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1. Abstract
Cancer is a prime public health burden that accounts for approxi-
mately 9.9 million deaths worldwide. Despite recent advances in 
treatment regimen and huge capital investment in the pharmaceuti-
cal sector, there has been little success in improving the chances of 
survival of cancer patients. Drug repurposing sometimes-termed 
drug repositioning is a strategy of discovery and redeveloping 
existing drugs for new therapeutic purposes. This novel approach 
is highly efficient, considerably cuts research and development 
costs, reduces the drug development timeline, maximizes thera-
peutic value and consequently increases success rate with mini-
mum risk of failure. In this review, prioritizing drug repurposing to 
activate immune and inflammatory responses to target tumor cells 
through immune surveillance mechanism is a promising strategy 
for cancer immunotherapy. Cancer immunotherapy cover myriad 
of therapeutic approaches as cytokine therapy, immune checkpoint 
blockade therapy, cancer vaccines, natural killer cells, adoptive T 
cell therapies, monoclonal antibodies, oncolytic viruses, compu-
tational approach and host of others. In the current pipeline, drug 
repurposing is devoid of adequate funding and the necessary le-
gal support for research and development by stakeholders. At the 
moment, immunotherapy strategies combine with computational 
biology could be considered the new milestone in drug re-profiling 
for cancer treatment.

2. Introduction
Cancer has been a major public health concern [19], being the 

second leading cause of death globally, and is responsible for an 
estimated 9.9 million deaths in 2020, with a projection of about 
29.4 million new infections by 2024. The rising case of cancer in-
cidence around the globe has placed a great burden on the world’s 
economic, thereby, negatively affecting the survival rate among 
cancer patients, due to high costs in cancer treatment, putting many 
cancer treatments out of reach of patients and imposing strains on 
local health systems [33].

Recently, the use of cancer immunotherapy in the treatment of can-
cer has brought significant improvements in terms of survival and 
quality of life to cancer patients compared to other treatment ap-
proaches such as chemotherapy, radiotherapy, and surgery [7], due 
to its high success rate in clinical medicine [29]. However, many 
pharmaceutical industries have been faced with undesired chal-
lenges due to high failure rates during discoveries and production 
of new cancer therapeutic drugs (due to limited tumor specifici-
ty, immune related adverse effect, cost of production, etc.) which 
could not meet with the high demand of therapeutic drugs, these 
has made it crucial to explore new novel approach of drug repur-
posing in cancer immunotherapy which can serve as an alternative 
in cancer treatment using already approved drug agents [19, 29, 
30]. 

Drug repurposing is a strategy of identifying and exploring new 
therapeutic potentials of existing or already approved drugs, be-
yond the scope of their original use in the treatment of new or ex-
isting diseases [21, 23]. For a better mastery of drug repurposing, 
knowledge of disease mechanisms and the identification of new 
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drug candidates is necessary. These can be achieve by combining 
both computational and experimental approaches involved in this 
process [23]. The novel computational approach in drugs repur-
posing takes different approaches, these includes: the target based, 
drug based and disease based approach [36, 46].

The unending spike in the database (genomic, proteomic, clinical, 
literature, and chemical structures) of knowledge available on the 
pharmacodynamics, pharmacokinetics, bioavailability, and toxici-
ties of these drugs is crucial in the establishment of a well-defined 
protocols and dosing in drug repurposing process and clinical tri-
als, these aid in optimizing the high cost, risk, and time involved, 
when compared to the traditional de novo approach of drug dis-
covery [33, 36]. 

3. Immunotherapy to Treat Cancer
Exploiting the immune system in a way to target and destroy tumor 
cells has been the focus of research in cancer immunotherapy. Dur-
ing cancer invasion into a healthy tissue, immune and inflamma-
tory responses are exert in a way to eliminate tumor cells through 
immune surveillance mechanism [25]. This serve as a monitoring 
mechanism system that targets surface antigens expressed on tu-
mor cells, thereby elimination them from the body [32], showing 
the critical role played by monoclonal antibodies during the dis-
ease progression.

The use of immunotherapy as a regime to treat cancer has been 
given an optimal attention in recent times [37], and has stirred up 
a new and appealing stratagem in the treatment of cancer by en-
hancing the body’s antitumor immune functions which leads to 
the destruction and death of the tumor cells. This approach has 
revolutionized the treatment of cancer among other models used, 
which include surgery, chemotherapy, radiotherapy and hormonal 
therapy.

4. Some Approaches in Cancer Immunotherapy
Immunotherapy in the treatment of tumor cells takes several ap-
proaches, this includes oncolytic viruses, cytokine therapy, cancer 
vaccines, natural killer cells, adoptive T cell therapies, monoclonal 
antibodies, and immune checkpoint blockade therapy etc., [9]. 

5. Cytokines Therapy 
Cytokines, such as interferons, interleukins, lymphokines, mo-
nokines, chemokines, and growth factors, are cell-signaling mole-
cules functioning as paracrine mediators that are produce naturally 
by numerous cell types [6, 25]. The immune cell activation proper-
ties (antiproliferative or pro-apoptotic activity and cytotoxic activ-
ity) of some of these cytokines have been investigate in oncology 
as a potential drug to resuscitate the body’s immune system against 
tumor progression [9]. 

The antitumor activity of cytokines was first described by Ion 
Gresser and Chantal Bourali using the example of recombinant 
murine IFN-α in 1970. However, despite the promise on cytokines 

as anti-tumor agent, IL-2 and IFN-α are the only two cytokines 
that has so far been approved by the Food and Drug Administra-
tion (FDA), showing mild clinical benefit by different studies [2, 
9].

5.1. Oncolytic Viruses therapy

Oncolytic virus therapy (Oncolysis) is a novel approach that was 
develop in the treatment of cancer due to its ability to selective-
ly replicate in cancer cells thereby causing tumor cell death [9, 
36]. In this approach, the viral genome is modified in a way that 
will alter its virulence leading to an increase in anti-tumor activity. 
Promoters can be added into viral genes to reduce or delete the 
genes expressing pathogenicity [6, 7]. Also, some oncolytic virus 
expresses GM-CSF to enhance the production of granulocytes and 
monocytes that can stimulate cytokines production, required for 
T-cell activation and programmed to identify cancer cells in the 
body [8]. Although, from the clinical point of view, this approach 
is still at the infancy stage due to the possibility of some wild type 
virus to cause some adverse effect during replication in normal 
tissues [13].

Viruses such as adenoviruses, herpes viruses, measles viruses, 
coxsackie viruses, polioviruses, reoviruses, poxviruses, and New-
castle disease viruses, among others viruses have undergone some 
level of clinical studies as an antiviral agent [8, 13]. Among these 
viruses, herpes simplex-1 virus (HSV1) named “T-VEC again the 
resent approval by the FDA in 2015 to treat advanced melanoma. 
This virus was modified to express GM-CSF which further stimu-
lates proliferation of the immune cells [6, 8]. 

However, the immune response exerted on the viral antigen has 
created some setback in this approach, reducing the effectiveness 
of the virus. This can be overcome by methods that prevent the 
virus from being recognized as an antigen. The process of using 
DCs, MSCs, T-cells, and cytokine-induced killers (CIKs) as host 
cell to load the virus or by modifying the viral genome genetically 
can protect the virus against immune neutralization [6].

6. Cancer Vaccines
Therapeutic vaccines are used in stimulating the immune system to 
fight and eliminate cancer cells from the body. They have the po-
tential to recognize tumor antigens and augment antitumor T-cell 
responses against numerous cancer types [9, 39]. These vaccines 
are either dendritic Cell (DC) based vaccine; specialized in activat-
ing the immune system with targeted T cells to elicit an immune 
response against cancer cells (this helps in breaking the tumor tol-
erance that exist) [6], peptide-based vaccine or tumor cell-based 
vaccine, each exerting its own unique advantages and disadvantag-
es. Clinical investigation on DNA-based, and nanocarrier-based 
vaccines are still under investigation [25].

The immune system is the first target of the therapeutic vaccine, 
this leads to an increase in attack on the cancer cells [47]. The 
validity of a target for a therapeutic cancer vaccine depends on the 
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ability of a tumor cell to process the Tumor-Associated Antigen 
(TAA) expressed by the vaccine in the context of a peptide‒Major 
Histocompatibility Complex (MHC) for T-cell recognition or on 
the surface of the tumor cell for B-cell recognition [39].

6.1. Adoptive T cell Therapies 

Adoptive T Cell Therapy is another type of immunotherapy that 
involves ex vivo manipulation of patient’s T cells to initiate the 
expression of Chimeric Antigen Receptors (CARs) by genetic en-
gineering [34], followed by the passive transfer of these cells into 
a lymphodepleted host. This leads to the production of a robust im-
mune-mediated anti-tumor response of the T cells which recognize 
and attack tumor cells [37, 42].

This approach of genetically engineering T cells with chimeric 
receptors has shown remarkable effectiveness in the treatment of 
some hematological malignancies. However more clinical research 
need to be conducted to improve the efficacy of this approach [26].

6.2. Immune Checkpoint Blockade Therapy

Immune checkpoint inhibitors (ICIs) are monoclonal antibodies 
that inhibit factors that suppress T-cell function, by triggering the 
destruction and eradication of tumor cells. This approach acts by 
inhibiting several pathways use by tumor to escape immune sur-
veillance. This aid in the down regulation of immune cells, thereby 
enhancing T cell activity, which ultimately results in increase in 
antitumor immunity [36]. Cytotoxic T-lymphocyte-associated pro-
tein 4 (CTLA-4), programmed cell death 1 (PD-1), [9, 47] are the 
most studied checkpoints receptor so far [1]. 

CTLA-4 is express on T cells and regulates the early activation 
of T-cells. It counteracts the activity of the T-cell costimulatory 
receptor CD28 by competing for its ligands B7.1 (CD80) and 
B7.2, thereby suppressing T cells activity. Ipilimumab is an an-
ti-CTLA-4 antibody approved by FAD which blocks of CTLA-4 
activity, resulting in prolonged T-cell activation, proliferation, and 
anti-tumor response [6, 36]. Similarly, PD-1 binds to programmed 
death ligands 1 and 2 (PDL1 and PD-L2), resulting in the down 
regulation of T-cell activity which cause a reduction in cytokine 
production and T-cell survival. This checkpoint receptor can be 
target-using Pembrolizumab [6, 44].

Immunomodulatory antibodies has demonstrated an effective an-
ti-tumor response by targeting inhibitory T cell receptors in the 
treatment of various cancer type due to its long lasting treatment 
response in some patients [9]. Several drugs showing a positive 
result in clinical trial have been approved by FDA for treating var-
ious cancer diseases, these includes drugs like ipilimumab, pem-
brolizumab, nivolumab, and durvalumab [24].

6.3. Computational approaches in drug repurposing 

Drug repositioning rely on data from existing drugs and diseases, 
the growth of publicly available biological, biomedical, and elec-
tronic health-related data along with the high-performance com-

puting capabilities have accelerated the development of computa-
tional drug repositioning approaches. Multidisciplinary research-
ers have carried out numerous attempts, with different degrees of 
efficiency and success to computationally study the potential of 
repositioning drugs to identify alternative drug indications [20]. 

This strategy heavily relay on the wealth of large-scale genomic 
and proteomic data available, as well as data of small molecular 
compounds. It aids in timely and cost effectiveness in the pro-
duction of new therapeutic agents for new or an existing disease 
through the utilization of a systematic drug-target-disease combi-
nation [15]. 

Computational approach in cancer drug repurposing has been 
successful through molecular docking, transcriptional signature, 
network analysis, data mining, machine learning and similarity 
analysis approaches

6.4. Drug repurposing approach to identify inhibitors of sig-
nalling pathway

Identification of molecular pathways that are deregulate in cancer 
will not only elucidate underlying tumorigenic mechanisms, but 
may also help to determine the classes of drugs that are used for 
treatment [11]. There is the need for novel efficacious and cost-ef-
fective strategies to identify efficacious modulators of oncogenic 
pathways in cells, the signatures associated with oncogenic activa-
tion of molecular pathways may offernew opportunities for target-
ed therapeutics discovery in cancer [4].

Expression signatures can be associated with oncogenic mutations 
and deregulated in tumours to predict the status of oncogenic sig-
nalling pathways that can be used to explore the biological basis 
underlying the differential patterns of expression [10]. Gene ex-
pression phenotypes have the potential to characterize the complex 
genetic alterations that typify the neoplastic state, whether in vitro 
or in vivo, in a way that truly reflects the complexity of the regula-
tory pathways that are affected [17].

 Linking pathway deregulation with sensitivity to therapeutics 
that target components of the pathway provides an opportunity 
to make use of these oncogenic pathway signatures to guide the 
use of targeted therapeutics [3]. All successful cancer therapies 
are limited by the development of drug resistance. The increase 
in the understanding of the molecular and biochemical bases of 
drug efficacy has also facilitated studies elucidating the mecha-
nism(s) of drug resistance. Experimental approaches that can help 
predict the eventual clinical drug resistance, coupled with the evo-
lution of systematic genomic and proteomic technologies, are rap-
idly identifying novel resistance mechanisms [12]. Resistance to 
chemotherapy and molecularly targeted therapies is a major prob-
lem facing current cancer research. The mechanisms of resistance 
to ‘classical’ cytotoxic chemotherapeutics and to therapies that 
are designed to be selective for specific molecular targets share 
many features, such as alterations in the drug target, activation of 
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pro-survival pathways and ineffective induction of cell death [16]. 

Recent advances in computational biology suggest that any per-
turbation to the transcriptional programme of the cell can be sum-
marised by a proper ‘signature’ a set of genes combined with a 
pattern of expression. Therefore, it should be possible to generate 
proxies of clinicopathological phenotypes and drug effects through 
signatures acquired [19].

Although the knowledge and technology of human diseases have 
developed substantially, the translation of these benefits into ther-
apeutic innovations has been far slower than expected [25]. To 
solve this problem, drug repurposing (also known as drug repo-
sitioning, re-tasking or re-profiling) has emerged as an attractive 
and pragmatic way offering minimum risks failure, maximizes the 
therapeutic value of a drug and consequently increases the success 
rate [37].

In the past, drug repurposing has been largely accidental and ser-
endipitous. The most successful examples so far have not involved 
a systematic approach. Nowadays, the boom of drugs, diseases and 
bioinformatics knowledge is offering great opportunities for de-
signing novel drug repurposing approach [25].

Drug repurposing strategies uses a cost-effective way offers a rare 
opportunity for the treatment of human neoplastic disease, facili-
tating rapid clinical translation. With an increased understanding 
of the hallmarks of cancer and the development of various da-
ta-driven approaches, drug repurposing further promotes the ho-
listic productivity of drug discovery and reasonably focuses on 
target-defined antineoplastic compounds [48]. The availability of 
several established clinical drug libraries and rapid advances in 
disease biology, genomics and bioinformatics has accelerated the 
pace of both activity-based and in silico drug repositioning. Drug 
repositioning has attracted particular attention from the communi-
ties engaged in anticancer drug discovery due to the combination 
of great demand for new anticancer drugs and the availability of a 
wide variety of cell- and target-based screening assays [40].

7. Challenges for Drug Repurposing 
Despite clinical efficacy, advancing drug repurposing strategies in 
the clinical trial trajectory beyond early phase studies has been 
challenging mainly due to lack of funding and interest from the 
pharmaceutical industry. Also, Studies for drug repurposing usual-
ly enrolled relatively small numbers of patients, often with diverse 
treatment-refractory advanced malignancies, which may have 
complicated data interpretation [21].

Another problem faced by drug repurposing is the issue of loss 
of operational revenue due the reproduction of generic version of 
expired patent at lower cost, this was seen to true, when a drug 
patent (celebrex) expired in 2014 [14]. Due to these implications, 
commercialization of repurposed drugs has little chance for suc-
cess without patent protection that can attract funding and promise 
a reasonable return on investment [30].

Drug repositioning takes advantage of the reduced toxicity, side 
effects, and costs of clinical trials [33]. However, the financial 
support for drug repurposing approaches has been lacking, shorter 
patent duration. The Food and Drug Administration (FDA) offers 
only a period of three years exclusively for a new use of previously 
used drug for a new indication, which is very short period of time 
to regain the invested money and in case a loss for the pharmaceu-
tical industry [41].

7.1. Perspectives and Future Direction

Pharmaceutical researches in recent years, and its utility has gone 
beyond bioactivity predictions and has shown promise in address-
ing diverse problems in drug discovery [5].

Broadly, there are three kinds of approaches, which are widely 
used in drug repositioning: computational approaches, biological 
experimental approaches, and mixed approaches. Data such as 
gene expression, drug-target interactions, protein networks, elec-
tronic health records, clinical trial reports, and drug adverse event 
reports has become accessible in standardized forms [43].

A multidisciplinary approach have also been seen to be success-
ful when protein-protein interaction network was combined with 
CMap (Connectivity Map), project profiled human cancer cell 
lines exposed to a library of anticancer compounds with the goal 
of connecting cancer with underlying genes and potential treat-
ments [46]. Many computational drug reposition methods based 
on transcriptomic data have been develop to identify potential new 
indications for drugs. Each method has applied techniques such as 
comparison of gene expression profiles between a disease model 
and the drug-treated condition [23].

The repository of knowledge and ‘‘omics’’ data available in phar-
maceutical researches have led to the rise of some computational 
methods which are novel and exciting in the field of drug repo-
sitioning. These computational methods are capable of making 
high-level integration of all the knowledge and data that will en-
able the understanding of new signalling pathways and generate 
novel insights into drug mechanisms, side effects, and interactions 
which further speed up drug discovery [43].

8. Conclusion 
In recent years, the concept of drug repurposing in cancer immu-
notherapy has attracted much attention, which validates it potential 
to improving the quality of life and survival of cancer patents. It is 
worth noting, prioritizing drug repurposing in cancer immunother-
apy may be consider as one of many effective and reliable strate-
gies that could be explore for cancer treatment. Drug repurposing 
in cancer immunotherapy would overcome the problem associated 
with high cost in research and development of new drug; prolong 
drug development timeline and loss of operational revenue. In this, 
present review, immunotherapy strategies combine with computa-
tional biology could be consider the new milestone in drug re-pro-
filing for cancer treatment.
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