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ABSTRACT 

Pancreatic cancer (PC) remains one of the most formidable malignancies, with survival rates showing minimal improvement over the 

years despite progress in chemotherapy, targeted treatments, and radiation therapy. The development of targeted agents and 

chemotherapy for cancer treatment has only moderately influenced clinical results and has not significantly altered 5-year survival 

rates. However, with the rapid discovery of the genetic and molecular functions underlying PC, new opportunities for targeted 

therapies are emerging. One promising approach is oncolytic viral therapy, which has shown potential as a targeted agent for the 

treatment of pancreatic cancer. Based on the available evidence, oncolytic viral therapy appears to be a viable treatment option for 

pancreatic cancer. In the present narrative review, we explore oncolytic viruses in detail, and their potential applications in cancer 

therapy as a future alternative treatment are investigated. 
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Introduction 
1The pancreas is identified as a gland and a part of 

the digestive system with two different functions. It 

plays an important role in the endocrine system by 

secreting hormones such as insulin, glucagon, and 

somatostatin, and its function in the exocrine section is 

known to be producing digestive enzymes, including 

amylase and lipase, and alkaline fluid. The pancreas 

exocrine section includes two types of cells identified 

as acinar and ductal cells.  
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Acinar cells are recognized to be involved in storing 

and releasing both active enzymes (e.g., amylase, 

lipase) and inactive enzymes, known as zymogens, 

such as trypsinogen (1).  

After 40 years of cancer research, pancreatic 

adenocarcinoma remains a highly fatal illness that is 

particularly difficult to diagnose and treat. The five-year 

survival rate shows only a slight improvement, and 

almost all patients relapse and succumb to the illness (2). 

It is the fourth leading cause of death from cancer in the 

United States, with approximately 66,440 new cases 

diagnosed in 2024 and 51,750 related deaths (3, 4). 

Currently, combinational treatments such as 

chemoradiotherapy (CRT) or stereotactic body radiation 

therapy (SBRT) are used for locally advanced pancreatic 

cancer (LAPC), although there is no clear consensus on 

which approach is superior. CRT is often recommended 
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if the patient demonstrates stability after six months of 

chemotherapy, with Fluoropyrimidines or Gemcitabine 

commonly used in conjunction with radiotherapy. 

However, due to pancreatic cancer’s radioresistant 

nature, only 40%-60% of patients receiving CRT achieve 

one-year progression control, and over 30%-50% of 

LAPC patients advance to metastatic stages within three 

months of diagnosis despite treatment (5). Fortunately, 

the underlying genetic and molecular mechanisms of 

pancreatic cancer are being rapidly discovered, providing 

new targeted therapy opportunities. Oncolytic viral 

therapy is one of the most promising targeted agents for 

the treatment of pancreatic cancer which is considered as 

a part of immunotherapies. In oncolytic virus therapy 

some specific viruses including adenovirus, reovirus, 

poxvirus, etc. are genetically altered to become attached 

to only cancer cells and invade them as their host cells to 

replicate and make the cancer cells visible. Hence, the 

immune system is once again able to detect those faulty 

cells and adopt immune responses including cell death to 

eliminate the tumor cells. In this review, we generally 

aim to discuss the pancreatic cancer mechanism, risk 

factors involved in its progression, some of the current 

applicable treatments (including surgery, chemotherapy, 

radiotherapy, and immunotherapy), and the future 

promising therapeutic targets.  

Biology of pancreatic cancer and the 

factors involved in its progression 

Risk Factors involved in the progression of 

pancreatic cancer are classified into two groups 

modified (intestinal microflora, smoking, alcohol, 

chronic pancreatitis (CP), obesity, dietary factors, 

infection) and non-modified factors (age, sex, area, 

blood group, family history and genetic susceptibility, 

diabetes) and they have an association in the PC 

development in their specific way. More details on each 

of the risk factors are mentioned in Table 1. CP 

progresses through three stages: 1) Pre-Pancreatitis 

Phase: This initial stage is marked by risk factors like 

Table 1. Important pancreatic cancer risk factors and their association with the cancer development 

Classification Risk Factor Association References 

Non-

modified 

Factors 

Age  PC primarily affects older adults, with rare cases under 30 

 Around 90% of cases occur in individuals over 55, especially between 

ages 70-80 

(9) 

Sex  PC incidence is lower in women than in men globally, more pronounced 

in developed countries 

 Higher steroid levels in women might provide a protective effect 

(10, 11) 

Genetic Factors  Family history significantly increases PC risk 

 Over 80% of cases arise from sporadic mutations, with familial risk 

increasing with the number of first-degree relatives 

(12, 13) 

Modified 

Factors 

Diabetes  Type 1 diabetes, particularly with a disease duration over 10 years, 

raises PC risk by 5-10 times 

 A diabetes duration exceeding 20 years further increases the risk 

(14, 15) 

Human 

Microbiota 
 Microbiota, including bacteria, viruses, and fungi, play roles in PC 

occurrence and prognosis 

 Certain microbes (e.g., Helicobacter pylori, Hepatitis B virus (HBV), 

Hepatitis C virus (HCV)) and microbial metabolites (e.g., secondary bile 

acids) influence cancer cell growth and promote cell abnormalities 

(13, 16, 17) 

Smoking  Smoking is the most significant modifiable risk factor for PC 

 Smokers have a 74% increased risk, with nicotine-derived carcinogens 

enhancing stem cell characteristics in pancreatic cells 

(18) 

Alcohol  Heavy drinking (more than 30 g per day) raises PC risk 

 Low-to-moderate drinking has no clear link to PC, but high alcohol 

intake shows a dose-response relationship with increased risk 

(19) 

Chronic 

Pancreatitis 
 CP is a progressive inflammatory condition in the pancreas linked to an 

independent increase in PC risk 

 It causes pancreatic fibrosis, cell mutations, and oncogene activation 

(20) 

Obesity  Fat provides cancer cells with necessary lipids, and the KRAS mutation 

in obese individuals promotes PC formation 

 Interaction with environmental, metabolic, and nutrient stressors 

exacerbates the risk 

(21, 22) 
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alcohol consumption, smoking, and genetic mutations. 

2) Acute Pancreatitis (AP) Phase: This stage involves 

the release of inflammatory cytokines. Severe 

inflammation can activate macrophage-dependent 

pancreatic stellate cells, leading to fibrosis, especially 

with ongoing pro-inflammatory stimuli (1). 3) 

Progression to CP: In this final stage, immune-

modulating factors drive the chronic inflammation seen 

in CP. Interactions between a weakened immune 

response to low-grade inflammation and environmental 

factors (e.g., alcohol, smoking) increase the likelihood 

of recurrent AP, eventually progressing to CP. CP is 

considered a major risk factor for pancreatic cancer. 

The chronic inflammation associated with CP 

encourages the development of precancerous lesions, 

such as pancreatic intraepithelial neoplasia (PanINs), 

intraductal papillary mucinous neoplasms (IPMNs), 

and mucinous cystic neoplasms (MCNs). These lesions 

can evolve into pancreatic ductal adenocarcinoma 

(PDAC) through various molecular changes (1, 6).  

Pancreatic cancer treatment is challenging due to 

various genetic changes, even with targeted therapies. 

Research indicates that pancreatic tumors have a high 

concentration of cancer stem cells (CSCs), which play a 

role in metastasis and recurrence. This abundance of 

CSCs makes the cancer resistant to chemotherapy, 

often leading to relapse. Additionally, the epithelial-to-

mesenchymal transition (EMT) contributes to 

pancreatic cancer’s aggressiveness. During EMT, 

epithelial cells transform into mesenchymal cells, 

which are more resistant to cell death and have 

increased migration and invasion capabilities (7, 8). 

Oncogenic transformation in the pancreas is now 

considered to be a multi-step process involving the 

accumulation of inherited and acquired mutations of 

specific cancer-related genes in precancerous lesions. 

Three types of precursor lesions of pancreatic ductal 

adenocarcinoma (PDAC) are described as pancreatic 

intraepithelial neoplasia, intraductal papillary 

neoplasia, and mucinous cystic neoplasms. All follow a 

stepwise progression from preneoplastic stages to 

invasive cancer, characterized by an increased degree 

 
Figure 1. Signaling pathways controlling normal cell function. Fig 1a) K-Ras:  KRAS, a key gene in the RAS family, drives cell 

growth through the MAPK and PI3K/Akt pathways. Mutations, present in over 80% of pancreatic cancers, lead to chemotherapy 

resistance and tumor progression, but effective inhibitors remain challenging to develop.  Fig 1b) PI3K:  The PI3K pathway, activated 

by KRAS mutations or growth factors, supports cancer cell survival and is linked to chemo- and radiotherapy resistance in PDAC.  

Fig 1c) TGF-β: TGF-β acts as a tumor suppressor early but promotes metastasis in advanced stages via EMT. Its upregulation in 

pancreatic cancer correlates with poor prognosis, though clinical targeting has shown limited success. Fig 1d) MAPK:  The MAPK 

pathway, disrupted in pancreatic cancer through KRAS mutations, drives disease progression. Targeting its downstream effects shows 

therapeutic promise. Fig 1e) Wnt:  The Wnt/B-catenin pathway promotes EMT, tumor growth, and apoptosis resistance in pancreatic 

cancer, maintaining cancer stem cells and supporting the tumor microenvironment (37, 38). Fig 1f) Notch:  Notch signaling, critical 

for cell proliferation and EMT, drives pancreatic cancer progression and chemoresistance, making it a potential therapeutic target. 
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of morphological and cytological atypia (23, 24). Most 

commonly, it begins with an activating mutation in the 

KRAS gene, followed by a somatic mutation in one or 

more of the tumor suppressor genes TP53, 

p16/CDKN2A, and SMAD4 (25). About 10% of cases 

may be partially associated with one of several 

germline mutations, including BRCA2, STK11/LKB1, 

or p16/CDKN2A (26). This model of PDAC stepwise 

development has been supported in animal models by 

transgenic mice with point mutations in the Kirsten rat 

sarcoma virus (KRAS) oncogene.  It was found that 

these mice developed preneoplastic lesions of the 

pancreas similar to those found in humans (27). 

Progression to metastatic carcinoma requires both 

KRAS mutations and loss of tumor suppressor genes 

(27-29). Researchers have identified a total of 12 core 

signaling pathways that are commonly dysregulated in 

PDAC. Of these, KRAS, TP53, p16/CDKN2A, and 

SMAD4 are found in two-thirds of the tumors 

examined (30). The dense extracellular matrix of 

pancreatic cancer distorts normal tissue structures and 

causes abnormal configurations of blood vessels and 

lymphatics, leading to tumor hypoxia, which is one of 

the reasons why many systemically delivered therapies, 

such as systemic chemotherapy and viral therapy, do 

not work well in pancreatic cancer (31). Two other 

factors involved in PC progression are identified to be 

signaling pathways and miRNAs. These signaling 

pathways include K-Ras, phosphatidylinositol 3 kinase 

(P13K), mitogen-activated protein kinase (MAPK), 

transforming growth factor beta (TGF-β), canonical 

Wnt pathway (Wnt/B-catenin), and NOTCH signaling, 

which can be targeted in the therapeutic strategies 

including (discussed in Figure 1). In addition, micro 

ribonucleic acids (miRNAs) such as miR-301, miR-

296, miR-21, miR-200 family, miR-125a-3p, etc. are 

associated with the development of PC. More details on 

miRNAs association are provided in Table 2. 

K-Ras  

The KRAS gene, part of the RAS family, encodes 

the K-Ras protein, a GTPase involved in signal 

transduction that regulates cell division. Upon 

activation by epidermal growth factor (EGF) binding 

to the EGF receptor (EGFR), K-Ras transmits signals 

through the MAPK and PI3K/Akt pathways, 

promoting cell proliferation and transformation. 

Mutations in KRAS, observed in over 80% of 

pancreatic cancers and more than 90% of pancreatic 

ductal adenocarcinoma (PDAC) cases, are associated 

with chemotherapy resistance and tumor growth. 

Despite being a critical therapeutic target, effective 

inhibitors for KRAS remain elusive (32, 33).   

PI3K 

Mutated KRAS activates the PI3K signaling 

pathway, which is pivotal in regulating oncogenic 

processes in PDAC. PI3K can also be activated 

independently by growth factors and cytokines via 

receptor tyrosine kinases (RTKs). This pathway 

supports cancer cell survival, metabolism, and 

migration. In PDAC, PI3K activity is linked to 

resistance against chemo- and radiotherapy (34).   

TGF-β 

Transforming growth factor-beta (TGF-β) plays 

dual roles in cancer. Early in tumor development, it 

suppresses tumors by halting the cell cycle and 

promoting apoptosis. However, at advanced stages, 

TGF-β facilitates metastasis, particularly through 

epithelial-to-mesenchymal transition (EMT). In 

pancreatic cancer, elevated TGF-β expression 

correlates with advanced stages, liver metastases, and 

poorer prognosis. While preclinical trials targeting 

Table 2. MiRNAs involved in PC development 

miRNA miRNA Interference Reference 

miR-301 overexpression Regulates EMT leading to gemcitabine resistance by suppressing the 
expression of E-cadherin 

(41) 

miR-296 overexpression Downregulates BOK gene 1 and facilitates epithelial-to-
mesenchymal transition (EMT), cancer invasion, and drug resistance 

(42) 

miR-21 overexpression Enhances NOTCH signaling leading to promotion of EMT signaling 

and PC progression 

(43) 

miR-125a-3p overexpression Decrease the chemosensitivity by targeting EMT related genes (44) 

miR-200b & miR-509-5b downregulation Increase chemosensitivity (41, 42) 

miR-148a under expression Reduce pro-apoptotic function (45) 
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TGF-β have shown promise, clinical outcomes remain 

inconsistent (35).   

MAPK 

The MAPK pathway, essential for cell proliferation, 

differentiation, and apoptosis, is frequently 

dysregulated in cancer. It includes kinases like ERK, 

JNK, and p38. In pancreatic cancer, KRAS and BRAF 

mutations, along with reduced DUSP6 expression, 

hyperactivate MAPK, driving disease progression. 

Targeting MAPK-regulated genes holds therapeutic 

potential for pancreatic cancer (13, 36).   

Wnt 

The Wnt/B-catenin signaling pathway, originally 

linked to embryonic development and adult tissue 

maintenance, regulates processes like EMT in 

pancreatic cancer, promoting carcinogenesis, 

angiogenesis, and apoptosis resistance. This pathway 

supports the survival of cancer stem cells (CSCs), 

contributing to apoptosis resistance and maintaining the 

tumor microenvironment (37, 38).   

Notch 

The Notch signaling pathway, conserved across 

species, regulates cell proliferation, differentiation, and 

survival. In pancreatic cancer, Notch enhances EMT, 

increasing tumor invasiveness and chemoresistance. It 

plays a key role in the progression of pancreatic 

intraepithelial neoplasia (PanIN) to invasive cancer. Notch 

is often overexpressed in pancreatic cancer and holds 

promise as a biomarker and therapeutic target (39, 40). 

Current PC treatments and future 

perspectives 

Many strategies are being studied that target the 

stromal matrix to increase the effectiveness of systemic 

therapies. Inhibition of hedgehog signaling involved in 

desmoplasia has been shown to increase gemcitabine 

penetration into pancreatic xenografts. The use of 

hyaluronidase for enzymatic remodeling of the stromal 

matrix has shown increased delivery of systemic 

therapies to tumor tissue. The initial preclinical success 

of these therapies suggests that the dense extracellular 

matrix in pancreatic cancer is partly responsible for the 

innate chemoresistance of pancreatic tumors, by 

inducing barriers that protect tumor cells from systemic 

circulating therapeutic compounds (46-49). It is 

becoming increasingly clear that pancreatic stellate cells 

(PSCs) are an important component of the tumor 

microenvironment. These stromal cells have been shown 

to increase both the proliferation and migration of 

pancreatic cancer cells by releasing growth factors and 

cytokines (50). This has been confirmed in “in vivo” 

studies in which simultaneous injection of PaSCs with 

tumor cells in orthotopic models of PDAC results in 

increased tumor size and increased metastasis (51). 

PaSCs are also detected in metastatic foci in the liver of 

nude mice, showing that PaSCs may co-migrate with 

cancer cells to create a favorable microenvironment for 

distant tumors (51). Recent studies have also shown that 

PaSCs in vitro increase the stem cell phenotype of 

pancreatic cancer cells, offering a therapeutic target that 

may reduce the metastatic potential of primary PDAC 

(52). Some studies show that more than 50% of tumor 

mass is made up of inflammatory cells, and many studies 

indicate that long-term pancreatitis is a driving force in 

the development of PDAC (53, 54). The PDAC tumor 

microenvironment is significantly pro-tumorigenic, with 

the majority of cells consisting of immunosuppressive 

cells such as regulatory T cells and myeloid-derived 

suppressor cells (53). For successful immunotherapy, 

cytotoxic T cells must have a high affinity for cancer cell 

antigens without causing autoimmunity. Cytotoxic T 

cells constitute a significant minority of tumor-

infiltrating immune cells, which significantly limits 

immunogenicity in response to oncogenic virus 

infections. This suggests that enhancing the virus with 

systemic or local cytokines to boost the immune 

response could be beneficial. Another important factor in 

the development of chemoresistance and the propensity 

to metastasis in pancreatic cancer is that the cancer can 

undergo an epithelial-to-mesenchymal transition (EMT) 

(55, 56). EMT is characterized by reduced expression of 

E-cadherin and increased expression of mesenchymal 

markers such as vimentin, N-cadherin, and zinc finger 

transcription factors (Snail, Slug, Zeb1, and Twist) (57, 

58). Gene expression profiling has shown that EMT cells 

are important contributors to chemoresistance in PDAC 

(56, 59). Cells with mutated E-cadherin or expressing 

mesenchymal markers displayed significantly reduced 

growth inhibition with the epidermal growth factor 

receptor (EGFR) inhibitor erlotinib compared with cells 

with the epithelial phenotype (60). The 

microenvironment of pancreatic cancer makes it difficult 

for systemic therapies to reach cancer cells. Significant 
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therapeutic effects can be achieved using strategies that 

deplete desmoplastic stroma and activate the immune 

system to target tumor cells and target cells that enhance 

the metastatic potential of PDACs. For patients with 

metastatic PDAC, FOLFIRINOX—a chemotherapy 

regimen consisting of folinic acid, 5-fluorouracil, 

irinotecan, and oxaliplatin—has shown the most 

efficacy, extending life expectancy to approximately 

11.1 monthsMost patients undergoing surgery have only 

a slight improvement in survival, and virtually all 

patients have a recurrence of the tumor (61-63). Because 

of the high recurrence rate, adjuvant therapy after 

surgery is recommended, although the long-term effects 

of adjuvant radiation therapy are inconclusive (64-66). 

The high rate of systemic recurrence following surgery 

and radiation therapy has led to the idea that metastases 

may be present early in pancreatic tumor genesis (67). 

Gemcitabine and erlotinib are the only two agents 

authorized for use in advanced disease; nevertheless, 

both have only modest benefits. Gemcitabine was shown 

to prolong patient survival by 5.6 months compared with 

4.4 months with 5-fluorouracil (68, 69). Adding erlotinib 

to gemcitabine resulted in a minimal increase in median 

survival from 5.9 to 6.2 months (70). A summary of the 

previously developed treatments and their weaknesses 

are provided in Table 3. 

Oncolytic viruses 

Oncolytic viruses selectively target tumor cells 

through engineered mutations that prevent the virus 

from attaching and replicating in normal cells and by 

expressing foreign genes that directly or indirectly 

cause cell death (77). Oncolytic virus replication in 

tumor cells produces infectious progeny that can further 

spread and destroy tumor masses (78). The 

effectiveness of the oncogenic virus depends on the 

direct lysis of the tumor, the ability of the virus to 

spread to surrounding cancer cells, and the ability of 

the virus to direct an immune response against the 

tumor. The optimal oncolytic virus must be highly 

selective in the cells it infects and replicates. There are 

several methods to improve their selectivity: 1) by 

blocking viral genes necessary for replication in normal 

cells but not needed in cancer cells; 2) by 

transcriptional targeting, where viral replication is 

controlled by specific tissue promoters; and/or 3) 

transfection targeting, where the virus is specifically 

retargeted to tumor cells. One of the important 

advantages of oncogenic viruses over other cancer 

treatments is the great potential for genetic 

Table 3. An overview of the current treatments applied as a cure for PC. 

Treatments Information References 

Surgery  Surgical resection is the only curative approach for PC, significantly extending 

survival 

 PC is categorized into resectable, borderline, unresectable (local progression), or 

with distant metastasis 

(13, 71) 

Chemotherapy  Chemotherapy, particularly post-surgical adjuvant chemotherapy, enhances 

disease-free and overall survival 

 Regimens include MFOLFIRINOX (leucovorin, 5-FU, irinotecan, oxaliplatin) 

and gemcitabine plus capecitabine for resectable cases, with FOLFIRINOX and 

gemcitabine/NAB-paclitaxel for metastatic cases 

(13, 72, 73) 

Cooperation with 

Neoadjuvant 

Therapy 

 Full-dose chemotherapy before surgery improves tumor control, survival, and 

quality of life 

 Preoperative chemotherapy/radiation can eliminate potential metastatic lesions 

and may be more effective than postoperative treatment 

(13, 72) 

Radiotherapy  Radiation therapy uses X-rays to destroy cancer cells, primarily for locally 

advanced PC 

1. External Beam Radiation Therapy: Uses external sources like X-rays, 

gamma rays, electrons, or heavy particles 

2. Brachytherapy: Internal radiotherapy applied directly to or near the pancreas 

(13, 74) 

Targeted Therapy 

 
 Targeted therapies like EGFR/VEGF-directed antibodies are effective in other 

cancers, but have had limited success in PC  

 The food and drug administration (FDA) recently approved pembrolizumab for 

PC, but other drugs like aflibercept, cetuximab, sorafenib, and axitinib have been 

ineffective 

(13, 75) 

Immunotherapy  Immune checkpoint blockade (ICB) therapy is approved for various cancers but 

not yet for PC due to PC's immunosuppressive tumor microenvironment 

(13, 76) 
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manipulation of candidate viruses to induce greater 

potency against a specific cancer. 

1. Adenovirus 

One of the most commonly used viral vectors to 

treat cancer is adenovirus. Adenovirus is a double-

stranded DNA virus surrounded by an icosahedral 

protein capsid. Upon contact with a cell, the virus 

attaches to the cell's receptor with high affinity (79). 

Once inside the cell, the virion migrates to the nuclear 

pore complex, where its genome is released into the 

nucleoplasm, and gene expression and genome 

replication happens. In the final step, progeny viruses 

are released due to membrane disintegration and 

infection of neighboring tumor cells happens. To obtain 

cancer cell selectivity in adenovirus, two main 

strategies have been used. The first involves the 

deletion of essential viral genes required for replication 

in normal cells. These deletion mutations take 

advantage of the dysregulation of specific cell signaling 

pathways in cancer cells, allowing the virus to replicate 

in cancer cells even after the deletion of important 

genes. One such virus is ONYX-015, the first 

replication-competent oncolytic virus employed in 

clinical trials for pancreatic cancer (80). It is engineered 

to lack the E1B gene, which encodes a 55-kDa protein 

that binds to the tumor suppressor p53 in normal cells 

and causes cell cycle progression and viral replication 

(81). It is known that 50 to 75% of pancreatic tumors 

lack p53, thereby allowing replication of E1B-deleted 

viruses. ONXY15 has been seen to be effective in a 

mouse model of human xenografts with anti-tumor 

efficacy and increased survival (82). In phase I/II 

clinical trials, ONYX15, when combined with 

gemcitabine, was found to be a viable and well-

tolerated treatment option for patients with pancreatic 

cancer (80). Oncorine is another clinically used virus 

that has the ability to delete the E1B gene and partially 

delete the E3 gene. Another deletion mutation in 

pancreatic cancer adenovirus is the E1A gene. The E1A 

protein binds to the retinoblastoma protein (pRb), a 

regulatory protein in normal cells that promotes cell 

cycle progression from the G1 to the S phase. This 

interaction allows E2F1, a critical transcription factor 

in viral replication, to function effectively. Many 

commonly mutated pancreatic cancer genes, such as 

CDKN2A, are involved in the regulation of the G1-S 

cell cycle. These mutations result in dysregulation of 

the cell cycle, rendering E1A binding to pRb 

unnecessary for E2F1 to support viral replication in 

pancreatic cancer. Therefore, cancer adenoviruses that 

use this gene deletion for tumor selection are excellent 

candidates for use in pancreatic cancer (83). E1B 19 

kDa is another good candidate to induce tumor 

selectivity in adenovirus. The E1B 19 kDa gene 

encodes an antiapoptotic B-cell lymphoma 2 homologs, 

which is not required in the abnormal apoptotic 

environment of pancreatic cancer (30). Deletions or 

mutations in some genes further improve the virus's 

selectivity for cancer and prevent it from returning to 

wild type. Deletion of both the E1A and E1B19kDa 

genes greatly improves tumor selectivity. Importantly, 

viral potency was retained compared with wild-type 

adenovirus without gene deletion. Viral efficacy has 

been enhanced when combined with gemcitabine and 

other chemotherapeutic agents (84, 85). A second way 

that adenoviruses have been engineered to improve 

selectivity in pancreatic cancer is by placing key 

proteins behind tumor-specific promoters. At least five 

tumor-specific promoters have been used to create 

targeted adenoviruses for the treatment of pancreatic 

cancer. The promoters used were the cyclooxygenase 2 

promoter, the urokinase-type plasminogen activator 

receptor promoter, the telomerase reverse transcriptase 

promoter, the hypoxic responsive promoter, the KRAS 

promoter, and the human carcinoembryonic antigen 

promoter (86-94). One of the main drawbacks of 

adenovirus as an oncolytic vector is its low 

intratumoral spread and infectivity inherent in the virus. 

Indeed, most oncolytic adenoviruses are constructed 

from wild-type adenovirus serotype 5. The adenovirus 

serotype 5 binds to the coxsackie adenovirus receptor, 

with little or no expression in pancreatic cancer, 

requiring high viral doses to overcome the low 

infectivity. Oncolytic adenoviruses with this novel 

binding motif have been shown to infect tumor tissue 

independently of coxsackievirus receptor levels. This 

new mutant adenovirus uses the desmoglein2 protein as 

a binding site and thus has increased viral infectivity in 

pancreatic cancer (90, 95, 96).  As improved infectivity 

and selectivity improve, oncolytic adenoviruses are 

now empowered by arming them with therapeutic 

genes that boost the immune system against pancreatic 

cancer and improve oncolysis. Interleukin 24 (IL24) is 
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a prime example of a potential therapeutic protein that 

could enhance the immune response against tumor 

antigens and reduce potential side effects. 

Unfortunately, there can be serious side effects with 

systemic use, which limits its usefulness as a cancer 

treatment. An adenovirus, ZD55-IL24, has been 

engineered to locally produce IL24 in tumor cells, 

thereby avoiding systemic effects. In addition to 

cytokine delivery, therapeutic genes can be used to 

inhibit tumor differentiation, silence oncogenes, 

activate prodrugs, and image the existence of viruses. 

Using an adenovirus with an inserted thymidine kinase 

gene, the researchers imaged microscopic images of 

tumors in the pancreatic flank using an 18FFEAU 

radiometer (2′-[18F]-fluoro-5-ethyl-1-beta-D-

arabinofuranosyluracil), show the existence of the virus 

(97). Quantification of tumor thymidine kinase activity 

correlates with virus anti-tumor effects (97).  

2. Herpes Simplex Virus 

The herpes simplex viruses (HSVs) HSV1 and HSV2 

are large, enveloped, double-stranded DNA viruses. As 

an oncolytic virus, HSV has been genetically modified to 

replicate exclusively in cancer cells and has been shown 

to be promising as a virotherapy agent for the treatment 

of pancreatic cancer. The genome of HSV is large 

compared to other viruses, with many non-essential 

genes that can be mutated and replaced with therapeutic 

genes. Several anti-HSV drugs are available (acyclovir, 

ganciclovir) to treat patients who experience adverse 

reactions to virotherapy. HSV does not integrate into the 

cellular DNA, reducing the risk of inserting foreign 

genes into the patient's DNA. Compared to other virus 

families, HSV is known to infect and kill tumor cells 

faster. HSV has the ability to infect many different types 

of cancer cells, making it a possible candidate for many 

different forms of cancer (98). Finally, HSV exhibits 

strong T cell-mediated tumor reactivity and indirectly 

stimulate an immune response against cancer, leading to 

tumor regression through cytotoxic T cell and natural 

killer (NK) cell-mediated mechanisms. One potential 

drawback is that exposure to HSV is common in the 

general population. There is, therefore, a risk that carriers 

with pre-existing immunity to HSV may clear the virus 

before it can exert its oncolytic effect. Although, marine 

animal studies have not shown that this anti-HSV 

immunity has a significant deleterious effect on 

oncolysis (99, 100). The HSV oncolytic viruses use two 

main strategies to engineer selectivity for cancer cells: 1) 

deletion of viral genes required for replication (i.e., gene 

γ34,5); and 2) deletion of genes that regulate protein 

kinase response (PKR) pathways (i.e., ICP6 genes). 

Oncolytic viruses R3616 and HSV1716 have a deletion 

of the γ34.5 gene, which renders virus-infected cells 

unable to inhibit PKR phosphorylation. This 

consequence is the inactivation of eukaryotic translation 

initiation factor 2 alpha (eIF2α), stopping translation 

within normal cells. In pancreatic cancer cells, eIF2α is 

consistently activated because of mutations in glycogen 

synthase kinase-3, an alternative pathway that is 

independent of the PKR pathway and allows viral 

replication. Interestingly, R3616 replication and 

oncolysis in pancreatic cancer cells are because of 

dysregulation and activation of the phosphatidylinositide 

3-kinase pathway and not to dysregulation of PKR or 

enhancement of Ras signaling (101). The hrR3 virus 

lacks the UL39 gene, which encodes for the ICP6 

protein, the viral homolog of the cellular ribonucleotide 

reductase; in pancreatic cells, this protein is upregulated, 

allowing viral replication. The virus also has active HSV 

thymidine kinase, which allows the simultaneous 

treatment of cancer cells with ganciclovir. Ganciclovir 

disrupts cellular and viral DNA replication when 

activated by viral thymidine kinase and has been 

demonstrated to increase tumor lysis. In a xenograft 

model of pancreatic carcinomatosis, in which mice 

received hrR3 virus and ganciclovir together, there was a 

30% increase in survival at 150 days compared to 

treatment with the virus alone (102). One study 

compared R3616 (γ34.5 deletion) with hrR3 (UL39 

deletion) with or without gemcitabine. Treatment with 

R3616 was found to have better long-term survival than 

hrR3 with or without gemcitabine. Remarkably, when 

combined with gemcitabine, R3616 demonstrated 

improved long-term survival, while hrR3 combined with 

gemcitabine demonstrated decreased long-term survival. 

These data show that chemotherapy may affect viral 

replication and kill cancer cells differently depending on 

the viral targeting mechanism (103). Another study 

investigating L1BR1 (US3 locus-deficient HSV2) 

showed synergistic effects with the anticancer drugs 

fluorouracil and cisplatin (104). G207 virus is a mutated 

HSV1 virus with deletions at both loci γ34.5 loci and a 

lacZ insertion that disrupts the ICP6 gene encoding for 
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HSV ribonucleotide reductase. NV1020, a virus closely 

related to a single copy of the deleted γ34.5 loci, had a 

higher proliferation rate than G207 in pancreatic cancer. 

NV1023 and NV1066, which are derivatives of NV1020, 

are being actively studied for pancreatic cancer. NV1066 

and hyperthermia significantly increased the death of 

pancreatic cancer cells as a result of enhanced replication 

by heat shock proteins (98). NV1020 in combination 

with radiation showed a synergistic effect on tumor 

oncolysis (105). One particularly promising HSV 

oncolytic is FusON-H2, another HSV-2 virus. This virus 

deleted the ICP10 gene encoding the serine/threonine 

protein kinase activity involved in the activation of the 

Ras/protein kinase pathway activated by a mitogen. 

When used to treat pancreatic cancer, intratumoral 

injection of FusON-H2 has been demonstrated to 

completely remove subcutaneous pancreatic xenografts. 

When the virus was administered intraperitoneally, 75% 

of tumors were eliminated and metastasis was prevented 

in the animals (106). Two oncolytic viruses HSV1, 

HF10, and OncoVex granulocyte-macrophage colony 

stimulating factor (GM-CSF) are in clinical trials for 

pancreatic cancer. HF10 is a naturally happening 

replication mutant of HSV1 that has been shown to 

replicate and spread efficiently in cancer cells (107). A 

phase I clinical trial was completed in which patients 

were treated with three doses of HF10 (108). No side 

effects were noted in the trial. Of the six treated patients, 

three were stable, one regressed, and two progressed. 

The second HSV oncolytic in the clinical trial was 

OncoVex GM-CSF, a γ34.5 and ICP47 deletion mutant 

expressing human GM-CSF. ICP47 encodes a protein, 

US11, that inhibits PKR activation, further enhancing 

transcriptional selectivity. Importantly, this virus was 

also engineered to express human GM-CSF. Human 

GM-CSF is involved in the recruitment and 

differentiation of activated dendritic cells in the tumor 

microenvironment (109, 110). In phase I/II clinical trials 

in solid tumors (head and neck cancers, squamous cell 

carcinoma, breast cancer, gastrointestinal cancers, and 

melanoma), OncoVex GM – CSF was well tolerated at 

high and repeated doses (111, 112).  

3. Poxviruses 

The family Poxviridae includes enveloped double-

stranded DNA viruses, of which many members consist 

of vaccine virus, myxoma virus (MYXV), and raccoon 

pox. The most widely studied is the vaccinia virus, 

which played a key role in one of medicine's greatest 

achievements: the eradication of smallpox. The ability 

of poxviruses to express foreign antigens and stimulate 

an immune response against the tumor is one of the 

reasons it is currently being studied as an oncolytic 

virus for cancer treatment (113). In pancreatic cancer, 

vaccinia has been genetically modified to increase the 

cytotoxicity of the tumor against pancreatic cancer. 

One such modified vaccinia expresses the endostatin-

angiostatin fusion protein, which has been reported in 

pancreatic cancer to inhibit angiogenesis. Current 

studies with this endostatin-angiostatin fusion protein 

expressing vaccinia virus have demonstrated 

remarkable antitumor efficacy in vivo against 

pancreatic cancer (114). GLV1h68 is a replication virus 

with attenuation mutations in F14.5L, J2R (codes for 

thymidine kinase), and A56R (codes for 

hemagglutinin). It has been reported to infect, replicate, 

and suppress pancreatic cancer cells both in vivo and in 

vitro. Importantly, when combined with gemcitabine or 

cisplatin, tumors demonstrated an enhanced and 

accelerated therapeutic effect. The protein survivin is 

related to chemotherapy resistance in pancreatic cancer 

and has been shown to be overexpressed in 70-80% of 

tumors. A modified vaccinia Ankara virus expressing 

murine survivin induces significant tumor regression 

and increased survival in mice when combined with 

gemcitabine (115). One of the factors of pancreatic 

cancer resistance to systemic therapies is the hypoxic 

nature of the tumor. The Lister strain of vaccinia, when 

allowed to infect pancreatic cells under hypoxic 

conditions, was found to show no signs of impaired 

viral replication, showing that vaccination may be 

possible. Particularly suitable as a viral vector to the 

hypoxic conditions of pancreatic cancer (116).  

MYXV is a rabbit-specific poxvirus that has been 

demonstrated to be able to replicate in human cancer 

cells. In pancreatic cancer, when combined with 

gemcitabine, MYXV can demonstrate excellent 

replication and significant oncolysis. In an 

immunocompromised mouse model of diffuse 

pancreatic cancer, MYXV in combination with 

gemcitabine resulted in 100% long-term survival. 

These data show that MYXV is an effective oncolytic 

virus for pancreatic cancer and can be combined with 

gemcitabine to improve survival, especially in the 
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presence of an intact host immune system (117). The 

newly engineered, replicative MYXV, vMyxgfp, 

contains a green fluorescent protein construct. The 

researchers were able to demonstrate the replication 

and oncolysis of chemotherapy-resistant cell lines, 

making it a promising new virus for the treatment of 

pancreatic cancer (118). There is a poxvirus currently 

in clinical trials as a vaccine treatment. It is the vaccinia 

virus that expresses carcinoembryonic tumor antigen 

and mucin2, two molecules known to be expressed by 

pancreatic cancer cells. It is packaged with three co-

stimulating molecules, B7.1 (differentiation group 80), 

 
Figure 2. Oncolytic DNA Viruses Involved in the Treatment of Pancreatic Cancer. Fig.2a) Adenovirus: A double-stranded 

DNA virus used in cancer treatment. Modified versions like ONYX-015 (E1B-deleted) and Oncorine selectively target cancer 

cells with p53 mutations. Engineered adenoviruses with tumor-specific promoters and enhanced infectivity (e.g., desmoglein2 

targeting) show improved efficacy. Therapeutic genes like IL24 are being incorporated for immune modulation. Fig.2b) 

Oncolytic Herpes Simplex Virus (HSV): HSV-1 and HSV-2 are modified to replicate in cancer cells while sparing normal 

ones. Deletions in genes such as γ34.5 (e.g., R3616) and ICP6 (e.g., hrR3) enhance selectivity and efficacy. Some HSV strains  

(e.g., OncoVex GM-CSF) express immune-stimulating genes like GM-CSF. Studies indicate synergistic effects with 

chemotherapy and radiation. Fig.2c) Poxviruses: Enveloped double-stranded DNA viruses like vaccinia and myxoma virus 

(MYXV) show promise. Vaccinia expressing anti-angiogenic proteins or survivin inhibitors improves outcomes in combination 

with chemotherapy. MYXV enhances survival, especially with gemcitabine. Engineered poxviruses (e.g., PANVAC-V) also 

induce strong immune responses. Fig.2d) Parvovirus: Small, non-enveloped DNA viruses (e.g., H-1PV) are inherently 

oncolytic, replicating in dividing cancer cells. In pancreatic cancer, they exhibit direct oncolysis, immune activation, and 

synergy with gemcitabine, enhancing natural killer (NK) cell activity.   
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ICAM1 (intracellular adhesion molecule1), and LFA3 

(leukocyte functional binding antigen) (TRICOM) 

(PANVACV), to help increase the immune response to 

the vaccine. To further improve vaccine treatment, 

interferon alpha is also used. Results are promising 

with a significant increase in patient survival with mild 

injection site reactions being the most common side 

effect. This shows that in pancreatic cancer, the 

vaccinia virus is able to induce antigen-specific 

immune responses (119, 120). 

4. Parvovirus 

Parvoviruses, such as H-1 (H-1PV), are small, non-

enveloped, icosahedral particles with a single-stranded 

DNA genome that require actively dividing cells for 

replication, making them innately oncolytic. Although 

they are not pathogenic to animals or humans, animal 

models have demonstrated that they possess a tumor-

suppressing effect (122). Parvoviruses cause both direct 

oncolysis and immunomodulatory effects and have 

been shown to support the immune system of animals 

against infected tumors (123). When given after the 

administration of gemcitabine, H-1PV in vivo 

demonstrated decreased tumor growth, prolonged 

animal survival, and no metastasis on computed 

tomography scans. This shows that parvovirus could be 

a useful adjuvant in the multimodality treatment of 

pancreatic cancer (48). Studies with parvovirus show 

that infection can increase NK tumor-mediated cell 

killing in pancreatic ductal carcinoma (124). When the 

virus is armed with IL2 or the chemokine ligand 7, the 

anti-tumor response of NK cells and monocytes to 

pancreatic ductal carcinoma is enhanced (125). 

5. Measles Virus 

As an oncolytic virus, measles virus has 

demonstrated promising results in a variety of tumor 

models. They depend on the overexpression of CD46, a 

viral entry receptor present in many cancer cells (126). 

An engineered measles virus expressing the sodium 

iodine symporter gene (MV-NIS) has demonstrated 

oncolytic activity in pancreatic tumor xenografts in mice 

with tumor regression and increased survival. 

Unfortunately, when this was combined with 

radiotherapy, no synergy was observed (127). In several 

studies, the authors were able to use iodinated contrast 

and micro-single-photon emission computed tomography 

to accurately image initial viral distribution in a solid 

tumor (128, 129). In addition, another modified measles 

virus was developed to target prostate stem cell antigen 

(PSCA), which is a protein expressed in pancreatic 

cancer. To improve the effectiveness of the virus, it is 

armed with a suicide gene, purine nucleoside 

phosphorylase (PNP) convertase, which activates the 

prodrug fludarabine. The authors succeeded in showing 

that MVPNPantiPSCA has beneficial therapeutic effects 

in pancreatic cancer. Importantly, they were able to 

demonstrate that gemcitabine-resistant pancreatic 

carcinoma was sensitive to both the virus and the 

activated prodrug (130). 

 
Figure 3. Oncolytic RNA Viruses Involved in the Treatment of Pancreatic Cancer. Fig.3a) Measles Virus: The measles virus 

targets cancer cells through overexpressed CD46. Modified strains, like MV-NIS, showed tumor regression in pancreatic 

cancer models but lacked synergy with radiotherapy. Another variant, MVPNPantiPSCA, targets PSCA in pancreatic cancer 

and uses a suicide gene to activate fludarabine, proving effective even against gemcitabine-resistant tumors. Fig.3b) Reovirus: 

Reovirus exploits KRAS mutations (common in pancreatic cancer) to replicate in cancer cells. In animal models, it reduced 

tumor size and ascites. Reolysin®, a reovirus-based therapy, is undergoing phase II trials for pancreatic cancer. 
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6. Reovirus 

Reovirus is a double-stranded RNA virus. The 

replication of this virus depends on the cellular activity 

of Ras. KRAS mutations in pancreatic cancer are 

prevalent (85% to 90%), making reovirus a promising 

candidate as an oncolytic virus in pancreatic carcinoma 

(87). In immunocompetent animal models, in vivo, 

administration of reovirus targets cells with Ras 

mutations and reduces the mass of metastatic tumors in 

the liver (131, 132). It also resulted in reduced tumor 

mass and decreased ascites when administered 

intraperitoneally (131). Reolysin® (Oncolytics Biotech 

Inc., Calgary, AB, Canada) is the name of the reovirus 

that is currently undergoing phase II clinical trials for 

pancreatic cancer (133-135). 

Conclusion 

Although the current methods of surgery treatment, 

chemotherapy, and radiotherapy, the prognosis of 

pancreatic cancer remains poor. The microenvironment 

of pancreatic cancer presents many unique challenges 

that will require to be overcome if we are going to 

successfully treat pancreatic cancer. Randomly, several 

distinctive oncolytic viruses have appeared to be 

valuable in treating pancreatic cancer in preclinical 

animal models. Clinical trials of oncolytic infections 

have shown that oncolytic virotherapy is both a safe and 

feasible method for pancreatic cancer therapy in humans. 

However, there is still much opportunity to optimize 

oncolytic viruses in the treatment of pancreatic cancer.  

Future research should focus on several key strategies to 

enhance outcomes. First, improving virus selectivity and 

oncolytic potency by targeting pathways such as 

epithelial-to-mesenchymal transition (EMT) could help 

reduce the population of cancer stem cells involved in 

therapy resistance and metastasis. Second, the 

combination of oncolytic viruses with systemic 

treatments designed to eliminate the desmoplastic matrix 

could improve viral penetration into tumors, enabling 

more effective treatment. Additionally, engineering 

viruses to locally deliver immune-stimulating cytokines 

could overcome systemic immune suppression while 

minimizing side effects. Finally, expanding clinical trials 

to validate the efficacy of oncolytic virotherapy across 

diverse patient populations and in combination with 

standard-of-care treatments will be essential. 
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