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New promising repurposed drugs and vaccines anticancer treatment
possibilities — review of the current reports

Hoge o6ehaBajyhe anTukaniepcke Teparnuje npeHaMemheHUM JIEKOBUMA U

BaKIIMHAMa — MperJie/l HaJHOBUJUX UCTPAKMBAbA

SUMMARY

The potential of repurposing already approved, regis-
tered non-oncological drugs and vaccines for the devel-
opment of new anticancer treatments is presented. A
large number of registered non-oncological drugs and
vaccines modulate key cancer-related processes (such as
neoangiogenesis, apoptosis, necroptosis, ferroptosis, au-
tophagy, and aerobic glycolysis) by targeting the same,
upstream or downstream molecular biomarkers and sig-
naling pathways, in the same anticancer direction. Be-
yond individual agents, combinations of repurposed
drugs and vaccines are of greater interest for investiga-
tion, as they may reveal synergistic anticancer effects.
Some repurposed drugs and vaccines are outlined for less
toxic, more efficient, and affordable cancer therapies,
with potential for further clinical investigations and pos-
sible impact on official clinical treatment guidelines.
This review aims to present the current reports of drugs
and vaccines repurposed in the anticancer treatment.
Keywords: cancer treatment; repurposed drugs; vac-
cines

INTRODUCTION

CAKETAK

Ipukasyje ce MOTCHIMjal NpeHaMemBeHNX Beh omobpe-
HUX ¥ PETHCTPOBAHUX HEOHKOJIONIKHX JICKOBA M BAaKI[IHA
32 pa3BOj HOBHMX AaHTHKAHIIEPCKUX Tepanuja. Benuku
OpOj PErnCTPOBAHUX HEOHKOJOMIKUX JIEKOBA U BaKIIWHA
MOJyJIHIIE KIbYyYHE IIPoLiece MOBe3aHe ca KaHIEepoM (Kao
IITO Cy HEOAHTHOICHe3a, aloNTo3a, HEKPOHTO3a,
(deponrosa, ayrodarvja u aepoOHA TIHMKOIH3A), JIENy-
jyhu Ha ucTe ycXogHE WM HUCXOIHE. MOJICKYJIapHe
MeTe, OMOMapKepe W CHTHAIIHE, ITyTeBe, Y UCTOM aHTH-
KaHIepcKoM npaBny. OCHM HOjeauHavYHuX, 33 MCIHTH-
Babe Cy MHOTO MHTEPECAHTHH]jE KOMOUWHALM]e TIpeHaMe-
H-CHHX JICKOBA U BaKI[MHA FI€ MOXKE OMTH OTKPUBEHO CH-
HEPTUCTUYKO aHTHKAaHIEPCKO AenoBame. 'Hekn mpeHa-
MCH-CHH JIEKOBH W BaKIMHE CC UCTHYY Kao ITOTCHIIH-
jaJHU KaHIMIATH 32 Marbe TOKCUYHE, epUKACHHU]E U TIPH-
CTylauHUje Tepamije KaHIEepa, Ca MOTEHIMjaJOM 3a
Jajba KITMHAYKA UCTPAKUBAkA U MOTYNHM yTHIIAjeM Ha
3BaHWYHE KIMHUYKE CMepHUIe Jieuewa. OBaj mperien
¥IMa 3a IIJb J1a TIPEJICTaBH Pe3yJITaTe HajHOBHjUX UCTpa-
KHBamba HEOHKOJIOIIKIX JICKOBA M BaKIMHA ITPCHAMCHC-
HUX 3a JIeUerhe KaHiepa.

KibyuHe peuyn: aHTHMKaHIEpCKa Tepanuja; MpeHame-
BCHU JICKOBH; BaKIHHE

The standard/oncological treatment regimen, as defined in the regularly updated Clinical Prac-

tice Guidelines and implemented globally, typically includes surgery, radiation therapy, chem-

otherapy, hormone therapy, targeted therapy, immunotherapy, photodynamic and laser therapy,

cryotherapy, thermal therapy, stem cell therapy, and nanomedicine-based therapies. Cancer

management involves expert diagnosis, treatment planning, symptom management, supportive

care, and addressing complications related to cancer or its treatments, such as those arising

during radiotherapy or chemotherapy. Drugs and vaccines repurposing in cancer treatment ex-

plores the potential of previously approved, affordable, and less toxic or expensive pharmaceu-

ticals as new weapons in the fight against cancer [1, 2].
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DRUG REPURPOSING

A large number of the aforementioned registered non-oncological drugs modulate key cancer-
associated processes (proliferation, neoangiogenesis, acrobic glycolysis, multidrug resistance,
apoptosis, necroptosis, pyroptosis, ferroptosis, autophagy), by acting in the same anticancer di-
rection on overlapping molecular targets / biomarkers, such as (abbreviations used: tumor pro-
moter (P), tumor suppressor (S); effects on other targets: stimulation /, inhibition \):

1) Transcription factors: NF-kB a (P - tumor promoter), p65 (Rel A) (P), Integrins (P), STATs
(P), Nrf2 (S - tumor suppressor), Nanog (P), KLF4 (P), Sox2 (P), Oct4 (P), JNKs (P), HESI,
K13, MUC2 (P), VDR - vitamin D receptor (S), Hippo \ YAP (P), TCFs (P), LEFs (P);

2) Cell cycle proteins: Cyclin D; (P), CDKs (P), p21 (S), p27 (S), Ki-67 (P), PCNA. (P), Akt =
PKB (P), mTOR (P), EGFR (P), Raf (P), RAS (P), MAPK (P), PI3K (P);

3) Cell signaling cascades proteins: MDR (MDPRs, MRP1-7, P-gp tyrosine kinase) (P), IxB
(P), Hedgehog (P), ABC (P), PKC (P, S), JAKs (P), Wnt / B-catenin (P), ILs (IL1, IL6, ILS,
IL10, IL17) (P), IGF-1 (P), PTEN (S), Eps8 (P);

4) Apoptosis and/or necroptosis associated proteins: Bcl-2 (P), Bax (S), Cytochrome C (S),
PARPs (P), p53 (S), p63 (S), p73 (P, S), caspase 3, 8, 9, 12(S), p38MAPK (P), Mcl-1 (P);

5) Death receptors on the cell surface: FAS (S), TRAIL (P, S);

6) Autophagy (ATG) related. proteins: ATG (ATGS, ATG9A, ATG12, ATG13) (P, S), LC3
(S), Beclinl (P, S), p62(P), PAK1 (P);

7) Antioxidant defense proteins and other targets / markers: ROS (P, S), COX-2 (PTG S2) (P),
iNOS / NO (P), TNF-a (P), PGE2 (P);

8) Angiogenesis and.tumor microenvironment associated proteins: CD31 (= PECAM1) (P),
CD34 (P), HIFs (HIF-1a, HIF-1pB, HIF-2a, HIF-2B) (P), VEGF / VEGFR (P), MEK / ERK (P),
CXC (P), CXCLI12 (= SDF1) (P), CXCR4 (P), FAK (= PTK2) (P);

9) Cellular metabolism and metabolic reprogramming associated proteins: GLUTs (1-13) (P),
TLRs (1-24) (P);

10) Embryonic development associated proteins: TGF-3 / SMAD (P);

11) Membrane receptors: PANX1 (P), P2X4 (P), P2X7 (P);

12) Membrane bound proteins (transcription factors) shuttling between the cytoplasm and nu-
cleus: Notch (P);

13) Oncogen addiction targets: PTK (P), MYC (C-, N-, L-) (P), cABL (P).
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Also, the aforementioned drugs modulate various signaling pathways, in the same anticancer
direction. A significant proportion of anticancer signaling pathways are functionally linked to
NF-xB signaling, either upstream, downstream, or directly [3] (symbols used for effects on
other targets: stimulation /, inhibition \): IxkB (IKK)/NF-kB/STAT3\apoptosis;
EGFR/RAS/Raf/p38/MAPK/MEK/ERK/Akt/mTOR/NF-kB/P-gp (MDPR);
PI3K/Akt/INK/IkBa/NF-kB/P-gp; TGF-a/PI3K/Akt/mTOR/HIF/IxBo/NF-kB/HIF/VEGF;
PI3K/PKC/NF-kB...; STAT3/PI3K/Akt /.../NF-xB...; p38/MAPK/PI3K/Akt/.../NF-xB ...;
p38/MAPK/INK/ERK/Akt/IxkBa/NF-kB...; TNF/IxkB (IKKa, IKKf, IKKy = NEMO)/NEF-
kB...; IL1/IkB/NF-kB...; TLRs/IkB/NF-kB...; TLRs/IL1/IkB/NF-kB...; TLR4/TNF-¢,
IL1B/IkB/NF-«xB...;TLRs/p38/MAPK/PI3K/Akt/.../NF-kB...;
TLRs/p38/MAPK/ERK/Akt/IkBa/NF-kB...; PANX1/ILs/NF-kB...; P2X4,
P2X7/ROS/.../NF-kB. Non-oncological agents such as mebendazole, deoxycholic acid, and
folinic acid stimulate the NF-kB, a key cellular signaling pathway that promotes cell survival
and proliferation while inhibiting apoptosis, thereby fostering pro-tumorigenic processes.
Combining chemically distinct non-oncologic agents targeting the same anticancer pathways
can enhance efficacy without increasing toxicity, potentially offering synergistic anticancer reg-
imens. The overlap in anticancer targets justifies parallel rescue and dose—response experi-
ments.

Among antidiabetic medications, metformin may demonstrate anticancer properties, potentially
inhibiting cancer cell proliferation, promoting apoptosis, and increasing cancer cell sensitivity
to chemotherapy. Further studies are crucial to clarify the mechanisms of anticancer effects and
assess the clinical efficacy and safety of antidiabetic drugs [4].

Our experimental findings in vivo demonstrated that metformin administered alone [5], or in
combination with one of the following agents: caffeine [6], disulfiram [7, 8], nitroglycerin [9,
10, 11], itraconazole [10, 11], or diclofenac [11, 12] exerted significant anticancer effects
against fibrosarcoma in hamsters, without inducing observable toxicity. Importantly, the ad-
ministered doses were equivalent to standard therapeutic doses used in humans. Anticancer
effects of examined dual drug combinations were validated through dose-response experiments
and synergism was determined by Combination Index (CI) analysis (CI < 1). The hypothesis
that the examined combinations act synergistically against cancer cells through NF-kB inhibi-
tion was successfully tested in rescue experiments by adding an NF-xB stimulator, such as
mebendazole or deoxycholic acid, to these combinations in order to abrogate the anticancer

effects and 'rescue' tumor growth. Therefore, the use of metformin in combination with caffeine,
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disulfiram, nitroglycerin, itraconazole, or diclofenac may represent a promising and safe adju-
vant anticancer approach, warranting further clinical investigation [6-12]. We anticipate that
the therapeutic efficacy of metformin, when combined with anticancer therapies, will exceed
these anticancer therapies without metformin. It is our expectation that such strategies will pro-
vide a more effective and safer treatment approach in clinical practice, while also guiding future

research into the potential of metformin in cancer therapy [13].

In a clinical study of patients with advanced cervical cancer using fluoroazomycin arabinoside,

metformin decreased tumor hypoxia and improved cervical cancer response to radiation [ 14].

An in vitro investigation on repurposed pharmacological agents revealed that the combination
of disulfiram and copper gluconate displayed a marked cytotoxic effect against glioblastoma

stem cells [15].

A recent in vitro study repositioned propranolol, a non-selective beta-blocker commeonly used
in the treatment of various cardiovascular conditions, as a promising and cost-effective thera-
peutic option for colorectal cancer treatment, identifying T-cells-as its primary target [16]. Oral
administration of propranolol has been shown to delay tumor progression and improve survival
rate of tumor-bearing mice in fibrosarcoma and colon cancer models. Propranolol inhibited
tumor angiogenesis and promoted T cell'infiltration. Recent study identified propranolol as an
immunomodulatory agent, suggesting its/potential to enhance immunotherapies with check-
point inhibitors in patients with soft tissue sarcoma, and possibly in other cancer types [17].
An in vitro study demonstrated that propranolol (non-selective f1/2- adrenergic receptor
blocker) and selective 32-adrenergic receptor blockers induced apoptosis in human colorectal
carcinoma HCT116 cells following radiation treatment. Furthermore, f2-adrenergic receptor
blockade markedly inhibited tumor growth in vivo in nude mice bearing HCT116 colorectal
cancer xenografts, suggesting its potential use as an adjuvant strategy to enhance clinical out-
comes of colorectal cancer after radiotherapy [18].

A recently identified novel class of ciprofloxacin-amino acid conjugates has demonstrated sig-
nificant potency against human breast, colon, and lung cancer cell lines. These results indicate
that the proper modification of ciprofloxacin could lead to the development of promising anti-
cancer agents through appropriate derivatization in easy synthetic processes [19].

Itraconazole demonstrated promising properties as anticancer agent and may be a potent adju-
vant to immunotherapy for endometrial cancer [20]. Antifungal drug itraconazole in vitro ef-
fectively inhibited the proliferation and invasion of Ishikawa cells by inducing apoptosis. In

vivo experiments on tumor-bearing mice further confirmed its synergistic potential in
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combination with immune checkpoint inhibitors: tumor volume and weight were significantly

reduced [20].

A recent study highlighted the anticancer effects of antihistaminic drug loratadine on lung ad-
enocarcinoma cells, both in vitro and in vivo. Loratadine inhibited cell proliferation, increased
autophagy and apoptotic cell death. In the mouse model, loratadine reduced tumor growth and
angiogenesis, while promoting autophagy and apoptosis. These findings suggest that loratadine
may serve as a potential therapeutic agent for inhibiting lung adenocarcinoma progression, war-
ranting further investigation [21]. A retrospective study involving 4,522 patients suffering from
lung cancer in period 2006 - 2018 demonstrated a positive correlation between loratadine ad-
ministration and improved survival outcomes, with a dose-dependent effect. Higher loratadine
uptake was linked to better survival rates in lung cancer patients. Additionally, lung cancer
mortality showed a dose-dependent reduction as the cumulative use of loratadine increased
[22].

The results of a seven-year retrospective study that included 734 patients with immunogenic
tumors revealed that patients treated with cationic amphiphilic antihistamines desloratadine,
cyproheptadine, and ebastine exhibited significantly improved median overall survival and pro-

gression-free survival, along with a nearly 50% reduction in the risk of all-cause mortality [23].

A retrospective analysis demonstrated that melanoma and lung cancer patients who received
H1-antihistamines during immunotherapy treatment showed significantly better clinical out-
comes, including improved survival rates. These results strongly suggest the potential benefit
of using antihistamines in cancer-patients with allergies and elevated plasma histamine levels
[24].

An in vitro study conducted on HeLa cells revealed novel mechanisms of action for azelastine
hydrochloride; a drug commonly used in antiallergic treatment. The results highlighted the anti-
proliferative, cytotoxic, autophagic, and apoptotic effects of azelastine on HeLa cells, suggest-
ing its potential for future application in cancer therapy [25].

A recent in vitro study demonstrated that acetylsalicylic acid produced apoptosis in human co-
lon cancer cell line HT29 in a manner that is dependent on its concentration [26].

A three-year, double-blind, randomized, placebo-controlled trial was conducted with patients
diagnosed with rectal and colon cancer. A total of 314 patients were administered acetylsali-
cylic acid, while 312 received a placebo. The results indicated that acetylsalicylic acid signifi-

cantly reduced the incidence of cancer recurrence compared to the placebo group [27].
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Dysregulation of estrogen receptor alpha, found in about 70% of breast cancers, is key to the
disease initiation and progression. Recent in vitro study suggests that acetylsalicylic acid may
be a potential therapeutic agent for targeting estrogen receptor alpha, particularly in breast can-

cers resistant to tamoxifen [28].

The cytotoxic effects of the novel nano Chitosan-Paracetamol composite were evaluated using
the human colon cancer cell line HCT-29. The findings highlighted the potent biological activ-

ity of the nano composite, effectively inhibiting the proliferation of colon cancer cells [29].

Recent in vitro and in vivo studies on mouse models of adenocarcinoma, hepatocellular carci-
noma, and breast cancer revealed that high doses of vitamin C (ascorbic acid), when combined
with oncolytic adenoviruses, produced notable synergistic antitumor effects, including a signif-

icant increase in the number of T cells [30].

Experiments in vitro on renal carcinoma cell lines and in vivo on.mouse xenograft model
demonstrated that vitamin C treatment enhanced the efficacy of immunotherapy and signifi-
cantly increased the intratumoral infiltration of T cells, suggesting a potential role of vitamin C

in anticancer therapy [31].

The combination of vitamin D and sericin demonstrated significant anticancer effects at low
doses against human non-small cell lung cancer cells. In vitro findings revealed a strong corre-
lation with in silico analyses, highlighting a significant enhancement of apoptosis in lung cancer

cells [32].

A recent study demonstrated that magnetothermodynamic therapy, utilizing a novel vitamin K3
nanoparticle complex with copper, zinc, and ferrite, exhibited anticancer effects both in vitro
and in vivo against lung adenocarcinoma. Complete tumor elimination was achieved in vivo
within 30 days [33]. The synergistic therapy based on vitamin K3 nanoparticles showed signif-
icant anticancer effects by inducing apoptosis, causing tumor regression via reactive oxygen
species (ROS) generation, inhibiting cell proliferation, and reducing metastasis [33].

A randomized controlled trial (2017-2021) involving 101 patients with hepatocellular carci-
noma demonstrated that the combination of vitamin K and transarterial chemoembolization ex-
hibited significant anticancer effects when compared to transarterial chemoembolization alone
[34]. The results demonstrated that vitamin K supplementation enhanced the anticancer effects
of transarterial chemoembolization by reducing the levels of des-y-carboxy prothrombin, a
well-known factor involved in tumor growth and angiogenesis, which is produced in hepato-

cellular carcinoma under hypoxia induced by transarterial chemoembolization [34].
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Lithium, primarily utilized in the medical treatment of psychiatric disorders, exhibits certain
anticancer properties, functioning through mechanisms such as apoptosis, autophagy, cell cycle
arrest, while also inhibiting proliferation, invasion and metastasis [35]. Lithium has shown an-
ticancer activity in vitro against various types of cancer, including myeloma, neuroblastoma,
glioblastoma, skin cancers, gastrointestinal cancers, breast cancer, hepatocellular carcinoma,
lung cancer, nasopharyngeal cancer, pancreatic cancer, prostate cancer, colon cancer, and lym-
phatic tissue cancers. Clinical trials indicate that lithium may enhance anticancer effects when
used alongside standard therapies in leukemia, small cell lung carcinoma, thyroid cancer, pros-

tate cancer, and neuroendocrine tumors [36].

In vivo study conducted on a subcutaneous tumor xenograft model of colorectal carcinoma
demonstrated that treatment with the probiotic strain Lactobacillus plantarum L168 signifi-
cantly reduced tumor volume in tumor-bearing mice [37]. Results demonstrated that Lactoba-
cillus plantarum L168 and its metabolite, indole-3-lactic acid, contributed to preliminary acti-
vation of CD8" T cell immunity against tumor growth and improved the activity of tumor-in-

filtrating CD8" T cells by lowering their cholesterol levels [37].

In a preclinical mouse melanoma model, monotherapy with the probiotic strain Bacteroides
fragilis BF839 led to significant tumor growth inhibition. When combined with anti-PD-1 an-
tibody, it demonstrated a synergistic effect, promoting tumor regression. Furthermore, oral ad-
ministration of BF839 notably enhanced the efficacy of immune checkpoint inhibitors in pa-
tients with advanced solid tumors, particularly in the long-term adjuvant treatment cohort,
which showed significantly improved overall survival compared to those receiving short-term
adjuvant therapy [38]. Using probiotic BF839 to modulate gut microbiota could present a novel
approach to improving the effectiveness of immune checkpoint inhibitors, particularly in long-

term adjuvant tumor treatment [38].

VACCINES

Evidence supporting oncologic applications has been documented for 15 licensed vac-
cines. Ten of these: BCG, influenza, diphtheria, pneumococcus, tetanus, human papillomavirus
(HPV), measles, smallpox, varicella-zoster and typhoid vaccines already have completed or
ongoing clinical evaluations in cancer settings [39]. Among the remaining vaccines, pertussis,
yellow fever, and rotavirus show preclinical activity that justifies structured clinical testing,
while mechanistic data for the cholera vaccine, together with observational findings in colorec-

tal cancer, also supports further translational work. Several observations are of particular
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relevance: intravesical typhoid vaccine outperformed BCG in a preclinical bladder cancer
model; perioperative influenza vaccination may counteract surgery-induced NK-cell suppres-
sion; intratumoral measles vaccine has produced objective responses in cutaneous T-cell lym-
phoma; and HPV vaccination has elicited responses in cutaneous squamous cell carcinoma.
Across these examples, vaccines act by initiating or enhancing anti-tumor immune activity,
with outcomes influenced not only by their immunobiological properties but also by admin-
istration strategies and their integration with other (immuno)therapeutic modalities, which war-
rant closer examination in future studies [39]. In contrast, available evidence for hepatitis B and

mumps (excluding the measles component) remains limited.

Many vaccines, including the COVID-19 vaccine, may selectively target tumor-associ-
ated antigens without affecting healthy cells. Identifying anticancer effects in vaccines already
approved for other indications could significantly reduce both the time and cost of developing
new oncology treatments. Protective efficacy of live-attenuated/ SARS-CoV-2 vaccine was
tested in Syrian golden hamsters and in mice [40]. 14 days after challenge sera from immunized
hamsters and mice had high antibodies and neutralizing capacity. Immunization protected ham-
sters and mice against the virus eliciting neutralizing antibodies and T-cell responses. Spatial
(local) host gene expression near virus-infected sites of top 100 genes in cancer-related path-
ways (mean pathway activity score) such as MAPK, JAK-STAT, TGF-f and TNF-a correlated
with immune response [40].

Recent experiments in tumor-bearing mice demonstrated that SARS-CoV-2 mRNA vac-
cines sensitized tumors to immune checkpoint blockade. Administration of these vaccines
within 100.days of starting checkpoint inhibitors correlated with improved median and three-
year overall survival-across multiple large retrospective patient groups, including patients with
immune non-responsive-tumors. These findings indicated that clinically available mRNA vac-
cines targeting non-tumor antigens acted as potent immune modulators, enhancing tumor re-
sponsiveness to checkpoint inhibition [41].

Research in anticancer treatment includes vaccines, not only well-known, like BCG, but
personalized (based on an individual’s specific characteristics). Immunization with an anti-
cancer vaccine would represent a dream come true. Tailored mRNA cancer vaccine therapy
(modified for specific populations or groups) represents an innovative approach aimed at tar-
geting existing tumors in patients. mRNA vaccine is engineered to elicit an mRNA-mediated
immune response that specifically targets cancer cells. As of 2024, several mRNA cancer vac-

cines are undergoing clinical trials [42].
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Personalized mRNA cancer vaccines constitute an advanced therapeutic modality that
mobilizes the immune system to target malignant cells via tumor-specific antigens. As malig-
nancies evolve, they accrue somatic mutations that generate neoantigens absent in normal tis-
sues. Because these neoantigens are patient-specific, they offer both an opportunity for preci-
sion immunotherapy and a challenge in vaccine development. Clinically, personalized mRNA
vaccines have shown promising outcomes: for example, in gastrointestinal cancers they elicited
neoantigen-specific T cell responses and reduced tumor burden [43], and in late-stage pancre-
atic ductal adenocarcinoma and in non-small-cell lung cancer induced tumor size reduction in
combination with pembrolizumab [44]. Despite this promise, several impediments remain: the
manufacturing workflows are laborious and expensive; mRNA delivery, stability and expres-
sion in vivo require further optimization. To address these issues, investigators are refining an-
tigen-screening methodologies and exploring novel delivery platforms. Looking ahead, mnRNA
tumour vaccines are poised to become integral components of multimodal cancer therapy, com-
plementing surgery, cytotoxic chemotherapy, radiotherapy and immune checkpoint inhibitors.
They offer the potential to expand therapeutic options, improve survival and enhance quality of
life for cancer patients. With continued technological maturation and clinical validation, per-

sonalized mRNA cancer vaccines may become a powerful tool in oncology [45].

New research suggests that oncolytic herpes simplex virus can be repurposed as a cancer
vaccine with removing a virulence gene. Oncolytic viruses cause direct lysis of tumor cells,
resulting in the release of soluble antigens, danger signals, and type I interferons that stimulate
antitumor immune responses. A synergistic effect was observed between a modified oncolytic
herpes simplex virus and a phosphoinositide 3-kinase (PI3K) inhibitor, resulting in suppression
of tumor growth, prolonged survival, and the induction of robust antitumor immunity in a

mouse model of ovarian cancer [46].

CONCLUSION

The fight against cancer can be strengthened through diverse strategies, including drug
repurposing, anticancer agents, and vaccines. In alignment with the principle of 'Primum non
nocere,' all the aforementioned therapeutic approaches and treatments possess the potential to
improve current oncological practices. In conclusion, repurposing approved non-oncological
drugs and vaccines offers a promising strategy for enhancing anticancer treatment outcomes,
particularly as adjunct therapies to improve efficacy and as preventive measures to reduce the

risk of relapse, thus warranting further clinical research to optimize their therapeutic potential.
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We hope that this review will serve as a valuable reference for advancing the clinical application
of repurposed drugs and vaccines anticancer effects, and contribute to the accelerated develop-

ment of combination therapies involving repurposed pharmaceuticals for cancer treatment.
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Abbreviations

ABC - ATP-Binding Cassette

Akt - Protein Kinase B (PKB)

ATG (5, 9A, 12, 13) - Autophagy-Related Genes

Bax - B-Cell Lymphoma 2-Associated X Protein

Bcl-2 - B-Cell Lymphoma 2

Beclinl - Autophagy Related 1

cABL - cytoplasmic Abelson tyrosine kinase

Caspase 3, 8, 9, 12 - Cysteine-Asparatic Proteases

CD31 (PECAM1) - Platelet Endothelial Cell
Adhesion Molecule 1

CD34 - Cluster of Differentiation 34, a protein
marking hematopoietic stem cells

CDKs - Cyclin-Dependent Kinases

COX-2 (PTGS2) - Cyclooxygenase-2

CXC - CXC chemokines, a family of small signaling
proteins, CXC motif refers to the sequence of
cysteine residues in the protein, Cys-X-Cys
arrangement, where X is amino acid

CXCL12 (SDF1) - C-X-C Motif Chemokine Ligand
12, (known as Stromal-Derived Factor 1, SDF1)

CXCR4 - C-X-C Motif Chemokine Receptor 4

Cyclin D1 - a crucial cell cycle protein, drives cell
cycle progression by activating CDKs

Cytochrome C —electron-transporting protein crucial
for cellular respiration and apoptosis

EGFR - Epidermal Growth Factor Receptor

Eps8 - Epidermal Growth Factor Receptor Pathway
Substrate 8

ERK - Extracellular Signal-Regulated Kinase

FAK (PTK2) - Focal Adhesion Kinase

FAS - Fatty Acid Synthase

GLUTS (1-13) - Glucose Transporters

Hedgehog - Hedgehog Signaling Pathway

HES] - Hairy and Enhancer of Split 1 (transcription
factor)

HIFs (HIF-1a, HIF-1§, HIF-2qa, HIF-2§) - Hypoxia-
Inducible Factors (1o, 1. 2a. 2p3)

Hippo - Hippo Signaling Pathway (in cell growth)

IGF-1 - Insulin-Like Growth Factor 1

IL1p - Interleukin 1 Beta

ILs (IL1, IL6, IL8, IL10, IL17) - Interleukins

iNOS - Inducible Nitric Oxide Synthase

IxkB (IKK) - Inhibitor of kB, regulates NF-kB

IKKa, IKKp, IKKY (= NEMO) - IkB Kinase
Subunits (a, B, v)

IkBa - Inhibitor of kB Alpha, protein that regulates
the Nuclear Factor kappa B (NF-kB) pathway

JAK - Janus Kinase

JNK - c-Jun N-terminal Kinase

K13 - Kinesin Family Member 13

KLF4 - Kriippel-Like Factor 4

Ki-67 - Antigen for Monoclonal Antibody Ki-67

LC3 - Microtubule-Associated Protein 1 Light
Chain 3

LEFs - Lymphoid Enhancer-Binding Factors

MAPK - Mitogen-Activated Protein Kinase

Mcl-1 - Myeloid Cell Leukemia-1

MDPRs - Multi-Drug Resistance Proteins

MDR - Multi-Drug Resistance
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MEK - Mitogen-Activated Protein Kinase

mTOR - Mechanistic Target of Rapamycin

MUC2 - Mucin 2

MYC (C-, N-, L-) - Myelocytomatosis Oncogene
(C-, N-, L- Types)

Nanog - Homeobox Transcription Factor Nanog

NF-kB - Nuclear Factor Kappa-Light-Chain-
Enhancer of Activated B Cells

Notch - Notch Receptor Signaling Pathway (in
development and tissue homeostasis)

Nrf2 - Nuclear Factor Erythroid 2-Related Factor 2

Oct4 - Octamer-Binding Transcription Factor 4

p21 - Cyclin-Dependent Kinase Inhibitor 1A

p27 - Cyclin-Dependent Kinase Inhibitor 1B

P2X4, P2X7- P2X Purinoceptor (4, 7)

p38 - Mitogen-Activated Protein Kinase p38

P53 - Tumor Protein P53

p62 - Sequestosome 1 Protein

p63 - Tumor Protein p63, a transcription factor, a
member of the p53 family of tumor-suppressor
proteins

p65 (Rel A) - p65 Subunit of NF-kB (RelA)

p73 - Tumor Protein p73

PAKI1 - p21-Activated Kinase 1

PANXI1 - Pannexin 1

PARPs - Poly(ADP-Ribose) Polymerases

PCNA - Proliferating Cell Nuclear Antigen

PGE2 - Prostaglandin E2

P-gp - P-Glycoprotein (permeability glycoprotein,
also known as ABCB1), a drug efflux pump

PI3K - Phosphoinositide 3-Kinase

PKC - Protein Kinase C

PTEN - Phosphatase and Tensin Homolog

PTK - Protein Tyrosine Kinase

Raf - Rapidly Accelerated Fibrosarcoma Kinase

RAS - Rat Sarcoma Viral Oncogene Homolog

ROS - Reactive Oxygen Species

SMAD - SMAD Family of Proteins (involved in
TGF-f signaling)

Sox2 - SRY (Sex-Determining Region Y)-Box
Transcription Factor 2

STATSs - Signal Transducers and Activators of
Transcription

TCFs - T-Cell Factors (transcription factors in Wnt
signaling)

TGF-a, TGF-B - Transforming Growth Factor (a, )

TLRs - Toll-Like Receptors

TNF - Tumor Necrosis Factor

TNF-a - Tumor Necrosis Factor Alpha

TRAIL - TNF-Related Apoptosis-Inducing Ligand

VDR - Vitamin D Receptor

VEGF - Vascular Endothelial Growth Factor

VEGFR - Vascular Endothelial Growth Factor
Receptor

Wnt - Wingless-Int Family

YAP - Yes-Associated Protein (in Hippo signaling)

p-catenin - Beta-Catenin (Cadherin-Associated
Protein), in Wnt signaling pathway and cell
adhesion
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Table 1. Selected newer examples of drug repurposing for cancer therapy

Type of cancer cells tested (in order of incidence) as promising new therapeutic indication
Pharm. class / Various /
Drug Name | Breast | Lung | Colon | Prostate | Melanoma | Leukemia | Liver | Pancreatic | Ovarian | Kidney | Endocrine | Brain | Glioblastoma | Neuroblastoma Cervical other
cancer
Anti-diabetics
Metformin + + + + + +
Gliclazide + + + + + +
Anti-helmintics
Ivermectin + + + +
Flubendazole + + + + + + +
Anti-malarial
Chloroquine | + | + + +
Anti-fungal
Itraconazole + + +
Clotrimazole + + +
Antibiotics
Doxycycline + + +
Minocycline + + +
Ciprofloxacin + + + + +
Antiviral
Ritonavir + + + +
Nelfinavir + + +
Acyclovir + +
Ribavirin + + + +
Cidofovir + +
Beta-blockers
Propranolol + + + + + + + + + +
Carvedilol + + + + + +
Antihyperlipidemics
Simvastatin + + + +
Fenofibrate + +
Angiotensin receptor blockers
Losartan + + + + + +
Candesartan + + + +
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Type of cancer cells tested (in order of incidence) as promising new therapeutic indication

Pharm. class / Various /

Drug Name | Breast | Lung | Colon | Prostate | Melanoma | Leukemia | Liver | Pancreatic | Ovarian | Kidney | Endocrine | Brain | Glioblastoma | Neuroblastoma Cervical other
cancer

ACE inhibitors

Captopril + + + +

Enalapril +

Direct vasodilators

Minoxidil + +

Hydralazine + + + +

Potassium K* channel inhibitors

Glipalamide + + + +

Verapamil + + + + + +

Calcium channel blockers

Mibefradil + + + +

Nifedipine + +

Immunosuppressive

Rapamycin + l | | +

Nonsteroidal antiinflammatory drugs (NSAID)

Ac.etylsalicylic + + + + A iy +

acid

Diclofenac + + + + + + + +

Celecoxib + + + + + +

Etoricoxib + + + +

Antipsychotic

Haloperidol | | | | J + +

Anti-epileptic

Lamotrigine I + I | r j +

Mood stabilizer

Lithium | |+ ] - [+ ] + + +
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