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Schenk et al. conducted a randomized, double-blind
and placebo-controlled phase II study with oncolytic
picornavirus NTX-010 for extensive-stage small-cell lung
cancer and produced negative results. These results could
be attributed mainly to low viral dose and a more advanced
stage of metastatic cancer treated, and the oncolytic
virus used belonged to the first generation with minimal
potency to elicit antitumor immunity. I envision that in
the future, oncolytic immunotherapy will achieve much
improved therapeutic efficacy in patients with ES-SCLC
or other metastatic cancers by utilizing better armed OVs
and rational combination strategies. These combinations
with other immunotherapeutic regimens, immunogenic
chemotherapy, radiation and/or targeted agents can
promote potent antitumor immunity and other tumoricidal
mechanisms.

Introduction

“Ninety nine percent of success is built on failure.”—By Charles F.
Kettering.

The approval of the oncolytic virus (OV) T-VEC
(Imlygic™) for the treatment of advanced melanoma by
the US and Europe in 2015 showcased the promise of this
novel type of cancer immunotherapy (1-3). Since then,
the exciting therapeutics of this has been moving forward
rapidly, however, many more basic and clinical studies
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need to be conducted and several major issues need to be
addressed before this therapeutic modality can evolve into a
standard care for a variety of cancer patients.

Small-cell lung cancer (SCLC) accounts for ~15% of all
lung malignancies. This is a type of neuroendocrine tumor
with highly aggressive behavior, characterized by rapid
growth and tendency for widespread metastasis. When
diagnosed, over 70% of new SCLC patients represent
stage IV disease. In these patients, clinical onset often
correlates with a heavy symptomatic burden and rapid
decline of overall health (4). Over the past two decades,
very little progress has been made; thus, chemotherapy
and radiotherapy remain the mainstay of treatment for
SCLC. Yet, recurrence happens early and often, leading to a
dismal prognosis and a 2.8% 5-year overall survival for the
extensive-stage disease. Therefore, novel and more effective
strategies to treat SCLC are badly needed. Immune
checkpoint inhibitors (ICIs) have been tested in multiple
clinical studies but so far clinical efficacy has been limited.
Various forms of immunotherapy for SCLC represent a
promising approach. However, a number of challenges lie
ahead (4).

Brief history of Senecavirus as an OV

Senecavirus A, formerly known as Seneca Valley virus,
is a non-enveloped RNA virus of the genus Senecavirus,
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family Picornaviridae. It was accidently discovered by
Genetic Therapy Inc. as contaminant in a human cell
culture in 2002, and designated as Seneca Valley Virus
isolate 001 (SVV-001; now called NTX-010) (5). In 2007,
the first two studies investigating this virus in tumor cells
in vitro and in tumor models iz vivo generated important
discoveries. In the first study (6), the authors found that,
first, neuroendocrine and pediatric tumor cells are sensitive,
at least 10,000-fold more sensitive to the cytotoxicity of
this picornavirus than any adult normal human cells tested.
Second, they also found that the viral infectivity was not
inhibited by human blood components, suggesting that this
OV could be delivered intravenously. Indeed, in tumor-
bearing immunocompetent mice, intravenous doses of up to
1.0e14 viral particles (vp) were well tolerated and no toxicity
was observed. In the second study, another group of authors
also found no toxicity, but high efficacy in an invasive and
metastatic retinoblastoma model treated with systemic
delivery of a dose at 1.0el3 vp/kg (7). In 2010, another
group of authors examined the infectivity, cytotoxicity, and
efficacy in human cancer cells iz vitro and in xenografts
in vivo (8). They found a marked cytotoxicity in a subset
of the cell lines from the panel of neuroblastoma, Ewing
sarcoma, and rhabdomyosarcomas. In vive the most
consistent efficacy was observed for the rhabdomyosarcoma
and neuroblastoma panels. Finally, Liu er 4/. studied its
toxicity and efficacy in an orthotopic xenograft model of
pediatric glioma (9). They found that this OV exhibits
strong antitumoral activity in pediatric glioma and
it utilizes a2,3-linked and a2,6-linked sialic acids as
mediators of tumor cell infection (9). All these preclinical
studies set up a solid foundation for clinical trials with this
nonpathogenic OV.

Two phase I studies were conducted and published.
Rudin and colleagues evaluated the OV in patients with
cancers with neuroendocrine features by single intravenous
doses across five log-increments from 10" to 10" vp/kg (10).
Even the highest dose of the virus was well tolerated, with
predictable virus clearance kinetics, viral replication in the
tumor, and some evidence of antitumoral activity in SCLC.
In the other study, Burke and colleagues have tested this
OV in children with relapsed/refractory solid tumors (11).
NTX-010 was tolerable, even at the highest dose tested
either alone or in combination with cyclophosphamide.
However, the addition of cyclophosphamide did not prevent
the production of neutralizing antibodies and thus the virus
got cleared rapidly. As for efficacy, no objective responses
were observed at the time of disease re-evaluation, even
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though stable disease was observed in 6/12 patients treated
with the virus and 4/6 patients in combination with
cyclophosphamide (11). These studies warranted a phase II
clinical evaluation in SCLC.

Summary of results

In this randomized, double-blind and placebo-controlled
phase II clinical study (12), a total of 50 patients with ES
SCLC in whom the disease did not progress after four
or more cycles of platinum-based chemotherapy were
randomized 1:1 to receive a single dose of NTX-010 (n=26)
or placebo (n=24) within 12 weeks of chemotherapy. NTX-
010 or placebo was infused intravenously as a 1 h infusion
in 100 mL normal saline as a single dose. The primary end
point was progression-free survival (PFS). Viral clearance
and detection of neutralizing antibodies were followed.
At the specified interim analysis, the median PFS was
1.7 months (95% CI: 1.4-3.1 months) for the NTX-010
group versus 1.7 months (95% CI: 1.4-4.3 months) for the
placebo group. The trial was terminated owing to futility.

The measurements of viral clearance and neutralizing
antiviral antibodies were followed to explore if longer
viral exposure had any association with improved clinical
outcomes. The neutralizing antibodies were detected on
day 14 after viral treatment in all 23 evaluable patients.
Viral clearance was observed in most of the 26 patients
who received NTX-010 either seven or 14 days after
administration. Several patients had persistent virus. Most
investigators would interpret the detectable levels of virus at
later times as secondary to intratumoral viral replication and
a potential marker of efficacy. In contradiction, in this study,
delayed clearance of the virus was associated with shorter
PFS and overall survival (OS). My personal point of view
is that these patients had more immunosuppression, and
more advanced cancer, were less likely to generate antiviral
immunity (and antitumor immunity), and thus more likely
to have viral replication in cancer tissues, leading to more
persistence of the virus in the body. Indeed, persistent
viremia could be a negative biomarker for patients’ response
to this treatment.

Discussion and commentary

To examine the reasons behind this negative study (12), we
need to analyze the type of cancer patients, viral dose and
methodologies used in this trial, and assess if the underlying
hypothesis was robust. To obtain fair assessments, we
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must rely on our current understanding of oncolytic
immunotherapy and status of the type of cancer and connect
this trial to other similar clinical studies and findings. The
main reasons for negative results are: (I) a first generation,
not-so-efficacious OV and the use of NTX-010 at a dose
much lower than that used in preclinical studies; (II) an
aggressive type of cancer; (III) a single agent that cannot
elicit potent and sustained antitumor immunity in order to
achieve effective therapy. Unfortunately, in this and other
clinical and preclinical studies with N'TX-010, very little,
if any, immunological endpoints have been analyzed. The
lessons learned from this study will be discussed in more
detail, and future strategies will be followed.

The viral dose and type of buman SCLC were no match

In previous preclinical studies, the authors showed that
intravenous injection of up to 1.0el3 or 1.0e14 vp/kg led
to good therapeutic results in invasive retinoblastoma or
neuroendocrine tumor models, respectively (6,7). In the two
previous clinical studies, little efficacy was observed at the
maximal administered viral doses (10,11), and that predicted
the outcome of the phase II study. In this phase II study, the
viral dose was 1.0e11 vp/kg. This is 100 or 1,000-fold lower
than that used in the preclinical studies and was meant to
treat a very fast-growing and aggressive cancer, an extensive
stage of SCLC. These two factors, lower viral dosage and
the highly aggressive and extensive-stage of the disease
made the clinical trial destined for failure.

Better armed OV’s for enbanced antitumor immunity

The OV used in this study, NTX-010, is a non-
recombinant, replication competent oncolytic RNA
virus. In other words, it is a first generation OV without
any exogenous genes to promote its efficacy. OV armed
with weak immunostimulatory gene may work in
immunogenic tumors. For example, GM-CSF-armed
T-VEC worked to a degree in advanced melanoma,
presumably the most immunogenic type of cancer. After
treatment with T-VEC, the median OS was 23.3 months as
compared to 18.9 months with GM-CSEF, an extension of
4.4 months (1). Another similarly GM-CSF-armed
oncolytic poxvirus, called Pexa-Vec, failed in a 2019 Phase
I trial assessing its combination with Nexavar® (sorafenib)
compared to Nexavar alone in advanced liver cancer.
Advanced liver cancer is lowly immunogenic and highly
immunosuppressive: thus, it is very difficult to achieve
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positive clinical responses with a relatively weak OV in this
type of cancer.

Many preclinical studies have explored whether OVs
armed with more potent Thl-cytokines for improved
antitumor immunity (3,13,14), such as OVs expressing
genetically engineered IL-2, IL-15 or an inducible T cell
co-stimulator (ICOS) could promote systemic antitumor
immunity (15-17). It is envisioned that the new generation
of armed OVs would be more efficacious in cancer patients.

Immunotherapy works most efficiently against highly
immunogenic cancers, and cold tumors are a therapeutic
challenge for immunotherapy (18). That is why many
studies of cancer immunotherapy have been initially
conducted with melanoma, one of the highly immunogenic
type of cancers. T-VEC (armed with GM-CSF) was barely
effective in advanced melanoma. All considered, the second
lesson is that we should not set the aim too high by treating
most advanced cancers using just a plain OV (alone).
SCLCs show reasonable levels of tumor mutational burden,
and good quantities of neoantigens targets for antitumor
immunity (19). Therefore, SCLC, in theory, is suitable
disease for immunotherapy. However, it is one of the very
aggressive diseases, and the oncolysis potency of this weak
OV, without much help from a potent antitumor immunity,
could not get the job done.

Combination vegimens as vational strategies

We and many others believe that OVs provide an ideal
platform for combination therapy (20,21). Combining an
OV and immune checkpoint blockade has proven to be a
highly promising strategy. Preclinical studies showed that
OVs often induce inflammation, leading to the expression
of checkpoint molecules such as PD-L1 in tumor and turn
cold tumor hot, making the strategy of combining an OV
with immune checkpoint blockade a rational strategy (22).
In melanoma patients, the combination improved the
objective clinical response rates from ~20% in monotherapy
to about 65% when combined (23,24). Therefore, it
would be interesting to study this combination strategy
in cold tumors with low tumor mutational burden such as
pancreatic cancers (25).

Clinical data on the efficacy of monotherapy with ICIs
are not so promising despite a sound biological background
for SCLC (4). However, rational combinations make sense.
One obvious combination strategy would be to combine
OV with ICI as OV may induce inflaimmation as well as
antitumor immunity, leading to upregulation of PD-1/
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PD-L1 and possibly other immune checkpoint molecules,
targets for ICIs (22-24). Other combination strategies
with OVs may include, but are not limited to, cytotoxic
chemotherapy, targeted agents, radiation therapy, and other
forms of immunotherapy such as cytokines, adoptive T cell
therapy and other forms of cancer vaccines.

Perspectives

Cancer immunotherapy for SCLC has a solid biological
rationale, but so far treatments with either ICIs or OVs
have shown little therapeutic effects. Based on our
current understanding of cancer biology, immunology,
pharmacology and virology, I believe that oncolytic
immunotherapy should be combined with other regimens of
immunotherapy, immunogenic chemotherapy, radiation or/
and targeted agents in order to optimize tumor cell killing,
modulate the tumor microenvironment, and elicit potent
and sustained antitumor immunity to achieve significantly
improved clinical responses. With further preclinical and
clinical studies using these rational combination strategies,
we will achieve much better efficacy for ES-SCLC and
other types of metastatic cancers.
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