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Abstract

Viruses are being researched as cutting-edge therapeutic agents in cancer due to their selective oncolytic action against
malignancies. Immuno-oncolytic viruses are a potential category of anticancer treatments because they have natural features
that allow viruses to efficiently infect, replicate, and destroy cancer cells. Oncolytic viruses may be genetically modified;
engineers can use them as a platform to develop additional therapy modalities that overcome the limitations of current treat-
ment approaches. In recent years, researchers have made great strides in the understanding relationship between cancer and
the immune system. An increasing corpus of research is functioning on the immunomodulatory functions of oncolytic virus
(OVs). Several clinical studies are currently underway to determine the efficacy of these immuno-oncolytic viruses. These
studies are exploring the design of these platforms to elicit the desired immune response and to supplement the available
immunotherapeutic modalities to render immune-resistant malignancies amenable to treatment. This review will discuss
current research and clinical developments on Vaxinia immuno-oncolytic virus.

Keywords Oncolytic virus (OVs) - Human sodium-iodide symporter gene (hNIS) - Dendritic cells (DC’s) - Immunogenic
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Introduction

Cancer is becoming the biggest cause of mortality world-
wide [1]. Cancer is a serious worldwide problem. The num-
ber of people diagnosed with cancer is expected to increase
by more than 50% globally. The number of new cancer cases
diagnosed worldwide in 2020 was around 19.6 million, with
an estimated 10 million deaths. It is predicted that by 2040
there will be approximately 28 million new cases and 16
million deaths globally [2]. The development of cancer is
primarily attributed to DNA damage and genetic instabil-
ity. This is because DNA lesions that remain unrepaired or
are incorrectly repaired can result in mutations that initi-
ate or drive cancer. Additionally, various forms of genomic
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instability can facilitate the progression of tumors through
multiple stages and contribute to resistance against therapeu-
tic interventions [3]. Despite numerous progress indicators,
current cancer therapies exhibit limited efficacy against spe-
cific tumor types alongside potential drawbacks such as drug
resistance, cancer recurrence, and significant side effects [4].

Most malignancies can evade the body’s natural defenses,
making them difficult to treat [5]. An immune system is
trained to destroy pathogens while protecting self-replicating
cells. However, malignant tumor cells may manipulate the
immune system in their own favor, helping them to pro-
liferate and spread. The term “concomitant tumor immu-
nity” describes this occurrence [6]. Immuno-editing is the
term for this three-step procedure, including elimination,
equilibrium, and escape [7, 8]. The immune system detects
tumor cell antigens and eradicates them during the elimina-
tion phase [9]. Some cells may survive the first phase of
elimination and move on to the second, rapidly modifying
their antigens so the immune system cannot detect them [10,
11]. Tumor cells begin to multiply at this point resulting in
a significant increase in mass. When the immune system
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cannot keep the tumor under control, it is referred to as the
third phase of escape [12-15].

There are certain drawbacks associated with traditional
cancer treatments. Toxicity is significant because chemo-
therapy and radiation cannot precisely target cancer cells
[16]. Also, if chemo-resistance develops, surgery is the only
option left. Another crucial factor that should not be dis-
regarded is the insufficiency of conventional medicines to
construct long-lasting immunity to prevent metastasis and
the recurrence of cancer.

Over the last decade, immunotherapeutic strategies have
gained traction in preclinical studies and clinical practice to
combat cancer. In order to eliminate the tumor, the stand-
ard oncological approach involves destroying or eliminating
the cancer cells themselves. Tumor regression, anti-tumor
immunological memory formation, and persistent responses
are the results of immunotherapy, which is undertaken to
boost the immune system’s capacity to eliminate cancer cells
[17].

Immuno-oncolytic viruses are a subcategory of antican-
cer treatments because they have natural features that allow
viruses to efficiently infect, replicate, and destroy cancer
cells [18]. Genetically modified oncolytic viruses are being
researched as a potential treatment for many cancers [19].
Anticancer treatments that include oncolytic viral therapy
are becoming more promising approaches. Tumors can be
destroyed by oncolytic virus (OVs) due to their ability to
multiply only in cancer cells and destroy them. In conjunc-
tion with its primary function, OVs also have the second-
ary effect of stimulating the immune system. As a defense
mechanism, tumors develop an immunosuppressive micro-
environment to prevent immune system attack. OVs have
demonstrated potential as an agent for immunotherapy. The
occurrence of viral infection and consequent induction of
immunogenic cell death in tumors elicits innate and adaptive
immune reactions that facilitate additional tumor eradica-
tion [20]. To determine the effectiveness of these immuno-
oncolytic viruses, several clinical studies are now being
conducted. The first dosage of the investigational antican-
cer medication Vaxinia was given to a human subject in a
Phase 1 clinical trial recently. In this innovative treatment,
an oncolytic Vaxinia virus is used. These viruses specifically
target cancer cells for infection and destruction while leav-
ing healthy cells alone. The genetically engineered small-
pox virus Vaxinia has been found to be effective against
a wide variety of malignancies in lab and animal models.
The City of Hope, a cancer research and treatment facility
in the United States, and Imugene, a biotech firm in Aus-
tralia, are conducting a clinical study to evaluate the new
oncolytic virus in patients with advanced solid tumors [21].
Evidence suggests that Vaxinia has the potential to be even
more successful in shrinking tumors than the first genera-
tion of oncolytic viruses. This review will discuss current
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research and clinical developments on the Vaxinia immuno-
oncolytic virus.

Vaxinia virus

Professor Yuman Fong discovered this virus vaccine at the
renowned City of Hope Comprehensive Cancer Center in
Los Angeles. It appears to be the most promising choice
for treating diverse tumors [22]. To develop this virus, sci-
entists combined the genomes of several pox virus species
to develop a safer and more effective virus as shown in
Fig. 1. The smallpox vaccine (Vaccinia virus) belonging to
the member of the poxvirus is genetically modified to pro-
duce Vaxinia [21-23]. Vaccinia has a brief, well-defined life
cycle, spreading swiftly from cell to cell without integrat-
ing into the host's DNA. Vaccinia belongs to the Poxviridae
family and has very stable double-stranded DNA. It was
the active therapeutic agent in the vaccine that successfully
eradicated smallpox, one of the most devastating diseases
ever known to humanity. It kills many kinds of cancer cells.
It has the potential as a medication for treating cancer and
as a vector for delivering genes in gene therapy [24, 25].
Vaxinia virus was developed through recombination
between several vaccinia virus and other poxvirus species,
making it more potent than viruses based on single strains.
Shreds of evidence from animal studies and other preclini-
cal studies establish the efficacy of this virus compared to
its mother viruses and some other viruses [21-23]. This
virus is engineered to specifically infect cancerous tumors,
where they may replicate inside the tumor cells themselves
and then cause their demise known as oncolysis. Transgene
expression in tumors (intratumoral, or IT) or around tumors
(peritumoral) may trigger oncolysis in cancer cells without
affecting healthy tissue. In the process of developing the
Vaxinia virus, homologous recombination was performed
on the viral J2R gene, which resulted in the disruption and
partial deletion of the J2R gene sequence and the introduc-
tion of the human sodium-iodide symporter (hNIS). The
virus has been genetically modified to exhibit selectivity
towards cancer cells, while disregarding healthy cells of
the host organism. Following infection, CF33-hNIS enters
the host cells and undergoes replication until lysis occurs,
releasing numerous antigenic progenies into the systemic
circulation. The expression of ATP and HGMBI leads to
a robust immune system response to these antigens. The
upregulation of the human sodium-iodide symporter (hNIS)
results in the recruitment of iodine to facilitate the process
of apoptosis. The ultimate outcome is a modified immune
response that is equipped to detect and combat malignant
cells [24, 25]. Patients with malignancies that are difficult
to treat with current therapies may get improved clinical
outcomes and quality of life through the usage of this virus.
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Fig. 1 Scientists combined the genomes of Vaccinia pox virus species to develop a Vaxinia virus for immuno oncolytic treatment

A single variable fragment targeting programmed death-
ligand 1 (PD-L1) has been developed using a poxvirus CF33.
hNIS and anti-programmed cell death-ligand 1 (anti-PD-L1)
are loaded into CF33. It seeks out cancer cells with high
expression of PD-L1 as PD-L1 is highly expressed in cancer
cells and generates anti-PD-L.1, which has the potential to
further improve the function of anti-tumor immune cells.
The hNIS gene allows the transport of iodine '*°I will lead
to the uptake of '>*I by the cells and consequently detection
by PET imaging (or '?’I for SPECT) [26].

Vaxinia virus as an anticancer therapeutic
agent

In cancer cells, the interferon pathway (IFN pathway), the
cell’s primary antiviral response, is usually impaired [27].
A pro-inflammatory response is elicited when OVs invade
tumor cells [28, 29]. The virus can induce immunogenic cell
death (ICD) [30, 31]. In ICD, the apoptosis process occurs
by stimulating the endoplasmic reticulum and thus releasing
certain harmful compounds known as damage-associated

molecular patterns (DAMPs), which initiate the process of
apoptosis [32, 33].

The OVs infect cancer cells with the pathogen-associated
molecular pattern (PAMPs), which includes aspects of DNA,
RNA, viral capsids, and protein products. Dendritic cells
(DCs) are recruited and activated, and then specific T lym-
phocytes are stimulated as a result, the death of cancer cells
in this kind of apoptosis occurs [34]. DCs are recruited and
activated, and then specific T lymphocytes are stimulated as
aresult, the death of cancer cells and apoptosis occurs [35].

Thus, OVs can readily infect and perform their intended
role in the transformed cells [36]. OVs treatment is designed
to target cancer cells. Furthermore, it aims to rebuild an
immune system that has been compromised by the exist-
ence of a tumor microenvironment [37]. A pro-inflammatory
response is elicited when OVs invade tumor cells [38].

Vaxinia virus targeting cancer cells
Vaxinia virus anticancer efficacy is assumed to be medi-

ated by two separate mechanisms, i.e., lytic replication and
development of immune response against tumor cells [39,
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40]. Multiple signaling pathways work in healthy cells to
identify and eliminate pathogenic viruses. The production of
Toll-like receptors (TLRs), which are intracellular proteins,
and the release of interferons are triggered by the presence
of viral elements and hence activating these signaling path-
ways [41, 42].

The pattern recognition receptors known as TLRs are
triggered by repeating sequences found on pathogenic
viruses known as PAMPs. Virus capsid components, viral
DNA, RNA, and viral protein products may all serve as
PAMPs [43, 44]. Innate immunity and antiviral responses
in host cells are activated by TLR signaling. Factors in host
cells, such as retinoic acid-inducible gene 1 (RIG), TNF-
related factor 3 (TRAF3), interferon-related factor 3 (IRF3),
interferon-related factor 7 (IRF7), had been shown to have a
role in the elimination of viruses [45]. Coordinating the anti-
viral mechanism in infected cells, these molecules activate
JAK-STAT (Janus kinase-signal transducer and activator of
transcription) pathway [46].

By bolstering local IFN release it stimulates protein
kinase R (PKR) activation. The intracellular protein kinase
PKR is responsible for recognizing virus double-stranded
RNA and other elements [47, 48]. After being activated by

viral components, PKR inhibits protein synthesis in the host
cell, which leads to rapid apoptosis and virus clearance in
normal cells.

The IFN receptor is a potential mediator of antiviral
action mediated by the production of interferons IFN which
generates innate immunity to viral infections (IFNR). TLRs
induces the production of cytokines and type I IFNs via
signaling through the TIR-domain-containing adapter-induc-
ing IFN (TRIF), myeloid differentiation primary response
protein MYDB88, nuclear factor k-B (NF-kB), IRF3, IRF7
[49, 50]. The JAK-STAT signaling pathway is activated in
response to type I IFNs, which causes upregulation of pro-
tein kinase R (PKR) and IRF7.

By binding to viral particles, these cell cycle regulators
initiate type I IFN transcriptional pathways that lead to the
premature death of infected cells and the production of
cytokines that alert the immune system to the presence of
a viral infection, therefore restricting viral replication. This
mechanism is aberrant in cancer cells. Some innate signaling
components, such as RIG1, IRF7, and IRF3, may be down-
regulated in cancer cells. As a result, TLR and RIG1 are
less able to identify viral particles, leaving cancer cells open
to viral replication as shown in Fig. 2. In addition, cancer
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cells may dampen the pro-apoptotic and cell cycle-regulating
actions of type I IFNs by down-regulating essential aspects
of the type I IFN signaling pathway. Mutated PKR activ-
ity and aberrant IFN pathway signaling may prevent cancer
cells from clearing viruses [51].

To prolong the time needed to complete its life cycle,
virus may alter various aberrant signaling pathways inside
tumor cells to halt apoptosis. Virus kills tumor cells by
inducing cell death after viral replication, which eliminates
tumor cells and prepares the body’s immune system to
mount an attack. The mode of cell death and the production
of danger signals from virus-infected cells may considerably
induce the host’s immune responses. In contrast to apoptosis,
the death of cells through necrosis or pyroptosis is more
likely to provoke an immune response [52].

Development of immune response against tumor
cells by Vaxinia virus

Virus relies on stimulating both innate immune and adap-
tive immune systems against the tumor. Oncolytic viruses
cause tumor cell death after replication and thus release
both tumor-associated antigens, cellular danger-associated
molecular pattern signals (DAMPs) as well as virus patho-
gen-associated molecular patterns. This tends to the produc-
tion of adaptive immunity [49-52]. These molecules recruit
APCs, and their maturation is promoted, consequently acti-
vating antigen-specific CD8 +and CD8 + T cells and allow-
ing CD8+T cells to proliferate to cytotoxic effectors cells,

thus promoting anti-tumor immunity [53]. The generation of
chemokines, interferons, DAMP, and PAMP factors activates
the tumor-infiltrating inflammatory responses and reverses
the immunological suppression of the tumor microenviron-
ment, allowing effective therapeutic responses [54].

Calreticulin, ATP, and HMGB/1 are three substances that
may be classified as DAMPs in ICD. Antigen-presenting
cells (APCs) in the tumor microenvironment identify these
essential molecules, prompting an immune response [55].
In addition, when virus infect and destroy cancer cells, they
release tumor-associated specific antigens into the environ-
ment, which the immune system can recognize and respond
to, disabling the immuno-editing process as shown in Fig. 3.

Tumor-associated specific antigens are released into the
milieu, allowing the immune system to detect and elicit a
reaction that breaks down the immuno-editing process [56].
Vaxinia virus-infected tumor cell produces an inflamma-
tory site, producing cytokines that stimulate the immune
system. A detrimental response is activating an immune
system against the virus. It might build anti-tumor immu-
nological memory with long-term effects to protect the host
from recurrence [57].

Recent perspectives on Vaxinia virus
targeting different cancers

The anticancer properties of the Vaxinia virus against vari-
ous types of tumors are listed below:
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Vaxinia virus against colon cancer

Various studies have been done to evaluate this virus's
oncolytic activity and to image how it targets cancer cells.
O’Leary et al. evaluated Vaxinia virus activity against colo-
rectal cancer cells. A recombinant virus was produced by
exchanging the thymidine kinase locus with one that encodes
firefly luciferase (Fluc). Luciferase was used as an imageable
agent attached to the virus for evaluating the movement and
mechanism. In vitro, cytotoxicity assay and the viral repli-
cation test were carried out. Single doses of this virus were
administered either intratumorally or intravenously to in vivo
CRC flank xenografts. The luciferase imaging and organ
titer methods were used to investigate viral biodistribution.
In vitro studies established that virus infects, multiplies
within, and ultimately kills CRC cells dose-dependently.
In colorectal cancer cell lines, CF33-Fluc firefly luciferase
effectively kills cells dose-dependently. At low doses, rapid
tumor shrinkage occurred in the colorectal tumor xenograft
model in vivo. Necroptotic process was found to be involved
in the demise of CRC. Regardless of the route of adminis-
tration, CF33-Fluc can replicate inside and kill colorectal
cancer cells under in vitro and in vivo conditions. Luciferase
expression paved the way for real-time monitoring of the
replication of virus [58].

The purpose of this study was to evaluate Vaxinia abil-
ity to stimulate in vivo radioisotope uptake and to assess
its efficacy towards colon cancer in vitro and in vivo. This
work further delves into the application of radioactive iso-
topes for combinatorial tumor elimination and the cell death
patterns of virus in preclinical colorectal cancer models.
The resulting virus exhibits reproducible hNIS expression,
and it replicates and kills immunogenic colon cancer cells
in vitro. Regression of tumors in colorectal cancer xenograft
models in vivo demonstrates the tumor-specific effective-
ness of CF33-hNIS Vaxinia virus. When hNIS is expressed
early during infection, positron emission tomography (PET)
of I-124 uptake provides reliable imaging of viral replica-
tion. I-124 uptake activity was proportional to viral replica-
tion and tumor shrinkage. Finally, the addition of systemic
administration of the radiotherapeutic isotope I-131 is done
after virus infection of colon cancer. Xenografts improve
the tumor shrinkage compared to virus treatment alone in
HCT116 xenografts, suggesting the synergy of oncolytic
viral therapy with radio ablation in vivo [59].

The recombinant orthopoxvirus is helpful in the treatment
of colon cancer. Researchers used a mouse model of colon
cancer to examine the effects of CF33 derivatives with and
without immune checkpoint inhibition (anti-PD-L1). The
expression of PD-L1 on tumor cells was elevated by CF33
infection, resulting in significantly more lymphocytes and
macrophages infiltrating tumors. Tumors treated with virus
also had more activated CD8 + (IFN +) T cells than tumors
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treated with the control virus. Moreover, resistant to tumor
rechallenge, long-term survival was achieved when CF33
derivatives were combined with anti-PD-L1. Analysis of
immune cells from treated mice demonstrated that antiviral
T-cell activation was much greater than anti-tumor T-cell
activation in an MHC-I-dependent way and that tumor-spe-
cific T-cell activation was robust in tumors treated with the
virus [60].

Vaxinia virus against pancreatic cancer

Vaxinia virus has more cytotoxicity effect and more superior
to other existing viruses. The CF33 gene was selected for
more research. This study demonstrates that virus has the
potential to target and eliminate pancreatic tumors quickly
after receiving only a single intratumoral dosage. Initially,
the tumors grew more significantly during the first two
weeks compared to the control group. The tumor develop-
ment rate slowed to a plateau by the third week compared to
the control group. Finally, a decrease in the amount of the
tumor that had been vaccinia-injected was observed after
3 weeks. The researcher exhibited a compressed timeline
using CF33-Fluc. By Day 4, there was a discernible size
difference between the tumors and the controls. From Day
4 to Day 8, there was a plateau, and then beginning on Day
8, there was a regression. After a single intratumoral low
dose, this virus promoted rapid cell death in six different
pancreatic cancer cell lines, which resulted in the release
of damage-associated molecular patterns and regression
of PANC-1 injected and non-injected distant xenografts
in vivo. The virus was found to preferentially multiply in
tumors when luciferase imaging was used, which conforms
to the low virus titers reported in solid organs [61].

Recent studies provide essential information on the
in vitro multimodal cancer-killing efficacy of virus as anti-
PD-L1. Zhang et al. describe the Vaxinia virus-anti-PD-L1
mechanism to eliminate pancreatic ductal adenocarcinoma
(PDAC) cells by regulating the immune system dynami-
cally and inhibiting the PD-L1 checkpoint that has eluded
early viral oncolysis. To counteract the immunosuppressive
effects of PD-L1, researchers demonstrate that a substantial
quantity of functional anti-PD-L1 antibodies was delivered.
Experiments in which BXPC-3 cells and actuated T cells
were cocultured along with CF33-hNIS-anti-PD-L1 virus
demonstrated that the virus-encoded anti-PD-L1 effectively
inhibits PD-L1 binding on BxPC-3 cells, which resulted in
an increase in B granzyme in perforin release. Granzyme B
and perforin are two proteins secreted by CD8 + T cells as
they go through the granule exocytosis pathway. These two
proteins play a significant role in activating CD8+T cells to
destroy cancer cells. Target cell apoptosis is induced by the
granule protein perforin, which also facilitates the delivery
of the cytotoxic enzyme granzyme B to malignant neoplastic
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cells. This is accomplished mainly through the activation of
caspase. As a single treatment, Vaxinia virus has the poten-
tial to activate anti-tumor T cells in PDAC in a manner that
is time-dependently increased [62].

Malignant peritoneal metastases from gastrointestinal
cancers continue to be deadly. A chimeric orthopox Vax-
inia encoding human sodium-iodide symporter (hNIS)
and anti-human programmed death-ligand 1 antibody has
shown potent anti-pancreatic cancer action in preclinical
models (PDAC). After injecting tumors under the skin, the
researcher studied whether virus could travel to the abdomi-
nal cavity (peritoneum) and infect, identify, and destroy peri-
toneal cancers in vivo. Athymic mice were injected with
human PDAC AsPC-1-ffluc cells subcutaneously and intra-
peritoneal routes. Following tumor engraftment, treatment
was given with CF33-hNIS-anti-PD-L1 immuno-oncolytic
virus. The tumor volume and size were measured, and
the animal survival was recorded using bioluminescence
imaging, PET/CT imaging, and 124I-based positron emis-
sion tomographic staining after administration of CF33-
hNIS-anti-PD-L1. The expression of hNIS was verified by
immuno histochemical labeling in both subcutaneous and
abdominal tumors after viral therapy. Mice treated with
CF33-hNIS-anti-PD-L1 had substantially lower subcutane-
ous and peritoneal tumor burden and better survival than
control. Seven days after the initial intravenous dosage
of CF33-hNIS-anti-PD-L1, uptake of 1241 was detected
by PET/CT in subcutaneous and peritoneal tumors. The
researcher demonstrates that CF33-hNIS-anti-PD-L1 aids
in detecting and eliminating both superficial and deep can-
cers in the peritoneal cavity after superficial intraperitoneal
therapy [63].

Vaxinia virus against breast cancer
The oncolytic virus CF33-hNIS-F14.5 was studied by Chau-
rasiya et al. to investigate whether it affects the tumor’s

immune environment. They discovered that viral infec-
tion increases the levels of PD-L1 on triple-negative breast

Table 1 Summary of ongoing clinical trials on CF33-hNIS virus

cancer cells under in vitro and in vivo conditions. The virus
promotes tumor infiltration by CD8 4+ T lymphocytes in the
orthotopic triple-negative breast cancer mouse model. Simi-
larly, large amounts of the pro-inflammatory cytokines IFN
and IL-6 were discovered in the tumors of mice that were
treated with CF33-hNIS-AF14.5. Even greater degrees of
immune regulation were observed in mice with both the
virus and the anti-PD-L1 antibody administered to them as
treatment. A combination of CF33-hNIS-AF14.5 and anti-
PD-L1 antibody injected intratumorally resulted in a sub-
stantial anti-tumor impact, with fifty percent of the animals
having total tumor regression. Furthermore, the treated mice
did not grow tumors after being rechallenged with the same
cancer cells, suggesting that they gained immunity against
them. These studies established that virus positively affects
the tumor immunological milieu rendering the cancer cells
susceptible to the immune checkpoint inhibitor anti-PD-L1
[64].

Clinical studies

Various clinical trials which are undergoing are enlisted in
Table 1. An innovative CHECKvacc has been shown to have
potent anticancer effects in TNBC xenografts. Both hNIS
and anti-PD-1 proteins were expressed in CHECKvacc-
infected cells and proved functional against various tumors.
In preclinical studies, researchers found that cancer cells
infected with CHECKvacc release functional hNIS and anti-
PD-L1 against tumor cells. A low dose of CHECKvacc, in
comparison to other OVs used in xenograft models, can reli-
ably detect, and kill TNBC. In this phase 1 clinical trial,
researcher assessed the safety and tolerability of the intratu-
moral injection of the CHECKvacc vaccine in patients hav-
ing metastatic triple-negative breast cancer. To qualify this
clinical study, patients must have an advanced and metastatic
illness and have either progressed during or been intolerant
to at least two previous treatment regimens. CHECKvacc
administered intratumorally at one of eight assigned dose

S. No Drug Clinical trial number

Summary

Status Ref.

1 CF33-hNIS-anti-PD-L1 NCT05081492

2 CF33-hNIS- Pembrolizumab NCT05346484

Human clinical trial phase I safety and tolerability

The immunological alterations in the tumor

Ongoing [65]
of intratumoral injection of CHECKvacc vaccine

in patients having metastatic triple-negative

breast cancer was assessed. Phase II dose recom-

mendation, optimal biological dose, and response

rate are important secondary goals in this study

Ongoing [66]
microenvironment and the safety of the treatment

regimens will be evaluated when CF33-hNIS, a

new chimeric orthopoxvirus, is delivered alone

or in conjunction with pembrolizumab
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levels (1x 105 PFU, 3x 105 PFU, 1 x 106 PFU, 3x 106 PFU,
1x 107 PFU, 3x 107 PFU, 1x 108 PFU, 3x 108 PFU) is
administered on Days 1 and 15 of each 28-day cycle for
a total of three cycles of treatment. Phase II dose recom-
mendation, optimal biological dose, and response rate are
important secondary goals in this study. The first three indi-
viduals at level 1 dosage were recruited consecutively for
safety monitoring. Following sequential treatment of the first
three participants, the research will use the Phase I Queue
3+3 (IQ 3+3) design, which increases the dosage level to 8
subjects if a single DLT has been recorded. The final recom-
mended phase 2 dose study may involve as many as 12 par-
ticipants to measure effectiveness. The expected number of
patients to be accrued ranges from 33 to 78. Additional goals
include studying viral dynamics, 9mTc SPECT imaging
for virus tracking and tracking peripheral blood and tumor
tissue to activate antiviral immunity, and tumor microenvi-
ronment alterations in conjunction with treatment response.
NCT05081492 is the clinical trial number. Imugene is the
company funding this study [65].

The immunological alterations in the tumor microenvi-
ronment and the safety of the treatment regimens will be
evaluated when CF33-hNIS, a new chimeric orthopoxvirus,
is delivered alone or in conjunction with pembrolizumab.
Patients with any stage IV solid tumor with radiographic
progression as measured by the Response Evaluation Cri-
teria in Solid Tumors are candidates for treatment. These
patients must have had at least two previous lines of therapy,
one of which may have been an immune checkpoint inhibi-
tor. Treatment with CF33-hNIS will begin on Day 1 of Cycle
1 and Day 8 of Cycle 1 and will continue Day 1 of each sub-
sequent cycle for all enrolled patients. Pembrolizumab will
be added to the combined regimen on the first day of each
cycle, starting with Cycle 2. NCT05346484 is the clinical
trial number [66].

Conclusion

Oncolytic viral therapy for cancer is a relatively new area
of research. Vaxinia virus has the potential against various
pancreatic, breast, and colon cancer. The various studies
of Vaxinia virus against these kinds of tumors which are
done by investigators are enlisted in this manuscript. Fur-
thermore, there is an ongoing need and desire to use bio-
markers to identify cancers that will respond to oncolytic
immune treatment. Hopefully, these novel vaccinations will
play a pivotal role in treating cancer patients. Research on
human clinical trials based on Vaxinia virus therapy is cur-
rently ongoing. To improve outcomes, it may be necessary
to identify and include more people who might benefit from
these innovative vaccinations. Recent advances in molecular

@ Springer

biotechnology have provided scientists with new opportuni-
ties to use the immune system to combat cancer.

Additionally, OVs therapy is developing, and we have a
far greater understanding of how they function today than
ever before. Combining oncolytic viruses with other medi-
cines, especially immunotherapy, seems to be a promising
area of research. In addition, clinical studies are needed
to prove oncolytic virotherapy’s biosafety, and new OVs
should be developed as soon as possible for use in clini-
cal practice. Researchers in the future will try out other
kinds of pharmacological combinations, new kinds of OVs
that have been genetically modified, and different kinds
of drug delivery systems. The use of oncolytic virother-
apy to achieve targeted and specific immunotherapy is a
promising area of research. However, most OVs are in the
research and development phase and need more develop-
ment before they can be introduced to the market.
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