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ONCOLYTIC VIRUSES AS A VIABLE TREATMENT FOR BREAST CANCER

MATTHEW BARTON

ABSTRACT

This article is a systemic review of the breast cancer subtypes, the disparities in
breast cancer treatment, and the various oncolytic viruses currently in development for
breast cancer treatment. In the event that breast cancer is not diagnosed and treated early,
certain types of breast cancer can rapidly spread to other parts of the body causing life-
threatening health problems. In light of the decrease in breast cancer screenings following
the initial wave of COVID-19, effective systemic treatments for later diagnosed breast
cancers are critical now more than ever. Currently, systemic treatments are often
associated with severe adverse side effects, resistance, variable specificity, and possible
recurrences. Certain subtypes of breast cancer, including triple-negative breast cancer
(TNBC), are more aggressive, do not respond to some treatment methods, and
disproportionately affect black women. Oncolytic virotherapy aims to produce a systemic
treatment that is specific to cancer cells, elicits an immune response, and only causes
minor side effects. Further studies are necessary to increase the possibility of developing

a virotherapy that can safely and effectively treat systemic breast cancers.
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Section 1: Introduction

1.1 Breast Cancer

Breast cancer is one of the leading causes of cancer death among women, second only
to lung cancer.l'! Globally, breast cancer is the most frequently diagnosed cancer.
Worldwide more than 2.3 million women were diagnosed with, and 685,000 women died
from, breast cancer in 2020. By the end of 2020, approximately 7.8 million women living
with breast cancer had been diagnosed within the previous five years. [2! This high
incidence is also seen in the United States, accounting for 3.8 million Americans with a
history of breast cancer as of January 1st, 2019. ] While men are diagnosed with breast
cancer, the disease predominantly affects women as men only account for 0.5-1% of
cancer diagnoses. [?! Additionally, the average lifetime risk for women developing breast

cancer is approximately 1 in 8, with a 1 in 39 probability of dying.[**!

Breast cancer arises from the epithelial cells lining the ducts (ductal carcinoma in situ,
DCIS) 85% of the time or in the lobules (lobular carcinoma in situ, LCIS), which
accounts for the remaining 15% of pre-cancer that arises in glandular breast tissue.!
Initially, ductal and lobular cancers are limited to "in situ" pre-cancerous growth, defined
as increased and abnormal growth of cancer cells isolated to their location or origin.[>>¢!
While DCIS and LCIS were historically referred to as the two main types of in situ breast
cancer, only DCIS is a potential precursor to invasive breast cancer as LCIS is now

believed to be a benign lobular neoplasia that lacks the capacity to metastasize, and only

indicates an increased risk for breast cancer.*>”)



Dysregulation of the cell cycle is a hallmark of tumor development. Normal cells
will progress through the cell cycle in a controlled and regulated process, growing during
the gap 1 phase (G1), synthesizing DNA in the synthesis (S) phase, preparing to divide in
the gap 2 phase (G2), and undergoing cell division in the mitosis (M) phase. Three highly
regulated checkpoints normally occur during this cycle toward the end of G1 (G1/S
checkpoint), during S phase, and prior to initiating mitosis (G2/M checkpoint). Most cells
then exit the cell cycle into a quiescent phase (GO) where the cell is not actively growing
and dividing.[®! Two proteins that play an important role in the regulation of this cycle are
the p53 and pRb proteins. p53 is a tumor suppressor protein that plays an important role
in both the G1/S checkpoint and the G2/M checkpoints, where the cell arrests prior to
DNA synthesis and mitosis, respectively. The activation of p53 following DNA damage
causes the expression of subsequent proteins that function in cell cycle arrest and DNA
repair, as well as proteins that function in apoptosis if the DNA damage is beyond
repair.”) Similar to p53, pRb is a tumor suppressor protein involved in regulating the cell
cycle at the G1/S checkpoint that also responds to DNA damage. Activation of pRb
blocks transcription of the cell’s DNA and holds the cell in arrest at this checkpoint until
the damage is repaired or the cell is aborted.!'” TP53, the gene that encodes for p53
protein, is the most commonly mutated gene in all cancers, with approximately 50-60%
of cancers involving a mutated TP53 gene.!'""'?! Inactivation of tumor suppressor genes is

a critical aspect of uncontrolled cell proliferation and tumor development.



1.2. Breast Cancer Staging

The system most often used for staging breast cancers in recent years is the
American Joint Committee on Cancer (AJCC) TNM system, which consists of surgical
and clinical components. In this system, T refers to the primary tumor size, and if it has
grown into other areas, N refers to the number of nearby lymph nodes cancer cells have
spread to, and M refers to metastasis or if cancer has spread to distant parts of the body or
other organs. These individual factors are then assigned a value corresponding to their
degree of progression (T0-T4, NO-N3, M0-M1), with higher numbers indicating further
progression. From the descriptions and criteria mentioned, breast cancer in situ is
designated stage 0. Additionally, the staging system takes into account estrogen receptor
(ER) status, progesterone receptor (PR) status, human epidermal growth factor receptor 2
(HER2) status, the grade of the cancer cells, blood levels of tumor markers, tumor
location, cell type, and other factors in conjunction with TNM staging prior to assigning
an overall stage. These individual factors are then combined into the overall staging of
cancer, graded as stages [-IV (with several subtypes), with higher value stages associated
with further progression and worse outcomes.!'*!*] Stage IV cancer is indicative of cancer
that has traveled to other parts of the body, of which breast cancer will preferentially

a.[1316] Prognosis tends to vary

spread to the brain, bones, lungs, liver, and pleur
significantly between stages, as depicted by the overall 5-year breast cancer survival rates

of patients from 2009-to 2015, where stage I through stage IV had survival rates of 98%,

92%, 75%, and 27%, respectively.?!



The staging system alone shows the complexity and vastness of the disease.
Breast cancer should then be defined as a grouping of diseases consisting of 4 main
molecular subtypes and at least 21 distinct histological subtypes of breast cancer.*!”]
With most breast cancers being invasive (81%), it is essential to correctly classify each of
the individual factors precisely, as this will ultimately shape the presentation, prognosis,

and treatment options. [*!



Table 1. Breast Cancer Molecular Subtypes. Classification and treatment prognosis of the four main
molecular subtypes of breast cancer based on distinguishing features in genetics, histology, and
biomarkers.!'®]

Molecular
subtype

Luminal (A and B)

TLuminal CKs and ER-
related genes (A=B)

BT in proliferation-
related genes

THERZ2-related

Genetic profile tBasal CKs

Histologic
correlates

A Lower- B Higher- Tlgh-grqde. High-grade, sheet-like,
+ apocring i )
grade ER+ | grade ER+ g necrosis inflammation

Surrogate
markers

Prognosis Good Intermediate Worse Worse

Response to

Lower Intermediate i .
chemotherapy : Higher Higher

HERZ-targeted Currently
therapies investigational

Targeted
therapies

Hormone therapies




1.3. Molecular Subtypes

Molecular subtyping of breast cancer is vital in determining prognosis and
effective treatment for patients. While breast cancer subtypes are best determined through
gene expression analysis, it has become standard clinical practice to approximate breast
cancer subtypes by evaluating biological markers. *! The four main breast cancer
molecular subtypes include Luminal A (HR+/HER2-), Luminal B (HR+/HER2+), HER2
Enriched (HR-/HER2+), and Basal-Like (HR-, HER2-) (Table 1). Here, HER2+ refers to
the presence of an abnormally high presence of human epidermal growth factor receptor
2, and HR+ indicates the presence of estrogen receptor (ER), progesterone receptor (PR),

or both. These molecular subtypes are not mutually exclusive. ['®

Luminal A is the most common subtype of breast cancer, accounting for 73% of
all breast cancers. Luminal A tumors tend to be lower grade, slower-growing, and less
aggressive when compared to other subtypes. These tumors exhibit ER+, PR+, HER2-
and low Ki67 surrogate markers. Estrogen and progesterone can act as mitogens in HR+
cancers, that is that estrogen and progesterone induce mitosis and increase the rate of cell
division, which can also lead to an increase in the rate of replication errors and mutations
made.!"”! Cancers that are ER+ or PR+ grow in response to estrogen and progesterone,
respectively. Ki67 is a nuclear protein marker, whereby a high score of Ki67 indicates a
large number of actively dividing cells and has been clinically shown to correlate with
metastasis and the clinical stages of tumors. While they have a lower response to

chemotherapy, they are still associated with a good prognosis as they are often responsive



to hormone therapies that reduce the amount of estrogen or progesterone in the

bOdy.[3’17’18’20]

Luminal B subtype accounts for 11% of all breast cancers. This subtype is defined
by ER+, PR+, HER2+, and highly positive in Ki67. Luminal B cancers tend to be higher
grade than luminal A cancers, indicating that they are more likely to grow and spread
more rapidly and be more aggressive.!>!*!8] Estrogen and progesterone also act as
mitogens in Luminal B breast cancer. Additionally, the excess HER2 protein, a
transmembrane receptor tyrosine kinase, on the surface of these cells does not require a
ligand for activation and can undergo spontaneous dimerization and activation.*!!
Downstream effectors of this constitutively active protein provide cancer cells with
potent proliferative and anti-apoptosis signals that contribute to the rapid development of

r.[22) The high Ki67, indicating increased levels of actively dividing cells, is

the tumo
likely attributed to these factors. For these reasons, Luminal B cancers are associated
with an intermediate prognosis, have an intermediate response to chemotherapies, and are

typically targeted using hormone therapies.!®]

HER2-Enriched cancer accounts for approximately 15-20% of all breast cancers.
HER2-Enriched is defined by an over expression of the HER2 protein, with or without
the presence of ER or PR. These cancers are known to have high-grade histological
features, thus growing and spreading more rapidly, and until recently have been
associated with poor outcomes. HER2-Enriched cancers have responded to chemotherapy

more favorably than Luminal A and B cancers, but major advancements in treating these



cancers have been through HER2-targeted immunotherapy.*!® Due to the high efficacy
of targeted therapies against HER2 protein, the prognosis for HER2-Enriched cancers is
good. Since the prognosis of HER2-Enriched cancers relies almost entirely upon targeted
therapies, it is recommended that all women with invasive breast cancers be tested for
HER?2, and the practice of testing all newly diagnosed cancers for HER2 has become a

standard practice for pathologist.*23

Lastly, Basal-Like cancers account for approximately 12-15% of all breast
cancers. Basal-Like cancers are commonly referred to as triple-negative breast cancer
(TNBC), as are ER-, PR-, and HER2-. These cancers are associated with a poor
prognosis, as they are high grade, do not respond to the hormone therapies that are
effective against Luminal A and B, and are also unresponsive to immunotherapies
developed against HER2-Enriched cancers as they lack ER, PR, and HER2. While TNBC
is more responsive to chemotherapy, targeted therapies and treatment advances have
lagged behind treatments of other cancer subtypes.[!:!824261 Compared to non-TNBC,
TNBC has decreased 3-year progression-free survival rates, decreased 3-year overall
survival rates, increased chance of visceral metastasis, and shorter post-recurrence
survival rates. [?”! The latency in developing practical, targeted treatments for TNBC
becomes apparent when comparing the survival rates of overall survival rates of
metastatic Luminal A and B cancers (approximately five years) to metastatic TNBC
(approximately one year).[?®! TNBC risk is also elevated in premenopausal women and

those with a germline BRCA mutation.!!-**



Cancer subtypes provide details on the aggressiveness of the cancer's progression
and preferential treatment options for each subtype. Knowing the cancer subtype can also
provide information about where the cancer is most likely to metastasize or relapse. For
example, Luminal cancers exhibit a bone-seeking phenotype and are less frequently
observed in the brain, lung, pleural or multisystem metastasis. In contrast, HER2 and
TNBC were found to be more often associated with lung and central nervous system
metastasis, and TNBC was also more often associated with pleural metastasis compared
to the Luminal subtypes. Breast cancer subtypes can then be used to strategize treatment

and follow-ups.['®!

1.4. Systemic Therapies

Effective treatment of metastatic cancers requires systemic treatments as
cancerous cells are no longer limited to their site of origin and have spread to other
organs of the body. Current systemic treatments will fall under cytotoxic, humoral, or
immunotherapeutic categories. While systemic treatments have substantially decreased
the recurrence rate in early-stage breast cancer patients over the last two decades
(approximately 30% recurrence to 7-11%), patients with cancer-specific tumor
characteristics are still at an increased risk of recurrence./*>*" Patients with larger tumors
or who have had the cancer travel to other parts of the body are at an increased risk of
recurrence. It has been shown that classic systemic agents are much less effective in

treating breast cancer metastasis than primary tumors.[*>*!l Similarly, patients with
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TNBC or Luminal B breast cancer are nearly 65% more likely to experience a relapse

compared to Luminal A breast cancer during five years following initial treatment.3?!

1.5. Systemic Treatment Side Effects

In addition to setbacks with recurrences in late-stage cancer treatment, systemic
treatments are also associated with significant adverse effects. Cancer therapy side effects
encompass grade 1 (mild, no intervention needed), grade 2 (moderate, no or minimal
intervention needed), grade 3 (severe, medical intervention required, possible
hospitalization) and grade 4 (potentially life threatening, significant medical intervention
needed) side effects. Thus, the side effects in addition to treatment are important to
consider.*3! With the severity of common systemic treatment side effects, it is becoming
increasingly important to limit these adverse effects as women with breast cancer are
more frequently offered systemic treatment for early-stage breast cancer and are more
frequently receiving one or more systemic therapies throughout their treatment.** This
shift is cause for concern as cardiotoxicity is one of cancer adjuvant therapy's most
critical side effects.[*>] Chemotherapy, endocrine therapy, and HER?2 targeted therapy
have been shown to induce cardiotoxicity. Chemotherapy treatments (anthracyclines,
alkylating agents, microtubule-targeting drugs, antimetabolites) all come with short-term
side effects. Among the list of short-term cardiotoxic side effects are arrhythmias,
hypertension, myocardial ischemia, bradycardia, pericarditis, heart failure, and sudden
death. A long-term cardiotoxic side effect associated with anthracyclines is the

progressive decline in left ventricular function. Additionally, endocrine therapies have
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side effects associated with venous thromboembolism and strokes, and HER2-directed
therapies have side effects associated with left ventricular dysfunction and heart
failure.l*>37] Many of these side effects can be life-threatening and irreversible, and due to
the nature of oncological treatment regimens, often including a combination of therapies,
the deleterious effects of these agents can be additive. [**! Other common side effects of
cancer treatment include, but are not limited to, anemia, appetite loss, thrombocytopenia,
diarrhea, edema, fatigue, flu-like symptoms, fertility issues, alopecia, memory and
concentration problems, mouth and throat problems, nausea, vomiting, skin and nail

changes, constipation, pain, sleep problems, and more.[*®]

1.6. Disparities

The rate of breast cancer deaths has decreased by 40% from 1989 to 2017,
translating to an estimated 375,900 breast cancer deaths averted.[*! This trend is attributed
to widespread access to mammography screening and improved treatment methods. 4!
While the general population has seen a downtrend in breast cancer mortality, not all
women have benefited equally from these advances. On average, Black women have a
death rate 40% higher than White women (28.4 vs. 20.3 deaths per 100,000), and Black
women under 50 years old have a death rate that is 1.9-2.6 times that of White women.
Furthermore, Black women are the only group that is more likely to be diagnosed with a
high-grade tumor rather than a low- or intermediate-grade tumor, are more likely to be

diagnosed at a later stage, are more likely to die from breast cancer at any age, and have

higher death rates in all 50 US states when compared to all other racial groups.[*! Part of
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this may be because when Black women are diagnosed with breast cancer, approximately
20% of the time this diagnosis is the TNBC subtype, which is 2-4 times greater than
Hispanic (11%), White (9%), Asian and Pacific Islander (6%), and American

r.B441L42 R cancers

Indian/Alaskan Native women (5%) diagnosed with breast cance
are significantly less likely to be screen-detected than ER-positive cancers (35.1% vs.
51.2%), making screening for cancer disproportionately less effective for Black women.
[ The aggressiveness of TNBC may account for part of the disparity, as TNBC is a
high-grade tumor subtype of breast cancer that grows and spreads quickly, is
unresponsive to hormone therapy, and whose targeted treatments have lagged behind

4264344 However, Black women also have 5-year survival

those of other cancer subtypes.|
rates that are 5-7% lower than White women for every subtype of breast cancer, not just
TNBC."*! While more frequent breast cancer screenings for Black women may help
diagnose cancer at earlier stages and have a positive impact on 5-year survival rates,
healthcare would have to become more readily accessible as Black women currently have

less access to timely and high-quality prevention, early detection, and treatment

services. +441040]

In light of the disparities seen in healthcare and the COVID-19 global pandemic, a
systemic therapy targeting local and distant cancerous cells (including triple-negative)
may help alleviate the discrepancies in breast cancer mortality rates among races and

decrease breast cancer mortality rates as a whole.
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Objectives

This thesis reviews current research on virotherapy in the light of its potential use
as a systemic therapy in breast cancer treatment. This research was conducted using the
keywords virotherapy, oncolytic virus, systemic therapy, metastatic breast cancer, triple-
negative breast cancer, herpes simplex virus, adenovirus, poxvirus, reovirus, measles
virus, and vaccinia virus. The majority of-research articles referenced are from the years
2000 through 2022 in order to gain a contemporary understanding of virotherapy in late-
stage cancer. This review considers the complexity of breast cancer subtypes, disparities
in treatment, efficacy and adverse effects of systemic treatments, and limitations of
virotherapy to determine the current state and future directions of this research field. A
significant amount of background information on breast cancer and current systemic

treatments is provided to highlight oncolytic viruses' significance as a novel therapy.
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Section 2. Virotherapy and Oncolytic Viruses

2.1. Oncolytic Viruses - Overview

While oncolytic virotherapy is an emerging field, the idea of using viruses as
therapeutic agents for cancer treatment is not new, with reports as early as 1912
documenting the apparent regressive effects of rabies vaccine on carcinoma of the

(4] Subsequent research from 1950-to 1980 attempted using wild-type or naturally

cervix.
attenuated viruses, including hepatitis, West Nile fever, dengue fever, and adenoviruses.
However, these were not deemed therapeutic agents as the process of specifically
targeting cancer cells while not harming non-cancerous cells had yet to be
developed.[*647]

In recent decades, significant progress has been made in engineering viruses to
exhibit antitumor properties. During that time, it has come to light that viruses can only
infect specific cells within certain host organisms. The molecular reasons for this are that
viruses can only enter cells with a particular viral receptor on the cell's surface, which
allows it to attach, along with a hospitable metabolic activity that will allow the virus to
replicate.*8] Oncolytic viruses (OVs) are derived from naturally occurring viruses, which
seek to take advantage of virus specificity to viral receptors on particular types of cells.
OVs are a new class of anticancer drugs designed to preferentially propagate in tumor
cells and eliminate them without causing harm to surrounding non-cancerous tissues.*’!
Key design features of OVs include their ability to promote tumor regression by
selectively targeting and infecting only cancerous cells, self-replicate, induce

immunological cell death, and stimulate host antitumor activity (Figure 1).5%°!]



Figure 1. Principles of Classical Gene Therapy vs Oncolytic Virotherapy. Classical gene therapy (A-C)
uses replication incompetent viral vectors to target and infect specific cells (A). Viral vectors deliver anti-
tumor genes, which typically causes apoptosis (B) and can harm nearby tumor cells (C). Oncolytic viruses
(D-F) use replication competent viral vectors to target and infect tumor cells (D). Oncolytic viruses then
and hijack host cell replication and transcription machinery to produce more oncolytic viruses and anti-
tumor transgenes until the cell lyses, releasing-g-more oncolytic viruses into the surrounding tumor
environment (E). Oncolytic virus progeny target and infect subsequent tumor cells, repeat the cycle of
producing more anti-tumor and oncolytic virus products, and lyse tumor cells, which can also cause harm
to surrounding uninfected cells (F). !

According to the Baltimore Classification System, there are seven different
groups (6 originally proposed groups plus one added later on) of animal viruses based on
how they synthesize messenger RNA (mRNA). How these viruses synthesize mRNA
depends mainly on the structure, with each group of viruses having key features to
describe their genomes.>*! Because the majority of oncolytic viruses studied between
2000-2020 are Group I viruses, that is what will be focused on here. Group I viruses

contain a double-stranded deoxyribonucleic acid (dsDNA) genome, allowing them to
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(3311541 Of all viruses

carry out the asymmetric transcription of their DNA to create mRNA.
studied within these twenty years, the two most common viruses studied were
adenoviruses (30.9%) and herpes simplex virus type 1 (HSV-1, 23.7%).54 Of all the
Group I viruses studied for their potential use as oncolytic viruses, the three most popular
were adenoviruses, herpes simplex virus type 1 (HSV-1), and vaccinia virus (VV) (Table

2). 1501

Table 2. Characteristics of adenovirus, herpesvirus, and vaccinia virus. Reproduced
table from citation P15

Adenovirus Vaccinia virus Herpesvirus

—q ‘
70-90 nm 200 nm

70-100 Hl‘]]
Baltimore classification Group I: dsDNA Group I: dsDNA Group I: dsDNA
Family Adenoviridae Poxviridae Herpesviridae
Virion Naked Complex coats  Enveloped
Capsid symmetry Icosahedral Complex lcosahedral
Replication site Nucleus and cytoplasm Cytoplasm Nucleus and cytoplasm
Cell receptor CAR Unknown HVEM, nectin 1, nectin 2
Nuclear integration + - +
Transgene capacity ++ 4 +++
Wild-type virus infects non-replicating cells - - -
Virulence of wild-type virus +/- +/- -
Antivirals + + +
Immunogenicity - - -
Haemagglutination +/- - -

Blood-brain barrier penetration - - -

OV research is still a developing field, with numerous proof-of-concept
preclinical studies forming the basis of these clinical trials, including developing targeted

and armed viruses, best delivery practices, safety, and potential outcomes. In addition to
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preclinical studies, during the same 2000-2020 timeframe previously mentioned, the
majority (51%) of reporting clinical trials were in the phase I stage of research, while
only 2% of studies were in phase III clinical trials, once again alluding to the early stages
of this emerging field. °* Virotherapy studies on breast cancer made up only about 5% of
these clinical trials, while most OVs targeted melanoma or GI cancers (Figure 2). OVs
are also tested against many other forms of cancer (including brain, bladder, colorectal,
head/neck, liver, lung, kidney, ovarian, pancreatic, prostate, skin, and more) at various
stages of the disease progression. As seen with other cancer treatments, clinical trials
were performed to assess OVs as a single agent therapeutic and in combination with other
therapeutic agents. 61 of the 97 total trials reported assessed OVs alone, while the
remaining 36 trials assessed OVs with chemotherapy (36), radiation therapy (5),

immunotherapy (5), pro-drugs (7), or targeted therapies (4).5%



Not Specified

18

Bladder

4.3%
Other Hematologic

1.6%
Other Solid Tumor

2.3%
Brain

5.0%
Sarcoma

3.9%
Breast

6.2%
Prostate

5.0%
Colorectal

4.7%
Pediatric Tumors

3.9%

Pancreas

11.2%

Other GI Tumors

6.6%

Ovarian

9.3%

Gynecological

3.5%
Melanoma

3.5%
Head and Neck

11.6%
Kidney

5.8%
Liver

3.1%

2.3%
Lung

5.8%

Figure 2. Types of cancers targeted in OV clinical trials. Original figure produced using data from

citation.[>*!

As this is still a maturing field of study, many clinical trials are in early stages,

have small patient sample sizes, and have a relatively short time following treatment

interventions to assess the long-term effects of OVs. As OVs are further explored,

especially through the few OVs that are currently used in practice, greater amounts of

data will be collected and used to assess the viability of OVs in cancer treatment.
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2.2. Adenovirus

Adenoviruses are approximately 70-90nm non-enveloped, icosahedral, Group I
dsDNA viruses belonging to the Adenoveridae family (Table 2).°*%1 Of the 51+
adenovirus serotypes that comprise the Adenoviridae family, AdS5 is the serotype most
commonly used in oncolytic virotherapy as most oncolytic adenoviruses involve
modifications built upon an Ad5 backbone.*®! Ad5 vectors typically target cells through
the human Coxsackievirus and adenovirus receptors (hCAR), which are present on the
surface of most cells, followed by interaction with a second receptor responsible for
internalization.>*>!7] After binding to hCAR and the secondary receptor, the virus enters
the cell via endocytosis. The viral DNA is then transported to the nucleus, where it
undergoes transcription and expression of early adenoviral genes (E1A and E1B), which
are essential for propagation. E1A and E1B target and inactivate the cell's tumor-
suppressor gene products, p53 and retinoblastoma-associated protein (rbp), allowing for
adenovirus replication within the cell. When adenoviruses that lack functional E1IA/E1B
genes infect normal cells and target these antitumor gene products, Rb-induced arrest
and p53-induced apoptosis are triggered and prevent replication and spreading of the

s.583 However, deletion or mutation of the p53 gene is-seen in most types of human

viru
cancer, making the cancer cells intrinsically resistant to apoptosis. While this does allow
cancer cells to grow without normal cell cycle controls, it is also a characteristic
adenoviruses can exploit. Since cancer cells lacking p53 cannot undergo apoptosis and

develop an anti-viral state in response to viral infection, the deletion of E1B in

adenoviruses leads to attenuation of the virus vector for normal cells. In contrast,
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cancerous cells are left highly susceptible to viral infection.[®”) This is just one approach
to designing oncolytic adenoviruses to selectively replicate in cancerous cells while

leaving normal cells unharmed by the virus.

For many reasons, adenoviruses were selected for use in oncolytic virotherapy.
First, oncolytic adenoviruses can infect various cell types, both dividing and non-
dividing, in vitro and in vivo. Since the adenovirus genome is so well-studied and
frequently manipulated, the practice of limiting these viruses to target and infect specific
tissues and cell types is well documented. Second, the large dsSDNA genome and its
amenability to alterations significantly improves the viability of adenoviruses as
therapeutic agents. Adenovirus vectors have a high capacity for taking on large or
complex transgene expression cassettes, allowing them to express a variety of artificially
introduced genes that can be used in various conditions and treatment

5336611 For example, in 2019, nearly 30 unique transgenes were expressed

combinations.!
in adenoviral vectors used in 55 clinical trials for cancer treatment. These transgenes
were combined in different assortments in different vectors, used as a monotherapy or
combined with one or more traditional antitumor treatments (radiation, surgery,
chemotherapy, immunotherapy), administered in various ways, and were tried against
numerous types of cancers.l> The versatility of these adenovirus vectors creates many
potential solutions for treating a disease as diverse as cancer. Third, adenoviruses can be
produced in high titers that meet clinical good manufacturing practice standards.*>>°]

Additionally, adenoviruses are immunogenic viruses as they have been shown to elicit a

powerful anti-viral and antitumor response. This immune response stimulated by viral
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infection is not limited to the site of infection but instead creates a systemic antitumor
response against uninfected metastases. Furthermore, this systemic immune response
may stimulate an adaptive immune response against these cancer cells.[**! Lastly,
adenoviruses have an extensive safety record in preclinical and clinical trials, as most
trials have only mild side effects and show excellent specificity for replicating only in

cancer cells, while additional studies continue to enhance their safety profile.[3%33-3661]

As a consequence of these characteristics, the human adenovirus is the most
extensively studied oncolytic virus.*?! Recent clinical trials have yielded results for
oncolytic adenoviruses in phase I, 11, and III clinical trials that tested several oncolytic
adenovirus vectors (Onyx-015, H101, DNX-2401, VCN-01, Colo-Ad1, ProstAtak,
Ad5/3-E2F-A24-GMCSF, CG0070, and more) against ovarian, bladder, colorectal,
pancreatic, lung, breast and other types of cancers.°!! There are currently 40 ongoing,
recruiting, or recently completed clinical trials using oncolytic adenoviruses, 5 of which
pertain to breast cancer treatment.!®”] Additionally, the adenovirus Oncorine (H101)
vector was approved for treatment use in China as early as 2005 for head and neck cancer
and esophagus cancer, though use and clinical data so far have been limited to

China.[¢-63]

Ad5/3-A24-GMCSF (CGTG-102)

The first objective of developing an oncolytic virus is getting the virus to target

tumor cells selectively. AdS5 is the most common adenovirus serotype used in

[57

virotherapy, and it targets the hCAR receptor on most cell surfaces.’’! However, this is
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not true for cancer cells. Cancer cells often express low levels of the hCAR receptor used
in Ad5 entry of the cell, which limits the therapeutic potential of adenovirus vectors.[%4
To remedy this problem, many adenovirus vectors use genetic fiber pseudotyping to
change the tropism of the virion. For Ad5/3-A24-GMCSF, the knob protein of an Ad3
serotype, which is responsible for the initial cellular attachment to a non-CAR binding
site, was inserted into the backbone of the Ad5 serotype to form an Ad5/3 chimera. This
modification has been shown to have improved delivery and antitumor efficacy in

65-67][68

preclinical studies.! I This increase in efficacy results from the enhanced delivery

using Ad3, as Ad3 binds to a non-coxsackie and adenovirus receptor that is highly

1991 Inn addition to the modification made

expressed on the surface of human cancer cells.
to the knob protein, Ad5/3-A24-GMCSF also has a A24 mutation for tumor selectivity.
This 24 base-pair deletion in the viral E1IA gene that is responsible for pRb protein
binding renders Ad5/3-A24-GMCSF unable to replicate in normal cells with a functional

Rb pathway while remaining replication-competent in tumor cells.!”"!

In addition to selective and controlled replication in cancer cells, Ad5/3-A24-
GMCSF are also armed oncolytic viruses. Ad5/3-A24-GMCSF includes granulocyte-
macrophage colony-stimulating factor (GMCSF), a widely used immunostimulatory
molecule in oncolytic virus clinical settings. GMCSF has been shown to promote a
systemic antitumor immune response by increasing tumor-antigen presentation of
dendritic cells, inducing tumor-specific cytotoxic T-cells, and stimulating an innate
immune response by recruiting natural killer cells and neutrophils.”!”?! Treatment of

patients with GMCSF is well tolerated and results in tumor-specific and virus-specific
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immunity.l”" The safety and efficacy of GMCSF have also been demonstrated in a phase
IIT trial using the HSV-1 vector T-VEC (Table 4), where objective measures of durable
response rate, overall survival rates and median survival rates were all shown to be

significantly higher for this treatment group.”!

In an early clinical study using Ad5/3-A24-GMCSF in an Advanced Therapy
Access Program (ATAP), the viral vector was used as a monotherapy in the treatment of
115 patients with varying types of advanced cancers. 65 of the 115 patients enlisted in the
therapy trial were evaluable via imaging and were subsequently evaluated via Response
Evaluation Criteria in Solid Tumors (RECIST) 1.1 guidelines. Of the 65 patients, 3%
achieved partial response, 11% minor response, 40% stable disease and 46% had
progressive disease whereby the cancer continued to grow and spread.’*”>! These results
were obtained with most patients only experiencing grade 1 and 2 adverse effects,
including fever, nausea, and fatigue. Notably, approximately 5.2% of patients did incur
grade 4 adverse effects, but some of these could be attributed to the underlying disease. It
was also found that Ad5/3-A24-GMCSF was most effective against breast cancer,

melanoma, soft tissue sarcoma, mesothelioma, and ovarian cancer. ['4]

While this first ATAP study using Ad5/3-A24-GMCSF as a monotherapy in late-
stage cancers showed some encouraging results, other studies have looked at using the
adenovirus vector in combination with the chemotherapeutic drug cyclophosphamide
76]

(CP). CP is one of breast cancer treatment's most commonly used alkylating agents.!

CP is known to have immunostimulatory and anti-angiogenic properties at continuous
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low doses, but like many other chemotherapeutic agents, CP in high doses can lead to
cytotoxicity and immunosuppression.[’’! Following preclinical testing of Ad5/3-A24-
GMCSF, one study used this viral vector in conjunction with CP to treat 21 patients with
various advanced, progressing solid tumors, including ovarian, sarcoma, pancreatic,
melanoma, colorectal and other types of cancers that were refractory to standard
treatment. Of the 21 patients in the trial, 12 were evaluable for radiological benefit using
RECIST 1.1 criteria. Of those evaluated, two patients achieved minor response, six stable
disease, and four had progressive disease, equating to a radiological benefit of 67%, as
the benefit is described as disease control, and all patients entering the study had
progressing tumors. Blood samples showed an increase in Ad5-specific CD8+
lymphocytes in 9/14 patients and survivin-specific CD8+ lymphocytes (a classic pan-
carcinoma marker reported present in nearly all tumor cells) in 8/14 patients, which
suggests an adaptive anti-adenoviral response and likely an antitumor response at the site

where GMCSF is produced. Once again, no severe adverse effects were observed.[¢]

In a second study using Ad5/3-A24-GMCSF and CP against exclusively breast
cancer, including TNBC, results were less supportive. Only 3/14 patients (21.4%)
assessed by PET-CT imaging showed radiological benefit by RECIST 1.1 criteria
(1minor response, 2 stable disease). Additionally, of the four patients with TNBC
included in this ATAP study, 4/4 showed progressive disease by RECIST 1.1 criteria,
indicating no objective clinical benefit by radiological assessment. While preclinical

trials did show significantly better efficacy, these lower benefit rates directly show how
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aggressive and resistant TNBC can be, even in response to multiple therapeutic strategies.

(78]

Ad5/3-E2F-A24-GMCSF (CGTG-602)

A study using a Ad5/3-E2F-A24-GMCSF (CGTG-602) vector also showed
promising results in in vitro models, as well as in phase I clinical trials against various
metastatic cancers. CGTG-602 is an adenovirus vector similar to CGTG-102 with the
same Ad5/3 chimera, A24 mutation, and GMCSF expression. Earlier constructs similar to
Ad5/3-E2F-A24-GMCSF, such as CGTG-101, CGTG-102, and CGTG-103, contained
only a 24-base pair deletion (A24) for tumor selectivity. Tumor selectivity with A24 takes
place after E1A expression, causing E1A to be expressed in normal cells in addition to
cancerous cells. The expression of unnecessary E1A in normal cells, which causes p53-
induced apoptosis, can potentially result in toxicity and anti-viral immunity. Though
these have been shown to be safe in patients, Ad5/3-E2F-A24-GMCSF takes tumor
selectivity and control one step further. Since the human E2F1 promoter is active in most
tumor cell lines with a mutation in the pRb pathway, facilitating human E2F]1 as the
promoter of E1A instead the regular E1A promoter would cause tumor-specific
expression of E1A in most if not all tumors and spare the expression of E1A in normal
cells. Preclinical studies using Syrian hamsters showed that these modifications worked
as designed, as viral replication was recorded in tumor cells, while particles in normal
liver cells remained low through all time points. These results suggest that Ad5/3-E2F-

A24-GMCSF selectively replicated in tumor cells and not normal cells.!””!
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In a small clinical trial (n=13) using Ad5/3-E2F-A24-GMCSF against advanced
metastatic tumors in various types of cancer, including breast cancer, signs of antitumor
efficacy were seen among 9/12 evaluable patients when evaluated by PET-CT or by
tumor markers. Of the patients that were evaluable via PET-CT, a 67-year-old female
with metastatic breast cancer showed a partial metabolic response (PMR, 49% decrease
in metabolic activity) in the injected liver tumor and a complete metabolic response
(CMR) in the non-injected mediastinal tumor (Figure 3a). Additionally, a 50-year-old
female patient with metastatic fibrosarcoma had a CMR to treatment (Figure 3b), two
other patients showed a minor metabolic response to treatment, and two others had stable
metabolic disease. When assessed using biomarkers, 60% of these patients showed some
possible treatment benefit, indicated by a reduction in tumor markers at some point
during treatment. In addition, tumor biopsies indicated the accumulation of T-cells to
tumor sites following treatment, and adverse effects were limited to grade 3 or below.[”!
These results are significant in light that most patients had received multiple rounds of

chemotherapy and continued tumor progression prior to Ad5/3-E2F-A24-GMCSF

treatment, signifying a highly treatment-refractory patient population.
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Figure 3. Positron emitted tomography-computed tomography (PET-CT) fusion images before and
after Ad5/3-E2F-A24-GMCSF treatment. (a) Images from a metastatic breast cancer patient showing
complete metabolic response (CMR) of a non-injected mediastinal tumor (white arrows) and a partial
metabolic response (49% reduction in metabolic activity) in the injected liver tumor (black arrows) after
treatment with Ad5/3-E2F-A24-GMCSF. (b) Images from a metastatic fibrosarcoma patient showing a 46%
decrease in tumor (stars) volume after 3 months, 76% reduction in tumor volume after 6 months, and a
stable situation 9 months after initial treatment.l”!

Research involving oncolytic adenoviruses in TNBC is still an emerging field.
While few adenovirus vectors have been tested against very advanced-stage cancers

through ATAP studies, many novel oncolytic adenoviruses still have yet to reach this
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stage of development. Many of these viral vectors have unique characteristics specific to

targeting and killing TNBC and have shown efficacy in preclinical trials.®Y A summary

of these vectors and modifications can be found in Table 3.

Table 3. Summary of oncolytic adenoviruses for TNBC treatment. Modifications and
functions of oncolytic adenoviruses used in preclinical trials against TNBC models.

Original table created using information from citation [

Vector

Added Modification

Function

p55-hTERT-HRE-
TRAIL

p55-hTERT-HRE-TRAIL

-Target/Induce TNBC apoptosis
- Restrict tumor growth and metastasis

CNHK600-1L24 IL-24 -Elicit adaptive immune response

-Induce TNBC apoptosis
OBP-401 hTERT -Increase targeting to cancer cells
adenovirus

AdS5-10miR145T

Ten miR-145-5p target sequences

- Target miR-145-5P
- Replication selectivity in cancer cells

Ad.DCN

Decorin protein expression

- Decorin expression

- Regulate pathways

- Elicit antitumor inflammatory and
immune responses

SG400-E2F/IL-15

Replace endogenous promoter with E2F-1
promoter, arm with IL-15

- Target cancer cells through E2F
- Induce adaptive immune response
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2.3. Herpes Simplex Virus (HSV)

HSV-1 is a large Group I virus belonging to the Herpesviridae family, consisting
of a linear double-stranded DNA genome containing approximately 80 genes (Table
2).[5381] This virus most often spreads through direct contact at mucosal membranes with
or abraded skin with infected bodily fluids. Primary infection typically occurs in the
oropharynx, with the course of severe infections causing irritability, sores or ulcerations,
fever, tender submandibular lymphadenopathy, flu-like discomfort, and widespread
mucocutaneous eruption. However, most infections appear mild or asymptomatic.[#2-86 A
unique characteristic of HSV-1 is its capacity to establish a latent infection by infecting
dorsal root ganglia, the sensory nerve cells responsible for transmitting signals from
thermoreceptors, nociceptors, proprioceptors, and chemoreceptors to the central nervous
system.*”V HSV-1 virions that establish a footing in dorsal root ganglion can evade the
host's immune system, allowing the viral genome to remain in infected host neurons for
the entirety of the host's life.!®] A summary of oncolytic HSV-1 (oHSV) vector

applications relevant to this current research can be found in Table 4.



Table 4. Summary of relevant oHSV vectors in current research.
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Vector R-LM249 G47A T-VEC
Modifications v34.5 gene IPC6 gene mutation; 047 Deleted Herpes Virus [PC34.5;
deletion; gene mutation; y34.5 gene Deleted viral IPC47; inserted 2
Trastuzumab deletion copies of human GM-CSF,
scFV in gD
domain
Modification Target HER2 Restricted replication to Eliminate neuropathogenesis,
Aim Receptors dividing cells; immune preferential replication in tumor
stimulation; cells; antigen presentation for
anti-viral/anti-tumor immunity;
Recruitment of dendritic
cells/macrophages
Clinical Phase Preclinical In vivo solid tumor models | Phase 1-3 with results for various
studies against several cancers; Few | cancers; Approval for Melanoma
phase I-II clinical trials; stage I1IB and IV
Temporary approval for
malignant glioma/primary
brain cancer
Clinical Trial Ovarian cancer, Glioblastoma, prostate Skin, pancreatic, ovarian, breast,
Range of breast cancer cancer, olfactory lung cancer, bladder, head/neck,
Applications neuroblastoma and liver cancers
Side Effects No signs of Well-tolerated; No severe Grade 1-2: Fatigue, fever, flu-like
toxicity or side adverse effects attributed to | symptoms, injection site reactions;
effects were G47A to date Grade 3-4: Cellulitis (2.1% of
observed in mice participants)
Market No Yes (Temporary approval); Yes
Since 2021 in Japan; Since 2015; stage I1IB and IV
malignant glioma/primary Melanoma
brain cancers
References [50,88,89] [46,50,90-94]

[73,95,96]
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R-LM249

To make a successful oncolytic virus for the treatment of malignant breast cancer,
HSV-1 must be reprogrammed to target cancerous cells within the body instead of its
natural receptors on host cells. A clear cause for concern is the fact that HSV-1 has the
potential to infect host neurons. To circumvent this problem, after it was determined that
the neurovirulence gene, y34.5, is non-essential for viral growth in culture, subsequent
studies deleted this gene from the HSV-1 genome and began reprogramming the virus to
target cancer cells specifically. ”) One such study did so using a naked mouse model
where mice exhibited a human tumor expressing HER2, HSV-1 was reprogrammed by
de-targeting its natural receptors (nectinl and HVEM) by replacing its natural Ig-folded
core with the Ig-folded core single-chain fragment variable (scFv) antibody, which is
directed to target HER2. This switch in protein domains allowed the modified HSV-1 to
target human HER2 expressing tumor cells selectively. After just a single administration
of HER-2-retargeted HSV, named R-LM249, in vivo growth of HER2-expressing tumor
cells was effectively and selectively inhibited. This single dose in mice provided
therapeutic effects lasting several weeks as tumor growth was significantly delayed,
while multiple administrations of R-LM249 resulted in a high and stable proportion
(60%) of tumor-free mice through to the conclusion of the study 5-months later. This
study also showed that R-LM249 had a great degree of safety as the mice displayed no
signs of toxicity, and the R-LM249 spread of infection was limited to HER2-expressing
cells, self-exhausting itself after lysing all HER2-expressing tumor cells and leaving

surrounding non-tumor cells uninfected.®®! This study touched on many important
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concepts related to OVs, as it demonstrated safety and efficacy, showed that viruses
could be reprogrammed to select specific cell receptors, and showed that the
modifications made to the virion would not revert. These findings are of great
significance as the 15-20% of HER2-Enriched cancers may be able to benefit from such
treatment in the future. HER2-Enriched cancer that is unresponsive to trastuzumab, a
monoclonal anti-HER2 antibody immunotherapy and most common targeted drug
therapy for HER2-Enriched breast cancer, can be difficult to treat effectively.[*>!%1 The
specificity of these viruses opens the door to targeting biomarkers specific to various

types of cancers, even those that have developed resistance to current targeted treatments.

[50]

G47A

R-LM249 was an excellent proof of concept, but further studies explored these
concepts. In a particular case, the G47A vector has had several modifications made to the
original HSV-1 virus to increase its efficacy and specificity. G47A is a triple-mutated
third-generation oncolytic Herpes Simplex Virus, with mutations in the [IPC6 gene and
deletions of a47 and y34.5 genes.®” As mentioned previously, deleting the y34.5 gene
from the HSV genome prevents the oHSV vector from entering nerve cells.”” To further
develop this oHSV, the deletion of 047 had multiple effects. First, the a47 gene product
is associated with inhibiting the transporter responsible for the presentation of antigens,
so the deletion of this gene led to increased MHC class I expression in infected human

cells and increased matched antitumor T-cell activity. Additionally, deletion of 047 in
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this oHSV led to the suppression of the reduced-growth properties seen in y34.5 deficient
mutants, which subsequently produced higher virus yields and enhanced cytopathic
activity in tumor cells in both immune-competent and immune-deficient animal
models.”” Lastly, the mutation in the IPC6 gene, encoding for ribonucleotide reductase,

prevents HSV from replicating in non-dividing cells.[!:1!]

Due to its safety and specificity, G47A has gained significant attention in its
potential use as an antitumor therapy and has been tested against various human cancers
in preclinical trials. In one preclinical study, the safety and efficacy of G47A were tested
in human models to determine if the viral vector could be used to treat human esophageal
cancer. Results from this study displayed consistent results: efficient cytotoxic effects
were observed in all eight cell lines of esophageal cancers tested, injections into mouse
models yielded significant inhibitory effects against tumor growth, and mice displayed no
remarkable symptoms throughout the study. G47A showed specificity as it was only
found in esophageal cells following intraesophageal injections and was not found in any

[102

major organs following oral administration.!'% Similar findings were reported for

preclinical trials testing the efficacy of G47A against thyroid carcinoma cells.!)
Additionally, as of June 2021, DELYTACT® (teserpaturev/G47A) became the first third-
generation oHSV to be evaluated in humans as it received temporary approval by the
Japanese Ministry of Health, Labour and Welfare for the treatment of patients with

(193] This approval came following

malignant glioma or any type of primary brain cancer.
recent phase II trial results that included limited side effects, and the 1-year-survival rate

reached 92.3% for the small clinical study.**#
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As it relates to breast cancer, one preclinical study describes the efficacy of G47A
in treating metastatic breast cancer through the use of breast cancer and healthy cell lines
in vitro and a pulmonary metastatic murine model with systemic delivery of G47A to
assess the oHSV in vivo. Starting with the in vitro focus, 85-95% of all three breast
cancer cell lines were killed by a multiplicity of infection (MOI), or the ratio of infectious
virions to cells in a culture, of 0.01 and 0.1 by the fifth day of infection. Conversely,
normal cells were viable five days post-infection, exhibiting the same specificity of G47A
seen in other preclinical studies.'®! A similar study reported G47A to be effective
against cell line representations of luminal, HER2, and basal-like breast cancer cells,
killing >98% of these cells within five days with an MOI of 0.01, demonstrating that
G47A is capable of targeting and killing all of the main subtypes of breast cancer,
regardless of ER/PR/HER2 expression.[!%] These results are significant as it shows that
G47A effectively kills different cancer cell lines in vitro, especially given that it has been
previously demonstrated that cancer cell lines effectively model primary tumors.['%! In
vivo, it has previously been determined that G47A was cytotoxic against MDA-MB-435
cancer cells and that intratumoral injections of G47A were effective in treated MDA-MB-
435 breast tumor xenografts (to the point where some subcutaneous tumors regressed
completely).l'® From this current study on G47A and advanced cancer, mice treated with
phosphate buffer saline (PBS) had lung weights significantly heavier than those treated
intravenously with G47A (0.60g + 0.01g vs. 0.47g + 0.01g) due to tumor burden.
Additionally, mice treated with G47A experienced an over 9x reduction in the number of

tumor nodules on the surface of their lungs compared to the PBS treatment group (1.27 +
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0.46 vs. 11.87 F 2.23 tumor nodules)!'*¥. This study shows the specificity, safety, and

effectiveness of G47A delivered systemically against advanced breast cancer tumors.

In terms of metastatic breast cancer and recurrences, G47A has also been shown

to target and kill cancer stem cells (CSCs) in a murine model.[!931521107.1081109](47]{105]

T-VEC

Of note, HSV-1 is responsible for two of the four global OVs that have been
approved for treating late-stage cancers. In 2015, the Food and Drug Administration
(FDA) approved using Talimogene laherparepvec (T-VEC) in the local treatment of
unresected stage I1IB and IV melanoma lesions. T-VEC has been modified to selectively
replicate in tumors, enhance antigen loading of MHC class 1 molecules, and encode for
two copies of GMCSF.I"*!1% [ a randomized open-label phase III trial comparing the
efficacy of T-VEC and GMCSF, results were assessed according to durable response rate
(DRR), an objective measure defined as the progression-free survival lasting
continuously for at least six months. T-VEC was found to have a significantly higher
DRR (16.3% vs. 2.1%), overall response rate (26.4% vs. 9.5%), and median overall
survival (23.3 months vs. 18.9 months) compared to GMCSF. T-VEC was also well-
tolerated as the most common adverse events included fatigue, fever, and chills, with
only 2.1% experiencing grade 3 or 4 adverse events.[”>*! While T-VEC has shown
single-agent efficacy, especially in untreated or late-stage melanoma patients, early
clinical trials have also shown favorable results when using T-VEC in combination

therapy. A 2017 phase 1b clinical study used T-VEC in combination with pembrolizumab
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to treat metastatic melanoma.[''!] Pembrolizumab is a humanized antibody that targets
programmed cell death protein 1 (PD-1), an inhibitory receptor expressed in some
cancers that down-regulates immune responses by suppressing T-cell activity.[''? This
combination of virotherapy and immunotherapy yielded high objective overall response
rates and complete response rates. Patients who responded to the therapy showed
increased levels of CD8" T-cells, elevated IFN-y expression, and altered tumor
microenvironment. Once again, the most common side effects included fever, chills, and

(1] A 4-year interim analysis of this study showed the continued benefits of the

fatigue.
combination therapy over pembrolizumab immunotherapy alone, as combination therapy
patients showed improved progression-free survival (PFS) and DRR (13.5 months vs.
6.4 months and 33.7% vs. 13.0%, respectively).[''* Similarly, a phase II trial using T-
VEC virotherapy in combination with another immunotherapy, ipilimumab. Ipilimumab
is an anti-cytotoxic T-lymphocyte antigen 4 (CTLA-4) antibody that can regulate T-cell
activation, enhance immune responses, and contribute to anti-tumor immunity.!!!4!15]
This combination of treatments showed improved overall response rates, longer median
progression-free survival rates, and a higher rate of complete reduction in visceral tumor
burden (23% vs. 0%) when compared to ipilimumab treatment alone.''*) Additionally, T-
VEC has been shown to improve recurrence-free survival (RFS) and overall survival
(OS) in patients with advanced-stage melanoma when used in combination with surgery
as compared to surgery alone.[''8) Evidence for T-VEC and surgery in combination

providing therapeutic benefits is supported by a 3-year follow-up study.['!”) While T-

VEC is marketed for the treatment of melanoma, these findings act as a proof of concept
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that HSVs can be used effectively in combination therapy for late-stage cancers.
Currently, there is recruitment of HER2- breast cancer patients for studies that seek to
determine if T-VEC in combination with chemotherapy or endocrine therapy provides an
added therapeutic benefit over chemotherapy or endocrine therapy on their own.!!%]
Ongoing studies include T-VEC in pancreatic cancer, angiosarcoma of the skin, advanced
non-CNS tumors, unresectable stage I[[IB-IV malignant melanoma, soft tissue sarcoma,

melanoma, and breast cancer.[*”)

2.4. Vaccinia Virus (VV)

Vaccinia virus (VV) is a large, enveloped virus belonging to the poxviridae
family. VV is a unique Group I dsDNA virus as it only replicates in the cytoplasm and

does not enter the cell nucleus (Table 2).5!

While VV is less extensively studied for oncolytic virotherapy than adenovirus
and HSV-1, several VV vectors (Table 5) have been used in preclinical and clinical trials
showing encouraging results in cancer treatment. In one preclinical study, VV vector
VG9-IL-24 coding for interleukin-24 (IL-24) was tested against breast cancer cell lines
MDA-MB-231 (TNBC), MDA-MB-453 (TNBC), MDA-MB-468 (TNBC), MCF-7
(ER+, PR+), SK-BR-3 (HER2+). MCF-10A and HEK-293 (healthy human breast
epithelial cell line and human embryonic kidney cell line, respectively) were used as
controls. Results from this study indicated that VG9-1L-24 was able to selectively
replicate in cancerous cells, causing inhibition of growth, cellular arrest in the G2/M

phase of the cell cycle, and apoptosis in cancerous cell lines while no significant changes
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were observed in control groups.!''”! Another preclinical trial tested the VV vector GLV-
1h164, armed with the single-chain antibody GLAF-2, against TNBC in vitro and
xenograft models. GLAF-2 targeted Vascular endothelial growth factor (VEGF), which is
overexpressed in TNBC cells compared to other cancers. In these models, GLV-1h164
was shown to replicate effectively in TNBC cell lines, decrease tumor volume nearly 6-
fold and decrease tumor vasculature 2-fold compared to the negative control.l'?") Other
preclinical studies focused on the vector Vvdd, with modifications for transcription
targeting. Vvdd modifications include deleting thymidine kinase (TK-) and vaccinia
growth factor (VGF-) for enhanced tumor selectivity and cytotoxicity. When used as a
monotherapy in nude mice, the Vvdd treatment group did not show toxicity as survival
time for this group (>100 days) was substantially longer than wild-type (WT), VGF-, and
TK- control groups (6, 17, and 29 days, respectively). The Vvdd treatment group also
showed significant tumor regression compared to the control group, alluding to potential

t. 211 Vvdd used in combination with an agonist antibody

efficacy in cancer treatmen
specific for 4-1BB (CD137), an important cellular receptor that mediates T-cell
activation, has also shown significant effects in cancer models.['??) Prior studies have
indicated that engagement of 4-1BB with a receptor agonist antibody will promote T-cell
proliferation, cytokine production, and cytolytic effector functions, thus promoting
adaptive antitumor immune function. ['>*) When Vvdd and H-1BB were tested in
combination on subcutaneous tumors in immune-competent mice, tumor growth

inhibition was shown to be significantly enhanced compared to either treatment alone.

This treatment group also showed greater survival rates and reduced metastatic tumor
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growth compared to controls. ['?2) These results suggest that oncolytic virotherapy may be
beneficial in combination with other antitumor agents rather than alone as a

monotherapy.

JX-594

JX-594 is a novel virotherapy vector that has progressed to clinical trials for
several cancer types and in combination with other therapeutic agents.!'?*! Similar to
Vvdd, JX-594 has a mutation in the TK gene that enhances its selectivity to cancer cells.
Like many other vectors mentioned, JX-594 also encodes for GMCSF to elicit an
antitumor immune response. In addition to these modifications, this vector also includes a
lac-Z transgene as a marker for visualization. Interestingly, JX-594 was found to use
multiple selectivity mechanisms for replicating only in cancer cells, including both
inherent and engineered methods. In one study, JX-594 replication was activated by
epidermal growth factor receptor or Ras pathway signaling, cellular TK levels, and

cancer cell resistance to type-I interferons (IFNs).!!?]

In a preclinical trial using intravenous delivery of JX-549 to two live liver cancer
models, results showed high efficacy of the vector, including complete responses, while
being well-tolerated in both models. Furthermore, in one live model, lung metastases did
not develop in any of the subjects administered with JX-549, while all subjects in the
control group developed lung metastases from primary liver tumors.!'?%! In addition to
preclinical data, JX-549 has also been evaluated in clinical trials. In a randomized phase 2

dose-finding trial, 30 patients with advanced hepatocellular cancer were administered
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either low-dose or high-dose JX-594 intratumoral injections. Viral replication and
GMCSF expression were noted before therapeutic responses. Results of this study
showed a 15% objective response rate to both injected and distant/non-injected tumors
according to RECIST criteria, as well as patient survival times being strongly correlated
to dosing intensity (median survival times of 14.1 months vs. 6.7 months for the high and

low-dose groups, respectively).[2”]

While much of the research on JX-549 done so far has been focused on liver
cancers, it is currently involved in 5 recruiting or active clinical studies looking to treat
renal cancer, colorectal cancer, melanoma, soft-tissue sarcoma, metastatic tumors, and
breast cancer. The breast cancer study is a phase I/II trial that has been actively recruiting
since 2015. This study looks to treat patients with a combination of JX-549 and CP, a
chemotherapeutic alkylating agent used in breast cancer treatment, similar to the Ad5/3-
A24-GMCSF ATAP study on breast cancer.[”®'28] This combination could provide a
viable treatment for breast cancer given the efficacy of both JX-549 and CP in previous

trials, as well as the synergistic effects combination therapies often exert.
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- GMCSF & LacZ
expression

Vector Modification Function

VGI-I1.-24 IL-24 expression - Selective apoptosis of cancer
cellst!*]

GLV-1hl164 GLAF-2 expression - Target VEGF and inhibit growth
of TNBC [120]

Vvdd -TK deletion & VGF - Tumor selectivity and

deletions cytotoxicity [12!]
JX-594 -TK mutation -Enhanced cancer cell selectivity

-Induce adaptive immune response
[125]
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Section 3. Cancer in the Post-Covid Era

One thing to consider is the implications that the COVID-19 pandemic has had on
breast cancer screenings and treatment. As the country sought to decrease the spread of
COVID-19 infections, hospitals allocated resources to fighting COVID-19 and limited
the number of non-emergency patients entering hospitals. Due to these circumstances,
radiological practices experienced a significant decline in the screening procedures in the
early stages of the pandemic, with some sites experiencing 40-70% drops to that same
timeframe in previous years, to other places seeing a 99% drop or even a complete stop in

129-1331 Of these diagnostic procedures, it was found that

diagnostic procedures.!
mammographic breast cancer screenings experienced the largest decrease in volume
among all radiological procedures.!*”! Once screening volume started again, there was an
apparent shift in the demographic returning to screenings. It was determined that
younger, non-white, uninsured patients who had to travel further distances for
mammographic screenings were all less likely to return for screening mammograms

following the pause.'?”]

Additionally, following the initial decrease in cancer screenings, there was a shift
in the stage of cancer diagnoses. Some areas reported a 1.4% increase in stage Il and a
3.5% increase in stage IV cancers.?*! In an area that was reported to have a nearly 44%
drop in mammograms from May through July 2020 (compared to that same period of the
previous year), it was reported that there were significant decreases in in-situ breast

cancer diagnoses (-10.4%), and an increase in node-positive (+11.2%) and stage II1
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(+10.3%) breast cancers. A subgroup of this population diagnosed with breast cancer that
has high proliferative rates had an even more significant increase in node-positive
(+18.5%) and stage III (+11.4%).113! Similarly, a cohort study assessed patients enrolled
during the COVID-19 era compared to those enrolled in treatment during the pre-
COVID-19 era. It was found that the COVID-19 era patients had larger tumor diameters,
advanced N-staging, and significantly higher incidence of post-surgical radiation-therapy
and severely advanced disease.!'3?! In line with these findings, it has been hypothesized
that the shift to more advanced staged cancer associated with these missed cancer

screenings will result in additional deaths.['3%!

The development of targeted, systemic treatments to deal with aggressive and
late-stage cancers may be needed now more than ever. With lulls in screenings and
aggressive cancers (like TNBC) being diagnosed at later stages, there will be a greater
demand on the healthcare system to treat patients with worse prognoses than in the pre-
pandemic era. Until screening rates improve, and more effective systemic treatments for
late-stage aggressive cancers are developed, the disparities in treatment among women of
different races and socioeconomic backgrounds will likely continue to widen in the years

following the COVID-19 era.
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CONCLUSION

After decades of preclinical and clinical trials, oncolytic viruses have finally
started making their way to the market. While OVs have produced favorable results,
especially in preclinical tests, it is unlikely that they will be a "silver bullet" monotherapy
in the near future. That being said, OVs have consistently shown improved results in
combination therapy settings compared to their use as individual monotherapies, alluding
to potential future use in combination therapy treatments for advanced cancers. Multiple
studies have also advocated for their safety in clinical use, with most OV treatments only
eliciting flu-like symptoms as side effects. These side effects are especially favorable in
comparison to many other antitumor therapies, which include but are not limited to
severe heart problems, anemia, hair loss, fertility problems, diarrhea, fatigue, kidney
dysfunction, sores devloping in the oral cavity, and peripheral neuropathy.[!**]

Additionally, many OV vectors are undergoing increasing amounts of mutations
to achieve greater potency for killing cancer cells. While this may increase the likelihood
that OV vectors can be used as monotherapies and may even be able to be applied to
multiple types of cancer, additional modifications for specificity will likely need to be
made as a safety precaution. As vectors become increasingly cytotoxic, further
restrictions to replication will need to be made to ensure replication in cancerous cells
alone.

Systemic, targeted treatments of breast cancer have proved difficult due to the
heterogeneity of cancer tumors. Cancer heterogeneity, whereby cancer cells of different

tumors within the body, or even cancer cells within the same tumor in the body, may
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have distinct morphological and phenotypical characteristics from one another. Cancer
cells, even within the same tumor, may differ in gene expression, receptor presentation,

111361 Because of this, it may be difficult to solely

metabolism, and metastatic potentia
target only one protein expressed in or on cancer cells, and treatments may appear to be
effective even though some cancerous cells continue to grow as they do not respond to
treatment. OVs may be part of a solution. Due to their versatility and large capacity for
adding gene cassettes, OVs can be made to target several proteins specifically expressed
or overexpressed in cancer cells. Additionally, OVs may work in combination with other
therapeutic agents to target different proteins solely expressed by these cancerous cells.
It’s also possible that multiple OV vectors could be used simultaneously in order to target
various cancer profiles, especially since OVs have shown to only replicate within cancer
cells and normally only elicit mild to moderate (grade 1-2) side effects. Finally, because
OVs lyse cells and cause damage to surrounding tumor cells, it’s possible that this may
help to eliminate cancerous cells that are not directly targeted by viral vectors. Further
studies using OVs in combination with other cancer therapies, or even in combination
with other OV therapies, will be necessary to determine if OVs are effective in treating
the various cancer profiles that can arise from cancer heterogeneity.

One additional note: most of the clinical studies mentioned included patients with
progressing late-stage cancer that had already shown resistance to other antitumor

therapies. While response rates may have appeared low, the fact that primary and

metastatic tumors did show response to OV treatment is remarkable. With this in mind,



along with how rapidly the field has developed over the past two decades, future OV

breast cancer treatment may lead to improved prognoses and outcomes.

46



47

BIBLIOGRAPHY

. Wahba, H. A., & El-Hadaad, H. A. (2015). Current approaches in treatment of triple-
negative breast cancer. Cancer Biology & Medicine, 12(2), 106.
https://doi.org/10.7497/J.ISSN.2095-3941.2015.0030

. Breast cancer. (n.d.). World Health Organization. Retrieved June 17, 2022, from
https://www.who.int/news-room/fact-sheets/detail/breast-cancer

. Breast Cancer Facts & Figures 2019-2020. (2019). American Cancer Society.
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-
statistics/breast-cancer-facts-and-figures/breast-cancer-facts-and-figures-2019-

2020.pdf

. DeSantis, C. E., Ma, J., Gaudet, M. M., Newman, L. A., Miller, K. D., Sauer, A. G.,
Jemal, A., & Siegel, R. L. (2019). Breast cancer statistics, 2019. CA: 4 Cancer
Journal for Clinicians, 69(6), 438—451. https://doi.org/10.3322/CAAC.21583

. Types of Breast Cancer | About Breast Cancer. (n.d.). Retrieved May 26, 2022, from
https://www.cancer.org/cancer/breast-cancer/about/types-of-breast-cancer.html

. Allred, D. C. (2010). Ductal Carcinoma In Situ: Terminology, Classification, and Natural
History. Journal of the National Cancer Institute Monographs, 2010(41), 134—138.
https://doi.org/10.1093/INCIMONOGRAPHS/LGQO035

. Lobular Carcinoma in Situ | LCIS | American Cancer Society. (n.d.). Retrieved May 26,
2022, from https://www.cancer.org/cancer/breast-cancer/non-cancerous-breast-
conditions/lobular-carcinoma-in-situ.html

. Cell Cycle Checkpoints. (n.d.). Retrieved June 30, 2022, from
https://batch.libretexts.org/print/url=https://bio.libretexts.org/Courses/Lumen Learni
ng/Book%3A_Biology for Non-

Majors I (Lumen)/07%3A Cell Division/7.04%3A Cell Cycle Checkpoints.pdf

. Senturk, E., & Manfredi, J. J. (2013). p53 and Cell Cycle Effects After DNA Damage.
Methods in Molecular Biology (Clifton, N.J.), 962, 49. https://doi.org/10.1007/978-
1-62703-236-0_4

10. Giacinti, C., & Giordano, A. (2006). RB and cell cycle progression. Oncogene, 25(38),
5220-5227. https://doi.org/10.1038/SJ.ONC.1209615



https://doi.org/10.7497/J.ISSN.2095-3941.2015.0030
https://www.who.int/news-room/fact-sheets/detail/breast-cancer
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/breast-cancer-facts-and-figures/breast-cancer-facts-and-figures-2019-2020.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/breast-cancer-facts-and-figures/breast-cancer-facts-and-figures-2019-2020.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/breast-cancer-facts-and-figures/breast-cancer-facts-and-figures-2019-2020.pdf
https://doi.org/10.3322/CAAC.21583
https://www.cancer.org/cancer/breast-cancer/about/types-of-breast-cancer.html
https://doi.org/10.1093/JNCIMONOGRAPHS/LGQ035
https://www.cancer.org/cancer/breast-cancer/non-cancerous-breast-conditions/lobular-carcinoma-in-situ.html
https://www.cancer.org/cancer/breast-cancer/non-cancerous-breast-conditions/lobular-carcinoma-in-situ.html
https://batch.libretexts.org/print/url=https:/bio.libretexts.org/Courses/Lumen_Learning/Book%3A_Biology_for_Non-Majors_I_(Lumen)/07%3A_Cell_Division/7.04%3A_Cell_Cycle_Checkpoints.pdf
https://batch.libretexts.org/print/url=https:/bio.libretexts.org/Courses/Lumen_Learning/Book%3A_Biology_for_Non-Majors_I_(Lumen)/07%3A_Cell_Division/7.04%3A_Cell_Cycle_Checkpoints.pdf
https://batch.libretexts.org/print/url=https:/bio.libretexts.org/Courses/Lumen_Learning/Book%3A_Biology_for_Non-Majors_I_(Lumen)/07%3A_Cell_Division/7.04%3A_Cell_Cycle_Checkpoints.pdf
https://doi.org/10.1007/978-1-62703-236-0_4
https://doi.org/10.1007/978-1-62703-236-0_4
https://doi.org/10.1038/SJ.ONC.1209615

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

48

The Genetics of Cancer — National Cancer Institute. (n.d.). Retrieved June 30, 2022,
from https://www.cancer.gov/about-cancer/causes-prevention/genetics

Baugh, E. H., Ke, H., Levine, A. J., Bonneau, R. A., & Chan, C. S. (2017). Why are
there hotspot mutations in the TP53 gene in human cancers? Cell Death &
Differentiation 2018 25:1, 25(1), 154—160. https://doi.org/10.1038/cdd.2017.180

Badve, S. S., Beitsch, P. D., Bose, S., Byrd, D. R., Chen, V. W., Mayer, . A.,
Mccormick, B., Mittendorf, E. A., Recht, A., Reis-Filho, J. S., Hope, F., Rugo, S.,
Simpson, J. F., Solin, L. J., Symmans, F. W. F., Vallerand, T. M., Weaver, D. L., &
Winchester, D. J. (2017). American Journal of Critical Care Cancer Staging
Manual, Eighth Edition - Breast. https://doi.org/10.1007/978-3-319-40618-3 48

Cancer Staging. (2022). American Cancer Society.
https://www.cancer.org/treatment/understanding-your-diagnosis/staging.html

Chang, J., Clark, G. M., Allred, D. C., Mohsin, S., Chamness, G., & Elledge, R. M.
(2003). Survival of patients with metastatic breast carcinoma: importance of

prognostic markers of the primary tumor. Cancer, 97(3), 545-553.
https://doi.org/10.1002/CNCR.11083

Soni, A., Ren, Z., Hameed, O., Chanda, D., Morgan, C. J., Siegal, G. P., & Wei, S.
(2015). Breast Cancer Subtypes Predispose the Site of Distant Metastases. American
Journal of Clinical Pathology, 143(4), 471-478.
https://doi.org/10.1309/AJCPYOSFSV3UPEXS

Breast Cancer Molecular Subtypes | CTCA. (n.d.). Retrieved May 26, 2022, from
https://www.cancercenter.com/cancer-types/breast-cancer/types/breast-cancer-
molecular-types

Allison, K. H. (2017). Molecular Testing in Breast Cancer. Diagnostic Molecular
Pathology, 257-269. https://doi.org/10.1016/B978-0-12-800886-7.00021-2

Yager, J. D., & Davidson, N. E. (2006). Estrogen Carcinogenesis in Breast Cancer.
Https://Doi.Org/10.1056/NEJMra050776, 354(3), 270-282.
https://doi.org/10.1056/NEJMRA050776

Li, L. T., Jiang, G., Chen, Q., & Zheng, J. N. (2015). Ki67 is a promising molecular
target in the diagnosis of cancer (review). Molecular Medicine Reports, 11(3),
1566—1572. https://doi.org/10.3892/MMR.2014.2914

Zhou, X., & Agazie, Y. M. (2012). The Signaling and Transformation Potency of the
Overexpressed HER2 Protein is Dependent on the Normally-Expressed EGFR.
Cellular Signalling, 24(1), 140. https://doi.org/10.1016/J.CELLSIG.2011.08.015



https://www.cancer.gov/about-cancer/causes-prevention/genetics
https://doi.org/10.1038/cdd.2017.180
https://doi.org/10.1007/978-3-319-40618-3_48
https://www.cancer.org/treatment/understanding-your-diagnosis/staging.html
https://doi.org/10.1002/CNCR.11083
https://doi.org/10.1309/AJCPYO5FSV3UPEXS
https://www.cancercenter.com/cancer-types/breast-cancer/types/breast-cancer-molecular-types
https://www.cancercenter.com/cancer-types/breast-cancer/types/breast-cancer-molecular-types
https://doi.org/10.1016/B978-0-12-800886-7.00021-2
https://doi.org/10.1056/NEJMRA050776
https://doi.org/10.3892/MMR.2014.2914
https://doi.org/10.1016/J.CELLSIG.2011.08.015

22.

23.

24.

25.

26.

27.

28.

29.

30.

49

Gutierrez, C., & Schiff, R. (n.d.). HER 2: Biology, Detection, and Clinical Implications.
https://doi.org/10.1043/2010-0454-RAR.1

Ahn, S., Woo, J. W., Lee, K., & Park, S. Y. (2020). HER2 status in breast cancer:
changes in guidelines and complicating factors for interpretation. Journal of
Pathology and Translational Medicine, 54(1), 34.
https://doi.org/10.4132/JPTM.2019.11.03

Fedorenko, C. R., Kreizenbeck, K. L., Li, L., Panattoni, L. E., Shankaran, V., &
Ramsey, S. D. (2021). Stage at cancer diagnosis during the COVID-19 pandemic in
western Washington state. Https://Doi.Org/10.1200/JCO.2020.39.28 suppl.145,
39(28 suppl), 145-145. https://doi.org/10.1200/JC0O.2020.39.28 SUPPL.145

Costa, R. L. B., & Gradishar, W. J. (2017). Triple-negative breast cancer: Current
practice and future directions. Journal of Oncology Practice, 13(5), 301-303.
https://doi.org/10.1200/JOP.2017.023333

Plevritis, S. K., Munoz, D., Kurian, A. W., Stout, N. K., Alagoz, O., Near, A. M., Lee,
S. J., van den Broek, J. J., Huang, X., Schechter, C. B., Sprague, B. L., Song, J., de
Koning, H. J., Trentham-Dietz, A., van Ravesteyn, N. T., Gangnon, R., Chandler,
Y., Li, Y., Xu, C,, ... Mandelblatt, J. S. (2018). Association of Screening and
Treatment With Breast Cancer Mortality by Molecular Subtype in US Women,
2000-2012. Journal of the American Medical Association, 319(2), 154—164.
https://doi.org/10.1001/JAMA.2017.19130

Liedtke, C., Mazouni, C., Hess, K. R., André, F., Tordai, A., Mejia, J. A., Symmans, W.
F., Gonzalez-Angulo, A. M., Hennessy, B., Green, M., Cristofanilli, M., Hortobagyi,
G. N., & Pusztai, L. (2008). Response to neoadjuvant therapy and long-term survival
in patients with triple-negative breast cancer. Journal of Clinical Oncology : Official
Journal of the American Society of Clinical Oncology, 26(8), 1275-1281.
https://doi.org/10.1200/JC0O.2007.14.4147

Waks, A. G., & Winer, E. P. (2019). Breast Cancer Treatment: A Review. Journal of the
American Medical Association, 321(3), 288-300.
https://doi.org/10.1001/JAMA.2018.19323

Recurrent breast cancer | Cancer Treatment Centers of America. (n.d.). Retrieved June
1, 2022, from https://www.cancercenter.com/cancer-types/breast-cancer/types/rare-
breast-cancer-types/recurrent-breast-cancer

Bordonaro, M., Lazarova, D. L., Augenlicht, L. H., & Sartorelli, A. C. (2002). Estimates
of the world-wide prevalence of cancer for 25 sites in the adult population.
International Journal of Cancer, 97(1), 72—81. https://doi.org/10.1002/IJC.1571



https://doi.org/10.1043/2010-0454-RAR.1
https://doi.org/10.4132/JPTM.2019.11.03
https://doi.org/10.1200/JCO.2020.39.28_SUPPL.145
https://doi.org/10.1200/JOP.2017.023333
https://doi.org/10.1001/JAMA.2017.19130
https://doi.org/10.1200/JCO.2007.14.4147
https://doi.org/10.1001/JAMA.2018.19323
https://www.cancercenter.com/cancer-types/breast-cancer/types/rare-breast-cancer-types/recurrent-breast-cancer
https://www.cancercenter.com/cancer-types/breast-cancer/types/rare-breast-cancer-types/recurrent-breast-cancer
https://doi.org/10.1002/IJC.1571

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

50

Gonzalez-Angulo, A. M., Morales-Vasquez, F., & Hortobagyi, G. N. (2007). Overview
of Resistance to Systemic Therapy in Patients with Breast Cancer. Advances in
Experimental Medicine and Biology, 608, 1-22. https://doi.org/10.1007/978-0-387-
74039-3 1

Wang, Y., Yin, Q., Yu, Q., Zhang, J., Liu, Z., Wang, S., Lv, S., & Niu, Y. (2011). A
retrospective study of breast cancer subtypes: The risk of relapse and the relations
with treatments. Breast Cancer Research and Treatment, 130(2), 489-498.
https://doi.org/10.1007/S10549-011-1709-6

How side effects are graded | Guides | HIV i-Base. (n.d.). Retrieved June 30, 2022, from
https://i-base.info/guides/side/how-side-effects-are-graded

Teven, C. M., Schmid, D. B., Sisco, M., Ward, J., & Howard, M. A. (2017). Systemic
Therapy for Early-Stage Breast Cancer: What the Plastic Surgeon Should Know.
Eplasty, 17, e7. /pmc/articles/PMC5329939/

Nardin, S., Mora, E., Varughese, F. M., D’Avanzo, F., Vachanaram, A. R., Rossi, V.,
Saggia, C., Rubinelli, S., & Gennari, A. (2020). Breast Cancer Survivorship, Quality
of Life, and Late Toxicities. Frontiers in Oncology, 10, 864.
https://doi.org/10.3389/FONC.2020.00864/BIBTEX

Dong, J., & Chen, H. (2018). Cardiotoxicity of Anticancer Therapeutics. Frontiers in
Cardiovascular Medicine, 5(9). https://doi.org/10.3389/FCVM.2018.00009

Khouri, M. G., Douglas, P. S., Mackey, J. R., Martin, M., Scott, J. M., Scherrer-Crosbie,
M., & Jones, L. W. (2012). Cancer therapy-induced cardiac toxicity in early breast
cancer addressing the unresolved issues. Circulation, 126(23), 2749-2763.
https://doi.org/10.1161/CIRCULATIONAHA.112.100560

Side Effects of Cancer Treatment - NCI. (n.d.). Retrieved June 4, 2022, from
https://www.cancer.gov/about-cancer/treatment/side-effects

Berry, D. A., Cronin, K. A., Plevritis, S. K., Fryback, D. G., Clarke, L., Zelen, M.,
Mandelblatt, J. S., Yakovlev, A. Y., Habbema, J. D. F., & Feuer, E. J. (2005). Effect
of screening and adjuvant therapy on mortality from breast cancer. The New
England Journal of Medicine, 353(17), 1784-1792.
https://doi.org/10.1056/NEJMOA050518

Munoz, D., Near, A. M., van Ravesteyn, N. T., Lee, S. J., Schechter, C. B., Alagoz, O.,
Berry, D. A., Burnside, E. S., Chang, Y., Chisholm, G., de Koning, H. J., Ergun, M.
A., Heijnsdijk, E. A. M., Huang, H., Stout, N. K., Sprague, B. L., Trentham-Dietz,
A., Mandelblatt, J. S., & Plevritis, S. K. (2014). Effects of screening and systemic


https://doi.org/10.1007/978-0-387-74039-3_1
https://doi.org/10.1007/978-0-387-74039-3_1
https://doi.org/10.1007/S10549-011-1709-6
https://i-base.info/guides/side/how-side-effects-are-graded
https://doi.org/10.3389/FONC.2020.00864/BIBTEX
https://doi.org/10.3389/FCVM.2018.00009
https://doi.org/10.1161/CIRCULATIONAHA.112.100560
https://www.cancer.gov/about-cancer/treatment/side-effects
https://doi.org/10.1056/NEJMOA050518

41.

42.

43.

44,

45.

46.

47.

48.

49.

51

adjuvant therapy on ER-specific US breast cancer mortality. Journal of the National
Cancer Institute, 106(11). https://doi.org/10.1093/JNCI/DJU289

Scott, L. C., Mobley, L. R., Kuo, T. M., & II’yasova, D. (2019). Update on triple-
negative breast cancer disparities for the United States: A population-based study
from the United States Cancer Statistics database, 2010 through 2014. Cancer,
125(19), 3412-3417. https://doi.org/10.1002/CNCR.32207

Bauer, K. R., Brown, M., Cress, R. D., Parise, C. A., & Caggiano, V. (2007).
Descriptive analysis of estrogen receptor (ER)-negative, progesterone receptor (PR)-
negative, and HER2-negative invasive breast cancer, the so-called triple-negative
phenotype. Cancer, 109(9), 1721-1728. https://doi.org/10.1002/CNCR.22618

Newman, L. A., & Kaljee, L. M. (2017). Health Disparities and Triple-Negative Breast
Cancer in African American Women: A Review. Journal of the American Medical
Association Surgery, 152(5), 485—493.
https://doi.org/10.1001/JAMASURG.2017.0005

Newman, L. A. (2016). Parsing the etiology of breast cancer disparities. Journal of
Clinical Oncology, 34(9), 1013—1014. https://doi.org/10.1200/JCO.2015.65.1877

Sci-Hub | Studies on the use of viruses in the treatment of carcinoma of the cervix.
Cancer, 9(6), 1211-1218 | 10.1002/1097-0142(195611/12)9:6<1211::aid-
cncr2820090624>3.0.co;2-7. (n.d.). Retrieved June 7, 2022, from https://sci-
hub.hkvisa.net/10.1002/1097-0142(195611/12)9:6%3C1211::aid-
cncr2820090624%3E3.0.co;2-7

Fukuhara, H., Ino, Y., & Todo, T. (2016). Oncolytic virus therapy: A new era of cancer
treatment at dawn. Cancer Science, 107(10), 1373.
https://doi.org/10.1111/CAS.13027

Kelly, E., & Russell, S. J. (2007). History of oncolytic viruses: Genesis to genetic
engineering. Molecular Therapy, 15(4), 651-659.
https://doi.org/10.1038/SJ.MT.6300108

12.1 Viruses — Concepts of Biology — 1st Canadian Edition. (n.d.). Retrieved June 11,
2022, from https://opentextbc.ca/biology/chapter/12-1-viruses/

Russell, S. J., & Peng, K. W. (2007). Viruses as anticancer drugs. Trends in
Pharmacological Sciences, 28(7), 326-333.
https://doi.org/10.1016/J.TIPS.2007.05.005



https://doi.org/10.1093/JNCI/DJU289
https://doi.org/10.1002/CNCR.32207
https://doi.org/10.1002/CNCR.22618
https://doi.org/10.1001/JAMASURG.2017.0005
https://doi.org/10.1200/JCO.2015.65.1877
https://sci-hub.hkvisa.net/10.1002/1097-0142(195611/12)9:6%3C1211::aid-cncr2820090624%3E3.0.co;2-7
https://sci-hub.hkvisa.net/10.1002/1097-0142(195611/12)9:6%3C1211::aid-cncr2820090624%3E3.0.co;2-7
https://sci-hub.hkvisa.net/10.1002/1097-0142(195611/12)9:6%3C1211::aid-cncr2820090624%3E3.0.co;2-7
https://doi.org/10.1111/CAS.13027
https://doi.org/10.1038/SJ.MT.6300108
https://opentextbc.ca/biology/chapter/12-1-viruses/
https://doi.org/10.1016/J.TIPS.2007.05.005

50.

51.

52.

53.

54.

55.

56.

57.

38.

59.

60.

52

O’Bryan, S. M., & Mathis, J. M. (2018). Oncolytic Virotherapy for Breast Cancer
Treatment. Current Gene Therapy, 18(4), 192.
https://doi.org/10.2174/1566523218666180910163805

Kaufman, H. L., Kohlhapp, F. J., & Zloza, A. (2015). Oncolytic viruses: a new class of
immunotherapy drugs. Nature Reviews. Drug Discovery, 14(9), 642—662.
https://doi.org/10.1038/NRD4663

Hartkopf, A. D., Fehm, T., Wallwiener, D., & Lauer, U. M. (2011). Oncolytic
virotherapy of breast cancer. Gynecologic Oncology, 123(1), 164-171.
https://doi.org/10.1016/J.YGYNO.2011.06.021

Baltimore, D. (1971). Expression of animal virus genomes. Bacteriological Reviews,
35(3), 235. https://doi.org/10.1128/BR.35.3.235-241.1971

Macedo, N., Miller, D. M., Haq, R., & Kaufman, H. L. (2020). Clinical landscape of
oncolytic virus research in 2020. Journal for ImmunoTherapy of Cancer, 8(2),
¢001486. https://doi.org/10.1136/JITC-2020-001486

Shaw, A. R., & Suzuki, M. (2019). Immunology of Adenoviral Vectors in Cancer
Therapy. Molecular Therapy. Methods & Clinical Development, 15, 418.
https://doi.org/10.1016/J.OMTM.2019.11.001

Beatty, M. S., & Curiel, D. T. (2012). Adenovirus Strategies for Tissue-Specific
Targeting. Advances in Cancer Research, 115,39—67. https://doi.org/10.1016/B978-
0-12-398342-8.00002-1

Zhang, Y., & Bergelson, J. M. (2005). Adenovirus Receptors. Journal of Virology,
79(19), 12125. https://doi.org/10.1128/JV1.79.19.12125-12131.2005

Genovese, C., Trani, D., Caputi, M., & Claudio, P. P. (2006). Cell cycle control and
beyond: emerging roles for the retinoblastoma gene family. Oncogene, 25(38),
5201-5209. https://doi.org/10.1038/SJ.ONC.1209652

Bouchet, B. P., de Fromentel, C. C., Puisieux, A., & Galmarini, C. M. (2006). p53 as a
target for anti-cancer drug development. Critical Reviews in Oncology/Hematology,
58(3), 190-207. https://doi.org/10.1016/J.CRITREVONC.2005.10.005

Bischoff, J. R., Kirn, D. H., Williams, A., Heise, C., Horn, S., Muna, M., Ng, L., Nye, J.
A., Sampson-Johannes, A., Fattaey, A., & McCormick, F. (1996). An Adenovirus
Mutant That Replicates Selectively in p53- Deficient Human Tumor Cells. Science,
274(5286), 373-376. https://doi.org/10.1126/SCIENCE.274.5286.373



https://doi.org/10.2174/1566523218666180910163805
https://doi.org/10.1038/NRD4663
https://doi.org/10.1016/J.YGYNO.2011.06.021
https://doi.org/10.1128/BR.35.3.235-241.1971
https://doi.org/10.1136/JITC-2020-001486
https://doi.org/10.1016/J.OMTM.2019.11.001
https://doi.org/10.1016/B978-0-12-398342-8.00002-1
https://doi.org/10.1016/B978-0-12-398342-8.00002-1
https://doi.org/10.1128/JVI.79.19.12125-12131.2005
https://doi.org/10.1038/SJ.ONC.1209652
https://doi.org/10.1016/J.CRITREVONC.2005.10.005
https://doi.org/10.1126/SCIENCE.274.5286.373

61

62

63

64

65

66

67

68

53

. Biegert, G. W. G., Rosewell Shaw, A., & Suzuki, M. (2021). Current development in
adenoviral vectors for cancer immunotherapy. Molecular Therapy Oncolytics, 23,
571. https://doi.org/10.1016/J.0MTO.2021.11.014

. Oncolytic adenovirus | cancer - ClinicalTrials.gov. (n.d.). Retrieved June 18, 2022,
from
https://clinicaltrials.eov/ct2/results/details?cond=cancer&term=oncolytictadenoviru
s&centry=&state=&city=&dist=&Search=Search

. [Phase Ill randomized clinical trial of intratumoral injection of E1B gene-deleted
adenovirus (H101) combined with cisplatin-based chemotherapy in treating
squamous cell cancer of head and neck or esophagus] - PubMed. (n.d.). Retrieved
June 13, 2022, from https://pubmed.ncbi.nlm.nih.gov/15601557/

. Kim, M., Zinn, K. R., Barnett, B. G., Sumerel, L. A., Krasnykh, V., Curiel, D. T., &
Douglas, J. T. (2002). The therapeutic efficacy of adenoviral vectors for cancer gene
therapy is limited by a low level of primary adenovirus receptors on tumour cells.
European Journal of Cancer (Oxford, England : 1990), 38(14), 1917-1926.
https://doi.org/10.1016/S0959-8049(02)00131-4

. Kanerva, A., Zinn, K. R., Chaudhuri, T. R., Lam, J. T., Suzuki, K., Uil, T. G.,
Hakkarainen, T., Bauerschmitz, G. J., Wang, M., Liu, B., Cao, Z., Alvarez, R. D.,
Curiel, D. T., & Hemminki, A. (2003). Enhanced therapeutic efficacy for ovarian
cancer with a serotype 3 receptor-targeted oncolytic adenovirus. Molecular Therapy,
8(3), 449-458. https://doi.org/10.1016/S1525-0016(03)00200-4

. Volk, A. L., Rivera, A. A., Kanerva, A., Bauerschmitz, G., Dmitriev, 1., Nettelbeck, D.
M., & Curiel, D. T. (2003). Enhanced adenovirus infection of melanoma cells by
fiber-modification: incorporation of RGD peptide or Ad5/3 chimerism. Cancer
Biology & Therapy, 2(5), 511-515. https://doi.org/10.4161/CBT.2.5.440

. Koski, A., Kangasniemi, L., Escutenaire, S., Pesonen, S., Cerullo, V., Diaconu, I.,
Nokisalmi, P., Raki, M., Rajecki, M., Guse, K., Ranki, T., Oksanen, M., Holm, S.
L., Haavisto, E., Karioja-Kallio, A., Laasonen, L., Partanen, K., Ugolini, M.,
Helminen, A., ... Hemminki, A. (2010). Treatment of Cancer Patients With a
Serotype 5/3 Chimeric Oncolytic Adenovirus Expressing GMCSF. Molecular
Therapy, 18(10), 1874. https://doi.org/10.1038/MT.2010.161

. Durmort, C., Stehlin, C., Schoehn, G., Mitraki, A., Drouet, E., Cusack, S., &
Burmeister, W. P. (2001). Structure of the fiber head of Ad3, a non-CAR-binding
serotype of adenovirus. Virology, 285(2), 302-312.
https://doi.org/10.1006/VIRO.2001.0967



https://doi.org/10.1016/J.OMTO.2021.11.014
https://clinicaltrials.gov/ct2/results/details?cond=cancer&term=oncolytic+adenovirus&cntry=&state=&city=&dist=&Search=Search
https://clinicaltrials.gov/ct2/results/details?cond=cancer&term=oncolytic+adenovirus&cntry=&state=&city=&dist=&Search=Search
https://pubmed.ncbi.nlm.nih.gov/15601557/
https://doi.org/10.1016/S0959-8049(02)00131-4
https://doi.org/10.1016/S1525-0016(03)00200-4
https://doi.org/10.4161/CBT.2.5.440
https://doi.org/10.1038/MT.2010.161
https://doi.org/10.1006/VIRO.2001.0967

54

69. Tuve, S., Wang, H., Ware, C., Liu, Y., Gaggar, A., Bernt, K., Shayakhmetov, D., Li, Z.,
Strauss, R., Stone, D., & Lieber, A. (2006). A New Group B Adenovirus Receptor Is

Expressed at High Levels on Human Stem and Tumor Cells. Journal of Virology,
80(24), 121009. https://doi.org/10.1128/JVI.01370-06

70. Fueyo, J., Alemany, R., Gomez-Manzano, C., Fuller, G. N., Khan, A., Conrad, C. A.,
Liu, T. J., Jiang, H., Lemoine, M. G., Suzuki, K., Sawaya, R., Curiel, D. T., Yung,
W. K. A., & Lang, F. F. (2003). Preclinical Characterization of the Antiglioma
Activity of a Tropism-Enhanced Adenovirus Targeted to the Retinoblastoma
Pathway. Journal of the National Cancer Institute, 95(9), 652—660.
https://doi.org/10.1093/INCI1/95.9.652

71. Cerullo, V., Pesonen, S., Diaconu, ., Escutenaire, S., Arstila, P. T., Ugolini, M.,
Nokisalmi, P., Raki, M., Laasonen, L., Sdrkioja, M., Rajecki, M., Kangasniemi, L.,
Guse, K., Helminen, A., Ahtiainen, L., Ristiméki, A., Rdisdnen-Sokolowski, A.,
Haavisto, E., Oksanen, M., ... Hemminki, A. (2010). Oncolytic adenovirus coding
for granulocyte macrophage colony-stimulating factor induces antitumoral immunity
in cancer patients. Cancer Research, 70(11), 4297-4309.
https://doi.org/10.1158/0008-5472.CAN-09-3567/655890/P/ONCOLYTIC-
ADENOVIRUS-CODING-FOR-GRANULOCYTE

72. Dranoff, G. (2003). GM-CSF-secreting melanoma vaccines. Oncogene 2003 22:20,
22(20), 3188-3192. https://doi.org/10.1038/sj.onc.1206459

73. Andtbacka, R. H. 1., Kaufman, H. L., Collichio, F., Amatruda, T., Senzer, N., Chesney,
J., Delman, K. A., Spitler, L. E., Puzanov, I., Agarwala, S. S., Milhem, M., Cranmer,
L., Curti, B., Lewis, K., Ross, M., Guthrie, T., Linette, G. P., Daniels, G. A.,
Harrington, K., ... Coffin, R. S. (2015). Talimogene laherparepvec improves durable
response rate in patients with advanced melanoma. Journal of Clinical Oncology,
33(25), 2780-2788. https://doi.org/10.1200/JC0O.2014.58.3377

74. Euler, M. von, Kanerva, A., Nokisalmi, P., Koski, A., Diaconu, 1., Cerullo, V., Joensuu,
T. K., Oksanen, M., Pesonen, S., Kangasniemi, L., Ranki, T., Heiskanen, R., &
Hemminki, A. (2012). CGTG-102 (Ad5/3-D24-GMCSF), a novel oncolytic
adenovirus, in patients with refractory solid tumors: Experience from an advanced
therapy access program. Journal of Clinical Oncology,
Https://Doi.Org/10.1200/Jc0.2012.30.15 suppl.E13035, 30(15_suppl), e13035—
€13035. https://doi.org/10.1200/JC0O.2012.30.15_SUPPL.E13035

75. RECIST response criteria solid tumors - UpToDate. Oncogene (n.d.). Retrieved June 15,
2022, from
https://www.uptodate.com/contents/image?imageKey=0ONC%2F74693&topicKey=
ONC%2F2483&source=see_link



https://doi.org/10.1128/JVI.01370-06
https://doi.org/10.1093/JNCI/95.9.652
https://doi.org/10.1158/0008-5472.CAN-09-3567/655890/P/ONCOLYTIC-ADENOVIRUS-CODING-FOR-GRANULOCYTE
https://doi.org/10.1158/0008-5472.CAN-09-3567/655890/P/ONCOLYTIC-ADENOVIRUS-CODING-FOR-GRANULOCYTE
https://doi.org/10.1038/sj.onc.1206459
https://doi.org/10.1200/JCO.2014.58.3377
https://doi.org/10.1200/JCO.2012.30.15_SUPPL.E13035
https://www.uptodate.com/contents/image?imageKey=ONC%2F74693&topicKey=ONC%2F2483&source=see_link
https://www.uptodate.com/contents/image?imageKey=ONC%2F74693&topicKey=ONC%2F2483&source=see_link

76.

77.

78.

79.

80.

81.

82.

&3.

&4.

55

Gor, P. P., Su, H. L., Gray, R. J., Gimotty, P. A., Horn, M., Aplenc, R., Vaughan, W. P.,
Tallman, M. S., Rebbeck, T. R., & DeMichele, A. (2010). Cyclophosphamide-
metabolizing enzyme polymorphisms and survival outcomes after adjuvant
chemotherapy for node-positive breast cancer: a retrospective cohort study. Breast

Cancer Research : BCR, 12(3), R26. https://doi.org/10.1186/BCR2570

Nicolini, A., Mancini, P. A., Ferrari, P., Anselmi, L., Tartarelli, G., Bonazzi, V., Carpi,
A., & Giardino, R. (2004). Oral low-dose cyclophosphamide in metastatic hormone
refractory prostate cancer (MHRPC). Biomedicine & Pharmacotherapy, 58(8), 447—
450. https://doi.org/10.1016/J.BIOPHA.2004.08.006

Bramante, S., Koski, A., Liikanen, 1., Vassilev, L., Oksanen, M., Siurala, M.,
Heiskanen, R., Hakonen, T., Joensuu, T., Kanerva, A., Pesonen, S., & Hemminki, A.
(2016). Oncolytic virotherapy for treatment of breast cancer, including triple-

negative breast cancer. Oncoimmunology, 5(2).
https://doi.org/10.1080/2162402X.2015.1078057

Hemminki, O., Parviainen, S., Juhila, J., Turkki, R., Linder, N., Lundin, J., Kankainen,
M., Ristimaki, A., Koski, A., Liikanen, I., Oksanen, M., Nettelbeck, D. M.,
Kairemo, K., Partanen, K., Joensuu, T., Kanerva, A., & Hemminki, A. (2015).
Immunological data from cancer patients treated with Ad5/3-E2F-A24-GMCSF
suggests utility for tumor immunotherapy. Oncotarget, 6(6), 4467.
https://doi.org/10.18632/ONCOTARGET.2901

Jin, S., Wang, Q., Wu, H., Pang, D., & Xu, S. (n.d.). Oncolytic viruses for triple
negative breast cancer and beyond. https://doi.org/10.1186/s40364-021-00318-4

Macdonald, S. J., Mostafa, H. H., Morrison, L. A., & Davido, D. J. (2012). Genome
Sequence of Herpes Simplex Virus 1 Strain KOS. Journal of Virology, 86(11),
6371-6372. https://doi.org/10.1128/JVI.00646-12

Whitley, R., Kimberlin, D. W., & Prober, C. G. (2007). Pathogenesis and disease.
Rhizoctonia Solani, Biology and Pathology, 161-171.
https://doi.org/10.1525/9780520318243-013

Corey, L., & Spear, P. G. (1986). Infections with Herpes Simplex Viruses. New England
Journal of Medicine, 314(11), 686—691.
https://doi.org/10.1056/NEJM198603133141105

Arduino, P. G., & Porter, S. R. (2008). Herpes Simplex Virus Type 1 infection:
Overview on relevant clinico-pathological features. Journal of Oral Pathology and
Medicine, 37(2), 107-121. https://doi.org/10.1111/J.1600-0714.2007.00586.X



https://doi.org/10.1186/BCR2570
https://doi.org/10.1016/J.BIOPHA.2004.08.006
https://doi.org/10.1080/2162402X.2015.1078057
https://doi.org/10.18632/ONCOTARGET.2901
https://doi.org/10.1186/s40364-021-00318-4
https://doi.org/10.1128/JVI.00646-12
https://doi.org/10.1525/9780520318243-013
https://doi.org/10.1056/NEJM198603133141105
https://doi.org/10.1111/J.1600-0714.2007.00586.X

85.

86.

87.

88.

89.

90.

91.

92.

93.

56

Clinical manifestations of primary herpes simplex virus type 1 infection in a closed
community - PubMed. (n.d.). Retrieved June 18, 2022, from
https://pubmed.ncbi.nlm.nih.gov/1846235/

Fields, B. (2007). Fields virology. In Fields Virology (5th ed.). Wolters Kluwer
Health/Lippincott Williams & Wilkins.

Fields, B. N., Knipe, D. M., Howley, P. M., & Griffin, D. E. (2001). Fields virology. In
Fields’ Virology (4th ed.). Lippincott Williams & Wilkins.
https://books.google.fr/books?id=26nprQEACAAJ

Menotti, L., Cerretani, A., Hengel, H., & Campadelli-Fiume, G. (2008). Construction of
a Fully Retargeted Herpes Simplex Virus 1 Recombinant Capable of Entering Cells
Solely via Human Epidermal Growth Factor Receptor 2. Journal of Virology,
82(20), 10153. https://doi.org/10.1128/JVI.01133-08

Leoni, V., Gatta, V., Palladini, A., Nicoletti, G., Ranieri, D., Dall’Ora, M., Grosso, V.,
Rossi, M., Alviano, F., Bonsi, L., Nanni, P., Lollini, P.-L., Campadelli-Fiume, G.,
Leoni, V., Gatta, V., Palladini, A., Nicoletti, G., Ranieri, D., Dall’Ora, M., ...
Campadelli-Fiume, G. (2015). Systemic delivery of HER2-retargeted oncolytic-
HSV by mesenchymal stromal cells protects from lung and brain metastases.
Oncotarget, 6(33), 34774-34787. https://doi.org/10.18632/ONCOTARGET.5793

Todo, T., Martuza, R. L., Rabkin, S. D., & Johnson, P. A. (2001). Oncolytic herpes
simplex virus vector with enhanced MHC class I presentation and tumor cell
killing. Proceedings of the National Academy of Sciences of the United States of
America, 98(11), 6396. https://doi.org/10.1073/PNAS.101136398

Carroll, N. M., Antonio Chiocca, E., Takahashi, K., & Tanabe, K. K. (1996).
Enhancement of gene therapy specificity for diffuse colon carcinoma liver

metastases with recombinant herpes simplex virus. Annals of Surgery, 224(3), 323.
https://doi.org/10.1097/00000658-199609000-00008

York, I. A., Roop, C., Andrews, D. W., Riddell, S. R., Graham, F. L., & Johnson, D. C.
(1994). A cytosolic herpes simplex virus protein inhibits antigen presentation to
CD8+ T lymphocytes. Cell, 77(4), 525-535. https://doi.org/10.1016/0092-
8674(94)90215-1

Taguchi, S., Fukuhara, H., & Todo, T. (2019). Oncolytic virus therapy in Japan:
progress in clinical trials and future perspectives. Japanese Journal of Clinical
Oncology, 49(3), 201-209. https://doi.org/10.1093/JJICO/HYY 170



https://pubmed.ncbi.nlm.nih.gov/1846235/
https://books.google.fr/books?id=26nprQEACAAJ
https://doi.org/10.1128/JVI.01133-08
https://doi.org/10.18632/ONCOTARGET.5793
https://doi.org/10.1073/PNAS.101136398
https://doi.org/10.1097/00000658-199609000-00008
https://doi.org/10.1016/0092-8674(94)90215-1
https://doi.org/10.1016/0092-8674(94)90215-1
https://doi.org/10.1093/JJCO/HYY170

57

94. Zeng, J., Li, X., Sander, M., Zhang, H., Yan, G., & Lin, Y. (2021). Oncolytic Viro-
Immunotherapy: An Emerging Option in the Treatment of Gliomas. Frontiers in
Immunology, 12, 4108. https://doi.org/10.3389/FIMMU.2021.721830/BIBTEX

95. Search of: T-Vec - List Results - ClinicalTrials.gov. (n.d.). Retrieved June 7, 2022, from
https://www.clinicaltrials.gov/ct2/results?cond=&term=T-
Vec&centry=&state=&city=&dist=

96. Ungerechts, G., Bossow, S., Leuchs, B., Holm, P. S., Rommelaere, J., Coffey, M.,
Coffin, R., Bell, J., & Nettelbeck, D. M. (2016). Moving oncolytic viruses into the
clinic: clinical-grade production, purification, and characterization of diverse
oncolytic viruses. Molecular Therapy. Methods & Clinical Development, 3, 16018.
https://doi.org/10.1038/MTM.2016.18

97. Chou, J., Kern, E. R., Whitley, R. J., & Roizman, B. (1990). Mapping of herpes simplex
virus-1 neurovirulence to y134.5, a gene nonessential for growth in culture. Science,
250(4985), 1262—1266. https://doi.org/10.1126/SCIENCE.2173860

98. Menotti, L., Nicoletti, G., Gatta, V., Croci, S., Landuzzi, L., de Giovanni, C., Nanni, P.,
Lollini, P. L., & Campadelli-Fiume, G. (2009). Inhibition of human tumor growth in
mice by an oncolytic herpes simplex virus designed to target solely HER-2-positive
cells. Proceedings of the National Academy of Sciences of the United States of
America, 106(22), 9039-9044. https://doi.org/10.1073/PNAS.0812268106

99. Targeted therapy for breast cancer | Canadian Cancer Society. (n.d.). Retrieved June
30, 2022, from https://cancer.ca/en/cancer-information/cancer-
types/breast/treatment/targeted-therapy

100. Trastuzumab.: Uses, Interactions, Mechanism of Action | DrugBank Online. (n.d.).
Retrieved June 29, 2022, from https://go.drugbank.com/drugs/DB00072

101. Goldstein, D. J., & Weller, S. K. (1988). Herpes simplex virus type 1-induced
ribonucleotide reductase activity is dispensable for virus growth and DNA synthesis:

isolation and characterization of an ICP6 lacZ insertion mutant. Journal of Virology,
62(1), 196-205. https://doi.org/10.1128/JV1.62.1.196-205.1988

102. Yajima, S., Sugawara, K., Iwai, M., Tanaka, M., Seto, Y., & Todo, T. (2021). Efficacy
and safety of a third-generation oncolytic herpes virus G47A in models of human
esophageal carcinoma. Molecular Therapy - Oncolytics, 23, 402—411.
https://doi.org/10.1016/J.0MT0.2021.10.012

103. Press Release DELYTACT ® Oncolytic Virus G47A Approved in Japan for Treatment
of Patients with Malignant Glioma. (n.d.). Retrieved June 6, 2022, from
www.daiichisankyo.com.



https://doi.org/10.3389/FIMMU.2021.721830/BIBTEX
https://www.clinicaltrials.gov/ct2/results?cond=&term=T-Vec&cntry=&state=&city=&dist=
https://www.clinicaltrials.gov/ct2/results?cond=&term=T-Vec&cntry=&state=&city=&dist=
https://doi.org/10.1038/MTM.2016.18
https://doi.org/10.1126/SCIENCE.2173860
https://doi.org/10.1073/PNAS.0812268106
https://cancer.ca/en/cancer-information/cancer-types/breast/treatment/targeted-therapy
https://cancer.ca/en/cancer-information/cancer-types/breast/treatment/targeted-therapy
https://go.drugbank.com/drugs/DB00072
https://doi.org/10.1128/JVI.62.1.196-205.1988
https://doi.org/10.1016/J.OMTO.2021.10.012
http://www.daiichisankyo.com/

58

104. Wang, J., Hu, P., Zeng, M., Rabkin, S. D., & Liu, R. (2012). Oncolytic herpes simplex
virus treatment of metastatic breast cancer. International Journal of Oncology,
40(3), 757-763. https://doi.org/10.3892/1J0.2011.1266

105. Zeng, W., Hu, P., Wu, J., Wang, J., Li, J., Lei, L., & Liu, R. (2013). The oncolytic
herpes simplex virus vector G47A effectively targets breast cancer stem cells.
Oncology Reports, 29(3), 1108—1114. https://doi.org/10.3892/OR.2012.2211

106. Neve, R. M., Chin, K., Fridlyand, J., Yeh, J., Baehner, F. L., Fevr, T., Clark, L.,
Bayani, N., Coppe, J. P., Tong, F., Speed, T., Spellman, P. T., DeVries, S., Lapuk,
A., Wang, N. J., Kuo, W. L., Stilwell, J. L., Pinkel, D., Albertson, D. G., ... Gray, J.
W. (2006). A collection of breast cancer cell lines for the study of functionally
distinct cancer subtypes. Cancer Cell, 10(6), 515-527.
https://doi.org/10.1016/J.CCR.2006.10.008

107. Reya, T., Morrison, S. J., Clarke, M. F., & Weissman, I. L. (2001). Stem cells, cancer,
and cancer stem cells. Nature, 414(6859), 105-111.
https://doi.org/10.1038/35102167

108. Charafe-Jauftret, E., Monville, F., Ginestier, C., Dontu, G., Birnbaum, D., & Wicha,
M. S. (2008). Cancer stem cells in breast: current opinion and future challenges.

Pathobiology : Journal of Immunopathology, Molecular and Cellular Biology,
75(2), 75—-84. https://doi.org/10.1159/000123845

109. O’Brien, C. S., Farnie, G., Howell, S. J., & Clarke, R. B. (2011). Breast Cancer Stem
Cells and Their Role in Resistance to Endocrine Therapy. Hormones and Cancer
2011 2:2, 2(2), 91-103. https://doi.org/10.1007/S12672-011-0066-6

110. Conry, R. M., Westbrook, B., McKee, S., & Norwood, T. G. (2018). Talimogene
laherparepvec: First in class oncolytic virotherapy. Human Vaccines &
Immunotherapeutics, 14(4), 839. https://doi.org/10.1080/21645515.2017.1412896

111. Ribas, A., Dummer, R., Puzanov, 1., VanderWalde, A., Andtbacka, R. H. 1., Michielin,
0., Olszanski, A. J., Malvehy, J., Cebon, J., Fernandez, E., Kirkwood, J. M.,
Gajewski, T. F., Chen, L., Gorski, K. S., Anderson, A. A., Diede, S. J., Lassman, M.
E., Gansert, J., Hodi, F. S., & Long, G. v. (2017). Oncolytic Virotherapy Promotes
Intratumoral T Cell Infiltration and Improves Anti-PD-1 Immunotherapy. Cell,
170(6), 1109-1119.¢10.
https://doi.org/10.1016/J.CELL.2017.08.027/ATTACHMENT/67488F2C-0145-
4C67-BD11-530946A32AFB/MMC1.PDF



https://doi.org/10.3892/IJO.2011.1266
https://doi.org/10.3892/OR.2012.2211
https://doi.org/10.1016/J.CCR.2006.10.008
https://doi.org/10.1038/35102167
https://doi.org/10.1159/000123845
https://doi.org/10.1007/S12672-011-0066-6
https://doi.org/10.1080/21645515.2017.1412896
https://doi.org/10.1016/J.CELL.2017.08.027/ATTACHMENT/67488F2C-0145-4C67-BD11-530946A32AFB/MMC1.PDF
https://doi.org/10.1016/J.CELL.2017.08.027/ATTACHMENT/67488F2C-0145-4C67-BD11-530946A32AFB/MMC1.PDF

59

112. List of Anti-PD-1 monoclonal antibodies (anti-programmed cell death-1 (PD-1)
monoclonal antibodies) - Drugs.com. (n.d.). Retrieved May 31, 2022, from
https://www.drugs.com/drug-class/anti-pd-1-monoclonal-antibodies.html

113. Puzanov, L., Chesney, J., Collichio, F., Singh, P., Milhem, M., Glaspy, J., Hamid, O.,
Ross, M., Friedlander, P., Garbe, C., Logan, T., Hauschild, A., Lebbe, C., Yi, M.,
Snyder, W., & Mehnert, J. (2020). 433 Talimogene laherparepvec (T-VEC) in
combination with ipilimumab (IPI) versus IPI alone for advanced melanoma: 4-year
interim analysis of a randomized, open-label, phase 2 trial. Journal for
ImmunoTherapy of Cancer, 8(Suppl 3), A263.2-A264. https://doi.org/10.1136/JITC-
2020-SITC2020.0433

114. Chesney, J., Puzanov, 1., Collichio, F., Singh, P., Milhem, M. M., Glaspy, J., Hamid,
0., Ross, M., Friedlander, P., Garbe, C., Logan, T. F., Hauschild, A., Lebb¢, C.,
Chen, L., Kim, J. J., Gansert, J., Andtbacka, R. H. 1., & Kaufman, H. L. (2018).
Randomized, Open-Label Phase II Study Evaluating the Efficacy and Safety of
Talimogene Laherparepvec in Combination With Ipilimumab Versus Ipilimumab
Alone in Patients With Advanced, Unresectable Melanoma. Journal of Clinical
Oncology, 36(17), 1658. https://doi.org/10.1200/JC0O.2017.73.7379

115. Callahan, M. K., Wolchok, J. D., & Allison, J. P. (2010). Anti-CTLA-4 Antibody
Therapy: Immune Monitoring During Clinical Development of a Novel
Immunotherapy. Seminars in Oncology, 37(5), 473.
https://doi.org/10.1053/J.SEMINONCOL.2010.09.001

116. Dummer, R., Gyorki, D. E., Hyngstrom, J., Berger, A. C., Conry, R., Demidov, L.,
Sharma, A., Treichel, S. A., Radcliffe, H., Gorski, K. S., Anderson, A., Chan, E.,
Faries, M., & Ross, M. L. (2021). Neoadjuvant talimogene laherparepvec plus
surgery versus surgery alone for resectable stage [I1IB-IVM1a melanoma: a
randomized, open-label, phase 2 trial. Nature Medicine, 27(10), 1789-1796.
https://doi.org/10.1038/S41591-021-01510-7

117. Dummer, R., Gyorki, D., Hyngstrom, J., Berger, A., Conry, R., Demidov, L., Chan, E.,
Radcliffe, H.-S., Faries, M., & Ross, M. (2020). 432 3-year results of the phase 2
randomized trial for talimogene laherparepvec (T-VEC) neoadjuvant treatment plus
surgery vs surgery in patients with resectable stage IIIB-IVM1a melanoma. Journal
for Immunotherapy of Cancer, A263.1-A263. https://doi.org/10.1136/JITC-2020-
SITC2020.0432

118. T-VEC With Chemotherapy or Endocrine Therapy in Treating Participants With
HER?2- Negative Breast Cancer - Full Text View - ClinicalTrials.gov. (n.d.).
Retrieved March 26, 2022, from
https://clinicaltrials.gov/ct2/show/NCT03554044?term=T-Vec%2C+OncoVEXGM-
CSF%2C+Imlygic&draw=2&rank=1



https://www.drugs.com/drug-class/anti-pd-1-monoclonal-antibodies.html
https://doi.org/10.1136/JITC-2020-SITC2020.0433
https://doi.org/10.1136/JITC-2020-SITC2020.0433
https://doi.org/10.1200/JCO.2017.73.7379
https://doi.org/10.1053/J.SEMINONCOL.2010.09.001
https://doi.org/10.1038/S41591-021-01510-7
https://doi.org/10.1136/JITC-2020-SITC2020.0432
https://doi.org/10.1136/JITC-2020-SITC2020.0432
https://clinicaltrials.gov/ct2/show/NCT03554044?term=T-Vec%2C+OncoVEXGM-CSF%2C+Imlygic&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT03554044?term=T-Vec%2C+OncoVEXGM-CSF%2C+Imlygic&draw=2&rank=1

60

119. Deng, L., Fan, J., Ding, Y., Yang, X., Huang, B., & Hu, Z. (2020). Target therapy with
vaccinia virus harboring IL-24 for human breast cancer. Journal of Cancer, 11(5),
1017-1026. https://doi.org/10.7150/JCA.37590

120. Gholami, S., Marano, A., Chen, N. G., Aguilar, R. J., Frentzen, A., Chen, C. H., Lou,
E., Fujisawa, S., Eveno, C., Belin, L., Zanzonico, P., Szalay, A., & Fong, Y. (2014).
A Novel Vaccinia Virus with Dual Oncolytic and Anti-angiogenic Therapeutic
Effects against Triple-Negative Breast Cancer. Breast Cancer Research and
Treatment, 148(3), 489. https://doi.org/10.1007/S10549-014-3180-7

121. Systemic cancer therapy with a tumor-selective vaccinia virus mutant lacking
thymidine kinase and vaccinia growth factor genes - PubMed. (n.d.). Retrieved June
16, 2022, from https://pubmed.ncbi.nlm.nih.gov/11751395/

122. John, L. B., Howland, L. J., Flynn, J. K., West, A. C., Devaud, C., Duong, C. P.,
Stewart, T. J., Westwood, J. A., Guo, Z. S., Bartlett, D. L., Smyth, M. J., Kershaw,
M. H., & Darcy, P. K. (2012). Oncolytic virus and anti-4-1BB combination therapy
elicits strong antitumor immunity against established cancer. Cancer Research,
72(7), 1651-1660. https://doi.org/10.1158/0008-5472.CAN-11-2788

123. Compte, M., Harwood, S. L., Muiioz, 1. G., Navarro, R., Zonca, M., Perez-Chacon, G.,
Erce-Llamazares, A., Merino, N., Tapia-Galisteo, A., Cuesta, A. M., Mikkelsen, K.,
Caleiras, E., Nufiez-Prado, N., Aznar, M. A., Lykkemark, S., Martinez-
Torrecuadrada, J., Melero, 1., Blanco, F. J., Bernardino de la Serna, J., ... Alvarez-
Vallina, L. (2018). A tumor-targeted trimeric 4-1BB-agonistic antibody induces
potent anti-tumor immunity without systemic toxicity. Nature Communications
2018 9:1, 9(1), 1-13. https://doi.org/10.1038/s41467-018-07195-w

124. Pexa-Vec/Nexavar Combination Fails Phase III Trial in Liver Cancer. (n.d.). Retrieved
June 17, 2022, from https://www.genengnews.com/news/pexa-vec-nexavar-
combination-fails-phase-iii-trial-in-liver-cancer/

125. Parato, K. A., Breitbach, C. J., le Boeuf, F., Wang, J., Storbeck, C., Ilkow, C., Diallo,
J. S., Falls, T., Burns, J., Garcia, V., Kanji, F., Evgin, L., Hu, K., Paradis, F.,
Knowles, S., Hwang, T. H., Vanderhyden, B. C., Auer, R., Kirn, D. H., & Bell, J. C.
(2012). The Oncolytic Poxvirus JX-594 Selectively Replicates in and Destroys
Cancer Cells Driven by Genetic Pathways Commonly Activated in Cancers.
Molecular Therapy, 20(4), 749. https://doi.org/10.1038/MT.2011.276

126. Kim, J. H.,, Oh, J. Y., Park, B. H., Lee, D. E., Kim, J. S., Park, H. E., Roh, M. S, Je, J.
E., Yoon, J. H,, Thorne, S. H., Kirn, D., & Hwang, T. H. (2006). Systemic armed
oncolytic and immunologic therapy for cancer with JX-594, a targeted poxvirus


https://doi.org/10.7150/JCA.37590
https://doi.org/10.1007/S10549-014-3180-7
https://pubmed.ncbi.nlm.nih.gov/11751395/
https://doi.org/10.1158/0008-5472.CAN-11-2788
https://doi.org/10.1038/s41467-018-07195-w
https://www.genengnews.com/news/pexa-vec-nexavar-combination-fails-phase-iii-trial-in-liver-cancer/
https://www.genengnews.com/news/pexa-vec-nexavar-combination-fails-phase-iii-trial-in-liver-cancer/
https://doi.org/10.1038/MT.2011.276

61

expressing GM-CSF. Molecular Therapy : The Journal of the American Society of

Gene Therapy, 14(3), 361-370. https://doi.org/10.1016/J.YMTHE.2006.05.008

127. Heo, J., Reid, T., Ruo, L., Breitbach, C. J., Rose, S., Bloomston, M., Cho, M., Lim, H.
Y., Chung, H. C., Kim, C. W., Burke, J., Lencioni, R., Hickman, T., Moon, A., Lee,

Y. S., Kim, M. K., Daneshmand, M., Dubois, K., Longpre, L., ... Kirn, D. H.

(2013). Randomized dose-finding clinical trial of oncolytic immunotherapeutic

vaccinia JX-594 in liver cancer. Nature Medicine, 19(3), 329.
https://doi.org/10.1038/NM.3089

128. A Study of Metronomic CP and JX-594 in Patients With Advanced Breast Cancer and
Advanced Soft-tissue Sarcoma (METROmaJX) - Full Text View - ClinicalTrials.gov.

(n.d.). Retrieved June 17, 2022, from
https://www.clinicaltrials.gov/ct2/show/NCT02630368?term=Pexa-
Vec&recrs=ad&draw=2&rank=5

129. Miller, M. M., Meneveau, M. O., Rochman, C. M., Schroen, A. T., Lattimore, C. M.,

Gaspard, P. A., Cubbage, R. S., & Showalter, S. L. (2021). Impact of the COVID-19

pandemic on breast cancer screening volumes and patient screening behaviors.
Breast Cancer Research and Treatment, 189(1), 237-246.
https://doi.org/10.1007/S10549-021-06252-1/TABLES/3

130. Norbash, A. M., Moore, A. van, Recht, M. P, Brink, J. A., Hess, C. P., Won, J. J., Jain,

S., Sun, X., Brown, M., & Enzmann, D. (2020). Early-Stage Radiology Volume

Effects and Considerations with the Coronavirus Disease 2019 (COVID-19)
Pandemic: Adaptations, Risks, and Lessons Learned. Journal of the American
College of Radiology, 17(9), 1086—1095.
https://doi.org/10.1016/J.JACR.2020.07.001

131. Toss, A., Isca, C., Venturelli, M., Nasso, C., Ficarra, G., Bellelli, V., Armocida, C.,
Barbieri, E., Cortesi, L., Moscetti, L., Piacentini, F., Omarini, C., Andreotti, A.,

Gambini, A., Battista, R., Dominici, M., & Tazzioli, G. (2021). Two-month stop in

mammographic screening significantly impacts on breast cancer stage at diagnosis
and upfront treatment in the COVID era. European Society for Medical Oncology

Open, 6(2), 100055. https://doi.org/10.1016/J.ESMOQOP.2021.100055

132. Vanni, G., Pellicciaro, M., Materazzo, M., Pedini, D., Portarena, 1., Buonomo, C.,

Perretta, T., Rizza, S., Pistolese, C. A., & Buonomo, O. C. (2021). Advanced Stages
and Increased Need for Adjuvant Treatments in Breast Cancer Patients: The Effect

of the One-year COVID-19 Pandemic. Anticancer Research, 41(5), 2689-2696.

https://doi.org/10.21873/ANTICANRES.15050

133. Malhotra, A., Wu, X., Fleishon, H. B., Duszak, R., Silva, E., McGinty, G. B., Bender,
C., Williams, B., Pashley, N., Stengel, C. J. B, Naidich, J. J., Hughes, D., & Sanelli,


https://doi.org/10.1016/J.YMTHE.2006.05.008
https://doi.org/10.1038/NM.3089
https://www.clinicaltrials.gov/ct2/show/NCT02630368?term=Pexa-Vec&recrs=ad&draw=2&rank=5
https://www.clinicaltrials.gov/ct2/show/NCT02630368?term=Pexa-Vec&recrs=ad&draw=2&rank=5
https://doi.org/10.1007/S10549-021-06252-1/TABLES/3
https://doi.org/10.1016/J.JACR.2020.07.001
https://doi.org/10.1016/J.ESMOOP.2021.100055
https://doi.org/10.21873/ANTICANRES.15050

62

P. C. (2020). Initial Impact of COVID-19 on Radiology Practices: An ACR/RBMA
Survey. Journal of the American College of Radiology : JACR, 17(11), 1525-1531.
https://doi.org/10.1016/J.JACR.2020.07.028

134. Yong, J. H., Mainprize, J. G., Yaffe, M. J., Ruan, Y., Poirier, A. E., Coldman, A.,
Nadeau, C., Iragorri, N., Hilsden, R. J., & Brenner, D. R. (n.d.). The impact of
episodic screening interruption: COVID-19 and population-based cancer screening

in Canada. https://doi.org/10.1177/0969141320974711

135. Chemotherapy Side Effects | American Cancer Society. (n.d.). Retrieved June 29, 2022,
from https://www.cancer.org/treatment/treatments-and-side-effects/treatment-
types/chemotherapy/chemotherapy-side-effects.html

136. Definition of tumor heterogeneity — National Cancer Institute Dictionary of Cancer
Terms — National Cancer Institute. (n.d.). Retrieved July 1, 2022, from
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/tumor-

heterogeneity



https://doi.org/10.1016/J.JACR.2020.07.028
https://doi.org/10.1177/0969141320974711
https://www.cancer.org/treatment/treatments-and-side-effects/treatment-types/chemotherapy/chemotherapy-side-effects.html
https://www.cancer.org/treatment/treatments-and-side-effects/treatment-types/chemotherapy/chemotherapy-side-effects.html
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/tumor-heterogeneity
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/tumor-heterogeneity

CURRICULUM VITAE




