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SUMMARY
The potential of repurposing already approved and registered non-oncological drugs and vaccines for the 
development 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, necrop-
tosis, ferroptosis, autophagy, and aerobic glycolysis) by targeting the same upstream or downstream 
molecular biomarkers and signaling pathways, in the same anticancer direction. Beyond individual 
agents, combinations of repurposed drugs and vaccines are of greater interest for investigation, 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 possible impact on official clinical treatment guidelines. This review aims to present current reports 
of drugs and vaccines repurposed for anticancer treatment.
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INTRODUCTION 

The standard oncological treatment regimen, 
as defined in the regularly updated Clinical 
Practice Guidelines and implemented globally, 
typically includes surgery, radiation therapy, 
chemotherapy, 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 man-
agement, supportive care, and addressing com-
plications related to cancer or its treatments, 
such as those arising during radiotherapy or 
chemotherapy. Drug and vaccine repurposing 
in cancer treatment explores the potential of 
previously approved, affordable, and less toxic 
or less expensive pharmaceuticals as new weap-
ons in the fight against cancer [1, 2].

DRUG REPURPOSING

Many pharmaceuticals, originally developed for 
non-cancer conditions, now demonstrate sig-
nificant potential as cost-effective and less toxic 
supportive therapies in oncology. Examples of 
such medications include metformin, iver-
mectin, chloroquine, itraconazole, some an-
tibiotics, ribavirin, propranolol, simvastatin, 
fenofibrate, acetylsalicylic acid, diclofenac, ce-
lecoxib, omeprazole, caffeine, disulfiram, ur-
sodeoxycholic acid (UDCA), 2-deoxyglucose, 

melatonin, vitamin D3, lithium, haloperidol, 
COVID-19 vaccine, etc. Selected newer ex-
amples of drug repurposing for cancer therapy 
are presented in Table 1. Clinical trials are cur-
rently underway with some of these repurposed 
medications, which have shown encouraging 
anticancer effects [1, 2]. 

A large number of the aforementioned reg-
istered non-oncological drugs modulate key 
cancer-associated processes (proliferation, 
neoangiogenesis, aerobic glycolysis, multidrug 
resistance, apoptosis, necroptosis, pyroptosis, 
ferroptosis, autophagy) by acting in the same 
anticancer direction on overlapping molecu-
lar targets / biomarkers, such as (abbreviations 
used: tumor promoter (P), tumor suppressor 
(S); effects on other targets: stimulation /, in-
hibition \):

1) Transcription factors: NF-κB 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), HES1, 
K13, MUC2 (P), VDR – vitamin D receptor (S), 
Hippo \ YAP (P), TCFs (P), LEFs (P);

2) Cell cycle proteins: Cyclin D1 (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 cascade proteins: MDR 
(MDPRs, MRP1–7, P-gp tyrosine kinase) (P), 
IκB (P), Hedgehog (P), ABC (P), PKC (P, S), 
JAKs (P), Wnt / β-catenin (P), ILs (IL1, IL6, 
IL8, IL10, IL17) (P), IGF-1 (P), PTEN (S), Eps8 
(P);
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Table 1. Selected newer examples of drug repurposing for cancer therapy 

Pharm. class /
drug name

Type of cancer cells tested (in order of incidence) as promising new therapeutic indication
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Anti-diabetics
Metformin + + + + + +
Gliclazide + + + + + +
Antihelmintics
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 + + + +
ACE inhibitors
Captopril + + + +
Enalapril +
Direct vasodilators
Minoxidil + +
Hydralazine + + + +
Potassium K+ channel inhibitors
Glipalamide + + + +
Verapamil + + + + + +
Calcium channel blockers
Mibefradil + + + +
Nifedipine + +
Immunosuppressive
Rapamycin + +
Nonsteroidal anti-inflammatory drugs (NSAID)
Acetylsalicylic acid + + + + + + +
Diclofenac + + + + + + + +
Celecoxib + + + + + +
Etoricoxib + + + +
Antipsychotic
Haloperidol + +
Anti-epileptic
Lamotrigine + +
Mood stabilizer
Lithium + + + + + +
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  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 (ATG5,  
ATG9A, ATG12, ATG13) (P, S), LC3 (S), Beclin1 (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-α (P), PGE2 (P);

  8) Angiogenesis and tumor microenvironment-asso-
ciated proteins: CD31 (= PECAM1) (P), CD34 (P), HIFs 
(HIF-1α, HIF-1β, HIF-2α, HIF-2β) (P), VEGF / VEGFR 
(P), MEK / ERK (P), CXC (P), CXCL12 (= 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-β 
/ SMAD (P);

11) Membrane receptors: PANX1 (P), P2X4 (P), P2X7 (P); 
12) Membrane-bound proteins (transcription factors) 

shuttling between the cytoplasm and nucleus: Notch (P);
13) Oncogene addiction targets: PTK (P), MYC (C-, 

N-, L-) (P), cABL (P). 
Also, the aforementioned drugs modulate various sig-

naling pathways in the same anticancer direction. A sig-
nificant proportion of anticancer signaling pathways are 
functionally linked to NF-κB signaling, either upstream, 
downstream, or directly [3] (symbols used for effects on 
other targets: stimulation /, inhibition \): IκB (IKK)/NF-
κB/STAT3\apoptosis; EGFR/RAS/Raf/p38/MAPK/MEK/
ERK/Akt/mTOR/NF-κB/P-gp (MDPR); PI3K/Akt/JNK/
IκBα/NF-κB/P-gp; TGF-α/PI3K/Akt/mTOR/HIF/IκBα/
NF-κB/HIF/VEGF; PI3K/PKC/NF-κB…; STAT3/PI3K/Akt 
/…/NF-κB…; p38/MAPK/PI3K/Akt/…/NF-κB …; p38/
MAPK/JNK/ERK/Akt/IκBα/NF-κB…; TNF/IκB (IKKα, 
IKKα, IKKγ = NEMO)/NF-κB…; IL1/IκB/NF-κB…; TLRs/
IκB/NF-κB…; TLRs/IL1/IκB/NF-κB…; TLR4/TNF-α, IL1α/
IκB/NF-κB…; TLRs/p38/MAPK/PI3K/Akt/…/NF-κB…; 
TLRs/p38/MAPK/ERK/Akt/IκBα/NF-κB…; PANX1/ILs/
NF-κB…; P2X4, P2X7/ROS/…/NF-κB. Non-oncological 
agents such as mebendazole, deoxycholic acid, and folinic 
acid stimulate NF-κB, 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 effica-
cy without increasing toxicity, potentially offering synergis-
tic anticancer regimens. The overlap in anticancer targets 
justifies parallel rescue and dose–response experiments.

Among antidiabetic medications, metformin may dem-
onstrate anticancer properties, potentially inhibiting can-
cer 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 fibro-
sarcoma in hamsters, without inducing observable toxicity. 
Importantly, the administered 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 syn-
ergistically against cancer cells through NF-κB inhibition 
was successfully tested in rescue experiments by adding 
an NF-κB stimulator, such as mebendazole or deoxycho-
lic acid, to these combinations in order to abrogate the 
anticancer effects and ‘rescue’ tumor growth. Therefore, 
the use of metformin in combination with caffeine, di-
sulfiram, nitroglycerin, itraconazole, or diclofenac may 
represent a promising and safe adjuvant anticancer ap-
proach, warranting further clinical investigation [6–12]. 
We anticipate that the therapeutic efficacy of metformin, 
when combined with anticancer therapies, will exceed that 
of the same therapies administered without metformin. It 
is our expectation that such strategies will provide 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 de-
creased tumor hypoxia and improved the cervical cancer 
response to radiation [14].

An in vitro investigation on repurposed pharmaco-
logical 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 commonly used in the treatment 
of various cardiovascular conditions, as a promising and 
cost-effective therapeutic option for colorectal cancer treat-
ment, identifying T cells as its primary target [16]. Oral 
administration of propranolol has been shown to delay 
tumor progression and improve survival rates of tumor-
bearing mice in fibrosarcoma and colon cancer models. 
Propranolol inhibited tumor angiogenesis and promoted 
T cell infiltration. A recent study identified propranolol 
as an immunomodulatory agent, suggesting its potential 
to enhance immunotherapies with checkpoint inhibitors 
in patients with soft tissue sarcoma, and possibly in other 
cancer types [17]. 

An in vitro study demonstrated that propranolol (non-
selective β1/2-adrenergic receptor blocker) and selective 
β2-adrenergic receptor blockers induced apoptosis in hu-
man colorectal carcinoma HCT116 cells following radiation 
treatment. Furthermore, β2-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 
outcomes of colorectal cancer after radiotherapy [18].

New repurposed pharmaceuticals anticancer treatments
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A recently identified novel class of ciprofloxacin–ami-
no acid conjugates has demonstrated significant 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 
anticancer agents through appropriate derivatization in 
easy synthetic processes [19].

Itraconazole demonstrated promising properties as an 
anticancer agent and may be a potent adjuvant to immu-
notherapy for endometrial cancer [20]. Antifungal drug 
itraconazole in vitro effectively inhibited the proliferation 
and invasion of Ishikawa cells by inducing apoptosis. In 
vivo experiments on tumor-bearing mice further con-
firmed its synergistic potential in combination with im-
mune checkpoint inhibitors: tumor volume and weight 
were significantly reduced [20]. 

A recent study highlighted the anticancer effects of 
antihistamine loratadine on lung adenocarcinoma cells, 
both in vitro and in vivo. Loratadine inhibited cell pro-
liferation, increased autophagy and apoptotic cell death. 
In the mouse model, loratadine reduced tumor growth 
and angiogenesis, while promoting autophagy and apop-
tosis. These findings suggest that loratadine may serve as 
a potential therapeutic agent for inhibiting lung adeno-
carcinoma progression, warranting further investigation 
[21]. A retrospective study involving 4522 patients with 
lung cancer during the 2006–2018 period demonstrated a 
positive correlation between loratadine administration 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 in-
cluded 734 patients with immunogenic tumors revealed 
that patients treated with cationic amphiphilic antihista-
mines desloratadine, cyproheptadine, and ebastine exhib-
ited significantly improved median overall survival and 
progression-free survival, along with a nearly 50% reduc-
tion 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 outcomes, including improved survival rates. 
These results strongly suggest the potential benefit of us-
ing 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, suggesting 
its potential for future application in cancer therapy [25].

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

A three-year, double-blind, randomized, placebo-con-
trolled trial was conducted with patients diagnosed with 

rectal and colon cancer. A total of 314 patients were admin-
istered acetylsalicylic acid, while 312 received a placebo. 
The results indicated that acetylsalicylic acid significantly 
reduced the incidence of cancer recurrence compared to 
the placebo group [27].

Dysregulation of estrogen receptor alpha, found in 
about 70% of breast cancers, is key to the disease initia-
tion and progression. A recent in vitro study suggests that 
acetylsalicylic acid may be a potential therapeutic agent 
for targeting estrogen receptor alpha, particularly in breast 
cancers 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 activity of the nano composite, effec-
tively inhibiting the proliferation of colon cancer cells [29]. 

Recent in vitro and in vivo studies on mouse models 
of adenocarcinoma, hepatocellular carcinoma, and breast 
cancer revealed that high doses of vitamin C (ascorbic 
acid), when combined with oncolytic adenoviruses, pro-
duced notable synergistic antitumor effects, including a 
significant increase in the number of T cells [30]. 

Experiments in vitro on renal carcinoma cell lines and in 
vivo on a mouse xenograft model demonstrated that vita-
min C treatment enhanced the efficacy of immunotherapy 
and significantly increased the intratumoral infiltration of 
T cells, suggesting a potential role of vitamin C in antican-
cer therapy [31].

The combination of vitamin D and sericin demon-
strated significant anticancer effects at low doses against 
human non-small cell lung cancer cells. In vitro findings 
revealed a strong correlation with in silico analyses, high-
lighting a significant enhancement of apoptosis in lung 
cancer cells [32].

A recent study demonstrated that magnetothermody-
namic therapy, utilizing a novel vitamin K3 nanoparticle 
complex with copper, zinc, and ferrite, exhibited anticancer 
effects both in vitro and in vivo against lung adenocarci-
noma. Complete tumor elimination was achieved in vivo 
within 30 days [33]. The synergistic therapy based on vi-
tamin K3 nanoparticles showed significant anticancer ef-
fects 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 carcinoma demonstrated 
that the combination of vitamin K and transarterial che-
moembolization exhibited significant anticancer effects 
when compared to transarterial chemoembolization alone 
[34]. The results demonstrated that vitamin K supplemen-
tation enhanced the anticancer effects of transarterial che-
moembolization by reducing the levels of des-γ-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].

Lithium, primarily utilized in the medical treatment of 
psychiatric disorders, exhibits certain anticancer proper-
ties, functioning through mechanisms such as apoptosis, 
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autophagy, cell cycle arrest, while also inhibiting prolif-
eration, invasion and metastasis [35]. Lithium has shown 
anticancer activity in vitro against various types of cancer, 
including myeloma, neuroblastoma, glioblastoma, skin 
cancers, gastrointestinal cancers, breast cancer, hepatocel-
lular carcinoma, lung cancer, nasopharyngeal cancer, pan-
creatic cancer, prostate cancer, colon cancer, and lymphatic 
tissue cancers. Clinical trials indicate that lithium may 
enhance anticancer effects when used alongside standard 
therapies in leukemia, small cell lung carcinoma, thyroid 
cancer, prostate cancer, and neuroendocrine tumors [36]. 

An in vivo study conducted on a subcutaneous tumor 
xenograft model of colorectal carcinoma demonstrated 
that treatment with the probiotic strain Lactobacillus plan-
tarum L168 significantly reduced tumor volume in tumor-
bearing mice [37]. Results demonstrated that Lactobacillus 
plantarum L168 and its metabolite, indole-3-lactic acid, 
contributed to preliminary activation of CD8+ T cell im-
munity against tumor growth and improved the activity 
of tumor-infiltrating CD8+ T cells by lowering their cho-
lesterol 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 antibody, it demonstrated a synergistic 
effect, promoting tumor regression. Furthermore, oral 
administration of BF839 notably enhanced the efficacy of 
immune checkpoint inhibitors in patients with advanced 
solid tumors, particularly in the long-term adjuvant treat-
ment cohort, which showed significantly improved overall 
survival compared to those receiving short-term adjuvant 
therapy [38]. Using the probiotic BF839 to modulate gut 
microbiota could present a novel approach to improving 
the effectiveness of immune checkpoint inhibitors, particu-
larly in long-term adjuvant tumor treatment [38].

VACCINES

Evidence supporting oncologic applications has been docu-
mented for 15 licensed vaccines. Ten of these: BCG, influ-
enza, diphtheria, pneumococcus, tetanus, human papilloma-
virus (HPV), measles, smallpox, varicella-zoster and typhoid 
vaccines already have completed or ongoing clinical evalua-
tions 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 colorectal cancer, also support further transla-
tional work. Several observations are of particular relevance: 
intravesical typhoid vaccine outperformed BCG in a pre-
clinical bladder cancer model; perioperative influenza vac-
cination may counteract surgery-induced NK-cell suppres-
sion; intratumoral measles vaccine has produced objective 
responses in cutaneous T cell lymphoma; and HPV vac-
cination 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 administration 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-associated antigens without affect-
ing 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 a live-attenuated SARS-
CoV-2 vaccine was tested in Syrian golden hamsters and 
in mice [40]. Fourteen days after challenge, sera from im-
munized hamsters and mice had high antibody levels and 
neutralizing capacity. Immunization protected hamsters 
and mice against the virus eliciting neutralizing antibodies 
and T cell responses. Spatial (local) host gene expression 
near virus-infected sites of the top 100 genes in cancer-
related pathways (mean pathway activity score) such as 
MAPK, JAK-STAT, TGF-β and TNF-α correlated with the 
immune response [40].

Recent experiments in tumor-bearing mice demonstrat-
ed that SARS-CoV-2 mRNA vaccines 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 
vaccines targeting non-tumor antigens acted as potent 
immune modulators, enhancing tumor responsiveness to 
checkpoint inhibition [41]. 

Research in anticancer treatment includes vaccines, not 
only well-known ones, like BCG, but also personalized 
ones (based on an individual’s specific characteristics). 
Immunization with an anticancer vaccine would represent 
a dream come true. Tailored mRNA cancer vaccine therapy 
(modified for specific populations or groups) represents 
an innovative approach aimed at targeting existing tumors 
in patients. An mRNA vaccine is engineered to elicit an 
mRNA-mediated immune response that specifically targets 
cancer cells. As of 2024, several mRNA cancer vaccines are 
undergoing clinical trials [42].

Personalized mRNA cancer vaccines constitute an ad-
vanced therapeutic modality that mobilizes the immune 
system to target malignant cells via tumor-specific anti-
gens. As malignancies evolve, they accrue somatic muta-
tions that generate neoantigens absent in normal tissues. 
Because these neoantigens are patient-specific, they offer 
both an opportunity for precision immunotherapy and a 
challenge in vaccine development. Clinically, personalized 
mRNA vaccines have shown promising outcomes: for ex-
ample, in gastrointestinal cancers they elicited neoantigen-
specific T cell responses and reduced tumor burden [43], 
and in late-stage pancreatic 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, 

New repurposed pharmaceuticals anticancer treatments
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stability and expression in vivo require further optimiza-
tion. To address these issues, investigators are refining 
antigen-screening methodologies and exploring novel 
delivery platforms. Looking ahead, mRNA tumor vaccines 
are poised to become integral components of multimodal 
cancer therapy, complementing surgery, cytotoxic chemo-
therapy, 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, personalized 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 by 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 antitu-
mor 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 di-
verse 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 im-
prove current oncological practices. In conclusion, repur-
posing approved non-oncological drugs and vaccines offers 
a promising strategy for enhancing anticancer treatment 
outcomes, particularly as adjunct therapies to improve ef-
ficacy and as preventive measures to reduce the risk of re-
lapse, thus warranting further clinical research to optimize 
their therapeutic potential. We hope that this review will 
serve as a valuable reference for advancing the clinical ap-
plication of the anticancer effects of repurposed drugs and 
vaccines, and contribute to the accelerated development 
of combination therapies involving repurposed pharma-
ceuticals for cancer treatment.
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САЖЕТАК
У раду се приказује потенцијал пренамењених већ одо-
брених и регистрованих неонколошких лекова и вакцина 
за развој нових антиканцерских терапија. Велики број ре-
гистрованих неонколошких лекова и вакцина модулише 
кључне процесе повезане са канцером (као што су неоан-
гиогенеза, апоптоза, некроптоза, фероптоза, аутофагија и 
аеробна гликолиза), делујући на исте усходне или нисходне 
молекуларне мете, биомаркере и сигналне путеве, у истом 
антиканцерском правцу. Осим појединачних, за испитива-
ње су много интересантније комбинације пренамењених 

лекова и вакцина где може бити откривено синергистич-
ко антиканцерско деловање. Неки пренамењени лекови 
и вакцине се истичу као потенцијални кандидати за мање 
токсичне, ефикасније и приступачније терапије канцера, 
са потенцијалом за даља клиничка истраживања и могу-
ћим утицајем на званичне клиничке смернице лечења. 
Овај преглед има за циљ да представи резултате најновијих  
истраживања неонколошких лекова и вакцина пренамење-
них за лечење канцера.
Кључне речи: антиканцерска терапија; пренамењени ле-
кови; вакцине
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