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SUMMARY Pancreatic ductal adenocarcinoma (PDAC) is a lethal malignant cancer of the
pancreas, with less than 5 percent of patients surviving five years after diagnosis. Due to the
lack of early symptoms, initial diagnosis is often difficult, leading to a metastatic disease
that can no longer be cured by surgical removal. Alongside this, the conventional methods
of cancer therapies, such as chemotherapy and radiotherapy, are not effective for PDACs.
However, in recent years, three novel therapeutic agents for treatment of cancer have
emerged: oncolytic viruses (OVs), bi-specific T-cell engagers (BiTEs), and chimeric
antigen receptor (CAR) T cells. Oncolytic virus treatments involve the use of viral
replication cycles and viral tropism to target cancerous cells, and selectively kill them
through lysis. Meanwhile, BiTEs allow the cytotoxic killing of cancer cells, including those
that lack MHC expression, by linking tumor cells and cytotoxic T cells through bi-specific
monoclonal antibodies. CAR-T cell immunotherapy utilizes the immune system to kill
cancer cells by genetically modifying T cells to produce receptors targeted at specific cancer
antigens. While all these therapies have had successes individually, problems have been
associated with all of them for pancreatic cancer treatment. Recently, research has shown
that oncolytic viruses can be engineered to encode and express BiTEs, targeting their
expression to the cancerous cells. Combining this with CAR-T therapy provides a robust
treatment with great therapeutic potential. This article will explore the use of oncolytic
viruses, BiTEs and CAR-T cells as a treatment for PDACs, including the strengths and
limitations of these treatments separately and as a combination therapy. Understanding how
to combine these three therapeutic agents and target them to pancreatic cancer cells could
result in a novel cancer therapy for PDACs, a cancer that currently does not have many
promising treatments.

INTRODUCTION

I n Canada, pancreatic cancer is the fourth leading cause of cancer-related death, and the
majority of pancreatic malignancies are pancreatic ductal adenocarcinomas (PDAC),
exocrine tumors that develop from pancreatic duct cells [1-3]. PDAC is difficult to
diagnose, with a lack of early symptoms and no standardized screening tests, resulting in
late diagnosis [2]. Treatment also remains difficult for PDAC, with the only curative
treatment being complete removal through invasive surgery [1]. However, with the lack of
early diagnosis, surgery is often not an option as the cancer has already reached metastasis.
At this stage, chemotherapy and radiation are ineffective and attempted immunotherapies
yet to have successful outcomes [4].

With recent progression in immunotherapy, three new novel therapeutic agents for
cancer treatment have evolved: oncolytic viruses (OVs), bi-specific T cell engagers
(BiTEs), and chimeric antigen receptor (CAR) T cells. OVs are viruses that have been
modified to target and replicate within cancer tumor cells, inducing death through cell lysis
[5]. These viruses are attenuated to reduce virulence and not cause disease within the host
while still allowing for the host to amount an immune response. Some viruses are chosen
because they naturally target the cancerous cell while others are genetically modified to
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target tumor antigens [6]. The lytic activity of the virus also induces inflammation within
the tumor microenvironment (TME) causing an influx of immune cells, which promotes an
immune response against the tumor cells [7].

BiTEs are engineered proteins consisting of two single-chain variant fragments, the
antigen-binding segments of an antibody, joined by a linker, with one chain recognizing a
tumor-associated antigen and the other recognizing CD3 [8]. Binding of several BiTEs to
the tumor-associated antigens on the tumor cell and CD3 on host T cells causes clustering
of CD3, leading to downstream T cell signaling and formation of a synapse between the two
cells. The downstream signaling within the T cell triggers a targeted release of cytotoxic
granules into the tumor cell, leading to tumor cell apoptosis [9,10]. Therefore, this therapy
provides an effective cancer cell treatment through targeting the host’s cytotoxic T cells to
kill cells expressing the appropriate tumor antigen.

CAR-T cell therapy consists of isolating T cells from a patient and engineering them to
express a chimeric antigen receptor (CAR), a modified T cell receptor that specifically
recognizes a tumor-associated antigen [11]. These cells are then infused back into the
patient’s body, where they are directed towards tumor cells through recognition of the anti-
CAR antigen, leading to induction of the CAR-T cell’s cytotoxic killing activity [11]. OVs,
BiTEs, and CAR-T cells all show remarkable promise for tumor treatment but still face
limitations on their own. Therefore, there may be difficulties in using these therapeutics to
treat the aggressive, immunoresistant PDAC. However, it has been found that BiTEs can be
engineered into oncolytic viruses and combined with CAR-T cells to create a therapy
effective at clearing solid tumors [12]. This paper proposes that a combination of these three
therapies has the potential to effectively treat and clear PDACs.

RESEARCH QUESTIONS

Due to the lack of early symptoms, PDAC is often diagnosed once it is already
metastatic and the only curative treatment, surgical removal, is no longer an option [1]. At
this stage, there are no effective therapies for treating PDAC [2]. It has been found that
BiTEs can be engineered into the genome of OVs and combined with CAR-T cells to create
a therapy effective at clearing solid tumors [5]. This paper proposes a combination of these
three novel therapies and their combined potential to effectively treat and clear PDACs.
First, reasons that OVs, BiTEs, and CAR-T cell therapies are not effective for PDAC on
their own will be discussed. Second, the potential of the combination of these therapies for
PDAC treatment will be explored. Finally, this paper will address the challenges associated
with this combination therapy. Altogether, this paper intends to explore how to combine
OVs, BiTEs and CAR-T cells and target them to pancreatic cancer cells in order to develop
a novel cancer therapy for PDACs.

PROJECT NARRATIVE

Why are oncolytic viruses, bi-specific T-cell engagers and chimeric antigen receptor T
cells not effective PDAC treatments on their own? In recent years, various experiments
and trials have been conducted using oncolytic viruses, BiTEs, and CAR-T cells as a
treatment for pancreatic tumors. However, complete tumor regression has rarely been seen
when each of these therapies has been used alone. ONYX-015, an oncolytic virus that
infects cells that have a mutation in p53, went through a phase I trial for treating pancreatic
carcinomas [13,14]. While the treatment was well tolerated by the patients, there was no
response seen, and the tumor cells showed resistance to viral replication [14,15]. However,
the use of OVs on cancers provides some significant advantages besides tumor-cell death
through lysis. The lytic activity of OVs also induces an anti-tumor response, causing an
influx of T cells into the TME, as well as the release of cancerous antigens that can be
utilized by immune cells to further mount an adaptive immune response [7]. OVs can also
be engineered to express other therapeutics, such as cytokines and monoclonal
antibodies[5]. Despites these benefits, there are still some problems to overcome for OV
therapy. One major issue of OVs is their premature clearance as a result of the host’s
immune response against them [7]. Another issue is that in PDAC tumors, the stromal cells
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can sometimes compose up to ninety percent of the tumor volume [16]. This creates a dense
stromal barrier, making the odds of an OV diffusing into the TME low [17].

A BITE that recognizes tyrosine kinase orphan receptor 1 (ROR1) which is found in
high abundance on pancreatic cancer cells, has been used for treatment against pancreatic
cancer [18,19]. The ROR1-BiTE was able to successfully induce T cell killing of pancreatic
tumor cells in xenograft models, causing tumor reduction, but did not result in a complete
cure [18]. BiTEs provide great therapeutic potential for pancreatic cancer due to their ability
to direct CD8+ T cell-mediated killing of tumor cells independently of expression levels of
MHC molecules, which are normally downregulated by cancer cells [9]. However, BiTEs
are unable to discriminate between tumor and normal levels of the target antigen, resulting
in BiTE-mediated killing of healthy cells [20]. PDAC shows resistance to BiTE therapy due
to its highly immunosuppressive TME, contributing to a lack of T cells available for BiTE-
mediated killing [1]. Another major issue of BiTEs is their short serum half-life, causing a
need for constant infusions, resulting in increased toxicity and expenses [12].

CAR-T cell therapy against PDAC has gone through a Phase I trial using a CAR that
recognizes mesothelin, a cell surface glycoprotein normally overexpressed on PDAC cells
[21]. While the treatment caused stabilization in 2 of the 6 patients, this lasted for less than
6 months, and was then followed by tumor regression [21,22]. Similar to BiTEs, CAR-T
cells also show promise as a treatment for PDAC due to their ability to target T cells to
specifically kill tumor cells even in the absence of MHC expression [9]. Their long-term
persistence and relatively short treatment time are also appealing aspects, but limitations
still exist [23]. The immunosuppressive TME prevents homing of the introduced CAR-T
cells to the tumor-antigen expressing cells [1]. One of the major problems with CAR-T cell
therapy is the ability of the tumor cells to downregulate the antigen the CAR-T cell
recognizes. Known as tumor escape, this mechanism helps the tumors hide from the CAR-T
cells and escape their cytotoxic killing [23].

Therapy What is being | Advantages Problems/Limitations
used for PDAC

Oncolytic + ONYX-015 *  Tumor-cell lysis + Clearance by host's
viruses * Induce anti-tumor immune system
immune response * Acute toxicities
+ Can engineer to + Stromal barrier of
encode therapies PDAC
Bi-specific T + ROR1BIiTE + Works independently  + Unable to discriminate
cell engagers of MHC expression between tumor &
+ Directs CTLs to kill normal levels of antigen
tumor cells * Low# of T cells in TME
* Poor delivery, short /2
life
CAR-Tcells + CAR-Tmeso + Works independently  + Limited efficiencies
(Phase 1) of MHC expression * Immunosuppressive
* Engineered to target TME

cancer specific protein + Tumor escape
+ Short treatment time
* Long-term persistence

FIG. 1 Advantages and limitations of oncolytic viruses, bi-specific T cell engagers, and chimeric
antigen receptor-T cells for treating pancreatic ductal adenocarcinomas. Oncolytic viruses, bi-
specific T cell engagers and chimeric antigen receptor (CAR)-T cells have all undergone testing as
treatment for pancreatic ductal adenocarcinomas (PDAC) on their own. While all of these have
advantages, these therapies experience limitations because of the difficult and resistant characteristics of
PDAC. ONYX-015 is an oncolytic virus that targets cells with a mutation in pS3 [13]. ROR1 BiTE targets
tyrosine kinase orphan receptor 1, which is highly expressed on pancreatic cancer cells [18,19]. CAR-
Tmeso targets mesothelin, another overexpressed protein on PDAC cells [21,22]. While all of these have
been used to treat PDAC, none have shown any promising results.
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How would the combination of these techniques result in better treatment of PDACs?
One great benefit of OVs is their ability to be engineered to contain other therapeutics [5].
Therefore, OVs can be engineered to express BiTEs that recognize an antigen
overexpressed on PDAC cells by inserting the gene for the PDAC-specific BiTE into the
OV’s genome [5]. This can then be combined with CAR-T cells that recognize another
PDAC antigen for a highly effective triple combination therapy (illustrated in Figure 2) that
counteracts the limitations of each therapeutic approach on their own [12].

OVs cause inflammation with their lytic activity, disrupting the immunosuppressive
defense of the cancer and causing an influx of immune cells to the TME, including T cells
that can then be utilized by BiTEs [5,24]. The CAR-T cells that normally have difficulty
reaching the immunosuppressive TME are now able to home to the TME because of this
increased immune cell infiltration generated by OVs [12]. By engineering the OV to express
BiTEs, BiTE expression is limited to the TME, preventing BiTE-mediated killing of healthy
tissue [5]. This also allows for a high concentration of BiTEs in the TME, improving
efficiencies and removing the need for constant infusions, since BiTEs will continue to be
expressed as long as the OV is replicating [5].

BiTEs in the TME synergize with OVs to improve viral spread by aiding in the
reduction of tumor density and are also capable of redirecting anti-viral CD8+ T cells
towards tumor cells expressing the BiTE antigen, helping prevent the premature clearance
of the OV since the CD8+ T cells are now directed towards virus-free tumor cells rather
than just the virally infected cells [5]. BiTEs also allow the CAR-T cell to induce cytotoxic
killing of tumor cells through two antigens, by redirecting the CAR-T cell towards a
secondary tumor antigen that the BiTE recognizes in addition to what the CAR recognizes.
This allows CAR-T cells to be effective killing agents even if tumor escape occurs [12].

The combination of CAR-T cells with BiTE-expressing OVs has a synergistic effect on
tumor cell death [12]. In fact, Wing et al found that the combination of all three therapeutic
agents was the only treatment that led to pancreatic tumor regression in a xenograft mouse
model [12].

BiTE-armed OV 0 |’ ¢

CD3 CAR Meso EGFR
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FIG. 2 Bi-specific T cell engager
(BiTE)-armed oncolytic viruses
(OVs) are programmed to specifically
target and infect tumor cells. Once
infection occurs, the viruses begin to
replicate, producing more OVs as
well as BiTEs, which are then
released into the tumor
microenvironment with tumor cell
lysis. BiTES can then redirect either
the patient’s T cells or the introduced
chimeric antigen receptor (CAR)-T
cells towards the cell expressing the
appropriate tumor antigen recognized
by the BiTE. CAR-T cells can also
kill tumor cells through recognition
of a second tumor antigen that the
CAR recognizes. In this example the
BiTE recognizes epidermal growth
factor (EGFR), and the CAR
recognizes Mesothelin (Meso), which
are both commonly overexpressed in
PDAC [38,39].
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What are the challenges associated with this combination therapy? While this triple
combination therapy has great promise, there are still some challenges associated with it.
First, the cost of such a therapy is a major barrier, reducing the number of people to whom it
will be available. The FDA-approved T-VEC, an OV for treatment of melanomas, costs
$65,000 USD [25]. Blinatumomab, an FDA-approved BiTE therapy for B cell acute
lymphoblastic leukemia, costs around $178,000 USD per year [26,27]. CAR-T cell therapy
however, is the most expensive, with the FDA-approved Tisagenlecleucel, also for
treatment of B cell acute lymphoblastic leukemia, costing $475,000 USD [28,29]. With
these current prices, it is reasonable to assume that this triple combination therapy will cost
around $650,000 USD. However, this triple combination therapy proposes to engineer the
BiTEs within the OV, causing constant production of them as long as the virus is still
replicating. This removes the need for constant infusions of the BiTE and eliminates the
ongoing cost of administering BiTE therapy, which is a major expense of BiTE therapy.
Therefore, with this proposed therapy, the cost of BiTEs could be rolled into the cost of the
OV, bringing down the overall estimated cost to around $500,000 USD. While this cost is
significantly lower, this is still a highly expensive therapy. However, the lack of effective
treatments for PDAC makes this treatment worth investing into despite the high cost. Cost
reduction for this therapy is also possible since CAR-T cell and OV therapies are still
relatively new and with time it is expected they should go down in price as technologies
improve and become more available on the market [29].

Another major issue is the physical properties of PDAC, including necrosis, hypoxia,
acidosis and the high abundance of stromal cells [16,30,31]. These factors disrupt OV
spread and replication and it is important to address how these problems can be overcome
[7]. The administration of OVs and CAR-T cells for maximum effectiveness must also be
addressed. Overall, it would be best to administer the BiTE-expressing OV first to induce
inflammation and then follow this with CAR-T cell administration into the bloodstream
[23]. The inflammation induced by initial OV administration would allow the CAR-T cells
to infiltrate the TME. Consideration needs to be taken as to how the OVs should be
administered. Systematic injection is beneficial for metastatic PDAC, however the dense
stromal barrier of the PDAC might make it difficult for the systematically administered

Bi-Specific T cell

Engagers PDAC Bi°|°gy

Oncolytic — -

Molecular

CAR-T Cells Biomarkers?

|
I
|
Viruses -I
|
I

Therapy Diagnosis
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FIG. 3 Schematic of key pieces of a successful treatment of pancreatic ductal adenocarcinomas.
This paper proposes the use of a novel therapy for pancreatic ductal adenocarcinomas (PDAC)

involving three key components: oncolytic viruses, bi-specific T cell engagers, and chimeric antigen
receptor (CAR)-T cells. However, lack of effective diagnostic tools for PDAC makes this therapy
incomplete. Research on proper diagnosis for PDAC is the next step and is crucial for the success of
this treatment. Diagnostic research should incorporate the biology of PDAC and the possibility of

using molecular biomarkers.
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OVs to infect the tumor cells [16,23]. Injection of the OVs directly into the tumor might be
best for PDACs since it would bypass the stromal barrier and insert the OVs directly into
the TME [32]. However, this may not be advantageous if the disease has already reached
metastasis. Therefore, for the best result, it would be logical to propose the administration
of the BiTE-expressing OVs through both systemic and tumor-specific injection.

CONCLUSIONS

PDAC is the most common malignancy of the pancreas and is the fourth leading cause
of cancer-related death, killing 4,800 Canadians per year [33]. Currently there is a lack of
therapies that are effective at eliminating PDAC. Recently, oncolytic viruses have been an
area of interest because of their potential as therapeutic agents, especially when combined
with existing immunotherapies [7]. BiTEs and CAR-T cells are also promising immune-
based therapeutics in the field of cancer therapy. However, all three of these therapies have
limitations on their own, especially when treating PDAC, which provides many challenges
due to its physical and immunosuppressive properties. This paper proposes a combination
of these three therapies. By engineering OVs to express BiTEs and then combining this with
CAR-T cells, this creates a highly robust therapy with potential to tackle PDAC. However,
challenges such as cost and delivery still exist and need to be considered during
development of this therapy.

In order for this approach to be successful, it is important to further research the biology
of PDAC. A better understanding of the immunosuppressive and physical barriers of PDAC
such as the dense stromal layer, necrosis, and hypoxia, and how to combat these would be
beneficial in determining how to maximize viral spread and replication of the OV. In
addition, one major difficulty of PDAC treatment is its late diagnosis [2]. Earlier diagnosis
results in better treatment options being available, as well as a better likelihood that this
proposed triple combination therapy would be successful.

Since current methods, such as CT scans and endoscopic ultrasounds, often diagnose
patients too late, research into liquid biopsies and molecular diagnostics might prove to be
beneficial for early diagnosis. Currently, CA19-9 is the best FDA-approved biomarker
available used to detect PDAC [34]. However, its poor sensitivity and specificity makes it a
poor marker for diagnosis of earlier stages [35]. Recently, exosome-associated miRNA-21
and miRNA-155 have been found to be present in high levels in the pancreatic juice of
patients diagnosed with PDAC, and can be detected earlier than CA19-9 [36]. A new
combination of biomarkers for thrombospondin-2 (THBS2), CA19-9, and circulating tumor
DNA (ctDNA), has been found to diagnose PDAC in patients as early as stage I [37].
These are all relatively new diagnostics and have yet to reach clinics, but further research in
this field might be the next important step for the success of this therapy.

Overall, understanding how to combine and target OVs, BiTEs and CAR-T cells
towards pancreatic cancer cells could result in a novel cancer therapy for PDACs. Further,
this research could open up a frontier on how the combination of OVs with
immunotherapies has immense therapeutic potential for difficult to treat cancers.
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