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ABSTRACT

Oncolytic viruses (OVs) are a new class of targeted anticancer drugs with unique mechanisms of action. Oncolytic 
virotherapy has evolved from the use of in vitro-passaged strains (first generation) to genetically engineered viruses 
with increased selectivity (second generation) and, ultimately, to recombinant OVs expressing a transgene (third 
generation). 

The aim of the review was to analyze and summarize data on the current state of clinical research on OVs. 

A PubMed search identified 182 articles from 1997 to 2024 with 154 studies reporting data on 4,850 patients. 
We found that adenovirus (n = 44) is the most common OV in clinical trials with more than two-thirds (n = 108) 
using modified or recombinant viral backbones, and granulocyte-macrophage colony-stimulating factor (GM-CSF; 
n = 40) was the most common transgene. The most common tumors targeted were melanoma (n = 1,997) and 
gastrointestinal (GI; n = 916) cancers with the most common monotherapy received by intratumoral (n = 3,003) or 
intravenous (n = 1,318) delivery routes. The most common combination included chemotherapy (n = 54).

Treatment-related adverse events included low-grade constitutional symptoms and local injection site reactions. 
Measurements of virus shedding were frequently performed, but many studies were limited to blood and tumor 
tissue analysis, using only polymerase chain reaction (PCR). Although most studies reported antiviral antibody 
titers (n = 101), only a few reported virus-specific T-cell responses (n = 23). Objective responses were recorded in 
458 (9.4%) patients and disease control was achieved in 1,141 (23.5%) patients, although standard reporting criteria 
were used in only 60.4% of cases. 

These data provide an insight into the current state of clinical research on OVs and highlight potential areas 
requiring further investigation to better define the role of OVs in cancer treatment.
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РЕЗЮМЕ

Онколитические вирусы (ОВ) – это новый класс таргетных противоопухолевых препаратов, обладающих 
уникальными механизмами действия. Эволюция в области виротерапии прошла от использования штам-
мов, пассированных in vitro (первое поколение), к генно-инженерным вирусам с повышенной селективно-
стью (второе поколение) и, в конечном итоге, к рекомбинантным ОВ, экспрессирующим трансгены (третье 
поколение). 

Цель обзора заключалась в проведении анализа и обобщении данных о текущей ситуации в клинических 
исследованиях ОВ. 

Поиск в PubMed за период с 1997 по 2024 г. выявил 182 статьи, из которых 154 предоставили данные  
о 4 850 пациентах. Согласно публикациям, аденовирус (n = 44) является наиболее распространенным ОВ 
в клинических исследованиях, причем более двух третей (n = 108) использовали модифицированные или 
рекомбинантные вирусные основы с наиболее частым трансгеном в виде гранулоцитарно-макрофагального 
колониестимулирующего фактора (GM-CSF; n = 40). Среди опухолей в большинстве случаев исследова-
лись меланома (n = 1 997) и рак желудочно-кишечного тракта (ЖКТ; n = 916) с использованием преимуще-
ственно монотерапии ОВ через внутриопухолевое (n = 3 003) или внутривенное (n = 1 318) введение. Часто 
встречающаяся комбинация включала химиотерапию (n = 54). 

Нежелательными явлениями, связанными с лечением ОВ, были конституциональные симптомы низкой 
степени тяжести и местные реакции в месте инъекции. Часто проводили измерения выделения вируса, 
однако во многих исследованиях ограничивались анализом крови и опухолевой ткани, применяя только 
полимеразную цепную реакцию. Несмотря на то, что в большинстве работ сообщали о титрах противо-
вирусных антител (n = 101), лишь в некоторых были отмечены вирусспецифические Т-клеточные ответы 
(n = 23). Объективные ответы (ORR, objective response rate) были зафиксированы у 458 (9,4%) пациентов, а 
контроль заболевания достигался у 1 141 (23,5%) больного, хотя стандартные критерии отчетности исполь-
зовались лишь в 60,4% случаев. 

Эти данные дают представление о текущем состоянии клинических исследований ОВ и выявляют потенци-
альные области, требующие дальнейшего изучения для более четкого определения роли ОВ в лечении рака.

Ключевые слова: онколитический вирус, иммунотерапия, виротерапия, клинические исследования, кли-
нические испытания
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INTRODUCTION

In the field of cancer treatment, researchers are 
constantly developing new therapeutic strategies to 
combat the complex and heterogeneous nature of this 

serious disease [1, 2]. One innovative approach that 
is gaining popularity is oncolytic viral therapy, which 
harnesses the potential of viruses to selectively target 
and destroy tumor cells while sparing healthy tissue. 
Oncolytic viral therapy is a promising strategy in the 
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fight against cancer. It demonstrates multifaceted 
mechanisms that induce direct tumor lysis, stimulate 
antitumor immune responses, and improve the 
effectiveness of conventional treatments [3–5].

Oncolytic viral therapy is based on the use of 
natural or modified recombinant viruses constructed 
using genetic engineering methods to infect, 
replicate, and destroy malignant cells. These viruses 
are engineered to exploit vulnerabilities and genetic 
abnormalities present in tumor cells, destroying them 
while sparing healthy tissue. The selectivity of these 
viruses against tumor cells is often achieved through 
genetic modifications that make them unable to 
replicate in healthy tissues, thereby increasing their 
safety for clinical use [6].

Prior to conducting studies in humans, it is necessary 
to evaluate selectivity, cytotoxicity, biodistribution, 
and replication of the virus in in vitro cell lines and 
animal models [7, 8]. The results obtained from animal 
models can provide some insight into the response of 
patients [9].

Over the past few decades, the study of oncolytic 
viral therapy has progressed from preclinical studies 
to numerous clinical trials, indicating a transition 
from theoretical speculation to concrete therapeutic 
potential. Currently, according to Clinicaltrials.gov, 
there are 107 ongoing clinical trials, 89 of which 
are recruiting participants. These trials encompass a 
variety of cancer types and numerous oncolytic viruses 
with diverse mechanisms of action and delivery 
strategies. The results of the studies are crucial in 
comprehending the safety, efficacy, and challenges 
related to oncolytic viral therapy as a viable cancer 
treatment option [10, 11].

The aim of this study was to review the current 
situation in clinical trials on oncolytic viral therapy.

LITERATURE SEARCH METHODS
A systematic literature search was conducted using 

the PubMed database with the keywords “oncolytic 
virus” and “oncolytic viruses”. The search was limited 
to clinical trials and randomized clinical trials.  A total 
of 182 articles were identified and reviewed, of which 
154 contained original reports of clinical trial data 
using oncolytic viruses.

RESULTS
Oncolytic viruses in clinical trials 

The literature search identified 154 clinical trials 
from 1997 to 2024 that reported on the use of oncolytic 
viruses (OVs). These studies involved 4,850 patients 

with various forms of malignant neoplasms (Table). 
Of the studies conducted, the majority (n = 86; 55.8%) 
were phase I trials. This suggests that oncolytic 
virotherapy is a novel approach and indicates that 
negative results from later-stage studies may not 
have been published yet, thus hindering complete 
understanding of the effectiveness of OVs in cancer 
patients.

 We found that out of the total number of studies, 
15 (9.7%) were phase I / II trials, 28 (18.2%) were 
phase II trials, and 20 (13.0%) were clinical trials that 
were not clearly classified but were mostly early-phase 
studies or the first clinical trials in humans. Phase III 
trials accounted for approximately 3% (n = 5) of the 
selected studies. However, even if a drug successfully 
completes phase III clinical trials, there is still a risk 
of failure. For example, on August 2, 2019, Labiotech 
announced the completion of a phase III clinical trial 
of Pexa-Vec (JX-594), a genetically modified vaccinia 
virus expressing GM-CSF and lacking the thymidine 
kinase gene, for the treatment of liver cancer. The 
interim analysis showed that the efficacy of Pexa-Vec 
in combination with sorafenib was greater than that 
of sorafenib alone, but the likelihood of prolonging 
patient survival was low, so the study was terminated 
early [12]. Therefore, current literature focuses on 
early-phase clinical trials.

T a b l e

Patient characteristics in clinical trials of OVs
Characteristics n

Tumor localization
Brain 377
Breast 156
Gastrointestinal tract 916
Genitourinary system 245
Gynecologic tumors 219
Head and neck 198
Lungs 297
Melanoma 1,997
Sarcoma 148
Other solid tumors 204
Hematologic tumors 93

Delivery method
Intratumoral 3,003
Intravenous 1,318
Several 122
Other 407

Phase
I 1,793
I/II 345
II 1,317
III 932
Not specified 463
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Figure. Transgenes used as a payload for oncolytic viruses
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A variety of DNA and RNA viruses can be used as 
OVs. Most of the clinical trials included in the review 
used DNA viruses due to the advantages of their larger 
and more stable genome, which facilitates genetic 
engineering and the addition of multiple transgenes 
(Figure) [13]. The most commonly used viruses 
were adenovirus (n = 44; 28.6%), followed by herpes 
simplex virus type 1 (HSV-1; n = 37; 24.0%), reovirus 
(n = 25; 16.2%), and poxviruses (n = 18; 11.7%). 

Additionally, six studies (3.9%) utilized Coxsackie 
virus, while five studies (3.2%) each employed 
Newcastle disease virus and measles virus. Four 
studies (2.6%) used parvovirus. Although some 
clinical trials have mentioned other viruses, such as 
Seneca Valley virus, Sendai virus, vesicular stomatitis 
virus (VSV), herpes simplex virus type 2 (HSV-2), 
retrovirus, and rhinovirus / poliovirus chimera, none 
of the published studies used more than one type of 
OVs.

Insertional mutagenesis is a problem that occurs 
when an exogenous DNA sequence from a virus 
integrates into the genome of the host organism [14]. 
This phenomenon can be harmless, but it can also 
lead to the transformation of host cells and even cause 
tumorigenesis. The risk of insertional mutagenesis 
depends on the characteristics of the virus. For instance, 
RNA viruses without a DNA phase, as well as viruses 
that replicate in the cytosol, do not pose any risk in this 
regard. Some viruses, including echoviruses, vaccinia 
virus, Coxsackie virus, and Newcastle disease virus, 
are considered safe. Although HSV-1 replicates in the 
nucleus, it has not been shown to cause insertional 

mutagenesis [15]. Adenovirus type 5 vectors are also 
safe due to the episomal nature of DNA [16].

However, retroviruses and lentiviruses are known 
for their ability to invade the genome of the host cell. 
Retroviruses are single-stranded RNA viruses that, 
upon entering the cell cytoplasm, are converted into 
proviral double-stranded DNA and subsequently 
translocated into the nucleus. While retroviruses and 
lentiviruses are popular vectors for gene therapy, the 
risk of genotoxicity remains a concern [17]. Therefore, 
it is crucial to thoroughly study the origins of a virus 
before looking into its development.

Approximately one-third (n = 46) of the clinical 
studies used wild-type virus, while two-thirds (n = 108) 
used genetically modified viruses. The modifications 
primarily consisted of deleting nonessential viral 
genes to promote selective replication in tumor cells 
and attenuate viral pathogenicity. In 69 clinical trials, 
genetic modifications also included the expression of 
one or more transgenes using 101 recombinant genes 
(Figure). The most frequently expressed transgene 
was GM-CSF (n = 40; 26.2%). GM-CSF stimulates 
the proliferation, differentiation, and migration of 
macrophages and dendritic cells, promoting the 
generation of adaptive immune responses by facilitating 
the cross-presentation of tumor antigens [18]. 

The next most commonly expressed transgenes 
were those used for the selection and identification 
of recombinant viruses after host infection. The 
study utilized LacZ (n = 16), which encodes bacterial 
β-galactosidase, and GUSB (n = 4), which encodes 
β-glucuronidase. Additionally, seven viruses were 
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used, each encoding genes for prodrug enzymes, such 
as cytosine deaminase (n = 7) and HSV-1 thymidine 
kinase (n = 7), which convert a nontoxic prodrug into 
a cytotoxic agent. The transgenes included immune-
enhancing genes, such as interleukin-2 (IL-2; n = 1), 
interferon-beta (IFNβ; n = 2), lymphocyte function-
associated antigen 3 (LFA-3; n = 1), costimulatory 
molecule B7.1 gene (n = 1), and intercellular adhesion 
molecule 1 (ICAM-1; n = 1) gene.

 In addition, several studies have employed 
different transgenes to monitor viral replication 
and biodistribution. Specifically, one study utilized 
heat shock protein 70 (HSP70), two studies used 
the carcinoembryonic antigen (CEA) gene, and 
three studies used sodium iodide symporter (NIS) 
and the tyrosine kinase-related protein 1 (TYRP1) 
gene. The NIS gene has been used to visualize viral 
biodistribution and replication using CT and sensitize 
cells to radiation therapy. Finally, ten studies utilized 
adenoviruses that expressed modified type 5 fibers, 
which were designed to enhance viral cell entry [19].

The selection of the most suitable virus and 
transgenes should be based on further biological 
analysis of tumor cells, host factors, and mechanisms 
that promote the activation of Th1 and CD8+ effector 
immune responses in T cells. Studies have shown 
that intracellular sensors, such as the cGAS-STING 
complex and Toll-like receptors, play a crucial role 
in inducing innate immunity by tumor cells [20]. The 
intracellular sensors used to recognize DNA and RNA 
viruses are also used for the same purpose in cancer. 
However, their status in cancer is not yet precisely 
determined [21].

TYPES OF TUMORS IN CLINICAL TRIALS 
Clinical trials on OVs cover a wide range of tumors 

and focus on a large number of cancer patients (Table). 
Melanoma and gastrointestinal cancer were the 
most commonly studied tumors. Melanoma patients 
accounted for 50 clinical trials with the largest number 
of patients (n = 1,997), likely due to the relative ease 
of accessing tumors for local injection. An example of 
this is a phase III clinical trial of T-VEC, a genetically 
modified HSV-1-expressing GM-CSF, which included 
436 melanoma patients [22]. There were 106 clinical 
trials involving 916 patients with gastrointestinal 
cancer. Table summarizes various tumor localization 
targeted in clinical trials, including genitourinary 
tumors (n = 43), breast and gynecologic cancers  
(n = 48), sarcomas (n = 27), and head and neck cancers 
(n = 23).

Based on the number of patients included in 
clinical trials, melanoma was the most common 
cancer type, followed by gastrointestinal cancer  
(n = 916; 18.9%), brain tumors (n = 377; 7.8%), lung 
cancer (n = 297; 6.1%), genitourinary cancer (n = 
245; 5.1%), gynecologic cancer (n = 219; 7.7%), head 
and neck cancer (n = 198; 4.1%), and breast cancer  
(n = 156; 3.2%). The study included 204 patients 
(4.2%) with solid tumors that were not otherwise 
defined, as well as 93 patients (1.9%) with various 
hematologic malignancies.

DRUG COMBINATIONS
Of the 154 studies reviewed, 94 (61.0%) clinical 

trials used OV monotherapy, while 60 (39.0%) 
studies used OVs in combination with at least one 
other treatment or anticancer drug. Among the 
combinations, the most common drugs were cytotoxic 
chemotherapeutic agents (n = 54; 35.1%) and immune 
checkpoint inhibitors (n = 16; 10.4%). 

Other modalities used in combination OV 
therapy studies included radiation therapy (n = 
9; 5.8%), chemotherapy prodrugs (n = 8; 5.2%), 
tyrosine kinase inhibitors (n = 2; 1.3%), and 
immunomodulatory drugs (n = 1; 0.6%). The most 
common chemotherapy drugs included paclitaxel  
(n = 9) and cyclophosphamide (n=8), the latter being 
used in pretreatment chemotherapy to stimulate an 
antitumor immune response. In addition, gemcitabine 
was used in six studies. Two studies were unclear 
about the type of chemotherapy. Eight studies 
combined OVs with prodrugs, including four studies 
with the 5-fluorouracil precursor 5-fluorocytosine, 
three studies with ganciclovir, and one study with 
valganciclovir. Sixteen studies reported a combination 
of OVs and immune checkpoint inhibitors. Of these, 
five studies used ipilimumab and pembrolizumab, 
two studies evaluated the combination of OVs 
with bevacizumab, and one study with nivolumab, 
durvalumab, pucotenlimab, and tremelimumab. 
Additionally, two studies reported on the combination 
of OVs and tyrosine kinase inhibitors, specifically 
bortezomib and erlotinib. Finally, one study used a 
combination with interleukin-2.

Considering the diversity and heterogeneity of solid 
tumors, combining OVs with other treatment modalities 
may enhance their effectiveness. When developing 
combination therapy, it is crucial to consider drug 
interactions and the sequence of their use to minimize 
possible antagonistic effects. Chemotherapy can 
inhibit DNA synthesis, mitosis, and cell division, and 
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cause DNA damage. OVs replicate in tumor cells and 
contribute to the induction of DNA damage. Therefore, 
combining OVs with chemotherapy may enhance the 
antitumor effect synergistically [23, 24]. Combination 
therapy that includes OVs and checkpoint inhibitors 
is an attractive approach. OVs can attract tumor-
infiltrating lymphocytes and stimulate the release of 
tumor antigens, danger signals, and proinflammatory 
cytokines, which further increases T cell recruitment 
and promotes immune cell activation. Viral infection 
may increase the expression of immune checkpoint 
molecules, such as CTLA-4 and PD-1, which typically 
inhibit T cell activation [25–27]. Additionally, the 
combination of radiation therapy and OVs has a 
synergistic effect on tumor treatment [28].

In addition to ongoing research that combines 
OVs with checkpoint inhibitors, viruses are being 
developed that can produce their own antibodies. For 
instance, HSV-1, which can express antibodies to PD-
1, was developed to treat glioblastoma [29]. Although 
this construct has only been tested in mouse models 
so far, it represents a promising example of enhancing 
OV activity by inserting an antibody gene.

ADMINISTRATION ROUTES
Selecting the optimal route of administration is 

a controversial issue in the clinical development 
of OVs. Therefore, we analyzed the routes of 
administration used in published clinical studies 
(Table).  The most commonly used method was 
intratumoral injection, which was used in 88 studies 
(57.1%). OVs are suitable for direct injection into 
the tumor. However, the number and localization 
of tumors may restrict the use of this method. 
Intratumoral injections provide direct tumor access, 
but the OV may be distributed unevenly within the 
tumor, reducing its effectiveness.

Intravenous delivery was used in 57 clinical 
studies (37%). It has the potential to infect metastatic 
lesions but may be limited by dilution in the blood 
and clearance from the body. This method avoids 
challenges of localizing each tumor, but there is a risk 
of inadequate transmission of the virus to the tumor 
site, which reduces its effectiveness [30].

Other delivery methods used in the studies 
included hepatic artery infusion in five studies 
(3.2%) and intraperitoneal delivery in eight studies 
(5.2%). Additionally, intravesical injection (n = 3), 
direct injection into the removed tumor bed (n = 3), 
convection-enhanced delivery (CED) into the brain 
tumor bed (n = 2), intradermal injection (n = 2), and 

infection of tumor cells ex vivo (n = 1) were employed. 
Two studies reported the use of stem cell delivery. No 
clinical trials using nanovesicle delivery have been 
reported, although preclinical trials have described 
such methods [31, 32].

Phase III clinical trials only used intratumoral 
injections, indicating their primary role in OVs with 
high commercial potential. This method is safer and 
ensures that the virus reaches its target directly.

There is interest in discovering new delivery 
methods that can prevent premature clearance of the 
virus and improve its biodistribution in tumor sites 
[33].

According to the Table, the most common delivery 
routes were intratumoral (n = 3,003; 61.9%) and 
intravenous (n = 1,318; 27.2%) injections. In the 
same studies, 122 patients received OVs through 
multiple routes, mostly combining intravenous with 
intratumoral administration. Besides, 407 (8.4%) 
patients received OVs through other routes, as 
described above.

Intratumoral injections were commonly used for 
melanoma, prostate cancer, and gliomas [34, 35]. 
Depending on the tumor localization and accessibility, 
the virus can be delivered once (for instance, into the 
glioma cavity during surgery) or several times (as in 
melanoma) [36].

Intravenous delivery can also take place via 
peripheral intravenous injection or can be more 
targeted by hepatic artery infusion for liver 
metastases [37]. Intravenous administration offers 
several advantages, including ease of administration, 
standardized dosage, and the possibility of repeated 
and prolonged administration [38]. However, the main 
disadvantage of this method remains the development 
of neutralizing antibodies and clearance of the virus 
from the blood.

Biodistribution of the virus depends on the route 
of administration. Intravenous administration allows 
the virus to spread through the bloodstream, reaching 
well-perfused organs, such as the liver, heart, lungs, 
kidneys, and brain. The spleen is also highly susceptible 
to circulating particles due to its high blood supply and 
capillary system. Local administration, on the other 
hand, results in the virus being mainly concentrated in 
organs near the injection site [39].

OV SAFETY PROFILE
The reviewed trials primarily assessed the safety 

of agents used in clinical practice. The adverse 
events associated with OV treatment were mostly 
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low-grade constitutional symptoms (CTCAE grade 
1–2) and local injection site reactions. Fever was the 
most frequently reported adverse event, it was noted 
in 96 studies (grade 1–2 in 80 trials and grade 3–4 
in 16 studies). Mild symptoms commonly reported 
included chills (n = 83), nausea and vomiting (n = 67), 
flu-like symptoms (n = 36), fatigue (n = 52), and pain  
(n = 34). Pain at the injection site was also reported 
in 43 studies. More severe adverse events (grade 3 or 
higher) included nausea and vomiting (n = 12), pain 
(n = 11), fever (n = 6), fatigue (n = 6), and flu-like 
symptoms (n = 3).

Clinical trials reported 155 grade 3 and 33 grade 
4 adverse events. Many of the events observed were 
related to disease progression or the effects of other 
drugs used in combination therapy. The safety profile 
of OVs appears acceptable, given the large number of 
early-phase clinical trials that often include late-stage 
patients. Adverse events were mostly comparable for 
intratumoral and intravenous administration.

However, there are certain safety issues associated 
with different administration routes, and risks are 
present with intra-arterial administration of the 
agent. Gene therapy can cause a strong immune 
response, and in rare cases, excessive inflammation 
can damage organs and lead to death. For instance, 
in 1999, an 18-year-old patient died after receiving 
an adenovirus injection into a branch of the hepatic 
artery. Adenoviral vectors and transgenes were found 
in all of the patient’s organs during autopsy, marking 
the first report of a death from gene therapy and 
highlighting its risks and serious side effects. When 
developing agents for intra-arterial administration, 
it is crucial to consider their safety and increase the 
dosage carefully to ensure effectiveness. At present, 
intravenous OV formulations are primarily used at 
early clinical stages (phase I and II) and have not yet 
advanced to phase III.

OV SHEDDING IN CLINICAL TRIALS
Viral shedding from treated patients may 

pose a risk to the environment and human health.  
FDA guidelines provide detailed information on 
viral shedding studies, including clinical trial design,  
and the collection and analysis of shedding data.  
The guidelines also note that viral shedding may 
be dose-dependent, so shedding studies should be 
performed after phase I when the dosage is well 
defined [41].

None of the reviewed studies reported transmission 
of viral infection to family members or healthcare 

personnel. Out of the 154 studies that were published, 
122 (79.2%) assessed viral shedding, while 32 (20.8%) 
did not.

The presence of the virus in tissues is crucial for 
delivering the virus to tumor sites and identifying 
potential shedding sites. Clinical trials on OVs 
assessed various tissues and fluids, with blood or 
serum being the most common viral shedding site in 
89 (57.8%) studies. Viral shedding in urine was noted 
in 57 (37.0%) studies and in tumor biopsy specimens – 
in 41 (26.6%) studies. The next most common was 
viral shedding in saliva or oral swabs, reported in  
28 studies (18.2%), and in sputum samples, 
reported in 20 studies (13.0%). Other fluids or 
tissues, including cerebrospinal fluid, peritoneal 
washings, and injection sites, were collected in 41  
studies.

In 122 studies that assessed viral shedding, evidence 
of the presence of the virus was found. Polymerase 
chain reaction (PCR) was the most commonly used 
method for detection in 100 (82.0%) studies. Plaque 
assays, which measure infectious virus particles, 
were performed in one study alone and in 21 (17.2%) 
published studies together with PCR [42].

ANTIVIRAL IMMUNITY IN CLINICAL TRIALS
Antiviral immunity plays a crucial role in clinical 

trials of oncolytic virotherapy and is a significant 
correlative biomarker. The presence of neutralizing 
antibodies is a major obstacle to successful therapy. 
The agents selected for treatment must be capable 
of infecting human cells, which has both advantages 
and disadvantages. One of the primary reasons for 
limiting the effectiveness of oncolytic virotherapy in 
humans is their immunity against the virus. Patients 
may have been previously exposed to or vaccinated 
against some of the naturally occurring viruses used 
in OV-based treatment, leading to the formation of 
neutralizing antibodies [43]. For instance, nearly 
90% of people have antibodies against reovirus. 
The effectiveness of the measles virus, also 
considered a potential pathogen, is reduced due to 
the presence of antibodies against it in patients’  
blood.

Out of the 154 studies analyzed, 101 (65.6%) 
works measured antiviral antibody titers. Of these, 
43 (27.9%) studies assessed neutralizing antibodies, 
while the remaining studies measured non-neutralizing 
antibody titers. Virus-specific T cell responses were 
investigated less frequently and were reported in only 
23 (14.9%) clinical studies.
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ANTITUMOR ACTIVITY IN CLINICAL TRIALS
Antitumor activity is an important consideration 

in OV trials, although many of these studies were 
conducted at early stages of development and were 
not designed to detect therapeutic responses, which 
complicates the analysis of clinical endpoints. 
However, most of them recorded clinical responses. 
Ninety-three studies (60.4%) used different Response 
Evaluation Criteria in Solid Tumors (RECIST), 
including standard RECIST in 74 studies (48.1%), 
modified RECIST in 12 studies (7.8%), and irRECIST 
criteria in 7 studies (4.5%).  Four additional studies 
(2.6%) used modified WHO criteria, including the 
phase III OPTiM T-VEC study. The remaining 57 
studies (37%) did not mention specific response 
criteria.

Out of the 4,850 patients who participated in these 
studies, the overall objective response rate was 9.4% 
(n = 458). Complete responses were observed in 3.5% 
(n = 171) of patients, while partial responses were 
observed in 5.9% (n = 287) of patients. Additionally, 
disease stabilization was observed in 14.1% (n = 
683) of patients, resulting in disease control in 23.5%  
(n = 1,141) of patients. It is worth noting that a 
minor response was recorded in only 0.3% (n = 17) 
of patients. It is important to note that although the 
numbers are modest, most of the studies were phase 
I clinical trials and were not specifically designed to 
evaluate clinical responses.

CONCLUSION
We conducted a review of clinical experience 

with OVs over the past two decades. Our analysis 
provides an overview of different types of OVs used 
in clinical practice, target tumors, combinations, and 
the status of ongoing studies. Most clinical trials use 
large DNA viruses with various modifications, and 
GM-CSF is mainly used as transgenes. Most viruses 
are administered via intratumoral injection, although 
there has been an increase in the number of studies 
using intravenous administration. Monotherapy 
for osteosarcoma predominates in most studies, 
and combination therapy most often includes 
chemotherapy.

Despite the large number of clinical trials 
conducted, currently only four OVs have received 
approval for use as a treatment for malignant tumors. 
The first OV to be approved for the treatment of 
melanoma was the unmodified picornavirus ECHO-
7 (Rigvir) in Latvia in 2004 [44]. In 2005, a modified 

adenovirus H101 (Oncorine) was registered in China 
for the treatment of head and neck or esophageal 
cancer [45]. In 2015, T-VEC (Imlygic) became the 
first OV to be approved in the United States for the 
treatment of unresectable advanced melanoma [46]. 
Subsequently, T-VEC was registered in Europe, 
Australia, Switzerland, and Israel. The only OV-
based drug that has received FDA approval is 
G47Δ (Delytact), a modified HSV-1 expressing the 
E. coli LacZ gene, which received conditional and 
time-limited approval in June 2021 in Japan for the 
treatment of malignant gliomas [47].

Safety concerns for patients and the environment, 
such as off-target effects, virus mutations, and 
transmission [48], may be the reason why despite 
decades of research and numerous clinical trials, only 
one OV-based drug has been approved. Each time the 
original virus replicates, there is a high probability of 
viral evolution, resulting in the proliferation of new 
viral lineages due to defects in the viral polymerase 
[49]. 

The optimal method for administering OVs 
remains an open question. Developing systemic 
delivery faces main challenges, such as serum 
neutralization of the virus and hepatotoxicity. After 
treatment, individuals may shed live, replicating 
viruses, increasing the likelihood of transmission to 
healthy individuals. Due to the high mutation rate of 
viruses, particularly those containing RNA, there is a 
risk of infection transmission when they are released 
into the environment with waste [50].

Based on this, there is a need to conduct additional 
preclinical trials to better understand the basic 
biological mechanisms underlying the antitumor 
activity of OVs. Clinical trials need to standardize 
methods for assessing viral distribution and implement 
appropriate biomarkers that will provide information 
on both antiviral and antitumor immunity. In addition, 
encouraging publication of research data in this 
area will help accelerate clinical development and 
maximize the potential of OVs for the treatment of 
patients with cancer.
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