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Oncolytic viruses (OV) have shown great potential to improve clinical outcomes when dosed intratumorally, however, their
therapeutic efficacy when intravenously administered is likely limited by the rapid emergence of neutralizing antibodies. To
overcome this limitation, we developed Synthetic RNA viruses consisting of a replication competent viral genomic RNA (vRNA)
encapsulated within a lipid nanoparticle (LNP) for IV administration. Upon dosing and delivery of this infectious RNA payload, the
vRNA initiates viral replication and virus production in neoplastic cells leading to oncolysis and tumor destruction. This formulation
enables repeat intravenous dosing of a replication competent oncolytic virotherapy even in presence of circulating neutralizing
antibody to the virus.

Here we present ONCR-021, an LNP formulation of Coxsackievirus A21 (CVA21) vRNA. ONCR-021 vRNA encodes a novel ICAM1-
dependent strain of CVA21 that results in greater in vitro and in vivo oncolysis compared to the previously described CVA21
Kuykendall strain. ONCR-021 is broadly oncolytic in cancer cell lines in vitro and is intended for clinical development in NSCLC, RCC,
and HCC based upon the viral tropism. IV-administration of ONCR-021 vRNA results in rapid initiation of viral replication, oncolysis,
and potent anti-tumor efficacy, even in the presence of circulating CVA21 neutralizing antibodies. This efficacy is principally driven
by CVA21 amplification in situ after delivery to tumor cells and we demonstrate viral replication, virion production and spread
within the tumor after dosing. We also observe only modest and transient production of CVA21 in healthy tissues of transgenic
mice expressing the CVA21 entry receptor human ICAM1, and consequently high dose levels of ONCR-021 are well tolerated in this
model as well as in NHP, reaching exposure well above those required form maximal efficacy. Altogether, these preclinical data
support the development of ONCR-021, a novel synthetic oncolytic virus designed to overcome the challenges of repeat
intravenous administration of viral immunotherapy for the treatment of disseminated cancers.
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NSCLC tumor model NCI-H1299

ONCR-021 is efficacious in presence of CVA21 specific neutralizing antibodies

hICAM1 expression is associated with ONCR-021 sensitivity

Synthetic Virus Conceptual Overview

Synthetic CVA21 is efficacious and well tolerated in melanoma xenografts

ONCR-021 encodes a novel high potency strain of CVA21 ONCR-021 is well tolerated in non-GLP safety/toxicology studies

Optimization of vRNA and LNP 
formulation:  RNA encodes a vRNA
capable of seeding an oncolytic virus 
(OV) which amplifies locally upon 
delivery. The vRNAs is optimized for 
oncolytic activity. The LNP is <100nm 
and the RNA is highly encapsulated.

Intravenous delivery to many 
accessible lesions simultaneously 
and repeatedly: LNP bypasses the 
viral neutralizing antibody response
after seroconversion to reach 
disseminated cancerous lesions.

1 2
Repeat dose IV oncolytic 
virotherapy MOA: virus 
spreads destroying and 
inflaming solid tumors, and
has the potential of 
enhance anti-tumor 
immune response. 

3
Disease 

Indications

No. of core 
tumor samples 

tested (N)

Prevalence Rate
% of cores 
positive:

ICAM1+ ≥1%

Mean percent of tumor cells 
ICAM1+ (Median)
(includes all cores)

Mean H-Score (Median)
(includes all cores)
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NSCLC 97 72% 39% (30%) 92 (60)

RCC (Clear Cell) 67 79% 40% (40%) 83 (50)

Melanoma 26 77% 31% (23%) 67 (60)

HCC 69 72% 40% (25%) 86 (48)
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Left: Synthetic CVA21 was administered to SK-MEL-28 cells and tumor volumes were monitored to endpoint.  Right: Body weights were 
monitored in parallel, % body weight change calculated

Left: To discover potently oncolytic CVA21 
strains broadly divergent viruses were rescued 
and evaluated in a comprehensive 144 cancer 
cell line panel to assess cytotoxicity and 
oncolysis.  

Right: ONCR-021 encoded CVA21 strain is 
broadly oncolytic and more potent than strain 
Kuykendall (Cavatak –V937) in vitro when 
compared head-to-head. 

Below: ONCR-021, a Synthetic virus encoding 
this novel strain of CVA21, demonstrates 
superior efficacy to control Synthetic CVA21 
encoding strain Kuykendall in two NSCLC lung 
cancer xenograft models. 

Lowest: In situ hybridization specific for both 
positive (red) and negative (white) RNA strand 
and RT-qPCR for the negative strand 
demonstrates pharmacodynamic activity, 
extensive viral replication spread over time in 
NCI-H1299 tumor model after delivery of a 
single IV dose of ONCR-021. 
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Two color RNA-Scope ISH for the CVA21 positive and negative sense strands in NCI-H1299 tumors taken 
down at the indicated timepoints: red is CVA21 +ssRNA, white is CVA21 –ssRNA.

RT-qPCR specific for the ONCR-
021 derived CVA21 negative 
strand

Polyclonal neutralizing serum raised again CVA21, or control serum was adoptively transferred 24hrs prior to each of 2 doses of CVA21 virus 
or ONCR-21.  Anti-tumor efficacy then assessed in the NCI-H1299 xenograft model. 

• Synthetic viruses are comprised of an LNP capable of RNA delivery and an optimized vRNA from 
viruses that are already clinically validated;  CVA21 and SVV (for a poster on Synthetic SVV or ONCR-
788 please see abstract/poster # 2326 Gene and Vector-Based Therapy).

• ONCR-021 encodes a novel strain of CVA21 that exhibits greater oncolytic potency than strain 
Kuykendall (CAVATAK/V937) both in vitro and in NSCLC xenograft models. 

• ONCR-021 rapidly replicates in vitro and in tumor tissue, spreading after LNP delivery, consistent with 
oncolytic virus-derived efficacy.  

• ONCR-021 bypasses supra physiological levels of CVA21 neutralizing antibodies, implying that 
synthetic virus retain efficacy in the context of redosing. 

• ONCR-021 is well tolerated in a hICAM1 transgenic mouse (1.6 mg/kg)  as a model for viral toxicity and 
in NHP (1 mg/kg).  

• ONCR-021 is intended to treat NSCLC, RCC, melanoma and HCC; these indications express high levels 
of human ICAM1 which is required for CVA21 entry and replication.
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Non-human primatehICAM1 Tg mouse : CVA21 sensitive virus model
• CVA21 requires human ICAM1 to infect cells / tissue
• Tg[hICAM1]  mice are sensitive to CVA21 infection 
• No weight loss or viral replication observed (negative strand RT-

qPCR in lower panel)
• Histopathology, liver function, and clinical chemistry 

unremarkable after a single dose of 1.6 mg / kg. 

• 3 doses at 1 mg / kg given every 14 days.
• No significant liver enzyme elevation and histopathology findings  
• NHP exposure (AUC0-inf) at NOAEL is 47-fold over the maximally 

efficacious dose in a mouse tumor model.   
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