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OPTIMIZED ONCOLYTIC VIRUSES AND USES THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Patent Application Serial No.
62/400,310, filed September 27, 2016, and to U.S. Provisional Patent Application Serial
No. 62/426,724, filed November 28, 2016. The disclosures of these applications are

Incorporated by reference In their entirety.

BACKGROUND

[0002] This application incorporates by reference a sequence listing submitted
herewith as SATO2000002 ST25.txt, created on September 26, 2016, and having a file
size of 17,720 bytes.

[0003] The present disclosure relates to methods for inhibiting or reducing cancerous
cells proliferation and malignant tumor progression. Compositions for use in such
methods are also disclosed. Finally, methods for preparing various types of bioselected
and synthetic viruses for use In treating cancerous tumors are also described herein.
[0004] Cancer is the abnormal growth of cells, which can create masses of tissue that
can become malignant tumors or neoplasms. These formations can invade and destroy
surrounding tissues, and may spread to other parts of the body forming metastases.
[0005] Cancer cells are, in general, susceptible to infection and mortality by viruses of
many families. This may be due to: (1) better exposure of malignant cells to viruses due
to the disordered tissue architecture, loss of cell-to-cell contacts, and leaky
neovasculature; (i) frequent over-expression of many cell-surface proteins used by
viruses as cell-entry receptors; and (i) more favorable conditions for virus replication
INnside cancer cells due to the frequent loss of antiviral innate iImmunity mechanisms,
compromised cell death pathways, and pre-activated nucleic acids and protein synthesis.
[0006] It would be advantageous to develop additional viruses and methods of using
such viruses, Including simultaneous applications of several different oncolytic viruses
and different combinations of these viruses, to provide personalized treatment and to

prevent relapses and iIncomplete cure of disease due to the resistance of cancerous cells
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to some viruses and the development of antiviral adaptive immunity in patients in need

thereof.

BRIEF DESCRIPTION
[0007] Disclosed in various embodiments herein are methods for a selective killing of
cancerous cells and a systemic elimination of tumor metastases by the administration of
a panel of oncolytic viruses. Different combinations of oncolytic viruses can be
administered to a patient either simultaneously (1.e. multiple viruses In a single
administration) or sequentially (1.e. one virus administered at a time, but multiple viruses
given over multiple administrations over time). The combinatorial use of oncolytic viruses
can improve therapeutic outcomes. Bioselected and synthetic viruses and methods for
creating such viruses are also described. Methods for determining a patient's sensitivity
to an oncolytic virus are also disclosed.
[0008] Disclosed In various embodiments are methods of treating a cancer patient,
comprising: administering to the patient a first composition containing an effective amount
of at least a first oncolytic virus for a first time period; and administering to the patent a
second composition containing an effective amount of at least a second oncolytic virus
that 1s different from the first oncolytic virus for a second time period.
[0009] The second composition can be administered between 24 hours to 24 weeks
after the first composition 1s administered. In more specific embodiments, the second
composition i1s administered between one week to six weeks after the first composition is
administered.
[0010] The first composition can be administered multiple times during the first time
period. The second composition can be administered multiple times during the first time
period
[0011] The first and second compositions containing different viruses that are not
cross-neutralized by antiviral antibodies can be administered orally, nasally,
Intravenously, Intra-arterially, intradermally, subcutaneously, Intramuscularly,
iIntraperitoneally, intrapleurally, intraurethrally, intravaginally, intratumorally, intracranially,
Intraspinally, or by a systemic administration of a cell carrier (isolated from a patient) pre-

iInfected with the virus in vitro.
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[0012] The first and second (or third, etc) oncolytic viruses may each be present In
their respective compositions in a dosage from about 10* (10*4) TCID50/mL to 10"
(10*1) TCID50/mL.

[0013] The first and second (or third, etc) oncolytic viruses used In these treatment
methods generally differ in their host-cell surface receptor required for cell entry, or differ
IN other cancer cell specific or tumor environment specified variations affecting efficient
replication or cancer cell killing. The host-cell surface receptors required for cell entry
include, but are not limited to, PVR (CD155), integrin o231, integrin a3, integrin oV[36,
ICAM-1, CD55, CXADR, CD46, JAM-1, PVRL1, PVRL4, SLAM (CD150), PSLG1
(CD162), SCARBZ2, DC-SIGN, L-SIGN, VLDVR, NRAMP2, heparin sulphate or sialic acid.
The cancer cell specific or tumor environment specified variations affecting efficient
replication or cancer cell killing include, but are not Iimited to, specific oncogenic
mutations (in K-Ras, H-Ras, N-Ras, EGFR, p53, HER2Z genes and other); specific
alterations In cell proliferation or cell death mechanisms; deficiencies in components of
the Interferon induction pathways; deficiencies in components of the interferon response
pathways; changes In activities of membrane-bound and secreted proteases, protease
INhibitors, or components of extracellular matrix; development of stroma and neovascular
network within the tumor; and tumor infiltrations with macrophages, leukocytes, dendritic
cells, etc.

[0014] In particular embodiments, the first and second compositions each contain a
plurality of oncolytic viruses. The first oncolytic virus and the second oncolytic virus can
be Independently selected from, but Is not limited to, a human enterovirus (such as an
echovirus, a Coxsackievirus, a Sabin strain of poliovirus, or a rhinovirus); a reovirus (such
as type 1, type 2 and type 3 mammalian orthoreoviruses, or other); a paramyxovirus (such
as human measles or mumps viruses, canine distemper virus, mouse Sendai virus, or
avian Newcastle disease virus); a rhabdovirus (such as vesicular stomatitis virus, Carajas
virus, Maraba virus, or Piry virus); a togavirus; a Herpes family virus; an adenovirus; a
poxvirus; and a hybrid virus containing natural or modified components derived from other
viruses within or outside a particular virus family. Combinations of these viruses being
administered simultaneously are also contemplated herein. The first and second

compositions can have, In various embodiments, a total of two or three or four different
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viruses. As desired, additional compositions can be administered sequentially to the
patient as well at different intervals.

[0015] Also disclosed are methods of generating an optimized oncolytic virus,
comprising: (1) culturing a first oncolytic virus on a first cell culture Iin the presence of a
synthetic ribonucleoside or ribonucleotide analog to create mutagenized viruses; and (ii)
culturing the mutagenized viruses on a second cell culture using serial dilution to identify
the optimized oncolytic virus.

[0016] The synthetic ribonucleoside or ribonucleotide analog may be ribavirin; 5-
azacytidine; S-fluorouracil; 5-Aza-5,6-dihydro-2-deoxycytidine; N4-aminocytidine; N1-
methyl-N4-aminocytidine; 3,N4-ethenocytidine; 3-methylcytidine; 5-hydroxycytidine; N4-
dimethylcytidine; 5-(2-hydroxyethyl)-cytidine; 5-chlorocytidine; 5-bromocytidine; N4-
methyl-N4-aminocytidine; S-aminocytidine; 5-nitrosocytidine; 5-(hydroxyalkyl)-cytidine; 5-
(thioalkyl)-cytidine and cytidine glycol; 5-hydroxyuridine; 3-hydroxyethyluridine; 3-
methyluridine; O2-methyluridine; O2-ethyluridine; 5-aminouridine; O4-methyluridine; O4-
ethyluridine; 0O4-isobutyluridine; 0O4-alkyluridine; 5-nitrosouridine; 5-(hydroxyalkyl)-
uridine;  S-(thioalkyl)-uridine;  1,N6-ethenoadenosine; 3-methyladenosine; NOG-
methyladenosine; 8-hydroxyguanosine; O6-methylguanosine; O6-ethylguanosine; O6-
Isopropylguanosine; 3,N2-ethenoguanosine; 06-alkylguanosine; 8-oxo-guanosine; 2,N3-
ethenoguanosine; or 8-aminoguanosine. The synthetic ribonucleoside or ribonucleotide
analog may be present with the first cell culture in an amount of about 0.1 mM to about
0.5 mM.

[0017] In specific embodiments, the second cell culture Is different from the first cell
culture, and contains cells that are the desired target of the optimized oncolytic virus. This
confirms that the optimized oncolytic virus replicates well within the cancerous cells that
are to be treated.

[0018] The mutagenized viruses can be collected from the first cell culture after a first
time period of about 12 hours to about 36 hours. The first oncolytic virus can be added
to the first cell culture in an amount of about 0.05 PFU/cell to about 0.50 PFU/cell.
[0019] In some embodiments, the first oncolytic virus Is also cultured on the first cell
culture In the presence of antibodies, such that the optimized oncolytic virus has

INncreased resistance to the antibodies.
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[0020] Steps (1) and (ii)) are generally repeated sequentially, with the optimized
oncolytic virus of step (i) being used as the first oncolytic virus of step (1) for each
subsequent repetition. Each additional repetition leads to additional mutagenized virus
derived from the fittest virus of the prior round, and additional selection for the desired
traits / properties. This can be used to both select for viruses that can replicate in a
particular target cell type, and to select for viruses that antibodies have less effect against.
[0021] Also disclosed are methods of generating a synthetic targeted virus from a
reference virus, comprising: for each codon In the reference virus that codes for a given
amino acid, identifying all codons that code for the given amino acid, and using In the
synthetic targeted virus the codon for the given amino acid that (1) has the most similar
frequency of usage in the ORFeome (entire sets of protein-encoding open reading frames
(ORFs) expressed) of the cancer cells in comparison with the reference virus ORFeome
and/or (1) would be the most optimal In terms of its frequency/decoding rate to ensure
that the local translation kinetics (given the repertoire of tRNAs present In non-
transformed and malignant cells) of the viral mMRNA In the cancer cells are similar to that
of the virus translation kinetics in the non-transformed cells. This takes advantage of the
fact that (1) the abundance of tRNAs Is usually directly proportional to the frequency of
codon usage In a given cell/tissue; (i) frequently used codons are, as a rule, translated
more rapidly than infrequently used ones (and vice versa) due to the more ready
avallability (during decoding of the message) of corresponding frequent cognate tRNAS;
() optimal/frequent and nonoptimal/rare codons differ among cell types/tissues
coordinated with changes In the population of tRNA genes; (Ilv) selected tRNAs that are
Induced and expressed at high levels In proliferating (1.e. cancerous) cells (these tRNAs
were shown to drive cancer cell progression) are typically repressed and expressed at
low levels In differentiating (1.e. non-cancerous) cells; (v) synonymous codon usage not
only affects mMRNA translation rates/protein expression levels, but also affects protein
folding In the cell; and (vi) codon usage profile serves as a kinetic guide for protein folding
IN the cell. The expression of protein from the synthetic virus Is thus attenuated in normal
cells, but enhanced In cancerous cells, while preserving correct folding of the viral

proteins In cancer cells, but simultaneously affecting the folding in normal cells.
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[0022] In particular embodiments, the reference virus IS an oncolytic virus. The
synthetic targeted virus may have less than 85% nucleotide identity with the reference
virus, or may have less than 80% nucleotide identity, or less than 75% nucleotide 1dentity.
Generally, however, the synthetic targeted virus has at least 67% nucleotide identity with
the reference virus.

[0023] Also disclosed are methods for identifying a patient's sensitivity to an oncolytic
virus, comprising: infecting tumor cells obtained from the patient with a first oncolytic virus;
culturing the infected tumor cells to determine a concentration of the first oncolytic virus;
and identifying the patient as being sensitive to the first oncolytic virus If the concentration
IS greater than a threshold value.

[0024] The threshold value may vary depending on the virus being tested. In some
particular embodiments, the threshold value may be 10° (1076) TCID50 per mL. The
tumor cells can be collected from the patient by either surgery or biopsy.

[0025] The tumor cells may be suspended In a cell culture medium prior to being
Infected. The Infected tumor cells can be cultured by Iincubation at a temperature from
about 35°C to about 45°C in an atmosphere containing about 5% CO2 for a period of
about 24 hours to about 72 hours.

[0026] The oncolytic virus may be a human enterovirus; a reovirus; a paramyxovirus;
a rhabdovirus; a togavirus; a Herpes virus; a parvovirus; an adenovirus; a poxvirus; or a
hybrid virus containing natural or modified components derived from other viruses within
or outside a particular virus family.

[0027] The cancerous tumors treated by these methods and compositions and viruses
disclosed herein can Include breast, cervical, colon, liver, lung, ovarian, pancreatic,
prostate, renal, adrenal, thyroid, brain, soft tissue, mesothelial, blood or bone cancer
tumors.

[0028] The oncolytic virus compositions described herein can be administered In
combination with chemotherapy, Immunotherapy, radiation therapy, drug therapy, or cell
transplantation.

[0029] These and other non-limiting characteristics of the disclosure are more

particularly disclosed below.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0030] The patent or application file contains at least one drawing executed In color.
Copies of this patent or patent application publication with color drawing(s) will be
provided by the Office upon request and payment of the necessary fee.
[0031] The following Is a brief description of the drawings, which are presented for the
purposes of lllustrating the exemplary embodiments disclosed herein and not for the
purposes of limiting the same.
[0032] FIGS. 1A-1C are a set of graphs indicating tumor growth over a period of 50
days in nude mice with xenografts of C33A, AsPC1, and MCF7 human carcinoma cell
lines.
[0033] FIG. 1A shows the tumor volume (mm?) over time (days) for C33A cell line
alone (squares) or infected with Coxsackievirus B3 (Cox-B3, circles) or Coxsackievirus
A7 (Cox-A7, triangles). The y-axis runs from 0 to 3000 in intervals of 500. The x-axis
runs from O to 50 in intervals of 10. At day 50, the C33A has the largest tumor volume,
followed by Cox-B3 and then Cox-A7.
[0034] FIG. 1B shows the tumor volume (mm?) over time (days) for AsPC1 cell line
alone (squares) or infected with Coxsackievirus B4 (Cox-B4, circles) or Coxsackievirus
A7 (Cox-A7, triangles). The y-axis runs from 0 to 3000 in intervals of 500. The x-axis
runs from O to 50 in intervals of 10. At day 50, the AsPC1 has the largest tumor volume,
followed by Cox-A7 and then Cox-B4.
[0035] FIG. 1C shows the tumor volume (mm?) over time (days) for MCF7 cell line
alone (squares) or infected with Coxsackievirus B6 (Cox-B3, circles) or Echovirus 1
(Echo1, triangles). The y-axis runs from O to 3000 In Intervals of 500. The x-axis runs
from O to 50 in intervals of 10. At day 50, the MCF 7 has the largest tumor volume, followed
by Cox-B6 and then Echo1.
[0036] FIG. 2 is a graph indicating the effects of various combinations of viruses
administered to mice injected subcutaneously with A431 epidermoid carcinoma cells. The
y-axis runs from 0 to 2500 in intervals of 500. The x-axis runs from 0 to 60 In intervals of
10. The lines are for A431 alone (diamonds); Coxsackievirus B6 (Cox-B6, red squares);
Coxsackievirus B5 (Cox-B5, green triangles); Echovirus 12 (Echo12, purple squares);

Cox-B5 + Cox-B6 (blue circles); and Echo12 + Cox-B5 + Cox-B6 (orange circles). For
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reference, the combination of all three viruses Echo12 + Cox-B5 + Cox-B6 (orange
circles) always had a lower tumor volume than the two viruses Cox-B5 + Cox-B6 (blue
circles). The Cox-B6 values (red squares) always had a higher tumor volume than the
Echo12 values (purple squares).

[0037] FIG. 3 is an example of a codon-usage profile, 1.e. a graph of codon frequency
(y-axis) vs. codon position (x-axis), for (a) a native poliovirus sequence (Strain 1 Sabin)
(diamonds); (b) the native Strain 1 Sabin sequence in human cancer cells (codon usage
iInferred from tRNA populations observed in cancer cells) (squares) and (¢) an optimized
sequence that encodes for the same polyprotein as the native sequence, but optimized
for the tRNA repertoire observed in cancer cells (triangles).

[0038] FIG. 4 is a larger codon-usage profile for (a) the native Strain 1 Sabin sequence
iIn human cells (diamonds); (b) the native Strain 1 Sabin sequence In cancer cells
(squares); and (c) the optimized sequence (triangles). In this graph, codons 150-210 are
shown.

[0039] FIG. 5 is a histogram comparing unmodified Poliovirus 1 against codon-
optimized Poliovirus strain 1 in Quiescent (RD cells) and exponentially-dividing 293T
cells. The synthetic/codon optimized virus showed preferential (~3-fold higher) replication
IN dividing cells. The y-axis Is the virus titer in percent of control cells, and runs from 0 to
350 In Increments of 50.

[0040] FIG. 6 is a set of four pictures showing viral potency against tumor cell growth
In vivo In preclinical experiments involving immunocompromised (nude) mouse xenograft
model. In the top row, cervical carcinoma (C33A) cells were injected subcutaneously, and
Echovirus 1 was Intravenously Injected. The left photo I1s before virus injection, and the
right photo is 16 days after virus injection. In the bottom row, colon carcinoma (RKO)
cells were injected subcutaneously, and Poliovirus Strain 1 was then intravenously
Injected. The left photo 1s before virus injection, and the right photo Is 18 days after virus
Injection.

[0041] FIG. 7 is a set of six tomography scans that illustrate viral potency in humans.
Sendai virus (STRS1) was applied to treat human granulosa cell ovarian carcinoma with
metastases to the peritoneum of a 42 year-old female. The left column Is a set of three

tomography scans prior to viral treatment. Weekly intradermal injections of Sendai virus
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led to a substantial reduction In the tumor volume over a period of 3 months. The right
column Is a set of three tomography scans after the viral treatments. Tumor mass
(INncluding various metastatic nodes) Is circled.

[0042] FIG. 8 is a set of two magnetic resonance imaging (MRI) pictures that illustrate
viral potency in humans. Several courses of Reovirus 1, intramuscularly 10° |IE; Echovirus
1, intramuscularly 10° IE; Coxsackievirus B5 intramuscularly 10° IE; Coxsackievirus A7
intramuscularly 10° |IE; and Poliovirus strain 1 intramuscularly 108 IE were applied to treat
diffuse astrocytoma of the brain with massive intraaxial tumor of the left frontal lobe of a
49 year-old female Patient. The patient underwent subtotal resection of the left frontal
lobe, but the tumor could not be completely resected, as tumor growth was too close to
the vital parts of the brain. Following one course of radiotherapy and several courses of
chemotherapy the tumor increased In size. Weekly intramuscular injections of oncolytic
viruses led to a substantial reduction in the tumor volume over a period of 4 months. The
left Image 1s an MRI post resection and before viral therapy. The right image i1s an MRI

after viral therapy was administered. The tumor nodes are circled.

DETAILED DESCRIPTION
[0043] The present disclosure may be understood more readily by reference to the
following detailed description of desired embodiments and the examples included therein.
In the following specification and the claims which follow, reference will be made to a
number of terms, which will be defined to have the following meanings.
[0044] Although specific terms are used In the following description for the sake of
clarity, these terms are Intended to refer only to the particular structure of the
embodiments selected for illustration In the drawings and are not intended to define or
limit the scope of the disclosure. In the drawings and the following description below, it
IS to be understood that like numeric designations refer to components of like function.
Furthermore, it should be understood that the drawings are not to scale.
[0045] The singular forms "a," "an,” and "the" Include plural referents unless the
context clearly dictates otherwise.
[0046] As used In the specification and In the claims, the term "comprising” may

INnclude the embodiments "consisting of' and ‘"consisting essentially of." The terms
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‘comprise(s),” “Include(s),” "having,” "has,” “can,” “contain(s),” and variants thereof, as
used herein, are Intended to be open-ended transitional phrases, terms, or words that
require the presence of the named Ingredients/steps and permit the presence of other
Ingredients/steps. However, such description should be construed as also describing
compositions or processes as ''consisting of' and "consisting essentially of" the
enumerated Ingredients/steps, which allows the presence of only the named
iIngredients/steps, along with any impurities that might result therefrom, and excludes
other iIngredients/steps.

[0047] Numerical values In the specification and claims of this application should be
understood to include numerical values which are the same when reduced to the same
number of significant figures and numerical values which differ from the stated value by
less than the experimental error of conventional measurement technique of the type
described In the present application to determine the value.

[0048] All ranges disclosed herein are Inclusive of the recited endpoint and
iIndependently combinable (for example, the range of “from 2 grams to 10 grams” Is
Inclusive of the endpoints, 2 grams and 10 grams, and all the intermediate values).
[0049] The term "about” can be used to include any numerical value that can vary
without changing the basic function of that value. When used with a range, "about” also
discloses the range defined by the absolute values of the two endpoints, e.g. "about 2 to
about 4" also discloses the range “from 2 to 4.” The term "about” may refer to plus or
minus 10% of the indicated number.

[0050] The term "tumor” Is used herein to refer both to a neoplasm that has formed a
lump and to a neoplasm that has not formed a lump. The tumor can be malignant, or
potentially malignant, or a secondary tumor.

[0051] The term "oncolytic virus® refers to a virus having oncolytic properties. The
oncolytic virus may be natural, improved by selection, or synthetically created.

[0052] The term "CV1” refers to a cell line derived from African green monkey kidneys
(ATCC No. CCL-70). CV-1 cells exhibit fibroblast-like morphology, grow adherently to
glass or plastic surfaces, and are negative for reverse transcriptase.

[0053] The term “TCID50" refers to 50% tissue culture infective dose, which iIs a

measure of infectious virus titer. This endpoint dilution assay quantifies the amount of

10
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virus required to kill 50% of infected hosts or to produce a cytopathic effect in 50% of
Inoculated tissue culture cells.

[0064] The term "PFU" refers to plagque forming units in a virus sample, which 1s one
measure of virus quantity. This assay Is based on a microbiological method conducted
in petri dishes or multi-well plates. Specifically, a confluent monolayer of host cells is
iInfected with the virus at varying dilutions and covered with a semi-solid medium to
prevent the virus infection from spreading indiscriminately. A viral plaque is formed when
a virus infects a cell within the fixed cell monolayer. The virus-infected cell will lyse and
spread the Infection to adjacent cells where the infection-to-lysis cycle Is repeated. The
Infected cell area will create a plague (an area of infection surrounded by uninfected cells),
which can be seen visually or with an optical microscope. Plaques are generally counted
manually and the results, In combination with the dilution factor used to prepare the plate,
are used to calculate the number of plague forming units per sample unit volume
(PFU/cell). The PFU/cell result represents the number of infective particles within the
sample and Is based on the assumption that each plague formed Is representative of one
Infective virus particle.

[0088] The term “identity” refers to the degree to which a pair of sequences (nucleotide
or amino acid) has the same residue in the same location. ldentity iIs measured by dividing
the number of identical residues by the total number of residues (gaps are not counted)
and multiplying the product by 100 to achieve a percentage. Thus, two copies of exactly
the same sequence have 100% identity, but sequences that have deletions, additions, or
substitutions may have a lower degree of identity. Those skilled in the art will recognize
that several computer programs, such as those that employ algorithms such as BLAST,
are avallable for determining sequence identity. BLAST nucleotide searches are
performed with the NBLAST program, and BLAST protein searches are performed with
the BLASTP program, using the default parameters of the respective programs.

[0056] The present disclosure relates to methods for increasing the probability of
positive therapeutic responses and overcoming the problem of development of antiviral
immunity through the combinational use of a panel of oncolytic viruses that differ In
antigenic structure and requirements for host-cell specific functions affecting virus entry

and replication.

11



CA 03037573 2015-03-19

WO 2018/064134 PCT/US2017/0536359

[0057] In this regard, oncolytic viruses act by a dual mechanism involving a direct
Killing of cancer cells during their lytic infection, and the induction of systemic anti-tumor
Immunity that provides a long-lasting therapeutic effect even after clearing of the virus.
Unlike chemotherapeutic drugs that have limited efficacy against the recurrent growth of
tumors due to the resistance of cancer Initiating stem cells, many oncolytic viruses are
capable of infecting and killing cancer stem cells, thereby limiting probability of relapses.
It IS also noted that while normal cells display viral interference (a cell infected with a first
virus display reduced susceptibility to being infected by a second virus), cancer cells may
not. Due to distinct mechanisms of action, oncolytic viruses could complement
conventional chemotherapy approaches, especially in cases of therapy-associated
resistance to other drugs.

[0058] Many different virus families could be used for the development of safe and
potent oncolytic virus strains. Among these are (1) naturally occurring animal viruses that
have no, or very limited, pathogenicity in humans, (2) attenuated strains of human viruses
commonly used as live preventative vaccines, (3) some isolates of human viruses with
no or limited pathogenicity, and (4) engineered or bio-selected viruses with increased
tumor selectivity due to (a) the elimination of certain viral functions required for the virus
to Kkill in normal cells, or (b) providing additional modalities for the entry into, or specific
Killing of, cancerous cells.

[0059] Clinical studies involving many different types of oncolytic viruses indicate that
oncolytic virus therapy In general i1s safe and Is associated with minimal adverse effects
that include mild flu-like symptoms lasting up to 24 hours, fever, chills, fatigue, headache,
nausea, hypotension, tachycardia, hypertension, anorexia, and myalgia. However, the
therapeutic efficiency of viral oncolysis 1s not predictable. In spite of some remarkable
therapeutic effects In some patients, randomized clinical trials commonly reveal rather
modest responses. Many issues still need to be addressed to make oncolytic viruses
competitive and efficient cures for cancer. Among these are the need for reliable oncolytic
virus delivery protocols, improved virus spreading within the tumor, overcoming
Immunosuppressive effects of the tumor microenvironment, management of dangers

related to rapid lysis of the tumor and hyperactive innate iIimmunity responses, etc.
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[0060] One major obstacle to oncolytic virus therapy is the remarkable individual
variability of cancer cells between patients, which requires personalized approaches.
Virtually every case of cancer is unigue In terms of the combinations of genetic defects.
Therapeutic responses to a particular oncolytic virus strain depend on a number of
personalized parameters of the patient’s tumor. In particular, cancer cells may be deficient
IN recognizing certain viruses, but retain the ablility to sense and contain other types of
viruses. Cancer cells may differ in certain features that relate to cell death, cell-cycle
control, and metabolic transformation, which are important to some viruses but are
obsolete for others. Moreover, as cancer cells are genetically unstable, certain host-cell
factors required for virus infection and replication may be lost during the course of
oncolytic virus therapy, thereby permitting relapses from the proliferation of the therapy-
resistant population of cancer cells. As a result, the response of an individual tumor to a
particular virus Is difficult to predict.

[0061] Another obstacle to oncolytic virus therapy Is the unavoidable development of
adaptive iImmunity against the therapeutic virus strain. Neutralizing antibodies destroy
the virus during its journey to sensitive cancer cells, thereby lowering the probability of
Infection. Higher doses of the virus could overcome this resistance at certain stages of
treatment, although the efficiency of infection decreases during the treatment course.
However, the use of a single oncolytic virus for an extended period is especially prone to
relapse due to either (1) selection of cells resistant to the virus or (2) the induction of
neutralizing antibodies. Although various combination therapy regimens with cytotoxic
and Immunosuppressive drugs are being tested to improve outcomes, there are still
challenges of the complex therapeutic trade-offs related to the conflicting mechanisms of
action.

[0062] The present disclosure relates to methods for using non-pathogenic human
viruses with oncolytic activity to treat cancer patients, and to panels of combinations of
different oncolytic viruses. The viruses used In combination together should differ in their
antigenic structures, so that they do not cross-neutralize with antibodies. The viruses can
display overlapping requirements for host-cell specific factors, but should not be identical.
These requirements may include but are not limited to, the host-cell surface receptor used

for virus-entry receptors, components of the antiviral innate iImmune system, etc. The
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viruses can be used sequentially or simultaneously, in combination of two, three or more
different viruses. Examples of oncolytic virus combinations for sequential and
simultaneous applications are disclosed.

[0063] Further disclosed are methods for making or selecting new oncolytic viruses
that are more optimized (relative to their natural counterparts) to increase the antigenic
and functional diversity of the therapeutic panels described herein for cancer treatment
using viruses. Such synthetic viruses can be made using codon optimization strategies
that induce propagation in the selected cancer cells/tissues (and cause enhanced killing
of them) while possessing attenuated expression in normal cells/tissues.

[0064] In one broad aspect, the present disclosure relates to methods for treating
cancer patients using oncolytic viruses. Generally, a first composition containing an
effective amount of at least a first oncolytic virus 1s administered to the patient for a first
time period. Then, a second composition containing an effective amount of at least a
second oncolytic virus 1s administered to the patient for a second time period. The
compositions are administered sequentially. In other words, the first composition Is
administered, then the administration of the first composition is stopped and the second
composition Is administered. Put another way, a panel of oncolytic virus compositions Is
administered sequentially to the patient, 1.e. one composition at a time but multiple
compositions In a row.

[0065] In this regard, different strains of virus serotypes rely on different host-cell
surface protein receptors to gain entry to cells. For example, Echovirus 1 relies on integrin
a2B1 (alpha-2-beta-1); Echoviruses 7, 12, and 21 on CD55 (also known as DAF)
Coxsackieviruses A7 and A9 on Integrin aV3, Integrin aVR6, ICAM-1, and CD55;
Coxsackieviruses B1-B6 on CXADR (also known as Coxsackievirus and adenovirus
receptor or CAR); Coxsackieviruses B1, B3 and B5 on CD55; Edmonston strains of
measles virus rely on CD46; canine distemper virus relies on nectin 4; and
orthoreoviruses rely on JAM-1. It Is contemplated that one method by which cancer cells
resist infection by viruses Is by changing the expression and cell-surface exposure of
receptors. There may be other factors that affect the efficiency of a virus to infect a
particular cell type. As a result, the use of sequential viruses should allow for more

extended courses of virotherapy, avoiding diminished efficiency of a single oncolytic virus
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