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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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PE3IOME

Onkonurudeckne Bupycsl (OB) — 3T0 HOBBIH Kiacc TapreTHBIX MPOTUBOOIYXOJIEBBIX MPENApaTOB, 00JIAJAI0MINX
YHUKAJIBHBIMH MEXaHM3MaMH JeiicTBUS. DBOMNIONHUS B 00JIACTH BUPOTEPANUH MPOLLIA OT HCIIOJIb30BAHUS LIITaM-
MOB, TIACCHPOBAHHBIX i1 Vitro (IIepBOE MOKOJICHHUE), K TeHHO-MHKEHEPHBIM BHPYCaM C MOBBIIICHHOH CElIeKTHBHO-
CTBIO (BTOpPOE TTOKOJIEHUE) U, B KOHEYHOM HUTOTe, K peKOMOMHAaHTHBIM OB, 3KcIIpecCHpyIOMUM TPaHCTEHBI (TPEeThe
MTOKOJICHHE).

Heaw 0630pa 3akiovanach B MPOBEACHUHU aHAM3a U 0000IICHNH JAHHBIX O TEKYIeH CHUTYalud B KIMHUYECKUX
ucciaenopanusx OB.

IMouck B PubMed 3a neprox ¢ 1997 mo 2024 r. BeisiBun 182 craThy, U3 KOTOPHIX 154 mpenocTaBHiIM JaHHEIE
0 4 850 marmenrax. CoracHo myOuMKanusiM, ageHoBupyc (n = 44) sBusercs HanOosee pacnpocTpaneHHBIM OB
B KJIMHMYECKUX UCCIIE0BaHMAX, IprdeM Ooliee nByX Tperteit (n = 108) mucnonp3oBann MOANGHUIMPOBAHHBIE HIIH
PEeKOMOMHAHTHEIE BUPYCHEIE OCHOBBI C HaHOOJIee YaCTHIM TPAHCT€HOM B BHJIE IPaHyJIOIMTapHO-MaKpodaraibHOTo
KoJoHHecTUMyHpytoniero ¢axropa (GM-CSF; n = 40). Cpenu onyxoseii B OOJNBIINHCTBE CIydaeB HCCIEIOBa-
mck menanoMa (n =1 997) u pax xenynouno-kumreqnoro tTpakta (JKKT; n = 916) ¢ ucnonp3oBaHHEM MpenMyIiie-
cTBeHHO MoHOoTeparmu OB uepes BHyTpHOMyX0neBoe (7 = 3 003) nm BHyTpHuBeHHOE (1 = 1 318) BBenenue. Yacro
BCTpEYAIONIAsACcs KOMOWHAILIUS BKITIOYAIa XUMHOTEpanuio (n = 54).

HexenareabHbIMU SBICHUSIMH, CBS3aHHBIME C JiedeHHeM OB, ObUIM KOHCTUTYIIMOHAJBHBIE CHMIITOMBI HU3KOIL
CTCICHU TSDKECTH M MECTHBIC PEAKLUM B MECTe MHBEKUHMH. YacTo NMPOBOIMIN M3MEPCHHUs BBIACICHUS BHpYcCa,
O/IHAKO BO MHOTHX HCCIICJIOBaHUSIX OIPAHMYUBAINCH aHAIU30M KPOBH H OIyXOJICBOW TKaHH, MPUMEHSS TOJIBKO
HOJIMMEPA3HYIO LIEMHYI0 peakiuo. HecMoTpst Ha TO, 4TO B GONBLIMHCTBE pabOT COOOIIAIM O TUTPaX MPOTHBO-
BUPYCHBIX aHTuTelN (17 = 101), IMIIB B HEKOTOPBIX OBUIM OTMEYCHBI BUpYyccrenuduieckue T-KIeTOUHbIE OTBETHI
(n =23). O6pextuBHBIe 0TBeTH (ORR, objective response rate) 6butH 3adukcupoBans! y 458 (9,4%) marueHTos, a
KOHTPOJB 3a0oneBanus gocrurancs y 1 141 (23,5%) 6onpHOTO, XOTSI CTaHAAPTHBIE KPHTEPHH OTIETHOCTH HCTIONb-
30BaMCh JUIb B 60,4% cirydaes.

OTH AaHHbIE JAIOT PECTABICHUE O TEKYILIEM COCTOSHUH KIIMHUYECKUX HucciienoBaHuii OB ¥ BBIABISAIOT NOTCHIIU-
anpHBIE 00J1aCTH, TPeOyIOIIIe JabHENUIIEro u3yyeHus A 6oiee 4eTKoro onpenenenus poiu OB B 1eyeHnu paka.

KiaroueBble c10Ba: OHKOJIUTHICCKHA BUPYC, HUMMYHOTEpANNA, BUPOTECPAIInsd, KIMHUYCCKUE NCCICAO0BAHUs, KIIN-
HHUYCCKHUEC UCITBITAHUA

KOHq).]'Il/lKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U MNOTCHIUAJIBHBIX KOH(l)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C r[y6nm<aunel71 HaCTOS{H.[eﬁ CTaTbHU.

Hcrounnk ¢puHaHCHpPOBaHUS. ABTODHI 3asBISIOT 00 OTCYTCTBUM (PMHAHCHPOBAHMS IPHU IPOBEICHUH HCCIEN0-
BaHMSI.

Jast umtupoBanus: ['onosunoB U.B., ['onuaposa A.C., lllynsra A.A., Binacos C.H., Jumurpuamu C.H. Kiu-
HUYECCKHE HCCIICOBAHHMS OHKOJUTHUYCCKUX BHPYCOB. biotemens cubupckou meouyunvl. 2024;23(4):158-168.
https://doi.org/10.20538/1682-0363-2024-4-158-168.

INTRODUCTION serious disease [1, 2]. One innovative approach that
is gaining popularity is oncolytic viral therapy, which

In the field of cancer treatment, researchers are harnesses the potential of viruses to selectively target
constantly developing new therapeutic strategies to and destroy tumor cells while sparing healthy tissue.
combat the complex and heterogeneous nature of this 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].

Priorto conducting studies in humans, itis 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 1 / 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.

Table

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
1 1,793
/1 345
11 1,317
111 932
Not specified 463
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Figure. Transgenes used as a payload for oncolytic viruses

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 (r = 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
B-galactosidase, and GUSB (n = 4), which encodes
B-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 (/[L-2; n = 1),
interferon-beta (/FFNf; n = 2), lymphocyte function-
associated antigen 3 (LFA-3; n = 1), costimulatory
molecule B7.1 gene (n = 1), and intercellular adhesion
molecule 1 ({/CAM-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 (TYRPI)
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 Th1l 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 S-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 OVswith other treatmentmodalities
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 (rn = 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 spleenis 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 (z = 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
G47A (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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