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ABSTRACT

Background Pancreatic ductal adenocarcinoma (PDAC)
is characterized by dense desmoplastic stroma that limits
the delivery of anticancer agents. VCN-01 is an oncolytic
adenovirus designed to replicate in cancer cells with a
dysfunctional RB1 pathway and express hyaluronidase.
Here, we evaluated the mechanism of action of VCN-01 in
preclinical models and in patients with pancreatic cancer.
Methods VCN-01 replication and antitumor efficacy
were evaluated alone and in combination with standard
chemotherapy in immunodeficient and immunocompetent
preclinical models using intravenous or intratumoral
administration. Hyaluronidase activity was evaluated by
histochemical staining and by measuring drug delivery
into tumors. In a proof-of-concept clinical trial, VCN-01
was administered intratumorally to patients with PDAC

at doses up to 1x10"" viral particles in combination with
chemotherapy. Hyaluronidase expression was measured
in serum by an ELISA and its activity within tumors by
endoscopic ultrasound elastography.

Results VCN-01 replicated in PDAC models and exerted
antitumor effects which were improved when combined
with chemotherapy. Hyaluronidase expression by VCN-

01 degraded tumor stroma and facilitated delivery of a
variety of therapeutic agents such as chemotherapy and
therapeutic antibodies. Clinically, treatment was generally
well-tolerated and resulted in disease stabilization

of injected lesions. VCN-01 was detected in blood as
secondary peaks and in post-treatment tumor biopsies,
indicating virus replication. Patients had increasing levels
of hyaluronidase in sera over time and decreased tumor
stiffness, suggesting stromal disruption.

Conclusions VCN-01 is an oncolytic adenovirus with
direct antitumor effects and stromal disruption capabilities,
representing a new therapeutic agent for cancers with
dense stroma.

Trial registration number EudraCT number:
2012-005556-42 and NCT02045589.

INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC)
is one of the most fatal cancers. Despite
significant research efforts, minimal prog-
ress has been achieved to date. The 5- year
overall survival rate is still <10%and has

4,10

not substantially improved over the last 30
years.' > One of the hallmarks of PDAC is a
dense stroma that penetrates and surrounds
the neoplasm far exceeding what is found in
other tumor types.”® This excess connective
tissue, also known as ‘tumor desmoplasia’,
constitutes approximately 80% of the tumor
mass and contains fibroblasts, immune cells,
and endothelial cells, embedded within a
dense extracellular matrix, rich in collagen,
fibronectin, periostin, and hyaluronic acid
(HA). HA is a large linear glycosaminoglycan
that is critical for the architecture, integrity,
and malleability of tissues. More importantly,
HA plays a major role in cancer—high HA
levels correlate with invasive and metastatic
cancer and poor prognosis.7_m

As noted, PDAC remains a significant
unmet medical need. Surgery is the only treat-
ment that offers the prospect of long term-
survival; however, the 5-year survival for the
limited number of patients in whom resec-
tion is possible remains low (20%-30%)."
Patients with advanced disease are managed
with chemotherapy. In recent years, the
combination of gemcitabine with albumin-
bound paclitaxel, and the combination of
folinic acid, b5-fluorouracil, irinotecan and
oxaliplatin (FOLFIRINOX) have emerged as
the standard of care. However, the results are
still very poor and new therapeutic interven-
tions are badly needed.

One of the major limiting factors for
improving treatment efficacy in PDAC is
the tumor stroma acting as a barrier for
drug delivery."” ' Studies have shown that
HA expression plays a significant role in
resistance to chemotherapy, and its degra-
dation by pegylated hyaluronidase increases
chemotherapy delivery and antitumor
effects in preclinical models of PDAC, as
well as in patients with high levels of HA.'*"7
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Consequently, targeting the components of the stromal
compartment is a relevant approach for treating human
tumors and is the rationale behind hyaluronidase expres-
sion in VCN-01.

VCN-01 is a genetically modified oncolytic type 5 adeno-
virus that selectively replicates within tumor cells that
have deregulation of the retinoblastoma protein (pRB)
pathway, but notin normal cells. The virus has an integrin-
binding motif RGDK inserted to replace the heparin
sulfate glycosaminoglycan putative-binding site KKTK
of the adenovirus 5 fiber, to increase tumor targeting
and decrease hepatocyte tropism. It also expresses the
human sperm hyaluronidase (PH20) that degrades the
extracellular matrix.'® Taking into account the naturally
Iytic replication cycle of adenoviruses, together with the
genetic modifications inserted in VCN-01, the biolog-
ical activity of the VCN-01 oncolytic virus is based on the
selective killing of tumor cells by its replication effects,
which results in self-amplification of the initial inoculum
that is released after cell lysis and spreads through the
tumor mass; in addition, expression of a secreted soluble
hyaluronidase, which partially degrades the extracel-
lular matrix of the tumor, facilitates diffusion of the virus
progeny'? and increases accessibility for other drug treat-
ments. Here, we explored the activity and mechanism of
action of VCN-01 in preclinical models of PDAC as well as
in patients with the disease.

MATERIALS AND METHODS

Preclinical studies

Oncolytic adenoviruses

VCN-01 and ICOVIR15K have been previously described.'®
All viruses were propagated in A549 cells and purified on
a Cs(l gradient according to standard techniques.

In vivo efficacy studies

Subcutaneous NP-9 or NP-18 tumors were established
by injection of 7.5x10°0r 5x10° cells, respectively, into
the two flanks of a 6-week-old male athymic nude mice
(Harlan—Envigo). TP-11, a moderately differentiated
pancreatic human tumor,* has been perpetuated in nude
mice by orthotopic implantation. Subcutaneous HP-1
tumors were established by injecting 5x10° cells into the
flanks of a 6-week-old female Syrian Hamsters (Janvier).
Once tumors reached 90 mm?® for NP-9, 150 mm® for
NP-18 and HP-1, 0.5 cm diameter for TP-11, animals were
randomized and treated as described in the figure legend
(figure 1). TRAMP-C2 tumors were established by the
injection of 1x10” cells into both flanks of a 7-week-old
male C57BL/6 (Envigo-Harlan). Once tumors reached a
volume of 50 mm?® animals were randomized and treated
as described in the figure legend (figure 2C). Anti-PD-L1
antibody was purchased from GolnVivo purified anti-
mouse CD274, B7-H1, Ref: 124329, Biolegend. Tumor
volume, body weight, and clinical signs were monitored
at least twice per week. Tumor volume was defined by the

equation V (mm?®) = 1/6xW?xL, where W and L are the
width and length of the tumor, respectively.

To determine the intratumoral levels of gemcitabine,
animals with orthotopic TP-11 tumors were treated with
50mg/kg of gemcitabine (intraperitoneal, IP) lhour
before sacrifice. Gemcitabine was extracted from 20 to
40mg of frozen tissue in acetonitrile 50% by homoge-
nization (0.05mg of tissue per mL of acetonitrile 50%).
A 50pL of each homogenized sample was mixed with
200pL of internal pattern solution of labeled gemcit-
abine (50ng/mL of 13C, 15N2-gemcitabine hydrochlo-
ride; Ref: C888 ALSA CHIM). Samples were centrifuged
for 25min at 20000g and supernatants were evaporated
in the SpeedVac. Samples were then reconstituted with
100 pLL of water and gemcitabine content was determined
by high-performance liquid chromatography (HPLC)
using a standard curve of gemcitabine (gemcitabine
hydrochloride 298% (HPLC) G6423, SIGMA) diluted
into an internal pattern of labeled gemcitabine.

Pharmacokinetics and viral replication

VCN-01 viral particles were measured in blood, tumors and
liver over time. DNA was extracted from ~25mg of frozen
tissue using the QIAamp DNA Mini Kit (Qiagen). A 20pL
of blood was placed in phosphate-buffered saline (PBS)
(180pL) and frozen. DNA was extracted using QIAamp
DNA Mini Kit (Qiagen). Quantification of viral genomes was
performed by qPCR using a LightCycler 480 II and SYBR
green (Roche) with the following primers: Forward 5’ — CTT
CGA TGA TGC CGC AGT G-3’; Reverse 5-ATG AAC CGC
AGC GTCAAA CG- 3.

E1A and HA histochemical staining

Paraffin-embedded blocks were cut into 4pm thick sections.
Serial sections were employed for E1A and HA staining. For
EIA staining, anti-E1A antibody was diluted 1,/200 in PBS
(sc-25 mouse monoclonal, Santa Cruz Biotechnology) and
incubated overnight at 4°C. Slides were then washed in PBS
+0.2% tritonX-100 and treated with secondary antibody
(Dako EnVision+System HRP Labeled Polymer Anti-mouse,
Dako Laboratories, Glostrup, Denmark) for 30min at RT.
For HA staining, slides were incubated with 5pg/mL of a
bionylated HA binding protein (Seikagaku, Japan) over-
night at 4°C. Slides were then washed in PBS and treated
with avidin-biotin-peroxidase kit (ABC KIT PK-4000, Vecta-
stain. Burlingame, California, USA). For either E1A or HA,
sections were developed with DAB (Dako Laboratories,
Glostrup, Denmark), counterstained with hematoxylin,
dehydrated and mounted.

In vivo imaging of tumor extravasation of labelled anti-PD-L1
antibody

To evaluate the extravasation of antibodies within
treated tumors, we administered animals labeled anti-
programmed death-ligand 1 (o-PD-L1) antibody. Anti-
body o-PD-L1 antibody (InVivoMAB anti-human PD-L1,
B7-H1, Clon 29E.2A3 Ref: BE0285, BioXCell) was labeled
with the fluorochrome VivoTag 800 (Ref: NEVI1108,
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Figure 1 VCN-01 sensitizes tumors to chemotherapy leading to enhanced antitumor activity. (A) Antitumor activity against
subcutaneous HP-1 Syrian hamster pancreatic tumors, implanted in immunocompetent hamsters, was evaluated after three
intratumoral administrations of 2.5x10'°vp of VCN-01 per tumor alone (days 0, 9 and 18) or in combination with intraperitoneal
(IP) G for seven doses (50mg/kg, days 0, 3, 6, 9, 12, 15 and 18). n=8-12 tumors/group. (B) Antitumor activity against
subcutaneous human NP-9 pancreatic tumors, implanted in immunodeficient mice, was evaluated after single intravenous
administration of 4x10'° viral particles (VP) of VCN-01 alone (day 0) or in combination with IP gemcitabine (G) (50 mg/kg, days
0, 3, 6 and 9). n=7-13 tumors/group. (C) Viral E1A expression and hyaluronic acid (HA) degradation indicative of viral replication
as determined by immunohistochemistry on serial tumor sections of VCN-01 treated tumors of (B) on day 79. (D) Antitumor
activity against subcutaneous human pancreatic NP-18 tumors, implanted in immunodeficient mice, was evaluated after single
intravenous administration of VCN-01 (4x10'%p/animal, day 0) with and without IP G with nab-paclitaxel plus gemcitabine
(GA) (G 50mg/kg and a 41.6 mg/kg, days 0, 7 and 14). n=10-12 tumors/group. (E) Tumor volumes for each tumor treated with
VCN-01 +GA. For A, B, D, a parametric t-student test was used to determine statistical significance of the different treatments
at each time point. (F) Antitumor activity against the orthotopic human TP-11 pancreatic model, implanted in immunodeficient
mice, after single intravenous administration of VCN-01 (4x10'° vp/animal, day 0) with and without IP GA (a 41.6mg/kg & g
50mg/kg, days 0, 7 and 14) and measured tumor volume at the experiment end (day 28). n=6-13 tumors/group. Mean+SEM is
plotted (black lines). One-way ANOVA (Tukey’s multiple comparisons test) was used to determine statistical significance of the
different treatments. ANOVA, analysis of variance; GA, gemcitabine with albumin.
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Figure 2 VCN-01 enhances extravasation of chemotherapy and monoclonal antibodies into tumors. (A) Single intravenous
administration of VCN-01 alone or in combination with chemotherapy significantly increases tumor-uptake of gemcitabine
(G) in an orthotopic pancreatic model, TP-11. Animals from the different experimental groups described in figure 1F were
administered G IP at a dose of 50mg/kg 1 hour before sacrifice. The intratumoral content of G in each tumor was measured by
high-performance liquid chromatography (HPLC). Box and whiskers plots (mean is shown as +). n=6-13 tumors/group. One-
way ANOVA (Tukey’s multiple comparisons test) was employed to determine statistical significance of the different treatments.
(B) fluorescence in vivo imaging after intravenous administration of labeled anti-PD-L1 antibody (10 mg/kg). VCN-01 or the
hyaluronidase negative virus ICOVIR15K was administered intravenous at a dose of 4x10'° vp/animal to NP-18 tumor-bearing
immunodeficient mice on day 0. Labeled anti-PD-L1 (Vivotag 800) was administered intravenous at a dose of 10mg/kg on day
14 and imaging performed after 48 hours. Upper panel: representative images from fluorescence in tumors show enhanced
extravasation of labeled anti-PD-L1 in VCN-01 treated tumors compared with the ICOVIR15K group. Lower panel: quantification
of average radiant efficiency at 800 nm in tumor areas is represented in the box and whiskers plot (mean is shown as +). n=6-8
tumors/group. One-way ANOVA (Tukey’s multiple comparisons test) was employed to determine statistical significance of
the different treatments. (C) tumor growth curves of the TRAMPC-2 cancer model treated with 1x10'"°vp/tumor of VCN-01 or
phosphate-buffered saline administered intratumorally alone or in combination with five intraperitoneal doses of 200 ug of anti-
PD-L1 antibody (days 0, 3, 6, 8 and 10). n=8-9 tumors/group. A two-way ANOVA, followed by a Tukey’s multiple comparisons
test, was employed to determine statistical significance of the different treatments for each day. ANOVA, analysis of variance;
GA, gemcitabine with albumin.
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Perkin Elmer), following the manufactures’ protocol
(0.3 mg of fluorochrome per 3mg of antibody). Labeled
anti-human PD-L1 was administered intravenous at
10mg/kg intravenous on day 15 and fluorescence signal
was quantified after 48 hours in tumors by IVIS® (Lumina
XR, Caliper LifeSciences) as average radiant efficiency at
800nm ([p/s/cm?/sr]/[pW/cm?]).

Clinical trial

Study design

This was a multicenter, phase 1 dose escalation study of
intratumorally (IT) VCN-01 in combination with standard
doses/schedules of either gemcitabine or nab-paclitaxel
plus gemcitabine. All patients gave written informed
consent prior to study enrollment. Online supplemental
figure 1 provides a schema of the phase I trial design.
The primary objective was to determine the safety and
tolerability of the combination and the recommended
phase 2 dose. Secondary objectives included assessment
of viral particles in paired tumor biopsies, measurement
of tumor stiffness by ultrasound elastography and circu-
lating levels of PH20.

Eligibility criteria

Key inclusion criteria included confirmed histologic diag-
nosis of unresectable PDAC amenable to endoscopic
ultrasound-guided (EUS) injection; adequate baseline organ
function (hematologic, liver; renal and nutritional) and
status of ECOG PS 0-1. Key exclusion criteria were previous
treatment with live attenuated vaccines in the last 3weeks;
viral syndrome diagnosed during the 2weeks before inclu-
sion; chronic liver disease; and chronic immunosuppressive
therapy.

Treatment schema

VCN-01 was administered IT at two different dose levels.
At the first dose level of VCN-01, cotreatment with gemcit-
abine was the choice asitwas the standard of care when the
clinical trial started, but then standard practice changed
to the combination with nab-paclitaxel plus gemcitabine
and this was given with the second dose level. In dose
level 1, 1x10"vp of VCN-01 was administered on days 1,
22, and 43 in combination with gemcitabine at 1000mg/
m? intravenous on days 1, 8, 15, 22, 29, 35, and 43. Dose
level two consisted of VCN-01 1x10''vp on days 1, 29 and
57 in combination with nab-paclitaxel plus gemcitabine
(125/1000111g/m2 intravenous) on days 1,8 and 15 and
then every 4 weeks. After day 56, patients continued to
receive standard chemotherapy until disease progression,
unacceptable toxicity, consent withdrawal or investiga-
tor’s decision.

Assessments

Patients were initially evaluated by a medical history and
physical exam. Eligibility criteria including performance
status, adequate liver, kidney and bone marrow function
were assessed at baseline and periodically during study
participation. Response to treatment was assessed by
CT every 8weeks and reported as per the RECIST V.1.1

criteria. Antitumor efficacy in injected tumor lesions
was measured by computerized tomography (CT), Posi-
tron Emission Tomography (PET)-CT or eco-endoscopy
(longest diameter) and graphed as the percentage
change in tumor burden. Once a new lesion appeared
and the patient progressed, the injected lesion was not
monitored. Toxicity was monitored continuously and
graded as per the CTCAE V.4.03 criteria. ARs were coded
according to the Medical Dictionary for Regulatory Activ-
ities system.

The presence of VCN-01 in tumor samples was deter-
mined by fine-needle aspiration (FNA) biopsy of the
tumor taken at baseline and at one time point post-
treatment either on day 20, 21, or 28 and frozen until
analysis. A 200 L of patient blood was also analyzed for
the presence of VCN-01 only after the first viral injection
on days 1, 2, 3, 8, 15, 22, 29, and 36. DNA was extracted
using QIAamp DNA Blood Mini Kit (Qiagen) and quan-
tified with a Nanodrop 2000 (Thermo Scientific). Quan-
tification of viral genomes was performed by qPCR using
a LightCycler 480 II and SYBR green (Roche) with these
primers: Forward: 5”7- ACA TTG CCC AAG AAT AAA
GAA TCG - 37. Reverse: 5™~ TGG AAT CAG AAG GAA
GGT GAA - 3. Viral DNA quantification in the tumor was
expressed as viral particles per pg of DNA, whereas for
blood it was expressed as viral particles per ml of blood.

PH20 serum levels were tested before and after treat-
ment using ELISA (Human Hyaluronidase PH-20
(SPAM1) ELISA kit, Ref: CSB-EL022471HU, Cusabio).
Human serum samples were diluted 1/2 in sample
diluent and analyzed in duplicate. Optical densities at
450nm and 540nm were measured on a microplate
reader (Perkin Elmer, EnSpire). After subtracting the
reading at 540 nm from the reading at 450 nm (to correct
optical imperfections in the plate), PH20 concentration
for each sample was calculated by the absorbance inter-
polation of the standard curve (Sigmoidal, 4PL, X is
log (concentration)).

Tissue stiffness was measured by EUS elastography.
The elasticity of representative areas of the tumor was
analyzed and compared with the elasticity of surrounding
areas of healthy reference tissue. Elastographic evaluation
was interpreted using the strain ratio which is the result
of the quotient: elasticity of reference areas/elasticity of
tumor. When tumor elasticity increases (due to decreased
stiffness), strain ratio decreases.

21-23

Statistical analysis

A parametric Student’s t-test was used to determine the
statistical significance of the different treatments at each
time point for body weight and tumor volume over time.
One-way analysis of variance (Tukey’s multiple compar-
isons test) was used to evaluate multiple comparisons
between groups in the following experiments: gemcit-
abine and antibody extravasation, antitumor activity at
a single time point in TP-11, biochemistry, hematology
parameters and PH20 serum levels. A Mann-Whitney
U test was performed to analyze statistically significant
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differences between two groups in viral replication
analysis.

RESULTS

Preclinical efficacy studies of VCN-01 and chemotherapy

We hypothesized that VCN-01 could sensitize tumor cells to
chemotherapy. Thus, we evaluated the efficacy of VCN-01
in combination with gemcitabine or nab-paclitaxel plus
gemcitabine in immunodeficient and immunocompetent
preclinical models of PDAC (figure 1).

First, we evaluated the efficacy of the combination
of VCN-01 plus gemcitabine in the immunocompe-
tent Syrian hamster with HP-1 subcutaneous pancreatic
tumors (figure 1A). We administered VCN-01 IT alone
or in combination with IP gemcitabine. Neither gemcit-
abine nor VCN-01 alone induced antitumoral effect
in this hamster tumor model. Limitation posed by the
semipermissiveness of human adenovirus in the hamster
model is likely to have a strong impact on the efficacy of
VCN-01 alone. However, the combination of IP gemcit-
abine and IT VCN-0I resulted in a synergistic antitu-
moral effect which was significantly superior to control
and either treatment alone. These results indicate that
VCN-01 induces powerful chemosensitization to gemcit-
abine treatment in the semipermissive Syrian hamster
model (figure 1A) and confirmed the observed in vitro
synergistic effects of VCN-01 plus gemcitabine summa-
rized in online supplemental table 1.

We also compared a single dose of intravenous VCN-01
plus four doses of IP gemcitabine to either treatment
alone in the HA rich human pancreatic NP-9 tumor
model grown subcutaneously in athymic mice (figure 1B).
VCN-01 antitumor activity was superior to gemcitabine
alone, and the combination of both treatments was
significantly better than either single treatment alone
for controlling tumor growth up to day 79 (figure 1B).
VCN-01 treated tumors were positive for the key viral
replication gene, E1A, and showed decreased HA content
at the study end confirming that the transgene hyaluroni-
dase PH20 was functionally expressed (figure 1C).

We next tested intravenous VCN-01 in combination
with nab-paclitaxel plus gemcitabine in a subcutaneous
human pancreatic tumor model (NP-18). VCN-01 alone
significantly decreased tumor growth compared with
untreated tumors in the NP-18 model (figure 1D). Nab-
paclitaxel plus gemcitabine reduced tumor volume in all
treated tumors, leading to complete regression in 25% of
(3/12) tumors. However, all regressed tumors relapsed
after stopping chemotherapy administration. The combi-
nation of VCN-01 plus nab-paclitaxel plus gemcitabine
reduced tumor growth to a greater extent than both
treatments administered separately, leading to complete
regression in 80% (8/10) of tumors. In addition, 50%
(4/10) of these tumors continued with complete regres-
sion until the end of treatment (day 90) (figure 1E).

We next selected the TP-11 model because of its high
HA content and architectural resemblance to human

PDAC when implanted orthotopically (online supple-
mental figure 2). In this model, all treated groups
demonstrated reduced tumor volume compared with
nontreated animals on day 28. There was a minor non-
significant reduction in tumor volume due to VCN-01
(27%), whereas a significant reduction was observed with
nab-paclitaxel plus gemcitabine (37%) and a further
significant decrease was achieved with the combined
treatment (VCN-01 and nab-paclitaxel plus gemcitabine)
(48%) (figure 1F). In a separate experiment, using a
slightly longer evaluation timepoint (day 36), VCN-01
showed a significant tumor reduction (29%) in the TP-11
tumor model (online supplemental figure 3).

Treatment with VON-01 alone and in combination with
chemotherapy was well tolerated (online supplemental
figure 4).

Preclinical evaluation of viral replication and drug
extravasation

Viral replication within the tumor is the basic mechanism
of antitumor activity of oncolytic viruses. This process
results in shedding of viral particles into the bloodstream
thatis reflected by a secondary or delayed peak of viremia.

After IT administration in mice with subcutaneous
NP-18 tumors, VCN-01 leaked into the blood 2min after
viral administration, with similar viral blood levels up to
60 min and progressive clearance from 4 to 24 hour there-
after. VCN-01 was detected in blood again after 4 days and
continued to be detected until the last day of analysis (day
29), suggesting ongoing viral replication in tumor tissues
(figure 3A).

The pharmacokinetics of VCN-01 after intravenous
administration (in NP-18 tumor model) showed a
biphasic pattern, with an initial rapid decrease in plasma
concentration in less than bmin, and a sustained and
constant decrease up to 24hours. We observed a second
peak of viremia at 48 hours, after which the virus progres-
sively cleared from blood, being detected up to day 21
(figure 3A).

We next evaluated viral replication of VCN-01 in tumor
tissues. As shown in figure 3C, intravenous administration
of VCN-01 led to effective viral replication in orthotopic
pancreatic tumors (TP-11), reaching a 3-log increase
from day 2 to day 28. As expected, VCN-01 accumulated
in the liver after intravenous injection. Contrary to what
occurs in the tumor, VCN-01 did not replicate within the
liver and was eliminated over time, demonstrating a 2-log
decrease from day 2 to day 28. The main limitation of this
immunodeficient model when translating it to patients is
the lack of functional T-cells which may help clearing the
virus faster in both the tumor and the liver and initiate an
antitumor immune response. In addition, after systemic
administration, VCN-01 replicated in both subcutaneous
human xenografts and orthotopic pancreatic tumors,
regardless of chemotherapy cotreatment (online supple-
mental figure 5).

To elucidate the mechanism of action underlying the
increased antitumor efficacy elicited by the combination
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Figure 3 VCN-01 pharmacokinetics in mice and intratumoral viral replication. (A) Pharmacokinetics and peaks of replication
of VCN-01 in blood after single intratumoral administration of 5x10%vp in athymic mice with the human pancreatic tumor NP-18
implanted subcutaneous (SC). Blood samples (20 pL) were obtained at the indicated time points postadministration and viral
genomes were measured by gPCR. n=6-7 mice/time point. (B) Left panel: VCN-01 blood levels after administration of a single
intravenous dose of 5x10'° vp/animal to immunodeficient mice bearing the SC human pancreatic NP-18 tumor. Blood samples
(20pL) were obtained at 2 and 15min and at 1, 4, 24, and 48 hours. Post dose and genomes were measured by gPCR. Right
panel: VCN-01 viral genomes in blood of immunodeficient mice with the SC NP-18 human pancreatic model after intravenous
administration of 4x10'° vp/animal of VCN-01 on day 0. Blood samples (20 uL) were collected on days 2, 10 and 21. Results are
expressed as viral genomes per mL of total blood. n=6-7 mice/time point. (C) Viral genomes in tumors and livers were analyzed
at the indicated time points after one time intravenous administration of VCN-01 (4x10'° vp/animal) to mice with orthotopically
implanted TP-11 human pancreatic tumor model. Animals were sacrificed on day 2 and 28 and VCN-01 genome measured by
qPCR. n=6-8 tumors or livers/group/day. A Mann-Whitney U test was employed to analyze statistically significant differences

(*p<0.05vs D2).

of VCN-01 and chemotherapy, we investigated the role of
hyaluronidase PH20 encoded by VCN-01 as a facilitator of
drug extravasation into the tumor. Animals were treated with
nab-paclitaxel plus gemcitabine, VCN-01, or the combina-
tion thereof. After 28 days, all animals received a dose of IP
gemcitabine prior to sacrifice to assess gemcitabine distribu-
tion to the tumor. As shown in figure 2A, pretreatment with

VCN-01 and nab-paclitaxel plus gemcitabine led to higher
IT levels of gemcitabine on day 28 compared with nab-
paclitaxel plus gemcitabine alone. We observed the same
trend in tumors treated with VCN-O1 alone, although this
did not reach statistical significance due to high interanimal
variability (figure 2A). These results support a role of hyalu-
ronidase for better drug extravasation.
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To further test if hyaluronidase PH20 expression from
VCN-01 increases the delivery of anticancer agents to
tumor tissues, we compared the impact on IT levels of
an anti-PD-L1 antibody by cotreatment with VCN-01
or ICOVIRI5K, an identical oncolytic adenovirus that
lacks hyaluronidase PH20 expression. We administered
oncolytic adenoviruses as a single intravenous dose in
athymic mice with the PD-L1" NP-18 model. The anti-
PD-L1 antibody was labeled with the near-infrared fluo-
rochrome Vivotag 800, and then injected in all groups
on day 15 and imaged after 48hours. We observed a
minor non-significant increase in extravasation of PD-L1
antibody after treatment with the control (ICOVIR15K
lacking hyaluronidase expression). However, VCN-01
significantly increased extravasation of the antibody into
PD-L1" NP-18 tumors compared with non-treated (PBS)
tumors (figure 2B). This further corroborates the role of
hyaluronidase in increasing delivery, not only of chemo-
therapy, but also of large molecules such as monoclonal
antibodies. Accordingly, single IT administration of
VCN-01 in combination with anti-PD-L1 antibody treat-
ment resulted in significant decrease in tumor growth
in immunocompetent mice with TRAMP-C2 tumors
(figure 2C). Of note, VCN-01 can hardly replicate in this
immunocompetent mouse model due to the limitation
posed by the semi-permissiveness of human adenovirus.

Clinical study
The mechanisms of action of VCN-01 was subsequently
evaluated in a phase 1 trial including eight patients
where the safety and efficacy of IT VCN-01 in combi-
nation with gemcitabine (first two patients) or gemcit-
abine/nab-paclitaxel (subsequent six patients when SoC
changed) was analyzed (online supplemental figure 1).
Their demographic characteristics are depicted in online
supplemental table 2. Six patients had metastatic disease
and two had locally advanced disease. One received prior
chemotherapy for pancreatic cancer. VON-01 was admin-
istered to primary tumor lesions by EUS guided.
Treatmentrelated adverse events were dose-dependent
and mainly consisted of asthenia (six patients), fever
(four patients), and transaminase increases (three
patients). Online supplemental table 3 summarizes safety
data. There were three episodes of dose-limiting toxicities
in three patients treated at the highest dose level tested
(1x10" vp/patient). Two patients had a grade 3 increase
in transaminases that spontaneously regressed. Another
patient developed a pancreatic fistula with intraabdom-
inal fluid collection, associated with a gastric necrotic
ulcer and a severe upper GI hemorrhage that resulted in
death. This event was considered treatment related and
was associated with extensive necrosis and a completely
lysed tumor mass at the injection site that could be poten-
tially related to VCN-01 replication. Overall, the safety
profile was consistent with previous reports for other
oncolytic adenoviruses and other adenovirus-based prod-
ucts injected by EUS.**
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Figure 4 Antitumor activity of Intratumor Injections of

VCN-01 in patients. Percentage variation in the size of tumor

lesions injected with VCN-01 compared with baseline in

patients treated with VCN-01 in combination with either

gemcitabine (G) or nab-paclitaxel plus gemcitabine (GA).

Ech blue line represents the monitored tumor of each patient

(eight patients).

In all treated patients, the injected lesion remained
stable or decreased in size. Of seven evaluable patients,
five progressed at 4months, one at 8months and one at 31
months after treatment. All patients progressed because
of appearance of new lesions or growth of distant, non-
injected, metastatic lesions (figure 4). Furthermore, the
patient who died on day 22 of massive intra-abdominal
bleeding showed extensive tumor necrosis on CT scan on
day 15 of the pre-existing 4.4cm pancreatic tumor mass
and was attributed to a rapid oncolytic effect of VCN-01
on the injected lesion.

Mechanistic studies in patients

We detected VCN-01 in blood samples after IT delivery
on day 1 of treatment, most likely due to leakage into the
blood system. Subsequently, we observed a decrease in
VCN-01 genomes over time reaching a nadir on day 3,
followed by a biphasic surge in viremia with a first peak
of virus in blood observed on day 8 and a second peak
on day 28 suggesting tumor viral replication (figure 5A).
We obtained paired tumor biopsies before and after treat-
ment in six patients. As expected, we did not observe
VCN-01 at baseline, but detected it in all six patients
between day 21 and 28 consistent with viral replication in
the tumor cells (figure 5B).

To assess if the pre-existing anti-adenovirus Adb levels
(NAbs) have an impact on efficacy or on biodistribution,
the data was evaluated by Spearman’s correlation. No
correlations were observed between baseline anti-Adb
Nabs levels and efficacy or biodistribution. This may be
attributed to the route of administration that was intratu-
moral (online supplemental figure 6).

We next assessed production of PH20 by VCN-01 as
quantification of PH20 serum levels offers a method to
monitor VCN-0I replication. As shown in figure 6A, we
observed an increase in serum levels of PH20 over time,
reaching maximum levels on days 3 to 36 (but only day 36
was significant). As PH20 partially degrades the extracel-
lular matrix, we hypothesized that VCN-01 could reduce
tumor stiffness. To test this hypothesis, EUS-elastography
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Figure 5 VCN-01 is detected in patient blood over time
showing viral replication peaks and in tumors 20-28 days
after treatment. (A) Blood levels of VCN-01 at the indicated
time points as determined by gPCR. Each black line
represents a patient (six patients) and the mean of all patients
treated with 1x10"" vp + nab-paclitaxel plus gemcitabine (GA)
per time point is shown in gray. (B) VCN-01 is detected in
all tumors analyzed on days 20-28. Fine-needle aspiration
biopsy of the tumor performed at the indicated times (pre-
VCN-01 or post-treatment) on each patient and analyzed by
gPCR to detect the number of viral genomes (six patients).
Each tumor sample is represented by a symbol, performed
either on day 0 (negative) or between day 20 and 28 post-
VCN-01 it administration. G, gemcitabine.

was performed in four patients before and after treat-
ment. As shown in figure 6B, treatment reduced tumor
stiffness in the five assessed patients treated with VCN-01
combined with either gemcitabine or nab-paclitaxel plus
gemcitabine. These results suggest that VCN-01 replicates
within the tumor, leading to hyaluronidase expression
with consequent reduction of tumor stiffness (even in the
absence of nab-paclitaxel) that can potentially increase
the extravasation of chemotherapy.

DISCUSSION

There is a significant need to develop new treatments for
patients with PDAC. Oncolytic viruses are an attractive
new class of cancer therapeutics. To date, two oncolytic
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Figure 6 Hyaluronidase PH20 expression and stroma
disruption effects of VCN-01 in patients. (A) PH20 serum
levels as determined by ELISA at the indicated time points

in patients treated with VCN-01 in combination with nab-
paclitaxel plus gemcitabine (GA). Each filled circle represents
a serum sample per patient. Analyzed patients were injected
at a dose of 1x10"" vp of VCN-01 (six patients). One-way
ANOVA (Tukey’s multiple comparisons test) was used to
evaluate multiple comparisons between groups. PH20
expression in serum samples at different time points is
expressed as pg/mL minus background levels detected for
each sample at day 0 and represented in box and whiskers
graphs. (B) Changes in strain ratio measured by endoscopic
ultrasound (EUS) elastography in five patients prior to cycles
1, 2 and 3. Each line represents an individual patient. ANOVA,
analysis of variance.

genetically engineered viruses have been approved by
regulatory agencies for clinical use as antitumor agents:
Oncorine (H101) and IMLYGIC (talimogene laher-
parepvec, T-Vec).” ** VCN-01 is an oncolytic adeno-
virus engineered to express hyaluronidase. This agent is
expected to have a dual mechanism of action including
classic oncolysis as well as disruption of the HA-rich
cancer stroma. The latter effect is expected to facilitate
delivery and replication of the virus itself as well as the
delivery of other agents. Furthermore, these two actions
combined may lead to increased stromal inflammation®’
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and sensitization to immune-mediated treatments.
Therefore, PDAC stands out as a candidate tumor type
to explore the efficacy of VCN-01. These preclinical and
clinical studies were designed to determine the efficacy,
safety and mechanism of action of VCN-01 in PDAC.

We first conducted a series of preclinical studies to
explore whether VCN-01 replicates in tumor tissues,
disrupts HA, increases drug delivery, and exerts anti-
tumor effects. Data presented here support the notion
that VON-01 administration resulted in these effects.
Several important observations with implications for
the subsequent clinical development of the agent were
made. VCN-01 is effective both via intravenous and IT
administration, leads to substantial and prolonged tumor
control, and synergizes with chemotherapy. VCN-01 anti-
tumor activity and replication potential observed after
intravenous administration are important supporting
the clinical development of this agent by this more facile
route of administration. Furthermore, its limited replica-
tive potential in normal liver also suggests that expected
liver damage caused by this class of agents is likely to be
transient. Accordingly, VCN-01 has also been adminis-
tered intravenous in combination with chemotherapy in
patients with advanced PDAC.?’

A key differentiating factor of VCN-01 is its produc-
tion of hyaluronidase PHZ20. Prior preclinical studies
showed that HA elimination by pegylated hyaluronidase
(PEGPH20) softens tumors, decompresses tumor vessels,
increases chemotherapy delivery, and results in superior
antitumor effects.'> 8% Here, we show that VCN-01 exerts
similar effects including HA degradation, improved anti-
tumor effects, and enhanced delivery of chemotherapy
and therapeutic antibodies. We have previously shown that
unarmed oncolytic adenoviruses do not degrade HA,' but
they increase fibrosis surrounding the infected areas.” As
nab-paclitaxel has been proposed as a stroma disrupting
agent,” it is important to highlight that VCN-01 increased
the delivery of gemcitabine when administered alone. Of
note, the better drug extravasation observed for VCN-01
occurs in spite of the surrounding fibrosis pointing to a
complex interaction of the virus and the tumor stroma.
In fact, oncolytic adenovirus therapy can be improved
if cancer-associated fibroblasts are killed by the expres-
sion of a fibroblast activation protein-targeted bispecific
Tcell engager.”' In addition, while some oncolytic viruses
such as vaccinia and vesicular stomatitis virus can intrin-
sically induce vascular disruption, oncolytic adenoviruses
do not and we and others have armed them with anti-
angiogenic factors to disrupt it.”* *® Finally, it cannot be
ruled out that the tumor debulking effect by the oncolysis
might also have a minor impact in the drug extravasation
effect. Although very recent positive advances have been
made in PDAC treatment using BL-8040, pembrolizumab
and chemotherapy,” PDAC has been considered one of
the tumor types for which check point inhibitors are not
effective.” *® The increase in extravasation of PD-L1 anti-
body after VCN-01 treatment, together with the immune
enhancing effect of IT VCN-01 in retinoblastoma,”

supports the development of this agent in combination
with check point inhibitors in PDAC.

Two separate clinical trials evaluating systemic
PEGPH20 (PEGylated PH20 with increased half-life)
combined with nab-paclitaxel plus gemcitabine or FOLF-
IRINOX in patients with advanced PDAC were nega-
tive.” * While the underlying reasons of this failure are
not known, several hypotheses can be proposed. Toxicity
was increased when chemotherapy was combined in
both trials. This is not surprizing as PEGPH20 was given
systemically and an increased delivery of chemotherapy
to normal tissues may lead to higher toxicity. In one
trial (HALO 301), because of the high rate of throm-
botic events, patients were treated with prophylactic
heparin that may have resulted in better outcome in the
control arm. In addition, PEGPH20 was administered in
a continued manner that may be deleterious as shown in
some preclinical studies that disrupt tumor stroma for a
long time (ie, blocking the sonic hedgehog pathway).*’
Finally, itis not clear that the dose and schedule of admin-
istration of PEGPH20 were optimal in these studies.

Although these results may challenge the concept of
targeting the PDAC stroma. VCN-01 uses a very different
approach and combines the local expression of PH20
with intrinsic oncolytic effects and the induction of
inflammation by both the viral infection as well as cell
death.” For these reasons, this agent showed enhanced
effects in combination with immunotherapy agents and is
currently being studied in a clinical trial where VCN-01 is
combined with durvalumab (anti-PD-L.1) (ClinicalTrials.
gov Identifier: NCT03799744). Furthermore, because the
viral effect is likely to be transient as the host immune
system clears the virus, the stromal disruption effects are
likely to be prominent shortly after administration and
fade with time. It can be speculated that this dynamic may
favor early drug delivery and immune system priming
while preventing the angiogenesis and metastatic prone
effects shown in studies in which the stroma was depleted
chronically.*

Based on the encouraging preclinical data obtained with
VCN-01, we conducted a proof-of-concept phase 1 trial of
increasing doses of IT VCN-01 in patients with advanced
PDAC. While in general the virus was well tolerated, one
patient developed massive tumor necrosis, leading to a
fatal hemorrhage on day 22 after treatment. This observa-
tion suggests a potent and rapid antitumor effect though
the contribution of the concomitant chemotherapy or
the injection procedure per se cannot be ruled out. Based
on this serious adverse event together with the antitumor
effects of VCN-01 in the tumor and the preclinical data
supporting the feasibility of intravenous administration
which is more convenient, we decided to concentrate
further clinical development efforts in the intravenous
administration route.”’

Several lines of evidence suggest VCN-0O1 effectively
replicated in tumor tissues. The pharmacokinetic profile
of the virus in blood showed a biphasic peak which is
consistent with an initial distribution phase, followed
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by later shedding or secondary viral replication peaks
in blood as a result of intratumoral replication. This is
further supported by the presence of viral particles in
tumor cells as assessed in paired tumor biopsies collected
before and after treatment. In addition, serum levels of
PH20 increased after treatment administration, in agree-
ment with viral replication and expression of the trans-
gene. Consistent with these effects, injected tumor lesions
remained stable. Increased viremia levels after injection
may not be sufficiently high to cause effective VCN-01
delivery to non-injected tumors. These data emphasize
the importance of treating patients with a high dose of
VCN-01 systemically.?” In addition, there was a decre-
ment in tumor stiffness in all VCN-Ol-injected lesions as
measured by elastography, including a patient who did
not receive nab-paclitaxel, an agent that has been shown
to reduce tumor stiffness in prior clinical trials.*

In summary, the preclinical and clinical results
presented here confirm the oncolytic capacity of VCN-01
in preclinical models and patients with PDAC. The agent
effectively replicated in tumor tissues and expressed hyal-
uronidase, which in turn disrupted tumor stroma and
facilitated drug delivery. These results support the evalua-
tion of the efficacy of VCN-01 in combination with chemo-
therapy and/or immunotherapies for the treatment of
advanced PDAC. Given the mechanism of action of VCN-
01, the combination of VCN-01 with other treatments in
cancers that have high HA content is also warranted.
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