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Abstract
Recently, there has been interest in using viruses as cancer treatments. Oncolytic virology was founded by
scientists who noticed that viruses might preferentially lyse cancer cells over healthy ones. Oncolytic
virotherapy has similar obstacles as other treatment approaches, gaining entry into the specific tumour cell,
encountering antiviral immune responses, off-target infection and many other unfavourable circumstances
in the tumour microenvironment, and a lack of unique therapeutic and predictive biomarkers. However,
oncolytic viruses have emerged as the main players in the biological treatment for cancer with the use of
vectors such as human adenoviruses in oncolytic virotherapy. Recent large-scale research has shown that
other viruses, such as the measles virus and the herpes simplex virus (HSV), may potentially be viable
options for cancer treatment. The FDA has cleared T-VEC, an HSV-based oncolytic virus, for use in biological
cancer treatment after its successful completion of human clinical trials. Furthermore, the measles virus
vaccine strain has shown remarkable outcomes in pre-clinical and clinical testing. The use of such modified
viruses in biological cancer treatment holds promise for groundbreaking discoveries in the field of cancer
research because of their therapeutic effectiveness, fewer side effects, and safety. Several other newer
approaches have been used in recent years. HIV-encoded proteins are also hypothesized to promote
mitochondrial homeostasis causing bystander-induced apoptosis. We provide an overview of the most
recent developments in the clinical use of oncolytic virus-based biological cancer treatment in this study.
This evaluation also assesses the advantages and disadvantages of the viral candidates and provides insight
into their potential in the future.
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Introduction And Background
Oral squamous cell carcinoma (OSCC) of the oral cavity represents one of the most common malignancies
afflicting the head and neck worldwide. As per the data available from the Global Cancer Observatory (GCO),
the annual incidence of OSCC was 377,713 cases worldwide, and also the highest number (>65%) was
recorded in Asia in 2020 [1]. Historically, the treatment of OSCC has relied on conventional modalities that
include surgical procedures, radiation therapy, chemotherapy, or a combination of all of these [2]. Several
virus-mediated treatment strategies for OSCC are currently under investigation, and they are either in the
pre-clinical and/or one of the other phases of clinical trials [3].

Oncolytic viruses (OVs) are multi-mechanistic therapeutic agents that can be genetically modified to
multiply selectively in and destroy malignant tissues while sparing the normal host cells and at the same
time restoring anti-malignant immunity, therefore offering a novel immune-therapeutic approach for the
treatment of malignancy. In general, this anti-tumour effect of OVs acts in two ways, viz., by directly
infecting and destroying tumour cells and/or by making the immune system work more stridently against
tumour cells. Although both wild (non-engineered) and genetically modified (engineered) OVs have been
shown to be inherently selective for malignant cells [4], the engineered OVs appear to possess an edge over
the former in terms of safety and anti-tumour potential [5].

OVs are now being studied in clinical and experimental studies, and some clinical research has shown that
OVs have a high safety profile and considerably improve the prognosis of cancer patients [6]. A clinical trial
conducted with genetically modified OVs has revealed that the efficacy of oncolysis is synergistically
enhanced while combining oncolytic virotherapy with other traditional anti-cancer therapies, such as
chemotherapy and radiotherapy [7]. This review focuses on the current status of oncolytic virotherapy (OVT)
and future potential options. 

Review
OVT
The OVT approach works through viruses that are engineered to multiply in cancer cells and kill them while
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sparing healthy cells. One of the major benefits of OVTs over other cancer treatments is their ability to
effectively amplify OVs via viral replication in tumour cells. OVs have been genetically modified to further
boost their anti-tumour specificity, immunogenicity, and effectiveness in order to improve their usefulness
as anti-cancer therapeutics [5,8]. The OV elicits anti-tumour immunity as a result of enhanced antigen
cross-priming and immune cell recruitment into the tumour microenvironment (TME), which would
effectively attack tumour cells. Secondly, an OV directly infects cancer cells, leading to oncolysis of these
cell types in the TME. In 2005, the China FDA Department authorized H101 (Oncorine), the first
recombinant oncolytic adenovirus, to be administered in conjunction with chemotherapy for the treatment
of nasopharyngeal cancer. In 2015, the United States FDA (US-FDA) approved T-VEC (talimogene
laherparepvec), the very first OV that displayed promising treatment for head and neck squamous cell
carcinoma and melanoma. OVT has garnered significant attention because of the efficaciousness of OVs in
human clinical studies. Following the success, several other viruses have been assessed for their activity,
including poxvirus, reovirus, parvovirus, picornavirus, and the Newcastle disease virus (NDV) for its activity
[2,7].

In T-VEC, the herpes simplex virus type 1 (HSV-1) was modified with the deletion of ICP47 and ICP34.5 genes
and the insertion of the human granulocyte-macrophage colony-stimulating factor (GM-CSF) gene. T-VEC is
a herpes simplex virus type 1 (HSV-1), in which the human granulocyte-macrophage colony-stimulating
factor (GM-CSF) gene was inserted, and the infected cell protein (ICP)34.5 and ICP47 genes were
deleted. The insertion of GM-CSF increases immune recognition by provoking anti-cancer immunity, and
the deletion of the ICP34.5 and ICP47 genes improves safety, allows for tumour-specific replication, and
provides immune evasion functions. Through a variety of mechanisms, OVs can lyse cancer cells and release
pro-inflammatory cytokines, chemokines, and other hazard signals that aid in the recruitment and
activation of immune cells within the TME. This results in the immune system recognizing the cancer and
provoking anti-cancer immunity [9].

Enhancing the efficacy of OVT
Notwithstanding that clinical trials, particularly with OV monotherapy, have not yielded robust antitumor
efficacy (Figure 1), newer approaches hold the key to promising better therapeutic outcomes.

FIGURE 1: Challenges and benefits associated with the genetically
modified viruses used in oncolytic viral therapy.
Image Credit: Author Pachamuthu Balakrishnan

OVs are multi-functional cancer-fighters engineered to employ many diverse stratagems, and one of the
strategies that we propose employs the DNA damage signal transduction cascade. Through this approach,
the target HIV gene responsible for inflicting critical DNA damage in the host could be prudently used [8].
This would substantially damage the mitochondrial DNA causing the infected cancer cells to die via
apoptosis. Strong evidence indicates that two Jurkat-derived cell lines containing silent HIV-1 provirus
increased double-strand DNA breaks (DSBs) and phosphorylated histone H2AX on Ser139, a biomarker of
DSBs. In addition, higher levels of phosphorylation of ATM at Ser1981, Chk2 at Thr68, and p53 at Ser15,
which control the different components of the signalling pathways associated with DSBs are upregulated in
the cells [9,10]. However, it has been documented that HIV-infected individuals who are antiretroviral
therapy (ART)-naïve also experience mitochondrial DNA dysfunction and this has been documented in the
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Indian population by our group [6,10-13]. Differential modulation of mitochondrial activity is induced by
HIV infection in different cell types. For example, among HIV-positive, ART-naïve patients, there is a
positive correlation between the number of CD4+ T-cells and the change in mitochondrial membrane
potential (ΔΨm).

One of the processes through which virally encoded proteins interact is mitochondrial dysregulation. HIV-
induced cell death is linked to the virally encoded proteins env, vpr, tat, nef and vpu through mitochondrial
activity. HIV-encoded proteins are hypothesized to promote mitochondrial homeostasis causing bystander-
induced apoptosis [9,10]. However, more data need to be generated to prove this hypothesis. Therefore, this
newer approach of arming engineered OVs with additional weaponry from the HIV gene that encodes the
proteins could be potentially used after appropriate pre-clinical and clinical evaluations. 

Vector-assisted infection
For OVT to be more effective, it must efficiently overcome the factors that significantly reduce the
therapeutic efficacy. The therapeutic virus is expected to initiate a robust early infection followed by rapid
spread for enhanced efficacy [6]. Recombinant baculoviruses carrying immunodominant epitopes elicit
strong immune responses in mice [6,14]. As baculoviruses can be made to express proteins in insect cells in
large amounts, they have been utilized extensively for more than three decades as a method for gene
expression [15]. Recombinant baculoviruses have demonstrated the ability to infiltrate diverse mammalian
cells and express foreign genes utilizing mammalian promoters [16,17]. Baculoviruses can act as a successful
gene expression vector for the baculovirus-induced immune response in mammalian cells. In suicide gene
therapy, a toxin-coding gene and an enzyme-coding gene are introduced to target cancer cells to make them
more sensitive to chemotherapy [17]. This approach has failed in the phase 3 clinical trial.

Adenoviruses are the most often utilized vector for tumour gene therapy. In order to express foreign
antigens, they are also used in gene therapy and vaccinations. Certain important viral genes are removed
from adenovirus vectors and substituted with a cassette expressing a foreign therapeutic gene, resulting in
replication defects [16]. These vectors are used in cancer treatment, vaccine development, and gene therapy.
Oncolytic, or replication-competent, vectors are used in cancer gene therapy. With the help of lytic viral
replication, oncolytic vectors are made to propagate and destroy cancer cells only. Replication-defective and
replication-competent adenovirus vectors are safe and effective therapeutic agents, according to several
clinical investigations [18]. Replication-deficient adenoviruses and other recombinant adenoviruses such as
conditionally replicating adenoviruses are now being widely studied for their potential use in cancer
therapy. These conditionally replicating adenoviruses are reported to target specific cancer cells.
Adenoviruses-based OVs are in the limelight and it is hoped that they constitute a successful gene therapy in
cancers. The use of non-virulent viruses such as Reolysin, a wild-type reovirus variant with minimal
virulence in normal human cells has been reported that displays oncolytic capabilities in cells with active
Ras signalling. Reolysin (pelareorep) is being studied for targeting head and neck cancer. However, an
engineered viral genome is considered to be a vital option for replication in the specifically targeted tumour
cell because they are more effective in establishing stringent control over viral reproduction [6,16,18].

The vaccinia virus JX-594 (pexastimogene devacirepvec), which is used in a similar oncolytic viral treatment
for hepatocellular carcinoma, is similarly close to receiving FDA clearance in North America and Europe. OVs
including GM-CSF-expressing adenovirus CG0070 and HSV-1 virus G47Δ, are being studied for the treatment
of bladder carcinoma and glioblastoma. The NDV has a significant affinity for tumour cells and reproduces
in the cytoplasm, breaking down the host genome or engaging in recombination. As one of the most
promising oncolytic viruses employed in oncolytic treatment, it is safer and more appealing than
retroviruses or certain other DNA viruses. Using the NDV as a gene delivery vector, reverse genetics
technology was used to create recombinant NDV (rNDV), which has made NDV available for use in gene
therapy techniques for the treatment of cancer and other disorders. Not only does rNDV provide stable
expression of foreign therapeutic genes, but it can also boost the virus's capacity to eradicate tumour cells
and trigger the host's immune system against tumours [19]. 

Immunostimulatory gene therapy started in the last two decades has now promising effects.
Immunostimulatory gene therapy aims to enhance anti-tumour immunity by changing the course of the
suppressive TME. Therefore, in order to fight the tumour from inside, the gene vehicle enters with an arsenal
of weapons. The immune stimulators that activate and maintain Th1 responses are the most promising
ones; yet, despite their dramatic effects in preclinical models, several clinical studies including cancer
patients failed to demonstrate objective responses. However, immunostimulatory gene therapy is starting to
seem like a viable alternative as new methods for managing cancer patients' continuing immunosuppression
emerge [14]. OVs have concurrently been shown to be safe in people. These two disciplines are increasingly
combining, and OVs are equipped with immunostimulatory transgenes to boost efficiency and extend
immune activation. These new drugs are vying for clearance to become recognized cancer immunotherapies
[15,20-22].

It is now known that most viruses can multiply considerably more readily in cancer cells than in normal cells
because defence systems against viral infection such as the IFN-β signalling pathway are compromised in
most cancer cells [23]. Thus, it is not grim to get a virus to replicate in cancer cells; rather, the challenge is
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in getting it to completely stop replicating in normal cells while maintaining its capacity to reproduce in
cancer cells. In an effort to establish virus replication targeted to cancer cells, efforts have been undertaken
to choose a virus that is non-virulent in people or to change the viral genome.

Conclusions
The use of OVT holds promise for groundbreaking discoveries in the field of cancer research because of their
therapeutic effectiveness, fewer side effects, and safety. After the success of immunotherapy with immune
checkpoint inhibitors, OVT may represent the next significant advancement in the treatment of cancer. We
can safely state that OVT is a well-established cancer treatment modality at this point. The effectiveness of
oncolytic virus treatment is anticipated to increase when coupled with immunotherapy options. The primary
restriction on oncolytic viruses is the host's quick production of neutralizing antibodies, which reduces the
virus's ability to spread to metastatic cancer locations and its potential for therapeutic benefit.
Comprehending the dynamic relationship between the immune system and viral oncolysis is crucial for the
intelligent design of oncolytic viruses and the formulation of suitable combinatorial approaches. The
common characteristic that plays a significant role in showing anticancer effects during oncolytic activities
is the formation of specific antitumour immunity with newer potential approaches. Functional transgenes
would enable OVs to be equipped with a wide range of anticancer capabilities in the future. OVT seems to be
the therapeutic option of choice for cancer patients in a new age of cancer care that is just getting started.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Pachamuthu Balakrishnan, Sankar Sathish , Shanmugam Saravanan

Drafting of the manuscript:  Pachamuthu Balakrishnan, Shanmugam Saravanan

Critical review of the manuscript for important intellectual content:  Pachamuthu Balakrishnan,
Sankar Sathish , Shanmugam Saravanan

Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray F: Global cancer statistics 2020:

GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J
Clin. 2021, 71:209-49. 10.3322/caac.21660

2. Zheng M, Huang J, Tong A, Yang H: Oncolytic viruses for cancer therapy: barriers and recent advances . Mol
Ther Oncolytics. 2019, 15:234-47. 10.1016/j.omto.2019.10.007

3. Marelli G, Howells A, Lemoine NR, Wang Y: Oncolytic viral therapy and the immune system: a double-edged
sword against cancer. Front Immunol. 2018, 9:866. 10.3389/fimmu.2018.00866

4. Esaki S, Goshima F, Ozaki H, et al.: Oncolytic activity of HF10 in head and neck squamous cell carcinomas .
Cancer Gene Ther. 2020, 27:585-98. 10.1038/s41417-019-0129-3

5. Hamada M, Yura Y: Efficient delivery and replication of oncolytic virus for successful treatment of head and
neck cancer. Int J Mol Sci. 2020, 21:7073. 10.3390/ijms21197073

6. Fukuhara H, Ino Y, Todo T: Oncolytic virus therapy: a new era of cancer treatment at dawn . Cancer Sci.
2016, 107:1373-9. 10.1111/cas.13027

7. Ripp J, Hentzen S, Saeed A: Oncolytic viruses as an adjunct to immune checkpoint inhibition . Front Biosci
(Landmark Ed). 2022, 27:151. 10.31083/j.fbl2705151

8. Smith JA, Daniel R: Following the path of the virus: the exploitation of host DNA repair mechanisms by
retroviruses. ACS Chem Biol. 2006, 1:217-26. 10.1021/cb600131q

9. Schank M, Zhao J, Moorman JP, Yao ZQ: The impact of HIV- and ART-induced mitochondrial dysfunction in
cellular senescence and aging. Cells. 2021, 10:174. 10.3390/cells10010174

10. Piekna-Przybylska D, Sharma G, Maggirwar SB, Bambara RA: Deficiency in DNA damage response, a new
characteristic of cells infected with latent HIV-1. Cell Cycle. 2017, 16:968-78.
10.1080/15384101.2017.1312225

11. Subashini D, Dinesha TR, Srirama RB, et al.: Mitochondrial DNA content of peripheral blood mononuclear
cells in ART untreated and stavudine/zidovudine treated HIV-1-infected patients. Indian J Med Res. 2018,
148:207-14. 10.4103/ijmr.IJMR_1144_16

12. Miró O, López S, Martínez E, et al.: Mitochondrial effects of HIV infection on the peripheral blood

2024 Balakrishnan et al. Cureus 16(2): e53431. DOI 10.7759/cureus.53431 4 of 5

https://dx.doi.org/10.3322/caac.21660?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3322/caac.21660?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.omto.2019.10.007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.omto.2019.10.007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fimmu.2018.00866?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fimmu.2018.00866?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41417-019-0129-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41417-019-0129-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijms21197073?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijms21197073?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/cas.13027?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/cas.13027?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.31083/j.fbl2705151?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.31083/j.fbl2705151?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1021/cb600131q?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1021/cb600131q?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/cells10010174?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/cells10010174?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/15384101.2017.1312225?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/15384101.2017.1312225?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/ijmr.IJMR_1144_16?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/ijmr.IJMR_1144_16?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1086/423176?utm_medium=email&utm_source=transaction


mononuclear cells of HIV-infected patients who were never treated with antiretrovirals. Clin Infect Dis.
2004, 39:710-6. 10.1086/423176

13. Sun J, Longchamps RJ, Piggott DA, et al.: Association between HIV infection and mitochondrial DNA copy
number in peripheral blood: a population-based, prospective cohort study. J Infect Dis. 2019, 219:1285-93.
10.1093/infdis/jiy658

14. Loskog A: Immunostimulatory gene therapy using oncolytic viruses as vehicles . Viruses. 2015, 7:5780-91.
10.3390/v7112899

15. Roy A, Geetha RV, Magesh A, Vijayaraghavan R, Ravichandran V: Autoinjector - a smart device for
emergency cum personal therapy. Saudi Pharm J. 2021, 29:1205-15. 10.1016/j.jsps.2021.09.004

16. Ono C, Okamoto T, Abe T, Matsuura Y: Baculovirus as a tool for gene delivery and gene therapy . Viruses.
2018, 10:510. 10.3390/v10090510

17. Saeb S, Assche JV, Loustau T, Rohr O, Wallet C, Schwartz C: Suicide gene therapy in cancer and HIV-1
infection: an alternative to conventional treatments. Biochem Pharmacol. 2022, 197:114893.
10.1016/j.bcp.2021.114893

18. Watanabe M, Nishikawaji Y, Kawakami H, Kosai KI: Adenovirus biology, recombinant adenovirus, and
adenovirus usage in gene therapy. Viruses. 2021, 13:2502. 10.3390/v13122502

19. Zhao H, Peeters BP: Recombinant Newcastle disease virus as a viral vector: effect of genomic location of
foreign gene on gene expression and virus replication. J Gen Virol. 2003, 84:781-8. 10.1099/vir.0.18884-0

20. Marickar RF, Geetha RV, Neelakantan P: Efficacy of contemporary and novel Intracanal medicaments
against Enterococcus faecalis. J Clin Pediatr Dent. 2014, 39:47-50. 10.17796/jcpd.39.1.wmw9768314h56666

21. Vijayaraghavan R, Senthilkumar S, Roy A, Sheela D, Geetha RV, Magesh A: Safety evaluation of antibacterial
and analgesic autoinjector devices for rapid administration during emergency situations: a crossover study
in rabbits. SAGE Open Med. 2022, 10:20503121221108614. 10.1177/20503121221108614

22. Balakrishnan R, Vijayraja D, Jo SH, Ganesan P, Su-Kim I, Choi DK: Medicinal profile, phytochemistry, and
pharmacological activities of Murraya koenigii and its primary bioactive compounds. Antioxidants (Basel).
2020, 9:101. 10.3390/antiox9020101

23. Zolaly MA, Mahallawi W, Khawaji ZY, Alahmadi MA: The clinical advances of oncolytic viruses in cancer
immunotherapy. Cureus. 2023, 15:e40742. 10.7759/cureus.40742

2024 Balakrishnan et al. Cureus 16(2): e53431. DOI 10.7759/cureus.53431 5 of 5

https://dx.doi.org/10.1086/423176?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/infdis/jiy658?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/infdis/jiy658?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/v7112899?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/v7112899?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jsps.2021.09.004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jsps.2021.09.004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/v10090510?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/v10090510?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.bcp.2021.114893?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.bcp.2021.114893?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/v13122502?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/v13122502?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1099/vir.0.18884-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1099/vir.0.18884-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.17796/jcpd.39.1.wmw9768314h56666?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.17796/jcpd.39.1.wmw9768314h56666?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/20503121221108614?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/20503121221108614?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/antiox9020101?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/antiox9020101?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.40742?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.40742?utm_medium=email&utm_source=transaction

	HIV-Encoded Gene Therapy as Anti-cancer Therapeutics: A Narrative Review
	Abstract
	Introduction And Background
	Review
	OVT
	Enhancing the efficacy of OVT
	FIGURE 1: Challenges and benefits associated with the genetically modified viruses used in oncolytic viral therapy.

	Vector-assisted infection

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


