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ASX Announcement 

 

Investor presentation at Bioshares Biotech Summit 2019  

_________________________________________________________________________________ 

SYDNEY, Australia, 26 July 2019: Imugene Limited (ASX:IMU), a clinical stage immuno-oncology 

company, today announced its Chief Technology Officer Dr Nick Ede will present a company update 

at the 15th Bioshares Biotech Summit held in Queenstown New Zealand. 

 

The annual Bioshares Summit attracts biotech CEOs, pharmaceutical licensing executives, fund 

managers, and retail investors from around the world.  

 

Bioshares published this week a report on Imugene and specifically its license of oncolytic 

virotherapy CF33 from the City of Hope Cancer Centre in Los Angeles.  The report can be accessed 

at https://www.imugene.com/analyst-coverage 

 

The full presentation is available on the Imugene website. 

 

For further information please contact: 

Leslie Chong 

Managing Director and Chief Executive Officer 

T: +61 458 040 433 

E: Leslie.Chong@Imugene.com 

 

Follow us on Twitter @TeamImugene 

Like us on Facebook @Imugene 

Connect with us on LinkedIn @Imugene Limited 

 

About Imugene (ASX:IMU) 

 

Imugene is a clinical stage immuno-oncology company developing a range of new and novel 

immunotherapies that seek to activate the immune system of cancer patients to treat and 

eradicate tumors. Our unique platform technologies seek to harness the body’s immune system 

against tumours, potentially achieving a similar or greater effect than synthetically manufactured 

monoclonal antibody and other immunotherapies. Our product pipeline includes multiple 

https://www.imugene.com/analyst-coverage
https://www.imugene.com/analyst-coverage
https://twitter.com/TeamImugene?lang=en
https://twitter.com/TeamImugene?lang=en
https://www.facebook.com/Imugene/
https://www.facebook.com/Imugene/
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immunotherapy B-cell vaccine candidates and an oncolytic virotherapy (CF33) aimed at treating a 

variety of cancers in combination with standard of care drugs and emerging immunotherapies. We 

are supported by a leading team of international cancer experts with extensive experience in 

developing new cancer therapies with many approved for sale and marketing for global markets.  

 

Our vision is to help transform and improve the treatment of cancer and the lives of the millions of 

patients who need effective treatments. This vision is backed by a growing body of clinical evidence 

and peer-reviewed research. Imugene is well funded and resourced, to deliver on its commercial 

and clinical milestones.  Together with leading specialists and medical professionals, we believe 

Imugene’s immuno-oncology therapies will become foundation treatments for cancer. Our goal is to 

ensure that Imugene and its shareholders are at the forefront of this rapidly growing global market. 
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1. The information in this presentation does not constitute personal investment advice.  The presentation is not intended to be comprehensive or provide all 

information required by investors to make an informed decision on any investment in Imugene Limited (Company).  

In preparing this presentation, the Company did not take into account the investment objectives, financial situation and particular needs of any particular investor.

2. Further advice should be obtained from a professional investment adviser before taking any action on any information dealt with in the presentation.  Those acting 

upon any information without advice do so entirely at their own risk.

3. Whilst this presentation is based on information from sources which are considered reliable, no representation or warranty, express or implied, is made or given by 

or on behalf of the Company, any of its directors, or any other person about the accuracy, completeness or fairness of the information or opinions contained in this 

presentation.  No responsibility or liability is accepted by any of them for that information or those opinions or for any errors, omissions, misstatements (negligent or 

otherwise) or for any communication written or otherwise, contained or referred to in this presentation.

4. Neither the Company nor any of its directors, officers, employees, advisers, associated persons or subsidiaries are liable for any direct, indirect or consequential 

loss or damage suffered by any person as a result of relying upon any statement in this presentation or any document supplied with this presentation, or by any 

future communications in connection with those documents and all of those losses and damages are expressly disclaimed.

5. Any opinions expressed reflect the Company’s position at the date of this presentation and are subject to change

6. International offer restrictions - This document does not constitute an offer to sell, or a solicitation of an offer to buy, securities in the United States or any other 

jurisdiction in which it would be unlawful. In particular, the New Shares have not been, and will not be, registered under the US Securities Act of 1933 and may not 

be offered or sold in the United States except in transactions exempt from, or not subject to, the registration requirements of the US Securities Act and applicable 

US state securities laws. The distribution of this presentation in jurisdictions outside Australia may be restricted by law and any such restrictions should be 

observed. 

DISCLAIMER
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INTRODUCTION TO IMUGENE

• Imugene is a biotech company headquartered in Australia and publicly traded on the 
Australian Securities Exchange (ASX:IMU)

• B cell vaccine based technology originated from the Medical University of Vienna

• 2017: HER-Vaxx, our anti HER2 B cell cancer vaccine entered the clinic

• 2018-19:  HER-Vaxx Phase 1b complete with Phase 2 recruiting

• June 2018: Licensed extensive B cell vaccine portfolio from OSU and Mayo Clinic 
comprising of HER1, HER2, HER3, VEGF, IGF-1R, CD28, combinations thereof and the 
PD-1 cancer vaccine

• July, 2019:  License a new oncolytic virus from City of Hope invented by 

Professor Yuman Fong
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IMUGENE HAS A DEVELOPING PIPELINE
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Pre-Clinical
Clinical 
development
Phase 1

Clinical 
development
Phase 2

Key Data / Results Key IP patents 

CF33     
(Oncolytic   
Virus) 

• CF33 has shown strong anti tumour responses in preclinical studies
• Inhibition of tumour growth in nearly all NCI60 models in TNBC, Lung, 

Pancreatic etc. 
• Signs of increased tumour growth inhibition with CF33 + anti PD-L1

Intellectual property 
patents expiring 2037 

CF33 & aPD-
L1

• Pre-clinical studies showed cancer growth inhibition was better than compared 
to Amgen or Genelux oncolytic virus.  

• Potentially solves the industry problem of additive toxicity of combined 
checkpoint inhibitors if safety of CF33 is maintained in combination

Intellectual property 
patents expiring 2037 

HER-Vaxx
(HER-2)

• Successful completion of Phase 1b trials
• Strong trial results with no safety or toxicity issues
• All patients had increased antibody response
• 11/14 evaluable patients with encouraging clinical responses

Intellectual property 
patents expiring April 
2027, August 2030 & April 
2036

PD1-Vaxx
• PD1-Vaxx has shown encouraging response in preclinical studies
• Strong inhibition of tumour growth in mouse models of colorectal cancer 

(outperformed industry standard mouse PD-1 mAb)
• Signs of increased tumour growth inhibition when co-administered with B-Vaxx

Intellectual property 
patents expiring March 
2037 & February 2038 

B-Vaxx
(HER-2)

• Positive Phase 1 results and now currently in phase 2
• B-Vaxx is fully funded by OSU grant
• 14/24 evaluable late stage patients with encouraging clinical response

Intellectual property 
patents expiring April 
2027 & August 2030

HER-2 & PD-
1 Vaccine 
Combination

• Pre-clinical studies showed 90% cancer growth inhibition in colorectal cancer 
model with the combination

• Potentially solves the industry problem of additive toxicity of combined 
checkpoint inhibitors if safety of vaccines maintained in combination



• Managing Partner of Apollo Ventures

• Former president of SR One Ltd., the VC arm 
of GSK

• 15+ years in VC experience funding early to 
clinical stage biopharmaceutical companies

• Extensive experience as chairman, board of 
director and founder of several 
biotechnology and venture capital 
companies.

• Creator of OneStart, the world’s largest life 
science accelerator

Dr Jens Eckstein
CAMBRIDGE, USA

Non-Executive Director

International leadership team with extensive commercialisation
expertise in the sector

• 20+ years of oncology 
experience across Phase I – III 
clinical development programs

• Ex Senior Clinical Program Lead 
at Genentech, one of the world’s 
most successful biotech 
businesses which sold the best 
selling breast cancer drug 
Herceptin

• Also worked at global majors 
GSK and Exelixis

Leslie Chong 
SYDNEY, AU

Managing Director & CEO

• Founder of Imugene

• Former Chairman of Viralytics, 
Founder & Director of 
Prescient

• Chairman of SUDA 
pharmaceutical 

• Extensive international & ASX 
biotech capital markets 
experience particularly in 
immuno-oncology & vaccines

Paul Hopper 
SYDNEY, AU

Executive Chairman

• Senior Vice President and 
Head of Oncology at GSK

• Former Medical Lead for 
Yervoy, the first immuno-
oncology treatment to 
improve first survival 

• Chairman of the BoD of the 
Sabin Vaccine Institute

• Co-Chair of the Cancer 
Immunotherapy Consortium 
Think-Tank

• Experienced listed biotech CEO 
and CFO (ASX:ACL and 
ASX:IMU)

• Extensive financial markets 
experience having executed 
50+ cross border transactions

• Clinical experience includes 
managing pipeline of drugs 
in all stages from discovery, 
through to Phase III to product 
launch

Dr Axel Hoos 
PHILADELPHIA, USA

Non-Executive Director

Mr Charles Walker 
BRISBANE, AU 

Non-Executive Director

• 25+ years of senior international 
operational and leadership 
experience having worked at 
Amgen, Eli Lilly, Teva, and 
Cephalon

• Extensive knowledge and 
experience with novel early drug 
development 

Dr Lesley Russell
Philadelphia, PA

Non-Executive Director

Imugene has a team with oncology drug development experience
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IMU.ACS.001 

PHASE 1B STUDY
OF IMU-131, 

A HER2 TARGETING 
B-CELL VACCINE



HER-Vaxx (IMU-131) IS A THERAPEUTIC B-CELL PEPTIDE VACCINE COMPOSED OF 3 EPITOPES 
FROM THE EXTRACELLULAR DOMAIN OF HER2/NEU CONJUGATED TO CRM197

B - C E L L  
A C T I V A T I O N

H E R - V a x x
A N T I B O D Y  

S E C R E T I O N

Via helper T-cells

HER-Vaxx attacks the same target 
as the cancer drug Herceptin®

Peptides “mimic” 
the epitope 

3
P E P T I D E S

H E R - V a x x
I M M U N O T H E R A P Y  

Epitope = Antibody 
Binding Site 

B CELL

TUMOR
CELL

H E R - 2 / N E U
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IMU.ACS.001 PHASE 1B: DESIGN & RESULTS

Trial

• HER2 Gastric 
or GEJ cancer
• Phase 1b
• Open label
• Dose 

escalation
• 14 sites in 

Asia and 
Eastern 
Europe

Patients

• Advanced stage IIIb
or IV

• 7 HER2+++, 3 
HER2++ (FISH 
positive), 4 HER2++ 
expressing tumors

• Age 57yo (21 - 79)
• ECOG 1(7) and 0(7)
• 9 Asian, 5 Caucasian
• 5 female, 9 male 

Study

• 14 patients 
in 3 cohorts (10µg (3), 
30µg (6) and 50µg (5))
• Dosed on D0, D14, 

D35
• IMU-131 in 

combination 
with chemo:
cisplatin and 5FU 
or capecitabine

Endpoints

• Recommended 
Phase 2 Dose of 
IMU-131
• Safety and 

Toxicity 
• Immunogenicity 

(anti-peptide 
(P467) and anti-
HER-2 antibody 
titres)

Study Results
• No safety or toxicity issues 
• All patients had increased 

antibody response
• 1 Complete Response
• 5 Partial Response
• 4 Stable Disease
• 1 Progressive Disease
• 50 µg selected as Ph2 

dose

8



IMU.ASC.001 PHASE 1B: CLINICAL RESPONSE & CONCLUSIONS
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• The preliminary immunology and 
clinical response data are promising.

• Safety data indicate that IMU-131 is 
well-tolerated with no significant local 
or systemic reactions.

• There were no dose-limiting toxicities 
observed, no significant injection site 
reactions and no IMU-131 related 
SAEs.

• Preliminary response data 
demonstrates 50 µg of IMU-131 was 
associated with tumor size reduction. 

• The 50 µg dose of IMU-131 is being 
used in a phase 2 study. 



…and commenced Phase 2

Trial
• Phase 2
• Open label
• Asia
• Eastern Europe
• India 

Patients
• Gastric Cancer
• Up to 70 patients 

Study
Randomized
HER-Vaxx in combination 
with standard of care 
chemotherapy

Or
Standard of care chemo: 
Cisplatin and 5FU or 
capecitabine or oxaliplatin

Primary Endpoints
• Overall survival 
• Progression-free 

survival

Secondary Endpoints

• Safety and Tolerability 
• Immune response

10

Phase 2 commenced - First patients dosed March 2019

Phase 2 designed to provide definitive data 
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Imugene announces HER-Vaxx to the world 2019

With a proactive approach to business 
development and brand awareness 
through participation in key 
conferences and acceptance in peer 
reviewed journals



12HER-Vaxx Combinations: Potential to increase response rates in HER-2+ 
cancers
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Control (PBS)

PD-1 mAb

PD-1 vaccine

PD-1 vaccine plus Her-2 vaccine

Inhibition of cancer growth 16 days after infusion of cancer cells

%  C A N C E R  G R O W T H  I N H I B I T I O N  I N  C O L O R E C T A L  C A N C E R  M O D E L  ( O S U )

• Combining drugs for better immuno-oncology 
outcome is driving value creation

• Big Pharma are looking for novel combinations that
ü Combine without increasing toxicity

ü Combine with minimal cost increase

ü Combine for better response rates and efficacy

Immuno-oncology combinations driving value

Imugene’s
novel therapies 

have the potential 
to tick all three 

boxes

HER-Vaxx / Herceptin Her-2+ breast cancer study (MedUni Vienna)
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Her-2 project: 
 

1. Evaluation of anti-tumor effect, in the syngeneic mouse model, by P467 alone or in 

combination with Herceptin 

Previous Findings:  

Combination of P467 and Herceptin results in reduction of tumor growth  

 to a similar/higher extend than by P467 alone. (Tumor weight shows more accurate results 

than tumor volume). 

 
 

2. Evaluation of anti-tumor effect by Herceptin, Perjeta or combination of both, in a 

passive immunization experiment with the syngeneic mice 

Findings:  

Herceptin and Perjeta individually induce anti-tumor effect. However, simultaneous application 

of both mAbs doesn’t show a synergism/additive anti-tumor effect.  



Imugene is acquiring the worldwide exclusive 
license to a promising oncolytic virus 

technology developed at the 
City of Hope Cancer Centre in Los Angeles.

The virus, known as CF33, is a chimeric poxvirus, 
and is poised to enter Phase 1 

clinical trials in 2020.

A NEW HOPE FOR CANCER THERAPY
13



Oncolytic viruses are attracting 
the serious attention of big 
pharma companies such as 
Merck, Boehringer 
and Janssen which have made 
three acquisitions in 2018 alone 
totalling over $1.0 billion, 
including Viralytics.

LANDSCAPE: RECENT ONCOLYTIC VIRUS TRANSACTIONS

$502m$200m$340m
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Mice treated with both
intratumoral virus and IV
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The viral dose used was 2-5 orders
of magnitude lower than doses 
used for oncolytic viruses under
clinical testing

Mol Ther Oncolytics. 2018 Jun 29;9

CF33 SHRINKS TRIPLE-
NEGATIVE BREAST CANCER

https://www.sciencedirect.com/science/article/pii/S2372770518300081


Compelling tumour inhibition in multiple cancers
16

PBS. For i.v. treatment, eight mice received 105 PFU of CF33-Fluc,
and four mice received PBS via tail-vein injection. Two and four
mice treated with CF33-Fluc in the i.t. group and in the i.v. group,
respectively, were sacrificed 10 days post-injection, while the remain-
ing mice were observed to the termination of the experiment. Two
mice in the i.v. group (one control and one treatment) were excluded
from analysis due to severe ulceration of the tumors with weight loss
requiring euthanasia. At the time of sacrifice, tumors and solid organs
were harvested. Tissues were split into halves, with half snap-frozen
for virus titration and the other half was formalin-fixed for immuno-
histochemical analysis. The remaining mice were sacrificed on day 50.
In all groups, tumors were measured twice weekly with tumor
volume, V (mm3) = (1/2) ! A2 ! B, where A is the shortest and
B is the longest measurement. Percent tumor change was calculated
based on initial tumor size at the time of intervention.

Fluc solution was prepared as per manufacturer’s instruction
(PerkinElmer, Waltham, MA). Imaging was obtained after intraperi-
toneal delivery of luciferin in a control mouse and all mice treated
with CF33-Fluc using Lago X optical imaging system (Spectral Instru-
ments Imaging, Tucson, AZ) after 7 min incubation. Imaging was
performed twice weekly and on day of sacrifice.

Immunohistochemistry

Tumors and vital organs obtained at sacrifice were formalin-fixed for
48 hr. Subsequently, paraffin embedding with 5-mm-thick sections
was performed. H&E staining was done. On an abutting section,
the slides were deparaffinized followed by heat-mediated antigen-
retrieval per manufacturer protocol (IHC World, Ellicott City,
MD). Tumor sections were then permeabilized with methanol and
TNB Blocking Buffer (PerkinElmer, Waltham, MA) was used to
decrease background for 20 min. Rabbit anti-vaccinia virus antibody
1:100 in TNB blocking buffer (cat. #ab35219; Abcam, Cambridge,
MA) was added overnight in a humidified chamber at 4"C. The
next day, tumor sections were secondarily stained with Alexa Fluor
488-conjugated goat anti-rabbit (cat. #ab150077, Abcam, Cambridge,
MA) for 1 hr at room temperature. Finally, DAPI was added and
images were obtained using EVOS FL Auto Imaging System (Thermo
Fisher Scientific, Waltham, MA).

Statistical Analysis

Statistical analysis was performed using GraphPad Prism (Version
7.01, La Jolla, CA). Student’s t test or one-way ANOVA were used
to evaluate for statistical significance. p < 0.05 was considered signif-
icant. Where present in figures, error bars indicate SD.

Cell Death Analysis

TUNEL Assay

HCT 116 cells were plated at 2 ! 104 cells/well in 96-well plates. The
following day, cells were infected with CF33-Fluc at MOI 5 PFU/cell.
After 18 hr of infection, TUNEL assay was performed using In Situ
Cell Death Detection kit (Roche; cat #11684795910) following the
manufacturer’s instructions.

Flow Cytometry

Cells were cultured in 60 mm Petri dish and were infected with CF33-
Fluc virus at MOI 5 or mock infected. Cells were harvested 18 hr
post-infection using trypsin and then stained for annexin V, PI, or
Caspase-3 using the FITC Annexin V/Dead Cell apoptosis kit (cat.
#V13242, Invitrogen) following manufacturer’s protocol. Stained
cells were analyzed on a BD Accuri C6 flow cytometer (BD
Biosciences).

ATP Determination

Cells were infected at MOI 5 and were harvested at indicated time
points. After harvesting the cells, protein was extracted and sus-
pended in standard assay buffer containing luciferase and luciferin,
according to the manufacturer’s instructions (ATP Determination
Kit; cat. #A22066, Invitrogen) and luminescence was measured
with a TECAN microplate reader (Life Sciences). Immune cell death
assays were performed as follows:

Calreticulin Staining

Cells were infected with CF33 or CF33-FLuc (MOI 5) for 16 hr.

1 ! 106 cells were resuspended in PBS with 2% FBS and stained
with isotype control (Abcam, EPR25A) or Anti-Calreticulin
antibody (Abcam, EPR3924). After staining, FACS analysis was
performed.

Figure 6. CF33-Fluc Shows Anti-tumor Activity in

HCT116 Xenograft Model following Intratumoral

and Intravenous Delivery

Both IV (B) (eight mice/groupwith four sacrificed at day 10)

and IT (A) (five mice/group with two sacrificed at day 10)

delivery methods result in tumor growth abrogation

compared to controls (four mice for IV PBS control, and

two mice for IT control). Both IT and IV treatment groups

had individual mice with complete pathologic tumor

regression. *IT p = 0.037; *IV p = 0.034.

Molecular Therapy: Oncolytics

20 Molecular Therapy: Oncolytics Vol. 9 June 2018

CF33 reveals that its genome is derived mainly from 3
VACV strains: IHD, Lister and WR. Together these three
strains of VACV make about 77% of the 189,404 bp of
CF33 genome, and most of the immune-modulating genes
in CF33 are derived from them. The remaining 23% of
CF33 genome is composed of the VACV strain AS, CL, LC
as well as cowpox and rabbitpox. It is worth noting that the
laboratory strain WR makes up the highest proportion of
CF33 genome (~30.5%). A previous study by Thorne et al.
[32] showed that among many different strains of VACVs,
WR has the highest replication efficiency and cytotoxic
potential in tumor cells. Interestingly, CF33 was found to
have higher cytotoxic potential than all its parental viruses,
including WR strain, in NCI-60 panel of cancer cell lines
[20]. Very recently, Ricorde et al. [33] reported the gen-
eration of a chimeric poxvirus through recombination
among 4 different VACV strains: WR, Wyeth, MVA and
Copenhagen. The authors showed that the chimeric virus

had higher cancer cell killing capacity and tumor selectivity
compared to the parental VACV strains, in vitro.

In our previous studies we showed that CF33 exerts
strong anti-tumor effect in pancreatic and colorectal cancer
models at very low dose. Here, for the first time we report
the genomic sequence analysis of CF33 and the oncolytic
properties of J2R-deleted CF33 in lung cancer model using
both xenograft and syngeneic tumor models. In accordance
with other published studies on the cancer specificity of
J2R-deleted poxviruses, CF33-GFP demonstrated higher
replication and cell killing ability in cancer cells compared
to normal cells in vitro [9, 34, 35]. Furthermore, like several
other OVs, CF33-GFP was found to induce markers of ICD
in lung cancer cells, in vitro [36–38]. This is consistent with
our previous studies in pancreatic and colorectal cancer
models [20, 21].

In vivo cancer specificity and safety of CF33-GFP is
evident from the bio-distribution study in A549 xenograft

Fig. 5 CF33-GFP shows anti-tumor efficacy in A549 tumor model.
a, b Tumor volumes in mice treated in Fig. 4 were calculated using
digital caliper. Each line represents volume for an individual tumor.
Stats: two-way ANOVA; **P < 0.01, ***P < 0.005, ****P < 0.001.
c Mice were euthanized when the volume of one of the two tumors

exceeded 2500 mm3 and survival curve for the virus-treated group was
compared with that of the PBS-treated group. Stats: Log-rank (Mantel
Cox) test; **P < 0.01. Data pooled from two independent experiments
(n= 5+ 5 per group)

S. Chaurasiya et al.

Page 8 of 11O’Leary et al. J Transl Med  (2018) 16:110 

low dose model causing rapid tumor regression again 
points toward CF33 as a promising candidate for clinical 
application.

We observed spread of virus to distant tumors. To con-
firm that the abscopal effect was virally induced, we used 
luciferase imaging and viral titration data. Although our 

shedding experiments yielded no detectable virus in the 
blood, we suspect that viral titers were below the limit of 
detection in the blood of 5 × 102 PFU/mL. Other modali-
ties of spread are possible; however, low titers detected 
in other organs would suggest blood-based spreading of 
virus as seen in other studies [27, 32, 33]. The effect of OV 

Fig. 4 CF33 is safe in mice and causes regression of both injected and non-injected distant tumors at a low dose in PANC-1 and MIA PaCa-2 
xenograft models. Female athymic nude mice were implanted in the bilateral flank with either PANC-1 or MIA PaCa-2 and a single injection of  103 

†PFU of CF33 for PANC-1 and  105 PFU for MIA PaCa-2 were administered intra-tumorally in the left tumor. a Percent change in tumor volume in 
virus-injected PANC-1 tumors (a) and MIA PaCa-2 tumors b was significantly lower compared to  PBS‡-injected tumors. c Percent change in the 
non-injected distant tumors in PANC-1 was significantly smaller with CF33 compared to PBS-injected controls. d Toxicity in PANC-1 xenograft 
bearing mice was determined by percent change in net body weight. No significant difference in weight change was observed between the 
virus-treated mice and the PBS-treated mice, suggesting that the dose of virus used in this study is safe in immune-compromised mice (*p < 0.05. 
**p < 0.01. ****p < 0.0001. ns, not significant. †PFU, plaque forming units. ‡PBS, phosphate buffered saline)

I-131 at 1 mCi and seen synergistic effects. We have also seen synergy
at markedly low intraperitoneal (i.p.) dosing compared with i.v. (data
not shown) and are currently investigating these observations.

Cell death induced by replication of oncolytic viruses varies widely
among vectors and cell types. Although poxvirus-induced cell death
does not fit perfectly into any of the traditionally described cell death
pathways like apoptosis, necrosis, or autophagy,7 there is growing ev-
idence that most vaccinia-infected cells die via caspase-independent
programmed necrosis, also known as necroptosis. Importantly,
poxvirus-induced cell death pathway is also immunogenic.15,33–35

Indeed, many vectors are now shown to induce ICD, which is thought
to enhance viral capability to affect anti-tumor immunity. We have
recently demonstrated that chimerization ofmultiple orthopoxviruses

yields amore potent virus than parental strains when tested against the
National Cancer Institute-60 (NCI-60) panel of cell lines.15

Interestingly, previous studies have demonstrated that vascular shut-
down resulting from viral infection, such as that seen with vesicular
stomatitis virus (VSV) and vaccinia virus in subcutaneous colon
cancer models, can limit delivery of radiotracers and inaccurately
downplay tracking of viral infection that may be occurring beyond
collapsed blood vessels.36 We did note decreased uptake of I-124
commensurate with decreased viral replication as tumor cell destruc-
tion occurred and virus dissipated. However, we saw no evidence on
immunohistochemical examination that rather than tumor cell death,
a zone of vascular shutdown and necrosis limited virally infected cells
taking up radiotracer. Further studies are planned with CF33-hNIS to

Figure 5. CF33-hNIS Kills Human Colon Cancer HCT116 Xenografts and Demonstrates Substantial Tumor Cell Damage in HT29 Xenografts

Flank xenografts were created in nudemicewith 5! 106 cells. Tumorswere injectedwith 1! 105 PFU of CF33-NIS when they reached average volume of 150mm3. (A andB)

Results from HT29 (A) and HCT116 (B) xenografts are shown with virus (solid line) versus sham infection (dashed line). n = at least 4 per treatment group. (C) Representative

immunohistochemical examination of intra-tumorally treated HT29 tumors 10 days following injection demonstrates abrogated cell division and substantial inflammation

relative to controls: the tumor from the PBS-treated mouse (PBS-treated; left panels) is composed almost entirely of xenograft cells and contains only a small area of necrosis

(n). Mitotic figures (lower left; arrows) are common in xenograft cells, and little, if any, inflammatory cell infiltrate is present. The xenograft tumor from CF33-hNIS-treated

mouse (right panels) has an area of xenograft cells (top right; circled and labeled x) that is surrounded by a thick zone of inflammation (i). The photograph at bottom right shows

small clusters of xenograft cells (x) surrounded by an abundant infiltrate of mononuclear (lymphocytes andmacrophages) inflammatory cells. Mitotic figures are uncommon in

xenograft cells. H&E stain is shown. (D) Representative immunohistochemical examination of intra-tumorally treated HCT116 tumors 10 days following injection demon-

strates abrogated cell division and substantial inflammation relative to controls: the tumor from the PBS-treated mouse (left panels) has abundant areas composed of

xenograft cells (x) intermixed with areas of necrosis (n). The empty spaces in the photograph (top left) are likely areas of liquefied, necrotic cell debris that were lost during

tissue collection and processing. Little, if any, inflammatory cell infiltrate is present around or within this tumor. Mitotic figures are common in xenograft cells (lower left;

arrows). The xenograft tumor from mouse 128_CF33-hNIS (right panels) has only a small area composed of xenograft cells (top right; circled and labeled x), large areas of

necrosis (n), and thick, surrounding zone of inflammatory cell infiltrate (i). The photograph at bottom right shows the xenograft cells (below and right of dashed line) and the

adjacent thick zone comprised of mononuclear (lymphocytes and macrophages) inflammatory cells (i). Xenograft cells in this tumor are smaller, and mitotic figures are

uncommon. H&E stain is shown. NIS, sodium iodide symporter; NS, non-significant; PFU, plaque-forming units. *p < 0.05.

www.moleculartherapy.org
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https://www.sciencedirect.com/science/article/pii/S2372770518300081
https://www.sciencedirect.com/science/article/pii/S2372770518300081


CF33 OUTPERFORMS AMGEN & GENELUX VIRUSES

V0V

V0V
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CF33 SAFETY

Figure 1. Day 7 biodistribution of the virus in Immune-

competent mice: Immune-competent BALB/c mice 

bearing a single tumor in mammary fat-pad were 

injected with the the indicated HOVs (10e7 pfu, i.t.). 
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• A number of studies have been completed with CF33 as well as some 

of the derivatives. It has proven very safe in nude mice and in 

immunocompetent mice.  

• In data published in Journal Translational Research, no viral shedding 

in blood and urine was found. No signs of illness were found and 

animals ate well and gained weight. 

• In total, more than 500 mice have been treated with derivatives from 

this back bone. More than 50 mice have been treated with doses up to 

10E7 IV and IT without signs of toxicity.

• In BALB-C mice, no virus can be detected by PCR at day 7 in any other 

organ (limit of detection approx. 200 copies), while it was detected in 

tumor (figure 1). 
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MAST Study Phase 1
“Mixed Advanced Solid Tumors”

MAST Study Phase 1/2
“Mixed Advanced Solid Tumors”

Indication Lung, TNBC, melanoma, bladder, 
GI Indication Select tumors from Phase 

1 cohorts 

FDA IND
15 – Single Agent CF33
15 – Combo with ICI to be 
selected

FDA IND
Combination with ICI 
(Keytruda? Or 
Atezolizumab)

N=30 6+6+6+6+6 N=100-120 4 cohorts of 30 patients 
each

Location Multi Centre, COH + 3 other sites Location Multi Centre, COH + 3 
other sites

Admin Route IT or IV Admin Route IT or IV

PI TBD PI TBD

Study Cost/patient $150K Study Cost/patient $150K

Drug Supply COH Drug Supply COH

Recruitment time 18 Months Recruitment time 18 Months

CF33 PROPOSED PHASE 1/2 CLINICAL DEVELOPMENT PLAN
19



INTELLECTUAL PROPERTY 

PCT application  filing date was 8/9/2017, and estimated expiration date is 

in late 2037. The patent application includes both composition of matter and 

method of use.  It is currently pending with the opportunity to secure 

worldwide rights. International search report was favorable.
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F O U N D AT I O N  P AT E N T  ( 2 0 3 7 )

PCT US2017/046163

Title Chimeric poxvirus compositions 
& use thereof

Inventor Yuman Fong

Assignee City of Hope

Primary Date 9 August 2016

International 
Publication 18 February 2018



Endogenous AKT Activity Promotes 
Virus Entry and Predicts Efficacy of 

Novel Chimeric Orthopoxvirus in 
Triple-Negative Breast Cancer

Mol Ther Oncolytics. 2018 Jun 29;9 Cancer Gene Ther. 2019 17 June

A chimeric poxvirus with J2R 
(thymidine kinase) deletion 

shows safety and anti-tumor
activity in lung cancer models

2018 2019

J Transl Med. 2018 Apr 26;16:110

Novel Oncolytic Chimeric Orthopoxvirus
Causes Regression of Pancreatic Cancer 
Xenografts and Exhibits Abscopal Effect 

at a Single Low Dose

2018

A Novel Oncolytic Chimeric 
Orthopoxvirus Encoding Luciferase 

Enables Real-Time View of Colorectal 
Cancer Cell Infection

2018

CORE SCIENCE PUBLISHED IN LEADING PEER PUBLICATIONS
21

Mol Ther Oncolytics. 2018 Jun 29;9

https://www.sciencedirect.com/science/article/pii/S2372770518300081
https://translational-medicine.biomedcentral.com/articles/10.1186/s12967-018-1483-x
https://www.sciencedirect.com/science/article/pii/S2372770518300056?via%3Dihub


• Novel technology in one of the most sought-after areas of cancer 
immunotherapy today – oncolytic viruses a.k.a. cancer killing viruses

• Compelling pre-clinical data & safety

• GMP manufacturing has commenced

• Poised to enter Phase 1 clinical trials in 2020

• Potential applications across many cancers, including combination with immune 
checkpoint inhibitors

• Outstanding scientific provenance from one of the US leading cancer centres, 
City of Hope in Los Angeles with Inventor, Professor Yuman Fong, is an 
internationally recognized oncolytic virus and oncology expert

• Robust intellectual property – long patent life & composition of matter to 2037

• Vaxinia brings one of the most experienced oncolytic virus teams globally  
(associated with the sale of two oncolytic virus companies for USD$1.0 billion+)

CF33?
WHY
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