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ONCOLYTIC IMMUNOTHERAPY BY TUMOR MICRO-ENVIRONMENT
REMODELING

CROSS REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application No.
63/116,004, filed November 19, 2020, which application is incorporated herein by reference.

INCORPORATION BY REFERENCE
[0002] All publications, patents, and patent applications mentioned in this specification
are herein incorporated by reference to the same extent as if each individual publication, patent,
or patent application was specifically and individually indicated to be incorporated by
reference, and as if set forth in their entireties. In the event of a conflict between a term as used
herein and the term as defined in the incorporated reference, the definition of this disclosure

controls.

SEQUENCE LISTING
[0003] The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on November 15, 2021, is named 199249 703601 SL.txt and is 10,425

bytes in size.

BACKGROUND
[0004] In recent years, immunotherapy has emerged as an extremely efficient tool for
cancer treatments. In solid tumors, immunotherapies using monoclonal antibody-mediated
“checkpoint” blockade of Programmed Death 1 (PD-1) and cytotoxic T-lymphocyte-associated
antigen (CTLA-4) have resulted in durable responses, leading to US Food and Drug
Administration (FDA) approval in a variety of indications (La-Beck et al., 2015; Mahoney et
al., 2015). These single-agent immunotherapies do not result in long-term durable benefits in
most patients (Herbst et al., 2014; Weber et al., 2015) because of the more dominant
immunosuppressive mechanisms that limit T-cell function in the tumor microenvironment
(Sharma et al, 2015). There is a need for the development of an improved oncolytic
immunotherapy to remodel the tumor microenvironment to enhance T-cell function and

differentiation and is capable of enhanced systemic delivery of the virus.
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BRIEF SUMMARY
[0005] Provided herein are modified oncolytic vaccinia viruses comprising: an
exogenous nucleic acid encoding a fusion protein comprising a metabolic modulating protein
or a functional fragment or a variant thereof, wherein the exogenous nucleic acid encoding for
the fusion protein comprises: a polypeptide comprising IL-2 or a functional fragment thereof,
and a polypeptide comprising leptin or a functional fragment thereof; an exogenous nucleic
acid encoding a chemokine receptor or a functional fragment or a variant thereof, wherein the
chemokine receptor is CCR2; and a genetic modification in a viral genome of the modified
oncolytic virus. Further provided herein are modified oncolytic viruses, wherein the exogenous
nucleic acid encoding the chemokine receptor comprises a codon optimized variant of the
human coding sequence of the chemokine receptor. Further provided herein are modified
oncolytic viruses, wherein the fusion protein further comprises a cytokine or a functional
fragment or a variant thereof. Further provided herein are modified oncolytic viruses, wherein
the genetic modification in the viral backbone is a mutation or a deletion of the AS2R gene.
Further provided herein are modified oncolytic viruses, wherein the deletion is a complete or a
partial deletion. Further provided herein are modified oncolytic viruses, wherein the oncolytic
virus further comprises a deletion of thymidine kinase gene. Further provided herein are
modified oncolytic viruses, wherein the oncolytic virus comprises measles virus, poliovirus,
poxvirus, vaccinia virus, an adenovirus, an adeno-associated virus, herpes simplex virus,
vesicular stomatitis virus, reovirus, Newcastle disease virus, Seneca virus, lentivirus,
mengovirus, or a myxoma virus. Further provided herein are modified oncolytic viruses,
wherein the oncolytic virus is a pox virus. Further provided herein are modified oncolytic
viruses, wherein the pox virus is a vaccina virus. Further provided herein are modified
oncolytic viruses, wherein the vaccinia virus is a Western Reserve strain Vaccinia virus, a
Copenhagen strain, an [HD strain, a Wyeth strain, a NYCBOH strain, a Tian Tan strain, a Lister
strain, an Ankara strain, a USSR strain, an ACAM2000 strain, a Paris strain, a Bern strain, a
Temple of Heaven strain, a Dairen strain, an EM-63 strain, an Evans strain, a King strain, a
Patwadangar strain, or a Tash Kent strain. Further provided herein are modified oncolytic
viruses, wherein the exogenous nucleic acid encoding the fusion protein is cloned into the locus
of thymidine kinase gene. Further provided herein are modified oncolytic viruses, wherein the
exogenous nucleic acid encoding the chemokine receptor is cloned into a locus of an AS2R
gene. Further provided herein are modified oncolytic viruses, wherein the polypeptide
encoding IL-2 or a functional fragment thereof comprises a sequence that is at least about 75%,
about 80%, about 85%, about 90%, about 95%, about 96%, about 97%, about 98%, about 99%,
2



WO 2022/109133 PCT/US2021/059887

or about 100% homologous to the sequence of SEQ ID NO: 4. Further provided herein are
modified oncolytic viruses, wherein polypeptide encoding leptin or a functional fragment
thereof comprises a sequence that is at least about 75%, about 80%, about 85%, about 90%,
about 95%, about 96%, about 97%, about 98%, about 99%, or about 100% homologous to the
sequence of SEQ ID NO: 5. Further provided herein are modified oncolytic viruses, wherein
the exogenous nucleic acid encoding the fusion protein comprising a metabolic modulating
protein or a functional fragment or a variant thereof comprises a sequence that is at least about
75%, about 80%, about 85%, about 90%, about 95%, about 96%, about 97%, about 98%, about
99%, or about 100% homologous to the sequence of SEQ ID NO: 1. Further provided herein
are modified oncolytic viruses, wherein the exogenous nucleic acid encoding the chemokine
receptor or a functional fragment or a variant thereof comprises a sequence that is at least about
75%, about 80%, about 85%, about 90%, about 95%, about 96%, about 97%, about 98%, about
99%, or about 100% homologous to the sequence of SEQ ID NO: 2 or SEQ ID NO: 3. Further
provided herein are modified oncolytic viruses, further comprising an exogenous nucleic acid
encoding a hyaluronidase. Further provided herein are modified oncolytic viruses, wherein the
hyaluronidase is PH-20 or HysA.

[0006] Provided herein are modified oncolytic viruses comprising an exogenous
nucleic acid encoding a leptin-interleukin (IL)-2 fusion protein; an exogenous nucleic acid
encoding CCR2, and a deletion of A52R gene. Further provided herein are modified oncolytic
viruses, wherein the oncolytic virus comprises measles virus, poliovirus, poxvirus, vaccinia
virus, an adenovirus, an adeno-associated virus, herpes simplex virus, vesicular stomatitis
virus, reovirus, Newcastle disease virus, Seneca virus, lentivirus, mengovirus, or a myxoma
virus. Further provided herein are modified oncolytic viruses, wherein the oncolytic virus is a
pox virus. Further provided herein are modified oncolytic viruses, wherein the pox virus is a
vaccina virus. Further provided herein are modified oncolytic viruses, wherein the vaccinia
virus is a Western Reserve strain Vaccinia virus, a Copenhagen strain, an IHD strain, a Wyeth
strain, a NYCBOH strain, a Tian Tan strain, a Lister strain, an Ankara strain, a USSR strain,
an ACAM2000 strain, a Paris strain, a Bern strain, a Temple of Heaven strain, a Dairen strain,
an EM-63 strain, an Evans strain, a King strain, a Patwadangar strain, or a Tash Kent strain.
Further provided herein are modified oncolytic viruses, wherein the oncolytic virus further
comprises a deletion of a thymidine kinase gene. Further provided herein are modified
oncolytic viruses, wherein the exogenous nucleic acid encoding the leptin-interleukin (IL)-2
fusion protein is cloned into the locus of the thymidine kinase gene. Further provided herein
are modified oncolytic viruses, wherein the nucleic acid encoding CCR2 is cloned into a locus
of A52R gene. Provided herein are modified oncolytic viruses of any of the previous
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disclosures, further comprising a mutation or a deletion of a viral gene selected from the group
consisting of: A1, A2, VHI, A33,17, K7R, B8R, C12L, B15R, B14R, K1L, N1L, M2L, A49R,
A46R, E3L, C4, C16, and a functional domain or a fragment or a variant thereof, or any
combinations thereof. Further provided herein are modified oncolytic viruses, further
comprising an exogenous nucleic acid coding for at least one of: HMGBI1, PIAS3, LIGHT,
fractalkine, ITAC, IL15, IL15Ralpha, CCLS5, a functional domain or a fragment or a variant
thereof, or any combinations thereof.

[0007] Provided herein are pharmaceutical compositions comprising a modified
oncolytic virus according to any of the previous disclosures. Further provided herein are
pharmaceutical compositions, further comprising at least one of: a solubilizing agent, an
excipient, or a pharmaceutically acceptable carrier. Further provided herein are pharmaceutical
compositions, wherein the excipient comprises one or more of a buffering agent, a stabilizer,
an antioxidant, a binder, a diluent, a dispersing agent, a rate controlling agent, a lubricant, a
glidant, a disintegrant, a plasticizer, a preservative, or any combinations thereof. Further
provided herein are pharmaceutical compositions, wherein the excipient comprises di-sodium
hydrogen phosphate dihydrate, sodium dihydrogen phosphate dihydrate, sodium chloride,
myo-inositol, sorbitol, or any combinations thereof. Further provided herein are
pharmaceutical compositions, that do not comprise a preservative. Further provided herein are
pharmaceutical compositions, further comprising one or more of a preservative, a diluent, and
a carrier. Further provided herein are pharmaceutical compositions, further comprising an
additional active ingredient or a salt thereof. Further provided herein are pharmaceutical
compositions, wherein the solubilizing agent is sterile water. Further provided herein are
pharmaceutical compositions, further comprising an additional active ingredient, wherein the
additional active ingredient is an anti-cancer agent or a further oncolytic virus.

[0008] Provided herein are kits comprising the modified oncolytic virus of any of the
previous disclosures. Provided herein are kits comprising the pharmaceutical composition of
any of the previous disclosures. Further provided herein are kits further comprising at least one
of: an anti-cancer agent or an additional oncolytic virus.

[0009] Provided herein are methods of enhancing therapeutic effect of a modified
oncolytic virus upon systemic delivery of the modified oncolytic virus to a subject, relative to
a systemic administration of a reference virus comprising a TK mutation but not the exogenous
nucleic acid encoding the fusion protein or the exogenous nucleic acid encoding the chemokine
receptor, comprising a systemic administration of the modified oncolytic virus according to
any of the previous disclosures, or the pharmaceutical composition as defined in any of the

previous disclosures.
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[0010] Provided herein are methods of treatment comprising administering to a subject
the oncolytic virus according to any of the previous disclosures, or the pharmaceutical
composition of any of the previous disclosures, wherein the administering results in an
enhanced systemic immune response in the subject, relative to administering to the subject a
reference oncolytic virus that comprises a deletion of a thymine kinase gene (TK-), does not
comprise the exogenous nucleic acid encoding a fusion protein comprising a metabolic
modulating protein or functional fragment or variant thereof or the exogenous nucleic acid
encoding the chemokine receptor or functional fragment or variant thereof. Further provided
herein are methods, wherein the administering is a systemic administration. Further provided
herein are methods, wherein the systemic administration comprises at least one of:
intratumoral, intravenous, parenteral, intradermal, intramuscular, transdermal, rectal,
intraurethral, intravaginal, intranasal, intrathecal, intraperitoneal. intradental, subcutaneous,
percutaneous, intratracheal, intraarterial, intravesical, inhalation, oral or any combinations
thereof. Further provided herein are methods, wherein the administration is intratumoral.
Further provided herein are methods, wherein the administration is intravenous. Further
provided herein are methods, wherein the subject has a cancer.

[0011] Provided herein are methods of treating a cancer in a subject, said method
comprising administering to said subject a therapeutically effective amount of the modified
oncolytic virus of any of the previous disclosures. Further provided herein are methods,
wherein the cancer is at least one of: a melanoma, a hepatocellular carcinoma, a breast cancer,
a lung cancer, a Non-small lung cancer, a peritoneal cancer, a prostate cancer, a bladder cancer,
an ovarian cancer, a leukemia, a lymphoma, a renal cell carcinoma, a pancreatic cancer, an
epithelial carcinoma, a gastric/ GE junction adenocarcinoma, a cervical cancer, a colon
carcinoma, a colorectal cancer, a duodenal cancer, a pancreatic adenocarcinoma, an adenoid
cystic, a sarcoma, a mesothelioma, a glioblastoma multiforme, a astrocytoma, a multiple
myeloma, a prostate carcinoma, a hepatocellular carcinoma, a cholangiocarcinoma, a
pancreatic adenocarcinoma, a head and neck squamous cell carcinoma, a cervical squamous-
cell carcinoma, an osteosarcoma, an epithelial ovarian carcinoma, an acute lymphoblastic
lymphoma, a myeloproliferative neoplasm, or any combinations thereof. Further provided
herein are methods, wherein the modified oncolytic virus, or the pharmaceutical composition
is administered at a dosage that comprises about 10° PFU/mL to about 10'° PFU/mL of the
oncolytic virus. Further provided herein are methods, wherein the modified oncolytic virus, or
the pharmaceutical composition is administered at a dosage that comprises about 5 x 10’
PFU/mL of the oncolytic virus. Further provided herein are methods, wherein the modified
oncolytic virus, or the pharmaceutical composition is administered, independently, in an initial
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dose for a first period of time, an intermediate dose for a second period of time, and a high dose
for a third period of time. Further provided herein are methods, comprising administration of
the initial, the intermediate, and the high dose, independently, wherein the initial dose is lower
than the intermediate dose and the intermediate dose is lower than the high dose. Further
provided herein are methods Further provided herein are, wherein the first, second, and third
periods of time are each from about 1 week to about 3 weeks. Further provided herein are
methods, wherein the modified oncolytic virus, and the pharmaceutical composition
independently comprises a liquid dosage form that is administered at a volume of about 1 mL
to about 5 mL, about 5 mL to 10 mL, about 15 mL to about 20 mL, about 25 mL to about 30
mL, about 30 mL to about 50 mL, about 50 mL to about 100 mL, about 100 mL to 150 mL,
about 150 mL to about 200 mL, about 200 mL to about 250 mL, about 250 mL to about 300
mL, about 300 mL to about 350 mL, about 350 mL to about 400 mL, about 400 mL to about
450 mL, about 450 mL to 500 mL, about 500 mL to 750 mL, or about 750 mL to 1000 mL.
Further provided herein are methods, wherein the modified oncolytic virus or the
pharmaceutical composition is administered in a liquid dosage form, a solid dosage form, an
inhalable dosage form, an intranasal dosage form, a liposomal formulation, a dosage form
comprising nanoparticles, a dosage form comprising microparticles, a polymeric dosage form,
or any combinations thereof. Further provided herein are methods, wherein the modified
oncolytic virus or the pharmaceutical composition is administered for a duration of about 1
week, about 2 weeks, about 3 weeks, about 4 weeks, about 6 weeks, about 7 weeks, about 8
weeks, about 9 weeks, about 10, weeks, or about 12 weeks. Further provided herein are
methods, wherein the modified oncolytic virus, or the pharmaceutical composition is
administered once daily, twice daily, once every week, once every two weeks, or once every
three weeks. Further provided herein are methods, wherein the modified oncolytic virus, or the
pharmaceutical composition is administered intravenously, intraperitoneally, or by an
intratumoral injection. Further provided herein are methods, wherein the modified oncolytic
virus or the pharmaceutical composition is administered as a bolus injection or a slow infusion.
Further provided herein are methods, wherein the administration of the modified oncolytic
virus or the pharmaceutical composition results in a first peak viral load after about 1 hour to
about 3 days and a second peak viral load after about 3 days to about 10 days from
administration of a first dose. Further provided herein are methods, comprising administration
of a further therapy, wherein the further therapy is administered for a duration of about 1 week,
about 2 weeks, about 3 weeks, about 4 weeks, about 6 weeks, about 7 weeks, about 8 weeks,
about 9 weeks, about 10, weeks, or about 12 weeks. Further provided herein are methods,
wherein the further therapy is administered once daily, once every week, once every two weeks,
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or once every three weeks. Further provided herein are methods, wherein the further therapy is
administered in a liquid dosage form, a solid dosage form, an inhalable dosage form, an
intranasal dosage form, a liposomal formulation, a dosage form comprising nanoparticles, a
dosage form comprising microparticles, a polymeric dosage form, or any combinations thereof.
Further provided herein are methods, wherein the further therapy is administered for a duration
of about 1 week, about 2 week, about 3 weeks, about 4 weeks, about 6 weeks, about 7 weeks,
about 8 weeks, about 9 weeks, about 10, weeks, or about 12 weeks. Further provided herein
are methods, wherein the further therapy is administered once daily, once every week, once
every two weeks, or once every three weeks. Further provided herein are methods, wherein the
further therapy is administered in a liquid dosage form, a solid dosage form, an inhalable
dosage form, an intranasal dosage form, a liposomal formulation, a dosage form comprising
nanoparticles, a dosage form comprising microparticles, a polymeric dosage form, or any
combinations thereof. Further provided herein are methods, wherein the further therapy is
administered orally, intravenously, by an intratumoral injection, or by radiation. Further
provided herein are methods, wherein the subject is human. Further provided herein are
methods, wherein prior to administration of the modified oncolytic virus or the pharmaceutical
composition the subject has been diagnosed with a cancer. Further provided herein are
methods, wherein prior to administration of the modified oncolytic virus or the pharmaceutical
composition or the further therapy the subject has been diagnosed with a cancer. Further
provided herein are methods, wherein the further therapy comprises chemotherapy, radiation,
oncolytic viral therapy with an additional virus, treatment with immunomodulatory proteins, a
CAR T cellular therapy, an anti-cancer agent, or any combinations thereof. Further provided
herein are methods, wherein the further therapy comprises administration of an
immunomodulatory agent comprising anti-CD33 antibody and variable region thereof, an anti-
CD11b antibody and variable region thereof, a COX2 inhibitor, a cytokine, a chemokine, an
anti-CTLA4 antibody or an antigen binding fragment thereof, an anti-PD-1 antibody or an
antigen binding fragment thereof, an anti-PD-L1 antibody or an antigen binding fragment
thereof, or a TLR agonist. Further provided herein are methods, comprising administration of
the further therapy, wherein the further therapy comprises administration of the anti-cancer

agent, wherein the anti-cancer agent is a chemotherapeutic agent.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The novel features of the disclosure are set forth with particularity in the

appended claims. A better understanding of the features and advantages of this disclosure will
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be obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which the principles of this disclosure are utilized, and the accompanying
drawings of which.

[0013] FIG. 1 shows a diagrammatic representation of the genes deleted from the
vaccinia virus backbone and exogenous genes substituted at the respective loci to engineer the
exemplary modified vaccinia virus (abbreviated as “MMC”) of the present disclosure.

[0014] FIG. 2A - 2D show an exemplary modified vaccinia virus (abbreviated as
“MMC”) modified to delete A52R and TK genes and inserting CCR2 and LEPTIN-IL-2
shows enhanced therapeutic effect and systemic delivery in LLC (Lewis Lung Carcinoma)
tumor models.

[0015] FIG. 3A - 3B show exemplary modified vaccinia virus (abbreviated as
“MMC”) shows enhanced therapeutic effect and systemic delivery in pre-immunized mice in
LLC tumor models.

[0016] FIG. 4 shows exemplary modified vaccinia virus (abbreviated as “MMC”)
shows enhanced therapeutic effect in RENCA tumor models.

[0017] FIG. 5A — 5B show a biodistribution study of an exemplary modified vaccinia
virus (abbreviated as “NT428N") which shows a higher tumor selectivity a low accumulation

in normal tissues.

DETAILED DESCRIPTION
Definitions
[0018] The terminology used herein is for the purpose of describing particular cases

only and is not intended to be limiting. As used herein, the singular forms “a”, “an” and “the”

can include the plural forms as well, unless the context clearly indicates otherwise.

2« ERIN134 LR Y34

Furthermore, to the extent that the terms “contains,” “containing,” “including”, “includes,”
“having,” “has”, “with”, or variants thereof are used in either the detailed description and/or
the claims, such terms are intended to be inclusive in a manner similar to the term
“comprising.”

[0019] The term “about” or “approximately” can mean within an acceptable error
range for the particular value as determined by one of ordinary skill in the art, which will
depend in part on how the value is measured or determined, e.g., the limitations of the
measurement system. For example, “about” can mean within 1 or more than 1 standard

deviation, per the practice in the given value. Where particular values are described in the

application and claims, unless otherwise stated the term “about” should be assumed to mean
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an acceptable error range for the particular value, such as £10% of the value modified by the
term “about”.

[0020] The terms “individual,” “patient,” or “subject” can be used interchangeably.
None of the terms require or are limited to situations characterized by the supervision (e.g.,
constant or intermittent) of a health care worker (e.g., a doctor, a registered nurse, a nurse
practitioner, a physician’s assistant, an orderly, or a hospice worker). In some embodiments,
patients, subjects, or individuals can be under the supervision of a health care worker.

[0021] The terms “heterologous nucleic acid sequence,” or “exogenous nucleic
acid sequence,” as used herein, in relation to a specific virus can refer to a nucleic acid
sequence that originates from a source other than the specified virus. A "heterologous"
gene, nucleic acid, antigen, or protein is understood to be a nucleic acid or amino acid
sequence which is not present in the wild-type poxviral genome (e.g., MVA or MVA-BN). A
"heterologous gene,” when present in a vaccinia virus such as MVA or MVA-BN, can be
incorporated into the poxviral genome in such a way that, following administration of the
modified vaccinia virus to a host cell, it is expressed as the corresponding heterologous gene
product, such as the "heterologous antigen" and/or "heterologous protein." Expression can be
achieved by operatively linking the heterologous gene to regulatory elements that allow
expression in the vaccinia virus-infected cell. The regulatory elements include a natural or
synthetic vaccinia virus promoter.

2

[0022] As used herein, the terms “expressed,” “express,” “expression,” and the like
which can be used interchangeably may denote the transcription alone as well as both the
transcription and translation of a sequence of interest. Thus, in referring to expression of a
nucleotide sequence present in the form of DNA, the product resulting from this expression
may be either RNA (resulting from transcription alone of the sequence to be expressed) or a
polypeptide sequence (resulting from both transcription and translation of the sequence to be
expressed). The term “expression” may also include the possibility that both RNA and
polypeptide product result from said expression and remain together in the same shared
milieu. For example, this is the case when the mRNA persists following its translation into
polypeptide product. As used herein, the term "expression cassette" can be defined as a part
of a vector or recombinant virus typically used for cloning and/or transformation. An
expression cassette can be comprised of a) one or more coding sequences (e.g., open reading
frame (ORF), genes, nucleic acids encoding a protein and/or antigen), and b) sequences
controlling expression of one or more coding sequences (e.g., a promoter). Additionally, an

expression cassette may comprise a 3' untranslated region (e.g., a transcriptional terminator
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such as a vaccinia transcriptional terminator). “Expression cassette” can be used
interchangeably with the term “transcriptional unit.”

[0023] The term “mutation,” as used herein, can refer to a deletion, an insertion of a
heterologous nucleic acid, an inversion or a substitution, including an open reading frame
ablating mutations as commonly understood in the art.

[0024] The term “gene,” as used herein, can refer to a segment of nucleic acid that
encodes an individual protein or RNA (also referred to as a “coding sequence” or “coding
region”), optionally together with associated regulatory regions such as promoters, operators,
terminators, and the like, which may be located upstream or downstream of the coding
sequence.

[0025] The terms “mutant virus” and “modified virus,” as used interchangeably
herein, can refer to a virus comprising one or more mutations in its genome, including but
not limited to deletions, insertions of heterologous nucleic acids, inversions, substitutions,
or combinations thereof.

[0026] The term “naturally-occurring,” as used herein with reference to a virus,
can indicate that the virus can be found in nature, i.e., it can be isolated from a source in
nature and has not been intentionally modified.

[0027] The terms “inhibiting,” “reducing” or “prevention,” or any variation of
these terms, referred to herein, can include any measurable decrease or complete
inhibition to achieve a desired result.

[0028] A “promoter,” as used herein, can be a control sequence that is a region of
a nucleic acid sequence at which initiation and rate of transcription are controlled. In
certain embodiments, a promoter may contain genetic elements at which regulatory
proteins and molecules may bind such as RNA polymerase and other transcription factors.
The terms “operatively positioned,” “operatively linked,” “operably linked,” “under
control” and “under transcriptional control” can mean that a promoter is in a correct
functional location and/or orientation in relation to a nucleic acid sequence to control
transcriptional initiation and/or expression of that sequence. In certain embodiments, a
promoter may or may not be used in conjunction with an “enhancer,” which refers to a cis-
acting regulatory sequence involved in the transcriptional activation of a nucleic acid
sequence.

[0029] As used herein, the term “promoter” can denote a regulatory region of a
nucleic acid, usually DNA, located upstream of the sequence of a nucleic acid to be
expressed, which contains specific DNA sequence elements, that are recognized and bound
e.g., by protein transcription factors and polymerases responsible for synthesizing the RNA
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from the coding region of the gene being promoted. As promoters are typically immediately
adjacent to the gene in question, positions in the promoter are designated relative to the
transcriptional start site, where transcription of DNA begins for a particular gene (i.e.,
positions upstream are negative numbers counting back from -1, for example, -100 is a
position 100 base pairs upstream). Thus, the promoter sequence may comprise nucleotides
until position -1. However, nucleotides from position +1 are not part of the promoter, i.e., in
this regard it has to be noted that the translation initiation codon (ATG or AUG) is not part of
the promoter. A "natural vaccinia virus promoter" can be an endogenous promoter of the
vaccinia virus genome. A "synthetic vaccinia virus promoter" can mean a recombinant
engineered promoter active to direct transcription of the nucleic acid to be expressed by a
vaccinia virus (e.g., a modified vaccinia virus in CEF cells).

[0030] As used herein, “operably linked” means that the components described are in
relationship permitting them to function in their intended manner e.g., a promoter to
transcribe the nucleic acid to be expressed. A first nucleic acid sequence is operably linked to
a second nucleic acid sequence when the first nucleic acid sequence is placed in a functional
relationship with the second nucleic acid sequence. For example, a promoter is operably
linked to a coding sequence if the promoter is placed in a position where it can direct
transcription of the coding sequence. Generally, operably linked DNA sequences are
contiguous and, where necessary to join two protein-coding regions, in the same reading
frame.

2

[0031] The term “nucleic acid,” “nucleotide sequence,” “nucleic acid sequence” and
“polynucleotide” can be used interchangeably and refers to RNA or DNA that is linear or
branched, single or double stranded, or a hybrid thereof. The term also encompasses
RNA/DNA hybrids. The following are non-limiting examples of polynucleotides: a gene or
gene fragment, exons, introns, mMRNA, tRNA, rRNA, ribozymes, cDNA, recombinant
polynucleotides, branched polynucleotides, plasmids, vectors, isolated DNA of any sequence,
isolated RNA of any sequence, nucleic acid probes and primers. A polynucleotide may
comprise modified nucleotides, such as methylated nucleotides and nucleotide analogs,
uracil, other sugars and linking groups such as fluororibose and thiolate, and nucleotide
branches. The sequence of nucleotides may be further modified after polymerization, such as
by conjugation, with a labeling component. Other types of modifications included in this
definition are caps, substitution of one or more of the naturally occurring nucleotides with an
analog, and introduction of means for attaching the polynucleotide to proteins, metal ions,
labeling components, other polynucleotides, or solid support. The polynucleotides can be
obtained by chemical synthesis or derived from a microorganism.
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[0032] The term “open reading frame” (ORF) can refer to a sequence of nucleotides,
that can be translated into amino acids. Typically, such an ORF contains a start codon, a
subsequent region usually having a length which is a multiple of 3 nucleotides, but does not
contain a stop codon (TAG, TAA, TGA, UAG, UAA, or UGA) in the given reading frame.
Typically, ORFs occur naturally or are constructed artificially, such as, by gene-technological
means. An ORF can code for a protein where the amino acids into which it can be translated
form a peptide-linked chain.

[0033] As used herein, the term “essential ORF” can mean an ORF which when being
experimentally partially or fully deleted e.g., in a modified vaccinia virus, the modified
vaccinia virus replication, growth or both replication and growth are reduced (e.g., by at least
15 fold in the mutant compared to a modified vaccinia virus without the deletion). Methods to
determine MV A virus replication and growth of the virus are well known to the skilled
person. For example, methods are described in Vaccinia Virus and Poxvirology, Methods and
Protocols, Volume 269 Ed. By Stuart N. Isaacs (Humana Press (2004), see e.g., Chapter 8,
Growing Poxviruses and determining Virus Titer, Kotwal and Abrahams). Viral growth rates
of MVA may be determined by GFP fluorescence as, for example, described in Orubu et al.
(2012) PLOS One 7:¢40167 using e.g., CEF cells or the method as described in Hornemann
et al. (2003), Journal of Virology 77:8394-8407.

[0034] Codon optimization is a technique that may be used to maximize the protein
expression in an organism by increasing the translational efficiency of the gene of interest.
Different organisms often show particular preferences for one of the several codons that
encode the same amino acid due to mutational biases and natural selection. For example, in
fast growing microorganisms such as E. coli, optimal codons reflect the composition of their
respective genomic tRNA pool. Therefore, the codons of low frequency of an amino acid
may be replaced with codons for the same amino acid but of high frequency in the fast
growing microorganism. Accordingly, the expression of the optimized DNA sequence is
improved in the fast growing microorganism. As provided herein, polynucleotide sequences
may be codon optimized for optimal polypeptide expression in a particular organism, such as
a human. The polynucleotides of the disclosure can include sequences that are degenerate as
a result of the genetic code, e.g., optimized codon usage or codon usage adaptation for
expression in a specific host in particular for mammalian expression. As used herein,
“optimized” or “optimization” can refer to a polynucleotide that is genetically engineered to
increase its expression in a given species. To provide optimized polynucleotides coding for a
protein expressed by a modified vaccinia virus of this disclosure, for instance, a chemokine
receptor protein, the DNA sequence of the chemokine receptor protein gene can be modified
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to 1) comprise codons preferred by highly expressed genes in a particular species; 2)
comprise an A+T or G+C content in nucleotide base composition to that substantially found
in said species; 3) form an initiation sequence of said species; or 4) eliminate sequences that
cause destabilization, inappropriate polyadenylation, degradation and termination of RNA, or
that form secondary structure hairpins or RNA splice sites. Increased expression of the
chemokine receptor protein in said species can be achieved by utilizing the distribution
frequency of codon usage in eukaryotes and prokaryotes, or in a particular species. The term
“frequency of preferred codon usage” can refer to the preference exhibited by a specific host
cell in usage of nucleotide codons to specify a given amino acid. There are 20 natural amino
acids, most of which are specified by more than one codon. Therefore, all degenerate
nucleotide sequences can be included in the disclosure as long as the amino acid sequence of
the protein (e.g., a chemokine receptor protein) encoded by the nucleotide sequence is
functionally unchanged.

[0035] The term “recombinant” when applied to a nucleic acid, vector, e.g., a
modified vaccinia virus vector and the like can refer to a nucleic acid, vector, or made by an
artificial combination of two or more otherwise heterologous segments of nucleic acid
sequence, or to a nucleic acid, vector or comprising such an artificial combination of two or
more otherwise heterologous segments of nucleic acid sequence. The artificial combination is
most commonly accomplished by artificial manipulation of isolated segments of nucleic
acids, using well-established genetic engineering techniques. Generally, a “recombinant”
modified vaccinia virus as described herein can refer to modified vaccinia viruses that can be
produced by standard genetic engineering methods. For instance, in some aspects, the
modified vaccinia viruses of the present disclosure can thus be genetically engineered or
genetically modified vaccinia viruses. The term “recombinant MVA” can thus include
modified vaccinia viruses (e.g., MVA-BN) which have stably integrated recombinant nucleic
acid, e.g., in the form of a transcriptional unit, in their genome. A transcriptional unit may
include a promoter, enhancer, terminator and/or silencer. Recombinant modified vaccinia
viruses of this disclosure may express heterologous antigenic determinants, polypeptides, or
proteins (antigens) upon induction of the regulatory elements.

[0036] As used herein, “transcriptional terminator” can be comprised of a DNA
sequences involved in specific termination of an RNA transcript by an RNA polymerase.
Vaccinia virus including MVA RNA polymerase terminates transcription downstream of an
RNA signal (UUUUUNU, TTTTTNT or TSNT on the DNA level) in the nascent RNA (Earl
et al. (1990), J. Virol. 64:2448-2451 ). “Transcriptional terminator” can sometimes be
referred to as a “termination signal” in the literature and thus can be used interchangeably.
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[0037] The terms “protein,” “peptide,” “polypeptide” and “polypeptide fragment” can
be used interchangeably herein and can refer to polymers of amino acid residues of any
length. The polymer can be linear or branched, it may comprise modified amino acids or
amino acid analogs, and it may be interrupted by chemical moieties other than amino acids.
The terms also encompass an amino acid polymer that has been modified naturally or by
intervention; for example, disulfide bond formation, glycosylation, lipidation, acetylation,
phosphorylation, or any other manipulation or modification, such as conjugation with a
labeling or bioactive component.
[0038] The term “homology,” as used herein, may be to calculations of “homology”
or “percent homology” between two or more nucleotide or amino acid sequences that can be
determined by aligning the sequences for optimal comparison purposes (e.g., gaps can be
introduced in the sequence of a first sequence). The nucleotides at corresponding positions
may then be compared, and the percent identity between the two sequences may be a function
of the number of identical positions shared by the sequences (i.e., % homology = # of
identical positions/total # of positions x 100). For example, a position in the first sequence
may be occupied by the same nucleotide as the corresponding position in the second
sequence, then the molecules are identical at that position. The percent homology between
the two sequences may be a function of the number of identical positions shared by the
sequences, taking into account the number of gaps, and the length of each gap, which need to
be introduced for optimal alignment of the two sequences. In some embodiments, the length
of a sequence aligned for comparison purposes may be at least about: 30%, 40%, 50%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 95%, of
the length of the reference sequence. A BLAST® search may determine homology between
two sequences. The homology can be between the entire lengths of two sequences or between
fractions of the entire lengths of two sequences. The two sequences can be genes, nucleotides
sequences, protein sequences, peptide sequences, amino acid sequences, or fragments thereof.
The actual comparison of the two sequences can be accomplished by well-known methods,
for example, using a mathematical algorithm. A non-limiting example of such a mathematical
algorithm may be described in Karlin, S. and Altschul, S, Proc. Natl. Acad. Sci. USA, 90-
5873-5877 (1993). Such an algorithm may be incorporated into the NBLAST and XBLAST
programs (version 2.0), as described in Altschul, S. et al., Nucleic Acids Res., 25:3389-3402
(1997). When utilizing BLAST and Gapped BLAST programs, any relevant parameters of
the respective programs (e.g., NBLAST) can be used. For example, parameters for sequence
comparison can be set at score= 100, word length= 12, or can be varied (e.g. , W=5 or
W=20). Other examples include the algorithm of Myers and Miller, CABIOS (1989),
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ADVANCE, ADAM, BLAT, and FASTA. In another embodiment, the percent identity
between two amino acid sequences can be accomplished using, for example, the GAP
program in the GCG software package (Accelrys, Cambridge, UK).

[0039] The term “subject” can refer to an animal, including, but not limited to, a
primate (e.g., human), cow, sheep, goat, horse, dog, cat, rabbit, rat, or mouse. The terms
“subject” and “patient” are used interchangeably herein in reference, for example, to a
mammalian subject, such as a human subject.

[0040] An “animal,” as used herein can include mammals, birds, and the like. Animal
or host can include mammals and humans. The animal may be selected from the group
consisting of equine (e.g., horse), canine (e.g., dogs, wolves, foxes, coyotes, jackals), feline
(e.g., lions, tigers, domestic cats, wild cats, other big cats, and other felines including
cheetahs and lynx), ovine (e.g., sheep), bovine (e.g., cattle), porcine (e.g., pig), caprine (e.g.,
goat), avian (e.g., chicken, duck, goose, turkey, quail, pheasant, parrot, finches, hawk, crow,
ostrich, emu and cassowary), primate (e.g., prosimian, tarsier, monkey, gibbon, ape), and
fish.

[0041] The terms “treat,” “treating,” and “treatment” can be meant to include
alleviating or abrogating a disorder, disease, or condition; or one or more of the symptoms
associated with the disorder, disease, or condition; or alleviating or eradicating the cause(s) of
the disorder, disease, or condition itself. Desirable effects of treatment can include, but are
not limited to, preventing occurrence or recurrence of disease, alleviation of symptoms,
diminishing any direct or indirect pathological consequences of the disease, preventing
metastasis, decreasing the rate of disease progression, amelioration or palliation of the
disease state and remission or improved prognosis.

[0042] The term “therapeutically effective amount” can refer to the amount of a
compound that, when administered, can be sufficient to prevent development of, or alleviate
to some extent, one or more of the symptoms of the disorder, disease, or condition being
treated. The term “therapeutically effective amount” can also refer to the amount of a
compound that is sufficient to elicit the biological or medical response of a cell, tissue,
system, animal, or human that is being sought by a researcher, veterinarian, medical doctor,
or clinician.

2

[0043] The term “pharmaceutically acceptable carrier,” “pharmaceutically acceptable

2«

excipient,” “physiologically acceptable carrier,” or “physiologically acceptable excipient”
can refer to a pharmaceutically-acceptable material, composition, or vehicle, such as a liquid
or solid filler, diluent, excipient, solvent, or encapsulating material. A component can be
“pharmaceutically acceptable” in the sense of being compatible with the other ingredients of
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a pharmaceutical formulation. It can also be suitable for use in contact with the tissue or
organ of humans and animals without excessive toxicity, irritation, allergic response,
immunogenicity, or other problems or complications, commensurate with a reasonable
benefit/risk ratio. See, Remington: The Science and Practice of Pharmacy, 21st Edition;
Lippincott Williams & Wilkins: Philadelphia, PA, 2005; Handbook of Pharmaceutical
Excipients, 5Sth Edition; Rowe et al., Eds., The Pharmaceutical Press and the American
Pharmaceutical Association: 2005; and Handbook of Pharmaceutical Additives, 3rd Edition;
Ash and Ash Eds., Gower Publishing Company: 2007; Pharmaceutical Preformulation and
Formulation, Gibson Ed., CRC Press LLC: Boca Raton, FL, 2004).

[0044] The term “pharmaceutical composition” can refer to a mixture of a compound
disclosed herein with other chemical components, such as diluents or carriers. The
pharmaceutical composition can facilitate administration of the compound to an organism.
Multiple techniques of administering a compound exist in the art including, but not limited to,
oral, injection, aerosol, parenteral, and topical administration. Pharmaceutical compositions
can also be obtained by reacting compounds with inorganic or organic acids such as
hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid,
methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, salicylic acid, and the like.
[0045] A “formulation” can refer to a composition containing an active
pharmaceutical or biological ingredient e.g., a modified vaccinia virus of this disclosure,
along with one or more additional components. The term “formulation” can be used

2

interchangeably with the terms “pharmaceutical composition,” “vaccine composition,” and
“vaccine formulation” herein. The formulations can be liquid or solid (e.g., lyophilized).
[0046] The term “immunogenic composition” or “immunological composition,” can
cover a composition that may elicit an immune response against an antigen of interest
expressed from a modified vaccinia virus as described herein. The term “vaccine or vaccine
composition,” can cover any composition that may induce a protective immune response
against the antigens of interest, or which may efficaciously protect against the antigen of
interest; e.g., after administration or injection into the animal or human elicits a protective
immune response against the antigen or provides efficacious protection against the antigen
expressed from a modified vaccinia virus vector. The composition can be administered alone,
or can be administered sequentially with other compositions or therapeutic compositions
thereby providing a combination composition, a cocktail or multivalent mixture of two or
more, such as three, four, five or six compositions.

[0047] An “anti-cancer agent,” as used herein, can refer to an agent or therapy that is
capable of negatively affecting cancer in a subject, for example, by killing cancer cells,
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inducing apoptosis in cancer cells, reducing the growth rate of cancer cells, reducing the
incidence or number of metastases, reducing tumor size, inhibiting tumor growth, reducing
the blood supply to a tumor or cancer cells, promoting an immune response against cancer
cells or a tumor, preventing or inhibiting the progression of cancer, or increasing the lifespan
of a subject with cancer. Non-limiting examples of anti-cancer agents can include biological
agents (biotherapy), chemotherapy agents, and radiotherapy agents.

[0048] The term “prime-boost vaccination” can refer to a vaccination strategy using a
first, priming injection of a vaccine targeting a specific antigen followed at intervals by one
or more boosting injections of the same vaccine. Prime-boost vaccination may be
homologous or heterologous. A homologous prime-boost vaccination can use a vaccine
comprising the same immunogen and vector for both the priming injection and the one or
more boosting injections. A heterologous prime-boost vaccination uses a vaccine comprising
the same immunogen for both the priming injection and the one or more boosting injections
but different vectors for the priming injection and the one or more boosting injections. For
example, a homologous prime-boost vaccination may use a modified vaccinia virus vector
comprising the same nucleic acids expressing antigens of interest for both the priming
injection and the one or more boosting injections. In contrast, a heterologous prime-boost
vaccination may use a modified vaccinia virus vector comprising nucleic acids expressing
one antigenic protein for the priming injection and another modified vaccinia virus vectors
expressing another antigenic protein not contained in the priming injection or vice versa.
Heterologous prime-boost vaccination may also encompass various combinations such as, for
example, use of a plasmid encoding an immunogen in the priming injection and use of a
modified vaccinia virus encoding the same immunogen in the one or more boosting
injections, or use of a recombinant protein immunogen in the priming injection and use of a
modified vaccinia virus vector encoding the same protein immunogen in the one or more
boosting injections.

VIRUSES

[0049] Methods and systems provided herein can be applicable to manufacturing a
variety of different viruses, e.g., oncolytic viruses, e.g., recombinant oncolytic viruses. In
some cases, the methods and systems provided herein can be applicable to manufacturing
vaccinia viruses, e.g., recombinant vaccinia viruses.

[0050] Exemplary oncolytic viruses that the methods and system provided herein are
applicable to include measles virus, poliovirus, poxvirus, vaccinia virus, adenovirus, adeno-
associated virus, herpes simplex virus, vesicular stomatitis virus, reovirus, Newcastle disease
virus, Seneca virus, lentivirus, mengovirus, and myxoma virus. In some embodiments, the
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modified oncolytic virus can comprise the poxvirus. In certain examples, the oncolytic virus
can be a vaccinia virus. In some embodiments, the modified oncolytic virus can be suitable
for systemic delivery.

Modified Vaccinia Viruses

[0051] As used herein, the term “modified vaccinia virus” or a “recombinant vaccinia virus,”
can relate to a vaccinia virus that has been modified, for example, by a modification such as
introducing viral backbone mutations, to express genes/epitopes of a pathogens (viral,
bacterial or parasite pathogens causing infectious diseases), to express genes which increases
the T-cell response such as TRIF expression, expression of other upstream and downstream
molecules of TRIF pathway. In some embodiments, introducing a viral backbone mutation
comprises a complete deletion or a partial deletion of one or more virulence genes, or
substitutions with one or more viral virulence genes (non-limiting examples include genes
that are known to inhibit cytokines involved in the Th1 immune response, or in innate
immune signaling, or inhibitors of other components of the immune response, or with
vaccinia virulence genes exchanged with more or less potent genes of equivalent function
from other poxviruses).

[0052] Modified vaccinia viruses of this disclosure can, in some embodiments, be selected
from the group consisting of: a wild type vaccinia virus strain and an attenuated vaccinia
virus strains. Nonlimiting examples of vaccinia virus strains can include a Western Reserve
strain of vaccinia virus (ATCC VR-1354), a thymidine kinase negative Western Reserve
vaccinia virus, a Copenhagen strain, an IHD strain, a Wyeth (NYCBOH) strain (ATCC VR-
1536), a Tian Tan strain, a Lister strain, an NYVAC strain, a modified vaccinia virus Ankara
(MVA) (ATCC VR-1508 or ATCC VR-1566), a USSR strain, an ACAM2000 strain, a Paris
strain, a Bern strain, a Temple of Heaven strain, a Dairen strain, an EM-63 strain, an Evans
strain, a King strain, a Patwadangar strain, or a Tash Kent strain.

[0053] In some embodiments, to develop a modified oncolytic vaccinia virus showing
an enhanced systemic delivery and an immune remodeling of tumor microenvironment to
enhance T-cell function and differentiation, the Western reserve strain of vaccinia virus was
modified by deleting the two non-essential regions in the genome and addition of foreign
genomes to express a fusion protein and a chemokine receptor. The loci in the viral backbone
of vaccinia virus from where the non-essential genome was deleted was also engineered to

receive the foreign genomes.

Modifications to the Vaccinia Virus Backbone
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[0054] The regions deleted and the foreign genes added at the respective loci are detailed in
Fig. 1. The list of nonessential genes deleted from the viral backbone includes thymidine kinase
gene (shown as “TK-") and A52R gene (shown as “A52R-"). Thus, in some embodiments, the
modified oncolytic vaccinia virus can comprise a heterologous nucleic acid sequence that
exhibits enhanced systemic delivery and an immune remodeling of tumor microenvironment
to enhance T-cell function and differentiation. Therefore, the heterologous nucleic acid, in
some examples, may encode one or more fusion proteins. The heterologous nucleic acid
encoding a peptide or protein can be cloned into the locus of the thymidine kinase (TK) gene
of the virus.

[0055] The complete deletion of thymidine kinase gene from the viral backbone is well
recognized U.S. Food and Drug administration as a known tumor targeting safety modification
as it limits viral replication to cells expressing cellular thymidine kinase, which is upregulated
in most tumors.

[0056] The deletion of A52R gene, an NF-kB inhibitor, from the viral backbone
enhances the memory T-cell response resulting in enhanced immune response (Di Pilato M, et
al. J Virol 91:€00575-17). The deletion of A52R gene is highly effective as cancer therapy as
unlike many other deletions this does not reduce viral replication in-vitro.

[0057] Combining the deletions of TK gene and A52R gene in the same vaccinia virus
backbone produced a double safety mechanism and a highly effective oncolytic vector.

[0058] In some cases, the deletion loci of A52R gene on the vaccinia backbone can be
substituted with exogeneous nucleic acid which codes for chemokine receptors. More
specifically, the chemokine receptor can be CCR2 receptor which can have a target CCL2
expressed on the tumor. Chemokine receptor expression on the virus leads to in situ cell-based
targeted and enhanced systemic delivery.

[0059] In some cases, the deletion loci of TK gene on the vaccinia backbone can be
substituted with the exogenous nucleic acid which codes for a fusion protein. More specifically,
the fusion protein can be Leptin-Interleukin (IL)-2 fusion protein. The Leptin-IL-2 fusion
protein increases the activity by targeting Leptin more effectively to T-cells (to increase
activity) and regulatory T-cells (to suppress their activity) and away from the stromal leptin
receptor in the tumor. Moreover, the fusion of IL-2 with leptin created additional therapeutic
activity through co-stimulating IL-2 receptors. The fusion protein further created a large
molecule which will be more effectively trapped in the tumor and prevent systemic effects. The
structure and features of the fusion protein is described in WO02019148109 (the entire

disclosure of which is hereby expressly incorporated by reference herein).
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Other Multiple Modifications

[0060] Provided herein in some embodiments are vaccines comprising modified vaccinia
viruses with insertions, mutations, or deletions in the viral genome (also referred to herein as
the viral backbone). The vaccinia viruses are modified or selected to have low toxicity and to
accumulate in the target tissue. In some embodiments, the modifications in the viral
backbone/viral genome are modifications that render the vaccinia virus non-replicating or
comprise a poor replicative capacity. Non-limiting examples of such modifications can
include mutations in the following viral genes: A1, A2, VH1, A33, and 17.

[0061] In some embodiments, the viral backbone mutation is selected from the group
consisting of: a complete or partial deletion of the B15R gene; a complete or partial deletion
of the K7R gene; a complete or partial deletion of the B14R gene; a complete or partial
deletion of the N1L gene; a complete or partial deletion of the K1L gene; a complete or
partial deletion of the M2L gene; a complete or partial deletion of the A49R gene; a complete
or partial deletion of the VH1 gene; a complete or partial deletion of A33 gene; a complete or
partial deletion of A1; a complete or partial deletion of A2 gene; a complete or partial
deletion of 17 gene, and a complete or partial deletion of the A46R gene. As used herein, the
reference to a viral gene can be made by reference to the protein encoded by the gene (e.g.,
A33 gene can mean a gene that codes for the A33 protein).

[0062] In some embodiments, the viral backbone mutation, including any combinations of
substitution, insertion, and deletion, can result in a sequence with less than 100%, 99%, 98,%,
97%, 96%, 95%, 94%, 93%, 92%, 91%, 90% or less sequence homology to the wild-type
sequence of the viral gene or a viral protein coded by the gene. The viral gene and protein
coded by the same, in some embodiments, is selected from the group consisting of: B15R,
K7R, B14R, N1L, K1L, M2L, A49R, VHI, A33, A1, A2, I7, and A46R.

[0063] In some embodiments, the viral backbone can comprise 1, 2, 3, 4, 5, or more
mutations in the amino acid sequence of the viral protein (e.g., a viral antigen). The viral
antigen is in some examples selected from the group consisting of: BI5SR, K7R, B14R, N1L,
KIL, M2L, A49R, VH1, A33, A1, A2, 17, and A46R.

[0064] The disclosure provides in some embodiments, modified vaccina viruses containing
one more mutation in the genome of the virus (virus back bone) such that the mutation
increases the T-cell arm of the immune response. A mutation may be addition, deletion, or
substitution of one or more nucleic acid in the viral genome (wild type or attenuated native
strains of vaccinia virus).

[0065] In non-limiting examples, the mutation can be complete or partial deletion of genes
that are known to inhibit cytokines involved in the Th1 immune response. As non-limiting

20



WO 2022/109133 PCT/US2021/059887

examples, the mutation may be deletion of nucleic acid encoding B8R (interferon gamma
(IFN-g) binding proteins); C12L (interleukin-18 (IL-18) binding proteins).

[0066] In a further non-limiting example, the mutation can be complete or partial deletion of
genes in innate immune signaling. As non-limiting examples, the mutation may be deletion of
nucleic acid encoding (B18R (type I interferon (IFN)-binding proteins); A52R (nuclear factor
kB (NF- «B) inhibitor proteins); E3L (protein kinase (PKR) inhibitors), C4, C16 (STING
pathway inhibitors).

[0067] In a further non-limiting example, the mutation can be complete or partial deletion of
genes encoding proteins for inhibition of other components of the immune response. As non-
limiting examples, the mutation may be a complete or partial deletion of nucleic acid
encoding B15, K7, B14, N1, K1, M2, A49, VHI1, A46 or combination thereof. The viral
backbone mutation may also include substituting the vaccinia virulence genes with mostly
potent genes of equivalent function from other poxviruses.

[0068] Amino acid sequence variants of the polypeptides of the present disclosure can be
substitutional, insertional or deletion variants. A mutation in a gene encoding a viral
polypeptide may affect 1,2, 3, 4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45 46,
47,48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,
72,73, 74,75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,
97,98, 99, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250,
275, 300, 325, 350, 375, 400, 425, 450, 475, 500 or more non-contiguous or contiguous
amino acids of the polypeptide, as compared to wild-type.

[0069] Deletion variants may lack one or more residues of the native or wild-type protein.
Individual residues can be deleted or all or part of a domain (such as a catalytic or binding
domain) can be deleted. A stop codon may be introduced (by substitution or insertion) into an
encoding nucleic acid sequence to generate a truncated protein. Insertional mutants typically
involve the addition of material at a non-terminal point in the polypeptide. This may include
the insertion of an immunoreactive epitope or simply one or more residues. Terminal
additions, called fusion proteins, may also be generated.

[0070] Substitutional variants typically contain the exchange of one amino acid for another at
one or more sites within the protein and may be designed to modulate one or more properties
of the polypeptide, with or without the loss of other functions or properties. Substitutions may
be conservative, that is, one amino acid is replaced with one of similar shape and charge.
Conservative substitutions can include, for example, the changes of: alanine to serine;
arginine to lysine; asparagine to glutamine or histidine; aspartate to glutamate; cysteine to
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serine; glutamine to asparagine; glutamate to aspartate; glycine to proline; histidine to
asparagine or glutamine; isoleucine to leucine or valine; leucine to valine or isoleucine; lysine
to arginine; methionine to leucine or isoleucine; phenylalanine to tyrosine, leucine or
methionine; serine to threonine; threonine to serine; tryptophan to tyrosine; tyrosine to
tryptophan or phenylalanine; and valine to isoleucine or leucine. Alternatively, substitutions
may be non-conservative such that a function or activity of the polypeptide is affected. Non-
conservative changes typically involve substituting a residue with one that is chemically
dissimilar, such as a polar or charged amino acid for a nonpolar or uncharged amino acid, and
vice versa.

[0071] The vaccinia viruses provided herein contain additional insertions, mutations, deletions,
or substitutions in the viral genome. A vaccinia virus of this disclosure may contain one or
more additional insertions or partial insertions of exogenous nucleic acids that code for one or
more of chemokine receptor, TRIF protein or a functional domain thereof, or one or more of
leptin, interleukin-2 (IL2), interleukin-15/ interleukin-15Ra (IL15/IL15Ra), interleukin-7 (IL-
7), leptin-interleukin fusion protein (e.g., leptin-IL2 fusion protein shown in example 1 as L.2).
Modifications such as insertion of chemokine receptor can be insertion of wild type and/ or
mutant type CXCR4, CCR2, CCL2. A vaccinia virus may further contain one or more
additional deletions or partial deletions of one or more genes from AS2R, B15R, K7R, A46R,
NI1L, E3L, K1L, M2L, C16, N2R, B8R, B18R, VH1 and a functional domain or fragment or
variant thereof, or any combinations thereof. In some examples, a modification comprises an
exogenous nucleic acid which codes for a chemokine receptor, such as, a CXC receptor, a CC
receptors, a CX3C receptor, a XC receptor, a functional fragment thereof or a variant thereof,
or any combinations thereof. Examples of chemokine receptors includes, but are not limited
to, CXCR1, CXCR2, CXCR3, CXCR4, CXCR5, CXCR6, CXCR7, CCR1, CCR2, CCR3,
CCR4, CCRS, CCR6, CCR7, CCR8, CCRY, CCR10, CX3CR1, XCRI, a functional fragment
thereof or a variant thereof, or any combinations thereof. In some instances, the exogenous
nucleic acid which codes of the chemokine receptor comprises coding for more than one
chemokine receptor. For example, a nucleic acid could encode for a CXCR4 and a CCR2
receptor, a CXCR2 and a CCR3 receptor, a CXCR4 and a CCR10 receptor, or any other
combination thereof. In some instances, the exogenous nucleic acid which codes for the
chemokine receptor comprises a codon optimized nucleic acid sequence for enhanced
expression in a virus, e.g., a codon optimized variant of a human chemokine receptor coding
sequence (such as a human CCR2 coding sequence). Non-limiting examples of a nucleic acid
encoding a chemokine receptor is provided in SEQ ID NOs: 2 and 3, and in some embodiments,
the exogenous nucleic acid encoding chemokine receptor, as described herein can comprise a
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sequence that is at least about 75%, about 80%, about 85%, about 90%, about 95%, about 96%,
about 97%, about 98%, about 99%, or about 100% homologous to the sequence of SEQ ID
NO: 2 or SEQ ID NO: 3. In some embodiments, the exogenous nucleic acid encoding a fusion
protein as described herein (e.g., a leptin-IL2 fusion protein) comprises a sequence that is at
least about 75%, about 80%, about 85%, about 90%, about 95%, about 96%, about 97%, about
98%, about 99%, or about 100% homologous to the sequence of SEQ ID NO: 1.

[0072] In some embodiments, the exogenous nucleic acid encoding a fusion protein described
herein comprises a leptin polypeptide and an IL-2 polypeptide. In some embodiments, the
leptin polypeptide comprises a sequence that is at least about 75%, about 80%, about 85%,
about 90%, about 95%, about 96%, about 97%, about 98%, about 99%, or about 100%
homologous to the sequence of SEQ ID NO: 4. In some embodiments, the IL-2 polypeptide
comprises a sequence that is at least about 75%, about 80%, about 85%, about 90%, about 95%,
about 96%, about 97%, about 98%, about 99%, or about 100% homologous to the sequence of
SEQ ID NO: 5.

Delivery of Modified Oncolytic Viruses

[0073] Provided herein are methods of treating a condition by administering a
modified oncolytic vaccinia virus as described herein.

[0074] In some embodiments, an amount of a modified oncolytic vaccinia virus of
this disclosure administered to a subject can be between about 10 and 10'? infectious viral
particles or plaque forming units (PFU), or between about 10° and 10'° PFU, or between
about 10° and 10® PFU, or between about 10® and 10!° PFU. In some embodiments, the
amount of a modified oncolytic vaccinia virus of this disclosure administered to a subject
can be between about 10% and 10'? viral particles or plaque forming units (PFU), or between
about 10° and 10'° PFU, or between about 10° and 10® PFU, or between about 10® and 10'°
PFU. In some embodiments, a modified oncolytic vaccinia virus of this disclosure can be
administered at a dose that can comprise about 10° PFU/dose to about 10* PFU/dose, about
10* PFU/dose to about 10° PFU/dose, about 10° PFU/dose to about 10° PFU/dose, about 10’
PFU/dose to about 108 PFU/dose, about 10° PFU/dose to about 10'° PFU/dose, about 10'°
PFU/dose to about 10'! PFU/dose, about 10! PFU/dose to about 102 PFU/dose, about 10'2
PFU/dose to about 10'* PFU/dose, about 10'* PFU/dose to about 10** PFU/dose, or about 10**
PFU/dose to about 10! PFU/dose. In some embodiments, a modified oncolytic vaccinia virus
of this disclosure can be administered at a dose that can comprise about 2 x 10° PFU/dose,
3 x 10° PFU/dose, 4 x 10° PFU/dose, 5 x 10° PFU/dose, 6 x 10* PFU/dose, 7 x 10° PFU/dose,
8 x 10° PFU/dose, 9 x 10° PFU/dose, about 10* PFU/dose, about 2 x 10* PFU/dose, about 3
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x10* PFU/dose, about 4 x 10* PFU/dose, about 5 x 10* PFU/dose, about 6 x 10* PFU/dose,
about 7 x 10* PFU/dose, about 8 x 10* PFU/dose, about 9 x 10* PFU/dose, about 10° PFU/dose,
2 x 10° PFU/dose, 3 x 10° PFU/dose, 4 x 10°PFU/dose, 5 x 10° PFU/dose, 6 x 10° PFU/dose,
7 x 10° PFU/dose, 8 x 10° PFU/dose, 9 x 10° PFU/dose, about 10° PFU/dose, about 2 x 10°
PFU/dose, about 3 x 10° PFU/dose, about 4 x 10° PFU/dose, about 5 x 10° PFU/dose, about 6
x 10° PFU/dose, about 7 x 10° PFU/dose, about 8 x 10° PFU/dose, about 9 x 10° PFU/dose,
about 107 PFU/dose, about 2 x 10’ PFU/dose, about 3 x 10’ PFU/dose, about 4 x 10’
PFU/dose, about 5 x 107 PFU/dose, about 6 x 10’ PFU/dose, about 7 x 10’ PFU/dose, about
8 x 107 PFU/dose, about 9 x 10" PFU/dose, about 108 PFU/dose, about 2 x 10® PFU/dose,
about 3 x 10® PFU/dose, about 4 x 10® PFU/dose, about 5 x 10® PFU/dose, about 6 x 10?
PFU/dose, about 7 x 108 PFU/dose, about 8 x 10® PFU/dose, about 9 x 108 PFU/dose, about
10° PFU/dose, about 2 x 10° PFU/dose, about 3 x 10° PFU/dose, about 4 x 10° PFU/dose,
about 5 x 10° PFU/dose, about 6 x 10° PFU/dose, about 7 x 10° PFU/dose, about 8 x 10°
PFU/dose, about 9 x 10° PFU/dose, about 10'°PFU/dose, about 2 x 10'° PFU/dose, about 3 x
10'° PFU/dose, about 4 x 10'° PFU/dose, about 5 x10'Y PFU/dose, about 6 x 10'° PFU/dose,
about 7 x 10'° PFU/dose, about 8 x 10'° PFU/dose, about 9 x 10'° PFU/dose, about 10'°
PFU/dose, about 2 x 10 PFU/dose, about 3 x 10'° PFU/dose, about 4 x 10'° PFU/dose,
about 5 x 10'° PFU/dose, about 6 x 10'° PFU/dose, about 7 x 10'° PFU/dose, about 8 x 10'°
PFU/dose, about 9 x 10'° PFU/dose, about 10'! PFU/dose, about 2 x 10" PFU/dose, about 3 x
10! PFU/dose, about 4 x 10" PFU/dose, about 5 x 10! PFU/dose, about 6 x 10'! PFU/dose,
about 7 x 10" PFU/dose, about 8 x 10" PFU/dose, about 9 x 10" PFU/dose, or about 10'2
PFU/dose, about 10'2 PFU/dose to about 10'* PFU/dose, about 10" PFU/dose to about 10
PFU/dose, or about 10'* PFU/dose to about 10* PFU/dose. In some embodiments, a modified
oncolytic vaccinia virus of this disclosure can be administered at a dose that can comprise 5
x 10° PFU/dose. In some embodiments, a modified oncolytic vaccinia virus of this disclosure
can be administered at a dose that can comprise up to 5 x 10° PFU/dose.

[0075] In some embodiments, a modified oncolytic vaccinia virus of this disclosure,
can be administered at a dose that can comprise about 10° viral particles/dose to about 10*
viral particles /dose, about 10* viral particles /dose to about 10° viral particles /dose, about 10°
viral particles /dose to about 10° viral particles /dose, about 107 viral particles /dose to about
108 viral particles /dose, about 10° viral particles /dose to about 10 viral particles /dose, about
10 viral particles /dose to about 10! viral particles /dose, about 10! viral particles /dose to
about 10" viral particles /dose, about 102 viral particles /dose to about 10 viral particles
/dose, about 10'3 viral particles /dose to about 10 viral particles /dose, or about 10'* viral
particles /dose to about 10" viral particles /dose.
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[0076] In some embodiments, a modified oncolytic vaccinia virus of this disclosure
can be administered at a dose that can comprise about 10° PFU/kg to about 10* PFU/kg, about
10* PFU/kg to about 10° PFU/kg, about 10° PFU/kg to about 10° PFU/kg, about 10’ PFU/kg
to about 10® PFU/kg, about 10° PFU/kg to about 10'° PFU/kg, about 10'° PFU/kg to about
10" PFU/kg, about 10'! PFU/kg to about 10'2 PFU/kg, about 10'2 PFU/kg to about 10"
PFU/kg, about 10! PFU/kg to about 10*PFU/kg, or about 10'* PFU/kg to about 10'° PFU/kg.
In some embodiments, a modified oncolytic vaccinia virus of this disclosure can be
administered at a dose that can comprise about 2 x 10* PFU/kg, 3 x 10° PFU/kg, 4 x 10°
PFU/kg, 5 x 10° PFU/kg, 6 x 10° PFU/kg, 7 x 10° PFU/kg, 8 x 10° PFU/kg, 9 x 10° PFU/kg,
about 10* PFU/kg, about 2 x 10* PFU/kg, about 3 x10* PFU/kg, about 4 x 10* PFU/kg, about 5
x 10* PFU/kg, about 6 x 10* PFU/kg, about 7 x 10* PFU/kg, about 8 x 10* PFU/kg, about 9 x
10* PFU/kg, about 10° PFU/kg, 2 x 10° PFU/kg, 3 x 10° PFU/kg, 4 x 10° PFU/kg, 5 x 10°
PFU/kg, 6 x 10°PFU/kg, 7 x 10°PFU/kg, 8 x 10°PFU/kg, 9 x 10° PFU/kg, about 106 PFU/kg,
about 2 x 10° PFU/kg, about 3 x 10° PFU/kg, about 4 x 10° PFU/kg, about 5 x 10° PFU/kg,
about 6 x 10° PFU/kg, about 7 x 10° PFU/kg, about 8 x 10° PFU/kg, about 9 x 10° PFU/kg,
about 10’ PFU/kg, about 2 x 10" PFU/kg, about 3 x 10’ PFU/kg, about 4 x 10’ PFU/kg,
about 5 x 107 PFU/kg, about 6 x 10’ PFU/kg, about 7 x 107 PFU/kg, about 8 x 10" PFU/kg,
about 9 x 107 PFU/kg, about 108 PFU/kg, about 2 x 108 PFU/kg, about 3 x 108 PFU/kg, about
4 x 108 PFU/kg, about 5 x 10® PFU/kg, about 6 x 10*PFU/kg, about 7 x 10* PFU/kg, about 8 x
108 PFU/kg, about 9 x 108 PFU/kg, about 10° PFU/kg, about 2 x 10° PFU/kg, about 3 x 10°
PFU/kg, about 4 x 10° PFU/kg, about 5 x 10° PFU/kg, about 6 x 10° PFU/kg, about 7 x 10°
PFU/kg, about 8 x 10° PFU/kg, about 9 x 10° PFU/kg, about 10'° PFU/kg, about 2 x 10'°
PFU/kg, about 3 x 10'° PFU/kg, about 4 x 10'° PFU/kg, about 5 x10'° PFU/kg, about 6 x 10'°
PFU/kg, about 7 x 10'° PFU/kg, about 8 x 10! PFU/kg, about 9 x 10'° PFU/kg, about 10
PFU/kg, about 2 x 10'® PFU/kg, about 3 x 10'° PFU/kg, about 4 x 10'° PFU/kg, about 5 x
10 PFU/kg, about 6 x 101° PFU/kg, about 7 x 10! PFU/kg, about 8 x 101 PFU/kg, about
9 x 10'° PFU/kg, about 10" PFU/kg, about 2 x 10! PFU/kg, about 3 x 10! PFU/kg, about 4 x
10" PFU/kg, about 5 x 10'' PFU/kg, about 6 x 10" PFU/kg, about 7 x 10'! PFU/kg, about 8 x
10" PFU/kg, about 9 x 10! PFU/kg, or about 102 PFU/kg, about 10'2 PFU/kg to about 10%
PFU/kg, about 10'* PFU/kg to about 10*PFU/kg, or about 10'* PFU/kg to about 10'° PFU/kg.
In some embodiments, a modified oncolytic vaccinia virus of this disclosure can be
administered at a dose that can comprise 5 x 10° PFU/kg. In some embodiments, a modified
oncolytic vaccinia virus of this disclosure can be administered at a dose that can comprise

up to 5 x 10° PFU/kg.
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[0077] In some embodiments, a modified oncolytic vaccinia virus of this disclosure
can be administered at a dose that can comprise about 10° viral particles/kg to about 10* viral
particles/kg, about 10* wviral particles/kg to about 10° viral particles/kg, about 10° viral
particles/kg to about 10° viral particles/kg, about 107 viral particles’kg to about 10® viral
particles/kg, about 10° viral particles/kg to about 10'° viral particles/kg, about 101 viral
particles/kg to about 10! viral particles/kg, about 10! viral particles/kg to about 102 viral
particles/kg, about 102 viral particles/kg to about 10! viral particles/kg, about 10 viral
particles/kg to about 10 viral particles/kg, or about 10'* viral particles/kg to about 10" viral
particles/kg.

[0078] A liquid dosage form of a modified oncolytic vaccinia virus as described
herein can comprise, in certain embodiments, a viral dose of about 10° PFU/mL to about 10*
PFU/mL, about 10* PFU/mL to about 10° PFU/mL, about 10° PFU/mL to about 10° PFU/mL,
about 107 PFU/mL to about 108 PFU/mL, about 10° PFU/mL to about 10'° PFU/mL, about
10'° PFU/mL to about 10! PFU/mL, about 10" PFU/mL to about 102 PFU/mL, about 10'?
PFU/mL to about 10" PFU/mL, about 10" PFU/mL to about 10 PFU/mL, or about 10"
PFU/mL to about 101> PFU/mL. In some embodiments, a modified oncolytic vaccinia virus
of this disclosure can be administered at a dose that can comprise about 2 x 10° PFU/mL, 3
x 10> PFU/mL, 4 x 10> PFU/mL, 5 x 10°> PFU/mL, 6 x 10> PFU/mL, 7 x 10> PFU/mL, 8 x
10° PFU/mL, 9 x 10° PFU/mL, about 10* PFU/mL, about 2 x 10* PFU/mL, about 3 x10*
PFU/mL, about 4 x 10*PFU/mL, about 5 x 10*PFU/mL, about 6 x 10* PFU/mL, about 7 x 10*
PFU/mL, about 8 x 10* PFU/mL, about 9 x 10* PFU/mL, about 10° PFU/mL, 2 x 10° PFU/mL,
3 x 10°PFU/mL, 4 x 10°PFU/mL, 5 x 10°PFU/mL, 6 x 10°PFU/mL, 7 x 10°PFU/mL, 8 x
10° PFU/mL, 9 x 10° PFU/mL, about 10° PFU/mL, about 2 x 10° PFU/mL, about 3 x 10°
PFU/mL, about 4 x 10°PFU/mL, about 5 x 10°PFU/mL, about 6 x 10°PFU/mL, about 7 x 10°
PFU/mL, about 8 x 10° PFU/mL, about 9 x 10° PFU/mL, about 10’ PFU/mL, about 2 x 10’
PFU/mL, about 3 x 10’ PFU/mL, about 4 x 10’ PFU/mL, about 5 x 10’ PFU/mL, about 6 x
107 PFU/mL, about 7 x 10’ PFU/mL, about 8 x 10’ PFU/mL, about 9 x 10’ PFU/mL, about
108 PFU/mL, about 2 x 108 PFU/mL, about 3 x 10* PFU/mL, about 4 x 108 PFU/mL, about 5 x
108 PFU/mL, about 6 x 108 PFU/mL, about 7 x 108 PFU/mL, about 8 x 103 PFU/mL, about 9 x
108 PFU/mL, about 10° PFU/mL, about 2 x 10° PFU/mL, about 3 x 10° PFU/mL, about 4 x
10° PFU/mL, about 5 x 10° PFU/mL, about 6 x 10° PFU/mL, about 7 x 10° PFU/mL, about
8 x 10° PFU/mL, about 9 x 10° PFU/mL, about 10'°PFU/mL, about 2 x 10'°PFU/mL, about
3 x 10! PFU/mL, about 4 x 10 PFU/mL, about 5 x10'° PFU/mL, about 6 x 10'° PFU/mL,
about 7 x 101 PFU/mL, about 8 x 10'° PFU/mL, about 9 x 10! PFU/mL, about 10'° PFU/mL,
about 2 x 10! PFU/mL, about 3 x 10!° PFU/mL, about 4 x 10!° PFU/mL, about 5 x 10'°
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PFU/mL, about 6 x 10'° PFU/mL, about 7 x 10'° PFU/mL, about 8 x 10'° PFU/mL, about 9
x 10'° PFU/mL, about 10" PFU/mL, about 2 x 10! PFU/mL, about 3 x 10! PFU/mL, about 4
x 10" PFU/mL, about 5 x 10! PFU/mL, about 6 x 10 PFU/mL, about 7 x 10! PFU/mL, about
8 x 101 PFU/mL, about 9 x 10" PFU/mL, or about 10*> PFU/mL, about 10> PFU/mL to about
1083 PFU/mL, about 10" PFU/mL to about 10" PFU/mL, or about 10'* PFU/mL to about 10
PFU/mL. In some embodiments, a modified oncolytic vaccinia virus of this disclosure can
be administered at a dose that can comprise 5 x 10° PFU/mL. In some embodiments, a
modified oncolytic vaccinia virus of this disclosure can be administered at a dose that can
comprise up to 5 x 10° PFU/mL.

[0079] In some instances, where the modified oncolytic vaccinia virus can be
administered by an injection, the dosage can comprise about 10° viral particles per injection,
10* viral particles per injection, 10° viral particles per injection, 10° viral particles per
injection, 107 viral particles per injection, 10® viral particles per injection, 10° viral particles
per injection, 10! viral particles per injection, 10! viral particles per injection, 10'? viral
particles per injection, 2 x 10'2 viral particles per injection, 103 viral particles per injection,
10 viral particles per injection, or 10'° viral particles per injection. In further instances,
where the modified oncolytic vaccinia virus is administered by an injection, the dosage can
comprise about 10° infectious viral particles per injection, 10* infectious viral particles per
injection, 10° infectious viral particles per injection, 10° infectious viral particles per
injection, 107 infectious viral particles per injection, 10® infectious viral particles per
injection, 10° infectious viral particles per injection, 10'° infectious viral particles per
injection, 10'! infectious viral particles per injection, 10'? infectious viral particles per
injection, 2 x 10'? infectious viral particles per injection, 10" infectious viral particles per
injection, 10 infectious viral particles per injection, or 10'3 infectious viral particles per
injection. In additional embodiments, a modified oncolytic vaccinia virus of this disclosure
can be administered at a dose that can be about 10° Tissue Culture Inhibitor Dose 50%
(TCIDso)/kg, 10* TCIDso/kg, 10* TCIDso/kg, 10* TCIDso/kg, 10* TCIDso/kg, 10* TCIDso/kg,
10* TCIDso/kg, 10* TCIDso/kg, 10* TCIDso/kg, 10* TCIDso/kg, 10* TCIDso/kg, 10*
TCIDso/kg, 10* TCIDso/kg, 3x108 TCIDso/kg, 4x10® TCIDso/kg, 5x10% TCIDso/kg, 3x10°
TCIDso/kg, 4x10° TCIDso/kg, 5x10° TCIDso/kg, 3x10'° TCIDso/kg, 4x10'° TCIDso/kg, or
4x10Y TCIDso/kg. Note that herein 10¥ is alternatively expressed as 1 eX. In certain
embodiments, the modified oncolytic vaccinia virus can be administered in one or more
doses. In certain embodiments, the virus can be administered in an amount sufficient to
induce oncolysis in at least about 20% of cells in a tumor, in at least about 30% of cells in
a tumor, in at least about 40% of cells in a tumor, in at least about 50% of cells in a tumor,
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in at least about 60% of cells in a tumor, in at least about 70% of cells in a tumor, in at least
about 80% of cells in a tumor, or in at least about 90% of cells in a tumor.

[0080] In certain embodiments, a single dose of virus can refer to the amount
administered to a subject or a tumor over a 1, 2, 5, 10, 15, 20 or 24 hour period. In certain
embodiments, the dose can be spread over time or by separate injection. In certain
embodiments, multiple doses (e.g., 2, 3, 4, 5, 6 or more doses) of the vaccinia virus can be
administered to the subject, for example, where a second treatment can occur within 1, 2, 3,
4,5, 6, 7 days or weeks of a first treatment. In certain embodiments, multiple doses of the
modified oncolytic v can be administered to the subject over a period of 1, 2, 3, 4,5, 6, 7 or
more days or weeks. In certain embodiments, the oncolytic vaccinia virus or the
pharmaceutical composition as described herein can be administered over a period of about
1 week to about 2 weeks, about 2 weeks to about 3 weeks, about 3 weeks to about 4 weeks,
about 4 weeks to about 5 weeks, about 6 weeks to about 7 weeks, about 7 weeks to about 8
weeks, about 8 weeks to about 9 weeks, about 9 weeks to about 10 weeks, about 10 weeks to
about 11 weeks, about 11 weeks to about 12 weeks, about 12 weeks to about 24 weeks, about
24 weeks to about 48 weeks, about 48 weeks or about 52 weeks, or longer. The frequency of
administration of the oncolytic vaccinia virus or the pharmaceutical composition as described
herein can be, in certain instances, once daily, twice daily, once every week, once every
three weeks, once every four weeks (or once a month), once every 8 weeks (or once every
2 months), once every 12 weeks (or once every 3 months), or once every 24 weeks (once
every 6 months). In some embodiments of the methods disclosed herein, the oncolytic
vaccinia virus or the pharmaceutical composition can be administered, independently, in an
initial dose for a first period of time, an intermediate dose for a second period of time, and a
high dose for a third period of time. In some embodiments, the initial dose can be lower than
the intermediate dose and the intermediate dose can be lower than the high dose. In some
embodiments, the first, second, and third periods of time can be, independently, about 1 week
to about 2 weeks, about 2 weeks to about 3 weeks, about 3 weeks to about 4 weeks, about 4
weeks to about 5 weeks, about 6 weeks to about 7 weeks, about 7 weeks to about 8 weeks,
about 8 weeks to about 9 weeks, about 9 weeks to about 10 weeks, about 10 weeks to about 11
weeks, about 11 weeks to about 12 weeks, about 12 weeks to about 24 weeks, about 24 weeks
to about 48 weeks, about 48 weeks or about 52 weeks, or longer. In some embodiments, a
modified oncolytic vaccinia virus as described herein can be administered using a prime-boost
regimen.

[0081] In some examples, the subject can be put on a reduced carbohydrate diet, e.g.,
a ketogenic diet prior to, concurrent with, and following administration of the modified
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oncolytic vaccinia virus es or the pharmaceutical composition comprising the same, as
described herein, according to any of the methods of treatment described herein. In certain
embodiments, the subject can be put on a diet that can comprise consuming less than 500
grams of carbohydrates per day, less than 450 grams of carbohydrates per day, less than 450
grams of carbohydrates per day, less than 400 grams of carbohydrates per day, less than 350
grams of carbohydrates per day, less than 300 grams of carbohydrates per day, less than 250
grams of carbohydrates per day, less than 200 grams of carbohydrates per day, less than 150
grams of carbohydrates per day, less than 100 grams of carbohydrates per day, less than 90
grams of carbohydrates per day, less than 80 grams of carbohydrates per day, less than 70
grams of carbohydrates per day, less than 60 grams of carbohydrates per day, less than 50
grams of carbohydrates per day, less than 40 grams of carbohydrates per day, less than 30
grams of carbohydrates per day, less than 20 grams of carbohydrates per day, less or than
10 grams of carbohydrates per day.

[0082] An exemplary method for the delivery of a modified oncolytic vaccinia virus
of the present disclosure or a pharmaceutical composition comprising the same, to cancer or
tumor cells can be via intratumoral injection. However, alternate methods of administration
can also be used, e.g., intravenous, via infusion, parenteral, intravenous, intradermal,
intramuscular, transdermal, sublingual, rectal, intraurethral, intravaginal, intranasal,
intrathecal, or intraperitoneal. The routes of administration can vary with the location and
nature of the tumor. In certain embodiments, the route of administration can be intradental,
transdermal, parenteral, intraperitoneal, intravenous, intramuscular, intranasal,
subcutaneous, regional (e.g., in the proximity of a tumor, particularly with the vasculature
or adjacent vasculature of a tumor), percutaneous, intrathecal, intratracheal, intraperitoneal,
intraarterial, intravesical, intratumoral, inhalation, perfusion, by lavage or orally. An
injectable dose of the modified oncolytic vaccinia virus can be administered as a bolus
injection or as a slow infusion. In certain embodiments, the modified oncolytic vaccinia
virus can be administered to the patient from a source implanted in the patient. In certain
embodiments, administration of the modified oncolytic vaccinia virus can occur by
continuous infusion over a selected period of time. In some instances, an oncolytic vaccinia
virus as described herein, or a pharmaceutical composition containing the same can be
administered at a therapeutically effective dose by infusion over a period of about 15 mins,
about 30 mins, about 45 mins, about 50 mins, about 55 mins, about 60 minutes, about 75
mins, about 90 mins, about 100 mins, or about 120 mins or longer. The modified oncolytic
vaccinia virus or the pharmaceutical composition of the present disclosure can be
administered as a liquid dosage, wherein the total volume of administration is about 1 mL
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to about 5 mL, about 5 mL to 10 mL, about 15 mL to about 20 mL, about 25 mL to about 30
mL, about 30 mL to about 50 mL, about 50 mL to about 100 mL, about 100 mL to 150 mL,
about 150 mL to about 200 mL, about 200 mL to about 250 mL, about 250 mL to about 300
mL, about 300 mL to about 350 mL, about 350 mL to about 400 mL, about 400 mL to about
450 mL, about 450 mL to 500 mL, about 500 mL to 750 mL, or about 750 mL to 1000 mL.

Combination Therapies

[0083] The methods of this disclosure comprise, in some aspects, administering a
modified oncolytic virus as disclosed herein or a pharmaceutical composition containing the
same, followed by, preceded by or in combination with one or more further therapy. Examples
of the further therapy can include, but are not limited to, chemotherapy, radiation, oncolytic
viral therapy with an additional virus, treatment with immunomodulatory proteins, an anti-
cancer agent, or any combinations thereof. The further therapy can be administered
concurrently or sequentially with respect to administration of the modified virus, such as
oncolytic vaccinia virus. In certain embodiments, the methods of this disclosure can comprise
administering a modified oncolytic virus as disclosed herein, followed by, preceded by, or in
combination with one or more anti-cancer agents or cancer therapies. Anti-cancer agents can
include, but are not limited to, chemotherapeutic agents, radiotherapeutic agents, cytokines,
immune checkpoint inhibitors, anti-angiogenic agents, apoptosis-inducing agents, anti-cancer
antibodies and/or anti-cyclin-dependent kinase agents. In certain embodiments, the cancer
therapies can include chemotherapy, biological therapy, radiotherapy, immunotherapy,
hormone therapy, anti-vascular therapy, cryotherapy, toxin therapy and/or surgery or
combinations thereof. In certain embodiments, the methods of this disclosure can include
administering a modified virus, disclosed herein, followed by, preceded by or in combination
with an modified oncolytic virus of this disclosure. Combination of the modified oncolytic
vaccinia virus with chemotherapy achieves a synergistic effect which is not seen in modified
oncolytic viruses that do not comprise the modifications in the modified oncolytic virus. The
synergistic effect of the above combination can be advantageously used to lower the dose of
chemotherapy, such as Taxol®. Thus, the treatment method disclosed here, with the modified
virus, can reduced toxicities associated with chemotherapy, e.g., patients who respond to
chemotherapy but suffer side effects at therapeutic doses. The synergistic effect, can, in certain
cases, results in a decrease in tumor growth compared to chemotherapy alone or oncolytic
vaccinia virus alone. Exemplary decrease in tumor growth can be from about 2% to about 50%,

such as about 5%, about 10%, about 20%, about 25%, about 35%, about 45% or about 50%.
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[0084] In certain embodiments, treatment using a modified oncolytic virus can be used
alone or in combination with one or immunomodulatory agents. An immunomodulatory agent
can include any compound, molecule, or substance capable of suppressing antiviral immunity
associated with a tumor or cancer. In certain embodiments, the immunomodulatory agent can
be capable of suppressing innate immunity or adaptive immunity to the modified virus. Non-
limiting examples of immunomodulatory agents include anti-CD33 antibody or variable region
thereof, an anti-CD11b antibody or variable region thereof, a COX2 inhibitor, e.g., celecoxib,
cytokines, such as IL-12, GM-CSF, IL-2, IFN3 and IFNy, and chemokines, such as MIP-1,
MCP-1, and IL-8. In certain embodiments, the immunomodulatory agent can include immune
checkpoint modulators such as, but not limited to, anti-CTLA4, anti-PD-1, and anti-PD-L1 and
TLR agonists (e.g., Poly I:C). In some examples, the immunomodulatory agent can include an
immune checkpoint inhibitor, such as an antagonist of PD-1 (e.g., an antagonist antibody that
binds to PD-1), an antagonist of PD-L1 (e.g., an antagonist antibody that binds to PD-L1), an
antagonist of CTLA-4 (e.g., an antagonist antibody that binds to CTLA-4), an antagonist of
A2AR (e.g., an antagonist antibody that binds to A2AR), an antagonist of B7-H3 (e.g., an
antagonist antibody that binds to B7-H3), an antagonist of B7-H4 (e.g., an antagonist antibody
that binds to B7-H4), an antagonist of BTLA (e.g., an antagonist antibody that binds to BTLA),
an antagonist of IDO (e.g., an antagonist antibody that binds to IDO), an antagonist of KIR
(e.g., an antagonist antibody that binds to KIR), an antagonist of LAG3 (e.g., an antagonist
antibody that binds to LAG3), an antagonist of TIM-3 (e.g., an antagonist antibody that binds
to TIM3). In some embodiments, the further therapy can comprise administering an immune
checkpoint regulator. In one example, the immune checkpoint regulator can be TGN1412. In
one example, the immune checkpoint regulator can be NKTR-214. In one example, the immune
checkpoint regulator can be MEDIO562. In one example, the immune checkpoint regulator can
be MEDI6469. In one example, the immune checkpoint regulator can be MEDI6383. In one
example, the immune checkpoint regulator can be JTX-2011. In one example, the immune
checkpoint regulator can be Keytruda (pembrolizumab). In one example, the immune
checkpoint regulator can be Opdivo (nivolumab). In one example, the immune checkpoint
regulator can be Yervoy (ipilimumab). In one example, the immune checkpoint regulator can
be tremelimumab. In one example, the immune checkpoint regulator can be Tecentriq
(atezolizumab). In one example, the immune checkpoint regulator can be MGA271. In one
example, the immune checkpoint regulator can be indoximod. In one example, the immune
checkpoint regulator can be Epacadostat. In one example, the immune checkpoint regulator
can be lirilumab. In one example, the immune checkpoint regulator can be BMS-986016. In
one example, the immune checkpoint regulator can be MPDL3280A. In one example, the
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immune checkpoint regulator can be avelumab. In one example, the immune checkpoint
regulator can be durvalumab. In one example, the immune checkpoint regulator can be
MEDI4736. In one example, the immune checkpoint regulator can be MEDI4737. In one
example, the immune checkpoint regulator can be TRX518. In one example, the immune
checkpoint regulator can be MK-4166. In one example, the immune checkpoint regulator can
be urelumab (BMS-663513). In one example, the immune checkpoint regulator can be PF-
05082566 (PF-2566).

[0085] In certain examples, where the further therapy is radiation exemplary doses can
be 5,000 Rads (50 Gy) to 100,000 Rads (1000 Gy), or 50,000 Rads (500 Gy), or other
appropriate doses within the recited ranges. Alternatively, the radiation dose can be about 30
to 60 Gy, about 40 to about 50 Gy, about 40 to 48 Gy, or about 44 Gy, or other appropriate
doses within the recited ranges, with the dose determined, example, by means of a dosimetry
study as described above. “Gy” as used herein can refer to a unit for a specific absorbed dose
of radiation equal to 100 Rads. Gy is the abbreviation for “Gray.”

[0086] In certain examples, where the further therapy is chemotherapy, exemplary
chemotherapeutic agents can include without limitation alkylating agents (e.g., nitrogen
mustard derivatives, ethylenimines, alkylsulfonates, hydrazines and triazines, nitrosureas, and
metal salts), plant alkaloids (e.g., vinca alkaloids, taxanes, podophyllotoxins, and
camptothecan analogs), antitumor antibiotics (e.g., anthracyclines, chromomycins, and the
like), antimetabolites (e.g., folic acid antagonists, pyrimidine antagonists, purine antagonists,
and adenosine deaminase inhibitors), topoisomerase I inhibitors, topoisomerase II inhibitors,
and miscellaneous antineoplastics (e.g., ribonucleotide reductase inhibitors, adrenocortical
steroid inhibitors, enzymes, antimicrotubule agents, and retinoids). Exemplary
chemotherapeutic agents can include, without limitation, anastrozole (Arimidex®),
bicalutamide (Casodex®), bleomycin sulfate (Blenoxane®), busulfan (Myleran®), busulfan
injection  (Busulfex®), capecitabine (Xeloda®), N4-pentoxycarbonyl-5-deoxy-5-
fluorocytidine, carboplatin (Paraplatin®), carmustine (BiCNU®), chlorambucil (Leukeran®),
cisplatin (Platinol®), cladribine (Leustatin®), cyclophosphamide (Cytoxan® or Neosar®),
cytarabine, cytosine arabinoside (Cytosar-U®), cytarabine liposome injection (DepoCyt®),
dacarbazine (DTIC-Dome®), dactinomycin (Actinomycin D, Cosmegan), daunorubicin
hydrochloride (Cerubidine®), daunorubicin citrate liposome injection (DaunoXome®),
dexamethasone, docetaxel (Taxotere®), doxorubicin hydrochloride (Adriamycin®, Rubex®),
etoposide (Vepesid®), fludarabine phosphate (Fludara®), S-fluorouracil (Adrucil®,
Efudex®), flutamide (Eulexin®), tezacitibine, Gemcitabine (difluorodeoxycitidine),
hydroxyurea (Hydrea®), Idarubicin (Idamycin®), ifosfamide (IFEX®), irinotecan
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(Camptosar®), L-asparaginase (ELSPAR®), leucovorin calcium, melphalan (Alkeran®), 6-
mercaptopurine (Purinethol®), methotrexate (Folex®), mitoxantrone (Novantrone®),
mylotarg, paclitaxel (Taxol®), phoenix (Yttrium90/MX-DTPA), pentostatin, polifeprosan 20
with carmustine implant (Gliadel®), tamoxifen citrate (Nolvadex®), teniposide (Vumon®), 6-
thioguanine, thiotepa, tirapazamine (Tirazone®), topotecan hydrochloride for injection
(Hycamptin®), vinblastine (Velban®), vincristine (Oncovin®), and vinorelbine (Navelbine®),
Ibrutinib, idelalisib, and brentuximab vedotin.

[0087] Exemplary alkylating agents can include, without limitation, nitrogen mustards,
ethylenimine derivatives, alkyl sulfonates, nitrosoureas and triazenes): uracil mustard
(Aminouracil Mustard®, Chlorethaminacil®, Demethyldopan®, Desmethyldopan®,
Haemanthamine®, Nordopan®, Uracil nitrogen Mustard®, Uracillost®, Uracilmostaza®,
Uramustin®, Uramustine®), chlormethine (Mustargen®), cyclophosphamide (Cytoxan®,
Neosar®, Clafen®, Endoxan®, Procytox®, Revimmune™), ifosfamide (Mitoxana®),
melphalan (Alkeran®), Chlorambucil (Leukeran®), pipobroman (Amedel®, Vercyte®),
triethylenemelamine (Hemel®, Hexalen®, Hexastat®), triethylenethiophosphoramine,
Temozolomide (Temodar®), thiotepa (Thioplex®), busulfan (Busilvex®, Myleran®),
carmustine (BiCNU®), lomustine (CeeNU®), streptozocin (Zanosar®), and Dacarbazine
(DTIC-Dome®). Additional exemplary alkylating agents include, without limitation,
Oxaliplatin (Eloxatin®); Temozolomide (Temodar® and Temodal®); Dactinomycin (also
known as actinomycin-D, Cosmegen®); Melphalan (also known as L-PAM, L-sarcolysin, and
phenylalanine mustard, Alkeran®); Altretamine (also known as hexamethylmelamine (HMM),
Hexalen®); Carmustine (BiCNU®); Bendamustine (Treanda®); Busulfan (Busulfex® and
Myleran®);, Carboplatin (Paraplatin®); Lomustine (also known as CCNU, CeeNU®);
Cisplatin (also known as CDDP, Platinol® and Platinol®-AQ); Chlorambucil (Leukeran®);
Cyclophosphamide (Cytoxan® and Neosar®); Dacarbazine (also known as DTIC, DIC and
imidazole carboxamide, DTIC-Dome®); Altretamine (also known as hexamethylmelamine
(HMM), Hexalen®); Ifosfamide (Ifex®); Prednumustine; Procarbazine (Matulane®);
Mechlorethamine (also known as nitrogen mustard, mustine and mechloroethamine
hydrochloride, Mustargen®);, Streptozocin (Zanosar®), Thiotepa (also known as
thiophosphoamide, TESPA and TSPA, Thioplex®); Cyclophosphamide (Endoxan®,
Cytoxan®, Neosar®, Procytox®, Revimmune®); and Bendamustine HCI (Treanda®).

[0088] Exemplary anthracyclines can include, without limitation, e.g., doxorubicin
(Adriamycin® and Rubex®); bleomycin (Lenoxane®);, daunorubicin (dauorubicin
hydrochloride, daunomycin, and rubidomycin hydrochloride, Cerubidine®); daunorubicin
liposomal (daunorubicin citrate liposome, DaunoXome®), mitoxantrone (DHAD,
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Novantrone®); epirubicin (Ellence™); idarubicin (Idamycin®, Idamycin PFS®); mitomycin
C (Mutamycin®); geldanamycin; herbimycin; ravidomycin; and desacetylravidomycin.
[0089] Exemplary vinca alkaloids can include, but are not limited to, vinorelbine
tartrate (Navelbine®), Vincristine (Oncovin®), and Vindesine (Eldisine®)); vinblastine (also
known as vinblastine sulfate, vincaleukoblastine and VLB, Alkaban-AQ® and Velban®); and
vinorelbine (Navelbine®).

[0090] Exemplary proteasome inhibitors can, but are not limited to, bortezomib
(Velcade®); carfilzomib (PX-171-007, (S)-4-Methyl-N—((S)-1-(((S)-4-methyl-1-((R)-2-
methyloxiran-2-yl)-1-oxopentan-2-yl)amino)-1-oxo-3-phenylpropan-2-yl)-2-((S)-2-(2-
morpholinoac  etamido)-4-phenylbutanamido)-pentanamide); marizomib  (NPI-0052);
ixazomib citrate (MLN-9708); delanzomib (CEP-18770); and O-Methyl-N-[(2-methyl-5-
thiazolyl)carbonyl]-L-seryl-O-methyl-N-[(1S)-2-[(2R)-2-methyl-2-oxiranyl]-2-oxo0-1-
(phenylmethyl)ethyl]-L-serinamide (ONX-0912).

[0091] “In combination with,” as used herein, can mean that the modified virus, such
as an oncolytic vaccinia virus as described herein or a pharmaceutical composition comprising
the same, and the further therapy, such as a further therapy comprising one or more agents are
administered to a subject as part of a treatment regimen or plan. In certain embodiments, being
used in combination may not require that the modified oncolytic virus and the one or more
agents are physically combined prior to administration or that they be administered over the
same time frame. For example, and not by way of limitation, the modified oncolytic virus and
the one or more agents can be administered concurrently to the subject being treated, or can be
administered at the same time or sequentially in any order or at different points in time.
[0092] The further therapy can be administered, in various embodiments, in a liquid
dosage form, a solid dosage form, a suppository, an inhalable dosage form, an intranasal dosage
form, in a liposomal formulation, a dosage form comprising nanoparticles, a dosage form
comprising microparticles, a polymeric dosage form, or any combinations thereof. In certain
embodiments, the further therapy is administered over a period of about 1 week to about 2
weeks, about 2 weeks to about 3 weeks, about 3 weeks to about 4 weeks, about 4 weeks to
about 5 weeks, about 6 weeks to about 7 weeks, about 7 weeks to about 8 weeks, about 8 weeks
to about 9 weeks, about 9 weeks to about 10 weeks, about 10 weeks to about 11 weeks, about
11 weeks to about 12 weeks, about 12 weeks to about 24 weeks, about 24 weeks to about 48
weeks, about 48 weeks or about 52 weeks, or longer. The frequency of administration of the
further therapy can be, in certain instances, once daily, twice daily, once every week, once
every three weeks, once every four weeks (or once a month), once every 8 weeks (or once
every 2 months), once every 12 weeks (or once every 3 months), or once every 24 weeks (once
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every 6 months). In certain embodiments, a method of treating a subject having a cancer can
include administering, to the subject, an effective amount of a modified oncolytic virus, e.g.,
modified vaccinia virus, of this disclosure. In certain embodiments, the methods of this
disclosure can further include administering to the subject an effective amount of one or more
agents. For example, and not by way of limitation, the agent can be an anti-cancer agent, an

immunomodulatory agent, or any combinations thereof, as described above.

Characterization of Modified Vaccinia Virus

[0093] As discussed above, in some embodiments, this disclosure provides a vaccine
composition comprising a modified vaccinia virus that is non-replicating or poorly
replicating. In some embodiments, in order to determine whether a given virus is replication-
competent or replication-defective in a cell type (e.g., in a fibroblast cell line), the cell type is
infected with a known amount of the test virus, representing the “input” titer. The input titers
are determined prior to assessment of replication properties using permissive cells for the
titration of input virus by a method such as the TCID50 method. Virus inoculum are diluted
appropriately to obtain the desired input titer. Infections of the cell types of choice are left for
a total of about 4 days, after which time viral samples are prepared by lysis of the infected
cells. These virus samples are then titrated on CEF indicator cells as described below. This is
the “output” titer. A ratio of output to input titer below 1 indicates that the test virus is
replication incompetent under the test conditions, whereas a ratio of output to input titer
which is equal to or greater than 1 indicates that the test virus is replication competent under
the test conditions.

[0094] For the TCID50 method, to determine the replication properties of a test virus, cells of
choice can be seeded into 6-well-plates at a concentration of about 5x 103 cells/well and
incubated over night at 37° C, 5% CO2 in appropriate medium, such as DMEM (Gibco, Cat.
No. 61965-026) plus 2% FCS. Cell culture medium can be removed, and cells may be
incubated with the virus inoculum for one hour at 37° C, 5% CO2 atmosphere. The amount
of virus used for each infection of the different cell types can be about 5x10* TCID50. This
can be the “Input” titer of virus referred to above. After one hour at 37° C., the inoculum may
be removed by aspiration and cells are then washed 3 times with DMEM and finally 1 ml
DMEM, 2% FCS is added, and the plates are left to incubate for about 96 hours (4 days) at 37
°C., 5% CO2. The infections are stopped by freezing the plates at —80° C. ready for titration
analysis. The resulting cell lysate comprising the remainders of the infected cells and the
incubation medium is the virus sample to be titrated for determination of the output titer.
Thus, the sample contains intracellular as well as extracellular virus.
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[0095] Titration analysis of virus samples from replication analyses (immunostaining with a
vaccinia virus-specific antibody): For titration of viral output titer, CEF cells are seeded on
96-well-plates in RPMI (Gibco, Cat. No. 61870-010), 7% FCS, 1% Antibiotic/Antimycotic
(Gibco, Cat. No. 15240-062) at a concentration of 1x10* cells/well and incubated over night
at 37° C., 5% CO2. The 6-well plates containing the infection experiments may be
frozen/thawed 3 times and dilutions of 10—1 to 10—12 can be prepared using RPMI growth
medium. Virus dilutions may be distributed onto test cells in replicates of 8 and incubated for
five days at 37° C., 5% CO2 to allow virus replication. Test cells may be fixed (e.g., using
acetone/methanol 1:1) for 10 min, air-dried, washed once with washing buffer (PBS/0.05%
Tween20) and incubated with polyclonal vaccinia virus-specific antibody (e.g., Quartett
Berlin, Cat. No. 9503-2057) at a 1:1000 dilution in incubation buffer (PBS/3% FCS) for one
hour at RT. After washing twice with washing buffer, the horseradish peroxidase (HRP)-
coupled secondary anti-rabbit IgG antibody (Promega Mannheim, Cat. No. W4011) can be
added at a 1:1000 dilution in incubation buffer for one hour at RT. Cells may again be
washed twice with washing buffer and incubated with staining solution (3,3', 5,5’
tetramethyl-benzidine chromogenic substrate (1.2 mM; Seramun Diagnostic GmbH,
Catalogue number S-002-5-TMBY/) diluted 1:2 with PBS) for 15 min at RT. Plates can be
washed once with washing buffer. Using a microscope, the plates can be scored for infected
cells which appear purple (Refer to Appendix 3 for scoring sheets). Every well showing
purple staining can be marked as positive for viral replication and the titer is calculated using
the Spearman-Kaerber method (TCID50 assay). This is the “Output” titer. With values thus
obtained for both Input and Output titers, the amplification ratio of Output: Input may be
calculated as indicative of the extent of replication of a given virus in a given cell type. Using
the above procedure, it may be easily determined whether, and to what extent, a particular
virus, is replication competent in the cell line of choice, e.g., human fibroblast cells, chicken
fibroblast cells, MRC-5 cells.

[0096] Other exemplary methods that can be performed to assess replication capacity of a
modified vaccinia virus as described herein can include, a PCR assay using sera from a
mammal or a rodent infected with the modified vaccinia virus, a viral plaque assay, or any
combinations thereof.

[0097] One exemplary method for viral plaque assays is provided herein. Confluent
monolayers of susceptible cells in tissue culture flasks are infected with vaccinia virus. After
incubation, cytopathic effects (CPE) is observed and can be visualized through formation of a
halo or circular clearing the cell monolayer. Cell culture media can be replaced with a
solution that increases the viscosity. The replaced solution can include but is not limited to
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gelatin or carboxymethylcellulose. The susceptible cells include, but are not limited to,
HeLa, BS-C-1, HuTK" CEF, or BHK. The viral plaque assays can be visualized by staining
with an agent that increases cell contrast by eye or by microscopy. Incubation following
infection can be for 4, 5, 6,7, 8,9, 10, 11, 12, 24, 36, 48, or more hours before plaque can be
observed. The staining agent can be Crystal Violet. The plaques can be at least 0.05 mm in
diameter. The virus can be prepared as an inoculum, wherein the inoculum is preparation at
different concentrations or dilutions of the stock virus. The dilution of the can be performed
using a dilution factor of 10, 100, 1000, 10000, 1000000, 1000000 or more. The virus titer or
concentration can be measured as plaque forming units per mL (pfu/mL).

[0098] One exemplary method for a PCR based assay is provided herein. Vaccinia virus
content can be quantified using qPCR based approaches. To detect the presence of the
vaccinia virus genome, qPCR is used to amplify DNA. To detect the presence of the
expression products of said vaccinia virus genome, RT-qPCR can be used to amplify RNA.
gPCR primers can be designed to amplify a region of the vaccinia virus genome. For RT-
gPCR, primers can be designed to detect specific expression products of the vaccinia
genome. The RT-qPCR and qPCR primers can be the same or can be different. The region
can consist of 5, 10, 100, 200, 500, 1000, 5000, or more continuous base pairs. DNA and
RNA can be isolated using methods known by one skilled in the art. For gPCR based
approaches, a known standard is used to determine a concentration or titer of the virus present
in the input.

[0099] Production of viruses can require quantification of the viral content in a virus
composition, such as in a vaccine composition comprising a modified vaccinia virus as
described herein. Viral quantification can include, but are not limited to, luminescence,
fluorescence, protein, or PCR-based assays. Fluorescence-based assays for quantification can
use flow cytometry. PCR-based assays for quantification of virus can include PCR based
methods. The presence of the viral genome can be quantified and measured in order to
determine the amount of virus present in the composition. The virus input can be lysed or
inactivated prior to isolation of the nucleic acid genome. Quantification of the virus can be
achieved by measurement of protein content. In some cases, the protein content can be
measured by chromatographic assays, ELISA, quantitative immunoblots, or other suitable
protein quantitation assays. The measured protein can be a microbial pathogenic antigen or a

tumor-associated antigen.

EXEMPLARY EMBODIMENTS
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[0100] Provided herein is a modified oncolytic vaccinia virus comprising: (a) an
exogenous nucleic acid encoding a fusion protein comprising a metabolic modulating protein
or a functional fragment or a variant thereof, (b) an exogenous nucleic acid encoding a
chemokine receptor or a functional fragment or a variant thereof, and (c) a genetic modification
in the viral backbone. Further provided herein, wherein the exogenous nucleic acid encoding
the chemokine receptor comprises a codon optimized variant of the human coding sequence of
the chemokine receptor. Further provided herein are modified oncolytic vaccinia viruses,
wherein the fusion protein further comprises a cytokine or a functional fragment or a variant
thereof. Further provided herein are modified oncolytic vaccinia viruses, wherein the
chemokine receptor comprises at least one of: a CXC receptor, a CC receptors, a CX3C
receptor, a XC receptor, a functional fragment thereof or a variant thereof, or any combinations
thereof. Further provided herein are modified oncolytic vaccinia viruses, wherein the
chemokine receptor comprises a least one of: CXCR1, CXCR2, CXCR2, CXCR3, CXCR4,
CXCRS, CXCR6, CXCR7, CCR1, CCR2, CCR3, CCR4, CCRS, CCR6, CCR7, CCRS, CCRO,
CCR10, CX3CRI1, XCRI1, a functional fragment thereof or a variant thereof, or any
combinations thereof. Further provided herein are modified oncolytic vaccinia viruses, wherein
the chemokine receptor comprises the CXC receptor, and wherein the CXC receptor comprises
CXCR4. Further provided herein are modified oncolytic vaccinia viruses, wherein the
chemokine receptor is CCR2. Further provided herein are modified oncolytic vaccinia viruses,
wherein the chemokine receptor comprises a codon optimized CCR2. Further provided herein
are modified oncolytic vaccinia viruses, wherein the genetic modification in the viral backbone
is a mutation or a deletion of the A52R gene. Further provided herein are modified oncolytic
vaccinia viruses, wherein the deletion is a complete or a partial deletion. Further provided
herein are modified oncolytic vaccinia viruses, wherein the oncolytic vaccinia virus further
comprises a deletion of thymidine kinase gene. Further provided herein are modified oncolytic
vaccinia viruses, wherein the vaccinia virus is a Western Reserve strain Vaccinia virus (ATCC
VR-1354), a Copenhagen strain, an IHD strain, a Wyeth strain (ATCC VR-1536), a NYCBOH
strain, a Tian Tan strain, a Lister strain, an Ankara strain (ATCC VR-1508 or ATCC VR-
1566), a USSR strain, an ACAM2000 strain, a Paris strain, a Bern strain, a Temple of Heaven
strain, a Dairen strain, an EM-63 strain, an Evans strain, a King strain, a Patwadangar strain,
or a Tash Kent strain. Further provided herein are modified oncolytic vaccinia viruses, wherein
the exogenous nucleic acid encoding the fusion protein is cloned into the locus of thymidine
kinase gene. Further provided herein are modified oncolytic vaccinia viruses, wherein the
exogenous nucleic acid encoding the chemokine receptor is cloned into the locus of A52R
gene. Further provided herein are modified oncolytic vaccinia viruses, wherein the exogenous
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nucleic acid encoding the fusion protein comprising a metabolic modulating protein or a
functional fragment or a variant thereof comprises a sequence that is at least about 75%, about
80%, about 85%, about 90%, about 95%, about 96%, about 97%, about 98%, about 99%, or
about 100% homologous to the sequence of SEQ ID NO: 1. Further provided herein are
modified oncolytic vaccinia viruses, wherein the exogenous nucleic acid encoding the
chemokine receptor or a functional fragment or a variant thereof comprises a sequence that is
at least about 75%, about 80%, about 85%, about 90%, about 95%, about 96%, about 97%,
about 98%, about 99%, or about 100% homologous to the sequence of SEQ ID NO: 2 or SEQ
ID NO: 3. Further provided herein are modified oncolytic vaccinia viruses further comprising
an exogenous nucleic acid encoding a hyaluronidase. Further provided herein are modified
oncolytic vaccinia viruses, wherein the hyaluronidase is PH-20 or HysA.

[0101] Provided herein is a modified oncolytic vaccinia virus comprising (a) an
exogenous nucleic acid encoding a leptin-interleukin (IL)-2 fusion protein; (b) an exogenous
nucleic acid encoding CCR2, and (c) a deletion of A52R gene. Further provided herein is the
modified oncolytic vaccinia virus wherein the vaccinia virus is Western Reserve strain
Vaccinia virus (ATCC VR-1354). Further provided herein is the modified oncolytic vaccinia
virus, wherein the oncolytic vaccinia virus further comprises a deletion of a thymidine kinase
gene. Further provided herein is the modified oncolytic vaccinia virus, wherein the exogenous
nucleic acid encoding the leptin-interleukin (IL)-2 fusion protein is cloned into the locus of the
thymidine kinase gene. Further provided herein is the modified oncolytic vaccinia virus,
wherein the nucleic acid encoding CCR2 is cloned into the locus of A52R gene. Further
provided herein is the modified oncolytic vaccinia virus further comprising a mutation or a
deletion of a viral gene selected from the group consisting of: Al, A2, VH1, A33, 17, K7R,
BSR, CI2L, BI5R, B14R, K1L, N1L, M2L, A49R, A46R, E3L, C4, C16, and a functional
domain or a fragment or a variant thereof, or any combinations thereof. Further provided herein
is the modified oncolytic vaccinia virus further comprising an exogenous nucleic acid coding
for at least one of: HMGB1, PIAS3, LIGHT, fractalkine, ITAC, IL15, IL15Ralpha, CCL5, a
functional domain or a fragment or a variant thereof, or any combinations thereof.

[0102] Provided herein is a pharmaceutical composition comprising a modified
oncolytic virus according to the present disclosure. Further provided herein is the
pharmaceutical composition further comprising at least one of: a solubilizing agent, an
excipient, or a pharmaceutically acceptable carrier. Further provided herein is the
pharmaceutical composition, wherein the excipient comprises one or more of a buffering agent,
a stabilizer, an antioxidant, a binder, a diluent, a dispersing agent, a rate controlling agent, a
lubricant, a glidant, a disintegrant, a plasticizer, a preservative, or any combinations thereof.
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Further provided herein is the pharmaceutical composition, wherein the excipient comprises
di-sodium hydrogen phosphate dihydrate, sodium dihydrogen phosphate dihydrate, sodium
chloride, myo-inositol, sorbitol, or any combinations thereof. Further provided herein is the
pharmaceutical composition that does not comprise a preservative. Further provided herein is
the pharmaceutical composition further comprising one or more of a preservative, a diluent,
and a carrier. Further provided herein are pharmaceutical compositions further comprising an
additional active ingredient or a salt thereof. Further provided herein is the pharmaceutical
composition, wherein the solubilizing agent is sterile water. Further provided herein is the
pharmaceutical composition further comprising an additional active ingredient, wherein the
additional active ingredient is an anti-cancer agent or a further oncolytic virus.

[0103] Provided herein is a kit comprising the modified oncolytic vaccinia virus of the
present disclosure.

[0104] Provided herein is a kit comprising the pharmaceutical composition of the
present disclosure. Further provided herein is said kit further comprising at least one of: an
anti-cancer agent or an additional oncolytic virus.

[0105] Provided herein is a method of enhancing therapeutic effect of a modified
oncolytic vaccinia virus upon systemic delivery of the modified oncolytic vaccinia virus to a
subject, relative to a systemic administration of a reference vaccinia virus comprising a TK
mutation but not the exogenous nucleic acid encoding the fusion protein or the exogenous
nucleic acid encoding the chemokine receptor, comprising a systemic administration of a
modified oncolytic vaccinia virus according to or a pharmaceutical composition according to
the present disclosure.

[0106] Provided herein is a method of treatment comprising administering to a subject
an oncolytic vaccinia virus according to the present disclosure, or a pharmaceutical
composition of the present disclosure, wherein the administering results in an enhanced
systemic immune response in the subject, relative to administering to subject a reference
oncolytic vaccinia virus that comprises a deletion of a thymine kinase gene (TK-), does not
comprise any one of (a) and (b). Further provided herein is said method, wherein the
administering is a systemic administration. Further provided herein is said method, wherein
the systemic administration comprises at least one of: an oral administration, an intravenous
administration, an intranasal administration, a sublingual administration, a rectal
administration, a transdermal administration, or any combinations thereof. Further provided
herein is said method, wherein the subject has a cancer.

[0107] Provided herein is a method of treating a cancer in a subject, said method comprising
administering to said subject a therapeutically effective amount of the modified oncolytic
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vaccinia virus of the present disclosure. Further provided herein is said method of the present
disclosure, wherein the cancer is at least one of: a melanoma, a hepatocellular carcinoma, a
breast cancer, a lung cancer, a Non-small lung cancer, a peritoneal cancer, a prostate cancer, a
bladder cancer, an ovarian cancer, a leukemia, a lymphoma, a renal cell carcinoma, a
pancreatic cancer, an epithelial carcinoma, a gastric/ GE junction adenocarcinoma, a cervical
cancer, a colon carcinoma, a colorectal cancer, a duodenal cancer, a pancreatic
adenocarcinoma, an adenoid cystic, a sarcoma, a mesothelioma, a glioblastoma multiforme, a
astrocytoma, a multiple myeloma, a prostate carcinoma, a hepatocellular carcinoma, a
cholangiocarcinoma, a pancreatic adenocarcinoma, a head and neck squamous cell
carcinoma, a cervical squamous-cell carcinoma, an osteosarcoma, an epithelial ovarian
carcinoma, an acute lymphoblastic lymphoma, a myeloproliferative neoplasm, or any
combinations thereof. Further provided herein is said method of the present disclosure,
wherein the modified oncolytic virus, or the pharmaceutical composition is administered at a
dosage that comprises about 10° PFU/mL to about 10'° PFU/mL of the oncolytic vaccinia
virus. Further provided herein is said method of the present disclosure, wherein the modified
oncolytic virus, or the pharmaceutical composition is administered at a dosage that comprises
about 5 x 10° PFU/mL of the oncolytic vaccinia virus. Further provided herein is said method
of the present disclosure, wherein the modified oncolytic virus, or the pharmaceutical
composition is administered, independently, in an initial dose for a first period of time, an
intermediate dose for a second period of time, and a high dose for a third period of time.
Further provided herein is said method comprising administration of the initial, the
intermediate, and the high dose, independently, wherein the initial dose is lower than the
intermediate dose and the intermediate dose is lower than the high dose. Further provided
herein is said method, wherein the first, second, and third periods of time are each from about
1 week to about 3 weeks. Further provided herein is said method, wherein the modified
oncolytic virus, and the pharmaceutical composition independently comprises a liquid dosage
form that is administered at a volume of about 1 mL to about 5 mL, about 5 mL to 10 mL,
about 15 mL to about 20 mL, about 25 mL to about 30 mL, about 30 mL to about 50 mL,
about 50 mL to about 100 mL, about 100 mL to 150 mL, about 150 mL to about 200 mL,
about 200 mL to about 250 mL, about 250 mL to about 300 mL, about 300 mL to about 350
mL, about 350 mL to about 400 mL, about 400 mL to about 450 mL, about 450 mL to 500
mL, about 500 mL to 750 mL, or about 750 mL to 1000 mL. Further provided herein is said
method, wherein the modified oncolytic virus, the oncolytic vaccinia virus, or a
pharmaceutical composition is administered in a liquid dosage form, a solid dosage form, an
inhalable dosage form, an intranasal dosage form, a liposomal formulation, a dosage form
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comprising nanoparticles, a dosage form comprising microparticles, a polymeric dosage
form, or any combinations thereof. Further provided herein is said method, wherein the
modified oncolytic virus, the oncolytic vaccinia virus, or the pharmaceutical composition is
administered for a duration of about 1 week, about 2 weeks, about 3 weeks, about 4 weeks,
about 6 weeks, about 7 weeks, about 8 weeks, about 9 weeks, about 10, weeks, or about 12
weeks. Further provided herein is said method, wherein the modified oncolytic virus, or the
pharmaceutical composition is administered once daily, twice daily, once every week, once
every two weeks, or once every three weeks. Further provided herein is said method, wherein
the modified oncolytic virus, or the pharmaceutical composition is administered
intravenously, intraperitoneally, or by an intratumoral injection. Further provided herein is
said method, wherein the modified oncolytic virus, the oncolytic vaccinia virus, or the
pharmaceutical composition is administered as a bolus injection or a slow infusion. Further
provided herein, is said method, wherein the administration of the modified oncolytic virus,
the oncolytic vaccinia virus, or the pharmaceutical composition results in a first peak viral
load after about 1 hour to about 3 days and a second peak viral load after about 3 days to
about 10 days from administration of a first dose. Further provided herein is said method,
comprising administration of a further therapy, wherein the further therapy is administered
for a duration of about 1 week, about 2 weeks, about 3 weeks, about 4 weeks, about 6 weeks,
about 7 weeks, about 8 weeks, about 9 weeks, about 10, weeks, or about 12 weeks. Further
provided herein is said method, wherein the further therapy is administered once daily, once
every week, once every two weeks, or once every three weeks. Further provided herein is
said method, wherein the further therapy is administered in a liquid dosage form, a solid
dosage form, an inhalable dosage form, an intranasal dosage form, a liposomal formulation, a
dosage form comprising nanoparticles, a dosage form comprising microparticles, a polymeric
dosage form, or any combinations thereof. Further provided herein is said method, wherein
the further therapy is administered for a duration of about 1 week, about 2 week, about 3
weeks, about 4 weeks, about 6 weeks, about 7 weeks, about 8 weeks, about 9 weeks, about
10, weeks, or about 12 weeks. Further provided herein is said method, wherein the further
therapy is administered once daily, once every week, once every two weeks, or once every
three weeks. Further provided herein is said method, wherein the further therapy is
administered in a liquid dosage form, a solid dosage form, an inhalable dosage form, an
intranasal dosage form, a liposomal formulation, a dosage form comprising nanoparticles, a
dosage form comprising microparticles, a polymeric dosage form, or any combinations
thereof. Further provided herein is said method, wherein the further therapy is administered
orally, intravenously, by an intratumoral injection, or by radiation. Further provided herein is
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said method, wherein the subject is human. Further provide herein is said method, wherein
prior to administration of the modified oncolytic virus, the oncolytic vaccinia virus, or the
pharmaceutical composition the subject has been diagnosed with a cancer. Further provided
herein is said method, wherein prior to administration of the modified oncolytic virus, the
oncolytic vaccinia virus, or the pharmaceutical composition or the further therapy the subject
has been diagnosed with a cancer. Further provided herein is said method, wherein the further
therapy comprises chemotherapy, radiation, oncolytic viral therapy with an additional virus,
treatment with immunomodulatory proteins, a CAR T cellular therapy, an anti-cancer agent,
or any combinations thereof. Further provided herein is said method, wherein the further
therapy comprises administration of an immunomodulatory agent comprising anti-CD33
antibody and variable region thereof, an anti-CD11b antibody and variable region thereof, a
COX2 inhibitor, a cytokine, a chemokine, an anti-CTLA4 antibody or an antigen binding
fragment thereof, an anti-PD-1 antibody or an antigen binding fragment thereof, an anti-PD-
L1 antibody or an antigen binding fragment thereof, or a TLR agonist. Further provided
herein is said method comprising administration of the further therapy, wherein the further
therapy comprises administration of the anti-cancer agent, wherein the anti-cancer agent is a
chemotherapeutic agent.

[0108] While preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such embodiments are
provided by way of example only. Numerous variations, changes, and substitutions will now
occur to those skilled in the art without departing from the invention. It should be understood
that various alternatives to the embodiments of the invention described herein may be
employed in practicing the invention. It is intended that the following claims define the
scope of the invention and that methods and structures within the scope of these claims and

their equivalents be covered thereby.

EXAMPLES

[0109] For a better understanding of the present disclosure and of its many advantages,
the following examples are given by way of illustration and without limiting the scope of this
disclosure.

[0110] Example 1: EXEMPLARY MODIFIED VACCINIA VIRUS MODIFIED
TO DELETE AS52R AND TK GENES AND INSERTING CCR2 AND LEPTIN-IL-2
SHOWS ENHANCED THERAPEUTIC EFFECT AND SYSTEMIC DELIVERY IN
LLC TUMOR MODELS

43



WO 2022/109133 PCT/US2021/059887
[0111] The aim of this study was to explore the therapeutic effect and systemic delivery
of a modified vaccinia virus as described herein. A modification was introduced in the genome
of the Western reserve strains of Vaccinia Virus (WR) by deleting the AS2R gene and
Thymidine Kinase (TK) gene and inserting the exogenous nucleic acid encoding CCR2 and
exogenous nucleic acid encoding Leptin-Interleukin(IL)-2 fusion protein (referred to herein as
WR.Tk-.A52R-.CCR2 Leptin-IL2; also abbreviated as “MMC”).

[0112] One study was performed in LLC Tumor models for comparing the example
modified vaccinia virus with a reference virus that was a Western Reserve strain of vaccinia
virus with TK deletion (referred to as WR.TK-) and a vehicle (buffered saline) as control. A
dose of 2 x 107 PFU was administered intravenously to treat mice (C57/B6) implanted
subcutaneously with LLC tumors on days 0 and 3 when tumors reached a size of 50-100 MM?
[results shown in FIG. 2A, FIG. 2B and FIG. 2C]. It was noted that the example modified
vaccinia virus administered intravenously led to a significant delay in tumor volume growth as
shown in FIG. 2A, as compared to control and the reference virus. Further, Fig. 2B also showed
that the probability of survival of mouse was also significantly improved by the administration
of the example modified vaccinia virus. The result shows an enhanced therapeutic effect of the
example modified vaccinia virus. Additionally, the tumor volumes were measured 28 days after
the virus administration for each group receiving the example modified vaccinia virus, or the
reference virus, which was the WR.TK- virus, or a control [FIG. 2C]. The results shown in
FIG. 2A, 2B and 2C display a significant enhancement in the therapeutic activity with
administration of the example modified vaccinia virus.

[0113] Another study was performed in LLC Tumor models to compare the systemic
delivery to tumor of the example modified vaccinia virus with the reference virus (WR.TK-
vaccinia virus strain). A dose of 1 x 10’ PFU was administered intravenously to mice (C57/B6)
with subcutaneously implanted LLC tumors. Tumors were harvested 24 hours after IV
delivery, and the number of viral genomes per milligram of tumor quantified by qPCR [FIG.
2D]. The results as shown in FIG. 2D indicates a significantly enhanced systemic delivery of
the example modified vaccinia virus compared to the reference, the WR.TK- virus.

[0114] The above example clearly indicates that the example modified vaccinia virus
shows a significantly enhanced therapeutic activity for tumors and high systemic delivery to

tumor sites.

[0115] Example 2 - EXEMPLARY MODIFIED VACCINIA VIRUS OF THIS
DISCLOSURE SHOWS ENHANCED THERAPEUTIC EFFECT AND SYSTEMIC
DELIVERY IN PRE-IMMUNIZED MICE IN LLC TUMOR MODELS
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[0116] The aim of this study was to explore the therapeutic effect and systemic delivery
of an exemplary modified vaccinia virus according to this disclosure in pre-immunized mice
as compared to non-immunized mice.

[0117] In this study a C57/B6 mice bearing subcutaneous LLC tumors was used. One
group of mice was administered an immunization of a reference virus, which was the vaccinia
virus strain WR.TK- , at a dose of 1x 10° PFU, through one injection 30 days prior to tumor
implant (labeled as “MMC immunized” in FIG.3A) and the other group was not immunized
(labeled as “MMC” in FIG. 3A).

[0118] Two intravenous injections of either virus were given to the mice (2 doses of 1x
107 PFU/mL, 3 days apart) when tumors had reached 50-100mm?, approximately 10 days after
implantation. The results of average tumor volume studied is shown in FIG. 3A. The results
indicate that the example modified vaccinia virus displayed a good therapeutic activity in the
tumors in both immunized and non-immunized mice, compared to the mice administered a
vehicle.

[0119] In another study LLC Tumor models was studied to compare the systemic
delivery to tumor for the example modified vaccinia virus immunized and un-immunized mice.
Two groups of C57/B6 mice bearing subcutaneous tumor were selected. One group
administered an immunization of a reference virus, which was the vaccinia virus strain
WR TK-, at a dose of 1x 10° PFU, with one injection 30 days prior to tumor implant and the
other group was naive mice bearing subcutaneous LLC tumors, and the other group was not
immunized. A dose of 1 x 10’ PFU was administered intravenously to both groups and tumors
were harvested 24 hours after IV delivery. The number of viral genomes per milligram of tumor
quantified by qPCR was studied [FIG. 3B]. The results as shown in FIG. 3B indicate good
systemic delivery of the example modified vaccinia virus in both the pre-immunized (“MMC
immunized”) and non-immunized (“MMC”) groups.

[0120] The above studies suggest the example modified vaccinia virus shows enhanced

delivery and therapeutic efficacy both with and without pre-immunization, relative to control

viruses.

[0121] Example 3 - EXEMPLARY MODIFIED VACCINIA VIRUS OF THIS
DISCLOSURE SHOWS ENHANCED THERAPEUTIC EFFECT IN RENCA TUMOR
MODELS

[0122] The aim of this study was to explore the therapeutic effect of an example

modified vaccinia virus according to the present disclosure (comprising modifications as

described in the previous example)in the RENCA tumor models.
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[0123] The study was performed in RENCA Tumor models for comparing the
therapeutic activity of the example modified vaccinia virus with the reference virus, which was
a Western Reserve strain of vaccinia virus with TK deletion (referred to as WR.TK-), and a
vehicle (buffered saline) as control. A dose of 2 x 107 PFU of either of the virus or the control
was administered intravenously to treat BALB/c mice implanted with subcutaneous RENCA
tumors when tumors reached a size of 50-100 MM? [FIG. 4]. The result for the individual
mouse tumor sizes at day 14 after first treatment are shown in FIG. 4. The results in FIG. 4
showed that the example modified vaccinia virus, administered intravenously, resulted in
significantly smaller tumor sizes as compared to the reference WR.TK- strain of vaccinia virus

and the control.

[0124] Example 4 — A BIODISTRIBUTION STUDY OF THE EXEMPLARY
MODIFIED VACCINIA VIRUS OF THIS DISCLOSURE SHOWS HIGHER TUMOR
SELECTIVITY A LOW ACCUMULATION IN NORMAL TISSUES

[0125] The aim of this study was to study the biodistribution of the example modified
vaccinia virus (labeled as NT428N in FIG. 5A and FIG. 5B, comprising modifications as
described above in Example 1) as compared to a reference virus (WR.TK- A52R-) vaccinia
virus strains (shown as NT202N in FIG. 5A and FIG. 5B) in tumors as compared to all other
tissues in LLC Tumor models.

[0126] In this study, the example modified vaccinia virus (NT428N) or a vaccinia virus
with deletion of TK and A52R genes without expressing CCR2 or Leptin (control virus referred
as NT202N) were delivered at a dose of 1x10” PFU via tail vein to two groups of mice. Once
group of mice was C57/B6 mice with no tumor [FIG. 5A] and the other group was C57/B6
mice bearing subcutaneous LLC tumors [FIG. 5B]. The mice were sacrificed at 72 hours after
the delivery and organs (liver, spleen, brain, heart, kidney, GI tract, bone marrow, lungs, and
tumor) were collected and a viral genome was titled by qPCR for no tumor and LLC tumor
groups [FIG. 5A and FIG. 5SB]. Subsequently, the mice were sacrificed at 10 days after delivery
and organs (liver, spleen, brain, heart, kidney, GI tract, bone marrow, lungs, and tumor) were
collected for H&E staining. The H&E stains were run, and a full pathology report was obtained
[Table 1].

[0127] The biodistribution study of FIG. 5A and FIG. 5B show that the example
modified vaccinia virus (NT428N) showed a lower titer in all tissues as compared to the control
virus (NT202N) and no tissue showed an increase in viral load when CCR2 was expressed. In
tumor bearing mice, viral genome in the tumor was significantly higher than any other tissue
or organs.
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[0128] The pathology study in Table 1 shows that the example modified vaccinia virus
was well tolerated and would be expected to be safer than similar viruses currently being used

in a clinical setting.

[0129] TABLE 1 — Pathology report at 10 days post treatment
ORGANS REPORT
Brain No significant findings
Heart One mouse (of 6) in the control virus (202) groups displayed
focal myocardial degeneration, none seen in the NT428N
groups
Lungs No significant findings
Liver Some fatty change and microvesicular lipidosis in all viral

treatment groups, not increased with NT428N. No change in
AST/ALT seen in blood.

Kidney No significant findings

Spleen Extramedullary hematopoiesis and lymphoid hyperplasia in
LLC+NT202N group; Not seen with LLC+NT428N.

GI Tract No significant findings

Tumor Necrosis and inflammation were seen with both virus

treatments but had the highest mean score for LLC+NT428N.
Mitotic rate was also assessed but was not possible in
LLC+NT428N group as not enough live tumor cells remained,
thereby indicating that the NT428N virus was more effective in
destroying tumor cells relative to the control virus NT202N.

SEQUENCES
SEQ ID NO: 1 (leptin-IL2 fusion- nucleic acid sequence)

ATGCATTGGGGAACCCTGTGCGGATTCTTGTGGCTTTGGCCCTATCTTTTCTATGT
CCAAGCTGTGCCCATCCAAAAAGTCCAAGATGACACCAAAACCCTCATCAAGAC
AATTGTCACCAGGATCAATGACATTTCACACACGCAGTCAGTCTCCTCCAAACAG
AAAGTCACCGGTTTGGACTTCATTCCTGGGCTCCACCCCATCCTGACCTTATCCA
AGATGGACCAGACACTGGCAGTCTACCAACAGATCCTCACCAGTATGCCTTCCA
GAAACGTGATCCAAATATCCAACGACCTGGAGAACCTCCGGGATCTTCTTCACGT
GCTGGCCTTCTCTAAGAGCTGCCACTTGCCCTGGGCCAGTGGCCTGGAGACCTTG
GACAGCCTGGGGGGTGTCCTGGAAGCTTCAGGCTACTCCACAGAGGTGGTGGCC
CTGAGCAGGCTGCAGGGGTCTCTGCAGGACATGCTGTGGCAGCTGGACCTCAGC
CCTGGGTGCGGAGGTGGCGGATCCGGCGGAGGTGGCTCAGGTGGCGGTGGATCA
GGAGGAGGTGGATCAGCTAGCGCACCTACTTCAAGTTCTACAAAGAAAACACAG
CTACAACTGGAGCATTTACTGCTGGATTTACAGATGATTTTGAATGGAATTAATA
ATTACAAGAATCCCAAACTCACCAGGATGCTCACATTTAAGTTTTACATGCCCAA
GAAGGCCACAGAACTGAAACATCTTCAGTGTCTAGAAGAAGAACTCAAACCTCT
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GGAGGAAGTGCTAAATTTAGCTCAAAGCAAAAACTTTCACTTAAGACCCAGGGA
CTTAATCAGCAATATCAACGTAATAGTTCTGGAACTAAAGGGATCTGAAACAAC
ATTCATGTGTGAATATGCTGATGAGACAGCAACCATTGTAGAATTTCTGAACAGA
TGGATTACCTTTTGTCAAAGCATCATCTCAACACTGACTTGA

SEQ ID NO: 2 (Nucleic acid sequence that encodes CCR2, variant 467):

ATGCTGTCCACATCTCGTTCTCGGTTTATCAGAAATACCAACGAGAGCGGTGAAG
AAGTCACCACCTTTTTTGATTATGATTACGGTGCTCCCTGTCATAAATTTGACGTG
AAGCAAATTGGGGCCCAACTCCTGCCTCCGCTCTACTCGCTGGTGTTCATCTTTG
GTTTTGTGGGCAACATGCTGGTCGTCCTCATCTTAATAAACTGCAAAAAGCTGAA
GTGCTTGACTGACATTTACCTGCTCAACCTGGCCATCTCTGATCTGCTTTTTCTTA
TTACTCTCCCATTGTGGGCTCACTCTGCTGCAAATGAGTGGGTCTTTGGGAATGC
AATGTGCAAATTATTCACAGGGCTGTATCACATCGGTTATTTTGGCGGAATCTTC
TTCATCATCCTCCTGACAATCGATAGATACCTGGCTATTGTCCATGCTGTGTTTGC
TTTAAAAGCCAGGACGGTCACCTTTGGGGTGGTGACAAGTGTGATCACCTGGTTG
GTGGCTGTGTTTGCTTCTGTCCCAGGAATCATCTTTACTAAATGCCAGAAAGAAG
ATTCTGTTTATGTCTGTGGCCCTTATTTTCCACGAGGATGGAATAATTTCCACACA
ATAATGAGGAACATTTTGGGGCTGGTCCTGCCGCTGCTCATCATGGTCATCTGCT
ACTCGGGAATCCTGAAAACCCTGCTTCGGTGTCGAAACGAGAAGAAGAGGCATA
GGGCAGTGAGAGTCATCTTCACCATCATGATTGTTTACTTTCTCTTCTGGACTCCC
TATAATATTGTCATTCTCCTGAACACCTTCCAGGAATTCTTCGGCCTGAGTAACTG
TGAAAGCACCAGTCAACTGGACCAAGCCACGCAGGTGACAGAGACTCTTGGGAT
GACTCACTGCTGCATCAATCCCATCATCTATGCCTTCGTTGGGGAGAAGTTCAGA
AGCCTTTTTCACATAGCTCTTGGCTGTAGGATTGCCCCACTCCAAAAACCAGTGT
GTGGAGGTCCAGGAGTGAGACCAGGAAAGAATGTGAAAGTGACTACACAAGGA
CTCCTCGATGGTCGTGGAAAAGGAAAGTCAATTGGCAGAGCCCCTGAAGCCAGT
CTTCAGGACAAAGAAGGAGCCTAG

SEQ ID NO: 3 (Nucleic acid sequence that encodes CCR2, variant 502):

ATGCTGTCCACATCTCGTTCTCGGTTTATCAGAAATACCAACGAGAGCGGTGAAG
AAGTCACCACCTTTTTTGATTATGATTACGGTGCTCCCTGTCATAAATTTGACGTG
AAGCAAATTGGGGCCCAACTCCTGCCTCCGCTCTACTCGCTGGTGTTCATCTTTG
GTTTTGTGGGCAACATGCTGGTCGTCCTCATCTTAATAAACTGCAAAAAGCTGAA
GTGCTTGACTGACATTTACCTGCTCAACCTGGCCATCTCTGATCTGCTETTcCTTAT
TACTCTCCCATTGTGGGCTCACTCTGCTGCAAATGAGTGGGTCTTTGGGAATGCA
ATGTGCAAATTATTCACAGGGCTGTATCACATCGGTTATTTTGGCGGAATCTTCTT
CATCATCCTCCTGACAATCGATAGATACCTGGCTATTGTCCATGCTGTGTTTGCTT
TAAAAGCCAGGACGGTCACCTTTGGGGTGGTGACAAGTGTGATCACCTGGTTGG
TGGCTGTGTTTGCTTCTGTCCCAGGAATCATCTTTACTAAATGCCAGAAAGAAGA
TTCTGTTTATGTCTGTGGCCCTTATTTTCCACGAGGATGGAATAATTTCCACACAA
TAATGAGGAACATTTTGGGGCTGGTCCTGCCGCTGCTCATCATGGTCATCTGCTA
CTCGGGAATCCTGAAAACCCTGCTTCGGTGTCGAAACGAGAAGAAGAGGCATAG
GGCAGTGAGAGTCATCTTCACCATCATGATTGTTTACTTTCTCTTCTGGACTCCCT
ATAATATTGTCATTCTCCTGAACACCTTCCAGGAATTCTTCGGCCTGAGTAACTGT
GAAAGCACCAGTCAACTGGACCAAGCCACGCAGGTGACAGAGACTCTTGGGATG
ACTCACTGCTGCATCAATCCCATCATCTATGCCTTCGTTGGGGAGAAGTTCAGAA
GCCTTTTTCACATAGCTCTTGGCTGTAGGATTGCCCCACTCCAAAAACCAGTGTG
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TGGAGGTCCAGGAGTGAGACCAGGAAAGAATGTGAAAGTGACTACACAAGGAC
TCCTCGATGGTCGTGGAAAAGGAAAGTCAATTGGCAGAGCCCCTGAAGCCAGTC
TTCAGGACAAAGAAGGAGCCTAG

SEQ ID NO: 4 (Nucleic acid sequence encoding leptin)

GTAGGAATCGCAGCGCCAGCGGTTGCAAGGCCCAAGAAGCCCATCCTGGGAAGG
AAAATGCATTGGGGAACCCTGTGCGGATTCTTGTGGCTTTGGCCCTATCTTTTCTA
TGTCCAAGCTGTGCCCATCCAAAAAGTCCAAGATGACACCAAAACCCTCATCAA
GACAATTGTCACCAGGATCAATGACATTTCACACACGCAGTCAGTCTCCTCCAAA
CAGAAAGTCACCGGTTTGGACTTCATTCCTGGGCTCCACCCCATCCTGACCTTAT
CCAAGATGGACCAGACACTGGCAGTCTACCAACAGATCCTCACCAGTATGCCTTC
CAGAAACGTGATCCAAATATCCAACGACCTGGAGAACCTCCGGGATCTTCTTCAC
GTGCTGGCCTTCTCTAAGAGCTGCCACTTGCCCTGGGCCAGTGGCCTGGAGACCT
TGGACAGCCTGGGGGGTGTCCTGGAAGCTTCAGGCTACTCCACAGAGGTGGTGG
CCCTGAGCAGGCTGCAGGGGTCTCTGCAGGACATGCTGTGGCAGCTGGACCTCA
GCCCTGGGTGCTGAGGCCTTGAAGGTCACTCTTCCTGCAAGGACTACGTTAAGGG
AAGGAACTCTGGCTTCCAGGTATCTCCAGGATTGAAGAGCATTGCATGGACACC
CCTTATCCAGGACTCTGTCAATTTCCCTGACTCCTCTAAGCCACTCTTCCAAAGGC
ATAAGACCCTAAGCCTCCTTTTGCTTGAAACCAAAGATATATACACAGGATCCTA
TTCTCACCAGGAAGGGGGTCCACCCAGCAAAGAGTGGGCTGCATCTGGGATTCC
CACCAAGGTCTTCAGCCATCAACAAGAGTTGTCTTGTCCCCTCTTGACCCATCTC
CCCCTCACTGAATGCCTCAATGTGACCAGGGGTGATTTCAGAGAGGGCAGAGGG
GTAGGCAGAGCCTTTGGATGACCAGAACAAGGTTCCCTCTGAGAATTCCAAGGA
GTTCCATGAAGACCACATCCACACACGCAGGAACTCCCAGCAACACAAGCTGGA
AGCACATGTTTATTTATTCTGCATTTTATTCTGGATGGATTTGAAGCAAAGCACCA
GCTTCTCCAGGCTCTTTGGGGTCAGCCAGGGCCAGGGGTCTCCCTGGAGTGCAGT
TTCCAATCCCATAGATGGGTCTGGCTGAGCTGAACCCATTTTGAGTGACTCGAGG
GTTGGGTTCATCTGAGCAAGAGCTGGCAAAGGTGGCTCTCCAGTTAGTTCTCTCG
TAACTGGTTTCATTTCTACTGTGACTGATGTTACATCACAGTGTTTGCAATGGTGT
TGCCCTGAGTGGATCTCCAAGGACCAGGTTATTTTAAAAAGATTTGTTTTGTCAA
GTGTCATATGTAGGTGTCTGCACCCAGGGGTGGGGAATGTTTGGGCAGAAGGGA
GAAGGATCTAGAATGTGTTTTCTGAATAACATTTGTGTGGTGGGTTCTTTGGAAG
GAGTGAGATCATTTTCTTATCTTCTGCAATTGCTTAGGATGTTTTTCATGAAAATA
GCTCTTTCAGGGGGGTTGTGAGGCCTGGCCAGGCACCCCCTGGAGAGAAGTTTCT
GGCCCTGGCTGACCCCAAAGAGCCTGGAGAAGCTGATGCTTTGCTTCAAATCCAT
CCAGAATAAAACGCAAAGGGCTGAAAGCCATTTGTTGGGGCAGTGGTAAGCTCT
GGCTTTCTCCGACTGCTAGGGAGTGGTCTTTCCTATCATGGAGTGACGGTCCCAC
ACTGGTGACTGCGATCTTCAGAGCAGGGGTCCTTGGTGTGACCCTCTGAATGGTC
CAGGGTTGATCACACTCTGGGTTTATTACATGGCAGTGTTCCTATTTGGGGCTTGC
ATGCCAAATTGTAGTTCTTGTCTGATTGGCTCACCCAAGCAAGGCCAAAATTACC
AAAAATCTTGGGGGGTTTTTACTCCAGTGGTGAAGAAAACTCCTTTAGCAGGTGG
TCCTGAGACCTGACAAGCACTGCTAGGCGAGTGCCAGGACTCCCCAGGCCAGGC
CACCAGGATGGCCCTTCCCACTGGAGGTCACATTCAGGAAGATGAAAGAGGAGG
TTTGGGGTCTGCCACCATCCTGCTGCTGTGTTTTTGCTATCACACAGTGGGTGGTG
GATCTGTCCAAGGAAACTTGAATCAAAGCAGTTAACTTTAAGACTGAGCACCTG
CTTCATGCTCAGCCCTGACTGGTGCTATAGGCTGGAGAAGCTCACCCAATAAACA
TTAAGATTGAGGCCTGCCCTCAGGGATCTTGCATTCCCAGTGGTCAAACCGCACT
CACCCATGTGCCAAGGTGGGGTATTTACCACAGCAGCTGAACAGCCAAATGCAT
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GGTGCAGTTGACAGCAGGTGGGAAATGGTATGAGCTGAGGGGGGCCGTGCCCAG
GGGCCCACAGGGAACCCTGCTTGCACTTTGTAACATGTTTACTTTTCAGGGCATC
TTAGCTTCTATTATAGCCACATCCCTTTGAAACAAGATAACTGAGAATTTAAAAA
TAAGAAAATACATAAGACCATAACAGCCAACAGGTGGCAGGACCAGGACTATA
GCCCAGGTCCTCTGATACCCAGAGCATTACGTGAGCCAGGTAATGAGGGACTGG
AACCAGGGAGACCGAGCGCTTTCTGGAAAAGAGGAGTTTCGAGGTAGAGTTTGA
AGGAGGTGAGGGATGTGAATTGCCTGCAGAGAGAAGCCTGTTTTGTTGGAAGGT
TTGGTGTGTGGAGATGCAGAGGTAAAAGTGTGAGCAGTGAGTTACAGCGAGAGG
CAGAGAAAGAAGAGACAGGAGGGCAAGGGCCATGCTGAAGGGACCTTGAAGGG
TAAAGAAGTTTGATATTAAAGGAGTTAAGAGTAGCAAGTTCTAGAGAAGAGGCT
GGTGCTGTGGCCAGGGTGAGAGCTGCTCTGGAAAATGTGACCCAGATCCTCACA
ACCACCTAATCAGGCTGAGGTGTCTTAAGCCTTTTGCTCACAAAACCTGGCACAA
TGGCTAATTCCCAGAGTGTGAAACTTCCTAAGTATAAATGGTTGTCTGTTTTTGTA
ACTTAAAAAAAAAAAAAAAAGTTTGGCCGGGTGCGGTGGCTCACGCCTGTAATC
CCAGCACTTTGGGAGGCCAAGGTGGGGGGATCACAAGGTCACTAGATGGCGAGC
ATCCTGGCCAACATGGTGAAACCCCGTCTCTACTAAAAACACAAAAGTTAGCTG
AGCGTGGTGGCGGGCGCCTGTAGTCCCAGCCACTCGGGAGGCTGAGACAGGAGA
ATCGCTTAAACCTGGGAGGCGGAGAGTACAGTGAGCCAAGATCGCGCCACTGCA
CTCCGGCCTGATGACAGAGCGAGATTCCGTCTTAAAAAAAAAAAAAAAAAAGTT
TGTTTTTAAAAAAATCTAAATAAAATAACTTTGCCCCCTGCAAAAAAAAAAAAA
AAAA

SEQ ID NO: 5 (Nucleic acid sequence encoding IL-2) (ENA No. E00257.1)

AATTCTATGGCTCCGACTTCAAGTTCTACCAAGAAGACCCAGCTTCAATTAGAAC
ATTTACTTCTAGATTTACAAATGATTCTGAATGGTATCAACAATTATAAGAATCC
AAAGCTTACTCGTATGTTGACCTTTAAATTCTATATGCCTAAGAAGGCTACTGAA
TTAAAACACCTGCAGTGTTTAGAAGAAGAGCTCAAACCGTTAGAAGAAGTTCTG
AATCTGGCTCAATCTAAAAACTTCCATTTACGTCCACGAGATCTTATCTCTAATAT
TAACGTAATCGTTTTGGAACTTAAAGGATCCGAAACTACCTTCATGTGTGAATAT
GCTGACGAAACCGCTACGATCGTAGAATTTCTTAATCGATGGATTACTTTCTGTC
AATCTATTATCTCTACCTTAACTTGAGTCGACG
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CLAIMS

A modified oncolytic virus comprising:

an exogenous nucleic acid encoding a fusion protein comprising a metabolic
modulating protein or a functional fragment or a variant thereof, wherein the exogenous
nucleic acid encoding for the fusion protein comprises:

a polypeptide comprising IL-2 or a functional fragment thereof, and

a polypeptide comprising leptin or a functional fragment thereof;
an exogenous nucleic acid encoding a chemokine receptor or a functional fragment or
a variant thereof, wherein the chemokine receptor is CCR2; and

a genetic modification in a viral genome of the modified oncolytic virus.

The modified oncolytic virus of claim 1, wherein the exogenous nucleic acid encoding the
chemokine receptor comprises a codon optimized variant of the human coding sequence

of the chemokine receptor.

The modified oncolytic virus of claim 1, wherein the fusion protein further comprises a

cytokine or a functional fragment or a variant thereof.

The modified oncolytic virus of any one of claims 1-3, wherein the genetic modification is

a mutation or a deletion of an A52R gene.

The modified oncolytic virus of claim 4, wherein the deletion is a complete or a partial

deletion.

The modified oncolytic virus of any one of claims 1-5, wherein the oncolytic virus further

comprises a deletion of thymidine kinase gene.

The modified oncolytic virus of any one of claims 1-6, wherein the oncolytic virus
comprises measles virus, poliovirus, poxvirus, vaccinia virus, adenovirus, adeno-
associated virus, herpes simplex virus, vesicular stomatitis virus, reovirus, Newcastle

disease virus, Seneca virus, lentivirus, mengovirus, or myxoma virus.
The modified oncolytic virus of claim 7, wherein the oncolytic virus is a pox virus.

The modified oncolytic virus of claim 8, wherein the pox virus is a vaccina virus.
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The modified oncolytic virus of claim 9, wherein the vaccinia virus is a Western Reserve
strain Vaccinia virus, a Copenhagen strain, an IHD strain, a Wyeth strain, a NYCBOH
strain, a Tian Tan strain, a Lister strain, an Ankara strain, a USSR strain, an ACAM2000
strain, a Paris strain, a Bern strain, a Temple of Heaven strain, a Dairen strain, an EM-

63 strain, an Evans strain, a King strain, a Patwadangar strain, or a Tash Kent strain.

. The modified oncolytic virus of claim 10, wherein the exogenous nucleic acid encoding the

fusion protein is cloned into a locus of thymidine kinase gene.

The modified oncolytic virus of any one of claims 1-11, wherein the exogenous nucleic

acid encoding the chemokine receptor is cloned into a locus of an A52R gene.

The modified oncolytic virus of any one of claims 1-12, wherein the polypeptide
encoding IL-2 or a functional fragment thereof comprises a sequence that is at least
about 75%, about 80%, about 85%, about 90%, about 95%, about 96%, about 97%,
about 98%, about 99%, or about 100% homologous to the sequence of SEQ ID NO: 4.

The modified oncolytic virus of any one of claims 1-12, wherein polypeptide encoding
leptin or a functional fragment thereof comprises a sequence that is at least about
75%, about 80%, about 85%, about 90%, about 95%, about 96%, about 97%, about
98%, about 99%, or about 100% homologous to the sequence of SEQ ID NO: 5.

The modified oncolytic virus of any one of claims 1-14, wherein the exogenous nucleic
acid encoding the fusion protein comprising a metabolic modulating protein or a
functional fragment or a variant thereof comprises a sequence that is at least about 75%,
about 80%, about 85%, about 90%, about 95%, about 96%, about 97%, about 98%,
about 99%, or about 100% homologous to the sequence of SEQ ID NO: 1.

The modified oncolytic virus of any one of claims 1-15, wherein the exogenous nucleic
acid encoding the chemokine receptor or a functional fragment or a variant thereof
comprises a sequence that is at least about 75%, about 80%, about 85%, about 90%,
about 95%, about 96%, about 97%, about 98%, about 99%, or about 100% homologous
to the sequence of SEQ ID NO: 2 or SEQ ID NO: 3.

The modified oncolytic virus of any one of claims 1-16, further comprising an exogenous

nucleic acid encoding a hyaluronidase.
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The modified oncolytic virus of claim 17, wherein the hyaluronidase is PH-20 or HysA.

A modified oncolytic virus comprising:
an exogenous nucleic acid encoding a leptin-interleukin (IL)-2 fusion protein;
an exogenous nucleic acid encoding CCR2, and

a deletion of AS2R gene.

The modified oncolytic virus of claim 19, wherein the oncolytic virus comprises measles
virus, poliovirus, poxvirus, vaccinia virus, adenovirus, adeno-associated virus, herpes
simplex virus, vesicular stomatitis virus, reovirus, Newcastle disease virus, Seneca

virus, lentivirus, mengovirus, or myxoma virus.
The modified oncolytic virus of claim 20, wherein the oncolytic virus is a pox virus.
The modified oncolytic virus of claim 21, wherein the pox virus is a vaccina virus.

The modified oncolytic virus of claim 22, wherein the vaccinia virus is a Western Reserve
strain Vaccinia virus, a Copenhagen strain, an IHD strain, a Wyeth strain, a NYCBOH
strain, a Tian Tan strain, a Lister strain, an Ankara strain, a USSR strain, an ACAM2000
strain, a Paris strain, a Bern strain, a Temple of Heaven strain, a Dairen strain, an EM-

63 strain, an Evans strain, a King strain, a Patwadangar strain, or a Tash Kent strain.

The modified oncolytic virus of any one of claims 19 to 23, wherein the oncolytic virus

further comprises a deletion of a thymidine kinase gene.

The modified oncolytic virus of claim 24, wherein the exogenous nucleic acid encoding the
leptin-interleukin (IL)-2 fusion protein is cloned into the locus of the thymidine kinase

gene.

The modified oncolytic virus of any one of claims 19-25, wherein the nucleic acid encoding

CCR2 is cloned into a locus of an A52R gene.

The modified oncolytic virus of any one of claims 1-26, further comprising a mutation or
a deletion of a viral gene selected from the group consisting of: Al, A2, VHI1, A33,
17, K7R, B8R, C12L, BI5R, B14R, K1L, N1L, M2L, A49R, A46R, E3L, C4, C16,
and a functional domain or a fragment or a variant thereof, or any combinations

thereof.
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. The modified oncolytic virus of claim 27, further comprising an exogenous nucleic acid

coding for at least one of: HMGBI1, PIAS3, LIGHT, fractalkine, ITAC, IL15,
IL15Ralpha, CCLS, a functional domain or a fragment or a variant thereof, or any

combinations thereof.

A pharmaceutical composition comprising a modified oncolytic virus according to any one

of claims 1-28.

The pharmaceutical composition of claim 29, further comprising at least one of: a

solubilizing agent, an excipient, or a pharmaceutically acceptable carrier.

The pharmaceutical composition of claim 30, wherein the excipient comprises one or more
of a buffering agent, a stabilizer, an antioxidant, a binder, a diluent, a dispersing agent,
a rate controlling agent, a lubricant, a glidant, a disintegrant, a plasticizer, a

preservative, or any combinations thereof.

The pharmaceutical composition of claim 30, wherein the excipient comprises di-sodium
hydrogen phosphate dihydrate, sodium dihydrogen phosphate dihydrate, sodium

chloride, myo-inositol, sorbitol, or any combinations thereof.

The pharmaceutical composition of any one of claims 29-32, that does not comprise a

preservative.

The pharmaceutical composition of any one of claims 29-32, further comprising one or

more of a preservative, a diluent, and a carrier.

The pharmaceutical composition of any one of claims 29-34, further comprising an

additional active ingredient or a salt thereof.

The pharmaceutical composition of any one of claims 30-35, wherein the solubilizing agent

is sterile water.

The pharmaceutical composition of any one of claims 29-36, further comprising an
additional active ingredient, wherein the additional active ingredient is an anti-cancer

agent or a further oncolytic virus.

A kit comprising the modified oncolytic virus of any one of claims 1 to 28.
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39. A kit comprising the pharmaceutical composition of claims 29-37.

40. The kit of claim 38 or 39 further comprising at least one of: an anti-cancer agent or an

additional oncolytic virus.

41. A method of enhancing therapeutic effect of a modified oncolytic virus upon systemic
delivery of the modified oncolytic virus to a subject, relative to a systemic
administration of a reference virus comprising a TK mutation but not the exogenous
nucleic acid encoding the fusion protein or the exogenous nucleic acid encoding the
chemokine receptor, comprising a systemic administration of the modified oncolytic
virus according to any one of claims 1-28, or the pharmaceutical composition as defined

in any one of claims 29-37.

42. A method of treatment comprising administering to a subject the oncolytic virus according
to any one of claims 1-28, or the pharmaceutical composition of any one of claims 29-
37, wherein the administering results in an enhanced systemic immune response in the
subject, relative to administering to the subject a reference oncolytic virus that
comprises a deletion of a thymine kinase gene (TK-) and does not comprise the
exogenous nucleic acid encoding a fusion protein comprising a metabolic modulating
protein or functional fragment or variant thereof or the exogenous nucleic acid encoding

the chemokine receptor or functional fragment or variant thereof.
43. The method of claim 42, wherein the administering is a systemic administration.

44. The method of any one of claims 41-43, wherein the systemic administration comprises at
least one of: intratumoral, intravenous, parenteral, intradermal, intramuscular,
transdermal, rectal, intraurethral, intravaginal, intranasal, intrathecal, intraperitoneal.
intradental, subcutaneous, percutaneous, intratracheal, intraarterial, intravesical,

inhalation, oral or any combinations thereof.
45. The method of claim 44, wherein the administration is intratumoral.
46. The method of claim 44, wherein the administration is intravenous.

47. The method of any one of claims 41-46, wherein the subject has a cancer.
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48. A method of treating a cancer in a subject, said method comprising administering to said
subject a therapeutically effective amount of the modified oncolytic virus of any one of

claims 1-28.

49. The method of claim 47 or 48, wherein the cancer is at least one of: a melanoma, a
hepatocellular carcinoma, a breast cancer, a lung cancer, a Non-small lung cancer, a
peritoneal cancer, a prostate cancer, a bladder cancer, an ovarian cancer, a leukemia, a
lymphoma, a renal cell carcinoma, a pancreatic cancer, an epithelial carcinoma, a
gastric/ GE junction adenocarcinoma, a cervical cancer, a colon carcinoma, a colorectal
cancer, a duodenal cancer, a pancreatic adenocarcinoma, an adenoid cystic, a sarcoma,
a mesothelioma, a glioblastoma multiforme, a astrocytoma, a multiple myeloma, a
prostate carcinoma, a hepatocellular carcinoma, a cholangiocarcinoma, a pancreatic
adenocarcinoma, a head and neck squamous cell carcinoma, a cervical squamous-cell
carcinoma, an osteosarcoma, an epithelial ovarian carcinoma, an acute lymphoblastic

lymphoma, a myeloproliferative neoplasm, or any combinations thereof.

50. The method of any one of claims 41-49, wherein the modified oncolytic virus, or the
pharmaceutical composition is administered at a dosage that comprises about 10°

PFU/mL to about 10'° PEFU/mL of the oncolytic virus.

51. The method of any one of claims 41-49, wherein the modified oncolytic virus, or the
pharmaceutical composition is administered at a dosage that comprises about 5 x 10’

PFU/mL of the oncolytic virus.

52. The method of any one of claims 41-51, wherein the modified oncolytic virus, or the
pharmaceutical composition is administered, independently, in an initial dose for a first
period of time, an intermediate dose for a second period of time, and a high dose for a

third period of time.

53. The method of claim 52, comprising administration of the initial, the intermediate, and the
high dose, independently, wherein the initial dose is lower than the intermediate dose

and the intermediate dose is lower than the high dose.

54. The method of claim 52 or 53, wherein the first, second, and third periods of time are each

from about 1 week to about 3 weeks.
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55. The method of any one of claims 41-54, wherein the modified oncolytic virus, and the
pharmaceutical composition independently comprises a liquid dosage form that is
administered at a volume of about 1 mL to about 5 mL, about 5 mL to 10 mL, about 15
mL to about 20 mL, about 25 mL to about 30 mL, about 30 mL to about 50 mL, about
50 mL to about 100 mL, about 100 mL to 150 mL, about 150 mL to about 200 mL,
about 200 mL to about 250 mL, about 250 mL to about 300 mL, about 300 mL to about
350 mL, about 350 mL to about 400 mL, about 400 mL to about 450 mL, about 450
mL to 500 mL, about 500 mL to 750 mL, or about 750 mL to 1000 mL.

56. The method of any one of claims 41-55, wherein the modified oncolytic virus or the
pharmaceutical composition is administered in a liquid dosage form, a solid dosage
form, an inhalable dosage form, an intranasal dosage form, a liposomal formulation, a
dosage form comprising nanoparticles, a dosage form comprising microparticles, a

polymeric dosage form, or any combinations thereof.

57. The method of any one of claims 41-56, wherein the modified oncolytic virus or the
pharmaceutical composition is administered for a duration of about 1 week, about 2
week, about 3 weeks, about 4 weeks, about 6 weeks, about 7 weeks, about 8 weeks,

about 9 weeks, about 10, weeks, or about 12 weeks.

58. The method of any one of claims 41-57, wherein the modified oncolytic virus, or the
pharmaceutical composition is administered once daily, twice daily, once every week,

once every two weeks, or once every three weeks.

59. The method of any one of claims 41-58, wherein the modified oncolytic virus, or the
pharmaceutical composition is administered intravenously, intraperitoneally, or by an

intratumoral injection.

60. The method of any one of claims 41-59, wherein the modified oncolytic virus or the

pharmaceutical composition is administered as a bolus injection or a slow infusion.

61. The method of any one of claims 41-60, wherein the administration of the modified
oncolytic virus or the pharmaceutical composition results in a first peak viral load after
about 1 hour to about 3 days and a second peak viral load after about 3 days to about

10 days from administration of a first dose.
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The method of any one of claims 41-61, comprising administration of a further therapy,
wherein the further therapy is administered for a duration of about 1 week, about 2
week, about 3 weeks, about 4 weeks, about 6 weeks, about 7 weeks, about 8 weeks,

about 9 weeks, about 10, weeks, or about 12 weeks.

The method of claim 62, wherein the further therapy is administered once daily, once every

week, once every two weeks, or once every three weeks.

The method of claim 62 or 63, wherein the further therapy is administered in a liquid dosage
form, a solid dosage form, an inhalable dosage form, an intranasal dosage form, a
liposomal formulation, a dosage form comprising nanoparticles, a dosage form

comprising microparticles, a polymeric dosage form, or any combinations thereof.

The method of any one of claims 62-64, wherein the further therapy is administered for a
duration of about 1 week, about 2 week, about 3 weeks, about 4 weeks, about 6 weeks,

about 7 weeks, about 8 weeks, about 9 weeks, about 10, weeks, or about 12 weeks.

The method of any one of claims 62-65, wherein the further therapy is administered once

daily, once every week, once every two weeks, or once every three weeks.

The method of any one of claims 62-66, wherein the further therapy is administered in a
liquid dosage form, a solid dosage form, an inhalable dosage form, an intranasal dosage
form, a liposomal formulation, a dosage form comprising nanoparticles, a dosage form

comprising microparticles, a polymeric dosage form, or any combinations thereof.

The method of any one of claims 62-67, wherein the further therapy is administered orally,

intravenously, by an intratumoral injection, or by radiation.
The method of any one of claims 41-68, wherein the subject is human.

The method of any one of claims 41-69, wherein prior to administration of the modified
oncolytic virus or the pharmaceutical composition the subject has been diagnosed with

a cancer.

The method of any one of claims 41-70, wherein prior to administration of the modified
oncolytic virus or the pharmaceutical composition or the further therapy the subject has

been diagnosed with a cancer.
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72. The method of any one of claims 62-71, wherein the further therapy comprises
chemotherapy, radiation, oncolytic viral therapy with an additional virus, treatment
with immunomodulatory proteins, a CAR T cellular therapy, an anti-cancer agent, or

any combinations thereof.

73. The method of claim 72, wherein the further therapy comprises administration of an
immunomodulatory agent comprising anti-CD33 antibody and variable region thereof,
an anti-CD11b antibody and variable region thereof, a COX2 inhibitor, a cytokine, a
chemokine, an anti-CTLA4 antibody or an antigen binding fragment thereof, an anti-
PD-1 antibody or an antigen binding fragment thereof, an anti-PD-L1 antibody or an

antigen binding fragment thereof, or a TLR agonist.

74. The method of claim 73, comprising administration of the further therapy, wherein the
further therapy comprises administration of the anti-cancer agent, wherein the anti-

cancer agent is a chemotherapeutic agent.
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