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Perspective of gene therapy with replication competent viruses
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Background

Although there have been many breakthroughs in cancer
immunotherapy, including the discovery of immune
checkpoint inhibitors, gene therapy has been evaluated as a
cancer treatment strategy for well over two decades. Before
the advent of CRISPR-Cas9 genome editing, viral vectors
were used to deliver potential gene therapies. These vectors
include retrovirus, lentivirus, adenovirus, and adeno-
associated virus. Among them, adenovirus vectors have
frequently been used in lung cancer clinical trials; while
delivery of the p53 tumor suppressor gene was a thriving
research area in the 1990s, this approach did not ultimately
produce satisfactory results (1-3). The first viral therapy
with potential for tumor-specific replication exploited an
adenovirus serotype 5 (AdS) in which the E1BSSkDa gene
had been deleted. Called Onyx-015, this virus theoretically
replicates in p53-deficient cancer cells, but not normal
cells that express wild type p53 (4). Replication-competent
vectors have also been modified with lung-specific
promoters in order to increase their specificity for lung
cancer (5). After several clinical trials failed to show clinical
efficacy (6,7), the development of this Ad5 serotype was
terminated. Since then, other serotypes such as ColoAd1,
which has specificity for colorectal cancer, have been

developed (8).

Seneca Valley Virus

Seneca Valley Virus Isolate 001 (SVV-001) may be used
for cancer gene therapy since it can induce tumor cell lysis
following intravenous administration. The virus belongs

© Translational Lung Cancer Research. All rights reserved.

to the Picornavirus family, replicates via RNA in infected
cells, and does not integrate into the host cell genome; this
is important from a safety standpoint, since it cannot cause
unexpected modifications of host nuclear genes. Discovered
in 2002 by Genetic Therapy Inc. and found in pigs and
cattle, there is no evidence that this virus causes any harmful
disease in humans (9). Systemic delivery of oncolytic viruses
is necessary to treat patients with metastatic cancer. There
are some difficulties associated with systemic delivery
of oncolytic viruses, such as toxicity to normal cells and
inactivation by human blood components such as virus
neutralizing antibodies (10,11).

A promising feature of SVV-001 is that the virus has
a high affinity for neuroendocrine cells. Cell lines with
neuroendocrine features such as small cell lung carcinoma
(SCLC) are more sensitive to the cytolytic activity of
SVV-001 than any of the normal adult human cells. The
infectivity of SVV-001 is not attenuated by human blood
components, and the virus is well tolerated and shows no
dose limiting toxicity in immunocompetent mice (9).

Phase | study of SVV-001

A phase I study using SVV-001 in advanced SCLC has
been carried out by Rudin ez 4. (12). The trial included six
patients with SCLC and 24 with mixed neuroendocrine
tumors of which six had carcinoid tumors. This study
confirmed the replication, efficacy, and safety of SVV-
001 following intravenous administration across five
log-increments from 10" to 10" viral particles/kg. Virus
clearance mediated by anti-viral antibodies was found in
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all patients. The recommended dose was 10" vp/kg of
the maximum dose of virions/body due to lack of dose-
dependent toxicity.

Phase Il study of SVV-001

A phase II trial was reported to 770 by Schenk et al. in
2020 (13). Patients with extensive disease (ED)-SCLC after
four or more cycles of platinum doublets were randomized
to groups that received either a single dose of 10" SVV-
001 particles/kg or placebo. The primary endpoint was
progression free survival (PFS). Although a total sample
size of 99 patients was planned, this trial was terminated
for futility after 40 events following a preplanned interim
analysis. The median PFS was 1.7 months for the SVV-001
group versus 1.7 months for the placebo group [hazard ratio
(HR) =1.03, P=0.92], meaning that single dose SVV-001
treatment was not efficacious. The median overall survival
(OS) was inferior in the SVV-001 group compared to the
placebo group (6.6 versus 13.2 months; HR =1.49, P=0.23).
No remarkable toxicities were observed, though fatigue and
flu-like symptoms increased in patients who received SVV-
001. Serum virus titers were evaluated at 48 h, 7 days and
14 days after SVV-001 administration. The serum detection
rate gradually decreased from 84.6% at 48 h, to 26.9% at
7 days and 23.0% at 14 days.

Contrary to expectation, patients who remained
seropositive for the virus on days 7 and 14 had significantly
lower PES than in whom virus could not be detected.

There are several elements that might help explain this
counterintuitive result. First, antiviral antibody levels were
evaluated 14 days after dosing of SVV-001. Neutralizing
antiviral antibodies were detected 14 days after treatment in
all 23 patients who received SVV-001. From these results,
it is not clear whether the presence of antiviral antibodies
affects virus clearance or virus therapeutic efficacy. The
Schenk article did not report antibody levels in individual
patients, and therefore the effects of antiviral antibody
levels on viral clearance and therapeutic efficacy cannot be
deduced. A phase I study of SVV-001 in pediatric tumors
with neuroendocrine features has evaluated the relationship
between anti-virus antibodies and blood virus levels (14).
Antiviral antibodies developed in 11 of 12 cases. The speed
of viral clearance from the serum of the patient in whom
viral antibodies were not detected was not significantly
different from that of the other patients. Furthermore,
antitumor effects were not observed in any of the patients,
and development of SVV-001 therapy for pediatric tumors
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was stopped after this trial. The relationship between
antiviral antibodies and serum virus clearance remains
unclear. In the phase 2 SCLC trial, all patients developed
antiviral antibodies, whereas clearance of serum virus
was observed only in 70-80% of cases (13). The effect of
antiviral antibody levels on viral clearance and therapeutic
efficacy was not evaluated in detail in this study, however.
We suggest that the release of data addressing this last
point would greatly help our understanding of this intricate
relationship.

Next, it is important to determine whether the virus
actually replicates in the target tumor, since it is this
activity that ultimately leads to oncolysis. In a phase 1
study conducted by Rudin ez 4/., virus was detected by
immunohistochemical analysis in liver metastatic sites
but not in the normal liver site resected from patients
who died of progressive disease on day 28 after SVV-
001 administration (12). Detection of virus and viral
replication in tumors were not evaluated in this phase
2 study by Schenk ez 4/. This is important, as we need
to know the association between the distribution of the
virus to the tumor and the serum virus level. Higher
serum virus levels do not always result in higher virus
replication in tumors. In the Schenk phase 2 study,
patients with serum virus clearance had comparable PFS
and slightly longer OS compared to patients in whom
there was persistence of virus in the serum. Miles er al.
reported that interferon-alfa and -beta, which are key
mediators of innate immunity, suppressed SVV-001 cell
infection (15). It is possible that innate immunity may
not function properly if the virus remains in the serum,
which may in turn explain the short OS.

This phase II study at SCLC was completely negative.
Although there is academic interest in replicating SVV-
001, clinical development of SVV-001 therapy in SCLC has
stagnated. In addition to SSV-001 and adenovirus, several
new replication-competent viruses have now been created.
The failure of SSV-001 and adenovirus in clinical trials
has had a significant impact on the future development of
the replication competent virus. In developing replication
competent virus therapy, there are still many hurdles to
overcome. These include determining whether systemic
administration can provide tumor specificity and whether
the virus effectively replicates in target tumor cells.
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