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Abstract  

ANCER remains an important global health challenge, with traditional treatments such as 

chemotherapy, radiation, and surgery often limited by their specificity and lack of systemic 

poisoning. Recent progress in bacterial-mediated cancer therapy, especially using Salmonella 

Typhimurium strain VNP20009, presents a promising option for select targets and their unique ability 

to eradicate the tumor, sparing healthy tissue. VNP20009 has been genetically amended to enhance its 

oncolytic properties and immunogenicity, allowing it to preferably replicate in hypoxic tumor 

microenvironments. Literature was searched across databases (PubMed, ScienceDirect, Google 

Scholar, ResearchGate) and Google using keywords with Boolean operators. From 2,825 initial 

records, 60 articles were screened after duplicate removal. Of these, 40 full texts were assessed, and 

27 studies (22 human, 5 animal) met the inclusion criteria for the final review. This review examines 

the medical capacity of liposome-tag VNP20009 in the treatment of hydroxy tumors, which integrates 

the drug delivery benefits of liposomes with genetically modified bacterial tumor-targeting 

capabilities. By encapsulating VNP20009 in biocompatible liposomes, we aim to improve the 

stability, localization, and release of the therapeutic payload within tumor sites, potentially adapting 

to the treatment efficacy. We analyze preclinical clinical studies that portray the protection, 

immunogenicity, and effectiveness of this innovative approach, which describe intensive implications 

to increase therapeutic results in patients with hydroxy tumors. In addition, our reviews highlight the 

emerging strategies, such as individual medical and combination treatment, which take advantage of 

current progress in genomics and immunology with bacterial therapy. We conclude by discussing 

future research directions that can facilitate the translation of this promising medical strategy from 

experimental structure to clinical applications, which eventually aims to remove the boundaries of 

traditional cancer remedies and address the existing health disparities in oncology. 

Keywords: Bacterial-mediated therapy, Salmonella typhimurium, VNP20009, hydroxy tumors, 

clinical applications, health disparities. 

 

Introduction  

Cancer remains an important global health crisis, in 

which traditional therapeutic modalities such as 

chemotherapy, radiation, and surgery often exhibit 

limitations in specificity and systemic toxicity, 

obstructing their ability to completely eradicate 

tumors [1]. Recently, novel approaches such as 

bacterial-mediated cancer therapy have gained 
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attention due to their ability to selectively target and 

eliminate tumor cells while sparing healthy tissues 

[2]. One such promising candidate is Salmonella 

Typhimurium strain VNP20009, which can naturally 

target hypoxic tumor microenvironments [3,4]. This 

strain can also be genetically modified to enhance its 

therapeutic efficacy. 

Cancer remains one of the leading global health 

challenges, and despite significant advances in 

conventional therapies such as chemotherapy, 

radiotherapy, and immunotherapy, limitations 

including drug resistance, systemic toxicity, and poor 

tumor-specific delivery persist [5].. To overcome 

these barriers, researchers have explored innovative 

strategies that exploit the natural tumor-targeting 

properties of bacteria, particularly attenuated strains 

such as Salmonella typhimurium VNP20009. This 

strain demonstrates preferential accumulation within 

hypoxic tumor microenvironments, making it a 

promising vector for targeted therapy. However, the 

efficacy of VNP20009 alone has been limited in 

clinical applications due to rapid clearance, systemic 

toxicity, and insufficient therapeutic payload delivery 

[6].. To address these challenges, liposomal 

encapsulation has been proposed as a synergistic 

approach, enhancing bacterial stability, prolonging 

circulation time, and enabling controlled release of 

therapeutic agents. Thus, liposome-tagged 

VNP20009 represents a novel biotherapeutic 

platform that integrates bacterial tumor-targeting 

with nanotechnology, potentially improving both 

safety and efficacy in hydroxy tumor treatment [6]. 

Cancer treatment has a long history, dating back 

thousands of years, with ancient civilizations 

attributing the disease to supernatural causes. 

Surgical intervention for tumor removal was 

recorded in ancient Egypt, and Greek physician 

Hippocrates described cancer as a systemic ailment 

affecting the whole body [5]. The 20th century 

marked a turning point with the advent of X-ray 

techniques and the development of radiation therapy, 

which became a standard treatment for many 

cancers. Chemotherapy emerged when certain 

chemicals were found to inhibit cancer cell growth, 

leading to the use of alkylating agents and plant-

derived compounds like vincristine [6]. 

Surgical interventions are particularly effective 

for localized tumors, aiming for complete removal 

with clear margins. However, not all tumors are 

amenable to surgery due to factors such as size, 

anatomical location, or metastasis [7]. 

Chemotherapy, while effective in some cases, often 

induces adverse effects due to its impact on healthy 

cells, including alopecia, nausea, and 

immunosuppression [8]. Radiation therapy, which 

damages cancer cell DNA via ionizing radiation, is 

effective but may cause secondary malignancies and 

harm adjacent tissues [9]. Despite improvements in 

survival, many patients suffer from reduced quality 

of life due to side effects of conventional treatments 

[10]. 

Furthermore, significant disparities exist in access 

to optimal cancer treatment, driven by geographic, 

socioeconomic, and racial inequalities [11]. The 

growing cancer burden, especially among aging 

populations, underscores the urgent need for more 

effective and accessible therapies. Advances in 

cancer biology, genomics, and immunology have 

paved the way for targeted therapies, which inhibit 

specific molecular pathways implicated in cancer. 

Examples include HER2-targeting agents for breast 

cancer and imatinib for chronic myeloid leukemia 

[12]. However, not all tumors possess actionable 

mutations, and resistance remains a challenge. 

Immunotherapy has transformed cancer treatment 

by leveraging the immune system. Immune 

checkpoint inhibitors such as pembrolizumab and 

nivolumab have shown efficacy in various cancers. 

CAR T-cell therapy has revolutionized treatment of 

hematologic malignancies, although universal 

application and biomarker identification remain 

ongoing challenges [13]. The integration of genomics 

and proteomics into oncology allows for 

personalized treatment plans based on individual 

tumor profiles, enhancing therapeutic precision and 

minimizing toxicity [14]. Moreover, combining 

multiple therapies can help address tumor 

heterogeneity and resistance. Studies have shown 

that combining immunotherapy with targeted 

therapies enhances treatment efficacy in some 

cancers [15]. Given the high costs and long timelines 

of new drug development, drug repurposing offers a 

cost-effective alternative for clinical application [16]. 

Nanoparticles improve drug solubility, and 

absorption, and enable site-specific delivery to tumor 

tissues [17]. Among nanoparticle platforms, 

liposomes hold significant promise by reducing 

systemic toxicity and enhancing targeted delivery. 

This review focuses on liposome-tagged VNP20009 

and its application in treating hypoxic tumors, 

discussing how liposomal encapsulation enhances 

VNP20009’s stability and delivery within the tumor 

microenvironment. Additionally, the review 

evaluates preclinical and clinical data to assess 

immunogenicity and therapeutic efficacy. The 

objective of this review is to highlight the potential 

of liposome-tagged VNP20009 to improve treatment 

outcomes and outline future research directions for 

clinical translation. 

This review also highlights liposome-tagged 

Salmonella VNP20009 as an innovative strategy for 

targeted hydroxy tumor therapy, offering insights 

into its mechanisms, therapeutic benefits, and future 

applications in cancer biotherapy. This review is 

novel in integrating the emerging concept of 

liposome-tagging with Salmonella VNP20009, 

highlighting how this dual strategy may overcome 
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traditional challenges of bacterial therapy such as 

low efficacy, systemic toxicity, and rapid clearance 

in hydroxy tumor treatment 

Material and Methods 

A comprehensive review was conducted to 

identify, screen, and evaluate relevant literature on 

liposome-tagged Salmonella VNP20009 for hydroxy 

tumor therapy. Searches were performed across 

multiple electronic databases and academic 

platforms, including Google Scholar, PubMed, 

ScienceDirect, ResearchGate, and the Google search 

engine, using a combination of relevant keywords 

and Boolean operators. An initial total of 2,825 

records was retrieved. After removing duplicates, 60 

articles were screened based on titles and abstracts, 

of which 20 were excluded due to irrelevance or 

insufficient data. The remaining 40 full-text articles 

were assessed for eligibility according to predefined 

inclusion and exclusion criteria. Following this 

assessment, 13 articles were excluded, leaving 27 

studies that met the criteria and were included in the 

final review, comprising 22 human studies and 5 

animal studies (Fig. 1) .  

Criteria for Inclusion 

The inclusion criteria were included which 

checks the use of liposome-tagged vNP20009 in the 

treatment of hydroxy tumors or related cancer types. 

This includes colleague-reviewed articles, clinical 

Testing, and pre-pregnancy studies that expand the 

functioning, efficacy and mechanisms associated 

with this treatment method. Additionally, case 

studies that provide insight into patient reactions for 

medical or variation in tumor biology in response to 

treatment can also be included. Studies discussing 

the properties of liposomes, engineered Salmonella 

stress, and their co-intent on drug delivery and 

increased tumor targeting are also necessary. 

Reviews, meta-analysis, and systematic reviews that 

address the broader reference to using bacterial 

therapy in oncology, especially associated with 

hydroxy tumors, were considered. 

Criteria for Exclusion 

Conversely, the exclusion criteria focused on 

studies that do not directly belong to liposome-

tagged Salmonella VNP20009 or fail to address 

hydroxy tumors, especially hydroxy tumors. The 

articles that are not colleague-reviewed are not 

excluded, such as conference abstracts empirical 

evidence. In addition, studies that focus on unrelated 

bacterial therapy were Disregarded, various 

liposomal formulations, or non-qualified 

applications. Research that does not provide adequate 

functioning details or lacks comprehensive 

evaluation of results related to the medical efficacy 

of VNP20009 in hydroxy tumors was abandoned. 

Finally, people who did not meet moral standards in 

any articles or research practices presenting 

conflicting data without adequate discussion were 

not included in this review. 

VNP20009: A Genetically Modified Strain of 

Salmonella typhimurium as a Bacterial Therapeutic 

Candidate 

The discovery of innovative approaches in cancer 

therapy has led to significant advancements in the 

application of genetically modified organisms 

(GMOs) for medical treatment. Among these 

advances, VNP20009, a genetically modified strain 

of Salmonella typhimurium, has emerged as a 

promising bacterial therapeutic candidate. This 

engineered strain offers a unique tumor-targeting 

mechanism by preferentially replicating in hypoxic 

(low oxygen) tumor environments, thereby reducing 

damage to normal tissues [18]. The following 

paragraphs, supported by contemporary research and 

clinical studies, explore the characteristics, 

mechanisms, and therapeutic capacities of 

VNP20009. 

Characteristics of VNP20009 

VNP20009 is derived from Salmonella 

typhimurium, a Gram-negative bacterium known for 

its pathogenicity in mammals. Unlike its wild-type 

counterpart, VNP20009 is attenuated, meaning it is 

genetically modified to reduce its virulence while 

retaining potent oncolytic (cancer-killing) properties 

[19]. This attenuation includes the deletion of 

multiple virulence genes such as msbB, which 

encodes enzymes essential for lipid A biosynthesis—

a key component of the bacterial outer membrane 

[20]. These modifications enhance the strain’s 

immunogenicity and reduce toxicity. 

Research indicates that VNP20009 stimulates 

apoptosis (programmed cell death) in tumor cells 

while simultaneously triggering the host’s immune 

system to target both the bacteria and the tumor [21]. 

The strain is also engineered for tumor-specific 

targeting, improving its tumor-homing capacity and 

reducing systemic toxicity, making it an ideal 

candidate for further clinical exploration [22, 23]. 

Mechanism of Action of VNP20009 

The therapeutic efficacy of VNP20009 stems 

from its unique mechanism of action. One of its most 

significant attributes is its preferential replication 

within hypoxic zones of solid tumors. These regions 

develop due to rapid tumor proliferation and 

compromised vasculature [24]. VNP20009 exploits 

this microenvironment, selectively colonizing tumor 

tissues while sparing normal, oxygen-rich organs. 

In vivo studies have demonstrated that 

VNP20009 effectively suppresses tumor progression 

in various cancer models, including melanoma, 

breast cancer, and colon cancer [25, 26]. The 

bacterium infiltrates the tumor via leaky vasculature 

and accumulates in the tumor core, where it 
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replicates and lyses tumor cells. This lysis releases 

tumor-associated antigens, which further activate the 

host’s immune system [27]. Specifically, VNP20009 

induces the recruitment and activation of cytotoxic T 

lymphocytes (CTLs) and natural killer (NK) cells, 

enhancing systemic anti-tumor immunity [28]. This 

dual-action mechanism comprising direct 

cytotoxicity and immune activation renders 

VNP20009 a promising agent for both local tumor 

control and systemic immunotherapy [29]. 

Synergistic Effects of Liposome Tagging and 

Salmonella Therapy 

In recent years, the discovery of novel medical 

strategies aimed at cancer treatment and therapeutic 

efficacy distribution has attracted significant 

attention in oncology and immunology. Among these 

strategies, liposome tagging and Salmonella-based 

therapy have emerged as promising dual approaches 

with synergistic potential for cancer treatment. This 

discussion focuses on the integration of liposome 

technology with Salmonella-based therapeutics, 

examining their combined mechanisms, medical 

implications, and impact on cancer treatment 

strategies.  

Liposomes are nanoscale vesicles composed of 

phospholipid bilayers that can encapsulate and 

deliver various therapeutic agents, including small 

molecules, proteins, and nucleic acids. Their unique 

Properties, such as biocompatibility, 

biodegradability, and surfacemodifiability for 

targeted delivery make them ideal candidates for 

enhancing the pharmacokinetics and 

pharmacodynamics of chemotherapeutic agents [30]. 

Liposomes can be engineered with tumor-specific 

surface ligands, facilitating targeted drug delivery to 

cancer cells while minimizing systemic toxicity. 

Furthermore, they improve drug solubility and 

stability, allowing for higher local concentrations of 

therapeutic agents at the tumor site [31]. 

Parallel to this, Salmonella therapy using 

attenuated strains of Salmonella enterica as oncolytic 

agents—has gained traction due to its tumor-

targeting properties and ability to proliferate within 

the hypoxic and necrotic regions of tumors [32]. 

Salmonella exhibits strong tumor colonization 

potential, migration toward nutrient-deficient 

microenvironments, and the capacity to stimulate 

robust innate and adaptive immune responses [33]. 

The combination of liposome tagging and 

Salmonella therapy represents an innovative strategy 

that leverages the strengths of both modalities. The 

core concept involves enhancing specificity and 

efficacy in targeting malignant tissues. By coating or 

tagging Salmonella with liposomes, researchers can 

manipulate the bacterial surface to improve tumor 

homing, immune evasion, and controlled 

pharmacokinetics [34]. Liposomes can also be 

engineered to carry tumor-specific ligands or 

monoclonal antibodies, enhancing the selective 

binding of Salmonella to tumor cells and increasing 

localized bacterial accumulation [35]. 

This targeted delivery reduces the off-target 

effects traditionally associated with Salmonella 

therapy, improving safety profiles. In addition, 

liposomes offer a versatile platform for co-delivering 

chemotherapeutic agents or immunomodulators 

alongside bacterial vectors. For example, cytotoxic 

drugs or cytokine genes encapsulated within 

liposomes can be co-administered with Salmonella, 

providing a multi-modal anti-cancer strategy [36]. 

Sequential or concurrent delivery of liposomal 

payloads with bacterial therapy has demonstrated 

synergistic effects in preclinical models. Studies 

indicate that this approach amplifies anti-tumor 

responses by combining direct oncolysis with 

enhanced immune-mediated tumor destruction [37]. 

Liposomal carriers ensure precise delivery of adjunct 

agents to the tumor, potentially increasing overall 

therapeutic efficacy (Figure 3) [38]. 

One of the major benefits of using liposome 

tagging in Salmonella therapy is the opportunity to 

circumvent immune system clearance. Salmonella is 

rapidly eliminated from circulation by the host 

immune system, particularly via phagocytosis by 

macrophages, despite its inherent immunogenicity 

[39]. Encapsulation within liposomes allows 

Salmonella to evade immune surveillance, leading to 

prolonged systemic circulation and enhanced 

bioavailability [40]. Furthermore, liposomes can be 

engineered to modulate immune recognition, thereby 

enhancing the therapeutic impact of Salmonella [41]. 

This immune-modulatory strategy not only improves 

biodistribution but also preserves bacterial viability, 

enabling sustained oncolytic activity within the 

tumor microenvironment [42].  

Liposome encapsulation enhances the therapeutic 

profile of Salmonella VNP20009 by enabling 

controlled release of bioactive components at the 

tumor site. The liposomes provide a protective 

barrier, prolonging bacterial viability and allowing 

gradual release in response to the tumor 

microenvironment’s acidic pH and enzymatic 

activity. Pharmacokinetically, liposome tagging 

improves systemic stability, reduces premature 

clearance by the reticuloendothelial system, and 

enhances circulation time. In terms of 

biodistribution, liposome-tagged VNP20009 

preferentially accumulates in tumor tissues due to the 

enhanced permeability and retention (EPR) effect 

and the intrinsic tumor-targeting ability of attenuated 

Salmonella, thereby minimizing off-target 

colonization and maximizing therapeutic efficacy. 

Preclinical models have demonstrated that 

liposome-tagged Salmonella effectively targets 

tumors and produces improved therapeutic responses 
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with minimal systemic toxicity [43]. These findings 

suggest that combining this strategy with additional 

agents could transform current cancer therapy 

paradigms. For instance, co-administration with 

immune checkpoint inhibitors or chemotherapeutic 

agents can enhance anti-tumor responses while 

reducing side effects associated with conventional 

therapies such as chemotherapy and radiation [44]. 

Several parameters play a crucial role in 

determining the yield and therapeutic effectiveness 

of liposome-tagged Salmonella VNP20009. The 

composition and surface charge of liposomes are 

fundamental, as they enhance stability, protect 

bacterial vectors, and improve drug delivery by 

regulating immune evasion and membrane fusion. 

Similarly, encapsulation efficiency and loading 

capacity directly influence the concentration of 

therapeutic payload delivered to the tumor site, with 

higher encapsulation ensuring a greater therapeutic 

load reaches its target. The tumor-targeting ability of 

VNP20009 itself is equally important, as its motility 

and preference for hypoxic environments enable 

selective colonization of tumor tissues, thereby 

enhancing targeting specificity. Moreover, particle 

size and zeta potential significantly affect 

biodistribution, circulation time, and tumor 

penetration, since these physicochemical features 

determine stability, uptake, and the enhanced 

permeability and retention (EPR) effect. External 

delivery factors such as dosage and route of 

administration also dictate therapeutic efficacy, with 

optimized regimens minimizing clearance while 

maximizing tumor uptake. Finally, the timing of 

delivery is critical, as synchronizing bacterial 

colonization with controlled drug release ensures 

peak therapeutic activity and improved treatment 

outcomes. Together, these parameters collectively 

enhance the efficiency and yield of therapeutic 

reactions, establishing liposome-tagged Salmonella 

VNP20009 as a promising platform for targeted 

tumor therapy. 

Preclinical and Clinical Studies 

Since its development, VNP20009, a genetically 

attenuated strain of Salmonella typhimurium, has 

undergone extensive preclinical and clinical 

evaluation for cancer therapy. Early studies in 

murine models confirmed its safety, revealing 

minimal systemic toxicity [45]. Subsequent 

investigations showed that VNP20009 preferentially 

colonizes tumors and exerts cytotoxic effects without 

harming adjacent normal tissues [46]. A Phase I 

clinical trial in patients with advanced melanoma 

demonstrated that VNP20009 could be safely 

administered intravenously, with some patients 

showing partial tumor regression [47]. Following 

this, Phase II trials explored its combination with 

chemotherapy, reporting improved tumor regression 

without increased toxicity [48]. 

Beyond direct tumoricidal action, VNP20009 

significantly alters the tumor immune 

microenvironment. It promotes dendritic cell 

maturation and enhances the presentation of tumor 

antigens to T cells, thereby boosting adaptive 

immune responses [49]. This immunostimulatory 

potential is especially promising in the context of 

modern immunotherapy. Emerging studies suggest 

synergistic effects when VNP20009 is combined with 

immune checkpoint inhibitors such as anti-PD-1 

antibodies [50]. 

Challenges and Future Directions 

Despite promising preclinical and early clinical 

data, several challenges remain. Tumor immune 

suppression can impair the efficacy of oncolytic 

bacteria, and a better understanding of the 

immunological context is needed to optimize 

therapeutic windows [51]. Additionally, immune 

tolerance to VNP20009 over time could reduce its 

long-term effectiveness, highlighting the need for 

combination therapies and optimized dosing 

regimens [52]. 

Hydroxy tumors, often referred to in the literature 

as neuroendocrine tumors (NETs) producing 

hydroxyphenyl compounds, present a complex 

clinical challenge due to their heterogeneity and 

variable biological behavior. These tumors arise from 

neuroendocrine cells located predominantly in the 

gastrointestinal tract, pancreas, and lungs [53]. NETs 

can be classified by their functional status (hormone-

producing vs. non-functional), histological grade, 

and metastatic potential [54]. Functional NETs often 

produce serotonin, catecholamines, and other amines, 

leading to clinical syndromes like flushing, diarrhea, 

and hypoglycemia [55]. Non-functional tumors may 

remain asymptomatic and are often incidentally 

discovered during imaging for unrelated conditions. 

Epidemiological data suggest that while NETs are 

relatively rare, their incidence is rising due to 

improved diagnostic modalities and heightened 

awareness [56]. Women appear to have a slightly 

higher incidence in some studies. Tumors are graded 

by mitotic count and necrosis; well-differentiated 

low-grade tumors have a better prognosis, while 

poorly differentiated high-grade NETs tend to be 

aggressive and metastasize early [57]. 

Diagnostic approaches include imaging 

techniques such as CT, MRI, and PET scans using 

radiotracers like 68Ga-DOTATATE, which target 

somatostatin receptors expressed by NETs [58]. 

Biochemical markers, particularly chromogranin A 

(CgA), are widely used due to their sensitivity, 

though false positives can occur in renal failure or 

other malignancies [59]. 

Historically, the treatment of neuroendocrine 

(hydroxy) tumors involves a multidisciplinary 

approach, including surgical resection, systemic 



SAIFUR REHMAN et al. 

Egypt. J. Vet. Sci.  

6 

therapy, and supportive care. Surgical excision 

remains the primary and most effective option for 

localized tumors; however, complete resection is 

often not feasible, especially in cases of metastatic 

disease. In such scenarios, medical management 

becomes essential. Somatostatin analogs, such as 

octreotide and lanreotide, have been used to control 

symptoms related to hormone hypersecretion and 

may exhibit antiproliferative effects [60]. 

Additionally, targeted therapies including 

everolimus and sunitinib have demonstrated efficacy 

in treating advanced neuroendocrine tumors (NETs), 

particularly in patients resistant to conventional 

treatments [61]. The management of these tumors 

also necessitates an understanding of the molecular 

pathways underlying tumorigenesis. Genetic 

mutations in genes such as MEN1, TP53, and 

DAXX/ATRX have been implicated in NET 

pathogenesis. The menin protein, encoded by MEN1, 

is involved in regulating gene transcription and 

cellular proliferation [62]. Mutations in chromatin 

remodelers like DAXX and ATRX are associated 

with alternative lengthening of telomeres (ALT), a 

mechanism that confers survival advantages to tumor 

cells [63]. These genetic alterations highlight the 

biological complexity of NETs and represent 

potential targets for novel therapeutic strategies. 

Furthermore, tumor progression and metastasis 

are heavily influenced by the tumor 

microenvironment (TME). NETs can alter 

interactions between tumor cells and the surrounding 

stroma, affecting processes such as angiogenesis and 

immune evasion [64]. This highlights the need to 

explore the TME as a therapeutic target. Immune 

checkpoint inhibitors (ICIs) are an emerging strategy 

that harnesses the immune system to combat NETs 

and have shown promise in early studies [65]. 

A novel area of interest is the integration of 

liposome technology with bacterial therapy, which 

represents a promising direction in biomedical 

research. Traditional bacterial therapies utilize 

attenuated or genetically modified bacteria to treat 

cancer and infections but face challenges such as 

poor specificity, immune clearance, and systemic 

toxicity [66]. Liposomes spherical vesicles composed 

of lipid bilayers offer a versatile drug delivery 

platform that can improve the therapeutic index of 

bacterial therapies by reducing associated risks [67]. 

One of the main advantages of liposomes is their 

ability to encapsulate both hydrophilic and 

hydrophobic agents, enabling co-delivery of drugs 

and genetic material [68]. In the context of bacterial 

therapy, liposomes can be engineered to transport 

bacteria within their aqueous core, allowing targeted 

delivery to tumors or infection sites while 

minimizing systemic distribution [69]. This targeted 

approach enhances bacterial accumulation at the 

desired site and reduces off-target effects, a common 

limitation in conventional therapies. Moreover, 

liposomal encapsulation can shield bacteria from the 

host immune response, prolonging their circulation 

time in vivo and increasing therapeutic efficacy [70]. 

Liposomes can also be used to alter bacterial 

surface properties, aiding in immune evasion and 

facilitating tissue penetration, including biofilms or 

chronic lesions that are typically difficult to treat 

[71]. Furthermore, liposomal delivery systems 

improve the stability of orally administered bacteria, 

protecting them from the harsh gastrointestinal 

environment and enhancing their bioavailability and 

therapeutic outcomes [72]. 

In addition, when coupled with specific ligands 

targeting receptors on epithelial cells, liposome-

encapsulated bacteria can achieve better cell uptake, 

increasing the efficacy of mucosal administration 

routes [73]. The use of liposomes in combination 

with bacterial therapy also allows for the inclusion of 

additional functionalities, such as imaging agents or 

medical enzymes. This multimodal approach enables 

bacterial localization and real-time tracking of 

activity within the body using imaging techniques 

such as magnetic resonance imaging (MRI) or 

fluorescence imaging [74]. In the case of cancer 

therapy, this facilitates monitoring of treatment 

response and enables real-time adjustment based on 

observed therapeutic efficacy. 

Liposomes are additionally tunable in terms of 

size, charge, and lipid composition, which allows for 

adaptation to meet specific requirements of various 

medical applications [75]. This level of fine-tuning 

enables the development of liposomes that can 

increase bacterial adherence to target tissues or 

modulate the release of encapsulated materials over 

time. Such controlled release mechanisms are critical 

in bacterial therapy, ensuring that therapeutic 

bacteria are delivered when and where they are most 

needed enhancing the probability of successful 

treatment outcomes [76]. 

Another compelling argument for combining 

liposome technology with bacterial therapy lies in its 

potential integration with advanced genetic 

engineering techniques. Rapid progress in synthetic 

biology enables the design of bacteria with specific 

therapeutic functions, such as the production of 

anticancer agents or immune modulators. Using 

liposomes as delivery vectors, these genetically 

engineered bacteria can be efficiently directed to 

pathological sites, playing a dual role in delivering 

both the therapeutic payload produced by the bacteria 

and the bacteria themselves [77, 78].  

Despite the promising characteristics of this 

strategy, several challenges must be addressed to 

fully harness the potential of combining liposome 

technologies with bacterial treatments. Key issues 

include stability and encapsulation efficiency, 

optimizing interactions between liposomes and 
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bacteria, and evaluating potential immune responses 

against both components [79]. Additionally, 

extensive research on the pharmacokinetics and 

pharmacodynamics of these joint systems is required 

to tailor dosage and administration strategies to 

ensure maximum therapeutic efficacy with minimal 

side effects [80]. 

The combination of liposome-based techniques 

with bacterial therapy represents a versatile and 

powerful approach that enhances delivery, efficacy, 

and safety. Liposomes can improve therapeutic 

outcomes in diverse applications, from chronic 

infections to cancer therapy, by enabling targeted 

delivery, controlled release, and modulated immune 

responses. Continued exploration and development 

of this integrated platform may revolutionize 

treatment strategies for a wide range of diseases [81–

83]. 

Limitation  

Despite its promise as a tumor-targeting bacterial 

vector, Salmonella VNP20009 presents several 

limitations that must be critically addressed. First, 

low clinical efficacy has been reported in early-phase 

human trials, where tumor colonization and 

regression were limited compared to encouraging 

preclinical outcomes. Second, systemic toxicity 

remains a concern, as bacterial administration can 

trigger strong immune responses, septic-like 

symptoms, and off-target inflammation. Third, rapid 

clearance by the host immune system and the 

reticuloendothelial system restricts bacterial 

persistence, reducing the therapeutic window. 

Furthermore, variability in tumor microenvironment 

conditions may influence colonization efficiency, 

leading to inconsistent results across different tumor 

types. Finally, biosafety concerns and regulatory 

challenges continue to hinder clinical translation, 

emphasizing the need for improved genetic 

engineering, combination strategies (e.g., liposome 

encapsulation), and more rigorous human trials to 

optimize safety and efficacy. 

Conclusion and Recommendations 

The findings of the current review demonstrate 

that the integration of liposome technology with 

bacterial therapy, especially genetically modified 

stress, represents an innovative and promising 

approach to address the limits of traditional cancer 

remedies, especially in relation to the laziness of the 

hydroxy tumor. Liposome encapsulation increases 

the stability and targeted distribution of VNP20009, 

adapting its medical effects and reducing systemic 

toxicity. The unique immunogenic properties of 

VNP20009, especially its ability to spread in hypoxic 

tumor microenvironments, complement the 

advantages provided by liposomes; both direct 

tumoricidal functions and strong anti-tumors 

facilitate recruitment of immune responses. Despite 

the exciting capacity of therapy, this combination 

includes several challenges, which include 

customizing frozen parameters, ensuring frequent 

therapeutic efficacy, and understanding immune 

interactions. Future research should focus on refining 

the physical chemical properties of liposomes to 

enhance the stability and bioavailability of bacteria, 

as well as other novels that examine the collective 

effects of VNP20009 in combination with medical 

terms, such as immunity checkpoint and target 

treatment. Clinical trials should prioritize the 

evaluation of safety, immunogenicity, and overall 

efficacy in various patient populations and tumor 

types to validate the medical utility of liposome-tag 

VNP20009. In the light of the data presented, 

recommendations include promoting cooperation 

between multi-kissing teams to avail 

nanotechnology, synthetic biology, and 

immunotherapy to develop more effective and sewn 

remedies for patients with hydroxy tumors. In 

addition, there is an important requirement for the 

installation of infrastructure that supports the 

translation of promising pregnant findings in clinical 

practice, eventually to improve the results of the 

patient and contribute to the quality of life for those 

affected by cancer. 
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