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ABSTRACT
Cancer vaccines represent a promising approach within immunotherapies. These vaccines are tailored to 
target tumor-specific antigens, thereby offering a precision approach to cancer treatment. The key 
principles in developing therapeutic cancer vaccines include identifying appropriate vaccine targets 
and selecting effective vaccine delivery platforms. These delivery platforms are diverse and have evolved 
to enhance the immune response. This review explores live cancer vaccines and the biological entities 
involved. Live cancer vaccines leverage the use of various biological entities to stimulate an immune 
response. These biological entities including bacterial, yeast-based and viral vectors, have unique proper
ties that can be harnessed to target and destroy cancer cells while eliciting a robust immune response. 
Clinical trials of cancer vaccines are investigating standalone and combination treatment strategies in the 
prophylactic, adjuvant, and palliative settings. This review offers insights into the current oncologic 
vaccine landscape and potential future development.
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Introduction

Cancer vaccines represent a promising therapeutic branch 
within immuno-oncology.1,2 Unlike traditional prophylactic 
vaccines designed to prevent diseases, therapeutic cancer vac
cines treat existing cancers by stimulating the immune system 
to recognize and kill tumor cells.1,3 These vaccines are gener
ally precision therapies that target tumor-specific antigens 
(TSAs). The integration of cancer vaccines with other immu
notherapies underscores their potential to complement exist
ing treatments (i.e., immune checkpoint inhibitors (ICI), 
adoptive cell therapies, and monoclonal antibodies) to 
enhance efficacy and improve patient outcomes.3

Key in the development of therapeutic cancer vaccines is the 
selection of appropriate vaccine target and vaccine platform 
(delivery system). Ideal vaccine targets include tumor-associated 
antigens (TAAs) and tumor-specific antigens (TSAs). TAAs are 
proteins overexpressed in tumor cells but also in normal cells at 
lower levels,4 while TSAs are unique proteins expressed exclu
sively by tumor cells. Neoantigens, a subset of TSAs, are newly 
formed antigens specifically generated from tumor-specific 
mutations, providing highly distinct and personalized targets 
for vaccine-induced immune responses.5 Along with TAAs 
and TSAs, human endogenous retroviral elements (HERVs) 
have been used to develop cancer vaccines and chimeric antigen 
receptor (CAR)-expressing T cells.5,6 Activation of the HERVs 
can lead to a state of viral mimicry, inducing an innate immune 
response and production of cytokines.6,7 By mimicking viral 
infections, HERVs function as an intrinsic adjuvant sensitizing 
cancer cells for immune recognition.5

The platforms used to deliver cancer vaccines are diverse 
and have evolved to enhance the immune response. Cancer 

vaccines can be characterized by these platforms and include 
vector-based vaccines, recombinant vectors, peptide-based 
vaccines, deoxyribonucleic acid (DNA)-based vaccines, mes
senger ribonucleic acid (mRNA) vaccines, whole-cell vaccines, 
gangliosides, genes and dendritic cell (DC) vaccines.1,8 Vector- 
based vaccines use viral, yeast or bacterial vectors to deliver 
genetic material encoding tumor antigens, leveraging the vec
tors’ natural ability to infect cells and induce immunity. 
Whole-cell vaccines employ whole tumor cells, often attenu
ated via genetic modification or irradiation, to stimulate a 
broad immune response against multiple antigens. Tumor 
antigen-loaded DC vaccines utilize DCs loaded with tumor 
antigens to activate T cells, the primary effectors of the 
immune response.1,8

Live cancer vaccines leverage various biological entities, 
including live or recombinant vectors to stimulate an immune 
response. Each of these biological entities has unique proper
ties that can be harnessed to target and destroy cancer cells 
while eliciting a robust immune response.1,9 The delivery 
methods for live cancer vaccines are crucial as they influence 
the vaccine’s ability to reach and stimulate the immune 
system.10,11 The strategy of using the immune system to treat 
cancer dates back to the 1800s, when physicians observed 
significant tumor shrinkage in patients following acute infec
tions. Dr. William Coley pioneered an early vaccine product 
(known as Coley’s Toxins) developed from inactivated 
Streptococcus and Serratia species.12 In the early 1900s, 
patients with tuberculosis were noted to develop cancers less 
frequently than patients without tuberculosis.13 This observa
tion spurred interest in exploring Bacillus Calmette-Guérin 
(BCG) as a potential cancer treatment, with initial experiments 
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beginning in the 1930s.14 By the 1970s, BCG vaccine had been 
established as the standard of care for non-muscle invasive 
bladder cancer (NMIBC) and later received FDA approval in 
the 1990s.15 During this time, vaccine development expanded 
bacterial vectors to include other pathogens (i.e., viruses, yeast, 
and fungi), which were also found to exhibit anti-tumor. This 
broadened the scope of interest in pathogen-based immu
notherapy, laying the groundwork for further advancements 
in cancer vaccines.

This review provides an in-depth exploration of various live 
cancer vaccines, examining the biological entities used as vec
tors involved with a focus on the most extensively researched 
bacteria, yeast, and viruses, including oncolytic viruses. This 
comprehensive analysis offers valuable insights into the cur
rent landscape of live cancer vaccines and potential future 
directions in the field. To ensure a focused scope, this review 
will concentrate on the most extensively studied vector plat
forms and highlight ongoing clinical trials as of September 15, 
2024.

Bacterial vectors

Listeria monocytogenes

Listeria monocytogenes (Lm) as a vector for cancer vaccines 
marks a pivotal development in immunotherapy. Leveraging 
the unique properties of this intracellular bacterial pathogen, 
researchers have enhanced the delivery and presentation of 
TAAs, thereby eliciting robust immune responses.16–18 Lm 
possesses an inherent ability to infect both phagosomal and 
cytosolic compartments of Antigen Presenting Cells (APC).19 

This dual access facilitates the presentation of antigens via both 
major histocompatibility complex (MHC) class I and class II 
pathways, thereby stimulating both CD8+ cytotoxic T lym
phocytes and CD4+ helper T cells.18–20 The innate response is 
initially mediated by the activation of toll-like receptors (TLR), 
which results in downstream signaling and the production of 
pro-inflammatory cytokines.21 Once phagocytized, Lm may be 
processed in the phagolysosomal compartment and peptides 
presented on MHC Class II to activate Lm-specific CD4+ T 
cell responses. Alternatively, Lm can escape the phagosome 
and enter the cytosol, leading to CD8+ T cell activation.19,22 

This combination of responses is crucial for a sustained anti- 
tumor immune response and makes Lm a powerful vaccine 
vector.18–20

Aduro Biotech, now Chinook Therapeutics, developed two 
Lm platforms: LADD (Live Attenuated Double Deleted) and 
pLADD (personalized LADD). LADD utilizes genetically mod
ified bacteria to express TAAs. The pLADD platform builds 
upon LADD by formulating vaccines incorporating predicted 
neoantigen epitopes for a more targeted immune response. One 
such vaccine, CRS-207, expresses mesothelin, a TAA overex
pressed in pancreatic, ovarian, and lung cancers.19,23 Initial 
clinical trials demonstrated its safety and ability to induce 
mesothelin-specific T-cell responses.24 However, the Food and 
Drug Administration (FDA) placed these studies on clinical 
hold in 2016 for safety after a patient treated with CRS-207 
developed listeria bacteremia.25,26 The hold was lifted after 
modifying the protocol and excluding patients with certain 

prostheses. Later, a pLADD platform-based clinical trial on 
colorectal cancer (CRC) was terminated due to business re- 
alignment.27 Currently, the sole active study of CRS-207 is a 
Phase 2 study of epacadostat, pembrolizumab, and CRS-207, 
with or without cyclophosphamide and GVAX, which is a 
granulocyte-macrophage colony-stimulating factor (GM-CSF) 
– transduced autologous tumor-cell vaccine in patients with 
metastatic pancreas cancer. The study has recruited 41 patients 
with no active recruiting and pending results.28 While patients 
who developed listeria infection as a consequence of treatment 
generally responded to antibiotics, the ongoing development of 
listeria-based products must consider strategies to minimize 
infectious toxicity (i.e., attenuated bacterial strains, incorpora
tion of stronger antimicrobial prophylaxis into the study 
treatment).25 This approach could enhance the risk/benefit pro
file and expand the potential approvability of these products.

A key innovation in Listeria-based vaccines is the fusion of 
the antigen with Listeriolysin O (LLO), a virulence factor of 
Listeria.29 This fusion enhances the immunogenicity of the 
antigen and promotes stability and effective presentation to 
the immune system.29 In vaccines targeting prostate cancer, 
prostate-specific antigen (PSA) is fused with LLO, resulting in 
a potent and targeted immune response against PSA-expres
sing tumor cells.29 Advaxis Inc., now Ayala Pharmaceutics, 
had focused on developing Lm vaccines based on the XFL-7 
and LmddA strains. These LLO-based vaccine strains typically 
express TAAs episomally, promoting robust antigen presenta
tion and activation of the immune response. Among the vac
cine strains, three specifically targeted the E7 protein from 
HPV-16, PSA, and Her2.30–32 Similar to the LADD platform, 
one patient who received this vaccine in 2013 died in 2015 with 
trace amounts of bacteria in the blood leading to a brief hold 
by FDA.26 However, as of date 15th September 2024, all studies 
of this product have been terminated. Johnson & Johnson 
(JNJ) also evaluated vaccines targeting epidermal growth fac
tor receptor variant III (EGFRvIII) and mesothelin (JNJ- 
61757) and multiple prostate cancer antigens (JNJ-61809). 
The Phase I trial evaluated the safety of JNJ-61809, targeting 
four relevant prostate cancer antigens with no reported dose- 
limiting toxicities (DLT).33

Despite compelling pre-clinical and early clinical data, safety 
and efficacy concerns led to the termination of all clinical trials 
of this vaccine product except one ongoing trial of RT201 
(Tumor Antigen-specific Macrophage Tumor Vaccine) in the 
Treatment of Advanced Cervical Cancer.25–26,34–36 Lm vaccine 
products have been studied in combination with other agents to 
a limited extend.34,37 Two promising platforms under research 
in pre-clinical studies, Lm-RIID (Lm recombinase-induced 
intracellular death) and KBMA (Killed but metabolically active) 
strains, achieve this goal primarily by deleting virulence factors. 
The anti-tumor KBMA Lm stimulates effective CD4+ and CD8 
+ T cell responses and an increase in the number of mature 
Dendritic Cells in colon cancer model without significantly side 
effects while Lm-RIID commits suicide intracellulary by indu
cing Cre recombinase in host cell cytosol to delete essential 
genes for bacterial viability.38,39 As a result, Lm-RIID can elicit 
potent anti-tumor effects without normal tissue injury. Besides, 
Lm-RIID exhibits a higher clearance rate than double-deleted 
Lm strains.37,40
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Salmonella

Salmonella typhimurium (ST) strains have also been engi
neered to exert anticancer effects.41,42 These strains colonize 
tumor tissues at a rate 1000 times higher than normal tissues, 
with preclinical murine studies demonstrating activity in mul
tiple tumor models.42 ST achieves tumor lysis by promoting 
apoptosis in tumor cells through nutritional deficiency and 
bacterial toxin release. Additionally, ST can induce autophagy, 
which downregulates the protein kinase B (AKT)/mammalian 
target of rapamycin (mTOR) pathways, inhibits the expression 
of hypoxia-inducible factor 1-alpha (HIF-alpha) and vascular 
endothelial growth factor (VEGF), and eventually slows tumor 
growth.41–44 ST also downregulates certain oncoproteins 
involved in drug resistance and tumor metastasis.45,46

Several strains of ST have been engineered to enhance their 
safety and efficacy, the most prominent being VNP0009 and 
CHI4550. VNP0009 is a genetically modified strain designed 
to minimize virulence while retaining its ability to target and 
kill cancer cells.42 This strain has been tested in multiple 
clinical trials, demonstrating a tolerable safety profile, though 
no objective tumor regression was reported.47,48 Subsequent 
development explored the oral route with ST Ty21a expressing 
VEGF Receptor-2, leading to the first-in-kind oral 
V×M01vaccine against advanced pancreatic cancer, which 
showed safety, immunogenicity, and increased vaccine-speci
fic T cell responses compared to placebo.49 Another Phase I, 
dose-escalation, single-dose trial of oral, attenuated ST-con
taining human interleukin (IL)-2 demonstrated a statistically 
significant increase in circulating natural killer (NK) and NK- 
T cells, indicating an immunologic effect despite no observed 
survival benefit.50 The current active study, NCT9234, is a 
Phase II trial with the primary objective to assess the efficacy 
of multiple-dose oral administration of Saltikva, an attenuated 
strain of ST expressing IL-2, in patients with metastatic pan
creatic cancer on a standard of care (SOC) (either 
FOLFIRINOX or Gemcitabine/Abraxane, in combination 
with Saltikva).51

A new modified strain of VNP0009, SGN1, is being inves
tigated in an ongoing clinical trial, NCT3345. This strain over
expresses L-methionine, allowing it to target and preferentially 
replicate in tumors, depriving them of methionine.52 Pre-clin
ical data in combination with PD-L1 (programmed death 
ligand-1) in murine melanoma models have shown that com
bination therapy with systemic anti-PD-L1 therapy results in 
better antitumor activity than individual monotherapies.52 

Currently, SGN1 studies are actively recruiting.53,54 Another 
active trial for patients with multiple myeloma: NCT2291 is a 
Phase I dose escalation study of TXSVN, a weakened form of a 
live vaccine strain of Salmonella (also known as the 
CVD908ssb strain) that has been genetically modified to pro
duce the protein survivin, a tumor antigen. Survivin, a member 
of the inhibitor of apoptosis protein family, serves a dual 
function by promoting cellular proliferation and inhibiting 
apoptosis. Its elevated expression in tumor cells represents an 
adaptation that enables the evasion of apoptosis. However, the 
overexpression of survivin in tumors compared to normal 
tissues presents an attractive target for immunotherapy, aim
ing to disrupt this tolerance mechanism. Widely recognized as 

a TAA, it has emerged as a significant target for investigation 
both in vitro and in clinical trials for cancer diagnosis and 
treatment.55,56

A modified version of VNP0009 was engineered to express 
single-chain antibody fragments specific to carcinoembryonic 
antigen (CEA), a marker commonly found on human gastro
intestinal tract carcinomas, pancreatic cancer, NSCLC, and 
breast cancer. Additionally, to boost antitumor activity, an 
extra copy of the sipB gene, which encodes the proapoptotic 
Salmonella invasion protein B, was inserted into the VNP0009 
chromosome. While Salmonella naturally targets tumor tis
sues, these modifications enable recombinant vaccines to be 
specifically guided and concentrated within tumors, effectively 
delivering apoptotic proteins to eliminate cancer cells.57

BCG

BCG, a live-attenuated form of Mycobacterium bovis, was first 
used successfully to treat NMIBC in 1976.58 Since FDA 
approval in 1990, BCG has become SOC for intermediate- 
and high-risk NMIBC following transurethral bladder tumor 
resection.59,60 Although the precise mechanisms of BCG’s 
antitumor effects remain unclear, several theories have 
emerged. It is believed to stimulate innate and adaptive 
immune responses through local inflammatory reactions.61 

Some studies suggest BCG activates TLR-7, inducing cytotoxic 
effects on tumor cells.62,63 Preclinical evidence also indicates 
that BCG recruits macrophages and pro-inflammatory cyto
kines, such as tumor necrosis factor-alpha (TNF-α), IL-1β, and 
IL-6, into the tumor microenvironment (TME), potentially 
promoting tumor apoptosis and clearance.64 Beyond bladder 
cancer, BCG has been evaluated in combination with other 
therapies for malignancies, though such studies have been 
limited. For example, a 2008 study explored using the New 
York esophageal squamous cell carcinoma 1 (NY-ESO-1) 
recombinant peptide vaccine with BCG and GM-CSF in 
urothelial carcinoma. This combination elicited antibody and 
T-cell responses, with BCG serving as an adjuvant.65 These 
findings suggest that BCG may enhance immunological 
responses when used in combination therapies; however, its 
role in such settings remains largely exploratory. There are two 
ongoing trials Phase III trials evaluating the use of BCG in 
bladder cancer (Table 1). The S1602 trial investigates different 
strains of BCG with or without a BCG vaccine in high-grade 
NMIBC. One of its primary objectives is to determine whether 
intradermal Tokyo-172 BCG vaccination before intravesical 
Tokyo-172 BCR strain instillation improves the time to high- 
grade recurrence for patients with BCG-naïve NMIBC.66 

Another trial is a multicenter study assessing the efficacy and 
safety of tislelizumab combined with BCG bladder instillation 
in preventing postoperative recurrence in intermediate- and 
high-risk NMIBC.67

Clostridium

One of the key challenges in cancer treatment is that many 
tumors thrive in hypoxic, poorly vascularized environments, 
which hinders effective therapy delivery. Due to their growing 
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ability in oxygen-poor conditions, Clostridium species can lyse 
tumor cells by colonizing and metabolizing within hypoxic 
TMEs.68 Clostridial-directed enzyme prodrug therapy 
(CDEPT) is an innovative approach that utilizes clostridium’s 
preference for hypoxic environments. In CDEPT, Clostridium 
is genetically engineered to activate nontoxic prodrugs into 
active chemotherapeutic agents.68,69 Although no ongoing 
clinical trials use CDEPT, preclinical studies have generated 
promising results.69 Another area of interest involves using C. 
butyricum MIYAIRI 588 (CBM588) in combination with BCG 
in bladder cancer. A preclinical study found that CBM588 was 
as effective as BCG in enhancing the release of tumor necrosis 
factor-related apoptosis-inducing ligand (TRAIL) from neu
trophils, promoting apoptosis of cancer cells.70 C. novyi-NT, a 
modified strain of C. novyi, has also shown potential. 
Preclinical single-dose administration of C. novyi generated 
tumor regression in small murine tumors, although responses 
in larger murine tumors were less impressive. A high percen
tage of animals treated with C. novyi experienced fatal toxicity, 
highlighting the need for additional safety development.71,72 

Attempts were made to reduce toxicity by removing a bacterial 
gene shown to correlate with toxicity, but safety concerns 
persisted.73,74 In a Phase 1 trial completed in 2001, a melanoma 
vaccine incorporating epitopes from tetanus toxoid success
fully induced CD4+ T-helper cell responses.75 Recent studies 
on C. tetani-based products primarily focus on combination 
therapies, where the accompanying product also serves as an 
immune stimulant. One study evaluating the combination of 
the Human Papillomavirus (HPV) vaccine GARDASIL with 
REPEVAX (diphtheria, tetanus, acellular pertussis, and polio
myelitis vaccine) demonstrated favorable tolerability and evi
dence of immunological response.76 Another trial evaluated 
the combination of the ALVAC-CEA/CD80 (B7.1) vaccine 
with chemotherapy and tetanus vaccine, finding an acceptable 
safety profile, although no significant clinical or T-cell 
response was observed.77 Although Clostridium-based thera
pies demonstrated potential for targeting malignant cells, the 
discontinuation of earlier studies highlights significant chal
lenges in translating this approach to clinical practice. 
Furthermore, there are no ongoing studies utilizing 
Clostridium as a vector for cancer vaccines, underscoring the 
need for renewed research efforts and innovations to overcome 
these limitations.

Yeast

Yeast-based cancer vaccines represent a cost effective, versatile 
and promising approach leveraging innate and adaptive 
immune responses.78–80 Yeast is an effective platform for deli
vering TAAs due to its proven ability to generate robust 
immune activation. The immune system recognizes engi
neered yeast cells expressing TAAs as foreign, prompting 
DCs to phagocytose them. The TAAs are processed and pre
sented on MHC molecules, activating CD4+ and CD8+ T- 
cells. Additionally, yeast cells contain pathogen-associated 
molecular patterns (PAMP), such as β-glucans, which bind to 
pattern recognition receptors (PRR) on immune cells. This 
interaction enhances immune activation and fosters a pro- 
inflammatory environment, leading to an effective anti- 

tumor response.78,80,81 Also, heat-killed yeast, which is extre
mely stable and easy to transport and store, offers practical 
advantages over other vaccine platforms.

Preclinical studies have demonstrated the efficacy of yeast- 
based vaccines across multiple cancer models, including mel
anoma, breast cancer, and prostate cancer.82–85 In one study 
using human CEA-transgenic mice, a recombinant S. cerevi
siae expressing human CEA (yeast-CEA) was evaluated for its 
ability to elicit CEA-specific T-cell responses and antitumor 
activity. The results demonstrated that yeast-CEA vaccination 
could break immune tolerance and elicit both CEA-specific 
CD4+ and CD8+ T-cell responses.85,86 In tumor-bearing mice, 
repeated administration of yeast-CEA significantly reduced 
tumor burden and increased overall survival, particularly in 
models of pulmonary metastasis and subcutaneous pancreatic 
tumors.85

While there is no FDA-approved yeast-based therapeutic 
cancer vaccine, there are currently multiple investigational 
products under study (Table 2). GI-6207 is a yeast-CEA vac
cine, genetically modified to express the recombinant CEA 
protein using heat-killed Saccharomyces cerevisiae as a vector. 
In clinical trials, patients with metastatic CEA-expressing car
cinomas received subcutaneous vaccine with minimal toxicity 
while inducing antigen-specific immune responses and stabi
lizing CEA levels.87 GI-4000 is a yeast-based vaccine that 
targets mutations in the RAS oncogene. RAS plays a crucial 
role in many solid tumors, including pancreatic and NSCLC. A 
Phase-II trial showed that GI-4000 was well tolerated and 
immunogenic when used as consolidation therapy in patients 
with stage I-III KRAS-mutant lung cancer.88 Immune 
responses were measured by interferon-γ (IFNγ) ELISpot 
assay and by regulatory T cell (Treg) frequencies on treatment. 
In pancreatic cancer, a phase II trial (NCT6406) combined GI- 
4000 with gemcitabine for patients with resected RAS-mutated 
tumors, showing trends toward improved survival in certain 
patient subgroups identified by proteomic signatures predic
tive of GI-4000 responsiveness.89 However, despite the pro
mising immune responses, many GI-4000 trials have failed 
(either terminated or withdrawn) secondary to poor accrual 
or lack of efficacy.90 GI-6301 is a yeast-based vaccine that 
targets brachyury, a transcription factor overexpressed in var
ious advanced cancers as well as universally in chordoma. A 
Phase I clinical trial91 demonstrated the vaccine’s ability to 
induce brachyury-specific immune responses with minimal 
adverse effects. Early signs of clinical activity were observed.92 

However, a Phase II trial combining GI-6301 with radiation 
therapy for patients with unresectable chordoma was termi
nated early due to a lack of synergistic antitumor efficacy.93 

For the brachyury vaccine, recent efforts have shifted toward 
non-yeast-based platforms, such as the BN-Brachyury vaccine, 
which employs a heterologous prime-boost strategy using 
Modified Vaccinia Ankara (MVA) for priming and Fowlpox 
Virus (FPV) for boosting. The prime-boost strategy is used to 
enhance and sustain the immune response against a target, 
particularly when the body may quickly neutralize the initial 
vaccine. The prime dose introduces the immune system to the 
target antigen, while subsequent booster doses use a different 
vaccine platform to bypass immune neutralization and 
strengthen the response. Early trials of this vaccine in patients 
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with metastatic solid tumors have shown a good safety profile 
and the induction of brachyury-specific T-cell responses.94

Efforts to develop yeast-based personalized cancer vaccines, 
such as neoepitope yeast vaccine YE-NEO-001, have also been 
underway. They have been explored for use in metronomic 
combination therapies for pancreatic cancer,95,96 and CRC.97 

One of the Phase I trials of NANT vaccine for Triple Negative 
Breast Cancer (TNBC) showed safety and efficacy in combina
tion with chemo-radiation.98 However, it was prematurely 
terminated before the completion for Phase II.99 These perso
nalized neoepitope vaccines, which target cancer-specific 
mutations, represent a new frontier in cancer immunotherapy.

Viral vectors (including oncolytic viruses)

Over a century ago, tumor regression was observed in cancer 
patients infected with certain viruses.100 Since then, multiple 
trials have evaluated the role of various viruses as vectors for 
cancer vaccines. The use of viruses in vaccines can be divided 
into two groups: oncolytic viruses (OV) and genetically engi
neered viruses. While viral-based therapeutic cancer vaccines 
are engineered to express tumor antigens via transgenes, OV 
do not target a specific tumor antigen.101 Rather, OVs exert 
direct cytotoxic effects on cancer cells. Tumor cells lyse and 
spill their contents, offering a host of TSAs to the immune 
system to ultimately effect an antitumor response.100,102 The 
FDA and European Medicines Agency (EMA) approved the 
first OV, Imlygic (talimogene laherparepvec, or T-VEC), in 
2015.103,104 Multiple OV products are now under investigation 
both as monotherapy and in combination.103 As of September 
2024, 114 active clinical trials are ongoing.105

Amongst various virus platforms, adenovirus and poxvirus 
have been extensively studied historically and possess well- 
characterized genomes. Adenovirus was among the earliest 
viruses used as a vector for gene therapy.106 Advances in 
genetic engineering have further enhanced the safety and effi
cacy of adenoviral vectors, increasing their use in experimental 
therapies.107 Poxvirus, on the other hand, gained prominence 
due to its large genome, which allows for easy genetic 
manipulation.108 Similarly, herpes simplex virus (HSV) is 
recognized for its ability to infect both dividing and non- 
dividing cells and its favorable safety profile, making it a 
suitable vector for cancer vaccine delivery systems.109 At the 
same time retrovirus vectors, such as lenti- and gammaretro
viruses, are the most common choice for the transformation of 
isolated patient cells ex vivo.110 Lentiviral vectors, in particular, 
are extensively utilized in the manufacturing of CAR-T cells110 

An alphavirus vector, AVX701 (CEA(6D)-VRP), has also been 
evaluated in phase I/II clinical trial patients with metastatic 
cancer expressing CEA with vaccine successfully elicited CEA- 
specific T-cell and antibody responses in most patients.111 

Other platforms, utilizing measles virus, alphavirus, and retro
viruses, have also been studied and described.101,106,110 

However, given that the majority of currently active clinical 
trials focus on adenovirus, poxvirus, and HSV, and consider
ing the unique attributes of these vectors, this review will 
primarily focus on adenovirus, poxvirus, and HSV as leading 
candidates in ongoing clinical trials.

Pox virus

Pox viruses, including vaccinia, offer several characteristics 
that make them attractive vectors. A large viral genome facil
itates the insertion of multiple therapeutic genes.108 Vaccinia 
vaccines elicit robust immune responses by inducing inter
feron (IFN) production and activating both cellular and 
humoral immunity.112,113 Studies have demonstrated that 
pox virus strains, including particularly MVA, are safe and 
well tolerated in humans.114,115 While the anti-tumor efficacy 
of pox virus-based therapeutic cancer vaccines has not reached 
the threshold for regulatory approval, ongoing studies seek to 
enhance efficacy (Table 3). One promising strategy involves a 
pox virus vaccine modified to express three costimulatory 
molecules or TRICOM: B7.1, ICAM-1 (Intracellular adhesion 
molecule-1), and LFA-3 (Lymphocyte function-associated 
antigen 3). These molecules enhance the immune response 
by promoting T-cell proliferation and cytokine production.116 

MVA-Bavarian Nordic (MVA-BN)-brachyury-TRICOM vac
cine has been developed to target brachyury, the previously 
noted transcription factor associated with increased cytokine 
release, angiogenic factor production, and IL-8 signaling.117 

Elevated IL-8 levels drive epithelial-to-mesenchymal transition 
in malignant cells, which increases tumor cell motility and 
invasiveness.117 A Phase 1 clinical trial with escalating doses 
of this vaccine in patients with solid tumors demonstrated no 
DLTs, with most patients showing a brachyury-specific T-cell 
response.118 Another Phase 1 trial evaluating the PROSTVAC- 
V/F vaccine incorporating PSA and TRICOM demonstrated a 
favorable toxicity profile as well as evidence of vaccinia-speci
fic immune response.119 However, no studies of this product 
have met their primary endpoint for efficacy as of this 
publication.

Pexa-Vec is one of the most extensively studied oncolytic 
Vaccinia Virus (oVV). JX-594 (Pexa-Vec) is an engineered 
vaccinia virus, used initially as a vaccine for smallpox, now 
repurposed for cancer therapy. It selectively infects and lyses 
tumor cells due to their defective antiviral responses. Pexa-Vec 
also expresses GM-CSF, promoting immune cell recruitment. 
Strong immune-stimulating properties make it suitable for 
combination with immunotherapies, especially in advanced 
liver cancer.103,120 However, phase III trials in combination 
with sorafenib have failed to improve outcomes as compared 
to SOC.103,121 A Phase I/II clinical trial of Pexa-Vec in combi
nation with cemiplimab in RCC is ongoing.122

Several other oVVs are also being investigated. Double 
deleted vaccinia virus (vvDD), derived from the most potent 
strain of vaccinia virus (Western Reserve Strain), has shown 
promising outcomes.123 vvDD was engineered to co-express 
somatostatin receptor and cytosine deaminase, generating a 
vvDD-CDSR strain, also known as JX-929, which has demon
strated tolerable safety as well as tumor specificity.103,123,124 

Various oVVs currently undergoing phase I clinical study 
include hV01 (recombinant human IL-21 oVV), IDOV- 
SAFE, GC001, and TG6050.125–128 Based on previous trials 
showing a lower effect on eliciting an immune response by 
systemic administration, most of these trials are now evaluat
ing intra-tumoral drug route. One exception is IDOV-SAFE, 
which remains a systemically-administered product.103,126 

8 C. T. JANI ET AL.
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While the majority of development is occurring in advanced 
solid tumors, RGV004 is also being investigated in B-cell 
lymphoma.129

Among chemotherapy combination trials, KM1 and Olvi- 
Vec (Olvimulogene nanivacirepvec) are currently being eval
uated. KM1 is a genetically modified recombinant vaccinia 
virus that has demonstrated therapeutic efficacy in various 
solid tumors, including ovarian cancer. In the ongoing phase 
1 study, KM1 is administered via intraperitoneal infusion in 
combination with chemotherapy. The physician’s choice of 
agents includes carboplatin or cisplatin, gemcitabine, taxanes, 
or pegylated liposomal doxorubicin, with or without 
bevacizumab.130 Olvimulogene nanivacirepvec (Olvi-Vec), 
currently in phase 2 testing, has shown broad infectivity and 
therapeutic potential across a variety of tumor types, including 
NSCLC and platinum-resistant/refractory ovarian cancer 
(PRROC). In the ongoing phase 2 trial (VIRO-25), Olvi-Vec 
is being evaluated in combination with platinum-doublet che
motherapy and ICI.131 Building on the efficacy and safety 
results from the phase 2 VIRO-15 trial, a phase 3 trial 
(OnPrime GOG-3076) is now assessing its role in combination 
with chemotherapy – including carboplatin, cisplatin, gemci
tabine, taxanes, or pegylated liposomal doxorubicin – in con
junction with bevacizumab for PRROC.132 Another vaccine, 
VET3-TGI, is oncolytic immunotherapy currently in phase 1 
evaluation (STEALTH-001 trial) to treat advanced cancers. 
Although it has not yet been administered to human patients, 
it has been designed to selectively infect and kill cancer cells 
while sparing healthy tissue. The phase 1 study consists of dose 
escalation and expansion groups. Group A evaluates the high
est tolerated dose (HTD) of VET3-TGI administered intratu
morally, while Group C determines the HTD when 
administered intravenously. Groups B and D assess the com
bination of VET3-TGI with pembrolizumab, starting at the 
HTD identified in Groups A and C, respectively.133 

Additionally, BT-001, an oncolytic vaccinia virus containing 
genes encoding the 4-E03 human recombinant anti-hCTLA4 
antibody and human GM-CSF, is under investigation in a 
phase 1/2 trial. This trial is evaluating its combination with 
pembrolizumab for metastatic melanoma, TNBC, and Merkel 
cell carcinoma.134

Adenovirus

Adenovirus, a non-enveloped virus with a double-stranded 
DNA genome, has more than 50 known serotypes that can 
cause human illness.135 They are highly efficient in transdu
cing both dividing and non-dividing cells, making them a 
promising tool in cancer vaccine development.106,136 Key 
advantages include their well-characterized genome, ease of 
genetic manipulation, and broad tropism.135 Advances in 
genetic engineering have further improved their safety and 
efficacy.107 This has paved the way for various vaccine plat
forms targeting specific TAAs, including CEA, Mucin 1 
(MUC1), and PSA.

One notable example is ETBX-011, an engineered adeno
viral vaccine that encodes a modified CEA (Table 3). This 
vaccine includes the highly immunogenic epitope CAP1-6D, 

which has been shown to induce CEA-specific, cell-mediated 
immune responses with potent antitumor activity.137 Initial 
Phase 1/2 trials in patients with metastatic CRC (mCRC) 
demonstrated favorable safety and immunogenicity 
profiles.138,139 However, the Phase II trial evaluating 
(Adenovirus type 5) Ad5-CEA combination with avelumab 
vs SOC (FOLFOX + bevacizumab) in mCRC did not show 
sufficient improvement in progression-free survival, although 
it did generate multifunctional CD4+/CD8+ T cells specific to 
MUC1 and brachyury.140 An ongoing trial now compares the 
vaccine with regorafenib in mCRC.97

To address the challenge of tumor heterogeneity, recombi
nant adenoviral vaccines targeting a broader range of TAAs 
have shown promise in preclinical models.137,141 An ongoing 
Phase 2 trial142 is further evaluating the Tri-Ad5 vaccine regi
men in combination with the IL-15 superagonist nogapende
kin alfa inbakicept (N-803) in Lynch Syndrome. The goal is to 
assess its effectiveness in preventing cancer in this high-risk 
population. Ad5-PSA, an adenoviral vaccine encoding PSA 
and prostate stem cell antigen, has also demonstrated strong 
preclinical efficacy.143 This was followed by a Phase 1 trial, 
which confirmed the vaccine’s safety.137,144 Future studies will 
likely evaluate the vaccine’s clinical benefits when combined 
with other immunotherapy agents or palliative radiation 
therapy.145

A related trial146 investigates Maraba’s product, MG1- 
MAGEA3, both as monotherapy and with a prime/boost strat
egy incorporating an adenovirus vaccine also targeting 
MAGEA3 (Melanoma-associated antigen). Early results sug
gest that the Ad-MAGEA3 prime followed by the MG1- 
MAGEA3 boost is tolerable and determined a recommended 
Phase 2 dose.147 Trial NCT9760 is evaluating the combination 
of MG1-MAGEA3 with Ad-MAGEA3 with pembrolizumab in 
NSCLC; accrual is complete, and results are pending.148 In 
addition, novel platforms are being developed to further 
enhance immune responses in hard-to-treat cancers. One 
such platform is the PRGN-2009 therapeutic gorilla adeno
virus-based vaccine, which targets HPV-associated malignan
cies. PRGN-2009 contains multiple cytotoxic T cell epitopes 
targeting the viral oncoproteins HPV 16/18 E6 and E7, includ
ing T cell enhancer agonist epitopes. Preclinical studies have 
shown a significant reduction in tumor volume in humanized 
mouse models.149 A Phase I study demonstrated that PRGN- 
2009, both as monotherapy and in combination with bintra
fusp alfa (BA) – a bifunctional Tumor Growth Factor (TGF)-β 
trap/anti-PD-L1 fusion protein – was safe, well-tolerated, and 
induced HPV-specific T-cell immune responses in patients 
with recurrent/metastatic HPV-associated cancers. The com
bination of PRGN-2009 and BA exhibited clinical activity, in 
both patients naïve or resistant to ICI.150 A Phase II study is 
currently evaluating the combination of PRGN-2009 with 
pembrolizumab, with biological correlative assays 
underway.151

Another innovative approach is the development of Nous- 
209, a cancer vaccine aimed at targeting multiple neoantigens 
shared across both sporadic and hereditary microsatellite 
instability (MSI)-high tumors.152 Nous-209 uses a heterolo
gous prime/boost strategy, combining two multivalent viral 
vector platforms: GAd-209, which consists of four great ape 
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adenovirus (GAd) vectors, and MVA-209, which contains four 
MVA vectors. Each vector encodes a synthetic polypeptide, 
allowing for broad neoantigen coverage.153 Currently, Nous- 
209 is being tested in a Phase 1/2 trial154 in patients with 
metastatic mismatch repair-deficient (dMMR) gastric, CRC, 
and gastroesophageal junction (GEJ) tumors, in combination 
with pembrolizumab. Interim results have demonstrated that 
the vaccine, when combined with pembrolizumab, is safe, 
immunogenic, and shows early signs of clinical efficacy.155 

Moreover, Nous-209 is also being explored as a preventive 
vaccine for Lynch syndrome carriers without any existing 
malignancies.156

Adenoviral vectors have also been widely utilized in gene 
therapy applications, particularly in DC vaccines. These vectors 
are highly effective at transducing DCs, which are crucial in 
initiating adaptive immune responses. Several trials have explored 
autologous DC adenovirus CCL21 vaccines in NSCLC. While one 
trial157 was terminated, another158 demonstrated promising 
immune responses in advanced NSCLC, although detailed results 
are yet to be reported. An active but non-recruiting trial159 

evaluates the combination of the CCL21 adenovirus vaccine 
with pembrolizumab in Stage IV NSCLC. Ongoing trials, such 
as NCT8663, are investigating adenoviral-transfected DC vac
cines combined with cytokine-induced killer (CIK) cells in 
patients with acute myeloid leukemia (AML), targeting antigens 
like MUC1 and survivin.160

In addition, adenoviruses have emerged as powerful tools in 
developing OVs. One of the earliest OVs, Oncorine, was 
approved for clinical use in China in 2005103. However, as mono
therapy, it failed to demonstrate sufficient therapeutic efficacy in 
patients with refractory solid tumors.103 ONYX-015, one of the 
first attenuated adenoviruses, was designed to selectively replicate 
in p53-deficient tumor cells, a common mutation in many can
cers, while leaving normal tissue unaffected. Since then, newer 
oncolytic adenoviruses (oAV) have been developed, including 
ONCOS-102, LoAd703, TILT-123, ORCA-010, and CG0070 
(Cretostimogene grenadenorepvec). These viruses incorporate 
the intact E1B 55 kDa gene, which enhances viral replication 
and has been engineered to replicate in cancer cells 
preferentially.103 Additionally, many of these oAVs feature 
modified fibers on their capsids, improving their ability to infect 
cancer cells independently of the coxsackie and adenovirus 
receptors, further enhancing their therapeutic potential.161,162

Several oAVs are undergoing clinical trials (Table 3). 
LOAd703 is an immunostimulatory gene therapy utilizing a 
selectively replicating adenovirus as a gene vehicle. The virus 
expresses the transgenes trimerized membrane-bound isoleucine 
zipper (TMZ)-CD40L and 41BBL under the control of a cytome
galovirus (CMV) promoter. The LOKON002 trial, a Phase I/II 
study, evaluated LOAd703 in patients with pancreatic, biliary, 
ovarian, and CRC cancers.163 Results from LOKON002 showed 
that combining LOAd703 with nab-paclitaxel plus gemcitabine in 
patients with advanced pancreatic ductal adenocarcinoma was 
feasible and safe.164 It also showed that LOAd703 has the ability 
to generate an inflamed tumor microenvironment in immunolo
gically “cold” tumors, thereby priming them for ICIs or other 
immunotherapies, such as adoptive T or NK cell transfer.165 

Additionally, the LOKON001 trial is assessing LOAd703 admi
nistered via intratumoral injections for pancreatic cancer, 

combined with SOC treatment, including gemcitabine and nab- 
paclitaxel, with or without the anti-PD-L1 antibody 
atezolizumab.166 Another oncolytic adenovirus, H101—a recom
binant human Ad5—is being evaluated in various trials. In unre
sectable intrahepatic cholangiocarcinoma, H101 is combined 
with FOLFOX chemotherapy, while in advanced mesothelioma, 
it is being studied in combination with PD-1 inhibitors to reverse 
immune resistance.167,168 In recurrent cervical cancer, it is being 
investigated along the anti-PD-1 antibody camrelizumab via 
intratumoral injections.169

TILT-123, another oncolytic Ad5 engineered to express 
TNF-α and IL-2, has emerged as a key therapeutic agent, 
with trials in melanoma, ovarian carcinoma, and head and 
neck cancers, where it is being tested in combination with 
ICIs.170–173 The TUNIMO trial demonstrated that TILT-123 
was safe and capable of inducing antitumor effects in both 
local and distant lesions in heavily pre-treated patients.174 

Across three trials – TUNIMO, TUNINTIL, and PROTA – 
TILT-123 was well-tolerated, with no DLTs reported, and it 
showed significant intratumoral immunomodulation follow
ing a single intravenous administration.175 Similarly, CG0070, 
another oAV has shown encouraging results. This condition
ally replicating dsDNA-based Ad5 is genetically engineered 
with the essential E1a gene under the control of the human 
E2F1 promoter. A Phase 1 trial combining CG0070 with nivo
lumab for cisplatin-ineligible muscle-invasive bladder cancer 
(MIBC) reported no dose-limiting toxicities, achieving a 42.1% 
pathologic complete response rate and a 70.4% 1-year recur
rence-free survival, highlighting the potential of this combina
tion regimen to enhance therapeutic efficacy in cisplatin- 
ineligible patients with muscle-invasive bladder cancer.176

Another notable viral vector is Seneca Valley Virus (SVV- 
001), a replication-competent oncolytic picornavirus initially 
discovered as a contaminant in laboratory adenovirus 
preparation.177 SVV-001 was evaluated in a Phase 1 clinical 
trial, where a single IV dose was well tolerated in patients with 
advanced solid tumors exhibiting neuroendocrine features. 
The study reported a clinical benefit rate of 85% of neuroen
docrine neoplasms.178 Future trials are planned in combina
tion with ICI, focusing on solid tumors with enhanced patient 
selection guided by biomarker-driven approaches. Other pro
mising trials include ORCA-010, a novel oAV being evaluated 
for intratumoral administration in treatment-naïve patients 
with localized prostate cancer179 and DNX-2401,180 designed 
to be delivered intra-arterially for recurrent glioblastoma. 
Newer OVs, such as MEM-288181and Ixovex-1,182 are cur
rently under investigation for use in NSCLC and head and 
neck cancers, often in combination with ICI. Additional trials 
are exploring the efficacy of oAV such as CAdVEC183 and 
BioTTT001184–186 in HER2-positive solid tumors. Further 
details of ongoing trials are available in Table 3.

Herpes viruses

HSV is a promising vector for the delivery of TAAs due to 
its ability to infect a broad range of dividing and non- 
dividing host cells, accept large DNA inserts and a good 
safety profile.109 Deleting the glycoprotein H gene from HSV 
results in a “disabled” virus that is only capable of one 
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round of infection.109,187,188 HSV has also been utilized as a 
vector for oncolysis. Like adenovirus, oncolytic HSV (oHSV) 
can promote antitumor immune response.103,189,190 Derived 
from HSV-1, T-VEC is the first FDA-approved OV for 
melanoma.191 T-VEC has been modified to preferentially 
replicate in tumor cells and produce GM-CSF. T-VEC’s 
ability to generate tumor-specific immune responses and 
induce systemic immunity has made it a promising candi
date for combination with ICI.191 Imlygic (T-VEC oHSV) 
remains the only oHSV to be approved by the US FDA and 
EMA to date.103 T-VEC is also under investigation in new 
indications (i.e., in combination with paclitaxel for TNBC.192

Multiple trials are currently underway to evaluate the effi
cacy and safety of oHSV across various malignancies (Table 3). 
CAN-3110,a replication-competent HSV-1, is being developed 
for adult patients with recurrent high-grade glioma.193 A Phase 
I trial in recurrent GBM demonstrated that CAN-3110 prefer
entially replicates in tumor cells due to its association with 
nestin, a protein overexpressed in GBM but absent in healthy 
brain cells.194 Similarly, C134, a second-generation chimeric 
Human CMV/HSV-1 oncolytic virus, has been engineered for 
late viral protein synthesis and enhanced intra-tumor replica
tion. It has shown a favorable safety profile in preclinical 
models and has advanced to a Phase I trial for primary CNS 
malignancies.195,196 HSV-1 G207 is another genetically engi
neered oHSV lacking genes essential for replication in normal 
brain tissue. Phase I trial showed acceptable safety and 
responses in patients with recurrent or progressive pediatric 
high-grade gliomas.196,197 M032 is also being evaluated in 
recurrent glioblastoma and anaplastic astrocytoma, both as a 
standalone therapy and in combination with ICIs.198,199 

Beyond its oncolytic activity, M032 functions as a gene therapy 
vector, delivering IL-12 directly into tumor cells, thereby 
enhancing the anti-tumor immune response.200

Multiple recombinant oHSVs have also been developed.201 

These recombinant oHSVs are mutated or multimutated con
ditionally replicating recombinants, restricting the viral repli
cation and final cell lysis to actively replicating cancer cells.202 

Amongst ongoing trials, RP1 is being tested for cutaneous 
squamous cell carcinoma, Merkel cell carcinoma, and mela
noma in combination with ICI,203,204 while RP2 and RP3 are in 
trials for uveal melanoma and mCRC, paired with ICI.205,206 

The recombinant OV R130 is under early-phase investigation 
for a range of advanced solid tumors.207–209

Amongst other oHSV with ongoing trials, BS-006 is under 
investigation in the Phase I trial for intratumoral injection in 
cervical cancer.210 OH2, is being explored across several can
cers, including bladder cancer, CNS tumors, and melanoma, 
with combination approaches involving pembrolizumab in 
certain cases.211–214 OH2, a genetically engineered oHSV type 
2, was designed to selectively amplify tumor cells and express 
GM CSF to enhance antitumor immune responses.215 T3011 is 
another promising candidate being tested for advanced solid 
tumors such as CRC and lung cancer, administered either 
intratumorally or via hepatic artery infusion216,217 T3011 is a 
replication-competent, genetically modified, next-generation 
oHSV. Deletion of one ICP34.5 copy and retention of ICP47 
maximizes its replication activity and virulence attenuation. 
Moreover, T3011 was inserted with biologically active IL-12 

and anti-PD-1 antibody genes. Therefore, while lysing tumor 
cells, T3011 can significantly improve the TME and elicit the 
body’s specific anti-tumor immunity.218

Conclusion

Cancer vaccines represent a rapidly evolving frontier in immu
notherapy, stimulating the immune system to recognize and 
attack TAAs or TSAs. Each bacterial, viral, or yeast-based 
vector platform has unique advantages and limitations, and 
at present, there is no clear superior platform. Bacterial plat
forms such as LM and Clostridium excel in targeting hypoxic 
tumor environments. Viral vectors like adenovirus and HSV 
are highly effective in generating strong immune responses 
and direct oncolytic effects. Yeast-based vaccines offer stabi
lity, scalability, and the ability to present multiple tumor anti
gens to the immune system. Studies to date show that while 
cancer vaccines are active products, monotherapy administra
tion is insufficient to generate adequate efficacy data necessary 
for regulatory approval. As such, sponsors of investigational 
therapeutic vaccines routinely incorporate other immune-sti
mulating products (whether approved or investigational) into 
their development programs. Beyond synergistic strategies and 
immunogenic intensification, there is the potential to enhance 
efficacy by targeting tumor neoantigens (i.e., personalized 
vaccines). While therapeutic vaccines as a class have been 
shown to be generally well tolerated and often have a more 
favorable safety profile relative to that of cytotoxics or other 
immuno-oncology products, further efficacy data will support 
making broad claims about the future role of therapeutic 
vaccines in the treatment of cancer.
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Abbreviations

Ad5 Adenovirus 5
AE Adverse event
AKT/mTOR Protein kinase B/mammalian target of rapamycin
AML Acute myeloid leukemia
APC Antigen-presenting cell
B7.1 CD80
BA Bintrafusp alfa
BC Breast cancer
BCG Bacillus Calmette-Guérin
CAR Chimeric antigen receptor
CBM588 C. butyricum MIYAIRI 588
CDEPT Clostridial-directed enzyme prodrug therapy
CEA Carcinoembryonic antigen
CG0070 Cretostimogene grenadenorepvec
CIK Cytokine-induced killer
CMV Cytomegalovirus
CRC Colorectal cancer
DC Dendritic cell
DLT Dose-limiting toxicities
dMMR Mismatch repair-deficient
DNA Deoxyribonucleic acid
EMA European Medicines Agency
FDA Food and Drug Administration
GAd Great ape adenovirus
GBM Glioblastoma multiforme
GEJ Gastro-esophageal junction
GI-6207 Yeast-CEA vaccine
GM-CSF Granulocyte-macrophage colony-stimulating factor
GVAX GM-CSF – transduced autologous tumor-cell vaccine
HERV Human endogenous retroviral element
HIF Hypoxia-inducible factor
HPV Human papillomavirus
HSV Herpes simplex virus
HTD Highest Tolerated Dose
ICAM-1 Intercellular adhesion molecule 1
ICI Immune checkpoint inhibitor
IFN Interferon
IL Interleukin
JNJ Johnson & Johnson
KBMA Killed but metabolically active
LADD Live attenuated double deleted
LFA-3 Lymphocyte function-associated antigen 3
Lm Listeria monocytogenes
Lm-RIID Lm recombinase-induced intracellular death

MAGE Melanoma-associated antigen
mCRC Metastatic CRC
MHC Major histocompatibility complex
MIBC Muscle Invasive Bladder Cancer
MSI Microsatellite instabillity
MUC1 Mucin 1
MVA Modified Vaccinia ankara
MVA-BN MVA-Bavarian Nordic
NK Natural killer
NMIBC Non-muscle-invasive bladder cancer
NY-ESO-1 New York esophageal carcinoma antigen1
NSCLC Non-small cell lung cancer
oAV Oncolytic adenovirus
oHSV Oncolytic HSV virus
Olvi-Vec Olvimulogene nanivacirepvec
OV Oncolytic virus
oVV Oncolytic vaccinia virus
PAMP Pathogen-associated molecular pattern
PD-L1 Programmed death ligand 1
PK Pharmaco-kinetics
pLADD Personalized live attenuated double deleted
PRR pattern recognition receptor
PSA Prostate-specific antigen
RCC Renal cell carcinoma
RNA Ribonucleic acid
SOC Standard of care
ST Salmonella typhimurium
TAA Tumor-associated antigen
TGF Transforming growth factor
TLR Toll-like receptor
TNF- α Tumor-necrosis factor-alpha
TME Tumor microenvironment
TNBC Triple negative breast cancer
TRAIL Tumor necrosis factor-related apoptosis-inducing ligand
T-VEC Talimogene laherparepvec
TSA Tumor-specific antigen
TURBT Transurethral bladder tumor resection
VEGF Vascular endothelial growth factor
VLP Virus-like particle
vvDD Double deleted vaccinia virus
YE-NEO Neoepitope yeast vaccine
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