenolic acid and
rapamycin, used for patients who have undergone organ
transplantation surgery, have demonstrated anticancer effects
(36). Notably, rapamycin has been found to be effective
against various tumors and even against cancers resistant to
chemotherapy, owing to its energy metabolism-targeting
action. (G) Thiocolchicoside, a muscle relaxant drug with an
anti-inflammatory effect, and riluzole, used in neuronal
diseases, have shown cancer-sensitizing effects (37, 38).
More investigations are needed to categorize and investigate
these repositioned drugs and inform the patients accordingly
regarding their further usefulness in cancer prevention.

Individuals with potential cancer stem cells. The
repositioning of drugs with anticancer effects can be
subdivided based on their usefulness in cancers with multi-
drug resistance (MDR) phenotypes. Frequent exposure to
anticancer drugs leads to the development of MDR in cancer
cells (39, 40). The overexpression of P-glycoprotein (P-gp)
is one of the common mechanisms of resistance to anticancer
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drugs (41, 42). Therefore, investigators have studied novel
therapeutic options that target P-gp-over-expressing resistant
cancer cells. Among the repositioned drugs described earlier,
aripiprazole, nelfinavir, and azelastine have shown high P-
gp inhibitory activities and thus can be used to sensitize P-
gp-over-expressing resistant cancers (41, 43). Reserpine, a
hypertension drug, is also known to have significant P-gp
inhibitory effects on MDR cancer cells (44). Drugs that have
been subdivided based on specific anticancer effects, such as
P-gp inhibitory activity, can be prescribed as repositioned
drugs in cancer-susceptible individuals. Considering that
cancer stem cells develop throughout an individual’s
lifetime, repositioned drugs with MDR-targeting ability are
assumed to have higher chances of reducing cancer
incidence. 

Conclusion and further studies. Cancer prevention can be
achieved using repositioned drugs that have anticancer
ability, thereby reducing the incidence of cancer in
susceptible individuals. This implies that the repositioned
drugs have dual benefits in controlling pre-existing diseases
and facilitating cancer prevention. As aging and family
history are strong risk factors associated with cancer, the use
of repositioned drugs has been suggested in older patients
who have a family history of cancer. 

With the advent and growth of personalized medicine,
there has been a surge in the number of drugs developed
for various diseases. Further research is warranted to
investigate whether these drugs have anticancer effects and
to examine if they can be suitable for drug repositioning.
For example, benzodiazepines, alprazolam, clonazepam,
chlordiazepoxide, and diazepam (45), which are used for
the treatment of anxiety disorders, can be investigated for
anticancer effects, their mechanism of action, and their
specific tumor-targeting properties. It is also important to
consider that long-term treatment with certain drugs can
increase the incidence of cancer and should be avoided in
cancer-susceptible individuals.

In addition, clinical databases for population-based drug
treatments should be well-organized, analyzed, and
continuously updated. This includes correlations between
period or type of drug administration and cancer incidence
in various populations. It is hypothesized that such
information could contribute to the prevention of cancer by
reducing the incidence of cancer in susceptible individuals. 
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